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Summary 

      Kidney Disease (KD) is characterized by a progressive and irreversibly 

loss of kidney function or persisting renal damage, resulting from many 

underlying factors such as diabetes mellitus and hypertension. It can be 

classified based on the cause, severity of structural and functional 

abnormalities, and duration of those abnormalities. The current study was 

designed to evaluate the use of beta trace protein(BTP) and liver fatty acid 

binding protein (LFABP) as recent markers of renal disease and measured 

by using enzyme linked immunosorbent assay (ELISA). Also, to examine  

salivary components mainly (hydroxyl and amide ) vibration bands as 

indicator for initiation of renal abnormality by using attenuated total 

reflection-fourier transform infrared (ATR-FTIR) spectroscopy.  

       Current study was included 107 subjects, (27) samples were excluded 

due to analytical defects especially for saliva samples. Remaining 80 

participants with an age range between 25-63 years  and with                 

BMI 19-29 Kg/m
2
. These participants were subdivided into 38 kidney 

disease  patients (19 with acute kidney injury and 19 chronic kidney 

disease) and 42 apparently healthy volunteer. In present study were 

estimated serum levels of (glucose, urea, creatinine and albumin)by 

colorimetric methods, the total and ionized calcium by using electrolyte 

analyzer  and also, investigated  serum beta trace binding protein and liver 

fatty acid binding protein with salivary hydroxyl and amide vibration bands.  

       The results  of  present study  revealed  significantly (p <0.05) increase 

of urea and creatinine in kidney disease patients when compared with 

control, While glomerular filtration rate (GFR), )total and ionized( calcium 

were a significantly (p value<0.05) decrease at the same comparison with a 



 

II 
 

significantly (p <0.05)  changes of  glucose level. On other hand  the beta 

trace binding protein increase significantly (p value<0.05) in chronic kidney 

disease subgroup in comparison with acute kidney injury and control  

groups  mean difference were (21.974, 20.814) respectively. While liver 

fatty acid binding protein decrease significantly (p value<0.05) in acute 

kidney injury  when compared  with groups of  chronic kidney disease 

patients  and control (21.222, -15.306 ) respectively. Otherwise in chronic 

kidney disease  the salivary hydroxyl and amide bands were significantly 

reduced in comparison with acute kidney injury patients and control group.   

      The correlation analysis among kidney disease  patients  shows positive 

correlation between beta trace and liver fatty acid binding protein                

(r=0.815, p=0.000), negative correlation was observed of glomeruli 

filtration rate  with beta trace protein and liver fatty acid binding protein 

(r=0.414, P=0.010), (r=0.350, p=0.036) respectively. Furthermore positive 

correlation was recorded between salivary hydroxyl and amide bands           

(r=0.564, p=0.000). Outcome of ROC analysis was recorded very strong 

result of  salivary hydroxyl band in chronic kidney disease  patients than 

control (AUC) 91.1%,  P =0.000, cut-off the test equal to (3373.20 cm
-1

) . 

Likewise, (AUC)  of salivary hydroxyl for patients chronic kidney disease 

than acute kidney injury  was 83.41% , P =0.000 at the cutoff (3343 cm 
-1

).    

       In conclusion, the findings of this study suggest that liver fatty acid 

binding protein can be considered a potential marker for the progression of 

renal failure, while Beta trace protein showed less sensitivity and may 

require further investigation. Additionally, salivary hydroxyl bands were 

found to be highly sensitive indicators for the initiation of renal 

abnormality. The results highlight the potential utility of these markers in 

diagnosing and monitoring kidney disease. 
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1. Introduction  

       Kidney Disease (KD) characterized by a progressive and irreversibly 

loss of kidney function or persisting renal damage[1]. Reflects the entirety 

of acute kidney diseases and chronic kidney disease [2]. Acute insults to the 

kidney were typically termed “acute renal failure” and categorized 

according to the clinical presumption of the site of injury: “prerenal,” 

“renal,” and “post renal ”. Chronic kidney disease (CKD) and its terminal 

complication, end-stage renal disease, may progress undetected until 

immediately before symptomatic kidney failure develops [3], while if the 

renal failure is not diagnosed lead to permanent kidney damage  fluid up, 

chest pain, muscle weakness, vomiting and Death[4].   

      The important causes of renal failure such as Diabetes Mellitus 

,hypertension , Immune disease, hyperlipidemia ,smoking and  kidney 

stones( are mineral deposits in the renal calyces and pelvis that are found 

free or attached to the renal papillae) [5].  

      In addition to protein components, saliva contains a large variety of low 

molecular weight substances, amino acids and hormones. The relationships 

between the functional state of the human body and the salivary gland’s 

physiological activity offer the possibility to use saliva as a source of 

diagnostic information, with a number of advantages over analysis of other 

biological fluids such as Breast cancer, cardiovascular disease and COVID 

19 [6].  

      The recent discovered markers are beta trace binding protein(BTP) and 

liver fatty acid  binding protein(L-FABP), BTP originating from kidneys, 

genital organs, heart ,cerebrospinal fluid and the liver, eliminates highest 
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concentrations of BTP are observed in cerebrospinal fluid, making it a 

marker for distinguishing between cerebrospinal fluid leak and other bodily 

fluids[7]. The BTP molecules with smaller carbohydrate residues, reducing 

the molecular weight range of BTP in serum to 26–29 kDa. BTP is not 

physiologically inert. It possesses both ligand-binding and enzymatic 

properties. BTP catalyzes the conversion of prostaglandin H2 (PGH2) to 

PGD2. PGD2 is an eicosanoid involved in a variety of important physiologic 

processes, including platelet aggregation, vasodilation, inflammation, 

adipogenesis, and bone remodeling [8].  

      The second marker is  liver-type fatty acid binding protein (L-FABP) is 

abundantly expressed in hepatocytes and in proximal renal tubular cells 

with molecular weight 14kDa. Injury of the proximal tubular cells induce 

upregulation of the L-FABP gene, leading to increased L-FABP expression 

by these cells and increase in the urinary L-FABP excretion , which binds to 

long-chain fatty acids (LCFAs) and certain other lipids, has been found in 

various tissues, including the mammalian intestinal mucosa, liver, 

myocardium, adipose tissue, kidney, muscle, and other tissues [9][10]. 

Recent study have shown that L-FABP may play an important role in 

kidney injury and repair, that monitoring detectable L-FABP levels can 

predict the occurrence and severity of various kidney diseases, and that this 

protein may be a promising biomarker of kidney disease[11].  The previous 

studied indicated the LFAPB and BTP are the emerging biomarker[12]. 
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1.1 Kidney disease 

1.1.1 Definition 

       Kidney disease is defined as the kidneys' inability to conduct excretory 

activities as in Figure(1-1), which results in the accumulation of 

nitrogenous wastes in the bloodstream. The kidneys have endocrine and 

exocrine functions regulating and maintaining critical biological 

mechanisms in the body. The exocrine function involve fluid and 

electrolyte balance, acid base regulation and excretion body waste. The 

endocrine functions include the activation of vitamin D for the 

incorporation of calcium into bones, and also synthesis of the blood 

pressure-regulating hormones renin-angiotensin and aldosterone, as well as 

the hormone erythropoietin,  which is responsible for the production of red 

blood cells as in Figure ( 1-2) [13]. 

 

 

Figure(1-1) Normal kidney and kidney injury[14]  
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Figure( 1-2) The Physiological Functions of Kidneys [15] 

 

    The AKI and CKD are common clinical diseases that result in renal 

failure and a series of clinical syndromes. The increasing incidence of these 

diseases is an important cause of increasing mortality worldwide. 

Identifying these patients early is of great importance both for intervening 

in a timely manner and for improving prognoses[9][15]. A decline in the 

GFR 30% or 40% is a step on the path to kidney failure [16] as in figure 

)1 3- ).  
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Figure (1-3) Conceptual model of Renal decline [17]  

 

1.1.2Types of Kidney Disease 

1.1.2.1Acute Kidney Injury(AKI) 

       Acute Kidney Injury (AKI) is the term that has recently replaced the 

term acute renal failure. AKI is defined as an sudden (within hours) 

decrease in kidney function, which includes both injury (structural damage) 

and impairment (loss of function). The diagnosis of acute kidney injury, and 

staging of its severity are based on changes in serum creatinine and urine 

output. It is a syndrome that rarely has a sole and distinct pathophysiology. 

Many patients with AKI have a mixed an etiology where the presence of 

sepsis, ischemia and nephrotoxicity often co-exist and complicate 

recognition and treatment. Furthermore the syndrome is quite common 
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among patients without critical illness and it is essential that health care 

professionals, particularly those without specialization in renal disorders, 

detect it easily[18][19]. Classification of AKI includes pre-renal AKI, acute 

post-renal obstructive nephropathy and intrinsic acute kidney diseases. Of 

these, only ‘intrinsic’ AKI represents true kidney disease, while pre-renal 

and post-renal AKI are the consequence of extra-renal diseases leading to 

the decreased glomerular filtration rate (GFR). If these pre- and/or post-

renal conditions persist, they will eventually evolve to renal cellular damage 

and hence intrinsic renal disease. The risk of AKI in the elderly is high, due 

to the several anatomic and physiological changes of  

the aging kidney [20]. The prostate processes (benign hypertrophy 

/carcinoma ), retroperitoneal, adenopathy, malignancies, and neurogenic 

bladder are the most common causes of obstructive AKI in men, whereas 

pelvic and retroperitoneal carcinomas in the women. Nephrolithiasis and 

calculi are common causes of post-renal AKI in the elderly also the long-

term complications of diabetes  [20] . Diabetes also increases the risk of 

cardiovascular disease (CVD) and heart failure, and these conditions can 

themselves increase the risk of AKI as in figure ( 1-4). The higher risk for 

progression to chronic kidney disease (CKD), end-stage-renal disease 

(ESRD), and death [17]. 
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Figure (1-4) Causes of AKI in diabetes. Illustrating the major contributors to the 

increased risk of AKI in diabetes. These include CKD; CVD, including acute 

coronary artery syndromes and cardiac surgery; heart failure; hyperglycemic 

crises (DKA and HHS); AKI itself (predisposing to future episodes of AKI); 

diabetes itself (hyperglycemia); and sometimes medications used in the treatment 

of diabetes or its complications or in the investigation of comorbidities in persons 

with diabetes (e.g., radiocontrast) [22]  

 

1.1.2.2 Chronic Kidney Disease( CKD) 

        The CKD is a general term for mixed disorders affecting the structure 

and function of the kidney (i.e., persistent urine abnormalities, structural 

abnormalities or impaired excretory renal function suggestive of a loss of 

functional nephrons). The Kidney Disease Outcomes Quality Initiative 
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(K/DOQI) of the National Kidney Foundation (NKF) have been defined CKD 

by either GFR ˂ 60 ml/min/1.73 m² or the presence of kidney damage for 

more than 90 days duration via clinical assessment (Duration is necessary to 

distinguish chronic from acute kidney disease)[23]. The patient with CKD  

appear various structural and functional changes within the kidney will 

develop during the disease course, resulting in glomerular, tubular and 

vascular injuries, the progression phase of the disease is characterized by a 

persistent state of inflammation, oxidative stress and hypoxia  as in figure(1-5) 

that contribute to the development of renal fibrosis [24], and in figure (1-6) 

shows the factor effecting of chronic kidney disease. 

 

Figure (1-5) Hypoxia and Chronic Kidney Disease [25]  
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Figure (1-6 ) Factors affecting Chronic Kidney Disease [26]  

 

1.1.3 Epidemiology 

       Studies from around the world reported an age-standardized global 

prevalence of CKD stages 1–5 in individuals aged ≥20 years were 10.4% 

among men and 11.8% among women. The study reported important 

differences by geographic region classified by income level, with a CKD 

age-standardized prevalence of 8.6% and 9.6% in men and women 

respectively. 

