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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
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

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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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: Insulin, glimepiride, and metformin prescribe as
monotherapy or in combination to control glycemic state. The
present study aimed to identify the anti-inflammatory activity of
commonly used antidiabetic medications insulin, glimepiride,
and metformin if any.

Methods: A follow-up study of added metformin alone or
with glimepiride to newly diagnosed diabetic patients and
add metformin to patients treated with insulin or glimepiride
monotherapy to establish the effect on the glycemic and
inflammatory state.

Results: There are highly significant differences in glycemic
and inflammatory markers when adding metformin to newly
diagnosed diabetic patients and when combined with insulin or
glimepiride monotherapy.

Conclusion: Metformin is associated with high anti-
inflammatory action in addition to improving glycemic and
lipidomics states.

Key words. Type 2 diabetes mellitus, insulin, glimepiride,
metformin, CRP, IL-1B, IL-6.

Introduction.

Type 2 diabetes mellitus (T2DM) is a complex chronic
disorder with multiple metabolic and endocrine disturbances,
a rapidly growing health problem that affects 9% of all
individuals worldwide, some reports exhibited that near the year
2050, almost a third of the total population of the world have
diabetes. So demanding risk-drop policies, and endless medical
maintenance besides glycemic control [1].

The physiological inflammatory response is arranged to
permit leukocytes migration from the circulation to the word
inflammatory injured restore homeostasis or healing within a
short time as acute inflammation. Nevertheless, the inflammation
might convert to chronic or even progressive inflammation that
developed into serious inflammatory diseases. Another type
that originated from metabolic cells (liver, adipose tissue, and
muscles) responding to excess nutrients with the influence
sedentary lifestyle, termed met-inflammatory low-grade chronic
inflammation, which aggravates peripheral tissue's resistance to
insulin or impairs secretion of insulin [2,3].

Inflammation is the main pathophysiological event
linked to impaired insulin secretion and insulin resistance.
Unresolved inflammation, together with oxidative stress
and glucolipotoxicity of the cells of the pancreatic islets and
boosted resistance to insulin and immune cells infiltration as
macrophages to the site of islets, fatty tissues, and liver that cause
dysfunction of [I-cells, worsen resistance and impaired insulin
secretion, insulin receptor signaling and decreasing tissues
responsiveness to insulin with developing insulin resistance
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that aggravates stress and inflammation with metabolic
dysregulation with low-grade met inflammation that evokes
responses of inflammation through the release of oxidative
and pro-inflammatory mediators, such as IL-1f, and IL-6, that
switch point of metabolic homeostasis leading to T2DM [4-6].

Chronic low-grade inflammation is accompanied by high
production of inflammatory markers which can be detected in
the inflammatory state [7], the most important inflammatory
markers are Erythrocyte sedimentation rate [8], C-reactive
protein (CRP) [9], and the functional cytokines as interleukin
family, as IL1Beta and IL-6 [7]. Cells intrinsically secrete a
plethora of bioactive agents including cytokines [10], which
might be anti-inflammatory or pro-inflammatory cytokines
and the concentration of which might change based on the
surrounding environment including drugs [4-6], oxygen
[11] or cell behavioural architectures [12]. Anti-diabetic has
induced changes in diabetes profile based on the type of oral
hypoglycemia agents changing the selection of the proper
antidiabetic medication for serious illnesses, such as COVID-19
[13]. The present study aimed to identify the inflammation-
modulation effects of antidiabetics which are in current use,
including metformin, glimepiride, and insulin.

Materials and Methods.

The present study was designed as a prospective interventional
follows up study that involved eighty patients who were
selected according to strict individual selection criteria which
has excluded patients with acute or chronic illness rather than
T2DM, diabetic patients treated with another antidiabetic agent
rather than monotherapy of insulin, and glimepiride or history
of drug intake that affects the pancreatic function or interacts
with the result or having anti-inflammatory action, pregnant,
lactating mothers, alcoholic, smokers. obese or central obesity.

