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ABSTRACT

INTRODUCTION: Deterioration of vascular responses is the crucial event in the initiation of cardiovascular
problems in hypertension (HT) and diabetes mellitus (DM). A well-known oral antidiabetic, sitagliptin, has
pleiotropic effects besides improving glycemic state in type-2 DM. This study aimed to investigate the
therapeutic effect of sitagliptin on blood pressure with previously unassessed parameters of well-known
pathophysiological processes and especially at the microRNA (miRNA) level where there are many unknowns.
METHODS: N-nitro-L-arginine methyl ester (L-NAME)-induced HT model was performed on nondiabetic male
rats. Four groups (including 7 rats in each) were formed: normotensives, sitagliptin-treated, HT and sitagliptin-
treated HT. Asymmetric dimethylarginine (ADMA), intercellular adhesion molecule-1 (ICAM-1) and tyrosine
hydroxylase (TH), HT related miRNAs were evaluated. In-vitro vessel responses were observed.

RESULTS: L-NAME led to a significant increase in blood pressure. Hypertensives exhibited significantly
increased contractile responses, consistent with increased ADMA, ICAM-1. Sitagliptin decreased TH levels
but not statistically significantly. The new side of the study was the miRNA-21 and miRNA-155 expressions
were in line with other parameters in both the HT and sitagliptin-treated HT groups.

CONCLUSION: Sitagliptin may control comorbidities, especially HT and introduces new targets to alleviate
vascular responses. The new knowledge is; sitagliptin may show these effects through microRNAs (Tab. 2,

Fig. 6, Ref. 46). Text in PDF www.elis.sk
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Introduction

Despite all researches and the giant antihypertensive drug mar-
ket, 9.4 million people die every year due to hypertension (HT) and
its complications. By 2025 approximately 1/3 of the world adult
population will be diagnosed with HT (1, 2). Diabetes mellitus
(DM) is the most common well-known comorbidity that accom-
panies HT (3). Last guidelines reported that every 10-20 mmHg
increase in systolic blood pressure (SBP) doubles the cardiovas-
cular risk (4). Endothelial dysfunction, increased sympathetic ac-
tivity and inflammation are crucial points of the pathogenesis of
HT and DM (5). Therefore, if an antidiabetic drug improves these
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processes in addition to intensive glucose control, it will reduce
cardiovascular risk (6).

Sitagliptin is well-tolerated oral antidiabetic which inhibits
the dipeptidyl-peptidase-4 (DPP-4) that breaks down incretins (7).
Since incretins are released in response to carbohydrate intake, sita-
gliptin usually does not cause hypoglycemia. Administration once
daily without dependence on hunger or satiety, weight control with
the reduction of appetite, lower gastrointestinal side effects than
other oral antidiabetics are the known advantages of sitagliptin.
Moreover, widespread expression of DPP-4 in the vascular bed
increases the possibility of its role in vascular function (8). Some
studies support the opinion that sitagliptin has a pleiotropic pro-
perty that lowers blood pressure (BP) through one or more path-
ways that are not very clear. The most common opinion is that
sitagliptin activates endothelial nitric oxide synthase (eNOS) and
increases nitric oxide (NO) bioavailability that improves the dis-
rupted balance of endothelium (9, 10). Infiltration of adhesion
molecules into the arterial wall and a low level of inflammation is
another initial step in HT (1). The intercellular adhesion molecule-1
(ICAM-1) has been implicated in the recruitment and adhesion of
leukocytes in several cardiac diseases (12). It is known that pro-
inflammatory cytokines (TNF-a, IL-6, CRP and CCL2) and some
adhesion molecules were decreased with sitagliptin treatment (13,
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14). However, the effect of sitagliptin on ICAM-1 levels in hyper-
tension was not evaluated in any experimental or clinical study.

