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ABSTRACT 

Prevalence and mortality rate due to non-communicable diseases has been increasing over a past decade. 

Sedentary life style or physical inactivity is considered as a high risk factor for development of about 35 types 

of chronic diseases and reduced life expectancy. Scientific evidence shows that regular exercise has beneficial 

effects on disease prevention, management of pre symptomatic disease and to stop further progression of 

disease. Until the discovery of irisin in 2012, the beneficial effects of exercise was attributed to  peroxisome 

proliferator activated receptor γ(PPARγ). Bostrom et al reported that exercise upregulates the expression of a 

transcription factor peroxisome proliferator activated receptor γ coactivator 1-α (PGC1- α) in skeletal muscles. 

PGC1- α cleaves fibronectin type III domain containing 5( FNDC 5) and releases irisin into circulation. Since 

then research is going on to know the beneficial effects of irisin. Few studies explained the effects of irisin   on 

glucose homeostasis, insulin resistance, hypertension, fight against obesity, bone mineral density and immunity. 

Few scientists raised doubts regarding the existence of irsin and its role in metabolism and beneficial effects. In 

this review, we summarised the controversies regarding synthesis, release, effect of various types of exercise on 

irisin levels  and physiological actions of Irisin. 
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1.Introduction 
 

Several diseases can be prevented, treated or reversed by implementing certain life style changes, 

which include regular  physical exercise and consuming healthy diet. Many studies highlight the 

promising benefits of exercise on health . But the exact mechanism of beneficial effects is 

unclear; until the discovery of IRISIN by Bostrom et.al. Contracting  skeletal muscles secrete  

many myokines which have autocrine, paracrine and endocrine effects. These myokines include 

myostatin, IL-6, IL-10, IL-15, TNF-α, Brain derived factor, myonectin, decorin, irisin, 

osteonectin. (1, 2) Among all these Irisin has gained much attention due to its  beneficial effects.  

KEY ROLE OF PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR –γ (PPAR-γ) 

COACTIVATOR -1α (PGC- 1 α): 

  PGC 1 α, a transcriptional co-activator is expressed in several tissues such as skeletal muscle, 

brown adipose tissue, heart, brain and kidney. PGC-1α gene is located on chromosome number 4 

in humans(3).  PGC-1α binds to PPAR-γ to stimulate the transcription of genes. Originally, PGC-

1α is induced by cold environment and mediates its action by stimulating sympathetic nervous 

system (4). PGC-1α secretion can also be stimulated by acute as well as chronic exercise (5-8). 

The induced  PGC-1α exerts beneficial effects like fibre type conversion, increases fatty acid 

oxidation, mitochondrial biogenesis and angiogenesis(3, 9). Furthermore, PGC-1α activates 

thermo genesis by stimulating genes involved in brown fat development, like UCP1 (10, 11). In 

conjunction with these genes, five more muscle proteins: Interleukin-15, Fndc5( Fibronectin type 

III domain containing protein 5), VEGF β (Vascular endothelial growth factor β), Lrg1 (Leucine–

rich alpha-2- glycoprotein 1) and TIMP 4 (Tissue inhibitor of Metalloproteinases-4) are  encoded 

by PGC 1α. The expression of  IL-15, Fndc5, VEGF β, TIMP 4  genes were also  observed in 

muscle biopsies following endurance exercise in humans (12, 13).Previous studies did not 
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describe  the role of Fndc5. In 2012 Bostrom et.al. investigated the role of Fndc5  following 

exercise.   

Fndc5 also known as FRCP2 (Fibronectin type III repeat containing protein 2) is synthesised as a 

type 1 trans membrane protein with 209 amino acids in humans (14,15). It consists of an N- 

terminal 29 amino acid signal sequence, a fibronectin III domain, a transmembrane domain and a 

39 residue cytoplasmic segment. when commercially available FNDC5 was used in cultured 

white adipose tissue, Fndc5  up regulated Un coupling protein 1 (UCP1) mRNA 7-500 fold at a 

concentration of 20nM and other brown fat genes Elovl 3(Elongation of very long chain fatty 

acids protein 3), COX 7a (Cytochrome C  oxidase subunit 7a)  and Otop 1(Otopetrin proton 

channel 1)  and down regulated leptin genes. The cells treated with Fndc5 showed raise in 

mitochondrial gene expression, proliferation of mitochondria and 100% increase in total oxygen 

consumption. (16.). This thermogenic action of  FNDC5  is mediated through increasing the 

levels of PPAR α. Previous studies could not investigate further actions of Fndc5 and  in 2012  

Bostrom et. al.  extended their study and discovered that Fndc5 cleaved to form irisin(16). 

