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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The present study meticulously delineates the biochemical 

alterations in serine protease activity and various life variables 
in patients with kidney failure compared to a control group. 
By evaluating 160 samples, comprising 80 from individuals 
with renal failure and 80 from healthy controls, the researchers 
observed a significant elevation in serine protease activity 
among kidney failure patients (274.38 ± 1.55 U/L) relative to 
the control group (173.78 ±1.49 U/L). Beyond serine protease, 
other enzymes such as lactate dehydrogenase, basal phosphatase, 
myeloperoxidase, peroxidase, and aspartate aminotransferase 
also showed heightened activities in renal failure patients; 
alanine aminotransferase similarly exhibited a notable increase. 
Conversely, catalase and arylesterase activities were markedly 
reduced in these patients compared to controls. The mineral 
profile revealed substantial decrements in calcium, iron, copper 
concentrations alongside potassium levels in kidney failure 
sufferers while showing pronounced increments in phosphate, 
zinc, and sodium concentrations. Furthermore, protein profiles 
indicated a stark decrease in total protein, albumin levels along 
with triglycerides and various cholesterol forms except for high-
density lipoprotein cholesterol which increased significantly 
alongside urea, creatinine and glucose levels; globulin and uric 
acid also saw considerable elevations when contrasted with the 
control group’s data. These comprehensive findings underscore 
the profound metabolic disruptions inherent to kidney failure 
while providing pivotal insights into enzyme activities and 
mineral imbalances associated with this condition.

Key words. Renal failure, serine protease, arylesterase.
Introduction.

The kidneys, crucial for maintaining the body's internal 
environment through filtration of blood and removal of waste 
products, are susceptible to a myriad of diseases that can 
significantly impact their function [1,2]. Among these ailments 
are pyelonephritis, kidney cancer, kidney stones, autosomal 
dominant polycystic kidney disease (ADPKD), autosomal 
dominant tubulointerstitial kidney disease, azotemia, diabetic 
kidney disease, glomerular disease, renal papillary necrosis, 
proteinuria-related disorders, uremia, and various forms of 
renal failure [3]. Chronic kidney disease (CKD) alone poses a 
formidable global health challenge affecting nearly 850 million 
people worldwide [4]. Characterized by a long-term decline in 
renal function leading to ineffective waste filtration and fluid 
balance maintenance—as well as complications such as anemia, 
bone disorders, and cardiovascular issues—CKD necessitates 
interventions like dialysis or transplantation in advanced stages 
[5]. Conversely, acute renal failure (ARF), also known as acute 
kidney injury (AKI), represents a rapid deterioration in renal 
function over days with high mortality rates affecting 9.1% 
of the global population [6]. ARF can be triggered by factors 

including malignant tumors, bacteremia; certain medications 
and poisons; interrupted blood supply during surgeries; and severe 
multi-organ dysfunctions such as cardiovascular ailments or liver 
dysfunctions [7]. Therefore, early detection and management of 
both acute and chronic renal conditions are imperative to preserving 
kidney function and improving patient outcomes.

Chronic kidney disease (CKD), also known as chronic renal 
failure (CRF), is a significant global health issue characterized 
by the presence of kidney damage or a reduced GFR below 
60 ml/min/1.73 m² for three months or more, regardless of 
the underlying cause [8]. The primary drivers of CKD include 
diabetes and hypertension, with additional factors such as 
HIV infection and aging contributing to its prevalence [9,10]. 
The insidious nature of CKD's progression often results in 
patients being unaware of their condition until it has advanced 
considerably, highlighting the critical need for early diagnosis 
and effective screening [11]. CKD is an independent risk factor 
for cardiovascular disease; individuals in advanced stages 
are at particularly high risk for cardiovascular mortality [12]. 
Despite indirect measurement of GFR being the standard 
reference method for assessing kidney function, this approach 
is impractical for routine use due to its complexity and duration. 
Consequently, markers such as serum creatinine and cysteine C 
are employed to estimate GFR (eGFR), though these methods 
can be influenced by non-renal factors like muscle mass, age, 
and gender, leading to inaccuracies especially among black 
Africans [9]. Furthermore, while albuminuria serves as an 
established marker for detecting early stages I and II of renal 
failure when GFR levels exceed 60 ml/min per 1.73 m², its 
predictive power remains limited [13]. Kidney biopsies provide 
diagnostic confirmation but involve high risks and potential 
complications. Staging CKD involves stratifying patients 
based on GFR levels: from stage G1 with a GFR ≥90 ml/min 
per 1.73 m² to stage G5 with a GFR <15 ml/min per 1.73 m² 
[14]. Similarly, albuminuria levels are classified using the 
albumin-to-creatinine ratio (ACR) into three categories: A1 
(<30 mg/gm), A2 (30-299 mg/gm), and A3 (>300 mg/gm) [15]. 
Common. causes leading to end-stage kidney disease include 
Type II diabetes, hypertension, glomerulonephritis, interstitial 
tubular nephritis, hereditary diseases among others [10,16,17]. 
Factors like obesity exacerbate CKD progression through 
insulin resistance and dyslipidemia mechanisms. Symptoms 
become apparent predominantly in the latter stages of CKD—4 
and 5—manifesting through nausea, vomiting, fatigue among 
other signs that severely impact quality of life if left unchecked.
Materials and Methods.

