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Abstract

Abstract

Interleukin-6, discovered in 1986, is one of the most studied cytokines in kidney
disease. It makes inflammation worse by activating B cells that affect the production of
hepatic acute phase proteins. This study deals with the effect of some demographic factors
on kidney patients with or without diabetes mellitus who have had bacterial or viral
infections. The subjects are 120 patients, divided into six groups.

The first four groups have 80 patients with chronic renal failure with a bacterial or
viral infection based on previous medical reports, laboratory tests, and clinical
examinations by consultant nephrologists. The patients are 40 years of age and older and
were admitted to the Al-Hussein Teaching Hospital in the Al Muthanna Government
during the period from January 2023 to the end of August 2023. The results were
compared with 40 subjects (20 subjects with diabetes mellitus and 20 healthy subjects with
an age group of 40 years and up) as a control group. Blood samples were withdrawn to
analyse IL-6, PCT, CRP, renal function test, albumin, WBC, lymphocytes, platelets, Cl, K,
and Na.

In this study, it was found that the level of IL-6 was high in patients with chronic
renal failure with or without diabetes mellitus with a bacterial or viral infection, but it was
higher in patients with a bacterial infection with or without diabetes. The same is shown
for CRP. There was an increase in PCT in patients with chronic renal failure with or
without diabetes mellitus with a bacterial infection. There was an increase in the levels of
urea, creatinine, Na*, K*, and Cl~but a decrease in the levels of albumin, WBC,

lymphocytes, and platelets in patients.
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Chapter One Introduction & Literature Review

1. Introduction & Literature Review

1.1. Introduction

Many different types of cells in the body, including immune cells, create
interleukins (IL-6), which belong to a class of protein molecules that are classified as
cytokines. When it comes to the immune defense system, IL-6 is a key player in the
cytokine network. Recent research has linked the IL-6 pathway to both normal and
abnormal immune modulation. where it is routinely used as a window into the state of a
disease and how it will respond to treatment. Acute infection, persistent inflammation,

obesity, and physiological stress all trigger IL-6 secretion [1-4].

The inflammatory effects of IL-6 may be either pro- or anti-inflammatory. Through
its ability to prevent bacterial infection, stimulate epithelial cell proliferation, and block
epithelial cell death, IL-6 serves as an anti-inflammatory. [5]. Cytokine storm is a
condition in which numerous immune active molecules, including chemokine's and
cytokines, are released from the immune system at extremely high concentrations. In
contrast, unchecked production of IL-6 results in pro-inflammatory activity. The etiology
of arthritic illnesses is underpinned by the release of immune-related chemicals, such as

cytokines, which may lead to complications such as multiorgan failure or even death [6].

Procalcitonin (PCT) is a prohormone the thyroid gland secretes. Procalcitonin
(PCT) is located on the CALC-1 gene on chromosome 11, a 116-amino-acid polypeptide.
IL-6, Tumor Necrosis Factor-a, and IL-1 induce PCT production in extrathyroidal tissue in
response to bacterial infection. PCT is bacterial-specific since its synthesis is inhibited

during most viral infections due to an increase in interferon-y production[7-8].
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Procalcitonin has gained popularity as a diagnostic tool for bacterial infections and
sepsis in recent years. Blood PCT levels can go up within a few hours of inflammation and
usually reach their highest point within 24 to 48 hours. This makes them more specific
than other common lab tests like leukocytosis, increased band cells, and C-reactive protein
(CRP). Although PCT elevations are very weak or not at all connected with viral
infections, The cytokines produced during viral infections are mostly responsible for this
since they inhibit the synthesis of tumor necrosis factor-alpha (TNF-a). Therefore, serum

PCT levels are an excellent indicator for distinguishing bacterial from viral illnesses [9].

C-reactive protein (CRP) is a biomarker of inflammation and a mediator of the
acute-phase response. Cytokines that cause inflammation, like interleukin (IL)-1, IL-6, and
tumor necrosis factor (TNF), tell the liver to make CRP. When levels of CRP go up, it
means that proinflammatory cytokines are supporting an ongoing inflammatory process.
When levels of these cytokines go down, it usually means that the inflammatory process is
ending. Diverse CRP isoforms have diverse biological effects; some activate the
complement system, induce phagocytosis, and promote apoptosis, while others delay
apoptosis and enhance the chemotaxis and recruitment of circulating leukocytes to sites of
inflammation. The C1g molecule in the complement pathway is activated by CRP, which
then leads to the opsonization of pathogens and an active role in the immunological

response to infection [10].

In patients with CKD, kidney function progressively declines over a period of
months to years. Chronic renal disease is characterised by the progressive replacement of
healthy kidney structures with fibrotic tissues. The eGFR is determined by the patient's

height, weight, gender, and serum creatinine level; CKD is diagnosed when the eGFR is
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less than 60 ml/min/1.73 m2. The GFR steadily decreases from the beginning of CKD

until end-stage renal disease is reached [11- 12].

Chronic kidney disease (CKD) progresses to its last, irreversible stage, which is
known as end-stage renal disease (ESRD). This stage is characterised by a steady decrease
in kidney function that ultimately results in kidney failure. ESRD is linked to a worse
quality of life, death at an earlier age, and increased expenses for the whole healthcare
system [13]. Loss of kidney function is linked to the failure to properly eliminate several
types of uremic toxins. They are both the cause and the effect of CKD because of their

biological activity [14].

Blood serum albumin levels are often checked as a biomarker for inflammation
and nutritional (malnutrition or over nutrition) status in regular clinical settings.
Importantly, prior research has implicated both dietary and inflammatory states as
potential contributors to renal disease development. While some researches have failed to
discover a clear link between low blood albumin and CKD, other studies have linked low
albumin levels to a higher risk of renal dysfunction in either the general population or

women specifically [15].

In humans, urea is the primary metabolite of dietary protein because of its high
nitrogen content. The kidneys process it by dissolving it in the blood, transporting it, and
then releasing it in the urine. Creatinine is the steady-state byproduct of creatine phosphate
breakdown, which is secreted from skeletal muscle. The glomerulus filters it, and the
proximal tubules secrete a tiny quantity into the glomerular filtrate. Estimating
progression, prognosis, and the need for dietary restrictions in renal disease due to type 2

diabetes may be done using serum creatinine and blood urea nitrogen values [16].
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Diabetes mellitus is a metabolic disorder in which decreased insulin production
and/or activity in target tissues leads to persistently high blood sugar levels or
hyperglycemia. Diabetes mellitus is the most prevalent metabolic disease. By 2045, it is
projected that 700 million individuals worldwide would have DM (10.9% of the adult
population). In 2030, diabetes is expected to overtake smoking as the seventh leading

cause of death, according to the WHO [17-19].

Oxidative damage at the DNA, protein, and lipid levels induces cell necrosis or
apoptosis when hyperglycemia persists over an extended period of time. The insulin signal
transduction system is disrupted by hyperglycemia, leading to increased glucose
absorption by fat or muscle cells and reduced glucose production in the liver.
Hyperglycemia may be prevented by its early diagnosis and proper management, which
includes pharmacological therapy since these pathways produce cellular pathological

damage and microvascular and macrovascular problems [20].

According to the 2016 report from the United States Renal Data System, diabetes is
one of the primary causes of ESRD, accounting for more than a third of all cases. In people
with diabetes, chronic inflammation has been linked to the onset and development of renal
disease. Type 2 diabetes mellitus is also a leading cause of renal failure. In people with

type 2 diabetes, chronic kidney disease (CKD) affects almost half [21].

One of the most often ordered blood tests by doctors is called a complete blood
count (CBC), which measures and analyses several cellular components in the blood,
including white blood cells (WBCs), red blood cells (RBCs), and platelets. If white blood
cell (WBC) counts are high, it may indicate an acute or chronic infection, if they are low, it

may indicate leukemia, if hemoglobin (Hb) levels are low, it may indicate anemia, and if
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platelet counts are low, it may indicate liver cirrhosis. However, prior research has
demonstrated that the CBC components may be used to predict cancer, CVD,

arteriosclerosis, type 2 diabetes, and metabolic syndrome risk [22].

1.2. Literature Review

1.2.1. Interleukin-6 (IL-6)

After its discovery in 1986 as a B cell stimulatory factor initiating IgG production,
interleukin-6 (I1L-6) was found to be a pleiotropic cytokine that regulates a wide variety of
physiopathological processes, including cell proliferation, survival, migration, invasion,
metastasis, angiogenesis, inflammation, and metabolism. While monocytes and
macrophages account for the vast majority of IL-6 production, other cell types, including T
cells, B cells, hepatocytes, endothelial cells, fibroblasts, keratinocytes, mesangial cells,
adipocytes, and even certain tumor cells, are capable of producing IL-6 either
constitutively or in response to stimulation [5], [23-24].

In response to microbial stimulation, monocytes/macrophages (MO/M) release IL-6 [25].

Many illnesses, including autoimmune disorders, infections, and malignancies,
have been linked to elevated IL-6 levels. The typical range for IL-6 in the human body is 7
pg/mL. Acute increases in IL-6 levels may occur in response to infection or inflammation.
With a median blood level of 189,000 pg/mL, IL-6 in septic shock patients is 1,000 times

greater than in those with meningitis (200 pg/mL) or bacteremia (200 pg/mL) [5].
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1.2.1.1. Interleukin-6 in infection

Weakness, fever, muscular discomfort, and other symptoms are all caused by both
bacterial and viral diseases. Differentiating between these two kinds of infections as soon
as possible is crucial for effective treatment and a positive prognosis. Antibiotics are often
used to treat bacterial infections, however they have been shown to be ineffective against
viral infections and may even lead to the spread of antibiotic resistance. Acute
inflammatory responses caused by viral and bacterial infections are characterized by an
increase in pro-inflammatory cytokines and chemokines, which may leak into the
bloodstream and cause systemic cytokine storms, which can cause multiorgan dysfunction

[26].

To-llike receptors (TLRs) are involved in innate immunity by recognising
pathogens such as bacteria, viruses, fungi and activating the nuclear factor kappa B (NF-
kB) signaling pathway to produce IL-6 and other inflammatory cytokines. Intriguingly, IL-

1 and TNF production stimulates IL-6 generation as well [27].

Increases in IL-6 following invasion by viruses or bacteria are rapid and short-
lived. After a bacterial infection has set in, the amount of IL-6 quickly increases, reaching
a peak after only 2 hours; this rise is correlated with the severity of the infection. One of
the reliable markers of stress reactions, IL-6 is rapidly elevated in response to viral
infection and inflammation. It may play a significant role in adaptive immune response by
stimulating the differentiation of naive CD4+ T cells into effector T cells and activating B
cells to produce antibodies. In response to inflammation, IL-6 levels rise sooner and
remain elevated for longer than those of other cytokines like C-reactive protein (CRP) and

procalcitonin (PCTs) [5], [25], [28].



Chapter One Introduction & Literature Review

1.2.1.2. IL-6 family of cytokines

All members of the interleukin-6 (IL-6) cytokine family share the same
glycoprotein 130 (gp130, IL6ST) receptor signalling subunit. This includes IL-6, IL-11,
IL-27, IL-31, ciliary neurotropic factor (CNTF), leukaemia inhibitory factor (LIF),
cardiotrophin 1 (CT-1), cardiotrophin-like cytokine (CLC), and oncostatin M (OSM). The
specificity of a cytokine is determined by its specific cell-surface receptor, which has a
limited distribution and dimerizes with the ubiquitously expressed gp130 subunit. This

specific arrangement is what makes some cell types more sensitive to particular cytokines

[3].

In addition to activating mitogen-activated protein kinase (MAPK) and
extracellular signal-regulated kinase (ERK), all IL-6-related cytokine receptor complexes
transduce intracellular signals via the Janus kinase (JAK)-signal transducer and activator
of transcription (STAT) pathway.-protein kinase B (PKB)/protein kinase Akt signalling
[29]. STATs enter the nucleus upon activation and turn on genes dependent on their

environment [30].

STATSs also induce the suppressors of cytokine signalling (SOCS), which, through
a negative feedback loop, inhibit IL-6 family signalling by binding to tyrosine-
phosphorylated JAK and tyrosine-phosphorylated gp130. It has been noted that some
members of the IL-6 family present an affinity to more than one specific receptor and can

induce the same or different physiological outcomes [3].

Patients with kidney diseases, such as diabetic nephropathy, glomerulonephritis,
and obstructive nephropathy, have been found to have increased levels of IL-6 cytokine
family members in their renal tissue. Members of the IL-6 cytokine family are expressed

7
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and secreted by podocytes, endothelial cells, mesangial cells, and tubular epithelial cells in
the kidney. Signalling through IL-6 cytokine family members can increase
tubulointerstitial fibrosis, affect cell differentiation, or stimulate cell proliferation in these

cell types [31].

Members of the IL-6 cytokine family display a wide range of both beneficial and
pathogenic effects, earning them the moniker "double-edged sword". Often, pathogenic
results occur when signalling goes beyond a certain point. 1L-6, for instance, promotes the
damaging inflammatory response and acts via its soluble receptor to increase expression in

injured kidneys, but it also protects the kidney from further acute injury [32].

1.2.1.3. IL-6 receptor complex

The active IL-6 receptor complex is made up of two subunits, an 80-kD type 1
cytokine receptor (IL-6Ra) and a 130-kD signal-transducing receptor (IL-6Rp); IL-6R« is
expressed exclusively in certain cell populations, whereas IL-6R[3 is expressed by every
cell type [33-34]. A variety of mechanisms, such as internalization, recycling, and

proteolysis, are responsible for keeping the same level of IL-6R at the cell surface [35].

Hepatocytes, muscle cells, epithelial cells, and several immune cell subsets (T
cells, B cells, monocytes, macrophages, and megakaryocytes) are the primary cell types
that express the IL-6R. Based on their unique gene expression profiles, only these cells
will respond to IL-6 via the classical signaling route. Notably, almost all cells express
gp130, with granulocytes being the only observed exception [36]. Therefore, the IL-6R
needs a signal-transducing receptor in order to activate intracellular signaling cascade [37].

Homodimerization of gp130 is triggered by the assembly of the IL-6/IL-6R complex at
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sites Il and Il of IL-6. Transmembrane protein Gp130 has six extracellular domains, a

transmembrane segment, and an intracellular domain [37-38].

The process of dimerization of gp130 leads to the initiation of Janus kinases (Jaks)
activation. These Jaks are initially bound to gpl30 in an inactive state, but upon
dimerization, they become active and proceed to phosphorylate themselves as well as
specific tyrosine residues of gp130 [39]. Inside the cell, the tyrosine phosphorylation of
gpl30 provides a docking site for the STAT transcription factors, which are
phosphorylated by the Jaks, translocate as dimers into the nucleus, and induce the

transcription of target genes [40].

The suppressor of cytokine signalling 3 (SOCS3) is an example of one of these
targets; it inhibits Jak/STAT signalling by binding to a membrane-proximal tyrosine
residue of gp130 and also to the Jaks themselves [41]. Because inflammation and cancer
growth are linked to dysregulated and extended activation of Jak/STAT signalling, this
regulation mechanism is crucial [35]. Mitogen-activated protein  kinase
(MAPK)/extracellular signal-regulated kinase (ERK) route, phosphoinositide 3-kinase
(PIBK)/AKT pathway, and Src kinase/YAP pathway are all examples of activated signal

cascades [42-43].

1.2.1.4. Soluble IL-6R and GP130

Many cytokines have soluble receptors that serve as agonists or antagonists of
cytokine signaling, making them crucial regulators of inflammatory events. To counteract
the effects of their ligands, the soluble receptors for interleukin-1 beta (sIL-1RII) and
tumor necrosis factor-alpha (STNFRI and sSTNFRII) are called antagonists. The sIL-6R, on
the other hand, activates cell types that express the signal transducer protein gp130 but

9
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lack mbIL-6R expression, thereby amplifying IL-6-mediated signaling. Not all cell types
respond to IL-6 because not all cell types express IL-6R on the cell surface. Macrophages,
neutrophils, specific T-cells, and hepatocytes are all examples of such cells. Unlike the IL-

6R, gp130 expression is ubiquitous [44].

