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Abstract. Background. Endothelin (ET) is one of the most significant regulators of the functional state of vascular
endothelium. ET-1 is the principal cardiovascular isoform of the endothelin system. ET-1 has both inflammatory
and proliferative affects and contributes to pathogenic processes in the cardiovascular system. In diabetes, the
rise of glucose concentration effects the formation of ET-1. The aim of the work was to study the content of ET-1
in the blood of patients with diabetes treated with various hypoglycemic agents. Material and methods. The
amount of ET-1 was evaluated via ELISA in 103 individuals: 17 healthy volunteers and 86 patients with diabetes. To
determine the concentration of ET-1 the endothelin (1-21) EIA kit (Biomedica) was used. Glycated hemoglobin was
determined using one HbA1c FS kit — DiaSys Diagnostic Systems. Results. The average level of endothelin in the
blood of patients with diabetes was 0.536+0.047 fmol/ml vs. control — 0.118+0.017 fmol/ml. We did not observed
changes of ET-1 levels during monotherapy with metformin or insulin. At metformin + insulin + dapagliflosin,
insulin + metformin and sulfonylurea + metformin but not DPP-4 inhibitor + metformin combinations (T2D) there
was decrease of ET-1 level in the blood. It is of interest that DPP-4 inhibitor + metformin caused significant increase
(0.76740.043 fmol/ml) of ET-1 concentration. Conclusion. Thus, with combination therapy, except pair DPP-4
inhibitor + metformin, the level of ET-1 in the blood of patients with diabetes decreased significantly more than
with monotherapy.
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Introduction

Diabetes mellitus is a group of metabolic
disorders with high blood glucose levels over
a prolonged period. Patients with diabetes are
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associated with endothelial dysfunction (ED),
which is a key pathological event in the develop-
ment of chronic diabetic complications [1]. ED
is a systemic pathological state of the endotheli-
um that is defined as an imbalance between vas-
odilating and vasoconstricting substances pro-
duced by the endothelium. An important effect
of ED is that it leads to increased production and
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biological activity of the potent vasoconstrictor
and pro-inflammatory peptide endothelin (ET).
Diabetes is one of diseases associated with patho-
logically elevated levels of ET [2].

ET-1 is the principal cardiovascular isoform
of the endothelin system. Vascular ET-1 is pro-
duced primarily in the endothelium, although it
can also be produced in vascular smooth muscle
cells (VSMC), macrophages, leukocytes, cardi-
omyocytes, and fibroblasts. Several mechanisms
are involved in the clearance of ET-1 from plas-
ma, including endocytosis in the lungs, enzymatic
degradation, degradation of the endothelin B-re-
ceptor-ligand complex, and enzymatic processes
in the kidney and liver [3, 4]. Two receptor sub-
types, endothelin A- and B-receptors (ETA and
ETB), mediate the effects of ET-1. VSMC ex-
press both ETA and ETB, while endothelial cells
express primarily ETB. On smooth muscle cells,
ETA mediates vasoconstriction and mitogenesis,
while ETB receptor has a dual function and has
been shown to cause both vasoconstriction and
vasodilation [5]. Alteration in ET-1 balance of
the endothelium is the key event in the initiation
of arteriosclerosis [6].

The aim of the work was to study the content
of ET-1 in the blood of patients with diabetes
treated with various hypoglycemic agents.

Materials and methods

The level of ET-1 was evaluated by ELISA in
103 individuals: 17 healthy volunteers and
86 patients with diabetes. Most patients had
type 2 diabetes (T2D). The study protocol was
approved by the Institute’s ethics committee.
All participants provided written informed
consent to the use of their biomaterials for
further research and diagnostics. Blood was
obtained via standard venipuncture and stored
in EDTA vacutainer tubes. Plasma was separated
via centrifugation within 10 min. after blood
sampling. The samples were stored at —80 °C
until use. To determine the concentration of
ET-1 the endothelin (1-21) EIA kit, Biomedica
(Austria) was used. The measurement was
carried out at an optical wavelength of 450 nm.
Glycated hemoglobin was determined using one
HbA1c FS kit — DiaSys Diagnostic Systems
GmbH (Germany). The measurement was
carried out at an optical wavelength of 660 nm.
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Statistical calculations and data presentation
were performed using Origin 7.0 software. The
results of the study are presented as M=Std. To
compare the data groups, Student’s ¢-test and
one-way ANOVA were used. Values of p<0.05
were considered as significant.

