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ÖZET 

Obez ve obez olmayan kişilerde serum irisin, adropin ve preptin değerlerinin 

araştırılması 

 

Shilan Rashad Ali 

Yüksek Lisans, Eğitim Programları ve Öğretim Bilim Dalı 

Tez Danışmanı: Doç. Dr. Muzaffer KATAR               

Eylül 2022, xv + 106 sayfa  
 

Obezite, tüm dünyada hızla yayılan ve birçok hastalığın altında yatan temel etkenlerden 

biridir. Günümüzde periferik dokuların endokrin fonksiyonları, kuvvet homeostazının 

rehberliğinde önem kazanmaktadır. İrisin, adropin sonra preptin, kuvvet homeostazının 

kılavuzunda yer alan yeni keşfedilen endokrin faktörlerdir. İrisin, kas kaynaklı bir 

proteindir ve beyaz yağ dokusunu kahverengi yağ dokusuna dönüştürerek enerji 

harcamasına neden olur. Adropin, güç homeostazını düzenlemede ve insülin yanıtını 

korumada rol oynayan ENHO geni aracılığıyla kodlanan bir proteindir. Preptin, 

pankreasın β hücrelerinden insülin yoluyla birlikte emilen bir peptit hormonudur. Bu 

enerji düzenleyici peptitlerin T2DM ve T2DM ile mücadelede hücresel iletişimde rol 

oynayarak klinik fayda sağlayabileceği düşünülmektedir. Çalışmamız 18-50 yaş arası, 

fazla kilolu veya obez (n= 59), sağlıklı (kontrol, n=59) ve T2DM (n= 59) bireylerden 

oluşmaktadır. Tüm kan örnekleri jel tüpe alındı, 4°C'de 3500 rpm'de 10 dakika santrifüj 

edildi. Serum kısmı incelenmek üzere bir proteaz inhibitörü olan aprotinin içeren 

Eppendorf tüplerine ayrılmış ve çalışma gününe kadar -20°C'de derin dondurucuda 

saklanmıştır. Kan alımı tamamlandıktan sonra, ticari olarak temin edilebilen ELISA 

kitleri kullanılarak kan serumu örneklerinde irisin, adropin ve preptin seviyeleri analiz 

edilecektir. Ticari olarak temin edilebilen bir ELISA kiti kullanılarak hazırlanan serum 

örneklerinde irisin, adropin ve preptin miktarı incelenmiştir. İRİSİN (NG/ML), sağlıklı, 

obezite ve 1 tip 2 diyabet mellituslu obezite hastalarında, obezite ve T2DM gruplarında 

İRİSİN düzeyinin kontrol grubuna göre anlamlı derecede azaldığını göstermiştir (p <0.05, 

F =19.617). ADROPİN (PG/ML), tip 2 diyabet mellituslu sağlıklı, obezite ve obezite 

hastalarında elde edilen sonuçlar, obezite ve T2DM gruplarında ADROPİN düzeyinin 

kontrol grubuna göre önemli ölçüde azaldığını göstermiştir. (p <0.05, F =3.632). 

PREPTİN (NG/L), kontrol, obezite ve T2DM olmak üzere üç grupta, PREPTİN 

düzeyinin obezitede anlamlı olarak arttığını ve Type2 diabetes melituslu hastaların 

kontrol grubuna göre arttığını gösterdi (p<0.05, F =6.846). Bu çalışma ile; Obez, T2DM 
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ve obez olmayan gruplarda irisin, adropin ve preptin konsantrasyonları karşılaştırılarak 

bu üç endokrin faktörün enerji homeostazı ile ilişkisinin araştırılması amaçlandı. 

Bakılması planlanan her üç parametrenin de enerji metabolizması ile ilgili olması ve 

obezitenin önemi giderek artan bir sağlık sorunu olması bu çalışmanın planlanmasında 

etkili olmuştur. Bu parametreleri karşılaştırdıktan sonra, serum,irisin, adropin ve preptini 

bir biyobelirteç olarak T2DM ve control obezite geliştirme riskinin değer endirilmesi 

olarak kullanılması gerektiğini bulduk. 
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ABSTRACT 

INVESTIGATION OF SERUM IRISIN,ADROPIN AND 

PREPTIN VALUES IN OBESE AND NON-OBESE INDIVIDUALS 

 

Shilan Rashad Ali 

Master’s Thesis, Division of Curriculum and Instruction 

Advisor: Assoc.Prof.Dr. Muzaffer KATAR              

September  2022, xv+ 106pages  
 

Obesity is one of the main factors spreading rapidly all over the world and underlying 

many diseases.  Today, the endocrine functions of peripheral tissues gain importance in 

the guideline of strength homeostasis. Irisin, adropin then preptin are newly discovered 

endocrine factors involved in the guideline of strength homeostasis.  Irisin is a muscle-

derived protein and reasons energy spending by altering white adipose tissue to brown 

adipose tissue.  Adropin is a protein encoded via the ENHO gene, which acting a role in 

regulating strength homeostasis and keeping insulin response.  Preptin is a peptide 

hormone absorbed together through insulin from the β cells of the pancreas.  It is thought 

that these energy regulatory peptides may provide clinical benefit by playing a role in 

cellular communication in the fight against and T2DM.  Our study consists of individuals 

aged 18-50 years, who are overweight or obese (n= 59) , healthy (control, n=59) and 

T2DM (n= 59)  .  All blood samples were taken in to gel tube, centrifuged for 10 minutes 

at 3500 rpm by the side of 4°C.  The serum portion stayed separated into Eppendorf tubes 

containing aprotinin, a protease inhibitor, to be studied, and stored in a deep freezer at -

20°C until the study day.   After the blood collection was completed, Irisin, adropin and 

preptin levels will be analysed in blood serum samples, using commercially obtainable 

ELISA kits. The amount of irisin, adropin and preptin was examined in serum samples 

prepared using a commercially available ELISA kit.  İRİSİN (NG/ML) in healthy, obesity 

and obesity patients with1type 2 diabetes1mellitus were result show that level of İRİSİN 

in the obesity groups and T2DM groups are significantly decrease than the control group 

(p <0.05, F =19.617). ADROPİN (PG/ML) in healthy, obesity and obesity patients 

with1type 2 diabetes1mellitus were result show that level of ADROPİN in the obesity 

groups and T2DM groups are significantly decrease than the control group. (p <0.05, F 

=3.632). PREPTİN (NG/L) in the three groups of control, obesity and T2DM were result 

show that level of PREPTİN significantly increase in obesity and patients with 



 
 

vii 
 

Type22diabetes mellitus compered to the control group (p <0.05, F =6.846). With this 

work;  It was aimed to investigate the relationship of these three endocrine factors with 

energy homeostasis by comparing the concentrations of irisin, adropin and preptin in 

obese ,T2DM and non-obese groups. The fact that all three of the parameters planned to 

be looked at are related to energy metabolism and that obesity is an increasingly important 

health problem has been effective in the planning of this study. After comparing these 

parameter we found that serum1irisin , adropin and preptin 1should be utilized1as a 

biomarker for1assessing the risk of developing T2DM2and control1obesity. 

Keywords : Irisin , Adropin, Preptin, Obesity  
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     CHAPTER ONE 

1. Introduction 

 

1.1. Definition of Obesity 
Although obesity is generally known as being overweight, the explanation of obesity by 

the WHO [World Health Organization] is: "Irregular or excessive fat growth in adipose 

tissues to the level that it damages health." made in the form. In other words, obesity is a 

compound, multifactorial illness considered by a rise in body fat and consequent 

behaviour, endocrine, and metabolic changes. Obesity happens after the sum of strength 

taken from nourishment overdoes the sum of energy expended by digestion system and 

physical action, so that the fat mass in the body increases compared to the lean body mass. 

Excess fat in obese individuals paves the way for many important diseases that affect 

body systems such as the circulatory system, respiratory system, hormonal system, and 

gastrointestinal system. Obesity has shown to growth the risk of developed HT, type 2 

DM, dyslipidaemia, cardiovascular diseases, and certain types of cancer (colon, breast, 

gallbladder) (WHO.,2013). 

 According to the results of the TURDEP-I (Turkey Diabetes Epidemiology Survey) 

study conducted in our country in 1998, the prevalence of obesity was found to be 30% 

in women, 13% in men, and generally 22.3% in epidemiological data (Satman et 

al.,2002). According to the results of the TURDEP-II study completed in 2010, the 

prevalence of obesity in Turkey is 32%, and according to the TURDEP-I conducted in 

1998, the prevalence of obesity has increased by 44% in 12 years. (Satman iI et al.,2002). 

 

1.1.1. Classification of Obesity  
 Excess fat consumption is not only a cause of the development of obesity, it is also 

important that the excess calories are taken together with the proteins and carbohydrates 

stored as adipose tissue.  

 Today, an unhealthy diet, caused by too fatty and high-calorie foods and drinks, is the 

core purpose for the growth in obesity.  

 Another important factor is the reduction in the amount of energy consumed in daily 

activities due to the convenience of technological developments.  
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 The BMI or “Quetelet index” is the most accepted and practical method used to assess 

obesity.  

 This index, determined by Quetelet in 1835, is the relation of measured weight (kg) to 

height (m) squared. Defines obesity as a BMI of 30 or more by WHO. The WHO BMI 

categorisation of obesity is presented in Table 1.1.1(iWHO.,i2004.). 

 

Table 1.1.1. WHO Categorisation of Obesity According to BMI? 

                                Group                                 BMI 

Under weight <18.5 

Normal range ≥18.5 and <25 

Over weight ≥25 and <30 

Obesity1 ≥30 

Obesity1 ≥30 and <35 

Obesity II ≥35 and <40 

Obesity III ≥40 

 

Although secondary causes of obesity are less common, leptin deficiency, hypothalamic, 

Cushing's syndrome, growth hormone deficiency and hypothyroidism, damage must be 

considered. Drugs that can cause obesity include antipsychotics, antidepressants, lithium, 

antiepileptic drugs, insulin, sulfonylureas, oral contraceptives, and corticosteroids (Bray 

et al.,2006). 
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1.1.2. Epidemiology of Obesity 

The predominance of overweight and weight is expanding at an disturbing rate around 

the world. For case, within the Joined together States (USA), the predominance of 

obesity expanded from 15% to 30.9% between 1980 and 2000, and comparative 

discoveries have been detailed in developing countries. Obesity may be a worldwide 

issue influencing roughly 300 million individuals around the world (Racette et al., 

2003).  In the WHO 2002 report, the highest average BMI value among all regions 

belongs to the European region, with approximately 26.5 kg/m2. According to the 

latest data from different countries in the region, the prevalence of obesity in adult 

males has increased from 5% to 20% and up to 30% in adult females. Unfortunately, 

the highest prevalence internationally of obese adult women has been reported from 

Turkey (about 30%) (WHO.,2005). 

1.1.3. Obesity Etiology 

The etiopathogenesis of obesity is extremely complex. Because there are many   

mechanisms that affect energy intake or expenditure in the human organism. Obesity is 

not only a simple weakness of will or a personal control problem, but also a complex 

disorder associated with energy metabolism diseases and appetite regulation (Lyznicki 

et al.,2001). We can collect the factors that affect the development of obesity under the 

following headings: 

1. Genetic Factors: 

2. Nutritional Regulatory Disorder 

3. Age 

4. Gender 

5. Socioeconomic Factors 

6. Psychogenic Factors  

7. Hormonal Causes  
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1.1.4. Obesity and Tissue 
 

Obesity is a chronic, metabolic illness considered via an increased number or size of fat 

cells. The total number of fat cells in the normal human body is about 5x1010, and this 

number increases in obese individuals. Many diseases that appear with obesity are 

thought to be associated with this increased adipose tissue function (Wisse et al.,2007). 

Adipose tissue is the key fat storage site in our body, so it acting an significant part in 

buffering the daily circulating dietary fat flow (Goossens et al.,2008 and Frayn et al 

.,2001). 

Here are two sorts of adipose tissue in warm blooded animals: white adipose and brown 

adipose. These two sorts of adipocytes show different morphology and function. Brown 

adipocytes convert energy for heat production (thermogenesis), while white adipocytes 

store and release energy according near the metabolic requirements of the animal (Young 

et al.,1976). Brown adipose tissue, which specializes in heat production, is almost absent 

in adult humans. Approximately 2–3% of a new-born’s weight is brown adipose tissue, 

but this adipose tissue turns in to white adipose tissue by the advancement of the 

thermoregulation mechanism (Wisse et al.,2007). Brown adipocytes get their colour from 

dense vascular formation and the presence of abundant packed mitochondria. These blood 

vessels assistance provide energy for storing, oxidation and distribute the heat produced 

by the myriad mitochondria to different parts of the body (Kiess et al.,2008 and Fonseca-

Alaniz et al.,2006). The insides of the mitochondrial membranes of 1brown adipose tissue 

contains a 1protein called 1uncoupling protein-1 (UCP1) that pushes protons from the 

interprotein 1space into the mitochondrial 1matrix (Jastroch.,2010). When UCP1 is 

stimulated, it does not reason adenosine triphosphate (ATP) creating, because it is an 

undissociated protein1, but instead reasons a high temperature release (Jastroch et 

al.,2010 and Affourtit et al.,2012). 

In humans, white adipose tissue consists of a central intra-abdominal component 

associated with metabolic risk and a peripheral subcutaneous adipose tissue depot 

associated with protective effects on energy homeostasis (Jensen et al.,2008 and Kwok et 

al.,2016). Adipose tissue constitutes 10–20% of body weight (Wisse et al.,2007). Its 

pleiotropic structure is based on the capacity of adipose cells to secrete various hormones, 

development variables, proteins, cytokines, complement components, and network 
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proteins. Fat tissue too expresses receptors for numerous of these factors included within 

the regulation of numerous processes, such as nourishment ingestion, energy 

consumption, metabolic homeostasis, immunity, and blood pressure homeostasis (Costa 

et al.,2006 and  Matsuzawa et al.,2006). 

Apart from these 2 types, an intermediate brown kind of fat cell called "beige" (Ishibashi 

et al.,2015) or else "brite" (brown-in-white) (Petrovic et al.,2010) adipocytes was defined 

recently. Beige/brite adipocytes mostly develop in response to exposure to cold or other 

adrenergic stimulation mechanisms of white adipose tissue depots (Montanari et al.,2017 

and Nedergaard et al.,2014).A female-specific type of adipocyte called pink adipocyte 

arises with the transformation of white adipose tissue into pink adipocytes during 

pregnancy (Cinti et al.,2017). It produces and secretes milk and plays a important part in 

female metabolism during the early phases of brood feeding (Giordano et al.,2014). 