The IL-6/sIL-6R complex binds to IL-6 with high affinity and exerts an agonistic
effect on cells expressing gp130. Trans-signaling refers to the activation of cells that only
express gpl30 through the IL-6/sIL-6R complex, whereas classic-signaling refers to the

activation of cells through the mbIL-6R in complex with IL-6 [45-46].

Lymphocyte trafficking into the inflamed area is regulated by chemokine
expression, which is in turn regulated by gp130 activation via trans-signaling. In addition
to its role in regulating adhesion molecule expression on endothelial cells, IL-6 trans-
signaling also promotes T-cell proliferation during colon cancer development. The sIL-6R
can be produced via two distinct pathways. Metalloprotease activity is required for the first
step, which is the proteolytic cleavage of the mbIL-6R. For the second, a splice variant of
IL-6R-mRNA is transcribed that lacks the protein's transmembrane and cytosolic domains
[47]. ADAM proteases are type-l transmembrane proteins that play an important role in

the limited proteolysis (shedding) of many cytokine receptors. [48-49].

ADAM10 and ADAML17 are the most closely related of the many ADAM
proteases (the human genome contains 25 ADAM genes), and they share a large number of
substrates [47]. Both ADAM17 and ADAM10 have been shown to bind to the IL-6R.
Slow constitutive IL-6R shedding appears to be mediated by ADAM10, while rapid IL-6R
proteolysis is triggered by ADAM17 upon proper activation. [50]. The phorbol ester

phorbol-12-myristate-13-acetate (PMA), a well-characterized activator of protein kinase
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C(PKC), can induce ADAM17 activation and subsequent cleavage of the IL6R. The pro-
inflammatory cytokines IL-1 and TNF-, the bacterial toxins streptolysin O and hemolysin
A, the removal of cellular cholesterol, and the proteasome inhibitor bortezomib can all

activate ADAML17 [47].

It is worth noting that a soluble form of the signal transducer protein gp130
(sgp130) was also detected in the circulation at relatively high concentrations (100-400
ng/ml in human plasma). Alternative splicing, rather than restricted proteolysis, is the
primary mechanism by which Sgp130 is generated. Because of its ability to bind to the
circulating IL-6/sIL-6R complex, sgp130 blocks IL-6-mediated trans-signaling. sgp130
has no effect on canonical signaling through the mbIL-6R. Signaling for other IL-6-type
cytokines, such as LIF and OSM, was inhibited at 100-1000-fold higher concentrations,
whereas signaling for CNTF and IL-27 was unaffected. This suggests that sgp130 is

specific for the IL-6/sIL-6R complex [47].

1.2.1.5. The structure of IL-6

IL-6 is a member of the interleukin family and was found to be a secreted 26 kD
protein. Single-chain glycoprotein IL-6 has a receptor binding site at its C-terminus (amino
acids 175-181) and consists primarily of four-helices [51]. In addition to its helical
structure at the C-terminus, which is involved in binding to the receptor, its tertiary
structure consists of four helixes containing 184 amino acids. Human IL-6 is coded for by
a gene that spans chromosome 7 and includes four introns and five exons. Human IL-6
precursor contains 212 amino acids; after the N-terminus, including 28 amino acids, is

removed, the resulting protein, mature IL-6, has 184 amino acids [52-53].
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The IL-6 gene in humans is 65% similar to the IL-6 gene in mice, whereas the
amino acid sequence is only 42% similar. Rat IL-6 shares a 93% amino acid identity with

mature mouse IL-6 and a 58% amino acid identity with human IL-6 [53-54].

The cytokine interleukin-6 (IL-6) has three receptor binding sites; one is for the IL-
6 binding receptor protein (IL-6R), and the other two are for the signal-transducing protein
(gp130). Cell-cell communication is initiated when IL-6 binds to its receptor. Two types of
interleukin-6 receptors (IL-6R) exist: IL-6R (also known as CD126 or gp80) and IL-6R
(also known as CD130 or gp130). Of the two, IL-6R is mostly located on the cell surface
of hepatocytes, neutrophils, macrophages, and certain lymphocytes and has a molecular
weight of 80 kDa. After glycosylation, gp130's molecular weight can swing between 100
to 130 kDa. It is expressed on the surface of virtually all cells and performs a signal
transduction role in the body. These cells include the heart, kidney, spleen, liver, lungs,
placenta, and brain. Homodimerization of gp130 and the initiation of signal transduction

are initiated when IL-6 binds to IL-6R and then to gp130 to form a trimer [53], [55-56].

1.2.1.6. Functions of IL-6

1.2.1.6.1. Acute phase response

One of the key mediators of acute phase reactions is interleukin-6 [57]. Since
hepatocytes express significant levels of IL-6R and gp130, it was often believed that I1L-6
only affected the liver. However, it has become increasingly obvious that IL-6 does not act

exclusively on the liver [27].

Interleukin-6 (IL-6) functions as an acute phase protein, augmenting the

inflammatory response within the human body. The majority of its effects are primarily
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mediated by the liver, where it undergoes processing and initiates an inflammatory
cascade, leading to the production of various proteins such as C-reactive protein (CRP),
serum amyloid A (SAA), fibrinogen, haptoglobin, and a1-antichymotrypsin. Interleukin-6
(IL-6) additionally induces a decrease in the concentrations of albumin, zinc, and iron via

diverse mechanisms [34].

C-reactive protein (CRP) is an example of a pattern recognition molecule since it
recognises and binds to certain cellular and viral surface antigens. C-reactive protein
(CRP) that is coupled to a ligand acts as an opsonin and can initiate the classical

complement cascade [58].

The measurement of serum levels of acute phase proteins is a common practise in
clinical settings, where it is frequently used to establish a correlation between these protein
levels and the extent of inflammation. In an in vitro setting, hepatocytes exhibit a response
similar to other cytokines in the IL-6 family, resulting in the production of acute phase
proteins. However, studies have demonstrated that mice lacking IL-6 display a
significantly compromised acute phase response. Furthermore, the inhibition of the IL-6
receptor in individuals diagnosed with rheumatoid arthritis (RA) leads to a decrease in the
levels of acute phase proteins. This observation suggests that IL-6 plays a crucial role as a

cytokine in initiating the acute phase response of the liver [59].

1.2.1.6.2. Immune Response

In particular, the impact of IL-6 on the immune system is intriguing since it has an
impact on both innate and acquired immunity. In terms of innate immunity, IL-6 is in
charge of maturing the inflammatory infiltrate and encouraging neutrophil migration and
infiltration by mononuclear cells. In terms of acquired immunity, IL-6 also exhibits its
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activity both on T-cells and on B-cells, serving as a chemoceptor for monocytes at the site
of inflammation. With regard to the latter, it exerts a differentiative effect on active plasma
cells, raising serum gamma-globulin levels. In fact, Castelman's illness, which responds to

treatment with an anti-1L-6, shares both of these symptoms [27].

The role of IL-6 in T-cells is especially important because it is linked to a wide
range of diseases. IL-6 primarily affects CD4+ T-cell differentiation, namely by promoting
Th17 differentiation while suppressing T-reg differentiation. Th17 differentiation helps
suppress inflammation and boosts di-erentiation by encouraging IL-6 production. TNF, IL-
1, IL-17, 1L-21, and IL-22 are only some of the cytokines released by Thl7 cells that

promote inflammation and a fibrotic response in the tissue [60].

By blocking transforming growth factor (TGF), IL-6 suppresses T-reg cell
production. Under the correct circumstances, IL-6 can operate as an autoinflammatory
mediator, impairing the body's ability to recognise self and promoting fibrosis and
inflammation instead. Its relevance in numerous autoimmune illnesses has been proven,

and it is now a common target of treatment [51], [61].

1.2.1.6.3. Bone Homeostasis's

The stages of inflammation, regeneration, and remodeling are all necessary for a
broken bone to mend properly. Evidence from the mouse femur osteotomy model indicates
that interleukin-6 (IL-6) plays a crucial role in bone healing by reducing inflammation,
immune cell recruitment, and bone regeneration during the early phase while disrupting
bone formation and remodeling throughout the repair phase [62]. However, bone loss

occurs due to persistent inflammation. Essential for osteoclastogenesis, receptor activator
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of nuclear factor kappa B ligand (RANKL) is induced by inflammatory cytokines like

interleukin-6 (IL-6) [63].

In the bone marrow, IL-6 acts as a guide for cell differentiation, encouraging the
development of neutrophils and megakaryocytes and, in conjunction with IL-3, increasing
the dierentiation of megakaryocytes in platelets. Indeed, IL-6 production is linked to
anemia, like many other inflammatory agents; its effects on hepatocytes include the in

vitro generation of hepcidin, however, this has not been verified in vivo [27].

1.2.1.6.4. Blood Vessels

Vascular permeability enhancement is a protective process that allows immune
cells to enter tissues, eliminate infections, and repair tissue damage. This also paves the
way for the transportation of immune-related proteins like cytokines, antibodies, and
complements to areas of inflammation. The major protein responsible for mediating the
adhesion of neighboring cells by hemophilic binding is vascular endothelial (VE)-
cadherin, and its disintegration results in leakage in the blood vessels. Since gp130 is
expressed by endothelial cells but IL-6R is not, IL-6/sIL-6R trans-signaling induces

endothelial cells to promote VE-cadherin phosphorylation and internalization [64].

Inflammatory cytokines, such as interleukin-6 (IL-6), have the ability to stimulate
the production of vascular endothelial growth factor (VEGF) from adipose tissue or other
cellular sources. Additionally, these cytokines can cause the phosphorylation and

internalization of VE-cadherin in endothelial cells [59].

Moreover, edema is exacerbated by a decrease in liver aloumin due to IL-6. In

severe cases of acute systemic inflammation, such as those seen in sepsis or cytokine-
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releasing syndrome, extreme hyperpermeability causes a shock-like vital condition. In this
example, IL-6 levels are associated with outcome. The IL-6 trans-signaling inhibitor

sgp130-Fc increased survival in a cecal ligation and puncture sepsis model [65].
1.2.1.6.5. Coagulation System

Inflammation causes macrophages to secrete IL-6-induced tissue factor [66]. The
coagulation system is activated by TF, which triggers the extrinsic coagulation pathway.
After prothrombin has been activated, thrombin is made, which cleaves fibrinogen to fibrin
and initiates fibrin clot formation via activation of factors Vlla and Xa. Human trials of
recombinant IL-6 showed that the protein stimulated coagulation by increasing levels of

thrombin-antithrombin 111 complexes and the prothrombin activation fragment F1 + 2 [67].
1.2.1.7. IL-6 Signaling pathways

Classical signaling, trans-signaling, and trans-presentation signaling are the major

mechanisms by which IL-6 signals are transmitted [5].
1.2.1.7.1. IL-6 Classic Signaling

Many cytokines, including IL-6, have a classical signaling system in which all
receptor components are located on the same cell surface, also known as a cis-signaling
(classical) system [68]. Classical IL-6 signaling occurs when IL-6 binds to the IL-6R on
cells' membranes. Hepatocytes, neutrophils, monocytes, and T cells are the primary cell
types that express mIL6R and benefit from the physiological functions mediated by IL-6

[69-70].
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When interleukin-6 (IL-6) binds to its particular receptor, interleukin-6 receptor
(CD126), an IL-6/IL-6R complex is formed, leading to homodimerization of the signal
component gp130 (CD130). The intracellular domain of IL-6R is only 82 amino acids long
and cannot transmit signals on its own. In comparison, gp130 is 277 amino acids long and
has a phosphorylation site-rich cytoplasmic domain[68]. Homo-dimerization of gp130 and
subsequent phosphorylation of tyrosine residues in the cytoplasmic portion of gp130
initiate IL-6 intracellular signaling by activating cytoplasmic Janus kinases (JAKs: JAK1,

JAK2, and TYK2) [59].

The downstream signaling molecules, namely the signal transducer and activator
of transcription 3 (STAT3), STAT1, and SH2 domain-containing protein-tyrosine
phosphatase 2 (SHP2), are recruited to the tyrosine-phosphorylated motifs of gp130. The
JAKSs phosphorylate STAT3 and STAT]1, leading to their translocation to the nucleus and
subsequent generation of the transcriptional output. The SHP-2 protein is responsible for
the activation of the Ras-MAP kinase pathway. The intracellular signaling of IL-6 is
modulated by molecules that either inhibit or promote its activity. The STAT3 protein is
responsible for the activation of negative feedback molecules, namely suppressor of
cytokine signaling 1 (SOCS1) and SOCS3 proteins. The protein known as Suppressor of
Cytokine Signaling 1 (SOCS1) interacts with and exerts inhibitory effects on Janus kinase
(JAK). The protein suppressor of cytokine signaling 3 (SOCS3) forms a complex with the
glycoprotein 130 (gp130) receptor and acts as an inhibitor of the SHP2 signaling pathway.
The STAT3 protein is known to activate the expression of the Arid5a molecule through a
positive feedback mechanism. Arid5a, in turn, selectively enhances the stability of Stat3

MRNA by binding to the 3' untranslated region (3'UTR) of the Stat3 gene, thereby
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amplifying the STAT3 signaling pathway. The magnitude of the IL-6 response is

determined by negative or positive feedback mechanisms [59], [68].
1.2.1.7.2. IL-6 Trans-signaling

Trans-signaling can also occur when IL-6 binds to the serum-bound soluble version
of the IL-6 receptor (SIL-6R). Cells that express gp130 can still be activated by the IL-
6/sIL-6R complex even in the absence of membrane IL-6R[71-72]. The generation of sIL-
6R occurs via proteolytic cleavage of mIL-6R by members of the metalloprotease gene
family, namely ADAM10 and ADAML17, or through direct secretion subsequent to the

translation of alternatively spliced mMRNAs [71].

In humans, both ADAM17 and ADAM10 appear to stimulate sIL-6R secretion,
whereas in mice, only ADAM10 has been linked to sIL-6R synthesis and secretion.
Apoptotic pathways (such as DNA-damage, UV radiation, and Fas ligation) as well as
phorbol-esters and the cytokines IL-1 and TNF- activate ADAM10 and ADAM17 [69],
[73]. The interaction between interleukin-6 (IL-6) and soluble 1L-6 receptor (SIL-6R),
followed by the binding of this complex to the gpl30 receptor on tissue cells. The
transduction of IL-6/sIL-6R signaling follows a comparable pathway to that of classical
IL-6R signaling. The utilisation of sIL-6R offers an additional benefit as it facilitates the

binding of circulating IL-6, thereby significantly prolonging the half-life of IL-6 [69].

Furthermore, the soluble interleukin-6 receptor (sIL-6R) plays a role in the
interaction between leukocytes and vascular endothelium, leading to the production of
monocyte chemoattractant protein-1 (MCP-1) by the endothelial cells. MCP-1 is a crucial
chemokine that controls the infiltration of monocytes and macrophages into the vascular
wall [74].
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Later research verified that sIL-6R was significantly elevated in the blood of
patients with inflammatory illnesses such as rheumatoid arthritis and chronic inflammatory
bowel disease. Importantly, sIL-6R has been shown to induce carcinogenesis in chronic

inflammation-associated cancers such as colitis-associated cancer [75].

There are consistently high amounts of sIL6R (25-75 ng/mL) in human serum, and
these concentrations increase by a factor of two to three during inflammation. Several
disorders, such as bipolar disorder and significant depression, are associated with increased
levels of circulating soluble IL6R. The extent to which trans-signaling occurs depends on

the I1L-6 to sIL6R/IL-6 ratio [73].
1.2.1.7.3. Trans-presentation signaling

Trans-presentation of interleukin-6 (or IL-6) is a kind of IL-6 cluster signaling. To
participate in IL-6 cluster signaling, a donor cell must in trans deliver I1L-6 to a recipient
cell through its own membrane-bound IL-6Ra. For instance, SIRP1+ DCs (DC2) are able
to carry out this trans-presentation by loading IL-6 on their IL-6R prior to IL-6R being

displayed on the cell surface [76].

