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C I T A T I O N
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Abstract

Aim: Irisin, a polypeptide hormone, demonstrates a protective function in metabolic diseases and has been observed to enhance endothelial 
functions. It regulates energy metabolism, fat tissue and glucose metabolism. The predictive value of irisin for the effects of metformin on cardiac 
and aortic aging in an aged rat model was evaluated by quantitative and histological confirmation.
Material and Methods: A total of twenty-four rats were used in our study. The subjects were equally distributed among four intervention groups: 
young control group (<12 months), young-metformin group (<12 months), old-control group (>24 months), and old-metformin group (>24 months). 
The effect of senescence on the heart and aortic tissues, inflammatory and oxidative stress markers, and proliferation indicators (Ki-67, PDGFR-β, 
TNF-α, IL-1β, NF-κB, TGF-β, e-NOS, and SOD-1) were evaluated with RT-PCR analyses quantitatively. Serum sampling was conducted to 
determine irisin levels. A histomorphological and immunhistochemical analysis of the heart and aorta sections was performed. 
Results: Metformin treatment altered irisin levels in young and old rats compared to controls. Irisin concentrations were higher in metformin-
treated rats: 2.57 (0.39) versus 1.89 (0.16) in young rats, and 1.79 (0.31) versus 1.19 (0.22) in old rats (P<0.001 for both). Differences were noted 
between young-metformin and old-control groups (P=0.002), and old-control and old-metformin groups (P=0.008). Aortic tissue showed significant 
variations among groups in NF-κB (P=0.024), TGF-β (P<0.001), e-NOS (P=0.001), and SOD-1 (P<0.001) levels. In cardiac tissue, significant 
differences were observed for Ki-67 (P<0.001), TGF-β (P=0.001), e-NOS (P=0.003), and PDGFR-β (P=0.003) levels.
Conclusion: Irisin level was significantly affected by metformin treatment, especially in young rats. Irisin was positively correlated with platelet-
derived growth factor receptor-β and oxidative-proinflammatory markers were down-regulated with metformin treatment. Irisin can be viewed as 
a guide and confirmatory in anti-aging studies, aortic pathologies, and the elucidation of new drug studies and new pathways to confirm cardiac 
damage.
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INTRODUCTION

The peptide irisin, derived from the proteolytic cleavage of full-
length fibronectin type III domain containing-5 (FNDC5), plays 
a crucial role in modulating energy metabolism, adipose tissue 
function, and glucose homeostasis. This hormone exhibits both 

anti-obesity and anti-diabetic properties [1]. The synthesis of 
irisin occurs predominantly in cardiac tissue, skeletal muscles, 
pancreatic beta cells, hepatic tissue, renal tissue, and salivary 
glands [2].

Moreover, irisin functions as a myokine dependent on 
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peroxisome proliferator-activated receptor-gamma coactivator-
1-alpha (PGC-1α). PGC-1α, a highly adaptable transcriptional 
coactivator, responds to various physiological and nutritional 
alterations, subsequently modulating glucose and fatty acid 
metabolism, as well as mitochondrial functionality [3]. 
Contemporary research has elucidated that aberrant regulation of 
PGC-1α plays a significant role in the etiology of diabetes [4,5].

Studies have shown that transgenic mice with selective PGC-
1α expression demonstrate notable resilience to obesity and 
metabolic disorders associated with aging [1]. Moreover, 
irisin has been found to not only alleviate insulin resistance 
and diabetes but also provide protection against various 
cardiovascular conditions, encompassing coronary artery 
disease, atherosclerosis, and congestive heart failure.

Investigations have revealed that irisin plays a crucial role 
in attenuating cardiac dysfunction resulting from myocardial 
ischemia/reperfusion, operating through a mechanism dependent 
on mitochondrial ubiquitin-ligase [6]. Moreover, scientific 
evidence indicates that irisin exhibits cardioprotective properties 
against myocardial infarction by stimulating angiogenesis, 
while also mitigating atherosclerosis through the prevention of 
endothelial damage in diabetic mice lacking Apolipoprotein-E 
[7].

