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ABSTRACT 

 

ARGINASE ACTIVITY AND OXIDATIVE  MARKES  IMBALANCE 

IN PATIENTS WITH CHRONIC DIABETES MELLITUS 

COMPLICATION  

 

Ala Ulddın Mohammad Mahdı AL BAYATI  

Master of Science in Chemistry  

Advisor: Prof. Dr. Volkan EYÜPOĞLU 

Co-Advisor: Asst. Prof. Dr. Zehra Gülten YALÇIN 

Jaunary 2022 

 

In the world, diabetes kills both adults and children. During a two-month period, 100 

diabetics and 35 healthy controls collected 135 blood samples. Patients with anemia, 

hepatitis, or hypertension were excluded, as sampled from women over sixty and 

pregnant women. After separation, the serum was kept at -200C. Total protein, albumin, 

globulin, amino, carbonyl, and thiol groups were isolated. All samples had arginase 

enzyme activity. Second, the current study included a statistical investigation of the 

parameter-arginzyme correlation. The research's findings Diabetics have higher levels 

of arginase in their blood serum than healthy controls (P0.05). Diabetes patients 

reported reduced levels of total protein, albumin, and globulin, all at P0.05. An increase 

in free amino acid content in patients relative to healthy controls (P0.05). The carbonyl 

group concentration decreased inpatients and increased in diabetics at the probability 

threshold of P0.05. NO, and MDA concentrations increased in patients compared to 

healthy controls. 

 

2022, 34 pages 

 

Keywords: Arginase, Patients, Chronic diabetes, Millets complications, oxidative,   
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ÖZET 

 

KRONİK DİYABET DARI KOMPLİKASYONU OLAN HASTALARDA 

ARGİNAZ AKTİVİTESİ VE OKSİDATİF İŞARETLER DENGESİZLİĞİ 

 

Ala Ulddın Mohammad Mahdı AL BAYATI  

Kimya, Yüksek Lisans  

Tez Danışmanı: Prof. Dr. Volkan EYÜPOĞLU 

Eş Danışman:  Prof. Dr. Israa Ghassan Akram ZAINAL 

Ocak 2022 

 

Dünyada diyabet hem yetişkinleri hem de çocukları öldürüyor. İki aylık bir süre içinde 

100 diyabet hastası ve 35 sağlıklı kontrolden 135 kan örneği alındı. Altmışın üzerindeki 

kadınlardan ve hamile kadınlardan örneklenen anemi, hepatit veya hipertansiyonu olan 

hastalar çalışma dışı bırakıldı. Ayrıldıktan sonra serum -20°C'de tutuldu. Toplam 

protein, albümin, globulin, amino, karbonil ve tiyol grupları izole edildi. Tüm 

numuneler arginaz enzim aktivitesine sahipti. İkincisi, mevcut çalışma parametre-

arginzim korelasyonunun istatistiksel bir araştırmasını içeriyordu. Araştırmanın 

bulguları Şeker hastalarının kan serumlarında sağlıklı kontrollere göre daha yüksek 

arginaz seviyeleri vardır (P0.05). Diyabet hastaları, tümü P0.05'te olmak üzere toplam 

protein, albümin ve globulin düzeylerinin azaldığını bildirdi. Sağlıklı kontrollere göre 

hastalarda serbest amino asit içeriğinde bir artış (P0.05). Karbonil grubu 

konsantrasyonu yatan hastalarda azaldı ve diyabetiklerde P0.05 olasılık eşiğinde arttı. 

NO ve MDA konsantrasyonları sağlıklı kontrollere göre hastalarda arttı. 

 

2022, 34 sayfa 

 

Anahtar Kelimeler: Arginaz, Hastalar, Kronik diyabet, Millet komplikasyonları, 

oksidatif 
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1. INTRODUCTION 

Diabetes mellitus (DM) refers to a set of metabolic disorders that are defined by 

hyperglycemia as a consequence of abnormalities in either insulin production or insulin 

action, or the combination thereof (Association 2008). Nearly 1.6 million people died in 

2015 as a direct consequence of DM, which was predicted to impact 9 percent of the 

world's population in 2014 (Verhulst et al. 2019). (Verhulst et al. 2019). Diabetic 

consequences include retinopathy, nephropathy, neuropathy, and cardiovascular disease, 

which all contribute to the condition's high death rate (Zhito et al. 2020) (Zhito et al. 

