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Abstract

Leptin is a hormone that is produced by a variety of different cells, most notably adipocytes, but also by the 
stomach, lungs, and other organs, which mainly acts on the brain’s hypothalamus. Since its discovery in 1994, 
leptin’s pleiotropic activities have attracted increased interest from the scientific community. As a result, many 
pathological states have been related to leptin signaling disturbance. This includes the connection between one’s 
nutritional state and one’s immune competence, which is one of the functions listed. It shares structural similarities 
with other inflammatory cytokines such as IL-6 and IL-12. Leptin regulates immunological responses, which is 
consistent with its structure as a cytokine. Leptin’s most crucial physiological function is probably as a signal for 
the transition between the fasted and fed states. Although leptin may play a role in preventing obesity in some 
people, the prevalence of obesity is strongly correlated with elevated leptin levels. There are no human studies 
specifically designed to investigate the role of leptin, despite numerous reports of connections between leptin 
levels and various physiological and pathological states. In this review, the effect of leptin on different organ 
systems is described along with biology, mechanism of action, and its resistance factor.
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INTRODUCTION

Many people believed that the treatment 
for obesity had been discovered 
when leptin was discovered 15 years 

ago. The Greek term “leptos,” which means 
thinness, inspired the name “leptin,” which 
was given to this protein/cytokine released 
by adipocytes. This nomenclature established 
that adipose tissue is an active organ of the 
endocrine system in addition to being a 
passive energy reserve, which signified a 
paradigm shift. The identification of leptin, a 
protein hormone, occurred in 1994. Produced 
by fat cells, leptin sends a signal to the brain 
instructing it to cease eating when a sufficient 
amount of food has been consumed. It also tells 
the body to raise its metabolic rate.

[1,2] “Leptin 
resistance” is a syndrome that can cause you 
to feel constantly hungry. Leptin levels in the 
blood are linked to fat storage and fluctuate 
in response to a shift in energy balance. In 
addition, leptin plays a crucial role in aiding the 
body’s adaptation to fasting, and this function 
might be the primary driving force behind the 
evolutionary development of leptin. Leptin has 
been demonstrated to control neuroendocrine, 

immunological, and developmental processes in addition to 
its role in energy balance. Leptin in humans is 84% similar 
to that in mice and 83% similar to that in rats.[3] The amounts 
of leptin in the bloodstream are strongly positively correlated 
with the expression of leptin mRNA and protein in adipose 
tissue.[4-6] Analysis of leptin’s molecular structure suggests 
that it is comparable to cytokines in structure.[7,8] The 
intrachain disulfide bond in leptin appears to be essential for 
the hormone’s bioactivity, as well.[1] Adipose tissue produces 
leptin, a hormone that has been written as the ob-gene, 
and its serum concentrations show a positive correlation 
with the quantity of energy stored in fat mass.[4] Although 
adipose tissue is the main source, other tissues such as brown 
adipose tissue, reproductive organs such as the placenta, the 
ovaries, digestive organ stomach, bone marrow, cells such 
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as mammary epithelial cells, and skeletal muscle, all exhibit 
lower expression of leptin.[9]

Through positional cloning of ob/ob mice-a type of obese mice 
that Jackson Labs accidentally found 167-amino acid product 
derived from the human leptin gene was discovered.[10] These 
mice exhibited a homozygous mutation in the leptin gene, 
leading to infertility, hyperphagia, severe obesity, diabetes, 
neuroendocrine abnormalities, and significant weight gain.[11]

A characteristic 4-helical cytokine structure with an 
intramolecular disulfide bridge and four antiparallel helices 
arranged in an up-up-down-down sequence was discovered 
by crystallographic study at 2.4 Å resolutions. The db gene 
encodes the single-membrane, heavily glycosylated Class I 
cytokine receptor known as the leptin receptor (LEPR). The 
existence of cytokine receptor homology domains identifies 
members of this receptor family. Both of these (CRH1 and 
CRH2) can be found in the LEPR, in addition to additional 
IGD and fibronectin type III domains. Because of alternate 
mRNA splicing and/or ectodomain shedding, which is only 
seen in humans, six different LEPR isoforms are expressed. 
The long, short, and soluble forms are all included here. 
The long version is the only one with functional signaling 
properties and it is in large quantities expressed in the 
hypothalamus, a brain region critical for regulating food 
intake and body weight.[12] Other, peripheral tissues also 
show expression, though short and soluble isoforms are 
expressed more widely, it is hypothesized that they modulate 
leptin transit, renal clearance, and/or bioavailability. Like 
many other hormones, leptin is secreted pulsatilely and its 
levels show significant diurnal variation, being highest in the 
evening and the morning.[13-21]