The patients were divided into four groups of 20 patients.

Group A newly diagnosed diabetic patients: treated for 4
months with metformin alone daily dose beginning of 500 mg
and increased to 1850 mg.

Group B newly diagnosed diabetic patients: s treated for 4
months with metformin plus glimepiride daily dose beginning of
500 mg and increased to 1850 mg, glimepiride at the beginning
in a dose of 2 mg increased to 4mg.

Group C diabetic patients on insulin monotherapy (40 to 60
unit per day )add metformin for 4 months dose beginning of
500 mg and increased to 1850 mg.

Group D diabetic patients on glimepiride monotherapy (4
mg daily ) add metformin for 4 months in a dose beginning of
500 mg and increased to 1850 mg. classified patients groups
according to treatment strategies.

About 6 millilitres (ml) of venous blood was withdrawn at
two-time intervals from an antecubital vein. In the first interval
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draw 3 ml in the morning after an overnight. From the first,
about 1 ml was put in an EDTA tube with a shake used as 0.8
ml to the Westergren tube for assay of ESR Using the Sediplast
Westergren system . a little amount of whole blood was retained
for rapid examination of glycated haemoglobin utilizing an A1C
EZ 2.0 analyzer system. The remaining blood was centrifuged,
and aspirated supernatant for immediate fasting plasma glucose
(FPG) estimation by colorimetric enzymatic spectrometric
methods using the Randox glucose kit. CRP was determined
quantitatively by photometric immunoturbidity methods (15).
CRPLX kit cobas c111. and others for deep freeze until time
of measurement of Interleukin 1B (IL-1B), IL6 by Enzyme-
linked immunoassay (ELISA) sunlong biotech —china kit
used sandwich-ELISA method depend on spectrophotometric
determination to obtain optical density. The second interval
draws 3 after 13 hours for lipid profile via the enzymatic
colourimetric method, Using -the Biolabo kit (France).

Statistical analysis of data was conducted using Minitab
(Version 21) software. Differences between values of the
parameters are considered significant at P< 0.05. Standard
statistical methods were applied to determine the mean, standard
deviation. Paired t-test was applied among data of pre- and post-
value of the parameter.

Results.

Tables (1 and 2) show the result of groups A, and B in the newly
diagnosed patient treated with metformin alone, metformin and
glimepiride There are highly significant differences in FPG,
HbAlc, ESR, CRP, IL1B, IL6, TC, TG, HDL-c, and VLDL-c
at (P-value* 0.001). while LDL-c shows a significant difference.

Table 1. Parameters of group A new diagnosis treated with metformin.

Parameters PreM + SD Post M = SD P-value
FPG (mmol/I) |11.1+0.81 9.79 £ 0.49 0.001
HbAlc (%) 8.5+0.45 8.2+0.48 0.001
ESR (mm/h) 32.2+3.87 28.95+4.22 0.001
CRP (mg/l) 11.84 +£2.36 10.38+ 1.75 0.001
IL-1B (pg/ml)  20.77 £3.78 17.24 £3.042 0.001
IL-6pB (ng/1) 17.75£3.175 16.46+3.26 0.001
TC (mmol\l) 5.7+0.39 5.3+0.26 0.001
TG (mmol\l) 1.9+0.28 1.7+0.22 0.001
HDL(mmol\l) [1.0£0.08 1.1+0.07 0.007
LDL(mmol\l) 3.8 +0.39 3.2+1.06 0.015
VLDL(mmol\l) 0.85=+0.128 0.69 + 0.241 0.009

Table 2. Parameters of group B newly diagnosed patients treated with
metformin and glimepiride.

