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Abstract

Urotensin-I1  (UIl), a pluripotent vasoactive cyclic peptide, exhibits the
progression of cardiovascular diseases and the glucose metabolic disorder of insulin
resistance. Type 2 Diabetes Mellitus (T2DM) is entirely associated with insulin
resistance. This study aimed to demonstrate the association of UIl with insulin
resistance in diabetic and non-diabetic subjects. A total of 73 male and female
subjects aged 40-60 years were recruited in this case-control study. They included
35 non- diabetic subjects with a body mass index of (BMI) < 25 and 38 patients with
Diabetes Mellitus and BMI > 25. UII levels were assessed beside other vasoactive
and clinical parameters. The results revealed that patients with T2DM had
elevated Ull and Endothelin-1 (ET-I) levels, along with positive correlations with the
insulin-resistance marker of Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR), blood pressure (BP), fasting blood glucose (FBG), hemoglobin Alc
(HbA1C), and asymmetric dimethylarginine (ADMA). Results from stepwise
multiple regressions indicated that Ull correlated positively with the increases in the
levels of serum cholesterol, ET-I, urea, ADMA, and FBG. This study concludes that
the increase in Ull level has a positive relation with insulin-resistance and the
increase in ET-I level. However, Ul could inhibit glucose-induced insulin secretion
and, hence, can be utilized as a marker for T2DM and its complications through
inflammatory microangiopathy.
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Introduction

Diabetes mellitus type 2 is a glucose metabolism dysfunction associated with insulin resistance,
with incidence being increased with obesity. It is a world widely distributed disorder, causing a
common public health problem with extra complications if remained untreated. Various factors lead to
complications and microangiopathy, such as insulin-resistance and vasoactive substances secreted
from vasculatures and endothelial cells. These vasoactive substances include strong and long lasting
vasoconstrictors, such as endothelin-1 and UlI [1]. ET-1 is a 21-amino acid peptide, with a potency that
is lower than that of Ull by 50%. ET-I, as Ull, has a pivotal role in the development of injured
endothelium pathogenesis. Its predominant vasoconstriction effect is appeared through the activation
of its endothelin A (ETA) and Endothelin B (ETB) receptors through the body organs and vessels [2].
Usually, T2DM is accompanied by hypertriglyceridemia [3], hypercholesterolemia [4], hyperuricemia
[5], and hyperhomocysteinemia [6] and hypertension. These effects change the tone and stability of
vasculatures, causing a mechanical stress on veins and arteries that are already under oxidative stress
load in T2DM [7]. These metabolic disorders are risk factors for cardiovascular diseases (CAD) and
easily develop in T2DM, initiating the complications of the cardiovascular system and the progression
of coronary artery disease, atherosclerosis, myocardial infarction, and stroke [8, 9].

Urotensin-11 is the most potent mammalian vasoconstrictor discovered till now, produced and
synthesized within endothelial cells of many arteries and venous cell walls. Ull has been engaged
with diabetes disease and complications through its activity on the peripheral vascular bed [10]. Ull is
a pluripotent peptide that plays essential roles in the development of insulin-resistance. The signal
transduction pathway begins once UIll binds to its receptor, which then phosphorylates G-protein
Gag/11 coupled receptor, activating phospholipase C (PLC) pathway and leading to the activation of
inositol trisphosphate (IP3) and diacylglycerol (DAG). When activated, IP3 opens L- type calcium
channels and, consequently, vasoconstriction occurs through the Ca2*/calmodulin/myosin light chain
system [11].

Urotensin-11 has direct influences on pancreatic B-cells by decreasing or inhibiting glucose —
induced insulin through reducing phosphorylation of insulin-receptor substrate 1. These influences are
also exhibited through the inhibition of insulin response to L-type Ca2" channels, increasing
phospholipid turnover or activating the adenylate cyclase/cAMP pathway [12, 13].

