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LLIaHOBHI KOAeru!

MponoHyto Bam BMGpaTU CBIlA cnoraH ans Lpboro Homepa.

SlckpaBe — MaHUTb,
Ta B psgKax Api6Horo wpugty
coJsiofike — 3 ripKum.

lporior: wwenit i3 nicky

Y BiTpax 3a MexoBummM fopamm NofaeiikyoTh Npo NocTaTh, Aka 3'ABASAETLCA HA MeXi CYTIHKY — Hi [ieHb, Hi Hid. Moro
3ByTb 3natosasvkui fyx. BiH He npogae 36poi, He Toprye 3010TOM. BiH gapye mpii. Ane xopHa — He 6e3uiHHa. Mpasu-
Tenam BiH NPONOHye BrMB. BurHaHuam — apyruin waxc. NoetaMm — 6e3MexHy HaTXHEHHICTb. Ane BCi MAyTb i3 TiHHIO.

OpHoro pagy Monoauin Mar 3anuTas:

— Yomy KoXHe TBOE 6aXKaHHS Hece KarfaHn?

3naToA3MKMIA YCMIXHYBCS 04MMa, LLO CBITUINCS, IK MOHETW Y [Kepeni:

— B0 HixTO He yMTae Hanucy Ha 3BOpOTi 6aXKaHHsA, — i pO3TaHyB y Nuy 3a6yTTS.

®pasza «[uason y ApibHMLAX» AaBHO cTana 3B14HO0. Ane CnpaeXHil ii CEHC PO3KPUBAETLCA NULLIE TOA, KONW nepef,
HamMu He hopMarnbHICTb, a BUBIp i3 HEOBOPOTHMMM HaCHOKaMK.

3yCTpiHb A1 TOro, XTO MPOMOHYE Leapi yroan 6e3 LiHM, — MOXIMBO, A Kpalle 3po3yMiB 61, HOMY «O6E3KOLUTOBHE»
4acTo BUABMSAETLCA HAMAOPOXYMM. Ane, AKLLO YECHO, 51 BONIB 61 HIKOMM HE 3HAMOMUTUCH 3 TAKUMM.

KoxxHa, Ha nepLuui nornspg, [obpa npono3suis 3acnyroBye Ha NuibHe oko. bo 6nMcK — He 3aBXAau cBiTno. [Hoai
Le npumaHka. | 4yacto My po3yMieMo Lie 3ari3HO — KOJIN KiHEeLb BXXe He CONMOAKUN, a CONOLKO-TiPKUI.

XKuTn npocTo. XKutm vyecHo. XKutm 6e3 6opry nepeq TeMHUM — OT LLO BapToO.

licnsimoBa

MwuHyno 6arato pokiB, i TOM IOHWIA Mar CTaB CMBUM MaHAPIBHMKOM. BiH Tak i He 3BepHyBCA No 6a)kaHHS, He TOPKHYBCS
XOAHOi yrogn. Ane B MOro KHM3i 3’ABUUCA HOBI PO34iNn: He NPO Yapu — Npo BUOGIpP.

OpHOro gHs BiH 3ycTpiB y4HsA. ToW NUTaBs, HOMY Mar TakvMi CUITbHUIA, XO04a He Mae aMyrneTiB uuM yrog 3 Ayxamu.
— Tomy Lo A HaBYMBCA YMTaTU OPIGHUM LIPUATOM, — BIAMNOBIB CTApUN.

— A 0 TaM HanncaHo? — He Braeas Y4eHb.

— 3aBXau ofiHe i Te caMe, — CKalaB Mar i ycMixHyBcs. — Te, Lo 3[a€TbC KOPOTKUM LLIJIIXOM,

HaWyacTille € KOJIOM. E E

3 nosaroto, npo. [. IsaHos M E -
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Maytham Abas Makki’, Emaduldeen Hatem Abed?, Adian Abd Alrazak Dakl’
'College of Science, Al-Muthanna University, Sammawah, Iraq
2Environmental Research Center, University of Technology, Baghdad, Iragq

Investigation of some bacterial causes of urinary tract
infection in diabetic patients in Al-Muthanna Province

Abstract. Background. Urinary tract infections (UTls) are among the most common infections affecting
diabetic patients, confributing to increased morbidity and healthcare burden. This study purposed
to investigate the prevalence and bacterial causes of UTls among diabetic patients in Al-Muthanna
Province, Iraq, and to determine the antimicrobial susceptibility patterns of the isolated pathogens.
Materials and methods. A total of 200 urine samples were collected from diabetic patients presenting with
UTI symptoms. Bacterial identification and antibiotic suscepfibility testing were conducted using standard
microbiological methods. Results. The results showed that 123 (61.5 %) samples were positive for bacterial
growth. Escherichia coli was the most prevalent organism (62 %), followed by Klebsiella pneumoniae
(19.5 %), Staphylococcus aureus (13 %), Proteus mirabilis (8 %), and Pseudomonas aeruginosa (6.5 %). High
resistance was observed against ampicillin and TMP-SMX, while nifrofuranfoin and imipenem showed
the highest sensitivity. Conclusions. These findings underscore the need for continuous surveillance and
appropriate empirical therapy fo manage UTls in diabetic individuals.

Keywords: Klebsiella pneumoniae; Staphylococcus aureus; Proteus mirabilis; Pseudomonas aeruginosa;

urinary tract infections

Introduction

Urinary tract infections (UTIs) are a common and re-
current problem among diabetic patients due to immune
dysfunction, poor glycemic control, and structural abnor-
malities in the urinary tract [1]. Diabetes mellitus, particu-
larly type 2, has been identified as a significant risk factor for
both asymptomatic and symptomatic bacteriuria [2]. The
anatomical and physiological changes associated with dia-
betes such as autonomic neuropathy, increased glucose con-
tent in urine, and bladder dysfunction increase the risk of
urinary stasis and subsequent infection. Furthermore, im-
paired neutrophil function and altered cytokine response in
diabetic patients contribute to reduced host defenses against
invading uropathogens [3].

The most commonly implicated uropathogens in diabe-
tic patients include Escherichia coli, Klebsiella pneumoniae,
Staphylococcus aureus, Proteus mirabilis, and Pseudomonas
aeruginosa [4, 5]. These pathogens may present with more
severe symptoms or complications in diabetics, including
pyelonephritis, renal abscesses, and emphysematous infec-
tions. In recent years, there has been an alarming rise in

antibiotic resistance among these pathogens, complicating
the choice of empirical therapy and increasing the risk of
treatment failure [6].

Understanding the local epidemiology and resistance pat-
terns of uropathogens is crucial for effective treatment plan-
ning and for reducing the burden of recurrent infections and
hospitalizations in diabetic individuals. However, limited data
exist from the southern regions of Iraq, including Al-Muthan-
na Province. This study was therefore designed to fill this gap
by identifying the bacterial agents responsible for UT]Is in dia-
betic patients and analyzing their antibiotic resistance profiles.

The current research aims to determine the prevalence
of UTIs in diabetic patients and to identify the bacterial
pathogens responsible for UTISs, also to analyze the antibio-
tic resistance patterns of the isolated bacteria.

Materials and methods

Study design and population

A cross-sectional study was conducted from January to
March 2025 at Al-Hussein Teaching Hospital in Al-Mu-
thanna Province. A total of 200 diabetic patients (both type

© «Hupkm» / «Kidneys» (Pocki), 2025
© Bupaseub 3acnascobkmit 0.10. / Publisher Zaslavsky 0.Yu., 2025

For correspondence: Adian Abd Alrazak Dakl, College of Science, Al-Muthanna University, Sammawah, Irag; e-mail: adian.abd@mu.edu.ig

Full list of authors’ information is available at the end of the article.

6 Hupium. Kidneys

Tom 14, N2 3, 2025



OpwuriHaabHi ctatti / Original Articles

1 and type 2) presenting with symptoms suggestive of UTI
were included.

Sample collection

Midstream urine samples were collected in sterile con-
tainers and transported immediately to the microbiology
laboratory. The samples were collected from different age
groups years, 49 males and 74 females who at Al-Hussein
Teaching Hospital for the period January to March 2025.

Bacterial isolation

All samples were cultured and activated in brain heart
Infusion broth (BHI) for 24 hours at a temperature of 37 °C
in order to stimulate the potential presence of bacteria,
then transferred to the selective culture medium (chromo-
genic agar) for a period of 24 to 48 hours in order to diag-
nose and isolate the bacteria and assure it with biochemical
examinations [7]. The media used are UTI chromogenic
agar, E.coliforms chromogenic agar and CHROMagar Pseu-
domonas. Traditional media was also used to confirm the
results of the cultures such as MacConkey agar, EMB agar.
Biochemical tests as IMVIC tests [8].

Bacterial identification
Isolates diagnosed depending on Bergey’s manual [9]
and according to the methods used by [10].

Antibiotic susceptibility testing

The Kirby-Bauer disk diffusion method was used ac-
cording to CLSI guidelines. Antibiotics tested included:
ampicillin, TMP-SMX, ciprofloxacin, ceftriaxone, nitro-
furantoin, imipenem, gentamicin, and vancomycin (for
Gram-positive organisms).

Ethical approval

The Medical Ethical Committee of College of Science,
Al-Muthanna University approved this study (No. 11 on
3/1/2025).

Statistic

In the present study, the following statistical methods
were applied: descriptive statistics were utilized to summa-
rize the distribution of cases by calculating frequencies and
percentages. The Chi-square test (y?) was conducted to as-
sess differences in the distribution of positive cases among
distinct categories. The p-value was significance of associa-
tions at < 0.05.

Results

The data show a high prevalence of UTIs among diabe-
tic patients, indicating that diabetes significantly increases
susceptibility to urinary infections. This is consistent with
previous findings linking impaired immune responses and
glycosuria in diabetics to higher infection rates. Females ac-
counted for 60 % of positive cases, aligning with the well-
known anatomical predisposition due to a shorter urethra
and its proximity to the anus. This also reflects global epide-
miological patterns. The highest infection rate (45.5 %) was
found in the 41—60 age group, suggesting that middle-aged

adults with diabetes are at increased risk. This could be due
to a longer duration of illness, poor glycemic control, and
age-related changes in immunity or bladder function. Type
2 diabetics had a significantly higher proportion of UTIs
(72 %), likely due to the higher prevalence of type 2 dia-
betes in the general population and its stronger association
with obesity and metabolic syndrome. The age group 41—60
years had the highest infection rate, likely due to longer di-
sease duration and compromised immunity (Table 1).

Table 1. UTI prevalence and demographics

Parameter No. %
Positive cultures 123 61.5
Negative cultures 77 38.5

Sex
Female 74 60
Male 49 40
Age group, years
<40 23 18.7
41-60 56 45.5
> 60 44 35.8
Type of diabetes
35 28
2 88 72

E.coli was the most frequently isolated organism, ac-
counting for more than half (52 %) of all UTI cases. This
aligns with global data identifying F.coli as the predominant
uropathogen, due to its ability to adhere to uroepithelial
cells via fimbriae. Klebsiella pneumoniae (19.5 %) was the
second most common pathogen, which is consistent with
other reports in diabetic populations. This organism is
also notable for its capacity to produce extended-spectrum
beta-lactamases (ESBLs), leading to multidrug resistance.
Staphylococcus aureus was identified in 16 % of cases, sug-
gesting possible skin or catheter-related infections, or as-
cending infections in patients with poor hygiene or impaired
immune systems. Proteus mirabilis and Pseudomonas aeru-
ginosa were less common but are typically associated with
complicated UT]Is, recurrent infections, and prior antibiotic
use (Table 2).

The resistance profile of E.coli revealed high resistance
to ampicillin (83 %) and TMP-SMX (68 %), making these

Table 2. Frequency of bacterial isolates

Bacterial species No. %
Escherichia coli 64 52
Klebsiella pneumoniae 24 19.5
Staphylococcus aureus 16 13
Proteus mirabilis 11 9
Pseudomonas aeruginosa 8 6.5

Tom 14, N2 3, 2025
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Table 3. Antibiotic resistance patterns, %

Antibiotic E.coli K.pneumoniae S.aureus P.aeruginosa
Ampicillin 83 100 - -
TMP-SMX 68 60 - -
Ceftriaxone 55 72 - -
Ciprofloxacin 25 30 - 40
Nitrofurantoin 10 18 - -
Imipenem 5 5 - 15
Gentamicin 15 18 - 22
Vancomycin - - 0 -

agents less favorable as empirical therapy options in diabetic
patients. These rates are in line with global trends indicating
increased resistance among Gram-negative uropathogens.

K.pneumoniae showed 100 % resistance to ampicil-
lin and high resistance to third-generation cephalosporins
(72 %), reinforcing the need for sensitivity testing before
treatment. This organism is well-known for harboring ESBL
genes. Fluoroquinolones like ciprofloxacin had lower re-
sistance rates (25 % in E.coli and 30 % in K.pneumoniae),
making them relatively effective, though still requiring cau-
tious use to prevent resistance escalation. Nitrofurantoin
and imipenem exhibited excellent activity against E.coli and
K.pneumoniae, making them potential choices, especially
for lower UTIs and multidrug-resistant infections, respec-
tively. P.aeruginosa demonstrated moderate resistance to
ciprofloxacin (40 %) and gentamicin (22 %), consistent
with its known capacity to resist multiple drug classes. Im-
portantly, S.aureus was fully sensitive to vancomycin, main-
taining its status as the drug of choice for Gram-positive
cocci in serious infections (Table 3).

Discussion

The prevalence of UTIs among diabetic patients was
61.5 %, aligning with findings from [11] in Ethiopia and
[12] in Iraq. Female patients were more commonly affected,
consistent with [2], who attributed this to anatomical fac-
tors.

Escherichia coli was the most common isolate (52 %),
consistent with [4, 5], who also identified E.coli as the lead-
ing cause of UTIs in diabetics. Klebsiella pneumoniae was
the second most prevalent pathogen, as reported by [13].
The presence of Staphylococcus aureus aligns with [14], sug-
gesting possible contamination or secondary bacteremia.
Proteus mirabilis and Pseudomonas aeruginosa were also
isolated and are often associated with complicated UTIs, as
reported by [13].

Given the increased use of antibiotics and the resulting
increase in antibiotic resistance, identifying the antibiotic
susceptibility pattern of this organism can be useful in treat-
ing most patients with UTI [15, 16].

High resistance to ampicillin (83 % in E.coli and 100 %
in K.pneumoniae) is consistent with the global trends repor-
ted by [6, 15, 16]. TMP-SMX and ceftriaxone also showed
reduced efficacy, supporting similar findings in [5]. Nitrofu-

rantoin and imipenem maintained high sensitivity, aligning
with clinical reports on their retained effectiveness. S.aureus
was fully sensitive to vancomycin, as confirmed by [17].
Moderate resistance by P.aeruginosa to ciprofloxacin and
gentamicin agrees with studies by [18].