On the other hand, our literature review showed that the most
recent studies on sitagliptin are now also related to COVID-19. We
have learned that DM and HT are the most common accompany-
ing diseases in severe COVID-19 (2). And sitagliptin, an effective
plasma glucose-lowering drug, seems to be important even in this
critical disease with its main or pleiotropic characteristics (16, 17).

MicroRNAs (miRNAs) are single-stranded, non-coding genes
that impact the expression of hundreds of mRNA by silencing
them and many of them are being discovered to be disease-specific
(18). miRNA-155 is a critical one that may be modulating the HT
through suppressing excessive eNOS expression and inflammatory
process (19, 20). miRNA-21 is one of the most intensively inves-
tigated miRNAs in the context of the cardiovascular system and
is the most prominent non-coding gene associated with HT (21,
22,23). According to our research, the effect of sitagliptin on hy-
pertension has not been previously evaluated at the miRNA level.

Here, through miRNA-155 and miRNA-21, we have further
unveiled the effect of sitagliptin in hypertension as well as the
well-known pathophysiological processes with previously unas-
sessed parameters. We performed an experimental HT model on
non-diabetic rats and compared the consistency of the BP mea-
surements with the results of the endothelial contraction-relaxation
responses, serum levels of asymmetric dimethylarginine (ADMA)
which is an eNOS inhibitor that reflects endothelial dysfunction,
tyrosine hydroxylase (TH) is the key enzyme of catecholamine
synthesis in the sympathetic system, and ICAM-1 as an inflam-
matory biomarker.

Methods and materials
Animals and experimental design

The experiments have been carried out in accordance with
The Code of Ethics of the World Medical Association (Declara-
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Fig. 1. Illustration of experimental protocols. SITA — sitagliptin; HT
— hypertension; L-NAME — N-nitro-L-arginine methyl ester; i.p. —
intraperitoneal,

tion of Helsinki). Necessary approvals for the experiments were
confirmed by the Local Ethics Committee of the Firat University
Animal Experiments Center (Approval number: 133) and all in-
vestigations adhere to the ARRIVE2 Guidelines. Twenty-eight
10-weeks-old male Sprague-Dawley rats, weighing 240-260 g,
were obtained from Firat University Animal Experiments Center
(Elazig, Turkey) and held in cages with standard chow and water
ad libitum, 24 + 2 °C and 40—60 % humidity under 12 hours light
and dark cycles. Rats were randomly divided into 4 groups with
7 rats in each one (Random numbers were generated in Microsoft
Excel. (i) The Control group reflected normotensives. Only 1 cc/
day saline for 4 weeks and distilled water by gavage between the
14th and 28th days, were given. (ii) The Sitagliptin group was ad-
ministered 1 cc/day saline for 28 days and sitagliptin for 14 days
(between the 14th and 28th days). (iii) HT group was injected L-
NAME, starting from the first day to the end of the experiment.
(iv) HT + Sitagliptin group was administered L-NAME as in HT
group and sitagliptin in last 14 days (Fig. 1).

Drugs and chemicals

L-NAME from Cayman Chemical Company (Batch: 0491958-
12), Sitagliptin from Toronto Research Chemicals Inc. Canada (lot
number: 15-SCC-61-1), phenylephrine (Phe) and acetylcholine
(ACh) (Acros Organics, New Jersey, USA), and sodium nitroprus-
side (SNP) from Alfa Aesar, Germany (lot number: 10201564)
were purchased from respective vendors. HT was induced by in-
traperitoneal injection of 40 mg/kg/day L-NAME, a NOS inhibitor,
dissolved in 1 cc of 0.9 % saline. 80 mg/kg/day dose of sitagliptin
that dissolved in distilled water was given by oral gavage. The
dosage was adjusted according to Giannaco’s study since chronic
administration of sitagliptin with this dose inhibits DPP-4 activi-
ty by 85 % and does not cause hypoglycemia (3). Fresh solutions
were prepared from powdered chemicals every day and applied
at the same times of the days.

