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Summary

Summary

Diabetes mellitus (DM) is a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or both.
Chronic hyperglycemia in diabetes is associated with long-term damage, dysfunction,
and failure of various organs, especially the eyes, kidneys, nerves, heart, and blood

vessels.

This study aims to investigate the association between chymase and
angiotensin 1l levels in type 2 diabetic patients with early and chronic diabetic
nephropathy, As well as study the effect of gender, body mass index, duration of
disease, and age groups on the values of the variables studied with other variables in
patients and healthy people and also researching, are there statistically significant
differences between the levels of chymase and angiotensinogen and type 2 diabetes

patients with early and chronic diabetic nephropathy

A case-control study of individuals with type 2 diabetes was conducted from
November 2021 to May 2022. This study was conducted on 62 patients with type 2
diabetes who attended Imam Hussein Medical City in Karbala. and 28 cases in the
control group. They were divided into three groups according to the ratio of their
urinary albumin to creatinine ratio (ACR), the first group (Normoalbuminuria) where
the ACR was less than 30 and their number was 22 patients, and the second group
(Microalbuminuria) was the ACR (30-299) and their number was 20 patients and the
group the third (Macroalbuminuria), where the ACR was greater or equal to 300, and
their number was 20 patients, as well as they, were divided into four groups according
to their body mass index, the first group (BMI less than 18) their number was 4, and
the second group (BMI 18-24.9) their number 10 and the group The third group (BMI
25-29.9), numbered 21, and the fourth group (BMI greater or equal to 30), numbered
27 patients, and they were also divided into three groups according to age, the first
group was age (35-45) and their number was 11, and the second group (age 46-60
And their number is 26, and the third group (age over 60) and their number is 25.
They were also divided into three groups according to the duration of the disease, the
first group (the duration of the disease is less than 5 years) and their number was 13,

and the second group (the duration of the disease is 5-10 years) and their number is 16
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and the third group (The duration of the disease is greater than 10 years) and their
number was 33, and they were divided by gender into 35 males and 27 females.

The biochemical study included the patient and control group. Measure levels
of fasting sugar (FBS), glycated hemoglobin (HbA¢), blood urea, Serum Creatinine,
albumin-creatinine ratio (ACR), Microalbuminuria, cholesterol (CHOL), triglyceride
(TG), and high-density lipoprotein (HDL) levels were also measured low-density
lipoprotein  (LDL), very-low-density lipoprotein (VLDL), Chymase and

Angiotensinll.

This study showed a highly significant difference (P<0.01) in fasting sugar
(FBS), glycated hemoglobin (HbAlc), blood urea, Serum Creatinine,
Microalbuminuria, aloumin-creatinine ratio (ACR), cholesterol (CHOL), triglyceride
(TG), and high-density lipoprotein (HDL), low-density lipoprotein (LDL), very-low-
density lipoprotein (VLDL), High-density lipoprotein (HDL), Chymase and
Angiotensinll, Between diabetic patients and the control groups.

This study also showed according to the effect of age in (FBS, blood urea,
HbAlc, CHOL, LDL, VLDL, Angiotensinll Microalbuminuria, alboumin-creatinine
ratio (ACR)) there were statistically significant differences between the first and
second group, as well as between the first and third groups. As for (TG, serum
creatinine, HDL, and Chymase), there were statistically significant differences

between the first and third groups.

This study also showed the effect of body mass index, In (TG, VLDL, and
Duration of the disease) there were statistically significant differences between each
of the first and fourth groups, the first and third, and the second and fourth, as well as
we noticed in the (blood urea, Microalbuminuria, albumin-creatinine ratio (ACR),
serum creatinine and Angiotensin I1) significant differences between the first and
fourth group, and also in (HDL, LDL, FBS, CHOL, HbA1c) there were statistically
significant differences between the first and fourth group, and the second and fourth,
and in the( Chymase) there were statistically significant differences in the first and
fourth group, the second and fourth group, and the third and fourth groups.

This study also showed according to the effect of disease duration, On (HDL,
LDL, FBS, CHOL, HbA1c, Microalbuminuria, aloumin-creatinine ratio (ACR), TG,

and VLDL), there were statistically significant differences between all groups, as well
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as we noticed in (blood urea, serum creatinine, Angiotensinll, and Chymase)
statistically significant differences between the first and third, and second and third

groups.

The study of the Comparison between type 2 Diabetes Mellitus with Diabetic
Nephropathy groups for Biochemical Parameters showed In( HDL, LDL, FBS,
CHOL, HbAlc, Macroalbuminuria, TG, VLDL, blood urea, serum creatinine, and
Angiotensin 11 ), there were statistically significant differences between all groups, as
well as in the Chymase it was statistically significant differences between the first and

third and second and third groups.

The results showed that there was a significant positive correlation between
the blood levels of HbAlc, FBS, blood urea, serum creatinine, Microalbuminuria,
CHOL, TG, LDL, VLDL Opposite Chymase, and ANGII levels of the patients, The
study also showed a negative linear regression between Chymase and ANGII with
HDL.



List of contents

Paragraph Title Page
No. No.
Summary |
List of contents v
List of figures X
List of tables XII
List of abbreviation XV
CHAPTER ONE:INRTODUCTION AND REVIEW OF LITERATURE
1 Introduction 1
1.1 Diabetes Mellitus 3
1.1.1 Definition 3
1.1.2 Classification of DM 3
1.1.2.1 Type 1 Diabetes mellitus 3
A Immune-Mediated Diabetes 4
B Idiopathic Diabetes 4
1.1.2.2 Type 2 Diabetes mellitus 4
1.1.2.3 Other Special Types of Diabetes 5
A B-Cell Genetic Defects 5
B Insulin Action Genetic Defects 5
C Exocrine Pancreas Diseases 5
D Endocrinopathies 6
E Diabetes Caused By Drugs or Chemicals 6
F Infections 6
G Immune-Mediated Diabetes in Uncommon Forms 6
H Other Genetic Syndromes Linked To Diabetes 6




1.1.24 Gestational Diabetes 7
1.1.3 Diagnosis of Diabetes Mellitus 7
1.1.4 Complications of Diabetes Mellitus 7

1.14.1 Acute Complications 8

A Hypoglycemia 8

B Diabetic Ketoacidosis 8
1.1.4.2 Chronic Complications 8
A Retinopathy 9

B Diabetic Neuropathy 9
1.2 Diabetic Nephropathy (DNP) 9
1.2.1 Stages of Diabetic Nephropathy 10
1.2.2 Diabetic Nephropathy Screening and Diagnosis 11
1.2.3 General Risk Factors For Diabetic Nephropathy 11

1.23.1 Race 11

1.2.3.2 Genetic Predisposition 12

1.2.3.3 Elevated Blood Pressure 12

1.234 Glycemic Control 12

1.2.3.5 Smoking 13

1.2.3.6 Male Gender 13

1.2.3.7 Dyslipidemia 13
1.24 Prognosis of Diabetic Nephropathy 13
1.2.5 Pathophysiological Mechanisms of Diabetic Nephropathy 13

1.2.5.1 Hemodynamic factor 13

1.2.5.2 Hyperglycemia and advanced products of non-

enzymatic glycosylation o
1.2.5.3 Cytokines 14
1.3 Mast Cell Proteases 15




13.1 Chymase Synthesis 15
1.3.2 Structural Chemistry 16
1.3.3 Chymase's Physiological and Pathological Importance 17
1.3.3.1 The role of Chymase in wound healing 17
1.3.3.2 Chymase in cardiovascular and atherosclerotic disorders 17
1.3.33 Chymase in metabolic disorders and diabetes mellitus 18
1334 Chymase's function in converting Angiotensin | to Angiotensin Il 18
1.4 The Renin-Angiotensin System (RAS) 19
14.1 The Classical RAS 19
1.4.2 Angiotensin-converting enzyme 2, Angiotensin-(1-7), and the Mas 91
receptor

1.4.3 Intrarenal RAS 22
14.4 Renin-angiotensin system in diabetic nephropathy 22
1.4.5 The role of Angiotensin Il in physiology and Pathophysiology 23
Aims of the study 24

CHAPTER TOW: Materials and Methods
2.1 Study Design and patients 25
2.2 Inclusion and Exclusion Criteria 25
2.3 Control Group 25
24 Data Collection 25
241 Questionnaire 25
2.4.2 Examination 25
2.5 Materials 26
2.5.1 Instruments &Diagnostic Kits 26
2.5.2 Samples Collection 27
2.5.2.1 Blood Samples 27
2.5.2.2 Urine samples 27

Vi




2.6 Methods 27
2.6.1 Determination of fasting blood glucose concentration 27
2.6.2 Determination of Blood Urea Concentration 29

2.6.3.A Measurement of Serum Creatinine 30
26.3.B Measurement of Urinary Creatinine 32
2.6.4 Determination of Total Cholesterol (TC) 32
2.6.5 Determination of Triglyceride (TG) 33
2.6.6 Measurement of High-Density Lipoprotein Cholesterol (HDL-C) 35
2.6.7 Calculation of LDL-Cholesterol 36
2.6.8 Measurement of Glycohemoglobin (HbA1lc) in whole blood 37
2.6.9 Measurement of Microalbumin 39
2.6.10 Measurement of Chymase 42
2.6.11 Measurement of ANG-I 45
2.7 Statistical Analysis 47

CHAPTER THREE: Results

3.1 The demographic and clinical characteristics of the study 48
3.1.1 Control group 48
3.1.2 Patients group 48

3.2 Association of study groups by different variables 52

33 Comparison of biochemical characteristics between patients c3

group and Control Group

3.4 Impact of Age Groups on Biochemical Parameters of patients ca

groups

35 Impact of BMI Groups on Biochemical Parameters of patients cc

groups

3.6 Impact of duration of disease Groups on Biochemical c7

Parameters of patients groups
3.7 Effect of Sex Groups on Biochemical Parameters of patients cg

groups

\l




3.8 Comparison between type 2 Diabetes Mellitus with Diabetic 53
Nephropathy groups for Biochemical Parameters
3.9 The relationship between Chymase and Angiotensinll with some 50
parameters
3.9.1 The Correlation of HbAlc, FBS, blood urea, serum creatinine, 60
Chymase, and ANGI!I levels in patients
3.9.1.1 The relationship between Chymase and ANGII Opposite FBS 60
3.9.1.2 The relationship between Chymase and ANGII Opposite HbAlc 62
3.9.13 The relationship between Chymase and ANGII Opposite blood 63
urea
39.14 The relationship between Chymase and ANGII Opposite serum 64
creatinine
3.9.2 The Correlation of lipid profile with Chymase and ANGII levels in 65
patients
3.9.2.1 The relationship between Chymase and ANGII Opposite CHOL 65
3.9.2.2 The relationship between Chymase and ANGII Opposite TG 67
3.9.2.3 The relationship between Chymase and ANGII Opposite HDL 68
39.24 The relationship between Chymase and ANGII Opposite LDL 69
3.9.25 The relationship between Chymase and ANGII Opposite VLDL 70
3.9.3 The Correlation of age, BMI, duration of disease, Chymase, and 21
ANGII levels in patients
3931 The relationship between Chymase and ANGII Opposite age 71
3.9.3.2 The relationship between Chymase and ANGII Opposite BMI 73
3.9.33 The relationship between Chymase and ANGII Opposite 24
duration disease
394 The Correlation of Microalbuminuria, albumin-creatinine ratio 2c
(ACR), Chymase, and ANGII levels in patients
3.9.4.1 The relationship between Chymase and ANGII Opposite 7c
Microalbuminuria
3.9.4.2 The relationship between Chymase and ANGII Opposite ACR 77

CHAPTER FOUR: Discussion of Results

VIl




4 Discussion 78
4.1 Association of diabetic type2 with diabetic nephropathy groups 78
and control groups with Study Variables
4.2 Comparison of biochemical characteristics 79
42.1 Fasting blood glucose 79
4.2.2 Glycated hemoglobin (HbA1c) 80
4.2.3 Urea and Creatinine 81
424 Cholesterol 82
4.2.5 Triglyceride 83
4.2.6 High-density lipoproteins (HDL) 84
4.2.7 Low-density lipoproteins (VLDL, LDL) 85
4.2.8 Microalbuminuria 85
4.2.9 Chymase 86
4.2.10 Angiotensin Il 88
4.3 The relationship between Chymase and ANGII Opposite some 89
parameters
CHAPTER FIVE: Conclusions, Recommendations, and References

5.1 Conclusion 92
5.2 Recommendations 93
5.3 References 94




List of Figures

Figure Figure title Page
No. No.
1.1 Structure of Chymase 16
1.2 Chymase's function in converting Angiotensin | to Angiotensin Il 19
13 Schematic overview of the renin-angiotensin system 21
21 the standard curve of microalbumin measurement 40
2.2 Dilution of Chymase standard solutions 43
2.3 the standard curve for the determination of Chymase concentration 44
24 the standard curve for the determination of ANG-Il concentration. 47
3.1 Distribution of Gender 50
3.2 Distribution of Age 50
3.3 Distribution of BMI 51
34 Distribution of Duration of the Disease 51
3.5 Distribution of Albumin-Creatinine Ratio 52
3.6 The relationship between fasting blood glucose (mg/dl) and Chymase 61
(ng/ml)
3.7 The relationship between fasting blood glucose (mg/dl) and ANGII (ng/1) 61
3.8 The relationship HbAlc % and Chymase (ng/ml) 62
3.9 The relationship HbA1c % and ANGII (ng/l) 62
3.10 | The relationship between blood urea (mg/dl) and Chymase (ng/ml) 63
3.11 | The relationship between blood urea (mg/dl) and ANGII (ng/l) 63
3.12 | The relationship between serum creatinine (mg/dl) and Chymase (ng/ml) 64
3.13 | The relationship between serum creatinine (mg/dl) and ANGII (ng/l) 64
3.14 | The relationship between cholesterol (mg/dl) and Chymase (ng/ml) 66
3.15 | The relationship between cholesterol (mg/dl) and ANGII (ng/l) 66
3.16 | The relationship between TG (mg/dl) and Chymase (ng/ml) 67




3.17 | The relationship between TG (mg/dl) and ANGII (ng/l) 67
3.18 | The relationship between HDL (mg/dl) and Chymase (ng/ml) 68
3.19 | The relationship between HDL (mg/dl) and ANGII (ng/l) 68
3.20 | The relationship between LDL (mg/dl) and Chymase (ng/ml) 69
3.21 | The relationship between LDL (mg/dl) and ANGII (ng/l) 69
3.22 | The relationship between VLDL (mg/dl) and Chymase (ng/ml) 70
3.23 | The relationship between VLDL (mg/dl) and ANGII (ng/I) 70
3.24 | The relationship between age (year) and Chymase (ng/ml) 72
3.25 | The relationship between age (year) and ANGII (ng/l) 72
3.26 | The relationship between BMI (Kg/m2) and Chymase (ng/ml) 73
3.27 | The relationship between BMI (Kg/m2) and ANGII (ng/l) 73
3.28 | The relationship between duration disease (year) and Chymase (ng/ml) 74
3.29 | The relationship between duration disease (year) and ANGII (ng/l) 74
3.30 | The relationship between Microalbuminuria (mg/I) and Chymase (ng/ml) 76
3.31 | The relationship between Microalbuminuria (mg/I) and ANGII (ng/l) 76
3.32 | The relationship between Albumin-creatinine ratio (ug/mg) and Chymase 27
(ng/ml)
3.33 | The relationship Albumin-creatinine ratio (ug/mg) and ANGII (ng/I) 77

Xl




List of Tables

Table Table title Page
No. No.
1.1 Stages of diabetic nephropathy based on urinary albumin excretion 10
1.2 Chronic Kidney Disease Stage 11
2.1 Instruments and their origin used in this study 26
2.2 Diagnostic kits and their supplier used in this study 26
2.3 Reagents and their quantities in the blood sugar kit 28
2.4 Reagent, standard, and sample concentration in each tube 28
2.5 Reagents and their quantities in the blood urea kit 29
2.6 Reagent, standard, and sample concentration in each tube 30
2.7 Reagents and their quantities in serum creatinine kit 31
2.8 Reagent, standard, and sample concentration in each tube 31
2.9 Reagents and their quantities in the Total Cholesterol kit 32
2.10 Reagent, standard, and sample concentration in each tube 33
2.11 | Reagents and their quantities in the TG kit 34
2.12 Reagent, standard, and sample concentration in each tube 34
2.13 Reagents and their quantities in the Cholesterol HDL kit 35
2.14 Reagent, standard, and sample concentration in each tube 36
2.15 Reagents in Microalbumin kit 39
2.16 | the preparation of calibrations of microalbumin standard 40
2.17 | the manual procedure for measurement of microalbumin standard 40
2.18 | the manual procedure for measurement of microalbumin inpatient and a1

control urine samples
2.19 | The reference value of Microalbuminuria 41
2.20 Dilution of Chymase standard solutions 43
31 Demographic characteristics of diabetic nephropathy groups and control 49

groups

Al




3.2 The association of study groups by different variables 53
33 Comparison of biochemical characteristics between patients group and
; . 54
Control Group included in the study
3.4 The impact of age groups on some biochemical parameters of patients
55
Groups
35 The impact of BMI groups on some biochemical parameters patients 56
groups
3.6 The impact of duration of disease on some biochemical parameters of 57
patients groups
3.7 The effect of Sex on biochemical parameters of patients groups 58
3.8 The Comparison between types 2 Diabetes Mellitus with Diabetic 59
Nephropathy groups for Biochemical Parameters
3.9 Results of linear regression analysis of HbAlc, FBS, blood urea, serum
. . . 60
creatinine, Chymase, and ANGII levels in patients
3.10 Results of linear regression analysis lipid profile with Chymase and ANGII 65
levels in patients
3.11 Results of linear regression analysis age, BMI, duration of disease, 71
Chymase, and ANGII levels in patients
3.12 Results of linear regression analysis Microalbuminuria, albumin- 75

creatinine ratio (ACR), Chymase, and ANGII levels in patients

X1




List of abbreviation

Abbreviation Description
4-AA 4 — Aminoantipyrine
AA amino acids
ACE angiotensin-converting-enzyme
ACEI angiotensin-converting enzyme inhibitors
ACR albumin/creatinine ratio
ANG | Angiotensin |
ANG Il Angiotensin Il
AT1R angiotensin Il type 1 receptor
AT2R angiotensin Il type 2 receptor
CKD Chronic kidney disease
CMA1 Chymase 1
CPA carboxypeptidase A
CTGF connective tissue growth factor
CTMC connective tissue mast cell
DAG diacylglycerol
DCCT Diabetes Control and Complications Trial
DM Diabetes Mellitus
DNP Diabetic Nephropathy
DPPI Dipeptidyl Peptidase |
ECM extracellular matrix
EDTA Ethylenediaminetetraacetic acid
ESRD End-stage renal disease
FPG fasting plasma glucose
GDM Gestational Diabetes Mellitus
GFR glomerular filtration rate
GPCR G-protein-coupled receptor

XV




HbA1C

hemoglobin A;c

HDAOS N-(2-hydroxy-3-sulfopropyl)-3,5
dimethoxyaniline
HDL High-Density Lipoprotein
HDL-C High-Density Lipoprotein Cholesterol
HLA human leukocyte antigen
IDDM insulin-dependent diabetes mellitus
IP3 inositol triphosphate
LDL low-density lipoprotein
LDL-C low-density lipoprotein cholesterol
MC Mast Cell
MCP-1 monocyte chemoattractant protein - 1
mMCP-4 mast cell protease 4
MMP-9 metalloprotease Pro
MMPs matrix metalloproteases
NGSP National Glycohemoglobin Standardization Program
NIDM non-insulin-dependent diabetes mellitus
NO nitric oxide
OGTT Oral glucose tolerance test
PEG Poly Ethylene Glycol
RAS Renin-Angiotensin system
ROS oxygen species
SD standard deviation
SMC Smooth Muscle Cell
T1DM Typel Diabetes Mellitus
T2DM Type2 Diabetes Mellitus
TG Triglyceride
TGF

Transforming growth factor

XV




TGF-B transforming growth factor-B
TNFa Tumor necrosis factor a
UAE urinary albumin excretion
VEGF Vascular endothelial growth factor
VEGF-A vascular endothelial growth factor-A
VLDL Very low-density lipoprotein
VSMC vascular smooth muscle cells
WAT white adipose tissue
WHO World Health Organization

XVI







Chapter One Introduction and Literature Review

1. Introduction

Diabetes mellitus(DM) is a metabolic disease with the mean characteristic
is hyperglycemia resulting from defects in insulin action, insulin secretion, or insulin
resistance, it is always jointed with long-term harm, dysfunction, and failure of
organs, particularly the heart, nerves, eyes, kidneys, and blood vessels (American
Diabetes, 2011) Diabetes mellitus is a chronic metabolic disease with a world
prevalence of 8.4% (Cho et al., 2018). The prevalence of DM in Iraq is very high and
approaching 20% which is comparable to that in some other Middle Eastern countries
(Mansour et al., 2014) In 2017, the mortality rate due to diabetes reached 10.7% in
patients (20-79years) Around 1.4 million of Iraqgis have diabetes reported T2DM
prevalence in Iraq ranges from 8.5% to 13.9% (Abusaib et al., 2020).

