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Abstract: In addition to being the primary storage site for glycogen, muscles release many myokines, 

mainly cytokines and chemokines that regulate growth, metabolism, and inflammatory responses such as 

IL-6, MCP-1, adiponectin, and irisin. Irisin is a novel myokine that is mainly expressed in muscles and 

adipose tissues, as well as the liver, heart, brain, thyroid, stomach, testes, cerebrospinal fluid, and other 

organs. It is a glycoprotein composed of 112 A.A residues with a molecular weight about 12 to 15 kD. Irisin 

production is stimulated through exercise, cold, dietary, and hormonal effects, where the expression of 

FNDC5 mRNA in the skeleton has been shown to increase after exercise. The AMPK-PGC-1-FNDC5 path 

is considered to be the main path of hormone synthesis through proteolysis of the FNDC5 molecule, which 

contains 209 residues of amino acids by the metalopeptidase enzyme family, where the irisin out-membrane 

part of FNDC5. There are currently no specific receptors for irisin, but it does its role by interacting with 

integrins, especially those integrin’s αV. This research aims to highlight the working mechanism of irisin 

and its role in many disorders as a potential therapeutic target for many neurological, bone, and metabolic 

disorders. 
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INTRODUCTION 

The major location of glycogen synthesis for glucose storage is thought to be muscle. It has also lately 

gained recognition as a secretory organ that can release different myokines. [1] Myocytes secrete myokines, 

primarily chemokines and cytokines, which regulate growth, angiogenesis, and metabolism through 

endocrine, paracrine, and autocrine signaling, according to unique patterns of change in myokines gene 

expression in the muscle and serum levels immediately following the start of exercise [2]. This implies that 

myocytes release myokines, mostly chemokines and cytokines, which control growth, angiogenesis, and 

metabolism via autocrine, paracrine, and endocrine signaling. Interleukin-6 (IL-6), insulin-like growth 

factor-1 (IGF-1), monocyte chemotactic protein 1 (MCP1), and myostatin are the principal myokines. [3-5] 

Myokines can have some beneficial biological effects, such as anti-inflammatory actions in both acute and 

chronic low-grade inflammation [6] causing the interaction between myokines and other cytokines and 

controlling systemic inflammatory response. [7] 

A transmembrane protein fibronectin type III domain-containing protein 5 (FNDC5), which was found and 

demonstrated to be expressed in a variety of tissues and organs including skeletal muscle, adipose tissue, 

EUROPEAN JOURNAL OF 

MODERN MEDICINE AND PRACTICE 

Vol. 4 No. 7 (Jul - 2024) EJMMP   ISSN: 2795-921X 



EUROPEAN JOURNAL OF MODERNMEDICINE AND PRACTICE 

Vol. 4 No. 7 (Jul - 2024) ISSN: 2795-921X 

88  

 

liver, bones, brain, heart, and pancreas, was first identified in 2002. [8] In 2012, Boström et al. demonstrated 

that the extracellular component of FNDC5 protein was released into the blood circulation as a response to 

exercise in mice. [9] This secretory soluble peptide was created as a result of proteolytic processing of 

FNDC5 protein,[10] and that molecule induced changes in adipose tissue and activated thermogenesis.[9] 

Additionally, the recently discovered protein known as "irisin" was suggested to connect muscles and other 

bodily tissues.[11] 

Irisin is a myokine that is mainly expressed in skeletal muscle, as well as the liver, pancreas, sweat 

glands, subcutaneous, and adipose tissues.[12] Smaller quantities of iris are also generated by the testes, 

brain, spleen, heart, and stomach, according to immunohistochemical investigations. Irisin has also been 

observed in the cerebellum, thyroid, pineal gland, cerebrospinal fluid, and human fetuses.[13,14] Irisin is 

released from muscles after they contract, allowing it to interact with both bone and adipose tissue.[15] 

Molecular weight measurements between 10 and 32 kDa have been reported in a number of 

investigations.[16] Irisin has a wide range of physiological effects, including increased nitric oxide 

production, vasodilation, and improvements in white fat tissue conversion to brown fat tissue, systemic 

metabolism, insulin resistance, and glucose tolerance.[17,18]  