In-vivo studies

BP measurements: Indirect BP Recorder (MAY BPHR 9610-
PC TAIL-CUFF) and MP-36, Biopac, transducer were used for
recording the non-invasive measurements. Rats waited approxi-
mately 25-30 min. to stabilize. Then SBPs were measured three
times during the experiment; at the beginning, 14th day and the last
one was before decapitation. BPs that were used in statistics were
the means of five times recordings. Bodyweight measurements:
Rats, initially approximately 250 grams, were weighed three times
during the experiment, on the days of BP measurements. Plasma
glucose levels: Random measurements from femoral vein blood by
a glucometer were done on distinctly selected rats from each group
and no hypoglycemic measurement was observed (data not shown).

In-vitro studies

Isolation of vessels: Just after decapitation, the thoracic aorta
from the arch down to the diaphragm was isolated and cleaned
from fat and connective tissue gently. The buffer Krebs Henseleit
at pH: 7.4 was used while cleaning and for organ bath, as in Tang
and colleagues’ study (4). Approximately 4 mm long aortic rings
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Tab. 1 Body weights in chronically nitric oxide synthase inhibited
rats and in hypertensive rats after 14 days of sitagliptin treatment.

Tab. 2 Contraction to Phe and relaxation to ACh (expressed as EC, ) in
thoracic aorta of L-NAME administered and sitagliptin treated groups.

Groups Day 0 (g) Day 14 (g) Day 28 (g) -log EC_, (uM)  Control SITA HT HT+SITA
Control 245.61£3.15 255.30£8.41 273.21+12.50% Phe 6.47+0.05¢  6.13+0.03¢ 6.91+£0.07  5.91+0.06**
SITA 247.344+2.28 265.44+5.81 271.30+5.76 ACh 7.2240.04  7.71+£0.04  6.48+0.06®  7.35+0.10°
HT 244.24+2.66 260.76+3.19 275.45+3.60" n =7 for each group. Data are expressed as the mean + S.E.M. a. p < 0.05 compared
HT+SITA 250.07+1.89 271.29+£5.70 280.47+10.72 to control, b. p < 0.05 compared to SITA, c. p < 0.05 compared to HT. SITA — sita-

Data are presented as mean + S.E.M. #. p < 0.05 compared to day 14. SITA — sita-
gliptin; HT — hypertension
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Fig. 2. Effect of sitagliptin on systolic blood pressure in L-NAME
induced hypertension. Time course of systolic blood pressures in all
groups for 4 weeks. n=7, for each group. Data are represented as Mean
+S.E.M. a. p <0.05 compared to control, b. p <0.05 compared to SITA,
¢. p <0.05 compared to HT. SITA — sitagliptin; HT — hypertension.
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connected on Force—Displacement Transducer in 20 mL temper-
ature-controlled (37 °C) and 95 % O, and 5 % CO, gas mixture
aerated two baths. Isometric tension-relaxation measurements:
Vessels were equilibrated for 60 min at 2.0 g resting tension,
with changes of bathing fluid every 15 min. After the equilib-
rium, the vessel rings were exposed to increasing concentration
(1x10°-1x10* M) of Phe and cumulative vasoconstriction were
seen in a concentration-dependent manner. Relaxation responses
with ACh after a submaximal Phe precontraction were also mea-
sured. A NO donor, SNP was used to verify the integrity of smooth
muscle in thoracic aortas in a cumulative fashion, too. At the end
of the procedure 80 mmol/L KCl was applied to confirm the via-
bility of vessels via receptor-independent contraction. Contractile
responses were measured as force (g) and relaxation responses as
percentage of forces. The molar concentration at which the effect
is half-maximal is denoted EC, whereas the maximal effect is
E_, . EC, values were determined with linear regression of the

max

log concentration-response curve.