1.2. Diabetes1 Mellitus 

1.2.1.  Definition of Diabetes Mellitus  
 

Diabetes Mellitus World Health Organization (WHO) Diabetes MellitusInsulin effect, 

insulin secretion, or chronic hyperglycaemia cause disorders in carbohydrates, oil, and 

protein metabolism caused by flaws in insulin secretion or defects in both insulin and 

insulin effect. Hyperglycaemia plays a role in disease-related complications (Inzucchi et 

al.,2012). Various pathogenic processes production a part in the development of diabetes. 

These pathogenic processes constitute a range that ranges from the lack of insulin to 

resisting the insulin effect of the beta cells of the pancreas. The source of 1abnormalities 

in 1carbohydrate, oil, and protein breakdown in 1diabetes is the disorder in the impact of 

insulin on the target tissues. The effect of defective insulin is caused by disruption of 

insulin tissue response at one or more points of the impact of inadequate insulin and/or 

the effect of the hormone in the complex pathways. The defect in insulin secretion and 

the defect in insulin activity are often present in the same patient and are mostly unclear 

in which the main reason for hyperglycaemia is in question (Kahn et al.,2005). The 

symptoms of prominent hyperglycaemia consist of polyuria, polyidypsy, nocturia, 

unexplained weight loss, sometimes polyvasm, and visual impairment. Sensitivity and 

growth disorders to some disease may as well accompany1 chronic hyperglycaemia 

(Harvey et al.,2011).  
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1.2.2. Diabetes Mellitus Diagnosis 
  

Diabetes is diagnosed by using both clinical and biochemical parameters. Diagnostic 

criteria for diabetes, which were revised and agreed upon, were published in the panels 

made by the American National1 Diabetes1 Data Group and the World1 Health 

Organization1(WHO) expert committees. These new criteria reflect epidemiological and 

metabolic evidence (Burant et al.,2004). The criteria determined by the ADA, which were 

revised in 2010, for the 1diagnosis of 1diabetes are given in Table11.2.2. 

 

 

Table 1.2.2 shows the diagnostic criteria for diabetes mellitus (Diabetes Care., 2013). 

  

 Plasma1glucose 1200 mg/dl (11.11mmol1/1l) at any period of day and regardless of 

the time since the last meal. (Diabetes symptoms are polyuria,1polydipsia, and 

unexplained weight loss.) 

 Or1 

Fasting1plasma1glucose ≥1126 mg/dl (1≥7.0 mmol/l).  (Hunger is definite as a 

minimum of 8 and a maximum of 14 hours without calories) 

Or 

 In OGTT, 2nd1hour plasma1glucose was1200 mg/dl (11.11mmol/l). (The 

OGTT1should be performed1in fasting conditions with175 g of glucose melted in 

water after13 days of adequate carbohydrate intake (150 g/day) as defined by WHO.) 

Or 

HbA1c value ≥16.5% (This test ought to be performed in laboratories by the NGSP 

(1National Glycohemoglobin1StandardizationiProgram) approved 

technique1standardized with DCCT (Diabetes1Control and Complications1Trial) 

assay.) 

 

A diagnosis can be made with one of the above1criteria, but the diagnosis should be 

confirmed with one of these criteria again the next day. Severe hyperglycemia, which 

occurs in acute situations such as infection, trauma, and stress, is not considered sufficient 

for the diagnosis of DM. Therefore, a definitive diagnosis should be made by performing 

confirmatory tests after the acute transient situation has resolved (Diabetes Care., 2003). 

 



 
 

7 
 

1.2.3. Classification1of Diabetes1Mellitus 
 

 Diabetes1mellitus; It is evaluated in 4 categories: type11 diabetes mellitus (T11DM), 

type22 diabetes mellitus (T22DM), gestational1diabetes mellitus (GDM1) and 

specific1DM associated with other factors. 

 

1.2.3.1. Type 1 Diabetes1Mellitus 
 

 Type I DM, which accounts for 5-10% of all diabetes patients; It was originally described 

as “young onset” or “insulin dependent”.  Type I DM; It occurs as a1result of autoimmune 

destruction of1pancreatic1β cells (Diabetes Care., 2014).  Absolute or relative insulin 

deficiency is observed due to autoimmune β cell damage of pancreatic1β cells.  Although 

the cause of1β-cell destruction is not known exactly, it is generally believed that 

environmental factors and genetic predisposition are the main triggers (iYou et al.,2016). 

 

1.2.3.2.  Type22 Diabetes2Mellitus 
 

 Type1II DM, which is the1most common type of1diabetes; It is1also1called “adult-onset 

diabetes1” or “1insulin independent1diabetes”.  Type 2 diabetes mellitus includes all 

patients with relative peripheral insulin resistance and insulin deficiency (Diabetes 

Care., 2017).  The prevalence of type II DM, which is usually detected in advanced ages, 

is constantly decreasing due to sedentary living conditions, unhealthy diet, and obesity 

(iInternational iDiabetes iFederation.,2017). 

 

1.2.3.3. Gestational1Diabetes1Mellitus 
 

 "It is defined1as any degree of1hyperglycemia1that has not been previously detected and 

occurs for the1first time in1pregnancy. This explanation consists of undiagnosed cases of 

type222DM diagnosed early in1pregnancy and1true1GDM that develops1later".  

Gestational diabetes has a significant impact1on the diabetes1epidemic.  It increases the 

risk of1developing diabetes in the mother and new-born in the later1period of life 

(Mirghani iDirar et al.,2017). 
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1.2.3.4. Specific DM Types Due to Other Factors 
 

 Except for Type111DM, Type222DM and1GDM, some drugs and diseases may cause 

DM to develop.  These factors are grouped into 8 main categories (iDiabetes icare.,2014) 

 ✓ Endocrinopathies 

 ✓ Genetic defect of β-cell functions (monogenic forms of diabetes)  

✓ Exocrine tissue diseases of the pancreas 

 ✓ Genetic defects under the influence of insulin 

 ✓ Infections 

 ✓ Pharmaceuticals or chemical agents 

 ✓ Genetic syndromes1associated with1diabetes 

 ✓ Rare forms of immune-mediated1diabetes 

 

 

1.2.4. Complications1of Diabetes1Mellitus 

 Diabetes1mellitus complications are1the main cause1of morbidity1and 

mortality1associated with this chronic metabolic disorder (iDiabetes icare.,2013). 

Diabetes mellitus complications are classified as acute and chronic.   

1.2.4.1. Acute complications include hypoglycemia, diabetic ketoacidosis 

(DKA)h, hyperglycemic hyperosmolar state (HHS), hyperglycemic diabetic coma, 

stroke, loss of consciousness and infections (Ganesh iKumar et al.,2012).   

 

 

1.2.4.2.  Chronic complications are mostly related to the long-term effects of 

hyperglycemia on the vascular system and are divided into1microvascular 

(retinopathy1,1nephropathy,1and neuropathy) and1macrovascular1(coronary1artery 

disease,1peripheral vascular disease, atherosclerosis1, myocardial infarction) 

(BresaterLE et al.,1996).  In addition to its acute and chronic complications, diabetes 

has been associated with increased cancer rates, physical and cognitive disability, 

depression, and tuberculosis (Ganesh iKumar et al.,2012). 
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1.3. Irisin  

1.3.1. Definition of Irisin 

 Irisin discovered1in12012 by Boström et1al. These researchers derived the name of the 

irisin from the symbol of the rainbow, "Iris," the daughter of Thaumas and Elektra, who 

brought good news1from the gods1to humans1in Greek1mythology (Aydin et al.,2014 

and Lovren et al.,2010). Irisin1is a thermogenic protein that converts white1adipose tissue 

to brown1adipose tissu1and provides energy1expenditure (Lovren et al.,2010). 

Irisin is defined as a myokine that protects individuals from metabolic diseases and 

is1released from skeletal1muscle when regular exercise1is performed. This myokine has 

been discovered to be a membrane1protein called fibronectin1type III domain1containing 

5 (1FNDC5) in muscles. The proteolytic product of the1FNDC5 protein was named irisin 

(Butler et al.,2014). 

 

1.3.2. Structure and Characterization of the Irisin 

 The irisin1is thought1to be a proteolytic1derivative of fibronectin1type III 

domain1containing 5 (1FNDC5), which is1released into the1bloodstream in response1to 

some, but not all, types of exercise (Wrann et al.,2013). 

 FNDC5 was discovered simultaneously by two independent research groups in 2002 

(Teufel et al.,2002 and iFerrer‐Martínez et al.,2002) and was known as a protein1that 

mediates browning1of adipose tissues under the1control of the muscle 

peroxisome1proliferator-activated receptor1gamma coactivator11-alpha (PGC1α) 

1(Boström et al.,2012).  FNDC5 (Boström.,2012), also known as protein 2 (1FRCP2) 

(Teufel et al.,2002), and1PeP (iFerrer‐Martínez et al.,2002) is a glycosylated type 1 

membrane protein with 209 amino acids (aa).  FNDC5 contains an1N-terminal 

signal1sequence of 29 amino acids (aa), a1fibronectin type1III region of 94 amino acids 

(aa), an unidentified region of 28 amino acids (aa), a transmembrane1domain of 19 aa, 

and a1C-terminal portions of 39 aa. (Wrann et al.,2015). 

 After the discovery that transmembrane FNDC5 is larger compared to its cellular 

counterpart, FNDC5, it has been suggested that FNDC5 should be cleaved from its C-
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terminus, modified (glycosylated) and secreted by unknown proteases (Boström et 

al.,2012).  

The C-terminal fragment of FNDC5 is found in the cytoplasm, while the extracellular N-

terminal is proteolytically cleaved to produce irisin, which is released into the circulation 

(Panati et al.,2018 and , Mahgoub et al.,2018).  After degradation of FNDC5 by yet 

unknown proteases, 1121aa protein,1irisin, is1released into the circulation (Wrann et 

al.,2015).  Studies in both animal1models and humans have also confirmed1that1irisin is 

the main source of FNDC5 gene expression (Lecker et al.,2012 , Timmons et al.,2012 and 

Huh et al.,2012). 

According to Bostrom et al., the theoretical molecular weight of irisin is 12.6 kDa 

(Boström et al.,2012).  In a later study, 32 kDa and 24 kDa glycosylated and 

deglycosylated FNDC5 / irisin forms were revealed, respectively, in human serum 

samples (Lee et al.,2014).  Studies have revealed that the irisin band1found in the 

experiments is around222-24 kDa if it is1irisin and not1FNDC5 (Huh et al.,2012 and 

Roca-Rivadaet.,2013 and  Lee et al.,2014).  This indicates1that further studies are1needed 

to accurately determine the exact structure and cleavage site of FNDC5. 

 

1.3.3. Irisin Expression and Regulation 

 Irisin is an adipo-myokine secreted by subcutaneous and visceral adipose tissue outside 

of skeletal muscle (Roca-Rivada et al.,2013).  However, the expression of1FNDC5 in 

adipose1tissue was found to be1100–200 times1lower than that in skeletal1muscle 

(Perakakis et al.,2017). Various factors that1alter the level1of FNDC5 and indirectly the 

level of circulating1irisin include cold (Lee et al.,2014) and physical activity (Moreno-

Navarrete et al.,2013).  According to Boström et al., circulating1irisin levels1increase 

after exercise.  In their study, they reported that exercise-induced PGC1-α increased the 

expression of the FNDC5 gene (Boström et al.,2012).  Confirming the study, another 

study found that circulating irisin1levels increased in people participating in exercise-

related activities1and gradually decreased in1those who were less1active (Moreno et 

al.,2015). 

 However,1some data have not confirmed the activation1of the FNDC51gene with 

exercise (Timmons et al.,2012)( Kurdiova et al.,2014), with people who train1regularly 

generally showing a lower1serum level of irisin (Qiu et al.,2015).  Timmons et al., as a 
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result of their study, suggested that FNDC51expression is increased1only in 

highly1active1elderly1individuals and that it is not associated1with metabolic1status, 

contrary to the statement that "physical exercise increases irisin level in people with 

metabolic disorders (Huh et al.,2015) (Timmons et al.,2012). Serum1irisin levels1were 

found to be significantly1higher than urban residents, and this difference was associated 

with activities in the residential area (Moreno et al.,2015). 

 The type of physical1activity is suspected to play a1role in irisin levels, as an increase in 

irisin has been noted after1high-intensity exercise1and after1resistance exercise 

(Tsuchiya et al.,2014), but1not after endurance1exercise. 

Among1the factors1that change the level1of the circulating1irisin is temperature.  Aydin 

et al.1In a study1conducted by Obese and healthy individuals, one of the two groups did 

a 45-minute jog, and the other1group took a 45-minute shower1in a Turkish1bath at 50°C.  

Researchers have reported1that irisin1amounts increase after both1exercise and1shower, 

but higher amount of1irisin is secreted and1transferred to saliva1after shower1in Turkish 

bath.  The increase was observed1to be1higher in obese1individuals compared1to control 

subjects (Aydin et al.,2013). 

 In another study investigating whether exposure to cold is an afferent1signal for 

irisin1secretion in humans, it was detailed that cold introduction expanded circulating 

irisin, and an acceptance of irisin secretion corresponding to the concentrated of shivering 

and comparable to exercise-induced emission (Lee et al.,2014). It is by and large accepted 

that circulating irisin levels increase in people taking part in exercise-related exercises 

and continuously decrease in those who are less active (Roca-Rivada et al.,2013). In this 

manner, given the generally advantageous effects of work out on corpulence, diabetes, 

cardiovascular, and other illnesses, it is thought that irisin may play a critical part in a 

variety of functions related with these infections and in other as however unexplored 

functions. 
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1.3.4. Irisin in Metabolic Diseases: 
 

1.3.4.1.Irisin and Obesity: 
 

 Obesity is a chronic disease that affects both adults and children, is common in developed 

and developing countries, and is defined as the overgrowth of adipose1tissue 

(WHO.,2000). 

 It is thought that1irisin will have a role in promoting lipid1mobilization and 

glucose1uptake by increasing UCP1, enabling the differentiation of white1adipocyte into 

beige1adipocytes, and improving adipose tissue capacity (Moreno-Navarrete et al.,2013).  

Therefore, it is suggested that irisin1levels may be associated with overweight or 

obesity1in different1groups of people.  However, this1relationship remains1controversial 

due to conflicting1results reported. 

