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Abstract:

Type 2 diabetes mellitus (T2DM) is a significant independent risk factor for the
development of valvular heart disease (VHD) in the aging population. The most
prevalent valve diseases are aortic valve stenosis (AVD) and mitral valve
regurgitation (MVD). Oxidative stress and inflammation undoubtedly play a role in
both diseases. Arginase and nitric oxide synthase (NOS) have important roles in
inflammatory responses and oxidative stress because they share the same substrate.
This study included: 90 T2DM patients with and without VHD, subdivided into
three equal groups: patients without VHD (T2DM group), AVD group, and MVD
group. Arginase, NOS activities, levels of Arg.1, nitric oxide (‘"NO), peroxinterite,
and oxidized protein, in addition to some inflammation parameters were assessed in
patient populations. The overall statistical results showed significant increases in the
thoughtful parameters of the two VHD groups compared to the T2DM group.
Furthermore, the correlation between arginase activity, and selected parameters
(nitric oxide level, peroxynitrite) as well as arginasel level and nitric oxide synthase
activity gave remarkable correlation coefficient values. Likewise, the analysis of
receiver operator curves for arginase in VHD groups showed a high ability to
differentiate VHD patients from T2DM. Meanwhile, increasing arginase activity
enhances oxidative stress and inflammation and may lead to further destruction of
valves. Thus, arginase levels can be chosen as the best diagnostic marker and may
be a good predictor for VHD, giving a special target for the treatment of T2DM
complications.

Keywords: Type 2 diabetes mellitus, Valvular heart disease, Arginase, Nitric oxide
synthase.
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Introduction:

The pathophysiological triad of Type 2 diabetes mellitus (T2DM)-hyperglycemia, insulin
resistance, and dyslipidemia-acts in concert to induce endothelial dysfunction [1]. This
widespread disease is marked by oxidative stress (OS), inflammation, hyperglycemia, and
various vascular complications, like valvular heart diseases (VHD) [1]. A major source of
cardiovascular morbidity and mortality worldwide VHD in which one or more of the four
heart valves (aortic, mitral, pulmonary, or tricuspid) doesn't work properly because the valves
lose their elasticity and may not close or open adequately, and regurgitation occurs, impairing
the heart's ability to pump blood [1]; aortic and mitral valves are the most common type of
VHD worldwide. Knowledge of the cellular mechanisms of VHD is very important because
its pathophysiology is complex, and at the same time increasing evidence indicates the
important role of redox imbalance OS in this disease in the initiation and metastasis stages
[2]. Meanwhile, T2DM and VHD are becoming more prevalent in an ageing population as
well and diabetes patients have a risk of hardening of the aortic valve (aortic stenosis; AS)
1.62 times, and a risk of hardening of the mitral valve (mitral stenosis; MS) 2.28 times, higher
than non -diabetics [3]. The increased rate of worsening from mild to severe AS and adults

with diabetes is approximately twice as likely to develop heart diseases as adults without
diabetes [4-6].

Arginase (EC:3.5.3.1) is the final enzyme in the urea cycle, responsible for detoxifying
ammonia in mammals by breaking down arginine into ornithine and urea [7]. It is
constitutively expressed in tissues and cells; it has two isoenzymes, Arginase I and Arginase
I, which are similar in mammalian tissue; Arg-1 has a characteristic role to play in the
pathogenesis of heart diseases [3,7]. Elevated arginase activity promotes polyamine
biosynthesis by dividing the cells of tissues. Cardiovascular disease, kidney disease, and
cancer are examples of such situations. These diseases are caused by factors such as oxidized
low-density lipoprotein, hypoxia, glucose, and reactive oxygen species [3]. Consequently,
arginase negatively affects the reshaping of arteries by directing macrophages to an
inflammatory phenotype. Arginase has also been linked to endometrial dysfunction in an
increasing number of vascular diseases, including atherosclerosis, hypertension, uremia,
ageing, diabetes, and VHD [3,8].
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In addition to the arginase pathway, arginine can be metabolized via the nitric oxide
synthase (NOS; EC: 1.14.13.39) pathway, generating NO via cell-specific NOS isoforms
(INOS, nNOS, and eNOS) [1]. A ubiquitous molecule (NO) is a small lipophilic second
messenger molecule, which at an appropriate level, plays an important role in the heart for
basal vascular tone, regulating myocardial contractility, limiting leukocyte adhesion to the
endothelium, preventing platelet activation, as well as calcification of the aortic valve [3]. The
("NO) and superoxide can combine to give peroxynitrite (a potent oxidant) [3].