Samples: The study was conducted on human blood serum 
samples and samples were collected for the period from January 
2022 to February 2022 in cooperation with Ibn Sina Hospital 
and Al-Salam Hospital in the Dialysis Department.
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Control group: (80) blood samples were collected from 
apparently healthy persons, including (46) males and (36) 
females, aged between (32-61) years.

Patient group: (80) blood samples were collected for people 
with kidney failure diseases and included (40) males and 
(40) females, and their condition was diagnosed by doctors 
specializing in nephrology and urology in cooperation with 
Al-Salam Hospital and the Mosul Center for Nephrology and 
Surgery, their ages ranged between (34-69) years.

Blood samples collection: blood samples were collected after 
sterilizing the area with Heptin, where 8 ml of venous blood was 
withdrawn for the control group and the group of kidney failure 
patients and placed in plastic tubes and then left to coagulate 
at a temperature of (37°C), then a centrifugal of blood was 
conducted for a period of (20 min at a speed of (4000xg) to 
obtain blood serum.

Materials: In this study, several ready-made tests (standard 
Kit) from the French company (Biolabo) were used to measure 
the concentration of glucose, urea, creatinine, calcium, total 
cholesterol, triglycerides, high-density lipoprotein cholesterol, 
total protein, albumin and lactate dehydrogenase. The procedure 
was conducted as per manufacturer instructions.
Results.

The results showed significant (p≤ 0.001) serum increase 
in the activity of LDH, ALP, myeloperoxidase, peroxidase, 
AST, and ALT in patients with kidney failure compared to the 
control group, while arylesterase and catalase were significantly 
reduced in patients with renal failure compared to control group 
(Table 1).

Table 1. Enzymatic activity in the studied groups.
Biochemical 
Parameters Control group Renal failure 

group p value

Arylesters (U/L) 105.36±1.93 69.24±1.46 P ≤ 0.001
Catalase (U/L) 50.85±1.57 31.23±1.82 P ≤ 0.001
LDH (U/L) 177.3±2.5 249.83±2.9 P ≤ 0.001
ALP (U/L) 141.97±1.99 325.06±35.08 P ≤ 0.001
Myeloperoxidase (U/L) 27.9±1.11 122.14±5.82 P ≤ 0.001
Peroxidase (U/L) 45.23±1.73 149.43±19.62 P ≤ 0.001
AST (U/L) 11.66±0.22 18.53±1.25 P ≤ 0.001
ALT (U/L) 11.38±0.134 16.88±1.43 P ≤ 0.01
Data expressed as mean±SE, p value considered significant less than 
0.05 using Two sample t-test

Table 2. Electrolyte changes in the studied groups.
Biochemical 
Parameters Control group Renal failure 

group p value

Ca+2 (mg/dL) 8.983±0.0345 7.692±0.0592 P ≤ 0.001
Iron (mg/dL) 77.40±1.24 59.86±2.61 P ≤ 0.001
Phosphate (mg/dL) 30.967±0.0417 39.60±0.169 P ≤ 0.001
Mg+2 (mg/dL) 38.56±0.120 30.85±1.942 P > 0.05
Cu+2(ug/dL) 106.375±1.264 81.250±2.524 P ≤ 0.001
Zn+2 (mg/dL) 75.974±1.429 56.737±1.195 P ≤ 0.001
Na+ (mmoL/dL) 166.59±4.37 142.51±1.39 P ≤ 0.001
K+(mmoL/dL) 4.67±0.252 4.06±0.110 P ≤ 0.05
Data expressed as mean±SE, p value considered significant less than 
0.05 using Two sample t-test

Renal failure patients were associated with significant P ≤ 
0.001reduction in serum electrolyte levels including calcium, 
iron, magnesium, copper, zinc, sodium, and potassium. 
Conversely renal failure associated with significant P ≤ 0.001 
elevation of phosphate levels (Table 2).