In order to treat polycystic ovarian syndrome, Prader-Willi syndrome, hypothyroidism, and other metabolic 

and endocrine disorders, it may be used to affect adipose tissue and glycemic homeostasis. Irisin could be an 

effective treatment option for conditions brought on by a sedentary lifestyle because of its osteogenic 

capacity. [14] 

Irisin reduces inflammation in adipose tissue and inhibits the expreѕsion and release of pro-inflammatоry 

cytokines in the obese individuals.[19] Irisin also contributes to carcinogenesis, albeit its influence on the 

development of cancer is unclear at the moment.[20] In comparison to controls, patients with renal cell 

carcinoma had greater serum irisin levels.[21] The majority of investigations have found that cancer has 

increased irisin expression.[22] Other studies observed, however, that irisin expression decreased in cancer 

patients.[20] In vitro, r-irisin reduced epithelial-to-mesenchymal transition (EMT) in pancreatic cancer (PC), 

epithelial ovarian cancer (EOC), lung cancer (LC), cell growth, migration, and invasion by upregulating 

AMP-activated protein kinase (AMPKa) phosphorylation, [25] and inhibiting PI3K/Akt- and STAT3-

mediated signaling.[26] Irisin suppresses cell proliferation and causes cancerous cancer cells to stop 

dividing.[27] Irisin inhibits MCF-7 and MDA-MB-231 breast cancer malignant cell line's capacity to 

proliferate, migrate, and survive by promoting caspase activity and triggering apoptosis, according to 

research conducted in vitro.[28] These findings suggest that irisin has an anticancer effect on tumor 

tissues.[29] 

Structure and manufacturing of irisin 

Irisin, a hormone with a glycoprotein structure and 112 amino acids, is produced by the proteolysis of the 

(FNDC5) molecule.[9,3] Rats and people share a perfect structural similarity for the irisin hormone. [17] 

Irisin is a piece of the fibronectin type III domain-containing protein 5 (FNDC5), a cell membrane 

protein.[9] 

The FNDC5 protein has 209 amino acid residues in total. It composed of an N-terminal signal sequence 

peptide with 29 A.A (for endoplasmic reticulum targeting nascent FNDC5), which is followed by a putative 

fibronectin-III (FN-III) domain (the major extracellular portion of irisin) with 94 A.A, an unknown region 

with 28 A.A (a connecting peptide), a transmembrane domain with 19 A.A (a hydrophobic transmembrane 

domain), and a 39 A.A C-terminal portion (cytoplasmic carboxy-terminal domain) (Figure 1). Irisin is 

created by proteolytic cleavage of the extracellular N-terminal region [22,30-31]. 

Because irisin up-regulation was seen after strength training and high-intensity exercise but not after 

endurance exercise, it is hypothesized that the kind of physical activity affects the control of irisin levels 
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[32,33]. The rise of irisin concentration is also facilitated by whole-body vibration exercise [34]. Diet, 

hormonal control, and cold exposure are other factors that alter irisin levels.[35, 36] The liberation of irisin 

into blood circulation is strongly influenced by the pathological circumstances linked to various 

disorders.[37] It has been documented that impaired glucose/lipid metabolism in non-diabetic obese persons 

leads to an increase in irisin production.[38]  

Although skeletal muscle and adipose tissue are the primary sources of irisin, it has also been found to be 

generated in tissues such as heart tissue, cerebral arteries, kidneys, tongue, and the rectum.[13] Irisin can be 

released from the perirenal adipose tissue (PRAT), which immediately surrounds the kidney and is strongly 

linked to renal tissue.[23] Adipose tissue in humans expresses FNDC5 mRNA at a level that is around 100 

times lower than that of skeletal muscle [39]. Over the past few years, as our understanding has grown, it 

has become clear that muscle is a significant target organ for irisin.[40] Irisin's paracrine, autocrine, and 

endocrine functions allow us to think of it as a hormone.[41] 

Increased FNDC5 mRNA has been seen after exercise in the skeleton of humans and mice. [42], 

Peroxisome proliferator-activated receptor gamma coactivator-1α (PGC-1α), a transcription cofactor that is 

active in the skeletal muscles and controls the transcription of the FNDC5 protein found in the membrane of 

myocytes, is a crucial element in the control of energy metabolism. PGC-1α increases the expression of 