Some studies demonstrated a link between elevated Ul levels and FBG, HbA1C, and HOMA-IR
levels [14] with complications of T2DM, while other studies showed no significant increase of FBG,
HbA1C, BMI, systolic blood pressure (SBP), and diastolic blood pressure (DBP) with the increase of
serum Ul [15]. Therefore, we aimed to establish the relation of UIll levels in diabetic and non-
diabetic subjects with insulin resistance and other metabolic and vasoactive parameters, such as ET-I.
We also aimed to establish the association between UlI, ET-I, and insulin resistance in T2DM.
Materials and methods
Ethical statement

This study has been approved by the local ethics committee of Hawler Medical University, Erbil,
Irag (protocol number 2).

Subject characteristics
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This case control study was carried out in the Department of Biology/Salahaddin University, Erbil,
Irag. A total of 73 subjects aged 40-60 years were recruited (35 volunteers without DM with BMI < 25
and 38 patients with DM and BMI > 25). All subjects were free of criteria that may affect the results,
such as being smokers, alcoholics, pregnant and/or pregnant, as well as having thyroid disorders and
other diseases that may affect our results [16].

Anthropometric evaluations

For subjects with barefoot, weight (kg), age, height (cm), and BP (Hg/mm) were assessed, while
other physical examinations, including BMI and waist circumference were also performed . Systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were measured manually by
sphygmomanometer, then mean arterial pressures (MAP) was calculated by MAP = SBP + 2(DBP)3
mm Hg, defined as an average BP during one cardiac cycle [17]. Estimated glomerular filtration rate
eGFR was calculated by the Modification of Diet in Renal Disease (MDRD) equation for calculating
GFR = 175 x standardized S(cr)(-1.154) x age (-0.203) x 1.212 (if black) x 0.742 (if female), where
S(cr) stands for serum creatinine [18].

Blood sampling

Upon measurements of anthropometrics, 10 ml of pre-prandial blood was collected in Gel and Clot
Activator and K2 EDTA tubes and separated at 2000 rpm for 15 minutes. After being clotted, the sera
were stored at -80 °C prior to analysis. For all participants, various tests, including fasting blood
glucose (FBG), total cholesterol, triglycerides (TGs), high density lipoproteins (HDL), low density
lipoproteins (LDL), HbALC, liver function tests (including alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP)), and renal function tests (including
creatinine (Cr), urea, and uric acid)) were all assessed by using GESAN CHEM 400 AUTO-
CHEMISTRY ANALYZER (Gesan production S.R.L./ Italy) which depends on colorimetry and
turbidimetry.

Very low density lipoprotein cholesterol (VLDL-C) was measured by Friedewalds equation of
TG/5 [19]. Both insulin resistance and insulin sensitivity were calculated using HOMA-IR application
and Quantitative Insulin Sensitivity Check Index (QUICKI) formula as follows:

HOMA-IR= (fasting insulin [ulU/mL] x fasting glucose [mg/dL]/405) [20].
QUICKI = [1/(log Insulin) + log(Glucose)] [21].

Circulating serum DDAH, ADMA, insulin, Ull, and ET-I were measured individually with distinct

and fixed protocols according to the commercial kits from Sunlong biotech Co.,Ltd (Human
Dimethylarginine dimethylaminohydrolase DDAH ELIZA Kit, REF NO. SL2823Hu, ; Human
Asymetric Dimethylarginine ADMA ELIZA Kit, REF NO. SL0312Hu; Human Insulin ELISA Kit,
REF NO. SL0933Hu; Human Urotensin-lIl, UT-II ELISA Kit, REF NO. SL1951Hu; Human
Endothelin 1, ET-1 ELISA Kit, REF NO. SL0651Hu) using semi-automated human Enzyme Linked
Immunosorbent Assay (ELISA). Nitric oxide (NO) concentration was indirectly determined via
Griess's reaction depending on the measurement of nitrite concentration. Nitrate was reduced to nitrite
in the presence of cadmium, then converted to nitric acid. Concentrations were determined by
spectrophotometric analysis at 543 nm and the products were expressed as umoles (UNICO
spectrophotometer SN SQU10111012002) [22]. Buege and Aust method was adopted to measure
serum malondialdehyde (MDA) (UNICO spectrophotometer SN SQU10111012002), based on the
reaction between lipid oxidation products with thiobarbituric acid, leading to a colored product [23,
24].
Statistical analysis: the context of normally distributed data was expressed as mean value £+ SEM,
while non-normally distributed data were expressed as median or midspread interquartile range (IQR).
A p-value lower than 0.05 was considered statistically significant. Unpaired t-test was used to compare
between all recruitments by using GraphPad Prism 8 software [25]. Mann-Whitney t-test was used for
non-parametric variables. Receiver Operating Characteristic (ROC) curve was applied to compare the
sensitivity and specificity of variables in all subjects. Statistical Package for Social Science (IBM
SPSS Statistics for Windows, Version 25.0., 2017, Armonk, NY) was applied to analyze the
correlation coefficient of Ull and all other anthropometrics and clinical parameters. Spearman and
Pearson (r) correlation was used. The data log-transformed and stepwise multiple regressions were
performed to predict the relationships of Ull with other variables.
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Results
Serum Ul in diabetic and non-diabetic subjects

