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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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 m? 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 m?, 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 Gl with a GFR >90 ml/min
per 1.73 m? to stage G5 with a GFR <15 ml/min per 1.73 m?
[14]. Similarly, albuminuria levels are classified using the
albumin-to-creatinine ratio (ACR) into three categories: Al
(<30 mg/gm), A2 (30-299 mg/gm), and A3 (>300 mg/gm) [15].
Common. causes leading to end-stage kidney disease include
Type 1I 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.

55



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 Control group Renal failure p value
Parameters group

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) 11.3840.134  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 Control group Renal failure p value
Parameters group

Ca™ (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*? (mg/dL) 38.56+0.120 30.85£1.942 P>0.05
Cu?(ug/dL) 106.375£1.264 81.250+2.524 P <0.001
Zn*? (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

56

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 13.6103+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) |4.8340.06 5.59+0.11 P<0.01

Glucose (mg/dl) 109.52+0.52 134.034+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



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
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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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