FNDC5 to produce more membrane-bound FNDC5. [43,44] The amount of PGC-1α rises along with an 

increase in mitochondrial biogenesis. [45] 

The most crucial route for irisin production is AMPK-PGC-1α-FNDC5. With each contraction of the 

skeletal muscles during exercise, the amount of Ca+2 ions in the muscle cytoplasm rises significantly. This 

increases the phosphorylation of AMPK, [46] which then increases PGC-1α and controls the transcription of 

subsequent proteins like FNDC5. Myostatin ΚΟ in skeletal muscle significantly boosted РGС-1α and 

ϜΝDС5/irisin expression, according to Shan et al. [47] Ge et al. discovered that myostatin increased miR-

34a to decrease the production of FNDC5/irisin. [48] 

Irisin is a FNDC5 out-membrane element.[22] While FNDC5's N-terminal gets released into circulation 

upon proteolytic cleavage as irisin, FNDC5's C-terminal is found in the cytoplasm. After the N-terminal 

signal peptide is eliminated, the polypeptide is proteolytically cleaved from the C-terminal moiety, 

glycosylated, and released as a hormone [3, 9, 49]. One of the most typical post-translational modifications 

of proteins that take place in the Golgi apparatus and the lumen of the endoplasmic reticulum is 

glycosylation. There is a lot of variety in the glycan structures as a result of the multi-stage, enzyme-

controlled attachment of carbohydrates. Proteins' physicochemical characteristics are modified by 

oligosaccharides, which are also crucial for achieving the correct conformation of proteins, protecting them 

from proteolysis, and serving biological purposes in many metabolic processes.[50] Three possible Ν-

glycosylation sites can be identified in the ϜΝDС5 sequence, two of them(Asn36 and Asn81) are already 

occupied by Ν-glycans (oligosaccharides). The stability of the molecule is significantly impacted by the 

lack of oligosaccharides. De-Ν-glycosylated ϜΝDC5 is not integrated into cell membrane and is unable to 

adopt a typical spatial shape. As a result, the amount of irisin secreted into the blood is significantly 

reduced.[51,52] Depending on amount and structure of oligosaccharides linked to the protein molecule, 

FNDC5 mass varies from 20 to 32 kDa.[9,2] Additionally, irisin possesses two N-glycosylation sites at the 

locations of Asn-7 and Asn-52. Irisin is released into the bloodstream after becoming Ν-glycosylated at the 

two possible sites (Asn7 and Asn52) in ER and being broken down by ADAM-10 and other members of the 

dis-integrin and metallopeptidase domain family of proteins. [51,53,54] Irisin's molecular weight is reduced 

by deglycosylation to 12 kDa [55] or 15 kDa. [53] The crystal structure of irisin includes a flexible С-

terminal tail (residues 124 to 140) and an N-terminal domain that resembles fibronectin 3 (FNIII).[56] 

Studies using X-ray crystallography and biochemical methods revealed that irisin forms as homodimers, in 

which sheets are formed between the units. Along with hydrogen bonds, interactions between neighboring 
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subunit side chains, particularly those between Arg-75 and Glu-79, help to maintain this structure and 

safeguard ends of the dimer and Trp90/Trp90.[3] 

 

(Figure1) Structure of FNDC5 and irisin formation [57]. 

Mechanism of irisin action 

Irisin-specific receptors have not yet been identified. [19] Recent research has demonstrated that irisin binds 

to integrins, namely αV integrin receptors, in order to act in certain tissues.[58] Transmembrane receptors 

called integrins are widely expressed and bind extracellular matrix ligands, soluble ligands, and membrane 

proteins from other cells (cell-matrix interactions).[59] Cell adhesion, migration, and aggregation are all 

controlled by them.[60] Irisin primarily affects signaling pathways for mitogen-activated protein kinase 

(MAPK), according to recent research. In addition to these routes, irisin also works in the signal transducer 

and activator of transcription 3 (STAT3)/Snail, phosphatidylinositol 3-kinase/protein kinase B, and 5′ 

adenosine monophosphate-activated protein kinase (AMPK) pathways. [61] 