Uncontrolled hyperglycemia is associated with the development of DM
microvascular (neuropathy, retinopathy, and nephropathy) and macrovascular (stroke,
ischemic heart disease, and peripheral vascular disease) complications (Mikhael et al.,
2021).

Type 2 Diabetes Mellitus: accounts for 90- 95 % of diabetes mellitus also
previously referred to as non-insulin-dependent diabetes or adult-onset diabetes.
Mostly present in adulthood, although it can be diagnosed in teens and

young adults due to the high prevalence of obesity(Olokoba et al., 2012)

Diabetic nephropathy accounts for 40 % of new cases of end-stage renal disease
(Molitch et al., 2004) Is an increment in protein excretion in urine with
Microalbuminuria considered as an early stage of DNP in which a small increase in
urinary albumin excretion (UAE) also called incipient DNP. As the disease advanced

with the presence of Macroalbuminuria with overt DNP(Edelman et al., 2004).

Mast cells (MCs), fibroblasts, and vascular endothelial cells are the
main sources of Chymase. Inflammatory signals, tissue damage, and cellular
stress cause MC Chymase to be released into the extracellular. Chymase is a
significant extravascular generator of angiotensin Il (ANG IlI) (Ahmad and
Ferrario, 2018) Inflammation and fibrosis are typical symptoms of CKD,

regardless of the cause. Excessive innate and adaptive immune responses, as
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well as infiltration of inflammatory cells and the production of cytokines,
characterize inflammation. Extracellular matrix (ECM) proteins eventually
replace  normal tissue architecture in fibrosis, preventing the normal
functioning of specialized kidney cells such as tubular epithelial cells,
podocyte, and mesangial cells in the glomeruli, and vascular endothelial
Cells (Owens et al., 2019)

Renal fibrosis is characterized by tubulointerstitial fibrosis and
glomerulosclerosis and is frequent in chronic kidney disease (CKD) that progresses to
end-stage renal disease (ESRD). Renal fibro genesis involves the activation of
inflammatory cells inside the glomerulus or renal interstitium, causing them to
generate fibrogenic and inflammatory cytokines, promote cellular phenotypic change,
and create extracellular matrix components (Liu, 2006). Renal damage that lasts for a
long time results in a fibrous scar and kidney failure. In renal fibrosis, TGF- is an
established cytokine. (Schnaper et al., 2003) Extracellular matrix (ECM), which is
largely made up of collagen, accumulates in the kidneys, causing fibrosis. MMPs are
proteins that break down collagen and ECM proteins and are generated in a variety of
organs, including the kidney. MMPs are thought to have both anti- and pro-fibrotic
properties. The majority of MMPs are secreted as pro-MMPs that must be cleaved to
be activated (Visse and Nagase, 2003).
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Literature Review
1.1. Diabetes Mellitus

1.1.1. Definition:

The term "diabetes mellitus" refers to often used to refer to a type of metabolic
iliness characterized by chronic hyperglycemia as its primary symptom. The reason is
either a disturbance in insulin secretion or a disturbance in insulin effect or both in
most cases (van Netten et al., 2020) it has been shown that diabetes' characteristic
hyperglycemia may cause long-term damage to and dysfunction of some systems.
These organs include the eyes, the heart, the kidneys, the nerves, and the blood
vessels (Xue et al., 2020). Worldwide, diabetes is growing more common. Disease
results in serious consequences such as cardiovascular and chronic renal disease,
which significantly increase the chance of mortality over time (Tatsumi and Ohkubo,
2017)

1.1.2. Classification of DM

The Expert Committee on Diabetes of the World Health Organization (WHO)
has created numerous classification systems for diabetes mellitus. Co-operation
between the (WHO) and the National Diabetes Data Group led to the present WHO
categorization system (USA). It used to be common practice to use the names the
phrases "insulin-dependent diabetes mellitus" (IDDM) and "non-insulin-dependent
diabetes mellitus™ (NIDM) are used to describe two kinds of diabetes. The names
"Type 1" and "Type 2" diabetes are now utilized. Type 2 Diabetes mellitus is the most

common kind (Petersmann et al., 2019).

This classification is dependent on American Diabetes Association, 2020
(care, 2020)

1.1.2.1. Type 1 Diabetes mellitus

Insulin deficiency is usually caused by:
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A - Immune-Mediated Diabetes

An auto-immune disorder, typel is characterized by insulin insufficiency and
hyperglycemia as the outcome (DiMeglio et al., 2018)

Autoimmune damage of pancreatic beta cells, where the immune system produces
large amounts of antibodies as a consequence of some immunological diseases, and
beta cells in the pancreas are among the body's most vulnerable cells to stress.
Oxidative stress, as a result of its insufficient antioxidant levels, As a result,
antioxidants might be directly damaged by these antibodies and free radicals
(Katsarou et al., 2017) could be accompanied by ketone bodies and their high
quantities in patients' blood and urine. 90% of Type 1 diabetics have this(Ranjan et
al., 2017).

B — Idiopathic Diabetes

Type 1 diabetes can have many different causes, some of which are unknown.
This makes them difficult to diagnose. The patients in this group have persistent
insulinopenia and are at risk of ketoacidosis, but there is no indication of
autoimmunity in any of the individuals. Individuals suffering from this kind of
diabetes have bouts of ketoacidosis that are accompanied by between episodes, and
varying degrees of insulin deficiency. This kind of diabetes is highly hereditary, is not
linked to any HLA genes or antigens, and does not reveal immunological evidence of

-cell autoimmunity (Catarino et al., 2020).
1.1.2.2. Type 2 Diabetes mellitus

Diabetes that is not insulin-dependent and adult-onset diabetes were
previously included in this category of diabetes mellitus. It is a word that refers to
those who have a relative (as opposed to absolute) insulin insufficiency. Individuals
with this kind of diabetes commonly develop resistance to insulin activity (Kumar et
al., 2020). Often, these people do not need insulin medication to survive throughout
their lives. Because hyperglycemia is typically not high enough to generate apparent
symptoms of diabetes many people with type 2 diabetes go years without receiving
treatment. Despite this, individuals with this type of diabetes are at an increased
chance of developing macrovascular and microvascular diseases (Climie et al., 2019).

Obesity is common in adults with this kind of diabetes, and obesity may cause or
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worsen insulin resistance in certain diabetics. Many people who may not meet the
usual definition of obesity based on body weight may have a higher amount of body
fat that is concentrated mostly in the abdominal area (Rutter, 2018). Insulin levels
may look normal or increased in diabetic individuals; however, if these diabetic
individuals' beta-cell function was normal, their elevated blood glucose levels should
result in even greater insulin levels (Wang et al., 2018b). This results in inefficient
and insufficient insulin production to compensate for insulin resistance. However,
some people have normal insulin action but significantly reduced insulin production.
Weight loss, greater physical activity, and/or pharmaceutical therapy of
hyperglycemia may all improve insulin sensitivity, but it never returns to baseline
(Jung et al., 2018)

1.1.2.3. Other Special Types of Diabetes

A - B-Cell Genetic Defects

Diabetic symptoms may be caused by a single genetic abnormality in -p-cell
function. Hyperglycemia can be a symptom of many different types of diabetes at a
young age (generally before age 25 years). Mature-onset diabetes of the young
(MODY) occurs when insulin production is restricted and insulin resistance is mild or
absent (Yahaya and Ufuoma, 2020).

B - Insulin Action Genetic Defects

There are a few rare types of diabetes that are caused by genetically set insulin
function defects, These are referred to as atypical diabetes. The metabolic issues
caused by insulin receptor mutations might range from hyperinsulinemia to moderate
hyperglycemia to severe diabetes. Women who have been virilized may experience
enlarged, cystic ovaries (Moghetti and Tosi, 2021).

C- Exocrine Pancreas Diseases

Diabetes can be caused by any procedure that causes the pancreas to be
injured diffusely. Acquired processes in the pancreas include pancreatitis, infection,

trauma, pancreatic cancer, and pancreatectomy(Cervantes et al., 2019).
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D — Endocrinopathies

Insulin and many other hormones (such as growth hormone, glucagon,
adrenalin and cortisol) compete with one other. Diabetes can be caused by high levels
of these hormones. People who have had past insulin production irregularities are

more likely to suffer from hyperglycemia (Mancuso, 2021).
E - Diabetes Caused By Drugs or Chemicals

Many drugs can impair insulin secretion. These drugs may not cause diabetes
by themselves, but they may precipitate diabetes in individuals with insulin resistance,
Certain toxins such as Vacor (a rat poison) and intravenous pentamidine can
permanently destroy pancreatic B-cells(Masoudi, 2021). Many drugs and hormones
can impair insulin action, Examples include nicotinic acid and glucocorticoids (Dodia
and Sahoo, 2021).

F- Infections

Certain viruses have been linked to apoptosis (cell death), and congenital
rubella patients acquire diabetes even though the vast majority of them have HLA and

immunological markers associated with type 1 diabetes. (Mishto et al., 2021)
G- Immune-Mediated Diabetes in Uncommon Forms

An autoimmune disorder of the central nervous system known as stiff-person

syndrome causes muscles to become excruciatingly spasmodic. (Lee et al., 2020)
H - Other Genetic Syndromes Linked To Diabetes

Diabetes mellitus is associated with several hereditary disorders. These
include Klinefelter's syndrome is defined as the presence of one or more extra “X”
chromosomes in a male patient (Deebel et al., 2020), Turner's syndrome is a sex
chromosome disorder characterized by partial or complete loss of an X chromosome
(Fuchs et al., 2019), and Down's syndrome occurs when a person has three, rather
than two copies of chromosome 21 (Alldred et al., 2017). It's an autosomal recessive
condition with symptoms that include insulin-deficient diabetes and the absence of
postmortem [ -cells (Shi et al., 2021).
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1.1.2.4. Gestational Diabetes

Gestational Diabetes Mellitus (GDM) is one of the most metabolic disorders,
common during pregnancy and affects between (2-5%) of pregnant women, and its
causes are similar to type 2 diabetes There is a relationship between pregnancy and an
increase in resistance of cells to insulin, and the glucose level often returns In the
blood, it returns to its normal levels after birth, and the newborn has a greater weight
than normal (Rosik et al., 2020).

1.1.3. Diagnosis of Diabetes Mellitus

Diabetes Mellitus is diagnosed and classified as follows (Petersmann et al., 2019):

1. HbAIC value of > 6.5 percent. The examination needs to be conducted in the
laboratory with a National Glycohemoglobin Standardization Program
(NGSP) a certified technique that is To the Diabetes Control and
Complications Trial (DCCT) test standard (Serdar et al., 2020).

2. The concentration of fasting plasma glucose (FPG) is > 126 mg/dl (7.0 mmol/
liter). The definition of fasting is at least eight hours of absence from eating
(Tian et al., 2020).

3. The level of blood glucose must be > 200 milligrams per deciliter (11.1 milli
moles per liter) after two hours When an OGTT test is completed According
to WHO criteria, a glucose load of 75 grams of anhydrous glucose dissolved
(Molina-Vega et al., 2021)

4. It was a patient with typical hyperglycemic symptoms Individuals, at random,
had amounts of glucose in the blood of > 200 mg/dl (11.1 mmol/ liter)
(Franklin et al., 2020).

1.1.4. Complications of Diabetes Mellitus

Patients with diabetes who have long-term vascular issues are at higher risk of
morbidity and mortality than those who do not (Andrén et al., 2018) chronic
hyperglycemia may lead to a reduction in blood flow to several parts of the body,
including the retina and renal glomeruli, as well as microvessels that nourish
peripheral and autonomic nerve fibers (causing diabetic neuropathy). The macro
vasculature, in particular the brain, has been hypothesized to go through a similar

process, speeding up atherosclerosis. (Iba et al., 2019) High levels of glucose in the
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blood can affect almost every organ in the body The complications that occur in
diabetic patients can be classified into two types of complications: acute Chronic

complications, and chronic complications (Pih et al., 2018)
1.1.4.1. Acute Complications

Symptoms of acute complications appear suddenly and are relatively severe,
and the patient returns to his condition The usual treatment when the patient receives
the appropriate treatment and may develop into chronic complications and if not

treated, it may lead to the loss of life These complications are : (Hulkoti et al., 2021)
A - Hypoglycemia

Low blood sugar below the normal level is one of the most serious
complications of diabetes the most common of which is caused by taking an excessive
dose of insulin, or it may be the result of taking insulin without eating food, and the
patient feels, Dizziness, Sweating, Headache The case may arrive Loss of
consciousness, coma, and sudden death may occur (Yale et al., 2018)

B - Diabetic Ketoacidosis

This condition occurs as a result of a loss of insulin, which helps glucose enter
the bloodstream cell for energy production, and as a result of this loss the body
depends on fats and proteins present, Therefore, the concentration of lipid metabolites
increases in the blood (de Moraes and Surani, 2019), which is the so-called, Ketone
bodies leading to the stimulation of Gluconeogenesis in the liver, and thus to the
occurrence of Hyperglycemia, glycosuria, and an imbalance in the acidity function of
the blood (acid/base balance) (Metabolic acidosis) (Jung et al., 2019)

1.1.4.2. Chronic Complications

Chronic complications occur gradually, and are it continue with the patient for
life and occur as a result of the continuous rise in the level of glucose in the blood
they include:
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A - Retinopathy

Retinopathy is one of the most common complications of diabetes It affects
more than 80% of diabetic patients, as it results from damage to the retinal
microvasculature, or may result from the clouding of the lens of the eye
(Opacification) which is called a cataract and this condition is related to age, As black
water (Glaucoma) is defined as the loss of vision due to high eye pressure(Praidou et
al., 2017)

B - Diabetic Neuropathy

The incidence of neuropathy is between 60% - 70% of patients with diabetes,
where occurs Inflammation and degeneration in these nerves, as a result of elevated
Blood glucose levels and decreased blood flow in the capillary blood vessels (Mayeda
et al., 2020)

1.2 .Diabetic Nephropathy (DNP)

An increase in protein excretion in the urine associated with Microalbuminuria
is considered an early stage of DNP, in which a slight rise in urinary albumin
excretion (UAE) is referred to as incipient DNP As the illness progressed,
Macroalbuminuria with overt DNP became more common (Alzahrani et al., 2019)
Diabetes most important End_ stage renal disease (ESRD) is the leading cause of
kidney failure in the US and Europe (Kumar et al., 2020) These are attributed due to:

* Increased prevalence of diabetes mellitus, particularly type 2 diabetes
* Increase the lifespan of patients with diabetes

Diabetic nephropathy is responsible for 40% of new instances of end _stage renal
disease in the US. (Wang et al., 2018a) As of end_ stage renal disease(ESRD) which
means Renal failure that requires dialysis or transplantation is an expensive condition
and disabling condition with a high monthly rate (Kirchhoff, 2018) Nephropathy may
occur in 20-30% of diabetics, whether they have type 1 or type 2 but with an
increasing prevalence of type 2 diabetes constitutes Dialysis patients with diabetes
make up more than half of all dialysis patients. (Zhang et al., 2020) Several studies
have shown that numerous therapies may significantly alter the incidence and course

of diabetic nephropathy if implemented at an early stage of the disease's development.
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(Selvarajah et al., 2019) Diabetic nephropathy is related to increased cardiovascular
mortality and considers the chief cause of chronic renal disease in patients (Warren et
al., 2019).

1.2.1. Stages of Diabetic Nephropathy

Diabetic nephropathy is classified according to UAE value into 3 stages,
depending on cutoff values adapted by American Diabetes Association As shown in
Table 1-1 (Zelmanovitz et al., 2009).

Table 1.1 Stages of diabetic nephropathy based on wurinary albumin

excretion(Zelmanovitz et al., 2009).

Stage Urine with | 24- hour Random urine sample
marked urine
time (mg/24 h)

(ng/min)
Albumin Albumin/creatinine
concentration ratio
(mg/l) (mg/g)
Normoalbuminuria <20 <30 <17 <30
Microalbuminuria 20-199 30-299 17-173 30-299
Macroalbuminuria >200 >300 >174 >300

Although the development of Microalbuminuria is considered a risk factor for
the development of Macroalbuminuria, it had been found that not all patients
underwent progression to that stage, and some patients may be returned to
Normoalbuminuria(Moriya et al., 2019) Recent studies had shown that 30 — 45 % of
Microalbuminuria that had been followed for 10 years will progress to overt
proteinuria(Caramori et al., 2000) In addition to progression factor for overt
proteinuria, Microalbuminuria reflect a condition of generalized endothelial
dysfunction and consider as a factor associated with an increased risk of

cardiovascular and mortality (Provenzano et al., 2019).
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1.2.2. Diabetic Nephropathy Screening and Diagnosis

The first stage of screening for DNP is to determine albumin content in fresh
urine samples, which may be reported as albumin level (mg/l) or aloumin/creatinine
ratio(ACR)(Yan et al., 2021) Diabetic Nephropathy screening should be done at the
time of diagnosis of DM with Type 2. Since some patients had the silent form of DM
in time earlier periods. In type 1 diabetes mellitus screening should be performed after
5 years of onset of disease or earlier in poorly controlled patients and repeated
annually (Samsu, 2021) Although Microalbuminuria is an essential compartment in
the diagnosis of DNP, deterioration of glomerular filtration rate (GFR) might be
present with normal UAE. Based on these facts national kidney foundation's
categorization may be used to stage these individuals' chronic kidney disease ( Table
1-2 ) GFR is calculated using serum creatinine levels, and the following variables:

age, gender, weight, and race(Association, 2009).

Table 1.2 Chronic Kidney Disease Stage (Zelmanovitz et al., 2009)

Stage | Description GFR(mI\min\1.73m2)
1 Renal damage with GFR N or over >90

2 Renal damage with GFR slightly 60—89

3 GFR moderately 30—59

4 GFR severely 15—29

5 End stage chronic renal failure <15 or dialysis

1.2.3. General Risk Factors For Diabetic Nephropathy

1.2.3.1. Race

DNP is more prevalent and severe among blacks, Mexican Americans, Pima
Indians, and Hispanics than in Caucasians (Gheith et al., 2016) Even after correcting
for confounding variables such as poorer socioeconomic position and a higher
prevalence of hypertension in blacks, blacks continue to have a 4.8 fold increase risk

of ESRD compared to Caucasians(Cafadas-Garre et al., 2019).
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1.2.3.2. Genetic Predisposition

The fact is that a diabetic sibling of a patient with diabetes mellitus has a
threefold increased risk of developing nephropathy than a diabetic sibling of a
diabetic without nephropathy suggests a genetic predisposition to DNP. According to
Seaquist et al., 83 percent of type-2 diabetic siblings of probands with DNP had signs
of renal illness, but only 17 percent of siblings of probands without nephropathy have
the renal disease(Loon, 2003).