Serum UlI level was found to be higher significantly in the diabetes group among both male and
female subjects. These results provide important insights into Ull as a valuable marker for DM and
insulin resistance in both sexes. T-test was used to compare UlI in both subject groups, as illustrated in
Figure-1.
Biomarkers for identifying risk factors

Risk factors were determined using ROC curves. All indications pointed to Ull as a good
biochemical and clinical marker for T2DM patients and as a preliminary biomarker for insulin
resistance. Furthermore, ET-I, ADMA, DDAH, HOMA-IR, HOMA-IS, HbA1C, NO, MDA, waist
circumference, BMI, SBP, DBP, MAP, FBG, and ALT were all found to be excellent markers for
T2DM in the entire set of subjects, with their AUC values being nearly equal to 1 (Figure-2).
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Figure 1-Results of t-test for Urotensin-1l levels in both diabetic and control groups for both males
and females.
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Figure 2-The ROC curves of biomarkers for subjects drawn above related Ull in both males and
females. p < 0.05 indicates the statistically significant difference. AUC=area under the curve.

Correlation between serum UlI levels and clinical and anthropometric parameters

To evaluate the proper relationship between UlI levels and clinical and anthropometric parameters,
Pearson’s correlation analysis was used. The studied Ull levels showed a highly significant and
positive correlation with most of studied parameters, except HDL-C, LDL-C, and serum insulin.
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Height, HDL-C, and QUICKI showed negative correlations with Ull, as illustrated in Table- 1. The
correlation between Ull and other metabolic parameters are illustrated in Figure-3.
Multiple regression analysis of serum UIl with other parameters

The data showed the presence of independent parameters, such as FBS, Urea, ET-I, and
cholesterol, that are proposed to be in a direct relation with Ull. For this reason, multivariate linear
regression model was used by adding variables one by one to the model, as displayed in Table- 2.
Consecutively, the biochemical and vasoactive variables are added as in Table- 3.

Table 1- Correlation coefficient results of Ull with anthropometrics and metabolic parameters of the
studied subjects.

Urotensin-1l1  (n=73)

r p
Age 0.236 0.038
Weight 0.450 0.0001
Height -0.151 0.131
BMI 0.516 0.0001
Waist circumference 0.359 0.003
SBP 0.504 0.0001
DBP 0.448 0.0001
MAP 0.383 0.002
Glucose 0.583 0.0001
HbAlc 0.546 0.0001
Cholesterol 0.437 0.0001
Triglyceride 0.276 0.019
HDL-C -0.102 0.226
LDL-C 0.082 0.273
VLDL-C 0.223 0.048
Insulin 0.055 0.343
HOMA-IR 0.436 0.0001
QUICKI -0.528 0.0001
AST 0.377 0.002
ALT 0.366 0.003
ALP 0.273 0.020
NO 0.419 0.0001
MDA 0.355 0.003
ADMA 0.430 0.0001
DDAH 0.385 0.002
Urea 0.436 0.0001
Creatinine 0.359 0.003
Uric acid 0.359 0.003
eGFR 0.368 0.002
ET-I 0.567 0.0001
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Figure 3-Correlations between Ull and anthropometrics and clinical parameters.

