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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
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bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Type 2 diabetes mellitus is the most
widespread type of diabetes, mainly affecting adults. Long-term
complications are related to the progression of type 2 diabetes
mellitus. Metformin is a key treatment option for type 2 diabetes.
Objectives: To evaluate serum irisin, visfatin, and RBP4 levels
and to determine the effects of metformin treatment on irisin,
visfatin, and RBP4 levels in patients with type 2 diabetes
mellitus (Type 2 DM).

Methods: A total of 70 patients with type 2 diabetes mellitus,
aged between 48 and 82 years were enrolled in the current
study. Serum collected and irisin, visfatin, and RBP4 levels
were measured, in Type 2 DM patients and control, using the
ELISA Kit.

Results: The findings observed that there were significantly
increased levels of irisin, visfatin, and RBP4 in patients with
T2DM when compared with control groups. After 3 months of
metformin treatment, irisin levels significantly decreased irisin,
visfatin, and RBP4 in patients with T2DM when compared
before treatment. Receiver operator characteristic curve
investigation shows the levels of visfatin, and irisin are the best
biomarkers differentiating subjects with T2DM.

Conclusion: In patients with type 2 diabetes, 3 months of
treatment with metformin reduces levels of Irisin, Visfatin, and
RBP4.The clinical significance of these findings remains to be
investigated.

Key words. Irisin, Visfatin, RBP4, diabetes, Metformin.

Introduction.

The pancreas is a vital endocrine-exocrine organ that
produces several hormones and enzymes. Its enzymes help
in the digestion of carbohydrates, fats, and proteins whereas
its hormones such as insulin control blood glucose levels. In
patients with diabetes, the absence or insufficient production of
insulin causes hyperglycemia [1]. Diabetes mellitus is a chronic
heterogeneous metabolic disorder with complex pathogenesis
[2]. Tt is characterized by elevated blood glucose levels or
hyperglycemia, which results from abnormalities in either
insulin secretion, insulin action or both [3]. Metformin is the
first-line pharmacologic treatment for type 2 diabetes and the
most commonly prescribed drug for this condition worldwide,
either alone or in combination with insulin or other glucose-
lowering therapies [2].

Irisin, a myokine released in response to a high-fat diet and
exercise, enhances glucose-stimulated insulin secretion (GSIS),
irisin augments insulin biosynthesis and promotes accrual of
B-cell functional mass [4,5]. The mechanism of metformin could
be inducing trans-differentiation of white adipocytes into brown
adipose tissue (BAT) through increased production of irisin
[6]. Visfatin is a multifaceted novel adipokine, the increased
expression and plasma levels of visfatin are associated with
T2DM, and the hypoglycemic actions of visfatin include the
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inhibition of the release of glucose from hepatic cells and the
activation of glucose uptake in peripheral tissues by binding
insulin receptors at a site different from that of insulin [7],
metformin treatment significantly reduced circulating visfatin
concentrations [6]. Retinol-binding protein 4 (RBP4), a
transport protein for vitamin A, is synthesized mainly by the
hepatocyte and secreted into the circulation bound to vitamin
A and transthyretin, RBP4 induces insulin resistance, and
plasma RBP4 values are increased in type 2 diabetes mellitus,
metformin decreases RBP-4 level in patients with T2DM [8].
Therefore, the present study aimed to evaluate the serum levels
of irisin, visfatin and retinol-binding protein 4 in patients with
type 2 diabetes after being treated with metformin therapy to
determine the effect of metformin on their levels.

Materials and Methods.

Study design: This research includes 180 participants (patients
and control subjects). The age range of the participants was
between 35 to 70 years. The participants in this research are
classified into three different groups: the first group consists
of 70 patients who have already been diagnosed with type 2
diabetes and have undergone metformin therapy for more than
6 months, the second one consists of 70 patients with type 2
diabetes who do not take metformin therapy. The research
also includes a control group of 40 healthy subjects with no
family history of diabetes mellitus and they have a similar age
range with patients. This study was conducted from the first of
December 2023 to the end of March 2024 on a study population
who came to Baqubah General Hospital and private clinic
(Diyala City, Iraq).

Sample collection: Each individual had a vein puncture to
obtain about 5 ml of blood by a sterile disposable syringe. A
blood sample cleft to coagulate at room temperature for ten to
fifteen minutes. To extract a serum sample, the tube was then
centrifuged for 15 minutes at 3000 rounds per minute (rpm).
The sample was immediately separated, placed into 3 clear, dry
Eppendorf tubes and given a numerical label before being kept
at -20 °C until needed for examination. The serum sample was
used for the determination of irisin, visfatin and retinol-binding
protein 4.

Biochemical test: The ELISA kit uses the Sandwich-ELISA
principle namely Elabscience® Human Irisin ELISA Kit for
irisin and Cloud-Clone Corp for visfatin and retinol binding
protein. The micro-ELISA plate provided in this kit has been
pre-coated with an antibody specific to Human Irisin, Visfatin
and Retinol Binding Protein. 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 Irisin, visfatin and RBP4 and AvidinHorseradish
Peroxidase (HRP) conjugate are added successively to each
microplate well and incubated. Free components are washed
away. The substrate solution is added to each well. Only those
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wells that contain Human Irisin, Visfatin, Retinol binding
protein, biotinylated detection antibody and Avidin-HRP
conjugate will appear blue which will become yellow upon
stop solution injection. The optical density is measured at
450 nm using spectrophotometry. Irisin, Visfatin, and RBP4
concentrations directly affect optical density.

