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Summary 

         

        Cigarette smoke is linked to a number of major health issues, 

including mouth cancer, throat cancer, stroke, liver cancer, and bladder 

cancer. Cigarette smoking is a complicated cocktail of around 7,000 

chemicals. Any cigarette bowl of smoke contains reactive smoke (ROS) 

molecules such as superoxide (O2-), hydrogen peroxide (H2O2), hydroxyl 

(OH), and peroxyl (ROO•) radicals. Any organ that plays a role in cancer 

growth, such as the lungs, neck, esophagus, pancreas, prostate, and 

bladder A tar phase and a gas phase have been found in CS, both of 

which are rich in oxygen-centered, carbon-centered, and nitrogen-

centered free radicals as well as non-radical oxidants. These ROS, in turn, 

can trigger and promote oxidative damage in the form of lipid 

peroxidation.          

 In the year 2021, a clinical trial was conducted at the University of 

Babylon. Blood samples were collected from University of Babylon 

students. A total of 150 nonsmokers and 150 smokers were enrolled in 

the study. The following two groups were studied in the current study: 

Group I: 150 nonsmoker subjects.  

Group II: 150 Cigarette Smokers. 

 This study deals with five parts: - 

1. The individuals' Total oxidant status (TOS) and Total antioxidant 

status (TAS) levels were assessed. Cigarette had significantly higher 

serum concentrations of total oxidants species than non-smokers. 

While cigarette smokers' serum total antioxidant capacity was 

considerably lower than that of non-smokers. These findings point to 
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oxidative stress and a smoker's oxidant defense mechanism being 

compromised. 

2. The concentration of lipid peroxidation in the sera of nonsmokers and 

cigarette smokers was investigated. The current study's findings show 

a substantial rise (p 0.05) in Malondialdehyde concentration in all 

study cigarette smokers, as compared to the nonsmokers control group 

in Homocysteine Thiolactonase concentration in all group of study 

cigarette smokers and comparable to nonsmokers control group 

[1.1091ng/ml] in cigarette smokers group more significantly to be [ 

1.2304 ng/ml].  

3. The current study describes a simple spectrophotometric protocol for 

the assessment of Homocysteine Thiolactonase and demonstrates its 

reproducibility, accuracy, and precision. Result of this study refers to 

significant increase (p < 0.05) in Homocysteine Thiolactonase 

concentration in all group of study cigarette smokers and comparable 

to nonsmokers control group [146.393 ng/ml] in cigarette smokers 

group decreased significantly to be [ 104.636 ng/ml]. 

4. The Paraoxonase activity level was studied, and the results of the 

study indicated to significant decrease (p < 0.05) in Paraoxonase 

activity concentration in all group of study cigarette smokers and 

comparable to nonsmokers control group [145.33 ng/ml] in cigarette 

smokers group decreased significantly to be [ 128.56 ng/ml]. 

5. This study aims to investigate the effect of cigarette smoking on 

Homocysteine Thiolactonase (HTLase) according to PON1 Q192R 

gene polymorphisms and the correlation between this parameter and 

oxidant/ antioxidant status. The study the following parameters. Assay 

homocysteine thiolactonase (HTLase) and paraoxonase-1 (PON1) 

activity. Assessment total antioxidant status and total oxidant 

concentration. 
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6. Measure the lipid profile and lipid peroxidation. Study the 

Homocysteine Thiolactonase (HTLase) Gene Polymorphisms (PON1 

Q192R gene polymorphisms). Try to develop a novel precise method 

for assessment of Homocysteine Thiolactonase (HTLase) activity and 

compared it with ordinary methods. 

           The extent of the effect of smoking on the activity of 

Homocysteine Thiolactonase has been reached, as well as the 

development of a new method for measuring enzyme activity, and 

comparing it with the usual methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



V 

Item Contents Page No. 

 Acknowledgements I 

 Summary II 

 Table of Contents V 

 List of Tables XI 

 List of Figures XIV 

 Abbreviations XV 

Serial no. Contents Page no. 

1. Introduction 1 

1.1. Smoking 1 

1.1.1. Chemical compounds of cigarette smoker 1 

1.1.2. Types of Tobacco Smoke Exposure 3 

1.1.2.1. The First Hand Smoke Exposure 3 

1.1.2.2. The Second Hand Smoke Exposure 4 

1.1.2.3. The Third Hand Tobacco Exposure 4 

1.2. Oxidative stress (OS) 4 

1.3. Antioxidant 9 

1.3.1.1. Classification of Antioxidants 11 

1.3.1.1.1. Enzymatic antioxidants 

 

11 

1.3.1.1.1. Superoxide dismutase (SOD): 11 

1.3.1.1.2. Catalase (CAT): 11 

1.3.1.1.3. Glutathione Enzymes 12 

1.3.1.2. Non-enzymatic antioxidants 12 

1.3.1.2.1. Vitamin A 12 

1.3.1.2.2. Coenzyme Q10 13 

1.3.1.2.3. Uric Acid 13 

1.3.1.2.4. Glutathione 13 

1.3.1.2.5. Vitamin C 13 

1.3.1.2.6. Vitamin E 14 

1.3.1.2.7. Vitamin K 14 

1.3.1.2.8. Flavonoids 14 

Table of Contents 



VI 

1.3.1.2.9. Phenolic Acids 15 

1.3.1.2.10. Carotenoids 15 

1.3.1.2.11. Minerals 15 

1.4. Lipoprotein 16 

1.4.1. HDL characteristics and PON1 activity – a 

bridge tow HDL functionality 

17 

1.5. Paraoxonase PON 21 

15.1. Paraoxonase 1: An Evolutionary Highlight with 

Many Enzymatic Activities 

21 

1.5.2. Structural Insight into the Active Site of PON1 22 

1.5.3. PON1 and Diseases Connected with 

Atherosclerosis Development 

28 

1.5.3.1. PON1 and vascular diseases 28 

1.5.3.2. PON 1 and diabetes mellitus 28 

1.5.3.3. PON1 and renal disease 29 

1.6. Homocysteine thiolacton 29 

1.7. Genotyping of PON 33 

1.8. Phenotypes of PON 34 

1.9. A quantitative method for assessment of 

homocysteine thiolactonase enzyme activity 

36 

1.10. Aims of the study: 38 

2. Material  and Methods  

2.1. Materials 39 

2.1.1. Chemicals 39 

2.1.2. Instrument Analysis and Equipment: 42 

2.2. .Methodologies 43 

2.2.1. Collection of Blood and Serum Samples 43 

2.2.2. Subjects: 43 



VII 

2.2.3. Exclusion Criteria 44 

2.2.4. Collection of Data 44 

2.3. Determination of Total Oxidant Status (TOS). 44 

2.3.1. Principle 44 

2.3.2. Assay Reagents 44 

2.3.3. Procedure: 45 

2.3.4. Calculation 45 

2.4. Total Antioxidants Capacity Assay: The 

CUPRAC Method. 

45 

2.4.1. Principle 45 

2.4.2. Reagents 46 

2.4.3. Procedure: 47 

2.4.4. Calculation 47 

2.5. Determination of Serum Lipid Peroxidation 47 

2.5.1. Principle 47 

2.5.2. Reagents 48 

2.5.3. Procedure 49 

2.6.1. Determination of Serum Total Cholesterol 49 

2.6.1.1. Principle 49 

2.6.1.2. Reagents 50 

2.6.1.3. Procedure 50 

2.6.2. Determination of Serum Triglyceride 51 

2.6.2.1. Principle 51 

2.6.2.2. Reagents 51 

2.6.2.3. Procedure 52 

2.6.3. Determination of Serum High Density 

Lipoprotein-Cholesterol (HDL-C) 

52 

2.6.3.1. Principle 52 



VIII 

2.6.3.2. Reagents 53 

2.6.3.3. Procedure 53 

2.6.4. Determination of Serum Low Density 

Lipoprotein-Cholesterol LDL: - 

54 

2.7. Paraoxonase Activity 55 

2.7.1. The Principle 55 

2.7.2. The Reagents Preparation 56 

2.7.3. Procedure 56 

2.7.4. The Calculation: 57 

2.8. homocysteine thiolactonase enzyme 57 

2.8.1. homocysteine thiolactonase enzyme activity 57 

2.8.2. Reagents: 57 

2.8.3. The Procedures: 58 

2.8.4. The Calculation: 58 

2.9. The Genetics Study 59 

2.9.1. The solutions used for extraction and methods of 

preparation 

59 

2.9.2. Procedure Extraction 59 

2.9.3. Extracted DNA Quantity and Quality 

assessment. 

61 

2.9.4. Agarose Gel Electrophoresis. 61 

2.9.4.1. Gel Electrophoresis Protocol. 61 

2.9.4.2. Photo Documentation. 62 

2.9.4.3. Reconstituting and diluting primers. 62 

2.9.5. Amplification by Polymerase Chain Reaction 

(PCR) 

63 

2.9.6. Restriction Fragment Length Polymorphism 

(RFLP) for study the genotyping of 

Arachidonate 12 Lipoxygenase 

64 



IX 

2.9.7. Principle 64 

2.9.8. Restriction Enzyme 65 

2.9.9. Procedures 65 

2.10. Programs: 66 

2.11. Statistical analysis 66 

2.12. A quantitative method for assessment of 

homocysteine thiolactonase enzyme activity 

66 

2.12. 1. Sample preparation 66 

2.12.2. Purification of HTase 67 

2.12.3. Standard method to assess homocysteine 

thiolactonase (HTLase) activity 

67 

2.12.4. Accuracy and selectivity 67 

2.12.5. Sensitivity and linearity 68 

3.12.6. Validation and reproducibility 68 

2.12.7. Procedure 69 

2.12.8. Calculation 69 

3. Results and Discussion  

3.1. Characteristics of the Study Subjects 71 

3.2. The Effect of Smoking on Oxidant/ Antioxidant 

Status: 

71 

3.2.1. Total Oxidant Status Concentrations in Sera of 

Nonsmokers, Cigarette smokers. 

71 

3.2.2. Total Antioxidant Status (µmol/l) in Sera of 

Nonsmokers, Cigarette Smokers: 

73 

3.3. Lipid and Lipid Peroxidation in Sera of 

Nonsmokers and Cigarette Smokers 

74 

3.4. paraoxonase PON1 enzymatic activity 77 

3.5. homocysteine thiolactonase enzyme activity 79 

3.6. Genotyping of paraoxonase enzyme. 80 

3.6.1. Amplification of Paraoxonase gene and designed 

primers using temperature gradient of PCR 

reaction. 

80 



X 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.6.2. Distribution of genotype and allele frequencies 

of Paraoxonase enzyme gene polymorphisms 

81 

3.6.3. Genotyping of PON1 85 

3.7. A quantitative method for assessment of 

homocysteine thiolactonase enzyme activity 

90 

3.7.1. Results and discussion 90 

3.7.2. CUPRAC method as a suitable probe to assess 

HTase activity 

90 

3.7.3. Accuracy and selectivity 93 

3.7.4. Sensitivity and linearity 94 

3.7.5. Validation and reproducibility 96 

3.8. Conclusions 98 

 References 99-118 



XI 

List of tables 

Table No. Titles of Tables Page No. 

1-1 Classifications of HDL 20 

2-1 Th Chemicals Used in this Study. 39 

2-2 Instrument Used in this Study. 42 

2-3 Shows the Details of the  Present Method. 45 

2-4 Shows the Details of the CUPRRAC Method. 47 

2-5 Shows the Details of the Present Method. 49 

2-6 The procedure for this method as the following: - 50 

2-7 Procedure 52 

2-8 Reagents 53 

2-9 Procedure 53 

2-10 Steps of the procedures used for assessing the activity 

of Paraoxonase activity. 

56 

2-11 Steps of the procedures used for assessing the 

activity of Lactonase 

58 

2-12  Sequences of primers used for PCR amplification 

of Praoxonase Gene. 

63 

2-13 Optimization reaction Thermocycling conditions 

for  (PCR) 

63 

2-14 The proportion of mixing materials are Shown 

below 

64 

2-15 HTLase enzyme activity procedure was explained  69 

3-1 Participants‘ characteristics non-smokers, cigarette 

smokers. 

71 

3-2  Total Oxidants Status Concentration in Sera of 

Non-smokers, Cigarette smokers Groups. 

72 



XII 

3-3 Total Antioxidant Concentration in Sera  of 

smokers and non-smokers Groups. 

73 

3-4  Variations of lipid profile in Sera of Cigarette 

Smokers and Nonsmokers Groups. 

74 

3-5 Lipid Peroxidation (MDA Concentration  in Sera 

of Cigarette Smokers and Nonsmokers Groups. 

75 

3-6  Paraoxonase activity in Sera of Cigarette Smokers 

and Nonsmokers Groups. 

77 

3-7 Homocysteine thiolactonase activity in Sera of 

Cigarette Smokers and Nonsmokers Groups 

79 

3-8 Allelic frequency of paraoxonase polymorphisms 

(rs662) and their associations with risks of 

cigarette smokers and non-smokers Groups. 

82 

3-9 Genotypic association of  Paraoxonase (rs662) in 

cigarette smokers and non-smokers Groups. 

82 

3-10 Hardy-Weinberg equilibrium test of Paraoxonase 

polymorphisms and their associations in cigarette 

smokers and non-smokers Groups. 

83 

3-11  biochemical characteristics of the biochemical 

characteristics of subject studied according to the 

paraoxonase gene SNP (rs662) genotype. 

84 

3-12 The recovery values obtained for each of the 

potential interfering biochemical mixtures during 

the assessment of HTase enzyme activity 4-

mercaptobutyric acid using the current protocol. 

94 

 



XIII 

List of Figures 

Figure No. Title of figure Page No. 

1.1 Toxins Associated with Smoking is a term that refers 

to toxins that are produced as a result of smoking. 

3 

1.2 
depicting the production of oxidative stress and 

inflammation in AECs by smoking 

5 

1.3 Reactive oxygen species (ROS) in a plant cell: 

fundamental features adapted " 

7 

1.4 Natural antioxidants are divided into four categories 10 

1.5 Structure of Lipoproteins 16 

1.6 Lipoprotein Classes 17 

1.7 Different pathological processes 18 

1.8 Structure of paraoxonase 1  24 

1.9 The structure of paraoxonase 1 provides insight into 

the active site of altered proteins. 

27 

1.10 The metabolism of homocysteine in humans  32 

2.1 Scheme of the Adduct MDA–(TBA)2 48 

2.2 Scheme of hydrolases of Paraoxon by PON1 55 

2-3 The standard curve of 4-mercaptobutyric acid 

obtained by utilizing the current protocol. 

70 

3.1 Malondialdehyde (MDA) generation from HDL 

peroxidation, its subsequent crosslinking of proteins, 

and the impact of reactive dicarbonyl scavenging on 

HDL cholesterol efflux ability and anti-inflammatory 

function 

76 

3.2 Mechanism of xenobiotic in tobacco smoke 

interacting with PON1 activity. 

78 

3.3 The electrophoresis pattern of PCR product for 

Paraoxonase gene. 

80 

3.4 RFLP Patterns that electrophoresed on 

polyacrylamide gel electrophoresis for Paraoxonase 

gene. The (44) bp length fragment acting as a 

positive control for restriction enzyme. 

81 

3.5 3D Structure of human Paraoxonase, showing the 

effect of the genotype polymorphisms to the structure 

of the enzyme and the linking position with the HDL 

lipoprotein 

85 



XIV 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-1 Scheme (1): Scheme of γ-thiobutyrolactone (TBL) 

hydrolases by homocysteine thiolactonase (HTLase). 

The reaction of Cu(II)-neocuproine complex with 4-

mercaptobutyric acid, producing the yellow-orange 

colored Cu(I)-neocuproine chelate (λmax = 450 nm). 

91 

3.6 Homocysteine thiolactonase (HTLase) enzyme 

activity correlated with the spectrophotometric 

properties of the Cu(I)-neocuproine complex 

(Cu(Nc)2
+
). 

92 

3.7 Linearity of the current protocol for a series of 

dilutions of HTLase activity achieved by plotting a 

straight line between the H
+
 ions liberating method 

and CUPRAC method. 

95 

3-8 HTase enzyme activity was measured over a range of 

HTase enzyme dilutions, using the H
+
 ions liberating 

and CUPRAC methods. 

96 

3-9 Bland-Altman plot indicating the relative difference 

between the H
+
 ions liberating and CUPRAC 

methods, with the mean relative bias. 

97 



XV 

List of Abbreviation 

Abbreviation Details 

AD Alzheimer‘s disease 

ALA α-Lipoic acid 

BBB Blood-brain barrier 

CAD coronary artery disease  

CAT Catalase 

CBS cystathionine beta-synthase  

CETP cholesteryl ester transfer protein 

CNS The central nervous system 

CO Carbon mono oxide 

COPD Chronic obstructive pulmonary disease 

CRD Chronic renal disease 

CS Cigarette smoke 

CVD Cardiovascular Disease (CVD) 

D.F dilution factor 

DCM dichloromethane  

DHLA dihydro lipoic acid 

DM Diabetes mellitus  

DTT 1,4-dithio-DL-threitol 

EDTA Ethylenediaminetetraacetic acid  

ELISA Enzyme-Linked Immunosorbent Assay 

ER Endoplasmic reticulum 

Ero1 Endoplasmic reticulum oxidoreductin 

ESRD end-stage renal disease 

FAS ferrous ammonium sulfate 

FOX ferrous oxidation-xylenol orange  assay 

FRAP ferric reducing antioxidant assay 

GPX Glutathione peroxidase 

GR Glutathione reductase 

GSSG Glutathione disulfide 

GST Glutathione S-transferase 

HAT hydrogen atom transfer  

Hb Hemoglobin 

HCTL Homocysteine thiolactone 

HDL High -density lipoproteins 

HEPES 4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid 

HHcy Hyperhomocysteinemia  

ICSI Microinjection 



XVI 

LCAT lecithin: cholesterol acyltransferase 

LDL Low-density lipoproteins 

LOOH Lipid hydroperoxides 

LPO Lipid peroxidation 

MDA Malondialdehyde 

MTHFR Methylenetetrahydrofolate reductase  

NF-Κb The redox-sensitive transcription factor 

 NOX  NADPH oxidase 

Nrf2 The nuclear factor 2 

OD  optical density 

O-dianisidine 

dihydrochloridein 

3,3′-Dimethoxybenzidine dihydrochloride 

OH
●
 Hydroxyl radical 

OP organophosphate  

PCR polymerase chain reaction  

PDB  Protein Data Bank  

PDI protein disulfide-isomerase 

PDT photodynamic therapy 

PON1 paraoxonase  

Prx Peroxiredoxin 

Prx 4 Peroxiredoxin 4 

RCF Relative centrifugal force 

RCT randomized controlled trial 

RFLP Restriction Fragment Length Polymorphism  

RNS Reactive Nitrogen specious 

R-O• Alkoxyl radical 

ROO
.
 peroxyl  radical 

ROS Reactive Oxygen specious 

SET single electron transfer  

SOD Super Oxide dismutase 

SSA Sulfosalicylic acid 

T2DM Type 2 diabetes mellitus  

TAC Total antioxidant capacity 

TAS Total antioxidant status 

TBA thiobarbituric acid 

TBARS Thiobarbituric acid-reacting 

TBE Tris borate EDTA 

t-BOOH t-butyl hydro peroxide 

TCA Trichloroacetic 

TE Tris EDTA 

TOS Total oxidants status 

TOS Total oxidant status  



XVII 

Tris  

TRX Thioredoxin 

UPR unfolded protein response 

X Xanthine 

Ε extinction coefficient 



 

 

 

 
 

CHAPTER 

ONE 

INTRODUCTION



Chapter One                                                           Introduction 

1 

 

1. Introduction 

1.1 Smoking 

           Despite the fact that smoking has been identified as the largest 

preventable cause of death worldwide and that its incidence has lately 

dropped in several countries, it remains a major public health threat [1]. 

Inhaling cigarette smoke passively in public areas is harmful to one's 

health [2]. At least one billion adults in the globe are addicted to tobacco, 

and at least 700 million children breathe cigarette smoke-polluted air [3]. 

Because adults smoke in locations where children live or play, exposure 

to cigarette smoke is almost unavoidable. According to the World Health 

Organization (WHO), the tobacco pandemic is one of the world's most 

serious public health risks (WHO, 2020). Tobacco-related deaths, which 

cause significant cardiovascular and respiratory ailments, have increased 

to more than eight million individuals each year worldwide. Surprisingly, 

almost seven million of those deaths are linked to direct tobacco use, 

while 1.2 million are nonsmokers who are exposed to secondhand smoke. 