       In high-income countries, and 10.6% and 12.5% in men and women 

respectively in low- and middle-income countries. The age-standardized 

global prevalence of CKD stages 3–5 in adults aged ≥20 years in the same 

study was 4.7% in men and 5.8% in women [27].  The CKD affects 37 

million adults in the USA .Recent studies suggest that disease-causing 

genetic variants are identifiable in ∼10% of adults and ~20% of children 
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with CKD most of whom are unaware of the genetic etiology for their 

kidney dysfunction. CKD increased by 41.5% between 1990 and 2017 [28]. 

       The prevalence of CKD stages 3–5 was varied among sub regions and 

country economic classification. CKD prevalence was 8.6% (7.2–10.2%) in 

east Asia, 12.0% (7.7–17.0%) in south-east Asia, 13.1% (8.7–18.2%) in 

western Asia, and 13.5% (9.5–18.0%) in south Asia. CKD prevalence was 

9.8% (8.3–11.5%) in upper-middle-income countries and 13.8% (9.9–

18.3%) in lower-middle-income countries  [29]. 

       Until December 30, 2017 the overall prevalence of chronic kidney 

disease Iranian general population  in 70 605 people was 15.14% 

(I2 = 99.77%). The prevalence of CKD in female patients (18.80%) was 1.7 

times higher than in male patients [30]. 

       The CKD prevalence within this segment of the Saudi population at 

5.7% using the modification of diet in renal disease (MDRD) equation and 

5.3% using the chronic kidney Disease epidemiology collaboration(CKD-

EPI) equation [31]. 
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 Figure (1-7)Regions and countries where Chronic Kidney Disease is in the top 10 

causes of years of life lost in 2013. On the basis of data from the Global Burden of 

Disease Study 2013 [27] 

 

1.1.4 Etiology and Risk Factor 

        Kidney Disease (KD) incidence and progression are commonly 

believed to be based upon group differences in the prevalence of risk factors 

for KD  , such a : 

1. Diabetes: the diabetes can harm the kidney by causing damage . The high 

glucose level in blood can cause these vessels of the kidney to become 

narrow and clogged without enough blood ,the kidney become damage and 

the protein (albumin) passes through the filter and end to the urine .Also, 

the diabetes damage the nerves in your body including bladder and if the 

urine stay for a long time in bladder may get a urinary tract infection[32] .   

2. Emphysematous pyelonephritis: elevated blood and tissue glucose levels 

may contribute to a conducive environment for the rapid multiplication of 
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gas forming bacteria. Diabetic microangiopathy causes a slowing down of 

transport and drainage of the catabolic waste products from the kidney, 

resulting in stasis or accumulation of such products within the renal 

parenchyma. This causes the accumulation of gas within the kidney and 

results in further deterioration [32]. 

3. Kidney Stones (Nephrolithiasis): The most common stone type is 

calcium oxalate (67%) followed by calcium phosphate (17%), uric acid 

(8%), struvite (3%), and cysteine (0.4%). Urinary stone formation is a 

multifactorial process to which metabolic derangements[33]. 

Nephrolithiasis can cause post-renal acute Kidney Injury (AKI) via 

obstruction of urinary outflow, often associated with rapid deterioration in 

renal function. Irreversible kidney damage can result if urinary drainage is 

not corrected in a timely fashion. Recent studies also suggest that patients 

with nephrolithiasis are more likely to develop Chronic Kidney Disease 

(CKD) [34]. 

4. Heavy Metals: The most common metals implicated in kidney toxicity 

are arsenic, cadmium, cobalt, lead, lithium, and mercury[35]. The Kidney is 

a target organ in heavy metal toxicity for its capability to reabsorb and 

concentrate divalent ions and metals. The magnitude of kidney impairment 

depends on the nature, the dose, and the time of exposure. These 

compounds are s reabsorbed through an endocytotic process in segment S1 

of the proximal tubule and can lead to chronic inflammation, fibrosis and 

renal failure [36]. 

5. Polycystic Kidney Disease (PKD) : is a widespread hereditary cause of 

child and adult chronic renal failure is a diverse class of disorders 

characterized by fluid-filled cyst aggregation, development and growth in 

kidney and other organs sometimes induced end stage renal failure.  As 
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autosomal dominant or autosomal recessive traits, the most frequently 

inherited PKD can be transmitted. The definition of PKDs has been limited 

by tradition to two conditions: autosomal dominant PKDs and autosomal 

recessive PKD. Collecting tubules are generalized in recessive polycystic 

renal disease, while cysts form in the nephron in prevalent polycystic 

disease[37] [38]. 

1.1.5 Pathophysiology 

         Pathological events can be induced by extrinsic events such as 

hypertension, obesity, sepsis, liver failure and diabetes[39]. Involve changes 

in the structure of the functional unit of the kidney called the nephron. This 

includes changes to the tubules, glomeruli, the interstitial and the intra-renal 

blood vessels. Kidney filtering waste from the blood, maintaining the 

overall fluid balance of the body, maintaining blood pH, and hormonal 

functions that promote red blood cell production,  bone health and 

regulation of blood pressure[40]. Loss of enough cells along any part of the 

nephron can alter any of these functions. This is particularly true of the 

proximal tubules, which are the primary target of a vast majority of 

nephrotoxicants. The mechanisms mediating renal cell death induced by 

nephrotoxicants and renal pathologies. For example, ischemia-induced AKI 

involves ATP depletion, oxidative stress, proximal tubule cell death and 

loss of the brush border membrane, and cell polarity [41].  In comparison, 

AKI induced by the cancer chemotherapeutic and prominent nephrotoxicant 

cisplatin also involves oxidative stress, proximal tubule cell death and loss 

of the brush border membrane and polarity increased oxidative stress, loss 

of ATP and proximal tubule cell death are also commonly seen in 

nephrotoxicity induced by contrast media, which is also known to alter 



Chapter One                      Introduction and Literature  Review 

 

14 
 

glomerular function and renal blood flow[42]. Diabetic induced 

nephropathy,  proteinuria, glomerular fibrosis and interstitial fibrosis are 

key events in renal failure induced by hypertension and hyperglycemia [43]. 

      Renal stone condition is widespread in a working-age demographic and 

has a considerable health care burden. The latest literature suggests that 

influences in lifestyle and diet play a significant role in stone disease risk. 

Genetic, nutritional, and environmental factors can influence the occurrence 

and prevalence of kidney stones. About 80 percent, typically calcium 

oxalate and less so often calcium phosphate, of the stones are composed of 

calcium salts in most industrialized nations[44]. The other 20 percent of 

stones are uric acid, struvite or apatite carbonate, cysteine, and rare stones. 

An elevated risk of renal stone is associated with a family history of kidney 

stones, insulin-resistant states, a history of hypertension, primary 

hyperparathyroidism, a of gout, chronic metabolic acidosis, and surgical 

menopause. The development of kidney stones in postmenopausal women 

is related to a history of hypertension and a poor diet of magnesium and 

calcium[45].  

 

1.1.6 Complication of Kidney Disease [46] 

1. Hypertension 

2. Cardiovascular complication 

3. CKD-related mineral bone disorder 

4.  Anemia 

5. Salt and water retention 

6. Metabolic acidosis and electrolyte disorders 
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1.2 Saliva and Infra-Red Spectroscopy: 

       The rapid advancements in technology have paved the way for novel 

diagnostic approaches that were not available in the past. One such example 

is the utilization of spectral techniques in clinical diagnosis. This includes 

various techniques such as nuclear magnetic resonance spectroscopy, 

nuclear magnetic imaging, mass spectrometry, atomic absorption 

spectrometry, and infrared spectroscopy, as referenced in sources. These 

techniques have proven to be valuable tools for accurate and efficient 

diagnosis of various diseases, and can be particularly useful in analyzing 

diagnostic fluids [47][48]. Research has revealed that several other bodily 

fluids, such as saliva, cerebrospinal fluid, and pleural fluid, may contain a 

wealth of biological information that exceeds that of blood. These fluids 

may contain a range of reliable disease markers that can be leveraged to 

diagnose a variety of illnesses. Therefore, these alternative fluids represent 

promising areas for further investigation and development of diagnostic 

techniques  [49][50]. 

       One of the most common diagnostic fluids is saliva which is a 

multifaceted biological fluid that contains a diverse array of biomolecules 

including DNA, RNA, proteins, metabolites, and microbiota. These 

biomolecules make it a valuable tool for the detection and diagnosis of 

various diseases. Moreover, its simple collection process, non-invasive 

nature, and easy storage make it a potential substitute for blood in the realm 

of fluid biopsy and an excellent candidate for use as a diagnostic fluid [51].  

      Izabella C. C. Ferreira and her team utilized ATR-FTIR to analyze the 

saliva of patients diagnosed with breast cancer, benign breast disease, and 

healthy matched controls in order to explore its potential as a diagnostic 
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tool for breast cancer. Through this process, the team identified several 

vibrational modes in the original and second-derivative spectra of the saliva 

samples . The team's analysis revealed that there were notably higher 

absorbance levels at the 1041 cm
−1

 wavenumber in the saliva samples of 

breast cancer patients as compared to those of benign patients (with a p-

value <0.05)  figure (1-8) [52] [53].  

. 

 

Figure (1-8) : displays the FTIR spectra of the saliva samples collected from breast 

cancer, benign breast disease, and control patients. The graph showcases the 

average original spectra for each group, with the absorbance bands of the major 

functional groups in biomolecules indicated between wavenumbers 1800 cm
−1

 and 

800 cm
−1

. The spectra for breast cancer patients are represented by the red line, 

those for benign breast disease patients by the black line, and the spectra for 

control saliva samples are denoted by the blue line[53]. 

       As previously stated, the use of saliva presents a promising new avenue 

for fluid-based diagnostics. As salivomics research continues to accumulate 

data, it is anticipated that a group of salivary biomarkers will be identified 

for a wide range of diseases. This development will help enable more 

common and accurate diagnoses using saliva samples. 
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1.3 Renal Function Test 

1.3 .1 Urea 

       Urea is a small water-soluble molecule that is freely filtered by the 

glomeruli and absorbed by the proximal and distal tubules of the kidney. 

Several urea transporters are involved in urea handling along the nephron. 

Urea has quantitively the highest serum concentration among the different 

organic solutes retained in patients with CKD[54]. 

     Blood urea nitrogen (BUN) is one of the indicators for evaluating kidney 

function, and BUN levels are inversely correlated with kidney function. 

Besides glomerular filtration, BUN levels are also influenced by tubular 

resorption and production of urea. In acute illnesses, such as acute heart 

failure, acute pancreatitis and extensive diuretic use, increased tubular 

reabsorption of urea consequent to neuro humoral activation originating 

from the depletion of effective circulating volume is a common cause of 

higher elevation of BUN compared to glomerular filtration rate (GFR) 

leading to higher BUN/creatinine ratio in these patients[55]. 

1.3.2 Creatinine  

      Creatinine is synthesized in liver, kidney and pancreas , transported to 

the sites of usage, principally muscle and brain, it is generated from the 

breakdown of muscle creatine phosphate, and is excreted in the urine by 

means of passive glomerular filtration with subsequent minimal tubular 

reabsorption and secretion. The generation of creatinine is quite stable and 

as long as (GFR) remains unchanged, a steady-state of its generation and 

excretion is achieved, reflected by stable levels of serum creatinine 

(SCr)[56]. Thus, SCr is a useful endogenous indicator of GFR, as long as its 
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generation and elimination remain stable. When GFR declines, SCr 

increases. Where the continuous daily excretion of creatinine equals to its 

generation. 

      Estimated GFR can be calculated by urine collection and concomitant 

determination in plasma and urine of endogenous biomarkers, such as 

creatinine, or of exogenously administered compounds such as inulin 

[57].Thus, creatinine clearance roughly represents the mean daily GFR. 