The aim of this study is to measure arginase activity and the level of its isoenzyme
(arginase 1), NOS activity, other parameters related to inflammation and OS in the serum of
patients with T2DM and VHD. Ultimately, the goal is to determine whether arginase activity
can serve as an indicator of T2DM complications and to explorer its relationship with two
disease parameters (inflammation and OS). It is hoped that assessing these parameters will
help identify potential treatment targets for the diseases under study.

Methods:

The study included 90 patients (54 men and 36 women) classified into three groups: the
T2DM, aortic valve stenosis with T2DM (AVD), and mitral valve regurgitation with T2DM
(MVD). Each group contains 30 individuals with ages ranging from 50 to 72 years. The
duration of T2DM was more than 10 years for the three groups, while in the VHD group, the
duration was one year. All patients take metformin in the treatment of T2DM. All samples
were collected from patients who attended to Ibn Al- Bitar Center for Cardiac Surgery, from
October 2023 until April 2024. In which routine laboratory tests and echocardiography were
used to prove the diagnosis of the cases. This protocol of the current study was approved via
the College of Science's Ethics Committee / University of Baghdad (Ref. CSEC/1123 /0114,
November 19, 2023). Patients who have had type 1 DM, hypertension, chronic infections,
other types of heart diseases, smokers, and alcohol drinkers were excluded from the study.
Collection of venous fasting blood samples occurred from 8:00 to 10:00 a.m. To obtain
serum, each sample was centrifuged for 5 mins (at 3000 xg) and aliquoted, then saved at
(temperature at -20°C). A complete blood count (CBC) was performed using an Abbott
Hematology Autoanalyzer (Cell-DYN Ruby, USA) in a specialized laboratory. Other
biochemical tests include fasting serum glucose, albumin, and uric acid were measured using
a kit (Linear Chemicals Company, Spain), HbAlc (i-CHROMA /Boditech Med Europe, UK).
While total cholesterol and triglyceride were measured using by kit (Spinreact, Spain), and
high-density lipoprotein (HDL) was measured using kits (Randox, UK). All assays were
performed using colorimetric methods according to the manufacturer's instructions. Arginase
activity was determined by an enzymatic reaction that produces the final product ornithine,
and nitric oxide synthase (NOS) activity was determined by an enzymatic reaction using
Griess reagent. The resulting nitrite was used to calculate NOS activity [9]. The nitric oxide
method 1s based on the reduction of nitrate to nitrite by cadmium, and the resulting nitrite is
determined by Griess reagent [10]. Peroxynitrite [11] and oxidized protein [12] levels were
evaluated via selected colorimetric methods, while arginase I was evaluated via ELISA
techniques (Elabscience, USA).

Anthropometric measurements body mass index (BMI) (weight in kilograms to the length in
square meters), WHR (waist to hip ratio), as well as the WHtR (waist to height ratio), The
Triglyceride-glucose index (TyG) is calculated by the following: TyG = Ln [fasting
triglyceride (mg/dL) x fasting glucose (mg/dL))/2], and AIP (Atherogenic Index of Plasma;
AIP= Log (fasting triglyceride / fasting high density lipoprotein) were calculated for each
patient [13]. The Statistical Analysis System (SPSS) program version 22.0 (IM SPSS,
Chicago, IL, USA) was used to analyze the effect of different factors on the study parameters.
One-way ANOVA was used to detect least significant differences (LSD). The correlation
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coefficient, the receiver operating characteristic (ROC) curve, and the area under the curve
(AUC) were all estimated with it.