The donor cell's IL-6R/IL-6 complex can only be detected by the recipient cell's
gp130 if the two cells are in close proximity to one another. To take up an IL-6 signal via
trans-presentation, it is not necessary for the receiving cell to express IL-6R, as is the case

with trans-signaling [77].

In contrast to the first two signal aspects, downstream T cell signaling is initiated
by IL-6 binding to mIL-6R expressed on immune cells, which then forms a complex with

gp130 on T helper 17 (TH17) cells. Dendritic cell-bound mIL-6R and IL-6 are delivered to
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T cells with the gp130 receptor, phosphorylating STAT3 in T cells, and setting off T cell
activation [78]. The observation of this mechanism in human models has not yet been

documented [79].

1.2.2. Chronic kidney disease (CKD)

The kidney plays a crucial role in human health. The kidneys play a crucial role in
excretion and osmoregulation. To put it simply, the kidneys and excretion systems remove
waste and toxins from the body. If the illness is diagnosed early and the right treatments
are initiated, the patient can live for a long time despite having impaired kidney
functioning. However, it is typical for the patient's health to worsen and the nephron count
to drop precipitously over time. Therefore, the patient's life is in jeopardy due to an
increase of dangerous substances in the blood. Kidney failure that has progressed to its last

stage is said to be terminal [80].

Chronic kidney disease (CKD) is characterized by impaired renal function, as
measured by a glomerular filtration rate (GFR) of less than 60 mL/min per 1.73 m2, or by
the presence of indicators of kidney damage, or by both, and persisting for more than 3
months. Albuminuria, urine sediment abnormalities, electrolyte and other abnormalities
due to tubular disorders, abnormalities detected by histology, structural abnormalities
detected by imaging, and a history of kidney transplantation are all considered markers of
kidney damage according to 2012 guidelines from Kidney Disease Improving Global

Outcomes (KDIGO) [81] .

Diabetes, metabolic syndrome, obesity, arterial hypertension (AH), and
cardiovascular disease (CVD) are all examples of non-communicable diseases that are
strongly linked to the development of chronic kidney disease (CKD).The prevalence of
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CKD has increased by almost 30% since 1990; this rise is correlated with increasing
treatment costs attributable to renal replacement therapy (RRT) and the prolonged use of
dialysis for patients with end-stage renal disease (ESRD). RRT currently serves about 2.5

million people, but that number is predicted to rise to 5.4 million by 2030 [82].

Diagnosis is typically made by estimating GFR using many available equations or,
less frequently, by measuring GFR by exogenous markers because patients are generally
asymptomatic or have non-specific symptoms such lack of appetite, pruritus, and fatigue.
Renal biopsies aid in diagnosis as well, typically revealing glomerular sclerosis, tubular

atrophy, and interstitial fibrosis [83].

The inflammatory response is an essential and normal defense mechanism. Through
a series of stages assisted and coordinated by cytokines, chemokines, and acute-phase
proteins, it is responsible for the migration of immune system cells to the stimulus target
site. This solves the issue and allows business as usual to resume in an emergency
situation. However, tissue damage and fibrosis may result from chronic inflammation.

Therefore, it has been linked to several ailments, chronic kidney disease included [84].

1.2.2.1. Staging of Chronic kidney disease

The criteria for the diagnosis of CKD were established in 2002 by the Kidney
Disease Outcomes Quality Initiative (KDOQI) recommendations. Previous definitions of
nephropathy had been replaced by the newer classifications, which placed more emphasis
on identifying the disease in its earliest stages and relied on a variety of poorly specified
descriptive factors [85]. CKD is defined as structural or functional impairment for three
months or more, as per the KDOQI recommendations and subsequent Kidney Disease
Improving Global Outcomes (KDIGO) adjustments. Chronic kidney disease (CKD) is
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typically divided into "stages™ based on the patient's glomerular filtration rate (GFR) and
albuminuria. Kidney disease is classified into five stages by GFR, with an extra three for
each stage identified by alouminuria. Classification in CKD staging predicts renal survival,
therefore the combination of GFR (CKD stages, I-V) and albuminuria (A1-3) thresholds
takes on added prognostic value. However, the benefit of CKD categorization in
forecasting the progression of nephropathy and, most importantly, in establishing an
effective preventative strategy is severely constrained by three issues: lack of consensus on
an age-adjusted CKD staging system, assessment of albuminuria, and GFR calculation

methodologies [86].

1.2.2.2. Glomerular Filtration Rate

The estimation of glomerular filtration rate (eGFR) is a widely utilized clinical
assessment to evaluate an individual's renal function and to classify the severity of kidney
disease in the event of renal impairment. The outcomes of glomerular filtration rate (GFR)
estimation are expressed in milliliters per minute per square meter (mL/min/m2).The
glomerular filtration rate (GFR) is directly associated with the flow rate per unit area
across the glomeruli, which are the filtering structures within the kidneys. The glomerulus
is a complex arrangement of capillaries situated at the proximal end of a nephron within
the renal system. The process of blood filtration occurs as the blood traverses the capillary
walls by means of the glomerular filtration barrier. Subsequently, the filtrate proceeds to

enter the renal tubule within the nephron[87].

Reduced blood flow or fewer active nephrons can both lead to a drop in GFR. The
rate of progression of kidney disease and its classification as either acute or chronic can be

established by a single or numerous diagnostic tests [88]. The kidneys are not functioning
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as they ought to if the GFR is low. According to estimated GFR, clinicians can determine
the severity of renal disease and arrange a course of treatment. In order to determine the

best medicine dosage, glomerular filtration rate is frequently needed[87].
1.2.2.3. End-stage kidney disease

End-stage renal disease (ESRD) represents the final stage (stage 5) of Chronic
Kidney Disease (CKD), wherein the kidneys are functioning at a filtration capacity of 15%
or less. The decline in filtration capacity is linked to a diverse array of complications,
including hypertension, anemia, malnutrition, bone disease, neuropathy, and a diminished
quality of life. The management of end-stage renal disease encompasses not only dialysis
or renal replacement therapy, but also entails fluid and dietary regulation, medication

administration, and active involvement in scheduling treatment [13].

Patients with ESRD need close observation since prompt referral to a renal
transplant program or dialysis treatment is crucial for their survival. The mortality rate of

ESRD patients is higher than that of the general population [89].
1.2.2.4. Dialysis

Dialysis is a procedure for purifying the blood by removing waste products and
excess fluid. In the case of renal failure, it is a prosthetic kidney that performs the same
functions. Dialysis cannot replace kidney function in its entirety, although it can control
certain of the kidney's functions through diffusion and ultrafiltration. When the glomerular
filtration rate (GFR) is less than 15 ml/min/1.73 m2, a patient is diagnosed with chronic

renal failure (CRF) [90]. Dialysis can be either hemodialysis (HD) or peritoneal dialysis
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(PD). HD is often performed at outpatient dialysis centers three times a week, whereas PD

can be done by the patient at home or in any other sterile setting [91].
1.2.2.4.1 Hemodialysis

Patients with end-stage renal disease (ESRD) often undergo hemodialysis, an
extracorporeal blood-cleansing treatment, to get rid of the uremic poisons that have built
up in their bodies. Electrolytes, including potassium, sodium, phosphate, and calcium, are
all kept in check by hemodialysis as excess fluids are flushed out of the body. The process
of hemodialysis consists of the following: A dialyzer (an artificial kidney with as many as
15,000 hollow fiber membranes) is attached to a dialysis machine, and the patient's blood
is pumped out through a vascular access and filtered. After being treated, the blood is
reintroduced to the patient's circulatory system. Toxins with molecular weights of less than
500 Daltons (Da) can be effectively removed from ESRD patients' blood with this
treatment, along with a negligible quantity of the middle-weight molecules (MW 500—
32,000 Da). Through the use of semipermeable membranes and other separation
techniques, including diffusion and ultrafiltration, excess blood pressure is used to push
water and solutes through the membrane and into the dialysate side of the system. On the

other side of the membrane, dialysate is used to treat the patient [92].

Hemodialysis is a process wherein urea and other low molecular weight
compounds are exchanged from the patient's blood into an electrolyte and pH balanced
dialysis solution through the use of an extra-corporal filtering/dialysis membrane.
Depending on factors such remaining kidney function, protein intake, body size, and
tolerance for fluid clearance, the frequency and length of dialysis treatment can vary.

Hemodialysis is performed three times weekly, with each session lasting three to four
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hours on conventional dialysis machines and significantly less time on high efficiency or

high-flux dialysis machines [93].
1.2.2.4.2 Peritoneal dialysis

Patients with chronic kidney disease (CKD) have the option of undergoing
peritoneal dialysis (PD), a kind of renal replacement therapy that can be performed at
home [94]. PD is less expensive than hemodialysis and has a similar survival rate; it also
protects the remaining kidney function better and removes solutes and fluid more
gradually. Despite PD's efficacy in treating ESKEF, it is still under prescribed. Infections,
including peritonitis and a lack of catheter patency, are likely to blame for the inefficiency
and short lifespan of PD. Therefore, PD treatment may be discontinued after only a short
period of time. Long-term PD patients are most concerned about the dialysis fluid's
biocompatibility, or its ability to maintain the peritoneal membrane's native anatomical and
functional properties. It is possible that neoangiogenesis, inflammation, and fibrosis will
develop after the peritoneal membrane has been exposed to the very un-physiological
composition of typical PD fluids for an extended period of time. Increased transport of

low-molecular-weight solutes is a hallmark of peritoneal injuries of this type [95].
1.2.2.5. Risk factors of chronic kidney disease

Chronic kidney disease (CKD) is characterized by a complex and varied set of risk
factors. It has been hypothesized that common risk factors, such as longer duration of
diabetes, hypertension, impaired metabolic regulation, smoking, obesity, and
hyperlipidemia, enhance the likelihood of diabetic complications. The kidneys are more

vulnerable to damage and impairment when blood pressure (BP) and glucose levels are
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kept low. Similarly, some contextual factors have been demonstrated to be positively

associated with CKD. These include age, smoking, and body mass index [95-96].

Patients with type 2 diabetes mellitus (T2DM) and chronic heart failure (HF) have
an elevated chance of developing chronic kidney disease (CKD), which is associated with
an increased risk of death and a decrease in quality of life. Patients with preexisting CKD
frequently also suffer from type 2 diabetes and/or heart failure. The complex relationship
between myocardial, vascular, and renal injury closely overlaps in conventional
cardiovascular (CV) and unique kidney-specific (anemia, malnutrition, altered bone
mineral metabolism, etc.) risk factors, and strongly links these conditions
pathophysiologically. Patients of all HF phenotypes commonly observe a deterioration in

kidney function, which is attributed in large part to the aforementioned risk factors [98].

Recent research has linked acute kidney injury (AKI) to either a worsening of CKD

or the onset of CKD in those who previously did not have the disease [82].

1.2.2.6. IL-6 and Chronic kidney disease

One of the most extensively researched cytokines in kidney illness, IL-6 is well
recognized for its pro-inflammatory effects, such as B-cell activation and induction of
hepatic acute phase proteins. However, it is also involved in metabolic, regenerative, and

neurological processes [99].

The presence of elevated plasma interleukin-6 (IL-6) levels is frequently observed
in patients with chronic kidney disease (CKD). This phenomenon is primarily attributed to
heightened production as a consequence of oxidative stress, chronic inflammation, and

fluid overload. In addition, the diminished renal function plays a role in the accumulation
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of IL-6 by reducing its clearance. In patients with end stage renal disease (ESRD), both
therapeutic hemodialysis and peritoneal dialysis have been observed to elicit inflammatory
responses and enhance the production of interleukin-6 (IL-6). Interleukin-6 (IL-6) has been
found to expedite the advancement of chronic kidney disease (CKD) through its dual role
of exacerbating renal injury and instigating associated complications, notably chronic
vascular disease (CVD). The evidence supports the notion that IL-6 plays a significant role
in initiating endothelial injury primarily by downregulating the expression of endothelial
nitric oxide synthase (eNOS) and adiponectin, which is an adipokine known for its anti-
atherogenic properties. Furthermore, the administration of recombinant IL-6 has been
shown to worsen the progression of atherosclerosis. These findings provide insight into the
potential contribution of IL-6 to the heightened occurrence of cardiovascular disease
(CVD) in individuals with chronic kidney disease (CKD). The presence of an elevated
interleukin-6 (IL-6) level in individuals with chronic kidney disease (CKD) is not solely a
result of the disease itself. Rather, it plays a crucial role as a catalyst for the advancement

of CKD and its associated complications[24].

All of the kidney's cell types (podocytes, mesangial, endothelial, and epithelial)
produce IL-6. Given the apparent harmful net effect of IL-6 in renal cells, it is generally
agreed that IL-6 plays a significant role in the initiation or advancement of CKD. It has
been established that increased levels of systemic IL-6 are present even in the earliest
stages of CKD, and that these levels are an independent predictor of mortality in the latter
stages of the disease. Elevated IL-6 levels may be a symptom of CKD rather than an
independent pathogenic cause, as impaired function has been linked to decreased renal
clearance of IL-6 [100]. The mesangial proliferation in mesangial proliferative

glomerulonephritis is induced by IL-6, and increased levels of IL-6 in the urine and the

27



Chapter One Introduction & Literature Review

kidneys are associated with poor outcomes. While 'traditional’ signaling blockade of 1L-6
and IL-6 R and inhibition of the 'trans' signaling pathway with sgp130Fc, as well as
antibodies targeting other members of the IL-6 cytokine family, have both been used in

preclinical and clinical investigations, they have yielded conflicting findings [101].

while many other cytokines have been shown to have a role in the onset or
progression of chronic kidney disease, targeting 1L-6 specifically for anti-inflammatory
intervention in CKD looks to be a promising route to follow. Despite this, there are no IL-
6 inhibitors approved for use in CKD, and clinical attempts to suppress IL-6 in CKD have
been limited. Canakinumab had no positive effect on kidney function, but the CANTOS
trial provided indirect evidence that patients with CKD and elevated IL-6 levels are a
subgroup that benefits greatly from intervention to reduce inflammation and thus reduce

their risk of cardiovascular disease [102].

1.2.3. Diabetes mellitus

Diabetes mellitus encompasses a collection of disorders pertaining to the
metabolism of carbohydrates, characterized primarily by the presence of persistent
hyperglycemia. This condition arises from impairments in either insulin secretion, insulin
function, or a combination thereof. The presence of metabolic abnormalities in diabetes
can be attributed to the diminished production of insulin and/or the resistance of target
tissues to insulin. The disease primarily impacts skeletal muscles and adipose tissue, as
well as the liver, specifically targeting insulin receptors, the signal transduction system,

and/or effector enzymes or genes [103].

Polyuria, polydipsia, weight sometimes accompanied by polyphagia, and a
generalized feeling of fuzziness in the eyes are all signs of high blood sugar. It can also
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increase a person's vulnerability to some infections and slow their growth. Consequences

that pose an immediate risk to human life due to untreated diabetes [102-103].

Indeed, this illness is marked by a high degree of familiarity, and its prevalence
varies among ethnic groups, from the black and Hispanic to the members of certain
minority groups in the United States and Canada, such as the American Indian and Alaska

Native[105].

1.2.3.1. Types Diabetes mellitus

Type 1 diabetes (T1D) is an autoimmune disease that occurs when T lymphocytes
specifically target and destroy insulin-producing -cells in the pancreas. The medical term
for type 1 diabetes is insulin-dependent diabetes mellitus (IDDM).In children, this form of

diabetes accounts for 5- 10% of all cases [18].