1.2.3.3. Elevated Blood Pressure

Diabetes patients have a 1.5-3 folds prevalence of hypertension as non-
diabetics. (Homoud et al., 2020) In prospective investigations, a connection has been
shown between greater systemic pressures and the development of nephropathy,
especially if the pressures are in the hypertensive range. (Patel et al., 2020) Another
finding is that albuminuria is closely associated with an aberrant circadian blood
pressure profile and that this abnormal blood pressure profile serves as a predictive of
Type 2 diabetes patients are more likely to have renal and cardiovascular problems.
(Tankeu et al., 2017)

1.2.3.4. Glycemic Control

Patients with poor glycemic control are more prone to develop diabetic
nephropathy (DNP) (Fan et al., 2021) This is supported by studies, which showed that
Improved glycemic controls might significantly minimize the risk of developing and
progressing albuminuria. (Mohsen et al., 2021) When blood sugar levels are out of
control, diabetic nephropathy is more common. Renal disease is substantially less
common in patients with type 1 diabetes whose HbAlc levels are kept below 8.1
percent(Kaneto et al., 2020) Randomized clinical studies have validated the predictive
usefulness of poor control when compared to excellent control in evaluating the
likelihood of nephropathy and retinopathy in patients with diabetes. A study of
individuals with type 2 diabetes conducted in the United Kingdom discovered that
fewer patients treated with intensive vs. standard treatment had progression of
Microalbuminuria (27 % against 39 %) and proteinuria (7 % versus 13 % )
(Lancent,1998)
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1.2.3.5. Smoking

Smoking increases the incidence of both microvascular and macrovascular
disorders in people with diabetes significantly. The use of tobacco products is an
independent risk factor for the development of DNP and is related to a rapid loss of
renal function, an increased chance of developing an end-stage renal disease, and a

reduced chance of survival after starting dialysis (Campagna et al., 2019).
1.2.3.6. Male Gender

The development of nephropathy in diabetes has been linked to males in some
studies. Researchers showed that men with type-2 diabetes were 2.5 times more likely

than women to develop incipient or overt nephropathy (Shahwan et al., 2019)
1.2.3.7. Dyslipidemia

In Microalbuminuria individuals with type-2 diabetes, higher cholesterol
levels are associated with higher urine albumin excretion, according to many
observational studies. These results show that lipids may contribute to the
development and progression of glomerular damage (Bacci et al., 2021).

1.2.4. Prognosis of Diabetic Nephropathy

Diabetic kidney disease is a major contributor to illness and mortality in
diabetics. When detected and treated early, kidney damage may be delayed once
increased levels of protein are detected in the urine, and kidney damage will gradually
worsen. Frequently, this will necessitate a kidney transplant or dialysis. High blood
pressure, heart disease, and eye problems are all common complications for diabetic

kidney disease patients. (Campion et al., 2017)
1.2.5. Pathophysiological Mechanisms of Diabetic Nephropathy

1.2.5.1. Hemodynamic factor

Diabetic Nephropathy is characterized in its early stage by glomerular
hyperfiltration attributed to reducing resistance to both glomerular arterioles efferent
(Zhao et al., 2017) Endothelin1(ET-1) a vasoconstrictor peptide was associated with
urinary albumin excretion (UAE), its level increases progressively with an increment

in degree of DNP (Coelho et al., 2018) Early disturbance in renal perfusion
13
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autoregulation leads to the leak of albumin from capillaries to glomerulus with a
compensatory increase in the mesangial matrix, thickened damage to the glomerular
basement membrane, and podocyte, This has been aggravated by the stimulation of
mechanisms of inflammatory reaction by tubular cells (Murray and Paolini, 2020).
Additionally, renal hyper perfusion-induced mechanical stress results in the
production of growth factors (Vascular endothelial growth factor (VEGF),
Transforming growth factor (TGF-1)), some cytokines Tumor necrosis factor o
(TNFa), triglycerides, and cholesterol. which induce protein accumulation from the
extracellular matrix, with subsequent mesangial expansion and glomularsclesosis The
progression of DNP and preservation of glomerular morphology can be maintained by
reduction of TGF-B1 which block renin-angiotensin-aldosterone systems (Alexandru
etal., 2017)

1.2.5.2. Hyperglycemia and advanced products of non-enzymatic

glycosylation

A strong risk factor for DNP is the presence of persistent hyperglycemia that
causes the thickening of the basement membrane and increases the proliferation of
mesangial cells and their matrix. It had been found that the expression of a growth
factor called (VEGF) in podocytes increases their vascular permeability(Park et al.,
2019). Hyperglycemia also increases the formation of the advanced glycation end
product of protein in different parts through activation of protein kinase C and the
aldol reeducates pathway. The final non—enzymatic glycation of glomerular basement
membrane protein and collagen makes that barrier more permeable to protein
transport with the subsequent rise of UAE (Ma et al., 2021).

1.2.5.3. Cytokines

Diabetic Nephropathy characterizes by the production of a series of
inflammatory markers such as C reactive protein and interleukinl, 6, 18, and TNF- a
which was correlated with albumin secretion and progression to ESRD. In addition,
other stimuli such as hyperglycemia, TGF-1, and ANG 1l lead to the secretion of
(VEGF) causing increased nitric oxide generation in the endothelium, with
subsequent vasodilatation and glomerular hyperfiltration (Bahreini et al., 2021).

Hyperglycemia through oxidative stress increases the production of angiotensin I,
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collagen, TGF-B, and fibronectin which leads to progressive glomerulosclerosis
(Samadi-Noshahr et al., 2021). In an animal model, it had been found that
inflammatory markers also being involved in the development of tubulointerstitial
lesions and accumulation of macrophages in the tubular interstice. Macrophages
through the production of free radicals, inflammatory cytokines, and proteases lead to
more tubular damage. With the presence of hyperfiltration and increased UAE, the
glomerular and renal cells will be exposed more to more inflammatory markers that

intensify the process (Lu et al., 2018).
1.3. Mast Cell Proteases

The granule content of mast cell (MC) is thought to have a role in a variety of
physiological and pathological functions. MC degranulation may be triggered by a
variety of events, including Fc receptor activation in allergic responses (Elieh Ali
Komi et al., 2020). Once degranulated, MC releases several mediators such as
histamine (known role in allergies), proteases, and cytokines. MC granules contain
several proteases such as matrix metalloproteases (MMPs) (Pal et al., 2020) MC-
specific enzymes include Chymase, tryptase, and carboxypeptidase A (MC-CPA).
The serine proteases include tryptase and Chymase, whereas MCCPA is a zinc-
dependent metalloprotease. The substrate specificities of these proteases vary.
Chymase has a Chymotrypsin-like action, whereas Tryptase has a Trypsin-like
activity. These MC proteases, particularly the Chymase and tryptase, are thought to be
the basis of MC's participation in cardiovascular and metabolic disorders (Sun et al.,

2009, Thorpe et al., 2018)
1.3.1. Chymase Synthesis

An enzyme present in mast cells known as Chymase is produced as a
preproenzyme. The peptide is guided to the endoplasmic reticulum lumen by a signal
on the preproenzyme's N terminus(Pejler et al., 2010). This signal peptide is thought
to have a length of two amino acids (AA). Cleavage of the preproenzyme yields the
proenzyme, which in turn will be cleaved at its N-terminal location to produce the
active enzyme, the active enzyme is found in the granules, there are 226 amino acids
in the prochymase, after cleavage of the prochymase N-terminal two amino acids, the

active Chymase is formed (Huang et al., 1991, Serafin et al., 1991). The enzyme
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responsible for this cleavage is considered to be Dipeptidyl Peptidase | (DPPI) or
cathepsin C. Heparin plays a critical function in this cleavage (McEuen et al., 1998).
When the active Chymase is released from the granules, it is attached to the
extracellular matrix (ECM). Endogenous Chymase inhibitors (such as 1-antitrypsin,
2-antichymotrypsin, 2-macroglobulin, and Eglin C) impede the Chymase’s action
inside the ECM. However, since it is linked to heparin, it becomes immune to
endogenous inhibitors and retains its action for many weeks (Lindstedt et al., 2001).
To present, just one Chymase has been found in humans, the CMAL. Although it is an
a-Chymase, its proteolytic activities are comparable to those of the mouse mast cell
protease 4 (MMCP-4), a B-Chymase found in murine connective tissue(Andersson et
al., 2008).

1.3.2. Structural of Chymase

Figure 1.1 shows the basic skeleton structure of the human Chymase which is
very different from that of the mouse Chymase, only 50-76 percent identical (Shiota
et al., 2005). Mature Chymase has a molecular weight of 26000 - 32000 kDa and may
be N-glycosylated at one or more sites (Caughey et al., 1991). Compared with the
majority of serine proteases of another trypsin family, Chymase contains fewer
cysteine (seven in the majority of Chymase) and only three disulfide
bonds(Zamolodchikova et al., 2005) The physical properties, including surface

properties affecting solubility and binding to polyanionic proteoglycans, differ

strikingly between Chemises, even at the same Mammals (Sali et al., 1993).

Figurel.l: Structure of Chymase; His66 is displayed in purple, Asp110 is shown
in pink, and Ser203 is shown in orange. -Helices are shown in red, whereas -

pleated sheets are depicted in green (Schlatter et al., 2012).
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1.3.3. Chymase's Physiological and Pathological Importance

1.3.3.1. The role of Chymase in wound healing

The inflammatory phase, the proliferative phase, and the remodeling phase are
the three major phases of wound healing(Schilling, 1976). At each step of the process,
Chymase plays an important function. One of the most important aspects of wound
healing is the modulation of the extracellular matrix (ECM) (Younan et al., 2010).
This is consistent with the high concentration of connective tissue mast cell (CTMC)
seen in connective tissue(Kawakami and Galli, 2002). Chymase degrades fibronectin
and vitronectin, both of which are ECM components (Tchougounova et al., 2003). On
the other side, Chymase activates fibroblasts during the proliferative and remodeling
stages by producing TGF-B1, resulting in ECM deposition (Lindstedt et al., 2001).
Additionally, it was shown that Chymase contributes to angiogenesis and vascular
development in granulation tissue(Norrby et al., 1986). Furthermore, it has been
proven that Chymase cleaves precollagen, resulting in the production of fibrils
(Atiakshin et al., 2020).

1.3.3.2. Chymase in cardiovascular and atherosclerotic disorders

Atherosclerosis, an inflammatory condition of the arteries, is the major cause
of cardiovascular disease. It has been shown that Chymase has a role in the
development of atherosclerosis (Bot et al., 2015). Smooth Muscle Cells (SMC) may
be impacted both directly and indirectly by Chymase. Through the stimulation of
TGF-1, it affects SMC differentiation, migration, and proliferation indirectly
(Leskinen et al., 2001) This explains why the aortic wall media thins in
atherosclerosis. Chymase may also limit collagen formation and promote endothelial
cell death by degrading the Vitronectin and Fibronectin of the ECM (Heikkila et al.,
2008) and/or through TGF-1, both of which contribute to endothelial dysfunction.
Additionally, Chymase is involved in the activation of the metalloprotease Pro-MMP-
9, which has been linked to atherosclerosis (Wagsater et al., 2011) Within the
atheroma, Chymase is involved in the proteolysis of LDL, which occurs before the
production of foam cells (Kovanen et al., 2000) In addition, by degrading ApoE,

ApoAl, and HDL3, it limits the outflow of cholesterol from foam cells,the mechanism
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that maintains the existence of foam cells in atherosclerotic plaques (Lindstedt et al.,
1996) Finally, patients who had a myocardial infarction or unstable angina had greater
levels of Chymase in their blood than those without coronary artery disease (Xiang et
al., 2011).

1.3.3.3. Chymase in metabolic disorders and diabetes mellitus

Metabolic illnesses such as Obesity, Diabetes Mellitus (DM), type | and I,
and DM complications have been linked to mast cells. Obese people had higher levels
of MC in their white adipose tissue (WAT) compared to lean individuals, according to
research (Tanaka et al., 2011) It was shown that mast cell-deficient mice weighed
less, had less adipose tissue inflammation, and had better glucose tolerance (Liu et al.,
2009) A study of blood samples from individuals with prediabetes and DM 11 found
that Chymase levels were greater than those in normal blood glucose levels (Wang et
al., 2011) Complications of diabetes mellitus, such as nephropathy and retinopathy,
may be debilitating. Although not directly associated with these difficulties, Chymase
has been implicated in these processes. In diabetic nephropathy, Chymase levels were
increased. These levels were connected with glomerulosclerosis and tubulointerstitial
fibrosis, as well as diabetic vascular disorders caused by the production of ANG Il
(Ritz, 2003). Additionally, pro-MMP-9 is hypothesized to be involved in diabetic
nephropathy and retinopathy once activated by the Chymase (Kowluru et al., 2012)

1.3.3.4. Chymase's function in converting Angiotensin | to

Angiotensin 11

The role of Chymase in ANG I synthesis (Roszkowska-Chojecka et al., 2021)
Chymase was discovered to be capable of cleaving Ang | and forming ANG II. ANG
| is a ten-amino acid peptide. “Aspl-Arg2-Val3-Tyr4-lle5-His6-Pro7-Phe8-His9-
Leul0”, Chymase catalyzes the hydrolysis of the Phe8-His9 link to produce ANG I,
an eight amino acid peptide (Urata et al., 1990) The Renin-Angiotensin system, which
produces ANG I, is well-known (RAS) (Figurel.3). The angiotensin-converting
enzyme is used to convert Ang | to ANG Il in a typical manner (ACE). When the
body detects a drop in kidney blood flow (decreased intrarenal pressure), which
predicts a decrease in blood pressure, RAS is activated in normal physiology. Blood

pressure will return to normal after the formation of ANG II, which will create
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vasoconstriction. This is thought to take place in the body's blood supply the fact that
ACE inhibitors were unable to completely stop the synthesis of ANG Il suggests that
this is not the only route to consider(Padmanabhan et al., 1999) The alternate method,
using the Chymase, was shown to produce ANG Il primarily in tissues (as opposed to
the circulation) in tissues As in Figure 1.2 where ANG Il plays a significant role in

pathophysiology (Miyazaki et al., 2006).

Angiotensin| Angiotensin |

.—.

Stimulated tissues TGF-B precursor
state

TGFp

ProMMP-9 MMP-9

Figurel.2: Chymase's function in converting Angiotensin | to Angiotensin
Il (Miyazaki et al., 2006)

1.4. The Renin-Angiotensin System (RAS)

1.4.1. The Classical RAS

The RAS was discovered in the 1890s by Tigerstedt and Bergmann(Tigerstedt
and Bergman, 1898) and was immediately recognized as a critical endocrine system
for cardiovascular function regulation (Cat and Touyz, 2011b) The classical RAS is
characterized by the release into the bloodstream of a glycoprotein called renin. The
renal afferent arteriole's juxtaglomerular cells produce renin(Griendling et al., 1993)
Preprorenin is converted to renin and then to active renin in juxtaglomerular cells.
Renin, once released into the bloodstream, cleaves angiotensinogen produced from

the liver to generate angiotensin I (ANG I) (Gomez, 1990) The angiotensin-converting

19



Chapter One Introduction and Literature Review

enzyme (ACE) further cleaves Ang | to generate Angiotensin Il (ANG II)
(Gomez, 1990) (Figurel.3) Angiotensin Il exerts its physiological effects by acting as
an agonist on both the angiotensin Il type 1 receptor (AT1R) and the angiotensin Il
type 2 receptor (AT2R), which are members of the G-protein-coupled receptor
(GPCR) superfamily with seven trans membrane spanning regions(Verdonk et al.,
2012) Although angiotensin Il binds similarly to the AT1R and AT2R, these two
receptors have distinct genetic structures, tissue-specific expression patterns, and
functional effects(Paul et al.,, 2006) The AT1 receptor activates numerous
heterotrimeric G proteins, resulting in the production of second messengers such as
reactive oxygen species (ROS), diacylglycerol (DAG), and inositol triphosphate (IP3)
(Higuchi et al., 2007) Vasoconstriction, thirst, renal tubular sodium reabsorption,
aldosterone production, sympathetic nervous system activation, chronotropic and
cardiac inotropic activities, inflammation, hypertrophy, and fibrosis are all
physiological outcomes linked with activation of these pathways(Cat and Touyz,
2011a, Savoia et al., 2011) The AT2 receptor is the most abundant receptor in the
fetus, sharing just 34% of its amino acid sequence with the AT1 receptor(Grady et al.,
1991) Notably, the AT2 receptor is expressed in adult vasculature, juxtaglomerular
cells, glomeruli, and tubules in order to counterbalance the AT1 receptor's effects.
The physiological consequences of activating the AT2 receptor include vasodilation,
anti-inflammatory activity, natriuresis, cell growth suppression, and anti-
fibrosis(Lemarié and Schiffrin, 2010) These are mediated through the activation of
protein tyrosine phosphatase, the production of nitric oxide (NO), and sphingolipid

signaling pathways(Lemarié and Schiffrin, 2010).
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Figurel.3: Schematic overview of the renin-angiotensin system ATI1R:
Angiotensin 11 type 1 receptor; AT2R: Angiotensin Il type receptor (Smith and
Muralidharan, 2015)

1.4.2. Angiotensin-converting enzyme 2, Angiotensin-(1-7), and the

Mas receptor

Until, the RAS was seen as a linear mechanism with ANG Il as the major
effector peptide (Stegbauer et al., 2011). The discovery of angiotensin-converting
enzyme 2 (ACE2) and the Mas receptor turned the attention to the biochemical,
physiological, and pathological significance of the angiotensin metabolite
angiotensin-(1-7) (Ang-(1-7)) (Ferrario and Varagic, 2010) ACE2 can synthesize the
heptapeptide Ang-(1-7) ACE2 is mostly expressed in the heart, kidney, and testis and
has 42% amino acid sequence similarity with ACE but is not inhibited by traditional
ACE inhibitors (Donoghue et al., 2000) It works as a monocarboxypeptidase,
cleaving a single amino acid from the carboxyl terminus of ANG Il to generate ANG-
(2-7), or cleaving ANG | to form ANG- (1-9) (Ferrario and Varagic, 2010) ACE may
further cleave Ang-(1-9) to produce ANG- (1-7) (Donoghue et al., 2000) In order for
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ANG (1-7) to exert its biological and physiological effects, the G protein-coupled
receptor encoded by the Mas proto-oncogene (Santos et al., 2003) As a consequence,
ANG-(1-7) acts in opposition to ANG II's activities, which include lowering blood
pressure, dilation of intrarenal blood vessels, increase in renal blood flow and
glomerular filtration rate, inhibition of proximal tubule transport, and induction of

diuresis (Ferrario and Varagic, 2010).
1.4.3. Intrarenal RAS

The RAS is now well recognized as a dual vasoactive system that acts on both
the circulating endocrine and local tissue paracrine levels (Dzau, 2001) Local RAS
has been shown to exist and function in the kidney, adrenal glands, heart, blood
arteries, pancreas, liver, brain, and adipose tissues (Baltatu et al., 2011) The kidney
contains all key components of the RAS, including angiotensinogen, renin, ACE,
AT1, and AT2 receptors, ACE2, angiotensin-(1-7) receptor, and the Mas receptor
(Carey and Siragy, 2003) Additionally, it has been shown that intracrine/intracellular
RAS play critical physiological and pathophysiological functions in the kidneys (Li et
al., 2011)

1.4.4. Renin-angiotensin system in diabetic nephropathy

The activation of the RAS and the subsequent production of ANG Il in the
kidney is a risk factor for diabetic nephropathy (Jandeleit-Dahm et al., 2006) High
glucose levels boost the production of renin and angiotensinogen in mesangial cells,
which raises intrarenal ANG Il concentrations and eventually results in the formation
of different cytokines and glomerular extracellular matrix (ECM) buildup Through a
variety of paracrine and autocrine pathways (Singh et al., 2003) The upregulation of
cytokines such as transforming growth factor-B (TGF-B), connective tissue growth
factor (CTGF), interleukin-6, monocyte chemoattractant protein - 1 (MCP-1), and
vascular endothelial growth factor-A (VEGF-A), which increase glomerular ECM
deposition and decrease glome formation, has been shown to exacerbate
hemodynamic injury to the kidney, contribute to hyperplasia and hypertrophy of the
renal cells(Hostetter et al., 1982, Jandeleit-Dahm et al., 2006, Wolf, 2004).
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1.4.5. The role of Angiotensin Il in physiology and Pathophysiology

ANG 11 is involved in various systems and has a critical function in
physiology and pathophysiology. The cardiovascular system is the key system of
interest here, since ANG Il may drive cardiac remodeling and hypertrophy, as well as
vascular hypertrophy(Mehta and Griendling, 2007) This also induces constriction of
resistance arteries, which raises systemic vascular resistance and hence elevates
arterial pressure(Humma and Terra, 2002) Additionally, ANG Il affects the renal
system. It increases salt reabsorption and water retention by stimulating the
production of aldosterone in the adrenal cortex; moreover, it increases fluid retention
in the body by stimulating the release of Vasopressin or antidiuretic hormone (ADH)
(Nishiyama et al., 2018) On another level, ANG Il affects the nervous system by
increasing the release of Norepinephrine and preventing its absorption at sympathetic
synapses(Humma and Terra, 2002) ANG Il has a direct effect on all cells in the
cardiovascular system. Excess ANG Il synthesis results in the development,
hypertrophy, and migration of vascular smooth muscle cells (VSMC). Additionally,
endothelial dysfunction will develop, as will an increase in adhesion molecule
expression. Additionally, cardiac remodeling alters electrical conduction(Mehta and
Griendling, 2007) These physiological changes associated with increased ANG I
synthesis indicate that this peptide plays a critical role in myocardial infarction,
arrhythmias, strokes, diabetic vascular disorders, and congestive heart failure (Xue et
al., 2019)
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Aims of the study

1. Find the association between Chymase and angiotensin Il levels and the type 2
Diabetes Mellitus Patients with Early and Chronic Diabetic Nephropathy.