Results and Discussion:

As shown in Figure 1, there were no statistically significant differences in age, BMI,
WHR, and WHtR among the T2DM, VAD, and VMD patient groups. While there is a highly
significant increase (»<0.001) in Hip Circumference and Waist between the two VHD patient
groups, and the T2DM group, as well as no significant differences between the AVD and
MVD patient groups.
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Figure 1: Anthropometric indices for the three study groups (BMI=Body mass index,
WHR=waist to hip ratio, and WHtR =waist to height ratio).

VHD is one of the most common diseases worldwide, with its incidence increasing with
age. The majority of VHD cases, particularly mitral valve disease (MVD) and aortic valve
disease (AVD), are diagnosed in patients over 65 years old [14]. Aging is a real risk factor,
since it increases the disease prevalence mainly as a result of many factors related to aging
including the accumulation of oxidants: Oxidative stress (OS) is a serious effector in the
progression of both diseases (T2DM and VHD), especially in older people [15].
Anthropometric measurements (BMI, WHR, and WHtR) are quantitative measurements of the
human body that help with health assessment and future disease risk of obesity, which is
considered a global health issue [15]. In this study, the estimation of obesity in people was not
limited to calculating BMI, but other parameters were measured for humans (as shown in
Figure 1) because they are more accurate than BMI in assessing body fat and give a better
estimate of “visceral fat”; according to most studies that have investigated the issue, there is a
direct proportionality between obesity and diabetes as well as heart disease [16]. The risk
factor for T2DM and VHD is not only obesity, but also lifestyle (a high-fat diet, smoking,
alcohol intake) and hepatic and inflammatory factors [17]. However, the data showed that the
study participants had abdominal obesity, so the first expectation was an association between
BMI and the risk of T2DM and its complication VHD.

The fasting serum glucose (FSG), glycated hemoglobin (HbA1c), and lipid profile were all
determined, as presented in Table 1, which can be used as important diagnostic or prognostic
markers for both diseases. The results indicated a highly significant increase for FSG,
HbAlc, TG, VLDL, TyG, and AIP in both groups of VHD patients (AVD and MVD)
compared to the T2DM group. However, there was no significant difference between the
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subgroups. Whereas there were non-significant differences in the value of TC, HDL, and LDL
between the three groups.

Table 1: Comparison of blood glucose and lipid profile parameters between the three study

groups
Parameters
Groups p-value
T2DM AVD MVD
(n=30) (n=30) (n=30) Pa 4 pe
FSG (mg/dL) 162.76+7.92 211.66+51.44  219.63+£49.86 0.0001** 0.0001** 0.312
HbAlc % 7.28+1.30 8.23£1.60 84254 goo1%r  0.0001%%  0.519
TC (mg/dL) 179.47+34.79 189.10+38.14 190.43+31.29 0.256 0.196 0.875
TG (mg/dL) 130.93+32.48 178.43£48.90 180.70+48.79 0.0001** 0.0001** 0.827
HDL (mg/dL) 46.77x12.57 42.80+11.15 42.63£10.58 0.236 0.217 0.960
LDL ( mg/dL) 97.27+27.52 106.13+£32.73  102.57+26.39 0.191 0.434 0.598
VLDL(mg/dL) 26.18+ 6.53 35.6849.78 36.14£9.75 0.0001** 0.0001** 0.827
TyG 9.24+0.21 9.77+0.43 9.84+0.36 0.0001**  0.0001%** 0.428
AIP 0.44 +0.16 0.61 £0.17 0.62 £0.15 0.0001**  0.0001%** 0.895
AIP=Atherogenic Index of Plasma, FSG= Fasting serum glucose, HbAlec glycated

hemoglobin, HDL = High density lipoprotein cholesterol, LDL = Low density lipoprotein
cholesterol, TC= Cholesterol, TG = Triglyceride, TyG = Triglyceride-glucose index, and
VLDL = Very low density lipoprotein cholesterol. Pa =the AVD group compared with the
T2DM group, Pb = the MVD group compared with the T2DM group, Pc= the AVD group
compared with the MVD group, p> 0.05= statistically non-significant differences, *
Statistically significant differences at p < 0.05, ** Statistically highly significant differences
at p <0. 01 by using LSD post-Hoc test.