Several widely used formulas provide an estimate of GFR (eGFR), based on 

SCr and on anticipated muscle mass (governed by age, gender, weight and 

race), enabling a close estimate of GFR without the need of urine collection  

and some medications that inhibit tubular excretion of creatinine, such as 

cimetidine or trimethoprim [58]. 

1.3.3 Glomerular Filtration Rate (GFR) 

Kidney disease is common in adults, and testing for kidney disease is 

part of routine clinical practice for patients with acute or chronic illness. 

The initial evaluation includes determination of the glomerular filtration 

rate (GFR), estimated on the basis of the serum creatinine level (e  GFR cr). 

Assessment of GFR is central to clinical practice, research and public 

health. In clinical practice the GFR is used to interpret the symptoms, signs, 

and laboratory abnormalities that might signify kidney disease; to adjust 

drug doses; and to detect, assess risk, and manage acute kidney diseases 

with disorders(AKD) and CKD[59].  

1.3.4 Albumin  

       The increased excretion of urinary albumin as a marker of kidney 

damage. Normal individuals excrete very small amounts of protein in the 
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urine. Albumin is the most common type of protein in the urine. All patients 

with CKD should be screened for albuminuria. Persistent increased protein 

in the urine (two positive tests over 3 or more months) is the principal 

marker of kidney damage, acting as an early and sensitive marker in many 

types of kidney disease [60][61]. 

1.3.5  Glycosuria 

       Abnormally high levels of glucose in blood (hyperglycemia) can lead to  

glycosuria. Renal glycosuria occurs when the renal tubules fail to reabsorb 

all glucose at a level that is normal.  <140mg/dL is ideal. Over 200mg/dl 

can indicate diabetes. A glucose in urine test measures the amount of 

glucose in the urine, the  blood carries glucose to cells. The CKD does not 

cause diabetes, but CKD can be a complication of diabetes [62][63]. 

1.3.6 Calcium  

       Calcium balance is regulated by intestinal calcium absorption, kidney 

reabsorption and calciotropic hormones that activate calcium exchange 

from the bone when serum calcium levels are low. Research shows that 

ingesting about 800–1000 mg/day of calcium may be sufficient to maintain 

calcium balance for patients with CKD 3–4 in the absence of vitamin D 

analogues. However, calcium recommendations for early stages of CKD 

typically follow the RDA (1000–1200 mg/dl) for adults because the level of 

kidney function has not yet disrupted calcium balance, Calcium phosphate 

particles, but not phosphate, damage renal tubular cell[64]. 
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1.4 Treatment of Kidney Disease 

        Treatment of Kidney Diseases (KD) can slow its progression to end-

stage renal disease (ESRD). However, the therapies remain limited. Blood 

pressure control using angiotensin-converting enzyme (ACE) inhibitors or 

angiotensin II receptor blockers (ARBs) has the greatest weight of evidence 

and reduced albumin in urine. Glycemic control in diabetes seems likely to 

retard progression. A sodium-glucose cotransporter (SGLT 2) inhibitor on 

initial changes in estimated glomerular filtration rate (e GFR) and describe 

that with the initial dip in e GFR, there is an associated improvement in 

kidney function[65]. Also used Diuretics are frequently prescribed drugs 

and help managing several pathological conditions, including acute and 

chronic kidney disease, nephrotic syndrome [66]. At the end stages Dialysis 

and kidney transplant are the two treatments for kidney failure. The dialysis 

treatments or transplanted kidneys will take over some of the work of your 

damaged kidneys and remove wastes and extra fluid from your body. This 

will make many of your symptoms better [67]. Many patients with kidney 

failure are candidates for one of two dialysis approaches: hemodialysis 

(HD), typically provided in a hospital or other specialist facility (i.e., in-

center), or peritoneal dialysis (PD), usually self-administered at home  after 

training. It
,
 s removing waste, salt and extra water to prevent them from 

building up in the body, keeping a safe level of certain chemicals in your 

blood, such as potassium, sodium and bicarbonate helping to control blood 

pressure[68]. Kidney transplantation is the best treatment method among all 

of the renal replacement therapy options (HD、PD and transplantation). 

However, few patients with ESRD benefit from kidney transplantation 

because of the limited number of organ donors. To optimize the allocation 
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of organs, complex -health systems have been proposed based on data 

mining and NN algorithms. The application of AI in kidney transplantation 

can be summarized from two aspects: prediction of graft rejection and 

augmentation of post-transplantation immunosuppressive therapy[69]as in 

figure (1-9). 

 

Figure(1-9) Application of artificial intelligence in Renal Disease [69] 

 

1.5  Biomarkers of Kidney Function 

      The search for new biomarkers should focus on better indicators of renal 

dysfunction than GFR and on markers of specific types of kidney injury, 

assessed in serum and/or urine. The study of specific biomarkers would 

allow the identification of kidney damage, and they should reflect the 

underlying pathophysiological processes of kidney damage, namely, 

changes in renal function, tubulointerstitial damage, endothelial dysfunction 

and inflammation, and/or cardiovascular risk. Kidney biomarkers can be 

classified according to the morph physiological characteristics of the 

nephron, related both to the renal function (glomerular and tubular) and to 

the integrity of its endothelial or epithelial cells as in figure (1-10) [70]  . 
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Figure (1-10) Biomarkers of Chronic Kidney Disease according to the anatomic 

localization and/or site of production [70] 

1.6 Beta Trace Binding Protein 

1.6.1 Beta Trace Protein Structure 

       Its micro heterogeneity is the consequence of post-translational N-

glycosylation resulting in different glycoforms  of varying molecular weight 

(23-29 kDa) encoded on chromosome 9, BTP is a heterogeneous 

monomeric glycoprotein with 168 amino acids as figure (1.11) [71]. These 

glycoforms are found in differing relative amounts in different fluid 

compartments. BTP was first isolated from cerebrospinal fluid and has been 

used as a marker of cerebrospinal fluid leakage, because it represents 

approximately 3% of total cerebrospinal fluid protein. More recently, BTP 

has been found to be expressed in the brain, retina, melanocytes, male 

genital organs, heart and kidney and it is secreted into various body fluids, 
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such as cerebrospinal fluid, seminal fluid,  plasma and urine[72] . The 

larger glycoforms predominate in serum and urine and have more fully 

sialylated oligosaccharide chains [71]. The BTP is almost completely 

excreted by the kidneys. It is freely filtered by the glomeruli, reabsorbed 

and metabolized in the proximal tubule, with minimal tubular secretion, 

BTP is not completely reabsorbed by tubular cells and is detectable in urine 

of healthy individuals BTP was recovered in the urine, suggesting that BTP 

was primarily degraded in the tissues rapid elimination of BTP from the 

serum, with a half-life of <1 hour[73][74]. Previous studies  documented  

the BTP’s strong association with glomerular filtration rate, end-stage renal 

disease [75]. Since its urinary excretion is residual, the increase in these 

proteins has been proposed as potential markers of decreased GFR, and also 

as markers of tubular damage. serum BTP levels were found to be elevated 

in patients with decreased kidney function suggesting that this protein could 

be used as a diagnostic biomarker in early stages of kidney disease [76] . 

 

Figure (1-11) Three dimensional structure of Human lipocalin-type Prostaglandin 

D Synthase (BTP) from protein Data Bank[71] . 
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1.6.2 Beta Trace Protein Function 

      BTP is a member of the lipocalin superfamily, which consists of a group 

of secretory proteins that bind and transport lipophilic molecules. BTP 

binds with high affinity to a variety of lipophilic substances such as  

retinoid, thyroid hormones, bilirubin and amyloid B[77]. BTP also 

possesses enzymatic activities ,it is catalyzes the conversion of arachidonic 

acid derivative prostaglandin H2 (PGH2) to PGD2 [78] the mechanism 

seems in  figure (1-12) .PGD2 is involved in a wide range of physiologic 

functions such as sleep induction and regulation, nociception, 

bronchoconstriction, adipocyte differentiation, nitric oxide release and 

induction of vasodilation, inflammatory mediator modulation, inhibition of 

platelet aggregation, skin homeostasis, bone remodeling, hair growth 

inhibition and immune system modulation in inflammatory conditions of 

the gastrointestinal tract, the function is seems  as in figure (1-13) [79][80]. 

 

Figure (1-12) The biosynthesis of PGD2[78] 
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Figure (1-13) Dual functions of b-trace protein (BTP). BTP binds various lipophilic 

molecules and catalyzes the conversion of prostaglandin H2 (PGH2) to PGD2. 

PGD2 has a variety of physiologic function[81] 

 

1.6.3 Location of Beta Trace Protein  

       BTP has been identified in many human fluids and tissues. BTP 

localizes to the leptomeninges, arachnoid cells, choroid plexus epithelial 

cells, and oligodendrocytes of the central nervous system (CNS). Certain 

cochlear and ocular  cells, testicular Sertoli and Leydig cells, epithelial cells 

of the epididymis and prostate also contain BTP. In the heart, BTP has been 

localized to myocardial cells, atrial endocardial cells, synthetic state intimal 

smooth muscle cells and fibrous plaques of atherosclerotic stenosis 

coronary arteries (but not within normal coronary arteries). BTP has been 

described in vascular endothelial cells, skin melanocytes and keratinocytes, 

gastric mucosal epithelial cells, bone osteoblasts, and adipocytes. BTP 

localizes to cells of the proximal tubules, loop of Henle, and glomerulus. In 

most reports, BTP protein expression is accompanied by evidence that its 

messenger RNA (mRNA) is present, suggesting local BTP cell 

production[81]. 
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1.6.4 Effect of Medication on Beta Trace Protein  

      Very little is known about the effect of medications on BTP. 

Immunosuppressive medications (low-dose prednisone, mycophenolate 

mofetil, cyclosporine, or tacrolimus) affected serum BTP. The lack of 

impact of low-dose steroids on serum BTP levels was reported in transplant 

cohort. A dose dependent reduction in serum BTP levels with relatively 

high doses of steroids has been described in pediatric patients after 

accounting for GFR[82]. Also glucocorticoid exposure significantly 

increases BTP expression in cardiomyocytes. The administrated of Estrogen 

is reported to increase myocyte BTP expression when the serum levels were 

not provided[83]. 

1 .7 Liver Type Fatty Acid Binding Protein (L-FABP) 

1.7.1 Structure of Liver Fatty Acid Binding Protein     

      Mammalian intracellular FABP is a 14-kDa protein encoded by a large 

multigene family and is a member of the superfamily of lipid-binding 

proteins (LBP) with 126–137 amino acid residues [9] as in figure(1-14). 

Their tertiary structure resembles a clam shell in which the ligand is bound 

between the two halves of the clam by interaction with specific amino acid 

residues within the binding pocket, the so-called β-barrel , the primary 

function of FABP is the facilitation of intracellular long-chain fatty acid 

transport. A stable intracellular half-life of 2–3 days , a significant 

impairment of renal function leads to an increased half-life of L-FABP in 

the circulation[84].  The genes encoding FABP consist of four exons and 

three introns with tissue-specific expression. endogenous  antioxidant 

protein from the lipid-binding protein superfamily is expressed in proximal 

tubular epithelial cells]85[. 
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Figure (1-14) structure of LFABP[86]  

1.7.2 Function of Liver Fatty Acid Binding Protein  

       Under physiological conditions, a percent of albumin is filtered from 

the glomeruli and reabsorbed predominantly in the proximal tubules bound 

to free fatty acids[87]. After reabsorption, cytosolic albumin releases fatty 

acids to L-FABP and moves into lysosomes during this process  L-FABP 

binds long-chain fatty acids which plays a role in the fatty acid 

metabolism, intracellular signaling and promotes the excretion of lipid 

peroxidation products. In CKD patients, fatty acids overload the proximal 

tubule, and massive proteinuria is found. L-FABP expression and urinary 

excretion are increased by various stressors, such as proteinuria, 

hyperglycemia, tubular ischemia, toxins and salt-sensitive hypertension 

[88]. Urinary L-FABP levels accurately reflect the degree of tubular 

interstitial damage and are significantly correlated with the prognosis and 

progression of CKD. In diabetic patients, regardless of type, urinary L-

FABP levels are higher in patients with norm albuminuria than in those 
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with microalbuminuria, thus, reflecting early stages of diabetic 

nephropathy [89]. 