2. Studying the effect of gender, body mass index, duration of disease, and age groups
on the values of the studied variables with other parameters in patients and healthy
subjects.

3. Are there statistically significant differences between Chymase and angiotensin |l
levels and the type 2 Diabetes Mellitus Patients with Early and Chronic Diabetic
Nephropathy?
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2.1. Study Design and patients

A case-control study was conducted for individuals with type 2 diabetes
from November 2021 to May 2022. This study was conducted on 62 patients
with type 2 diabetes who attended Imam Hussein Medical City in Karbala and
28 cases in The control group, and the patients were divided into three groups
according to their urinary albumin ratio to creatinine ratio (ACR), as well as
they were divided into four groups according to body mass index and also they
were divided into three groups according to age, as well as they were divided
into three groups according to the duration of the disease.

2.2. Inclusion and Exclusion Criteria

The selection of patients with nephropathy and no nephropathy depend
on the level of Microalbuminuria

2.2.1. Inclusion Criteria:

1. T2DM
2. Age (38-75)
2.2.2. Exclusion Criteria

1. Patients with TADM

2. Patients with a statin drug, or angiotensin-converting enzyme
inhibitors(ACEI)

3. Patient T2DM without hyperglycemic drugs

4. Pregnant women

5. Patients with urinary tract infection

6. Patient with chemotherapy

7. Systemic illness

2.3. Control Group

Twenty-eight healthy volunteers were included in this study. They were
matched in their sex and age with patient groups. They were collected from
the same center in Imam Hussein Medical City hospital, 12 of them were
female and 16 were males. Their age ranged from (39-70) years.

2.4. Data Collection

2.4.1 Questionnaire

A questionnaire was designed to obtain information about diabetes. It
contained the name, age, sex, weight, height, BMI (weight/ height2),
duration of disease, type of treatment and medical history, smoking, and
family history.

2.4.2. Examination
» Measurement of weight, height

« Calculate BMI (weight/ height?)
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2.5. Materials

2.5.1. Instruments and tools &Diagnostic Kits

Table (2.1) Instruments and their origin used in this study

Name | Company Country
Centrifuge Hettich Germany

Automatic Pipette Eppendrof England

UV 1650 PC Spectrophotometer Shimazu COR JAPAN
Water bath kottermann-laboratechnic Germany

ELISA washing machine and ELISA Bio-Rad US.A

reader

Disposable syringe 10 ml and 5ml Sterile EO China
Incubator Mammert Germany

Timer Lab Tech Korea

Pipette tips (Blue & Yellow Tips) CitoTest China

Table (2.2) Diagnostic kits and their supplier used in this study

e A

Glucose kit Plasmatic France
Urea kit BioSystem Spain
Creatinine kit Agappe United Kingdom
Cholesterol kit Spinreact Spain
triglyceride kit Spinreact Spain
HDL-Cholesterol kit Spinreact Spain
Glycohemoglobin (HbAlc) Kit STANBIO Laboratory USA
Microalbumin kit Humane Germany
Human Mast Cell Chymase ELISA BT LAB China
Kit

Human Angiotensin 1l ELISA Kit BT LAB China
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2.5.2. Samples Collection
2.5.2.1. Blood specimen

Venous blood samples were obtained from control individuals and the study
group five to eight milliliters of blood were obtained from each subject after overnight
fasting by use of disposable syringes and divided into two parts:

A. Venous blood (2 ml) from each drawn sample was saved in a tube containing EDTA
as an anticoagulant to be used in the measurement of the HbAlc level.

B. the remaining blood specimen were allowed to clot at room temperature and then
centrifuged at 3000 Xg for 10 minutes. Fasting blood sugar, blood urea, Lipid profile,
and serum creatinine was measured; remaining Sera were transferred carefully and
stored at -17°C until analysis time in suitable serum tubes, Chymase and angiotensin 11
were measured

2.5.2.2. Urine specimen

A random urine sample was collected from each patient with T2DM in the
morning and taken directly to determine the microalbumin and creatinine in urine and
then ACR measurement.

2.6. Methods

2.6.1. Determination of fasting blood glucose concentration
* Principle

Glucose is oxidized by glucose-oxidase to gluconate and hydrogen peroxide
according to the following equation:

Glucose oxidase

B-D Glucose + O, + H,0O » H,0, + gluconate

Peroxidase

H.O, + Phenol + 4 Amino —antipyrine ——— 2H,0 + Quinonimine
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e Reagents

Table (2-3): Reagents and their quantities in blood sugar Kkit.

Reagents Composition concentration

Reagent 1 Tris buffer pH 7 100 mmol/I

Buffer solution Phenol 0.3 mmol/I

Reagent 2 Glucose oxidase 10000 U/
Peroxidase 1000 U/I
4-amino-antipyrine 2.6 mmol/l

Reagent 3 Standard glucose 100 mg/dl

Standard 5.56 mmol/I

e Procedure

Wavelength: 505nm
Cuvette: I cm light path
Temperature: 37C

Working Reagent R1 + R2 same volume

Tubes were mixed and incubated for ten minutes at 37°C. Then they were read at a
wavelength of about (505 nm) at room temperature (25°C), by using a cuvette of 1 cm
light path.

Table (2-4): Reagent, standard, and sample concentration in each tube.

Reagent blank Standard Sample
Working solution 1ml Imi 1ml
Standard - 10 pl -
Sample - - 10 pl

e Calculation
Determine the absorbance change as:

AA Sample = (A sample — A blank)
A A standard = (A standard — A blank)

And used this for the calculation of serum glucose
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sample

A
Glucose Concentration = x Standard Concentration

standard

The concentration of the supplied standard/calibrator R4: (100 mg/dl) or
(5.55mmol/l).
e Reference values

74-106 mg/dl
4.1- 5.9 mmol/I

2.6.2. Determination of Blood Urea Concentration
* Principle
Urease hydrolyzes urea to produce ammonium:
Urease
Urea+H,0 > 2NH3+CO,

In an alkaline medium, the ammonium ions are react with the salicylate and

hypochlorite to form a green-colored indophenol (2, 2-dicarboxylindophenol). The
reaction is catalyzed by sodium nitroprusside.

[

NH4" +salicylate+ hypochlorite * indophenol

The color intensity is proportional to the urea concentration in the sample.

e Reagent Composition
Table (2-5): Reagents and their quantities in blood urea kit.

Reagent 1 R1 Urea 8.3 mmol/Il
Standard 50 mg/dl
Reagnt2 R2 Urease 500 U/ml
Enzymes

Reagent 3 R3 Phosphate buffer 20 mmol/I
Color Sodium salicylate 62 mmol/Il
Reagent Sodium nitroprusside 3.4 mmol/l
Reagent 4 R4 Sodium hydroxide(NaOH) 150 mmol/I
Alkaline Sodium hypochlorite(NaClO) 7 mmol/I
Reagent
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e Procedure

Wavelength: - 600 nm
Zero adjustments: - reagent blank
Working solution R2+R3

Table (2-6): Reagent, standard, and sample concentration in each tube.

Reagent standard sample
blank
Standard - 10ul -
sample - - 10 pl
working solution 1ml iml iml
Tubes were mixed and incubated for 10 minutes at 16-25 °C.
Reagent 4 1ml 1ml 1ml

Tubes were mixed and incubated for 10 minutes at 16-25 C

Photometry was performed.

e Calculation

AA Sample = (A sample — A blank)
A A standard = (A standard — A blank)

A A Sample

Sample concentration= ———— X n [n =concentration of standard=50 mg /dl]
A A Standard

e Reference values
12.8-42.8 mg/dl

2.6.3. A- Measurement of Serum Creatinine
For the quantitative in vitro determination of creatinine in serum

e Principle:
Creatinine in an alkaline solution reacts with picrate to form a colored complex.
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Creatinine + Picric acid * Red addition complex

e Reagent Composition:

Table (2-7): Reagents and their quantities in serum creatinine Kkit.

contents the initial concentration of Solutions

Creatinine Base Reagent (R1)

Sodium hydroxide 300 mmol/I
Sodium phosphate 25 mmol/Il
Creatinine Dye Reagent (R2)

Picric Acid 8.73 mmol/I
Creatinine Standard 2 mg/dI

. Procedure

Wavelength: 500nm
Cuvette: I cm light path
Temperature: 37C

Blank: DI Water
Working Reagent R1 + R2 same volume

The following chemicals were pipetted into test tubes:

Table (2-8): Reagent, standard, and sample concentration in each tube.

Standard Sample
Working Reagent 1000 pl 1000 pl
Standard 100 wl -
Serum - 100 pl

Mixed and read the optical density (T1) 60 seconds after the sample or standard

addition Exactly 60 seconds after the first reading take a second reading (T2)

e CALCULATION

Creatinine concentration =  (T2-T1) of sample  x standard conc. (2mg /dl)
(T2-T1) of standard
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e Reference values

Creatinine Mg/dl

Male 0.7-1.4

Female 0.6-1.2

Urine 0.80-1.80 gm/24hour

2.6.3. B- Measurement of Urinary Creatinine

The same method as plasma creatinine has been used, but the difference is that
we dilute the urine sample by 500 pl (490 ul of distilled water + 10 ul of the urine
sample) and then multiply the result by 50 The result comes out in units of milligrams
per deciliter and by dividing the result by 1000 to convert it to units of grams per

deciliter

2.6.4. Determination of Total Cholesterol (TC)

e Principle

the cholesterol in the sample originates from a colored complex according to the

following reaction :

Cholesterol esters + H,O

Cholesterol esterase

Cholesterol oxidase

Cholesterol + O,

7z

Peroxidase

Cholesterol + Fatty acids

4- Cholestenona + H,0,

2H,0, +Phenol +4-Aminophenazone 5 Quinonimine (pink) + 4 H,O

e Reagents

Table (2-9): Reagents and their quantities in the Total Cholesterol kit

Reagents Composition concentration
Reagent 1 (Buffer) Phosphate buffer 90 mmol
phenol 26 mmol
Reagent 2 (Enzymes) Cholesterol esterase 300 U/
Cholesterol oxidase 300 U/
Peroxidase 1250 U/I
4-Aminophenazone 0.4 mmol/l
Reagent 3 (Standard) Cholesterol 200 mg/dl
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e Procedure

The content of bottle reagent 2 (Enzymes) was added to vial reagent 1
(buffer), meld gently until complete dissolution (approximately 2 minutes)
to prepare work reagents. The procedure was carried out as in the
following:

Table (2-10): Reagent, standard, and sample concentration in each tube.

Reagents Blank Standard Sample
Reagent iml 1mi 1ml
Standard - 10ul

Sample - - 10ul

The tubes were mixed and then let stand for 5 minutes at 37°C or10 min at room
temperature. Record absorbance at 500 nm (480-520) against the blank, the color is
stable for 1 hour.

e Calculation

AA Sample = (A sample — A blank)
A A standard = (A standard — A blank)

A A Sample

x N [n=concentration of standard=200 mg /dl.]

Cholesterol (mg /dl) =

A A Standard

. Reference values
Less than 200 mg/dl

2.6.5. Determination of Triglyceride (TG)

e Principle

The TG in the sample originates a colored complex according to the following reaction:
Lipase

Triglycerides Glycerol + free fatty acids

Glycerol +ATP Glycerol Kinase Glycerol-3-phosphate + ADP

Glycerol-3- phosphate Oxidase

Glycerol-3-phosphate+ O, Dihydroxyacetone-p+H,0,

H,O,+4-chlorophenol+4-Aminophenazone_"%€___ < Quinonimine (pink) + H,O
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e Reagents

Table (2-11): Reagents and their quantities in the TG kit

Reagents Composition concentration
Reagent 1 (Buffer) Phosphate buffer 50 mmol
4-chlorophenol 2 mmol
Reagent 2 (Enzymes) Lipoprotein lipase 150000 U/I
Glycerol Kinase 500 U/
Glycerol-3- phosphate Oxidase 2500 U/I
Peroxidase 440 U/
4-Aminophenazone 0.1 mmol/l
ATP 0.1 mmol/l
Reagent 3 (Standard) TG 200 mg/dl

e Procedure

The content of vial reagent 2 (Enzymes) was added to the vial reagent
1(Buffer), mixed gently even complete dissolution (approximately 2
minutes) to prepare work reagents. The procedure was carried out as the following:

Table (2-12): Reagent, standard, and sample concentration in each tube.

Reagents Blank Standard Sample
Reagent iml 1mi 1ml
Standard - 10pl

Sample - - 10ul

Cholesterol (mmol/L) =

The tubes were mixed and then let stand for 5 minutes at 37°C or 10 min at room
temperature. Record absorbance at 500 nm (480-520) against the blank, the color is
stable for 1 hour.

Calculation
A A sample = (A sample — A blank)
A A standard = (A standard — A blank)

A A Sample

x N [n=concentration of standard=200 mg /dl]

A A Standard

* Reference values

Men 40 -160 mg/dI Women 35-135 mg/dl
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2.6.6. Measurement of High-Density Lipoprotein Cholesterol (HDL-C)

e Principle
Directly determination of serum HDL-C (high-density lipoprotein cholesterol) levels the
assay takes place in two steps

1- Elimination of lipoprotein no-HDL

Cholesterol esterase

Cholesterol esters S Cholesterol + Fatty acids
Cholesterol + O, Cholesteroloxidase ~ — 4_ Cholestenona + H,0,
2H202 catalase 2H20 + 02

2- Measurement of HDL-C

Cholesterol esterase

Cholesterol esters Cholesterol + Fatty acids

Cholesterol + O, Cholesterol oxidase 4 Cholestenona + H,0,
2H,0,+ HDAOS+4-AA ~ Peroxidase Quinone pigment + 4H,0
e Reagents

Table (2-13) Reagents and their quantities in the Cholesterol HDL Kit

Reagents Composition concentration
Reagent 1 N,N-bis(2-hydroxyethyl)-2- 100 mmol/I
aminoethanesulphonic acid pH 6,6
N-(2-hydroxy-3-sulfopropyl)-3,5- 0.7 mmol/I
dimethoxyaniline (HDAOS)
Cholesterol Esterase 800 U/I
Cholesterol Oxidase 500 U/I
Catalase 300 v/I
Ascorbic Oxidase 3000u/1
Reagent 2 N,N-bis(2-hydroxyethyl)-2- 1.1mmol/l
aminoethanesulphonic acid pH 7,0
4 — Aminoantipyrine (4-AA) 100 mmol/I
Peroxidase 3500 U/l
HDL Standard Cholesterol HDL 2.58 mg/dl
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e Procedure

Table (2-14): Reagent, standard, and sample concentration in each tube.

Reagents Blank Standard Sample
Reagent 300 pl 300 ul 300 pl
Standard - 3ul

Sample - - 3ul

Mix vigorously. Let stand for 5 minutes at 37 C record absorbance Alat 600 nm against

reagent blank

add

Blank

Standard

Sample

Reagent R2

100 pl

100 pl

100 pl

Mix vigorously. Let stand for 5 minutes at 37 C record absorbance A2at 600 nm against
reagent blank

e Calculation
A A Sample = (A 1— A 2) for Sample

A A Standard = (A 1 — A 2) For Standard

A A Sample

Cholesterol (mg /dl) = X n [n =concentration of standard=2.58 mg /dl.]

A A Standard

* Reference values

Men 35-50 mg/dl

2.6.7. Calculation of LDL-Cholesterol

LDL-Cholesterol was appraised indirectly (Friedewald et al., 1972) using a formula as
follows:

LDL-C=TC — (HDL-C + VLDL-C) and VLDL-C was

calculated as:

The concentration of VLDL-C (mg/dl)= TG/5

women 45-60 mg/dl
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2.6.8. Measurement of Glycohemoglobin (HbA;.) in whole blood
* Principle

In this method, a preparation of hemolyzed whole blood was mixed with a weakly
binding cation-exchange resin. The non-glycosylated hemoglobin (HbA,) binds to the
resin, leaving (HbA;) free to be removed through a resin separator in the supernatant.
The percent of HbA; was determined by measuring the absorbance values at 415 nm of
the HbA; fraction and the total Hb fraction, calculating the ratio of absorbance (R), and
comparing this ratio to that of a glycohemoglobin standard carried through the same
procedure.

Results were expressed as HbA; but can be converted or derived as HbA;. by using
a conversion factor or when using an HbA value for the standard.

* Reagents and materials provided

1. Glycohemoglobin lon-Exchange Resin: Each tube contains: 3.0 ml cation-
exchange resin, 8 mg/dl, buffered at PH 6.9.

2. Glycohemoglobin Lysin Reagent: contains potassium cyanide, 10 mmol/l, and
surfactant.

3. Glycohemoglobin Standard (Lyophilized): prepared from packed human
erythrocytes.

4. Filter Separators.

» Reagent Preparation

To reconstitute standards, the aluminum seal and rubber stopper were removed
carefully to avoid loss of contents. A volumetric pipette was used; 1.0ml
distilled/deionized water was added to the vial, the rubber stopper was replaced and
allowed to stand for 10 minutes at room temperature, and contents were swirled
gently while observing for the presence of undissolved material until the solution
was complete. Reconstitution could be done by mechanically shaking the vial gently.
The standard was used exactly as you would a patient sample in the procedure.

e Procedure

A- Hemolysate Preparation

1- A volume of 0.1 ml (100 pl) of each well-mixed blood sample was pipetted into
an appropriately labeled tube and mixed.