The metabolic disease (T2DM) is associated with a sharply increased risk of VHD and
death; the risk of developing VHD and its progression from mild to severe is significantly
increased by it [18]. Therefore, ascertaining the cross-talk between them is imperative in
formulating an efficacious therapeutic approach to forestall or at least decelerate the
development and/or progression of AS in patients with T2DM. The deposition of cholesterol
in the inner center of the blood vessels that feed the heart leads to an inflammatory disorder in
the arterial wall driven by lipids and causes AVD. When the level of TG is lower than
elevated, Coagulation factors that promote thrombosis or retard thrombolysis are associated
with it. Consequently, platelet aggregation and thrombosis are expedited in patients with
elevated triglyceride levels. Furthermore, in diabetics, higher lipid values are related to the
prevalence of VHD and might be applied to evaluate metabolic state in clinical settings of the
diseases. Diabetic patients accompanied by dyslipidemia are targets of VHD compared with
people without diabetes [19]. From known and confirmed information, elevated (TG, VLDL,
TyG, AIP) levels are risk factors for heart diseases including VHD [13]. The T2DM is also
associated with more lipid dysfunction in the blood, where LDL-C molecules are more
thyroid-generating, and endothelial dysfunction is also present, which promotes the adhesion
of leukocytes and platelets, thrombosis, inflammation, and blistering coronary plaque [20].
The process of making advanced glycation end products creates cross bond linkages in
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collagen molecules, resulting in increased fibrosis with increased stiffness of the heart muscle
and poor relaxation of the heart, valvular dysfunction and fibrosis and exacerbating diastolic
dysfunction. It has also been seen that very high levels of fatty acid oxidation can lead to
problems with energy metabolism and cardiac dysfunction in people with diabetes [21]. So
dyslipidemia also plays a role in endothelial dysfunction, which is central to the pathogenesis
of multiple sclerosis (MS), IR, thrombosis, and hypertension [22]. Increased accumulation of
advanced glycoxidation end products (AGEs); resulting from the glycation of proteins or
lipids exposed to sugars, was associated with enhanced valvular OS, inflammation, expresed
of coagulation factors and markers of calcification, leading to leaflet thickening, restriction
and endothelial damage resulting in lipid infiltration, and fibrosis. Furthermore, AGEs
valvular expression was associated with VHD severity. The presence of a correlation between
valvular inflammation and long-term glycemic control parameters was observed in diabetic
VHD patients [23]. It may affect the level of HDL and LDL, which can increase the risk of
coronary arteries and heart valves by converting into oxidized low density lipoprotein
(oxLDLs) [19]. These results are similar to a previous study on atherosclerosis in Iraqi
patients [7]. A link between lipid and heart valve disease was also found by Hana, Saba, and
others [24].

Table 2 evaluates the efficacy of inflammation indexes derived from CBC and their
correlation with both T2DM and cardio metabolic risk in patients with VHD. Upon
comparing the two VHD patients with the T2DM group, the results of Table 2 showed
significant increases (p<0.01) in all parameters except for monocyte and there were no
significant differences between the AVD and MVD groups; the significant increase (p<0.05)
between the two groups of patients and the T2DM group in PLT may cause non-significant
differences in monocyte as well as PLT /Hb ratio.

Table 2: The results of the CBC test for the three diseases included in the study.