1.7.3 Location of Liver Fatty Acid Binding Protein  

        Nine FABPs have been identified with tissue-specific distributions: L 

(liver), I (intestinal), H (muscle and heart), A (adipocyte), E (epidermal), B 

(brain), M (myelin) and T (testis) [9]. 

1.7.4  Effect Medication on Liver Fatty Acid Binding Protein  

          L-FABP are not influenced by its serum levels because urinary L-

FABP originates mainly from the tubular cells. This biomarker is notes  

elevated in the early stages of diabetes and also influenced by lipid-

lowering medication and angiotensin II receptor antagonists[90]. 
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Aims of Study : 
 Evaluation of beta trace protein , liver fatty acid binding protein  as a 

recent markers of renal disease . 

 Estimation the renal function tests  and  study the  relationships with 

above markers for detect  the progression of renal disease.  

 Evaluation salivary  hydroxyl and amide of total protein components 

as indicator for initiation of renal abnormality by using attenuated 

total reflection-fourier transform infrared(ATR-FTIR) spectroscopy.    
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2.1 Subjects:   

      This study was carried on patients attended to dialysis center in Imam 

Sadiq teaching hospital and AL Hilla teaching hospital  in addition to 

control individual that included relative & medical staff in Hilla province 

that which apparently healthy.  All samples were collected from 1
st
of 

September 2022 until 1
st
 of December 2022. The experimental part  of the 

study was performed at the laboratory of chemistry and biochemistry 

department in College of Medicine / University of Babylon. 

2.1.1 Study Design: Case control study. 

2.1.2 Study Population 

     The current study was included 107 subjects, (27) samples were 

excluded due to analytical defects especially for saliva sample. Remaining 

(80)  subjects categorized in to three groups, the range of age and BMI were 

(25-63years), and (19 -29) respectively. 

2.1.3 Study Groups: 

1. Acute Kidney Injury (AKI) Group:      

 The patients (n=19) included (Male=15,Female=4).  

  2. Chronic Kidney Disease(CKD) Group:  

The patients with CKD (n=19) included (Male=14,Female=5).  

3. Control Group:  

Included (n=42)(Male=30,Female=12)and these individuals who apparently  

healthy .These groups illustrated in figure (2-1) . 
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Figure (2-1): Simplified chart represents the study groups 

 

2.1.4 Ethical Approval 

       The ethical approval  depends on the following: 

1. Approval of scientific committee of Babylon Medical College 

(University of Babylon, Iraq) and the Biochemistry Department at in the 

same college.                                                         

2. Approval of scientific committee of Imam Sadiq Teaching Hospital and 

Al Hila Teaching hospital/  Babylon city according to the document number 

4 in 06/07/2022 to get this approval.  

3. The objectives and methodology of this study were explained to all 

participants in the current study to gain their verbal acceptant. 

 

 

 

 

 

80 Participants 

CKD Control 

 

AKI 

Female=5 Male=14 Female=4

4 

Female =12 Male=30 Male=15 
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2.1.5 Data Collection 

    For this study, the inclusion and exclusion criteria are as follows: 

1. Inclusion Criteria:  

 Patients with kidney impairment. 

 Age between 20-65. 

 BMI between 19-29. 

2. Exclusion Criteria: liver disease , heart , thyroid and auto immune 

diseases in addition to  obesity , pregnancy and smoking .  

  

2.1.6 Samples Collection for Blood and Saliva : 

       Blood  samples (5 ml ) were aspirated without  tourniquet  from patients 

with kidney disease and control by using  disposable syringe. Blood push 

slowly  in gel tube and let to clot at room temperature for ( 10-15 )min, then 

centrifuged at 3000 xg for 10 minutes. The serum was obtained  and put in 

Eppendorf tubes (labeled) with number of sample then stored at -20°C until 

the time of examination and a pharyngeal swab was collected from 

participants by inserting a cotton swab into the mouth and scrapping the 

tonsils, the tongue, and the inner part of the cheek. The swab was then 

placed immediately into a sterile tube then labeled with number of sample 

and stored on deep freeze until analysis. Saliva sample was used to 

determine general content of hydroxyl band of carboxyl group and amide 

bands to examine the differences in studied groups. 
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2.2 Materials 

2.2.1 Chemicals: 

     All chemicals and standard kits used in this study with their sources 

listed in the Table (2-1) : 

Table (2-1): Chemicals substances and standard kits 

No Chemicals and Kits Origin 

1 Albumin kit Biolabo (France) 

2 Beta trace protein ELISA kit China-BT(bioassay Technology 

Laboratory( 
3 Creatinine kit Biomaghreb (Spain) 

4 Cleaning solution China)Genrui) 

5 De protein solution China)Genrui) 

6 Electrolyte reagent DS-l 

(standard A+ standard B) 

China  )Genrui)                                                                               

7 Ethanol Iraq (Tiebah) 

8 Glucose kit Biolabo (France) 

9 Liver fatty acid protein ELISA 

kit 

China-BT(bioassay Technology 

Laboratory) 

10 Urea kit Biolabo (France) 
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2.2.2 Instruments and Equipment 

     The instrument and equipment's and sources used in this research were 

listed in Table (2-2) . 

Table (2-2) Instruments and equipment: 

No Instruments Origin 

  1 Blue and  yellow tips  China 

2 Deep freeze  GFL/Germany 

3 Disposable Syringes Emirate 

4 Distiliter GFL/Germany 

5 ELISA (reader-washer-printer) Biotic/ USA 

6 Eppendrof tube(1.5) China 

7 Filter papers China 

8 FTIR spectrometer with ATIR unit 

 

(Bruker) Tensor27 

 
9 Gel tube Jordon 

10 Incubator Fisher cient/Germany 

11 Macro Centrifuge China 

12 Micropipettes(5-50micron) Germany 

13 Multichannel micropipette Germany 

 
14 Saliva (swab) Swab (china) 

15 Spectrophotometer CECIL 7200 Cecil /UK 

16 Vortex CABB/China 
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2.3 Methods  

2.3.1 Determination of Urea 

A. Principle  :  

      Enzymatic and colorimetric method based on the specific  action of 

urease which hydrolyses urea in ammonium ions and carbon dioxide 

Ammonium ions then form with chloride and salicylate a blue-green 

complex [93]. 

B. Assay Procedure: 

Table ( 2-3) Assay procedure of urea 

 

 

C. Calculations 

Urea (mg/dl) =𝐴 Sample/ A Standard∗40 

 

 

 

 

 Blank Standard Sample 

Working Reagent 

(R1+R2) 

1ml 1ml 1ml 

Standard _ 5µl - 

Sample - - 5 µl 

Demineralization 

water 

5µl - - 

Mix  and wait for 4 minutes at room temperature or 2 minutes at 

37°C 

Base (vial R3) 

diluted 

¼ 

1ml 1ml 1ml 

Content was mixed .Let stands for 8 minutes at room temperature 

or 5 minutes at 37°C. Read absorbance at 600 nm against blank. 
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2.3.2 Determination of Creatinine 

A. Principle: 

     Creatinine in a basic picrate solution forms a colored complex. The Δ 

extinction at predetermined times  during conversion  is proportional to the 

concentration of creatinine in the sample[94]. 

B. Assay Procedure 

                  Table (2-4) Assay procedure of  creatinine 

 Blank  Standard Sample 

Stander - 100μl - 

Sample - - 100μl 

Working Reagent 

(R1+R2) 

1ml 1ml 1ml 

Content was mixed. After 30 seconds, absorbance A1 at 492 nm  was 

recorded. After 1 min the first reading, was recorded absorbance A2. 

C. Calculations 

Creatinine (mg/dl) =((A2-A1)Assay/ (A2-A1) Standard )*2 

 

2.3.3 Estimation of Glomerular Filtration Rates (GFR)   

     The eGFR is a useful and precise indicator of renal function and is 

calculated using serum creatinine as well as age, race and gender variables. 

The most frequently used assessment equation is according to Cockcroft –

Gault equation [95]: 

eGFR (mL/min/1.73 m
2
) = (140-Age) *BMI (kg)*0.85 if female 

/72*Cr.(serum Mg/dl) 
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2.3.4 Determination of Albumin  

A. Principle: 

      In the buffered solution at PH 4.2 bromocresol green binds albumin  to 

form a colored compound which absorbance measured at 630 nm (620-640( 

is proportional to the albumin concentration in the specimen[96]. 

B. Assay Procedure 

                      Table (2-5) Assay procedure of albumin 

Reagent R1 1000µL 

Blank, Standard ,Control or 

Specimen  

5 µL 

Content was mixed well and read  absorbance at 

630nm against blank after 3 minutes  

C. Calculation  

Albumin (g/dL ) = Abs(Assay) /Abs (Standard ) *Standard concentration  

2.3.5 Determination of Serum Glucose 

A. Principle: 

Trinder Method. Glucose is oxidized by Glucose oxidase (GOD) to 

gluconic acid and hydrogen peroxide which in conjunction with Peroxidase 

(POD),  reacts with chloro  phenol and PAP to form a red quinoneimine. 

The absorbance of the colored complexes, proportional to the concentration 

of glucose in the specimen[97] . 

B. Assay Procedure: 

                      Table (2-6) Assay procedure of glucose  

 Blank  Standard Sample 

Stander - 10µl - 

Sample - - 10µl 

Working 

reagent 

1ml 1ml 1ml 
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      The content of tubes were mixed well and incubated for 10 minutes at 

37°C. The absorbance (A) of standard and sample was read against the 

blank at 500 nm . 

C. Calculations 

Glucose (mg/dl) = A Sample /A Standard *100 

2.3.6 Determination Total and Ionized Calcium Concentration  

     The serum calcium(total and ionized)were determined by using 

electrolyte analyzer instrumentation. This method is dependent upon the ion 

selective electrode (ISE) principle. 

 Principle: 

        An ion-selective electrode (ISE) is an indicator electrode that responds 

(produces a potential) when it is placed in a solution containing a certain 

ion. There is now a large variety of ISE available which selectively respond 

to particular cations and anions, and certain gases. The ion-sensing part 

consists of semi permeable membrane (plastic) which has sites capable of 

adsorbing the analytic ion.  

     On other side of the membrane there is a solution containing the ion of 

interest: one of these is the test solution, the other is a standard solution 

within the electrode itself. Inside the electrode body there is an electrical 

connection electrode – to monitor the response from the membrane. The 

relationship of the tested ion concentration and electrodes electric potential 

was described in  following equation [64]. 
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E=Eo+ (RT/F)*Ln (ax)… where: 

E: Electric potential of ion selective electrode during test  

Eo: Standard electric potential of ion selective electrode  

R: Gas constant (8.314 j/.mol) 

T: absolute temperature (t+273 ºC) 

F: Faraday constant (96487 C/mol) 

Ax: Tested ions concentration in solution 

  The components of electrolytes kits and standard as show in Table (2-7):      

     Table (2-7): Components of electrolytes kit   

 Component Volume 

Cleaning solution Nonionic Surface active 

reagent(clean the tube of GE) 

250 ml 

Ca
++

(m mol/L) 2.5 1.5 

DE protein 

solution 

Diluent:0.1mol/L HCL 18 ml 

Protease: powder 100 mg 

Electrolyte reagent 

DS-l 

Standard A 390 ml 

Standard B 90 ml 

 

 Procedure: 

      1. The instrument was turned on 

 2. Self-calibration was done by instrument. 

3. From main screen, measure sample icon was selected. 

4. Serum option was selected. 

5. Serum sample was put under aspirated needle and sampling icon was 

pressed. 
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6. A volume of 160 μl was aspirated by needle; the result appeared on 

the screen and automatically for total Ca, Ca
++

 after 50 second. 