Adipocytes, lipid-containing cells that make up adipose tissue, are fat cells.[62] Lipoblasts produce 

adipocytes. White fat tissue ( WFT ) and brown fat tissue ( BFT ), two separate fatty tissues with distinct 

functions and morphologies, are generated from lipoblasts in mammals.[63] PRAT, in contrast to traditional 

visceral fat, consists of both white and brown adipose tissues.[64] Under some circumstances, PRAT can 

also be changed into BAT.[55] 

By storing extra energy as triglycerides, WAT produces adipokines that control a range of biological 

processes, including inflammatory responses.[65-67] The greatest endocrine tissue in humans may be 

represented by WFT. Leptin, ghrelin, adiponectin, glucocorticoids, plasminogen activator inhibitor (PAI-1), 

TNF-α, IL-6, and irisin are a few of the adipocytokines released by WFT.[63] 

BFT is crucial to maintaining body temperature since it is skilled at producing heat (thermogenesis). Due to 

its abundance of tiny lipid droplets, centrally placed nucleus, and many mitochondria, BAT differs 

morphologically from WAT. The main functions of the lipids found in BAT include oxidative 

phosphorylation and heat production. The mitochondrial membrane of BAT expresses uncoupling protein 1 

(UCP-1), also known as thermogenin, which is essential to these activities [67, 68, 69]. 

Irisin stimulates the peroxisome proliferator-activated receptor (PPARα) which increases white adipose 

tissue cells' expression of the mitochondrial UCP1 pump, which helps to promote the phenotypic switch 

from white to brown adipocytes.[70] Inhibiting ATP synthesis and increasing heat generation, raised UCP1 

expression.[17] As a result, the cell uses more energy and drives the metabolism of lipids and glucose, 

which boosts the oxidation of free fatty acids (FFAs) [45,71,72].[70] 

By reducing the production of UCP1, the irisin gene is suppressed, which promotes the formation of 

adipogenesis.[73] Furthermore, it activates the cAMP-protein kinase A (PKA)-hormone-sensitive lipase 

(HSL)/perilipin pathway, which causes lipolysis.[74]  
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PRAT accumulation might increase FFA release, which causes lipotoxicity and increases renal damage. The 

major causes of the development of OB-CKD include adipose tissue accumulation, such as PRAT 

(lipotoxicity), activation of several inflammatory markers, and elevated oxidative stress. Irisin might lessen 

renal damage in HFD mice and lower the albumin-to-creatinine ratio. These results were correlated with the 

browning of PRAT and the recovery of the glomerular VEGF-NO axis activity. [75–23] Low irisin levels 

may be a risk factor for CKD as they are frequently lower in CKD patients. [76,77] Irisin can help reduce 

kidney damage brought on by sepsis.[78] 

Irisin's role in metabolic disorders 

The group of metabolic disorders known as MetS include hyperglycemia, hypertension, hyperlipidemia, and 

abdominal obesity. These problems are all associated with obesity and raise the risk of cardiovascular 

disease. [79] A new hormone called irisin offers a potential therapy for metabolic diseases.[14] Because it 

enhances hepatic glucose and lipid metabolism and increases glucose absorption into skeletal muscle, the 

irisin molecule works as an insulin sensitizer.[74] Irisin is regarded as a significant therapy option for 

diabetes since it improves insulin sensitivity, enhances glycogenesis, and inhibits gluconeogenesis.[19] 

Additionally, irisin stimulates skeletal muscle absorption of glucose through AMPK-related pathways, 

indicating irisin's beneficial effects on glucose metabolism. As a result, it is predicted that irisin may affect 

diabetes in the future. Irisin also aids in the development of beta cells [74] and encourages the maintenance 

of beta cell activities in the pancreas by lowering endoplasmic reticulum stress.[73] According to some 

theories, elevated irisin levels are caused by problems with insulin sensitivity, lipid and glucose metabolism, 

and this raises the possibility of an interaction between irisin and adiponectin that leads to increased energy 

expenditure in adipocytes.[6] By increasing myocyte and adipocyte mitochondrial density and metabolic 

rate, irisin plays a significant roles in treating metabolic disorders.[80] Irisin controls thermogenesis and 

prevents adipogenesis in adipose tissue, acting as a mediator for the favorable metabolic benefits of 

exercise.[72] The energy substrates for the organism start to be high amounts of triglycerides as a result of 

irisin's ability to increase energy expenditure.[71] 