 In a study conducted on 81 individuals, 40 of whom were healthy controls, it 

was1reported that circulating1irisin was significantly lower in obese1individuals 

compared to healthy controls, and irisin may play a role in the1regulation of endothelial 

function in1obesity (Hou et al.,2015).  In another study involving 753metabolically 

healthy1non-obese adults and 511metabolically healthy obese1adults, serum irisin levels 

were found to be significantly lower in the metabolically healthy obese group, and irisin 

was negatively1correlated with BMI (Liu et al.,2017). Other studies confirm the negative 

relationship between BMI and irisin (Hou et al.,2015, Choi et al.,2014).  A study 

involving3300 obese1participants, revealed that serum irisin1levels were not 

significantly1higher than age- and sex-matched1controls (Liu et al.,2013). 

 Contrary to these studies, most studies support the1role of irisin in the prediction of 

obesity1and the positive1correlation between BMI and irisin (Liu et al.,2013and Stengel 

et al.,2013).  In a clinical study1involving 94 obese1patients, obese subjects participating 

in a weight1loss program were shown to have higher irisin levels than controls (Crujeiras 

et al.,2014).  Likewise, in a study conducted on 40 patients, the irisin1levels of healthy 

individuals were found to be higher1than anorectic individuals, but lower than obese 

individuals.  At the end of the study, a positive1correlation was found between1irisin, 

BMI and body weight (Stengel et al.,2013).  Other clinical studies confirm these findings 

(Hee iPark et al.,2013, Tibana et al .,2017 and Chen et al.,2013).  

 A meta-analysis of 188studies (10055cases, 1242 controls) in total provides evidence 

that circulating irisin1levels in obese1individuals are higher than in general 
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healthy1controls, and that circulating irisin1levels are affected by ethnicity and age (Jia 

et al.,2019).    However, prospective studies are still needed to clearly understand 

the1effects and relationship of ethnicity,1lifestyle, and1weight loss on irisin1level. 

 

 

1.3.4.2.Irisin and Diabetes: 

 It has been shown that irisin exhibits therapeutic1potential in insulin1resistance and 

T2DM by stimulating browning of white1adipose tissue, promoting1glucose uptake in 

skeletal1muscle and heart, improving1hepatic glucose, lipid1metabolism, and improving 

pancreatic cell1function (Hee iPark et al.,2013 and Park et al.,2015).  It is also argued that 

irisin may improve hepatic1metabolism by1reducing Endoplasmic reticulum1stress (ER 

stress) and contribute to ß-islet cell1survival and function (Chen et al.,2016). It has been 

proven that irisin stimulates beta cell1proliferation, insulin1biosynthesis and secretion by 

restricting apoptosis1induced by high1glucose (Liu et al.,2017) or high1saturated 

fatty1acids (Natalicchio et al.,2017) on pancreatic beta cells.  In this way, irisin can 

increase glucose1tolerance and reduce1insulin resistance (Qiao et al.,2016 , Zhu et 

al.,2015, Ates et al.,2017).  Animal studies have also confirmed that1exogenous irisin 

administration significantly1lowers blood glucose levels at 60, 90 and 120 minutes, 

increases insulin sensitivity (Boström et al.,2012). 

 In cross-sectional studies, irisin levels in the diabetic state seem to diverge between the 

two types of diabetes.  While irisin levels have been reported to be higher in type11 

diabetes mellitus (T1DM) than in1controls (Ates et al.,2017and Espes et al.,2015), in 

many studies including 2 meta-analyses (Du X-L et al.,2016, Zhang et al.,2016) patients 

with T2DM were found to be lower than controls ( Shoukry et al.,2016, Shelbaya et 

al.,2018, Assyov et al.,2016).  Liu et al.  In his study on 156 individuals, 96 of whom had 

T2DM, he found that circulating1irisin in T2DM patients was significantly1lower than in 

non-diabetic controls.  It is thought that this observed decrease may be caused by the 

decrease in muscle function and PGC-1α expression in T2DM (Liu et al.,2013). 

 Contrary to these studies, there are studies that have found that irisin1levels are decreased 

in T1DM patients1compared to healthy1individuals (Tentolouriset al.,2018) and that 

serum irisin1levels are higher1 in T2DM patients than in controls (García-Fontana et al 

2016, Huh et al.,2016).  In a case-control study involving 73 T2DM and 55 non-diabetic 
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controls, irisin levels were found to be1higher than in the control1group, and it was 

suggested that TG and glucose levels could be modulated by irisin as a compensatory 

mechanism to improve metabolic status (García-Fontana et al 2016). 

 Published1studies have shown1that irisin levels1increase throughout1pregnancy 

(Kuzmickiet al.,2014, Garcés et al.,2014), and increased irisin1levels may be an 

adaptive1response to compensate for increased1insulin resistance during1pregnancy 

(Kuzmickiet al.,2014, Ebert et al.,2014).  A prospective study measured circulating1irisin 

levels in the first and second1trimesters and showed that circulating1irisin levels in 

pregnant women who1subsequently developed gestational1diabetes mellitus (GDM) 

were significantly1lower, which was interpreted as maternal irisin levels early in 

pregnancy could predict the development of GDM. (Erol et al.,2016).  In a meta-analysis 

that included 22 studies that analysed irisin1levels not only1in blood but also in cord 

blood and breast1milk, and investigating the relationship between1irisin levels and 

prenatal and postnatal gestational1diabetes, circulating irisin1levels in the GDM group 

were controlled during1pregnancy. It was found to be significantly1lower than the levels 

in the group (Cui et al.,2020).  Only a few studies (Ebert et al.,2014, Piya et al.,2014) 

have produced opposite results. 

 These findings and studies provide new insights into the contribution of irisin1to glucose 

metabolism1and potentially become the1focus of future1research in the treatment 

of1diabetes, but more1studies are needed to fully understand the1relationship. 

 

 

1.3.4.3.Irisin and Lipid Metabolism: 

 It is known that irisin increases fatty acid β-oxidation via AMPK and stimulates 

lipid1metabolism by increasing the1expression of PPARA (Perakakis et al.,2017).  In 

addition, since it is a thermogenic1protein, it provides energy1expenditure by 

transforming white1adipose tissue into brown1adipose tissue (Boström et al.,2012).  All 

these effects that the irisin influence the lipid parameters. 

 Although many studies have reported a positive1correlation between irisin1levels and an 

unfavourable lipid1profile, the results are inconsistent.  In the studies performed, fasting 

TGs in sedatives (Moreno et al.,2015) and people with metabolic1syndrome (Hee iPark 

et al.,2013), and total1cholesterol (TCH), low-density lipoprotein1(LDL) and 
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fasting1fatty acids in1Chinese patients (Tang et al.,2015), and LDL in Korean adults 

(Jang et al.,2017). A positive1correlation was observed between TGs and 

circulating1irisin level. 

 In contrast to these studies, a study of 430 men and 537 women found significant inverse 

relationships between irisin and circulating LDL and TG levels for men.  Among women, 

those without lipid-lowering drugs an inverse relationship was seen between irisin and 

TCH in women (Oelmann et al.,2016).  In a different study conducted among middle-

aged healthy women, an inverse relationship was found between irisin and HDL and TCH 

(Perakakis et al.,2017).  It is thought that the differences in the1studied populations or the 

different1ELISA kits used for irisin1measurements may be1responsible for the 

differences in the results.  However, further studies are1needed on the function of 

irisin1and its biochemical pathways in1humans. 

 

 

 

1.3.4.4.The Effect of Exercise on the Irisin  

 Existing studies show that the changes in the irisin level with exercise vary depending 

on the1type and intensity of the1exercise, the physical activity level of the person doing 

the exercise, and whether there is any metabolic disorder (Villarroya.,2020, Vaughan et 

al.,2015, Polyzos et al.,2015).  Although some of these studies have shown that acute 

exercise leads to a significant1increase in the level of irisin in the circulation (Norheim et 

al.,2014, Kraemer et al.,2014), there are also studies showing that acute exercise does not 

affect the level of irisin (Pekkala et al.,2013).  In addition, studies examining how exercise 

programs applied for 2 to 12 weeks affect the level of resting irisin have also revealed 

conflicting results, and it is understood that this effect differs according to the type of 

exercise (Kraemer et al.,2014, Tsuchiya et al.,2014, Bluher et al.,2014).  The effects of 

exercise on metabolism do not occur in a single way or depending on a single factor, on 

the contrary, it changes according to both internal (intensity, duration, type of exercise) 

and external (age, gender, race, region, nutrition habits, body composition) factors. 

Depending on the irisin, it makes it difficult to determine the changes that occur (Egan et 

al.,2013).  Meta-analysis studies examining how different types of exercise affect the 

irisin have shown that acute1exercise and1chronic strength training increase the resting 
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irisin1level (Fox et al.,2018), while endurance training reduces it insignificantly (Qiu et 

al.,2016).  Both meta-analyses concluded that the responses of the irisin to exercise 

are1acute and that1physiological adaptations due to chronic1exercise are not sufficient to 

keep the resting1irisin level1high (Fox et al.,2018, Qiu et al.,2016).  Studies examining 

the effects of acute1exercise on the1irisin are summarized below. 

 In studies examining the effect of acute1exercise on the1irisin, they reported an increase 

in irisin in general.  In the first study examining the effect of acute1exercise on the1irisin 

(Huh et al.,2012) found an acute1increase in the1irisin and showed that the main reason 

for this increase was the decrease in the muscle ATP level, and the irisin returned to the 

resting level after the ATP returned to its normal level after exercise (Huh et al.,2012).   

It has been shown that this increase in irisin level is due to the1increase in1PGC1-α 

concentration in skeletal1muscle due to exercise, and the intensity of exercise has a 

significant effect on irisin concentration (Tsuchiya et al.,2014).  It is thought that the level 

of irisin1secreted from skeletal muscle, adipose tissue, cardiac muscle, and cerebellum 

purkinje cells and the1interaction of this secreted irisin1with other cytokines 

and1hormones may explain this sharp decrease.  In another study, Löfller et al. (Loffler 

et al.,2015) showed that irisin increased significantly in young and child participants after 

a single session of1high-intensity and aerobic1exercise (Loffler et al.,2015).   

 This increase in irisin observed immediately after acute1exercise is thought to be 

independent of PGC1-α. (Sriwijitkamol et al.,2007) showed that the increase in exercise-

induced PGC1-α level would not occur during or immediately after exercise, and that an 

increase could be observed in the 2nd and 3rd hours after exercise (Sriwijitkamol et 

al.,2007).  Therefore, the increase in irisin level during exercise (Kraemer et al.,2014, 

Kraemer et al.,2014) or immediately after exercise (Huh et al.,2015, Loffler et al.,2015) 

should be induced by other stimuli, not by PGC1-α. (Polyzos et al.,2015).  However, 

although these mechanisms are still unclear, there are some possible factors.  First, the 

main factor affecting the irisin level; It is thought that the intensity of exercise (Kraemer 

et al.,2014, Daskalopoulou et al.,2014) and the increase in the concentration of ADP and 

inorganic phosphate in the environment as a result of the inability to produce the required 

amount of ATP during high-intensity exercise is an important stimulus for the formation 

and secretion of the irisin (Villarroya.,2012 , Vaughan et al.,2015, Sanchis-Gomar et 

al.,2012). 
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 Studies1examining the effects of1exercise programs on the irisin have generally reported 

conflicting1results.  For example, Blüher et al. (Bluher et al.,2014) found that 

physical1activity for 150 minutes per week and for one-year increased irisin levels in 

obese children by 18%, regardless of gender and age (Bluher et al.,2014).  However, it 

was concluded that this change in the irisin may not have been caused by the exercise, 

but by the growth of the participants in the growth period (Bluher et al.,2014).  Although 

the underlying causes have not been fully clarified, it is thought that the main reason for 

the decrease in the irisin after the exercise program is the increased1sensitivity of the 

irisin1receptor due to exercise (Tsuchiya et al.,2016). 

 

 

1.3.4.5.Diet Quality and Irisin 

In a study examining the effect of1diet macronutrient composition1on irisin, mice divided 

into four groups were given a standard, high-fat, high-carbohydrate, high-protein diet for 

60 days.  It has been reported that high-fat and high-protein diet suppresses the expression 

of FNDC5, while high-protein diet prevents the decrease in FNDC5 and irisin levels and 

contributes to the increase in brown adipose tissue (de Macedo et al.,2017).  In a study1by 

Ko et al. (Ko B-J et al.,2016) examining the1effects of diet quality and dietary patterns 

on circulating cardiometabolic markers, a positive correlation was found between 

Dietary1Approaches to Stop Hypertension1(DASH: Dietary1Approaches to1Stop 

Hypertension) score and irisin level.  Same In the study, it was determined that there was 

an increase in irisin concentrations with high fruit consumption, low1meat consumption.  

In the study of Park et al. (Park et al.,2014), no relationship1was found between1irisin 

level and diet quality or quantity.  In a study on mice, irisin levels were compared in 

groups given a high-fat1diet, calorie restriction, and a normal diet for 3 months.  While 

energy restriction and high-fat diet did not cause a significant1change in serum 

irisin1levels, a decrease in blood irisin levels was found with decreased 

FNDC51expression in brown adipose1tissue, visceral and epididymal adipose1tissue and 

muscle after 48 hours of fasting (Varela-Rodriguez et al.,2016).  Similarly, Anastasillaki 

et al.( Anastasillaki et al.,2014) also found no relationship1between dietary habits, total 

energy,1macronutrient1intake or any food1group with circulating1irisin level.  In 
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addition, no significant relationship was observed1between the Mediterranean diet1score 

and the irisin level (Anastasillaki et al.,2014). 

 

 

1.6.  Adropin  

1.6.1. Definition of adropin 

 Adropin was1first described by1Kumar et al.  It is a protein discovered in mice by the 

term adropin comes from the1Latin words “adura” meaning “to1set on 

fire”1and1“pinquis” meaning “fats1or1oils” (Kumar et al.,2008).  Studies in mouse 

models to understand the regulation and mechanism of action of adropin have revealed 

that1adropin is a1peptide that plays a1role in1metabolic homeostasis (Ganesh iKumar et 

al .,2012).  Although the source and1mechanism of release is1controversial, studies in 

mice1show that gene1expression and circulating adropin levels are1affected by1dietary 

macronutrients and energy1balance (Ganesh iKumar et al .,2012, Gao et al., 2014, 

Partridge et al.,2014). 