Molecular analyses

Serum samples were obtained after cen-
trifugation of the blood at +4 °C and aortic
tissues stored at —80 °C (Nuaire, Mexico).
Enzyme-linked  immunosorbent
(ELISA)

ELISA was employed to determine
the serum levels of ADMA, ICAM-1, TH
and supernatant of the rats. The examina-
tion of ADMA and ICAM-1 was carried
out according to the instructions of the kit
(FineTest, Wuhan, China, batch numbers:
U256D010 and R0O028D010). TH examined
according to company protocol (Sunredbio,

assay
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Fig. 3. Concentration-response curves for exogenous phenylephrine (Phe) expressed in milli-
grams. Statistical differences were analyzed between the tested groups at each concentration
of the Phe. n=7 for each group. Data are expressed as the mean=S.E.M. a. p <0.05 compared
to control, b. p <0.05 compared to SITA, c. p <0.05 compared to HT. SITA — sitagliptin; HT

— hypertension.
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Shanghai, China, Ref. DZE SRB-T-84339).

Quantitative real-time polymerase chain
reaction analysis (QRT-PCR)

According to the manufacturer’s pro-
tocol RNA isolation from blood was per-
formed by the Trizol method (Tri Reagent
Cat no: 15596026, Invitrogen, Carlsbad,
CA). The tissue samples were homogenized
with an automated homogenizer (Next Ad-
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vance, Troy, USA). Qubit® RNA Assay Kit with The Qubit 2.0
Fluorometer (Invitrogen/Molecular Probes) was used for spectro-
photometric RNA measurement. To synthesize cDNA by reverse
transcription (TagMan MicroRNA Reverse Transcription Kit, Cat
No: 4368814, Applied Biosystem, Foster City, CA), 5 ul RNA was
used. The qRT-PCR program consisted of 4 steps that each had a
different temperature and duration, was performed in triplicate,
to amplify the cDNA sequences.

Statistical analysis
Results were presented as means + S.E.M. One-way analysis
of variance (ANOVA) followed by Tukey’s post hoc test was used

(A)

125 q
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75 A

50 A

Relaxation (%)

251

to analyze the differences. The paired t-test was used to evaluate
the difference between the values of the same group at different
times. Nonlinear regression analysis was used in the computation
of EC_ values. A p <0.05 was considered significant.

Results

Effects of sitagliptin on BPs and body weights

L-NAME significantly increased the SBPs progressively in 4
weeks. While SBP of HT group was 146.99 + 0.74 mmHg, sita-
gliptin treated HT group was 128.22 + 2.62 mmHg, on the 28th
day of the experiment. Sitagliptin application for 14 days reduced
SBP, significantly (p < 0.05) (Fig. 2). Body
weight changes during the experiment are
shown in Table 1. There was no signifi-
cant difference in body weights between
groups (p > 0.05). But according to an in-
group analysis, sitagliptin treated groups did
not gain weight while non-treated groups
gained weight significantly, between 14th—
28th days.

The vasoactive responses of the thoracic
aorta

Chronic NOS inhibition significantly
increased contractile responses. Even though
the dose-dependent curve of Phe was shifted
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Fig. 4. Endothelium-dependent relaxation evoked by acetylcholine (ACh) (A) and endothelium-
independent relaxation evoked by sodium nitroprusside (SNP) (B) administration. The nor-
malized concentration-response curves to ACh and SNP. Statistical differences were analyzed
between the tested groups at each concentration of ACh and SNP. n =7 for each group. Data
are expressed as the mean + S.E.M. a. p < 0.05 compared to control, b. p <0.05 compared to
SITA, c. p <0.05 compared to HT. SITA —sitagliptin; HT — hypertension.