Mechanism of action

Like many other cytokine receptors, the LEPR forms premade, 
inactive receptor complexes on the surface of cells. The 
proposed 4:4 leptin: LEPR complex is formed when leptin 
binds to the receptor with low nanomolar affinity, inducing 
the higher-order clustering of pre-existing dimers of the 
leptin receptor.[22] Leptin binding specifically requires only 
the CRH2 domain, whereas receptor activation is dependent 
on the presence of the IGD and FNIII domains. Cross-
phosphorylation of JAK2 induces rapid phosphorylation 
of three conserved tyrosine residues in the cytoplasmic 
domain of LEPR. This process creates docking sites for 
signaling molecules, initiating crucial downstream signaling 
pathways such as JAK/STAT, MAPK, and PI3K. Following 
phosphorylation, STATs assemble into homo- or heterodimers, 
reach the nucleus, and control target gene transcription. 
A widely accepted model of JAK/STAT signaling suggests 
that STAT molecules bind to the phosphorylated receptor 
tyrosine residues, serving as substrates for JAK activity. It is 
worth noting that STAT3 is indispensable for the regulation 
of energy metabolism mediated by leptin.[23] The initiation 

of the mitogen-activated protein kinase (MAPK) pathway by 
LEPR requires the involvement of SH2-containing protein 
tyrosine phosphatase 2 (SHP2). A number of the insulin-
receptor substrate family members become phosphorylated 
when LEPR is activated, facilitating the enrollment and 
activation of PI3K and the accumulation of the PI3K 
byproduct, phosphatidylinositol 3,4,5-triphosphate. This then 
causes Akt,3-phosphoinositide-dependent protein kinase-1, 
and cyclic nucleotide phosphodiesterase 3B to become 
activated.[24] In response to cytokine stimulation, members 
of the SOCS family are expressed. These SOCS proteins 
suppress signaling by reducing the activation of JAK kinases 
and/or by interfering with the ability of other proteins to bind 
to activated receptors. The principal antagonist of leptin’s 
metabolic-regulating activities is a protein called SOCS3.[25] 
In addition to SOCS2 and CIS (cytokine-inducible SH2-
containing protein), other proteins also add to the attenuation 
of LEPR signaling. Surface LEPR signaling control and 
dephosphorylating of JAK2 by protein tyrosine phosphatase 
1B are two additional negative regulatory mechanisms.[26,27]

EFFECT OF LEPTIN ON DIFFERENT 
ORGAN SYSTEM

Digestive system

In several tissues, leptin appears to have a complex function 
that can be advantageous or harmful depending on the 
physiological context. Because your body must follow 
every instruction these little “chemical messengers” give, 
it is crucial to keep in mind their purpose. While Ghrelin 
increases Appetite, Leptin decreases appetite. It is created 
by fat cells and alerts the brain when you have had enough 
food. In addition, the body is told to speed up its metabolism. 
You may experience “leptin resistance,” a disease that causes 
persistent hunger. Leptin resistance can also be caused by 
dehydration, excessive carbohydrate consumption, emotional 
distress, stress, and even visual stimuli.[28] Numerous roles for 
leptin in the digestive system have been shown, including the 
control of immunological responses, regulating glucose and 
lipid metabolism, and promoting cell development and tissue 
healing.[29-31] Meal ingestion, food digestion, and exercise 
all trigger the release of gastric leptin along with hormones 
such as secretin, gastrin, or cholecystokinin (CCK).[32,33] 
Leptin exhibits proteolysis resistance in the gastric juice 
after secretion.[34] Inside the stomach, leptin and CCK work 
together to increase vagal afferent activity, which controls 
the rate at which food leaves the stomach and adds to the 
feeling of fullness. Rats given leptin at a dosage of 10 μg/kg 
body weight showed a reduction in gastrointestinal ulcers in 
models of ethanol-induced gastric ulceration.[35] Interestingly, 
leptin’s protective effects were shown to be similar to those of 
CCK-8, a powerful gastric protector.[36] By examining biopsy 
samples from people with Helicobacter pylori infection, 
Nishi et al. found a favorable relationship between stomach 
leptin levels and pro-inflammatory cytokines such as IL-1 
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and IL-6. This discovery raises the possibility that leptin 
affects inflammatory reactions when an H. pylori infection 
occurs. Further research has revealed that leptin controls the 
gastrointestinal tract’s absorption of macronutrients. GLUT-
2, GLUT-5, and sodium-glucose cotransporter-1 (SGLT-1) 
are among the carbohydrate transporters whose expression is 
upregulated by leptin. Reduced absorption of carbohydrates 
during the pre-prandial phase and enhanced absorption 
during the postprandial phase are the results of this leptin 
overexpression.[37-39]