2- For 5 minutes at room temperature (15-30°C); was allowed to stand to complete
hemolysis.
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3-

A volume of 0.5ml (500 pl) Lysing reagent was pipetted into a tube labeled
Standard (S), Unknown (U), and Control (C).

B- Glycohemoglobin Separation and Assay

1.
2.

~

Pre-Fil resin tube Standard (S), Unknown (U), and Control (C) were labeled.

A volume of 0.1 ml of the prepared hemolysate was pipetted into an
appropriately labeled resin tube.

A resin separator was positioned in the Pre-Fil tube so the rubber sleeve was
approximately 1-2 cm above the liquid level.

Tubes on a hematology rocker were mixed for 5 minutes. Alternatively, tubes
may be mixed by hand if held above the resin.

At the end of the 5-minute mixing, the resin separator was pushed into the tube
until the resin was firmly packed in the bottom of the 13 mm tube.

Each supernatant was poured directly into separate cuvettes for absorbance
measurements.

Absorbance (Agy) of Standard, Unknown, and Control versus water were read at
415 nm for 60 minutes.

C- Total Hemoglobin Assay

1. A volume of 5.0 ml of deionized water was pipetted into tubes labeled
Standard (S), Unknown (U), and Control (C).

2. A volume of 0.02 ml (20 pl) of hemolysate was pipetted into an
appropriately labeled tube. The tube was mixed well and transferred to a
cuvette for absorbance reading.

3. Absorbance (A i) of Standard, Unknown, and Control vs. water were read at

415 nm within 60 minutes.

e Calculations

For each standard and unknown, the ratio (R) of the glycohemoglobin absorbance to

the hemoglobin absorbance was calculated as follows:
R=A gly/ A total
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R (Unknown) Concentration of
Glycohemoglobin (%) = x  Glycohemoglobin

R (Standard)

* Reference values

Normal ranges: 4.2-6.2 %
Diabetic:
Good control:  5.5-6.8%
Fair control:  6.8-7.6 %

Poor control:

above 7.6%

2.6.9. Measurement of Microalbumin

* Principle

Albumin in the standard and standard dilutions with 0.9% NaCl reacts with the
anti-albumin antibody in the reagent. The increase in the aggregate causes an increase in
the absorbance that could be measured by the turbidimetric endpoint method. The
resulting (concentration /absorbance) pair gives a calibration curve from which the
concentrations of albumin in known samples are read

* Reagents

Table (2-15) Reagents in Microalbumin kit

Standard (%)

Reagents Composition concentration
Reagent 1 Buffer | phosphate buffer 20 mmol/Il
Poly Ethylene Glycol(PEG) 6%
sodium azide 150 mmol/I
Reagent 2 phosphate buffer 20mmol/I
anti-human albumin(Antiserum) 5%
sodiumazide 150 mmol/I

e Procedure

A dilution of the standard was prepared using 0.9 % NaCl as diluents
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Table (2-16) preparation of calibrations of microalbumine standard

Calibrator |6 5 4 3 2 1

Dilution 1:2 1:4 1:8 1:16 0

Saline pl 0 100 100 100 100 100

Standard pl | 100 | 100 XD a > TN 0
100 100 100

Dilution 1 0.5 0.25 0.125 0.0625 0

factor

Then, we multiplied the concentration of the microalbumin standard by the

corresponding dilution factor to obtain the microalbumin concentration of the dilution.

Table (2-17): the manual procedure for measurement of microalbumin standard

Pipette in to cuvette

Dilution of standard

60 pul

Buffer (phosphate buffer +PEG+ sodiumazide)

900 pi

Mixed and the absorbance (A1) was recorded at 340 nm. Then, we added 150 pL of
antiserum and incubated it for 5 minutes at room temperature and the Absorbance (A2)
was read at 340 nm. Finally, plot AA (Y-axis) against the corresponding concentration

(X-axis) and the calibration curve was obtained as shown in figure (2-1).

Absorbance
N
o
o

y =108.48x - 19.083 ¢

1 1.5

2 2.5

3

Concentration of albumin in urine (mg/dl)

3.5

Figure (2-1): the standard curve of microalbumin measurement.
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For measurement of microalbumin by turbidimetric test for quantitated assay of
microalbumin in urine sample albumin in a sample or standard could react with the anti-
albumin antibody. Measurement of microaloumin could be observed by the
turbidimetric endpoint method and the absorbance is done at 340 nm.

Table (2-18): the manual procedure for measurement of microalbumin inpatient
and control urine samples.

Pipette in to cuvettes

buffer 900 pl

Sample 60 pl

Mix and insert cuvette into photometer read the absorbance(Al) at 340 nm

Antiserum 150 pl

Mix and incubate for 5 min at room temperature, and read the absorbance(A2) at 340 nm

e Calculation

The albumin concentration in the sample is calculated by interpretation of its
absorbance from the calibration curve

AA= (A2-Al).

ACR (mg/g) = value of Microalbuminuria/ Urinary Creatinine

* Reference values

Table (2.19) Reference value of Microalbuminuria

Urine sample Mg/24h pug/min mg/g creatinine
Normal <30 <20 <30
Microalbuminuria 30-300 20-200 30-300
Macroalbuminuria >300 >200 >300
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2.6.10. Measurement of Chymase
* Principle

This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has
been pre-coated with the Human Cmal antibody. Cmal present in the sample is added
and binds to antibodies coated on the wells. And then biotinylated Human Cmal
Antibody is added and binds to Cmal in the sample. Then StreptavidinHRP is added and
binds to the Biotinylated Cmal antibody. After incubation unbound Streptavidin-HRP
has washed away during a washing step. The substrate solution is then added and color
develops in proportion to the amount of Human Cmal. The reaction is terminated by the
addition of acidic stop solution and absorbance is measured at 450 nm

* Reagents

Components Quantity (96T)

Standard solution (24ng/ml) | 0.5ml

Pre-coated ELISA plate 12 * 8 well strips
Standard diluent 3ml
Streptavidin-HRP 6ml
Stop solution 6ml
Substrate solution A 6ml
Substrate solution B 6ml
Wash buffer Concentrate 20ml
(25x)

Biotinylated Human Cmal
antibody Lml
User instruction 1
Plate sealer 2 pics

* Reagent Preparation
* All reagents should be brought to room temperature before use.

» Standard Reconstitute the 120ul of the standard (24ng/ml) with 120ul of standard
diluent to generate a 12ng/ml standard stock solution. Allow the standard to sit for 15
minutes with gentle agitation before making dilutions. Prepare duplicate standard points
by serially diluting the standard stock solution (12ng/ml) 1:2 with standard diluent to
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produce 6ng/ml, 3ng/ml, 1.5ng/ml, and 0.75ng/ml solutions. Standard diluent serves as
the zero standards (Ong/ml).

Table (2.20) Dilution of Chymase standard solutions

12ng/ml  Standard No.5 120ul Original standard + 120ul Standard diluent

6ng/ml Standard No.4 120ul Standard No.5 + 120ul Standard diluent
3ng/ml Standard No.3 120ul Standard No.4 + 120ul Standard diluent
1.5ng/ml  Standard No.2 120ul Standard No.3 + 120ul Standard diluent

0.75ng/ml  Standard No.1 120ul Standard No.2 + 120ul Standard diluent

120 pl 120 ul 120 ul 120 ul 120 pl

ML

Figure (2-2): the Dilution of Chymase standard solutions

* Wash Buffer

Dilute 20ml of Wash Buffer Concentrate 25X into deionized or distilled water to
yield 500 ml of 1x Wash Buffer. If crystals have formed in the concentrate, mix gently
until the crystals have completely dissolved.

* Assay Procedure
1. All reagents are Prepared, standard solutions, and samples as instructed. all
reagents are brought to room temperature before use. The assay is performed at
room temperature.
2. The numbers of strips are determined required for the assay. The strips are
inserted in the frames for use. The unused strips should be stored at 2-8°C
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w

50ul standard is added to standard well.

4. 40ul sample is added to sample wells and then 10ul Human Cmal antibody is
added to sample wells, and then 50ul streptavidin-HRP is added to sample wells
and standard wells. Well mixed. The plate is covered with a sealer. Incubate for
60 minutes at 37°C.

5. The sealer is removed and the plate is washed 5 times with wash buffer. Soak
wells with 300ul wash buffer for 30 seconds to 1 minute for each wash. For
automated washing, aspirate or decant each well and wash it 5 times with a wash
buffer. Blot the plate onto paper towels or other absorbent material.

6. 50ul substrate solution A is added to each well and then 50ul substrate solution B
is added to each well. Incubate plate covered with a new sealer for 10 minutes at
37°C in the dark.

7. 50ul Stop Solution is added to each well, the blue color will change into yellow
immediately.

8. The optical density (OD value) is determined of each well immediately using a

microplate reader set to 450 nm within 10 minutes after the stop solution is

added.

e Calculation

A standard curve was constructed by plotting the mean absorbance for each
standard on the y-axis against the concentration on the x-axis and | drew the best fit
curve through the points on the graph in Figures (2-3).

1.4

1.2 y =0.0853x +0.123
R?=0.975 L 2

o

o

absorbance

0 2 4 6 8 10 12 14
concentration of Chymase (ng/ml)

Figure (2-3): the standard curve for the determination of Chymase
concentration
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2.6.11. Measurement of ANG-II
* Principle

This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has been
pre-coated with a Human ANG-II antibody. ANG-I11 present in the sample is added and
binds to antibodies coated on the wells. And then biotinylated Human ANG-I1 Antibody
is added and binds to ANG-I11 in the sample. Then Streptavidin-HRP is added and binds
to the Biotinylated ANG-II antibody. After incubation unbound Streptavidin-HRP has
washed away during a washing step. The substrate solution is then added and color
develops in proportion to the amount of Human ANG-II. The reaction is terminated by
the addition of acidic stop solution and absorbance is measured at 450 nm.

* Reagents

Components Quantity

Standard Solution (400ng/L) | 0.5ml

Pre-coated ELISA Plate 12 * 8 well strips
Standard Diluent 3ml
Streptavidin-HRP 6ml
Stop Solution 6ml
Substrate Solution A 6ml
Substrate Solution B 6ml
Wash Buffer Concentrate 20ml
(25x%)

Bio'ginylated Human Ang-l1l 1ml
Antibody

User Instruction 1
Plate Sealer 2 pics
Zipper bag 1 pic

* Reagent Preparation
* All reagents should be brought to room temperature before use.

e Standard Reconstitute the 120ul of the standard (400ng/l) with 120ul of standard
diluent to generate a 200ng/I standard stock solution. Allow the standard to sit for 15
minutes with gentle agitation before making dilutions. Prepare duplicate standard points
by serially diluting the standard stock solution (200ng/l) 1:2 with standard diluent to
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produce 100ng/l, 50ng/l, 25ng/l, and 12.5ng/l solutions. Standard diluent serves as the
zero standards 0 (ng/l)

» Wash Buffer Dilute 20ml of Wash Buffer Concentrate 25X into deionized or distilled
water to yield 500 ml of 1x Wash Buffer. If crystals have formed in the concentrate, mix
gently until the crystals have completely dissolved.

* Assay Procedure

1.

L

All reagents are prepared, standard solutions, and samples as instructed. All
reagents are brought to room temperature before use. The assay is performed at
room temperature.

The number of strips is determined required for the assay. The strips are Inserted
in the frames for use. The unused strips should be stored at 2-8°C.

50ul standard is added to standard well.

40ul sample is added to sample wells and then 10ul anti-Ang-Il antibody is
added to sample wells, and then 50ul streptavidin-HRP is added to sample wells
and standard wells. Well mixed. The plate is covered with a sealer. Incubate for
60 minutes at 37°C.

The sealer is removed and the plate is washed 5 times with wash buffer. Soak
wells with at least 0.35 ml wash buffer for 30 seconds to 1 minute for each wash.
For automated washing, aspirate all wells and wash 5 times with wash buffer,
overfilling wells with wash buffer. Blot the plate onto paper towels or other
absorbent material.

50ul substrate solution A is added to each well and then 50ul substrate solution
B is added to each well. Incubate plate covered with a new sealer for 10 minutes
at 37°C in the dark.

50ul Stop Solution is added to each well, the blue color will change into yellow
immediately.

The optical density (OD value) is determined of each well immediately using a
microplate reader set to 450 nm within 10 minutes after adding the stop solution.

e Calculation

A standard curve was constructed by plotting the mean absorbance for each standard
on the y-axis against the concentration on the x-axis and | drew the best fit curve
through the points on the graph in Figures (2-4).
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1.2

y = 0.005x + 0.0866
R?=0.9919 L 4

absorbance

0 50 100 150 200 250
concentration of ANGII(ng/I)

Figure (2-4): the standard curve for the determination of ANG-I1 concentration.

2.7. Statistical Analysis

The Statistical Package for Social Science (SPSS), version 22 was employed for
the analysis of different biomarkers in the study. Chi-square analysis was utilized for a
comparison between percentage and analysis of variance (ANOVA), the least significant
difference and the Duncan test or t-test was employed for a comparison between means.
The correlation coefficient between variables in this study also estimated
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Chapter three Results

3.1. The demographic and clinical characteristics of the study

The results of the data analyzed were arranged according to the grouping of subjects
enrolled in this study they were classified into two groups: -

3.1.1. Control group

The control group included 28 samples of healthy people of both sexes, the
number of females was 12 (42.9%), the number of males was 16 (57.1%), and their ages
ranged between (39-70) years, and some biochemical variables were measured, which
included fasting sugar (FBS), glycated hemoglobin (HbA;;), blood urea, Serum
Creatinine, albumin-creatinine ratio(ACR), Microalbuminuria, cholesterol (CHOL),
triglyceride (TG) and high-density lipoprotein (HDL) levels were also measured low-
density lipoprotein (LDL), very low-density lipoprotein VLDL, Chymase and
Angiotensinll. Table(3-1) shows the demographic characteristics of the control group.

3.1.2. Patients group

The current study included patients having type 2 diabetes, and their fasting
blood sugar (FBS) level was measured for them at Al-Hussein Teaching Hospital in
Karbala Governorate. The number of 62 patients was 27 (43.5%) and the number of
males was 35 (56.5%). Their ages ranged from (38-75) years. The same variables that
were measured in the control group were measured .as shown in Table (3.1) and figure
(3.2).

The group of patients was divided into three groups according to age, where the
first group was (35-45) years and their number was 11 (17.7%), and the second group
was (46-60) years and their number was 26 (41.9%) and the third group (>60) years,
numbering 25 (40.3% .as shown in Table (3.1) and figure (3.2).

As well as divided according to body mass index (BMI) into four groups: the
first group (<18) and its number 4 (6.5%), the second group (18-24.9) and its number 10
(16.1%), the third group (25-29.9) and its number is 21 (33.9%), the fourth group (>30)
and its number is 27 (43.5%. as shown in Table (3.1) and figure (3.3).

As well as it was divided according to the duration of the disease into three
groups: the first group (<5 years) and their number 13 (21.0%), the second group (5-10
years), and their number 16 (25.8%), the third group (>10) and their number 33 (53.2%.
as shown in Table (3.1) and figure (3.4).

As well as they were divided according to the Ratio of albumin and creatinine
(ACR) into three groups: the first group (<30), whose number is 22 (35.5%), the second
group (30-299), whose number is 20 (32.3%), and the third group (> 300), their number
is 20 (32.3%), as shown in Table (3.1) and figure (3.5).
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Table (3-1): Demographic characteristics of diabetic nephropathy groups and

control groups

Variables Control group Diabetic group
Total Number 28(100%0) 62(100%)
Age (years)
(35-45) years 9 (32.1%) 11 (17.7%)
(46-60) years 8 (28.6%) 26 (41.9%)
(>60) years 11 (39.3%) 25 (40.3%)
Sex
Male 16(57.1%) 35(56.5%0)
Female 12(42.9%) 27(43.5%)
Body mass index (BMI) Kg/m?
Underweight <18 1 (3.6%) 4 (6.5%)
Normal weight 18-24.9 8 (28.6%0) 10 (16.1%0)
Over weight 25- 29.9 14 (50.0%) 21 (33.9%)
Obesity >30 5 (17.9%) 27 (43.5%)
Family history
Present 0 39 (62.9%)
Absent 28 (100%) 23(37.1%)
Smoking
Yes 0 9(14.5%)
NO 28 (100%0) 53(85.5%)
Hypertension
Present 0 39 (62.9%)
Absent 28 (100%0) 23 (73.1%)
Drug Diabetes Mellitus
Present 0 51 (82.3%)
Absent 28 (100%) 11 (17.7%)
Duration of the disease(year)
<5 year 13 (21.0%)
5-10 16 (25.8%)
>10 33(53.2%)
Albumin-creatinine ratio( pg/mg)
<30 28 (100%0) 22 (35.5%)
30-299 20(32.3%)
> 300 20(32.3%)
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Number & Gender
60
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2
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0 -
control patient total
M male 16 35 51
m female 12 27 39
Figure (3.1) Distribution of Gender
Count &The Age
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o
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35-45 46-60 >60
age(year)
M control 9 8 11
M patient 11 26 25

Figure (3.2) Distribution of Age
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Count & BMI
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Figure (3.3) Distribution of BMI
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Figure (3.4) Distribution of Duration of the Disease
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Count&Albumin-Creatinine Ratio
30
25
- 20
5 15
S
10
5
control <30 30-299 > 300
Albumin-creatinine ratio (ug/mg)
M control 28 0 0 0
M patient 0 22 20 20

Figure (3.5) Distribution of Albumin-Creatinine Ratio

3.2. Association of study groups by different variables

The ratio between males and females is equal in the group of patients and the
control group, and there were no statistically significant differences between them in age
and body mass index (BMI). The differences between diabetic patients and control
groups were significant (P<0.01) in the Duration of the disease and Albumin -
Creatinine Ratio (ACR) as shown in Table (3-2).
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Table (3-2): The association of study groups by different variables
Variables Control Diabetic
group group %2 p-value
Total Number 28(100%0) 62(100%0)
Age (years)
(35-45) years 9 (32.1%) 11 (17.7%)
46- 28.6% 26 (41.9%
(46-60) years 8 (28.6%) 6 (41.9%) 971 0.257
(>60) years 11 (39.3%) 25 (40.3%)
Sex
Male 16(57.1%) 35(56.5%)
Female 12(42.9%) 27(43.5%) 0.04 0.951
Body mass index (BMI) Kg/m?
Underweight (<18) 1 (3.6%) 4 (6.5%)
Normal weight  (18-24.9) 8 (28.6%) 10 (16.1%) 6.65 0.084
Over weight  (25- 29.9) 14 (50.0%) 21 (33.9%) ' '
Obesity ( >30) 5 (17.9%) 27 (43.5%)
Albumin-creatinine
ratio(pug/mg)
Control 28 (100%) 0
<30 0 22 (35.5%)
30-299 0 20(32.3%) 90.00 0.001
>300 0 20(32.3%)
Duration of the disease(year)
Control 28(100%) 0
<5 year 0 13 (21.0%)
5-10 0 16 (25.8%) 9000 0.001
>10 0 33(53.2%)

Fisher-Exact test: significant < 0.05.

3.3. Comparison of biochemical characteristics between patients group

and Control Group

This study showed a highly significant difference (P<0.01) in fasting sugar
(FBS), glycated hemoglobin (HbA1c), blood urea, Serum Creatinine, Microalbuminuria,
albumin-creatinine ratio (ACR), cholesterol (CHOL), triglyceride (TG), and high-
density lipoprotein (HDL), low-density lipoprotein (LDL), very-low-density lipoprotein
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(VLDL), High-density lipoprotein (HDL), Chymase and Angiotensinll. Between
diabetic patients and the control groups and there were no significant differences
(P>0.05) in age and BMI as shown in Table (3-3).