Irisin significantly decreases adipose tissue's synthesis and release of pro-inflammatory cytokines while 

increasing the release of anti-inflammatory cytokines including TNF-α and IL-6.[73,81] Therefore, chronic 

inflammation brought on by obesity is reduced by raising anti-inflammatory cytokine levels.[82] Irisin also 

inhibits leptin's production and release, an adipokine linked to pro-inflammatory activation, and upregulates 

levels of the anti-inflammatory cytokine adiponectin. It also reduces the expression of monocyte 

chemoattractant protein-1 (MCP-1) and leptin.[81] The development of metabolic syndrome and insulin 

resistance are intimately related to leptin activity.[83] The expression of FNDC5 in adipose tissue is 

influenced by leptin.[84] Insulin sensitivity is increased by the anti-inflammatory adipokine adiponectin, 

whose quantity is observed to be reduced in obese individuals and might be related to the appearance of 

insulin resistance. [85] Exercise-induced irisin competitively inhibits the binding of myeloid differentiation 

factor 2 (MD2) and Toll-like receptor 4 by creating a complex with MD 2 in hepatocytes, and thereby 

inhibits the inflammatory response. This inhibition of the inflammatory response may help to improve 

NAFLD via decreasing fibrosis and steatosis in the liver. [86] While ghrelin, leptin , and irisin are produced 

to regulate the distribution of fat in primary thyroid insufficiency, an elevated TSH level causes 

adipogenesis. The TSH levels have therefore revealed that irisin levels are elevated in hypothyroidism. 

[87,88]. 

Irisin activates the AMPK-PEPCK/G6Pase pathway to inhibit gluconeogenesis, according to studies have 

demonstrated that it reduces the expression of glucose-6-phosphatase-mediated gluconeogenesis and 

phosphoenolpyruvate carboxykinase in the liver. Reducing AMPK small interfering RNA (AMPK siRNA) 

can counteract this effect[89]; It has also been found that irisin stimulates and promotes the formation of 

liver glycogen via the PI3K/Akt/GSK3-glycogen synthase signaling pathway, which helps to maintain 
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glucose homeostasis in mice. Similar results demonstrated the prevention of glucosamine (GlcN) or 

palmitate-induced primary hepatocyte insulin resistance by irisin-activated phosphatidylinositol 3-kinase 

(PI3K)/protein kinase B (Akt)/forkhead box protein O1 (FOXO1)-mediated PEPCK and G6Pase.[90]  

Irisin may be crucial in several diseases, such as obesity, insulin sensitivity, and type 2 diabetes 

(T2DM).[91] In addition to insulin resistance, type 2 diabetes, cardiovascular disease, and cancer, obesity is 

a state of excessive fat storage [92]. In the serum of obese individuals, the irisin levels changed. Previous 

research found that obese people have lower levels of irisin, which may be related to poor PGC-1α 

expression in muscle.[82] Although other recent research reported the contrary, that irisin levels were higher 

in obese people,[93,94] this rise in irisin may be a compensatory answer to a decline in expenditure of 

energy. It is also conceivable that these individuals' increased adipose tissue might serve as an additional 

source of irisin.[95] It's possible that irisin resistance develops as obesity progresses, which might account 

for the participants' higher irisin levels.[93] 

Additionally, irisin and adiposity indicators (BMI) have a favorable correlation.[96] After losing weight, 

significant improvements were observed in the lipid profile, fasting glucose, and body composition of those 

with initial irisin’s high levels. These findings suggest that increased irisin regulates obesity, glucose 

control, and insulin resistance in a beneficial way.[97] In a different investigation, the circulating irisin and 

BMI had an antagonistic relationship.[82] 

The process of obesity development may be associated with development of irisin resistance, which might 

explain the participants' increased irisin levels.[93] Irisin resistance is characterized by an elevated level of 

irisin in obese people to maintain the energy balance and preserve glucose homeostasis. To enhance anti-

hyperglycemic and anti-obesity benefits of the irisin hormone, it is believed that hyperiricinemia, which is 

present in obese people, may be a mechanism.[98] 