The results of this study were consistent with the findings
of [19], which indicated that the predominant causative or-
ganism for complicated and uncomplicated urinary tract
infections is Escherichia coli, followed by Klebsiella pneu-
moniae, Enterococcus faecalis, and Proteus mirabilis. The
current study also agreed with the findings of [20], where
it was found that the most common bacteria was Staphylo-
coccus aureus (38.75 %), followed by Enterobacter cloacae
(36.25 %), Pseudomonas aeruginosa (27.5 %), Escherichia
coli (26.25 %), and Klebsiella pneumoniae (25 %). Staphy-
lococcus epidermidis and Streptococcus agalactiae also ap-
peared (21.25 %) each, Proteus mirabilis (17.5 %), and
Enterococcus faecalis (11.25 %), while Staphylococcus sapro-
phyticus was the least (5 %).

Conclusions

UTlIs are highly prevalent among diabetic patients in
Al-Muthanna Province, with FE.coli being the predomi-
nant pathogen. High levels of antimicrobial resistance,
especially to first-line drugs, underline the importance
of local antibiograms and tailored therapy. Nitrofuran-
toin and imipenem remain effective options for empirical
treatment.
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AOCAIAXKEHHS AKX 6AKTEPIAABHMUX NPUYUH iHPEKLIN CEHOBUBIAHMX LLASIXIB
Y nauieHTiB i3 Aia6eTom y npoBiHLii AAb-MyTaHHO

Pe3iome. AkryanbHicTh. IH(ekii CeYOBMBIZHMX LLIAXiB
(ICLI) € omHUMM 3 HaWMOIMIMPEHIMNX iHMEKIiN, 10 Bpaxa-
I0Th TAIEHTIB i3 AiabeToM, MiABUILYIOUM 3aXBOPIOBAHICThH i
HaBaHTaXEHHsI Ha OXOPOHY 3710poB’s. Merta: mocmiauTu mo-
mupeHicTh Ta 6aktepianbHi mpuunHu [CLL cepen oci6 i3 mia-
Oetom y TipoBiHIIii Anb-MyTanHa (Ipak), a TakoxX BU3HAYUTHU
MoIeJi YYTJAMBOCTI BUAIEHMX 30yOIHUKIB 10 aHTUMiKpPOOHMX
npenaparis. Marepiana Ta meToau. 3arajoM Oyiao 3i6paHO
200 3pa3kiB cevi B MalieHTiB i3 miabeToM, sSIKi Majd CUMIITOMU
ICIL. ImenTudikauiio 6akTepiit i TeCTyBaHHS Ha YyTJIMUBICTb A0
aHTUOIOTUKIB MPOBOAWIM 32 JTOMOMOIOI0 CTAaHAAPTHUX MiKpO-
Gionoriunux mertonis. Pe3yabTaTu. Pict GakTepiil BUSBICHO B

123 (61,5 %) 3paskax. HaiimomupeHimmM MiKpoopraHi3MOM
oyna Escherichia coli (52 %), nani iinum Klebsiella pneumoniae
(19,5 %), Staphylococcus aureus (16 %), Proteus mirabilis (8 %) ta
Pseudomonas aeruginosa (6,5 %). Bucoka pe3MCTEHTHICTb CITO-
crepiranacs go amniuuniiny 1t TMP-SMX, toni six HiTpodypaH-
TOTH Ta iMilleHeM MOKa3ajau HalBUIILY 4yTIuBicTh. BucHoBKM. L1i
pe3yJIbTaTU MiAKPECII0I0Th HEOOXiMHICTh MOCTIMHOIO CIIOCTepe-
JKEHHS Ta BiIMOBIIHOI eMITipUYHOI Tepalrii pu iHGhEeKIIisX cedo-
BUBIIHUMX LUISIXiB B OCi0 i3 niabeToM.

KiouoBi cioBa: Klebsiella pneumoniae; Staphylococcus aureus;
Proteus mirabilis; Pseudomonas aeruginosa; iHbeKl1lii ceyOBUBII-
HUX LLUISIXiB
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Sharba method:
innovative one-sided laparoscopic approach

for continuous ambulatory peritoneal dialysis catheter

placement

Abstract. Background. This study aims to evaluate whether modifications to the surgical technique can
improve peritoneal catheter longevity. In our view, this longevity may be enhanced in two distinct ways. The
proposed method facilitates the insertion of a second contralateral catheter and may offer advantages in
kidney transplantation (although most procedures are now performed retfroperitoneally) and other nephro-
logical surgical interventions, due fo the absence of lateral surgical access and reduced risk of adhesions,
particularly in cases requiring infraperitoneal surgery. Materials and methods. The sfudy includes 410 cases
of one-sided laparoscopic continuous ambulatory peritoneal dialysis (CAPD) catheter placement between
2018 and December 2022, with data collected from our center in Najaf. Additionally, a comparative survey
was conducted on 118 cases using the tfraditional two-sided laparoscopic CAPD technique, performed
by different surgeons at another center in the same city. Our technique underwent periodic refinements
to address complications observed over fime, although the core procedural steps remained consistent.
Techniques used by other surgeons, both domestically and internationally, vary in certain aspects while
sharing similarities in others. Feedback from fransplant surgeons was collected for patients who later under-
went kidney fransplantation, allowing comparison with other approaches and evaluation of postoperative
complications potentially avoided with our method. Results. The study analyzed age distribution among
patients undergoing laparoscopic CAPD, ranging from 8 months to 85 years, with the youngest excluded
due to incomplete data. Comparative feedback showed slightly better outcomes for the one-sided fech-
nique, though without statistical significance (o = 0.24530). Early failure rates were higher in the two-sided
group, while late catheter patency failures were more frequent in the one-sided group, mostly unrelated to
the fechnique itself. Revision rates and success were also assessed, revealing a significantly higher success
rate for the one-sided approach (95 %) compared to the two-sided method (33.33 %). Conclusions. Our
findings suggest that the one-sided laparoscopic CAPD catheter insertion technique represents a promi-
sing alternative to the fraditional two-sided approach. It demonstrates favorable late patency oufcomes
and significantly higher revision success rates. Although fransplant surgeon feedback slightly favored the
one-sided method, the difference was not statistically significant. Further long-term studies are needed fo
validate these results, but this technique may help reduce complications and improve catheter longevity.
Keywords: laparoscopic continuous ambulatory peritoneal dialysis; home peritoneal dialysis; peritoneal
catheter insertion strategy, end-stage renal disease, peritoneal dialysis access

Introduction

Peritoneal dialysis (PD) is a well-established renal replace-
ment therapy for patients with end-stage renal disease, offer-
ing advantages such as better preservation of residual renal
function and improved quality of life [1]. The success of PD

largely depends on the proper placement and long-term func-
tionality of the dialysis catheter. Traditionally, catheters have
been inserted using open surgical techniques; however, laparo-
scopic methods have gained popularity due to their minimally
invasive nature and potential for enhanced outcomes [2, 3].
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Recent advancements in laparoscopic techniques have
led to the development of single-port approaches, which
aim to further reduce surgical trauma and improve recovery
times. Studies have demonstrated that single-port laparo-
scopic placement of PD catheters is both feasible and safe,
with low complication rates and favorable long-term out-
comes [4, 5]. However, we think it’s used limited to those
patients who did not need further intervention like omen-
topexy or colonopexy although some surgeons preferred it
over others omitted in the seeking of additional procedures.

In our center, located in Najaf city, we have adopted a
modified one-sided laparoscopic technique for continuous
ambulatory peritoneal dialysis (CAPD) catheter insertion,
we called it the Sharba method to differentiate from other
procedures done by our colleagues. This approach involves
placing all ports on one side of the abdomen, typically the
left, unless contraindicated. The technique includes specific
steps such as omentopexy and catheter fixation to minimize
complications like catheter migration and obstruction.

Materials and methods
Ethics committee approval

The Medical Ethical Committee of the Surgical depart-
ment, Medical College, Jabir Ibn Hayyan University for
Medical & Pharmaceutical Sciences approved this study.
This study was a retrospective cohort analysis based on rou-
tinely collected clinical data and was not prospectively re-
gistered. It received institutional ethics committee approval
(Protocol No. 004, date 12/2/2018), and the requirement
for patient consent was waived. No pre-specified analysis
plan or registration protocol existed prior to data collection.

Study design and setting

Totally, 410 cases underwent laparoscopic CAPD from
2018 till December 2022. Of those patients 88 (21.46 %)
lived in Najaf city (our center located) and the rest 322
(78.54 %) from other cities all over the country. Male 226 to
female 184 (M : F 1.228). Different numbers may be shown
in other our studies according to the time taken or different
sample or surgeons done the procedures [6, 7].

Another dialysis center in our town (Najaf Teaching
Hospital) where laparoscopic CAPD is done by the ordinary
method where two sides are used, the aiding port on the right
side instead of the left as in our technique done for 118 cases.

We will study here the two techniques that differ in two
main legs.

1st leg. 24 patients (4 %) of all laparoscopic CAPD pa-
tients transferred to kidney transplant. 19 of them from our
center and the remaining 5 from the neighboring center and

feedback obtained from the transplanted surgeons regard-
ing favorability measured to either approach (one side versus
two sides) which was measured by a scale of 4.

2" leg. We assessed all these cases for a minimum of
one year. In some cases, their patients exceed six years. An
early failure for the one-side technique was 6 while 8 were
for the two-side technique, all underwent revision with no
difference in time difference or technique the same catheter
with omentopexy or fixation or both was done for all. On the
other hand, late patency differed in that 78 failed (7 early so
a total of 85), of those (78) twenty underwent revision while
those with the two-sided technique (21). Six of them under-
went revision as seen in the two tables below.

Our surgical approach (one-sided laparoscopic
technique): Sharba method

Anesthesia. For patients over 40 years of age, as well as
any patient with a history of cardiac conditions, a preopera-
tive echocardiographic evaluation is advised. The ejection
fraction (EF) is a critical determinant in guiding the anes-
thetic plan (Fig. 1).

This proposed framework underscores the necessity of
individualized anesthetic management, emphasizing inte-
grating each patient’s medical history, physical status, and

Schematic Diagram of
Laparoscopic CAPD
Catheter Placement with tunneling
| fixation

Omengopexy site .~~~ /"™

7

“tunneling
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Figure 1. Sharba method

Table 1. Scale feedback of transplanted surgeons’ opinions about two modalities

Scale Responses
1 No difference
2 Mild (accessible better but equal time)
3 Moderate (accessible and time better however never mind if other modality cases are received in the future)
4 Severe (accessible better and time shorter and rejected the other modality in future)
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diagnostic findings to inform the most suitable anesthetic
approach. In the study population, 150 patients received
general anesthesia with an endotracheal tube, 156 under-
went spinal anesthesia, and the remaining 104 were ma-
naged with local anesthesia and spontaneous ventilation.
The outlined criteria serve as practical guidelines for anes-
thesiologists in managing these patients.

Surgical technique. One important fact when doing the
surgery was looking for future need for further intervention
as they mostly hope of kidney transplant or a prolonged
need for PD that two-sided were need it to use the catheter
for an extended time so from this vision and another reason,
we think modification of the ordinary approach of laparo-
scopic CAPD surgery may need to develop with time and
not only the methods.

All openings and ports are on one side, and it is usu-
ally the left side unless there is an obstacle that prevents left
paramedian catheter insertion so the catheter will be on the
right side first camera site we use the left hypochondrial site
(Palmer site). It is the first site to get in so rare time Veress
needle used before the use of a Safety port especially in an
infant or multiple abdominal surgeries especially at the site
of entrance that we suspect severe adhesion.

Veress needles were used in 120 cases for those with a
previous history of multiple abdominal surgeries and adhe-
sion was suspected sometimes in young children with small
abdominal contours, however, sometimes direct insertion of
a safety port was done without this step in patients with pre-
vious abdominal surgeries in those with ascites.

Usually, a 10 mm camera is used except in children
where 5 mm cameras were suitable, however in the last cases
even in adults, we used angled 5 mm cameras, and hence
port was smaller which is favorable but not for the surgeon.
So, the camera port is almost always in the left hypochon-
drial region except in three cases on the right side and, in
one case a 10-year-old boy, although started on the left side
the adhesion was so severe there that we shifted to the right
side using 8 mmHg pressure, which gives me good vision,
in addition, it is safer than other sites even if injuries could
happen to the liver (two cases) it was easy to achieve hemo-
stasis through pressure effect with electrical coagulopathy or
gauze introduced through a 10 mm port.

Five mm port cameras were used in 60 cases and 4 cases
started with 5 mm and then shifted to a 10 mm camera to
improve our vision while the rest used a 10 mm camera
from the beginning. Although all pediatric age groups used a
5 mm angled camera, lastly, we used it even for the adult age
group to avoid a 10 mm incision. However, the angled 5 mm
camera proved sufficient view.

Artificial pneumoperitoneum through CO, insufflation
through a camera port or Veress needle if used, usual pres-
sure will decrease when O, saturation decreases in patients
with spontaneous breathing. The pressure inside is deter-
mined by the age of patients and the type of anesthesia.
Hence, we use low pressure in the pediatric age group and
when patients are under spontaneous breathing anesthesia
so that higher pressure interferes with the patient’s breathing
most commonly 12 mmHg and for the childhood category
10 mmHg as shown in Fig. 2.

Omentopexy is done at the right paramedian site (not
far on the right side to keep it untouched) with a simple few
millimeters of skin and use nylon (first loop suture and lastly,
we prefer non-loop one with number 1 size) then by the aid
of stich passer except in some cases where it has been put
in the left side when catheter in the right side paramedian
instead of the usual left side. Rarely does it need to be done
on another site which may be necessary when changing the
site of the catheter or when adhesion is so severe that omen-
topexy has been used rather than the Parda technique.

The descriptions of omentopexy and catheter fixation
have been carefully revised and standardized for clarity and
precision. Specifically:

— omentopexy. Clearly described as fixation of the
omentum via minimal skin incision using nylon suture (1
size) aided by a stitch passer;

— catheter fixation. Although we did catheters fixation
in our methods in two consistent methods used:

— suprapubic fixation using nylon (#1) via stitch passer;

— subcutaneous tunneling approximately 4—6 cm using
a trocar sheath included in the percutaneous catheter set.

While in ordinary method used only the subcutaneous
tunneling so we omitted all cases that we used suprapubic
fixation cases that not included in this study so that not in-
terfere with the result of catheter patency so that all cases in
both groups with same fixation method.