 

2. Secretion of Irisin:  
 

Fndc5 is processed, cleaved at C terminus and secreted as soluble Irisin. This 112 amino acid 

polypeptide  secreted from muscles communicates with other tissues; so it was named Irisin,  

after the Greek messenger goddess ―Iris‖. Bostrom et.al. detected  the existence of irisin by  

administration of intravenous adeno viral delivery of full length FNDC5 into wild type mice. 

They used western blot technique to study the presence of  irisin  and  detected an immune 

reactive band  at 22 kDa.  They also measured the  blood concentration of  irisin after exercise  in 

both mice and humans.   Mice showed   significant increase in Irisin concentration ( 65% )  after 

3 weeks of free wheel running, where as human  beings showed  a two fold increase in Irisin  

after 10 weeks of endurance training. They concluded that Irisin is present both in mice and 

humans with 100% structural identity between them (16).  In contrast to the findings of Bostrom 

et al., Raschke S. et al. found difference in the sequence between humans and most rodents and 

primates. The ATG codon in other species is mutated to ATA codon in humans. Raschke S. et al. 

flung  doubts regarding  Fndc5 mRNA expression in muscle biopsies  after endurance and 

strength training in healthy men. They reported that neither endurance nor resistance training 

elevated Fndc5 mRNA This may be due to a different type of antibody used by Raschke S. et al. 

(17).  Later, extensive  research was  conducted  to prove  the existence of irisin in humans, to 

explain the influence of various types of exercise on its secretion and  its role in health and 

disease states. In this review, the controversies regarding physiological role of irisin and the type 

of exercise that stimulates irisin secretion is discussed.  

 

3. Exercise and Irisin:  
 

Till now more than 100 studies investigated the effect of different types of exercises on irisin 

levels. These studies analysed Fndc5, PGC1 α, and irisin levels in blood and m RNA levels in 

various tissues like skeletal muscle and adipose tissues.  For the first time Bostrom et al.  

explained the capacity of exercise to alter the metabolism through irisin (16). After this, Raschke 

S. et al.  reported conflicting results  that neither endurance nor strength training  could activate 

FNDC5 gene and subsequent irisin formation (17). Since then many in vitro and in vivo studies 

were conducted to study the response of various types of exercise. A wide variety of exercise 

protocols /techniques, intensities, duration and frequencies were employed on humans , C2C12 
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myotubes, C57 BL / 6J mice and wistar rats.  Animal studies also reported conflicting results. In 

some studies irisin rise was parallel with FNDC5 and PGC-1 α and few studies could not confirm 

the simultaneous increase in FNDC5 and PGC-1 α with irisin(18,19). The irisin rise was observed 

in animals fed with high fat diet and serum irisin showed negative correlation with insulin 

resistance, cholesterol , triglyceride levels and  fat mass (20,21). 

The first human study was conducted by Norheim F et al.  They examined FNDC5 expression in 

skeletal muscles, plasma irisin levels and subcutaneous adipose tissue browning after long term 

exercise training. They observed increase in FNDC5 and PGC-1 α expression in muscle but could 

not detect increase in irisin levels and its effect on browning of subcutaneous white adipose tissue 

(22). The response to endurance exercise is dependent on the intensity, maximal O2 

consumption, (VO2 max) and duration of exercise.  Endurance exercise protocols of > 45 min, 

moderate to high intensity protocols, >65% VO2 max increased irisin levels in blood and saliva.  