All kinds of tobacco are known to be dangerous, and there is no such 

thing as a safe level of tobacco exposure (WHO, 2020). Cigarette 

smoking has been shown to increase the risk of atrial and ventricular 

arrhythmias, sudden mortality, and acute myocardial infarction, as well as 

create hemodynamic alterations that worsen heart failure [4]. 

1.1.1 Chemical Compounds of Cigarette Smoker 

 Inhalation of a number of toxins in cigarette smoke, including 

nitrosamines, polycyclic aromatic hydrocarbons, volatile organic 

compounds, and many heavy metals, can cause smoking-related disorders 

[5]. Arsenic (As), Cadmium (Cd), and Lead (Pb) are some of the most 

common heavy metals linked to smoking's negative health impacts [6]. 

Although some heavy metals are required for survival, the majority are 

deemed non-essential, and some have negative health effects in humans 
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[7]. Similarly, heavy metals (such as Cd and Pb) have been linked to 

increased oxidative stress, cell apoptosis, endocrine disruption, and 

epigenetic damage, and through these mechanisms of toxicity, such 

elements could have a negative impact on ICSI patient outcomes [8]. 

Nicotine is the main active element in cigarettes, and it raises 

catecholamine levels, which causes an increase in heart rate and blood 

pressure [9]. Smoking is a long-established risk factor for several 

malignancies, cardiovascular disorders, and chronic obstructive 

pulmonary disease, according to the World Health Organization [10]. 

Over 6 million people die each year due to tobacco consumption among 

the world's 1.3 billion smokers [11]. A number of epidemiological studies 

have linked cigarette smoking to glaucoma and increased intraocular 

pressure [12]. By clogging artery lumen with atherosclerotic plaque and 

intimal thickening, cigarette smoking contributes to vascular diseases. 

Glaucoma has been linked to damage to retinal ganglion cells and 

trabecular meshwork cells caused by smoking, which includes 

inflammation and apoptosis. Because of the oxidizing chemicals that 

form free radicals, smoking causes a lot of oxidative stress [11]. Tobacco 

smoking is one of the leading preventable causes of death in the world 

[13]. Toxins Associated with Smoking was the subject of Figure (1-1).  
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The Figure. )1-1) Toxins Associated with Smoking is a term that refers to 

toxins that are produced as a result of smoking. 

(https://quittrainblog.com/chemicals-in-cigarettes/) 

 

1.1.2. Types of Tobacco Smoke Exposure 

 1.1.2.1 The First Hand Smoke Exposure 

Tobacco use has been identified as one of the leading preventable 

causes of mortality and disability in the United States (US). Every year, 

about 440,000 people die as a result of smoking. This suggests that 

smoking was responsible for about one out of every five deaths. This is 

predicted to be 5.4 million each year globally, and it is expected to rise 

[14,15].                                                                                                

file:///E:/نصر/تنزيل%20بحوث/(
file:///E:/نصر/تنزيل%20بحوث/(
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1.1.2.2 The Second Hand Smoke Exposure 

This is cigarette smoke inhaled by nonsmokers. It's also known as 

tobacco's hazardous smoke. Secondhand smoke is divided into two types: 

1) Smoke that is emitted from the burning end or pipe of a cigarette. 

2) Smoke from a smoker's exhalation in the main stream. 

More than 126 million persons are exposed to second-hand smoke, 

according to a 2011 study by Spiegler. It resulted in 50000 deaths in the 

United States, implying that the global death toll would be significantly 

higher. As a result, sitting in the proximity of a smoker is harmful to non-

smokers as well [15]. 

1.1.2.3. The Third Hand Tobacco Exposure  

Tobacco residue can be found on appliances, clothing, and other 

items. It consists of unseen smoke that remains in the air after a cigarette 

has been extinguished [16]. It has been demonstrated that nicotine residue 

found on surfaces such as furniture can react with other chemicals in the 

environment to form carcinogens. Nicotine vapor generated by a lit 

cigarette adsorbs heavily on indoor surfaces such as walls, carpets, chairs, 

clothing, and loose household dust. In addition to the recognized negative 

health effects of first- and second-hand smoking, third-hand smoking may 

potentially pose a risk to neonates and infants [17]. 

1.2 Oxidative stress (OS) 

Oxidative stress (OS) is described as a change in an organism's 

redox state, or a disruption in the balance between reactive oxygen 

species (ROS) and endogenous antioxidant defenses, which causes 

oxidation of lipids, proteins, and DNA, impairing cellular function [18]. 

As shown in Figure (1-2). Antioxidants help to delay or prevent oxidative 

damage caused by reactive oxygen species (ROS). The superoxide 

dismutase (SODs) antioxidant enzyme family is thought to be the first 

line of defense against oxygen poisoning. It catalyzes superoxide radical 
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disputation to hydrogen peroxide and molecular oxygen [19]. The most 

prominent mode of action of tobacco smoke is oxidative damage. Since 

of the direct impacts of the free radicals found in smoke. It is induced by 

cigarette smoking. Although the relative importance of supposed 

smoking-induced psoriasis mechanisms is uncertain, direct oxidant 

delivery and subsequent enhancement of oxidative stress have been 

involved in the pathogenesis of smoking-induced psoriasis [20]. Previous 

investigation was assessed the amount of smoking-induced oxidative 

stress in psoriatic patients as defined by the lipid peroxidation product 

MDA and the efficient antioxidant activity represented by SOD, as well 

as their relationship to disease severity [21]. 

 

Fig. 1.2 Figure depicting the production of oxidative stress and 

inflammation in AECs by smoking [22]. 
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reactive oxygen species (ROS), reactive nitrogen species (RNS), 

reactive sulfur species (RSS) and other species, have the potential to 

induce oxidative stress as a result of their buildup within the cell to a 

level that exceeds the capacity to eliminate them [23]. Reactive oxygen 

species (ROS) are the most important type of reactive species because 

they contain non-radical forms that do not have unpaired electrons but are 

nevertheless extremely reactive, such as H2O2,
 -

O2, hypochlorous acid 

(HClO), and ozone, in addition to free radicals (O3). When an atom or 

molecule "loses" or "gains" one electron, or during hemolytic cleavage of 

a covalent link, these molecules with one or more unpaired electrons are 

created, resulting in high reactivity [24]. While 
•
OH reacts with all 

biological molecules its surroundings indiscriminately, O2
•
 and H2O2 are 

highly selective. The most important ROS in terms of pathophysiology 

and physiological effects are 
•
OH, O2

•-
, organic alkoxy (RO

•
), and organic 

peroxyl radicals (ROO
•
), as well as non-radical species such as 

1
O2, H2O2, 

and O3 [25]. Toxicity is not always connected to reactivity. In many 

circumstances, ROS's prolonged half-life allows for more time for 

diffusion, giving it the ability to reach sensitive areas within a cell where 

it can react with biomolecules far away from where it was generated. For 

example, the relatively long-lived O2
•‾
 created on the mitochondrial 

membrane (with a half-life of (1– 4) s and a migration distance of 30 nm) 

diffuses toward the mitochondrial genome and decreases the transition 

metals within the genome. Hydrogen peroxide has a long half-life of 1 

MS and a migration distance of 1 m, allowing it to react with DNA and 

protein Cys and Met residues distant from their source [26]. 
•
OH, on the 

other hand, has a half-life of about 1 ns and a migration distance of 1 nm, 

thus it reacts with all nearby biomolecules such as DNA, RNA, lipids, 

and proteins (Figure 1-3) 
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Fig. 1-3: Reactive oxygen species (ROS) in a biological cell: fundamental 

features adapted from: Mittler (2017; https://creativecommons.org/licenses/by-

nc-nd/4.0/). 

   Antioxidants should be close to the radical's source of creation, 

competing with the free radical for the biological substrate, to prevent 

interactions between radicals and biological molecules. Oxidation of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7815643/#ref55
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
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biomolecules, such as lipid peroxidation, protein damage (carbonylation 

of aminoalkanoic acid residues), oxidation of single DNA and RNA 

nucleotides, enzyme inhibition, and apoptosis activation, will occur if an 

antioxidant is not present in adequate quantities to neutralize ROS [27]. 

Direct inactivation of enzymes by oxidation of cysteine (–SH) or 

methionine (–SCH3) residues required for catalysis is the mechanism of 

its toxicity. H2O2 has an indirect effect on DNA molecules by penetrating 

cellular membranes via peroxiporins and interacting with Fe
+2

 or Cu
+
 

ions, resulting in the creation of more potent toxic species like 
•
OH. 

•
OH 

is responsible for the majority of the damage to DNA molecules in H2O2-

treated cells. Because NADPH oxidase (NOX) (EC 1.6.3.1) is activated 

when cells are exposed to H2O2, this might sometimes result in an 

increase in O2
• 

production [28]. The initial cell-generated ROS, 

superoxide anion radical (O2
•
), initiates a cascade of reactions and, as a 

result, the creation of secondary ROS, either directly or via enzymatic 

and metal-catalyzed processes, depending on the cell compartment. 

Produced by single-electron reduction of molecular oxygen within the 

cell, superoxide dismutase activity quickly converts it to H2O2, avoiding 

the build-up of O2
•‾
 and, as a result, damage and inactivation of proteins 

containing Fe-S clusters [29].  

1.3 Antioxidant 

   Antioxidants are substances that can either suppress or delay the 

oxidation processes that occur under the presence of ambient oxygen or 

reactive oxygen species, or ROS 1. It is described as a chemical in meals 

that significantly inhibits or reduces the detrimental effects of reactive 

species such as ROS and reactive nitrogen species or normal 

physiological functioning in humans when present at low concentrations 

relative to oxidizable substrates [30]. As illustrated in Figure (1-4), 

natural antioxidants can be separated into two categories: (1) enzymatic 
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antioxidants and (2) non-enzymatic antioxidants [31]. These antioxidants 

are available as nutritional supplements or pharmaceutical medicines and 

contain active antioxidant components [30,32]. Many non-enzymatic 

antioxidants come from dietary sources, and they come in a variety of 

chemical families. Polyphenols are the most numerous [33]. Antioxidants 

are divided into two classes based on how they work:(1) hydrogen atom 

transfer (HAT) components (2) single electron transfer (SET) 

components. Low solubility, low shelf life, difficulty in packaging and 

handling, losses due to environmental stresses (light, oxygen, high 

temperature, and pH), and food processes (pasteurization, mixing, baking, 

sterilization, storage, home preparation, microwaving, boiling, steaming, 

and frying) are all obstacles to using natural antioxidants in food systems 

[34]. 
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Fig. (1 -4) Natural antioxidants are divided into four categories [31].   
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Non-enzymatic antioxidants and enzymatic antioxidants are the 

two types of antioxidants (Fig 1.4). Enzymatic antioxidants provide 

primary defense, while non-enzymatic antioxidants such as vitamins A, 

E, and C provide secondary defense [35]. Vitamin A, E, and C deficiency 

appear to be a possible cause of depression. Humans require reactive 

oxygen and nitrogen species (ROS/RNS) to maintain homeostasis and 

health, however uncontrolled and excessive ROS/RNS have been linked 

to the development of a variety of disorders. A fine defense network 

protects aerobic organisms from oxidative stress caused by ROS/RNS, in 

which many antioxidants with multiple functionalities play roles such as 

hydrogen peroxide and hydro peroxide reduction, metal ion sequestration, 

reactive species scavenging, and damage repair [36].  

1.3.1 Classification of Antioxidants  

        Non-enzymatic antioxidants and enzymatic antioxidants (Fig 1-4) 

are the two types of antioxidants [37]. 

1.3.1.1 Enzymatic antioxidants 

1.3.1.1.1 Superoxide dismutase (SOD): 

       Superoxide dismutase is thought to be the first line of defense against 

cell harm since it catalyzes the conversion of primary ROS in oxygen 

metabolism to molecular oxygen and peroxide. The most important 

aspect is that SOD dissociates superoxide into less hazardous molecules 

[38]. 

1.3.1.1.2 Catalase (CAT): 

Catalase was the first antioxidant enzyme discovered, and it 

catalyzes the two-phase conversion of hydrogen peroxide to water and 

oxygen. Catalases are enzymes that use an iron or manganese cofactor to 

catalyze the conversion of hydrogen peroxide to water and oxygen. One 

hydrogen peroxide molecule oxidizes its cofactor, which is then 
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regenerated by transferring the attached oxygen to a second substrate 

molecule. 

Catalase-Fe (III) + H2O2                    Compound I 

Compound I + H2O2                            Catalase-Fe (III) + H2O2 + O2 

Each of the four protein subunits of catalase contains a hemi group and a 

NADPH molecule [39].  

1.3.1.1.3 Glutathione Enzymes 

Glutathione transferases, glutathione reductase, glutathione 

peroxidases, and glutathione "s" are all part of the glutathione 

mechanism. Glutathione peroxidase is a selenium-containing enzyme that 

catalyzes the degradation of hydrogen peroxide and organic hydro 

peroxides. These enzymes are particularly abundant in the liver. 

Glutathione peroxidases are enzymes that catalyze the oxidation of 

glutathione. Hydro peroxides, such as hydrogen peroxide and lipid hydro 

peroxides, act as substrates for these enzymes [40]. 

ROOH + 2GSSG                        GSSG + H2O +ROH 

1.3.1.2 Non-enzymatic antioxidants                                              

         Organosulfur compounds (allium and allium sulfur), enzyme 

cofactors (Q10), nitrogen compounds (uric acid), vitamins (A, C, E, and 

K), minerals (Zn and Se), peptides (glutathione), and polyphenols 

(flavonoids and phenolic acid) are among the non-enzymatic antioxidants 

[41]. 

1.3.1.2.1   Vitamin A 

        Vitamin A is a carotenoid generated in the liver as a result of - 

carotene degradation. It has antioxidant activity because of its capacity to 

interact with peroxyl radicals before they propagate peroxidation to 

lipids. The face, hair, and internal organs are all protected by vitamin A 

[42]. 
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1.3.1.2.2    Coenzyme Q10 

          Coenzyme Q10 is thought to work by inhibiting the formation of 

lipid peroxyl radicals. It neutralizes radicals even after they have formed. 

Vitamin E regeneration is an important function of this coenzyme. This 

coenzyme can be found in all cells and membranes, and it is essential for 

the respiratory chain and other metabolic processes in cells [43]. 

1.3.1.2.3    Uric Acid 

          Purine nucleotide metabolism produces uric acid in humans. After 

renal filtration, 90% of uric acid is reabsorbed by the body, demonstrating 

that it has significant roles inside the body. Uric acid is a potent 

scavenger of singlet oxygen and hydroxyl radicals and inhibits 

erythrocyte lysis by peroxidation. It also prevents the overproduction of 

oxo-heme oxidants caused by the interaction of hemoglobin with 

peroxides [44].                                    

1.3.1.2.4     Glutathione 

           Glutathione is a naturally occurring tripeptide that shields cells 

from free radicals by donating an electron or a hydrogen atom. It's also 

important for the recovery of numerous antioxidants, including ascorbate. 

However, the endogenous antioxidant system is insufficient, and humans 

must rely on dietary antioxidants to reduce free radical levels [45].                                                                                     

1.3.1.2.5   Vitamin C 

          The generic names for vitamin C and vitamin E are ascorbic acid 

and tocopherols, respectively. L-ascorbic acid and L-dehydroascorbic 

acid are two antioxidant compounds made up of ascorbic acid. The 

gastrointestinal system processes these two compounds, which may be 

enzymatically interchanged in vivo. The radical anion, hydrogen 

peroxide, radical hydroxyl, singlet oxygen, and reactive nitrogen oxide 

are all scavenged by ascorbic acid [46]. 
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1.3.1.2.6   Vitamin E 

          Vitamin E is the only primary lipid-soluble, chain-breaking 

antioxidant found in plasma, red cells, and tissues, and it protects lipid 

structures, particularly membranes. This avoids lipid peroxidation by 

transferring phenolic hydrogen to peroxyl radicals, which then produce 

tocopheroxyl radicals, which, despite being radicals themselves, are non-

reactive and unable to initiate the oxidative chain reaction. Four 

tocopherols and four tocotrienols make up vitamin E. [47]. 

1.3.1.2.7   Vitamin K 

Vitamin K1 and K2 are two natural isoforms of this vitamin. 

Vitamin K is a family of fat-soluble chemicals that are required for the 

conversion of protein-bound glutamates in a variety of target proteins to 

carboxyglutamates after translation. The 1, 4- naphthoquinone structure 

of certain vitamins is responsible for their antioxidant action [48].                                            

1.3.1.2.8   Flavonoids 

Flavonoids are a class of chemicals made up of the diphenyl 

propane skeleton (C6C3C6). Flavonols, flavanols, anthocyanins, 

isoflavonoids, flavanones, and flavones are all types of flavonoids. 

Flavanones and flavones are often found together in the same fruits and 

are related by particular enzymes, but flavones and flavonols are not 

linked by specific enzymes and are rarely found together. Flavonoids 

have antioxidant activity because of the phenolic hydroxyl groups linked 

to ring complexes. They can be used as reducing agents, superoxide 

radical scavengers, hydrogen donors, single oxygen quenchers, and metal 

chelators. They boost uric acid levels and low molecular weight 

molecules, activate antioxidant enzymes, reduce -tocopherol radicals 

(tocopheroxyls), inhibit oxide, ameliorate nitrosative stress, and activate 

antioxidant enzymes [48]. 
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1.3.1.2.9   Phenolic Acids 

Phenolic acids are used to make hydroxycinnamic and 

hydroxybenzoic acids. Gallic acid, a type of phenolic acid found in 

gallnuts, sumac, tea leaves, oak bark, and other plants, is one of the most 

researched and promising hydroxybenzoic compounds, while cinnamic 

acid is the precursor of all hydroxycinnamic acid. They're present in plant 

products and, on rare occasions, as esters and glycosides. They act as 

chelators and free radical scavengers, with specific effects on hydroxyl 

and peroxyl radicals, superoxide anions, and peroxynitrites [49].                                                                           

1.3.1.2.10   Carotenoids 

Carotenoids are a group of natural colors produced by plants and 

microorganisms. They are divided into two categories: carotenoid 

hydrocarbons known as carotenes with unique end-groups like lycopene 

and β-carotene, and xanthophyll-known oxygenated carotenoids like 

zeaxanthin and lutein. Carotenoids have antioxidant activity as a result of 

singlet oxygen quenching, which results in excited carotenoids dispelling 

the newly gained energy through a series of rotational and vibrational 

interactions with the solvent, allowing more radical species to quench 

themselves [50].                                                                                

1.3.1.2.11   Minerals 

Minerals are found in tiny amounts in animals and make up a 

minor portion of dietary antioxidants, but they play a critical role in their 

metabolism. Minerals with antioxidant action include selenium and zinc. 

Selenium is found in both organic (selenocysteine and selenomethionine) 

and inorganic (selenite and selenate) forms in the human body. It doesn't 

work directly on free radicals, but it's an essential component of the 

majority of antioxidant enzymes (metalloenzymes, glutathione 
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peroxidase, and thioredoxin reductase), without which it wouldn't do 

much good [51].                                                                      

1.4  Lipoprotein  

Because cholesterol and triglycerides are water insoluble. 

Lipoproteins are complex particles with a central core of cholesterol 

esters and triglycerides surrounded by free cholesterol, phospholipids, 

and Apo-lipoproteins, which explain lipoprotein synthesis and function, 

as shown in Fig (1-5). 

 

 

 

Plasma lipoproteins are divided into seven categories based on 

their size, lipid composition, and Apo-lipoproteins (HDL, LDL, IDL, 

VLDL, Lp (a), chylomicrons, and chylomicron remnants), as shown in 

(Fig 1-6) [53]. Chylomicron remnants, IDL, LDL, and Lp (a) are all pro-

atherogenic, whereas HDL is anti-atherogenic [52], as shown in Fig (1-6). 

Figure (1-5): Structure of Lipoproteins [52]. 



Chapter One                                                           Introduction 

17 

 

 

Figure (1-6): Lipoprotein Classes [53]. 