2020) (MJ 2008). It has become a key aspect of contemporary diabetic management to 

avoid and control complications. Additional diabetes outcomes, such as hyperglycemia, 

insulin resistance, dyslipidemia, hypertension, and immunological dysfunction, may be 

induced by a range of different pathogenic processes, as well. The pathogenic reasons of 

the typical diabetic problems are first studied in order to appreciate the biological 

elements that could be at play here. (Borgnakke 2019) As a consequence of diabetes, 

glucose is not converted into energy; Which leads to the availability of large levels of it 

in the blood. Carbohydrate supplies are depleted. This leads the cells of the body to 

depend on stored proteins and fats as alternate sources of energy (Wackett et al. 2002) 

(Wackett et al. 2002) Having DM. Over the years, it leads to problems, which causes 

significant damage to the nerves and blood vessels, and hence may lead to heart il 

Study's Objectives 

In the past quarter of a century, the research of antioxidant indicators in individuals with 

diabetic problems has not received enough attention. This is the first study of its kind to 

investigate the relationship between arginase activity and a number of antioxidant 

markers in patients with diabetes complications in comparison to healthy subjects. 

These parameters include total protein, albumin, globulin, albumin globulin ratio, 

ischemia modified albumin, native and (total thiol, amino, and carbonyl) groups, and 

Malondialdehydelnesses, kidney diseases, neuropathy, and diabetic foot (MJ 2008). 
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2. LITERATURE REVIEW 

2.1 Diabetes Mellitus. 

Insufficient insulin, decreased insulin sensitivity in tissues, or a combination of the two 

may lead to metabolic abnormalities and abnormally high glucose levels in blood. The 

phrase "diabetes mellitus" embraces a wide range of medical disorders (Rother 2007). 

Many of the body's vital organs, including the eyes, kidneys, nerves, heart, and blood 

arteries, are especially susceptible to long-term damage and failure as a consequence of 

diabetes (Care 2004). Because of their condition, diabetics have difficulty turning food 

into energy. Cells in the intercellular medium get glucose from meals, which is broken 

down into glucose and distributed throughout the body via blood. Most cell types need 

insulin to allow glucose to enter their cells. Because DM prevents glucose from being 

converted to energy, the blood glucose level rises, despite the fact that cells are still 

starving for energy. Deficiency or resistance to insulin by muscles and liver 

(Chantrapanichkul et al. 2020) leads to diabetes mellitus. It takes time for high blood 

sugar to build up in the body, and various pathogenic processes can contribute to the 

development of diabetes, including autoimmune destruction of beta cells in the 

pancreas, which results in abnormalities that lead to insulin resistance, as well as nerve 

and blood vessel damage that can cause complications such as heart disease, stroke, and 

kidney failure (Cowell 2008). 

2.2 Classification of Diabetes Mellitus. 

2.2.1 Insulin dependent diabetes mellitus (IDDM)   

About 10% of patients with diabetes are diagnosed with this kind of the illness. Those 

under the age of 25 are considered to have juvenile diabetes, which is a form of the 

illness. This kind includes reduced or absent insulin release from pancreatic fuel cells (B 

cells). Autoimmunity, defined by the onslaught of immunological T cells on insulin-

producing cells, is the primary cause of this breakdown(Turner et al. 1999)                       

. 
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2.2.2 NonInsulin dependent diabetes mellitus 

More than 90% of those with DM have this kind, which often affects adults over the age 

of (40) years and is more frequent than type 1. (Taft 1984). Glucose levels in the blood 

stay high with this kind of diabetes because the cells of the body are resistant to insulin's 

effects. The liver, muscle, and adipose tissue are particularly sensitive to the absence of 

insulin or a deficiency in insulin activity in this form of diabetes. Obesity and a 

predisposition to the disease run in families. To put it more succinctly (Jackson 1978). 

2.2.3 Gestational diabetes  

On par with the second type, this condition affects 2 to 5 percent of pregnant women, 

but medical monitoring during pregnancy can help prevent the condition or at least 

improve the condition of the mother long term (Association 2014). This is because 

insulin levels are low and tissues are less responsive to insulin's effects. Women with a 

low glucose tolerance are more likely to develop this kind of diabetes. During a normal 

pregnancy, the progesterone hormone rises; this causes an increase in growth hormone 

and anti-insulin activity (Lee et al. 2015). 

2.2.4 Other types of diabetes 

There are many rare causes of DM that cannot be classified as type 1 or type 2, and 

some cases are diabetes; Because of the lack of response to insulin receptors on the 

tissues of the body, even if the insulin levels are normal, and this makes this case 

different from the second type, and this type is very rare. Also, genetic mutations in 

chromosomes or in mitochondria; can lead to abnormalities in beta cell function(Wang 

et al. 2012). 
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2.3 Diabetes Mellitus Symptoms 

When a person is diabetic, they will experience a wide range of symptoms, including 

(Schipper et al. 2021). 

1.Increasing the frequency and amount of urination is necessary (Polyuria). 

2. Excessive thirst and excessive water intake are caused by a considerable loss of fluids 

from the body. 