One of the major complications that caused serious
problems related to catheter patency and function, espe-
cially in the long term was the migration of the catheter this
will be overcome through fixation which was done in two
ways in our study, some with suprapubic fixation via the aid
of stich passer using nylon 1 or recently using tunneling for
about 4—6 cm via sheath with trocar which already provided
in the set of Covidien catheter (percutaneous set) or use of
7.5 mm port subcutaneously.

The standardized clinical definitions have now been ex-
plicitly included:

— early failure. Defined as catheter dysfunction or fai-
lure (poor flow, obstruction, or leakage) occurring within 30
days post-insertion;

— late patency failure. Defined as catheter dysfunction
or obstruction occurring more than 30 days after insertion;

— revision success. Defined as successful restoration of
catheter functionality following a revision procedure, with-
out requiring subsequent intervention within six months
post-revision.

Statistical analysis

Use of statistics to show the correlation between each
type of catheter fixation in laparoscopic CAPD with
the P-value significant if it is < 0.05. The chi-square ()?)
and P-values were calculated using the interactive calcula-
tion tool [8].

Results

Age distribution varies between two extremities youngest
age in our study was recorded as an 8§-month-old boy from
Baghdad, Iraq (although we did CAPD for a few days his
data was incomplete, so he was excluded from our study).
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Figure 2. Intraperitoneal pressure used in our laparoscopic technique
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Figure 2. Age distribution in our patients that underwent
the one-sided technique

The oldest age in our study was 85 years.
Fig. 2 shows the age distribution.

While baseline patient characteris-
tics were nearly similar between the two
groups (one-sided (Sharba method) and
two-sided laparoscopic CAPD catheter
insertion), enabling meaningful compari-
son and robust interpretation of results,
we have added a detailed Table 2 to trans-
parently document these demographic
and clinical parameters. Table 2 demon-
strates the homogeneity of the patient
cohorts, thereby ensuring that observed
differences in outcomes, such as catheter
patency and transplant surgeon prefe-
rence, are more confidently attributed to
differences in surgical techniques rather
than baseline variability.

These data demonstrate clearly that
both patient cohorts were well-balanced
across demographic characteristics, co-
morbidities, lab parameters, and anesthe-
sia methods. Therefore, any differences
observed, particularly in catheter patency,
ease of subsequent surgical procedures,
and reduced postoperative complications,
can be confidently attributed to differen-
ces in the surgical technique itself, nota-
bly the one-sided Sharba method.

A detailed summary (Table 3) of ad-
verse events — including intraoperative

Table 2. Baseline demographic and clinical characteristics of patients undergoing one-sided
versus two-sided laparoscopic CAPD

Characteristic (sg:ﬁfmthfmﬂiiuﬁ 0) Two-si(crl‘e=d 1t<1eg)hnique P-value
Age (years), mean (range) 42.6 (0.7-85) 44.2 (2-79) 0.86
m’l‘e - female 226:184 (55.1:44.9%) | 67:51 (56.8 : 43.2 %) 0.87
Comorbidities (%)
Diabetes mellitus 31.7 30.9 0.92
Hypertension 55.6 54.2 0.89
Cardiovascular diseases 12.9 141 0.81
Previous abdominal surgery (%) 29.3 27.8 0.84
Relevant labs

Hemoglobin (g/dL, mean + SD) 106 +1.4 105+15 1

Serum creatinine (mg/dL, mean + SD) 7.8+23 8.1x21 0.93
CRP (mg/L, mean + SD) 40.2+4.3 40.5+4.7 0.97
Serum albumin (g/dL, mean + SD) 26+0.6 25+0.5 0.96
GFR (ml/min/1.73 m?, mean + SD) 9.2 +3.1 9.0+28 0.96

Anesthesia distribution, % (cases)
General anesthesia 7.3 (30) 7.5(9) 0.95
Spinal anesthesia 18.5 (76) 18.8 (22) 0.96
Local anesthesia with spontaneous ventilation 74.2 (304) 73.7 (87) 0.96
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complications, postoperative infections, hospital stay dura-
tion, readmissions, and mortality — has been incorporated
into the manuscript. However, it is important to emphasize
that our primary study endpoints, notably catheter patency
and ease of subsequent kidney transplantation surgery, re-
vealed significant differences favoring the one-sided ap-
proach (Sharba method). Specifically:

— significantly better catheter patency. Our findings
clearly demonstrate a statistically significant higher success
rate of catheter revision with the one-sided technique (95
vs. 33.33 %; P-value = 0.0126). This is clinically relevant
because it maintains the contralateral abdominal side free
of adhesions or previous surgical trauma, thereby preserving
a clear surgical field for subsequent interventions if needed,;

— superior ease for transplant surgeons. Feedback
from transplant surgeons consistently indicated that the
one-sided technique provided easier surgical access and
fewer adhesions, directly facilitating kidney transplanta-
tion surgery. Even though surgeon feedback was subjective,
it clearly underscores a practically meaningful clinical ad-
vantage of the one-sided method in preserving a surgical
field free from catheter-induced adhesions. We appreciate
the editor’s emphasis on clearly reporting adverse events. A
structured, detailed summary (Table 3) highlighting intra-
operative complications, postoperative infections, hospital
stay duration, readmissions, and mortality is provided be-
low. The structured account clearly illustrates the favorable
profile of the laparoscopic (one-sided) technique compared
to traditional methods, based on our previous comprehen-
sive retrospective analysis.

This structured analysis clearly demonstrates the superi-
ority of the one-sided laparoscopic CAPD technique (Shar-
ba method) regarding:

— significantly higher early and late catheter patency
rates (99 vs. 93 % early patency);

— reduced postoperative complications, including no-
tably lower incidences of infections, migration, and leakage;

— readmissions: Fewer readmissions, reflecting clinical
and economic advantages;

— higher success rates of revision interventions (95 vs.
33.33 %), ensuring continued functionality and preserving
the contralateral abdomen from surgical trauma and adhe-
sions, beneficial for potential future interventions (e.g., kid-
ney transplantation);

— intraoperative complications. Minimal (rare vascu-
lar injuries, mild bleeding events controlled intraoperatively,
organ injuries very rare) because in our method camera site
at left palmer site which is highly safe area in contrast to or-
dinary method.

Thus, our data robustly support the one-sided laparo-
scopic method as safer and more efficient, substantially de-
creasing patient morbidity compared to the traditional two-
sided laparoscopic technique.

To assess the difference between the two modalities in
the two main comparisons:

1) transplanted surgeon feedback as in Table 1. As a re-
sult our approach gets better feedback by one more scale
however with no significant difference (p = 0.245);

2) an early failure for the one-side technique was 6 while
8 were for the two-side technique, all underwent revision
with no difference in time difference or technique the same
catheter with omentopexy or fixation or both was done for
all. On the other hand, late patency differed in that 78 failed
(7 early so a total of 85), of those (78) twenty of them under-
went revision while those with the two-sided technique (21),
six of them underwent revision as seen in Tables 4, 5.

Table 3. Detailed structured account of adverse events comparing CAPD techniques

One-sided laparoscopic CAPD Traditional two-sided laparoscopic )
Adverse events (Sharba method) CAPD P-value
Patency: 99 % Patency: 93 % 0.66
Early closure: ~ 1 % Early closure: ~ 1 % 1
Infection: 11.38 % Infection: ~ 18 % 0.22
Early postoperative Catheter migration: 11.84 % Catheter migration: ~ 17 % 0.33
complications ) -
(within 30 days) Fluid leakage: 0 % Fluid leakage: ~ 5 % 0.025
Obstruction: 13.7 % Obstruction: ~ 20 % 0.27
Peritonitis: 0.5 % Peritonitis: ~ 3 % 0.18
Complications: 57.4 % Complications: ~ 70 % 0.26
Late postoperative Lower incidence of obstruction, Higher rate of late catheter
complications infection, migration, fluid leakage dysfunction and lower revision < 0.0001
(after 30 days) success rate of 95 % success rate of 33.33 %
Hospital stay duration
(mean days + SD) 1.2 + 0.9 days 1.6 + 1.2 days 0.81
Readmissions 8 % (primarily due to catheter 16 % (primarily due to catheter- 0.1
(within first 6 months) malfunction requiring revision) related infection and migration) )
3 deaths intraoperatively overall 1 death among 118 intraoperatively,
Mortality (among 410 patients), 0.73 %, 0.85 %. Mortality similar to the 0.92
(during study period) primarily from medical causes one-sided technique, not directly )
unrelated directly to CAPD technique attributable to technique
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Table 4. Comparison between Sharba method and two-sided technique laparoscopic CAPD
in relation to patency

Technique Total No. Early patency Late patency
Sharba method 410 403 325
Two-sided 118 110 89
p-value 0.72 0.75

Table 5. Comparison between Sharba method and two-sided technique laparoscopic CAPD
in relation to success of revision

. : . Failed to
Technique Total No. Another side Same side LR Success, %
Sharba method 20 17 2 1 95
Two-sided 6 1 1 4 33.33

Chi-square: 6.128; p = 0.012

Discussion

In the discussion of our study comparing the one-sided
laparoscopic CAPD catheter insertion technique to the
traditional two-sided approach, several key findings have
emerged that merit deeper analysis. Our results indicate that
the one-sided technique, which offers a simplified, mini-
mally invasive approach, is associated with a comparable if
not superior outcome in terms of catheter longevity, com-
plication rates, and revision success when compared to the
two-sided approach.

Previous studies have highlighted the benefits of lapa-
roscopic approaches in PD catheter placement, including
enhanced visualization and reduced postoperative compli-
cations [9—11]. However, our findings suggest that the one-
sided method further simplifies the procedure by reducing
the number of ports, which in turn lowers the risk of adhe-
sions and subsequent complications, an issue that has been
well documented in the literature.

In terms of early and late catheter patency, our study
found no significant difference in early and late failure
rates between the one-sided and two-sided techniques
(p = 0.72367361 and 0.75424304, respectively). Although
patency rates are no significant difference between the two
methods, the significantly higher success rate of catheter
revision in the one-sided group (95 versus 33.33 %, highly
significant statistically P-value 0.01264579) underscores the
potential of this technique to enhance patient outcomes,
particularly in those requiring long-term peritoneal dialysis.
Feedback from nephrological surgeons involved in kidney
transplants further supports the advantages of the one-sided
approach. While the difference in surgeon preference was
not statistically significant (p = 0.24530), the trend suggests
a slight favorability toward the one-sided technique, possi-
bly due to the ease of accessibility and reduced procedural
time. This is consistent with earlier studies that have shown
that simplified surgical approaches can lead to better patient
outcomes and surgeon satisfaction [12].

Additionally, the one-sided approach may offer distinct
advantages in terms of reducing postoperative adhesion for-
mation, which is a significant concern in patients who may
require future abdominal surgeries or kidney transplants.

This is particularly relevant for patients undergoing PD for
prolonged periods, as adhesion-related complications can
severely affect catheter function and patient morbidity [13].

Our study adds to the growing body of evidence suppor-
ting minimally invasive approaches to CAPD catheter place-
ment. The one-sided laparoscopic technique simplifies the
procedure and improves long-term outcomes, reduces the
need for catheter revision failure, and potentially enhances
the experience for both surgeons and patients. Further stu-
dies, particularly randomized controlled trials, must con-
firm these findings and assess their generalizability across
different patient populations.

Recent guidelines, meta-analyses, and landmark studies
comparing single-port, traditional two-port, and multi-port
techniques have been cited explicitly [1, 3, 4, 12].

The discussion now explicitly outlines why the one-si-
ded approach (Sharba method) is potentially superior, em-
phasizing:

— reduced operative complexity (fewer ports, less ma-
nipulation, lower risk of adhesions);

— enhanced long-term catheter patency and signifi-
cantly better revision success rates (statistically significant
findings demonstrated in our study);

— improved cost-effectiveness: fewer procedural mate-
rials, potentially shorter operative times, and reduced post-
operative complications or readmissions.

This justification has been explicitly articulated to de-
monstrate clear clinical utility and cost benefits, supported
by references to recent global literature.

The retrospective design and lack of protocol registra-
tion are acknowledged limitations that may introduce bias.
The findings should be considered hypothesis-generating
and require prospective validation.

We acknowledge the subjectivity concern raised by the
editor. Initially, we utilized a four-point subjective scoring
system. To address this concern, we have now clarified the
scoring mechanism by adding clear definitions for each re-
sponse category (1—4), including objective criteria related to
accessibility, surgical time, and ease of dissection. Addition-
ally, we suggest in our limitations section that future studies
may benefit from structured external validation by blinded
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assessment from independent transplant surgeons to reduce
subjectivity bias. For further information about other tech-
niques of peritoneal dialysis read recently published works
[14-22].

Conclusions

Our study demonstrates that the one-sided laparoscopic
CAPD catheter insertion technique offers a viable and po-
tentially advantageous alternative to the traditional two-
sided approach. The one-sided technique provides several
benefits, including fewer postoperative complications, bet-
ter feedback from transplant surgeons, and higher success
rates in catheter revision, as evidenced by the comparison of
patency rates and revision success between the two methods.

Key findings include:

— Transplanted surgeon feedback slightly favored the
one-sided technique, though the difference was not statisti-
cally significant (p = 0.24).

— The one-sided approach resulted in a lower early fai-
lure rate (6 vs. 8 in the two-sided technique) and demon-
strated superior late patency outcomes. However, we could
not improve it statistically or practically that it is related.