1.4.1   HDL characteristics and PON1 activity – a bridge to 

HDL functionality 

Because the association between PON1 and High -density 

lipoproteins (HDL) is more complex than a simple ligand-carrier 

interaction, it warrants special consideration. Changes in HDL structure, 

particularly PON1 activity, have been shown in numerous studies to alter 

HDL functionality. PON1's affinity for various HDL particles is a 

fascinating subject. Gugliucci recently proposed that PON1 was found in 

all HDL subclasses, but had the strongest affinity for small HDL 3 

particles [54]. Small HDL 3 subtypes are now known to play a dual role 

in atherogenesis. A growing body of research suggests that functioning 

tiny HDL particles are more atheroprotective than their bigger 

counterparts. However, HDL is particularly vulnerable to structural 

changes under a variety of circumstances. Atherogenic dyslipidemia, 

oxidative stress, and inflammation modify HDL composition, which can 

significantly alter or reduce their antiatherogenic capability, resulting in 
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the formation of dysfunctional HDL particles [55]. Small HDL particles, 

in particular, have been identified as important indicators of 

Cardiovascular Disease (CVD) morbidity. s well as mortality. These 

findings show that reduced PON1 activity is at least partly responsible for 

the decreased antiatherogenic potential of tiny HDL particles. Oxidative 

changes are especially dangerous to small HDL particles. Specific amino 

acids in Apo AI can be modified by pro-oxidant enzymes such 

myeloperoxidase. Furthermore, oxidative stress might cause a decrease in 

lecithin: cholesterol acyltransferase (LCAT) activity in vitro. As a result, 

randomized controlled trial (RCT) capacity may be reduced. The 

potential of oxidized HDL to promote PON1 activity is significantly 

reduced [56]. Figure (1-7) shows the pathological processes that linked to 

HDL dysfunctionality 

 

 Figure (1-7) Different pathological processes, such as HDL dysfunctionality 

(possible methods by which PON1 activity/concentration is reduced as a result of 

various diseases), have an impact on PON1 deterioration [57].  
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The favorable relationships between increasing proportions of 

small HDL particles and oxidative stress and inflammatory indicators was 

documented [58]. Several study groups have verified the relationships 

between HDL-cholesterol level and size heterogeneity, PON1 activity, 

and/or markers of inflammation seen in our studies [59]. Despite the fact 

that PON1 was more numerous on HDL 3 subtypes in Chronic renal 

disease (CRD) and end-stage renal disease (ESRD) patients. This finding 

backs up the theory that HDL3 particles have a strong ant oxidative 

capacity in healthy people, but not in people who are at high risk for 

CVD. All of the foregoing findings suggest the intriguing idea that 

differences in PON1 distribution among HDL subclasses could signify 

changes in HDL functionality. However, more research is needed to 

confirm such assumptions and to investigate the possible contribution of 

PON1 activity determination in different HDL subtypes to total CVD risk 

assessment [60]. Exogenous lipoproteins are formed in the colon by 

combining dietary lipids into chylomicrons. The triglycerides carried in 

chylomicrons are digested by lipoprotein lipase in adipose tissue and 

muscle in the circulation, generating free fatty acids. Following that, 

adipose tissue and muscle metabolize free fatty acids, and chylomicron 

remnants are generated. Treatment of chylomicron remains is one of the 

liver's duties. VLDL is formed via the endogenous lipoprotein route, 

which begins in the liver [61]. IDL is converted to LDL, which is then 

taken up by the LDL receptor in the liver and other tissues, which is the 

primary site of uptake. The production of nascent HDL by the liver and 

gut is the first step in reverse cholesterol transport. The ATP-

binding cassette transporter A1 (ABCA1) then facilitates the acquisition 

of phospholipids and cholesterol that are refluxed from cells, leading in 

the creation of mature HDL. The cholesterol is subsequently transported 

to the liver by HDL, either directly by interacting with hepatic scavenger 
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receptor class B type 1(SR-B1) or indirectly by transferring the 

cholesterol to VLDL or LDL, a process aided by cholesteryl ester transfer 

protein (CETP)." "Cholesterol efflux from macrophages to HDL plays a 

critical role in the prevention of atherosclerosis" [62]. Low density 

lipoproteins (LDL) are particles that are formed from very low density 

lipoproteins (VLDL) and intermediate density lipoproteins (IDL) and are 

abundant in cholesterol. LDL is responsible for transporting the majority 

of cholesterol through the circulatory system.  Because small compact 

LDL particles have a lower affinity for the LDL receptor, they spend 

more time in the circulation. They also enter the artery wall more easily 

and bind to intra-arterial proteoglycans more enthusiastically, trapping 

them in the arterial wall. Finally, small dense LDL particles are more 

prone to oxidation, which could lead to increased macrophage 

absorption." [63]. The crucial involvement of HDL particles in reverse 

cholesterol transportation from peripheral tissues to the liver elucidated 

the potential mechanism of HDL's role and its connection with anti-

atherogenic agents. HDL particles also exhibit anti-oxidant, anti-

thrombotic, anti-inflammatory, and anti-apoptotic capabilities, all of 

which may contribute to their ability to prevent atherosclerosis [64]. HDL 

particles are highly varied in nature and can be classified based on 

density, Apo-lipoprotein composition, size, or charge (Table 1-1) [65]. 

 Table 1-1. Classifications of HDL 

Method of classifications Types of HDL 

Density gradient ultracentrifugation  HDL2 , HDL3, Very high density  HDL 

Nuclear  magnetic resonance Large , medium, and small 

Gradient gel electrophoresis HDL 2a, 2b,3a,3b,3c 

2-dimensional gel electrophoresis Pre-beta 1 and 2, alpha 1 , 2 , 3, 4 

Apolipoprotein composition A-Iparticles , A-I:A-II particles I:E particles 
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1.5 Paraoxonase PON  

Paraoxonase are three enzymes that have been identified: 

paraoxonase-1 (PON1, EC 3.1.1.2, 3.1.1.81, 3.1.8.1), paraoxonase-2 (EC 

3.1.1.2, 3.1.1.81), and paraoxonase-3 (EC 3.1.1.2, 3.1.1.81). (PON3, EC 

3.1.1.2, 3.1.1.81, 3.1.8.1). PON1 is the one that has been examined the 

most. However, it is not always seen as the most significant. PON2 looks 

to be the earliest component, from which PON3 and eventually PON1 

emerged. PONs have different activities and are found in different places, 

despite their identical amino acid sequences. PON1 and PON3 are located 

predominantly in high-density lipoproteins (HDLs) in the circulatory 

system, hydrolyzing organophosphates and bulky statin lactones, 

respectively, but PON2 is found in numerous organs and primarily works 

as an intracellular oxidative stress defender. PON1 isoforms are involved 

in drug metabolism as well as the prevention of cardiovascular and 

neurological disorders. In a single active site, the three PONs show a 

wide spectrum of enzymatic activity toward diverse substrates. Lactonase 

and arylesterase activities are both low in PON2. PON3 has a strong 

lactonase activity, a poor arylesterase activity, and little paraoxonase 

activity. PON1 demonstrates all three functions [66]. 

1.5.1  Paraoxonase 1: An Evolutionary Highlight with Many 

Enzymatic Activities 

PON1 is a 355-amino-acid-residue,a calcium-dependent 

glycoprotein. PON1 is generated in the liver and released into the 

bloodstream, where it is present primarily in HDLs and to a lesser level in 

VLDLs and chylomicrons [66,67]. PON1 is transported from the liver to 

a variety of organs, where it attaches to cell membranes and shields lipids 

from oxidation [68]. PON1 also inhibits the oxidation of low-density 

lipoprotein (LDL) and the inflammatory response. PON1's second critical 
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function is to defend against particular organophosphate (OP) exposure. 

PON1 is a key defender against exposure to the OPs chlorpyrifos oxon 

and diazoxon, but not paraoxon, [67]. Homocysteine thiolactone (HCTL) 

is a toxic metabolite that binds with lysines in proteins, causing them to 

become inactive and dysfunctional. HCTL levels in the blood have been 

linked to an increased risk of cardiovascular, neurological, and 

immunological illnesses, as well as cancer. However, given to its low 

specific enzyme activity, the physiological importance of PON1 for 

HCTL is debatable.  At amino acid residues 55 and 192, PON1 possesses 

two significant polymorphism sites. The substitution of methionine for 

leucine at position 55 (L55M) boosts paraoxonase activity and resulting 

in isoform-specific enzyme concentrations. Furthermore, mutations at 

locations 55 and 192 affect PON1's thiolactonase activity [69,70]. 

1.5.2 Structural Insight into the Active Site of PON1 

Calcium-binding enzymes are known as PONs. The two calcium 

ions serve different purposes; the structural calcium ion (Ca2) is the more 

closely bound ion, and its removal causes irreversible structural 

disturbance. The other ion is the so-called catalytic calcium ion (Ca1), 

whose reversible removal results in a loss of catalytic activity that is 

restored when calcium ions are added [71]. Ca1 operates as an oxyanion 

that stabilizes the substrate and is required for optimal hydrolytic activity 

by interacting with the side-chain oxygens of N224, N270, N168, D269, 

and E53 [66]. PON1 is likewise heavily glycosylated, making 

recombinant production difficult [72]. Figure (8.1A) shows a six-bladed 

propeller with a distinctive active site lid, which has been shown to be 

involved in the enzyme's HDL binding [73]. Because there were no 

analogous proteins to utilize as a model for molecular replacement, the 

structure was solved using Se-Met protein and isomorphous replacement. 

The structure lacks the N-terminal portion, i.e. the signal peptide, despite 
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the fact that the signal peptide is not cleaved. In addition, one surface 

loop is absent. More than four-bladed beta-blade propellers are 

uncommon, although they are found across the PON family, and each 

blade has four strands. The disulfide bridge connecting the protein's N- 

and C-terminals (C42 and C353) completes the fold's distinctive closure, 

and replacing these two cysteine‘s causes PON1 inactivation. PON1 

possesses an extra free cysteine residue (C284), which when replaced 

with alanine reduces paraoxonase and arylesterase activity slightly. C284 

is also required for PON1's function in protecting LDLs from oxidation 

[66,74]. Both calcium ions are stacked on top of each other in the 

propeller's primary tunnel. [66,75]. PON1's arylesterase and paraoxonase 

activities are mediated by histidine‘s (H115, H134, H155, H243, and 

H285), tryptophan (W281), and aspartic acid/glutamic acid residues 

(D54, D169, D183, D269, D279, E53, and E195) [66]. Both lactonase 

and arylesterase activities are mediated by the H115/H134 dyad. Both 

actions are reduced or totally eliminated when one or both histidine‘s are 

mutated. Surprisingly, replacing H115 with tryptophan increases 

paraoxonase activity in the presence of paraoxon and the nerve toxin VX 

[66,75]. Ca1 appears to interact with N224, N270, N168, N269, and E53, 

all of which are within a 2.5-mile radius of each other [66]. Ca1 has a 

higher solvent accessibility than Ca2, indicating that Ca2 is the higher-

affinity calcium ion (Figure 8.1B). This is consistent with the finding that 

eliminating this ion causes irreversible protein structural destruction [76]. 

Figure (1-8) clarifies the structure of paraoxonase enzyme. 
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Figure (1-8): Structure of paraoxonase 1 and insight into its active 

location (AB) Wild-type protein (PDB id. 1V04 [77] in the protein 

database). (C) A wild-type protein with 2HQ attached to it (PDB id. 

3SRG [78]). The backbone of the active site residues is shown, along 

with the kind and sequence number. The inhibitor is depicted in magenta. 

 
 

Other HDL-bound proteins, such as apoA-I and cholesteryl ester 

transfer protein, have shown the similar behavior. PON1 oligomerization 

is most likely the result of its anchoring to detergent micelles in a similar 

manner to how it anchors to HDLs. PON1's N-terminal region, which 

resembles a transmembrane helix, is important for HDL binding. The 

residue 192, which is linked to the two most prevalent R192Q isoforms, 

is found in the active site, which explains its considerable influence on 

protein activity and function. Furthermore, the mutation L55M may affect 



Chapter One                                                           Introduction 

25 

 

protein stability and, as a result, protein function [66,79]. Most proteins 

with a _propeller structure have only the loops connecting the _strands 

that dictate the active site architecture and anchoring to HDLs. Several 

PON1 structures have been discovered so far. One of them is linked to 

2HQ, a competitive inhibitor Figure (1-9.C). 2HQ lactam is a 

nonhydrolyzable lactone analogue with NH instead of steric oxygen. 

PON1 usually hydrolyzes the homologous lactone DHC, which is 

employed as a substrate to assess protein activity [80]. 2HQ interacts with 

the side chains of H115, D269, E53, and N168 in addition to Ca1 in the 

active site Figure (1-9.C) [66]. Based on the position of the loop region, 

crystal structures indicated that PON1 has at least three die rent active site 

conformations: I closed conformation with bound inhibitor Figure (1-

9.C), in which the active site loop is structured and anchored to the 

enzyme's surface, and Y71 points into the active site; (ii) opened—

unbound conformation (structure determined at pH 4.5, Figure (1-9.A,B), 

in which the active site loop is flexible (and thus not visible in the crystal 

structure), but Y71 is fixed and points outside the active site. All of the 

identified conformations have die rent interaction potentials and could be 

used to mediate die rent catalytic activity [81]. Ca1 has some flexibility 

and can reorganize itself within the active site. The various modes of Ca1 

have been linked to lipo-lactonase catalytic promiscuity and PON 

divergence [66]. The substitution of tryptophan for H115 (an active site 

residue) Figure (1-9. A) reduces lactonase activity while increasing 

paraoxonase activity [82]. The mutation of H115 into tryptophan causes 

Ca1 to be displaced 1.8 times closer to the enzyme surface, according to 

the crystal structure. When both H115 and H134 Figure (1-9. B) are 

changed to glutamine, the identical Ca1 translocation occurs [66]. These 

mutations prevent 2HQ from binding to the enzyme, resulting in a 

reduction of lactonase function. When PON1 connects with HDLs, its 
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stability and catalytic activity are greatly enhanced. Even though there are 

>15 hydrogen bonds between the binding site (which binds to HDLs) and 

the active site, this is likely due to the network of hydrogen bonds 

between them (Figure 1-9.C). The lactone substrate is aligned with Ca1 

by this network of hydrogen bonds [66,83]. Three residues have been 

identified as allowing HDLs and PON1 L9, Y185, and Y293 to form 

complexes [66]. PON1 was utilized to investigate the evolution of 

enzyme functions. Ancient functions are frequently lost as a result of 

evolutionary changes. The histones of lactonase and paraoxonase activity 

were investigated using active site mutations; both showed tendencies 

toward die rent substrates and reactions but started with the identical 

residue, H115, in the active site. Lactonase activity was lost as a result of 

residue loss, whereas paraoxonase activity was elevated [84]. The 

paraoxonase activity is amplified by the neofunctionalization pathway, 

whereas the lactonase activity is restored and amplified by the re-

functionalization pathway. The latter produces lactonases that are devoid 

of H115 active site residues. L69S, H115W, and F222S mutations 

increase paraoxonase activity (lactonase activity is reduced by >5000-

fold) Figure (9.2D). The PON variation with five mutations in the active 

region (L69S, H115W, H134R, F222S, and T332S) is the most active 

Figure (1-9. F). Reverting W115 back to the original histidine and using 

the enzyme with five mutations (the most active enzyme) resulted in the 

loss of both lactonase and paraoxonase activity Figure (1-9. E) [82]. 
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A                                                                                                              B 

 
 

Figure (1-9). The structure of paraoxonase 1 provides insight into the active site of 

altered proteins. Protein specificity, activity, and evolution are all affected by 

introduced mutations. Protein mutations that affect enzymatic activity (A–C). (A) A 

mutant that exclusively has OP activity (H115W; PDB id. 4HHO [82].). (B) A mutant 

with OP and lactonase activity convergence (H115Q and H134Q; PDB id. 4HHQ, (C) 

A mutation that affects HDL binding as well as active site shape (K192Q; PDB id. 

4Q1U [66]. ). (D–F) Mutations connected to evolutionary paths finding. L69S, 

H115W, and F222S (PDB id. 6G82); L69S, H134R, F222S, and T332S (PDB id. 

6GMU [66]); L69S, H115W, H134R, F22S, and T332S (PDB id. 6GMU [66] ); 

L69S, H115W, H134R, F22S, and T332S (PDB (PDB id. 6H0A [66]. 
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1.5.3. PON1 and Diseases Connected with Atherosclerosis 

Development 

1.5.3.1 PON1 and vascular diseases 

Researchers have spent the previous two decades studying the 

interplay between dyslipidemia, inflammation, and oxidative stress in 

vascular disease pathologies. The above-mentioned PON1 

polymorphism's relationship with vascular disease was concealed by 

inconsistencies in research findings. Different biolactones were proved to 

be endogenous substrates for PON enzymes by Draganov and colleagues 

[85,86]. The lactone substrate is being researched by several research 

organizations, including Teiber's. The natural PON1 substrate could be a 

variety of endogenous biomolecules having a lactone structure of 

polyunsaturated fatty acids. This is, of course, more evidence that the 

enzyme is involved in lipid metabolism [87]. 

1.5.3.2 PON 1 and diabetes mellitus 

Diabetes mellitus (DM) is a multifactorial disease characterized by 

Hyperglycemia, a changed lipid profile, oxidative stress, and an increased 

risk of CVD development are all linked to hyperglycemia. Type 2 

diabetes mellitus (T2DM) patients manifest with insulin resistance and β-

cell insufficiency with reduced insulin production, accounting for up to 

95 percent of all diagnosed cases of diabetes in the adult population. 

Given that cardiovascular disease is the leading cause of death in diabetes 

patients, it's no surprise that PON1 activity and polymorphism have been 

explored in diabetic pathophysiology over the last two decades. Reduced 

PON1 activity was linked to DM and the development of chronic DM 

complications in a recent meta-analysis [88,89].  
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1.5.3.3 PON1 and renal disease 

Previous research has shown that uremic toxins, in combination 

with increased oxidative stress and inflammation, can alter HDL structure 

and, as a result, decrease PON1 activity in renal patients [90]. Because 

the kidneys are involved in the metabolism and excretion of uremic 

toxins, poor renal function and buildup of these compounds could have a 

considerable impact on PON1 activity [91].  Low albumin concentration 

was linked to cardiovascular and overall mortality in hemodialysis 

patients, according to Chen and colleagues [92,93]. Because 

atherosclerosis develops early in children with ESRD, prior studies of 

PON1 status in these patients revealed dramatically lower PON1 activity, 

particularly in children on hemodialysis [87,94]. 

 

1.6   Homocysteine thiolactone 

  Methionyl-tRNA syntheses produces homocysteine thiolactone, an 

intramolecular thioester of homocysteine, in an error-editing mechanism 

that prevents homocysteine from being incorporated into proteins during 

translation. Thiolactone is synthesized in all of the human cell types 

studied. In human cells, an increase in homocysteine causes an increase 

in thiolactone levels. Homocysteine thiolactone reacts with proteins in 

cultured human cells and human serum by homocysteinylation of protein 

lysine residues. Protein damage is caused by homocysteinylation. By 

detoxifying thiolactone, a calcium-dependent homocysteine thiolactonase 

closely linked with HDL in human serum may prevent protein 

degradation [95]. Hcy is a sulfur-containing amino acid generated 

primarily from methionine metabolism. Plasma Hcy levels higher than 

normal conditions are caused by genetic mutations of enzymes and/or 

dietary inadequacy in vitamin B necessary for Hcy metabolism, resulting 
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in Hyperhomocysteinemia (HHcy). Hyperlipidemia is linked to a higher 

risk of cardiovascular and cerebrovascular illness [96,97]. The major 

enzymes involved in "1-carbon metabolism" may disrupt the metabolic 

cycle, Increased homocysteine levels in biological fluids have been linked 

to a variety of illnesses, including neuropsychiatric disorders and autism. 

The enzymes involved in homocysteine metabolism require various B 

vitamins as co-factors, including B6 (pyridoxine), B12 (cobalamin), and 

B9 (folic acid) [98]. Hyperhomocysteinemia, or high plasma total 

homocysteine (tHcy), has been shown in clinical research to be a risk 

factor for cardiovascular disease (CVD) and stroke [99]. The list of the 20 

traditional protein genic amino acids includes two sulfur amino acids. 