But Vo2 max <65% failed to alter irisin levels (23,24,25,26). One study compared endurance and 

interval exercise with resistance exercise and concluded that strength type of exercise was more 

effective(27).Two studies implemented interval type of exercise protocol  with  positive 

results(28,29). One meta analysis study evaluated the effects of chronic exercise training. The 

study included 3 randomised and nine non-randomised trials. This study revealed no response to 

resistance exercise   training and in fact there was decrease  in irisin levels following exercise 

(30). In fact the studies detected low irisin levels in athletes and physically active individuals 

compared to sedentary individuals(25,31,32,33).  Results of strength exercise training 

demonstrated that it may not alter either FNDC5 gene or the irisin concentration (17, 34-36,37,38 

). In contrast to it, Kim HJ et al., Kim H et al., Reisi J et al. had reported a 20% - fivefold increase 

in  irisin concentration after strength training exercise(39,40). Reisi J et al. studied the effect of  

strength training on irisin, FNDC5 gene and UCP1 gene in abdominal subcutaneous WAT of 

Sprague Dawley male rats and reported a positive correlation with exercise(41).  

The diversity of the results among humans and animal studies can be attributed to interspecies 

variation of irisin structure, total training load, the methodologies employed to detect irisin. Most 

of the studies measured irisin by ELISA assays. The available ELISA kits have some cross 

reactivity with other proteins in serum / plasma proteins(42). Due to this irisin levels varied from 

thousands to <1ng/ml in healthy or unhealthy subjects. To some extent the controversies were 

resolved by mass spectrometry. Lee et al. and Jedrychowski et al. measured irisin using mass 

spectrometry. They detected a 12 kDa protein band after removal of albumin and deglycosylation 

of plasma samples(43, 44). Western blot technique also identified protein bands between 12kDa 

to 35kDa range (45). In inactive males the concentration of irisin is ~ 3.6ng/ml and exercise 

training may increase the level to 4.3ng/ml (44). Further research on human beings is needed to 

evaluate the type and intensity of exercise that influence irisin secretion.  

 

4. Irisn Effect on Browning And Adipogenesis:  

 

In humans, brown adipose tissue (BAT) is present in the cervical, supra clavicular, axillary, 

paravertebral and peri renal regions (46, 47).  The BAT thermogenic effect is mediated through 

UCP1. UCP1 inhibits ATP synthesis by transporting protons across the inner mitochondrial 

membrane. This uncouples the electron transport chain from energy production to heat 

production and dissipates energy as heat (43, 48).  It has been proposed that factors like irisin, 

PGC1-α released during exercise drive browning of adipose tissue(16). Fndc5 stimulates 

thermogenic programme in cervical  adipocytes and to a lesser degree in subcutaneous 

adipocytes(44). Recombinant murine irisin has the ability to induce UCP1 in human adipose 
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derived stem cells and in 3T3L1 fibroblasts during adipogenesis (49,50). Yuan Zhang et al. 

observed the up regulation of UCP1 protein in both cultured primary mature white adipocytes, 

fresh human sub coetaneous white adipose tissues and preadipocytes by irisin. The effect of Irisin 

was studied in peri renal fat  adipocytes. The human perirenal fat express high UCP1 levels 

independent of irisin levels.   Beige adipocytes in scWAT  are more sensitive to irisin than brown 

adipose tissue from perirenal fat. The expression of UCP1 is mediated through extracellular 

signal-related kinase(ERK)  and p38 mitogen activated protein kinase (p38 MAPK)  signalling. 

The lowest dose for up regulation of UCP1 levels  is 5nmol/l and three-fold increase was 

observed at  50nmol/l concentration of irisin. The duration of exposure to increase UCP1 levels is 

as early as two days . More over irisin can stimulate PGC1α and NRF (Nuclear respiratory factor) 

1&2. The browning effect of irisin was compared with two familiar browning  agonists, 

rosiglitazone (PPARG ligand agonist) and CL-316243 (β3- adrenergic receptor agonist) in 

scWAT.   They induced UCP1, PGC1α, and NRF at concentrations of 50nmol/l, 1μmol/l, 1μmol/l 

respectively. They also found that when irisin was added during stem cell adipogenic 

differentiation, it stimulated osteoblastic differentiation and inhibited adipogenesis(51). There are 

controversies about browning effect of irisin. Raschke et al. could not find browning of primary 

human subcutaneous preadipocytes after 18 days of irisin  treatment(17). However, Lee et al. and 