to the left in the L-NAME group, the maxi-
mal force (E__ ) of the contraction was not
different from other groups. On the other
hand, there were no contractile responses
in the first 3 doses of Phe, in the sitagliptin
administered groups. Sitagliptin decreased
the contractile responses of the HT+SITA
group significantly with respect to the hy-
pertensive group (p < 0.05) (Fig. 3). EC,,
value was significantly higher in the hyper-
tensive group. This means the hypertensive
group reached half of the maximum con-
traction with the lowest Phe concentration.
—log EC, value of the HT+SITA group was
significantly lower than in the hypertensive
group; it demonstrates that reaching half of
the maximum contraction needed higher
concentration. Sitagliptin reduced the con-
traction responses (p < 0.05) (Tab. 2).
Surprisingly there was a significant im-
provement in vasorelaxation due to ACh in
only one concentration (Fig. 4a). Maximal
relaxant responses between groups did not
reach significance but ACh EC, values of
the hypertensive group were significantly
different from all groups. Sitagliptin treat-
ment adducted the —log EC, values of the
HT+SITA group to the control (p < 0.05)
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Fig. 5. Serum levels of asymmetric dimethylarginine (ADMA) (A), intercellular cell adhesion molecule (ICAM-1) (B) and Tyrosine hydroxylase
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compared to HT. SITA — sitagliptin; HT — hypertension.

(Tab. 2). Endothelium independent vasorelaxation by SNP was
not different between groups (p > 0.05) (Fig. 4b).

Serum ADMA, ICAM-1 and TH levels

The level of ADMA increased from 2.02 + 0.56 ng/ml in
the control group to 3.96 £ 0.71 ng/ml in hypertensives. Serum
ICAM-1 levels raised to 138.19 + 16.75 ng/ml in the HT group,
significantly. Sitagliptin treatment decreased ADMA and ICAM-1
levels, significantly (p <0.05) (Figs 5a, 5b). TH increased approxi-
mately by 14 %, from 3.71 ng/ml (in controls) to 4.212 ng/ml (in
HT group). Although sitagliptin reduced TH levels in hypertensive
rats, it was not significant (p > 0.05) (Fig. 5¢).

miRNA-21 and miRNA-155 expressions

MicroRNA-21 expression of HT group increased ~3.3 times
compared to control and decreased 4.7 times with sitagliptin treat-
ment. While miRNA-155 expression increased 10-fold in the HT
group, it decreased 2.76-fold with sitagliptin administration (p <
0.05) (Fig. 6).

Discussion

The current study demonstrated that sitagliptin succeeded in
ameliorating BP via improving vascular responses in the phar-
macologically induced hypertension model. Consistently, sita-
gliptin decreased the previously unexplored parameters; ADMA,
ICAM-1, TH and especially miRNAs. HT correlated miRNA-155
and miRNA-21 fold changes decreased with sitagliptin treatment,
which is the major novel finding.

Environmentally, genetically, renal, or pharmacologically in-
duced (with DOCA+ salt or L-NAME ) models, are used to form
an experimental HT. When it is not possible to reach spontaneous
hypertensive rats, L-NAME is generally considered as a perfect
agent for forming HT. This study is based on pharmacologically
induced HT. L-NAME at a dose of 40 mg/kg/day increased SBP
significantly, as in a previous study (5).

As is known to all, sitagliptin is a very successful and advan-
tageous widely used medication in type-2 DM treatment since it
acts in the presence of glucose and does not cause hypoglycemia
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Fig. 6. Demonstration of fold changes of aortic tissue miRNA-21 and
miRNA-155 with sitagliptin (QRT-PCR). Data are presented as mean
+S.E.M, and n=7 for each group of the experiment. a. p <0.05 com-
pared to control, b. p <0.05 compared to SITA, c. p <0.05 compared
to HT. SITA — sitagliptin; HT — hypertension.

(27). Many researchers mentioned that sitagliptin has some pleio-
tropic properties like attenuating BP, lipid profile and body weight
(28, 29). In this study, body weights were analyzed. Although no
significant difference was found between groups, ingroup analysis
showed that hypertensives and controls have put on weight signifi-
cantly. It can be interpreted as an ordinary outcome of HT due to
oedema for hypertensives. However, this comment does not explain
the suppression of weight gain with sitagliptin and the continuation
of weight gain in the control group. As Lanfranco D’Elia et al. (6)
stated in their article, excess body weight may predispose to HT.
According to this knowledge in our study, it can be said that sita-
gliptin also contributes to attenuation of BP by body weight control.