The amount of circulating irisin in a prior investigation on diabetes patients was shown to be considerably 

lower than that of the control group, and FNDC5/irisin treatment alleviated insulin resistance and glucose 

problems.[99] Additionally, it could signify a novel therapeutic strategy for the treatment of obesity because 

exercise and body weight loss affect the kinetics of irisin [97]. Glucose and lipid homeostasis are two of 

irisin's most significant and promising effects. The primary metabolic effects due to irisin are a decrease 

weight loss, hepatic insulin resistance, promotion of glycogenesis, decreased blood sugar levels, and 

suppression of gluconeogenesis.[31,100,101] 

Irisin's function in the central nervous system 

Researchers found that increased levels of ROS and malondialdehyde in peri-infarct brain tissues were 

reduced by irisin treatment in addition to improving the nerve function injury and cerebral infarction volume 

in the brain ischemia state, where irisin’s level was negatively correlated with injury score and cerebral 

infarction volume.[102,103] In a cerebral ischemia of mouse model, irisin decreased oxidative stress-

induced neuronal damage by reducing the release of proinflammatory cytokines such as IL-6 and tumor 

necrosis factor (TNF) through the Akt/ERK1/2 signaling pathway. [102] 

Irisin is crucial to the brain and neurological system.[104] Irisin has been found in cerebrospinal fluid and 

hypothalamus, while FNDC5 is a protein that is known to be highly expressed in glia (such as astrocytes 

and microglia) and neurons in different parts of the brain [39]. Irisin is found in intercellular nerve terminals 

and cerebellar Purkinje cells [13,105]. It is now known that integrin V/b5 exists in the hippocampus and 

cortex[106], indicating that irisin collaborates with integrin αV/ b5 to protect the brain.[102] 

Irisin plays both peripheral and central functions and is believed to act as a molecular bridge between the 

brain and muscles. Irisin is likely transported from the cerebellum to adipocytes through intermediary 

synapses in the medulla and spinal cord via a neurological pathway.[72] Irisin has beneficial effects on 
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nervous system by promoting the growth of hippocampal neurons [107] (high concentrations of irisin 

promote neuronal proliferation) [72], and the expression of brain-derived neurotrophic factor (BDNF), a 

factor that is also increased after exercise in neurodegenerative disorders [108,109]. It also plays a 

significant role in controlling feeding behavior.[14] 

Irisin may support neuronal development by regulating CNS metabolic responses, according to one research 

[110]. Irisin improves brain function by modifying neurotransmitter release, according to recent research 

[111,112]. Exercises elevate mood, and more recently, it was thought that they may possibly have 

antidepressant properties due to changes in the prefrontal cortex's energy metabolism. [113] Irisin, a 

myokine with low levels linked to mood swings, may potentially play a role in this impact in addition to 

serotonin. The PGC-1α/BDNF pathway's activation is most likely what causes irisin to have this impact 

[114, 115]. 

Parkinson's disease (PD) is characterized by several pathological features, including abnormal α-synuclein 

intraneuronal aggregation, abnormal synaptic transmission, dysfunction of mitochondria and lysosomes, 

abnormal brain metabolism, and neuroinflammation. Additionally, the substantia nigra pars compacta loses 

its dopaminergic neurons. Exercise's positive effects on brain function may be mediated by irisin, as it has 

the ability to pass the blood-brain barrier. In preclinical mice, exogenous irisin treatment enhances motor 

results while reducing dopaminergic neuron degeneration and brain α-syn pathology.[116] Other biological 

effects of irisin, including neuronal differentiation, enhancements to cognition and memory, and 

preservation of synaptic plasticity have been demonstrated by further preclinical research.[61,117,118] 

According to Kam et al., one explanation for the therapeutic advantages of exercise for those with 

Parkinson's disease [117]. This study was special because irisin was administered to PD model under test 

directly, as opposed to being produced by exercise.[119] The investigation gives mechanistic evidence 

indicating that irisin's ability to avert neuronal death and reduce α-syn diseases involves at least three 

pathways: a reduction in α-syn internalization by neurons, downregulation of ApoE4, and endolysosomal 

destruction of α-syn.[117] An earlier investigation using cellular pathway analysis on mice revealed that the 

effects of irisin injection on the brain proteome are comparable to those of exercise.[119] Since these 

diseases share similar underlying pathogenetic mechanisms with PD, such as protein misfolding and 

aggregation, neuroinflammation, metabolic abnormalities, vascular abnormalities, and neuronal loss, the 

encouraging results Kam et al. presented on irisin’s effects in PD may also be essential in context of other 

neurodegenerative disorders like Alzheimer's disease, multiple sclerosis (MS), and Huntington’s disease 