Parameters —— G;:]‘g’s - p-value
(n=30) (n=30) (n=30) Pa Pb Pc

WBC (10%/pnL) 7.99 £ 1.07 9.80 £0.96 10.04+1.34  0.0001**  0.0001** 0.423
Neutrophil (10%/ pL) 4.73+0.98 6.07+1.30 6.11+1.22 0.001** 0.001** 0.889
Lymphocyte (10°/ pL) 2.294+0.53 1.69+0.48 1.74+0.46 0.0001**  0.0001** 0.729
Monocyte (10%/ pL) 0.55+0.10 0.59 +0.13 0.59 +0.10 0.171 0.185 0.963
Eosinophil (10%/ pL) 0.22 £0.06 0.25 £0.059 0.26 £0.051 0.015* 0.004** 0.608
Basophile (10%/ pL) 0.08 £0.01 0.10 £0.02 0.11 £0.02 0.001**  0.0001** 0.054

Hb (g/dL) 13.42+1.58  1443£1.50 1449146  0.006**  0.004**  0.877
\ +47.26 +53.74 . .

PLT (10*/uL) 55483 288.83:£49.75 23473 0.012 0.027 0.760

PLT /HB Ratio 19.41£5.05  20.18+4.06  19.74£3.70  0.494 0.773  0.962

NLR Ratio 2.1620.65 3.71+0.73 3.60£0.61  0.0001** 0.0001%*  0.577

Hb= hemoglobin, NLR ratio= Neutrophil to Lymphocyte Ratio, PLT=Platelet, PLT /HB
ratio= Platelet to hemoglobin ratio, Pa = the AVD group compared with the T2DM group,
Pb = the MVD group compared with the T2DM group, Pc= the AVD group compared with
the MVD group, p> 0.05= statistically non-significant differences, * Statistically significant
differences at p < 0.05, ** Statistically highly significant differences at p <0. 01 by using LSD
post-Hoc test.

It has been demonstrated that circulating WBCs closely mirror the metabolic and
transcriptional status within the heart to an unexpectedly high degree, as the number of WBCs
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strongly correlates with components of the metabolic syndrome such as lipids, blood pressure,
and BMI, independently of risk factors and inflammation (such as interleukin and tumor
necrosis factor). Meanwhile, inflammation plays an important role in the pathogenesis of
various cardiovascular diseases, including coronary heart disease. Abnormalities in
inflammatory parameters may indicate endothelial dysfunction [25,26]. The NLR is an
important and influential factor in various inflammatory diseases, including T2DM and VHD;
it can be used as a disease monitoring tool in diabetic patients (during follow-up) [27].
Elevated NLR in these patients may indicate systemic inflammation and an increased risk of
valve damage, cardiac complications, and worse clinical outcomes. The fundamental process
underlying the genesis of VHD is intimately associated with the instigation of persistent
inflammation, predominantly engendered by the incessant secretion of cytokines, and
adipokines from adipose tissue. This process can mobilize leukocytes and contribute to the
progression of VHD [28]. In the course of an inflammatory response, the body initiates a
series of events involving circulating WBCs such as neutrophils [26], This may lead to an
increase in the secretion of cytokines and proteolytic enzymes. These molecules have the
potential to induce tissue damage by means of activating the coagulation cascade. They also
mess up the endothelial cells. Inflammation and the immune response play a central role in
the development and progression of diabetes. Organ dysfunction and tissue damage can result
from chronic inflammation, which can lead to insulin resistance and impaired insulin
secretion [29]. These findings are similar to those of a previous study conducted on patients
with hypertension [28].

Table 3 presents the selected biochemical and oxidative markers in the current work. The
results indicated that uric acid levels were elevated but did not differ significantly across the
groups. In contrast, there was a highly significant increases in Albumin, and UA/[A] ratio
between AVD and MVD compared to the T2DM group. However, there were no significant
differences when comparing AVD and MVD.

Table 3: The level of uric acid and Albumin, Arginase, Arg.1, NOS, NO, Peroxynitrite, and
Oxidized protein for the three included diseases.