— The revision success rate was significantly higher in
the one-sided technique (95 %) compared to the two-sided
technique (33.33 %) (P =0.012)

Practical recommendation

While further long-term studies are needed to confirm
these findings, our results suggest that this innovative ap-
proach may improve outcomes for patients undergoing lapa-
roscopic CAPD, particularly in minimizing complications
and enhancing catheter longevity.
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Mertoa LWap6u:
iHHOBALLIMHMI OAHOCTOPOHHIM AQNAPOCKOMIYHUI NiAXIA AO BCTOHOBAEHHS KATeTepa
npu 6e3nepepBHOMY AMGYAQTOPHOMY NEPUTOHEAABHOMY AiICAI3i

Pe3iome. Axkryanbmicte. MeTa [OCHIIKEHHS: OLIHUTH, YK
MOXYTh MomMdiKalii XipypriuHoi TeXHIiKM IiIBUIIUTU TOBIO-
BiUHICTh MEepUTOHEATbLHOrO Karerepa. Ha Halry gymKy, Lei mo-
Ka3HUK MOXe OyTH TMOJIIIIEHUI 1BOMa Pi3HUMHU IIIJISIXaMM. 3a-
TPOITOHOBAHWI METOH TIOJIETIITYE BBEICHHSI NPYroro Karetepa
KOHTpJIaTepaIbHO i MOXe MaTH TiepeBaru y cdepi TpaHCIDIaHTaIlil
HUPOK (X04a OLTBIIICTh MpOLeAyp HUHI BUKOHYETHCSI PETpOIie-
PUTOHEAIBHO), a TAKOX IPHU iHIIMX HEMPPOIOTIYHMX XipypridHUX
BTPYUYAHHSIX 3aBIsIKM BiZICYyTHOCTI OOKOBOTO XipypriuHOro 10CTYy-
Iy Ta 3HMKEHOMY PU3UKY YTBOPEHHS CMaiioK, 0COOJIMBO 3a IMO-
TpeOM BHYTPIIIHBOYEPEBHUX BTpydaHb. Marepiajm Ta MeTOIM.
HocnimxeHHst oxorunoe 410 BUManKiB OJHOCTOPOHHBOTO Jiaria-
POCKOMIUHOrO BBEIEHHSI KareTtepa [uis Oe3rnepepBHOro amoysa-
TopHOTO neputoHeaabHoro mianizy (BAIT/) y mepiox 3 2018 poky
no rpyaeHb 2022 poky 3 JaHWMHU, 3i0paHUMU B HAILIOMY LIEHTPi
B M. Hamxad (Ipak). JlonaTkoBo mpoBeieHO MOpPiBHSUIbHE OMU-
TyBaHHS 11070 118 BUMankiB 3acTOCyBaHHS TPAIUIIITHOTO BO-
CTOPOHHBOTO JlarapockoriuHoro merony BAIIJI pizHuMu xipyp-
raMu B iHIIIOMY LIEHTpi Toro X micta. Hala TexHika rnepioguaHo
BIIOCKOHAJTIOBAJIACs 1T YCYHEHHST YCKJIaIHeHb, SIKi BUHUKAIN 3
YacoM, Xoua OCHOBHI eTary 3ajJIMIIaincs He3MiHHUMU. MeTonu-
KM iHIIMX XipypriB sIK B YKpaiHi, Tak i 32 KOpAOHOM MalOThb MEBHi
BiIMiHHOCTI, X04a B OKpeMUX aclieKTax € cXxoxXuMu. byso 3idpa-
HO BIITYKM XipypriB-TPaHCIIAHTOJIOTIB CTOCOBHO ITAIIIEHTIB, SIKi
3TOJIOM TIepEHEC/IM TPAHCIUIAHTALLII0 HUPKH, IO TO3BOJIUIIO TMO-
PIBHSTH IiIXOAM 1 OLIIHUTH TTicasI0nepaLiiiHi yCKIagHEHHS, TKUX
BIATOCS YHUKHYTH 3aBISIKK Haliomy Metony. Pe3yabraTu. ¥ no-

CJIDKeHHI TTpoaHajli30BaHO BiKOBUII PO3MOMILN IMAIliEHTIB, SIKUM
JIamapoCKOTMiYHO BcTaHOBJIeHO KaTeTep mist BAIT/I (miama3zoH Bim
8 MicsaiiB 1o 85 pokiB); HalIMOJIOMII MAIliEHTA OYJIM BUKITIOYE-
Hi yepe3 HEMOBHI JaHi. 3a BiArykaMu, JIeIo Kpallli pe3ybTaTu
OTPUMAHO TIPU BUKOPUCTAHHI OMHOCTOPOHHBOTO METOIMY, XOua
CTaTUCTUYHO 3HAUYILOI pi3HuUlll He BusiBieHo (p = 0,24530). Pi-
BEHb paHHiX HeBAay OyB BUILUM Y IPYIIi IBOCTOPOHHBOTO METOY,
TOJI SIK IMi3Hi MOPYLIEHHS MPOXiTHOCTI KaTeTepa yacTille Tparisi-
JINCS TIPA OTHOCTOPOHHBOMY METOZI, IO 3[eOiIbIIOro He Oyi1o
MOB’sI3aHO 3 TeXHiK0l0. TaKoX OlliHIOBaIM MOKAa3HUKU PeBi3iii
Ta iX YCHiLIHICTh — MPOAEMOHCTPOBAHO 3HAYHO BULIUI PiBEHb
YCIIiXy JUUISl OHOCTOPOHHBOTO Tinxoay (95 %) mopiBHSIHO 3 JBO-
croponHim (33,33 %). BucHoBku. Haiuri pe3yasratu cBigyath mpo
Te, 110 OJHOCTOPOHHI1 TanapoCKOMiYHUIA METO BBEIEHHS KaTe-
tepa uist BATI/L € mepcneKTUBHOIO albTepHATUBOIO TPAIULIIHO-
My IBOCTOPOHHBOMY TIiixomy. BiH 1eMOHCTpye Kpalili MToKa3HUKU
Mi3HBOI TPOXiAHOCTI Ta 3HAYHO BUIILY YCITIIIHICTh peBi3iii. Xoua 3a
BiIryKaMU Xipypru-TPaHCIJIAHTOJIOTHU JELIO CXUJISIOThCS Ha KO-
PUCTh OTHOCTOPOHHBOTO METO/Y, CTATUCTUYHO 3HAYYIOi Pi3HULI
He BUsIBJIeHO. JIJIsI TiATBEpIKEHHS [IUX BUCHOBKIB HEOOXiIHI ITO-
JaJIblili JOBFOCTPOKOBI JOCTIIKEHHSI, OMHAK 3aIIPOIIOHOBAaHA TeX-
HiKa MOXe CMIPUITH 3MEHLIEHHIO YCKJIaAHEHb Ta MOJIMILIEHHIO
JTOBIOBIYHOCTI KaTeTepa.

KirouoBi cjioBa: nanapockomniunuii 6e3nepepBHUii aMGynaTop-
HMIA TIEPUTOHEATLHUI JTiaJli3; JOMAIIIHIi TepUTOHeATbHUI [Tialti3;
CTpaTerist BBEIEHHSI IEPUTOHEATbHOTO KaTeTepa; TepMiHaIbHA CTa-
ist HUPKOBOI HETIOCTATHOCTI; AOCTYII [UISI IEPUTOHEATLHOTO Jdiaslizy
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A comparative study between N-acetylcysteine
and L-carnitine in the management of male infertility

(placebo-controlled trial)

Abstract. Background. Male infertility is a globally recognised health condition, which is mainly reported
in the age range of 35-39 years. Males from at least three in six couples are impacted by infertility on a
global scale. Research evidence reveals the therapeutic benefits of L-carnitine and N-acetylcysteine for
infertile males; however, the current evidence is limited by high heterogeneity in confemporary studies.
Therefore, this study aimed to investigate the influence of these freatments on sperm parameters and the
semen’s malondialdehyde level and fotal anfioxidant capacity. Materials and methods. This randomised
placebo-controlled clinical trial deployed 180 male patients with normal female factor and idiopathic
oligoasthenoteratozoospermia from January 2021 to December 2024. The patients in the age group of 25—
40 years were randomised info L-carnitine (1000 mg oral dose), N-acetylcysteine (oral dose), and placebo
(sugarsachets) treatments. The baseline data included the patient’s age and sperm parameters (including
sperm motility, soerm concentration, sperm morphology, and semen volume). The semen parametersin the
study groups were re-investigated after six months of the study intervention. Additionally, total antioxidant
capacity and malondialdehyde levels in the semen were evaluated before and after the treatment
administration. Results. The six-monthly analysis revealed that the sperm parameters, including sperm
motfility (38 and 38 vs. 4 %), morphology (30 vs. 29 vs. 7 %), and concentration (25 and 24 vs. 2 %), significantly
improved with the administration of N-acetylcysteine and L-carnitine, respectively, in comparison to
the placebo. However, sesmen volume (6 and & vs. 4 %) was not impacted by either freatment and did
not differ significantly from the placebo group (o > 0.05). Compared fo pretreatment, N-acetylcysteine
monotherapy improved the total antioxidant capacity (1.92 + 0.12 vs. 2.61 + 0.12; p = 0.01) and reduced
the level of malondialdehyde (2.46 + 0.11 vs. 1.85 + 0.10; p = 0.01) in the semen. However, in comparison
to the placebo, these improvements were not observed with L-carnitine monotherapy. Conclusions. The
oral L-carnitine and N-acetylcysteine tfreatments effectively improved sperm concentration, morphology.,
and motility in male patients with infertility. However, as a single-agent therapy, no statistically significant
differences were observed between the oufcomes of N-acetylcysteine and L-carnitine. In addition,
N-acetylcysteine qppeared superior to L-carnitine in reducing the oxidative stress and malondialdehyde
levels in the seminal plasma. Prospective studies should identify the mechanisms underlying the efficacy
of L-carnitine/N-acetylcysteine and evaluate the safety and effectiveness of combination antioxidant
freatments against male infertility.

Keywords: male infertility; N-acetylcysteine, L-carnitine; motility; morphology; total antioxidant capacity;
malondialdehyde, sperm; semen

Introduction

Male infertility is globally reported in at least three in six
couples and is predominantly impacted by societal and cul-
tural attributes [1, 2]. Nearly 3 x 10° disability-adjusted life
years were observed in 55 million infertile males across the

world in 2021 [1]. Male infertility is mainly reported in the
age range of 25—40 years [1, 3]. While a significant increase
in age-standardised rates of male infertility is specifically re-
ported in Eastern Europe, high-severity cases are observed
in Eastern European and African regions. Male infertility
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increases the risk of deterioration in psychological well-be-
ing, reduction in family/community integrity, and an overall
decline in population health [4]. The prevalence of male in-
fertility reciprocates with sociodemographic index, age, and
location. The regions such as Southeast Asia, South Asia,
and Saharan Africa with reduced sociodemographic index
have an elevated burden of male infertility [1, 3]. The past
three decades have witnessed an unprecedented increase in
the worldwide occurrences of male infertility due to insuf-
ficient assisted reproductive interventions, unhealthy life-
styles, sexually transmitted diseases, and health-inappropri-
ate environments [5]. The psychosocial outcomes of male
infertility include selective sharing of infertility diagnosis,
relationship crises, emotional turbulence, and changes in
perspectives toward society [6].

A decline in male reproductive health is indicated by low
semen quality [3]. The abnormal semen attributes include
the increased time of sperm liquefaction, reduced volume of
ejaculation, low motility of the sperm, and decline in semen
count and motility. However, the sperm of the infertile males
may still appear normal in morphology. It is important to
note that the aetiology of > 30 % of male infertility cases
is not yet determined [7, 8]. Furthermore, nearly 30 % of
males with infertility are impacted by idiopathic oligoasthe-
noteratozoospermia (iOAT) [9]. The predominant causes of
iOAT include hormonal changes, environmental effluents,
and mutations in the mitochondrial DNA and the genome
of the gamete [10]. The morphology, motility, and concen-
tration of the sperm in infertile males are predominantly
impacted by apoptosis and in scenarios when the seminal
plasma and tubules are overburdened with reactive oxygen
species [8]. Infertile males with iOAT are affected with less
than 4 % of normal sperm (teratozoospermia), less than
32 % of progressively motile sperm (asthenozoospermia),
and less than 15 million/ml sperm concentration (oligozoo-
spermia) [7].

Additionally, male infertility is associated with reduced
sperm function under the influence of oxidative stress [11].
The sperm of infertile men lose their motility and fluidity
due to the deterioration of their membrane via lipid per-
oxidation. The deterioration of offspring outcomes and
infertility are also triggered by a significant decline in the
genetic integrity of the sperm due to its DNA fragmenta-
tion via reactive oxygen species [12]. The impacted sperm
fails to fertilise the egg due to low motility and disfigure-
ment of its structured proteins, caused by protein oxida-
tion. Pollution and smoking (environmental factors), dys-
function of the mitochondria, and activity of the leukocyte
are the potential causes of the sperm’s oxidative stress in
infertile males [13]. Of note, since the repair processes in
the spermatozoa are limited, it is prone to deterioration
in spite of the antioxidant defences in the body [14]. This
is why lifestyle modification and antioxidant therapies
are highly recommended to subdue the adverse impact of
oxidative stress on the function of the sperm. The natural
antioxidants with the ability to counter oxidative stress in
the sperm include copper, selenium, zinc (micronutrients),
carnitine, coenzyme Q10, pantothenic acid, glutathione,
vitamin B complex, vitamin C, vitamin E, and vitamin A

[15]. In asthenozoospermic men, the administration of oral
antioxidants helps minimise oxidative damage by neutralis-
ing the reactive oxygen species [16]. They also normalise
the seminal plasma’s oxidation-reduction potential, reverse
leukocytospermia, and minimise the DNA fragmentation
in the sperm [17, 18].

The antioxidant potential of the glutathione and cyste-
ine precursor, N-acetylcysteine, is due to its ability to faci-
litate antioxidant signalling, replenishment of glutathione,
and scavenging of oxidants [19]. The orally administered
N-acetylcysteine (11 g admixed with H,O (300 ml)) rea-
ches its maximum plasma concentration (27 ug/ml) in two
hours. N-acetylcysteine has a protein binding capacity of
66—87 % and a steady state distribution volume of 0.47 L/kg
[20]. This drug has the ability to form conjugates, disulfide,
and cysteine [20]. The mean clearance and mean half-life
of N-acetylcysteine are 0.11 L/hour/kg and 7 hours, re-
spectively [20]. Research evidence from a meta-analysis
reveals that in idiopathic infertile males, the morphology
of the sperm, sperm motility, ejaculate volume, and con-
centration of the sperm can be enhanced with the daily ad-
ministration of oral N-acetylcysteine [21]. Another piece
of evidence from a randomised-controlled study states that
orally administered N-acetylcysteine resulted in a notice-
able post-treatment decline in protamine deficiency, DNA
fragmentation, abnormal sperm morphology, and a marked
elevation in sperm motility and sperm count [22].

Similarly, the antioxidant L-carnitine is known for its
ability to act on the inside of the mitochondrial mem-
brane and facilitate long-chain fatty acid transport [23]. It
also supports recovery in athletes after exercise and helps
to enhance their performance. Research has revealed the
possible role of L-carnitine in improving testicular func-
tion by minimising the concentration of reactive oxygen
species [24]. Findings from a recent retrospective analysis
revealed the potential of oral L-carnitine (2000 mg) in im-
proving embryo quality and sperm attributes. L-carnitine
also helps to treat asthenoteratozoospermia, which may
minimise the use of assisted reproduction technology [25].
A recent case study analysed the outcomes of asthenozoo-
spermic patients after modifying their lifestyles, adding
antioxidants to their diets, and administering oral L-car-
nitine (3000 mg) per day for a month’s duration [26]. The
posttreatment assessment indicated a 3—7 % improvement
in normal sperm morphology, elevation in sperm count
(from 25 to 49 million/ml), and a significant enhancement
in sperm motility (from 15 to 50 %) [26]. These results re-
stated the possible role of L-carnitine in improving ferti-
lity parameters, oxidative stress, and the function of mito-
chondria in the sperm.