Blood pressure alleviation by sitagliptin has been reported in
both, clinical studies and experimental models, in the presence or
absence of concomitant DM (31, 32). Especially the experimen-
tal protocols contain different drug application duration, distinct
sitagliptin dosage and different kinds and genetics of animals. As
a result, the effect on BP (systolic, diastolic or mean) was con-
troversial. Although Oliveira et al (33) used a dose of 200 mg/kg
sitagliptin twice daily for seven days, we preferred to give sita-
gliptin in a dose of 80 mg/kg/day by oral gavage, as consistent
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with Giannaco et al (24), in this study. This reference study con-
cluded that this dose suppresses the DPP-4 activity by 85 % with-
out hypoglycemia. Our measurements were mounting this conclu-
sion; sitagliptin decreased the SBP significantly in the treatment
group. On the other hand, sitagliptin lowered BP minimally in
only sitagliptin applied group compared to normotensives but it
did not reach significance. This can be interpreted as sitagliptin
has an advantage that is effective in the case of pathologies like
inflammation or endothelial dysfunction seen in hypertension.

Endothelial dysfunction is considered an early crucial event
in the process of HT and cardiovascular diseases that is the main
cause of death in diabetic patients. Since NO bioavailability and
endothelium-mediated vasorelaxation are the hallmarks of the
proper endothelial function, most studies are based on this in-
formation (34, 35). According to most preclinical researches,
sitagliptin ameliorates impaired endothelial function with one of
the probable mechanisms which is enhancement of the plasma
concentration of GLP-1 and NO release (31). And thus, sitagliptin
ensures endothelium-dependent relaxation of the aorta in response
to ACh (25). Consistent with the literature, ACh responses in a
cumulative manner and EC, values showing the dose that sup-
plies half of the maximum relaxation, confirmed that sitagliptin
increased vasorelaxation. The reason why sitagliptin does not
show its vasodilatory effect in all concentrations may be due to
the use of L-NAME. While sitagliptin increased NO that dilates
vessels, L-NAME decreased the NO with NOS inhibition. On the
other hand, although it was not significant, the ACh responses and
E__ values were bigger than in the controls. These results can be
interpreted again like, sitagliptin may affect healthy endothelium,
but the main protective effect is supplied in case of pathology.
Endothelium-independent vasodilatation was observed with SNP
as in the study of Nade SV et al (36). In the work of Tang ST et
al (25) both, endothelium-dependent and independent responses
were evaluated. Another experiment showed relaxation responses
to SNP in a different kind of animal (a rabbit) (37). In these studies,
SNP did not change relaxation responses and the current study’s
findings are consistent with them. In the light of all these in-vitro
results, vasorelaxation of aortas may be enunciated to be endo-
thelium-dependent and sitagliptin shows its BP decreasing effect
via NO-dependent mechanisms.

The endothelium protective effect of sitagliptin was also evalu-
ated with ADMA at the molecular level in the study. It has been
well established already before, endothelial dysfunction marker
ADMA is an important risk factor for HT (38, 39). Dimethyl ami-
nohydrolase (DDAH) is the degradation enzyme for ADMA. Ge-
netically DDAH deficient mice had increased serum ADMA levels
and BP, besides decreased eNOS and AChrelaxation response (38).
To the best of our knowledge, on the molecular level, there is no
study yet that investigates serum ADMA concentrations with sita-
gliptin treatment. In the current study, ADMA increased in HT in
compliance with the literature. That sitagliptin treatment decreased
ADMA levels significantly in hypertensive rats was reported for
the first time by this research. As mentioned before it can be con-
sidered that sitagliptin may improve endothelial dysfunction and
protects vascular tone.