Type 1 diabetes (T1D), formerly known as "juvenile diabetes™ due to its prevalence
among children, has been recognized as a prevalent chronic condition. However, it is
important to note that T1D can now be diagnosed across all age groups, highlighting its
evolving clinical presentation. The aforementioned condition typically manifests
predominantly during the age range of 5 to 7 years and also during or around the onset of
puberty. The medical condition is distinguished by the body's absolute incapacity to
generate insulin, a vital anabolic hormone responsible for facilitating the utilization of
glucose by the body's cells for energy. Significantly, insulin plays a crucial role in
facilitating the transportation of glucose into muscle and adipose cells. It also promotes the
storage of glucose as glycogen in the liver and facilitates the synthesis of fatty acids.
Additionally, insulin stimulates the uptake of amino acids and hinders the breakdown of
fat in adipose tissue. Furthermore, it promotes the uptake of potassium into cells [106].
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Type 2 Diabetes Mellitus (T2DM) is one of the most prevalent metabolic disorders
in the world, and its development is predominantly due to a combination of two main
factors: defective insulin secretion by pancreatic -cells and the inability of insulin-sensitive
tissues to respond to insulin. Therefore, the molecular mechanisms involved in the
synthesis and release of insulin, in addition to the insulin response in tissues, must be
tightly regulated. Therefore, defects in any of the involved mechanisms can result in a

metabolic imbalance that contributes to the pathogenesis of type 2 diabetes [107].

Type 2 Diabetes Mellitus (T2DM) has historically been known as non-insulin-
dependent diabetes or adult-onset diabetes. It is characterized by insulin resistance, which
can gradually escalate to absolute resistance. However, in recent years, there has been a

growing recognition of reduced B-cell function as a significant issue in T2DM [108].

Patients diagnosed with Type 2 Diabetes Mellitus (T2DM) commonly exhibit
prominent features such as obesity or an elevated body fat composition, primarily
concentrated in the abdominal area. In this pathological state, the adipose tissue
contributes to the development of insulin resistance (IR) through a multitude of
inflammatory mechanisms. These mechanisms encompass heightened liberation of free
fatty acids (FFASs) and dysregulation of adipokines. The primary contributing factors to the
epidemic of Type 2 Diabetes Mellitus (T2DM) encompass the escalating worldwide
prevalence of obesity, sedentary behaviors, high-calorie dietary patterns, and the aging of
populations. These factors have collectively resulted in a fourfold increase in both the

incidence and prevalence of T2DM [107].

The pancreas (both B-cells and a-cells), liver, skeletal muscle, kidneys, brain,

small intestine, and adipose tissue all play a role in the progression of type 2 diabetes
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[109]. This condition is often asymptomatic or manifests with only subtle symptoms in its
earliest stages. This means that it is extremely challenging to make a precise estimate of
the number of people who are afflicted by the disease because it may go untreated for a
long time. Diagnosis is made in the absence of symptoms if either the fasting plasma
glucose (FPG) or the oral glucose tolerance test (OGTT) is greater than or equal to 200
mg/dl or if the glycated hemoglobin (HbAlc) is greater than or equal to 6.5%. The
diagnosis of diabetes is made when blood glucose levels are over 200 mg/dl, regardless of

the presence or absence of symptoms [105].

Gestational diabetes mellitus (GDM) is a medical condition that occurs during
pregnancy and is characterized by high blood sugar levels. is a prevalent prenatal condition
characterized by impaired glucose tolerance that manifests for the first time during
pregnancy. Its occurrence affects approximately 9-25% of pregnancies globally, although
specific rates may vary depending on the characteristics of the study population and the
diagnostic criteria employed. Gestational diabetes mellitus (GDM) is distinguished by the
presence of impaired glucose tolerance, which arises from maternal pancreatic beta-cell
dysfunction. This dysfunction leads to an inadequate production of insulin, thereby
compromising the regulation of glucose homeostasis throughout the duration of pregnancy

[110].

Monogenic diabetes syndromes (including neonatal diabetes and maturity-onset
diabetes of the young (MODY)), diseases of the exocrine pancreas (including cystic
fibrosis and pancreatitis), and drug- or chemical-induced diabetes (including with
glucocorticoid use, in the treatment of HIV/AIDS, or after organ transplantation) are all

examples of other types of diabetes [111].
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1.2.3.2. Diagnostic of Diabetes Mellitus

Untreated DM can cause serious problems, but an early diagnosis of diabetes can
lessen or even eliminate these risks. Diagnosing pre-diabetes and diabetes typically

requires a battery of biochemical testing [112].

The Fasting Plasma Glucose Test (FPG) involves the measurement of glucose
levels in the blood after a period of fasting, which entails refraining from consuming any
food or beverages, with the exception of water, for a minimum of 8 hours prior to the test.
Individuals diagnosed with diabetes typically exhibit a fasting glucose concentration equal
to or exceeding 7.0 mmol/L. If an individual exhibits a plasma glucose level of >7.8
mmol/L after a duration of 2 hours following the consumption of 75 g of glucose, it can be

concluded that the individual is experiencing impaired glucose tolerance [112-113].

Tolerance to glucose via mouth The oral glucose tolerance test (OGTT) evaluates
how effectively cells absorb glucose following a predetermined dose of sugar. It is
common practice to administer 75 g of glucose orally to a suspect, wait 2 hours, and then
measure their plasma glucose level. A person is considered to be diabetic if their plasma
glucose level is over 11.1 mmol/L. Diagnosing pre-diabetes and diabetes with this test

[18].

The HbAIc test can be used to identify diabetes, with a 6.5% cutoff level being
indicated for diagnosing purposes. It has been hypothesized that HbAlc is a more accurate
gauge of how well diabetics are managing their blood sugar levels than fasting blood sugar
levels. Patients with type 2 diabetes have a glycosylated hemoglobin level of 48 mmol/mol

or more (>6.5 DCCT%) [112].
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Traditional methods of determining a person's glycemic status have relied on
random blood glucose, a direct measure of glucose levels in the blood. However, there are
a number of factors, including nutrition and physical and emotional stress, that can cause
glucose levels to fluctuate. Random plasma glucose levels more than or equal to 200 mg/dl
(11.1 mmol/L) in patients exhibiting signs of hyperglycemia or hyperglycemic crisis [113-

114].

1.2.4. Procalcitonin (PCT)

Non-hormonal propertied calcitonin, also known as procalcitonin (PCT), consists

of 114 to 116 amino acids [116].

In contrast to bacterial infections, viral infections reduce levels of the inflammatory
serum marker procalcitonin (PCT). It rises and falls more rapidly during an infection than
C-reactive protein (CRP), another common inflammatory marker. Therefore, the test can
aid in diagnosing and tracking the progression of infections of various causes. PCT is a
highly specific and sensitive diagnostic for sepsis since it increases in response to bacterial
infections but not to other inflammatory reactions such as viral infections, autoimmune
illness, or trauma. Normal adults and children, past the newborn stage, typically release it
at a low serum concentration (0.1 ng/mL). In severe Bl cases, PCT levels can skyrocket
from 0.5 ng/ml to 200 ng/ml. PCT levels in VI patients rarely go above 1 ng/ml. PCT has a
half-life of around 24 hours. International consensus recommendations advocate PCT as a
decision aid in ASPs due to its efficacy in lowering antibiotic use, especially in sepsis and

lower respiratory tract infections [115-117].
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Thyroid C cells produce PCT, which is then transformed to calcitonin before
entering the bloodstream under normal circumstances. In response to a bacterial infection,

the body's non-thyroidal tissues ramp up their PCT production [119].
1.2.5. C-Reactive Protein (CRP)

CRP is an acute-phase protein that is made by hepatocytes in response to the
inflammatory cytokine interleukin 6 (IL-6). It is thought to be a sensitive biomarker of
bacterial infections, cardiovascular events, and inflammatory diseases. CRP helps the
immune system get rid of harmful substances by increasing phagocytosis and turning on
the classical complement pathway[120]. In healthy individuals, C-reactive protein (CRP)
levels in the blood are typically low (0.6 mg/dl), but they increase in response to
inflammation or tissue damage. Once the inflammation or tissue damage goes away, these

levels go back to normal [121].

It is known that the C-reactive protein (CRP) comes in two different shapes: the
native pentameric CRP (p CRP) and the monomeric CRP (m CRP). both of which belong
to the family of pentraxins. In response to stimulation by IL-6, hepatocytes produce pCRP,
which is then released into the bloodstream. Research indicates that pCRP can have pro-
inflammatory or anti-inflammatory effects. On the other hand, mCRP may exacerbate the
inflammatory response since it has strong pro-inflammatory effects on endothelial cells,
endothelial progenitor cells, leukocytes, and platelets. CRP could be directly linked to

inflammation by its conversion to the pro-inflammatory form, mCRPs [121-122].

In acute bacterial infections, doctors frequently employ CRP for both the
identification of the inflammatory process and the quantification of its intensity. In
addition, CRP is utilized to direct antibiotic therapy and to monitor the conclusion of the
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inflammatory process. C-reactive protein (CRP) concentrations have been shown to rise in
patients with acute bacterial infections, and doctors frequently utilize this measure to
determine whether or not a patient has a noteworthy inflammatory response [10]. By
contrast, interferon a strongly suppresses IL-6-induced CRP expression in hepatocytes,

which explains why viral infections only result in mild increases in CRP [124].

1.2.6. Kidney Functions Test

Accurate diagnosis, risk assessment, and select treatment that enhances clinical

result, all rely heavily on biochemical indicators [125].
1.2.6.1. Urea and Creatinine

Creatinine, a chemical byproduct generated through the metabolic processes of
muscles, is primarily excreted as a waste product. Additionally, it is worth noting that a
lesser contribution to Creatinine production can be attributed to the consumption of meat.
The kidneys, in their state of optimal health, perform the vital function of effectively
filtering Creatinine and various other waste products from the bloodstream. Subsequently,
the body expels these meticulously filtered waste products through the process of
urination. In the event of renal dysfunction, there is a potential for the accumulation of
Creatinine within the bloodstream. The serum Creatinine test is a diagnostic procedure that
quantifies the concentration of Creatinine in the bloodstream, thereby offering an
assessment of the renal filtration capacity. The results of the Creatinine blood test are
quantified in milligrams per deciliter (mg/dl). Creatinine normal level in the blood changes
from lab to lab but also between men and women, between people of different races, and

as people age. Males often have higher creatinine levels than females because of their
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greater muscular mass, which causes their blood creatinine levels to rise. A high serum
creatinine level is an indicator that the kidneys are not functioning normally and are not
filtering blood adequately; however, a temporary elevation in creatinine level can occur in
response to factors such as dehydration, low blood volume, excessive meat consumption,
or the use of certain drugs. When added to the diet, creatine can raise serum creatinine

levels [87].

The liver produces urea, the primary nitrogenous end product of protein and amino
acid catabolism, and distributes it both intracellularly and extracellularly. Renal glomeruli
remove urea from the blood and reabsorb some of it together with water. Clinical indices
used most often to estimate renal function are those based on serum urea concentration. It
aids in distinguishing between acute renal failure and pre-renal conditions characterized by
an elevated blood urea nitrogen-creatinine ratio. Since the rate of urea overproduction
depends on factors outside of the kidneys, such as the food and the enzymes involved in
the urea cycle, urea clearance is not a good indication of glomerular filtration rate. High
levels of blood urea nitrogen (BUN) can indicate renal illness or failure, urinary tract
obstruction from a kidney stone, congestive heart failure, dehydration, fever, shock, or
internal bleeding. Some women experience elevated BUN levels in late pregnancy, and
others get them after consuming a lot of protein. Increased BUN levels indicate advanced
renal injury, while lower BUN levels reflect fluid overload. Anabolic steroid use, trauma,

surgery, opiate use, starvation, and severe malnutrition all result in decreased levels [125].
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1.2.7. Albumin

Albumin is a family of globular proteins, with serum albumins being the most
prevalent. Serum albumin is the most prevalent protein in all vertebrate blood plasma.
Before being secreted by hepatocytes, it is synthesized in the liver as pre-pro-albumin and
matures in the endoplasmic reticulum and Golgi bodies. One polypeptide chain with 585
amino acids makes up the HSA molecule. The extravascular and intravascular
concentrations of human serum albumin (HSA) are 35-50 mg/mL, with an approximate
half-life of 19 days. Albumins, like all proteins, are soluble in water and only slightly
soluble in concentrated salt solutions. Albumin's main characteristics are those of an
acidic, highly soluble, and very stable protein, as it can remain stable at 60 °C for 10
hours. There are a total of 83 positively charged residues (Arg and Lys) and 98 negatively
charged residues (Asp and Glu) in human serum albumin (HSA), giving it a theoretical pl

of 5.12 [125-126].

1.2.8. Complete Blood Count (CBC)

Blood has many cell types and plasma components. This vital fluid delivers oxygen
and nutrients to tissues and organs. Blood removes CO2, ammonia, and other wastes. It
helps regulate body temperature, oxygen delivery, cell regeneration, coagulation, and

immunity. RBCs, WBCs, platelets, and plasma make up blood [128].

The complete blood count (CBC), referred to as a hemogram, is an extremely
useful laboratory test for diagnosing and monitoring a wide variety of health problems.
The complete blood count (CBC) measures three components: (1) white blood cell (WBC)

total and differential count; (2) erythrogram (RBC count, Hb determination, hematocrit,
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and indices calculation; MCV, MCH, MCHC, and RDW); and (3) platelet count indices

calculation (mean platelet volume (MPV)) [128-129].

1.2.8.1. White blood cells (WBCs)

White blood cells (WBC) are powerful infection fighters; they typically multiply
and divide in an organized fashion in response to the needs of the human body to fight

infections and other illnesses [131].

When analyzing CBC results, the WBC count is one of the most crucial
indications. Neutrophils, lymphocytes, monocytes, eosinophils, and basophils are just a
few examples of the many different types of white blood cells (WBCs) found in the blood.
White blood cells (WBCs) play an important role in the immune system and have
specialized functions depending on their kind. An increase in white blood cells (WBCs),
for instance, may point to cancer or infection elsewhere in the body. A low white blood
cell count (WBC) may indicate an issue with bone marrow production or represent an

unwanted side effect of medication, such as chemotherapy for cancer [22].

A healthy person's percentage of different types of WBCs falls within a range.
Neutrophils, for instance, can make up 40% to 80% of the body's white blood cell
population, whereas lymphocytes contribute 20% to 40%, eosinophils 1% to 6%, and

monocytes 2% to 10% [131].

1.2.8.1.1.Lymphocytes

Lymphocytes, which account for about 20-40% of all leukocytes, play a crucial

role in the adaptive immune response [130].
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Lymphocytes are types of white blood cells that have a role in the immune system
of vertebrates. They can be broadly classified as either large and granular lymphocytes or
tiny lymphocytes, depending on size. Large lymphocytes are identical to natural killer cells
in almost every way. Lymphocytes, or small lymphocytes, are made up of T cells and B
cells. While B cells create antibodies to combat foreign cells, T cells are responsible for
attacking and fighting against one another. The fate of these progenitor cells is determined
by their genes. This conversion does not take place in a person with leukemia, as this step

is permanently arrested [132].

When there are abnormally few lymphocytes floating around in the blood, doctors
call it lymphopenia. Total lymphocyte counts below the normal range for a certain age
group (for example, less than 1000 cells/L in older children and adults) are diagnostic of
this condition. Viral infections, chemical and physical lympho-depleting agents,
autoimmune-related systemic disorders, hereditary factors, malignancies, sepsis, and other

severe injuries can contribute to a dramatic drop in blood lymphocyte counts [133].

1.2.8.2. Red blood cells (RBCs)

The absolute number of red blood cells is also an important CBC result. Red blood
cells (RBCs) mature in the bone marrow before being discharged into the bloodstream.
Red blood cells (RBCs) are typically homogeneous in size and shape; however, situations
such as iron shortage can alter their appearance. When the red blood cell count or
hemoglobin level falls below the normal range, a condition known as anemia sets in. Hb,
hematocrit, MCV, MCH, MCHC, and RDW are just few of the CBC components that are
linked to RBC count. We describe the relationships of Hb, MCV, RDW, and CVD with

metabolic disease [22].
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1.2.8.2.1. Hemoglobin (Hb)

Hemoglobin (Hb) is an iron-containing oxygen-transporting metalloprotein and is
the primary component of red blood cells (RBC). Hb has four heme groups, and each heme
group contains an iron atom in the ferrous state (Fe?*), which may bind molecular oxygen
(0,) reversibly. This results in two forms of Hb, OxyHb and DeoxyHb. RBC receive
oxygen from the lungs (OxyHb) and transport that oxygen to the body's tissues (DeoxyHDb)

[134].