Table (3-3): Comparison of biochemical characteristics between patients group and

control group included in the study

statistically significant differences between the first and second group, as well as
between the first and third groups. As for (TG, serum creatinine, HDL, and Chymase),
there were statistically significant differences between the first and third groups, and the
no statistically significant value for BMI, as shown in Table (3-4).
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Group CONTROL RANGE Diabetic RANGE
(Min-Max) patients (Min-Max)
(Mean + S.D) (Mean * S.D) p-value
Parameters N= 28 N= 62
age(year) 55.82 + 11.70 39.00-70.00 57.96 £ 10.25 38.00-75.00 | 0.382
BMI(Kg/m2) 26.58 + 3.61 16.75-32.50 28.00 = 4.41 17.17-36.26 0.141
Duration of the 0 0.00 11.27+6.17 2.00-23.00 0.001
Disease(year)
FBS(mg/dl) 94.13+ 8.02 82.00-110.00 | 175.14+ 23.75 | 124.00-211.00 | 0.001
Blood urea (mg/dl) 26.84 £ 6.79 18.50-40.00 73.77£41.79 | 30.30-175.00 | 0.001
S. creatinine 0.70+£0.14 0.45-1.10 2.14+ 1.29 0.90-5.50 0.001
(mg/dl)
HbA. (%) 5.45+0.36 4.50-5.80 8.92+ 1.83 6.20-12.90 0.001
Microalbuminuria 13.51+2.18 10.50-19.00 100.93+66.11 | 5.50-205.00 | 0.001
(mg/l)
Albumin-creatinine 15.77+2.26 13.00-21.50 | 142.84+94.41 | 11.00-320.00 | 0.001
ratio (ug/mg)
CHOL (mg/dl) 160.03 + 11.28 | 137.00-185.00 | 200.23 £27.25 | 148.20-245.00 | 0.001
TG(mg/dl) 109.68 +£11.82 | 86.50-133.00 | 176.99+51.83 | 76.40-265.30 | 0.001
HDL (mg/dl) 38.84+5.11 34.00-53.00 35.13+9.31 24.30-59.50 | 0.001
LDL(mg/dl) 99.23+ 10.55 79.30-116.90 | 130.35+23.75 | 75.10-172.60 | 0.001
VLDL(mg/dl) 21.91+ 2.35 17.30-26.60 35.50+ 10.21 15.28-53.00 | 0.001
Chymase(ng/ml) 1.64 +£0.39 0.66-2.09 3.25+ 1.55 2.04-8.27 0.001
Angiotensinll(ng/l) 16.98 3.55 8.28-21.68 41.25+17.03 21.88-80.01 0. 001
t-test (normal distribution) and Mann-Whitney Test (abnormal distribution), P<0.01
highly significant difference, P<0.05 significant difference, S.D: Standard Deviation.
3.4. Impact of Age Groups on Biochemical Parameters of patients
groups
Statistical analysis of biochemical parameters in patients groups according to
age, in the duration of the disease, there were statistically significant differences
between all groups, but in (FBS, blood urea, HbAlc, CHOL, LDL, VLDL,
Angiotensinll  Microalbuminuria, albumin-creatinine ratio (ACR)) there were
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Table (3-4): The impact of age groups on some biochemical parameters of patients

Groups
Age Group Mean = S.D
(Year) 35-45 46-60 > 60
N=11 N= 26 N=25
Parameters
BMI(Kg/m?) 25.91+5.46 a 27.89+4.78 a 29.03+3.17a
Duration of 4.09+2.25a 9.88+4.11b 15.88+5.42¢
Disease(year)
FBS(mg/dl) 155.86 + 19.80 a 172.84+24.23 b 186.10 + 18.84 b
Blood urea (mg/dl) 41.87+9.79 a 68.30+ 35.74 b 93.50+46.52 b
S. creatinine (mg/dl) 1.19+0.22a 1.84+0.90 ab 246+ 1.35Db
HbA;c (%0) 7.40+£0.87a 8.72£1.73 b 9.80+1.78Db
Microalbuminuria(mg/l)]  36.07 £5.86 a 96.25+ 30.13b 134.34 £30.92 b
Albumin-creatinine rati¢ 41 42 + 855 a 140.72+ 94.57 b 189.75+ 97.90 b
(ng/mg)
CHOL (mg/dl) 175.49+17.70 a 200.53+ 24.41b 210.82 +27.18b
TG(mg/dl) 140.75 + 39.56 a 172.96+ 49.03ab 197.11 + 49.50b
HDL (mg/dl) 41.07+10.44 a 35.98+ 10.41 ab 31.64+569b
LDL (mg/dl) 108.13 + 15.47a 130.36+23.04 b 140.11 + 20.83 b
VLDL(mg/dl) 28.09+7.85 a 34.86+£9.79 b 39.42+9.89 b
Chymase(ng/ml) 236+0.24a 2.98+ 1.14 ab 392+1.96Db
Angiotensinll(ng/l) 28.28+5.01a 39.41+1455Db 41.25+17.03b

e One-Way ANOVA Test (normal distribution) and Kruskal-Wallis Test (abnormal
distribution), S.D: Standard Deviation.
o Different letters in the same raw refer to significant differences (p < 0.05)

3.5. Impact of BMI Groups on Biochemical Parameters of patients
groups

Statistical analysis of biochemical parameters in patients according to BMI, In
(TG, VLDL, Duration of the disease) there were statistically significant differences
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between each of the first and fourth groups, the first and third, and the second and
fourth, as well as we noticed in the( blood urea, Microalbuminuria, aloumin-creatinine
ratio (ACR), serum creatinine and Angiotensinll) significant differences between the
first and fourth group, and also in (HDL, LDL, FBS, CHOL, HbAlc) there were
statistically significant differences between the first and fourth group, and the second
and fourth, and in the( Chymase) there were statistically significant differences in the
first and fourth group, the second and fourth group, and the third and fourth groups Also
the no statistically significant value for age, as shown in Table (3-5).

Table (3-5): The impact of BMI groups on some biochemical parameters in

patients groups

Mean+ S.D
BMI Group <18 18-24.9 25-29.9 > 30
Parameters N=4 M= M=l =
Age (year) 46.50 + 9.74a 55.20+11.95a 58.52+8.73 a 60.25+ 9.94 a
Duration of Disease(year) 475+419a 6.90 £ 6.04 ab 11.04 +5.38 bc 14.03 £5.53¢
FBS(mg/dl) 157.75+1161a 155.60+ 26.51 a 157.83 + 21.55ab 184.42 + 20.60 b
Blood urea (mg/dl) 45.05 + 12.57a 52.79 + 39.28 ab 71.18+ 38.48 ab 87.81+£43.27hb
S. creatinine (mg/dl) 1.19 + 0.005a 1.49+0.99 ab 1.87+0.97 ab 2.35£1.25b
HbA;c (%) 731+£0.62a 7.66% 1.62a 8.81+1.59ab 9.71+1.83b
Microalbuminuria(mg/l) 22.73+5.50a 47.94+ 41.06 ab 102.11 £ 52.55bc 131.28 £51.65¢c
Albumin-creatinine ratio 26.75+5.66 a 61.46+ 68.14 ab 141.87 £ 97.30 bc 190.95+ 89.09 ¢
(ng/mg)
CHOL (mg/dI) 176.17+13.10 a 178.11+ 29.07a 198.14 + 26.66 ab 213.62+20.40b
TG(mg/dl) 116.67 +44.49 a 137.80+ 48.23 ab 174.24 + 51.16 bc 202.57 £37.68 c
HDL(mg/dl) 48.62+12.57 a 37.93+849a 37.43+9.19ab 30.13+5.98Db
LDL (mg/dl) 106.69 +2.90 a 113.60+ 24.21 a 126.45 + 23.83ab 143.08 +16.79 b
VLDL (mg/dl) 23.33£8.89 a 27.5749.62 ab 34.81+10.23 bc 40.78+£6.84 c
Chymase(ng/ml) 2.32+0.14a 2.80+1.48a 289+0.76 a 383+197b
AngiotensinlI(ng/l) 2743 +265a 32.48+ 15.99 ab 39.35+13.62 ab 48.02+ 18.42 b

e One-Way ANOVA Test (normal distribution) and Kruskal-Wallis Test (abnormal
distribution), S.D: Standard Deviation.

o Different letters in the same raw refer to significant differences (p < 0.05)
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3.6. Impact of duration of disease Groups on Biochemical Parameters
of patients groups

Statistical analysis of biochemical parameters in patients according to the
duration of disease, In (HDL, LDL, FBS, CHOL, HbAlc, Microalbuminuria, albumin-
creatinine ratio (ACR), TG, VLDL, and Age), there were statistically significant
differences between all groups, as well as we noticed in (blood urea, serum creatinine,
Angiotensinll, and Chymase) statistically significant differences between the first and
third, and second and third groups, and either In BMI, there were statistically significant
differences in the first and second groups, and in the first and third groups, as shown in
Table (3-6).

Table (3-6): The impact of duration of disease on some biochemical parameters of

patients groups

(ng/mg)

duration of disease Mean +S.D
(Year) <5 5-10 >10
N=13 N= 16 N= 33
Parameters
Age (year) 46.38+ 7.83 a 55.52+ 9.58 b 63.84 +6.37 C
BMI(Kg/m?) 24.41+ 563 a 2762+ 447D 29.60+ 2.99 b
FBS(mg/dl) 146.92 + 16.21 a 164.40+ 16.71 b 191.46+ 13..79 C
Blood urea (mg/dl) 36.71+4.62a 46.31+ 12.53a 101.68+ 38.88b
S. creatinine (mg/dl) 1.09+0.10 a 1.32+0.27 a 264+117b
HbA;c (%) 6.69 + 0.66 a 7.90+0.86 b 10.18+1.48¢C
Microalbuminuria(mg/l) 15.13+7.92a 58.08+20.22 b 155.50 + 93¢
Al mll-e sl e e 18.82+8.04a 63.51+ 21.35b 230.17 + 77.75¢

CHOL (mg/dl)

169.12 +15.93 a

187.83+ 16.58 b

218.50+19.41¢c

TG(mg/dl) 111.99 + 25.56 a 154.76+ 40.85 b 213.37 +27.68¢C
HDL(mg/dl) 46.70 £ 8.76 a 35.99+8.99 b 30.16 +4.30C

LDL(mg/dl) 102.58 + 15.04 a 121.45+15.96 b 145.61 +16.16 C
VLDL(mg/dl) 99 88+4.93 30.96+8.15 b 42.67+5.53 C
Chymase(ng/ml) 223+0.13a 2.51+0.27 a 401+181b

Angiotensinll(ng/l) 2578+ 279 a 31.20+6.05a 52.22+16.17b

e One-Way ANOVA Test (normal distribution) and Kruskal-Wallis Test (abnormal
distribution), S.D: Standard Deviation.
o Different letters in the same raw refer to significant differences (p < 0.05)
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3.7. Effect of Sex Groups on Biochemical Parameters of patients groups

The study of the effect of sex on biochemical parameters showed strong a
significant difference (P<0.01) in HDL levels only between males and females, Also
there is a statistically significant < 0.05 in blood urea, serum creatinine, age, and LDL, as shown
in (Table 3-7).

Table (3-7): The effect of Sex on biochemical parameters of patients groups

Mean + S.D
Sex Group Male Female p-value
N=35 N= 27
Parameters
Age (year) 60.14+ 10.34 | 55.14+9.61 0.049
BMI(Kg/m?) 28.53+ 4.12 27.31% 4.75 0.284
Duration of Disease(year) 12.42+ 6.09 9.77+ 6.06 0.094
FBS(mg/dl) 179.08+ 20.76 | 170.03 + 26.77 0.138
Blood urea (mg/dl) 82.57+ 48.75 62.37+27.40 0.044
S. creatinine (mg/dl) 2.22+1.03 1.66 +0.74 0.040
HbA;c (%) 9.10+ 1.68 8.68+ 2.02 0.380
Microalbuminuria(mg/l) 110.24+ 50.35 88.85+ 52.93 0.310
Albumin-creatinine ratio (pg/mg) | 148.85+92.34 135.06+ 99.90 0.672
CHOL (mg/dl) 205.00+ 26.04 | 194.05+28.02| 0.118
TG(mg/dl) 185.54+ 50.06 | 165.89 +52.91 0.140
HDL (mg/dl) 31. 75+ 6.41 39.52 + 10.69 0.001
LDL (mg/dl) 136.88+ 20.53 | 121.87+ 25.09 0.012
VLDL (mg/dl) 37.31+£9.70 33.16 + 10.57 0.113
Chymase(ng/ml) 3.37 +£1.58 3.09+ 1.54 0.488
Angiotensinll(ng/l) 43.07 +16.97 38.86+ 17.15 0.343

t-test (normal distribution) and Mann-Whitney Test (abnormal distribution), P<0.01
highly significant difference, P<0.05 significant difference, S.D: Standard Deviation.

3.8. Comparison between type 2 Diabetes Mellitus with Diabetic
Nephropathy groups for Biochemical Parameters

The study of the Comparison between type 2 Diabetes Mellitus with Diabetic
Nephropathy groups for Biochemical Parameters showed In (HDL, LDL, FBS, CHOL,
HbAlc, Macroalbuminuria, TG, VLDL, blood urea, serum creatinine, and
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Angiotensinll), there were statistically significant differences between all groups, as
well as in the Chymase it was statistically significant differences between the first and
third and second and third groups, and either In age, there were statistically significant
differences in the first and third groups, as shown in Table (3-8)

Table (3-8): The Comparison between types 2 Diabetes Mellitus with Diabetic

Nephropathy groups for Biochemical Parameters

Mean £ S.D
ACR <30 30-299 >300
Group N=22 N=20 N= 20
Parameters
Age (year) 54.09+11.70 a 56.75 £ 9.47 ab 63.45+6.79 b
BMI(Kg/m®) 25.18 +4.88a 29.36 £3.96 b 29.74+2.47b
Duration of Disease 5.63+3.69 a 11.40+4.50b 17.35£3.39 ¢
FBS(mg/dl) 148.88 £ 14.48 a 178.30+5.16 b 200.78 +6.89 c
Blood urea (mg/dl) 36.80 +3.43 a 62.70+ 13.44 b 12552 +29.72¢c
S. creatinine (mg/dl) 1.11+0.09a 1.55+0.29b 3.35+097¢c
HbAc (%) 7.07+£0.62a 8.68+0.35b 11.19+0.93 ¢
Microalbuminuria(mg/l)) 14.94+4.23a 99.54+36.03 b 196.91+£41.78 c

CHOL (mg/dl)

176.64+ 19.80 a

195.19+£11.24 b

231.24+11.89¢c

231.77 +16.84 c

TG(mg/dl) 117.43+28.19 a 187.71+8.81b
HDL(mg/dl) 43.44+10.14 a 30.59+ 4.17 b 30.54+4.85b
LDL(mg/dl) 111.39+19.38 a 127.21+13.40b 15433+ 1251c
VLDL (mg/dl) 93,1845 55 a 37.51+1.79 b 46.533.36
Chymase(ng/ml) 2.28+0.18a 2.76£0.19 a 480+£196b
Angiotensinll(ng/l) 26.21+2.54 a 36.72+5.05 b 62.33+£ 12.18 c

e One-Way ANOVA Test (normal distribution) and Kruskal-Wallis Test (abnormal
distribution), S.D: Standard Deviation.
o Different letters in the same raw refer to significant differences (p < 0.05)
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3.9. The relationship between Chymase and Angiotensinll with some
parameters

3.9.1 The Correlation of HbAlc, FBS, blood urea, serum creatinine,
Chymase, and ANGlII levels in patients
To assess the relationship between the blood levels of HbAlc, FBS, blood urea,

serum creatinine, Chymase, and ANGII levels in patients, linear regression analysis was
used to evaluate the data. See Table (3-9).

Table (3-9): Results of linear regression analysis of HbAlc, FBS, blood urea, serum

creatinine, Chymase, and ANGI I levels in patients

parameter | FBS HbA1c Blood urea | Serum Chymase ANGII
creatinine
r p r p r p r p r p r p
EBS 0.94 | <0.001 | 0.84 | <0.001 | 0.80 | <0.001 | 0-71 | <0.001 | 0-88 | <0.001
HbA1lc 0.94 <0.001 0.88 | <0.001 | 0.87 | <0.001 | 0.79 | <0.001 | 0.93 | <0.001
Blood 0.84 | <0.001 | 0.88 | <0.001 0.96 | <0.001 | 0.75 | <0.001 | 0.90 | <0.001
urea
Serum 0.80 | <0.001 | 0.87 | <0.001 | 0.96 | <0.001 0.84 | <0.001 | 0.93 | <0.001
creatinine
Chymase 0.71 | <0.001 | 0.79 | <0.001 | 0.75 | <0.001 | 0-84 | <0.001 0.90 | <0.001
ANGII 0.88 | <0.001 | 0.93 | <0.001 | 0.90 | <0.001 | 0.93 | <0.001 | 0.90 | <0.001

3.9.1.1. The relationship between Chymase and ANGII Opposite FBS

The study revealed a positive linear regression between Chymase and ANGII
with fasting blood glucose. In Chymase the positive linear regression (Figure 3-6) was
according to linear equation (Y=0.05X-4.9) at level P<0.001 and correlation coefficient
r=0.71.while ANGII the positive linear regression (Figure 3-7) was according to linear
equation (Y=0.63X-69.9) at level P<0.001 and correlation coefficient r=0.88.
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Figure (3-6): The relationship between fasting blood glucose (mg/dl) and Chymase
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3.9.1.2. The relationship between Chymase and ANGII Opposite HbA,c

Figure (3-8) showed a positive correlation between the Chymase level and
HbA1c percentage in patients was according to linear equation (Y=0.67X-4.76) at level
P<0.001 and correlation coefficient r=0.79, as for Figure (3-9) showed ANGII the
positive linear regression was according to linear equation (Y=8.69X-36.3) at level
P<0.001 and correlation coefficient r=0.93.
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Figure (3-9): The relationship between HbA;c % and ANGII (ng/l)
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3.9.1.3. The relationship between Chymase and ANGII Opposite blood
urea

The study showed a positive linear regression between Chymase and ANGII with blood
urea, In Chymase the positive linear regression (Figure 3-10) was according to linear
equation (Y=0.02X+ 1.13) at level P<0.001 and correlation coefficient r=0.75, while
ANGII the positive linear regression (Figure 3-11) was according to linear equation
(Y=0.37X-14.07) at level P<0.001 and correlation coefficient r=0.90
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Figure (3-10): The relationship between blood urea (mg/dl) and Chymase (ng/ml)
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Figure (3-11): The relationship between blood urea (mg/dl) and ANGII (ng/l)
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3.9.1.4. The relationship between Chymase and ANGII Opposite serum
creatinine

The study found a positive linear regression between Chymase and ANGII with serum
creatinine, In Chymase the positive linear regression (Figure 3-12) was according to
linear equation (Y=1.16X+0.93) at level P<0.001 and correlation coefficient r=0.84.
while ANGII the positive linear regression (Figure 3-13) was according to linear
equation (Y=14.08X+13.9) at level P<0.001 and correlation coefficient r=0.93
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Figure (3-12): The relationship between serum creatinine (mg/dl) and Chymase
(ng/ml)
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Figure (3-13): The relationship between serum creatinine (mg/dl) and ANGII (ng/l)
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3.9.2 The Correlation of lipid profile with Chymase and ANGII levels
in patients
To assess the relationship between the blood levels of lipid profile with Chymase

and ANGII levels in patients, linear regression analysis was used to evaluate the data.
See Table (3-10).