 

1.6.2. Structure1and1Characterization of1Adropin 

 Adropin1is encoded1by the energy1homeostasis-related gene1symbolized as1"Enho", 

which is mostly expressed in the1liver and1brain.  Enho is located on the19p13,3 

chromosome and plays a role in the regulation1of glucose1homeostasis and 

lipid1metabolism (Kumar et al.,2008). 

 Adropin1consists of176 amino acids and its molecular weight is 4.5 kDa (Kumar et 

al.,2008).  Adropin1-333is a1secretory signal1peptide, while adropin334-76 is a peptide 

hormone.  Adropin34-76 has been shown to be biologically1active when administered1to 

mice1and cultured1cells (Kumar et al.,2008, Gao et al.,2015).  The N-terminus1of amino 

acids11-9 is localized in the1cytoplasm.  The99-30 region of amino1acids is the 

transmembrane1domain (Li et al.,2016).  The1C terminal of amino acids330-76 is 

localized2outside the surface1of the plasma2membrane (Wong et al.,2014). 
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 Figure 1.6.2. Amino acid sequence of adropin (Aydin et al.,2014). 

   

 

 The aa sequence1of adropin1is one-to-one in1humans,1mice, and1rats (Kumar et 

al.,2008).  The1half-life of adropin1has not yet been1determined. 1However, its half-life 

is1assumed to be only a few minutes (Aydin et al.,2014). 

 

1.6.3. Adropin Expression and Regulation: 

 The expression1of the Enho1transcript was first described1in the liver1and1brain 

(Kumar et al.,2008, Wong et al.,2014).  When Adropin1was discovered by1Kumar 

and1colleague, they observed that1hepatic energy homeostasis associated 

(Enho)1expression was affected by1fasting and feeding state, leading to an increase in its 

expression when fed a fatty diet.  However, a decrease1in this expression1was 

observed1in chronic high-fat diet administration (Kumar et al.,2008).  In another study 

conducted in mice, it was reported that high adropin1levels were observed1in mice fed1a 

high-fat,1low-carbohydrate diet, and low adropin1levels were observed1in mice fed1a 

low-fat, high-carbohydrate1diet (Ganesh iKumar et al .,2012).  In human studies, it was 

stated that the level of adropin in the plasma was stable and did not show any significant 

changes due to fasting or food.  It has been suggested that the level of adropin can be 

regulated only by acute signals in the nutritional state (Butler et al.,2015).  But later, 

Butler et al.  found that glucose intake decreased adropin level, while fructose intake 

increased plasma adropin concentration.  Moreover, this increase was greater in 

individuals with hypertriglyceridemia (Butler et al.,2015).  Plasma adropin levels have 

also been suggested to correlate with dietary fat intake (positive) and carbohydrate 

(negative) (St‐Onge et al.,2014). 
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  Recent studies show that adropin1is expressed1in a variety of rat1tissues with 

potential1tissue specificity1.  Adropin immunoreactivity has been observed in 

the1heart,1intestine, pancreas, kidney1, umbilical1veins, salivary1glands, and some 

peripheral1tissues (Lovren et al.,2010, Aydin et al.,2013).  Adropin levels according to 

wet weight of tissues: Pancreas1>1liver >1kidney >1heart >1brain > cerebellar1 tissue.  

Adropin has also been found in1milk,1whey, and1plasma of dairy1cows (Aydin et 

al.,2013). 

 

 

 

 

     Figure 1.6.3 Adropin in tissues and body bodies (Kumar et al.,2008, Aydin et al.,2014) 

 

 The plasma adropin concentration is estimated to range from 1 to 10 ng/mL (Aydin et 

al.,2014).  However, adropin levels vary in physiological and pathophysiological May 

change in different situations. Human1serum adropin1levels differ1between men 

and1women. 

It has been shown that there1is no relationship between1adropin levels 

and1age.Similarly, adropin levels1in paediatric1age groups1, it was stated that there was 

no gender difference (Sayin et al.,2014).  But Butler et al.  In his study, plasma adropin 

levels in humans show a negative correlation with age.  Adropin levels in individuals 30 

years of age and younger, 40-50 or 50 and above Was found high (Butler et al.,2012).  
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1.6.4. Adropin and Metabolic Diseases 

1.6.4.1. Adropin and Obesity 

 Kumar et al.  in a study on mice, it was1reported that1low adropin1levels induce 

adiposity, and dyslipidaemia (Ganesh iKumar et al .,2012). 

 In many studies, it was reported that adropin decreased in preobese and obese individuals 

and that adropin was negatively correlated with BMI (Butler et al.,2012, Chen  et al.,2019, 

Kałużna et al.,2013), and it was suggested that adropin may be an independent marker in 

obesity (Chen  et al.,2019). 

 In a study conducted with 64 obese 36 nonobese children aged 11 to 16 years, 

serum1adropin levels1of obese children were1found to be significantly1lower compared 

to nonobese children.  Butler et al.  In a study conducted by Adropin, serum1adropin 

levels were1found to be1lower in obese patients (Butler et al.,2012).  However, Gozal et 

al.  Contrary to this relationship found between adropin and BMI in his study, no 

relationship was found between BMI and adropin concentration (Gozal et al.,2013). 

 

1.6.4.2. Adropin and Diabetes 

 DM is an endocrinopathy associated with decreased insulin efficiency due to insufficient 

insulin production or secretion1and/or decreased1insulin sensitivity in1liver, 

skeletal1muscle, and adipose1tissues. 

In most human studies, serum1adropin levels1were decreased in individuals with1T2DM 

(Zang et al.,2018, Wu et al.,2014), and adropin was inversely related to model 

assessment-estimated insulin1resistance (HOMA-IR)1values ( Chen et al.,2019, Zang et 

al.,2018) .  Zhang et al.  They evaluated the serum adropin level in1116 T2DM1patients 

and 601healthy individuals with1normal glucose1tolerance.  It has been1reported that 

adropin1with lower1adropin level1in the patient group showed negative1correlation with 

BMI1,1TG, and fasting1blood1glucose, and HbA1c (Zang et al.,2018).  In a study of 64 

obese children, serum adropin levels were found to be lower in obese children (Sayin et 

al.,2014).  Serum1adropin levels1were found to be1low not only in T2DM, but also in 

children with T1DM and women with GDM (Yildirim et al.,2014, Beigi et al.,2015).  Low 

adropin levels in GDM have been explained by carbohydrate intolerance (Yildirim et 

al.,2014). 
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 Contrary to these studies, in experimental studies, adropin expression was found to be 

higher in all tissues of diabetic rats than in the control group (Aydin et al.,2013).  In 

studies conducted on humans, the serum adropin1level was1found to be1higher1in 

diabetic individuals than in the control1group (Palizban et al.,2019, Hosseini et al.,2016).  

In a study conducted on 93 healthy individuals with T2DM, serum adropin1levels 

were1found to be1higher in the1group with T2DM.  It has been suggested that higher 

levels of this peptide may1indicate an adaptive 1response to insulin1resistance, 

endothelial dysfunction, dyslipidemia, and other conditions in the tissues1of patients 

with1T2DM (Palizban et al.,2019). 

 

 

1.6.4.3. Adropin and Endothelial Dysfunction 

 Endothelium is an active tissue located in the cardiovascular system, surrounding the 

inner walls of the vessels, and playing1a role in the1regulation of various 

pathological1and physiological events in the living body.  The endothelium was initially 

regarded as a barrier between organs and blood, but later it was found that this tissue had 

a vasoactive role (Gibbons et al.,1997).  Endothelial tissue performs its functions through 

mediators secreted in its cells.  When there is any imbalance in the synthesis and 

metabolization of these molecules, a situation called endothelial dysfunction occurs 

(Cohn et al.,2001). 

 In a systematic review, low levels of adropin were reported to be an independent 

indicator of heart disease (Yosaee et al.,2016). In many studies, low adropin levels have 

been found1to be associated1with endothelial1dysfunction (Ganesh iKumar et al .,2012, 

Lovren et al.,2010) and have become the main mechanism explaining the effect of adropin 

in heart patients.  The effect of adropin on the endothelium was first reported in 2010 by 

Lovren et al.  worked by.  In a study using mice in vitro and in vivo Binaural Alternate 

Loudness Balance Test (BALB/C), the endothelial cells have increased higher 

proliferation of endothelial cell, increasing speed, and the capillary tube form is observed. 

  Based on these results, it has been suggested that adropin1has a role1in protecting and 

maintaining the1endothelium (Lovren et al.,2010).  It has been observed that 

adropin1deficiency is1associated with low nitric1oxide levels in endothelial1cells and 

that1adropin induces the expression of endothelial1nitric oxide1synthetase ( Lovren et 
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al.,2010) that endothelial functions are mainly dependent on nitric oxide synthetase.in 

human studies observed that the1concentration of adropin1decreased in children with 

sleep a pnea (Gozal et al.,2013).   

1.6.4.4. Effect of Exercise on Adropin  

 Various studies have been conducted to examine how adropin levels are affected by 

exercise1due to its effects1on energy metabolism1and body homeostasis (Zhang  et 

al.,2017, Soori et al.,2019). All these studies examined the1effect of aerobic1exercise 

on1adropin.  In the study of Zhang et al., it was1shown that a112-week aerobic 

exercise1program in obese adolescents significantly increased serum adropin levels 

regardless1of weight1gain or weight1loss ((Zhang  et al.,2017).  In another study, Fujie 

et al. (Fujie et al.,2015) found that an 8-week1aerobic exercise1program significantly 

increased adropin1levels in middle-aged and older adults, and this increase was positively 

correlated with an increase in maximal oxygen consumption (Fujie et al.,2015).  In 

addition, increased adropin level due to exercise is associated with a decrease in arterial 

stiffness (Fujie et al.,2015).  In another study conducted by the same research group, it 

was revealed that an18-week aerobic1exercise program also increased the resting 

adropin1level in obese individuals, and there1was a negative correlation1between 

adropin1level and abdominal visceral1fat mass (Fujie et al.,2017). However, there are 

studies that did not find a change in adropin level after the exercise program (Özbay et 

al.,2020).  For example, the findings of the study1conducted by Özbay et al. (Özbay et 

al.,2020) showed1that a116-week aerobic exercise program performed in hot and cold 

conditions in young healthy men did not change the adropin level (Özbay et al.,2020).  

Similarly, Sanchis-Gomar et al. (Sanchis-Gomar et al.,2015) showed that regular 6-month 

soccer training did not affect the adropin level and was not associated with adropin and 

performance (Sanchis-Gomar et al.,2015). 

 Although the increase in adropin due to exercise has been demonstrated by different 

studies, the mechanisms underlying this increase are not yet fully known.  On the 

other1hand, the1effect of adropin1, which has been shown to increase due to aerobic 

exercise, on adropin, which improves substrate metabolism both at rest (Whyte et 

al.,2010) and during exercise (Talanian et al.,2007), reduces body fat (Gillen et al.,2013, 

Maillard et al.,2016) and increases insulin sensitivity (Little et al.,2011), is still being 

investigated.  
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1.7. Preptin  

1.7.1. Definition of Preptin 

 Preptin,1is a peptide1hormone and recently isolated of 34 amino1acid (3890 Da) 

contains 34 amino acids isolated.  Preptin was first purified by Buchanan et al. in 2001 

and isolated1from βTC6-F71β-cells by culturing from mice (Buchanan et al.,2001). 

 

1.7.2. Structure and Characterization of Preptin 

Preptin1is found in the islet β-cell1granules of the pancreas and is1secreted together 

with1insulin and amylin in response to1glucose.  Preptin1is a derivative1of the 

proinsulin-like growth1factor IIE (ProIGF–IIE) peptide and increases insulin secretion.  

ProIGF–IIE is a preptin precursor.  Insulin-like growth factor II1(IGF-II) is also 

produced1from ProIGF-II.  IGF-II1is a member1of the insulin1family that regulates 

cell1growth, differentiation1and metabolism.  Since preptin is derived1from1proIGF-II, 

which forms1IGF-II, studies1have been conducted1to determine the biological1activity 

of preptin.  Synthetic preptin1increases glucose-stimulated insulin1secretion 

from1βTC6-F7 cells of the pancreas in a1concentration-dependent and 

saturable1manner.Therefore, the effects of preptin1on insulin 1secretion from βTC6-

F71cells were investigated (Buchanan et al.,2001). 

 

1.7.3. Preptin and Metabolic Diseases 

1.7.3.1. Preptin and insulin  

 Preptin is a peptide increases insulin secretion.  The precursor of preptin is ProIGF-II. 

Insulin-like growth1factor II1(IGF-II) is also produced1from ProIGF-II. Insulin-like 

growth1factor II is a member1of the insulin1family. Cell1growth, differentiation and 

metabolism are regulated by the effect1of insulin-like growth1factor II.  In 

immunohistochemical studies with normal and diabetic rats, it has been shown that 

ProIGF-II, the1precursor1of preptin, is in the same localization as insulin in the secretory 

granules of rats. Synthetic1preptin increases1insulin secretion from1glucose-stimulated 

ßTC6-F71cells in a concentration-dependent1and saturable1manner (Buchanan et 

al.,2001, Höög  et al.,1997).  preptin is a physiological1enhancer of glucose-induced 

insulin1secretion.  Preptin1has been reported to increase rather than initiate insulin 

secretion. Preptin is secreted together with insulin from pancreatic beta1cells in response 



 
 

25 
 

to1glucose (Buchanan et al.,2001, Höög  et al.,1997).  In the pancreas, the maximum 

amount of1preptin that completely1binds with1anti-preptin-immunoglobulin under 

experimental conditions was determined as 20 ng/min. plasma preptin levels are 

higher1in patients with Type22 DM than control group and impaired1glucose tolerance.  

In addition,1plasma preptin1levels were found to be lower1in men than in women. 

(Buchanan et al.,2001) The activity of preptin released together with insulin and amylin 

on bone was evaluated.  While it has been shown to be anabolic both in vivo and in vitro, 

it has been shown not to affect osteoclast activity (Zhao et al.,2008). 

 

1.7.4. The Effect of Exercise on Preptin 

 It is thought that preptin, which has a much1smaller number of studies compared to irisin, 

may be related1to the adaptations in energy metabolism1due to exercise, since it increases 

insulin secretion.  However, there are only two studies examining the effect of exercise 

on preptin (Mohammad iRahimi et al.,2020, Safarimosavi et al.,2018).  In the first of 

these studies, Safarimosavi et al.  (Safarimosavi et al.,2018) reported that an exercise 

program applied 3 days a week for 12 weeks in prediabetic patients decreased the resting 

preptin level (10% high-intensity exercise, 14% exercise at anaerobic threshold) 

(Safarimosavi et al.,2018).  In addition, it was reported that the participants' insulin 

resistance indices improved by 35% in both exercise groups (Safarimosavi et al.,2018).  