Groups p-value
Parameters T2DM AVD MVD
(n=30) (n=30) (n=30) L i i
UA (mg/dL) 5376073 08008 551087 0135 0489 0420
*
Albumin (g/dL) 460:0.65  FEOAS 4030047 00001 00927 g 005
UA/[A] ratio 1182022 1395021 1312023 0.0001** 0.023*  0.139
Arginase activity UL) 25 197 7540184 17816171 00001+ 00001 g 405
2697
Arg.1 Conc. (ng/mL)  69.89+11.85 il;g'.gg 139.43 0.000++ 000014354
NOS activity (UL)  55.7749.50 91351471  86.57+1643  0.0001%* 9001 ¢ 099
NO (ng/mL) 6544£5.72  91.70:8.79  89.13+10.90 00001+ 0001 103
Peroxynitrite (WM/L) 690137 1193176  11.06£1.72 00001+ 00901 ¢ 5oz
O’“dzi‘f\‘,l[ }Lr)"te“‘ 0.12¢0.83  12.23+1.66 11812096  0.0001%+ 0001 g0gy

Arg.1 Conc.= Arginasel concentration, [A]= Albumin, UA= Uric acid, UA/[A] ratio= Uric
acid to Albumin ratio, NO = Nitric oxide concentration, and NOS activity = Nitric oxide
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synthase activity, Pa = the AVD group compared with the T2DM group, Pb = the MVD
group compared with the T2DM group, Pc=the AVD group compared with the MVD group,
p> 0.05= statistically non-significant differences, * Statistically significant differences at p <
0.05, ** Statistically highly significant differences at p <0. 01 by using LSD post-Hoc test.

The UA has a dual effect (oxidant or antioxidant) through experimental studies, and is also
known to induce inflammation in vascular endothelial and intracellular OS, and smooth
muscle cells, leading to endothelial dysfunction. It refers to a condition in which there is an
imbalance due to an imbalance between endothelium-derived vasodilator and vasoconstrictor
factors. Therefore, the UA level is often useful as a marker to predict subsequent clinical
events in patients with established T2DM, and VHD [8,24]. The results suggested that UA
acts as an oxidant rather than an antioxidant. Moreover, albumin is an important factor and a
useful indicator of malnutrition and prognostic relevance in diabetic patients with VHD [1].
These results are consistent with those of a study conducted by Lu et al. on Chinese patients
with heart valves [1]. Albumin is an antioxidant that works by binding copper and iron to
dispose of free radicals, so its deficiency decreases the elimination of free radicals, therefore,
increases the lipid peroxidation. Due to the physiological properties of albumin, which
include anti-inflammatory, antioxidant, anticoagulant and platelet aggregation activity as well
as colloidal osmosis, low levels of serum A can be associated with T2DM, and VHD
[30,1,31]. Therefore, both UA and A represent the antioxidant condition in the body, taking
into account the UA/A ratio as an accessible oxidizing biomarker conventional and
inexpensive, used as a new composite biomarker that provides a superior predictive value for
inflammation and OS compared to UA and [A] alone [32].

The results in Table 4 showed a highly significant increase (p<0.01) of Arginase and NOS
activities, in addition to Arg.1, NO, peroxynitrite, and oxidized protein levels in both AVD,
and MVD patient groups when compared with the T2DM, while when comparing the AVD,
and MVD groups of patients, there was no significant difference between them except in
peroxynitrite level.

Cells are protected from free radical damage by antioxidants including enzymes, which are
molecules present in low concentration that neutralize oxidants through certain mechanisms
However several pathways associated with increased OS of cells have been identified;
thereafter, OS eventually increases the production of reactive oxygen species (ROS), such as
hydroxyl radicals, peroxide oxides, and superoxide anions. If ROS levels are high, they may
overcome or exceed antioxidant defence mechanisms by antioxidants [32].