Table (3-10): Results of linear regression analysis of lipid profile with Chymase and

ANGII levels in patients

parameter | CHOL TG HDL LDL VLDL Chymase ANGII
r p r p r p r p r p r p r p

CHOL 0.88 <0.001 | -0.58 <0.001 0.97 <0.001 0.88 <0.001 0.74 <0.001 0.88 | <0.001
TG 0.88 <0.001 -0.77 <0.001 | 0.84 <0.001 | 0.99 <0.001 || 0.70 <0.001 || 0.86 <0.001
HDL -0.58 <0.001 | -0.77 <0.001 -0.68 <0.001 | -0.77 <0.001 | -0.44 <0.001 || -0.56 <0.001
LDL 0.97 <0.001 | 0.84 <0.001 | -0.68 <0.001 0.85 <0.001 || 0.70 <0.001 || 0.83 <0.001
VLDL 0.88 <0.001 | 0.99 <0.001 | -0.77 <0.001 | 0.85 <0.001 0.70 <0.001 || 0.90 <0.001
chymase 0.74 <0.001 | 0.70 <0.001 | -0.44 <0.001 | 0.70 <0.001 | 0.70 <0.001 0.90 <0.001
ANGII 0.88 <0.001 | 0.86 <0.001 | -0.56 <0.001 | 0.83 <0.001 | 0.86 <0.001 | 0.90 <0.001

3.9.2.1. The relationship between Chymase and ANGII Opposite
CHOL

The study revealed a positive linear regression between Chymase and ANGII
with cholesterol. In Chymase the positive linear regression (Figure 3-14) was according
to linear equation (Y=0.04X-5.23) at level P<0.001 and correlation coefficient
r=0.74.while ANGII the positive linear regression (Figure 3-15) was according to linear
equation (Y=0.55X-69.1) at level P<0.001 and correlation coefficient r=0.88.
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Figure (3-14): The relationship between cholesterol (mg/dl) and Chymase (ng/ml)
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Figure (3-15): The relationship between cholesterol (mg/dl) and ANGII (ng/l)
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3.9.2.2. The relationship between Chymase and ANGII Opposite TG

The study showed a positive linear regression between Chymase and ANGII with
TG, In Chymase the positive linear regression (Figure 3-16) was according to linear
equation (Y=0.02X-0.49) at level P<0.001 and correlation coefficient r=0.70. while
ANGII the positive linear regression (Figure 3-17) was according to linear equation
(Y=0.28X-8.91) at level P<0.001 and correlation coefficient r=0.86.
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Figure (3-16): The relationship between TG (mg/dl) and Chymase (ng/ml)
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Figure (3-17): The relationship between TG (mg/dl) and ANGII (ng/l)
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3.9.2.3. The relationship between Chymase and ANGII Opposite HDL

The study showed a negative linear regression between Chymase and ANGII
with HDL, In Chymase the negative linear regression (Figure 3-18) was according to
linear equation (Y=0.07X-5.87) at level P<0.001 and correlation coefficient r= -0.44.
while ANGII the negative linear regression (Figure 3-19) was according to linear
equation (Y=1.04X-77.7) at level P<0.001 and correlation coefficient r=-0.56.
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Figure (3-18): The relationship between HDL (mg/dl) and Chymase (ng/ml)
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Figure (3-19): The relationship between HDL (mg/dl) and ANGII (ng/l)
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3.9.2.4. The relationship between Chymase and ANGII Opposite LDL

The study revealed a positive linear regression between Chymase and ANGII
with LDL, In Chymase the positive linear regression (Figure 3-20) was according to
linear equation (Y=0.05X-2.82) at level P<0.001 and correlation coefficient r=0.70.
while ANGII the positive linear regression (Figure 3-21) was according to linear
equation (Y=0.61X-37.8) at level P<0.001 and correlation coefficient r=0.83.
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Figure (3-20): The relationship between LDL (mg/dl) and Chymase (ng/ml)
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Figure (3-21): The relationship between LDL (mg/dl) and ANGII (ng/l)
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3.9.2.5. The relationship between Chymase and ANGII Opposite
VLDL

The study found a positive linear regression between Chymase and ANGII with
VLDL, In Chymase the positive linear regression (Figure 3-22) was according to linear
equation (Y=0.11X-0.57) at level P<0.001 and correlation coefficient r=0.70. while
ANGII the positive linear regression (Figure 3-23) was according to linear equation
(Y=1.44X-9.8) at level P<0.001 and correlation coefficient r=0.86.
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Figure (3-22): The relationship between VLDL (mg/dl) and Chymase (ng/ml)
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Figure (3-23): The relationship between VLDL (mg/dl) and ANGII (ng/l)
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3.9.3. The Correlation of age, BMI, duration of disease, Chymase, and
ANGII levels in patients
To assess the relationship between the blood levels of age, BMI, duration of

disease, Chymase, and ANGII levels in patients, linear regression analysis was used to
evaluate the data. See Table (3-11).

Table (3-11): Results of linear regression analysis of age, BMI, duration of disease,

Chymase, and ANGII levels in patients

parameter AGE BMI DURATION Chymase ANGII
DISEASE
r p r p r p r p r p
AGE 0.27 | 0.082 | 0.73 | <0.001 | 0.44 | <0.001 | 0.46 | <0.001
BMI 0.27 0.028 0.46 | <0.001 | 0.26 0.038 | 0.34 0.006
DURATION | 0.73 <0.001 | 0.46 <0.001 0.67 <0.001 | 0.80 <0.001
DISEASE
Chymase | 0.44 <0.001 | 0.26 0.083 | 0.67 | <0.001 0.90 | <0.001
ANGII 0.46 <0.001 | 0.34 0.006 | 0.80 <0.001 | 0.90 <0.001

3.9.3.1. The relationship between Chymase and ANGII Opposite age

The study revealed a positive linear regression between Chymase and ANGII
with age, In Chymase the positive linear regression (Figure 3-24) was according to
linear equation (Y=0.06X-0.51) at level P<0.001 and correlation coefficient
r=0.44.while ANGII the positive linear regression (Figure 3-25) was according to linear
equation (Y=0.75X-2.42) at level P<0.001 and correlation coefficient r=0.46.
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3.9.3.2. The relationship between Chymase and ANGII Opposite BMI

The study showed a positive linear regression between Chymase and ANGII with
BMI, In Chymase the positive linear regression (Figure 3-26) was according to linear
equation (Y=0.09X+0.63) at level P=0.086 and correlation coefficient r=0.26. while
ANGII the positive linear regression (Figure 3-27) was according to linear equation
(Y=1.34X+3.72) at level P=0.006 and correlation coefficient r=0.34.
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Figure (3-26): The relationship between BMI (Kg/m?) and Chymase (ng/ml)
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Figure (3-27): The relationship between BMI (Kg/m?) and ANGII (ng/l)
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3.9.3.3. The relationship between Chymase and ANGII Opposite
duration disease

The study revealed a positive linear regression between Chymase and ANGII
with duration disease, In Chymase the positive linear regression (Figure 3-28) was
according to linear equation (Y=0.17X+1.32) at level P<0.001 and correlation
coefficient r=0.67. while ANGII the positive linear regression (Figure 3-29) was
according to linear equation (Y=2.22X+16.16) at level P<0.001 and correlation
coefficient r=0.80.
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Figure (3-28): The relationship between duration of disease (year) and Chymase
(ng/ml)
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Figure (3-29): The relationship between duration of disease (year) and ANGII (ng/l)
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3.9.4. The Correlation of Microalbuminuria, albumin-creatinine ratio
(ACR), Chymase, and ANGII levels in patients

To assess the relationship between the levels of Microalbuminuria, albumin-
creatinine ratio (ACR), Chymase, and ANGII levels in patients, the linear regression

analysis was used to evaluate the data. See Table (3-12).

Table (3-12): Results of linear regression analysis Microalbuminuria, albumin-

creatinine ratio (ACR), Chymase, and ANGII levels in patients

Microalbuminuria ACR Chymase ANGII
parameter
r p r p r p r p
Microalbuminuria 0.93 | <0.001 | 0.57 | <0.001 | 0.82 | <0.001
ACR 0.93 <0.001 0.70 | <0.001 | 0.91 | <0.001
Chymase 0.57 <0.001 | 0.70 | <0.001 0.90 | <0.001
ANGII 0.82 <0.001 | 0.91 | <0.001 | 0.90 | <0.001

3.9.4.1. The relationship between Chymase and ANGII Opposite
Microalbuminuria

The study revealed a positive linear regression between Chymase and ANGII
with Microalbuminuria, In Chymase the positive linear regression (Figure 3-30) was
according to linear equation (Y=0.01X+2.15) at level P<0.001 and correlation
coefficient r=0.57 while ANGII the positive linear regression (Figure 3-31) was
according to linear equation (Y=0.16X+28.6) at level P<0.001 and correlation
coefficient r=0.82.
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Figure (3-31): The relationship between Microalbuminuria (mg/1) and ANGII (ng/l)
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3.9.4.2. The relationship between Chymase and ANGII Opposite ACR

The study revealed a positive linear regression between Chymase and ANGII
with ACR, In Chymase the positive linear regression (Figure 3-32) was according to
linear equation (Y=0.009X+1.99) at level P<0.001 and correlation coefficient r=0.70,
while ANGII the positive linear regression (Figure 3-33) was according to linear
equation (Y=0.12X+23.50) at level P<0.001 and correlation coefficient r=0.91.
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Figure (3-32): The relationship between Albumin-creatinine ratio (ug/mg) and
Chymase (ng/ml)

80 ANGII = 0.12(ACR) + 23.50 o3 o
70 R?=0.84 ¢

30
20
10

ANGII (ng/1)

0 50 100 150 200 250 300 350
Albumin-creatinine ratio (ug/mg)
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Chapter FOUR Discussion of Results

4. Discussion

Diabetes mellitus has long been recognized as a major health problem with

far-reaching consequences, not only for its adverse health impact on individuals but

also for its economic burden on the health care system and society at large.

It is the sixth leading cause of death by disease in the United States,
accounting for almost 18% of all deaths in people over 25 years of age, and it is the
leading cause of the end-stage renal disease (ESRD), new cases of blindness, and non
— traumatic lower-limb amputations. Cardiovascular disease is the major cause of
diabetes-related death and is two to four times more common in patients with diabetes
than in the general population, life expectancy in middle-aged patients is reduced by 5
to 10 years due to cardiovascular disease (Barnett and Braunstein, 2001)

The International Diabetes Federation (IDF) in 2003 ranked the UAE’s
prevalence rate for type 2 diabetes and impaired glucose tolerance (IGT) as the
second-highest in the world (20%for DM and 26% for IGT), also it is estimated that
the prevalence of type 2 diabetes and IGT in Saudi Arabia in 2003 was 4.4% and its
prevalence will increase to 9.6% in 2025 and Irag in 2003 was 7.7% and in 2025 will
become 9.1 (Al-Maskari et al., 2007).

4.1. Association of diabetic type2 with diabetic nephropathy groups

and control groups with Study Variables

The result of the demographic study showed that there were more patients at
age > (45-60) years old (41.9 %) compared to the control group (28.6%) Table (3-
land 3- 2), this study is in agreement with the results of a study conducted in Saudi
Arabia in 2018 (Aldossari et al., 2018).

The incidence of males is 56.5% higher than that of females 43.5%, and the
result of this study was in agreement with the results of a study conducted in Palestine
(Shahwan et al., 2019), The reason for this study was attributed to the daily effort that

men are exposed to compared to women.

Show table (3-1)and (3-2) Body mass index, the results show no significant

differences in body mass index in patient and control between patients and control.
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These results are supported by another study that found no significant
differences in body mass index despite more results falling in the obesity group
(>30kg/m®) (AL-Saadi, 2005) because insulin resistance, which is commonly
associated with this clustering of metabolic factors, frequently precedes the onset of
T2DM (Lorenzo et al., 2003).

The percent of patients who have hypertension was 62.9% (Table 3-1) and this
percent related to the WHO criteria that were found at 40% (Barnett, 2001) The
results show a significant elevation in blood pressure in patients compared with the
control group, hypertension in type 2 diabetes occurs from insulin resistance and the
cause of hypertension in insulin resistance contribute to volume expansion because
insulin enhances proximal tubular sodium reabsorption and endothelial dysfunction
(Ferrannini, 2005).

4.2. Comparison of biochemical parameters

4.2.1 Fasting blood glucose (FBS)

The current study found As shown in table (3-3) that there were significant
differences in fasting glucose levels between the people patients and the healthy,
where the results were(175.14 + 23.75) and (94.13 + 8.02 ) mg/dl, respectively, and
the differences were significant at a level (p<0.001), and the superiority of the group
of patients over the control was consistent with What everyone gets(Biadgo et al.,
2016), (Lu et al., 2012), (Rusdiana and Amelia, 2018) When studying type 2 diabetes,

The cause is insulin resistance and glucose intolerance.

It is also noted from our current study as shown in Table (3-4) the effect of age
on fasting glucose, Patients aged 35-45 showed a blood sugar level of 155.86 + 19.80,
and those aged 46-60 had a sugar level of 172.84 + 24.23, their age is over 60, a sugar
level was 186.10 + 18.84, where we note statistically significant differences between
the first group on the one hand and the second and third group on the other hand, and
this study is in agreement with (Reaven et al., 1989) This study confirms that glucose
intolerance deteriorates as individuals get older That this is due to the development of
insulin-stimulated glucose resistance and therefore, plasma glucose concentrations

will increase (Reaven et al., 1989).
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Through table 3-5, it appears that fasting sugar increases with an increase in
BMI, where the group >30 showed the highest percentage and reached 43.5 % and the
sugar level was (184.42 + 20.60), and this shows that obesity has an effect on
increasing the level of sugar and these results are in agreement with a study(Friedman
et al., 1994) This is because obesity increases the resistance of cells to

insulin(Balkhiyarova et al., 2022).

As for the effect of the duration of the disease, table 3-6 shows that those who
were less than five years old reached 20.9%, the group 5-10 was 25.8%, and the group
greater than 10 reached 53.2%, where the sugar level of them reached 191.46 + 13.79,
were This study found that the longer the illness, the greater the risk of infection, and
this is consistent with what was found(Verma et al., 2006) The body becomes more

resistant to insulin with increasing duration of diabetes(Verma et al., 2006).

Tables 3-7 showed that there was no statistically significant difference

between male and female patients.

When comparing fasting sugar with the ACR groups in Table 3-8, the current
study found that the Macroalbuminuria group had the highest sugar level, which was
200.78 + 6.89, while the Microalbuminuria group reached 178.30 + 5.16, and the
Normoalbuminuria group reached 148.88 + 14.48, where the study showed that the
sugar rate increases with ACR increase and this is in agreement with a study(Chowta
et al., 2009) In the stage of primary renal hyperperfusion, glomerular filtration rises
with the absence of albuminuria, the next stage is primary nephropathy, in which
glomerular filtration is normal with Microalbuminuria usually appears 5-10 years
after diagnosis of diabetes mellitus and in the later stage, it decreases Glomerular
filtration ~ with  significant  proteinuria and clinical manifestations  of
nephropathy(Chowta et al., 2009)

4.2.2. Glycated hemoglobin (HbAc)

This study revealed, as shown in Table 3-3, a significant and statistically
significant difference between the patient group and the control group with a
significant level of p-value = 0.001, This is because glucose uptake by human

erythrocytes is not dependent upon insulin and the erythrocyte cell membrane is freely

80



Chapter FOUR Discussion of Results

permeable to glucose (Higgins et al., 1982) and the concentration of glucose
within the erythrocyte approximates the glucose concentration in the corresponding
plasma. Thus, the elevations of HbA;c provide an integrated measure of plasma
glucose concentration during the previous two to three months (Goldstein et al.,
1980).

The levels of HbAlc in good glycemic control is less than 7% (American
Diabetes Association, 2009) and in the present study the percentage of patients who
have levels of HbAlc more than 7% (Bad control) was 64.5% (Table 3-8) and this
ratio Similar to the percentage obtained from the UAE study (62.4%) (Al-Maskari et
al., 2008).

4.2.3. Urea and Creatinine

The urea and creatinine results recorded that the patients had higher levels of
urea and creatinine compared to the control group (Table 3-3). Urea and creatinine
levels are important biomarkers because they play a pivotal role in the diagnosis and
follow-up of renal failure. Urea, a byproduct of protein metabolism, accumulates in
the blood of patients with renal failure and causes urination in the blood (Merzah et
al., 2015), Urea nitrogen is a normal waste nitrogen product found in the blood that
comes from the breakdown of protein from foods. Healthy kidneys remove urea
nitrogen from the blood, but the level of urea in the blood rises with kidney failure
occurs (Rusul Arif et al., 2014).

When studying the effect of sex in biochemical parameters there was a
significant increase (P< 0.05) in creatinine between males and females (Table 3-7),
Serum creatinine concentration is the most commonly used biomarker to predict the
level of kidney function, but it can be affected by various factors such as age, gender,
ethnicity, muscle mass, dietary habit and specific drug use total parenteral nutrition
and infection in addition to vigorous prolonged exercise may result in increased serum
creatinine due to an increase in muscle creatinine generation. Also, ingestion of
creatinine supplements may increase serum creatinine as well ingestion of cooked
meat may increase serum creatinine (Heymsfield et al., 1983, Levey et al., 2007, Star,
1998), Females have less muscle mass as compared to males and the muscle mass is a

major determinant of serum creatinine level (Heymsfield et al., 1983) The difference
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between females and males in glomerular structure, glomerular hemodynamics, and
hormone metabolism might play an important role in the gender disparity (Silbiger
and Neugarten, 2003), Previous studies demonstrated that the serum creatinine and
blood urea nitrogen (BUN) have typically been used to diagnose CKD. Creatinine is a
small molecule of 113 Daltons. It is distributed in the body throughout the body water
and it is generated in muscle from the non-enzymatic conversion of creatine and

phosphocreatine.

Furthermore, serum creatinine may change due to renal factors that are
independent of kidney function, for example, several medications, alter the tubular
secretion of creatinine leading to changes in serum creatinine independent of GFR, on
the other hand, BUN is dependent on non-renal factors independent of kidney
function, e.g. protein intake, catabolic state, upper gastrointestinal bleeding, volume
status and therapy with high-dose steroids. Thus, alterations in serum creatinine and
BUN are not particularly sensitive or specific for small changes in GFR (Herget-
Rosenthal et al., 2005)

4.2.4. Cholesterol

The results of the current study, as shown in Table (3-3), showed a significant
increase in cholesterol level in diabetic patients compared to healthy people, as its
level reached (200.23 £ 27.25) and (160.03 = 11.28) mg/dl respectively, these results
It agrees with the findings of many researchers (Bopanna et al., 1997, Maghrani et al.,
2004, Saravanan et al., 2003) Which indicated that there is a significant increase in
the level of cholesterol in diabetic patients compared to healthy people, and the reason
may be due to the increased absorption of cholesterol by the intestine due to the
activity of the enzyme Cholesterol Acyl Transferase, and this has been clarified
by(Maechler et al., 1993) ,the reason may be due to the nutrition pattern, which is one
of the factors that cause a rise in the level of fats in the blood plasma, and thus lead to
a high level of cholesterol (Kirkpatrick et al., 2019), While these results contradicted
what was obtained by both (Haffner, 1999, Howard et al., 2003) And who indicated
that there was no increase in cholesterol in the blood serum when they were studied

on people with diabetes.
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While did not notice, and as in Table (3-7), we did not find any significant

differences in the level of cholesterol between male and female patients.

As for the age groups, there were significant differences in age in the level of
blood cholesterol for patients, as shown in Table (3-4), and the older the patient, the
higher his cholesterol level, and these results were identical to what was obtained
(Maghrani et al., 2004, Naoumova et al., 1996) While it conflicted with what he got
(El-Feki et al., 1997) The cause of high cholesterol in diabetic patients may be due to
the slow metabolism of elderly people, who have been proven to have no equivalence
between building and demolition processes, in which the cuff tends to increase
catabolism, which results in an increase in body fat and an increase in the level of
blood cholesterol (Bronk, 1999).