The primary endpoint of this study is examining the association 
between irisin concentrations and the response to the aortic and 
cardiac preservative effects of metformin.

MATERIAL AND METHODS

Experimental Model

A total of twenty-four male Wistar-Albino rats (275-325 gr), 
twelve of which were young (<12 months old) and twelve of 
which were naturally aged (>24 months), were randomly selected 
for the experimental study and maintained in a controlled 
laboratory environment. The standardized conditions included a 
humidity level of 45%, ambient temperature of 22±2°C, and a 
12-hour light cycle (07:00 AM to 07:00 PM). The animals were 
provided unrestricted access to food and water throughout the 
study period.

The subjects were equally distributed among four intervention 
groups: young control group (<12 months), young-metformin 
group (<12 months), old-control group (>24 months), and old-
metformin group (>24 months). The sample size was determined 
in accordance with the literature, with reference to Arifin WN's 
study [8], with a maximum number of animals of six.

Every day, 100 mg/kg of metformin was added to the water that 
rats in the two metformin groups drank, ensuring that they fully 
received the medication. The gavage method was not used to 
avoid stress that could affect inflammatory and oxidative stress 
markers. The cages were placed adjacent to each other to allow 

the animals to be in communication with each other so that social 
isolation and feelings of isolation would not cause oxidative 
stress damage due to unpredictable stress in rats. Metformin 
administration continued for one month. 

The subjects were initially anesthetized with ketamine 
hydrochloride (Ketalar®; Pfizer, İstanbul, Türkiye), 100 mg/
kg, administered intraperitoneally. Subsequently, the subjects 
were euthanized via the injection of a lethal dose of sodium 
thiopental. (Pentothal® Sodium; Abbott Laboratories, Italy). 
After the hearts and the thoracic aortas were explored with a 
median sternotomy, they were excised and placed in 0.9% saline 
for tissue examinations. The effect of senescence on the heart 
and aortic tissues, inflammatory and oxidative stress markers, 
and proliferation indicators were interpreted by the Real-Time 
Polymerase Chain Reaction (RT-PCR) technique, and serum 
sampling was enforced to determine irisin levels. 

Irisin ELISA Assay

Blood samples were extracted from terminally anesthetized 
rats for Irisin quantification. Serum preparation involved 
centrifugation at 1,000 g for 15 minutes at 4°C, followed by 
storage at -80°C pending analysis. A commercial rat irisin 
enzyme-linked immunosorbent assay (ELISA) kit (Bioassay 
Technology Laboratory, cat. no. E6281Ra, Yangpu Dist, 
Shanghai, China) was employed to assess protein levels, adhering 
to the manufacturer's guidelines. Absorbance measurements were 
conducted at 450 nm using a microtiter ELISA reader (VersaMax 
Molecular Devices, Sunnyvale, CA, USA). The ELISA results 
were reported in pg/mL. 

Real-Time PCR Gene Expression

The RT-PCR method was employed to evaluate markers, 
including Ki67, superoxide dismutase type 1 (SOD-1), tumor 
necrosis factor-alpha (TNF-α), interleukin-1-beta (IL-1β), 
platelet-derived growth factor receptor-β (PDGFR-β), Nuclear 
factor-κB (NF-κB), transforming growth factor-beta (TGF-β), 
and endothelial nitric oxide synthase (e-NOS). The acquired 
tissues underwent a washing procedure with phosphate-buffered 
saline (PBS) to eliminate residual blood and clots, prior to 
RNA extraction. RNA isolation was performed using the 
GeneJET RNA Purification kit (Thermo Scientific, Dreieich, 
Germany). Mechanical disruption of the tissues occurred in a 
1.5 mL centrifuge tube containing the provided buffer solution. 
Following centrifugation at 8000g for five minutes to remove 
cellular and tissue debris, the resulting supernatant was mixed 
with 99% ethanol in a 3:1 ratio and subsequently transferred to 
the supplied RNA purification column.