3. Patients with type 1 diabetes lose weight for no apparent reason when the anti-insulin 

hormone glucagon (secreted by the pancreas) breaks down fats and proteins into sugars 

that are expelled in the urine. Particularly with young people, it is this way. 

4.The urge to consume more and an overall sensation of weakness and weariness 

2.4 Etiology of Diabetes 

Type 2 diabetes is more likely to occur in people with obesity, particularly in the 

midsection (that is, their stomachs), than in those who are fat primarily in their 

limbs.Insulin is unable to bind with its receptors if a person does not engage in regular 

physical activity.As a result, insulin production is impaired in the pancreatic gland, 

which may be caused by infections, internal bleeding, or the removal of the 

pancreas.Because insulin sensitivity and efficacy decline with age, diabetes is becoming 

increasingly frequent among the elderly.One of the most important triggers for the 

development of an autoimmune destruction process is infection with the type 1 diabetes 

virus(Bluestone et al. 2010). 
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2.5 Complications of Diabetes mellitus 

2.5.1 Sudden complications includes 

All cells in the body have access to an increased quantity of fatty acids in their blood 

due to an insulin deficiency so severe that the body creates more fatty acids than it can 

utilize as fuel, leading to ketoacidosis. Type 1 diabetics have high blood glucose levels. 

Insulin deficiency or ineffectiveness prevents cells in the body from consuming glucose, 

resulting in a spike in blood glucose levels that exceed the body's entire reabsorption 

capacity and are excreted in the urine, resulting in water loss and an increased need for 

fluid intake(Köseoglu and Karaman 2007). 

2.5.2 Chronic complications  

The eyes of many persons with DM are damaged in a variety of ways, resulting in 

visual impairment. The term "neuropathy," which describes diabetes-related nerve 

damage, is used to describe the symptoms of this condition, which may cause a person 

to lose some of their capacity to feel. 

2.6 Screening, Early Detection and Treatment of Complications 

Although diabetes management can not prevent all problems, taking action early on can 

reduce their severity (Gong et al. 2019) A frequent eye checkup is necessary for those 

with DM. In low- and middle-income countries, rapid laser photocoagulation and 

effective blood glucose management may prevent or delay irreversible vision loss. 

Detection of early kidney failure may be done by testing urine protein, and the 

development to kidney failure can be delayed by the use of critical hypertension drugs. 

Renal failure can only be treated by dialysis or a kidney transplant. By seeing 

abnormalities in the skin that may lead to gangrene and amputation, regular 

examinations of the legs for indications of neuropathy help control blood pressure and 

prevent foot ulcers. Complications on people's capacity to function may be reduced by 

certain rehabilitation programs including physiotherapy and occupational therapy. 
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2.7 Arginase  

The manganese-containing enzyme urea hydrolase arginase is responsible for the urea 

cycle's conversion of l-arginine to ornithine and urea, which eliminates potentially toxic 

ammonia (Wu and Tinoco 1998). Its importance in this cycle has been well-known for 

quite some time. Archaea are the most prevalent microbes that produce arginase, 

although they are not the only ones that have developed (Dzik 2014). The mitochondria 

may have transported arginase from bacteria to human cells. Arginase 2 is the only 

arginase found in plants, bacteria, yeasts, and other invertebrates (A2). Almost all 

animals that produce urea have arginase 1 (A1) in their cytosols. Even while certain 

animals have kidneys that produce A1, the brain and retina both produce A2, as well as 

red blood cells. Activation of either isoform may be triggered by a variety of 

circumstances. A1 in humans has 322 amino acids, whereas A2 contains 354 (Dizikes et 

al. 1986). (Colton et al. 2006). Various chromosomes contain the genes that code for 

each isoform, and these genes are unique to each isoform. They both have comparable 

modes of action and create similar metabolites. More than 60% of the amino acid 

residues are identical, and the areas critical to enzyme action are 100% homologous 

(Vockley et al. 1996). 
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3. MATERIALS AND METHODS 

3.1 Subjects. 

To conduct this research, researchers drew blood samples from 135 participants, 

including 100 diabetics aged 25 to 50, as well as 35 non-diabetics in the same age 

range. Two months after patients arrived to Azadi Teaching Hospital in Kirkuk, Iraq, 

samples were taken. The Azadi Teaching Hospital's Institute, Ethical Committee 

received ethical clearance. It was necessary to create a questionnaire form expressly for 

this purpose in order to gather comprehensive information about each patient's medical 

history. 

3.2 A set of Requirements for Exclusion 

1-Patients and controls aged 60 to 90 years old 

2-The term "pregnant" is used in this context. 

3-Hepatitis-infected patients with high blood pressure 

3.3 Samples Collection 

An EDTA tube is used to separate three milliliters of blood taken using a disposable 

syringe into two glass tubes. The tubes are spun at 1500 xg for 15 minutes after that. 