Cysteine residues are involved in protein folding because of their capacity 

to generate disulfide bridges. They're also crucial in many catalytic sites 

[99], particularly catalytic triads, and they're frequently linked to metal 

cations, as in zinc fingers and iron-sulfur clusters. Even if the initiation 

codon should code for another residue, a methionine residue is added at 

the start of protein synthesis [100]. Increased physiological 

concentrations of Hcy and Homocysteine thiolactone (HCTL) can be 

caused by deficiencies in the enzymes that metabolize these metabolites, 

which might have negative consequences. Hcy is recycled back to amino 

acids through Methylenetetrahydrofolate reductase (MTHFR), 

methionine synthase, and cystathionine beta-synthase (CBS). MTHFR is 

essential for the formation of 5-methyl tetrahydrofolate, a metabolite 

required for Hcy to methionine conversion. To convert Hcy to cysteine, 

CBS is necessary. Increased levels of Hcy and HCTL can be caused by 

deficiencies in either of these enzymes [101]. Hcy thiolactone is 

hydrolyzed to Hcy by human serum Hcy thiolactonase (HTase), a 

component of HDL. The organophosphate paraoxon is hydrolyzed by 

HTase, which is identical to paraoxonase, a product of the PON1 gene 
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[102]. Paraoxonase is also vulnerable to oxidized phospholipids in low-

density lipoproteins. In human PON1, there are several genetic 

polymorphisms, two of which cause amino acid alterations in PON1 

proteins at positions 55 and 192 [103]. Homocysteine is a higher homolog 

of cysteine than cysteine because it has an extra methylene (–CH2–) 

group in its side chain. Hcy is a lesser homolog of methionine because it 

lacks a methyl (CH3–) group compared to methionine. Methionine and 

cysteine are two conventional coded amino acids that are integrated into 

polypeptide chains of protein by the ribosome biosynthetic apparatus at 

sites designated by the AUG and UGU/UGC codons, respectively [95]. In 

reality, the active site of methionyl-tRNA syntheses (MetRS) activates 

Hcy and generates homocysteinyl adenylate in addition to activating the 

corresponding substrate methionine and creating Met-AMP (Hcy- AMP). 

Met-AMP then forms Met-tRNA, which then supplies Met to the 

ribosomal protein biosynthetic apparatus's developing peptide chains. The 

Hcy-AMP intermediate, on the other hand, is transformed to Hcy-

thiolacton by a MetRS editing process, which inhibits Hcy from attaching 

to tRNAMet and thus preventing Hcy from entering the genetic code. 

MetRS has a universal editing mechanism that is involved in the 

production of the thioester Hcy-thiolacton in all species, from bacteria to 

human [104]. The only source of Hcy in the human body is methionine, 

one of the eight necessary amino acids that must be given in the form of 

dietary protein (Fig. 1.10) [104]. 
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However, when certain genetic or nutritional inadequacies prevent 

Hcy from being metabolized via the traditional demethylation and 

transculturation processes, Hcy accumulates, which is linked to a variety 

of human clinical diseases. The goal to comprehend Hcy's role in 

cardiovascular and neurological illnesses in humans has fuelled 

exceptional growth in Hcy research during the last two decades [105]. 

Hcy is one of the most reactive amino acids in biological systems, taking 

part in at least seven processes [106]. Hcy is biologically transformed to 

additional, potentially hazardous metabolites (Fig.1.10), such as Hcy-

thiolactone, N-Hcy-protein, and N-Hcy-Lys [107], in addition to its 

removal via demethylation to methionine, transculturation to cysteine 

(through cystathionine), and oxidation to disulfides. In genetic or 

nutritional deficits in Hcy metabolism, these conversions can be 

Fig. (1-10) The metabolism of homocysteine in humans is depicted in this 

diagram. 
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substantially accelerated to AdoHcy, homocysteic acid, or S-nitroso-Hcy. 

Two of these metabolites, Hcy-thiolactone and S-nitroso-Hcy, mediate 

Hcy incorporation into protein, as identified at the end of the 1990s [107]. 

 

1.7 Genotyping of PON 

Many investigations have found that the presence of a paraoxonase 

genetic variation is a factor of its activity. This polymorphism occurs as a 

result of an amino acid substitution in the enzyme's active site, resulting 

in low- and high-activity isoenzymes [108]. Player et al. were the first to 

investigate the genetic basis of the paraoxonase polymorphism (1976). 

They came to the conclusion that two alleles at a single autosomal locus 

governed high and low serum paraoxonase activity [109]. The two 

enzymes are thought to be the result of a gene on chromosome 7's long 

arm [110]. The DNA basis for the paraoxonase polymorphism was 

determined through molecular investigations on human paraoxonase 

genes. In the mature enzyme protein, protein sequencing revealed the 

presence of an intramolecular disulfide bond, the position of one 

asparagine-linked carbohydrate, and the first amino acids [111]. Two 

frequent polymorphism sites have been discovered at amino acids "55" 

and "192 [112]." The first polymorphism affects amino acid 192 and 

includes the substitution of glutamine (Q allele) for arginine (R allele), 

whereas the second polymorphism affects amino acid 55 and involves the 

substitution of leucine (L allele) for methionine (M-allele) [113]. The 

PON1 genetic polymorphisms have been found to be an independent risk 

factor for coronary artery disease (CAD); both the 55L and 192Q 

genotypes have been linked to increased CAD susceptibility [114]. 

Between the two polymorphisms, the PON1 192 polymorphism is the 

most prevalent and has a significant impact on PON1 activity. The level 

of the enzyme in blood and tissues, as well as the specific isozymes 
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present, will determine protection against organophosphates. Although 

the B-type, now known as the R-isozyme, is several times more efficient 

than the A-type (Q-isozyme) in hydrolyzing paraoxon, the Q-isozyme 

hydrolyzes most organophosphates significantly better than the R-

isozyme. As a result, both the quantity and type of PON1 must be 

considered when assessing PON1's protective role against substances that 

may be catalytically inactivated by the enzyme [115]. The two 

polymorphic sites at positions 55 and 192, the internal disulfide bond 

between cysteine residues 42 and 353, the free cysteine at position 284, 

the location of potential sugar chains, and the hydrophobic retained leader 

sequence at the amino terminal end are all shown in the human PON1 

structure. The salting-out approach was used to extract genomic DNA 

from venous blood. The procedure published earlier by Motti et al. with 

some modifications was used to study the Q192R and L55M 

polymorphisms of the PON1 gene at the same time. In a nutshell, a 

multiplex polymerase chain reaction (PCR) approach was used with 

specific primers corresponding to the PON1 nucleotide sequence, and the 

PCR products were digested with HinfI and electrophoresed on 4% 

agarose gels stained with ethidium bromide [116]. 

 

1.8   Phenotypes of PON 

Unlike serum cholinesterase‘s, PON is an aromatic esterase that 

requires calcium for activity and is not irreversibly blocked by 

organophosphates. Serum paraoxonase activity is bimodality distributed 

in Caucasian populations, with the degree of activity inherited as a 

straightforward dominant Mendelian characteristic dictated by two alleles 

at one autosomal locus [117]. The "high" and "low" allel are referred to 

as esterase B and esterase A, respectively, to underline the qualitative 

differences between the two isozymes. NaCl stimulates the B isozyme 
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more strongly, and it usually has more activity than the A isozyme. The 

apparent Km values, calcium needs, and pH optima of the two isozymes 

are likewise varied [118]. Aromatic esterase is another name for AREase, 

which is found in human serum. The most common substrate used to 

evaluate AREase activity is phenyl acetate. Aromatic substrates 

containing an acetate moiety have the highest AREase activity. AREase, 

like PON, is activated by calcium and is unaffected by cholinesterase 

inhibitors like serine and organophosphates [110]. Despite these 

similarities, there has been some debate about whether the activities of 

human serum PON and AREase are features of the same enzyme or two 

separate enzymes. In a Caucasian population, aAREase activity has a 

single mode, whereas PON activity is bimodal [110]. Based on the ratio 

of paraoxonase activity in the presence of 1 M sodium chloride (NaCl) to 

arylesterase activity, the phenotypes for the PON1 192 polymorphism can 

be classified as A, AB, or B [119]. Phenotype A has low paraoxon 

activity, phenotype B has strong paraoxon activity, and phenotype AB 

has an intermediate level of activity [120]. Based on the ratio of PON 

activity in the presence of 1 M NaCl to AREase activity, the phenotypes 

for the PON1 192 polymorphism are A, AB, and B [121]. PON-BB 

homozygotes' HDL is less effective at protecting LDL from oxidation 

than PON-AA homozygotes' HDL, implying that the B all enzyme of 

PON1 is less active in metabolizing lipid peroxides than the A all enzyme 

[110,122]. 
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1.9. A quantitative method for assessment of homocysteine 

thiolactonase enzyme activity  

Homocysteine thiolacton is hydrolyzed to homocysteine by human 

serum homocysteine thiolactonase (HTase) [123]. Homocysteine 

thiolacton is the natural substrate for HTase/paraoxonase [124]. 

HTase/paraoxonase, a component of HDL, is a multifunctional enzymatic 

antioxidant that detoxifies the homocysteine metabolite, homocysteine 

thiolacton, and destroys Ox-LDL. Consequently, HTase lowers the risk of 

atherosclerosis that arise from the protein damage by homocysteinylation 

of the lysine residues [125]. Human blood contains homocysteine 

thiolacton (HTL) and N-homocysteinylated forms of proteins such as 

albumin, LDL, fibrinogen, HDL, and hemoglobin [126]. HTL has been 

recognized by Jakubowski et al.as an active metabolite, which mediates 

the damaging and toxic effects of homocysteine [127]. HTLase is one 

product that arise from the polymorphic paraoxonase-1 gene. The 

protection of protein from homocysteinylation associated with high 

HTLase activity [128]. Based on what was showed above of the 

importance of homocysteine thiolactonase enzyme in clinical chemistry; 

three types of analytical methods have been developed to measure the 

homocysteine thiolactonase enzyme activity. The first type is radio-

enzymatic assay, which monitor the hydrolysis rates of [
35

S] Hcy 

thiolacton [124]. The 1U of HTase refers to the quantity of enzyme 

capable of efficiently converting 100 nmol [35S] Hcy thiolacton to [35S] 

Hcy in 30 minutes at 37°C. This type of methods has high specificity and 

high sensitivity, but the disadvantages include presence radiation hazards 

that necessitate using labs with special license to handle radioactive 

material. Also, the method requires analysts with high skills. The second 

method depends on measuring the amount of hydrogen ions (H
+
) 
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generated during thiolacton hydrolysis to homocysteine as a function to 

the homocysteine thiolactonase activity. The assay solution is contained 

L-Hcy-thiolacton, BSA, calcium chloride, and phenol red [129]. The 

HTase hydrolyzes homocysteine thiolacton (HTL) back to homocysteine 

that reduce phenol red. Hcy-thiolactonase activity was expressed in µmol 

H
+
 liberated/L serum per min and calculated from standard HCl titration 

curve. The third method was measured HTase activity 

spectrophotometrically [130]. Thiolacton hydrolysis was measured at 

37℃ using Elman‘s reagent to monitor the accumulation of free 

sulfhydryl groups reacting with DTNB at 412 nm. Enzymatic activity was 

calculated from the molar extinction coefficient of DTNB (C-412 =13600 

M
-1 

cm
-1

) and corrected for non-enzymatic hydrolysis. One unit of HTase 

activity is defined as 1μmol of substrate hydrolyzed per min under the 

defined assay conditions. In the present method, the activity of HTLase 

enzyme was assessed by incubating enzyme containing samples in 4-(2-

hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer, which 

contains adequate amounts of substrate γ-thiobutyrolactone. CUPRAC 

reagent (Cu(Nc)2
2+

) was added at the end of the enzymatic reaction. The 

reduction of Cu(II)-neocuproine complex (Cu(Nc)2
2+

) to highly colored 

Cu(I)-neocuproine complex (Cu(Nc)2
+
) by the produced 4-

mercaptobutyric acid was determined at 450 nm (CUPRAC method). The 

HTLase activity being associated with the increment of absorbance of 

colored Cu(I)-neocuproine complex (Cu(Nc)2
+
). The current method is 

specific, efficient, and reliable. Amino acids, sugars and other types of 

biomolecules do not affect the results of the current protocol. 

Concentrated strong bases or acids not applied to stop the enzymatic 

reaction, and steps of the protocol can be completed within few minutes. 
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1.10. Aims of the study:  

      This study aims to investigate the effect of cigarette smoking on 

homocysteine thiolactonase (HTLase) according to PON1 Q192R gene 

polymorphisms and the correlation between this parameter and oxidant/ 

antioxidant status. The study was concerned with the following 

parameters:  

1. Assay homocysteine thiolactonase (HTLase) and paraoxonase-1 

(PON1) activity.  

2. Assessment of total antioxidant status and total oxidant concentration.  

3. Measurement of the lipid profile and lipid peroxidation. 

4. Study of the homocysteine thiolactonase (HTLase) Gene 

Polymorphisms (PON1 Q192R gene polymorphisms). 

5. Develop a novel precise method for assessment of homocysteine 

thiolactonase (HTLase) activity and compared it with ordinary methods. 
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2.1 Materials 

2.1.1. Chemicals 

      All chemical and biochemical reagents were supplied from analytical 

grade and were purchased from standard chemical commercial providers, 

then consumed without any addition purification, as shown in Table (2.1): 

Table (2.1) The Chemicals Used in this Study. 

Supplied company Purity 

% 

Chemicals 

Sigma-Aldrich 90 Paraoxon 

BDH 99.0 CaCl2 

BDH 99.0 Sodium chloride (NaCl) 

BDH 99.0 Hydrochloric acid (HCl)  

  Tris buffer 

BDH 99.0 HEPES 

BDH 99.0 Sodium hydroxide (NaOH)  

BDH 99.0 Sodium azide(NaN3) 

Sigma-Aldrich -- Bovine serum albumin (BSA) 

BDH 99.0 CaCl2 

BDH 99.0 γ-thiobutyrolactone 

BDH 99.0 Phenol red 

Sigma-Aldrich 99.0 Copper (II) chloride CuCL2.2H2O 

Sigma-Aldrich 98 2,9-dimethyl-1,10-phenanthroline 

(Neocuproine) C14H12N2 

BDH 99 Ammonium acetate ( NH4Ac). 

BDH 99.0 Glutathione (GSH) 

BDH 99.0 Ascorbic acid 
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BDH 99.0 α-Tocopherol 

  Dichloromethane(DCM) 

BDH 99.0  Trichloroacetatic acid. (TCA). 

C2HCl3O2 

BDH 99.0 1,1,3,3- Tetra methoxypropane C7H16O4 

BDH 99.0 Sodium dodecyl sulfate. (SDS). 

NaC12H25SO4 

BDH 99.0 Hydrochloric acid (HCl)  

Sigma-Aldrich 99.0 Thio barbituric acid. (TBA). C4H4N2O2S  

BDH 99.0 

 

Ferrous ammonium sulfate 

Fe(SO4)(NH4)2(SO4) 

Sigma-Aldrich 99.0 O-dianisidine dihydrochloride 

C14H16N2O2.2HCl 

BDH 99.0 Glycerol (C3H8O3) 

Fluka --------- Hydrogen peroxide ( H2O2) 

BDH 98 Sulfuric acid (H2SO4) 

BDH 99.0 Xylenol orange (C31H32N2O13S) 

BDH 99.0 Sodium chloride (NaCl) 

BDH 99.0 Sodium cyanide NaCN 

BDH 99.0 Uric acid  

BDH 99.0 Tris 90% 

BDH 99.0 Methanol 10% 

BDH 99.0 EDTA 

  D. W 
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  Sodium acetate 

Fluke 99.98 Ethanol 

Conda (spain) ----- Agarose 

 

Himedia(india) 

Thomas baker(india) 

BDH 

 

 

 

99.0 

TBE buffer 

Tris base 

Boric acid 

EDTA 

Promega, USA ------- Ethidium bromide 

BDH 99.0 Boric acid 

BDH 99.0 Iso propanol 

BDH 99.0 Mgcl2 

Promega, USA ----- PCR Master Mix Kit 

  Primer 

Favorgen Biotech, 

Taiwan 

----- DNA Extraction kit 

Russian(cyntol) ----- 100 bp DNA ladder 

Thomas baker(india) 99.5 Ethylene diamine tetra acetic di-hydrate 

(EDTA).2 H2O 

Promega, USA 99 Loading dye (bromophenole blue) 

Russian(cyntol) ----- PCR Master Mix Kit 

Biolabs, England ------ Restriction enzyme  Sau3AI   
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2.1.2.   Instrument Analysis and Equipment: 

Table (2-2): Instrument Used in this Study. 

Instrument Supplied company 

Centrifuge Heraeus (Germany) 

Deep Freez GFL / Germany 

Horizontal Gel electrophoresis unit  Biorad(jappan) 

Horizontal Gel electrophoresis unit  Cleaver scientific / UK 

Magnetic stirrer Gallin kamp (England) 

Micro-centrifuge Hettich / Germany 

Microplate reader BioTek (USA) 

Nano drop Analytik jena 

Oven Hearson (England) 

PG T80+ Spectrophotometer Shimadzu / (USA) 

pH meter Jenway (Germany) 

Photo-documentation Cleaver Scientific / UK 

Sensitive balance Stanton 461 AN (Germany) 

Spectrofluorometer shimadzu RF- 

5301pc 

Shimadzu / (USA) 

Spectrophotometer  PG T80+ Spectrophotometer 

Spectrophotometer UV -1601 Shimadzu / (USA) 

Thrmocycler PCR(Biometra) Germany 

Vortex mixer Karlkole (Germany) 

Water bath Karlkole (Germany) 
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2.2. Methods 

This study was performed on the smoker and nonsmoker students 

in the University of Babylon, all the blood sample were collected between 

from November 2020 to January 2021 

2.2.1. Collection of Blood and Sampling 

The vein on the front of the elbow or forearm is almost employed. 

The arm must be temperate to develop the circulation and distend the 

vein.  When five ml of blood has been drawn into the needle was inserted, 

and the needle is withdrawn. This pad is firmly pressed onto until the 

bleeding stops. The needle is removed from the syringe and the blood 

slowly transferred to a Gel tube without anticoagulant. The blood 

permitted to clot for 15 minutes; the clot shrinks, and serum can be taken 

by centrifuging for approximately 10 minutes at a relative centrifugal 

force (RCF) of 1500 revolutions per minute (rpm) to 2000 rpm. 

g = (1.118 × 10
-5

) R S
2
  

Where g is the relative centrifugal force, R is the radius of the rotor in 

centimeters, and S is the speed of the centrifuge in revolutions per 

minute. 

2.2.2. Subjects:  

A clinical study was performed in University of Babylon between 

from November 2020 to January 2021. Blood samples were drawn from 

the students of the University of Babylon. 

A total of 300 male subjects ,150 subjects with non-smoking, 150 

subjects with cigarette smoking.  

The participants classified in to: 

 Group1: Nonsmokers. 

 Group2: Smokers of cigarette. 
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2.2.3 Exclusion Criteria 

Any chronic disease such as diabetes mellitus, thyroid diseases, 

malignancies, those who had been on an antioxidant therapy during the 

past 2 months, and those with renal and liver failure were not included. 

2.2.4 Collection of Data 

The survey that questioned the sociodemographic characteristics of 

the participants (age, marital status, another occupation, place of 

residence, and starting age of smoking) was filled through face to face 

interview. 

2.3. Determination of Total Oxidant Status (TOS). 

2.3.1. Principle  

The Total Oxidant Status )TOS  ( of serum was measured using a 

method, developed by Erel. Oxidants existing in the serum oxidize the 

ferrous ion–o-dianisidine complex to ferric ion. The oxidation reaction is 

improved by glycerol molecules, which are abundantly found in the 

reaction medium. The ferric ion creates a colored complex with xylenol 

orange in an acidic medium.  The color intensity, which can be 

determined spectrophotometrically, is associated with the total amount of 

oxidant molecules existing in the sample. The assay is calibrated with 

hydrogen peroxide and the results are expressed in terms of micro molar   

hydrogen peroxide equivalent per liter (µmol H2O2 Eq/L) [131]. 

2.3.2. Assay Reagents 

Reagent 1: was prepared by dissolving 1.96 g of ferrous ammonium 

sulfate and 3.17 g of O-dianisidine dihydrochloridein in 1000 mL of 

H2SO4 solution, 25 mM. The final reagent was consisting of 5 mM 

ferrous ammonium sulfate and 10 mM O-dianisidine dihydrochloride.  
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Reagent 2: was prepared by dissolving 114 mg of xylenol orange and 

8.18 g of NaCl in 900 mL of 25 mM H2SO4 solution. One hundred 

milliliters of glycerol were added to the solution. The final reagent was 

composed of 150 μM xylenol orange, 140 mM NaCl and 1.35 M 

glycerol. The pH value of the reagent was 1.7. This reagent is stable for at 

least 6 months at 4°C.  