RNA samples were washed three times with washing solution. 
To elute RNA fragments from the column, 50 µL of elution 
solution (10 mM Tris-HCl buffer, pH 7.5) was added, and 
total RNA was obtained after centrifugation at 13000G for two 
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minutes. The purity and quantity of the samples were measured 
using a Picodrop device (Picodrop Limited, Saffron Walden, 
Cambridgeshire, United Kingdom).

The Maxima H Minus First Strand cDNA synthesis kit (Thermo 
Scientific, Waltham, MA, USA) was employed for cDNA 
synthesis, with strict adherence to the manufacturer's instructions. 
As specified in the protocol, the cDNA synthesis process was 
executed using a standard PCR device (Takara, Tokyo, Japan) 
using 2 µg of RNA sample, 5 µM oligo-dT primers, RNase 
inhibitor (1X), and reverse transcriptase enzyme (50 mU/µL). 
The synthesis process included denaturation and priming at 25°C 
for five minutes, reaction at 46°C for 20 minutes, and inactivation 
at 95°C for one minute. For gene expression analysis, the Bright 
Green 2x qPCR master solution containing SYBR dye (Abcam, 
Cambridge, MA, USA) was used. 

The amplification of synthesized cDNA samples (100 ng) was 
conducted using an RT-PCR machine (LightCycler480-II, Roche, 
Rotkreuz, Switzerland) with gene-specific primers (30 nM) in 
the master mixture. For this study, the ActB gene functioned 
as the reference gene. The RT-PCR machine was programmed 
with the following temperature settings: 95°C for 10 minutes to 
activate enzymes, 95°C for 15 seconds to denature DNA, and 
60°C for one minute for annealing and extension, with a total of 
45 cycles. Upon completion, the machine output was analyzed 
to determine the Cp value. Subsequently, the ΔΔCp value was 
normalized against the reference gene and calculated in relation 
to the control group. Results were presented as x-fold increases 
or decreases compared to the control group.

Histological Study

Following euthanasia of the rodents in accordance with ethical 
protocols, the excised cardiac and thoracic aortic tissues 
were promptly rinsed with physiological saline solution and 
subsequently fixed in 10% neutral buffered formalin for 72 hours 
in preparation for light microscopy analysis. The tissues were 
dehydrated by passing through concentrated alcohol solutions 
(70%, 90%, 96%, 100%) sequentially. The tissue samples 
underwent a clearing process in xylene for two 10-minute 
intervals, followed by overnight incubation in paraffin within 
a 60°C oven. Subsequently, the samples were embedded 
in cassettes using an appropriate device. Paraffin blocks, 
sectioned to approximately 4 μm thickness, were subjected to 
hematoxylin and eosin (H-E) staining. Examination and imaging 
of the sections were conducted using a LEICA DM 1000 light 
microscope (Leica Microsystems GmbH, Wetzlar, Germany).

Immunohistochemical Staining for Analysis of Oxidative and 
Inflammatory Markers 

To evaluate the expression of SOD-1, e-NOS, and TNF-α in 
aorta sections and cardiomyocytes, tissues were collected and 
fixed in formalin (10%) for three days for histochemical and 

immunofluorescence staining.  After the fixed tissue samples 
were washed in water, they were incubated in 70%-80%-
90% and 100% ethanol for 30 min each, for dehydration. The 
specimens underwent a series of preparatory steps for histological 
examination. Initially, they were immersed in absolute ethanol 
for 30 minutes, followed by a 1-hour xylene treatment. 
Subsequently, the samples were transferred to liquefied paraffin 
at 60°C and maintained at this temperature in an oven for 1 hour. 
The prepared specimens were then positioned in metal molds and 
encased in paraffin. Using a microtome, 5 µm thick sections were 
cut from the solidified paraffin blocks and mounted on slides. To 
prepare for immunofluorescence staining, the slides were heated 
in an oven at 70°C for 1 hour. The paraffin was then removed from 
the sections by exposing the slides to xylene for a duration of 5 
minutes. Then, the slides were kept in a 100%–90%–80%–70% 
ethanol series for 5 min. The slides were washed with pure water 
for rehydration. For antigen retrieval, the sections were subjected 
to a 20-minute boiling process in 50 mM trisodium citrate 
solution (pH 6.0). Immunofluorescence staining commenced 
with a 20-minute incubation of cells in the appropriate blocking 
serum. The membrane was then exposed to the primary antibody 
for 16 hours at 4°C. Following this, the samples underwent 
PBS washing and were subsequently labeled via a 90-minute 
incubation with fluorophore-conjugated secondary antibodies at 
room temperature. After thorough washing to eliminate unbound 
antibodies, the nuclear stain was overlaid with DAPI-containing 
mounting medium (Mounting Medium with DAPI, Santa Cruz). 
Visualization and examination of the samples were conducted 
using a Leica DMI 8 Confocal Microscope (Leica Mikrosysteme 
Vertrieb GmbH, Wetzlar, Germany).