7. Deprotinization and cleaning of instrument were undertaken after 

approximately 30 samples. 

8. Internal quality control was carried out before starting analysis of 

samples and within batch of analysis to check the accuracy of the 

results. 

 

Figure (2-2): Electrolyte Analyzer (Genrui E300 )apparatuses to measure calcium 

ions      

 

2.3.7 Determination of Beta Trace Binding Protein by Enzyme 

Linked Immunosorbent Assay (ELISA) 

 Principle:  

        The quantitative ELISA (Sandwich technique) was used in present 

study the kit's micro titer strip wells have been coated with an A 

monoclonal antibody specific for human BTP. The samples and standards 

are placed in the wells labeling and human BTP binds to the immobilized 

antibody. After eliminating unbound compounds with a wash phase, an 
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HRP-conjugated anti-human BTP antibody is added, which binds to human 

BTP caught by the Ab.  During a wash step after incubation, unbound HRP-

conjugated anti-human BTP antibody is removed. The wells are next filled 

with a chromogenic substrate solution, and color develops in proportion to 

the amount of BTP bound in the first phase. The reaction is completed when 

a colorful product is generated and a stop solution is added. At (450 nm), 

the color strength is determined spectrophotometrically [11]. 

 Standard Preparation: 

         A volume of  120μl  standard (4800 µg/dl ) with 120μl of standard 

diluent was mixed to generate a 2400  µg/dl standard stock solution. 

Then the standard  leaved to sit for 15 mins with gentle agitation prior to 

making dilutions, serially diluting the standard stock solution 

(2400µg/dl) 1:2 with standard diluent to produce 1200µg/dl, 600 µg/dl, 

300 and 150µg/dl solutions. Standard diluent serves as the zero standards 

(0 ng/L). Dilutions of standard solutions suggested were as follow in 

Table (2-8) and figure (2-3(. 

 

Table (2-8): Standard preparation steps for Beta trace protein 

2400µg/dl Standard No.5 120μl Original Standard + 120μl Standard diluent 

Diluent 1200 

µg/dl 

Standard No.4 120μl Standard  No.5 +  120μl Standard diluent 

600 µg/dl Standard No.3 120μl Standard  No.4 +  120μl Standard diluent 

300 µg/dl Standard No.2 120μl Standard  No.3 +  120μl Standard diluent 

 150 µg/dl Standard No.1 120μl Standard  No.2  + 120μl Standard diluent 
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Standard 

No.1 

Standard 

No.2 

Standard 

No.3 

Standard 

No.4 

Standard 

No.5 

       Standard 

Concentration 

 150 µg/dl 300 µg/dl 600 µg/dl 1200 

µg/dl 

2400 

µg/dl  

4800 µg/dl  

Figure (2-3): Concentration of standard Beta trace protein 

 Procedure E4141Hu: 

1. Firstly all reagents, standard solutions and samples were prepared. The 

assay is performed at room temperature. 

2. A volume 50μl of standard solution was added to standard well.  

3.  40μl samples  was added  to sample wells  then 10μl anti-BTP antibody 

was added  to sample wells after that  50μl streptavidin-HRP was added  

to sample wells and standard wells (Not blank control well). After that 

plate was mixed  then incubated at 37°C for 60 minutes. 

4. The sealer was removed and the plate was washed 5 times with wash 

buffer. Soak wells with at least 0.35ml wash buffer for 30 sec to 1 

minute for each wash. For automated washing, were aspirated all wells 

and washed  5 times with wash buffer, overfilled wells with wash  

buffer. Blotted  the plate onto paper towels or other absorbent materials. 
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5.  A volume of 50μl substrate solution was added to each well.  Plate was 

incubated covered with a new sealer for 10 minutes at 37°C in the dark 

place. 

6. To each well a volume of 50μl stop solution was added, the blue color 

had been will change into yellow immediately. 

7. The optical density (OD value) of each well was determined  

immediately  by using a micro plate reader set to 450 nm within 10 

minutes  after added  the stop solution.  

 

Figure (2-4): Elisa instrumentation  for BTP measurement 

 

 Calculation: 

      A standard curve was plotted for the absorbance of each standard on the 

y-axis versus the concentration of these standards on the x-axis .In order 

to estimate the BTP concentration of each sample, first the horizontal 

line to the standard curve was extended, the point of intersection was 

found, a vertical line to the x-axis was extended and the corresponding 

sample concentration was read as shown in figure (2-5).    
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Figure (2-5)   Standard curve for calculation of beta trace binding protein 

2.3.8 Determination of Liver Fatty Acid Binding Protein by 

Enzyme Linked Immunosorbent Assay( ELISA ) 

 Principle:  

       The quantitative ELISA (Sandwich technique) was used in present 

study the kit's micro titer strip wells have been coated with an A 

monoclonal antibody specific for human L-FABP. The samples and 

standards are placed in the wells labeling and human L-FABP binds to the 

immobilized antibody. After eliminating unbound compounds with a wash 

phase, an HRP-conjugated anti-human L-FABP antibody is added, which 

binds to human L-FABP caught by the Ab. During a wash step after 

incubation, unbound HRP-conjugated anti-human L-FABP antibody is 

removed. The wells are next filled with a chromogenic substrate solution, 

and color develops in proportion to the amount of L-FABP bound in the 

first phase. The reaction is completed when a colorful product is generated 
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and a stop solution is added. At (450 nm), the color strength is determined 

spectrophotometrically[12]. 

 

 Standard Preparation:  

      A volume of  120μl standard (1920 ng/L ) with 120μl of standard 

diluent was mixed  to generate a 960  ng/L standard stock solution. Then 

the standard leaved  to sit for 15 mins with gentle agitation prior to making 

dilutions, serially diluting the standard stock solution (960ng/L) 1:2 with 

standard diluent to produce 480 ng/L, 240ng/L, 120ng/L and 60ng/L 

solutions. Standard diluent serves as the zero standards (0 ng/L).  Dilutions 

of standard solutions suggested were as follow in Table (2-9) and figure 

(2-6): 

 

 

 

Table (2-9): Standard preparation steps for liver fatty acid binding protein 

960µg/dl Standard No.5 120μl Original Standard + 120μl Standard diluent  

Diluent 480 ng/L Standard No.4 120μl Standard  No.5 +  120μl Standard diluent 

240 ng/L Standard No.3 120μl Standard  No.4 +  120μl Standard diluent 

120ng/L Standard No.2 120μl Standard  No.3 +  120μl Standard diluent 

 60 ng/L Standard No.1 120μl Standard  No.2  + 120μl Standard diluent 
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Standard 

No.1 

Standard 

No.2 

Standard 

No.3 

Standard 

No.4 

Standard 

No.5 

       Standard 

Concentration 

 60ng/L 120 ng/L 240ng/L 480ng/L 960 ng/L 1920ng/L 

Figure (2-6): Concentration of standard liver fatty acid binding protein 

 Procedure E 2159 Hu: 

1. Firstly all reagents, standard solutions and samples were prepared. The 

assay is performed at room temperature. 

2. A volume 50μl of standard solution was added to standard well.  

3.  40μl samples was added to sample wells then10μl anti-L-FABP antibody 

was added  to sample wells after that  50μl streptavidin-HRP was added  

to sample wells and standard wells (Not blank control well).After that 

plate was mixed and covered with a sealer then incubated at 37°C for 60 

minutes. 

4. The sealer was removed and the plate was washed 5 times with wash 

buffer. Soak wells with at least 0.35ml wash buffer for 30 sec to 1 

minute for each wash. For automated washing, aspirate all wells were 

aspirated  and washed 5 times with wash buffer, overfilled  wells with 

wash buffer. Blotted the plate onto paper towels or other absorbent 

materials. 
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5.  A volume of 50μl substrate solution was added to each well.  Plate was 

incubated covered with a new sealer for 10 minutes at 37°C in the dark 

place. 

6. To each well a volume of 50μl stop solution was added, the blue color 

had been will change into yellow immediately. 

7. The optical density (OD value) of each well was determined immediately 

by  using a micro plate reader set to 450 nm within 10 minutes  after 

adding  the stop solution. 

 Calculation : 

        A standard curve was plotted for the absorbance of each standard on 

the y-axis versus the concentration of these standards on the x-axis .In order 

to estimate the L-FABP concentration of each sample , first the horizontal 

line to the standard curve was extended, the point of intersection was found, 

a vertical line to the x-axis was extended and the corresponding sample 

concentration was read as shown in figure (2-7).    

                                                                          

 

Figure(2-7)Standard curve for calculation of liver fatty acid binding protein 
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2.3.9 Estimation of Hydroxyl of Carboxyl and Amide Bands 

by Attenuated Total Reflection-Fourier Transform Infrared 

(ATR-FTIR) Spectroscopy  

Principle:  

         Spectra were recorded in the 4000–600 cm
-1

 region using FTIR 

spectrometer (Bruker) Tensor27as in figure (2-8), fitted with an ATR unit 

with a diamond disc as an internal-reflection element. In the diamond the 

infrared beam is reflected at the interface towards the sample. The volume 

of saliva sample was 2 µL. The sample was dried on ATR crystal for 3 min 

and then the spectra of saliva film were recorded. The spectrum of air was 

used as a background. Background and sample spectra were taken with 4 

cm 
-1

 of resolution and 32 scans [98][99]. 

 Procedure: 

       For IR measurement saliva, A healthy, early and end stages kidney 

disease patients and serum samples were collected from the participants. 

about  2 µl of the sample transferred to the ATR unite and let it dry for 5 

minutes then measure IR using Bruker Tensor 27- FTIR spectroscopy with 

ATR attachment and operated by  OPUS 7.2 software (Bruker Optik 

GmbH) Table (2.2) . A background absorption spectrum for atmospheric 

and environment correction was taken before each measuring of  the 

sample. Applied the sample on the crystal of ATR then start measuring the 

sample. The crystal washed every time with 70% absolute ethanol after 

each sample and drying with tissue paper. While after serum sample  we 

used absolute ethanol for washing. The spectra were obtained in the range 

of 400 to 4000cm
-1

, with a resolution of 4 cm
-1

, with 15 scans and a 

measurement time of 15 seconds per spectrum. The ambient temperature 
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was 25°C. The spectrum was collected by the software opus program for 

analysis of the Bands. 

 

 

 

 

 

Figure (2-8)  Carton picture of FTIR spectrometer 
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 2.4 Statistical Analysis: 

      Statistical analysis was  done by using Software Package for Social 

Science SPSS version 26. The normality of data distribution was tested by 

the Kolmogorov-Smirnov and Shapiro-Wilk tests. Present data were Non-

normally distributed. Mann-Whitney U test was applied for comparison 

between two groups that expressed as a mean rank, while test statistic(mean 

rank difference) and Std. test statistic of Krusskal Wallis Post Hock test 

were used for multi comparison among studied group. Also spearman  

correlation was used to determine the presence of correlation between data 

variance. The ROC analysis was used to determine the diagnostic markers 

for studied variables. The sensitivity and specificity of biochemical 

parameter calculate the optimal cutoff according to “Youden Index” by 

select the point that is closest to the top-left corner of the ROC curve giving 

equal weight to sensitivity and specificity when picking a cut-off point is a 

typical practice. This idea is often referred to as the Youden Index. The area 

under the curve (AUC) provides a useful tool to compare different 

biomarkers as Table (2-10). P ≤0.05 consider as significant value[100]. 