Hydrogen Peroxide (STD): (100 µmol/L) was freshly diluted and 

standardized daily using a molar extinction coefficient of 43.6 M
-
1 cm

-
1 

at 240 nm. 

2.3.3 Procedure: shown in Table (2-3). [131]. 

Table (2-3) Shows the Details of the  Present Method. 

 Blank Standard Sample 

Distilled water 25 μl ----- ------ 

Serum  ------ ----- 25 μl 

Hydrogen peroxide ------ 25 μl ------  

R1 1 ml 1 ml 1 ml 

Test tubes was mixed by vortex, then added: 

R2 0.25 ml 0.25 ml 0.25 ml 

Gently mix the content of every tube after addition, let to stand at room 

temperature for 30 minute, read spectrophotometrically at 560 nm. 

 

2.3.4. Calculation  

STDofConc.
A.STD

A.test
status oxidants Total   

2.4. Total Antioxidants Capacity Assay: The CUPRAC 

Method.   

2.4.1. Principle  

Antioxidants + Cu
+2

                                       Cu
+
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Cu
+   

+ 2, 9-dimethyl-1, 10-phenanthroline                               complex (λ 

max at 450 nm) [132,133]. 

2.4.2.Reagents 

1. Copper(II) chloride solution at a concentration of 10
-2

M was 

prepared from CuCl2·2. H2O weighing 0.4262 g, dissolving in H2O 

and diluting to 250 ml with water. 

2. Ammonium acetate (NH4Ac) buffer pH = 7.0 was prepared by 

dissolving 19.27 g of NH4Ac in water and completed the volume to 

250 ml. 

3. Neocuproine (Nc){2,9-dimethyl-1,10-phenanthroline} solution at a 

concentration of 7.5 * 10
-3

M was prepared by dissolving 0.039 g 

Nc in 96% EtOH, the volume was completed to 25 ml with 

ethanol. 

4.  The standard solutions of sample antioxidants were prepared at 1.0 

* 10
-3
M concentration α-Tocopherol was dissolved in 

dichloromethane (DCM). Ascorbic acid and glutathione (GSH) 

solutions were prepared in distilled water. 

5. Working standard solution: composed of three equal volumes of 

1.0 * 10
-3
M of α-Tocopherol (0.0402 gm/100ml dichloromethane), 

ascorbic acid (0.1761gm/100ml D.W) and glutathione (GSH) 

(0.0307gm/100ml D.W). 
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2.4.3.Procedure:  shown in Table (2-4) [132,133]. 

Table (2-4) Shows the Details of the CUPRRAC Method. 

Reagents Test STD Blank 

Copper(II) chloride solution 1ml 1ml 1ml 

Serum  50 µl ------ ------- 

Working standard solution ------- 50 µl ------- 

D.W ------- ------- 50 µl 

Neocuproine (Nc) solution 1ml 1ml 1ml 

Ammonium acetate (NH4Ac) 

buffer 

1ml 1ml 1ml 

Test tubes was mixed by vortex and incubated for 30 minutes at 37°C, 

after that the absorbance was read on a spectrophotometer at 450 nm. 

 

2.4.4.Calculation 

STDofConc.
A.STD

A.test
levels tsantioxidan Total   (µmol/l) 

2.5. Determination of Serum Lipid Peroxidation  

2.5.1 Principle 

Lipid peroxidation in sera was evaluated by thiobarbituric acid 

reactive substances (TBARS). TBARS test gives a basic, reproducible, 

and standardized tool for measuring lipid peroxidation in serum. The 

malondialdehyde- thiobarbituric acid (MDA-TBA) adduct designed by 

the response of MDA and 1,3-Diethyl-2-thiobarbituric acid (DETBA) 

under high temperature (90-100°C) at acidic conditions is measured 

calorimetrically at 530-540 nm or fluorometrically at an excitation 

wavelength of 515 nm and an emission wavelength of 555 nm. This 
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reaction has a much higher sensitivity when measured fluorometrically 

[134]. 

 

 

 

Fig. (2-1). Scheme of the Adduct MDA–(TBA)2 [135]. 

 

2.5.2 Reagents 

       The working solution was prepared by dissolving 0.514 g of 

thiobarbituric acid (TBA) in distilled water (D.W) then added 25 g of 

trichloroacetic acid (TCA), thereafter added 0.5 mL of HCL, 

subsequently complete the volume to 190 ml by using D.W then added 

0.5 g of Sodium dodecyl sulfate (SDS) then completed the volume to 200 

ml and mixed well. 
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2.5.3. Procedure: Shown in the Table (2-5) [135]. 

Table (2-5) Shows the Details of the Present Method. 

Reagents Test Blank 

Serum 100 µl ---- 

D.W ---- 100 µl 

Working solution 2 ml 2ml 

The sample was vortexed and heated in a 90º C water bath for 50 min, 

and then allowed to cool. 

The sample was then centrifuged for 5 min at 5000 rpm then measure the 

absorbance spectrophotometrically of the supernatant at the wave length 

532 nm against a reagent blank. The preparation of reagent blank was the 

same procedure above except change the sample with DW. 

 

FDX
Xd

Absorbance
serumMDA .




 

d = 1cm, ε =extinction coefficient = 1.56x 10
5
 M

-1
cm

-1 

D.F = dilution factor 

2.6.1. Determination of Serum Total Cholesterol 

Total cholesterol in the serum was measured by enzymatic method, 

with the biomerux kit, France [136]. 

2.6.1.1. Principle  

The principle of this method was lysis the cholesterol ester to produce 

cholesterol and fatty acids, then oxidized to produce the quinoemine: - 
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OeequinoantipyrineoaPhenolO
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2.6.1.2. Reagents 

The reagent used in test is a mixture of: - 

1- phosphate buffer 0.1 mol/l. 

 2- phenol 15 mmol/l. 

 3- sodium cholate surfactant 3.74 mmol/l. 

 4- 4 amino antipyrine 0.5 mmol/l. 

5- peroxidase ≥ 1000 U/l. 

6- Cholesterol oxidase ≥ 200 U/l.  

7-  Cholesterol esterase ≥ 125 U/l. 

 

 

 

2.6.1.3. Procedure 

Table (2.6) The procedure for this method as the following: - 

 Reagent 

blank 

Standard Sample   

Standard 200 mg/dl ---- 10 µl  

Sample --- ---- 10 µl 

Working reagent 1 ml 1 ml 1 ml 

 

The content of every tube is gently mixed after addition, then it should 

be allowed to stand at room temperature for 10 minutes or incubated at 
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37 C
0
 for 5 minutes, and absorbance is read by spectrophotometer at 

500 nm.  

The absorbance is directly proportional to the total cholesterol 

concentration in the sample. 

17.5
tan

)/( X
dardsofA

sampleofA
lmmollcholesteroTotal

bs

bs
 

2.6.2. Determination of Serum Triglyceride 

Total triglycerides in the serum were measured by enzymatic with the 

(biomerieux kit, France). 

2.6.2.1. Principle 

Total triglyceride determination depends on formation of quinoemine 

by using a group of enzyme as fallow: - 

OHeQuinoneantipyrineoanolPchloropheOH

OHphosphateacetoneDihydroxyphosphateGlycerol

ADPphateGlycerolATPGlycerol

acidsfattyGlyceroldeTriglyceri

peroxidase

phosphateGlycerol

kinaseGlycerol

lipase

222

2

3

4minmin42

3

3

 

 

 

 



 

2.6.2.2. Reagents  

The reagent used in this test is a mixture of: 

1- Tris buffer pH 7.6     100 mmol/l. 

2- p-chlorophenol     2.7 mmol/l. 

3- Magnesium      4 mmol/l. 

 4- 4 aminoantipyrine     0.4 mmol/l. 

5- lipase       ≥ 1000 U/l. 

6- Gltcerokinase     ≥ 200 U/l. 

7- Glycerol-3-phosphate oxidase  ≥ 2000 U/l. 

8- Peroxidase        ≥ 200 U/l. 

9- ATP       0.8 mmol/l. 
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2.6.2.3. Procedure Table (2-7) 

 Reagent 

blank 

Standard Sample 

Standard 200 

mg/dl 

---- 10μl ----- 

Sample ----- ------ 10 μl 

Working reagent 1 ml 1 ml 1 ml 

 

The content of every tube is gently mixed. It is allowed to stand at 

room temperature for. 10 minute or incubate at 37C
º
 for 5 minute and  

read spectrophotometrically at 505 nm. The absorbance is directly to 

the total triglyceride in the sample. 

 

 
26.2

tan.

.
(mmol/l)ide triglycerserum Total X

dardsofAbs

sampleofAbs


 

 

2.6.3. Determination of Serum High Density Lipoprotein-

Cholesterol (HDL-C) 

HDL-Cholesterol in the serum was measured by enzymatic method 

using biomerieux kit, France. 

2.6.3.1. Principle 

The addition of the phosphotungestic in the presence of magnesium 

ions-due to precipitate the chylomicrons and  

lipoproteins of very low density (VLDL) and low density (LDL) 

contained in the sample. 

The supernatant obtained after centrifugation contains high-density 

lipoprotein HDL was measured by enzymatic method. 
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2.6.3.2. Reagents Table (2-8) 

Reagent (1) 

Precipitation 

Reagent 

Phosphotingestialic acid 

MgCl2.6HO 

pH 6.2 

40 g/l 

100 g/l 

Reagent (2) 

HDL Ch. 

Calibrating 

solution 

 

Free esterified 

Cholesterol 

 

1.30mmd

/l 

0.5 g/l 

 

2.6.3.3. Procedure table (2-9)  

 Reagent blank Standard Sample 

Distilled water 50 μl ----- ------ 

HDL-calibrator ----- 50 ----- 

Supernatant ---- ----- ---- 

Working reagent 1 ml 1 ml 1 ml  

 

The working solution is the cholesterol enzymatic solution. The 

content of every tube is gently mixed after addition, then it is allowed 

to stand at room temperature for 10 minute or incubate for 5 minutes 

at 37C
º
 and read spectrophotometrically at 500 nm. 

 

The concentration of HDL- cholesterol 

42.1
tan.

.
)/( X

dardsofAbs

sampleofAbs
lmmolHDL 

 

1.42(the concentration of standard)  
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2.6.4. Determination of Serum Low Density Lipoprotein-

Cholesterol LDL: - 

In lipoprotein fractionation the widely accepted method for 

determination LDL-cholesterol is the beta quantification procedure. 

Very low-density lipoprotein (VLDL) is separated by 

ultracentrifugation and high-density lipoprotein (HDL), by 

precipitation. Because of ultra-centrifugation is unavailable in most 

routine laboratories and the procedure is expensive, time consuming 

and technically demanding, the nearly universal approach in clinical 

laboratories has been to estimate LDL-cholesterol from the formula of 

(friedewaid etal.1972). After measurement of total cholesterol, 

triglycerides and HDL-cholesterol, LDL-cholesterolis calculated as 

total cholesterol minus very high-density lipoprotein (HDL) 

(estimated as triglyceride 2.2)-with those obtained by lipoprotein 

fractionation. When triglyceride was  >0.2 g/dl. 90% estimated LDL-

cholesterol value acceptable, with  10% of measured values [136]. 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Two                                        Materials and Methods 

44 

 

2.7. Paraoxonase Activity 

2.7.1. The Principle 

Essentially toxicologists focused on the PON1protection role against the 

organophosphate poisoning. Nevertheless, a significant   relation between 

the present of PON1 and LDL oxidation inhibition [137]. Paraoxonase 
where it associates with high-density lipoprotein (HDL) particles in 

serum, it is hydrolyzing highly toxic organophosphorus compounds such 

as the insecticide paraoxon Fig (2-2) and various nerve agents used as 

chemical weapons [138]. Serum butyryl cholinesterase activity which is 

elevated in  smoker and non-smoker  from influence on paraoxonase 

enzyme activity therefor, serum from controls smoker and non-smoker 

was incubated with 5 mmol/ l Eserine for 10 min at room temperature 

initially to inhibit serum butyryl cholinesterase activity and would 

otherwise interfere with the determination of paraoxonase activity.  

 

 

 Figure (2-2): Scheme of hydrolases of Paraoxon by PON1 [139]. 
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2.7.2. The Reagents Preparation: 

1. Tris Buffer Solution composed of 1.21gm Tris base that dissolved in 

90 ml of distilled water. The final pH adjusted to 8.0 with 1 M HCl. 

2. Working Buffer Solution WBS: composed from mixing 100ml of 

stock solution with 900 ml of distilled water. 

3. The reagent was prepared by weighted 10.0gm of NaCl and 0.06 gm 

CaCl2 were dissolved by 500 ml of working Tris buffer solution at last 

added 200 µL of Paraoxon. 
 

2.7.3. Procedure: shown in Table (2-10). 

Sample, blank and standard test tubes were prepared as the instructions 

below: 

Table (2-10) Steps of the procedures used for assessing the activity of Paraoxonase 

activity. 

Sample Test Blank 

Serum 10 µL ----- 

Distilled water ------- 10 µL 

Reagent 190 µL 190 µL 

Mixed and incubated  at 37 °C, for 10 minutes then measured 

at 405nm in Micro Plate Reader  

Repeat the measuring after 5 minutes  
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2.7.4. The Calculation:  

Activity  =
(
  

   
)             

                           
 

The enzyme activity was calculated from the molar extinction coefficient 

(ε) of 18700 M
-
. cm

-1
 at 405 nm, pH equal to 8.0  

The activity was expressed as catalytic concentration which corresponds 

to the product of 1µM of p-nitro phenol/min/L of serum [139, 140]. 

 

2.8. Homocysteine thiolactonase enzyme  

2.8.1. Homocysteine thiolactonase enzyme activity  

PON1 activity toward Hcy-thiolactone was determined by measuring the 

amount of hydrogen ions generated during thiolactone hydrolysis to 

homocysteine in the assay mixture (800 mL) containing 5 mM substrate, 

1 mM CaCl2, 0.0005% bovine serum albumin, 0.004% phenol red, and 

20 µL of serum in 5 mM HEPES buffer (pH 7.0) [141]. The absorbance 

was monitored for 4 min at 412 nm, and the results were expressed in 

nmol min
–1

 mL
–1

. The blank sample containing incubation mixture 

without serum was simultaneously assayed to correct for spontaneous 

substrate breakdown. PON1 activity toward Hcy-thiolactone was 

calculated from the standard curve prepared by titrating the assay medium 

with the different HCl concentrations. 

2.8.2 Reagents: 

1. HEPES buffer (25 mM; pH 7.2) was prepared by dissolving 1.2 g of 

HEPES in 160 ml of deionized water (DW), in a suitable container. 

pH of the buffer was adjusted to 7.2, using 1.0 M sodium hydroxide. 

The buffer was brought to a total volume of 200 mL by adding DW. A 
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0.01g of sodium azide, 0.01g of bovine serum albumin and 22.2mg of 

CaCl2 (1mM) were added to the buffer. 

2. Substrate solution was prepared by dissolving 51.075 mg of γ-

thiobutyrolactone (5 mM) in 100 ml of HEPES buffer (25 mM; pH 

7.2). 0.004% phenyl red was added. 

 

2.8.3. The Procedures:  

      Sample, blank and standard test tubes were prepared as the 

instructions below: 

Table (2-11) Steps of the procedures used for assessing the activity of Lactonase 

 Test Blank 

Serum 10 µL ----- 

Distilled water ------- 10 µL 

Reagent 200 µL 200 µL 

Mixed and incubated  at 37 °C, for 5 minutes then measured at 405nm in 

Micro Plate Reader  

Repeat the measuring after 5 minutes  

 

2.8.4. The Calculation:  

       PON1 activity toward Hcy-thiolactone was calculated from the 

standard curve prepared by titrating the assay medium with the different 

HCl concentrations. 
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2.9. The Genetics Study 

2.9.1. The solutions used for extraction and methods of 

preparation [142]. 

(1) Prepare a wash solution (20) mM (90% Tris + 10% methanol) 

       to prepare (100 ml) Tris at a concentration of 20 mM . We 

dissolved 

      0.31 g of Tris + HCl) in (90 mL) DW, set the pH to 7.5 and  

      completed the volume to (100 mL) DW. 

(2) To prepare the extraction solution (lyses)  

(3) It was taken (Tris-HCL) (0.3 g) + (0.06 g) EDTA + (0.2 g) from 

SDS by dissolving a volume of 90 ml distilled water (DW). Adjust 

pH 8 and complete the volume to 100 ml. 

(4) Solution EDTA: to prepare the solution (50) ml EDTA by 

dissolving(0.03g) of EDTA in volume (40 ml) distilled water. 

Adjust pH 8 and complete the volume to 50 ml distilled water. 

(5) Sodium acetate solution: to prepare (20) ml of the solution at a 

concentration of (3) M by dissolving (4.9g) of Sodium acetate in 

volume (15 ml) distilled water Adjust PH 4.5 and complete the 

volume to 20 ml distilled water. 

(6) Buffer solution (TE) consists (Tris + EDTA): to prepare the 

solution (100) ml TE buffer by dissolving (0.157g) of Tris and 

(0.029g) of EDTA in volume (90 ml) miliQ water adjust pH 8 and 

complete the volume to 100 ml distilled water Put in or auto 

cleave for sterilization at a temperature (121 C) and pressure (0.1) 

for a quarter of an hour. 

2.9.2. Procedure Extraction 

1. It was taken 500 microliters of the EDTA treated blood and put it in a 

volume of one and 1.5 ml a half ml Eppendorf tube then add 1 ml of 
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washing solution 10% Methanol + 90% Tris (18mM) put on the Rolar 

for 10 minutes, then Center Fugue 10000 for 1 minute. The filtrate is 

discarded and the precipitate is taken. 

2. The precipitate is suspended by the washing solution to reach full 

diffusion, then Center Fuge 10,000 cycles for a minute. The filtrate is 

neglected. 

3.  The precipitate was suspended by 200 μl of 2 mM EDTA solution. 

4. Four hundred microliters of the extraction solution ware added and 

suspended well until complete dispersal, at 60 C for 15 minutes. 

5. Then cool to room temperature, then add 100 µl of sodium acetate (4.5 

ph M3) VORTEX for a minute. 

6. Center Fuge 10000 cycles for 10 minutes The sediment is neglected 

and the filter is taken and placed in the silca column. 

7. Center Fusion 10000 cycles for 30 seconds. 

8.  Wash twice with 600 µl of 70% ethanol + 30% Tris (pH and 

molarity) 

9.  Five mM (600 µl of column wash solution is added, then Centrifuge 

10,000 cycles for 30 seconds and the process is repeated twice). 

10. The column is dried after getting rid of the filter by placing it in 

Center Fugue 10000 cycles for three minutes to get rid of the largest 

amount of washing solution. 

11. The collection tube is discarded and the column is transferred to a 

sterile Eppendorf one or 0.5 ml volume.  

12. One hundred μl of Elution buffer solution is added to the center of the 

column and left for 5 minutes. After addition, it is confirmed that all 

the solution is absorbed from the column (and the solution is not left 

until complete absorption). 



Chapter Two                                        Materials and Methods 

44 

 

13. Then Fuge Center 10,000 cycles for a minute by taking the filter that 

represents pure DNA and neglecting the column. 

2.9.3. Extracted DNA Quantity and Quality assessment. 

The extracted DNA was assessed by spectrophotometry method, (scan 

drop, analytical jena, Germany) sample quantity were ranged from 35-56 

ng /µl and the quality (260/280 ratio) ranged from 1.7-1.85, each sample 

that retrieve a 260/280 ratio lesser than 1.7 would be re extracted, on the 

other hand the extracted DNA was checked by 1% agarose gel 

electrophoresis. 

2.9.4. Agarose Gel Electrophoresis.  

Preparation of TBE (5X) Stock Solution/Liter. 

take (Tris base) (27 g) +(14 g) baric acid+ (1.86 g) of EDTA by 

dissolving volume of 500 ml of distilled water (DW). put the package on 

the device hot plate stirrer. 

2.9.4.1. Gel Electrophoresis Protocol. 

1. The gel-casting tray was placed in plastic tray and checked that the 

teeth of the comb are 0.5mm above the gel bottom.  