4.2.5. Triglyceride

The study included the effect of diabetes on the level of triglycerides (TG) as
shown in Table 3-4, where its level reached (176.99 + 51.83) in the affected people
compared to its level in the healthy (109.68 + 11.82) and the percentage of increase
was (+67.3%). Results to previous studies (Bopanna et al., 1997, Maghrani et al.,
2004, Rubins et al., 2003) The reason can be attributed to the fact that the absence of
insulin led to the activation of the lipase enzyme in the fat cells, causing an increase in
the decomposition of stored glycerides and the release of large amounts of fatty acids
and glycerol into the blood, and when they moved to the liver, where they were re-
manufactured, and that the increase in fatty acids in the liver led to the conversion of
some of them to Phosphorylated fats and glycerol have moved with the triglycerides
formed in the liver into the blood, thus increasing the level of fats in the blood. Also,
the lack of insulin leads to inhibition of the activity of Lipoprotein Lipase (LPL),
which causes a reduction in the process of removing triglycerides in chylomicrons and

VLDL, causing an increase in the level of triglycerides (Morigny et al., 2021).

When made a comparison between males and females for the level of
triglycerides and the extent to which their level was affected by sex as in Table 3-7,
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did not notice significant differences in the level between males and females
What got matches what he found (Naoumova et al., 1996), At the same time, this
study differs from another study (Maghrani et al., 2004) They indicated that there are
significant differences in the concentration of triglycerides between the sexes and that
males have a higher concentration compared to females. The reason may be due to the
level of some sex hormones such as estrogen, as when the level of this hormone in
women decreases, the level of triglycerides decreases by increasing the metabolic rate
This leads to lower levels in women compared to men, Our study also showed a
significant effect of age on the level of triglycerides, but it was noticed through the
results that we obtained an increase in the level of these compounds in the blood with
age, which is shown in Table (3-4). Its level increases with age. These results agreed
with what was obtained by (Naoumova et al., 1996), | also think that the reason is also
that excessive intake of foods rich in fat leads to an increase in the production of
chylomicron in the intestine, and when it is decomposed, fatty acids are released,
which leads to an increase in their quantities in the liver, causing an increase in the
release of triglycerides and that This, in the absence of insulin, results in an increase
in the release of triglycerides in VLDL. In addition, the lack of insulin leads to an
increase in the level of liver glucose, which is also converted into fatty acids and
triglycerides and identified in VLDL (Bronk, 1999).

4.2.6. High-density lipoproteins (HDL)

current study, as shown in Table (3-3), showed a decrease in the HDL level,
which amounted to (35.13 + 9.31) mg/dL in patients compared to its level in healthy
patients (38.84 + 5.11) mg/dL, the value of the decrease was (- 3.17). These results
are in agreement with what was obtained by (Maghrani et al., 2004, Naoumova et al.,
1996) And who found a significant decrease in the level of HDL in diabetic patients
compared to healthy ones, and the reason may be due to the lack of glycolysis of
VLDL molecules, which works to deplete HDL by impeding the transfer of both Apo
proteins and phosphorylated lipoproteins from triglyceride-rich lipoproteins to HDL.
It leads to an increase in the activity of the hepatic lipase enzyme, the latter of which
facilitates the removal of HDL.

notice from Table (3-7) that the level of HDL was significant for female

patients, compared with male patients, and this agreed with what was found (Rubins
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et al., 2003) The reason may be attributed to the high level of estrogen in women and

that this hormone leads to an increase in HDL levels (Ji et al., 2022).

4.2.7. Very Low-density lipoproteins, Low-density lipoproteins
(VLDL, LDL)

Current study, as shown in Table (3-3), showed significant differences in the
concentration of VLDL and LDL in diabetic patients when compared with the control
group. We notice an increase in the concentration of VLDL, and LDL in patients
(130.35 £ 23.75), (35.50 + 10.21) mg/dl, respectively, while their concentration
reached in The control group was (99.23 = 10.55), (21.91 + 2.35) mg/dl, and the
percentage of this increase amounted to (31.1%), (20.5%), respectively, and these
results match what he got (Parmantier et al., 1999, Rubins et al., 2003) They
explained that the lack of insulin, which leads to the decomposition of fat stored in
adipose tissue, results in a rise in the levels of these compounds, Also, a decrease in
the level of this hormone activates the enzyme lipoprotein lipase in the adipose tissue,

which results in the release of fat into the blood circulation (Hadcock et al., 1991).

In diabetic patients, as shown in Table (3-7), our study showed no significant
differences between females and males in VLDL levels, despite the superiority of
females over males, while we obtained significant differences between males and
females in the level of LDL, as males outperformed over Female patients with a level
(P < 0.05), and this indicates that the pathological condition of diabetic patients led to
a metabolic inversion in both males and females(Rubins et al., 2003).

4.2.8. Microalbuminuria

The result shows significantly higher Microalbuminuria in patients compared
to the control group as shown in Table 3-3 because Microalbuminuria is a sign or
predictor of diabetic nephropathy and cardiovascular disease in patients with type 1
and type 2 diabetes mellitus (Lane, 2004), Hyperglycemia is a critical factor in the
development of diabetic nephropathy due to its effects on glomerular and mesangial
cells, but alone it is not a causative agent. Melanocytes are essential for maintaining

the glomerular capillary structure and for modulating glomerular filtration via smooth
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muscle activity. Hyperglycemia is associated with increased proliferation and
hyperplasia of mesangial cells, as well as increased matrix production and basement

membrane thickness, and consequently increased Microalbuminuria (Marshall, 2016).

In this study, the prevalence of Microalbuminuria was 65.5% (Table 3-8) and
this is related to other percentages obtained from other studies in Saudi Arabia where
it was 45.6% (Sciences, 2007), and in the United Arab Emirates, it was 61.2%
(Sciences, 2007). Other studies revealed that the prevalence of Microalbuminuria is
less than this percentage in our study A study in Tanzania revealed that the incidence
of Microalbuminuria in type 2 diabetes is 9.8% (Lutale et al., 2007) This variation in
prevalence can be attributed to factors such as differences in population, method of
urine collection or difference in racial susceptibility, differences in race, poor health

and education settings.
4.2.9. Chymase

The current study found As shown in table (3-3) that there were significant
differences in Chymase levels between the blood of healthy people and the blood of
patients, where the results were(1.64 + 0.39) and (3.25+ 1.55) ng/ml, respectively, and
the differences were significant at a level (p<0.001), This is in agreement with what
was obtained by both studies(Cristovam et al., 2012, Wang et al., 2011) The reason is
that diabetes significantly increases the effect of inflammatory cytokines associated
with mast cells, and thus increases Chymase, Chymase is an alternative pathway for
the angiotensin-converting enzyme in angiotensin Il (Ang Il) formation, and its
expression is increased in patients with diabetic nephropathy and human mesangial
cells (MCs) stimulated with high glucose(Cristovam et al., 2012), These authors
demonstrated that chymase promotes cell proliferation and collagen synthesis and
increases fibroblasts by mechanisms dependent on TGF-B1 and independent of Ang
[1(Zhao et al., 2008).

It is also noted from our current study as shown in Table (3-4) the effect of age on
chymase, Patients aged 35-45 showed a blood Chymase level of 2.36 + 0.24, and those
aged 46-60 had a Chymase level of 2.98+ 1.14, Their age is over 60, a chymase level

was 3.92 + 1.96, where we note statistically significant differences between the first
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group on the one hand and third group on the other hand, and this study is in
agreement with(Krger et al., 1981) Where it was found that the content of different
granule components increases with age, such as the content of heparin, histamine, and
glucuronidase, and thus the Chymase increases(Kriger et al., 1981), It may also be
because with age, the risk factors for diabetes, high blood pressure, and heart disease

increase, and therefore we expect increased levels of Chymase.

From watching Table 3-5, it appears that Chymase increases with an increase
in BMI, where the group >30 showed the highest Chymase level was (3.83 + 1.97),
and this shows that obesity has an effect on increasing the level of Chymase and these
results are in agreement with a study (Fenger et al., 2012, Liu et al., 2009) As they
noticed that with obesity, mast cells increased and thus the production of
inflammatory cytokines (Altintas et al., 2011), Mast cells may contribute to obesity
Promote angiogenesis. Mast cells are often localized next to microvessels
Microvascular numbers are positively correlated with an increase in mast cell

numbers During the development of obesity (Fenger et al., 2012).

As for the effect of the duration of the disease, Table 3-6 shows that those who
were less than five years reached 2.23 + 0.13, the group 5-10 was 2.51+ 0.27, and the
group greater than 10 reached 4.01+ 1.81, where This study found that the longer the
illness, the greater levels chymase, and this is consistent with what was found (Zheng
et al., 2012) Mast cells are more abundant as the stages of diabetic nephropathy
progress Mast cells secrete a range of factors that may contribute to renal injury,
including Endothelin, growth factors, and the proteolytic enzymes implicated in the
pathogenesis of the renal disease. For instance, the major mast cell enzyme, tryptase,
promotes renal fibroblast proliferation and collagen synthesis, particularly in

combination with heparin, another mast cell secretory product (Kondo et al., 2001).

Tables 3-7 showed that there was no statistically significant difference

between male and female patients.

When comparing Chymase with the ACR groups in Table 3-8, the current
study found that the Macroalbuminuria group had the highest Chymase level, which
was 4.80 + 1.96, while the Microalbuminuria group reached 2.76+ 0.19, and the
Normoalbuminuria group reached 2.28 + 0.18, where the study showed that the

Chymase rate increases with ACR increase and this is in agreement with a

87



Chapter FOUR Discussion of Results

study(Sharma et al., 2007) This is due to the association of mast cell infiltration into
the kidneys with proteinuria and interstitial fibrosis in various kidney diseases
(Sharma et al., 2007).

4.2.10. Angiotensin I

The current study found As shown in table (3-3) that there were significant
differences in Angiotensin Il levels between the healthy people and the patients,
where the results were (16.98+ 3.55) and (41.25 £ 17.03) ng/l, respectively, and the
differences were significant at a level (p<0.001), This is in agreement with what was
obtained by studies(Chu et al., 2009, Cristovam et al., 2008) Where this study showed
Local adipose RAS participates in obesity-associated metabolic alterations. Emerging
evidence indicates that the development of insulin resistance and type2 diabetes was
associated with the augmented expression of ANG Il generating enzymes and RAS
activation in adipose tissue(Gorzelniak et al., 2002), In addition, this result suggests
that an HG-induced increase in the intracellular ANG Il generation involves the ACE
pathway. Moreover, MC exposed to HG has increased intracellular renin activity
paralleled by an increase in the angiotensinogen gene transcription(Cristovam et al.,
2008).

It is also observed from our current study as shown in Table (3-4) the effect of
age on Angiotensin Il, the patients aged 35-45 years showed a serum Angiotensin Il
level of 28.28 + 5.01, and those aged 46-60 had Angiotensin Il level of 39.41+ 14.55,
their age is over 60, Angiotensin Il level of 41.25 + 17.03, where we notice
statistically significant differences between the first group on the one hand and the
second and third group on the other hand, and this study is compatible with
(Corbaton-Anchuelo et al., 2018, Shukri et al., 2018) Where it was shown that with
age increases the risks of diseases such as high blood pressure, heart disease, and

kidney disease, and therefore we expect an increase in the levels of angiotensin II.

Through Table 3-5, it appears that Angiotensin Il increases with an increase in
body mass index, where the group >30 showed the highest Angiotensin II level was
(48.02+ 18.42 ), and this shows that obesity has an effect on increasing the level of
Angiotensin Il and these results are in agreement with a study (Hall et al., 2021, South
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et al., 2019), Although excessive weight gain and increased adiposity initially cause
modest increases in BP, obesity-induced metabolic and inflammatory disorders
interact with hypertension to promote gradual injury to blood vessels and various
organs, including the heart and kidneys (Hall et al., 2021).

Table 3-6 shows the effect of the duration of the disease, that those who were
less than five years old reached 25.78 + 2.79, the group 5-10 was 31.20+ 6.05, and the
group greater than 10 reached 52.22 + 16.17, where This study found that the longer
the illness, the greater levels Angiotensin Il, and this is consistent with what was
found (Sabuncu et al., 2021) The body becomes more resistant to insulin with

increasing duration of diabetes (Verma et al., 2006).

While we did not notice, and as in Table (3-7), we did not find any significant

differences in the level of Angiotensin Il between male and female patients.

When comparing Angiotensin Il with the ACR groups in Table 3-8, the
current study found that the Macroalbuminuria group had the highest Angiotensin 1l
level, which was 62.33+ 12.18, while the Microalbuminuria group reached 36.72+
5.05, and the Normoalbuminuria group reached 26.21 + 2.54, where the study showed
that the Angiotensin Il rate increases with ACR increase and this is in agreement with
a study(Kim et al., 2005) In this experiment, glucose stimuli and ANG Il rapidly
increased the VEGF synthesis in proximal tubular epithelial cells. This finding may
provide a clue to understanding why the proximal tubule participates actively in the
regulation of intrarenal VEGF synthesis(Kim et al., 2005) The clinical impact of this
increased expression of VEGF, is caused by high glucose concentrations and ANG |1
in proximal tubule cells, is not known. Although it has been suggested that VEGF acts
as a potential mediator of glomerular hyperfiltration and albuminuria in the
glomerulus, there is also strong evidence for VEGF acting as an important endothelial

cell angiogenic, survival, and trophic factor(Takahashi et al., 1998).

4.3. The relationship between Chymase and ANGII Opposite some
parameters

Correlation between Chymase and ANG Il vs. Fasting Blood Glucose The

results show a significant association between fasting blood glucose and chymase in
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patients (Fig. 3-6) and fasting blood glucose and ANGII in patients (Fig. 3-7) and this
is because elevated levels of glucose contribute to the blood dramatically increases the
effects of these mast cell-associated molecules, leading to increased levels of
chymase, and consequently an increase in ANGII, the development of insulin
resistance and type 2 diabetes increased expression of Ang Il-generating enzymes and
RAS activation in adipose tissue(Chu et al., 2009).

While there was a Correlation between Chymase and ANG Il Opposite HbAlc
showed a positive correlation between HbAlc and chymase in patients (Fig. 3-8) and
HbA1c and ANGII in patients (Fig. 3-9) because of poor glycemic control may play a
crucial role in the development of DNP and other complications associated with the
disease by altered cytokine production MCs infiltrate the kidney and are degranulated
in renal diseases, releasing pathologically active substances such as chymase and

tryptase (Popoola et al., 2016).

The study showed a positive linear regression between chymase and ANGII
with serum urea, as in Figure (3-10) and Figure (3-11), as well as a positive regression
between chymase and ANGII with creatinine, as in Figure (3-12) and Figure (3-13),
the reason is due to the rich mast cells with chymase and such large numbers that
when mast cells are recruited during inflammation, this chymase may be released into
the inflamed tissue. Several reports have considered mast cells to be a factor
associated with diabetic nephropathy. These proteins are involved in damage to the
interstitial tube, causing further deterioration in kidney disease (Kaczmarczyk et al.,
2014, Konishi et al., 2008, Okon and Stachura, 2007).

While there was a Correlation between Chymase and ANG Il Opposite
cholesterol showed a positive correlation between cholesterol and chymase in patients
(Fig. 3-14) and cholesterol and ANGII in patients (Fig. 3-15) because chymase in
mononuclear cells from peripheral blood is activated by high blood pressure or

hypercholesterolemia (Murakami et al., 2007).

The study showed a positive linear regression between Chymase and ANGII
with TG, as in Figures 3-16 and Figure 3-17 The reason can be attributed to the fact
that the lack of insulin led to the activation of the enzyme lipase in the fat cells,

causing an increase in the decomposition of stored glycerides and the release of large
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amounts of fatty acids and glycerol into the blood leading to an increase in mast cells
thus raising both chymase and ANG Il (He and Shi, 2013).

The study showed a negative linear regression between Chymase and ANGII
with HDL, in the negative linear Chymase regression (Fig. 3-18) while the negative
linear regression of ANGII (Fig. 3-19) may be due to the non-degradation of VLDL in
diabetic patients leading to HDL depletion by transfusion ApoAl and phospholipids
from triglyceride-rich lipoproteins to HDL as well as proteolysis by chymase, thus
reducing the anti-inflammatory properties of ApoAl and impairing the ability of

ApoAl to stimulate cholesterol influx from macrophage cells (Maaninka, 2018).

The study showed a positive linear regression between chymase and ANG I
with serum LDL, as in Figure (3-20) and Figure (3-21), as well as a positive
regression between chymase and ANG Il with VLDL, as in Figure (3-22) and Figure
(3-23) The reason may be that the lack of insulin that leads to the decomposition of fat
stored in the adipose tissue results in an increase in the levels of these compounds,
and a decrease in the level of this hormone activates the enzyme lipoprotein lipase in
the adipose tissue. , which leads to the release of fats in the blood circulation, which
leads to an increase in the number of mast cells, and consequently, an increase in the
level of chymase and ANG Il (Maaninka, 2018).

While there was a Correlation between Chymase and ANG Il Opposite
Microalbuminuria showed a positive correlation between Microalbuminuria and
chymase in patients (Fig. 3-30) and Microalbuminuria and ANG Il in patients (Fig. 3-
31) Because poor glycemic control and high blood pressure are risk factors for
Microalbuminuria (Zhou et al., 2021) Hyperglycemia is a crucial factor in the
development of diabetic nephropathy because of its effects on glomerular and
mesangial cells, but alone it is not causative. Mesangial cells are crucial for the
maintenance of the glomerular capillary structure and the modulation of glomerular
filtration via smooth-muscle activity. Hyperglycemia is associated with an increase in
mesangial cell proliferation and hypertrophy, as well as increased matrix production
and basement membrane thickening (Sethi et al., 2021) ANG Il also has potent
proliferative inflammatory and fibrotic activities through its action through the AT1
receptor, leading to disease progression and progression of renal fibrosis (Vibhushan
et al., 2020).
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Conclusion

From the result of our study, the following conclusion can be obtained:

1.

Increased levels of both chymase and ANG Il play a role in the pathogenesis of
diabetic nephropathy.

Increasing knowledge and a better understanding of the role of chymase and ANG
Il in the context of diabetic nephropathy will present an important therapeutic
opportunity to develop new strategies that can be successfully translated into
clinical applications for the treatment of this complication.

The poor glycemic control associated with increase of micro and macro
albuminuria leading to increase stimulation of chymase that lead to elevation of
angiotensin Il and increase the risk of hypertension in patient with T2DM and
increase of diabetic nephropathy.

Age, body mass index and disease duration have a direct effect on the levels of
chymase and ANG Il concentrations.

Through this study, noticed that there is no effect of sex on the levels of chymase
and ANG |1 concentrations.

In this study, found a positive relationship between chymase and ANG Il on the
one hand and between (fasting sugar (FBS), glycated hemoglobin (HbAlc), blood
urea, Serum Creatinine, albumin-creatinine ratio (ACR), Microalbuminuria,
cholesterol (CHOL), triglyceride (TG), low-density lipoprotein (LDL) and very-
low-density lipoprotein (VLDL)) on the other hand and negative correlation with

high-density lipoprotein (HDL).
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Recommendations

The following recommendations for the future works are:

1. More studies are needed to evaluate the effect of chymase and ANG Il inhibitors on
the progressive stages of diabetic nephropathy.

2. Evaluation of other inflammatory markers (IL-6, IL-18, TGF-B, and MMPs) in type
2 diabetic nephropathy patients.

3. Further clinical studies are required to evaluate the effects of chymase and ANG 1l
on other complications of diabetes mellitus like diabetic neuropathy.

4. A study of chymase and ANG Il levels can be used to assess the development of

heart disease
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