Separate the cells from the plasma by removing the buffy covering. Until used, plasma 

samples are stored at -20 °C. 

3.4 Methods. 

3.4.1 Estimation of total protein levels in all studied groups. 

Using BSA as a reference protein, the method is utilized to determine plasma total 

protein levels (Lowry et al. 1951). 
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3.4.2 Estimation of albumin levels by bromo cresol green method. 

The BCG Method (Bromo Cresol Green) is used to determine albumin levels. This 

BCG dye has an albumin-binding property, and the blue-green color it creates is 

detected at 630 nm. The rise in color correlates to the amount of albumin in the sample. 

3.4.3 Estimation of free amine level in all studied groups 

The Bromo Cresol Green (BCG) Method is used to determine albumin concentrations. 

At 630 nm, an albumin-binding BCG dye creates a blue-green color, and the rise in 

color correlates to the albumin level. 

3.4.4 Estimation of the carbonyl group level in all studied groups 

Use Levine et alapproach .'s to determine protein carbonyl groups (Ellman 1959). 

Carbonyl group content in di-nitro phenyl hydrazine has a direct effect on the intensity 

of the orange hue at a wavelength of 370 nm (DNPH). 

3.4.5 Estimation of thiol groups level in all studied groups 

The Ellman technique was used to measure thiol groups. The amount of thiol groups 

connected to 5,5-dithiol-bis-(2-nitrobenzoic acid) (DTNB) is directly correlated with an 

increase in color intensity (Levine et al. 1990). 

3.4.6 Estimation of ischemia-modified albumin (IMA) in all studied group 

The Test incubates 95 ml of a patient sample with cobalt chloride (CoII) for five 

minutes. While Co (II) attaches to unaltered albumin, Ischemia-induced alterations to 

the N-terminus of albumin alter the capacity of albumin to bind to Co (II) during 

incubation. After 25 minutes of incubation, add di-thio threitol (DTT) to the mixture. 

The DTT-Co (II) complex, which is not linked to albumin's N-terminus, is 
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spectrophotometrically visible at 500 nm. Duplicate IMA data from this test were 

recorded, and the mean was used as the final result (Unlüer et al. 2010). 

3.4.7 Estimation of arginase activity in all studied groups. 

The Zofia and Maria technique was used to assess arginase activity. L-arginine 

monochloride, sodium barbitone, MgCl2, sodium barbitone, and 0.5 ml of plasma were 

used in a system to perform the reaction. The material was kept at 37°C for 30 minutes. 

To halt the process, 1.3 mL of 20% tri chloroacetic acid was employed. For the 

appropriate ornithine content, the incubation medium was heated for 60 minutes after 

the addition of 2 mL of the ninhydrin solution (250 mg ninhydrin in 4 mL of H3PO4 

and 6 mL of concentrated acetic acid) and 1 mL of concentrated acetic acid. Arginase 

activity may be measured spectrophotometrically at a wavelength of 515 nm. Using a 

standard curve for calibration, the ornithine concentration was determined. Arginase 

activity was assessed in terms of ornithine/L. (Khaleel et al. 2018). 

3.4.8 Estimation of NO concentration in all studied groups 

50 L of distilled water was used as a blank, and 50 L of sulfanilamide (1 percent in 5 

percent H3PO4) was applied to samples in microplate wells. For 10 minutes at 37 °C, 

the samples were incubated The sample and blank were then re-incubated for 5 minutes 

at 37°C with 50 L of [N-(1-naphthyl)ethylene di amine di hydrochloride (0.1 percent) in 

distilled water]. The enzyme, linked immunosorbent assay (ELISA) reader was used to 

measure the absorbance at 540 nm (Sunrise,Tecan,Austria). The 0-50 M sodium nitrate 

linear standard curve was used to quantify the serum NOx levels. 

3.4.9 Estimation (MDA) in alle study groups. 

In microplate wells, 50 microliters of plasme samples were added together with 50 L of 

distilled water as a blank and 50 L of sulfanilamide (1 percent in 5 percent H3PO4) to 

samples. Ten minutes at 37 °C were spent incubating the samples The samples and the 
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blanks were then re-incubated for 5 minutes at 37 °C with 50 L of [N-(1-

naphthyl)ethylene di amine di hydrochloride (0.1 percent) in distilled water]. Utilizing 

an ELISA reader, we measured the absorbance at a wavelength of 540 nm 

(Sunrise,Tecan,Austria). The linear standard curve with 0-50 M sodium nitrate was used 

to establish the serum NOx levels (Al-Daghri et al. 2018). 

3.4.10 Estimation of plasma thiol/disulfide homeostasis in all studied group 

Total thiol and native thiol were measured using Erel et alModified .'s Ellman method. 