Statistical Analysis

Statistical analysis was conducted using SPSS Statistics, version 
20 (IBM Inc., Armonk, NY, USA). The Kolmogorov-Smirnov 
test was employed to assess the normal distribution of continuous 
variables. For descriptive statistics, continuous variables were 
expressed as medians (interquartile range, IQR), while categorical 
variables were presented as frequencies and percentages. To 
evaluate differences in mean irisin levels following metformin 
administration, one-way ANOVA was performed, succeeded by 
a post hoc Tukey test. The relationship between serum irisin level 
and aortic or cardiac inflammatory markers was examined using 
Spearman correlation analysis. A two-tailed P value of <0.05 was 
considered statistically significant.

Approved Ethics Council Information

In adherence to the ARRIVE Guidelines, the experimental 
protocol employed in this investigation was meticulously 
executed. The experimental protocol received approval from the 
Kocaeli University-Local Ethics Committee for Animal Studies 
(Protocol Number: KOÜ HADYEK- 4/1-2020; approval date: 
June 25, 2020).
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RESULTS

Irisin ELISA Assay

After one month of treatment, there was a difference in irisin 
levels between metformin-treated and control rats (Table 
1). The level of irisin was elevated in both the young and old 
rats, compared to control rats [2.57 (0.39) vs. 1.89 (0.16); 1.79 
(0.31) vs. 1.19 (0.22); P<0.001, respectively]. The level of irisin 
was higher in young rats treated with metformin. Post-hoc 
statistical evaluation elucidated significant distinctions among 
the experimental groups. Notably, the young cohort receiving 
metformin demonstrated a statistically significant difference 
when juxtaposed with the old control group (P=0.002). 
Additionally, a substantial variance was identified between the 
old control and old metformin groups (P=0.008).

Findings of RT-PCR Analyses

Aortic Tissue Results: Table 2a presents the mean values of 
inflammatory and oxidative stress markers in aortic tissue across 
the groups. Analysis revealed no significant variations in Ki-67, 
PDGFR-β, TNF-α, and IL-1β among the four groups. Nevertheless, 
one-way ANOVA demonstrated statistically significant inter-
group differences for NF-κB (P=0.024), TGF-β (P<0.001), 
e-NOS (P=0.001), and SOD-1 (P<0.001) levels (Table 2a). The 
assessment of statistical disparities between aortic tissue groups 
was conducted employing post hoc analyses, specifically the 
Tukey HSD test for multiple comparisons. Statistically significant 
results of multiple comparisons are shown in Table 2b.

Cardiac Tissue Results: Table 3a presents the mean values of 
inflammatory and oxidative stress markers in cardiac tissue across 
the groups. Analysis revealed no significant variations in NF-κB, 
SOD-1, TNF-α and IL-1β among the four groups. Nevertheless, 
one-way ANOVA demonstrated statistically significant inter-
group differences for Ki-67 (P<0.001), TGF-β (P=0.001), e-NOS 
(P=0.003), and PDGFR-β (P=0.003) levels (Table 3a). The 
assessment of statistical disparities between cardiac tissue groups 
was conducted employing post hoc analyses, specifically the 
Tukey HSD test for multiple comparisons. Statistically significant 
results of multiple comparisons are shown in Table 3b. 