Statistical analysis Data expressed as mean+SD, analysis
conducted using t-test with significance considered at p-value
0.05.

Results.

The findings observed that there was a significant increase in
the levels of irisin in patients with T2DM (591.53+158.06) when
compared with control groups (164.20+40.30). After 3 months
of metformin treatment, irisin levels significantly decreased in
patients with T2DM (329.01+83.93) when compared to before
treatment (591.53+158.06). The findings also observed that
there was a significant increase in Visfatin levels in patients with
T2DM (53.65+11.68) as compared to control (13.67+2.18). After
3 months of metformin treatment, visfatin levels significantly
decreased in patients with T2DM (28.41+6.12) when compared
to before treatment (53.65+11.68). The present study revealed a
significant increase in the serum RBP4 levels in T2DM patients
(94.89+29.64) as compared to the control (10.64+5.21). After
3 months of metformin treatment, RBP4 levels significantly
decreased in patients with T2DM (46.83+19.16) when compared
to before treatment (94.89+29.64) (Table 1).

Table 1. Comparison of measured parameters in the studied group.

Parameter Control -Metformin +Metformin
Irisin(pg/ml) 164.20+40.30 591.53+158.06*" 1329.01+83.93#
Visfatin(ng\ml) [13.67£2.18 53.65+11.68*~ 28.41+6.12#
RBP4(ng\ml) 10.64+5.21 94.89+29.64*" 46.83+19.16#

Data Expressed as mean+SD, */# indicate significant difference at p
<0.05

*# as compared to the control group

~as compared to +Metformin group

Discussion.

Irisin is a multifunctional myokine secreted by adipocytes,
cardiac myocytes, and skeletal muscle, possibly mediating a
wide range of metabolic processes including insulin resistance,
muscle endurance, endothelial function, inflammatory and
immune reactions and bone osteoblast activity [9]. Irisin can also
stimulate in skeletal muscle cells the membrane translocation of
GLUT4 (glucose transporter type 4) and induce glucose uptake
via stimulating AMP-activated protein kinase phosphorylation
[10,11], and thereby the role of irisin in T2DM remains unclear.

The present study showed that serum irisin levels were
increased in patients with T2DM than in controls. These results
disagree with those who reported decreased circulating irisin
levels in T2DM patients, compared to healthy individuals
[11,12]. The elevation of circulating irisin may represent a
compensatory response to decreased energy expenditure, as well
as to counterbalance the increasing need for irisin and prevent
the development of insulin resistance. It is also plausible that
excessive adipose tissue in these patients could provide an extra
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source of irisin [13]. Li et al. (2015), indicated that metformin
therapy is a confounding factor in T2DM and obesity-related
metabolic disease about the regulation of circulating irisin
levels [14].

Visfatin is an adipocytokine of visceral fat that appears to be
increased in patients with type 2 diabetes compared with the
healthy control group as shown in this study, this result agrees
with most recent studies [15]. In this study, the circulating
Visfatin level in T2DM patients was compared with the control
group. These increased levels of serum visfatin could be due
to the effects of hyperglycaemia, as one study found that an
infusion of glucose caused an increase in circulating visfatin
levels [16].

Another study suggests that increased levels of visfatin are
considered a compensatory mechanism for progressive p-cell
deterioration aimed at ameliorating the functional consequences
of endogenous insulin deficiency in patients with longer-standing
type II DM [17]. This study shows elevated levels of RBP4 in
patients with type 2 diabetes in both G1 (metformin+ve) and G2
(metformin—ve) when compared to the healthy control group,
this finding was consistent with several other studies [18,19].
Higher blood levels of retinol-binding protein are linked to
lower expression of glucose transporter 4 in adipocytes, an
early pathophysiological indication of insulin resistance.
Retinol-binding protein is involved in the development of type 2
diabetes and insulin resistance [20]. Antidiabetics might restore
these abnormalities [21-25].

Conclusion.

In patients with type 2 diabetes, the administration of metformin
over three months has been observed to significantly reduce the
levels of specific adipokines, namely Irisin, Visfatin, and RBP4.
These biomarkers are closely linked to metabolic processes and
insulin sensitivity. The reduction in their levels suggests that
metformin exerts a multifaceted effect on metabolic regulation
beyond its primary role in improving insulin sensitivity and
lowering blood glucose levels. While these biochemical
alterations provide insight into how metformin may improve
metabolic health at the molecular level, their precise clinical
significance remains unclear. Further studies are needed to
investigate whether these changes translate into improved
clinical outcomes such as enhanced glycemic control, reduced
cardiovascular risk, or other beneficial effects for patients
with type 2 diabetes. Comprehensive research linking these
biomarker modifications with long-term health outcomes will be
critical in understanding the broader implications of metformin
therapy for diabetes management.
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