Renal failure patients were associated with significant P ≤ 
0.001reduction in serum total protein, albumin, and lipid profile. 
Conversely renal failure associated with significant P ≤ 0.001 
elevation of urea, creatinine, globulin, uric acid, and glucose 
levels (Table 3).

Table 3. Renal and metabolic parameters in the studied groups.
Urea (mg/dl) 20.85±0.37 133.96±1.69 P ≤ 0.001
Creatnine (mg/dl) 0.752±0.011 8.958±0.050 P ≤ 0.001
Total Protein (g/L) 6.99±0.032 5.9313±0.048 P ≤ 0.001
Albumin (g/L) 4.5350±0.0577 2.3210±0.0369 P ≤ 0.001
Globulin (g/L) 2.4550±0.0359 3.6103±0.0730 P ≤ 0.01
LDL (mg/dl) 85.18±1.94 37.23±2.45 P ≤ 0.001
T.G (mg/dl) 120.60±1.68 82.90±3.84 P ≤ 0.001
Cholesterol (mg/dl) 152.12±2.26 100.95±2.46 P ≤ 0.001
VLDL (mg/dl) 23.84±0.29 19.56±2.02 P ≤ 0.001
Uric acid (mg/dl) 4.83±0.06 5.59±0.11 P ≤ 0.01
Glucose (mg/dl) 109.52±0.52 134.03±6.13 P ≤ 0.001
HDL (mg/dl) 43.17±0.64 52.9±0.81 P ≤ 0.001
Data expressed as mean±SE, p value considered significant less than 
0.05 using Two sample t-test

Discussion.
The results showed significant serum increase in the activity 

of LDH, ALP, myeloperoxidase, peroxidase, AST, and ALT 
in patients with kidney failure compared to the control group, 
while arylesterase and catalase were significantly reduced 
in patients with renal failure compared to control group. The 
multifaceted complications arising from renal failure extend 
beyond the kidneys themselves, implicating liver damage, bone 
issues, and cardiovascular risks. Hwang et al. (2020) highlight 
that liver damage and bone problems associated with renal 
failure can elevate the risk of cardiovascular complications 
[18]. Despite LDH being a useful marker for heart attacks, its 
accuracy is hindered by its wide distribution in various tissues 
[19]. Patients undergoing chronic renal failure frequently suffer 
from liver diseases such as viral hepatitis—often contracted 
during dialysis—and cholestasis caused by renal tubular 
dysfunction [20]. Additionally, research by Hani & Zainal 
(2024) has demonstrated elevated peroxidase activity in these 
patients, which helps mitigate oxidative stress through the 
neutralization of free radicals and ROS [21]. Similarly, increased 
serine myeloperoxidase levels are noted in conditions like 
pyelonephritis and glomerulonephritis, further exemplifying 
the systemic inflammatory responses characteristic of renal 
impairment [22]. Table 4-1 reveals a significant reduction in 
arylesterase activity in patients with kidney failure compared 
to healthy controls, suggesting that diminished enzyme function 
contributes to heightened oxidative stress—a key driver of 
kidney deterioration [23,24]. Furthermore, Hong and Park's 
study (2021) indicates a pronounced decrease in catalase 
effectiveness within this patient group [25]. This reduction 
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exacerbates mitochondrial dysfunction due to an overabundance 
of ROS and interstitial tubular fibrosis linked to lipid peroxide 
accumulation. Collectively, these findings underscore how 
renal failure instigates a cascade of biochemical abnormalities 
that contribute to systemic organ impairment and necessitate 
comprehensive clinical management strategies.