Finally, the analysis revealed a significant inverse relationship 
(r=-0.579; P=0.019) between irisin and TGF-β concentrations 
in aortic tissue. Conversely, a notable positive association was 
established between irisin and PDGFR-β levels in both cardiac 
and aortic tissues (r=0.585; P=0.017 and r=0.523; P=0.037, 
respectively), as illustrated in Table 4.

Cardiac Histological and Immunohistochemical Analyses

Normal cardiac morphology was observed with muscle fibers and 
intercalar discs in the young control (A) and young + metformin 
(B) groups. In the old control group (C), damage caused by 
inflammatory cells (arrowhead) together with degenerated 
cardiomyocytes with irregularly shaped myofibrillar sequence 

(arrow) was evident, while in the old + metformin group (D), 
degenerated cardiomyocytes were significantly reduced and 
myofibrillar alignment was improved, showing much less 
intensity of degeneration with regular-shaped cardiomyocytes 
(*), similar to Group A (Figure 1). 

In the immunohistochemical analyses of cardiomyocytes, it was 
observed that SOD-1 response decreased in the old control (OC) 
group compared to the young control (YC) group. It was also 
determined that e-NOS and TNF-α expression decreased in the 
old + metformin (OM) group (Figure 1).

Aortic Histological and Immunohistochemical Analyses

In the results of H&E-stained aortic tissues, Normal morphology 
of the tunica intima (TI), tunica media (TM), tunica adventitia 
(TA), and aortic layers was observed in young control (A) and 
young + metformin (B) groups. Edema and irregular elastic 
lamellae (arrow), together with thickening of the tunica media 
and disruption of endothelial integrity (*) were observed in the old 
control group (C). The intimal irregularity due to aging observed 
in group C was significantly reduced in the old metformin group 
(D). A recovery close to normal morphology was observed in 
group D (Figure 2).

In aortic tissues, when e-NOS and TNF-α expression was 
examined, it was observed that oxidative and inflammatory 
activity, which was significantly increased in the OC group 
compared to that in the YC and young + metformin (YM) groups, 
was clearly decreased in the OM group (Figure 2).

Histological examinations revealed that the drug-treated groups 
exhibited cellular structures similar to those observed in the 
young control group. Notably, the old drug group demonstrated 
significant morphological improvements, with cells closely 
resembling those in the young control group. These findings 
provide evidence for metformin's anti-aging effects on aged cells.

Table 1. Mean serum irisin levels of the study subjects and controls

Study group Serum irisin 
(pg/mL) P value 

All groups 0.002

Young-control 1.89±0.16

Young+metformin 2.57±0.39

Old-control 1.19±0.22

Old+metformin 1.79±0.31

Post hoc analysis with Tukey - HSD

Young-control vs young+metformin 0.061

Young-control vs old-control 0.296

Young-control vs old+metformin 0.196

Young+metformin vs old-control 0.002

Young+metformin vs old+metformin 0.888

Old-control vs old+metformin 0.008
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Table 2a. Real-time PCR gene expression: aortic tissue results

Young control Young + metformin Old control Old + metformin P value

NF-κB (mean±SD) 1.01±0.19 1.08±0.26 1.26±0.6 0.39±0.19 0.024

TGF-β (mean±SD) 1.00±0.12 0.68±0.11 0.85±0.2 0.25±0.16 0.001

e-NOS (mean±SD) 1.02±0.23 2.32±0.5 2.85±0.89 0.87±0.37 0.001

Ki-67 (mean±SD) 1.01±0.12 0.84±0.17 0.84±0.06 0.93±0.1 0.220

PDGFR-β (mean±SD) 1.01±0.13 1.85±0.17 1.03±0.8 1.53±0.4 0.066

SOD-1 (mean±SD) 1.05±0.39 0.28±0.13 0.21±0.11 0.12±0.07 0.001

TNF-α (mean±SD) 1.01±0.21 1.24±0.94 1.23±0.56 1.09±0.83 0.957

IL-1β: (mean±SD) 1.02±0.22 1.38±0.75 2.14±1.11 1.31±0.57 0.224

e-NOS: endothelial nitric oxide synthase, IL-1β: interleukin-1β, Ki-67: a protein known as a proliferation marker, NF-κB: nuclear factor-κB, PDGFR-β: platelet-
derived growth factor receptor-β, SOD-1: superoxide dismutase-1, TGF-β: transforming growth factor-β, TNF-α: tumor necrosis factor-α