During the typical lifespan of red blood cells (RBCs), approximately 1-3% of
hemoglobin (Hb) undergoes a conversion into an oxidized non-functional state,
specifically ferric/met. Methemoglobin (MetHb) undergoes rapid conversion to
ferrous/oxyhemoglobin (ferrous/oxyHb) by the action of MetHb reductase in the presence
of nicotinamide adenine dinucleotide (NADH). During the storage of red blood cells
(RBCs), the enzymatic activity of methemoglobin reductase is reduced, leading to elevated
amounts of methemoglobin that remain unconverted to oxyhemoglobin. The potential rise
in hemoglobin oxidation during the storage of red blood cells (RBCs) could potentially be
attributed to a decline in their antioxidant capacity. This decline may subsequently result in
the oxidation and degradation of membrane lipids and proteins, ultimately leading to

irreversible harm to the membrane [135].

1.2.8.3. Platelets

Platelets, the smallest circulating blood cells, originate in the bone marrow and are
essential for hemostasis, among other tasks. Platelet count changes, such as

thrombocytopenia or thrombocytosis, can occur for a variety of causes. Inadequate or
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excessive platelet production in the bone marrow, platelet consumption in the peripheral
tissues, or platelet distribution within the organs can lead to thrombocytopenia or
thrombocytosis. Platelet longevity is lower in conditions with greater platelet consumption,
but no known circumstances extend platelet lifespan (in contrast to, for example, red blood

cells) [136].

Platelets are produced and eliminated at a rate of about 1011 each day, maintaining
a steady concentration in human blood of between 150 and 450x109 platelets per liter.
After being activated, platelets can perform a variety of hemostasis and immunity-related

jobs during their 7-10 day circulation [137].
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1.3. The aim of the study

The study aimed to evaluate the roles of interleukin-6, PCT, and CRP in the
different diagnoses of patients with kidney failure with or without diabetes mellitus who

have had bacterial or viral infections.
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2. Materials and methods

2.1 Study subjects

A total of one hundred and twenty (120) subjects were included in this study, divided
into six groups:
A-Twenty patients with chronic kidney disease were undergoing dialysis and had a

bacterial infection.

B- Twenty patients with chronic kidney disease were undergoing dialysis and had a viral

infection.

C- Twenty patients with chronic kidney disease were undergoing dialysis with type 2

diabetes and a bacterial infection.

D- Twenty patients with chronic kidney disease were undergoing dialysis with type 2
E- Twenty patients with type 2 diabetes
F- Twenty healthy control participants had no signs or symptoms of any systemic disease.
In the center of Al-Kidney; the collection of samples was accomplished, in the Al-
Hussein Teaching Hospital of Muthanna for the period ranging from January 2023 to the
end of August 2023 (Appendix 1).
All participants who were able to comprehend the study's objectives and aims gave
their informed written consent. Also, they were free and could withdraw from their

participation at any time.
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2.2. Inclusion Criteria

1. ESCKD patients with microbial infection (viral and bacterial)
2. Diabetes mellitus type 2 patients age > 40 years (both males and females)

3. Hepatitis patients B and C.

2.3. Exclusion Criteria

1. Renal transplant patients.
2. Cardiovascular disease patients.
3. Diabetes mellitus type 1 patients age < 40 years (both males and females).

4. Cancer patients.

2.4. Methods and Procedures

2.4.1. Blood Samples Collection

Blood samples from the veins (5 mL) were withdrawn from each patients and also
from the healthy control group by venipuncture with the use of disposable syringes. At
room temperature, gel tubes of 5 ml capacity were left after being filled with blood. To
collect sera, these tubes were centrifuged, for 10 minutes at 3000 rpm. Sera aliquots were
located in Eppendorf pipe and saved in (—80°C) before to use for determination of
biochemical analysis ( IL-6 , PCT ,Urea , Creatinine , Albumin , K*,Na*,Cl™ ). To
accomplish complete blood count, blood of 2 ml volume was poured into anticoagulant

filmed tubes; ethylene diamine tetra acetic acid type; EDTA.
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2.5. Implements and Appliances

Appliances and implements depended via this study; their source such as countries

and companies (Table 2.1).

Table (2.1) : The appliances that depended via this study.

Order

1

Manufacturer
Fish Scientific
Heidolph
Brannan
Nanjing
Shimadzu
Biobas

Memmert

Appliances
Centrifuge
Vortex

stop watch

Getein Biotech 1100

Refrigerator
Sysmex

Incubator

Table (2.2): The implements depended in the current study.

Order

1

Manufacturer
Sterile
SLAMED
Eppendorf
Thermo Fisher scientific
ALS
ALS
ALS
Broche

Unisef

Implements

disposable syringes

Micropipette (100-1000) uL

Eppendorf tubes
Eppendorf tube Rack
gel tubes
Plain tubes
EDTA coated tubes
Gloves

Cool ice box
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US.A
Germany
US.A
Chain
Chain
Japan

Germany

Indent
China
Germany
Germany
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China
China
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2.6. Chemical and Biological material

The materials utilized in this study are given below, along with the nation and firm from

which they came they came in Table (2.3)

Table(2.3): Materials used in the current study.

NO. Materials Company Source
1 Urea Kit Randox United Kingdom
2 Creatinine Kit Randox United Kingdom
3 IL-6 Fast Test Kit Nanjing China
4 PCT Fast Test Kit Nanjing China
5 Albumin Kit Randox United Kingdom
6 Chloride Kit Linear Chemical Spain
7 Sodium  Kit Linear Chemical Spain
8 Potassium Kit Linear Chemical Spain
9 CRP kit Linear Chemical Spain

2.7. Biochemical Markers

2.7.1. Determination of Urea Level :

A. Method: Urease-Berthelot Method
B. Principle: Urease existence is crucial to hydrolyze urea to get ammonia in the serum.

Berthelot’s reaction is the photometric measurement method for ammonia [138].

urease
— 5 €0, + 2NH,

H,O + Urea

Phenol + hydrochloride + NH3

the blue compound; indophenol
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C. Reagent :

Table(2-4): Reagents kit Urea Composition

Contents
R1 EDTA
Sodium nitroprusside
Urease
R2  phenol (diluted)
R3  Sodium hypochlorite (diluted)

Sodium hydroxide
CAL. Standard

D. Procedure:
Table( 2-5): Procedure of Urea assay

Wavelength
Cuvette
Temperature

Measurement

Table( 2-6): Pipetting; into test tubes

Tubes Blank
Distilled water 10 mL
Standard | ..
Sample .
Reagent 1 100 pL

For 10 minutes, incubate at 37°C after mixing.
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Solutions; principal concentration
116 mmol/l
6 mmol/l
1 g/l
120 mmol/I

27 mmol/I
0.14 N

546 nm (530-570 nm)
lcm light path
37°C

Against reagent blank

Sample Standard
opr
...... 10 Ml
100 pL 100 M1
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Tubes Blank Sample Standard
Reagent 2 2.50 ml 2.50 ml 2.50 ml
Reagent 3 2.50 ml 2.50 ml 2.50 ml

For 15 minutes, immediately incubate at 37°C after mixing. Against the blank and reading
the absorbance of the sample and the standard. After at least 8 hours, the reaction color

would be stable.

E. Calculation:

Asample

Urea Concentration = ————— X Standard conc. (mmol/l)

standard

2.7.2. Determination of Creatinine Level :

A. Method: Colorimetrical

B. Principle: Creatinine in alkaline solution reacts with picric acid to form a colored
complex. The amount of the complex formed is directly proportional to the creatinine

concentration [139].

C. Reagent :

Table (2-7): Composition of Creatinine Kit reagent.

Contents Initial Concentration of Solutions
CAL. Standard
Rla. Picric Acid 35 mmol/l
R1b. Sodium Hydroxide 0.32 mmol/I
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D. Procedure:

Table (2-8): Procedure of Creatinine assay.

Wavelength 492 nm (490-510 nm)
Cuvette 1cm light path
Temperature +25/+30/ +37 °C
Measurement Against air

Table (2-9): Pipette into Cuvette

Tubes Sample Standard
Working reagent 1 ml 1ml
Standard otm | .
Sample 0.1ml

The absorbance of the sample and the standard (Al) must be read after mixing for 30
seconds. The absorbance of the standard and sample (A2) must be read for exactly 2

minutes thereafter.
E. Calculation:
A, — A = AAsample or AAgtandard

Creatinine concentration, in plasma or serum.

AAsample

M standard Standard conc. (umol/l) = umol/Il
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2.7.3. Determination of Procalcitonin (PCT) Level.

A. Method: Immunofluorescence Assay

B. Principle: Conjugated with fluorescence latex, PCT anti — human monoclonal anti —
body is being used by the test. For PCT product, test line 1 was coated with anti-human
PCT polyclonal antibody and test line 2 was coated with another anti-human PCT
monoclonal antibody. A complex of antigen — antibody is being formed markedly, when
there is a binding between the PCT in sample and the fluorescence anti - human latex —
labelled PCT. Test card detection zone is being reached by the complex via capillary
property. Thereafter, a marked complex of antigen — antibody is being captured by another
monoclonal PCT antibody on the test line, or; the polyclonal antibody. In proportion to the

PCT amount in the sample, the test line fluorescence intensity increases [140].

Thereafter, the test card must be inserted into an Immunofluorescence quantitative
analyze, 1600 Getein (recently denoted as Getein 1100 and Getein 1600); on the screen,
the sample concentration of PCT will be displayed after being measured. In Getein 1100 /
1600, the storage of value is assured and is present for downloading or transmitting to the

information system of the hospital or laboratory [141].

C. Procedure:
1. According to user manual, specimens are being collected.
2. Before testing, reagent, sample and test card must be fetched to room temperature.

For Getein1100:

3. In accordance with the lot number of test kit, the SD card lot number must be

confirmed.
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4. Before using, immediately; the test card must be removed from the well-sealed pouch.
With control or patient identification, the test card must be labelled.

5. On aclean table, the test card must be put horizontally.

6. On the sample port of the test card, a 100 pl of sample must be delivered via a sample
transfer pipette. After loading the 100 pl sample on the card, one whole blood buffer drop
must be added, if a whole blood sample is depended.

7. Time of reaction; 15 minutes. Click on start icon, for android Getein 1100 or press ENT
button for Getein 1100 after inserting the test card. The result will be shown on screen and

printed automatically after the time of the reaction is being over.

2.7.4. Determination of IL-6 Fast Level :

A. Method: Immunofluorescence Assay

B. Principle: An anti — human | monoclonal IL-6 antibody, fluorescence latex conjugated,
conjugated on the o-nitrocellulose membrane junction and sample pad; is used by test,
besides other anti — human Il monoclonal IL-6 antibody on the test line. Marked antigen —
antibody complex, is being formed by binding of the sample IL-6 with the IL-6 anti —
human fluorescence latex — labelled antibody. By capillary action, the complex travels to
the detection zone of the test. Then, by anti — human Il antibody IL-6, a marked complex
of antigen-antibody is being seized on the test line. In proportion to the sample amount of

IL-6, the test line fluorescence intensity, increases [142].

C. Procedure:
1. According to user manual, collect the specimens.
2. For Getein 1100; before testing, reagent, sample and the test card, should be fetched to

room temperature.
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3. If necessary, calibration of SD card is performed when confirming the lot number of SD
card in accordance with lot number of test kit.

4. Getein 1100 testing interface is being entered.

5. Immediately before use, the test card must be removed from the sealed pouch. With
identification of patient or control, the test card must be labelled.

6. Horizontally placed, the test card must be put on a clean table.

7. On the sample port of the test card, a 100 pl of sample must be delivered via a sample
transfer pipette. After loading the 100 pl sample on the card, one whole blood buffer drop
must be added, if a whole blood sample is depended.

8. Time of reaction; 15 minutes. Click on start icon, for Getein 1100 after inserting the test
card. The result will be shown on screen and printed automatically after the time of the

reaction is being over.

2.7.5. Determination of C-Reactive Protein (CRP) Level :

A. Method: Slide test; C - reactive protein Determination.

B. Principle: For the semi — quantitation and the direct detection of the C- reactive
protein, the rapid procedure of agglutination; the CRP latex Kit, is required. In presence of
CRP in the serum of a patient, agglutination of specific antihuman C-reactive protein

antibodies which coat the suspension latex particles of the reagent; would occur [143].
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C. Reagent :
Table (2-10): Composition of C-reactive protein reagent kit

Contents Initial Concentration of Solutions
CRP latex Suspension of polystyrene particles

coated with antihuman CRP goat

antibodies.
CRP Positive Control Human pooled serum
CRP Negative Control Human pooled serum
Physiological Saline Buffer Concentrate Dilute 1:20 (v/v) with distilled water

Reaction Slide
Serum Droppers
Applicator Sticks

Rubber teat

D. Procedure:

After mixing well before use, permit the sample and reagents to catch the room

temperature.
1. By the use of disposable serum dropper, pour one drop of sample serum on the slide.

2. With a disposable applicator stick, mix CRP —latex reagent one drop with previously

sample drop.

3. For two minutes, gently agitate the slide comes and forth, then examine under adequate

source of light immediately for agglutination. Beyond two minutes, examination is denied.

4. By obtaining control serum from the respective vials, the same previously mentioned

procedure is being followed for the negative and positive controls.
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2.7.6. Determination of Complete blood count:

A. Principle: After being diluted, the blood samples are passed through a delicate tube permitting
for one by one cell passage only. Many different channels, to which the blood must be separated
because it is impossible to measure everything concerning the cells simultaneously. The signals are
conveyed in sequence towards an analog circuit as the cells pass through apertures. Thereafter,
towards analysis circuits of particle size distribution permitting transformation to data of
aggregative cellular size distribution, the created distribution curves of size data, and the level of

discrimination is excluded via a specific microprocessor pertaining to each collection.

B. Procedure:

First of all, checking of the operation reagents was made. Background and power switch are run
automatically. After selecting the mode of complete blood analysis, controls of three levels;
normal, low and high were accomplished. Sample number keys are pressed to introduce the
numbers of sample, then the enter key is pressed. Thereafter, a neat mixing of sample is done. The
sample probe is in close contact with the bring tab. Then, by pressing the start key, aspiration of
demanded blood amount is done. The LCD screen will do display the analysis and the results are

printed [144].

2.7.7 Determination of Albumin Level :

A. Method: Bromocresol Green

B. Principle: The indicator 3,3,5,5-tetrabromo-m cresol sulphonephthalein (bromogresol
green, BGG) is quantitative binding target of the serum albumen to make its measurement
possible. At 578 nm, complex of albumin-BGG is absorbed maximally. Concentration of

albumin in the sample is of linear proportion to the absorbance [145].
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Table (2-11): Reagent kit ALB Composition

Contents

R1. BCG
Succinate buffer
Bromocresol green
Brij 35
Preservative

CAL. Standard

C. Procedure:

Table (2-12): Procedure of ALB assay

Wavelength
Spectrophotometer
Cuvette

Incubation Temperature

Measurement

Table (2-13): Pipette into cuvette:

Tubes Reagent Blank
Distilled H, o 0.01 ml
Standard .

Serumor Plasma ...

R1 (BCG reagent) 3ml

Materials &Method

Initial Concentration of Solutions

75 mmol/l; PH 4.2S
1.7 mmol/l

Hg 578 nm or Hg 623 nm
630 nm (600-650 nm)
1cm light path
+20to + 25°C

against reagent blank

Standard Sample
ocolm- Ll

...... 0.01 mi
3ml 3s ml

Mix, incubate for 5 minutes at +20 to + 25 °C. Measure the absorbance of the sample (

Agample) and the standard (Asample) against the reagent blank.
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D. Calculate :
Based on the following formula, the sample albumin concentration is calculated:

Asample

A X Concentration of standard

Albumin Concentration (g/l) =

standard

2.7.8. Determination of Chloride Level :

A. Method: Thiocyanate colorimetric method (Endpoint)

B. Principle: From mercuric thiocyanate, the thiocyanate is displaced by chloride ions in
the sample. A complex of red ferric — thiocyanate is formed by interaction between the
ferric ion and the liberated thiocyanate ion. This complex is proportional to the chloride

concentration in sample[146].