Reproduction system

Leptin levels rise in both boys and girls before pubertal 
transition, with an initial increase of LH, follicle-stimulating 
hormone, and subsequently sex steroids. Leptin concentrations 
in boys fall despite rising BMI because of the inhibitory 
effects of testosterone, whereas leptin concentrations in girls 
continue to rise, maybe as a result of the stimulatory actions of 
estrogen.[40-42] Particularly, pregnancy and its related hormonal 
alterations (particularly to insulin, glucocorticoids, estrogen, 
and prolactin) appear to represent a physiologic condition.[43] 
Progesterone, prolactin, and placental lactogen may also be 
involved in leptin resistance, in pregnant rats.[44-47] It has been 
suggested that the development of hyperleptinemia and leptin 
resistance during pregnancy is a compensatory mechanism 
that permits an increase in hunger and food intake to satisfy 
the growing fetus calorie requirements.[47] The increase in 
appetite after childbirth may be explained by the rapid drop 
in blood leptin levels that occurs after childbirth but not 
the suppression of reproductive activity during lactation.[48] 
Mammary epithelial cells make leptin locally, which diffuses 
from the mother’s circulation and appears in breast milk and 
colostrum.[49] How soon leptin levels in nursing rats continue 
to decline depends on the extent of metabolic drain from milk 
production.[41] Therefore, a lack of leptin may stop the growth 
of the mammary glands, which might prevent lactation. Blood 
leptin levels in postmenopausal women, particularly obese 
women, most likely decrease as a result of altered sex steroid 
levels. Furthermore, it has been shown that compared to non-
obese women, obese women have more atretic follicles,[50] 
and that rising obesity is linked to an increase in the frequency 
of an ovulatory cycle.[44] These outcomes are consistent with 
the direct inhibition of ovarian steroid genesis by high leptin 
levels, which results in inefficient follicular development. 
Therefore, it can be hypothesized that obese women’s high 
serum leptin levels may affect various aspects of the HPG axis’ 
function or dysfunction, including early menarche, resistance 
to the gonadotropes’ response to GnRH, and anovulation. 
This is because increased leptin levels have a central effect 
on early menarche, as well as a peripheral inhibitory effect 
on ovarian function. Fertile women with PCOS have lower 
blood and follicular fluid leptin concentrations than infertile 
women with PCOS after controlling for age and BMI.[51,52] 
Despite no change in leptin receptor or SCOS3 expression, 
high levels of leptin in blood and follicular fluid were linked 

to downregulation of STAT3 phosphorylation in granuloma 
cells, which may lead to infertility in PCOS.[52]

CENTRAL NERVOUS SYSTEM

Immunoreactivity with leptin mRNA is detected in the rat 
brain, particularly in the hypothalamus and hippocampus 
regions. In addition, the cortex and the dentate gyrus (DG) 
are also involved.[53] Neuroendocrine dysfunction, such as 
neurodegenerative illness, stroke, and cognitive impairment 
develops in mice as well as humans due to lack of leptin. The 
hypothalamic regions where ObRb is highly expressed include 
the ventromedial hypothalamus and paraventricular nucleus 
as well, adding up the dorsomedial hypothalamus and lateral 
hypothalamic area too.[54,55] The short-form leptin receptors, 
ObRa, are thought to participate a well-built responsibility in 
endocytosis process and transportation of leptin in the blood–
brain barrier than ObRb.[17] There is mounting evidence 
that the soluble isoform, ObRe, is responsible for binding 
circulating leptin and so influencing the hormone’s stability 
and availability.[56] According to a previous research reports, 
the risk of progression of Alzheimer’s disease is reduced 
as the levels of leptin increase in circulation.[17,57] Research 
has also shown that, in comparison, reduced levels of leptin 
and less body mass index are seen in patients of Parkinson’s 
disease (PD).[58,59] Loss of appetite and a corresponding 
drop in circulating leptin levels are also known to occur in 
depressed people.[60] Parkinson induced by (MPP+) 1-methyl-
4-pyridinium in the brain particularly at dopaminergic 
cells as well as neuroblastoma. Specific protection will be 
provided by leptin. Leptin achieves this protective effect 
by maintaining stable levels of ATP and mitochondrial 
membrane potential. In neuroblastoma cells, treatment with 
leptin results in an increased synthesis of uncoupling protein-4 
(UCP4) and mitochondrial uncoupling protein-2 (UCP2), 
both of which play crucial roles in reducing oxidative stress 
at the mitochondrial level.[61] Antidepressant-like effects 
are triggered by leptin injection into the hippocampus’ DG. 
Deleting ObRb in the hippocampus results in depressive-like 
behavior and reduces the antidepressant benefits of leptin.[62,63] 
According to current investigations, leptin reduces the level 
of lactate dehydrogenase enzyme in the tissues which in turn 
reduces the lactic acid/pyruvate ratio and helps to prevent 
acidosis caused by anaerobic metabolism in the brain. The 
fact that PI3K inhibitor LY294002 can counteract this effect 
suggests that the PI3K/Akt signaling pathway is too essential 
for leptin-mediated neuroprotection.[64,65]