(HD).[120-122] 

Alzheimer’s disease commonly referred to as AD, is characterized by formation of senile plaques as result 

of amyloid beta accumulation in the brain, oxidative stress, and progressive memory loss [39]. Clinical 

research has shown that obesity impairs cognitive performance, causes damages blood-brain barrier, white 

matter atrophy, and raises the risk of Alzheimer disease [123–125]. In Alzheimer disease animals, Lourenco 

et al. showed that FNDC5/irisin expression was downregulated in their hippocampi and CSF fluid. A unique 

medicinal agent that can enhance memory, learning, and cognitive function is FNDC5/irisin. [118] 

The potential benefit of irisin as a treatment for AD. The first effect of irisin is to increase BDNF synthesis, 

which may then improve synaptic plasticity and memory in Alzheimer disease [38]. Second, irisin could 

promote neurogenesis and guard against neuronal deterioration in Alzheimer disease. Last but not least, 

irisin may control insulin resistance and glucose balance in AD.[39] 

Increased inflammatory reactions in blood vessels cause synaptic plasticity to decline and hinder 

neurogenesis.[126] According to earlier research, irisin therapy may reduce the production of pro-

inflammatory cytokines like TNF-alpha and IL-6 and cause macrophages to phenotypically flip from the 

pro-inflammatory M1 state to the anti-inflammatory M2 state.[127] 
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Role of irisin in osteoporosis 

Irisin's primary target is thought to be bone tissue. Irisin has an impact on osteoclasts, osteoblasts, and 

osteocytes all in different ways. [128,129] Compared to adipose tissue, bone tissue responds to irisin's 

actions more responsive. [72]. The regulation of irisin on bone during exercise was mediated by irisin 

receptor integrin αV.[130] Irisin can prevent osteoclast development while increasing the proliferation of 

osteoclast precursor cells [131]. Based on direct action on osteoclast progenitors to enhance differentiation 

and stimulate bone resorption, irisin may be an important counter-regulatory hormone in addition to 

increasing bone remodeling, according to one study.[98] 

Irisin has a beneficial impact on bones because it encourages bone generation, inhibits steroid-induced 

apoptosis, speeds up the healing of fractures, and promotes osteoblast differentiation.[19,132] The skeleton 

undergoes anabolic effects from irisin. Bone mineral density, also known as BMD, and bone strength have 

been shown to favorably correlate with irisin levels in athletes.[72] The association between plasma irisin 

and BMD suggests that bone and muscle have an innate connection.[80,134] In mice, FNDC5/irisin removal 

in the osteoblast lineage led to a decrease bone density and a delay in the formation and mineralization of 

new bones.[135] 

To explain these results, different biological pathways may be suggested. Irisin first affects bone marrow 

stromal cells' ability to develop into mature osteoblasts..[81] Second, irisin may promote the maturation of 

bone marrow stem cells into osteoblasts, promoting the release of osteokines that stimulate the formation of 

new bone.[77] Additionally, irisin influences osteoblasts by promoting bone-forming cell development and 

activity by upregulating transcription factor 4 expression. The Wnt-b-catenin signaling pathway was 

activated by irisin to increase osteoblast development, whereas the RANK/RANKL pathway was 

suppressed to inhibit osteoclast differentiation.[136] In another investigation, it was demonstrated that irisin 

limited osteoclast differentiation by reducing the RANKL-Akt1/MITF/PU1-NFATc1 pathway while it also 

promoted osteoblast differentiation through the bone morphogenic protein (BMP) path.[137] Irisin increased 

p38 mitogen-activated protein kinase and extracellular signal-regulated kinase activity, which in turn 

increased osteoblast proliferation, alkaline phosphatase activity, differentiation, and mineralization in 

cultured osteoblasts.[138] This makes irisin a potential therapeutic target for bone disorders like 

osteoporosis and a modulator of the therapeutic benefits of exercise on the skeleton.[139,140] 