Diabetes alters glucose metabolism and the resulting use of secondary metabolism, including
the shift in the use of glucose in heart muscle towards less efficient oxidation of fatty acids
contributes to structural and functional abnormalities of the heart, and negatively affects heart
contraction and relaxation. A relationship is found between high glucose levels and
endothelial dysfunction in smooth vascular muscles. Due to the malignant effects of
hyperglycemia on lining injury and the activation of macrophages and leukocytes,
inflammatory cytokines, and growth factors, leading to accelerated progression in
microvascular complications and large blood vessels, which is a major consequence of
diabetes [24]. Furthermore, hyperglycemia and dyslipidemia in T2DM patients enhance
oxidative stress (OS), and high oxidant levels are risk factors. These factors might be used in
combination with antioxidants to assess OS in T2DM and vascular heart disease (VHD)
patients, indicating a significant presence of OS in those patients. Meanwhile, most of the
studied parameters serve as a useful indicator of VHD. In this study, increased levels of
oxidized proteins in the VHD groups indicated significant oxidative stress (OS) in these
patients, which aligns with a study on Iraqi patients with VHD that evaluated OS status using
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malondialdehyde and OS index [24]. These results are consistent with a previous study by
Suhad [7]. In diabetes, food consumption increases the ratio of blood glucagon to insulin, and
amino acid metabolism increases, leading to an increase in the activity of the urea cycle and
arginase activity.

The results show significant increases in arginase and NOS activities in diabetic patients
with VHD (AVD and MVD). As far as we know, this is the first study to address diabetic
patients with VHD in Iraq. In fact the regulation of Arginine metabolism is complex and it
should not be showed as a simple view of two enzymes competing on a substrate and arginase
does not outperforms NOS for the same substrate or vice versa [33], this compatible with the
findings study in coronary arteries (CA) of diabetes , which are not affected by NO synthesis
(NOS) inhibition, but by restriction an arginase inhibitor or L-arginine, the development of
endothelial dysfunction is primarily influenced by an increase in arginase activity, and may
show increased gene expression in arginase 1 using eNOS in endothelial cells [34]. Arginase-
1 is abundantly expressed in endothelial cells. It is used with eNOS in the coronary vessels of
diabetics [34]. A possible explanation for the higher argl level is that it may contribute to the
development of T2DM and its implications, which is due to its regulatory role in vascular
dysfunction, as well as its influence on B-cell functioning by affecting L-arginine metabolism,
OS, and inflammatory responses [26]. The NO is very important for many biological
functions, including processes related to the pathophysiology and cardiovascular systems,
such as inflammation, neurotransmission, and immune function; also, endothelial cells is
capable of NO production. Various isoforms of NOS control the endogenous production of
this molecule [35]; in this work, total NOS was evaluated. The increasing iNOS expression in
various cardiovascular disorders, such as heart failure, cardiomyopathy, specifically, iNOS,
but NO produced by eNOS can be a useful tool, while NO produced by iNOS can have
adverse effects [36]. Hypoxia has been reported to be a synergistic inducer of iNOS
expression that favors the reaction between NO and oxygen, resulting in nitrosative
modifications. Therefore, the measured elevation in NO in the VHD patients may be a result
of cytokines released by inflammatory mediators due to the presence of hypoxia, which was
reported to result in overexpression of iINOS synthesis [36]. As well, the reason for the
increase in the level of NO may also be the metformin medication taken by T2DM and VHD
patients where it can increase the expression of NOS mRNA by activating AMP-activated
protein kinase (AMPK), increasing the production of NO in aortic endothelial cells [37].
Peroxynitrite (ONOO ) produced upon the reaction of superoxide and nitric oxide can
modulate the effects of the other, and the ratio of their concentrations is important in systems
in which both are produced, is believed to be at least partially responsible for the toxic and
detrimental effects of NO in biological system, this molecule can oxidize lipids such as those
found in LDL, or arachidonic acid, it can also act as peroxide substrates for peroxidases such
as those found in cyclooxygenase and nitrate DNA[36]. These results are consistent with a
previous study conducted by Momma [33]. The lower low-density lipoprotein (LDL) leads to
a lower risk of CVD [17]; in the current study significant increases in the [peroxynitrite] were
reported between T2DM, and VHD groups and also between AVD and MVD patients proving
the OS status.