Respiratory system

Leptin affects a variety of immune cells, such as effector 
and regulatory T-lymphocytes, neutrophils, eosinophils, and 
monocytes/macrophages.[66,67] In the case of COVID-19, leptin 
stimulation activates monocytes, which in turn triggers a 
cytokine storm linked to the emergence of multiple organ 
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failure and severe respiratory distress syndrome. Furthermore, 
leptin can change the width of the bronchi by opposing the 
parasympathetic effects on the airways.[68]

Finally, patients with congenital leptin deficiency have 
immune system impairments and face the risk of infection-
related death.[69] Dysregulated leptin production and activity 
may have a role in the development of a number of pulmonary 
illnesses, such as pulmonary arterial hypertension, lung 
cancer, COPD, and idiopathic pulmonary fibrosis. It is 
interesting that in asthma sufferers, it seems to play a dual 
protective and detrimental effect through bronchodilating 
and increasing inflammation. Leptin also seems to be a 
defense against respiratory infections. Leptin levels and 
inflammatory indicators were adversely connected in 
pneumonia patients receiving hospital care.[70] The organs 
that express angiotensin-converting enzyme 2 (ACE-2) 
include the stomach, pancreas, kidneys, heart, blood vessels, 
and adipose tissue. The receptor is necessary for the entry 
of the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) into cells. The research indicates that ACE-2 
expression is elevated in overweight and obese individuals.[71] 
In obese people with COVID-19, obesity-related chronic 

Table 1: Functions of leptin on different organ system
System Function Mechanism of action References
Immunity system Control immunological 

response
Increase the production of Th1-type cytokines 
by activating macrophages, dendritic cells and 
monocytes.

[28,30,31]

Digestive system Decrease appetite Inside the stomach, leptin and CCK work together 
to increase vagal afferent activity, which controls the 
rate at which food leaves the stomach and adds to the 
feeling of fullness.

[42]

Reproduction 
system

Early menarche and 
inhibitory effect of ovarian 
function

Despite no change in leptin receptor or SCOS3 
expression, high levels of leptin in blood and follicular 
fluid were linked to down regulation of STAT3 
phosphorylation in granuloma cells.

[60,61]

Urinary system Urinary tract infection Colon issues, infections, severe sepsis, nephritic 
syndrome, CKD increased the leptin level which linked 
to UTI.

[64-66]

Respiratory system Pulmonary illnesses, such 
as pulmonary arterial 
hypertension, lung cancer, 
COPD

Leptin has important development of lungs and 
embryonic lung maturation because it seems to be 
involved in the production of surfactant proteins by fetal 
type II cells.

[67-77]

CNS Neurodegenerative illness, 
stroke and cognitive 
impairment, Parkinson

Protective effect by maintaining stable levels of 
ATP and mitochondrial membrane potential. In 
neuroblastoma cells, synthesis of uncoupling protein-4 
(UCP4) and mitochondrial uncoupling protein-2 
(UCP2), both of which play crucial roles in reducing 
oxidative stress at the mitochondrial level.

[84,85 ]

CVS Heart failure When the conversion of glucose metabolism shift 
toward the oxidation of free fatty acid, which increases 
the consumption of myocardial oxygen (MVO2) and 
decreases efficiency of heart because free fatty acids 
are not as efficient as glucose as an energy source for 
cardiomyocytes.

[74-76 ]
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Figure 1: Effects of Leptin on different systems of body
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inflammation worsens immunological function and raises 
ACE-2 expression, leading to an aggravation of disease 
severity and a poorer clinical prognosis.