Role of irisin in oxidative stress 

Long-term hyperglycemia and insulin resistance may result in difficulties by harming organs including the 

kidneys, liver, eyes, nerves, and cardiovascular system through oxidative stress and an increase in the 

formation of reactive oxygen species (ROS) and free radicals. Where ROS and Malondialdehyde MDA (the 

biomarker of oxidative stress) enhance damage to lipids, cellular proteins, receptors, and DNA and may 

promote cell death by inducing lipid peroxidation.[141] 

There is an unfavorable association between oxidative stress and irisin levels, according to recent 

studies.[142] Many chronic disorders, which are linked to chronic inflammation and persistent are at risk for 

development when there is a lack of physical exercise. Regular, moderate exercise has a good impact on 

immune system performance and decreases systemic inflammation [143]. Irisin controls the activation of 

immune-competent cells and lowers the formation of (ROS) without impacting cell survival, according to 

study on RAW 264.7 macrophages.[144] The enhanced production of important antioxidant enzymes, 

including as catalase 9, glutathione peroxidase, and superoxide dismutase, is the cause of irisin's 

antioxidative action.[145] 

The amount of mitochondrial ROS and inflammatory substances significantly decreased after irisin 

therapy.[22] Irisin treatment enhanced PRAT UCP-1 and SIRT1, which suggests the browning of PRAT. 

This transdifferentiation encourages a number of factors that alter metabolism, including the antioxidant 
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protein HO-1, which guards against renal and cardiovascular disease due to its potent anti-oxidative and 

anti-inflammatory characteristics.[102] By reducing ROS generation and inflammation, this route is 

activated, which increases NO bioavailability by preventing peroxynitrite from being formed from 

NO.[146,147] 

Conclusions 

Irisin is a myokine, expressed mainly in skeletal muscles, and has significant biological effects in the 

inflammatory response, growth, and metabolic processes. Its main role is browning white adipose tissue by 

increasing the expression of UPC-1 pumps in mitochondria, which inhibits the formation of ATP and 

increases heat generation, thus increasing energy consumption in cells through β-oxidation and maintenance 

of body temperature. 

The production of irisin is stimulated through exercise, cold, diet, and hormonal regulation. When the 

muscles contract during exercise, level of cytoplasmic Ca+2 is increased, thus AMPK phosphorylation 

increases, which increases the transcription cofactor PGC-1α in skeletal muscles and regulates the 

transcription of the FNDC5 protein. Irisin is the out-membrane of FNDC5 protein, where it is released to the 

bloodstream through proteolysis action by metalopiptidase after the enzyme-controlled glycosylation 

process, which aims to stabilize the protein and perform its biological function. Thus, molecular weight has 

increased from 12 to 15 kD. Hormone levels in the blood are affected by many disorders and diseases, such 

as cancer, type 2 diabetes, obesity, and Alzheimer. 

No receptors have been discovered for irisin yet, but it does its function by attaching to integrin receptors, 

especially αV integrin. 

Irisin reduces the generation and release of pro-inflammatory cytokines from adipose tissues and increases 

the release of anti-inflammatory cytokines like TNF and IL-6 [81, 73], resulting in reducing inflammation 

caused by obesity. It also inhibits gluconeogenesis by activating the AMPK-PEPCK-G-6-Pase pathway and 

stimulates the formation of glycogen in the liver to maintain glucose hemostasis. As for hormone levels in 

obese individuals, the results were unclear. Choi et al. indicated a lower serum level of hormone [82] due to 

lower expression of PGC-1α, but recent studies [93.94] indicated an increase in the level of hormone in the 

serum. 

Additionally, irisin is present in the brain, where it can cross the brain-blood barrier and contribute to many 

processes such as food behavior, mood and memory improvement, learning, neurological differentiation, 

and rescue of synaptic plasticity. It also reduces oxidative stress, which causes neurological damage, by 

reducing pro-inflammatory cytokines. 

Bones are a major target of irisin; it contributes to development and proliferation of osteoblast precursor 

cells, as well as accelerating the recovery from fractions and regulating the density of minerals in bones. 
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