2.  Position the comb 1.5 cm from the edge of the gel. 

3. TBE (0.5X) (80ml) was placed into a 250ml flask and 0.8g or 1.6 

gram of agarose to prepare 1% and 2% concentration respectively 

agarose was added and then melt the agarose by heating the 

solution on microwae for approximately 2 min. The agarose 

solution was swirled carefully to ensure that the agarose was 

completely dissolved and the solution became clear. 

4. The agarose solution was cooled to approximately 60ºC and adds 

4 microliter of 1mg/ml ethidium bromide, and slowly pours the 
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agarose into the gel-casting tray. If there are any air bubbles must 

be removed by tip. 

5. Agarose was left solidify for about 20-30 minutes. After the 

agarose has been solidified the comb has been removed with the 

back and forth stirring, careful to prevent rupture of the gel. 

6. The gel-casting tray was removed and placed the tray on the 

central supporting platform of the gel box. 

7. Electrophoresis buffer was added to the buffer chamber until it 

reaches a level of 3-5 mm above the surface of the gel. 

8. Five microliters of pcr product were mixed with 2 μl   of loading 

dye and carefully loaded by mechanical pipet to the gel wells.  

9. Ladder molecular weight marker (5 μl) was loaded to one side of 

the gel (flanking and sample line) and 5 micro of DNA specimen 

and 5micro of pcr product in the other well. 

10. The lid was placed on the gel box and connected the electrodes. 

DNA will travel towards the positive (red) electrode positioned 

away from the well. Turn on the power supply. 

11. Electrophoresis was continued in constant voltage 5V/Cm until the 

tracking dye moves at least 10 cm of the gel length. 

2.9.4.2. Photo Documentation. 

       Agarose gel was visualized in a UV trans illuminator provided with 

gel documentation unit, agarose gel was placed above the UV trans 

illuminator device, the gel was exposed to UV light and the photo was 

captured using canon digital camera. 

2.9.4.3. Reconstituting and diluting primers. 

       Primers were commonly shipped in a lyophilized state. The units of a 

lyophilized primer were given as a mass, in pico-moles. In order to create 

a stock of primers, one would reconstitute the primer in sterile, nuclease 
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free H2O to be added to each primer to obtain a master stock that would 

be used again to obtain a working stock.The following steps were 

followed for reconstituting and diluting the primers: 

1. The tube was spined down before opening the cap. 

2. The desired amount of water was added according to the oligos. 

Manufacturer to obtain a 100Pmoles/μl (Master Stock). 

3. The primers were vortexes properly to re-suspend evenly. 

4. A 10μl of the master stock was transferred to a 0.2ml Eppendorf 

tube that contained 90μl of sterile, nuclease-free H2O (Working 

Stock). 

5. The master stock and working stock were stored at -20 ºC. 

6. The working stock was thawed on ice and vortex before using in 

PCR and then stored at -20 ºC. 

Sequences of primers used for PCR amplification this study were 

shown in table (2-12). 

Table (2-12) : Sequences of primers used for PCR amplification of 

Praoxonase Gene. 

 

2.9.5. Amplification by Polymerase Chain Reaction (PCR) 

Table (2-13): Optimization reaction Thermocycling conditions for  (PCR) 

No. Step Temp.(Cº) Time (min) No. of cycles 

1 Initial denaturation  94 5 min 1 

2 DNA Denaturation  94 30 sec 35  

Primer annealing 55-66 30 sec 

Extension 72 30 sec 

3 final elongation  72 5 min 1 

Primer gene name Sequences 

Praoxonase Gene  

Rs 662 

F:5'-ATGATATTGTTGCTGTGGGACCT -3'  

R: 5'- CTGCCACCACTCGAACTTCA -3'                    
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Table (2-14) The proportion of mixing materials are Shown below  

 Composition Concentration Volume 

1 Master mix(Russian(cyntol) 100ppm 8 μl 

2 Forward primer 10pmol\ml 1 μl 

3 Revers primer 10 1 μl  

4 DNA sample 30-55ng/ml 2 μl 

5 Nucleases free water  7.5 μl  

6 Mgcl2 25mM 0.5 μl 

 Total volume  20 μl 

 

2.9.6. Restriction Fragment Length Polymorphism (RFLP) 

for study the genotyping of Arachidonate 12 Lipoxygenase 

2.9.7. Principle 

       After digestion of the DNA tests in question with certain restriction 

endonucleases, RFLP is a distinction in homologous DNA sequences that 

can be determined by the proximity of fragments of varying lengths. As a 

molecular marker, RFLP is specific to a single restriction enzyme/clone 

combination [143]. Most RFLP markers are co-dominant (in 

heterozygous cases, the two alleles will be detected) and locus-specific. A 

RFLP probe is a DNA sequence that, after being extracted by gel 

electrophoresis, hybridizes with at least one fragment of the processed 

DNA test, revealing a distinct blotting pattern diagnostic of a certain 

genotype at a specific locus. RFLP probes are usually short, single- or 

low-duplicate genomic DNA or cDNA clones. The RFLP tests are 

frequently used in genome mapping and variety investigation 

(genotyping, crime scene investigation, paternity tests, and hereditary 

illness diagnostics, among other things) [144]. 
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 2.9.8. Restriction Enzyme  

       Restriction Enzyme (or restriction endonuclease) is an enzyme that 

cuts double-stranded DNA at restriction sites, which have unique 

recognition nucleotide sequences. These enzymes, which are prevalent in 

bacteria and archaea, are hypothesized to have developed as a virus 

defense mechanism [145]. Restriction enzyme (also known as restriction 

endonuclease) is a particular enzyme that cuts double-stranded DNA at 

restriction sites, which have unique recognition nucleotide sequences.   

2.9.9. Procedures 

For genotyping based on restriction endunuclase cleavage, the 

polymerase chain reaction–restriction fragment length polymorphisms 

(PCR-RFLP) method was utilized. This approach can be used to genotype 

SNPs that change the restriction sequence. PCR amplification of the 

region surrounding the restriction enzyme site, followed by digestion with 

the appropriate enzyme for genotyping [146]. BanII digests endunuclase 

[147]. Preparation was used to carry out these processes. Five liter are of 

each amplified product, along with 0.5 micrograms of enzyme, 1.5 buffer, 

and eight liters of water [147], were placed in tubes and incubated 

overnight at 37 degrees Celsius. Digested amplified DNA fragments were 

electrophoresed on 2% agarose for 1 hour at 100 V, and the bands were 

seen under UV illumination before staining with ethidium bromide. For 

fragment size estimation, a 100 base-pair ladder (England Biolab - UK) 

was utilized as a size marker. 
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2.10. Programs: 

The following programs and webs were used to validate the 

concentration of solutions that used in the current study: 

1. SPSS 24 for Windows (SPSS Inc., Chicago, IL, USA). 

2. Quickcals-graphpad. 

).https://www.graphpad.com/quickcalcs/Molarityform.cfm(  

3. Buffer preparation  

       (https://www.cusabio.com/m-296.html). 

4. Molarity calculator 

                          (https://www.graphpad.com/quickcalcs/Molarityform.cfm). 

 

 2.11 Statistical analysis 

        Data analysis was performed using SPSS 24for Windows (SPSS 

Inc., Chicago, IL, USA). Data were expressed as mean, SD, and range, 

and were evaluated by one-way analysis of variance (ANOVA) followed 

by LSD test. The Kolmogorov Smirnov test was used to verify if data 

followed normal distribution. The statistical significance level was 

considered at P < 0.05. 

 

2.12. A quantitative method for assessment of homocysteine 

thiolactonase enzyme activity  

2.12. 1. Sample preparation   

     Five ml of blood from a researcher at the Advanced Biochemistry Lab/ 

University of Babylon/ Iraq were poured into gel tubes. The gel tubes 

were centrifuged at 2000 × g for 15 minutes, then the sera were collected 

and stored at -20˚C until analysis. 

 

https://www.graphpad.com/quickcalcs/Molarityform.cfm
https://www.cusabio.com/m-296.html
https://www.graphpad.com/quickcalcs/Molarityform.cfm
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2.12.2. Purification of HTase 

Human HTase was purified according to Jakubowski‘s method [124]. The 

resulting HTase activity was assessed according to Billecke et al.‘s 

method [129] (see 2.6). The obtained HTase enzyme has specific activity 

equal to approximately 4 U.mg
−1

 protein.  

2.12.3. Standard method to assess homocysteine 

thiolactonase (HTLase) activity 

A modified pH-metric method was applied to assay HTLase activity. The 

method quantifies the amount of H
+
 ions that were liberated as a result of 

hydrolysis of γ-thiobutyrolactone to 4-mercaptobutyric acid [129]. 

Although alkaline pH is ideal for HTLase activity, HTLase activity was 

obtained at pH 7.0 because thiolactone is unstable in alkaline solution. 

Serum (20 µl) was mixed with 800 µl of the reaction mixture containing a 

cocktail of substrate and reagents that dissolved in 5 mM HEPES (pH 

7.0). The mixture contains 0.004% phenol red (106 mM), 5 mM 

thiolactone, 1.0 mM CaCl2, and 0.005% BSA. The increase in absorbance 

at 422 nm for 4 min was utilized to obtain HTase activity from the 

standard HCl titration curve.  Final HTLase activity was stated as µmol 

H
+
 liberated/l plasma per min. 

2.12.4. Accuracy and selectivity  

To study the effect of biomolecules on the current protocol, 4-

mercaptobutyric acid concentration was determined in four volumetric 

flasks that contain a suitable concentration of different types of 

biomolecules. The first consists of HEPES buffer (25 mM; pH 7.2) 

containing 100 μM 4-mercaptobutyric acid. The second consists of 5 mM 
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of each of the following sugars: lactose, glucose, and fructose. These 

sugars dissolved in HEPES buffer (25 mM; pH 7.2) contain 100 μM 4-

mercaptobutyric acid. The third consists of 5 mM of each of the 

following amino acids: lysine, aspartic acid, histidine, and methionine, 

which dissolved in HEPES buffer (25 mM; pH 7.2) containing 100 μM 4-

mercaptobutyric acid.  The fourth was composed of 3% bovine serum 

albumin and 3% casein, which dissolved in HEPES buffer (25 mM; pH 

7.2) containing 100 μM 4-mercaptobutyric acid. Interfering biomolecules 

were prepared in HEPES buffer (25 mM; pH 7.2). 

2.12.5. Sensitivity and linearity  

The linearity and sensitivity of the present protocol were evaluated with a 

series of HTLase activities (0, 25, 50, 100, 200, 300, 400, and 500 U. 

L
−1

). A web-based program for bias estimation and analytical method 

comparison [148] was utilized to find the linearity of the current method 

by comparing the results of the current method with that obtained by the 

H
+
 ions liberating method [129]. The limits of quantitation (LOQ) and 

detection (LOD) were estimated to determine the sensitivity of the 

CUPRAC assay [149]. 

3.12.6. Validation and reproducibility 

The present protocol was confirmed against the H
+
 ions liberating method 

as described by Billecke et al. [129] using Bland-Altman analysis by 

using a series of HTLase enzyme activity (10 to 1000 U. L
−1

). 
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2.12.7. Procedure  

HTLase enzyme activity procedure was explained in Table 2-15. 

   Reagents Test Control  STD Blank 

Substrate solution 2000µL 1500µL 2000µL 2000µL 

D.W. ----- 500 µL 50 µL 50 µL 

4-mercaptobutyric acid ------ ------ 500 µL ------ 

TCA ------ 500µL ------ ------ 

The reaction was initiated by adding serum:  

Serum 50 µL  50 µL ------- ------ 

Mix by vortex and incubate for 5 minutes at 37°C, after that, the 

reaction was terminated with 0.5 ml of 8% TCA and Centrifuge for 10 

minutes at 3000 xg, then remove 1 ml of supernatant in a clean tube , 

and add 

Working reagent 3ml  3ml 3ml 3ml 

 

The color developed was read at 450 nm after 30 min.  

2.12.8. Calculation 

One unit of HTase activity is defined as 1 μmol of γ-thiobutyrolactone 

formed per liter per min under the defined assay conditions. 

The following equation was applied to calculate HTase activity in each 

test tube: 

  

HTase activity (U/L) = ( 
                

     
 ) ×  Conc. of STD 

 

Concentration of STD is equal to 1000 µM.   
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Also, HTase activity can be calculated from the thiol standard curve 

prepared by 4-mercaptobutyric acid (fig. 2-3).  

 

 

Fig. 2-3. The standard curve of 4-mercaptobutyric acid obtained by 

utilizing the current protocol.
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3.1. Characteristics of the Study Subjects   

          This study was performed to the smoker and non – smoker students 

in the University of Babylon. All the blood samples were collected 

between from November 2020 to January 2021. Three hundred samples 

were collected from men. The samples were divided to non-smoker (NS) 

and cigarettes smoker (CS). There were no significant differences in age, 

body height, and body mass between the non-smokers, smokers (Table 3-

1). 

Table (3-1). Participants’ characteristics non-smokers, cigarette 

smokers. 

      Group 

 

Parameter 

  

Nonsmokers 

(NS)  

 

Cigarette Smokers (CS) 

Number 150 150 

Age (Years) 20±2 20±2 

BMI (kg/m
2
) 21.5±1.5 21±2.5 

 

3.2. The Effect of Smoking on Oxidant/ Antioxidant Status 

3.2.1. Total Oxidant Status Concentrations in Sera of 

Nonsmokers and Cigarette Smokers 

The results in Table (3-2) showed the concentrations of total 

oxidant status (TOS) that found in sera of non-smoker (NS)was 12.612 

µmol/l; while, in cigarette smoker (CS) was 14.957 µmol/l. Furthermore, 

the standard deviation in non-smoker, cigarette smoker (4.4626, 5.8218 

µmol/l) respectively.  
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Table 3-2: Total Oxidants Status Concentration in Sera 

(µmol/l) of Non-smokers and Cigarette Smokers Groups 

Group 
N Mean Std. 

Deviation 

(SD) 

Std. 

Error 

95% Confidence Interval for 

Mean 

Sign. 

Lower Bound Upper Bound 

NS 150 12.612 4.4626 0.3643 11.8922 13.3322 0.001* 

CS 150 14.957 5.8218 0.4753 14.0181 15.8967 

   *. The mean difference is significant at the 0.05 level. 

Free radicals are extremely reactive and unstable chemicals. Their 

electrons interact with other molecules within cells, causing damage to 

proteins, lipids, DNA, and nucleotide coenzymes, among other biological 

materials [150]. Antioxidants are substances that inhibit or postpone the 

oxidation of biological elements found in living cells, and this process is 

known as antioxidant defense [151]. In an organism, there is a balance 

between the rate at which free radicals are produced and the rate at which 

they are destroyed. This state, known as "oxidative equilibrium," protects 

the organism by counteracting the harmful effects of free radicals. 

―Oxidative stress‖ is defined as an imbalance between free radical 

generation and antioxidant defense system that favors free radicals [152]. 

Cigarettes contain a high number of free radicals, which contribute to the 

disruption of oxidative balance and cell damage. This is the foundation of 

many smoking-related health issues, such as cancer, cardiovascular 

disease, and pulmonary disease [153]. Total antioxidant status (TAS) 

indicates the total effect of all antioxidants in plasma and body fluids, 

whereas entire oxidant status (TOS) reflects the total effect of all oxidants 

in plasma and body fluids [154]. Free radicals and reactive oxygen 

species (ROS) found in tissues can harm biologically vital components 

like DNA, proteins, carbohydrates, and lipids. ROS are created during 

metabolic and physiological activities, and in organisms that remove 
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them by enzymatic and nonenzymatic antoxidative mechanisms, 

damaging oxidative reactions might occur. Under certain circumstances, a 

rise in oxidants and a decrease in antioxidants is unavoidable, and the 

oxidative/antioxidative balance switches to the oxidative position. As a 

result, oxidative stress develops [155], which has been linked to over 100 

illnesses. 

3.2.2 Total Antioxidant Status (µmol/l) in Sera of 

Nonsmokers, Cigarette Smokers 

         The result in Table (3-3), shown the measuring of total antioxidant 

status (TAS) in smokers and non-smokers. The present study found the 

mean of antioxidant levels in non-smoker was 0.7248 µmol/l, in cigarette 

smoker was 0.6702 µmol/l Furthermore, the standard deviation in non-

smoker, cigarette smokers were (0.21678, 0.20179 µmol/l) respectively.  

Table (3-3): Total Antioxidant Status in Sera (µmol/l) of smokers and 

non-smokers Groups 

Group 
N Mean Std. 

Deviation 

(SD) 

Std. 

Error 

95% Confidence Interval for 

Mean 

Sign. 

Lower Bound Upper Bound 

NS 150 0.7248 0.21678 0.01770 0.6898 0.7597 0.025* 

CS 150 0.6702 0.20179 0.01648 0.6377 0.7028 

 

*. The mean difference is significant at the 0.05 level. 

Free radicals are reactive molecules that develop in the environment 

when nutrients are burnt in the presence of oxygen. These compounds, 

known as reactive oxygen metabolites, damage cell components, resulting 

in oxidative stress [156]. To fight the detrimental effects of free oxygen 

radicals, the body possesses a self-defense system. The antioxidant 

defense system protects the body intracellularly and extracellularly by 
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acting as a shield against free oxygen metabolites that occur 

physiologically or in the environment [157]. The formation and removal 

of free radicals from the organism are in perfect balance, and free radicals 

have no effect on this delicate environment as long as the oxidative 

balance is maintained. When one of the steps working to maintain this 

equilibrium fails, oxidative stress occurs, which can result in cell harm in 

the organism. Many diseases, such as atherosclerosis, diabetes, and 

cancer, are etiopathogenesis of oxidative stress [157, 158, 159].  

3.3. Lipid and Lipid Peroxidation in Sera of Nonsmokers 

and Cigarette Smokers 

lipid profile concentration was changed according to the state of smoking, 

as shown in table (3-4) 

Table (3-4) Lipid profile in sera of cigarette smokers and 

nonsmokers’ groups. 

 Smokers (n = 150) Nonsmokers (n = 150) P 

TC (mmol/L) 4.37 ± 1.2  4.05 ± 1.15 0.15 

TG (mmol/L) 2.87 ± 0.97  3.40 ± 1.16 0.001 

HDLc (mmol/L) 1.12 ± 0.21  1.75 ± 0.19 0.03 

LDLc (mmol/L) 1.75 ± 0.38  2.27 ± 0.61 0.01 
 

The results in (Table 3-5) found that the level of MDA in sera of non-

smoker was 1.1091 µmol/l, and in cigarette smoker was 1.2304 µmol/l. 

Furthermore, the standard deviation in non-smoker and cigarette smoker 

were (0.29671, 0.47006 µmol/l) respectively.  
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Table (3-5): Lipid Peroxidation (MDA Concentration (µmol/l)) in 

Sera of Cigarette Smokers and Nonsmokers Groups. 

Group 
N Mean Std. 

Deviation 

(SD) 

Std. 

Error 

95% Confidence Interval for 

Mean 

Sign. 

Lower Bound Upper Bound 

NS 150 1.1091 0.29671 0.02423 1.0612 1.1569 0.008* 

CS 150 1.2304 0.47006 0.03838 1.1546 1.3063 

*. The mean difference is significant at the 0.05 level.  

Malondialdehyde (MDA), one of the indicators that used to assess 

oxidative stress, was shown to be higher in smokers. Consider the 

evidence for the role of free radicals in human disease while increasing 

the concentration of lipid peroxidation end products. As a result, 

increased oxidative damage is likely to occur in most human disorders, 

with special of them playing substantial pathogenic roles [160], as shown 

in Fig (3-1). 



  Chapter Three                                                       Results and Discussion   

 

76 

 

 

Figure (3-1): Malondialdehyde (MDA) generation from HDL 

peroxidation, its subsequent crosslinking of proteins, and the impact of 

reactive dicarbonyl scavenging on HDL cholesterol efflux ability and 

anti-inflammatory function [161]. 
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3.4. Paraoxonase PON1 enzymatic activity    

  The results in Table (3-6), showed the activity of paraoxonase sera of 

non-smoker (NS) was 145.33 U/L. While, in cigarette smoker (CS) was 

128.56 U/L. Furthermore, the standard deviation in non-smoker and 

cigarette smoker were 72.031, 55.211 U/L respectively.  

Table (3-6): Paraoxonase activity (U/L) in Sera of Cigarette Smokers 

and Nonsmokers Groups. 

Group N Mean Std. 