Parameters PreM + SD Post M + SD P-value
FPG (mmol/l) 12.5+0.72 9.96 +0.70 0.001
HbAlc (%) 9.4+047 8.7+ 0.68 0.001
ESR (mm/h) 31.8+4.55 28.5+4.43 0.001
CRP (mg/l) 11.7+£2.11 10.8 £ 1.54 0.001
IL-1B (pg/ml)  19.5 +3.87 17.3+2.88 0.001
1L-6pB (ng/1) 17.6 +3.78 16.4+3.27 0.001
TC (mmol\l) 5.68+0.26 5.34+0.28 0.001
TG (mmol\l) 2.0+ 0.21 1.79 £0.225 0.001
HDL(mmol\l) 1.01 +0.07 1.06 £ 0.06 0.006
LDL(mmol\l) 3.74 +0.285 3.155+1.067 0.016
VLDL(mmol\l) 0.93 +0.097 0.74 £ 0.259 0.003

61

Tables (3 and 4) show the resulting group C and D the groups
of monotherapy with insulin and glimepiride that follow up by
adding metformin. There are highly significant differences in
FPG, HbAlc, ESR, CRP, IL1B, IL6, TC, and LDL-c while TG,
HDL, and LDL show a significant difference.

Table 3. Parameters of group C add metformin to insulin monotherapy.

Parameters PreM + SD Post M + SD P-value
FPG (mmol/l) 9.3 +0.67 8.9+0.95 0.028
HbAlc (%) 7.9+ 0.40 7.8+0.37 0.022
ESR (mm/h) 24.8 +£3.39 2224372 0.002
CRP (mg/l) 7.7+134 73+1.21 0.001
IL-1B (pg/ml)  12.3+2.07 11.4+1.74 0.002
IL-6B (ng/l) 12.8+2.36 12.0+2.24 0.008
TC (mmol\l) 4.9+0.29 4.8+0.29 0.003
TG (mmol\l) 1.65+0.17 1.56 £0.16 0.013
HDL(mmol\l)  1.06+ 0.07 1.1+0.09 0.015
LDL(mmol\)  3.1+0.26 3.0+£0.25 0.004
VLDL(mmol\l) [0.74+ 0.081 0.71 £0.072 0.013

Table 4. Parameters of group D add metformin to glimepiride

monotherapy.

Parameters PreM + SD Post M + SD P-value
FPG (mmol/I) 9.1 £0.86 8.83+1.05 0.016
HbAlc (%) 7.9+0.42 7.7+ 0.40 0.034
ESR (mm/h) 28 +£3.71 25.4+5.78 0.017
CRP (mg/l) 89+1.913 85+1.65 0.002
IL-1B (pg/ml)  13.7+£2.25 12.8+£2.23 0.002
IL-6pB (ng/1) 14.4+2.44 13.9+2.54 0.001
TC (mmol\l) 49+0.19 476 £0.24 0.002
TG (mmol\l) 1.62+0.12 1.59+£0.12 0.011
HDL(mmol\l) |1.04 +0.08 1.07 £0.08 0.010
LDL(mmol\l) [3.12+0.19 2.97+0.23 0.002
VLDL(mmol\l) [0.74 +0.055 0.72 £ 0.059 0.011

Discussion.

The little and even lack of randomized, large, double-blind,
trials on the study of the anti-inflammatory state after a
combination between antidiabetic drugs insulin, glimepiride
or metformin, or head-to-head studies with other antidiabetic
agents, antidiabetic drugs exert their anti-inflammatory action
by direct modulating inflammatory response or indirectly
concerned with their hypoglycemic and hypolipidemic action,
so the correction of glycemic and lipidomic stay can reflect the
correction of inflammatory state [8].

The result of glycemic parameters and inflammatory markers
of groups A, and B in the newly diagnosed patient treated with
metformin alone metformin and glimepiride are in accordance
with [14] that show metformin monotherapy and when used
in combination with other SUs provide good glycemic control
and decrease inflammatory state via decreased inflammatory
markers. Metformin therapy in newly diagnosed patients
decreases CRP and IL6 [15]. Mo et al., [16] in disagreement
with the obtained results showing that metformin monotherapy
needs one year to a reduce level of inflammatory markers.