Huh et al. found browning effect by irisin in human mature adipocytes after 6 days and 8 days 

respectively (43, 50). The conflicting results can be due to the variation in the maturity of 

adipocytes. Irisin could promote browning effect in mature adipocytes, with no effect on stem 

cell adipocytes. Irisin treated adipocytes are smaller and accumulate less amount of lipids than 

control adipocytes(51). Irisin inhibits maturation of adipocytes, adipogenic differentiation genes 

and BAT related genes in adipocyte stem cells. This may be the reason for the conflicting results. 

Irisin treated, mature human adipocytes showed browning genes like UCP1, PR domain 

containing 16(PRDM 16) and Cell death inducing DNA fragmentation factor like effector 

A(CIDEA). Irisin inhibited basal lipolysis and the lipids were utilised for browning effect. The 

acetoacetyl co-A, intermediate products of tricarboxylic acid cycle, glucose metabolism and 

protein metabolism  were altered in  irisin treated adipocytes. Thus Irisin regulates energy 

homeostasis through transcription, translation and altering  metabolism(50). If there are 

consistent positive results from experiments on human beings, in future it would become the 

therapeutic tool for metabolic disorders. 

 

5. Metabolic effects of irisin on skeletal muscle: 
 

Irisin secreted from skeletal muscle in response to both exercise and exposure to cold, act in an 

autocrine fashion to mediate its effects (16).  The first work was done by Vaughan et al. by using 

murine myocytes (C2C12).In vitro studies on C2C12 myocytes demonstrated that irisin  had 

different effects on skeletal muscle in a time and dose dependent manner. It increased basal 

oxygen consumption after 24 hours at 2.5nM, 5nM, 10nM of concentration. There was marked 

increase in mitochondrial content,  functioning and  decrease in mitochondrial uncoupling.   

These results indicated that irisin can increase the cellular oxidative metabolism. On further 

investigation it was observed that irisin has the ability to increase the expression of genes like 

PGC-1α, glucose transporter 4 (GLUT4), NRF-1(Nuclear respiratory factor-1), mitochodrial 

transcription factor A (TFAM) & mitochondrial uncoupling protein 3 (UCP3). Irisin treated cells 

initially depend on glycolysis till the mitochondrial functioning reaches optimum level to meet 

energy demands (52). Irisin acts as a promyogenic factor and induces skeletal muscle growth. A 

large number of genes involved in skeletal muscle growth were analysed by microarray analysis 
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and the results were confirmed by subsequent q PCR (quantitative real time polymerase chain 

reaction) technique. Irisin curtailed negative regulators of myogenic differentiation factors like 

SRY related HMG-box (sox 8) and heyL. It  stimulated Cxcl1, pentraxin-3, skeletal muscle 

hypertrophy promoting factors haptoglobin and interleukin6. On further investigation it was 

noted that irisin increased number of myotubes, myoblast fusion index, fusion markers: 

myomaker, caveolin-3. The proteins that control myogenesis include Myo D, p21, myogenin and 

myosin heavy chain (MHC). However irisin significantly increased only p21 and MHC 

expression, which suggested that recombinant irisin can enhance myogenesis in mouse and 

human myotubes. Histological studies done to analyse the irisin effect on muscle hypertrophy 

revealed distinct increase in muscle hypertrophy. The signalling pathways activated during 

skeletal muscle hypertrophy are ERK1/2, Akt, mTOR.  Furthermore it was found that  irisin 

attenuated denervation induced muscle atrophy by stimulating  satellite cells activation and their 

proliferation(40-50). Interleukin -6 (IL-6), one of the exercise induced myokine also regulates 

skeletal muscle hypertrophy via myoblast differentiation, proliferation and satellite cell 

activation. Irisin up regulates Il-6 and promotes satellite proliferation (53-57). JY Huh et.al 

investigated expression of irisin/FNDC5  levels  in human skeletal muscle cells during myogenic 

differentiation . The concentration of Fndc5  peaked at day 5 and attained a plateau from day 8. 