The results presented study revealed profound biochemical 
alterations in the blood serum of patients with kidney failure, 
characterized by significant reductions and increases in various 
minerals and electrolytes when compared to a control group. 
A highly significant decrease in the concentrations of iron, 
copper, and zinc was observed among the kidney failure 
patients [19,26-28]. This reduction can be linked to impaired 
erythropoietin production due to compromised kidney function, 
which inhibits iron absorption as evidenced by elevated hepserin 
levels [29]. Additionally, hypokalemia and diminished calcium 
concentrations were noted, which are perilous conditions given 
their association with cardiovascular complications and poor 
bone metabolism due to impaired vitamin D activation in renal 
impairment [29]. Despite these declines, no notable change was 
detected in magnesium levels—highlighting the mineral’s unique 
regulation through diet, bone exchange, intestinal absorption, 
and renal secretion processes [30]. In stark contrast, there was 
a marked increase in phosphate and sodium concentrations 
among these patients. Elevated phosphate is particularly 
problematic as it precipitates hyperphosphatemia—a common 
occurrence especially in late-stage renal disease—leading to 
cardiovascular calcification and secondary hyperparathyroidism 
that further exacerbate metabolic bone disorders [31]. High 
sodium levels also correspond with adverse health outcomes 
reported in previous studies on renal dysfunctions, underscoring 
the intricate interplay between electrolyte balance disturbances 
and chronic kidney diseases [32].

The results presented highlighted significant biochemical 
alterations in patients with renal failure compared to a control 
group, underscoring the multifaceted metabolic dysregulations 
associated with kidney disease. Notably, there is a marked 
increase in serum glucose levels, suggesting impaired glucose 
metabolism potentially linked to insulin resistance or decreased 
renal gluconeogenesis. Additionally, urea concentration is 
significantly elevated, corroborating findings by Hameed et al. 
(2023) that chronic renal failure patients exhibit substantially 
higher urea levels due to reduced renal clearance [19]. The 
lipid profile reveals complex changes: a substantial decrease 
in total cholesterol, triglycerides, LDL, and VLDL cholesterol 
alongside an increase in HDL cholesterol. This dyslipidemia 
is often implicated in the heightened risk of cardiovascular 
disease among renal failure patients, particularly those on 
dialysis. Moreover, creatinine levels show a pronounced 
rise, aligning with studies indicating severe impairment in 
glomerular filtration rates among this population [19]. A notable 
decrease in total protein concentration further emphasizes the 
catabolic state observed in these patients—driven by hormonal 
imbalances and exacerbated by conditions such as acidosis 
and inflammation—which contributes to persistent negative 
nitrogen balance and muscle wasting [33]. Interestingly, 
uric acid levels also significantly increase, consistent with 

hyperuricemia resulting from factors like purine-rich diets and 
diminished excretion due to compromised kidney function 
[34]. Elevated globulin concentrations paired with low albumin 
indicate severe malnutrition and heightened mortality risks in 
dialysis patients—a concern echoed by Pai et al.'s study linking 
high globulin and low protein states with increased death rates 
from both cardiovascular causes and all-cause mortality. Lastly, 
the inverse relationship between worsening renal function and 
decreasing albumin concentration highlights another critical 
aspect of the clinical management of chronic kidney disease 
progression.
Conclusion.

Renal failure, a condition characterized by the kidneys' inability 
to adequately filter waste products from the blood, is often 
associated with significant disturbances in various biochemical 
and enzymatic parameters. Electrolyte imbalances such as 
hyperkalemia, hyponatremia, and hypocalcemia frequently 
accompany renal dysfunction due to impaired renal excretion 
mechanisms and disrupted homeostasis. Furthermore, liver 
enzymes like alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) may be elevated in renal failure patients, 
reflecting potential hepatorenal syndrome or concurrent hepatic 
injury. Renal function tests typically reveal elevated serum 
creatinine and blood urea nitrogen (BUN), signalling a decline in 
glomerular filtration rate (GFR) and overall kidney performance. 
Oxidative stress plays a critical role in the pathophysiology of 
renal failure; it is marked by increased levels of reactive oxygen 
species (ROS) and decreased activity of antioxidant enzymes 
such as superoxide dismutase (SOD), catalase, and glutathione 
peroxidase. These oxidative imbalances exacerbate renal tissue 
damage through lipid peroxidation, protein oxidation, and DNA 
damage pathways. This complex interplay between electrolyte 
disturbances, altered enzyme activities, impaired renal function 
tests, and oxidative stress highlights the multifaceted nature 
of renal failure's pathogenesis and underscores the necessity 
for comprehensive management strategies that address these 
diverse biochemical derangements.
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