Deviation 

(SD) 

Std. 

Error 

95% Confidence Interval for 

Mean 

Sign. 

Lower Bound Upper Bound 

NS 150 145.33 72.031 5.881 133.715 156.958 0.024* 

CS 150 128.56 55.211 4.508 119.652 137.468 

*. The mean difference is significant at the 0.05 level. 

 

Several studies have found that smokers' low-density lipoprotein 

(LDL) is more susceptible to oxidation and has higher levels of oxidized 

LDL. Given the various pathogenic effects of oxidized LDL, this would 

provide an essential causal pathway linking smoking to vascular disease. 

Smoking may increase oxidative stress by reducing antioxidant defense 

mechanisms as well as producing reactive oxygen radicals in the smoke. 

In this regard, a recent study found that cigarette smoke decreased 

paraoxonase enzyme activity (PON). This could also contribute to elevate 

LDL oxidation in smokers due to its antioxidant activity [162]. Table (3-

6) shows that there was a significant difference in PON1 enzymatic 

activity between nonsmokers and smokers. The enzyme activity is high, 

and it's linked to HDL, as we've seen. The ability of HDL to attach to 

PON1 under specific experimental settings, such as the influence of 

oxidative stress or other variables, has been linked to PON1 enzymatic 
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activity [163]. PON1 facts as side to have a key function in maintaining 

normal renal balance. It's also been suggested that it's a hydrolase agent 

delivered in the bloodstream by HDL and involved in homocysteine 

metabolism. As a result, any problems with this enzyme's activity are 

hazardous to kidney function because they disrupt metabolic pathways 

that are essential for normal kidney homeostasis [164]. Furthermore, 

PON1 activity in DM patients has been linked to microvascular problems 

[165]. Finally, PON1 activity link directly to the xenobiotic 

concentrations, as shown in figure (3-2).    

 

 

Figure out (3-2). Mechanism of xenobiotic in tobacco smoke interacting with PON1 

activity. Cigarette smoking inhibits the activity of PON enzymes both directly and 

indirectly. Metals in tobacco smoke can interact with histidine‘s (His-115 and His-

134), show calcium ions, and change free thiol groups in a direct way. Indirect effect: 

cigarette smoking lowers HDL levels, which in turn lowers PON1 activity, which is 

conjugated to HDL. PON stands for paraoxonase; HDL stands for high-density 

lipoprotein; LDL stands for low-density lipoprotein; ox-LDL stands for oxidized low-

density lipoprotein; ROS stands for reactive oxygen species [166]. 
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3.5. Homocysteine thiolactonase enzyme activity  

The results in Table (3-7) is showed the concentrations of 

homocysteine thiolactonase activity that found in sera of non-smoker 

(NS) was 146.393 U/L, while in cigarette smoker (CS) was 104.636 U/L. 

Furthermore, the standard deviation in non-smoker, and cigarette smoker 

were 16.7082, 11.4193 U/L respectively. 

Table (3-7): Homocysteine thiolactonase activity (U/L) in Sera of 

Cigarette Smokers and Nonsmokers Groups. 

Group 
N Mean Std. 

Deviation 

(SD) 

Std. 

Error 

95% Confidence Interval for 

Mean 

Sign. 

Lower Bound Upper Bound 

NS 150 146.393 16.7082 1.3642 119.436 173.35 0.024* 

CS 150 104.636 11.4193 0.9323 86.212 123.06 

*. The mean difference is significant at the 0.05 level. 

 

Hcy-thiolactone production and protein homocysteinylation in 

human vascular endothelial cells are influenced by hcy, methionine, 

folate, and high-density lipoprotein (HDL), all of which have been 

associated to vascular disease [167]. Hcy thiolacton is hydrolyzed to Hcy 

by Hcy thiolactonase (HTase), a component of HDL [168]. Hcy levels in 

the blood have also been shown to alter the stability and oxidability of 

low-density lipoprotein (LDL). Furthermore, macrophage-rich plaques 

have been found to contain larger quantities of oxidized LDL (ox-LDL) 

than macrophage-poor plaques, and have been linked to heightened levels 

of ox-LDL in plasma [169]. Paraoxonase is a multifunctional antioxidant 

enzyme that can detoxify paraoxon, degrade oxidized low-density 

lipoprotein (ox-LDL), and hydrolyze homocysteine thiolacton in addition 
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to detoxifying paraoxon. Human paraoxonase, in fact, has a thiolactonase 

(HTase) activity that hydrolyzes Hcy thiolacton to Hcy [170]. The 

activity of Homocysteine thiolactose was shown to be strong in 

nonsmokers, but it was found to be less effective in smokers due to 

oxidative stress [171, 172]. 

3.6 Genotyping of Paraoxonase enzyme. 

3.6.1 Amplification of Paraoxonase gene and designed 

primers using temperature gradient of PCR reaction. 

Temperature is one of the most important factor in PCR because it 

has the limit of binding and denaturation of DNA amplification process, 

therefor this step recorded for discovering of the optimize condition of 

PCR Fig (3-3). 

 

Figure (3-3): The electrophoresis pattern of PCR product for Paraoxonase 

gene. 
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3.6.2 Distribution of genotype and allele frequencies of 

Paraoxonase enzyme gene polymorphisms 

The results showed that the present of different genotype, A= (74 

+85) bp and G = (48+17+48+28) bp as revealed in Fig (3-4).   

 

 

Figure (3-4): RFLP Patterns that electrophoresed on polyacrylamide 

gel electrophoresis for Paraoxonase gene. The (44) bp length fragment 

acting as a positive control for restriction enzyme. 

 

Table (3-8) shows the distribution of genetic makeup and allele 

frequencies for the paraoxonase polymorphism (rs662) in smokers, non-

smokers and in healthy controls. The genotype frequencies of HWE in 

both patients and healthy controls were for paraoxonase (rs662); There 

was the (Hardy-Weinberg equilibrium) which showed that the principle 

that genetic variation in a population will remain constant from 

generation to generation in the absence of disturbing factors, for example, 

mutations disrupt the balance of allele frequencies by introducing new 

44
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alleles into the population. Significant differences were observed in 

Paraoxonase (rs662) polymorphism (Table 3-8 to 3-10). 

Table (3-8) Allelic frequency of paraoxonase polymorphisms (rs662) 

and their associations with risks of cigarette smokers and non-

smokers Groups. 

 All subjects non-smokers cigarette smokers 

Allele Count Proportion Count Proportion Count Proportion 

G 141 0.47 65 0.43 76 0.50 

A 159 0.53 85 0.56 74 0.49 
 

Table (3-8) shows the distribution of the genetic makeup and allele 

frequencies of the paraoxonase polymorphism (rs662) in smokers and 

non-smokers. The genotype frequencies of HWE in both patients and 

healthy controls were for paraoxonase (rs662); There was a Hardy-

Weinberg equilibrium of paraoxonase (rs662). Non-significant 

differences were observed for the paraoxonase polymorphism (rs662) 

(Table 3-9) (Table 3-10). 

Table (3-9) Genotypic association of Paraoxonase (rs662) in cigarette 

smokers and non-smokers Groups. 

Model Genotype non-smokers cigarette smokers OR (95% CI) P-value 

Codominant A/A 85 (56.7%) 74 (49.3%) 1.00 0.18 

A/G 48 (32%) 48 (32%) 1.15 (0.69-

1.91) 
G/G 17 (11.3%) 28 (18.7%) 1.89 (0.96-

3.73) 
Dominant A/A 85 (56.7%) 74 (49.3%) 1.00 0.2 

A/G-G/G 65 (43.3%) 76 (50.7%) 1.34 (0.85-

2.12) 
Recessive A/A-A/G 133 (88.7%) 122 (81.3%) 1.00 0.074 

G/G 17 (11.3%) 28 (18.7%) 1.80 (0.94-

3.44) 
Overdominant A/A-G/G 102 (68%) 102 (68%) 1.00 NA 

A/G 48 (32%) 48 (32%) 1.00 (0.62-

1.62) 
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Table (3-10) Hardy-Weinberg equilibrium test of Paraoxonase 

polymorphisms and their associations in cigarette smokers and non-

smokers Groups. 

 AA AG GG A G P-value* 

All subjects 159 96 45 414 186 <0.0001 

NS=1 non smoker 85 48 17 218 82 0.023 

CS=2 smoker 74 48 28 196 104 0.00051 

*  two tailed p value of fisher’s exact test. 

To get a better understanding about the pathophysiological function of 

PON1, we analyzed the relationships between the Q192R polymorphism, 

serum paraoxonase activity and serum biomarkers important for diabetic 

nephropathy. Finally, table (3-11) shows the biochemical characteristics 

of subject studied according to the paraoxonase gene SNP (rs662) 

genotype. The results revealed that there are no significant associations 

between AA, AG and GG polymorphisms for diabetic patients, diabetic 

patients with nephropathy and control group. Additionally, the results of 

table (3-11) show a positive correlation between paraoxonase activity and 

antioxidants levels. On the other hand, there are a negative correlation 

with oxidative stress products.  

 

 

 

 

 

 



  Chapter Three                                                       Results and Discussion   

 

84 

 

Table (3-11) biochemical characteristics of the biochemical 

characteristics of subject studied according to the paraoxonase gene 

SNP (rs662) genotype. 

Biochemical 

Characteristics 

PON1 Q192R 

genotype 

Smokers Nonsmokers 

PON1 activity 

(IU/L) 

AA 121.07 ± 54.5089 138.783 ± 71.8056 

AG 142.248 ± 47.0081 138.992 ± 57.1336 

GG 124.903 ± 64.0146 196.039 ± 78.8191 

p 0.035 0.033 

HDLc (mmol/L) AA 0.90 ± 0.25a 1.00 ± 0.16 

AG 0.96 ± 0.23a 1.03 ± 0.33 

GG 0.98 ± 0.28 1.08 ± 0.26 

p 0.6 0.5 

TAS AA 0.63257 ± 0.19514 0.734 ± 0.24122 

AG 0.69667 ± 0.21846 0.70604 ± 0.18705 

GG 0.72214 ± 0.16271 0.73353 ± 0.19465 

p 0.23 0.17 

TOS AA 14.7565 ± 5.7048 12.3705 ± 4.62105 

AG 15.4381 ± 5.75318 13.0146 ± 4.22873 

GG 14.6636 ± 6.08487 12.71335 ± 3.71335 

p 0.6 0.31 

HCTL AA 101.362 ± 107.58 148.181 ± 178.086 

AG 124.488 ± 138.493 147.021 ± 150.693 

GG 79.2571 ± 67.6473 135.682 ± 107.142 

p 0.022 0.11 

 

        Single change in the location of amino acids (glutamine Q to 

arginine R) in the peptide sequence, without a doubt will alter the 

capability of substrate to bind with PON1 enzyme thus, a significant 

variation in PON1 enzymatic activities levels have been shown in this 

current study, as it shown in Fig (3-5). 
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Figure (3-5):  3D Structure of human Paraoxonase, showing the effect of 

the genotype polymorphisms to the structure of the enzyme and the 

linking position with the HDL lipoprotein 

 

3.6.3. Genotyping of PON1 

PON1 (EC 3.1.8.1) is a calcium-dependent esterase found in 

plasma associated with high-density lipoprotein (HDL) and contributes to 

the lipoprotein's anti-oxidant impact [173]. PON1's antioxidant role has 

been broadened by some authors to include the protection of peroxidative 

damage to cell membranes in general [173]. The large variance in serum 

PON1 activity (40-fold) seen among people, however, makes clinical 

interpretation difficult. Both genetic and environmental factors can 

account for this variation [174]. The paraoxonase gene's promoter and 
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coding regions are the primary determinants of its expression and 

enzymatic activity [175,176]. However, various environmental factors 

can influence serum paraoxonase activity. Reduced paraoxonase activity 

has been linked to pathologic conditions such as renal illness, diabetes 

mellitus, cardiovascular disease, and liver cirrhosis, and numerous dietary 

and lifestyle factors have been linked to serum paraoxonase activity. 

Tobacco smoking has been linked to lower PON1 activity in patients with 

coronary artery disease [177], and cigarette smoke extracts have been 

shown to suppress PON1 activity in vitro [178]. Simvastatin [179] and 

hormone replacement treatment [180] are two examples of pharmacologic 

therapy. On the other hand, has been shown to boost PON1 activity in the 

blood. Individual differences in paraoxonase activity are explained in part 

by genetic variation in the paraoxonase gene's coding region, which 

results in arginine substitution for glutamine at position 192 (Q192R) and 

methionine substitution for leucine at position 55 (M/L55). The M/L55 

polymorphism is also a strong predictor of paraoxonase serum levels 

[181]. Several case–control studies have found a positive link between 

the PON1 R192 allele and coronary heart disease, while others have 

found no link [182]. In smokers, previous studies have shown a decrease 

in PON1 activity and HDLc concentration, as well as an increase in TC, 

TG, LDLc, Lp (a), and the ApoB/ApoA1 ratio. Smoking has long been 

linked to coronary artery disease and other vascular problems. A change 

in plasma lipid profile has been linked to the development of 

cardiovascular disease in smokers. The processes for the altered lipid 

profile in smokers are recalled in this context [183]. First, nicotine 

promotes adrenaline release from the adrenal cortex, resulting in an 

increase in blood free fatty acid concentrations, which stimulates hepatic 

cholesterol synthesis and secretion, as well as hepatic secretion of very 
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low-density lipoprotein (VLDL) and hence increased TG [181]. Second, 

smoking lowers estrogen levels, which leads to a reduction in HDLc 

levels [181].  In addition, HDL levels in the blood were inversely 

associated to VLDL levels in the blood. Finally, smoking produces 

hyperinsulinemia by increasing insulin resistance. Because lipoprotein 

lipase activity is reduced in hyperinsulinemic circumstances, LDL and 

TG levels are raised. Furthermore, human serum paraoxonase has been 

proven to be a polymorph enzyme [181]. One of the diseases that is 

caused by a mix of hereditary and environmental variables is cancer 

[184]. The PON1 gene is an antioxidant enzyme with significant 

lipophilic antioxidant characteristics that helps maintain the antioxidant-

oxidant equilibrium [185]. It is found on the long arm of chromosome 

7q21.3. PON1 is also an esterase that binds to high-density lipoprotein 

and helps to scavenge reactive oxygen species (HDL). According to 

research, oxidative stress can contribute to cell proliferation and 

malignant transformation, as well as DNA damage and other biological 

components, resulting in tumor formation [186]. Researchers can predict 

PON1 gene polymorphism in cancer susceptibility because of PON1's 

ability to detoxify carcinogenic oxidative stress metabolites. PON1-

Q192R and PON1-L55M, the two most prevalent functional genetic 

polymorphisms in PON1, have been identified at positions 192 and 55, 

respectively, as a result of the deep development of genetic investigations 

of PON1 [187]. The glutamine (Q genotype) was swapped for the 

arginine (R genotype) 192 of the gene 6 exon of the PON 1 gene, 

resulting in the PON1-Q192R polymorphism (rs662A > G). PON1-L55M 

(rs854560) was created when 55 leucine's (L genotype) were replaced 

with methionine (M genotype) at third exon 55 [188]. Furthermore, the 

two functional SNPs Q192R and L55M have been linked to the risk of a 
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variety of malignancies, including mouth cancer, lung cancer, and 

embryonal tumors [188]. Given the importance of PON1 in tumor 

development and the link between genotype and phenotype, we 

hypothesize that the PON1 gene variants Q192 R and L55M are linked to 

tumor susceptibility. However, many research' findings are now 

inconsistent and ambiguous. As a result, a comprehensive meta-analysis 

of the link between the Q192R and L55M polymorphisms and cancer risk 

should be done [188]. Human paraoxonase 1 (PON1) is a gene that has 

been linked to a genetic vulnerability to coronary artery disease (CAD). 

In the PON1 gene, there are two frequent DNA polymorphisms. The 

distance between these polymorphisms is only 8.6 kb (GenBank 

accession number AC004022). Because of a leucine (L allele) and 

methionine (M allele) swap, one is found at amino acid position 55. The 

second is owing to a glutamine (Q allele) and arginine (R allele) 

exchange at amino acid position 192. In certain but not all populations, 

the 192R allele has been linked to a higher risk of coronary artery disease. 

The issue with the PON1 L55M polymorphism and cardiovascular risk is 

perplexing [189]. It is anesterase enzyme that metabolizes a variety of 

substrates, including pharmaceuticals and organophosphorus (OPs) 

chemicals [190]. At locations Gln192g Arg (Q192R) and Leu55g Met in 

the PON1 coding area, there are two polymorphisms (L55M). Because 

the two alloenzymes have varied affinities and catalytic activity toward a 

variety of substrates, Q192R has received more attention. Polymorphisms 

in the PON1 gene have been shown to alter PON1 activity in studies. 

Eckerson et al [191] conducted a study. PON1 activity was shown to be 

lower in PON1 192 Q allele carriers than in R allele carriers. PON1 

activity has been found to be reduced in several cancers, such as gastric 

and pancreatic carcinoma. Although the link between PON1 



  Chapter Three                                                       Results and Discussion   

 

89 

 

polymorphisms and serum activity has been discovered in a variety of 

malignant tumors, including cancers of the ovary, lung, and liver [192]. 

The interaction between PON1 and ARE activity and CRC has not been 

well researched, and just a few published articles have looked into the 

link between PON1 Q192R and L55M and CRC [193]. The activity of 

paraoxonase (PON), which has the ability to breakdown lipid peroxides, 

is primarily responsible for HDL's antioxidant function. The human 

PON1 gene is found on the long arm of chromosome 7 between q21.3 

and q22.1 [194]. PON1, a calcium-dependent antioxidant glycoprotein 

with a molecular weight of 43 kDa and one of the HDL structures, is one 

of the HDL structures. There are two types of polymorphisms in the 

PON1 coding region: L55M (163T > A) and Q192R (575A > G). Codon 

55 leucine (L) was substituted by methionine (M) in L55M. (M). 

Glutamate (G) was substituted by arginine (R) at codon 192 in Q192R 

[195]. The 192 polymorphism is the most important predictor of PON1 

activity, however the 55 polymorphism can also influence it. Although 

several case–control studies have been conducted to investigate the link 

between PON1 55M or 192R alleles and cardiovascular disease, the 

results have been inconsistent. Some researchers have discovered a link 

between the PON1 gene polymorphism and heart disease, whereas others 

have not [196]. Similarly, replacing leucine (L genotype) with methionine 

(M genotype) in position 55 results in the second polymorphism rs854560 

(L55M). Homozygous QQ is the most frequent genotype, followed by 

heterozygous QR, and homozygous RR is the least common. The protein 

expressed by R has an 8-fold higher hydrolyzing activity than the protein 

encoded by Q. The serum protein concentration is also affected by this 

mutation. Individuals with homozygous RR alleles have higher enzyme 

concentrations than those with homozygous QQ alleles [197].  In addition 
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to the polymorphisms at these locations, the PON1 promoter region has 

five polymorphisms. PON1 activity can vary by up to 40-fold between 

individuals and populations due to these genetic variations [198]. The A 

allele encodes a low-activity version of PON1 at the PON1 rs662 (also 

known as c.575A N G, Q192R, or p. Gln192Arg) locus (PON1 Arg192). 

The AG or G allele, on the other hand, is linked to the high-activity 

PON1 isoform (PON1 Gln192) [199]. PON1 Gln192 accelerates the 

hydrolysis of paraoxon, whereas PON1 Arg192 accelerates the hydrolysis 

of diazoxon, sarin, and soman (L55M) SNVs have no effect on the 

interaction of PON1 with substrates [200].  

3.7. A quantitative method for assessment of homocysteine 

thiolactonase enzyme activity  

3.7.1. Results and discussion 

3.7.2. CUPRAC method as a suitable probe to assess HTase 

activity 

The current study elucidates a simple protocol to assay HTLase activity 

in biological samples using the cupric neocuproine complex (Cu(Nc)2
2+

) 

as a chromogenic oxidizing reagent (CUPRAC method). The CUPRAC 

method was developed by Apace et al. [201] to measure antioxidant 

capacity. HTLase hydrolyzes substrates (homocysteine thiolactone (HTL) 

or γ-thiobutyrolactone (TBL)) back to homocysteine or 4-

mercaptobutyric acid, respectively. The present protocol was dependent 

upon the reduction of (Cu(Nc)2
2+

) to highly colored Cu(I)-neocuproine 

complex (Cu(Nc)2
+
) by the produced 4-mercaptobutyric acid, and the 

result was quantified spectrophotometrically at 450 nm. The increment of 

absorbance being associated with the HTLase activity. The current assay 
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is based on γ-thiobutyrolactone (TBL) substrate to estimate the HTLase 

activity, as shown in Scheme (1).  