Results

All patients with diabetes had blood ET-1 level
higher than the control group (Table 1). The aver-
age concentration of ET-1 in the blood of patients
with diabetes (n=86) was 0.536+0.047 fmol/ml
(control — 0.118+0.017 fmol /ml; n=17). The av-
erage level of glycated hemoglobin in the blood
of patients with diabetes was 8.64%0.19%. Differ-
ences in the amount of ET-1 in the blood of pa-
tients between the 1st and 2nd types of diabetes
were insignificant (not shown).

Monotherapy with metformin did not cause
any changes in ET-1 content compared to the av-
erage level (Table 1, lines 2, 3).

Table 1. The level of ET-1 in the blood of patients with T1D/T2D
on monotherapy and combined therapy.

N Therapy ET-1 Std+ n
(fmol/ml)

1 Control 0,118 0,017 17

2 Average T1D/T2D 0,536 0,047 86

3 Metformin, T2D 0,470 0,047 56

4 Insulin, T1D 0,648 0,096 30

5 Insulin + metformin, T2D 0,307%34 0,044 31

6 Sulfonylurea + metformin, T2D 0,352%3 0,046 11

7 Sulfonylurea + metformin + DPP-4 0,511¢ 0,088 8
inh., T2D
8 DPP-4inh. + metformin, T2D 0,767%3%67 0,043 4

Note. Differences from the control are significant (p<0.05) for all
diabetic patients; the numbers indicate significant differences from the
corresponding group, (p<0.05).

Insulin monotherapy in type 1 diabetes (T1D)
patients also did not affect ET-1 level (Table 1,
line 4). Combination therapy with metformin
and insulin in T2D patients leads to significant
decrease of ET-1 concentration in the blood com-
pared to average diabetic level, as well as metform-
in and insulin monotherapy. Another combination:
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metformin + sulfonylurea also caused significant
decrease of ET-1 level in the patients’ blood. But
the same combination with dipeptidyl peptidase-4
(DPP-4) inhibitors therapy increased level of
ET-1 to average values (Table 1, line 7), and met-
formin + dipeptidyl peptidase-4 (DPP-4) inhi-
bitors therapy significantly increased the amount
of ET-1 to up to 0,767+0.043 fmol/ml, which is
higher than the average level.

Important indicators for T2D are the duration
of the disease, body mass index (BMI) and the
Hb1Ac level in the blood. Another group of pa-
tients was analyzed taking into account these in-
dicators. The data obtained show that combined
treatment much more effectively reduces ET-1,
even though the duration of the disease and the
concentration of Hb1Ac with monotherapy are
significantly lower than with combined therapy
(Table 2). The most effective was the combina-
tion of metformin and insulin with SGLT2-inhib-
itors (dapagliflozin), at which ET-1 content de-
creased by 2 times compared with the average
level (Table 2, line 3).

Table 2. The level of ET-1 in the blood of patients with T2D and
various therapy agents taking into account BMI, duration of
disease and the Hb1Ac concentration.

Therapy ET-1  BMI Duration of Hb1Ac,
diabetes, %
years

1 Metformin 0489 32,083 7,727 7,429

Std 0,100 1,336 1,941 0,423

2 Metformin + insulin  0,303* 32,797 18,211* 9,287*
Std 0,041 1530 2,864 0433
3 Metformin +insulin = 0,267* 32,862 16,167* 9,760*
+ SGLT2 inhib.
Std 0,030 2447 3,664 0,609

Note. * — differences from group 1 are significant (p<0.05).

Thus, with combination therapy, the level of
ET-1 in the blood of patients with diabetes de-
creased significantly compared to monotherapy.
Metformin + insulin + dapagliflozin and insulin +
metformin combinations (both at T2D) were the
most effective, concerning decrease of ET-1 level

in the blood.
Discussion
The molecular mechanisms of pathological factors

and therapeutic agents (hypoglycemic drugs) in-
fluence on ET-1 secretion in diabetes are not well

studied. ET-1 is synthesized and released contin-
uously from endothelial cells. Synthesis of the bi-
ologically active ET-1 is a multistep process, and
regulatory mechanisms obviously exist on each of
these post-translational processing steps, howev-
er, transcriptional regulation is thought to be the
major mechanism controlling ET-1 bioavailabil-
ity. ET-1 localizes to both constitutive secretory
vesicles and specialized regulatory granules —
Weibel-Palade bodies in endothelial cells. Some
agents enhance the ET-1 content via exocytosis
of Weibel-Palade bodies but also stimulate edn?
mRNA levels [7].