The sympathetic nervous system plays a critical role in the
moment to moment control of BP due to either decreased beta-
adrenergic vasorelaxation or increased alfa-adrenergic sensiti-
vity. It has been stated before that TH increased significantly in
a hypertensive model (40). But the current study is the first that
evaluates the effect of sitagliptin on TH. As there are limitations
of our work ( maybe because of the low number of animal or the
short duration of the study), the results did not reach significance.
However, the tendency of TH levels to decrease with sitagliptin in
the treatment group can be evaluated in later studies.

Chronic stimulation of the adrenergic system induces vascular
dysfunction which is associated with increased inflammatory cyto-
kines production. Chronic low-grade inflammation contributes to
HT, especially by damaging the structure of the vessels. Inflamma-
tory parameters in different kinds of pathologies and the effect of
sitagliptin on these processes are tested generally. In a liver cancer
study, sitagliptin decreased IL-6, IL-1p and TNF-a levels (41). In
a clinical study comparing sitagliptin with another oral antidia-
betic in type-2 DM, sitagliptin has been reported to significantly
reduced CRP levels much more effectively (42). For instance, it
was indicated that sitagliptin reduced inflammatory cell infiltration
in unilaterally nephrectomized nondiabetic hypertensive rats (43).
According to our knowledge, there was no investigation about the
effect of sitagliptin on ICAM-1 levels in the experimental model
of HT. Our study revealed that sitagliptin can decrease ICAM-1 ef-
fectively in HT almost as much as in the control group. One of the
implications of our work is that sitagliptin may be more active in
any pathological condition like endothelial dysfunction. The clinical
study of Tremblay et al (14), supports our hypothesis. They found
that inflammatory markers were higher inaccompanying disease as
expected. But the remarkable finding that matches our results is, sita-
gliptin is more active in patients with high inflammatory parameters.

After the genetic activity of miRNAs is recognized in recent
years, their relationship with chronic diseases is still being tried
to be defined. To determine the effect of sitagliptin on gene-level,
we chose miRNA-155 and miRNA-21 that show a positive cor-
relation in endothelial dysfunction and inflammation. Upregulated
miRNA-155 and miRNA-21 results were correlated with ADMA,
in vitro and ICAM in hypertensives and downregulation was ap-
plied in treated groups. To our knowledge, in the current study,
we provided evidence that two miRNAs are good targets for sita-
gliptin firstly. On the other hand, we do not presently understand
why miRNA-155 in only the sitagliptin applied group increased
differently from the control group. It can be interpreted as; we
know sitagliptin has many pleiotropic properties and affects dif-
ferent pathways, but perhaps what we do not know yet is that si-
tagliptin should not be used without any pathology.

For nearly a year, the whole world is fighting COVID-19. HT
and DM are the most common accompanying diseases in people
with severe COVID-19 and most of the pathologies of severe
COVID-19 are also the main problems in DM and HT (15, 44).
The core pathology of coronavirus disease is an infection of air-
way cells and endothelial dysfunction and thrombocytopathy are
the essential components of severe disease (45). Also, according
to what Porzionato et al mentioned, sympathetic activation is a
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potential link between comorbidities and COVID-19. With a new
pharmacological approach, sitagliptin seems to be a miraculous
drug that can suppress certain inflammatory markers, attenuate
endothelial dysfunction and inappropriate sympathetic activity in
COVID-19, accompanied by comorbidities (16). Sitagliptin seems
to be even more important in critical disease processes with its
main and pleiotropic characteristics.

Conclusion

The current study has confirmed that sitagliptin attenuates
endothelial dysfunction and decreases inappropriate sympathetic
activity and inflammation. At the same time, sitagliptin also down-
regulated two miRNAs which may become good biomarkers and
treatment targets for HT. In summary, sitagliptin may control
comorbidities (especially hypertension) of diabetic patients and
introduces new targets to promote vascular responses.
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