2C1~ +Hg(SCN), ——— HgCl,+ 2(SCN)~

3(SCN)™ + Fet® ——— Fe(SCN);

Table (2-14): Reagent kit Chloride Composition

Contents Initial Concentration of Solutions

R1 Thiocyanate reagent Mercuric thiocyanate 2 mmol/L
Mercuric nitrate 0.1 mmol/L
Iron nitrate 30 mmol/L

HNO345 mmol/L.

CAL. Chloride / Phosphorus standard. Chloride 100 mmol/L / Phosphorus 5 mg/d|
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C. Procedure:

Table (2-15): Procedure of Chloride assay

Tubes Blank Sample CAL. Standard
S 1 ml 1 ml 1ml
Sample . op L
CAL. Standard | ... Ll 10 ml

Gently mix, by one or two times inversion. Vigorous stir and shake is avoided. At
temperature between 25-37 °C, the mixture is incubated for 5 to 10 minutes. Against the
reagent blank, read the absorbance of samples and standard at 470+10 nm.

D. Calculation:

A sample

— X = i
A standard CStandard (mmol/L) chloride

2.7.9 Determination of Potassium Level :

A. Method: Fixed time (Enzymatic method)

B. Principle: diagnosis and treatment of diseases pertaining to potassium and electrolyte
balance disturbances are done by monitoring and measuring the potassium blood levels.
Kinetic coupling assay system is exploited to spectrophotometrically determine the
potassium depending upon pyruvate kinase. Accompanying the conversion of NADH

to NAD™, the generated pyruvate is converted to lactate [147].
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Table (2-16): Reagent kit Potassium Composition

Contents Initial Concentration of Solutions

R1 LDH <50 KU/L
NADH <10 mmol/L
Sodium azide 0.05%
Stabilizers
R2 Pyruvate kinase <50 KU/L
Sodium azide 0,05%
Stabilizers.
CAL. Chloride / Phosphorus standard. = Sodium (Nat*) 160 mmol/L/ Potassium (K*) 6.0
mmol/L.

C. Procedure:

Table (2-17):Procedure of Potassium assay

Tubes Blank Sample CAL. Standard
R1 Reagent 1 ml 1ml 1ml
Sample . 25puL L
CAL. Standard | ... L 25 M1

Mix, incubate the mixture for 5 minutes at 37 °C, Add

Tubes Blank Sample CAL. Standard

R2 Reagent 250 uL 250 M1 250 uL

Mix, incubate for 1 minutes at 37°C and read (A1) at 405 nm.
D. Calculation:

(A,— Aq)sample

(Ay— A1) calibration X C calibrator

Potassium (mmol/L) =
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2.7.10. Determination of Sodium Level :

A. Method: Fixed Time (Enzymatic method)

B. Principle: diagnosis and treatment of diseases pertaining to sodium and electrolyte
balance disturbances are done by monitoring and measuring the sodium blood levels.
Activity of sodium — dependent B- galactosidase is exploited with ONPG as a substrate to
get enzymatic determination of sodium. Sodium concentration is proportional with the

product O-nitrophenyl absorbance at 405 nm [148].

Nat

ONPG O — nitrophenyl + galactose

B—galactosidase

Table (2-18): Reagent kit Sodium Composition

Contents Initial Concentration of Solutions

R1 Good’s buffer (pH 8.5)
-D-galactosidase (<8 U/mL)
Cryptand (>0.4 mM)
Proclin 300 (0.02%).
R2 Good’s buffer (pH 6.5)
ONPG (>0.5 mM)
Proclin 300
(0.02%).
CAL. Sodium / Phosphorus standard. Sodium (Na+) 160 mmol/L. / Potassium 6.0
mmol/L.

C. Procedure:

Table (2-19): Procedure of Sodium assay

Tubes Blank Sample CAL. Standard
R1 Reagent 1 ml 1 ml 1ml
Sample . 40pL Ll
CAL. Standard ... L 40 Ml
R2 Reagent 0.5 ml 0.5ml 0.5 ml
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Mix, incubate for 1 minute at 37°C and read (A1) a 405 nm, Incubate for 2 minutes at 37°C
and read (A2) a 405 nm.

D. Calculation:

(A,— Aq)sample

(Ay— Ay) calibration X C calibrator

Sodium (mmol/L) =

2.8. Statistical analysis

All statistical analyses were performed using (SPSS) Statistical Package for the Social
Sciences version 26 software .Where the comparison was made between the four groups
using ANOVA and also LSD. The (P- value) that less than 0.05 were considered to be

statistically significant and the results were expressed as MeanzSD.
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3. Results and Discussion

The current study included 120 patients, divided into six groups: 20 patients with
chronic kidney disease were undergoing dialysis and had a bacterial infection; 20 patients
with chronic kidney disease were undergoing dialysis and had a viral infection; 20 patients
with chronic kidney disease were undergoing dialysis with type 2 diabetes and a bacterial
infection; 20 patients with chronic kidney disease were undergoing dialysis with type 2
diabetes and a viral infection; 20 patients with type 2 diabetes mellitus; and 20 healthy
control participants had no signs or symptoms of any systemic disease. Both males and

females aged 40 years and older comprise these patients.

3.1 The demographic characteristics of patients with kidney failure and

Diabetes mellitus

3.1.1. Interleukin-6

The mean £ SD of interleukin 6 concentration was 90.40+25.77 for the patients of
G1; 42.33+17.32for the patients of G2; 84.954+19.80 for the patients of G3; 36.68+15.10
for the patients of G4; While there were 2.44+40.79 and 2.26+0.59 for the patients of G5
and the control group, respectively. As show in table (3-1).

Table (3-1 ): Comparison of study parameters (IL6) among study Groups

Parameters = Groups N Vles sl Bevaiian P value
IL-6 pg/ml Gl 20 90.4000 25.77949 a- <0.001*
&2 20 42.3350 17.32592 b- <0.001*
G3 20 84.9500 19.80424 c- <0.001*
G4 20 36.6800 15.10833 d- <0.001*
G5 20 2.4400 0.79565 e- <0.001*
Control 20 2.2600 0.59683 f-0.972
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Interleukin-6 (IL-6) is one of the pro-inflammatory cytokines. Infection,
inflammation, obesity, and stress all play a role in triggering IL-6 production [149].
Patients on dialysis may have inflammation for several reasons, including those connected
to the dialysis procedure itself, the underlying cause of renal failure (such as oxidative
stress), or an infection. It appears that exposing blood to bioincompatible dialysis
membranes is a significant contributor to chronic inflammation connected to dialysis.
White blood cells and complement are triggered by cellulosic membranes and other
bioincompatible membranes [150]. Infections caused by bacteria and viruses pose a
serious threat to people with CKD. Foreign bodies, hemodialysis catheters, arteriovenous
fistulas, and the hemodialysis technique all contribute to inflammation. Chronic stress and

negative feelings can also lead to increased cytokine levels [151].

The results of the study showed that patients who have renal failure with DM and
bacterial infection showed significantly higher levels of IL-6 compared with the controls
(P<0.0001). High morbidity and mortality rates have been linked to bacterial infections in
hemodialysis (HD) patients [152]. Studies show that the cytokine IL-6 promotes
inflammation. As a result of a bacterial infection, it helps kick off the acute phase response
in humans. The serum level of interleukin-6 (IL-6) is modest in healthy individuals but

rises substantially during the early phase of bacterial infection [153].

Also, the results of the study showed that patients who have renal failure with DM
and viral infection showed significantly higher levels of IL-6 compared with the controls
(P<0.0001). IL-6 is regarded as one of the most critical cytokines during an infection. IL-6
is involved in the development of various virus infections in addition to its involvement in

influencing the host immune response [154]. When it comes to the synthesis of cytokines,
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the liver is a very necessary organ. The liver plays a crucial role in the clearance of IL-6.
Elevated plasma IL-6 levels are the result of a severe liver injury that impairs IL-6

clearance [155], [156].

In viral infections, the cytokines are implicated in establishing an antiviral state as
the unspecific first line of defense and virus-specific response. PRRs, which can exist as
transmembrane receptors or in other intracellular compartments, are responsible for
kicking off this process by recognizing viral molecules. Changes in the receptor's structure
initiate a signaling pathway in the cytoplasm that ultimately leads to the translocation of
cytoplasmic transcription factors into the nucleus, where they boost the production of
several cytokines. Cytokine production might differ in kind depending on the virus and the
cell type [157]. They may be able to recognize cells that have been infected by a virus and
exert control over inflammatory and immunological responses, the removal of viruses, and
processes that cause harm to tissue. It is known that both HBV and HCV infections can
alter a wide range of cytokine activities. An imbalance in the production of pro-
inflammatory and anti-inflammatory cytokines is what drives the immunopathogenesis of

HBV and HCV infections [158].

Results in Figure (3-1) show a non-significant difference in the level of IL-6 in
type 2 diabetes mellitus compared with the control group (P = 0.912). These results agree
with Rona Kartika et al., who found that the IL-6 levels showed no significant difference
between diabetes patients and the control group [159]. Also, Carey et al. discovered that
the levels of IL-6 in the plasma of both patients and healthy people were similar. They also
found that the higher levels of IL-6 in the plasma of people with type 2 diabetes are

strongly linked to their fat mass and not their ability to respond to insulin [160].
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The lower level of IL-6 in people with type 2 diabetes compared to a healthy
control group, on the other hand, suggests that cell-mediated immunity may be weakened
in people who are taking medications to control their blood sugar levels [161]. All
previous results agree with this finding. This means that the increase in IL-6 is due to

kidney failure and bacterial or viral infection, and there is no effect of diabetes on IL-6.

< <
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Fig. (3.1): Comparison of study parameters (IL6) among study Group

3.1.2. Procalcitonin (PCT)

The mean + SD of PCT concentration were 4.774+1.86 for the patients of G1,
0.31+0.09 for the patients of G2; 4.41+1.43 for the patients of G3; 0.28+0.09 for the
patients of G4; While there were 0.04+0.01and 0.03+0.01for the patients of G5 and the
control group, respectively. As show in table (3-2).

Table (3-2 ): Comparison of study parameter (PCT) among study Groups

Parameters = Groups N Mean Std. Deviation P value
PCT ng/ml G1 20 4.7720 1.86547 a- <0.0001*
G2 20 0.3150 0.09378 b- <0.0001*

G3 20 4.4160 1.43331 c-0.826
G4 20 0.2895 0.09110 d- <0.0001*

G5 20 0.0430 0.01895 e.0.873

Control | 20 0.0360 0.01930 02
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An increasingly popular biomarker for bacterial infections is procalcitonin (PCT).
PCT is greatly raised in response to stimulation by pathogens, although its level in

otherwise healthy people is below the detection threshold (0.01 ng/mL) [162].

The study found that patients with renal failure and a bacterial infection, with or
without DM, had significantly higher levels of PCT than patients with renal failure and a
viral infection, with or without DM, and the controls (P<0.0001). Patients with severe
systemic fungal or parasitic infections also have elevated serum PCT levels, in addition to
those with bacterial infections and sepsis, while those with viral infections have lower PCT
increases or none at all. This is mainly because cytokines created during viral infections
inhibit the generation of tumor necrosis factor-a. As a result, PCT levels in the serum are a
reliable and accurate indicator for distinguishing bacterial from viral illnesses. PCT levels
in the blood can rise within hours of inflammation and usually reach their highest point
within 24 to 48 hours. This makes them more specific than other common lab markers like

leukocytosis, increased band cells, and C-reactive protein (CRP) [163].

Steinbach et al. explained that there was no correlation between the decline in
excretory renal function and the increased concentration of PCT in the blood when
comparing patients with varying degrees of renal functional impairment. PCT levels were
normal in several HD-treated individuals with end-stage renal failure. Therefore, the slight
rise in mean PCT that we’ve seen in our patients is likely linked to PCT release caused by
uremia or extracorporeal treatment, rather than a decline in renal excretion due to impaired
renal function. Using high-flux hemodialysis membranes to remove PCT from HD patients
may diminish its usefulness as an infection indication. However, similar to what has been

observed for certain cytokines, PCT production may be induced by inflammatory activity

65



Chapter Three Results &Discussion

caused by a range of metabolic and immunological disorders linked to uremia or dialysis
itself. The presence, kind, and severity of an infection are irrelevant to the possibility that

HD alone may alter PCT serum levels [164].

Also, results in this study show a non-significant difference in the level of PCT in
type 2 diabetes mellitus compared with the control group. Insulin may have anti-
inflammatory effects apart from its impact on blood sugar, according to several studies.
Increased endothelial nitric oxide release, decreased expression of proinflammatory
cytokines, and immune system suppression are some of the ways insulin reduces
inflammation. This could be the reason why the PCT levels were low in the diabetic
patients. In the study of Al-Shammaree et al., the results showed agreement with those
reported by Usman et al., which showed that the concentration of PCT decreased in
diabetes mellitus patients. and this decrease was observed irrespective of the specific type

of diabetes or the presence of any concurrent infection [165].

Fig. (3.2): Comparison of study parameter (PCT) among study Groups
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3.1.3. C-Reactive Protein

The mean = SD of CRP concentration were 69.66+16.59 for the patients of G1;
36.32+11.90 for the patients of G2; 62.10+19.94 for the patients of G3; 25.74+11.60 for the
patients of G4; While there were 17.02+4.34 and 3.10+1.02for the patients of G5 and the control

group, respectively. As show in table (3-3).

Table (3-3 ): Comparison of study parameter (CRP) among study Groups

Parameters | Groups N VIR Sl Bevikiien P value

CRPmg/l | Gl 20 69.6650 16.59985  a- <0.0001*
G2 20 36.3250 11.90842 | b- <0.0001*
G3 20 62.1050 19.94926  C- <0.0001*
G4 20 25.7450 11.60542 | d-<0.0001*
G5 20 17.0280 434335 ©€-<0.0001*
Control 20 3.1000 102508 |MipO08E

C-reactive protein is a liver-produced protein. It is stable across time and does not
vary with gender or age, but quickly rises in cases of infections, autoimmune disorders, or
cancer [166]. Patients with chronic kidney disease (CKD) often have inflammation, which
becomes even more severe as the disease advances toward end-stage renal disease
(ESRD). Increased concentrations of C-reactive protein and other acute-phase proteins in
the serum are indicators of chronic inflammation in people with chronic kidney disease

(CKD) [167].

The present study states that the level of CRP increased in bacterial and viral
infections in CKD patients with and without diabetes mellitus compared with the healthy
group, but in bacterial infections, it was higher than in viral infections. Abdel-Messeih et
al. support this study finding, as they emphasized the levels of serum C-reactive protein

were higher in people on hemodialysis than in the control group. This suggests that uremia
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and dialysis treatment may make the immune system more active and cause more
cytokines and chemokines to be released into the bloodstream. It is known that any change
in innate immunity causes inflammatory markers and cytokines to rise. Also, during
inflammation, proinflammatory cytokines trigger hepatocytes to produce and synthesize
acute-phase proteins like CRP [168]. Also, the study by Dungey et al. showed that in
chronic kidney disease (CKD), chronic inflammation plays a significant role in the
progression of the disease, and it appears that elevated levels of CRP are associated with

decreased renal function [169].

Du Clos, on the other hand, found that the C-reactive protein (CRP) plasma levels

in bacterial infections tend to be much higher than in viral infections [170].