 

                   Table (2-10) List of AUC ranges and their classification levels [100] 

AUC Range   Classification Level 

0.90 - 1.00   Excellent 

0.80 - 0.90   Good 

0.70 - 0.80   Fair 

0.60 - 0.70   Poor 

0.50 - 0.60   Failure 
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3.1Demographic Characterization of Studied Individuals  

      Table (3-1) have been shown non-significant changes (P >0.05 ) of 

study variables including age and BMI  in studied groups (patients with 

kidney disease and control, median for age and BMI for patients were 

(55,24) with minimum (25,19) and maximum (63 ,29) levels respectively 

and  the median of  age and BMI for  control group (52, 24) with minimum 

(25,18) and maximum (52, 29 ) levels respectively. While gender was 

described in figure (3-1) among studied groups, in patients there 

were(21.05%)female and (78.95%)male, while in control were (26.19%) 

female and (73.81%) in male. 

Table (3-1) Demographic data of study and control groups using Mann-Whitney U 

test 

 Patients  

 N=(38) 

Control 

N=(42) 

Variable Median Minimum Maximum Median Minimum Maximum P value 

Age 

(years) 

55 25 63 52 25 52 0.713 

BMI 

(kg/m
2 

)  

24 19 29 24 18 29 0.534 

     N(number),Sig(significant), the significant level is ≤0.05 ,BMI (Body mass index) 
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Figure(3-1) Gender distribution in studied groups 

 

 

 

      The age and BMI matching required to removing potential 

discrepancies in parameter findings that may occur due to the effects of 

these factors[101] [102]. In present study the male more than female 

because men are more prone to prostate diseases and stones. Regularly,  

epidemiological studies of disease prevalence show that obstructive renal 

failure may occur more often in men[103]. 
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3.2 Biochemical Variables Results 

3.2.1 Estimation  of Renal Function Tests 

       The biochemical changes observed in the studied groups were presented 

in (Table  3-2). The results indicated a significant (P <0.05) increase in the 

levels of urea and creatinine in both CKD and AKI groups compared to the 

control group. The mean rank differences were 44.474 and 35.526  

respectively for urea, and 47.658 and 32.342 respectively for creatinine. 

      On the other hand, the albumin levels were significant (P <0.05)  

decreased in both CKD and AKI groups compared to the control group, the 

mean rank difference were (-18.596, -35.991)respectively. Additionally, the 

glomerular filtration rate (GFR) was significant(P < 0.05) decreased in the 

CKD group compared to both the AKI and control groups. The mean rank 

difference were (-18.789, -49.395) respectively. Furthermore GFR showed 

a highly significant difference when comparing the AKI and control groups 

with a mean difference of ( -30.603). 

Table (3-2) Krusskal Wallis Post Hock multi-Comparison of renal function tests of  

studied groups   

Groups 

CKD-AKI (N=38) CKD-Control (N=61) AKI-Control (N=61) 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Urea 

(mg/dl) 

8.947 1.188 .235 44.474 6.932 .000 35.526 5.537 .000 

Creatinine 

(mg/dl) 

 

15.316 

 

2.033 .042 47.658 7.422 .000 32.342 5.037 .000 

GFR 

(ml/min/1.73m) 
-18.789 -2.494 .003 -49.395 -7.693 .000 -30.605 -4.766 .000 

Albumin 

(g/dl( 

17.395 2.3 .06 -18.59 -2.89 .01 -35.99 -5.60 .000 

CKD(chronic kidney disease), AKI(acute kidney disease) ,GFR(glomerular filtration rate)   
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         The results for the levels of total calcium, ionized calcium and glucose 

in the studied groups are presented in (Table 3-3). The findings showed a 

significant decrease (P< 0.05) in both CKD and AKI groups when 

compared to the control group. The mean rank differences were -30.991 and 

-16.728  respectively for total calcium, (-18.368, -35.901and -17.533) 

respectively for ionized calcium. Additionally,  the glucose levels were 

significantly increased (P <0.05) in both CKD and AKI groups, compared 

to the control group. The mean rank differences were (29.782 and 25.256)  

respectively. 

 

Table (3-3) Krusskal Wallis Post Hock multi-Comparison of ( total and ionized) 

calcium  and glucose of studied groups  

Groups 

CKD-AKI   (N=38) CKD-Control (N=61) AKI-Control (N=61) 

Mea rank 

difference 

Std. Test 

Statistic 

P   

value 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Total 

calcium(mg/dl) 
-14.263 -1.895 .058 -30.991 -4.831 .000 -16.728 -2.608 .009 

Ionized 

calcium(mg/dl) 
-18.368 -2.441 .015 -35.901 -5.598 .000 -17.533 -2.734 .006 

Glucose(mg/dl) 4.526 .601 1.00 29.782 4.641 .000 25.256 3.935 .000 

CKD(chronic kidney disease), AKI(acute kidney disease  (  

 

          As in Table (3-3) results of present study  were agreement with 

previous study that recorded the urea and creatinine were increase and the 

GFR decrease as a result of the kidney ability to function declines gradually 

and over time in chronic renal failure, the reason may be attributable to 
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hypertension, diabetes or some other age relate[104]  [105] . In spite of  

serum urea is not recommended for routine assessment of renal function 

because it is a less specific marker of glomerular filtration rate (GFR) than 

serum creatinine .And  it is a side effect of a more serious medical problem 

but it is still use as a part of renal function test . Actually, the kidney disease 

improving Global Outcomes (KDIGO) statement states that CKD is 

indicated by a GFR of less than 60 mL/minute/1.73 m
2
. One of the main 

factors contributing to renal failure is high blood pressure, it is regulated by 

kinases that are Ca
2+

 dependent and G-protein coupled [106], the kidney's 

blood arteries might be harmed by hypertension, which would also affect 

how much waste is secreted. Hypocalcemia (total and ionized) that recorded 

in present study consider as one of the  late event in CKD[107].  Also DM 

is the major cause of renal morbidity and mortality, and diabetic 

nephropathy is one of chronic kidney failure. Good control of blood glucose 

level is absolute requirement to prevent progressive renal impairment[108]. 

Results of  glucose in present study  indicate  increase of glucose CKD 

group that indicated the effect of it in development of renal failure that may 

be referred to glucose transporters that play an important role in renal 

functioning (GLUT proteins (Glucose transport protein) and sodium-

dependent glucose transporters (SGLT)). These membrane transport 

proteins release glucose derived from renal gluconeogenesis. These 

disturbance may illustrated development of diabetic nephropathy [109].  
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3.2.2 Level of Beta Trace Protein (BTP)and Liver Fatty Acid 

Binding Protein(LFABP) in  Studied Groups  

 
       In Table (3-4) and Figure (3-2), it can be seen that BTP levels 

significantly increased (P < 0.05) in CKD patients, compared to both AKI 

and the control group. The mean rank differences were 21.974 and 20.814,  

respectively. Otherwise in Table (3-4) and Figure ( 3-3), it can also be 

observed that LFABP levels significantly decreased (P <0.05) in AKI 

patients, compared to both CKD and the control group. The mean rank 

differences were 21.222 and -15.306, respectively. 

 

Table (3-4) Krusskal Wallis Post Hock multi-Comparison of BTP and L-FABP in  

studied groups 

Groups 

CKD-AKI (N=38) CKD-Control (N=61) AKI-Control (N=61) 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Beta trace 

protein 

(mg/dl) 

21.974 2.989 0.003 20.814 3.297 0.001 -1.160 -0.184 0.854 

Liver fatty 

acid binding 

protein)ng/L( 

21.222 2.846 0.004 5.916 0.935 0.350 -15.306 -2.420 0.016 

CKD(chronic kidney disease), AKI(acute kidney disease) 
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                      Figure (3-2) mean rank for BTP  in studied group                                   

            

   
 *Significant difference  between CKD and AKI 
**Significant difference between CKD and control  

 

 

 
 

 

Figure (3-3) mean rank for LFABP  in studied groups 

* Significant difference  between AKI  and CKD 

** Significant difference  between AKI  and Control 

 

 

* 

** 
 

== 

 

 

 

 

* 

8 

** 

C
on

c.
 

C
on

c.
 



Chapter Three                                          Results and Discussion 
 

 58 
 

        Recently, BTP can be used as a biomarker of kidney damage 

alternative to albuminuria as it may detect renal injury earlier than 

albuminuria because of its lower molecular mass, constant production rate, 

ionic property, and its stability[72][110]. In current study, attempt to 

estimate it to determine  its role in detection of renal damage. It has been 

shown that BTP increase in CKD group mainly. This result was expected 

because BTP is a low molecular weight glycoprotein  consider as  an 

emerging novel marker of glomerular filtration rate. Also, BTP can detect 

mild deterioration in renal function , unlike serum creatinine , also the BTP 

levels are less affected than creatinine by age and sex  and ethnicity. In 

addition that cystatin C andβ2 microglobulin ( B2M)  levels may be 

affected by inflammation. All these findings are important for the use of 

GFR estimating equations based on low-molecular-weight serum 

proteins throughout the range in GFR[111][112]. Actually one of the most 

important finding was recorded that  BTP seem less affected by non-renal 

determinants. Mainly this evidence is mostly based on the studies including  

patients with chronic kidney disease. Herein  all of these observations were 

synergistically with present finding about BTP that consider as a good 

marker for developing renal impairment from early stage to end stage[70].  

Another recent markers was examined in present work is L-FABP, it is  

expressed in the proximal tubules of the human kidney and participates in 

fatty acid metabolism[113]. In past clinical study, urinary excretion of L-

FABP was reported to offer potential  clinical marker to screen for kidney 

dysfunction and thereby to identify patients who are likely to experience 

deterioration of renal function in the future L-FABP transports free fatty 

acids to organelles such as the mitochondria and lysosomes for β-oxidation 

for use in these cellular processes[114]. Actually, tubular interstitial damage 
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was decreased by the expression of human L-FABP in renal proximal 

tubules. Therefore, urinary L-FABP will be a novel biomarker to detect the 

progression of renal interstitial injury[115]. In present  study L-FABP was 

decreased significantly  in acute kidney injury when compared with chronic 

and control groups this result illustrated the ability of kidney  to excrete 

LFABP  that indicated earlier  renal alteration function in acute kidney 

stage,  furthermore LFABP increase in CKD patients  of present study that 

main referred to inability of kidney in this stage to excrete urine and 

developing of oliguria [116].  Also the underlying causes of over expression 

of L-FABP are  hypoxia in tubular cells  and anemia which  increase 

urinary excretion of L-FABP [117] [118]. 

     Therefore the LFABP as clinical indicator  tissue injury marker, after 

cell damage small proteins diffuse more rapidly than large proteins through 

the interstitial space via endothelial clefts into vascular space. The size of 

these endothelial clefts is variable, from large clefts in the liver to smaller 

pores in the heart, the skeletal muscle and finally to almost complete 

impermeability in the brain (blood–brain barrier).  As a result, the diffusion 

rate of the released proteins into the circulation also differs. Therefore, the 

time of appearance of these marker proteins in plasma is not only dependent 

on the time course of the disease, but also on molecular size and distribution 

over extravascular compartments [119]. These finding with  present results 

may need further studies to examine the relationships between levels in 

serum and urine to determine the exact effect.  
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3.2.3 Estimation  of  Salivary Hydroxyl and Amide Bands in 

Studied Groups by Using Attenuated Total Reflection-Fourier 

Transform Infrared (ATR-FTIR) Spectroscopy  

       Based on the data obtained from FT-IR (Bruker) Tensor27 analysis, the 

following observations can be made in CKD patients, the salivary amide 

and hydroxyl bands show a significant decrease (p<0.05) when compared to 

both AKI patients and the control group. The average mean rank differences 

for amide bands were -17.421 and -15.227 respectively, as presented in 

Table (3-5) and figure (3-4).  For hydroxyl bands, the average mean rank 

differences were -22.711 and -34.689 respectively, as shown in Table (3-5) 

and figure (3-5).Also, the decrease in hydroxyl and amide bands shown in 

figures (3-6) (3-7) (3-8). 