In order to generate R1, we utilized an experimentally prepared solution of sodium 

borohydride (NaBH4) in 1000 mL of water-methanol (at a volumetric ratio of 1/1 of 10 

mM). This reducing solution was used to determine the total thiol content. It was 

decided to do this experiment using a freshly prepared solution of NaCl (585.5 mg) in 

water-methanol (1/1 volume ratio) with a final concentration of 10 mM. This solution 

was used to determine the amount of natural thiol present. A solution of R2 was made in 

1000 mL of Tris buffer, 100 mM, with a pH of 8.2. R2 had a final formaldehyde content 

of 6.715 mg per 1000 mL of Tris buffer. Each working day, 3.963 grams of 5,5 

dithiobis-2-nitrobenzoic acid (DTNB) were produced at a final concentration of 10 mM. 

This solution was used to measure the concentrations of total and native thiol. 
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4. RESULTS AND DISCUSSION 

4.1 Estimation of Some Biochemical Parameters in the Plasma of All Studied 

Groups. 

4.1.1 Estimation of arginase activity levels in the plasma all studied groups 

There were significant differences in the activity of arginase (mean SD) (mg/dL), 

between diabetes complications patients and healthy volunteers, as shown in Table 4.1. 

Table 4.1 The Arginase activity in the Plasma of All Studied Groups. 

parameters Diabetic compliction 

patients 

healthy subjects P value 

Arginase (mean ± SD) 

(mg/mL) 

5.137±1.063 2.469±0.6457 0.0015 * 

 

The findings showed that Arginase activity levels in patients were significantly higher 

(p0.05) than in healthy persons. 

4.1.2 Estimation of total protein, albumin, globulin and albumin/globulin ratio in 

all Studied Groups. 

Amounts of total protein (TP), albumin (album/gloration), globulin (album), and 

globulin (album/gloration) are shown in Table 4.2. Radin levels in the blood of diabetes 

patients with complications were found to be (mean SD) (gm/dl) higher than in the 

blood of healthy individuals. 
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Table 4.2 Total Protein, Albumin, Globulin and Albumin/globulin ratio Levels in the 

Plasma of all studied Groups. 

 Diabetic complication Healthy subjects P value 

parameters 

patients (mean ± SD) (mean ± SD)  

(g/dl) (g/dl) 

 

  

    

TP (gm/dl) 4.855 ± 1.135 7. 054± 0.6532 0.0005* 

    

Albumin (gm/dl) 1.487 ± 0.2845 2.469 ± 0.6457 0.0001* 

    

Globulin (gm/dl) 2.649± 0.9226 5.054 ± 1.203 0.0457* 

    

 

According to the findings, the "TP," "albumin," and globulin" levels of patients were 

significantly lower than those of healthy people (p0.05). 

4.1.3 Estimation of free amine levels in the plasma of all studied groups. 

Patients with diabetes problems and their associated subgroups are represented by 

Tables 4.3, which show the mean (SD) (mmole/L) concentrations of free amine in their 

plasma as compared to healthy people. 

Table 4.3 Free Amine Levels in the Plasma of All   Studied Groups. 

parameters Diabetic 

complications 

patients 

healthy subjects P value 

free amino 

(mean ±SD) 

mmole\L 

59.35 ± 9.477 31.40 ± 6.064 0.0041* 

 

 

Compared to healthy people, diabetic Complication patients showed a substantial (p 

0.05) increase in the (free amino) groups. 
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4.1.4 Estimation of carbonyl levels in the plasma of all studied groups. 

A comparison of the carbonyl concentrations in the plasma of diabetic complications 

patients and the groups of diabetic complications patients separated into as compared to 

healthy participants is shown in Table 4.4. 

Table 4.4 The Carbonyl Levels in the Plasma of All    Studied Groups. 

parameters 

 

Diabetic complication 

major 

patients 

healthy subjects P value 

Carbonyl 

(mean ± SD) 

nmole\mL 

72.79 ± 9.613 81.29 ± 6.401 0.0085 

 

 

Carbony levels in the sick groups were found to be significantly lower (p0.05) than in 

the healthy participants. 

4.1.5 Estimation of thiol levels in the plasma all studied groups. 

Table 4.5 shows the plasma concentrations of (thiol) in diabetes complications patients 

compared to healthy people, shown as (mean SD) (mole/L). 

Table 4.5 Thiol Levels in the Plasma of All Studied Groups. 

parameters Diabetic 

complications 

patients 

healthy subjects P value 

Thiol (mean ± SD) 

(µmole/L) 

32.35 ± 7.461 21.46 ± 4.507 0.0013 * 

 

The findings showed that (thiol) levels in patients were significantly higher (p0.05) than 

in healthy participants. 
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4.1.6 Estimation of (IMA) levels in the plasma all studied groups. 

