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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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COMPARATIVE EFFECT OF INSULIN, GLIMEPIRIDE, AND METFORMIN ON 
INFLAMMATORY MARKERS IN TYPE 2 DIABETES MELLITUS
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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 𝛽-cells, worsen resistance and impaired insulin 
secretion, insulin receptor signaling and decreasing tissues 
responsiveness to insulin with developing insulin resistance 

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-1β, 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 1β (IL-1β), 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, 
HbA1c, ESR, CRP, IL1β, 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/l) 11.1 ± 0.81 9.79 ± 0.49 0.001
HbA1c (%) 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-1β (pg/ml) 20.77 ± 3.78 17.24 ± 3.042 0.001
IL-6β (ng/l) 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
HbA1c (%) 9.4 ± 0.47 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-1β (pg/ml) 19.5 ± 3.87 17.3 ± 2.88 0.001
IL-6β (ng/l) 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

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, HbA1c, ESR, CRP, IL1β, 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
HbA1c (%) 7.9 ± 0.40 7.8 ± 0.37 0.022
ESR (mm/h) 24.8 ± 3.39 22.2 ± 3.72 0.002
CRP (mg/l) 7.7 ± 1.34 7.3 ± 1.21 0.001
IL-1β (pg/ml) 12.3 ± 2.07 11.4 ± 1.74 0.002
IL-6β (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\l) 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/l) 9.1 ± 0.86 8.83 ± 1.05 0.016
HbA1c (%) 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) 8.9 ± 1.913 8.5 ± 1.65 0.002
IL-1β (pg/ml) 13.7 ± 2.25 12.8 ± 2.23 0.002
IL-6β (ng/l) 14.4 ± 2.44 13.9 ± 2.54 0.001
TC (mmol\l) 4.9 ± 0.19 4.76 ± 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-κB, increase NO synthesis, 
decrease the expression of pro-inflammatory cytokines such as 
IL-1β 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-1β and IL-6, and reduction of 
CRP, above action, contributed directly to explain the anti-
inflammatory action related to metformin [27-29]. 

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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