The formation of Cu(I)-neocuproine complex (Cu(Nc)2
+
) produced a 

single peak at 450 nm, and the absorbance was associated directly with 

the produced 4-mercaptobutyric acid levels after the completion of the 

HTLase enzyme reaction (Figure 3-6). The Units definition is the number 

of micromoles of homocysteine produced (i.e., substrate hydrolyzed) per 

unit time. 

 

Scheme (1): Scheme of γ-thiobutyrolactone (TBL) hydrolases by 

homocysteine thiolactonase (HTLase). The reaction of Cu(II)-

neocuproine complex with 4-mercaptobutyric acid, producing the yellow-

orange colored Cu(I)-neocuproine chelate (λmax = 450 nm). 
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Figure (3-6). Homocysteine thiolactonase (HTLase) enzyme activity 

correlated with the spectrophotometric properties of the Cu(I)-

neocuproine complex (Cu(Nc)2
+
). Absorption spectra achieved by the 

reduction of (Cu(Nc)2
2+

) to highly colored Cu(I)-neocuproine complex 

(Cu(Nc)2
+
) as a result to the libration 4-mercaptobutyric acid from the 

hydrolysis of γ-thiobutyrolactone by HTLase activity, and the result was 

measurement spectrophotometrically at 450 nm: (a to k) represent (800, 

700, 600, 550, 500, 450, 400, 350, 300, 250) μM 4-mercaptobutyric acid. 
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3.7.3. Accuracy and selectivity  

The current protocols used to assess HTase activity are subject to 

interference by various biomolecules such as sugars, amino acids, and 

proteins. Thus, to determine the interference of such organic compounds, 

we used 4-mercaptobutyric acid concentrations in four volumetric flasks 

according to the method described above (see 2.7). The assay recovery 

results for each possible interfering biochemical mixture are shown in 

Table 3-12, demonstrating that the current protocol is appropriate for 

assessing HTase enzyme activity in the presence of these interfering 

biomolecules. 

The present assay uses a correction factor (control-test) to exclude the 

interference that arises from the presence of organic biomolecules in the 

sample that contains HTase enzyme activity. The absorbance of the test 

tube in the procedure is related to two types of compounds: produced 4-

mercaptobutyric and interferences found in serum. The absorbance of the 

control test tube in the procedure relates to interference compounds found 

only in the serum. By subtracting the absorbance of the control test tube 

from the absorbance of the test tube, we eliminate the interference of any 

compound that may reduce Cu(II)-neocuproine complex (Cu(Nc)2
2+

) to 

highly colored Cu(I)-neocuproine complex (Cu(Nc)2
+
). That means the 

remaining absorbance belongs to produced 4-mercaptobutyric only. 
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Table 3-12. The recovery values obtained for each of the potential 

interfering biochemical mixtures during the assessment of HTase enzyme 

activity 4-mercaptobutyric acid using the current protocol. 

 

Added 4-

mercaptobutyric 

acid 

concentration 

μmol/L 

Found 4-

mercaptobutyric 

acid 

concentration 

μmol/L 

Recovery% 

Volumetric 

flask 1 
400 

400 
100 

Volumetric 

flask 2 

400 983 
99.5 

Volumetric 

flask 3 

400 405 
98.7 

Volumetric 

flask  4 

400 404 
99 

 

3.7.4. Sensitivity and linearity  

The CUPRAC method was linear (y = 0.9546x + 14.331) within the 

range of 5–1000 U. L
−1

 of HTase activity (Pearson‘s r = 0.999), as 

described in Fig (3-7). The high level of sensitivity of the HTase assay 

was confirmed by obtained values of LOQ (6U. L
−1

) and LOD (2 U. L
−1

). 

Linearity of the present protocol was similar to the H
+
 ions liberating 

method. 
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Fig (3-7). Linearity of the current protocol for a series of dilutions of 

HTLase activity achieved by plotting a straight line between the H
+
 ions 

liberating method and CUPRAC method.  

Using the Passing-Bablok correlation analysis, a strong correlation was 

found between the H
+
 ions liberating and CUPRAC methods (Fig. 3-7). 

The Pearson correlation between the H
+
 ions liberating and the CUPRAC 

methods for the various samples was established, with a Pearson r > 0.99. 
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3.7.5. Validation and reproducibility 

Bland-Altman plot analyses were used to verify the current CUPRAC 

protocol by comparing HTase enzyme activity assessed by H
+
 ions 

liberating method as documented by Billecke et al. [129] using matched 

enzymatic samples. The Bland-Altman plot was used to determine the 

limits of agreement between the two quantitative methods [202] and was 

also used to verify the characteristics of the methods and the assumptions 

of normality of differences between the investigated methods using a 

graphical approach. The resulting graph is an XY scatter diagram, with 

the x-axis representing the mean of the two methods‘ results ([A - B]/2) 

and the y-axis representing the absolute difference between them ([B - 

A]). According to Bland and Altman, 95% of the result points could equal 

± 1.96 SD of the mean difference. The correlation coefficient between the 

two methods was 0.9996, showing that the current method is comparable 

to the reference method (as shown in Fig. 3-8). 

 Bland-Altman plot (Fig. 3-9) proves the relative difference between the 

H
+
 ions liberating and CUPRAC methods, with the mean relative bias. 

 

Fig (3-8). HTase enzyme activity was measured over a range of HTase 

enzyme dilutions, using the H
+
 ions liberating and CUPRAC methods. 
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Fig (3-9). Bland-Altman plot indicating the relative difference between the H
+
 

ions liberating and CUPRAC methods, with the mean relative bias. 

 

There are many publications on measuring HTase activity. Most articles 

assessed HTLase activity by using the method of liberating H
+
 ions 

during thiolactone hydrolysis to homocysteine as a function to the 

homocysteine thiolactonase activity [129]. There are two disadvantages 

to this approach. The first is its reliance on phenol red to determine the H
+
 

ions liberated from thiolactone hydrolysis. Phenol red is a pH indicator 

that is very sensitive to the change in H
+
 ion concentration [203], so it is 

necessary to prepare an appropriate buffer solution to be used in the 

assessment of enzymatic activity and to obtain reliable results. The 

second disadvantage relates to preparation of a precise standard HCl 

titration curve to calculate the H
+
 ions liberated from thiolactone 

hydrolysis. This is because hydrochloric acid is not suitable for use as a 

primary standard solution [204].  
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        The second useful method for assessing HTase activity depends 

upon Ellman‘s reagent to monitor thiolactone hydrolysis 

spectrophotometrically. The method is based on the increase of 

absorbance at 405nm when DTNB is reduced to a yellow 

thionitrophenylate anion (5-mercapto-2-nitrobenzoic acid) by a thiol-

generated group at neutral and alkaline pH [130]. The first disadvantage 

of the spectrophotometric method is linked to the ideal pH of the reaction. 

Yellow thionitrophenylate anion has minimum stability at pH7, whereas 

almost 100% stability occurred at alkaline pH [205]. Although alkaline 

pH promotes paraoxonase/HTase activity, Hcy-thiolactone is unstable in 

alkaline solutions, so the HTLase assay was performed at pH 7.0. [206]. 

Also, a number of studies indicated that Ellman‘s reagent is relatively 

unstable [207, 208]. Finally, DTNB interacts with free sulfhydryl groups 

in the sample [208] and thus may affect HTLase activity. 

3.8. Conclusions  

This paper describes a simple method for assessing the activity of the 

HTase enzyme activity, which can be completed in only a few steps. This 

method allows the measurement of HTase enzyme activity in biological 

samples that contain high concentrations of vitamins, amino acids, 

proteins, antioxidants, or other interfering substances, as well as low 

concentrations of substrate. Utilizing the reduction of Cu(II)-neocuproine 

complex (Cu(Nc)2
2+

) to highly colored Cu(I)-neocuproine complex 

(Cu(Nc)2
+
) by the produced 4-mercaptobutyric acid provided an ideal 

approach to assaying HTLase activity, as the increment of absorbance 

correlated with HTLase activity. 

 

 



 

 
 

Conclusion 

It is concluded that: - 
 

1- This describesa simplemethod forassessing the activity ofthe HTase 

enzymes activity which canbe completed inonly a fewsteps. This 

method allowsthe measurement ofHTase enzyme activityin biological 

samplesthat containhigh concentrationsof vitamins, amino acids, 

proteins,antioxidants, or other interfering substances, 

as well as lowconcentrations substrate.Utilizing the reduction 

ofCu(II)-neocuproine complex (Cu(Nc)22+) tohighly colored Cu(I)-

neocuproine complex (Cu(Nc)2+)by the produced 4-mercaptobutyric 

acid provided an ideal approach to assaying HTLase activity, as the 

increment of absorbance correlatedwith HTLase activity. 

2- Smoking complications are associated with increment reactive     

oxygen species concentration and decrement total antioxidant levels. 

The individuals' TOS and TAS levels were assessed. While cigarette 

smokers' serum total antioxidant capacity was considerably lower than 

that of non-smokers. These findings point to oxidative stress and a 

smoker's oxidant defense mechanism being compromised. 

3- The complications of smoking are associated with an increase in lipid 

peroxide concentration in smokers compared to non-smokers, and 

consequently an increase in lipid peroxide concentration, which leads 

to high oxidative stress due to the formation of free radicals and the 

emergence of more pathological conditions in smokers. 

4-  The results of the current clinic study observed low levels of 

paraoxonase activities PON1 and Lactonase (LAC) in smokers and 

non-smokers. A decrease in the concentration of paraoxonase activity 

was observed for smokers who are more susceptible to oxidative 

stress. Low-density lipoprotein (LDL) smokers are more susceptible to 



 

 

oxidation and have higher levels of oxidized LDL, according to. 

Given the many negative effects of oxidized LDL, this would be an 

important link between smoking and vascular disease. Smoking may 

increase oxidative stress by reducing antioxidant defense mechanisms 

as well as the production of reactive oxygen radicals in smoke. These 

findings suggest a possible adaptive response that may be attributed to 

the elevated formation of ROS. This mechanism may require higher 

levels of antioxidant enzymes to protect tissues from the increased 

level of oxidative stress in relation to metabolic conditions. 

5- The present genetic study observed non-significant differences in the 

distribution of the PON1 192 genotype with allele frequencies [Q/R 

variation of the PON1 gene (rs662) between smokers and non-

smokers. obtained, the Q to R substitution at position 192 is activity-

limiting since the R allele codons for the protein with paraoxon 

hydrolases activity several times greater than in QR genotypes and 

least activities in QQ genotypes. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Recommendations 

The study recommends the following: - 

 

1- Studies related to the enzyme Paraoxonase in general are few and 

because it is one of the most important enzymes that fight free 

radicals, we recommend intensifying the study to know the 

important roles of this enzyme more broadly. 

2- In the current study, the focus was on the relationship of the 

enzyme homocysteine thiolactonase with smoking, so it is 

important to focus on studying the effect of other sources of free 

radicals on the work of the enzyme. 

3- Study the key role of paraoxonase gene expression in smokers and 

non-smokers. 

4- Establishing programs to encourage students to quit smoking. 
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 انــخـــلاصـــت

، ثًيب ييٙ رنير ايشابٌ انسيى ٔايشابٌ عذد يٍ انًشكلاد انصحٛخ انشئٛسيٛخٚشرجط دخبٌ انسجبئش ث

انحهق ٔانسكزخ انذيبغٛخ ٔاشابٌ انكجذ ٔاشابٌ انًثبَخ. رذخٍٛ انسجبئش عجيبسح عيٍ ييضٚع يع يذ 

يبدح كًٛٛبئٛخ. ٚحزٕ٘ أ٘ ٔعبء اجبئش ٚحزٕ٘ عهٗ دخبٌ عهٗ جضٚئيبد دخيبٌ  7000يٍ حٕانٙ 

O)انسبئ يخ يثيم انجيزٔس  (ROS)رسيبعهٙ 
2-

 ٔانٓٛذسٔكسيٛم (H2O2)، ٔثٛشٔكسيٛذ انٓٛيذسٔجٍٛ (

(OH) انجٛشٔ كسٛم.، ٔجزٔس (ROO •)  ٌرى انعثٕس عهٗ أ٘ عضٕ ٚهعت دٔسًا يٙ ًَٕ انسشاب

، يثم انشئزٍٛ ٔانشقجخ ٔانًش٘ء ٔانجُكشٚبط ٔانجشٔازبرب ٔانًثبَخ. انجزٔس انحشح انًزًحٕسح حٕل 

 ا كسييجٍٛ،اع يييٍ ًٚكييٍ أٌ رييسد٘ ْييزِ ا َييٕ كييزنر انًسكسييذاد غٛييش انشادٚكبنٛييخ.انُٛزييشٔجٍٛ ٔ

   إنٗ رحسٛض انضشس انزأكسذ٘ ٔرعضٚضِ يٙ شكم ثٛشٔكسٛذ انذٌْٕ. ثذٔسْب،

أجشٚذ رجشثخ اشٚشٚخ يٙ جبيعخ ثبثيم. جًعيذ عُٛيبد انيذو ييٍ ايلاة جبيعيخ  2021يٙ عبو • 

انًيذخٍُٛ ييٙ انذساايخ. رًيذ  يٍ)150(غٛش انًذخٍُٛ ٔ  ٍي (150) ثبثم. رى رسجٛم يب يجًٕعّ

 دسااخ انًجًٕعزٍٛ انزبنٛزٍٛ يٙ انذسااخ انحبنٛخ:

 يٕضٕعبً نغٛش انًذخٍُٛ. 150انًجًٕعخ ا ٔنٗ:  -1

 يذخُبً اٛجبسح. 150انًجًٕعخ انثبَٛخ:  -2

 -رزُبٔل ْزِ انذسااخ خًسخ أجضاء: • 

نلأيشاد. رحزٕ٘ انسجبئش عهٗ رشاكٛض يصم أعهٗ يٍ أَيٕاع  TOS، TASرى ر ٛٛى يسزٕٚبد  -1

انًسكسذاد انكهٛيخ ي بسَيخ ثغٛيش انًيذخٍُٛ. ثًُٛيب كبَيذ انسيعخ انكهٛيخ نًضيبداد ا كسيذح نيذٖ 

يذخُٙ انسجبئش أقم ثكثٛيش ييٍ قيذسح غٛيش انًيذخٍُٛ. رشيٛش ْيزِ انُزيبئع إنيٗ رعيش  ا جٓيبد 

 خٍ.انزأكسذ٘ نهخطش ٔآنٛخ انذيبع انًسكسذ نهًذ

رى يحص رشكٛض ثٛشٔكسٛذ انذٌْٕ يٙ يصم غٛش انًيذخٍُٛ ٔييذخُٙ انسيجبئش. ر ٓيش َزيبئع   -2

يٙ جًٛع ييذخُٙ  Malondialdehydeيٙ رشكٛض  (p 0.05انذسااخ انحبنٛخ اسرسبعًب كجٛشًا )

ي بسَيييخ ثًجًٕعيييخ انيييزحكى غٛيييش انًيييذخٍُٛ ييييٙ رشكٛيييض  انذساايييخ،انسيييجبئش انيييزٍٚ شيييًهزٓى 

homocysteine thiolactonase  يٙ جًٛع يجًٕعخ يذخُٙ انسجبئش يٙ انذسااخ ٔي بسَخ

ييٙ يجًٕعيخ ييذخُٙ انسيجبئش ثشيكم  [1.1091ng / mlثًجًٕعيخ انيزحكى نغٛيش انًيذخٍُٛ  

/ يييم . رييى انعثييٕس عهييٗ انعذٚييذ يييٍ انجييزٔس انحييشح  وَييبَٕ غييشا 1.2304أكثييش ٔضييٕحًب ْييٙ  

ذ ريسد٘ انزشكٛيضاد انًزضاٚيذح نٓيزِ ٔانًشكجبد شيذٚذح انزسبعيم ا خيشٖ ييٙ دخيبٌ انسيجبئش. قي

يًييب ٚييسد٘ إنييٗ إاييلا  يشكجييبد يثييم  انييذٌْٕ،انجضٚئييبد انزسبعهٛييخ يييٙ ا َسييجخ إنييٗ أكسييذح 

MDA، .ٌْٕٔانزٙ رى اكزشبيٓب كأحذ يُزجبد أكسذح انذ 



 

 

رصف انذسااخ انحبنٛخ ثشٔرٕكٕل قٛبط اٛسيٙ ثسيٛط نز ٛيٛى ييبدح انٕٓيٕاٛسيزٍٛ تٕٛاكزَٕيبص  -3

يٙ  (p <0.05زُسبخّ ٔدقزّ. رشٛش َزٛجخ ْزِ انذسااخ إنٗ صٚبدح يعُٕٚخ )ٔرٕضح إيكبَٛخ اا

رشكٛض ييبدح انٕٓيٕاٛسيزٍٛ تٕٛاكزَٕيبص ييٙ جًٛيع يجًٕعيبد ييذخُٙ انسيجبئش انزيٙ شيًهزٓب 

/ يييم  يييٙ يجًٕعييخ  وَييبَٕ غييشا 146.393انذسااييخ ٔي بسَييخ يييع يجًٕعييخ غٛييش انًييذخٍُٛ  

 / يم . وَبَٕ غشا 104.636يذخُٙ انسجبئش اَخسضذ ثشكم يهحٕظ إنٗ  

 pٔأظٓييشد َزييبئع انذسااييخ اَخسييب  يعُييٕ٘ ) ثبسأكسييَٕبص،رًييذ دسااييخ يسييزٕٖ َشييبا  -4

يٙ رشكٛض َشبا ثبسأكسَٕبص يٙ كم يجًٕعخ يذخُٙ اجبئش انذسااخ ٔي بسَيخ ييع  (0.05>

/ يم  ييٙ يجًٕعيخ ييذخُٙ انسيجبئش. اَخسي   وبَٕ غشاَ 145.33يجًٕعخ غٛش انًذخٍُٛ )

 / يم . وَبَٕ غشا 128.56ثشكم يهحٕظ نٛكٌٕ  

رٓييذه ْييزِ انذسااييخ إنييٗ يعشيييخ رييأتٛش رييذخٍٛ انسييجبئش عهييٗ تٕٛاكزَٕييبص انٕٓيٕاٛسييزٍٛ  -5

(HTLase)  ٔي بً نزعذد ا شكبل انجُٛٛخPON1 Q192R  ٔانعلاقخ ثيٍٛ ْيزِ انًعهًيخ ٔحبنيخ

 homocysteineداد ا كسييذح. دسااييخ انًعهًييبد انزبنٛييخ. يحييص َشييبا ا كسييذح / يضييب

thiolactonase (HTLase) ٔparoxonase-1 (PON1).   ر ٛٛى حبنخ يضبداد ا كسيذح

 انكهٛخ ٔرشكٛض ا كسذح انكهٙ.

 homocysteine. دساايخ رعيذد ا شيكبل انجُٛيٙ ٔثٛشٔكسٛذ انذٌْٕقٛبط يسزٕٖ انذٌْٕ   -6

thiolactonase (HTLase) ( ٙرعيذد ا شيكبل انجُٛيPON1 Q192R).  حيبٔل رطيٕٚش

ٔي بسَزٓيب  homocysteine thiolactonase (HTLase)اشٚ خ دقٛ خ جذٚذح نز ٛٛى َشيبا 

 ثبنطش  انعبدٚخ.

 ،homocysteine thiolactonaseرى انٕصٕل إنٗ يذٖ رأتٛش انزذخٍٛ عهٗ َشبا يبدح • 

 ٔي بسَزٓب ثبنطش  انًعزبدح. ا َضٚى،ٔكزنر رطٕٚش اشٚ خ جذٚذح ن ٛبط َشبا 

 

 

 

 

 

 

 

 



 

 

  جًهىريت انعراق

 وزارة انتعهيى انعاني وانبحث انعهًي

 كهيت انعهىو/  جايعت بابم

 قطى انكيًياء

 

 

في ثيىلاكتىَاز  انهىيىضيطتيٍانذور انرئيطي نُشاط 

تُظيى حانت يضاداث الأكطذة نًذخُي انطجائر وفقاً 

 PON1 Q192Rنتعذد الأشكال انجيُي 

 رضانت
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