Diabetic complications patients' plasma (IMA) concentrations are shown in Table 4.6 

(mean SD) (Abs unit) as compared to healthy participants. 

Table 4.6 The (IMA)Levels in the Plasma of All Studied Groups. 

parameters Diabetic compliction 

patients 

healthy subjects P value 

IMA (mean ± SD) 

(Abs unit) 

0.6280 ± 0.06544 0.4564 ± 0.1256 0.0001* 

 

Patients in the (IMA) inpatient groups had higher levels of (p 0.05) compared to healthy 

controls. 

4.1.7 Estimation of (thiol/disulfide homeostasis) levels in the plasma all studied 

group. 

Table 4.7 compares the concentrations of (thiol/disulfide homeostasis) in diabetes 

complications patients' plasma with the concentrations in healthy participants (mean 

SD) (M mole /L). 

Table 4.7 The (thiol/disulfide homeostasis) Levels in the Plasma of All Studied Groups. 

parameters Diabetic compliction 

patients 

healthy subjects P value 

thiol/disulfide 

homeostasis (mean ± 

SD) 

(M mole /L) 

13.61 ± 3.504 8.797 ± 0.9294 0.0001* 

 

(Thiol/disulfide homeostasis) levels in sick groups were found to be higher than in 

healthy participants (p0.05). 
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4.1.8 Estimation of (NO) levels in the plasma all studied group. 

(NO concentration) levels in plasma diabetes complications patients (mean SD) (M) and 

the patient groups classified into accordingly as compared to healthy participants are 

shown in Tables 4.8 as (mean SD) (μM). 

Table 4.8 The (NO concentration) Levels in the Plasma of All Studied Groups. 

parameters Diabetic compliction 

patients 

healthy subjects P value 

NO (mean ± SD) 

(μM) 

31.58 ± 6.724 20.14 ± 3.695 0.0002 * 

 

A substantial (p 0.05) rise in (NO) levels was seen in patients compared to healthy 

individuals. 

4.1.9 Estimation of (Malondiadehyde (MDA)) levels in the plasma of all studied 

group 

(MDA) levels in diabetes complications patients and healthy people are shown in 

Tables 4.9 as (mean SD)(nmol/mL). 

Table 4.9 The (MDA)Levels in the Plasma of All Studied Groups. 

parameters Diabetic compliction 

patients 

healthy subjects P value 

MDA (mean ± SD) 

(nmol /mL) 

4.057±1.505 2.269±0.6583 0.0001* 

 

Patients had higher levels of (MDA) compared to healthy people, according to the 

findings. 
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4.2 Correlation Analysis Study 

Figures 4.1 to 4.9 and Table 4.10 show a variety of phenotypic associations between the 

examined biochemical variables in the inpatients group. The findings of the correlation 

coefficients show a substantial positive link between (Arginase - Total protein). 
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Figure 4.1 Regression Correlation between Argainas and Total protein. 
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Figure 4.2 Regression Correlation between Argainas and Al bumin. 
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Figure 4.3 Regression Correlation between Argainas and Globulin. 
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Figure 4.4 Regression Correlation between Argainas and Free amino 
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Figure 4.5 Regression Correlation between Argainas and Carbonyl 
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Figure 4.6 Regression Correlation between Argainas and Thiol. 
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Figure 4.7 Regression Correlation between Argainas and Albumin IMA 
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Figure 4.8 Regression Correlation between Argainas  thiol/disulfide homeostasis. 
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Figure 4.9 Regression Correlation between Argainas and NO concentration. 
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Figure 4.10 Regression Correlation between Argainas and MDA. 

Table 4.10 The Correlation Data between the Studied Plasma Variables in Patients 

Groups. (Coefficient of Correlation/ Significance r/p). 

 

Figures Variables   r/p 

   

4.1 Arginase - Total protein  0.2097/0.0363 

   

4.2 Arginase - Albumin  -0.08066/0.4250 

   

4.3 Arginase – Globulin  -0.04604/0.6492 

   

4.4 Arginase – Free amine  -0.03288/ 0.7454 

   

4.5 Arginase - Carbonyl  -0.09011/ 0.3726 

   

4.6 Arginase- Thiol  -0.07347/ 0.4676 

   

4.7 Arginase - Albumin IMA  -0.004105/0.9677 

   

4.8 Arginase - thiol/disulfide homeostasis   0.009876/0.9223 

   

4.9 Arginase- NO concentration - 0.07721/0.4452 

   

4.10 Arginase- Albumin MDA 0.08566/0.3968 
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IndicatedArgenase Cornelated with TP and mgbe effective for monitoring diabetes 

complications, according to the study's correlation data. 