The result of glycemic parameters and inflammatory markers
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of group C patients that add metformin to insulin therapy in
accordance with [17,18] show metformin ad on insulin therapy
are associated with improved glycemic and lipidomics state that
consequently decreases the inflammatory state.

The result of glycemic parameters and inflammatory markers
of group D patients that add metformin to glimepiride therapy.
Metformin monotherapy when combined with other OADs
as SUs have equally effective in proving glycemic control
and decreasing inflammatory states that reduce inflammatory
markers [14]. Better glycemic and lipidomic after a combination
of metformin with glimepiride consequently decreases the
inflammatory state [19].

The percentage of improvement rate of inflammatory markers
parameters among all groups. There are high improvement
rates in all parameters of all groups greatest in groups A and B
followed by other groups. Metformin monotherapy is associated
with more inhibition of inflammation when compared with other
OADs [20]. Metformin-based therapy reduced inflammation and
modify macrophage to decrease inflammatory markers release
[21]. Metformin monotherapy when combined with other
OADs as SUs equally effective in proving glycemic control
and decreasing inflammatory state that reduced inflammatory
markers [14].

The available antidiabetic agents (insulin, glimepiride, and
metformin) together with glucose-lowering activity may exert
immunomodulatory action that involves reduction of the
inflammatory infiltration in pancreatic islets with consequent
reduction synthesis of pro-inflammatory mediators. The doubt
about exerting anti-inflammatory effects of OADs results from
their action on hyperglycemic and dyslipidemic abilities or
by direct modulation of the inflammatory response partially a
statement [2,22].

Insulin in addition to its hypoglycemic action may attenuate the
process of inflammation, inhibit NF-«B, increase NO synthesis,
decrease the expression of pro-inflammatory cytokines such as
IL-1p and IL-6, reduce serum level of CRP despite to glycemic
state, other indirect process involving achievement of glycemic
control [2,23-25].

Glimepiride has numerous extra pancreatic and pleiotropic
benefits, which include insulin-sensitizing properties and anti-
inflammatory action The possible anti-inflammatory action is
associated with blocking the voltage-dependent K+ channels
which have vital to stimulate insulin secretion and reducing the
concentration of inflammatory mediators IL-1, IL-6, and CRP
[23,26,27].

Recent studies have proposed that Metformin in adding to
improves hyperglycaemic state and insulin resistance they have
anti-inflammatory action by inhibiting the NF-kB activation
pathway that induced cytokine pro-inflammatory cytokine
release via AMPK-dependent and independent pathways,
activation of this pathway suppresses pro-inflammatory
response, and others proposed anti-inflammatory action through
the action of metformin inhibit the formation of advanced
glycation end products, inhibit the production of NO and
proinflammatory cytokines IL-1B and IL-6, and reduction of
CRP, above action, contributed directly to explain the anti-
inflammatory action related to metformin [27-29].
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Metformin's anti-inflammatory effects may be attributed to
the regulation of the gastric microbiome [30]. No difference in
the glycemic state between monotherapy of insulin glimepiride
and metformin, while adding metformin improves glycemic
and lipidemic as well as reducing BMI which may equalise the
glycemic attributed action on the inflammatory state [30]. The
anti-inflammatory action of metformin is indirectly obtained
through decreasing glucolipotoxicity via controlling glycemic
and lipidomic state, there is no definite that anti-inflammatory
action is related principally to direct or indirect action [2,22].

Conclusion.

Metformin when added as monotherapy or in combination
with other antidiabetic drugs improves hyperglycaemic and
hyperlipidemic state and insulin resistance, and significantly
decrease inflammatory markers when added to newly diagnosed
or insulin or glimepiride monotherapy indicate that metformin
possesses high anti-inflammatory action in comparison with
insulin and glimepiride in addition to glycemic control action.
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