Levels of preproET-1 are modulated predomi-
nantly at the level of transcription, with implicat-
ing numerous transcription factors including ac-
tivator protein 1 (AP-1), nuclear factor kappa B
(NF-xB), FOXO1 (forkhead box protein O1),
VezF1 (vascular endothelial zinc finger 1), HIF-1
(hypoxia-inducible factor 1), and GATA2. One of
the most important regulators of ET-1 produc-
tion in endothelial cells is transforming growth
factor (TGF-B) [8].

The effect of insulin on ET-1 expression can
be determined by various mechanisms. Through
PI3K, Akt phosphorylation and inhibition of
GSK-3, insulin derepresses VezF1, stimulating
the expression of edn 7. In addition, through PKC
it can activate AP-1 and edn?7 mRNA synthesis.
Finally, excess glucose in diabetes stimulates
the recruitment of NF-kB and p300 to the edn?
promoter and binding of these factors is associ-
ated with an increase in histone H3 acetylation
and ET-1 expression [9]. The activation of these
mechanisms should result in enhanced ET syn-
thesis, which we have not observed (Table 1,
line 4). Obviously, there are restraining mecha-
nisms and one of them is possibly an insulin-de-
pendent decrease in glucose and Hb1Ac levels
and respectively inhibiting of NF-xB-directed
edn1 expression. In addition, there is evidence
that ET-1 suppressed insulin-induced Akt phos-
phorylation (activation) at both Thr308 and
Ser473 residues [10], which can lead to repres-
sion of VezF1 and, accordingly, a decrease in ET
synthesis — a feedback mechanism.

Metformin per se also did not have a notice-
able effect on ET levels (Table 1, 2), although a
positive effect of the drug on endothelial func-
tion in diabetes has been reported. So, metformin
positively affects the viability and functions of
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the endothelium, it has also been found to mark-
edly improve endothelial-dependent vasodila-
tion, and simultaneously reduce the expression
of dysfunctional biomarkers such as endothe-
lin-1 (ET-1), plasminogen activator inhibitor-1
(PAI-1), and C-Reactive protein (CRP) in en-
dothelial cells. There are data that metformin
antagonizes the proliferation and migration of
human aortal smooth muscle cells through acti-
vation of AMPK [11]. It has been hypothesized
that inhibition of the NF-xB by metformin [1, 12]
down-regulates the inflammatory response, and
this might be the key answer to the reduction in
the cardiovascular events. However, other stud-
ies have challenged this hypothesis by demon-
strating minimal, or no influence of metformin on
the inflammatory processes [13].

In combination therapy with insulin and met-
formin, the ET-1 level in patients with T2D was
significantly reduced. This is difficult to explain
given the complex relationships of both agents.
Metformin therapy improves insulin secretion
and protects against pancreatic B-cell apop-
tosis [14]. Metformin-mediated activation of
AMPK inhibits the NF-kB cascade, resulting in
improved insulin signaling [1, 12]. However, in-
sulin suppresses AMPK activity in leucocytes,
liver, muscles, and possibly in other tissues and
organs [15, 16]. There is a certain independence
of the insulin signal pathway (PI3K/Akt) from
the cascade of AMPK activation (LKB1, CAM-
KK2, and TAK1 (TGFB-activated kinase 1).

TGF-B, which is involved in the pathogenesis
of numerous diseases, and is important regulator
of ET-1 production in endothelial cells [8, 17], is
target of metformin. The direct binding of met-
formin to TGF-B1 was identified that inhibits
growth factor binding to its receptor [18], and
probably can reduce ET-1 synthesis.

Combinations of metformin + sulfonylurea
and metformin + insulin + dapagliflozin also
caused significant decrease of ET-1 level in the
blood. Sulfonylurea treatment also downregulat-
ed TGF-B in the blood of patients with T2D [17]
and in db/db mice [19], which could be the reason
of ET-1 decrease. Compelling evidence has been
obtained showing that dapagliflozin significant-
ly improves endothelial function [20-23]. Tt was
demonstrated that dapagliflozin-mediated atten-
uation of TNFa- and hyperglycaemia-induced
increases in intercellular adhesion molecule-1,
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vascular cell adhesion molecule-1, PAI-1 and NF-
kB expression [24].