4.3 Discussion 

4.3.1 Arginase activity 

Arrange activities in a way that makes it difficult for others to find it.Patients with 

diabetes had greater levels of arginine activity than healthy controls, according to the 

data above Taple 4.1. Analogues of arginine are present in two places in the body: the 

liver and other tissues, including tiny amounts in the kidneys, prostate, pituitary, 

thyroid, small intestine and muscles of the skeleton as well as the heart and lung. The 

liver contains the first analogue virtually entirely. An increased activity of arginase as 

well as an increase in the metabolism of arginine in certain brain cells are both 

associated with an increased risk of neurodegenerative disease and aging when arginine 

levels are elevated (Shosha et al. 2020). A lot of arginine arginase is found in bone 

marrow cells and red blood cells because it impairs lymphocyte function by leaking 

from red blood cell membrane cells and from white blood cells, particularly neutrophils, 

during blood transfusion (Huang et al. 2016) due to this rise A diabetic patient's 

increased glucose levels are to blame, according to this research. Kashyap et al. 

(Kashyap et al. 2008) evaluated 12 diabetic individuals and found similar findings. 

4.3.2 Total protein, albumin, globulin and albumin/globulin ratio 

Taple version 4.2 Protein-containing molecules, such as "enzymes, hormones, and 

antibodies," keep the blood's osmotic pressure in balance. There is a belief that human 

plasma has the highest proportion of albumin (Pieniazek et al. 2018). A buildup of toxic 

waste is accumulated in the kidneys due to diabetes, leading in the loss of total protein 

(TP), albumin, and globulin in urine. This causes low levels of albumin and globulin to 

be seen in the bloodstreams of individuals with diabetes (Kawata et al. 2021). Albumin 

and globulin, two common transport proteins, may act as early warning signs of diabetic 

problems. In 2012, (Santos et al. 2012) The albumin component accounts for more than 

half of plasma protein. Osmotic pressure control, delivery of nutrients, and waste 
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disposal are just a few of albumin's various functions in the body. Among the other 

things it moves are harmful substances like bilirubin and cholesterol. According to 

Ahmed et al. A study of the prognosis of protein oxidation in patients with diabetes 

mellitus, the findings of the TP, albumin, and globulin levels are in accord. 

4.3.3 Free amine 

It has been shown that the presence of fatty acid-bound branch-chain amino acids 

(BCAAs) and central nervous system amino acids (Acyl-CNSO) is a disease sign for 

persons with diabetes (Mihalik et al. 2012). The faster BCAA gating mechanism may 

have led to a rise in diabetes millet propionyl carnitine Taple 4.3 (C3) and 

isovalerylcarnitine (C5) concentrations in plasma (Libert et al. 2018) Patients with 

diabetes were shown to have comparable amino/TP levels as those with thalassemia, 

breast cancer and diabetes, according to an investigation of protein oxidation. 

4.3.4 Carbonyl 

Table 4.4 th time around Stress and inflammation of the airways in patients may be to 

blame for an elevated carbonyl level (Odetti et al. 1999). Protein carbonyls have been 

detected in a number of human disorders, including chronic kidney disease and diabetes 

mellitus. Overhydration, sarcopenia, and low plasma prealbumin levels may all 

contribute to a drop in plasma protein carbonyl levels (Trombetta et al. 2006). There is 

some disagreement with Karam Y.Noah on the effect of some biopolymer derivatives 

on the level of free radicals in the sera of diabetics, but the results of this study are in 

agreement with Mateen et al (Mateen et al. 2016) and Odetti et al (Odetti et al. 1999), 

who studied the above parameters in rheumatoid arthritis and type 2 diabetes patients, 

respectively (Wang et al. 2020). 
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4.3.5 Thiol 

Taple's 4.5 Thyol groups at physiological pH levels are more powerful nucleophiles 

because of their lysine and arginine side chains (Zeng and Davies, 2005, Thorpe and 

Baynes 2003). A recent research in people with type 2 diabetes examined the 

aforementioned factors (Wang et al. 2020). Total thiols have been used as an indicator 

of oxidative stress to study a wide range of diseases, including ischemic heart disease, 

diabetes and pulmonary diseases as well as preeclampsia and renal illness (Gumusyayla 

et al. 2016). 

4.3.6 Ischemia-modified albumin (IMA) 

Taple 4.6 Ischemia-Modified Albumin is a sign of ischemia and is most often studied in 

cardiac pathology. IMA has been proven to be a key marker of ischemia in a variety of 

diseases related with oxidative stress. Albumin's N-terminus undergoes a shift and loses 

its metal bonding activity in a hypoxic state. When ROS are released as a result of 

ischemia, albumin undergoes a modification known as IMA. Compared to the control 

group, the serum IMA levels in the patients group were considerably higher (Sbarouni 

et al. 2008). 