These findings show that preptin level is affected by exercise intensity and the decrease 

observed in preptin due to exercise is related to the improvement in insulin sensitivity.  In 

another study, Gholam et al.  (Mohammad iRahimi et al.,2020) examined the effects of 

exercise programs defined simultaneously, including 12 weeks of aerobic, strength, and 

aerobic-strength training together, on preptin in obese1adults with metabolic1syndrome 

(Mohammad iRahimi et al.,2020).  In addition, participants'1glucose,1insulin,1insulin 

resistance index and glycosylated haemoglobin (HbA1c) were evaluated.  Research 

results show that all exercise programs significantly reduce preptin levels, but the 

decrease that occurs after simultaneous and aerobic exercise program is higher 

(Mohammad iRahimi et al.,2020).  In addition, like preptin results, it has been shown that 

only simultaneous and aerobic exercise programs significantly reduce fasting insulin, 

fasting glucose, and glycosylated haemoglobin (HbA1c1) values, and these decreases are 

associated with a decrease in preptin (Mohammad iRahimi et al.,2020). 
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  CHAPTER TWO 

2. Literature review 
 

Irisin, adropin and preptin are novel peptides1that stay involved1in the guideline 

of strength1metabolism, but the exact conditions and conditions under which they are 

changed are still under investigation. 

 Irisin1is a thermogenic protein, consisting of1112 amino1acids, weighing 12587 Da, and 

causing energy1expenditure by converting white1adipose tissue to brown1adipose tissue.  

In22012, Böstrom et al.  This protein, discovered1by FNDC5 (fibronectin type1III 

domain-containing 5), a cell membrane1protein, is formed by enzyme cleavage (Boström 

et al.,2012).  Although it is of muscle origin, it is also synthesized in adipose1tissue and 

some other tissues1(stomach,1liver, testis, ovary,1kidneys, myelin sheath,1heart muscle).  

However, its expression in muscle is2200 times higher than in adipose1tissue (Moreno-

Navarrete et al.,2013).  White adipose tissue is adipose tissue that stores energy to ensure 

long-term survival of humans.  It helps to provide energy by releasing fatty acids and 

triglycerides in case of hunger.  White adipose tissue consists of cells with large,1single, 

and spherical1lipid vacuoles, a peripherally located1nucleus and few1mitochondria.  

White adipose tissue has endocrine1activity and is known to secrete various factors and 

hormones such as leptin1and1adiponectin.  Brown adipose1tissue; It consists of a 

centrally located nucleus and numerous mitochondria, which are small, multilocular lipid 

droplets.  Brown adipose tissue is well vascularized and innervated by the 

sympathetic1nervous system.  Mitochondria1of brown adipose tissue are 

characterized1by the presence1of UCP-11(uncoupling protein-1).  When this protein is 

activated, it initiates mitochondrial respiration for ATP synthesis and causes heat 

production.  Thus, nutrient stores are consumed and energy is consumed (Tews and 

Wabitsch, 2011). 

 Adropin1is a small peptide with1cardiovascular functions and regulation of1metabolic 

homeostasis.  In 2008, Kumar et al., which was detected Adropin,1is composed of776 

amino acids with a1molecular weight of44999 Da1and is involved in the1regulation of 

lipid1metabolism.  It is synthesized from1liver,1brain, and endothelial1cells (Kumar et 

al.,2008, Lovren et al.,2010).  The primary sequence of1adropin cDNA from different 

species turned out to be highly conserved.  The amino1acid sequence of adropin 

in1humans,1rats, and1mice is 100% identical.  ENCHO gene expression in the liver has 
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been shown to1be increased in rats fed a high-fat1diet and genetically obese.  In addition, 

systemic adropin administration reduced hepatosteatosis and it was argued that the 

expression of hepatic lipogenic1genes was regulated by1adropin.  Again, in the same 

study, it was discussed that1adropin has a protective1effect against obesity-

dependent1hyperinsulinemia (Kumar et al.,2008). In another study conducted in mice 

genetically deprived of adropin, it was shown that although the food intake1and 

energy1expenditure of the1mice were normal, their adipose tissues increased by 50% 

(Ganesh iKumar et al.,2012). 

 Preptin, in 2001 Bucham et al.  It was found to be synthesized from β cells of the pancreas 

by It is a peptide originating from Pro1IGF II (pro-insulin-like-growth1factor II) and 

consisting of 34 amino acids (Buchanan et al.,2001).  It has been reported that preptin is 

secreted from β cells together with insulin, increasing insulin secretion in cases where 

blood glucose level rises, and thus plays a role1in the regulation of glucose1metabolism.  

It is thought1to be the1fourth important active1pancreatic hormone in glucose 

homeostasis (Buchanan et al.,2001).  In a small1number of studies, it was observed that 

preptin level increased both in patients with impaired1glucose tolerance type1II diabetes 

and in patients with gestational diabetes (Dogan et al.,2014, Celik et al.,2011).  The 

positive1relationship between body1weight and bone density has been demonstrated 

in1numerous clinical and laboratory studies.  Along with insulin resistance, elevated 

preptin level and increased osteocalcin concentration have been found to be associated 

with obesity and overweight (El-Eshmawy et al.,2015). 
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                                                         CHAPTER THREE 

 

3. MATERIALS1AND METHODS 
 

This study1was carried out at university hastanesi in tokat and Gaziosmanpaşa 

University١Faculty of1Medicine, department of medical1biochemistry. The study1was 

initiated after the decision of Gaziosmanpaşa University Clinical Research Ethics 

Committee dated 29.04.2021 and numbered 2021/08. 

 

 

3.1.  Determination of experimental groups  
Body mass index (BMI) was used to determine overweight or obese groups,T2DM and 

non-obese groups. BMI can be easily calculated by dividing1body weight in 

kilograms1by the square of1height in meters1[Body weight/height 2]. 

 

3.2. The criteria of volunteers to be included in the study 
 1.Overweight or obese people to be taken in the study should be BMI >30kg/m2 

2. Non obese or normal weight for the control group should be BMI <25 kg / m2. 

3. T2DM people taken in the study should be BMI >30kg/m2 

4.Volunteers to be between the ages of 18-50. 

 

3.3. The criteria for exclusion of volunteers from the study 
 

 1. Use of drugs that affect body weight, such as glucocorticoids 

 2. Being a hypertension patient 

 3. Having coronary1heart disease 

 4. Having heart failure and Cerebrovascular diseases 

 5. Persons under the age of 18 and over1the age of 50 will not be included1in the study. 

 The1results to be obtained with these measurements will be determined by the SPSS 

package program and1p<0.05 will be considered statistically1significant. 
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3.4. Collection1of blood samples 
 

blood was drawn from the brachial vein into 5 ml gel tubes from all groups included in 

the study.  In order to work in serum samples of all groups, the blood taken into gel flat 

tubes was centrifuged for 101minutes at 3500 rpm at14°C.  The serum portion was 

separated into Eppendorf1tubes containing1aprotinin, a protease inhibitor, to be studied, 

and stored in a deep freezer1at -20°C until the study day.   After the blood collection was 

completed, Irisin, adropin and preptin levels will be analysed in serum samples prepared 

using commercially available ELISA kits. 

 

3.5. Biochemical1Analysis: 

3.5.1. Measurement of1Serum Irisin: 
 

Cusabio brand kit (Catalogue No: CSB- EQ027943HU) was used to1determine the 

amount of serum irisin and the studies were performed in Tokat Gaziosmanpaşa 

University Faculty of Medicine, Department of medical biochemistry. 

 

Test Principle: 

 This ELISA1kit uses the competition (1Sandwich-ELISA) principle.  The 

microplate1provided in this kit is pre-coated1with an antibody1specific to FNDC5.  

Samples or standards1are added to microplate wells coated with adropin-specific biotin-

detection antibody.  The HRP conjugate is added to each1microplate and1incubated.  

Unbound components are removed by washing.  TMB substrate solution is added.  Wells 

with only FNDC5-containing biotinylated1detection antibody and added1avidin-HRP 

conjugate1appear in blue. The enzyme-substrate1reaction is terminated by adding a 

stop1solution and the colour1changes to yellow.  The colour1change is measured using a 

spectrophotometer1at a wavelength of1450 nm ± 10 nm.  The concentration of1irisin in 

the samples is determined by comparing1the O.D of the samples with the standard1curve. 
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                                Figure 3.5. of (1Sandwich-ELISA) principle 

Test Procedure: 

All materials and samples to be used in the analysis were brought to room temperature 

(18-25 °C) before use.  Test reactants were prepared as follows; 

-200 ng/ml Human Adropin Standard Solution; Reconstitute the Standard with 1.0mL of 

Standard Diluent, The tube was kept for 10 minutes at room temperature and mixed. 

 -To prepare 3.12 ng/ml human irisin standard solution from 200 ng/ml, prepare 7 tubes 

containing 0.5mL Standard Diluent and use the diluted standard to produce a double 

dilution series according to the picture shown below. Mix each tube thoroughly before 

the next transfer. 7 points of diluted standard such as 200ng/mL, 100ng/mL, 

50ng/mL,25ng/mL, 12.5ng/mL, 6.25ng/mL, 3.12ng/mL, and the last EP tubes with 

Standard Diluent is the blank as 0 ng/mL. 

  

 

             Figure 3.5.1. Standard Diluent of human irisin Elisa kit 
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-Preparation of Detection Reagents A and B;  Stock Detection A and B are slightly mixed.  

Afterwards, the Analysis was diluted 1:100 with diluent buffers A and B. 

 -Preparation of Washing Solution;  20 ml of washing solution (30X) was diluted with 

580 ml of distilled water. 

 - 200ng/mL, 100ng/mL, 50ng/mL, 25ng/mL, 12.5ng/mL, 6.25ng/mL, 3.12ng/mL each 

of the wells reserved for the standard of the precoated 96-well plate 0.1 ml of the human 

irisn standard solution was added. 

 - One well is reserved as a blank in the plate. 

 - 0.1 ml sample was loaded into the wells of the plate reserved for the sample.  The plate 

is closed with a plate sealer. 

 - The plate was incubated for 1 hour at 37 degrees. 

 - At the end of the incubation period, the wells were aspirated and 100µL of Detection 

reactant A was added, the plate was sealed with a plate sealer and incubated for 1 hour at 

37°C. 

 - At the end of the incubation period, the wells were aspirated again and washed 3 times 

with 350 µL of washing solution. 

 - Then 100 µL of Detection reactant B was added to each well, covered with Plate plate 

sealer and incubated at 37°C for 30 minutes. 

 - At the end of the incubation period, the wells were aspirated and then washed 5 times 

with 350 µL of washing solution. 

 - Then 90 µL of substrate solution was added, the plate was covered with a sealer and 

incubated for 10-20 minutes at 37°C in the dark.  The colour of the plate has started to 

turn blue. 

 -Finally, 50 µL of stop solution was added, the colour immediately turned yellow, and 

then the plate was immediately read in a plate-to-plate reader at 450 nm. 

 

 

 

 

 

 



 
 

32 
 

3.5.2. Measurement of Serum Adropin: 

 

Human Adropin (ENHO) ELISA kit (Catalogue No: SEN-5307Hu) was used to 

determine the serum adropin amount and the studies were carried out in Tokat 

Gaziosmanpaşa University Faculty of Medicine, Department of medical biochemistry. 

 

 Test1Principle: 

Test principle This ELISA kit uses the Sandwich-ELISA principle. The micro ELISA 

plate provided in this kit has been pre-coated with an antibody specific to Human AD. 

Samples (or Standards) are added to the micro ELISA plate wells and combined with the 

specific antibody. Then a biotinylated detection antibody specific for Human AD and 

Avidin-Horseradish Peroxidase (HRP) conjugate are added successively to each micro 

plate well and incubated. Free components are washed away. The substrate solution is 

added to each well. Only those wells that contain Human AD, biotinylated detection 

antibody and Avidin-HRP conjugate will appear blue in colour. The enzyme-substrate 

reaction is terminated by the addition of stop solution and the colour turns yellow. The 

optical density (OD) is measured spectrophotometrically at a wavelength of 450 nm ± 2 

nm. The OD value is proportional to the concentration of Human AD. You can calculate 

the concentration of Human AD in the samples by comparing the OD of the samples to 

the standard curve. 

 

Test1Procedure: 

All materials and samples to be used in the analysis were brought to room temperature 

(18-25 °C) before use. Test reactants were prepared as follows; 

 -2000 pg/ml Human Adropin Standard Solution; Reconstitute the Standard with 1.0mL 

of Standard Diluent, The tube was kept for 10 minutes at room temperature and mixed. 

 -To prepare 31.2 pg/ml human adropin standard solution from 2000 pg/ml, prepare 7 

tubes containing 0.5mL Standard Diluent and use the diluted standard to produce a double 

dilution series according to the picture shown below. Mix each tube thoroughly before 

the next transfer. 7 points of diluted standard such as 2,000pg/mL, 1,000pg/mL, 

500pg/mL,250pg/mL, 125pg/mL, 62.5pg/mL, 31.2pg/mL, and the last EP tubes with 

Standard Diluent is the blank as 0pg/mL. 
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             Figure 3.5.2. Standard Diluent of human adropin Elisa kit 

 

-Preparation of Detection Reagents A and B;  Stock Detection A and B bulb lightly mixed.  

Afterwards, the Analysis was diluted 1:100 with diluent buffers A and B. 

 -Preparation of Washing Solution;  20 ml of washing solution (30X) was diluted with 

580 ml of distilled water. 

 - 20 ng/ml, 10 ng/ml, 5 ng/ml, 2.5 ng/ml, 1.25 ng/ml, 0.625 ng/ml and 0.312 ng/ml each 

of the wells reserved for the standard of the precoated 96-well plate 0.1 ml of human 

adropin standard solution was added. 

 - One wells is reserved as a blank in the plate. 

 - 0.1 ml sample was loaded into the wells of the plate reserved for the sample.  The plate 

is closed with a plate sealer. 

 - The plate was incubated for 1 hour at 37 degrees. 