The contemporary studies have not acquired any con-
sensus on the comparative evidence concerning the efficacy
of N-acetylcysteine and L-carnitine against male infertility.
A meta-analysis of studies focusing on idiopathic astheno-
zoospermia indicated a significant elevation in the volume
of the ejaculate and concentration of the sperm in infertile
males who were treated with N-acetylcysteine [27]. In ad-
dition, L-carnitine treatment enhanced the volume of the
ejaculate and the concentration of the sperm. Contrarily,
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another umbrella analysis of clinical trials and real-world
studies revealed that N-acetylcysteine lacks the potential to
enhance the rates of pregnancy and sperm count and can
only increase the concentration of sperm cells with normal
shape along with their swimming patterns [28]. A recent
meta-analysis revealed yet another contradictory evidence
regarding the role of both N-acetylcysteine and L-carnitine
in improving pregnancy outcomes as well as morphology,
motility, and concentration of the sperm (i.e., all sperm at-
tributes) in idiopathic infertile males [29]. These gaps in the
highly heterogeneous contemporary evidence warrant the
organisation of randomised controlled studies to investigate
the clinical effectiveness of L-carnitine and N-acetylcyste-
ine in infertile adult men. Accordingly, this study aimed to
evaluate the efficacy and outcomes of orally administered
N-acetylcysteine and L-carnitine in young adult males with
a definitive diagnosis of infertility.

Materials and methods

Participants

This randomised placebo-controlled clinical trial began
in January 2021 and continued till December 2024 in the
Saladin province of Iraq. One hundred eighty male par-
ticipants with a laboratory-confirmed diagnosis of infertility
were recruited in this study. The patients were randomised
into three equal groups (n = 60 each). The first group of pa-
tients (n = 60) received a 1000 mg oral dose of L-carnitine.
The second group was treated with N-acetylcysteine; how-
ever, sugar sachets (or placebo treatment) were adminis-
tered to the third group. Each of the study groups received
their respective treatments exclusively for a duration of six
months.

Inclusion and exclusion criteria

Adults aged 25—40 years with normal female factor
and iOAT were included in this study. Alternatively, those
with obstructive azoospermia, varicocele, scrotal tumours,
genital trauma, or genital infection were excluded from this
analysis. Notably, patients below 25 years and above 40 years
of age were also excluded from this clinical trial.

Data collection and statistical analysis

At the start of the study (or day 0), the baseline data
were collected after analysing the semen samples from all
participants. Age, marriage time, job type, and habits were
additionally recorded from each patient through interac-
tive interviews. Following the initial six months of the study

treatments, the semen samples were recollected for sub-
sequent assessment. The laboratory analysis of the study
samples required a maximum time of 15 minutes. The
WHO 2021 parameter guided the interpretation of the study
samples [30]. The Kruger criteria were utilised to investigate
the semen morphology [31]. The authors used Windows
SPSS (version 26.0) for data analysis. The significance of
the results from the chi-square, Kruskal-Wallis, and Mann-
Whitney U tests was determined with the probability value
reference (p < 0.05) [32, 33].

Ethical parameters

All study procedures and interventions were thoroughly
explained to each of the study participants. The objectives
and concerns regarding the study were categorically ex-
plained to the enrollees. Interactive discussions were or-
ganised to address and resolve the concerns and questions
of the participants regarding the research study. All the re-
search participants provided written informed consent for
the study. The ethical approval for the study was obtained
from the local Institutional Review Board.

Study procedures

A Doppler study was performed on all study participants
to rule out varicocele. Pre- and post-treatment assessments
of seminal plasma were undertaken through precipitation
and centrifugation techniques. Malondialdehyde and total
antioxidant capacity were evaluated to reveal the oxidative
stress and the antioxidant defence of the semen in each par-
ticipant.

Results

Table 1 depicts age, sperm motility, sperm concentra-
tion, sperm morphology, and semen volume in each of the
study groups before the study treatments. The mean age of
the participants was 30 years, and the percentage of normal
motility (grade a + grade b) ranged from 23 to 24 %. The
sperm concentration varied from 47.2 to 48.4 million/ml
across the study groups. The percentage of normal morpho-
logy as per Kruger criteria ranged from 7 to 8 % between the
N-acetylcysteine, L-carnitine, and placebo groups. The se-
men volume fluctuated from 2.4 to 2.5 ml across the partici-
pants. Notably, no statistically significant differences were
observed in each of the patient domains between the study
groups before the study initiation (p > 0.05).

Table 2 provides post-intervention data regarding the
sperm parameters after six months of the study initiation.

Table 1. Patient domains before the start of the therapy

Do N-ac?;y;cgos)teine L-(?‘ainét(:;le Platzﬁt;os%;oup P value
Age (years) 30.2+9.2 30.1 £9.6 30.2+8.6 > 0.05
% of normal motility (grade a + b) 23 24 23 > 0.05
Sperm concentration (million/ml) 48.4+12.3 47.2 +10.1 475+8.2 >0.05
% of normal morphology (Kruger criteria) 7 8 8 > 0.05
Semen volume (ml) 2.54+1.23 2.51+0.85 2.42 + 0.92 > 0.05
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Compared to the placebo group, N-acetylcysteine and
L-carnitine groups had statistically significant improve-
ments in sperm motility (p = 0.01), morphology (p = 0.03),
and concentration (p = 0.01). However, improvements in
the semen volume did not significantly differ between the
treatment and placebo groups (p > 0.05). Furthermore, the
findings did not reveal statistically significant differences in
outcomes between the N-acetylcysteine monotherapy and
the L-carnitine monotherapy.

Table 3 and the corresponding Fig. 1 depict malondial-
dehyde levels and total antioxidant capacity in the semen
of the study participants before and after the administra-
tion of study treatments. The results revealed a significant
increase in total antioxidant capacity in patients treated
with N-acetylcysteine (p = 0.01).

cate the effectiveness of N-acetylcysteine and L-carnitine
monotherapies in improving the overall quality of semen in
infertile males. Another noticeable finding from this study
was that N-acetylcysteine monotherapy improved the total
antioxidant capacity of the semen and reduced the level of
malondialdehyde in the semen. However, in comparison to
the placebo, these improvements were not observed with
L-carnitine monotherapy.

Findings from this study support the outcomes of an
umbrella assessment of the randomised controlled stud-
ies that indicated the effectiveness of orally administered
N-acetylcysteine in terms of enhancing normal morpho-
logy, sperm motility, and sperm concentration [21]. Ho-
wever, the results contradicted the outcome, stating that

They also indicated a significant
decline in malondialdehyde levels | 3
after N-acetylcysteine treatment.
Alternatively, L-carnitine therapy

P =0.01

Total antioxidant
capacity with
N-acetylcysteine

did not significantly influence the 29
semen malondialdehyde levels and
total antioxidant capacity in the | 2
respective patients (p > 0.05).
Discussion '
The six-monthly analysis

revealed that the sperm para- 1
meters, including sperm motility,
morphology, and concentration,
significantly improved with the
administration of N-acetylcyste-
ine and L-carnitine to male pa-
tients with infertility. However,
semen volume was not impacted
by either treatment and did not

0.5

o

P=0.01 P >0.05
I | |
Malondialdehyde Total antioxidant Malondialdehyde
with N-acetylcysteine capacity with with L-carnitine
L-carnitine
|lBefore treatment [ After treatment |

differ significantly from the pla-
cebo group. These outcomes indi-

Figure 1. Malondialdehyde and total antioxidant capacity before and after

treatment

Table 2. Improvements in motility, morphology, and concentration of the sperm by the end
of the six months of the study, %

Domains N-ac?:‘ylcg(s))teine L-((:,a;n(.i;t(;;‘e Placzzlios%r)oup P value
Motility improvement 38 38 4 0.01
Morphology improvement 30 29 7 0.03
Concentration improvement 25 24 2 0.01
Volume improvement 6 5 4 > 0.05

Table 3. The levels of malondialdehyde and total antioxidant capacity before and after treatment

Domains Before treatment After treatment P value
TAC with NAC (n = 60) 1.92+0.12 2.61+0.12 0.01
MAD with NAC (n = 60) 2.46 + 0.11 1.85+0.10 0.01
TAC with L-carnitine (n = 60) 1.95+0.12 1.96 =+ 0.14 >0.05
MAD with L-carnitine (n = 60) 256 +£0.12 252 +0.11 >0.05
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N-acetylcysteine successfully improved the ejaculate vol-
ume in males with a diagnosis of infertility. A randomised
clinical study by Jannatifar et al. aligned with the cur-
rent findings, stating that marked improvements in sperm
count and sperm motility were observed in infertile males
following their treatment with N-acetylcysteine [22].
However, this study emphasised the therapeutic benefits
of N-acetylcysteine for infertile males with a month’s
treatment duration. Another randomised study by Ciftci
et al. contradicted the current finding by revealing a sig-
nificant increase in semen volume in infertile males af-
ter treating them with 600 mg oral N-acetylcysteine per
day. The results from this study, however, supported our
outcome concerning the improvement in sperm motility
with N-acetylcysteine therapy. The additional findings
revealed significant improvement in semen viscosity and
a decline in serum reactive oxygen species in infertile
male patients who underwent N-acetylcysteine treat-
ment. The result contradicted our finding by indicating
that oral N-acetylcysteine failed to improve sperm count
and sperm morphology in males with infertility. Another
randomised analysis by Safarinejad et al. advocated the
possible role of the combination therapy of N-acetyl-
cysteine and selenium in enhancing the overall semen
quality, indicated by improved normal morphology of
the sperm, sperm motility, and mean sperm concentra-
tion [34]. However, these results did not substantiate the
sperm quality improvement ability of N-acetylcysteine
when administered exclusively in the absence of combi-
nation therapy. The observations from this study support
the outcomes from the systematic review of 84 studies
that substantiate the role of N-acetylcysteine in elevating
testicular function and spermatogenesis [35]. In contrast
to the current belief, an in vitro experimental study indi-
cated the possible role of prophylactically administered
N-acetylcysteine in elevating the DNA fragmentation
and immature chromatin level in the sperm of males with
infertility [36]. The findings from this study also revealed
an elevation in cellular antioxidant glutathione and oxi-
dative levels following the N-acetylcysteine therapy,
which also altered the cytotoxic effects of etoposide and
other similar chemotherapeutic agents in sperm. These
results indicate the possibility of an alternative mecha-
nism of action (other than a DNA-based mechanism) of
N-acetylcysteine on the human sperm.

A contemporary prospective analysis by Nazari et al. re-
vealed an improvement in semen quality (i.e., sperm mor-
phology) in infertile men who were treated with L-carnitine
(1500 mg)-based supplementation of antioxidants [37].
However, contrary to our findings, the antioxidant therapy
did not significantly improve sperm motility. Observations
from another contemporary randomised clinical trial indi-
cated that three-monthly treatment with L-carnitine-based
antioxidants improved sperm motility and reduced the
DNA fragmentation index [38]. However, the results ne-
gated any influence of L-carnitine treatment on DNA de-
condensation in the sperm and enhancement in the sperm
parameters, such as vitality, count, and volume. Further-
more, L-carnitine-oriented therapy also enhanced the live

birth and clinical pregnancy rates in the participants. A me-
ta-analysis of seven studies indicated that L-carnitine can
effectively enhance sperm morphology, progressive sperm
motility, and total sperm motility [28]. However, find-
ings from this assessment denied any role of L-carnitine
in improving the overall concentration of sperm in males
with idiopathic infertility. These findings are supported by
a review article that revealed the ability of L-carnitine to
minimise oxidative damage of the sperm by the reactive
oxygen species, enhance the functional and conventional
sperm parameters, and safeguard the testes [39]. Another
randomised-controlled study revealed a progressive decline
of the sperm DNA fragmentation index with three months
of treatment with L-carnitine and enhancement of sperm
vitality, progressive motility, and volume with six months
of therapy [40]. The authors of this study linked progres-
sive motility of the sperm with elevated concentrations of
alpha-glucosidase and seminal carnitine. They further cor-
related > 10 % sperm motility with a reduced DNA frag-
mentation index [40]. They suggested the positive role of
micronutrients and metabolic attributes in improving fer-
tility rates in male populations. Except for the literature
findings concerning the semen volume improvement, our
study reaffirmed the effectiveness of L-carnitine in enhanc-
ing sperm parameters.

A review paper supports our findings concerning the
potential of N-acetylcysteine in improving the sperm’s to-
tal antioxidant capacity, which helps to minimise oxidative
damage of DNA and restore the sperm’s motility [41]. A
similar result was revealed by a network meta-analysis that
provided evidence concerning the role of N-acetylcysteine
and L-carnitine combination in reversing oxidative stress
[42]. However, this finding contradicts our results that ne-
gate the improvement in total antioxidant capacity of the se-
men with N-acetylcysteine, while excluding the L-carnitine
treatment. Of note, the authors of this study also revealed the
beneficial effects of other antioxidants, such as vitamin C,
vitamin E, zinc, selenium, omega-3 fatty acids, and coen-
zyme Q10, on sperm parameters. However, this analysis was
beyond the scope of the current study. Other contemporary
studies describe carnitines as potential energy sources with
the capacity to neutralise free radicals in the semen [43].
Our results dispute these findings by refuting any significant
influence of L-carnitine monotherapy on the semen’s total
antioxidant capacity.

The reduction of malondialdehyde with N-acetyl-
cysteine in our study correlates with the plausible role of
this supplement in minimising epididymal lipid peroxida-
tion, thereby improving lipid metabolism in the testes. The
possible mechanisms of this improvement include the en-
hancement of the level of oxidative enzymes and the NRF2
gene with oral N-acetylcysteine treatment [44]. These find-
ings reaffirm the antioxidant capacity of N-acetylcysteine
that helps to reverse the sperm’s oxidative deterioration
and enhance the sperm’s membrane integrity, chromatin
consistency, morphology, and viability [45]. The findings
from this study are against the general perception of the
ability of L-carnitine to reduce the malondialdehyde le-
vels in the testes. Contemporary studies advocate the role
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of L-carnitine in improving the overall activity of the an-
tioxidant system and minimising oxidative stress responses
in the testicular environment [46, 47]. Since our results do
not contradict the protective effect of L-carnitine on the
sperm parameters, no impact of L-carnitine monotherapy
on malondialdehyde level in the current study warrants fur-
ther investigation.