Table 2- Stepwise multiple regression analysis of serum Ull as a dependent variable to biochemical
and vasoactive parameters

Model B beta Partial correlation R?* Adjusted R® F P

1

Constant 0.413 0.322 0.309 26.07 0.001

ET-I 0.633 0.516 0.567 0.0001

2

Constant 0.092 0.389 0.367 17.20 0.601
ET-I 0.418 0.331 0.375 0.006
HbA1C 0.597 0.304 0.323 0.018

Table 3- Stepwise multiple regression analysis of serum Ull as a dependent variable to anthropometric
parameters

Model B beta Partial correlation R® Adjusted R F P

1

Constant -0.804 0.266 0.253 20.33 0.053
BMI 1.255 0.516 0.516 0.0001
2

Constant -3.470 0.324 0.300 13.20 0.009
BMI 0.804 0.331 0.304 0.021
SBP 1583 0.304 0.281 0.034
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Discussion

Type 2 diabetes mellitus complications begin with the production of mitochondrial reactive oxygen
species [26], which leads to lipid peroxidation with progression of endoplasmic reticulum (ER) stress
and oxidative stress which further complicates diabetes disease [27, 28]. Many metabolic disorders,
such as hyperglycemia, hyperinsulinemia, and hyperlipidemia, are known enhancers of ER stress
along with the production of ROS by nicotinamide adenine dinucleotide phosphate (NADPH) oxidase
and the increase of NO, MDA, and ADMA levels in the blood [29-33]. Mitochondrial ROS levels can
be raised by the hexosamine pathway, increasing angiotensin-Il, increasing advanced glycation end
products (AGEs), polyol pathway flux, and increasing protein kinase C (PKC). All these pathways
lead to damage of p-pancreatic cells [33].

Elevated serum UlI levels increase Ull receptor expression, which contributes to many metabolic
pathophysiology conditions, including hypertension, heart failure, pulmonary hypertension, diabetes,
and renal failure. Ull level was reported to increase by twofold in subjects with T2DM without
evidence of renal disease [34].

The details in Table- 1 show a significant correlation of Ull with most of the anthropometric and
biochemical parameters. Ull was found in this study to be positively correlated with SBP and DBP as
well as MAP, and this may be due to the association between Ull and hypertension through the
impairment of the endothelial layer. The vascular endothelial layer may be involved with the
association between Ull and hypertension [35]. The exact mechanism that leads to increasing
hypertension is still not fully studied. Indeed, many studies suggested that Ull increment increases
nitric oxide secretion at early stages [36]. There were no significant correlations between the non-
diabetic and diabetic groups in HDL-C, LDL-C, and insulin levels. The mechanisms underlying the
increase of UlI level with the changes in SBP and DBP are still not discovered totally, but previous
studies on isolated aortic rings showed the vasoconstrictive effects of Ull through stimulating a
phospholipase C-dependent-inositol trisphosphate pathway [37-39]. Ca2*, PKC, extracellular signal-
regulated kinases (ERK), mitogen-activated protein kinases (MAPK), and Myosin Light Chain (MLC)
have been proposed to be enrolled in human hUII-induced vasoconstriction. All these conclusions
were proven by using inhibitors to confirm the exact pathways through which Ull can conduct its
various effects [26, 40]. The activation and increase of Ras homolog family member A (RhoA) is
another possible mechanism, where Ull may activate it and increases calcium concentration inside the
cells through opening voltage-gated calcium channels [41]. Waist circumferences, BMI, age, and
weight are all correlated positively with Ull, indicating a close relation between obesity, craving, and
insulin imbalance with the progression of Ull increase [42].

Insulin resistance factors, HOMA-IR, HbA1C, and FBG were all significantly increased and
showed positive correlation with Ull increase, while QUICKI-IS showed a high significant but
negative correlation with Ull (r=-0.528 p= 0.0001). These results suggest Ull tendencies to impair B-
cell functions through fluctuations and disturbances of insulin regulation via the six pathways that
were mentioned earlier in our discussion [43, 44].