4.3.7 Thiol/disulfide homeostasis 

Taple 4.7 is the current version. Prooxidants and antioxidant defense mechanisms are 

dynamically balanced in the human body. As a result of an imbalance in the body's 

internal chemistry, oxidative stress, lipid peroxidation, DNA damage, and cell death 

ensue. Intracellular and extracellular regions include several oxidative and antioxidative 

compounds. The non-enzymatic antioxidant system of the human body includes the 

oxidation-reduction processes of dynamic thiol disulfide homeostasis. Oxidation 

reactions with free radicals may damage sulfur-containing amino acids' thiol groups. As 

oxidative stress occurs, the disulfide bonds of proteins' thiol groups are changed to SH 

groups (Erel 2004b). This is a two-way response. Disulfide linkages may revert to thiols 
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in an oxygen-rich environment. Thiol-disulfide is thus a dynamic equilibrium that 

changes in response to the oxygenation level in the environment. In fact, thiols account 

for half of all available antioxidant capability. Because of this, it may serve as a 

reference point for determining serum levels in clinical settings (Erel 2004a). 

4.3.8 NO level   

Table 4.8. The metabolic, circulatory, and cellular actions of nitric oxide make it a 

critical regulator molecule in biology. In type 2 diabetes, insulin regulates the activation 

of NO synthase (NOS) via the Akt pathway, which regulates NO metabolism. Insulin 

resistance has been linked to changes in NO production, which may influence the 

vascular response (Muniyappa and& Quon 2007, Erel 2004a). 

4.3.9 Malondiadehyde (MDA) 

The latest version of Taple is 4.9 It is a naturally occurring endogenous byproduct of the 

cellular lipid peroxidation process. Lipid peroxidation happens when the antioxidant 

defense systems' capacity to scavenge free radicals or eliminate their products is 

outstripped by the creation of free radicals themselves. When searching for high 

oxidative stress in tissues, malondiadehyde is one of the most useful indications since it 

is formed by the oxidation of unsaturated fats, particularly those with two double or 

three triple bonds. Lipid peroxidation results in the production of an impregnated 

membrane that allows fluids and materials from and to it to pass through without 

restriction, i.e., the membrane loses its capacity to selectively let certain substances to 

pass through (Peerapatdit and Sriratanasathavorn 2010). There are two types of malone 

aldehyde that may be discovered in a person's diet: the free form and the protein-bound 

form. When fatty acids are oxidized, lipid hydroperoxide is generated, which 

subsequently undergoes fragmentation to produce (MDA) molecules. Glutathione 

peroxidase (GPX glutathione peroxidase) has been shown to have a negative correlation 

with the quantity of MDA in blood due to oxidative stress or the presence of certain 

disorders. 
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Because hemodialysis accelerates the creation of free radicals that may pass from 

dialysis fluid to blood components, the MDA content in the blood serum of patients 

with renal failure rises, which is a sign of oxidation and infection of certain illnesses. It 

has an OH root. Breaks down cell membranes by interfacing directly with unsaturated 

fatty acids, causing fat peroxidation. This results in the production of a number of 

compounds, each having therapeutic value (Niedernhofer et al. 2003). DNA and 

proteins have been shown to interact with MDA under conditions of oxidative stress, 

and this interaction has been shown to play a significant role in the incidence of genetic 

abnormalities and the subsequent development of malignant tumors (Miyata et al. 

2001). 

4.3.10 Correlation 

Tape 4.10 The other metrics evaluated in this research show a weak and non-significant 

"positive and negative" correlation. According to the study's findings, there is a 

substantial positive association between Arginase - Total protein, Arginase - Albumin 

MDA, and Arginase - Thiol/Di-Sulfide homeostasis, which may be useful in the 

assessment of diabetes complications. (Arginine-Alcohol and Arginase-Globular) are 

shown in the table 4.10 to have strong negative correlations with each other. There is a 

significant positive correlation between (TP – globulin) and (Albumin/globulin ratio –

Albumin) as well as a significant negative correlation between these two variables 

(Albumin/globulin ratio –Albumin). However, these findings do not agree with those of 

Ismail K. Abd (Ferrand et al. 2021). 
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5. CONCLUSIONS AND RECOMMENDATION  

1. Comparing the efficiency of arginase enzyme in hepatitis patients to diabetes 

2. Purification of arginase enzyme and investigation of its kinetic and thermodynamic 

characteristics in diabetic blood serum 

3. Conducting a biochemical investigation for additional factors such as CRP and 

discovering the enzyme arginase in diabetes patients' blood serum. 

4. Effect of heavy chemical components and elements on arginase enzyme activity in 

diabetes patients' blood serum 
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