 - At the end of the incubation period, the wells were aspirated and 100µL of Detection 

reactant A was added, the plate was sealed with a plate sealer and incubated for 1 hour at 

37°C. 

 - At the end of the incubation period, the wells were aspirated again and washed 3 times 

with 350 µL of washing solution. 

 - Then 100 µL of Detection reactant B was added to each well, covered with Plate plate 

sealer and incubated at 37°C for 30 minutes. 

 - At the end of the incubation period, the wells were aspirated and then washed 5 times 

with 350 µL of washing solution. 

 - Then 90 µL of substrate solution was added, the plate was covered with a sealer and 

incubated in the dark at 37 degrees for 10-20 minutes.  The color of the plate has started 

to turn blue. 
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 - Finally, 50 µL of stop solution was added, the color immediately turned yellow, and 

then the plate was immediately read at 450 nm in a plate-to-plate reader. 

3.5.3. Measurement of Serum Preptin 

 

The Sunred brand Human Preptin ELISA kit (201-12-1449) was used to determine the 

serum preptin amount, and the studies were performed in Tokat Gaziosmanpaşa 

University Faculty of Medicine, Department of medical biochemistry. 

 

Test1Principle: 

 Preptin was studied in accordance1with the manufacturer's1instructions by ELISA 

method from previously obtained serum samples.  The technique can be summarized as 

follows.  The double antibody sandwich ELISA technique was used to measure the 

amount of preptin in the samples.  Antibodies specific for preptin were plated onto the 

microplate.  Samples and1standards were pipetted1into the wells and preptins bound with 

immobilized antibodies were found.  After removing unbound substances by washing, 

biotin-labelled and streptavidin-HRP-conjugated antibodies specific for preptin were 

added to the wells to form immune complexes.  After incubation at 37°C for 60 minutes, 

washing was done to remove unbound enzymes.  Subsequently, the colour of the 

liquid1turned blue with the addition1of chromogen A and B solutions.  The colour 

eventually turned yellow under the influence of acid.  The brightness of the colour formed 

and the preptin concentration in the samples were positively related.  Then, reading was 

done at 450 nm on the microplate reader.  Results were obtained in ng/ml and data were 

recorded.  

 

Test Procedure: 

All materials and samples to be used in the analysis were brought to room temperature 

(18-25 °C) before use. 

 Test reactants were prepared as follows; 

-160 ng/ml Human preptin Standard Solution; Reconstitute the Standard with 1.0mL of 

Standard Diluent, The tube was kept for 10 minutes at room temperature and mixed. 

 -To prepare 0.312 ng/ml human preptin standard solution from 160 ng/ml, prepare 7 

tubes containing 0.5mL Standard Diluent and use the diluted standard to produce a double 



 
 

35 
 

dilution series. Mix each tube thoroughly before the next transfer. 7 points of diluted 

standard such as 20 ng/ml, 10 ng/ml, 5 ng/ml, 2.5 ng/ml, 1.25 ng/ml, 0.625 ng/ml and 

0.312 ng/ml, and the last EP tubes with Standard Diluent is the blank as 0 ng/mL. 

-Preparation of Detection Reagents A and B;  Stock Detection A and B bulb lightly mixed.  

Afterwards, the Analysis was diluted 1:100 with diluent buffers A and B. 

 -Preparation of Washing Solution;  20 ml.  wash solution (30X) was diluted with 580 ml 

of distilled water. 

 - 20 ng/ml, 10 ng/ml, 5 ng/ml, 2.5 ng/ml, 1.25 ng/ml, 0.625 ng/ml and 0.312 ng/ml each 

of the wells reserved for the standard of the precoated 96-well plate 0.1 ml of human 

preptin standard solution.  has been added. 

 - One well is reserved as a blank in the plate. 

 - 0.1 ml into the wells of the plate reserved for the sample.  sample uploaded.  The plate 

is closed with a plate sealer. 

 - The plate was incubated for 1 hour at 37 degrees. 

 - At the end of the incubation period, the wells were aspirated and 100µL of Detection 

reactant A was added, the plate was sealed with a plate sealer and incubated for 1 hour at 

37°C. 

 - At the end of the incubation period, the wells were aspirated again and washed 3 times 

with 350µL of washing solution. 

 - Then 100µL of Detection reactant B was added to each well, the plate was sealed with 

a plate sealer and incubated at 37°C for 30 minutes. 

 - At the end of the incubation period, the wells were aspirated and then washed 5 times 

with 350µL of washing solution. 

 - Then 90µL of substrate solution was added, the plate was covered with a sealer and 

incubated for 10-20 minutes at 37°C in the dark.  The colour of the plate has started to 

turn blue. 

 - Finally, 50µL of stop solution was added, the colour immediately turned yellow, and 

then the plate was immediately read in a plate-to-plate reader at 450 nm. 
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 Statistical1analysis 

Statistical analyses1were performed with1IBM SPSS software1ver. 24.00 

(IBM1Co.,1Armonk, NY,1USA). 

program was used for statistical analysis.  Obtained data were recorded as mean±SD.  

Analysis of variation Kolmogorov-Smirnov and Shapiro-Wilk test was used to check the 

conformity of numerical variables with normal distribution. İRİSİN (NG/ML), 

ADROPİN (PG/ML) and PREPTİN (NG/L) in three groups of(control), (obesity and 

T2DM), (obesity and T2DM) were compared as follows: 1-1 control and obesity, 1-2 

control and T2DM, 1-3 obesity and T2DM and 1-4 control, obesity and T2DM. ANOVA 

test and Post Hoc Duncan test were used when a significant difference was detected in 

the comparison between groups and in the evaluation of demographic data, since the 

variables were normally distributed. t-test was used for in-group comparison of repeated 

measures.  Values   with P < 0.05 were considered statistically significant. 

 

. 
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CHAPTER FOURE 

4. RESULTS 
 

4.1. İRİSİN1(NG/ML  (  

In this section IRİSİN1in three groups of control, obesity and T2DM, obesity and T2DM 

were compared as follows: 4-1 control and obesity, 4-2 control and T2DM, 4-3 obesity 

and T2DM ,4-4 control, obesity and T2DM. The1t-test and1ANOVA tests were used 

for1statistical analysis. To use data for t-test and ANOVA the distribution of the data 

must be normal. Therefore, the normality1of the data1was examined using two methods 

of1Kolmogorov-Smirnov and Shapiro-Wilk (Table4.1). 

 

Table 4.1: Tests of Normality for İRİSİN (NG/ML  ( of control, obesity and T2DM 

groups. 

Parameter 

Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 
df P  Statistic df p 

control 0.016 59 0.256 0.997 59 1.000 

obesity 0.020 59 0.200 0.997 59 1.000 

T2DM 0.016 59 0.232 0.997 59 1.000 

The results of the Tests of Normality are1shown in table (4.1.) The normality of data 

showed that the values are normal (p > 0.05) which means the results of the t-test and 

ANOVA are reliable in this study. 
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4.1.1. Control and Obesity 

 

Table4.1.1: T-test results for compare means of İRİSİN (NG /ML) between 

control and obesity groups. 

Parameter 1Mean 
Std. 

Deviation 

1Mean 

Difference 

95%1Confidence 

Interval1of the 

Difference 
.t .df p 

Lower Upper 

İRİSİN 

control 

22.28

3 
18.202 

11.975 7.312 16.637 
5.13

9 
59 

0.00

0 İRİSİN 

obesity 

10.30

8 
7.301 

 

The results of t-test showed that the1mean of İRİSİN (NG / ML) in the1control and 

obesity1groups were significantly different (p < 0.05, t =5.139, MD =11.975) (Table 

4.1.1). Also, according to the mean values, İRİSİN (NG/ML) in the control group 

(M=22.283) was higher than the obesity group (M=10.308). Therefore, the level of 

İRİSİN (NG/ML) in the obesity group decreased compared to the control1group (Figure 

4.1.1). 

Figure4.1.1: compare means of İRİSİN (NG / ML) between control and obesity groups. 
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4.1.2 Control and T2DM 

Table: T-test results for compare means of İRİSİN (NG / ML) between control and 

T2DM groups. 

Parameter 1Mean 
Std. 

1Deviation 

1Mean 

Differencs 

95%1Confidence 

Interval1of the 

Difference 
.t .df p 

11Lower 1Upper 

İRİSİN 

control 
22.283 18.202 

11.999 6.727 17.270 4.555 59 0.000 
İRİSİN 

T2DM 
10.285 7.406 

 

The results of1t-test showed that the1mean of İRİSİN (NG/ML) in the control group and 

T2DM were significantly different (p <0.05, t=4.555, MD=11.99) (Table 4.1.2). Also, 

according to the mean values, the level of İRİSİN (NG/ML) in the control group 

(M=22.283) was higher than the T2DM group (M=10.285). Therefore, the level of 

İRİSİN (NG/ML) in the T2DM group decreased compared to the control group 

(Figure4.1. 2). 

 

 

Figure4.1.2: compare means of İRİSİN (NG / ML) between control and T2DM groups. 
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4.1.3. Obesity and T2DM 

 

Table 4.1.3. T-test results for compare means of İRİSİN (NG /ML) between obesity 

and T2DM groups. 

Parameter 1Mean 
Std. 

1Deviation 

1Mean 

Differences 

95%1Confidence 

Interval1of the 

Difference 
.t .df p 

Lower Upper 

İRİSİN 

obesity 
10.308 7.301 

0.023 -2.662 2.710 0.018 59 0.986 
İRİSİN 

T2DM 
10.285 7.406 

 

The results of1t-test showed that the1mean of İRİSİN (NG / ML) in the obesity and 

T2DM groups were not significantly different (p >0.05, t =0.018, MD =0.023) (Table 

4.1.3) (Figure 4.1.3). 

 

 

Figure4.1.3: compare means of İRİSİN (NG / ML) between obesity and T2DM groups. 
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4.1.4 Control ،Obesity and T2DM 

Table 4.1.4. ANOVA results for compare means of İRİSİN (NG / ML) between 

control ،obesity and T2DM groups. 

 

ANOVA results showed that the mean İRİSİN (NG/ML) in the three groups of control, 

obesity and T2DM were significantly different (p <0.05, F =19.617) (Table 4.1.4).  

 

Table 4.1.5. Post Hoc Tests (Duncan Test) results for compare means of İRİSİN 

(NG / ML) between control ،obesity and T2DM groups. 

Parameter control obesity T2DM 

 

İRİSİN (NG / ML) 

 

22.2834a* 

 

10.308b 

 

10. 285b 

*a Values with the same superscript are not significantly differently (p > 0.05). 

 

According to Duncan test results, the highest mean İRİSİN (NG / ML) belonged to the 

control group (M =22.283) and the lowest mean obtained to the T2DM group 

(M=10.285). On the other1hand, there was a significant1difference between1the mean 

İRİSİN (NG/ML), obesity and T2DM (Figure 4.1.4. and Table 4.1.5.). 

 

 

 

 

 

 

Parameter 
Sum1of 

Squares 
df Mean1Square F p 

Between1Groups 5747.439 2 2873.720 19.617 0.000 

Within1Groups 25928.440 177 146.488   

Total 31675.879 179    
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Figure 4.1.5. compare means of İRİSİN (NG / ML) between control ،obesity and T2DM 

groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

43 
 

4.2. ADROPİN (PG/ML) 

In this section ADROPİN (PG/ML) in three groups of control, obesity and T2DM, obesity 

and T2DM were compared. the normality1of the data1was examined using two methods 

of Kolmogorov-Smirnov1and Shapiro-Wilk (Table 4.2.). 

 

Table 4.2. Tests of Normality for ADROPİN (PG/ML) of control, obesity and 

T2DM groups. 

 

The results of the Tests of Normality are shown in table (4.1.) The normality1of 

data1showed that the values are normal (p >0.05) which means the results of the t-test 

and ANOVA are reliable in this study. 

 

 

 

 

 

 

 

 

 

 

 

Parameter 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df p Statistic df p 

control 0.024 59 0.210 0.995 59 0.993 

 

obesity 

 

0.022 

 

59 

 

0.223 

 

0.994 

 

59 

 

0.999 

T2DM 0.016 59 0.232 0.995 59 0.998 
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4.2.1 Control and obesity 

Table4.2.1: T-test results for compare means of ADROPİN (PG/ML) between 

control and obesity groups. 

Parameter 1Mean 
Std. 

1Deviation 

1Mean 

Differences 

95%1Confidence 

Interval1of the 

Difference .t .df p 

Lower Upper 

ADROPİN 

control 
340.486 229.901 

74.623 0.9001 148.347 2.025 59 0.047 
ADROPİN 

obesity 
265.862 181.736 

 

The results of t-test showed that the mean1of ADROPİN (PG/ML) in the control1and 

obesity groups were significantly different (p <0.05, t =2.025, MD =74.623) (Table 

4.2.1). Also, according to the mean values, ADROPİN (PG/ML) in the control group 

(M=340.486) was higher than the obesity group (M=265.862). Therefore, the level of 

ADROPİN (PG/ML) in1the obesity group decreased compared1to the control1group 

(Figure 4.2.1).  

Figure4.2.1. compare means of ADROPİN (PG/ML) between control and obesity groups. 
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4.2.2. Control and T2DM 

Table 4.2.2 T-test results for compare means of ADROPİN (PG/ML) between 

control and T2DM groups. 

Parameter 1Mean 
Std. 

1Deviation 

1Mean 

Differences 

95%1Confidence 

Interval1of the 

Difference 
.t .df p 

Lower Upper 

ADROPİN 

control 
340.462 229.901 

89.108 10.071 168.144 2.256 59 0.028 
ADROPİN 

T2DM 
251.378 165.645 

 

The results of t-test1showed that the mean of1ADROPİN (PG/ML) in the control group 

and T2DM were significantly different (p <0.05, t=2.256, MD=89.108) (Table 4.2.2). 

Also, according to the mean values, the level of ADROPİN (PG/ML) in the control group 

(M=340.462) was higher than the T2DM group (M=251.378). Therefore, the level of 

ADROPİN (PG/ML) in the T2DM group decreased1compared to the control1group 

(Figure 4.2.2). 

 

Figure4.2.2. compare means of ADROPİN (PG/ML) between control and T2DM 

groups. 
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4.2.3 Obesity and T2DM 

Table 4.2.3: T-test results for compare means of İRİSİN (NG /ML) between obesity 

and T2DM groups. 

Parameter 1Mean 
Std. 