Irisin levels increased only after day 8.  By gene expression analysis they reported increase in 

IGF1, PGC1α and decrease in myostatin levels (50). Further research on human skeletal muscle 

is needed to extend the promising effects of recombinant irisin in skeletal muscle disorders.  

 

6. Role of irisin in Glucose Homeostasis: 
 

Several hormones regulate blood glucose homeostasis directly or indirectly by modulating 

glucose uptake, glycolysis, glycogen synthesis, gluconeogensis, glycogenolysis(58) In this 

review, all the disparities between in vivo and in vitro studies were discussed. Irisin regulates 

blood glucose levels directly and indirectly. Irisin exerts direct effects by altering glucose uptake 

and metabolism in adipose tissue, skeletal muscle and liver.  

Irisin released from skeletal muscle induces browning of white adipose tissue via p38 mitogen-

activated protein kinase (MAPK) and ERK pathways (59,60) and  subsequent increase in glucose 

uptake occurs in the newly formed brown adipose tissue. The  glucose  uptake  of brown adipose 

tissue  is insulin dependent and 10 times more than WAT and visceral adipose tissue.(61) This 

glucose uptake is a consequence of up regulation of GLUT4 (glucose transporter -4) expression 

in human mature adipocytes. Moreover, irisin stimulates glycolysis which is evidenced by 

increased secretion of lactate from human mature adipocytes of subcutaneous adipose tissue (62). 

Irisin in a dose and time dependent manner acts on skeletal muscle. When skeletal muscles are 

treated with irisin, significant increase in uptake of glucose and fatty acid  was observed. Irisin 

mediated these effects by up regulating genes involved in glucose transport  ( GLUT4, 

Hexokinase2). It down regulates genes involved in glycogenolysis gluconeogenesis 

(phosphoenolpyruvate carboxykinase1) (63). Irisin stimulates glucose uptake  via activating 

AMPK pathway, which translocates GLUT4 to plasmamembrane of skeletal muscle cells. The 

AMPK pathway is induced through reactive oxygen species (ROS) and this in turn led to 

activation of p38 MAPK pathway (64).    Irisin treated mice primary hepatocytes  and 

hepatocytes derived from human hepato cellular carcinoma decreased  gluconeogenesis via PI3K-

AKT-FOXO1 pathway . This pathway down regulates the enzymes of gluconeogenesis: PCK 1 

and G6PC(65). Irisin stimulates glycogen synthesis by activating PI3K-AKT- glycogen synthase 

kinase 3 pathway.  In mouse hepatic cells irisin reduced lipogenesis and lipid accumulation cells 
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also(66). Further, irisin lowered cholesterol content in hepatic cells by preventing sterol 

regulatory element-binding protein 2(50).  In liver FNDC5 was expressed via constitutive 

androstane receptor (CAR) (67). Through these signalling pathways irisin maintain euglycemic 

levels.   

The indirect effects of irisin is mediated through activation of PGC1 ALPHA-IRISIN-

BETATROPHIN AXIS (68). However more clarification is required to elucidate the association 

between irisin and other hormones and the major contribution of irisin in glucose homeostasis. 

 

7. Irisin Action on Beta Cells of Pancreas:  

 

Both Type 1 and Type 2 diabetes can be treated in a better way by triggering beta cell 

proliferation by inhibiting apoptosis of beta cells, replacing or regenerating the beta cells of 

pancreas (68). In 2013 Yi P et.al, identified a hormone betatrophin, also known as Angiopoietin-

like protein8(ANGPTL8). It is mainly secreted from liver and adipose tissue in mice. They found 

that betatrophin promotes proliferation of beta cells in pancreas and glucose tolerance in mice. 

This opened a new door for regenerative β-cell therapy in humans(69). The exercise hormone 

Irisin was also reported to have beneficial effects in diabetics. Irisin stimulates p38MAPK and 

ERK pathways during adipogenesis (59). The pathway p38 MAPK coordinates cellular responses 

to stress stimuli, mediates oxidative stress-sensitive cell signalling pathways. Researches 

assumed that rise in ROS (reactive oxygen species) and irisin may stimulate p38 MAPK-PGC1-

ALPA -BETATROPHIN  pathway which results in beta cell regeneration(66). Few studies raised 

paradoxical  statements that there is no association between either betatrophin or irisin on 

pancreatic beta cell proliferation function and insulin resistance(70, 71). More research is 

essential to explain the associations of betatrophin and irisin on beta cell activity and 

proliferation. 