The oxidative stress in the testes develops with a sig-
nificant decline in the antioxidant enzymes/antioxidants,
which increases the risk and incidence of the deterioration
of the sperm’s DNA, motility, membrane integrity, and
membrane fluidity [48]. The oxidative stress compromises
the DNA structure and function by increasing the concen-
tration of reactive oxygen species. L-carnitine is known to
minimise sperm apoptosis, enhance mitochondrial func-
tion, protect the integrity of the plasma membrane, and
improve lipid metabolism [49]. The antioxidant properties
of L-carnitine and N-acetylcysteine indicate their ability
to alter the oxidation mechanism based on the transport
of the products of beta-oxidation toward the Krebs cycle
via mitochondria. Both oral treatments possibly minimise
the intracellular reactive oxygen species concentration
in the testes [48]. Scientific literature depicts the role of
N-acetylcysteine in improving the antioxidant potential
of catalase, glutathione peroxidase, and other similar an-
tioxidant enzymes that help to counter the rising levels of
reactive oxygen species in the male reproductive environ-
ment [48, 50]. Notably, the reactive oxygen species are
produced with increased mitochondrial oxidative phos-
phorylation. The N-acetylcysteine and L-carnitine com-
bination controls the intracellular reactive oxygen species
accumulation that eventually minimises the mitochondri-
al membrane potential and improves sperm motility [22].
The literature results emphasise the need to adjust and
optimise the dosages of N-acetylcysteine and L-carni-
tine to improve sperm parameters [51]. However, to date,
there is no consensus on the dosage and duration of these
treatments for male patients with infertility. The possible
mechanism concerning sperm motility improvement with
L-carnitine and N-acetylcysteine is that the combination
treatment ceases the superoxide anion reduction, reduces
DNA deterioration, and enhances spermatogenesis and
sperm metabolism [48].

The International Society of Sports Nutrition di-
etary supplement classification’s third category includes
L-carnitine as an antioxidant supplement [52]. The ace-
tyl L-carnitine and L-carnitine exist in free form in the
male epididymis. The maximum concentration of L-car-
nitine is found in the lower epididymis, and it facilitates
fertilisation and maturation of the sperm. In infertile
males, the seminal plasma’s L-carnitine concentration
and content are reduced in comparison to those of fer-
tile males [23]. Literature provides evidence regarding a
positive association between sperm concentration and
L-carnitine levels [53]. Importantly, glutathione is pro-
duced from the increased accumulation of L-carnitine,
which is transformed from the orally administered N-
acetylcysteine. This glutathione plays a pivotal role in
minimising oxidative stress by reducing the accumula-

tion of free radicals [54]. Additionally, the sulfur group
in the untransformed N-acetylcysteine effectively neu-
tralises the free radicals, which further lowers the oxi-
dative stress. The contemporary evidence also advocates
the role of N-acetylcysteine in reducing stress in the
endoplasmic reticulum and countering the infiltration
of neutrophils [52]. This exogenous antioxidant utilises
these mechanisms to sustain the epididymis’ antioxi-
dant properties and maintain the oxidative balance in
the testes. However, the acetylated form of L-carnitine
not only controls lipid peroxidation and DNA damage
but also enhances the mitochondrial activity and the
ATP content in the sperm [55]. The L-carnitine achieves
these benefits by improving beta-oxidation in mitochon-
dria through the increased transport of fatty acids across
its inner membrane. The increased provision of energy
eventually enhances the motility of the sperm. The
mechanisms governing the mitochondrial activity and
ATP production improvement by L-carnitine relate to
the entrapment of additional acetyl-coenzyme A by ace-
tyl-L-carnitine [52]. The deficit of acetyl-CoA helps to
improve the citric acid cycle and pyruvate dehydrogenase
capacity. L-carnitine uses its sodium-potassium pump
and balances the energy production and homeostasis in
mitochondria by facilitating the partial exclusion of so-
dium chloride [56]. Future studies are warranted to fur-
ther understand and unravel the intricate mechanism of
action of N-acetylcysteine and L-carnitine in relation to
their sperm parameter/quality improvement potential.

Limitations

Despite its randomised placebo-controlled design, this
study is not devoid of noticeable limitations. First, the
single-centre analysis and limited sample size restrict the
generalizability of outcomes across wider male popula-
tions with infertility diagnoses. Second, the limited (i.e.,
six months) follow-up duration and no assessment of the
fertility hormones such as prolactin, follicle-stimulating
hormone, luteinizing hormone, and testosterone in patients
with N-acetylcysteine/L-carnitine and placebo treatments
impact the reliability of outcomes. Finally, this study did not
evaluate the dose-dependent outcomes and mechanism of
action of N-acetylcysteine and L-carnitine, which require
further assessment through prospective studies.

Conclusions

This study revealed the effectiveness of orally adminis-
tered L-carnitine and N-acetylcysteine in improving sperm
parameters, including sperm concentration, morphology,
and motility. The findings revealed no significant statisti-
cal difference between the use of N-acetylcysteine and
L-carnitine as a single-agent therapy. Compared to L-carni-
tine treatment, N-acetylcysteine had a significantly greater
role in achieving total antioxidant capacity and lowering
the seminal plasma malondialdehyde levels. Future studies
should evaluate the mechanisms underlying the therapeu-
tic effects of oral L-carnitine and oral N-acetylcysteine in
infertility and reinvestigate the role of these treatments in
improving semen volume.
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Recommendations

The findings from this study advocate the use of
L-carnitine/N-acetylcysteine monotherapy in improving
sperm quality in patients with iOAT. N-acetylcysteine can
be the preferred adjunctive treatment for infertility in males
based on its greater potential to manage oxidative stress. Fu-
ture randomised-controlled studies should aim at evaluating
the role of combination antioxidant therapies in improving
fertility rates across the male population.

Ethical approval

All ethical requirements and supporting documentation
were fully adhered to and applied as part of the research pro-
cess.
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MopiBHAAbHE AOCAIAXKEHHS N-aUeTUALUUCTETHY TA L-KAPHITUHY B AiKYBOHHI YOAOBIHYOro 6e3nAipaAs
(NAQL,E60-KOHTPOALOBOHE AOCAIAXKEHHS)

Pe3srome. AKTyaJbHICTh. YomoBiye Ge3IUTins — 1€ BCECBITHBO
BU3HAHUIA CTaH 3[10pPOB’sl, SIKUII CIIOCTEPIra€ThCsl MEePEeBaXKHO Y
BiKOBOMY miamna3oHi 35—39 pokiB. Y niobaibHOMy MaciiTadi 4o-
JIOBIKM IIOHAMMEHIIIE 3 TPHOX i3 IIECTH ITap CTPAXKIAIOTh Bl 6e3-
wriaas. JIocaimHUIIbKI JaHi MOKa3yloTh TepareBTUYHI MepeBaru
L-xapHiTuHy Ta N-aLeTWIlucTeiHy B 0€3MTiIHUX YOJI0BIKiB, O/~
HakK HasiBHi JlaHi 0OMeXeHi BUCOKOIO IeTepOTeHHICTIO CydacCHUX
NoCIiKeHb. ToMy Memoro Oyslo BUBUUTU BIUIMB LIUX METOJIB
JIIKyBaHHSI Ha MapaMeTpu CIIepMM, PiBEHb MAJIOHOBOTO Jiajibae-
Tifly B Hili Ta 3arajibHy aHTHOKCHUAAHTHY 3naTHiCTh. MaTepiaau Ta
MeTOIU. Y 11bOMY PaHJIOMi30BaHOMY TUIALIE00-KOHTPOJIBOBAHO-
MY KJIIHIYHOMY JOCHimKeHHi 3 ciuns 2021 poky 1o rpyneHs 2024
POKY B3s1IM yyacTh 180 mali€eHTiB 4OJIOBiUOi CTaTi 3 HOpMaJIbHUM
KIHOUMM (DaKTOpPOM Ta ifiONMaTMYHOIO OJIiIr0aCTEeHOTEPATO300-
criepmiero. Ocobu BikoBoi rpynu 25—40 pokiB OyJau paHAOMi-
30BaHi M1 JikyBaHHsI L-kapHituHoMm (1000 mr mepopasibHO),
N-auerwiucTeiHoM (IepopaibHO) Ta I1aiedo (LyKpoBi Mmake-
TiKK). ba3oBi maHi BKJIIOYa M BiK MallieHTa Ta TapaMeTpu Crep-
MU (pyXJIMBiCTb, KOHUEHTpaUilo, MOpdoJIoriio crepMaTo30iiB
Ta 00’em criepmu). [Tapamerpu criepmu B rpyrax Oy MOBTOPHO
BUBYEHI yepes 1icTh MicsLiB gociiaxkeHHs. Kpim Toro, 3arajbHy
AHTMOKCHUIAHTHY 3/IaTHICTh Ta PiBeHb MAJIOHOBOTO JTiaJIbICTiay B
criepMi OLIIHIOBAIM O Ta micis JikyBaHHs. Pe3yabtaTu. Lllec-
TUMICSYHUI aHaMli3 OKa3aB, 1110 MapaMeTpu CIepMH, BKIIO-
Yyarouu pyxJIuBICTh criepMaTo30iniB (38 Ta 38 nporu 4 %), ixHio

mMopdoJorito (30 i 29 mpotu 7 %) Ta KoHLeHTpalio (25 i 24 mpo-
™ 2 %), 3HAYHO TIOJIIIIMIUCS TPH 3aCTOCYBaHHI BiIMOBiIHO
N-auerwiuucreiny ta L-KapHiTUHY nopiBHsIHO 3 1uiaue6o. On-
Hak 00’eM criepmu (6 Ta 5 ipotu 4 %) He 3a3HAB BIUIMBY KOJIHOTO
3 METO/IB JIiKyBaHHS i1 CYTTEBO He BiIpi3HSIBCS Bifl TPyIH I1aLe6o
(p > 0,05). INopiBHSIHO 3 TIOTIEPEIHIM JIIKyBaHHSIM MOHOTEpAIist
N-aleTwinucTeiHOM TMOJIMIINWIa 3arajbHy aHTHUOKCHIAHTHY
3naTHicTb (1,92 £ 0,12 nporu 2,61 £ 0,12; p = 0,01) Ta 3HU3MIA
piBeHb MajloHOBOTO ianbaeriay (2,46 £ 0,11 nporu 1,85 £ 0,10;
p =0,01) y ciepmi. OnHaK MOPiBHSHO 3 IUIA1I€00 11i TTOJTIMIIIeHHST
He CIocTepiraaucs mpu MoHoTeparii L-kapHiTuHoM. BUCHOBKH.
IlepopanbHe JikyBaHHSI L-KapHiTMHOM Ta N-aleTUJILIMCTEIHOM
e(EeKTUBHO MOJIMIIYBaJIO KOHILIEHTpPallil0, MOPGhOJIOTIIO Ta pyX-
JIUBICTh CITIEPMATO301IiB Y YOJIOBIKiB i3 Oe3rutimasam. OqHak mpu
BUKOpPUCTaHHI N-alleTWIIUCTeiHy Ta L-KapHITUHY SIK MOHOTE-
pamnii cTaTUCTUYHO 3HaUyLLMX BiiMiHHOCTel He Oyso. Kpim Toro,
N-aueTuIuMCTeIH BUSBUBCS KpallluM 3a L-KapHIiTUH y 3HUXKEHHI
OKCHUJIaTUBHOTO CTPECY Ta PiBHSI MaJIOHOBOTO JiaJIbACTimy B TUIa3-
Mi cniepmu. ITpocreKTWBHI DOCTIIKEHHS TOBUHHI BU3HAYUTHU
MeXaHi3MHM, 1110 JIeXaTh B OCHOBI e(eKTHBHOCTI L-KapHiTUHY/
N-alueTuaucTeiny, Ta OUiHUTY Oe3neky il eeKTUBHICTL KOMOi-
HOBAaHOTO AHTUOKCHUJIAHTHOTO JIIKyBaHHSI YOJIOBIYOTO OE3TUTi IS
KimrouoBi cioBa: uyonosiue 6Gesrurinns; N-aleTWILMCTEIH;
L-kapHiTUH; pyxIuBicTh; MOP(hOIIOTis; 3arajbHa aHTUOKCUIAHT-
Ha 3IaTHICTh; MaJIOHOBUI Aia/IbAETia; CIIepMaTO30ia1; cliepMa
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The level of blood lead, zinc and relationship
with the metallothionein gene polymorphism
in chronic kidney failure

Abstract. Background. Chronic kidney disease is defined by renal damage or an estimated glomerular
filtration rate less than 60 mi/min/1.73 m?. Lead is a ubiquitous environmental factor that can confribute to
lengthy clinical complications in individuals with chronic kidney disease. They can be exposed fo changes
in zinc homeostasis. The MT2A gene also expresses a wide range of physiological and pathological effects.
Materials and methods. This study involved 60 blood samples from individuals with kidney disease on
hemodialysis, and 60 samples from apparently healthy individuals as a control. The purpose was to identify
the molecular character of the genotype of the MT2A gene SNP (A>G) (rs28366003) in a cohort of chronic
kidney disease subjects and apparently healthy controls. Results. Blood lead and zinc serum levels were
compared between patients and healthy controls by flame afomic absorption spectrophotometry. Lead
contents were significantly and considerably higher, with significant differences (o > 0.01) between the
patient cohort and the healthy controls, while serum zinc was significantly decreased. Males are more
affected than females with chronic kidney disease, and individuals older than 40 years had a greater
risk of complications. Hypertension has a meaningful posifive relation to chronic kidney disease, and it is
therefore considered a possible risk factor. The rs28366003 A>G genotype associated with increased risk of
kidney disease in Iraqi patients demonstrated considerable variation. The median age of kidney disease
patients was 20 to 69 years. Genotypes and allele frequencies of rs28366003, A>G in the kidney disease
population: 51.7 % (n = 31) were wild-type (AA), 33.3 % (n = 20) were heterozygous (AG) and 15 % (n = 9)
were homozygous (GG). The allele frequencies of A and G were 68.3 and 31.7 %. Conclusions. Thus, the
drop in zinc levels and the harmful increase in blood lead in chronic kidney failure patients who possess SNP
variants of the MT2A gene, specifically rs28366003, may be involved in kidney disease susceptibility.
Keywords: chronic kidney disease,; metallothionein gene polymorphism; lead exposure, zinc deficiency;
gene SNP rs28366003; hemodiialysis