The most interesting is increased level of ET-1
with DPP-4 inhibitors therapy. Obtained data
suggest that DPP-4 inhibitors exert favourable
effects on the vascular endothelium. They sup-
press the degradation of glucagon-like peptide-1
(GLP-1), which can enhance NO production.
The drug inhibits ET-1 expression in the aortic
endothelium by suppressing the NF-«xB/IxBa
system through the activation of the AMPK
pathway in diabetic rats [25]. On the other
hands in contrast to the use of SGLT-2 inhibi-
tors or GLP-1 agonists, which were associated
with reduced mortality, use of DPP-4 inhibitors
did not result in lower mortality of participants
with T2D [20]. Moreover, the FDA has issued
a warning that medications for T2D containing
saxagliptin and alogliptin may increase the risk
for heart failure, particularly in patients with
cardiovascular disease or renal impairment [26].
Perhaps an increase in ET in the treatment of
DPP-4 inhibitors, which we observed, is some-
how related to the negative consequences of such
treatment.

Conclusion

Thus, in contrast to monotherapy, a combination
therapy with hypoglycemic drugs, led to a sig-
nificant decrease in ET-1 levels in the diabetic
patients’ blood. The most effective was the com-
bination of metformin, insulin and dapagliflozin,
which could possibly be recommended for pa-
tients with T2D and cardiovascular diseases.
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PiseHb eHpoTeniHy-1 y Kposi xsopux Ha piabet Ha
TNi Tepanii LyKpo3HMKYBaNnbHUMM NpenapaTami

J1.K. Cokonoga, 10.b. benbumnna, B.B. lywKapbos,
C.A. YepBskoBa, T.C. Bayeba, O.l. KoB3yH,
B.M. lNMywKapbos

LY «IHCTUTYT eHAOKpUHONOTT Ta 0OMiHY peyoBswH im. B.I. KomicapeHka
HAMH YkpaiHw»

Pe3iome. AKTyanbHicTb. EHpoTeniH (ET) € ogHum i3 Haibinbw 3Ha-
uyLLMX perynatopis GyHKUIOHaNbHOro CTaHy eHaoTenito cyavH. ET-1 €
OCHOBHOIO CepLieBO-CYANHHOIO i30GOpMOt0 cucTeMn eHgoTenito. ET-1
3AINCHIOE AK 3ananbHUIA, Tak i nponidepaTnBHUA edeKT i NPOBOKYE
naToreHHi Npouecn B CepLeBO-CyAMHHIM cucTemi. 3a aiabety nigsu-
WeHHA KOHLEeHTpauil rioKko3n BnanBae Ha ytsopeHHa ET-1. MeTa.
MeTolo poboTn Byno BuBUeHHA BMICTY ET-1 y KpOBI MauieHTiB i3 Uy-
KpoBuM AiabeTom, AKi OTpUMyBanu pPisHi rinornikemiyHi npenapatu.
Marepian i merogu. Kinbkictb ET-1 ouiHioBanu 3a gonomoroto IOA
B 103 ocib: 17 300poBrx A0OPOBOMbLIB i 86 NauieHTiB i3 giabeTom.
[na Bm3HaueHHs koHueHTpauii ET-1 BukopwctoByBanu Habip EIA
ana enpgotenidy (1-21) (Biomedica). MikoBaHWin remornobiH Br3Ha-
yanu 3 BUKOpUCTaHHAM Habopy one HbATc FS — DiaSys Diagnostic
Systems. Pesynbtatin. CepeiHin piseHb eHAOTeNiIHY B KPOBI XBOPWIX
Ha Uykposuit aiabet cknas 0,536+0,047 dmonb/mn, y KOHTponi —
0,118+0,017 dmonb/mMn. Mu He cnocTepiranu 3miH pigHis ET-1 Ha Tni
MOHOTepanii MeTGopmiHOM abo iHCYNiHOM. 3@ BUKOPWCTaHHA KOMOI-
Hawi MeTGopMiH + iHCYNiH + AanarnidnosuK, iHcyniH + meThopmin
i cynbdaHincedyosrHa + MeThopMiH, ane He kombiHauii iHribiTop DPP-4
+ MeTdopmiH (LIJ12) cnocTepiranoca sHuxeHHaA pisHA ET-1y kposi. Li-
KaBo, WO iHri6iTop DPP-4 + MeTdOpMIH BUKNMKANW iCTOTHe 36inblieH-
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Ha (0,767+0,043 dpmonb/mn) koHueHTpaLii ET-1. BucHoBKuM. OTXe, Ha
i KOMOIHOBAHOI Tepanii, 3a BUHATKOM Napw iHribitop DPP-4 + meT-
dopmiH, piseHb ET-1y KpoBi nauieHTiB i3 AiabeToM ICTOTHO 3HWKyBaB-
CA, Ha BIAMIHY BiJ MOHOTEPAnII.