Cardiovascular system

Leptin’s function in the cardiovascular system is still 
debatable. Elevated leptin levels, independent of BMI or 
potential mediators, were associated with a higher risk 
of heart failure in men without a history of coronary heart 
disease.[72] The evolution of heart failure is monitored by 
leptin levels, which are independent of immunological 
responses.[73] Systemic metabolic disorders result from 
the conversion of glucose metabolism to free fatty acid 
oxidation, which increases myocardial oxygen consumption 
(MVO2) and decreases cardiac efficiency because free fatty 
acids are not as efficient as glucose as an energy source for 
cardiomyocytes.[74-76]

In animal models lacking leptin or LEPR, worse cardiac 
performance is linked to modified myocardial substrate 
uptake and metabolic stiffness. This is due to increased 
absorption and oxidation of vesicular fatty acids, along with 
decreased uptake and oxidation of carbohydrates and glucose. 
Appetite-induced endothelial dysfunction and cardiac fibrosis 
are thought to be specifically caused by leptin-mediated 
aldosterone production, which lowers myocardial relaxation 
and ultimately contributes to cardiovascular disease.[77] The 
hemodynamic effects of leptin, which include elevated blood 
pressure resting heart rate and sympathetic nervous system 
stimulation, frequently result in an increase in myocardial 
strain. Leptin influences the production of nitric oxide, a 
vasodilator, thus affecting vascular tone and blood pressure 
regulation.[78] Leptin can promote angiogenesis (formation 
of new blood vessels), which is a critical process in both 
physiological and pathological conditions, such as wound 
healing and tumor growth.

[79] The balance of leptin’s effects 
is crucial; while normal levels are essential for physiological 
functions, elevated levels, particularly in the context of 
obesity, can contribute to cardiovascular diseases.[80]

Urinary system

Leptin, an adipokine crucial for regulating appetite and 
body weight, also plays a role in various bodily functions, 
including kidney regulation.[81] As a large molecular weight 
protein, leptin can be problematic for renal filtration. 
Hyperleptinemia is associated with impaired kidney 
function, including increased excretion of urinary albumin 
and a reduced glomerular filtration rate in patients with 
chronic kidney diseases (CKD).[82-84] Renal tubules degrade 
leptin after it has been filtered by the glomeruli. Leptin 
levels in the blood were consequently elevated in people 
with renal failure, including those undergoing hemodialysis 
or who have CKD. Elevated leptin in CKD could stem from 
reduced clearance by malfunctioning kidneys and increased 

production by adipose tissue, possibly due to factors such as 
hyperinsulinemia, chronic inflammation, and significant lipid 
disturbances.[81,85,86] Heightened leptin levels in CKD patients 
may raise the risk of cardiovascular problems.[81,87-89] Leptin 
is considered a uremic toxin, as elevated levels are associated 
with glomerular mesangial cell hypertrophy, fusion of 
podocytes, reduced metabolic activity in the proximal 
convoluted tubule, and thickened basement membrane,[81-83] 
as observed in CKD patients. These consequences contribute 
to albuminuria, glomerular sclerosis, and apoptosis of 
nephrons. Moreover, studies have shown that in patients 
with advanced CKD, leptin levels are positively correlated 
with aortic stiffness.[90] We have summarized the functions 
of leptin hormone on various organ systems as presented in 
Table 1.

CONCLUSION

Since its discovery in 1994, leptin has garnered significant 
attention due to its diverse roles and physiological impacts. 
Acting on the hypothalamus, leptin plays a critical role in 
signaling satiety and regulating energy balance. Despite its 
potential in obesity prevention, elevated leptin levels are 
paradoxically associated with obesity, suggesting a complex 
relationship often involving leptin resistance. In the digestive 
system, leptin modulates appetite, glucose, and lipid 
metabolism, and contributes to tissue repair. Its influence on 
the reproductive system is evident in puberty, pregnancy, and 
lactation, where leptin levels are closely linked to hormonal 
changes and reproductive health. In the central nervous 
system, leptin’s interactions are crucial for neuroendocrine 
function, with implications for neurodegenerative diseases 
and cognitive health. Respiratory health is also affected 
by leptin, with its involvement in immune responses and 
potential impacts on conditions like asthma and COVID-19. 
In the cardiovascular system, leptin influences heart function, 
vascular tone, and blood pressure regulation, highlighting 
its dual role in physiological processes and disease states. 
Finally, in the urinary system, leptin’s role in kidney function 
and its implications in CKD emphasize the hormone’s 
systemic importance. In Figure 1 we have represented the 
effects of leptin on different systems of the body.

Despite the extensive research on leptin’s biological functions 
and mechanisms, human studies specifically designed to 
investigate leptin’s role remain limited. The comprehensive 
understanding of leptin’s influence across various organ 
systems underscores its significance and the need for further 
targeted research to explore its therapeutic potential and 
address the challenges posed by leptin resistance.
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