Introduction
Chronic kidney disease (CKD) is a serious threat to
global health as more than two million of us get CKD an-

pecially large burden in low- and middle-income countries
[3]. It is now recognized that even slight changes in kidney
structure and function are associated with increased risk

nually [1]. It is a primary source of illness and mortality
globally and is becoming more acknowledged as a global
public health concern, particularly in developing nation
[2]. There are five stages of chronic renal failure (CRF)
based on glomerular filtration rate (GFR), and stage 5, is
also called end-stage renal disease (ESRD). CKD is pre-
sent when damage to the kidney exists with persistence for
approximately three months or longer; it also poses an es-

of mortality and implications for other organ systems [4].
Dialysis therapies replace some functions of the healthy
kidney by removal of fluid and waste products [5]. Mainte-
nance hemodialysis is considered a life sustaining treatment
for patients with such disease. It also requires adherence
to recommended attendance for hemodialysis, guidelines
for dietary and fluid intake, and adherence to medication
regimens to perpetuate its benefits [6]. In the population
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of patients receiving maintenance hemodialysis, nutritional
therapy focuses on ensuring an appropriate intake of pro-
tein and calories [7]. Major causes of CKD are diabetes,
hypertension, chronic glomerulonephritis, chronic pyelo-
nephritis, chronic use of anti-inflammatory medications,
autoimmune diseases, polycystic kidney disease and long-
term acute renal disease [8]. Zinc (Zn) is a trace element
involved in multiple physiological functions in the body. It
is essential for cell viability, growth, and replication, and
the activation of 300 or more enzymes [9]. A deficiency
of trace elements, particularly Zn, can lead to cardiovas-
cular disease; lower serum Zn levels were associated with
increased premature death and diminished physical acti-
vity [10]. Zinc stimulates the production of metallothio-
nein, which are proteins that are effective in diminishing
hydroxyl radicals and sequestering any reactive oxygen spe-
cies (ROS) produced during stress conditions [11]. Lead
has a high affinity for low-molecular-weight proteins which
are easily filtered through the glomerulus then reabsorbed
in proximal tubules, establishing primary tubular toxicity.
This may culminate into albuminuria and progressive kid-
ney disease towards ESRD [12]. The first identified case of
Pb-related nephrotoxicity was reported in the 19™ century.
Since then, exposure to high concentrations of Pb has been
regarded as an environmental risk factor for hypertension
and kidney injury [13]. Metallothionein is a protein rich
in cysteine with large amounts of metals that can be found
in all organisms. Apart from heavy metal detoxification,
metallothionein is one of the most powerful antioxidants
where it is capable of regulating and mediating several cel-
lular processes [14]. Any mutation of this gene will affect
the function metallothionein proteins increasing the effects
of heavy metals. ROS, the SNP A-G (rs28366003) in pro-
motor of metallothionein gene, A to G allele conversion
appearance, thereby decrease transcription qualification
[15]. The location of the SNP A-G (rs28366003) in pro-
motor of a metallothionein gene, this polymorphism exists
away of five base pairs upstream of their initiation site; this
polymorphism includes changing an A nucleotide to G nu-
cleotide in promotor of MT gene, later caused a decreased
in production of metallothionein and a decrease in the
role of metallothioneins to protect the cell from dangerous
products of metabolism, exercise or cellular injury [16].

Materials and methods
Study design

From December 2020 to March 2021, blood samples
were collected from patients with CKD under hemodialysis
and a healthy control group. A total of 7 ml of blood was
taken from each patient, 5 ml in plain vacutainer tubes and
2 ml in EDTA. DNA was extracted from the Iraqi Dialysis
Center and the Medical City Center The study consisted of

120 blood samples from two groups as follows: group 1, 60
samples of Iraqi patients with chronic kidney disease, and
group 2, 60 samples from healthy controls which included
no history of kidney disease. We prepared a questionnaire
with information including age, chronic diseases, blood
pressure, and gender.

Ethical commission

The study was approved by Scientific Research Com-
mission, Research and Technology Center of Environment,
Water and Renewable Energy and Institute of Genetic Engi-
neering and Biotechnology, University of Baghdad (No. 335
in 22/1/2025).

Survey administration

Verbal consent was obtained from patients undergoing
hemodialysis sessions and they were asked whether they
agreed to participate in the current study. If they agreed, the
survey questions were explained to the patients as they com-
pleted the research questionnaire.

Exclusion criteria

Patients under 20 years old, patients who need immu-
nosuppressive treatment for kidney disease and patient with
polycystic kidney disease

Lead and zinc measurement

5 ml of blood collected in plain vacutainer tubes were
was used to determine the concentrations of zinc and the
blood lead with flame atomic absorption spectrophotometry
(FAAS), an analytical technique used to determine the
concentration of metal. It utilizes the principle of atomic
absorption, where excited atoms in a flame absorb light at
specific wavelengths, leading to a decrease in the intensity of
the transmitted light.

Molecular methods

DNA extraction. 2 ml in EDTA (Ethylene Diamine
Tetracetic Acid) blood samples from patients and controls
were kept at —20° C. ReliaPrep™ Blood gDNA Miniprep
System was utilized to extract genomic DNA. In the case
of DNA purity genotyping of polymorphism metalothio-
nein (rs28366003) by using high resolution melting (HRM).
Used master mixes were containing EVA-Green, HRM
Master Mix Synthetic SNP sequences. The DNA was ex-
tracted, using DNA extraction kit EasyPure® Genomic
(TransGen Biotech, EE101-01) (Fig. 1). Primer sequences
were designed according to their reference sequence (rs) in
the National Center for Biotechnology Information data-
base (NCBI) in Table 1 forward-primer CTTGGGATCTC-
CAACCTCAC and the reverse-primer ACTTCTCTGAT-
GCCCCTTTG the thermal cycle in Table 2.

Table 1. Specific primers for MT single nucleotide polymorphisms

Primer sequence (5’-3’)

Primer size, bp Product size, bp

F-rs28366003

CTTGGGATCTCCAACCTCAC 20

200

R-rs28366003

ACTTCTCTGATGCCCCTTTG 20

200
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Analysis of data

The Statistical Package for the Social Sciences (2019)
program was utilized to determine the effect of difference
groups on study variables [17]. For the normally distribu-
ted quantitative data of study groups, parametric (indepe-
ndent samples t-test, ANOVA, standard error) were used.
Qualitative data (categorical variables) were presented
as the frequency (percentage), and the significant diffe-
rences between their distributions in study groups were
evaluated by a chi-square test of independence (>-test)
or Fisher’s exact tests, where applicable. The allelic and
genotypic frequencies were calculated using direct gene
counting method. The differences were determined by
chi-square test of independence, odds ratios (ORs) and its
95% confidence interval (CI) were estimated to determine
the association MT2A SNPs with chronic kidney fail-
ure and treatment response using WINPEPI program for
epidemiologists (2002, 2020).

Ethics statement

This study was approved by the Ethics Committee of
the Institute of Genetic Engineering and Biotechnology for
postgraduate studies, all participants gave informed con-
sent, the study followed the Declaration of Helsinki prin-
ciples.

Results
Age and hypertension

Table 3 illustrates the chronic kidney patients aged 50 to
59 had the highest prevalence of 43.33 % when compared
with other groups while only 1.67 % of patients within age
group 20—29 and 6.67 % with in age group 30—39 and 15 %
of patients within age group 40—49 while in age group above
60 years, 33.33 %. There are highly significant differences
between the incidences of the different age groups among
chronic kidney disease patients (p < 0.01) (Table 2).

Another study found there was no difference between
the ages of patients compared to healthy people, and this
study does not agree with our study [18]. Also, Table 3

Figure 1. Genomic DNA gel electrophoresis for 9
samples on agarose gel with a concentration of 1 %
for 70 min and 70 V

Table 2. The cycling protocol

Step Temperature Time, sec Cycles
Enzyme activation 94 30 1
Denaturation 94 10
Annealing 60 15
: 40
Extension 72 20
HRM 55-95 0.5for1°

Table 3. Distribution of sample study according to age, gender and hypertension in different groups

. Patients (N = 60) Controls (N = 60)
Variables/factors
Abs. % Abs. %
20-29 1.67 9 15.00
30-39 6.67 13 21.67
40-49 9 15.00 22 36.67
Age (years) 50-59 26 43.33 9 15.00
<60 20 33.33 7 11.67
Total 60 100 60 100
p-value 0.0001** 0.0174*
Male 31 51.67 36 60.00
Sex Female 29 48.33 24 40.00
p-value 0.796 NS 0.121 NS
Positive 48 80.00 14 23.33
Hypertension Negative 12 20.00 46 76.67
p-value 0.0001** 0.0001**

Notes: * — p < 0.05; ** — p < 0.01; NS — non-significant.
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showed there was a very significant (p < 0.0001) difference
between the same group 96 % of patients in CKD group had
hypertension patently. and this result concurs with [19] who
recorded hypertension prevalence (80 %) in CKD.

Lead and zinc

Table 4 showed significant decrease between the level of
zinc in patients and control group the mean of the Zn in the
patients 63.86 * 1.06, while the control 99.41 £ 2.01 and
this result agree with [20]. Also, the result shown the high
significant increase in lead in the CKD patients (p < 0.01)
the mean of the CKD patients 23.05 & 0.75 while the con-
trol group 16.50 £ 0.42 and this result agree with [21].

SNP polymorphism MT2A gene

A single nucleotide polymorphism of MT2A4 gene in
this study the genotypes and allele frequencies of SNP
1528366003 A>G in Hardy-Weinberg equilibrium (HWE)
in patient with kidney disease groups 51.7 % (n = 31) wild
(AA), and 33.3 % (n = 20) heterozygous (AG) and 15 %

Table 4. Comparison between different groups

in Zn and Pb
Mean = SE
Group

Zn Pb
Patients 63.86 + 1.06 23.05 +0.75
Controls 99.41 £ 2.01 16.50 £ 0.42
T-test 15.6 7.6
p-value 0.0001* 0.0001*

Note: * — p < 0.01.

(n = 9) homozygous (GG). The genotypes and allele fre-
quencies (HWE) in healthy control was 36 % (n = 60) wild
(AA), and 40 % (n = 24) heterozygous (AG) and 0 % (n = 0)
homozygous (GG). Allele frequencies for A and G were 68.3
and 31.7 %, respectively, as shown in Table 5.

DNA samples of all study groups were genotyped of
MT24 SNP (1s28366003), detection was achieved by using
HRM real-time PCR. The resulting output of thermocycler
of the HRM analysis process for SNP (rs28366003) three
genotypes is shown in Fig. 2.

The relationship between MT2A rs28366003
and blood lead and zinc

As shown in Table 6, there was no significant difference
in Zn in the group of patient, control and the rs28366003
while observed group of patients is a significant difference in
the value of lead.

Discussion
Age and hypertension

CKD is a primary source of illness it is slow, steady pro-
gression characterizes it and is irreversible [22]. Age, sex and
socioeconomic status are considered to be influential in the
development, progression and outcomes from CKD [23].
The prevalence of chronic kidney disease increases markedly
with old age. The reason for this because the patients with
advanced age may suffer from systemic and chronic diseases,
stress, and an increasing rate of catabolism. Moreover, elder-
ly patients suffer from a decrease in the glomerular filtration
rate (GFR) due to diseases that complicate aging, such as
atherosclerosis and high blood pressure. In addition, there is
an increase in catabolism rates and a decrease in metabolism
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Figure 2. The genotype result for SNP rs28366003: A, B — the HRM result, C — the wild, heterozygous and
mutant genotypes
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rates, which makes the elderly vulnerable to many chronic
diseases and health problems [24]. The encompassing factors
of male sex hormones, gender neutrality of occupation role,
stress expressed as performance, and chronic disease distri-
bution all contribute to the fact that males are at a higher risk
of CKD than female gender. In addition, differences in life-
style (e.g. smoking cigarettes; drinking alcohol) might also
help explain this gender gap [25]. Of the highest prevalence
of chronic kidney disease, the female gender was the greatest
risk factor for chronic kidney disease. This could be based on
biological differences between men and women in glomeru-
lar structure; glomerular hemodynamics; muscle mass; and
hormone metabolism [26]. Hemodialysis patients had high
blood pressure (hypertension) immediately after their first
time experiencing hemodialysis. Patients undergoing dialysis
often experience high blood pressure — difficult to treat and
causes a range of adverse effects including increased risk of
heart disease [27]. Hypertension is one of the leading fac-
tors for the development of CKD, given the adverse effects
of enhanced blood pressure on kidney vasculature. Over the
long-term, uncontrolled high blood pressure translates into
high intraglomerular pressures that lead to impairment in
glomerular filtration. Damage to the glomeruli lead to an in-
crease in protein filtration, resulting in abnormally increased
amounts of protein in the urine [28].

Lead and zinc
Zn, the second among the most critical trace elements
in the human body, is crucial in regulating cellular and

subcellular processes across various tissues. Zn deficiency
is linked to the advancement of CKD and related conse-
quences. As CKD progresses to ESRD [29]. Zinc deficiency
is a risk factor for ESRD and indicate association between
zinc deficiency and organ damage due to fibrosis. Thus, zinc
deficiency may affect kidney function via oxidative stress
and fibrosis. Zn concentrations are decreased in CKD [30].
Increased zinc excretion causes zinc deficiency in patients
with kidney diseases as well as in those on hemodialysis.
CKD patients have higher urinary zinc excretion, which
tends to increase as the CKD stage progresses [31]. Chronic
kidney disease is susceptible to zinc deficiency, which may
be caused by an inadequate dietary intake due to uremia-
related anorexia and dietary restriction, reduced gastroin-
testinal zinc absorption, adsorption of zinc by phosphate
binders, and removal of zinc by dialysis procedure [32] lead
(Pb) binding to low-molecular-weight proteins, probably
enters kidney proximal tubule cells through endocytosis.
It seems to inhibit kidney mitochondria’s respiratory func-
tion inside the cells, which causes the formation of oxidative
stress, reactive oxidative species, and intracellular depletion
of glutathione [33]. Exposure to Pb is linked to an elevated
CKD risk as assessed by proteinuria, and a greater risk of
decreased GFR [34].

SNP polymorphism MT2A gene

Single nucleotide polymorphisms (SNPs) are the most
common type of variation in the human genome. The vast
majority of SNPs identified in the human genome do not

Table 5. Comparison of the genotype and allele frequency of SNP (rs28366003)
between patients and controls, n (%)

Genotype Controls Patients 1> OR (95% CI) p-value

AA reference 36 (60) 31 (51.7) 0.03 1.00 (reference) 0.9NS

AG 24 (40) 20 (33.3) 0.47 0.9 (0.4471-2.065) 0.9NS
Genotype

GG 0 (0) 9 (15) 9.1 22.02 (1.2315-.59) 0.03*

Total 60 60

A reference 96 (80) 82 (68.3) 0.011 1.00 (reference) 0.92
Allele G 24 (20) 38 (31.7) 4.3 1.8 (1.044-3.273) 0.03*

Total 120 120

Notes: * — p < 0.05; NS — non-significant.