Table 2b. Post Hoc tests of aortic tissues/ multiple comparisons with Tukey HSD 

Marker Groups P value

NF-κB OC-OM 0.021

TGF-β

YC-YM 0.043

YC-OM 0.000

YM-OM 0.008

OC-OM 0.001

e-NOS

YC-YM 0.028

YC-OC 0.003

YM-OM 0.015

OC-OM 0.001

SOD-1

YC-YM 0.001

YC-OC 0.001

YC-OM 0.000

YC: young control, YM: young + metformin, OC: old control, OM: old + metformin (Drug groups are indicated in bold and italic characters)

Table 3a. Real-time PCR gene expression of cardiac tissue 

Young control Young + metformin Old control Old + metformin P value

NF-κB (mean±SD) 1.17±0.7 2.1±0.97 1.77±2.15 2.14±1.44 0.759

TGF-β (mean±SD) 1.04±0.32 5.57±1.88 6.12±1.46 3.43±1.12 0.001

e-NOS (mean±SD) 1.01±0.14 2.5±0.73 2.6±0.32 3.61±0.48 0.001

Ki-67 (mean±SD) 1.07±0.43 1.84±0.80 7.13±3.64 1.88±0.91 0.003

PDGFR-β (mean±SD) 1.04±0.31 15.42±4.56 0.63±0.55 9.02±8.89 0.003

SOD-1 (mean±SD) 1.23±0.83 1.22±0.80 1.77±1.32 0.33±0.21 0.196

TNF-α (mean±SD) 1.66±1.70 1.88±1.42 2.18±2.00 5.27±5.71 0.385

IL-1β: (mean±SD) 1.16±0.69 1.39±1.26 1.71±1.19 1.73±1.13 0.855

e-NOS: endothelial nitric oxide synthase, IL-1β: interleukin-1β, Ki-67: a protein known as a proliferation marker, NF-κB: nuclear factor-κB, PDGFR-β: platelet-
derived growth factor receptor-β, SOD-1: superoxide dismutase-1, TGF-β: transforming growth factor-β, TNF-α: tumor necrosis factor-α
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Table 3b. Post Hoc tests of cardiac tissues/ multiple comparisons with Tukey HSD

Marker Groups P value

Ki-67

YC-YM 0.004

YC-OC 0.002

YC-OM 0.000

YM-OM 0.026

TGF-β
YC-YM 0.002

YC-OC 0.001

e-NOS
YC-OC 0.004

YM-OC 0.010

OC-OM 0.011

PDGFR-β
YC-YM 0.007

YM-OC 0.006

YC: young control, YM: young + metformin, OC: old control, OM: old + metformin (Drug groups are indicated in bold and italic characters)

Table 4. Spearman correlation analysis of inflammatory markers and serum irisin levels

Parameters

Irisin

Cardiac tissue Aortic tissue

r value P value r value P value

SOD-1 -.015 0.957 -.309 0.244

TNF-α -.365 0.165 -.297 0.263

IL-1β -.115 0.672 -.190 0.481

e-NOS -.441 0.087 -.322 0.223

PDGFR-β .585 0.017 .523 0.037

NF-κB -.322 0.896 -.411 0.113

TGF-β .061 0.822 -.579 0.019

Ki-67 -.158 0.559 -.065 0.810

e-NOS: endothelial nitric oxide synthase, IL-1β: interleukin-1β, Ki-67: a protein known as a proliferation marker, NF-κB: nuclear factor-κB, PDGFR-β: platelet-
derived growth factor receptor-β, SOD-1: superoxide dismutase-1, TGF-β: transforming growth factor-β, TNF-α: tumor necrosis factor-α