 

Table (3-5) Krusskal Wallis Post Hock multi-Comparison of amide and hydroxyl in   

studied groups   

Groups 

CKD-AKI (N=38) CKD-Control (N=61) AKI-Control (N=61) 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Mea rank 

difference 

Std. Test 

Statistic 

P 

value 

Amide  

(cm
-1

) 

-17.421 -2.311 .021 -15.227 -2.370 .018 -2.194 -.342 .733 

Hydroxyl 

 (cm
-1

) 

-22.711 -3.012 .003 -34.689 -5.399 .000 -11.978 -1.864 .062 

CKD(chronic kidney disease), AKI(acute kidney disease) 
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                    Figure (3-4) Salivary amide bands average rank of studied groups  

 *significant difference between CKD with AKI 

**Significant difference between CKD with control 

 
Figure (3-5) Salivary hydroxyl bands average rank of studied groups 

*Significant difference  between CKD and AKI 

**Significant difference between CKD and control 
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Figure (3-6)Carton picture of collection band of control 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3-7) Carton picture of collection band of AKI 
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Figure (3-8) Carton picture of collection bands CKD 

 

        The use of saliva for the diagnosis of chronic kidney disease (CKD) 

through infrared spectroscopy is an emerging research area in clinical 

diagnostics. Infrared spectroscopy is a non-invasive technique that detects 

changes in the chemical composition of biological samples based on the 

unique spectral fingerprint of their molecular vibrations[122] .  

       Recent studies have suggested that saliva can provide valuable 

diagnostic information about kidney disease, as it contains various 

biomarkers that reflect renal function such as urea, creatinine, and albumin. 

Researchers have used infrared spectroscopy to analyze the salivary 

biomarker profiles of CKD patients and healthy controls  and found that 

significant differences exist between the two groups [51]. 

       In particular, the infrared spectra of saliva from CKD patients show 

characteristic changes in the intensity and shape of various spectral peaks, 

Hydroxyl bands 

 
Amide 

bands 
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indicating alterations in the levels of specific biomolecules. These changes 

are thought to be associated with the pathological changes that occur in the 

kidneys during CKD [123] .  

      In general CKD patients have dysfunction of salivary glands, which 

intensifies with the oxidation of salivary proteins/lipids. In CKD, 

pathological changes of oral mucosa, susceptibility to fungal infections and 

olfactory and taste disorders were observed[124] .Therefore,  it is not 

surprising that saliva secretion was lower in all adult with CKD in 

comparison to AKI and controls. However,  hypo salivation was observed 

only in patients with severe renal (4–5 stage CKD) that consider one of the 

difficulties during sample collection in present work [125]. From present 

data this infrared FTIR spectroscopy-based method opens a new level of 

non-invasive out of the laboratory diagnostics. The method makes it 

possible to determine the concentrations of the most important saliva 

substances without special sample preparation and reagents, from the 

minimum sample volume and (almost) immediately after the sample 

collection. Overall, the use of saliva for the diagnosis of CKD using 

infrared spectroscopy with ATR unite is a promising area of research that 

could offer a non-invasive and cost-effective alternative to traditional blood 

and urine tests Also, this aspects open new line for examination of salivary 

total protein, cortisol, a-amylase, sIgA, urea and phosphate concentration 

changes allow us to characterize the organism state regardless to age, 

physical fitness and stress level[126]. However, further studies are needed 

to validate the diagnostic accuracy and clinical utility of this approach. 
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3.3 Correlation Between Variables in Patients with Kidney 

Disease  

      Table (3-6) demonstrated results of  the Spearman's correlation analysis, 

which indicates a significant (p<0.05) positive correlation between BTP and 

LFABP. Moreover, hydroxyl is a significant )P <0.05) positive correlation 

with amide and GFR. Conversely, a significant (p<0.05) negative 

correlation was observed between BTP and GFR as well as amide,and 

between LFABP with amide ,hydroxyl  and GFR  and between hydroxyl 

with  LFABP and creatinine, also between amide with LFABP and BTP. 
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Table (3-6) The spearman correlation between variable among the patients  group 

Spearman’s Correlation N(38) LFABP BTP Hydroxyl Amide Glucose urea Creatinine albumin T.Ca I.Ca GFR 

 LFABP 

ng/l 

Correlation 

Coefficient 
1.000 .815 -.384 -.517 -.052 -.056 .202 -.020 -.069 -.122 -.350 

Sig. . .000 .021 .001 .762 .747 .239 .909 .688 .478 .036 

BTP 

mg/dl 

Correlation 

Coefficient 

.815 1.000 -.288 -.372 .077 .045 .241 .253 -.092 -.136 -.414 

Sig. .000 . .080 .022 .645 .788 .146 .125 .584 .414 .010 

Hydroxyl 

cm-1 

Correlation 

Coefficient 

-.384 -.288 1.000 .564 -.082 -.220 -.327 -.028 .227 .309 .429 

Sig. .021 .080 . .000 .625 .185 .045 .866 .170 .059 .007 

Amide 

cm-1 

Correlation 

Coefficient 

-.517 -.372 .564 1.000 .233 .142 -.189 -.174 .243 .311 .211 

Sig. .001 .022 .000 . .159 .395 .257 .296 .141 .058 .203 

Glucose 

mg/dl 

Correlation 

Coefficient 

-.052 .077 -.082 .233 1.000 .230 -.208 -.178 -.041 -.042 .140 

Sig. .762 .645 .625 .159 . .166 .210 .284 .805 .803 .400 

Urea 

mg/dl 

Correlation 

Coefficient 

-.056 .045 -.220 .142 .230 1.000 .605 .102 -.126 -.093 -.581 

Sig. .747 .788 .185 .395 .166 . .000 .541 .453 .580 .000 

Creatinine 

mg/dl 

Correlation 

Coefficient 

.202 .241 -.327 -.189 -.208 .605 1.000 .308 -.241 -.246 -.820 

Sig. .239 .146 .045 .257 .210 .000 . .060 .144 .136 .000 

Albumin 

g/dl 

Correlation 

Coefficient 

-.020 .253 -.028 -.174 -.178 .102 .308 1.000 -.130 -.206 -.392 

Sig. .909 .125 .866 .296 .284 .541 .060 . .438 .216 .015 

T.Ca 

mg/dl 

Correlation 

Coefficient 

-.069 -.092 .227 .243 -.041 -.126 -.241 -.130 1.000 .963 .331 

Sig. .688 .584 .170 .141 .805 .453 .144 .438 . .000 .043 

I.Ca 

mg/dl 

Correlation 

Coefficient 

-.122 -.136 .309 .311 -.042 -.093 -.246 -.206 .963 1.000 .381 

Sig. .478 .414 .059 .058 .803 .580 .136 .216 .000 . .018 
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3.3.1 Correlation Between Beta Trace Protein and Glomerular 

Filtration Rate  

 
The current study revealed a significant negative correlation (P value 

0.01, r=0.414) between BTP and GFR. As with other renal markers, serum 

levels of BTP were highly associated with renal impairment in CKD stages, 

with its concentrations increasing significantly from stage 1 to 5. Previous 

investigations have demonstrated that BTP displays inverse a greater 

increase proportional with any changes in GFR at various stages of the 

disease. Furthermore, it has been observed that BTP can detect diminished 

GFR earlier than creatinine and is independent of age and gender, as 

indicated by prior research [127] [128] [129]. 

3.3.2 Correlation of Beta Trace Protein with Liver Fatty Acid 

Binding Protein  

 
      The results of current study express  a significant  positive correlation 

between the BTP and LFABP  in kidney disease patients (P value =0.000 

r=0.815). This considered as a suspected result because the two parameters 

mainly effected by renal  damage before. This supported  with previous 

study that  indicated the  BTP was significantly correlated with all the 

measured urinary renal markers, of the various proteins freely filtered, but 

reabsorbed in the proximal tubule[130]. The increase the BTP  in the serum 

values of these reflects impaired renal ability to remove waste products 

from the body in patients with CKD. BTP are removed from the circulation 

mainly by renal filtration. Accordingly, in current study a strong correlation 

with GFR, BTP concentrations therefore they increased BTP with 

decreasing GFR .This result is agreement with previous study [131]. 
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3.3.3 Correlation Between the Salivary Hydroxyl and Amide 

Bands 

 
      The current study shows a significant positive correlation between 

amide and hydroxyl bands (P value=0.000, r= 0.564). This confirm present 

explanation about salivary content of kidney, that’s the functional groups of 

protein (hydroxyl in carboxyl and amide terminal) decrease in patients with 

chronic kidney disease. 

3.4 Receiver Operating Characteristic (ROC) 

 

3.4.1 Receiver Operating Characteristic (ROC) Analysis of the 

Beta Trace Protein  for Patients with Chronic Kidney Disease 

and Control 

 
       ROC curve for the sensitivity and specificity of BTP  for CKD in 

comparison with control at ( cut-off  point was 363 µg/dl ), AUC (Area 

under the curve) was 0.77and P value=0.001, the sensitivity and specificity 

were 84%, 58 %respectively, as shown in Table(3-7) Figure(3-9).   

Table (3-7) Area under the curve  of B TP  between CKD and control  

SE (stander error) 

 

Area under the curve 

        (AUC) 
Sensitivity Specificity SE 

 

P value 

 

95%  (Confidence interval) 

 

0.77 

 

84% 

 

58% 

 

0.069 

 

0.001 

 

0.906-0.635  
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Figure(3-9): Roc Curve of beta trace protein between  CKD and control 

 

3.4.2  Receiver Operating Characteristic (ROC) Analysis of 

the Liver Fatty Acid Binding Protein  for Chronic Kidney 

Disease  and Acute Kidney Injury Patients  

      ROC curve for the sensitivity and specificity of liver fatty acid binding 

protein for CKD in comparison  with AKI at ( cut-off  point was 121ng/L), 

AUC (Area under the curve)was0.76 the sensitivity and specificity were 

83% ,73 % respectively, as shown in Table(3-8) and Figure(3-10). 

Table (3-8) Area under the curve  of LFABP  between CKD and AKI  

         SE (standard error) 

 

 

 

Area under the  curve        

(AUC) 

 

Sensitivity 

 

 

Specificity 

 

 

SE 

 

 

P-value 

 

 

95%  (Confidence interval) 

 

0.769 

 

    83% 

 

   73% 

 

0.080 

 

  0.006 

 

0.611-0.926 
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Figure(3-10): Roc Curve of Liver fatty acid binding protein between CKD and AKI 

 

 

3.4.3 Receiver Operating Characteristic (ROC) Analysis of the 

Salivary Hydroxyl Band Between Patients with Chronic 

Kidney Disease  and Control  

      ROC curve for the sensitivity and specificity of salivary hydroxyl for 

CKD in comparison with control at ( cut-off  point was3373.20 cm
-1

), AUC 

(Area under the curve) was 0.911 and  P value = 0.000, the sensitivity and 

specificity were 90%, 78 %respectively, as shown in Table (3-9) Figure  

(3-11) . 

Table  (3-9) Area under the curve of hydroxyl in carboxyl group band  between 

control  and CKD  

 

 

Area under the curve 

(AUC) 

 

 

Sensitivity 

 

 

Specificity 

 

SE 

 

P-value 

 

95%Confidence Interval 

 

0.91 

 

 

90% 

 

 

78% 

 

0.046 

 

0.000 

 

0.820-1.000 

      SE (standard error) 
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       The discriminatory power for CKD of these salivary vibrational modes 

can reach AUC for  hydroxyl 0.91 the sensitivity and specificity were 90% 

and 78% respectively, suggesting that salivary vibrational modes had a high 

capacity to discriminate patients with chronic kidney disease from healthy 

people.  