KniouoBi cnoBa: fiaber, eHgoTenit-1, MeTdopmiH, iHCyniH, gana-
rnignosnH, cynbdaHinceyosuHa, iHribitop DPP-4.

YposeHb 3HaoTENNHA-1 B KpoBM B0NbHBIX
nnabeTom npu Tepanuin caxapoCHUKAKLWNMK
npenapatamu

J1.K. Cokonoga, 10.b. benbuunHa, B.B. MNywkapes,
C.A. YepssakoBa, T.C. Baye6a, E.W. KoB3yH,
B.M. Nywkapes

Y <VIHCTUTYT SHAOKPMHONOTMKN 11 0bMeHa BelecTs um. B.MN. KomnccapeHko
HAMH YkpaunHbl»

Peslome. AKTyanbHocTb. JHaoTenuH (ET) ABnAeTcA opHMM W13
Hanbonee 3HauYMMbIX PETYIATOPOB OYHKLMOHANBHOIO COCTOAHUA
3HAoTenma cocynos. ET-1 ABNAETCA OCHOBHOW CepaeyYHO-CoCyanc-
TON n3ohopmort cuctembl 3HAOTeNMA. ET-1 oKa3biBaeT Kak BOCMa-
NWTenbHOe, Tak U NponvdepaTMBHOe [eicTBMe W cnocobcTayeT
NaTOreHHbIM NpoLeccaMm B CepAeYHO-COCYANCTON cucteme. [lpu
avabeTe MOBbIWLEHVE KOHUEHTPALMU TIIIOKO3bl BAMAET Ha 0bpa-
30BaHve ET-1. Llenb. Llenbio paboTbl Obi0 M3yyeHWe cofepxaHua
ET-1 B KPOBM MaUMEHTOB C CaxapHbiM AvabeToM, Noy4YaBLIMX pas-
JIMYHBIE TUNOMMKEMUYECKne npenapatsl. MaTepwman n meto-
abl. Konnuectso ET-1 oueHwBanu ¢ nomoulblo MDA y 103 yeno-
Bek: 17 300p0BbIX J0OPOBOMbLER ¥ 86 MALMEHTOB C AMAGETOM.
[ina onpepenexunsa koHueHTpauun ET-1 ncnonb3oBanu Habop EIA
ana sHpotenuHa (1-21) (Biomedica). MUKUMPOBaHHbBIA reMornobuH
onpefensanu ¢ MCnonb3osaHviem Habopa one HbATc FS — DiaSys
Diagnostic Systems. Pesynbratbl. CpegHuii yposeHb ET B KpoBy
60nbHbIX CaxapHbiM Anabetom coctasun 0,536+0,047 dmonb/mn,
B8 koHTpone — 0,118+0,017 dmonb/mn. Mbl He Habnoganu umeHe-
HUIA ypoBHel ET-1 npu MOHOTEpPanun MeTGOPMUHOM UMW UHCYAN-
HoM. Mpwv KOMBUHALUWAX METOOPMUH + UHCYNUH + Aanarnudno3uH,
VHCYIMH + MeTOOPMUH 1 CynbdaHUAMOUeBMHA + METGOPMMH, HO
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He B KOMbUHauum uHrnbmtop DPP-4 + metdopmuH (CL2) Habnto-
Janocb CHuxeHve ypoBHa ET-1 B KpoBW. MIHTepeCHO, UTO MHIM6M-
Top DPP-4 + mMeTdOPMMH BbI3bIBaNM CYLLECTBEHHOE YyBeNMYEHUe
(0,767+0,043 dmonb/mn) KoHLeHTpauwn ET-1. BbiBogbl. Takim 00-
pa3oM, NMpu KOMOWMHMPOBAHHOW Tepanuu, 3a UCKYEHeM napbl
nHrnéutop DPP-4 + meTdopmMuH, ypoBeHb ET-1 B KDOBM NaLMeHTOB
C 11abeToM 3HaUMTENIbHO CHUXANCA, B OTIMUME OT MOHOTEPANUMU.
KnioueBble cnoBa: a1abeT, 3HAOTENMH-1, METOOPMUH, UHCYNNH,
AanarnudnosunH, cynbdaHnnmouesnHa, Hrnoutop DPP-4.
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