1Deviation 

1Mean 

Differences 

95%1Confidence 

Interval1of the 

Difference 
.t .df p 

Lower Upper 

ADROPİN 

obesity 
265.862 181.736 

14.484 
-

47.285 
79.254 0.469 59 0.641 

ADROPİN 

T2DM 
251.378 165.645 

 

The1results of t-test showed1that the mean of1ADROPİN (PG/ML) in the obesity and 

T2DM groups were not significantly different (p >0.05, t =0.469, MD =14.484) (Table 

4.2.3) (Figure 4.2.3). 

 

 

Figure4.2.3. compare means of ADROPİN (PG/ML) between obesity and T2DM 

groups. 
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4.2.4. Control ،obesity and T2DM 

 

Table 4.2.4. ANOVA results for compare means of ADROPİN (PG/ML) between 

control ،obesity and T2DM groups. 

 

ANOVA results showed that the mean ADROPİN (PG/ML) in the three groups of control, 

obesity and T2DM were significantly different (p <0.05, F =3.632) (Table 4.2.4). 

 

Table 4.2.5. Post Hoc Tests (Duncan Test) results for compare means of ADROPİN 

(PG/ML) between control ،obesity and T2DM. 

             *a Values with the same superscript are not significantly differently (p  > 0.05). 

 

According to Duncan test results, the highest mean ADROPİN (PG/ML) belonged to the 

control group (M =340.486) and the lowest mean obtained to the T2DM group 

(M=251.378). On the1other hand, there was a significant1difference between the mean 

ADROPİN (PG/ML), obesity and T2DM (Figure 4.2.4 and Table 4.2.5). 

 

 

 

 

Parameter 
Sum1of 

Squares 
Df 

Mean1 

Square 
F p  

Between Groups 274375.501 2 137187.751 3.632 .028 

Within Groups 6685942.729 177 37773.688   

Total 6960318.231 179    

Parameter control obesity T2DM 

ADROPİN 

(PG/ML) 
340.486a* 265.862b 251.378b 
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Figure4.2.5. compare means of ADROPİN (PG/ML) between control ،obesity and 

T2DM groups. 
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4.3. PREPTİN (NG/L) 

In this section PREPTİN (NG/L) in three groups of control, obesity and T2DM, obesity 

and T2DM were compared. The1normality of the data1was examined using two methods 

of1Kolmogorov-Smirnov and Shapiro-Wilk (Table 4.3).  

 

Table 4.3. Tests of Normality for PREPTİN (NG/L) of control, obesity and T2DM 

groups. 

 

The results of the Tests of Normality are shown1in table (4.1). The normality of 

data1showed that the values are normal (p >0.05) which means the results of the t-test 

and ANOVA are reliable in this study. 

 

 

 

 

 

 

 

 

 

 

 

Parameter 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic Df p  Statistic df p 

 

control 

 

0.023 

 

59 

 

0.201 

 

0.994 

 

59 

 

0.992 

 

obesity 

 

0.021 

 

59 

 

0.200 

 

0.996 

 

59 

 

0.999 

 

T2DM 

 

0.022 

 

59 

 

0.203 

 

0.996 

 

59 

 

0.999 
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4.3.1. Control and obesity 

 

 

Table 4.3.1. T-test results for compare means of PREPTİN (NG/L) between control 

and obesity groups. 

Parameter 1Mean 
Std. 

1Deviation 

1Mean 

Differences 

95%1Confidence 

Interval1of the 

Difference 
.t .df p 

Lower Upper 

PREPTİN 

(control 
312.723 283.274 

-136.197 
-

233.669 

-

38.724 

-

2.795 
59 0.007 

PREPTİN 

obesity 
448.920 296.394 

 

The1results of t-test showed that the1mean of PREPTİN (NG/L) in the1control and 

obesity groups were1significantly different (p <0.05, t =-2.795, MD =-136.197) (Table 

4.3.1). Also, according to the mean values, PREPTİN (NG/L) in the obesity group 

(M=448.920) was higher than the control group (M=312.723). Therefore, level of 

PREPTİN (NG/L) in the obesity1group increased1compared to the control1group 

(Figure4.3.1). 

 

 

Figure 4.3.1. compare means of PREPTİN (NG/L) between control and obesity groups. 
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4.3.2 Control and T2DM 

 

Table 4.3.2. T-test results for compare means of PREPTİN (NG/L) between control 

and T2DM groups. 

Parameter 1Mean 
Std. 

1Deviation 

1Mean 

Differences 

95%1Confidence 

Interval1of the 

Difference 
.t .df p 

Lower Upper 

PREPTİN 

control 
312.723 283.274 

-196.211 -313.325 -79.096 -3.352 59 0.001 
PREPTİN 

T2DM 
508.934 312.506 

 

The1results of t-test showed that the1mean of PREPTİN (NG/L) in the control group and 

T2DM were significantly different (p <0.05, t=-3.352, MD=-196.211) (Table 4.3.2). 

Also, according to the mean values, the level of PREPTİN (NG/L) in the T2DM group 

(M=508.934) was higher than the control group (M=312.723). Therefore, the level of 

PREPTİN (NG/L) in the T2DM group increased1compared to the control1group (Figure 

4.3.2). 

 

Figure4.3.2. compare means of PREPTİN (NG/L) between control and T2DM groups. 
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4.3.3 Obesity and T2DM 

 

Table 4.3.3. T-test results for compare means of İRİSİN (NG /ML) between obesity 

and T2DM groups. 

Parameter 1Mean 
Std. 

1Deviation 

1Mean 

Differences 

95%1Confidence 

Interval1of the 

Difference 
.t .df p 

Lower Upper 

PREPTİN 

Obesity 
448.920 296.394 

-60.014 
-

166.956 
46.928 

-

1.122 
59 0.266 

PREPTİN 

T2DM 
508.934 312.506 

 

The results of t-test showed that the mean of PREPTİN (NG/L) in the obesity and T2DM 

groups were not significantly different (p >0.05, t = -1.122, MD = -60.014) (Table 4.3.3) 

(Figure4.3.3 ). 

 

 

Figure 4.3.3. compare means of PREPTİN (NG/L) between obesity and T2DM groups. 
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4.3.4 Control ،obesity and T2DM 

 

Table4.3.4. ANOVA results for compare means of PREPTİN (NG/L) between 

control ،obesity and T2DM groups. 

Parameter 
Sum1of 

Squares 
1df 1Mean Square F p 

Between Groups 1213004.005 2 606502.002 6.846 0.001 

Within Groups 15649494.85 177 88584.716   

Total 16892498.85 179    

 

ANOVA results showed that the mean PREPTİN (NG/L) in the three groups of control, 

obesity and T2DM were significantly different (p <0.05, F =6.846) (Table 4.3.4).  

 

 

Table 4.3.5 Post Hoc Tests (Duncan Test) results for compare means of PREPTİN 

(NG/L) between control ،obesity and T2DM.  

Parameter control obesity T2DM 

PREPTİN (NG/L) 312.723a* 448.920b 508.934b 

    *a Values with the same superscript are not significantly differently (p  > 0.05). 

According to Duncan test results, the highest mean PREPTİN (NG/L) belonged to the 

T2DM group (M =508.934) and the lowest mean obtained to the control1group 

(M=312.723). On the other1hand, there was a1significant difference between the mean 

PREPTİN (NG/L), obesity and T2DM (Figure 4.3.5 and Table 4.3.5). 
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Figure4.3.5. compare means of PREPTİN (NG/L) between control ،obesity and T2DM 

groups. 

 

4.4. Obesity (İRİSİN, ADROPİN, PREPTİN) 

Table 4.4.: ANOVA results for compare means of obesity between İRİSİN, 

ADROPİN, PREPTİN groups. 

Parameter Sum of Squares df Mean Square F p  

 

Between Groups 

 

5823975.849 

 

2 

 

5823975.849 

 

72.239 

 

0.000 

 

Within Groups 

 

7134917.984 

 

177 

 

7134917.984 
  

 

Total 

 

12958893.833 

 

179 
   

 

ANOVA results showed that the mean obesity in the three groups of İRİSİN, ADROPİN, 

PREPTİN were significantly different (p  <0.05, F =72.239) (Table 4.4.). 
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Table 4.4.1: Post Hoc Tests (Duncan Test) results for compare means of obesity 

between İRİSİN, ADROPİN, PREPTİN. 

Parameter İRİSİN ADROPİN PREPTİN 

Obesity 10.308C* 265.862b 448.920a 

*c Values with the same superscript are not significantly differently (p  > 0.05). 

According to Duncan test results, the highest mean obesity belonged to the PREPTİN (M 

=448.920) and the lowest mean obtained to the İRİSİN (M=10.308). (Figure 4.4 and 

Table 4.4.1). 

 

 

 

Figure 4.4: compare means of obesity between İRİSİN, ADROPİN, PREPTİN. 
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4.5. T2DM (İRİSİN, ADROPİN, PREPTİN) 

 

Table 4.5: ANOVA results for compare means of T2DM between İRİSİN, 

ADROPİN, PREPTİN groups. 

Parameter Sum of Squares df Mean Square F p 

 

Between Groups 

 

7462269.471 

 

2 

 

3731134.73

6 

 

89.437 

 

0.000 

 

Within Groups 

 

7384056.476 

 

177 

 

41717.833 
  

 

Total 

 

14846325.947 

 

179 
   

 

ANOVA results showed that the mean T2DM in the three groups of İRİSİN, ADROPİN, 

PREPTİN were significantly different (p  <0.05, F =89.437) (Table4.5.).  

 

Table 4.5.1: Post Hoc Tests (Duncan Test) results for compare means of T2DM 

between İRİSİN, ADROPİN, PREPTİN. 

 

Parameter İRİSİN ADROPİN PREPTİN 

T2DM 10.284C* 251.378b 508.934a 

*c Values with the same superscript are not significantly differently (p  > 0.05). 

 

According to Duncan test results, the highest mean T2DM belonged to the PREPTİN (M 

=508.934) and the lowest mean obtained to the İRİSİN (M=10.284). (Figure 4.5 and 

Table 4.5.1). 
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Figure 4.5: compare means of T2DM between İRİSİN, ADROPİN, PREPTİN. 

 

 

 

 

4.6.Post Hoc Tests (Duncan Test) results for compare means of İRİSİN (NG / ML), 

ADROPİN (PG/ML), PREPTİN (NG/L) 

 

Parameter control obesity T2DM 

İRİSİN (NG / 

ML) 
22.2834a* 10.308b 10. 285b 

ADROPİN 

(PG/ML) 
340.486a* 265.862b 251.378b 

PREPTİN 

(NG/L) 
312.723a* 448.920b 508.934b 
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        4.7. Table of compare Mean±SD of İRİSİN, ADROPİ, PREPTİN. 

 

 

 

Parameter 

Control Obesity T2DM 

Mean±SD   Mean±SD  Mean±SD  

İRİSİN 

(NG / ML) 

22.283±18.202  10.308±7.301  10.285±7.406  

ADROPİN 

(PG/ML) 

340.486±229.901  265.862±181.736  251.378±165.645  

PREPTİN 

(NG/L) 

312.723±283.274  448.920±296.394  508.934±312.506  
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Table 4.8. Distribution of Variables by Groups (n=180) 
 

 

 

Groups 

p 

Differences 

of 

Post-Hoc 

 

Normal Obesity T2DM 

Mean±SD Median(Min-Max) Mean±SD Median(Min-Max) Mean±SD 
Median(Min-

Max) 

Age 31,57±10,04 28,50(19,00-58,00) 36,75±7,63 37,50(21,00-49,00) 35,12±9,49 
34,50(19,00-

49,00) 
F:7,422;0,001* 

1-2 

1-3 

Weight 59,07±8,59 59,00(42,00-85,00) 95,80±13,46 
95,00(70,00-

127,00) 
90,83±9,47 

90,00(70,00-

120,00) 
F:185,682;<0,001* 

1-2 

1-3 

Hight 166,10±9,29 
163,50(150,00-

190,00) 
159,80±7,37 

160,00(141,00-

175,00) 
160,68±8,21 

160,00(141,00-

185,00) 
F:12,213; <0,001* 

1-2 

1-3 

BMI 21,35±1,59 21,40(18,60-24,80) 38,08±5,10 37,95(30,00-49,90) 35,27±4,05 
34,95(26,90-

45,30) 

F:307,866; 

<0,001* 

1-2 

1-3 

Irisin 22,28±18,20 15,59(3,60-66,22) 10,31±7,30 6,36(4,30-29,29) 10,28±7,41 7,42(0,60-37,90) 
KW:25,561; 

<0,001* 

1-2 

1-3 

Adropin 340,39±229,90 
227,27(65,66-

739,42) 
265,86±181,74 

173,47(101,94-

787,42) 
251,38±165,65 

177,25(16,51-

732,77) 
KW:1,406; 0,495  

Preptin 312,72±283,27 
211,37(7,63-

1492,15) 
448,92±296,39 

328,45(153,93-

1248,33) 
508,93±312,51 

395,03(32,95-

1471,82) 

KW:25,852; 

<0,001* 

1-2 

1-3 

 

 

F: One-Way Analysis of Variance (Anova) 
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KW: Kruskal Wallis Analysis of Variance 

* p value is significant at the 0.05 level 

Pairwise comparisons were made with Tamhane's T2 or Mann Whitney U Test with Bonferroni Correction. 

 

Table 4.9. Distribution of Values of T2DM Patients (n=180) 

 Average Standard deviation Median Minimum Maximum 

HBA1C 7,62 1,70 7,20 5,10 11,50 

Glucose 163,58 64,70 149,75 83,80 369,00 

İnsulin resistance 7,33 7,36 5,52 1,00 44,70 

TG mg/dl 175,62 99,03 132,30 35,30 486,00 

LDL mg/dl 116,95 36,91 115,20 50,70 232,70 

BUN mg/dl 21,05 40,31 15,85 0,92 324,70 

Cr mg/dl 5,44 25,20 0,78 0,30 141,00 

Na mmol/l 134,25 24,50 139,00 4,20 149,00 

K mmol/l 7,87 17,45 4,65 2,77 103,80 

Cl mmol/l 97,64 19,91 102,05 9,30 111,40 

ALT U/l 22,02 13,29 19,05 10,20 108,10 

AST U/L 20,98 11,96 18,65 9,32 98,00 
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Table 4.10. Distribution of Groups by Gender (n=180) 

 

Gender 

p 

Female Male 

Groups 

Normal 46(33,3) 14(33,3) 

χ2:4,741;0,093 Obesity 51(37,0) 9(21,0) 

T2DM 41(29,7) 19(45,0) 

 

p: Chi-Square Test 

 

Table 4.11. Relationships of the Variables According to the Control Group (n=180) 

 Adropin Preptin 

Irisin 
r 0,849 0,167 

p <0,001* 0,201 

Adropin 
r  0,200 

p  <0,126 

r: Pearson Correlation Coefficient 

* p value is significant at the 0.05 level. 
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Table 4.12. Relationships of Variables by Obesity Group (n=180) 

 Adropin Preptin 

Irisin 
r 0,986 0,978 

p <0,001* <0,001* 

Adropin 
r  0,982 

p  <0,001* 

r: Pearson Correlation Coefficient 

* p value is significant at the 0.05 level. 