The correlations between arginase activity (Arg), and arginasel (Arg I) were examined

with biochemical parameters according to the correlation coefficient value for AVD and
MVD patients, as shown in (Figure 2).
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Figure 2: The correlation between (A&B for AVD group). A: arginase activity and nitric
oxide level. B: arginase.l level and nitric oxide synthase activity. (C for MVD group). C:
arginase activity and peroxynitrite level. (D&E for T2DM group). D: arginase activity and
nitric oxide level. E: arginase.1 level and nitric oxide synthase activity.

For the AVD group, the results indicated that the arginase activity was a significant positive
moderate correlation with nitric oxide level (r=0.105, p=0.019), while Argl was positively
moderately correlated with NOS activity (1=0.397, p=0.0168). For the MVD group, arginase
activity indicated a significant positive moderately correlation (= 0.13, p=0.0168 with
peroxynitrite. On the other hand, T2DM group, arginase activity showed a significant positive
moderate correlation with nitric oxide level (r=0.398, p=0.029), Arg I was positively
moderately correlated with NOS activity (r=0.533, p=0.002).

In order to estimate the ability of the arginase activity and Arg.l level to distinguish
between the active AVD, MVD patients’ group and the T2DM group as a diagnostic
biomarker, ROC curve analysis was used. The results showed that the arginase activity in
AVD groups had a high ability to differentiate patients from T2DM individuals. The AUC,
sensitivity, and specificity were 0.940, 86.7%, and 96.7%, respectively, while in the MVD
group were 0.904, 83.3%, and 96.7%, respectively, at the cutoff values of 15.9455 and
16.8233. The value of AVD and MVD prediction was exactly right. On the other hand, Arg.1
level had a good ability to discriminate AVD patients from T2DM individuals. The AUC,
sensitivity, and specificity were 0.961, 96.7%, and 90.0%, respectively, while in the MVD
group were 0.957, 96.7%, and 90.0%, respectively. At the cutoff value of 76.7844 and
77.2155, it was a good value of AVD and MVD prediction, as shown in Figs. 3 and 4.

ROC Curve

Source afthe
T | Curve

—— AVD VS DM
——MVD SDM
Reference Line

Items AVD MVD
(n=30) | (n=30)

AUC 0.940 0.904 ]

SE 0.032 0.047 3

p-value | 0.000 | 0.000
Cut-off | 15.9455 | 16.8233
Sensitivity | 86.7% | 83.3%
Specificity | 96.7% | 96.7% e

Figure 3: The ROC analysis for the value of predicting the levels of arginase activity (U/L) in
patients with AVD and MVD vs T2DM. AUC = area under the curve; SE = standard error.
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Items AVD | MVD P
(n=30) | (n=30) J

AUC 0.961 | 0.957 R

SE 0.025 |0.029

p-value [ 0.000 | 0.000
Cut-off | 76.7844 | 77.2155
Sensitivity | 96.7% | 96.7% ) |
Specificity | 90.0% | 90.0%

Figure 4: The ROC analysis for the predictive value of circulating levels of Arg.1 Conc.
(ng/ml) in AVD and MVD patients vs T2DM.

According to the results of ROC curve analysis, it showed that Arginase activity and Arg.1
Conc. in AVD and MVD groups could represent a perfect predictor for VHD diagnosis. These
findings suggest that these two biomarkers could be highly accurate and effective diagnostic
tools for distinguishing between affected and unaffected individuals. Their potential clinical
utility could be further supported through validation in larger-scale studies.

Conclusions

The significant observed in Inflammation and OS parameters led to the key conclusion that
these pathways were demonstrated for the first time through the measurement of arginase and
its related pathway markers. Elevated arginase activity, particularly arginase-1, has been
associated with issues such as vascular dysfunction in both diseases (T2DM and VHD). This
can give an idea for use as a marker for predicting complications of T2DM; it could also be
used as a diagnostic criterion for monitoring arginase activity for both diseases.
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