 

 

Figure (3-11) :Roc Curve of hydroxyl band  between control and CKD 
 

 

3.4.4 Receiver Operating Characteristic (ROC) Analysis of the 

Salivary  Hydroxyl  Band  Between  Patients with Chronic 

Kidney Disease and  Patients with Acute Kidney Injury  

         ROC curve for the sensitivity and specificity of salivary hydroxyl   for 

CKD in comparison with AKI at ( cut-off  point was3343cm
-1

), AUC (Area 

under the curve) was 0.834 and  P value = 0.000,  the sensitivity and 

specificity were 94%, 64 %respectively, as shown in Table (3-10) Figure 

(3-12).  
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Table (3-10) Area under the curve of  hydroxyl band  between CKD and AKI 

Area under the curve 

(AUC) 

 

Sensitivity 

 

Specificity SE P-value 95%Confidence Interval 

 

0.834 

 

    94% 

 

    64% 

 

0.68 

 

0.000 

 

0.701-0.966 

 SE (standard error) 

 

 

 

Figure(3-12) :Roc Curve of hydroxyl band  between  CKD and  AKI 

 

       Regarding with high sensitivity and level of (AUC) of salivary 

hydroxyl band OF CKD with  both AKI and control may open new filed for 

use this marker in diagnosis of CKD that consider as speed, low cost and 

invasive test. This part need further studies with large sample size and 

standard conditions to use it in future. 
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3.4.5 Receiver Operating Characteristic (ROC) Analysis of the 

Salivary  Amide Band  Between Patients with  Chronic Kidney 

Disease and Acute Kidney Injury  

 
      ROC curve for the sensitivity and specificity of salivary hydroxyl   for 

CKD in comparison  with AKI at ( cut-off  point was1641cm
-1

), AUC (Area 

under the curve) was 0.70 and  P value = 0.034,  the sensitivity and 

specificity were 68% ,64 %respectively, as shown in Table (3-11) Figure 

(3-13).   

Table (3-11) Area under the curve of  amide band  between CKD and AKI 

 

Area under the curve 

(AUC) 

 

Sensitivity 

 

Specificity SE P-value 95%Confidence Interval 

 

0.701 

 

68% 

 

    64% 

 

0.087 

 

0.034 

 

0.529-0.872 

SE (standard error) 

 

 

 

Figure(3-13) :Roc Curve of amide band between CKD and  AKI 
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Conclusions 

1- The present results indicated that serum beta trace protein and liver fatty 

acid binding protein may consider a potential markers  for detection  and  

progression of  kidney disease . 

2- The changes of liver fatty acid binding protein in acute kidney injury 

group mainly  make it useful  in early detection of disease worsening. 

3- The strong connection between beta trace protein and glomerular 

filtration rate (GFR)  make it as  a stabile  protein for determination  of GFR  

in kidney disease patients. 

4- Present potential outcome of salivary  hydroxyl vibrational mode was  

able to discriminate chronic kidney disease patients from healthy subjects.  

5- Present data indicated that attenuated total reflection-fourier transform 

infrared (ATR-FTIR) spectroscopy based method open a new approach of 

noninvasive  out of the laboratory diagnosis.  
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Recommendations 

 Measurement of beta trace protein, liver fatty acid binding protein, 

urea ,creatinine and albumin in saliva  as a complementary step for the 

detection of patients with renal disease. 

 Measurement beta trace protein and liver fatty acid binding protein in 

urine. 

 Large sample size are required to confirm the obtained results. 
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Appendix 

 

Results of (Hydroxyl and Amide) Bands by Using Attenuated 

Total Reflection-Fourier Transform Infrared (ATR-FTIR) 

Spectroscopy 

N Group Hydroxyl Amide 

1 CKD 3334 1635 

2 CKD 3293 1634 

3 CKD 3312 1635 

4 CKD 3324 1635 

5 CKD 3333 1637 

6 CKD 3309 1636 

7 CKD 3337 1640 

8 CKD 3286 1636 

9 CKD 3327 1636 

10 CKD 3329 1638 

11 CKD 3359 1641 

12 CKD 3342 1640 

13 CKD 3378 1645 

14 CKD 3302 1649 

15 CKD 3387 1642 

16 CKD 3373 1644 

17 CKD 3373 1642 

18 CKD 3383 1642 

19 CKD 3358 1643 

20 AKI 3376 1639 

21 AKI 3387 1644 

22 AKI 3385 1644 

23 AKI 3384 1642 

24 AKI 3386 1642 

25 AKI 3383 1645 

26 AKI 3375 1640 

27 AKI 3381 1638 

28 AKI 3381 1642 

29 AKI 3387 1644 

30 AKI 3388 1644 

31 AKI 3373 1645 

32 AKI 3374 1635 

33 AKI 3356 1640 

34 AKI 3344 1643 

35 AKI 3357 1643 
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36 AKI 3374 1643 

37 AKI 3380 1644 

38 AKI 3331 1639 

39 Control 3385 1636 

40 Control 3385 1647 

41 Control 3385 1637 

42 Control 3382 1642 

43 Control 3412 1643 

44 Control 3377 1639 

45 Control 3387 1643 

46 Control 3394 1640 

47 Control 3383 1638 

48 Control 3388 1643 

49 Control 3385 1642 

50 Control 3396 1642 

51 Control 3384 1644 

52 Control 3375 1640 

53 Control 3387 1644 

54 Control 3359 1643 

55 Control 3405 1643 

56 Control 3385 1644 

57 Control 3386 1644 

58 Control 3401 1647 

59 Control 3377 1639 

60 Control 3388 1644 

61 Control 3385 1644 

62 Control 3356 1642 

63 Control 3379 1643 

64 Control 3400 1645 

65 Control 3379 1642 

66 Control 3385 1643 

67 Control 3374 1639 

68 Control 3391 1643 

69 Control 3384 1643 

70 Control 3381 1640 

71 Control 3386 1640 

72 Control 3379 1644 

73 Control 3376 1641 
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 74 Control 3376 1640 

75 Control 3373 1638 

76 Control 3362 1643 

77 Control 3375 1640 

78 Control 3389 1645 

79 Control 3385 1639 

80 Control 3376 1639 



 الخلاصة
 

( هو فقدان وظائف الكلى بشكل تدريجي ونهاني أو تلف كلوي مستمر ناتج عن العديد من KDمرض الكلى )      

 التركيبيةالعوامل الأساسية مثل مرض السكري وارتفاع ضغط الدم. يمكن تصنيفه بناءً على سبب وشدة التشوهات 

حديثة  كمؤشرات( LFABP( وبروتين )BTPبروتين ) دور الدراسة لتقييم هدفت والوظيفية ومدة تلك التشوهات. 

 ، لفحص المكونات اللعابيةوكذلك (. ELISA) تقنية الامتزاز المناعي الانزيميلمرض الكلى وتم قياسها باستخدام 

تقنية مطيافية الاشعة تحت  الكلوي باستخدام  الفشللبدء  اولي )هيدروكسيل وأميد( كمؤشربحزم  الاهتزار المتمثلة 

 . ATR-FTIR)) لي الحمراء ومنظومة الانعكاس الك

 80( عينة لعيوب تحليلية خاصة لعينات اللعاب. تبقى 27عينة ،وبعد استبعاد ) 107اشتملت الدراسة الكلية على 

كجم / م 19-29 ( BMI)  عامًا , ومؤشر كتلة الجسم 63-25مشاركًا تتراوح أعمارهم بين 
2

. تم تقسيم هؤلاء 

 42مصاباً بمرض كلوي مزمن( و  19مصاباً بإصابة كلوية حادة و  19مريضًا بأمراض الكلى ) 38المشاركين إلى 

المطياف تم تقدير مستويات مصل الدم من )الجلوكوز واليوريا والكرياتينين والألبومين( بطرق  حيث. شخص سليم  

( BTP)تينبروتم قياس وكذلك  تقنية تحليل الالكتروليتات.، والكالسيوم الكلي والمؤين باستخدام  (UV-Visاللوني )

 .للهيدروكسيل والامايد في اللعاب حزم الاهتزازات  مع في المصل (LFABPوبروتين )

 الاصحاء ( في اليوريا والكرياتينين في مرضى الكلى عند مقارنتها p <0.05أظهرت نتائج الدراسة زيادة معنوية )

في نفس (. p <0.05انخفاضًا معنوياً ) الكلي والمؤينو الكالسيوم  ،(  (GFR)معدل الترشيح الكبيبي ظهر ، بينما 

  (BTP) بروتين. من ناحية أخرى ، زيادة معنوية ل( في مستوى الجلوكوزp <0.05المقارنة مع تغيرات معنوية )

(p <0.05 في المجموعة لأمراض الكلى المزمنة )(CKD ) إصابة الكلى الحادةمجموعة  بالمقارنة مع (AKI )

 (LFABPاظهر بروتين ) بينما, ( على التوالي 20.814، 21.974) متوسط الفرقومجموعه الاصحاء حيث كان 

 بالمقارنة مع مجموعة مرضى الكلى المزمنة (AKI) الكلى الحادةمرضى ( في p <0.05)قيمة  انخفاضا معنويا 

(AKD)  اظهرت حزم الهيدروكسيل والامايد  كالتوالي. كذل( على -15.306، 21.222) الاصحاءوالمجموعة

 .الاصحاءومجموعة  (AKI) مرضى إصابات الكلى الحادةبين اللعابي انخفاضا معنويا ملحوظ 

 r) ( كما في قيمة LFABP)وبروتين ( BTPبروتين )أظهر تحليل  المقارن بين مرضى الكلى ارتباطًا إيجابياً بين 

= 0.815  ،p = 0.000 ، )  لوحظ ارتباط سلبي لمعدل ترشيح الكبيبات بينما (GRR )مع بروتين (BTP  ) 

على التوالي. علاوة على ذلك  ( r = 0.350  ،p = 0.036)، ( r = 0.414  ،P = 0.010) ( LFABP)وبروتين 

 وكذلك اظهرت(. r = 0.564  ،p = 0.000) والاميد اللعابي  الهيدروكسيل حزم تم تسجيل ارتباط إيجابي بين

 الهيدروكسيل اللعابية في مرضى أمراض الكلى المزمنة لحزمة %(91.1)نتيجة قوية للغاية  ROCنتيجة تحليل 

(CKD )  الاصحاءمقارنة بمجموعة  ،P = 0.000  ،( سم 3373.20بحزمة قطع يساوي
-1

  ، كان (. وبالمثل



 الخلاصة
 

من إصابة الكلى الحادة اكثر  (CKD) الهيدروكسيل اللعابي لمرضى أمراض الكلى المزمنة لحزمة( ROC)قيمة

(AKI  بقيمة)83.41 ، ٪P = 0.000 سم 3343تساوي )القطع  حزمة  عند
-1

.) 

( يمكن اعتباره علامة محتملة لتطور الفشل الكلوي ، بينما LFABPتشير نتائج هذه الدراسة إلى أن البروتين )

 اظهرت حزم حقيق. بالإضافة إلى ذلك ، التالبحث و(    حساسية أقل وقد يتطلب مزيداً من BTPأظهر بروتين )

النتائج الضوء على الفائدة هذه تسلط لذلك الكلوي.  الفشللبدء  كدليل الهيدروكسيل اللعابية مؤشرات حساسة للغاية

 . أمراض الكلىتطور في تشخيص ومراقبة  الحزمالمحتملة لهذه 



 

 

 

 

  



 



 