 

 

Table 4.13. Relationships of Variables by T2DM Group (n=180) 

 Adropin Preptin 

Irisin 
r 0,960 0,956 

p <0,001* <0,001* 

Adropin 
r  0,927 

p  <0,001* 

r: Pearson Correlation Coefficient 

* p value is significant at the 0.05 level. 
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Interpretation of the correlation coefficient (r); 

If r<0.2, very weak correlation or no correlation. 

If r is between 0.2-0.4, weak correlation. 

If r is between 0.4-0.6, moderate correlation. 

If r is between 0.6-0.8, high correlation. 

If r is 0.8>, it is interpreted that there is a very high correlation. 
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Discussion1: 
 

In this1study, we report1the association of irisin, Adropin and preptin1concentrations 

regarding healthy(control), obesity1and obesity patients with type 22diabetes mellitus. 

The first is a cross Sectional1study stratified by effect of irisin in healthy, obesity and 

obesity patients with1type 2 diabetes1mellitus. 

Obesity1is “Abnormal or1excessive fat1accumulation in1adipose tissues to the 

extent1that it impairs1health.” Made in the form. In other words, obesity1is 

a1complex, multifactorial1disease characterized1by an increase1in body1fat and 

consequent behavioural, endocrine, and metabolic changes. Obesity1occurs when 

the1amount of energy1taken from food exceeds1the amount of energy1consumed by 

metabolism1and physical1activity, so that the1fat mass in the body increases 

compared to the lean body mass. Excess fat in obese individuals paves the way for 

many important diseases that affect systems such1as the cardiovascular1system, 

respiratory1system,1hormonal system, and digestive1system. Obesity1has 

been1shown to1increase the1risk of developing1HT, type 2 DM, dyslipidemia, 

cardiovascular diseases, and certain types of cancer (colon, breast, gallbladder) 

(WHO.,2013). 

Diabetes Mellitus cause disorders in carbohydrates, oil, and protein metabolism caused 

by flaws in insulin secretion or defects in both insulin and insulin effect. 

Hyperglycemia plays a role in disease-related complications (Inzucchi ET AL.,2012). 

Various pathogenic processes play a1role in the1development of1diabetes. These 

pathogenic processes constitute a range that ranges from the lack of insulin to resisting 

the insulin effect of the beta cells of the pancreas. The symptoms of prominent 

hyperglycemia consist of polyuria, polyidypsy, nocturia, unexplained weight loss, 

sometimes polyvasm, and visual impairment. Sensitivity and growth disorders to 

certain infections may also accompany chronic hyperglycemia (Harvey ET AL.,2011). 

    Irisin may be a1cleavage item of layer protein1FNDC5, discharged by 

muscle1tissue and has Been1proposed to imitate the favourable1metabolic impacts of 

work out1by interceding the1cross conversation Between contracting1muscle and 

other tissues1organs especially the fat1tissue (Aydin ET AL.,2014). Irisin1has been 

Proposed1to induce beige/brown1fat tissue change1by expanding1the 
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mitochondrial1substance and so the uncoupling1protein-11(UCP1) concentrations, 

which, in1turn increments1thermogenic Work of the changing white1fat tissue. 

These1beige/brown cells have defensive part Against1hypothermia, diabetes1and 

corpulence and move forward glucose homeostasis1(Aydin ET AL.,2014). Expanded 

expression1Of irisin1is seen in skeletal1muscle and1blood concentrations of mice 

after intense work out (Butler ET AL.,2015). Therefore,1irisin’s potential1role in 

Metabolic1health has gained significant1attention since its1discovery. 

It is thought that irisin will have a role in promoting1lipid mobilization1and 

glucose1uptake by increasing1UCP1, enabling the differentiation of white1adipocyte 

into beige1adipocytes, and improving adipose tissue capacity (Moreno-Navarrete et 

al.,2013).  Therefore,1it is suggested that irisin1levels may be associated with 

overweight or obesity1in different1groups of people.  However, this1relationship 

remains1controversial due to conflicting1results reported. In a1study conducted on 81 

individuals, 40 of whom were healthy controls, it was1reported that circulating1irisin 

was significantly lower in obese1individuals compared1to healthy controls.  irisin may 

play a1role in the1regulation of endothelial function in1obesity (Hou et al.,2015).   

.Our findings show that serum irisin are significantly lower in obesity compare to 

healthy1controls ,also irisin are significantly decreased in the patients with type22 

diabetes mellitus compare to healthy1controls. The result depends the role of irisin in 

promoting1lipid mobilization1and glucose1uptake by increasing1UCP1. 

In another study involving 75 metabolically1healthy non-obese1adults and 

511metabolically healthy obese1adults, serum irisin1levels were found to be 

significantly1lower in the metabolically healthy obese group, and irisin was 

negatively1correlated with BMI (Liu et al.,2017).  

 It has been shown that1irisin exhibits1therapeutic potential1in insulin1resistance 

and1T2DM by stimulating1browning of white1adipose tissue, promoting1glucose 

uptake in skeletal1muscle and heart1, improving hepatic1glucose, and improving 

pancreatic1cell function (Zhang et al.,2014, Liu et al.,2017, Park et al.,2015). irisin 

can1increase glucose1tolerance and reduce1insulin resistance (Qiao et al.,2016, Zhu 

et al.,2015 , Ates et al.,2017).   

  In cross-sectional studies, irisin1levels in the diabetic state seem to diverge between 

the two types of diabetes.  While irisin1levels have been reported to1be higher in 
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type11 diabetes1mellitus (T1DM) than in controls (Ates et al.,2017, Espes et al.,2015), 

in many studies including 2 meta-analyses (Du X-L et al..,2016, Zhang et al..,2016) 

patients with T2DM were found to be lower than controls (Shelbaya et al..,2018, 

Shelbaya et al..,2016).  Liu et al.  In his study on 156 individuals, 96 of whom had 

T2DM, he found that circulating1irisin in T2DM patients was significantly1lower than 

in1non-diabetic controls.  It is thought that this observed decrease may be caused by 

the decrease in muscle function and PGC-1α expression in T2DM (Liu et al..,2017). 

    Adropin is encoded1by the energy1homeostasis-related gene1symbolized 

as1“Enho”, which is mostly expressed1in the liver1and1brain.  Enho1is located on 

the19p13,3 chromosome and plays a role in the regulation1of glucose1homeostasis 

and lipid1metabolism (Kumar et al..,2008). 

 Adropin consists of 76 amino acids and its molecular weight is 4.5 kDa (Kumar et 

al..,2008). Adropin11-33 is a secretory signal1peptide, while adropin334-76 is a 

peptide hormone.  Adropin34-76 has been shown to be biologically1active when 

administered1to mice1and cultured1cells (Kumar et al..,2008, Gao et al.., 2015 ).  The 

N-terminus1of amino acids11-91 is localized1in the1cytoplasm.  The 9-302region of 

amino1acids is the transmembrane1domain (Li L et al..,2016).  The C terminal of 

amino acids330-76 is localized1outside the surface of the plasma1membrane (Wong 

C-M et al..,2014). 

The aa sequence of adropin is one-to-one in humans, mice, and rats (Kumar et 

al..,2008).  The half-life of1adropin has1not yet been1determined.1However, its half-

life is1assumed to be only a few minutes (Aydin et al..,2014). 

effect of Adropin in healthy, obesity and obesity patients with1type 2 

diabetes1mellitus.The result show that level of adropin in the obesity groups and 

T2DM groups are significantly decrease than the control group.The result related to 

that adropin have a role in the regulation1of glucose homeostasis  and 

lipid1metabolism . 

In many studies, it was reported that adropin decreased in preobese and obese 

individuals and that adropin was negatively1correlated with BMI (Zang  et al.,2018, 

Kałużna..,2016), In a1study conducted with664 obese 36 nonobese children aged 11 

to 16 years, serum adropin1levels of obese children were found1to be 

significantly1lower compared to nonobese children.  Butler et al.  In a study conducted 
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by Adropin, serum adropin1levels were found1to be lower1in obese patients (Butler 

et al..,2012). In a study of 64 obese children, serum adropin1levels were found to 

be1lower in obese1children (Sayin et al..,2014). it was suggested that adropin may be 

an independent marker in obesity (Chen R-M et al..,2019). 

In most human studies, serum adropin1levels were decreased in individuals 

with1T2DM (Zhang et al..,2018), Zhang et al.  They evaluated the serum adropin level 

in 1166T2DM patients and660 healthy individuals with1normal glucose1tolerance.  It 

has been1reported that adropin is Decrease in the type 22diabetes mellitus group 

(Zhang et al..,2018). LinLingzhen Wu et al. A total1of 3922patients were assigned into 

the type 2 diabetic and healthy patients, Serum adropin1level was significantly 

decreased1in type 21diabetic patients than healthy patients (Wu et al..,2014). adropin 

was1inversely related to model assessment-estimated1insulin resistance1(HOMA-IR) 

values (Chen et al..,2019, zang et al..,2018).  

Serum adropin levels were found to be low not only in T2DM, but also in children 

with T1DM and women with GDM (Yildirim et al.,2014, Beigi et al.,2015).  Low 

adropin levels in GDM have been explained by carbohydrate intolerance (Yildirim et 

al.,2014). Ebru Celik et al. The study includes 201pregnant women with GDM1and 20 

gestational1age healthy pregnant1women. serum adropin1were lower in the1GDM 

group. (Celik et al.,2013) 

    Preptin is a peptide increases insulin secretion.  The precursor of preptin is ProIGF-

II. Insulin-like growth1factor II1(IGF-II) is also produced1from ProIGF-II. Insulin-

like growth1factor II is a member1of the insulin1family. Cell1growth, differentiation 

and metabolism are regulated by the effect1of insulin-like growth1factor II.  In 

immunohistochemical studies with normal and diabetic rats, it has been shown that 

ProIGF-II, the1precursor1of preptin, is in the same localization as insulin in the 

secretory granules of rats. Synthetic1preptin increases1insulin secretion 

from1glucose-stimulated ßTC6-F71cells in a concentration-dependent1and 

saturable1manner (Buchanan et al.,2001, Höög et al.,1997).  preptin is a 

physiological1enhancer of glucose-induced insulin1secretion.  Preptin1has been 

reported to increase rather than initiate insulin secretion. Preptin is secreted together 

with insulin from pancreatic beta1cells in response to1glucose (Buchanan et al.,2001, 

Höög et al.,1997).  In the pancreas, the maximum amount of1preptin that 
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completely1binds with1anti-preptin-immunoglobulin under experimental conditions 

was determined as 20 ng/min. (Buchanan et al.,2001). 

In our study1demonstrated that serum preptin1higher in obesity and patients with 

Type22diabetes mellitus compered to the control group . Along with insulin resistance, 

elevated preptin level and increased osteocalcin concentration have been associated 

with obesity and overweight. Therefore, it suggest that it can be a clinical benefit for 

obesity and T2DM. 

In the study conducted by 100 obesity and 50 healthy controls found serum preptin 

level is significantly higher than healthy controls.( El-Eshmawy et al..,2018).In 

the1study of Özkan, Yusuf et al. Reported serum preptin level is significantly1higher 

in the obesity patients1than control(Özkan, Yusuf 2013). In the study Salih et al 

,conducted 64 patients with T2DM and 38 healthy controls, reported that serum preptin 

level is significantly1higher in the patient with T2DM  compare with the  healthy 

controls(Salih et al..,2020).In the finally preptin May important role in 

weight1management and prevention1of diabetes1mellitus. In the finally preptin May 

important role in weight1management and prevention1of diabetes1mellitus. 
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CHAPTER FIVE 

Conclusion: 

 

With this1work; It was aimed to1investigate the relationship1of these three 

endocrine1factors with energy1homeostasis by comparing1the concentrations 

of1irisin,1adropin and1preptin in obese and1non-obese groups.  The fact that all 

three1of the parameters1planned to be looked1at are related to energy1metabolism and 

that1obesity is an increasingly1important health1problem has been effective1in the 

planning of this1study.  However, when1planning1the study, it was1also 

considered1that there were no publications1showing how irisin,1preptin1and 

adropin1levels changed with exercise.  This study is also important with the aim of 

identifying new physiological actors involved1in the regulation of 

energy1homeostasis. In addition, no study1was found in which1irisin, adropin 

and1preptin were evaluated1together.  Physiological1mechanisms related to 

energy1metabolism that may1arise as a result of the realization1of this study may 

also1shed light on1the search for new therapeutic1agents related to obesity1in the 

future.  

 Obese1and non-obese people1will be included in the1study.  Obesity1is a disease 

that1occurs as a result of the body1entering much more1energy than it is expended.  

Today, due to the1sedentary lifestyle of people, their energy expenditure is very 

limited.  It is known that exercise provides many benefits1to our body.  Exercise 

increases1energy expenditure in the body1and ensures the maintenance of 

energy1balance.  It has been1reported that some newly1discovered peptides1are 

involved in the1regulation of energy1balance in the body.  In this study, 

the1concentrations of these peptides1in obese and1non-obese subjects was1compared. 

To the best of our knowledge, this is the first trial investigation of IRISIN, ADROPIN, 

AND PREPTIN IN OBESE AND NON-OBESE INDIVIDUALS. Our findings show 
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that serum irisin and Adropin are significantly lower in obesity and1patients with 

type22 diabetes mellitus compare to healthy1controls.  

The present study1demonstrated that serum1irisin and1adropin was correlated1with 

decreased risk of developing2T2DM and Wight management. Hence, serum1irisin and 

adropin1should be utilized1as a biomarker for1assessing the risk of developing 

T2DM2and control1obesity. 

In our study1demonstrated that serum preptin1higher in obesity and patients with 

Type22diabetes mellitus. Preptin1may play an important role in weight control and 

diabetes prevention. 
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