Interestingly, Ull showed a synergistically significant increase with the increase in ET-I levels,
which is another potent vasoconstrictor that has a major role in diabetic complications. This increase
of ET-I might be a consequence of co-effects with Ull, resulting in acute endothelial injury and
pathogenesis [37]. ADMA is an endogenous nitric oxide synthase (NOS) inhibitor (a dilatory gaseous
molecule) that regulates and helps modulating NO and is increased significantly along with Ul [45].
The level of DDAH, which is the enzyme responsible for the degradation of ADMA, was increased
significantly in our results. Any increase of DDAH concentration in blood causes a decrease in
ADMA levels consequently. However, this statement is controversy to our result, which might be due
the decrease in renal clearance rates that might have ultimately affected the outcomes of the renal
function tests in patients with T2DM in advanced stages, possibly caused by nephropathy and renal
failure [46]. To confirm this, our data showed significant increases in the levels of renal function
parameters (urea, creatinine, uric acid, and eGFR) along with significant correlations between the two
groups [47]. Other diabetic complications include liver injury, fatty liver, and cirrhosis [48].
Meanwhile, levels of ALT, AST, and ALP are also correlated with UlI positively in the present study.
Fatty liver further increases blood glucose through the increase in the catabolism of branched chain
amino acids that increases the glycation end products [36].
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In this study, serum NO level was increased in diabetic subjects. This result is paradox to the
physiological fact stating that when UlI increases, NO should decrease. As the level of NO increases,
the increase of the vasoconstrictor Ull causes muscular contractions in various vascular beds, thus
increasing NO release to remodel the vasculature. For that, we observed a high serum concentration of
NO in diabetic group. The endothelial layer produces NO in response to UIl but, however, this
production and release decrease with aging [49]. This increase in NO is related to young-aged subjects
and gradually decreases with aging when the muscles lose their elasticity and endothelial layer and
become susceptible to vasoconstrictors like Ull and ET-I.

Based on our case control study, as elucidated so far, the controversy shown in increasing the
enzymatic activity of DDAH can be explained based on the notion that the increase of ROS and
oxidative stress enhances the accumulation of ADMA by decreasing the catalytic effect of DDAH.
This is confirmed by the increase in serum MDA level in our study. As another signaling pathway, the
effective molecule of FoxO1 in endothelial cells leads to increase NOS and inhibit ADMA through the
down-regulation of DDAH [50, 51]. Another possible pathway for the increase of serum DDAH levels
may be the intake of metformin in patients with T2DM [52]. However, fibrates and statins (lipid
lowering drugs) act through the improvement of the activity of DDAH in diabetes patients [53].
Metformin and ADMA are analogues that should exert the same molecular activity. However,
according to our analysis, ADMA levels were still significantly high. The explanation of this result
might be that the conditions inside the cell are less controlled in diabetic patients. Oxidative stress,
poor antioxidant system, compromised immunity, and inflammations are all potential factors that
could affect the proper functions of ADMA, while metformin is more stable and conducts its functions
directly without interfering with factors inside the cell.

It is worthy to mention that the exact role of ET-I is exerted through the increase of Ull levels,
activating a variety of its own receptors and subtypes. The long lasting effects of these substances are
thought to be through the continuous repetition of recurrent receptor activation without giving a
chance to the cell to initiate its recovery.

Conclusions

The present study suggests that an increase of Ull has a strong correlation to insulin-resistance and
ET-1. Also, Ull serum levels are correlated with weight and BMI. In addition, from our case control
study, we can conclude that Ull exerts its powerful effects through ET-I synergistically, and both
together contribute to worsen the diabetic cases with age, along with with the increase of ADMA
levels that inhibits NO and further strengthen the powerful effects of UlI.

We recommend that trial studies are needed to figure out the role of Ull antagonists, which could be a
promising future therapy to prevent further progression of diabetic complications. Also, additional
studies are needed to elucidate the roles of Ull in the development of microangiopathies.
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