Figure 1. Photomicrographs of H&E-stained cardiac tissues and immunhistochemical findings; H&E: Photomicrograph showing cardiomyocytes from young control 
(A), young + metformin (B), old control (C) and old + metformin (D) groups; Scale: 100 µm; IHC: Photomicrograph showing SOD-1, e-NOS and TNF-α expression 
in cardiomyocytes from young control (YC), young + metformin (YM), old control (OC) and old + metformin (OM) groups. Scale: 100 µm
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DISCUSSION

The primary finding of this investigation was that metformin 
appears to stimulate irisin secretion in both young and aged 
rats. Irisin showed a positive correlation with PDGFR-β in both 
cardiac tissue and aortic tissue. However, only in aortic tissue, 
it exhibited a negative correlation with TGF-β. Furthermore, 
following a four-week treatment period with metformin, 
significant alterations in inflammatory and oxidative markers 
were observed in both aortic and cardiac tissues. Irisin, first 
described in 2012 as exercise-induced myokine, behaves like an 
insulin-sensitizing hormone in mice [1]. The irisin amino acid 
sequence is almost identical among most mammalian species. 
The cleavage of FNDC5 in a PGC-1α-dependent manner causes 
irisin secretion [4]. PGC-1α is a transcriptional coactivator 
and is important in the pathogenesis of type 2 diabetes, closely 
related to sedentary lifestyle, obesity, and irisin activated via 
PGC-1α [4,5]. Recent research has demonstrated a correlation 
between type 2 diabetes and decreased levels of circulating 
irisin in patients exhibiting PGC-1α expression [9]. Diabetic 
animal models showed that overexpression of irisin provides 
energy expenditure and lower fasting glucose levels in mice.  
Genetically modified mice with enhanced PGC-1α expression 
in muscle tissue exhibit resistance to diabetes and obesity 
associated with aging. Skeletal muscle-derived myokines, 
which are secreted proteins, impact various tissues in relation to 
changes in energy expenditure [1]. Irisin also stimulates β-cell 
proliferation in vivo in mice [10], inhibiting gluconeogenesis 
and increasing membrane-associated glucose transport protein-4 
on the cytoplasmatic membrane [11]. Another reported study 
using obese mice showed that irisin caused up-regulation of 
betatrophin. As the primary therapeutic intervention for type 
2 diabetes mellitus, particularly in obese patients, metformin, 
a biguanide class anti-diabetic agent, is widely prescribed 

[12]. Research conducted by Li et al. examined the impact of 
intramuscular metformin and glibenclamide administration on 
blood irisin levels, comparing diabetic mice with normal, wild-
type controls. Their study revealed an upregulation of FNDC5 
protein and mRNA expression in skeletal muscle, subsequently 
promoting irisin secretion [13]. In a separate investigation, Liu 
et al. observed that exenatide therapy led to increased irisin 
concentrations in individuals with type 2 diabetes. Notably, irisin 
levels were inversely correlated with fasting blood glucose and 
glycated hemoglobin measurements [14].

The irisin response in young rats was more pronounced than in 
elderly rats; however, this difference did not reach significance.  
Notably, even in elderly rats, metformin induced a significant 
elevation in irisin levels. The subgroup analysis revealed that 
young rats receiving metformin exhibited higher irisin levels 
than the elderly control group. 

Serum irisin was positively correlated with PDGFR-β in both 
aortic and cardiac tissue. Previous studies have shown the 
blood pressure-lowering effect of irisin in hypertensive rats 
[15]. In addition to its metabolic and cardiac effects, its blood 
antihypertensive effect has recently drawn attention. Research 
conducted by Altaweel et al. on rats administered escalating 
doses of irisin revealed that this hormone significantly impacts 
the structure of the rat thoracic aorta wall. The study observed 
an increase in intima-medial thickness, smooth muscle cell 
(SMC) nuclei count, and the number of elastic lamellae in the 
tunica media [16]. The researchers proposed that irisin may 
have influenced growth factors affecting the thoracic aorta walls 
and stimulated SMCs within the aortic layers. Platelet-derived 
growth factors (PDGFs) play a crucial role in regulating blood 
vessel cell growth and are involved in cellular proliferation, 
angiogenesis, inflammation, and fibrogenic processes. 