 

8. Irisin role on bone physiology: 

 

 Irisin from skeletal muscle, communicates with bone and regulates bone remodelling by its 

action on osteoblasts, osteocytes and osteoclasts. It stimulates cortical bone mass and bone 

strength but the trabecular bone is spared from irisin action. It stimulates new bone synthesis by 

up regulating the pro–osteoblastic genes in osteoblasts and inhibits osteoclastic process. Irisin 

derived from mice myoblasts triggers osteoblast differentiation. It promotes osteogenesis by up 

regulating Runx 2 (Runt –related transcription factor) , Atf4 (marrow activating transcription 

factor4) gene expression, alkaline phosphatase and collagen type I, alpha 1(col1a1) 

mRNA(72,73).  It down regulates sclerostin secretion from osteocytes. Sclerostin is a product of 

the SOST gene and is an inhibitor of Wnt/ β catenin signalling pathway (74). Wnt/ β catenin 

pathway is the key regulator of osteoblast differentiation and bone formation. Therefore decrease 

in sclerostin levels were associated with increased osteogenesis. In vitro studies give additional 

evidence that irisin stimulates Wnt pathway by up regulating Lrp5 and β-catenin genes. Under the 

influence of irisin bone mineral density, bone strength, periosteal circumference and calcium 

deposition were increased via phosphorylation of P38 and ERK (75). The primary osteoblast 

differentiation and osteogenic activity of irisin was observed at a 35 fold lower dose than required 

for browning.  All these effects resembled the beneficial effects of exercise (72). Irisin also 

stimulated osteogenic differentiation genes osteocalcin and osteopontin (76) Yaxian Ma et al. 

studied irisin effect on mouse macrophage cell line RAW264.7 cells and bone marrow 

monocytes. They reported that Irisin proliferates osteoclast precursors but inhibits their 
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differentiation. It inhibits osteoclastogenesis by suppressing the expression of osteoclstogenesis- 

related genes. R-irisin treated cells showed reduced mRNA of RANK, NFATc1, cathepsin K, and 

TRAP. These effects were confirmed by measuring the protein levels of cathepsin K and TRAP 

in cultured cells. The signalling pathways that play a pivotal role in osteoclast proliferation in 

irisin treated cells are p38 and JNK pathways. Irisin inhibits osteoclast differentiation via down 

regulation of RANKL induced NF-Kb pathway (77). The results were supported by another 

recent study. Eden G Estell et al. demonstrated that irisin regulates bone remodelling not only by 

osteoblastic stimulation but also by promoting differentiation and proliferation of osteoclasts. 

They claimed that the discrepancy in the results can be due to variation in the dose R Irisin and 

duration of exposure of bone cells. Irisin regulates bone remodelling by binding toα5/ β5 

integrins present on osteocytes (78). All these studies gave a hope that, in future recombinant 

irisin may be  recommended to prevent and treat osteoporosis. 

 

9. Irisin and blood pressure: 

 

Exercise is considered as a non–pharmacological therapy and exercise can lower blood pressure 

even in persons who are not responsive to medical treatment (79). Different studies proposed 

varying theories about the mechanism by which exercise decreases blood pressure. The 

mechanisms proved to be effective include such as decrease in sympathetic stimulation, rennin-

angiotensin-aldosterone axis, enhanced baroreceptor activity, and vascular endothelial nitric acid 

synthase activity(80-82). One recent study explained the modulating effect of exercise on heart, 

arteries and skeletal muscle in reducing blood pressure.  Zhang et al. studied the effect of irisin by 

injecting into 3
rd

 ventricle of male Sprague- Dawley rats. Within few minutes of irisin 

administration, a sustained rise in cardiac output and blood pressure was observed. These effects 

were mediated by activation of paraventricular nucleus of hypothalamus. This proved that irisin 

stimulate central nervous system to coordinate the cardiovascular functions. However opposite 

effects were observed on peripheral administration of irisin. Reduction in both systolic as well as 

diastolic blood pressure without any change in cardiac contractility was reported after 

intravenous injection of recombinant human irisin into rats.  This suggested that the peripheral 

effects of irisin may be due to its effects on smooth muscle cells and endothelial cells and  not 

due to  the alteration in the cardiac output.  They also explained that R- irisn induced vessel 

dilation through KATP channels activation in vessel rings with or without endothelium(83). 