According to the findings in this study, the level of CRP was significantly higher in
people with type 2 diabetes mellitus when compared to the control group, where p value
was 0.03*. Increased levels of inflammatory proteins, such as C-reactive protein (CRP),
are associated with low-grade inflammation and the development of type 2 diabetes.
Several metabolic and inflammatory variables linked to type 2 diabetes, including elevated
levels of free fatty acids, adipokines, and blood glucose, may initiate CRP generation. In
addition, several human investigations have shown that high blood C-reactive protein
levels are associated with obesity and the development of insulin resistance, which in turn
leads to type 2 diabetes. Results by Stanimirovic et al. provide more evidence that elevated
C-reactive protein levels are a key component of the inflammatory state that precedes type
2 diabetes. The C-reactive protein levels in people with type 2 diabetes (4.49-16.48 mg/L)

[171].
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Kanmani et al. explained that there was a strong correlation between CRP
concentration and an elevated risk of acquiring type 2 diabetes, particularly among

individuals aged 50 and above [172].

In contrast, the study by Pan et al. showed that there is no correlation between CRP
levels and an elevated risk of developing diabetes in a cohort of Chinese individuals in

Singapore [173].

Fig. (3.3): Comparison of study parameter (CRP) among study Groups

3.1.4 Creatinine:

The mean £ SD of Cr concentration were 6.23+1.87 for the patients of G1;
6.991+2.29 for the patients of G2; 8.37+3.12 for the patients of G3; 8.61+2.26 for the
patients of G4; While there were 0.69+0.17 and 0.69+0.18 for the patients of G5 and the

control group, respectively. As show in Table (3-4).
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Table (3-4 ): Comparison of study parameter (Cr) among study Groups

Parameters | Groups N Mean Std. Deviation P value

Cr mg/dl G1 20 6.2300 1.87283  a- <0.0001*
G2 20 6.9950 2.29174 = b- <0.0001*
G3 20 8.3795 3.12715  ¢-<0.0001*
G4 20 8.6150 226838  d-<0.0001*
G5 20 0.6900 017741 € <0.0001*
Control 20 0.6925 0.18934 | 1=0:99¢

The kidney glomerular filtration unit excretes creatinine from the body, which is
continuously generated in the body. A decrease in renal function can impact the rate of
creatinine filtration by the kidneys. because the kidneys are unable to excrete creatinine

through urine, leading to elevated blood serum creatinine levels [174].

The present study shows that the concentration of creatinine was significantly
higher in patients among the first four groups than in the diabetes mellitus and control
groups (P<0.0001). The study by Wafaa H. Ajam showed that CKD patients before
hemodialysis have the highest values of creatinine levels compared to healthy controls
[175]. A similar study by Mehmood et al. reported that serum creatinine rose in all patients
with chronic kidney disease [176]. The findings of this study corroborate previous findings
of MA et al., which found that out of the 164 patients, 26 tested positive for viruses. Serum
creatinine in viral-infected CKD patients was higher than in non-viral-infected CKD
patients [177].

In addition, Alaa Hussain Hassan discovered that both groups had serum creatinine
levels above the recommended level. However, there was a noteworthy distinction
between the patients with chronic renal failure who had hepatitis antibodies in their sera

compared to those who did not [178]. At the same time, the study by Kosaraju et al. found
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that no significant difference was observed in the levels of creatinine between the patients
with chronic renal failure who had hepatitis antibodies in their sera compared to those who
did not [179].

Furthermore, the present study shows that serum creatinine was no more significant
in type 2 diabetes mellitus than in the control group, where the p value was 0.943. This
agrees with the results of the previous study by Takeuchi et al. in Japan, who found that
low serum creatinine levels were linked to a higher risk of getting type 2 diabetes mellitus,
even when other major risk factors were taken into account, such as age, body mass index
(BMI), drinking alcohol, being active in free time, and having a family history of diabetes
[180]. Also, Harita et al. showed that low serum creatinine increased the risk of type 2
diabetes. Although this study found an association between lower serum creatinine and an
increased risk of type 2 diabetes, it did not determine why. They postulated that a smaller
amount of skeletal muscle would correlate with a lower serum creatinine level. When
skeletal muscle stops responding to insulin, it sets off a cascade of events that culminate in

the development of type 2 diabetes [181].
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Fig. (3.4): Comparison of study parameter (Cr) among study Groups
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3.1.5. Urea

The mean + SD of serum urea concentrations were 124.0850 + 19.18674 for the
patients of G1; 129.3700 + 39.84359 for the patients of G2; 120.1950 + 45.37441 for the
patients of G3; 117.4900 * 27.26289 for the patients of G4; while there were 32.6500 *
7.57611 and 26.6000 * 7.87000 for the patients of G5 and the control group, respectively.

As shown in Table (3-5).

Table (3-5): Comparison of study parameter (Urea) among study Groups

Parameters = Groups N Mean Std. Deviation P value

Ureamg/dl  G1 20 124.0850 19.18674  a- <0.0001*
G2 20 129.3700 39.84359 | b-<0.0001*
G3 20 120.1950 4537441  c-<0.0001*
G4 20 117.4900 27.26289  d-<0.0001*
G5 20 32.6500 757611 € <0.0001*
Control 20 26.6000 7.87000 [IR0:943

Urea is an organic compound that is produced as a result of protein metabolism in
the human body. It is non-toxic and plays a crucial role in eliminating 80-90% of the
nitrogen waste. Elevated blood urea levels indicate compromised renal function, while
reduced urea levels can be attributed to impaired liver function or not getting enough

protein in your diet [182].

In the present study, the level of serum urea concentrations was higher in CKD
patients with bacterial infection with and without diabetes mellitus than in the control
group (p< 0.0001). The kidneys lose their capacity to remove nitrogenous wastes from the

bloodstream in patients with chronic kidney failure (CKF). This is because the number of
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nephrons has decreased, which leads to the buildup of these substances in the bloodstream

and an increase in the levels of urea in the blood [183].

According to the results of this study, the level of serum urea concentrations was
higher in CKD patients with viral infection with and without diabetes mellitus than in the
control group. This study confirmed previous findings by MA et al. that chronic kidney
disease and viral infections were linked to higher serum urea concentrations than chronic
kidney diseases and non-viral infections. This finding could provide more evidence that

viral infections make CKD problems worse [177].

This study outcome showed a non-significant difference in the level of urea in type
2 diabetes mellitus compared with the control group. These results are in agreement with
Kurniawan and Kusrini's report that more than 80% of the diabetic participants had normal
urea levels (<40 g/dL). In the group of those aged 45 and up, the average urea level was
34.54 mg/dL, which is still considered normal. Because this finding shows that diabetics
still have normal kidney function, it's not out of the question that diabetics manage to keep
their blood sugar levels under control [184]. This finding disagreed with the study of
Idonije et al. who found the level of urea in the serum of patients with type 2 diabetes
Mellitus was significantly higher when compared to the control group [185]. Also, the
study by Azeez et al. showed that Patients with poorly managed blood sugar levels are

more likely to develop diabetic nephropathy due to elevated blood urea levels [186].

73



Chapter Three Results &Discussion

Fig.(3.5): Comparison of study parameter (Urea) among study Groups

3.1.6. Albumin

The mean £ SD of serum Albumin concentrations were 3.40+0.57 for the patients
of G1; 3.49+0.43 for the patients of G2; 3.57+0.314 for the patients of G3; 3.65+0.33 for
the patients of G4; while there were 4.11+0.65 and 4.28+0.60 for the patients of G5 and

the control group, respectively. As shown in Table (3-6).

Table (3-6 ): Comparison of study parameter (ALB) among study Groups

FRITITEEE | (G098 N Mean Std. Deviation P value

ALB g/dl | Gl 20 3.4000 0.57216  a- <0.0001*
G2 20 3.4900 0.43274 | b- <0.0001*
G3 20 3.5725 0.31434 ¢ <0.0001*
G4 20 3.6500 0.33795 = d-<0.0001*
G5 20 4.1100 0.65446 © <0.0001*
Control 20 4.2800 0.60053 [EO&E

Albumin is the primary component of plasma protein in the body, which plays an

essential role in regulating oncotic pressure, microvascular permeability, acid-base
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balance, and platelet aggregation prevention. Hypoalbuminemia is linked to morbidity and
death in a wide range of populations, including people who have suffered from conditions

such as renal illness [187].

According to the results of the present study, the level of albumin in the serum of
patients significantly decreased among the first four groups compared to the diabetes
mellitus and control groups (P<0.0001). This result is also consistent with Haller's, who
explained that albumin synthesis is impaired in renal failure patients for several reasons.
One of these is protein limitation, which occurs in the latter stages of renal insufficiency
and induces anorexia, which in turn promotes malnutrition. People who are on dialysis or
who have nephrotic syndrome may lose albumin in their urine, have peritoneal fluid
exchanges, or have hemodialysis membranes bind, especially if the membranes are used

again and again [188].

Additionally, bacterial and viral infections affect the level of albumin. The study by
Wiedermann explained that associating low serum albumin levels with infectious diseases
raises the possibility that low albumin mass is to blame for the acquisition and
development of infections and their complications. and shown that low serum albumin
levels are predictive of not only the onset and progression of acute bacterial, viral, and
fungal infections but also of infectious complications in long-term diseases and conditions
such as diabetes, hemodialysis, cancer, and chronic inflammatory diseases. In individuals
with early bacteremia, C-reactive protein levels fall after a few days of an initial spike,
whereas serum albumin levels stay low for a lot longer after a rapid drop from trans-

capillary leakage. Low serum albumin levels upon hospital admission increase the
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likelihood that patients with community-acquired bacterial or viral illnesses would need

treatment in the intensive care unit (ICU) [189].

Furthermore, in the current study, the level of albumin in the serum of diabetes
mellitus patients was lower than that of the healthy control group, although there was no
significant difference. These results were compatible with a previous study conducted by
Chany et al. which indicated that decreased albumin levels were linked to various
expression markers of inflammation in adipose tissue, regardless of fat percentage. This
suggests that albumin could be reflecting an immunological environment that increases the
risk of type 2 diabetes. In addition, a larger percentage of fat and plasma glucose
concentration were linked to lower albumin levels. further proved that, even after
controlling for these variables, lower albumin levels still predict the onset of type 2

diabetes[190].

Fig. (3.6): Comparison of study parameter (ALB) among study Group
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3.1.7. White blood cells

The mean + SD of serum WBC concentrations were 6.73+2.04 for the patients of
G1,; 7.1612.63 for the patients of G2; 5.16+1.72 for the patients of G3; 5.84+1.34 for the
patients of G4; while there were 7.81+1.34 and 7.62+1.80 for the patients of G5 and the

control group, respectively. As shown in Table (3-7).

Table (3-7 ): Comparison of study parameter (WBC) among study Groups

Parameters Groups N Mean Std. Deviation P value
WBC G1 20 6.7300 2.04324 a- <0.0001*
G2 20 7.1650 2.63504 b- 0.421
G3 20 5.1600 1.72730 c- 0.904
G4 20 5.8400 1.34845 d-0.0001*
G5 20 7.8150 1.34332 e-0.014*
Control 20 7.6200 1.80105 1-0.997

White blood cells, usually referred to as leukocytes, are an essential component of
the immunological response that the body produces. The production of these cells takes
place in the bone marrow, and they are an important part of the body's defense mechanism

against disease and infection [191].

In the present study, the level of WBC is lower in CKD patients with infections and
DM compared with healthy subjects. We did not observe a statistically significant
difference in WBC count between the groups except for CKD patients with infection (viral
or bacterial infection), which had a significantly lower difference in WBC count. This
finding fits with what Arai et al. found: people older than 60 with CKD stages G2-G5
before dialysis are more likely to have their CKD get worse if their white blood cell

(WBC) count is low. Prior research has failed to demonstrate a causal relationship between
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low WBC count and poor renal prognosis in individuals with chronic kidney disease
(CKD), making this conclusion all the more remarkable. Even though there was no
inflammation, the prognosis was poorer for patients with a low white blood cell count.
This study raise the possibility that inflammation and malnutrition are not the only factors
that contribute to the link between a low WBC count and the development of CKD.
Patients with a low white blood cell count may also be experiencing impaired bone
marrow function, which can make them more vulnerable to infections and reduce their

ability to repair cells [192].

According to widespread belief, white blood cells (WBCs) tend to rise in cases of
bacterial infections, whereas in cases of viral infections, they tend to remain stable or even
decrease [193]. In the present study, the findings were the opposite. This agrees with the
study by Ishimine et al., which found that in the early stages of a bacterial infection, the
level of WBC decreased [194]. Also, in the current study, the level of WBC was higher in
T2DM patients compared with the individual health group. This agreed with the finding by
Adane et al. that WBC increased significantly in T2DM patients compared with the
control group, and a higher white blood cell count has been described as a sign of chronic

inflammation, which is linked to microvascular problems in type 2 diabetes [195].
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Fig. (3.7): Comparison of study parameter (WBC) among study Groups

3.1.8. Lymphocytes

The mean £ SD of serum lymphocytes concentrations were 1.69+0.60 for the
patients of G1; 1.25+0.50 for the patients of G2; 1.52+0.53 for the patients of G3;
1.31+0.56 for the patients of G4; while there were 2.284+0.65 and 2.47+0.70 for the

patients of G5 and the control group, respectively. As shown in Table (3-8).

Table (3-8 ): Comparison of study parameter (LYM) among study Groups

Parameters N Mean Std. Deviation | P value

Groups

LYM Gl 20 1.6900 0.60166 a- <0.0001*
G2 20 1.2550 0.50312 b- <0.0001*
G3 20 1.5250 0.53888 c- <0.0001*
G4 20 1.3100 0.56186 d- <0.0001*
G5 20 2.2850 0.65234 e- <0.0001*
Control | 20 2.4750 0.70403 | 1 0-770
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Lymphocytes are an essential part of the immune system and are the cells that are
responsible for recognizing and reacting to foreign antigens. Based on migration, surface
markers, and biological roles, they are classified as T lymphocytes (T cells), B
lymphocytes (B cells), or natural killer (NK) cells [196], [197]. Lymphopenia is a disorder
characterized by an unusually low amount of lymphocytes in the peripheral blood as
compared to normal levels. There is a diagnosis of this condition when the total
lymphocyte number is lower than what is considered normal for a certain age group. The
presence of viral infections, as well as chemical and physical lymphodepleting agents, can
lead to a drop in the number of lymphocytes in the circulation that is immediately

noticeable [197].

The present study indicates that LYM concentrations tended to be significantly
lower in CKD with infection and DM compared with healthy subjects. The present study
indicated that LYM concentrations tended to be significantly lower in CKD with infection
and DM compared with healthy subjects. This result matched the findings of Manal and
Shaimaa, Kuwae et al., who said that people with end-stage renal disease (ESRD) who are

on hemodialysis have a lower total peripheral blood lymphocyte count [198], [199].

In a related study, Emmanuel et al. discovered that end-stage renal disease (ESRD)
patients have lower total lymphocyte counts, which are indicative of lower cellular
immunity levels. This lower cellular immunity explains why infections are common in
these patients, and infection is the second leading cause of death in ESRD patients.
Notably, this lower cellular immunity is more pronounced in ESRD patients receiving
hemodialysis [200]. The study by Narjis et al. reported an abnormally low number of

lymphocytes in the majority of diabetic individuals, whereas only a few patients had
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higher lymphocyte levels [201].

Fig. (3.8): Comparison of study parameter (LYM) among study Groups

3.1.9. Platelets

The mean + SD of serum platelets concentrations were 188.10+65.50 for the
patients of G1; 185.65+51.04 for the patients of G2; 151.25+72.38 for the patients of G3;
165.50+80.41 for the patients of G4; while there were 235.05+79.86 and 242.10+84.52

for the patients of G5 and the control group, respectively. As shown in Table (3-9).

Table (3-9): Comparison of study parameter (PLT) among study Groups

Parameters N Mean Std. Deviation | P Vvalue
PLT Gl 20  188.1000 65.50283  a- <0.0001*
G2 20  185.6500 51.04825 = b-0.084
G3 20 151.2500 72.38993  ¢- 0.066
G4 20 165.5000 80.41897  d-0.001*
G5 20 235.0500 79.86665 € 0-006™
Control 20 | 242.1000 8452075 | 1-0.998
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Platelet cells are among the first cells to be drawn to areas of inflammation and
infection. They play a crucial role in the initiation of intravascular immune responses by
working in complicated collaboration with white blood cells and vascular endothelial cells

[202].