Figure 2. Photomicrographs of H&E-stained aortic tissues and immunhistochemical findings; H&E: Photomicrograph showing aortic tissues from young control (A), 
young + metformin (B), old control (C) and old + metformin (D) groups; Scale: 100 µm; IHC: Photomicrograph showing SOD-1, e-NOS and TNF-α expression in 
aortic tissues from young control (YC), young + metformin (YM), old control (OC) and old + metformin (OM) groups; Scale: 100 µm
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Consequently, imbalanced PDGF levels can impact diabetes 
mellitus and its associated complications [17]. The current 
investigation demonstrated a positive correlation between irisin 
levels and PDGFR levels in both aortic and cardiac tissues.

The pathogenic and protective roles of TGF-β in various 
disorders remain a topic of scientific discourse, with conflicting 
evidence presented in the literature [18,19]. This study revealed 
an inverse relationship between irisin and TGF-β concentrations 
in aortic tissue, while no such correlation was observed in 
cardiac tissue. Transforming growth factor-1beta (TGF-1β1), a 
recognized pro-fibrogenic cytokine, plays a crucial role in the 
production of extracellular matrix and synthesis of collagen [20]. 
Notably, TGF-1β demonstrated protective properties against 
the expansion of abdominal aortic aneurysms in rat models 
[21,22]. Furthermore, research by Angelov et al. indicated that 
systemic neutralization of TGF-β led to a significant increase 
in the occurrence of abdominal aortic aneurysmal disease in 
angiotensin-II-infused mice, while the thoracic aorta remained 
unaffected [23]. 

Research conducted by Dong et al. revealed that irisin mitigates 
TGF-β1-induced inflammatory cytokine expression in hepatic 
cells, suggesting its potential to substantially impede the 
advancement of hepatic fibrosis [24]. Additionally, a study by 
Peng et al. elucidated that irisin possesses the ability to interact 
with TGF-β receptor II (TβRII), thereby antagonizing its effects 
[25]. These findings collectively indicate the possibility that 
irisin may counteract TGF-β1-induced differentiation processes. 
The results of these studies suggest that TGF-β affects different 
organs through different mechanisms, perhaps with beneficial 
effects in some organs and simultaneous deleterious effects in 
others. 

In addition to these anti-inflammatory effects, irisin has also 
been shown to be protective in the cardiovascular system. It 
has been shown that obese patients with atrial fibrillation have 
high blood leptin levels, whereas ADA, TNF-α and irisin levels 
are low, thus indicating that low irisin levels increase the risk 
of arrhythmia [26]. Numerous in vivo and in vitro studies 
have shown that administration of exogenous irisin attenuates 
endothelial damage, inflammatory damage, and oxidative stress, 
suggesting that vascular aging is slowed by irisin [27], and irisin 
is an important anti-aging mediator. Recent studies have shown 
that irisin has vascular anti-aging effects [28].

The anti-aging properties of metformin appear to be linked to 
elevated irisin levels, as evidenced by its multifaceted effects. 
Metformin has been shown to inhibit TGF-beta-induced collagen 
synthesis through AMPK activation [29], decrease hepatic 
glucose production via the duodenal AMPK-dependent pathway 
[30], and attenuate enhanced autophagy and cellular senescence 
by reversing age-associated metabolic and cellular changes, as 
well as inflammation [31]. These findings suggest a correlation 

between metformin's anti-aging effects and increased irisin 
concentrations.

Our study has some limitations. An even larger sample size 
would have been better in the cross-sectional study. A causality 
study design would have revealed a more detailed relationship 
between irisin and tissue-level markers. 

CONCLUSION

In conclusion, the results of our investigation reveal that 
metformin administration facilitates irisin secretion into the 
circulatory system of both young and aged rats. In addition, irisin 
was positively correlated with PDGFR-β and was negatively 
correlated with aortic tissue TGF-β expression. Irisin can be 
considered a predictor directly proportional to the protective 
effect of metformin against oxidative damage and inflammation 
seen in aortic and heart tissues due to aging.
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