 Jinjuan et al. also observed the similar effects of irisin on blood pressure. They noticed a dose 

dependent effect of irisin on blood pressure in rats. The reduction in blood pressure started 5 

minutes after intravenous injection of 10 ug/kg of irisin, significant increase after 10minutes, and 

maximum effect was noted after 20minutes.  After 90 minutes the effect was no longer. Irisin did 

not affect heart rate, vasodilation in mesenteric arteries from rats but  augmented Ach- mediated 

vasorelaxation and decreased PHE(phenylephrine)  induced vasoconstriction of  mesenteric 

arteries  from rats. These effects of irisin were caused by activation of endothelial nitric oxide 

synthase and subsequent increase in nitric oxide release by endothelial cells via activation of 

AMPK and Akt pathways (84). Further research is needed to enlighten these results  in humans 

too. 

 

10. Irisin and Nervous system:   

 

Another well known fact about exercise is, it improves brain health and cognitive function (85-

87) Exercise induces neurotrophins, most importantly brain derived neurotropic factor (BDNF) in 
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hippocampus(85). BDNF stimulate brain development, increases neuronal cell differentiation, 

migration, dendritic branching, synaptogenesis, plasticity, learning and memory (88,89). 

FNDC5/Irisin presence is detected in purkinje cells of cerebellum, human cerebrospinal fluid, 

paraventricular neurons of hypothalamus. Exercise induced expression of FNDC5 resulted in  up 

regulation of BDNF genes, and also genes involved in hippocampal functioning which include 

Npas4 (Neural PAS domain), cFos, and Arc(Activity- regulated cytoskeleton- associated protein). 

BDNF released boosts reward related learning and motivation. In vivo studies reported that 

FNDC5 levels increase during differentiation of human embryonic stem cell derived neural cells 

into neurons. During brain development forced fndc5 expression enhanced the survival and 

maturation of primary cortical neurons (90). Further research is required to understand the irisin 

effects and mechanism of action on human brain.  

 

11. Anti inflammatory effects of irisin:   

 

 Cells produce a wide variety of cytokines. These intracellular signalling molecules regulate 

inflammation and immune response in an autocrine  and paracrine fashion. Irisin plays important 

role in inflammation. Macrophages cultured in irisin rich medium  showed decrease in 

overproduction of reactive oxygen species (91) A  study conducted by  Mazur  Bialy  

demonstrated the  influence of irisin  on  pro inflammatory activity of adipocytes and mechanism 

of action in the regulation of pro inflammatory cytokines. They analysed that pre treatment of 

high  irisin  concentration  down regulated TLR4/ MyD88 (Myeloid differentiation primary 

response protein) pathway  in macrophages activated with lipopolysaccharide. It also inhibited 

the phosphorylation of downstream proteins such as MAP kinases, Janus kinses, 

ERK(Extracellular signal – regulated kinase).  Furthermore, it also decreased the mRNA  

expression of TNF-α (Tumor necrosis factor alpha),  IL-B, IL-6, MCP-1(Monocyte 

chemoattractant protein -1), KC (keratinocyte chemoattractant), HMGB1(high mobility group 

box 1). (92) 

 

12. Conclusion: 

 

Irisin can be the future remedy for metabolic disorders since it improves weight loss  by 

regulating glucose and fat metabolism. It regulates bone turnover, promotes beta cell functioning, 

influences brain activity, protects heart and vascular system. It acts as anti-inflammatory, anti-

oxidant and anti-aging agent. However, the underlying mechanisms, receptors through which 

irisin regulates all the functions still remains unclear and require further investigation. 
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