According to the results of this study, the level of platelets is lower in CKD
patients with infections and DM compared with healthy subjects. We did not observe a
statistically significant difference in platelet count between the groups except for CKD
patients with infection(viral or bacterial infection), which had a significantly lower
difference in platelet count. The study by Baaten et al. reported that people with chronic
kidney disease who are not on dialysis do not see a notable decrease in platelet count.
However, platelet counts can drop by as much as 20% in patients with chronic kidney
disease at stage 5. One reason could be that megakaryocytes are not making enough
platelets or that continuous activation is using up platelets (for example, in hemodialysis,
shear stress in the extracorporeal circuit and exposure to the dialysis membrane can cause
platelets to clump together, secrete platelets, and form platelet-leukocyte aggregates). In
addition to a decrease in platelet count, other abnormalities in platelet function have been
shown in CKD patients. Platelets play a crucial role in hemostasis; therefore, any problems
with their function, such as hyperactivity or hyporeactivity, can lead to problems with

blood clotting or bleeding [203].

Similar to the study by Aashitha Pet et al., which found a reduction in platelet
count as the stage progressed. There was no evidence from platelet counts that the patients
were not in danger of bleeding, but thrombocytopenia was a major risk factor for bleeding

in some CKD patients [204].
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Furthermore, the study by Assinger found that there is a correlation between viral
infections and platelet activation. The host's inflammatory response releases mediators that
activate platelets and fosters an environment that is both pro-oxidative and pro-coagulant,
which facilitates platelet activation. Through direct contact with these cells, viruses can
change the way platelets and megakaryocytes function. leading to thromboytopenia, a
condition commonly seen in viral infections, because of the increased consumption and
removal of platelets brought about by all these mechanisms that activate them [205]. Also,
The study by Orasan et al. found that platelets were lower in patients with end-stage renal

disease and viral hepatitis[206].

In the present study, the mean platelet count in type 2 diabetic group was lower
compared to normal healthy subjects. which was comparable to the research by Hekimsoy
et al.[207]. Other studies by Zuberi et al. observed the opposite findings of a higher
platelet count in diabetic subjects as compared to normal healthy subjects[208]. Therefore,
the platelet count may be influenced by various factors, such as the average platelet

survival rate, the rate of platelet formation, and the turnover rate in diabetic patients[209].

Fig. (3.9): Comparison of study parameter (LYM) among study Group.
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3.1.10 Sodium

The mean = SD of serum sodium concentrations were 4.36+1.43 for the patients of
G1; 5.0241.73 for the patients of G2; 5.54+2.23 for the patients of G3; 5.18+1.60 for the
patients of G4; while there were 3.63+0.63 for the patients of the control group. As shown

in Table (3-10).

Table (3-10): Comparison of study parameter (Na) among study Groups

Parameters | Groups N Mean Std. Deviation P value

Na* G1 20 136.0500  6.04784 a- 0.015*
G2 20 138.7950 | 5.82991 b- 0.102
G3 20 1415500  4.65069 c-0.971
G4 20 140.1950 = 5.39615 d-0.538
Control 20 139.5500  2.76205 e-0.984

Kidneys regulate sodium-in-out balance in humans. One well-known symptom of
end-stage renal disease is sodium overload. which increases extracellular volume and
increases cardiovascular morbidity and mortality. Normal people can maintain their
sodium balance on a high-salt diet, according to a 1980s study. Compared to healthy
people, renal failure patients who ate a high-sodium diet had higher blood pressure due to

the impairment of sodium excretion [210].

In the present study, the level of serum sodium is higher in CKD patients with
infections compared with healthy subjects. However, we did not observe a statistically
significant difference in serum sodium levels between all groups compared with the
healthy control. The findings of this study corroborate previous findings Borrelli et al.
explain that the prevalent imbalance between sodium intake and loss makes salt restriction

more important in end-stage chronic kidney disease, as it increases the risk of hypertension
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and CVD. As a result, patients with hypertensive CKD, whether in the early stages or

advanced stages, must drastically cut back on salt consumption[211].

In the current study, we note that sodium concentration was lower in patients with
chronic kidney disease, infection, and DM. This may be because sodium concentrations
are lower in diabetic patients. This agreed with a study by Khan et al. that showed a

significant lower in serum sodium with increasing fasting blood glucose[212].
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Fig. (3.10): Comparison of study parameter (Na) among study Groups

3.1.11. Potassium

The mean + SD of serum potassium concentrations were 5.02+0.73for the patients
of G1; 4.99+0.73for the patients of G2; 5.33+0.55 for the patients of G3; 5.30+0.87 for
the patients of G4; while there were 4.14+0.51 for the patients of the control group. As

shown in Table (3-11).
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Table (3-11): Comparison of study parameter (K) among study Groups

Parameters | Groups N Mean Std. Deviation P value

K* Gl 20 5.0250 0.73045 a- <0.0001*
G2 20 4.9900 0.73906 b- <0.0001*
G3 20 5.3350 0.55845 c- 0.001*
G4 20 5.3000 0.87299 d- <0.0001*
Control 20 4.1450 0.51450 e- <0.0001*

Potassium is an electrolyte that is extraordinarily important for the health of all
human cells and organs. He regulates muscle and heart function, transmits nerve impulses,
and keeps cells' osmolarity and acid-base balances in check. K is gaining attention as a key
component that helps reduce hypertension caused by sodium overload, and new evidence

suggests it has an antihypertensive effect via increasing sodium excretion [213], [214].

The present study indicates that potassium concentrations tended to be
significantly higher in all groups compared with healthy subjects. Electrolyte disturbances,
including hyperkalemia, are frequent in CKD and ESRD patients[215]. Patients with renal
illness often have hyperkalemia as a result of kidney dysfunction affecting potassium (K)
homeostasis. This condition has a significant influence on the patient's quality of life and
prognosis. Elevated blood K levels are most commonly caused by a low glomerular
filtration rate (GFR). In addition to metabolic acidosis and constipation, chronic kidney
disease (CKD), diabetic mellitus (DM), or heart failure (HF), and taking RAASIs are the
most frequent medications used to protect the heart and kidneys and elevate serum
potassium levels. In addition to causing weakness and exhaustion, hyperkalemia greatly
raises the risk of lethal arrhythmias, which can lead to rapid death, and it is a key factor in

getting ESRD patients started on chronic dialysis[216]. This result agreed with the study
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by Sarnowski et al., which found that hyperkalemia is a problem in chronic kidney disease

[217].

Fig. (3-11): Comparison of study parameters (K) among study ‘Groups

3.1.13. Chloride

The mean * SD of serum chloride concentrations were 103.04+4.35 for the
patients of G1; 105.1445.58 for the patients of G2; 103.95+5.28 for the patients of G3;
105.88+6.56 for the patients of G4; while there were 101.65+2.56 for the patients of the

control group. As shown in Table (3-12)

Table (3-12): Comparison of study parameter (Cl) among study Groups

Parameters = Groups N Mean Std. Deviation P value

Cl- G1 20 103.0400 4.35411 a- 0.074*
G2 20 105.1450 5.58093 b- 0.798
G3 20 103.9500 5.28628 c-0.101
G4 20 105.8850 6.56941 d- 0.410
Control 20 101.6500 2.56032 e-0.033*
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Chloride ions are humans' main extracellular strong anions. Chloride helps
maintain the balance of acids and bases, the osmotic pressure in the plasma, the production
of hydrochloric acid, the osmotic gradient in the gastrointestinal tract, kidney function, and
the activity of electrolytes in cells. Kidney vasoconstriction caused by hyperchloremia
lowered renal blood flow and GFR, according to previous investigations. In contrast,

hyperchloremia may promote cytokine release and inflammation [218].

According to the findings, the level of sodium in the serum of patients with CKD
was higher when compared to the control group. However, we did not observe a
statistically significant difference in serum sodium levels between all groups compared

with the healthy control except group 4 (RF+V1).

Fig. (3.12): Comparison of study parameter (Cl) among study Groups
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3.2. The correlation of IL-6, CRP, PCT in all groups :

3.2.1. The correlation of IL-6, CRP, PCT in group 1

Fig. (3.13): Correlation plots among PCT, IL6 and CRP in G1 group.

The first scheme, figure (3-13), in the first group showed a weak positive
relationship between the PCT and IL-6 (0.190), but there was no significant. Also, the

second scheme showed there is a moderately negative relationship between the PCT and
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CRP (-0.285), but there is no significant relationship. Finally, in the same figure, the third

scheme showed there is a moderate negative relationship between the IL-6 and CRP (-

0.262), and there is no significant.

Results &Discussion

Table (3-13): Correlations among PCT, IL6 and CRP in G1 group.

Parameters

PCT Pearson Correlation
P value

IL6 Pearson Correlation
P value

CRP Pearson Correlation
P value

PCT

.190
421
-.285
.223

IL6

CRP
190 -.285
421 .223
1 -.262
.264
-.262 1

.264

3.2.2. The correlation of IL-6, CRP, PCT in group 2
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Fig. (3-14): Correlation plots among PCT, IL6 and CRP in G2 group.

The correlation plots between three parameters in the second group figure (3-14)
showed that in the first scheme, there is no correlated positive relationship between the
PCT and IL-6 and no significant. The second scheme showed a moderately positive
relationship between the PCT and CRP with no significant. Finally, the third scheme

shows that there is no significant correlation between IL-6 and CRP.

Table (3.14): Correlations among PCT, IL6 and CRP in G2 group.

Parameters PCT IL6 CRP

PCT Pearson Correlation 1 .063 .279
P value 792 .233

IL6 Pearson Correlation .063 1 -.067
P value 792 .780

CRP Pearson Correlation 279 -.067 1
P value .233 .780
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3.2.3 The correlation of IL-6, CRP, PCT in group 3

Fig. (3-15): Correlation plots among PCT, IL6 and CRP in G3 group

The results of the correlation plots in the third group, figure (3-16), showed that in
the first scheme, there is a moderately positive relationship (0.212) between the PCT and

CRP and no significant. The second scheme showed no correlated positive relationship
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(0.004) between the PCT and IL-6 with no significant. Finally, the third scheme reveals
there is no correlated positive relationship (0.084) between the IL-6 and CRP, with no

significant.

Table (3-15): Correlations among PCT, IL6 and CRP in G3 group.

Parameters PCT IL6 CRP

PCT Pearson Correlation 1 .004 212
P value .987 .369

IL6 Pearson Correlation .004 1 .084
P value .987 .726

CRP Pearson Correlation 212 .084 1
P value .369 726

3.2.4.The correlation of I1L-6, CRP, PCT in group 4
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Fig. (3-16): Correlation plots among PCT, IL6 and CRP in G4 group.

Figure (3-16) (from the fourth group of correlation plots) shows that in the first
scheme, the PCT and IL-6 do not have a correlated, negative association (-0.058), and
there is no meaningful relationship. In the alternative plan, there was a negative correlation
(-0.073) between PCT and CRP, but no statistically significant association. At last, the
third scheme shows that IL-6 and CRP have a moderately negative association (-0.403),

but there is no significant.
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Table (3-16): Correlations among PCT, IL6 and CRP in G4 group.

Parameters PCT IL6 CRP
PCT Pearson Correlation 1 -.058 -.073
P value .808 .760
IL6 Pearson Correlation -.058 1 -.403
P value .808 .078
CRP Pearson Correlation -.073 -.403 1
P value .760 .078

3.2.5 The correlation of IL-6, CRP, PCT in group 5
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Fig. (3-17): Correlation plots among PCT, IL6 and CRP in G5 group.

Figure (3-17) (from the fifth group of correlation plots) shows that in the first
scheme, the PCT and IL-6 do not have a correlated, positive association (0.089), and there
is no meaningful relationship. In the alternative plan, there was a negative correlation (-
0.148) between IL-6 and CRP but no statistically significant association. At last, the result
in table shows that PCT and CRP have a no-correlated positive association (0.051), but

there is no significant.

Table (3-17): Correlations among PCT, IL6 and CRP in G5 group.

Parameters PCT IL6 CRP

PCT Pearson Correlation 1 .089 .051
P value .708 .830

IL6 Pearson Correlation .089 1 -.148
P value .708 .533

CRP Pearson Correlation .051 -.148 1
P value .830 533
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3.2.6 The correlation of IL-6, CRP, PCT in group 6

Fig. (3-18): Correlation plots among PCT, IL6 and CRP in healthy group
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Figure (3-18) shows that in the three schemes, (PCT and IL-6), (PCT and CRP),
and (IL-6 and CRP) all have negative associations (-0.357, -0.314, and -0.11), and there

are no significant.

Table (3-18): Correlations among PCT, IL6 and CRP in healthy group.

Parameters PCT IL6 CRP

PCTF Pearson Correlation 1 -.357 -.314
P value 122 178

IL6 Pearson Correlation -.357 1 -.110
P value 122 .644

CRP Pearson Correlation -314 -.110 1
P value .178 .644
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4. Conclusions and Recommendations
4.1. Conclusions

1. Patients on dialysis may experience inflammation due to dialysis procedures,
underlying causes of renal failure, or infections. Exposure to bioincompatible
dialysis membranes contributes to chronic inflammation. Infections caused by
bacteria and viruses pose a serious threat to people with kidney disease (CKD).
Patients with Kkidney failure with or without diabetes mellitus who have had
bacterial and viral infections show significantly higher levels of IL-6.

2. There is no correlation between the decline in excretory renal function and the
increased concentration of PCT in the blood. High-flux hemodialysis membranes
may diminish PCT's usefulness as an infection indication. The level of
procalcitonin increases in response to a proinflammatory stimulus and is
significantly increased in bacterial infections. Viral infections, however, will not
lead to elevation.

3. Elevated CRP levels are associated with decreased renal function. It is a key
indicator of chronic inflammation in people with chronic kidney disease (CKD),
which progresses towards end-stage renal disease (ESRD). CRP levels increase in
bacterial and viral infections in CKD patients, with higher levels in bacterial
infections.

4. Low serum albumin levels are predictive of the onset and progression of infections
and infectious complications in long-term diseases like diabetes, hemodialysis,
cancer, and chronic inflammatory diseases. In renal failure patients, albumin
synthesis is impaired due to protein limitation, anorexia, and hemodialysis

membrane binding.

99



Chapter four Conclusions and Recommendations

5. The levels of WBC, LYM, and PLAT concentrations were significantly lower in
patients with chronic kidney disease (CKD). One reason could be that
megakaryocytes are not making enough platelets or that continuous activation is
using up platelets. Low WBC is independently associated with CKD progression

6. The levels of K*, Na* and Cl~ concentrations were significantly higher in patients
with chronic kidney disease (CKD). The prevalent imbalance between sodium
intake and loss makes salt restriction more important in end-stage chronic kidney
disease, as it increases the risk of hypertension and CVD. A low glomerular
filtration rate (GFR) most commonly causes elevated blood potassium and chloride

levels. In addition to metabolic acidosis and constipation.

4.2. Recommendations

1. A study can be conducted to deal with the role of other cytokines in the diagnosis
of renal failure.

2. A study can be conducted to deal with the role of interleukin-6 in renal failure and
other chronic diseases, such as myocardial infarction.

3. A study of the causes of viral and bacterial infections in renal failure patients.
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Appendix

Normal Value for Laboratory Tests

Test Values
Interleukin-6 (1L-6) >7 pg/ml
Procalcitonin (PCT) > 0.1 ng/ml
C-Reactive Protein (CRP) 0-6 mg/L
Serum Urea 10 - 50 mg/dL
Serum Creatinine 0.6 - 1.1 mg/dL
Serum Albumin 3.8-4.4¢g/dL

Chloride 98 - 111 mmol/L
Potassium 13.7 - 19.9 mg/dL
Sodium 136 -146 mmol/L

White blood cells

5.0-11.6 x 10%/L

Lymphocytes

1.3-4.0 x 10°/L

Platelets

150 — 450 x 10°/L
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