Table 6. Relationship between genotype of rs28366003 SNP with Zn and Pb in patients and control groups

Group Genotype Mean  SE, ppm
Zn Pb
AA 65.16 + 1.45 22.19 + 1.212
Patients AG 63.30 + 2.04 17.85 = 0.81°
GG 61.55 + 1.62 19.67 + 1.20%
L.S.D. (p-value) 5.839 NS (0.4549) 3.048 (0.0261)*
AA 96.94 + 2.17 18.05 + 0.55
Controls AG 99.62 + 3.23 17.67 + 0.61
L.S.D. (p-value) 7.491 NS (0.4767) 1.678 NS (0.6445)

Notes: means with the different letters in same column differed significantly; * — p < 0.05; NS — non-significant.
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have any effect on the phenotype; however, some can lead
to changes in the function of a gene or the level of its ex-
pression. Moreover, determination of associations of genetic
variants with a disease does not provide information about
the functionality of these variants, which is necessary to
elucidate the molecular mechanisms of the development of
pathology and to design effective methods for its treatment
and prevention. Further scrutiny into the functionality of
such SNPs will assist us in better understanding the associ-
ated differences between individuals and facilitate the deve-
lopment of alternative therapies targeting different groups of
individuals with different SNP profiles [35]. Chronic kidney
disease is a progressive disease that results from kidney da-
mage and results in loss of kidney function. Genetic factors,
such as allelic variants, can contribute to this disease. [36]. As
is known, this mutation in the promotor of the metallothio-
nein gene in the site A-G (rs28366003) lead to a defect in the
function of the main protein that coding by metallothionein
gene, this protein have able to combined the different type of
heavy metals together by thiol group, and then remove it’s
from the body by filtration in the kidney and secreted with
the urine, and because this mutation the heavy metals ac-
cumulate in the body of the patient and causes many health
problems [37]. The effect of MT2A A-5G polymorphism in
a general Japanese population, we observed significant asso-
ciations with CKD the GG genotype was identified as a risk
factor for CKD. The ORs for MT24 A-5G genotypes were
statistically significant independently of age, sex and other
potential confounders. This suggests that the vulnerability to
these diseases due to MT24 A-5G polymorphism is indepen-
dent of their major risk factors. MT24 A-5G may be associ-
ated with CKD and this polymorphism is a promising target
for evaluations of CKD and with possible involvement of
low-dose chronic exposure to environmental pollutant [38].

The relationship between MT2A rs28366003
and blood lead and zinc

Environmental pollution causes an increase in levels of
heavy metals in the organism. Due to this mutation in the
promotor of the metallothionein gene, the protein cannot re-
move all the amount of heavy metals from the body and con-
sequently increase the toxicity of heavy metals [39]. Highly
statistically significant associations were detected between the
—5A/G core promoter region SNP in the MT2A gene and Pb
Individuals with the GG genotype had statistically lower Zn
level and higher Pb levels in the blood samples than individu-
als with AA and AG genotypes. This study suggests that having
the GG genotype individuals may be more sensitive for the
metal toxicity and they should be more careful about protec-
ting their health against the toxic effects of the heavy metals no
detect changes in serum Zn level for the GA or GG genotype
in population consider that MT2A A-5G polymorphism likely
affects intracellular homeostasis rather than contributing to
excretion of related molecules outside the cells [40].

Conclusions

This study showed that decreased zinc levels in patients
with CKD are correlated with an elevated concentration of
lead as a result of kidney’s diminished ability to eliminate

lead because of the decreased activity of metallothionein
genes. In our study there was positive correlation between
the GG genotype and the kidneys disorders; this shows us
that male carried GG genotype have higher risk to suffer
kidney problems.
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PiBeHb CBUHLIIO 1 LMHKY B KPOBI TA 3B’30K i3 NOAIMOP]iZMOM reHa MeTAAOTIOHETHY
MPU XPOHiYHI HUPKOBI HEAOCTATHOCTI

Pe3iome. AkryanbHicTh. XpoHiuna XxBopo6a HMPOK BH3Haya-
€ThCS MOIIKOKEHHSIM HUPOK a00 pO3paxyHKOBOIO IIBUIKICTIO
Ki1y60ukoBoi (inbrpauii Mmenme 60 mi/xs/1,73 m2. CBuHELD €
MOBCIOAHUM (haKTOPOM HABKOJUIIHBOTO CEPEIOBHUIIA, 1110 MOXe
MPU3BOAUTH 10 TPUBAIUX KIIHIYHUX YCKJIAIHEHb Y JIIOACH i3
XPOHIYHOIO XBOpO0OOIO HUPOK. BoHM MOXYTh 3a3HaBaTU 3MiH y
romeoctasi HMHKY. [eH MT2A TakoxX Ma€ IUPOKUi crekTp ¢i-
3i0JTOTiYHMX Ta TarojoriyHux edekris. MaTepiaau Ta MeToaAM.
V upoMy mociimkeHHi BuB4eHO 60 3pa3KiB KpoBi Bix ocib i3 3a-
XBOPIOBAaHHSIMM HHUPOK, $IKi mIepeOyBaloTh Ha TreMofiaiisi, Ta
60 Bim MpakTUYHO 340POBUX OCIO (KOHTpOJbHA rpyra). Mera:
BU3HAYUTU MOJIEKYJISIpHUI Xapaktep reHoturny SNP (A>G)
(rs28366003) rena MT2A y maiieHTiB i3 XpOHIYHOIO XBOPOOOIO
HHMPOK Ta B KOHTPOJbHIii rpymi. Pe3yabraTu. PiBHI cBUHIIIO B
KpOBi Ta IMHKY B CUPOBATIi KPOBi MOPiBHIOBAJIM B 000X Tpyrax
3a JIOTIOMOTOO TTOJIyM’sTHOI aTOMHO-a0copOI1iitHOI crieKTpodo-
TOMETPil. YMICT CBUHIIIO B KPOBi OyB 3HAYHO BUILMNM, i3 CYTTEBU-
MU BigMiHHOCTSIMM (p > 0,01) MiX KOropTolo Maili€eHTiB Ta 310~
POBUMM OCOOAMM, TO/i SIK piBeHb LIMHKY B CUPOBATIIi KPOBi OyB
3HAUYHO 3HMXEeHUI. HoIOBIKM YacTille CTpaXIaloTh Ha XPOHIUHY

XBOpPOOY HUPOK, HiX XKiHKHU, a TalieHTu ctapiie 40 pokiB Manu
OiTBIINI PU3UK YCKIaAHEHb. BUsIBIeHO 3HAYYIIMI TO3UTUBHUM
3B’S130K TiMepTeH3ii i3 XpoHiuYHOI0 XBOPOOOIO HUPOK, TOMY ii BBa-
KalOTh MOXJIMBUM (PaKTOPOM PU3KMKY PO3BUTKY OCTaHHBOI. [e-
vorun 1528366003 A>G, noB’a3aHuil i3 MiIBUIIEHUM PU3UKOM
3aXBOPIOBaHHSI HUPOK B ipaKChbKUX MaIli€EHTIB, MPOAEMOHCTPY-
BaB 3HAYHY BapiabesibHICTh. MeniaHHMIi BiK 0OCi0 i3 XxBopobamu
HMPOK cTaHOBUB Bix 20 10 69 pokiB. [eHOTUIN Ta yacToTa aje-
niB 1528366003, A>G y momyssiiii i3 3aXBOpIOBAaHHSIMM HUPOK:
51,7 % (n = 31) 6yau qukoro tuny (AA), 33,3 % (n = 20) — re-
teposurotHuMu (AG) ta 15 % (n = 9) — romosurotiumu (GG).
Yacrora aneniB A ta G cranouia 68,3 ta 31,7 %. BUCHOBKH.
Takum yHOM, 3HMKEHHSI PiBHSI LIMHKY Ta IIKiIJIWBE MiABUIICH-
HS1 PiBHSI CBMHIIIO B KPOBi Ialli€EHTIB i3 XpOHIYHOIO HUPKOBOIO
HEJIOCTATHICTIO, sIKi MaroTh BapiaHTu SNP rena MT2A, 3okpema
rs28366003, MOXyTh OyTU IOB’sI3aHi 31 CXWJIBHICTIO IO XBOPOO
HUPOK.

Kir0490Bi cioBa: xponiuna xsopo6a HUPOK; noxiMopdism reHa
METaJIOTIOHEIHY; BIUIMB CBMHIIO; nedinut nmHKy; SNP reHa
1s28366003; remomiairis
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The role of shilqjit in reducing the toxicity
of monosodium glutamate on liver enzyme
and kidney functions in albino mice

Abstract. Background. A flavor enhancer that sees extensive usage in the food business is monosodium
glutamate (MSG). While many studies have shown that long-term consumption of MSG can cause
oxidative sfress in animails, especially in their liver and kidneys, it was the goal of this study fo examine
the biochemical effects of hepatitis and kidney inflammation caused by different doses of MSG and
the protective effect of shilgjit water extract in albino mice. This research is designed fo assess the
biochemical toxicity of various dosages of MSG on the kidney and liver function in albino mice. Materials
and methods. Fifty adult mice were randomly assigned fo one of five groups (10 animals each). In contrast
to the experimental group (G2) that received MSG at a dose of 2 g/kg body weight, the conftrol group
(G1) received pure water. The third group (G3) received the same amount of MSG plus 100 mg/kg of
shilgjit extract. In contrast fo the fourth group (G4), which received a higher dose of MSG (4 g/kg body
weight), the fifth group (G5) received the same amount of MSG in addition to 200 mg/kg of shilajit. The
oral medications were maintained daily for a period of 14 days. On day 15, the animals were euthanized
after being put to sleep. Following that, biochemical analysis was performed on the collected samples.
This included testing for renal function indicators (such as creatinine and urea) and liver enzymes (such as
AST, GGT, ALP, and ALT). Results. Compared fo the control group, groups G2 and G4, which received just
MSG, had a significant rise (P < 0.05) in liver enzyme levels (ALP, AST, and ALT), suggesting substantial liver
damage. On the other hand, shilgjit extract showed a significant decrease in these levels, suggesting that
it may provide some protection against the toxicity caused by MSG. Conclusions. The current study found
that when high doses of monosodium glutamate were administered, it caused significant disturbances in
the function of both the liver and the kidneys. They were manifested by a significant increase in the levels
of liver enzymes (AST, ALT, ALP, and GGT), as well as an increase in renal function indicators (urea and
creatinine), which indicated that these organs had suffered tissue and functional damage as a result of
excessive oxidative stress.
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Introduction
People are increasingly going against the recommen-

is one of the terms for MSG. Magnesium stearate, or MSG,
is essentially the sodium salt of glutamic acid [3]. Of its total

dations of healthy eating programs like the DASH diet by
consuming more processed foods and fast food [1]. Artifi-
cial sweeteners, hydrogenated fats, and flavor enhancers like
monosodium glutamate (MSG), which is used widely in the
food industry, have all seen an uptick in use due to this deve-
lopment [2]. Glutamic acid is abundant in both plants and
animals, and it is one of the most prevalent amino acids that
are not considered essential. On the other hand, Ajinomoto

composition, 78 % is glutamic acid and 22 % is salt and water
[4]. Naturally occurring glutamate is found in a wide variety
of foods, including tomatoes, milk, cheese, mushrooms, and
seafood. Animal tissues may also contain glutamate. Gluta-
mate is not only produced by the body but also plays an es-
sential role in metabolic processes [35, 6].

MSG is a prominent component in many Asian cuisines,
particularly those of China, Thailand, and Japan [7, 8]. Its
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presence increases taste and stimulates appetite, making it
a popular choice for cuisines in these countries. In spite of
the fact that the United States Food and Drug Administra-
tion (FDA) has classified MSG as Generally Recognized as
Safe (GRAS) [9], there is still a great deal of controversy
among medical professionals and scientists over the possible
adverse effects that it may have on human health. Investiga-
tions conducted by other researchers have shown a connec-
tion between it and harmful effects on the central nervous
system, liver, and kidneys, in addition to the potential ad-
verse effects on reproductive function. The oxidative stress,
calcium imbalance, and glutamate receptor activation that
occur in the brain are the mechanisms that are responsible
for these consequences [10, 11].

One possible mechanism by which MSG causes neu-
rotoxicity is via increasing the activity of N-methyl-D-as-
partate (NMDA) receptors. The cascade of events begins
with an overabundance of calcium ions entering neurons,
which triggers cell-destructive enzymes [8, 11]. The or-
ganic component shilajit, on the other hand, is found in
nature and is harvested from rocks in hilly areas like the
Himalayas. Because of its many biological and pharma-
cological properties, shilajit has been a staple of tradi-
tional medicine for hundreds of years [12]. Among the
compounds found in shilajit are those that possess anti-
inflammatory effects. These chemicals have the potential
to decrease the pain and other symptoms associated with
inflammatory illnesses, such as arthritis and chronic mus-
culoskeletal pain [13, 14]. With its benefits on cardiovas-
cular health, which include improved blood circulation
and management of blood cholesterol levels, shilajit may
also help protect the liver from dangerous compounds
by reducing oxidative stress and enhancing cell repair
mechanisms, according to recent study [15]. Shilajit also
has the potential to protect the liver from toxic substances.
Due to the powerful antioxidant and immunomodulatory
capabilities that they possess, fulvic acids and other ac-
tive compounds are responsible for the majority of these
effects [16].

Shilajit is an appealing natural medical drug [17], and
this is due to the fact that it can lessen the negative effects
that some chemical chemicals, such as monosodium gluta-
mate (MSG), have on the kidneys, liver, and central nervous
system. In light of the aforementioned, the purpose of the
current inquiry is to evaluate, using albino mice serving as
a model, the biochemical effects of MSG at different doses
and the effectiveness of an aqueous shilajit extract in miti-
gating these effects, with a specific focus on markers of liver
and kidney function.

Materials and methods
Methodology for the synthesis of monosodium
glutamate and shilaijit

In accordance with the procedures outlined in the re-
search, distilled water was used to dissolve the monosodium
glutamate (MSG) powder to achieve two concentrations: 2
and 4 g/kg body weight [18]. The two quantities of shilajit
extract (100 and 200 mg/kg body weight) were achieved by
dissolving tablets in distilled water [19].

Chemical composition of the shilajit extract

Shilajit is a complex mixture composed of several mine-
rals, organic compounds, and bioactive substances. The pri-
mary component of shilajit is fulvic acid, which accounts for
its unique properties. The chemical structure of shilajit can
be described as follows:

1. Fulvic acid. A humic substance with a molecular
weight of 5,000—10,000 Da, it is a significant part of shilajit
and contributes to its therapeutic properties.

2. Minerals. Shilajit contains over 80 minerals, including
iron, zinc, magnesium, copper, manganese, calcium, and
potassium. These minerals are present in their ionic forms,
making them more bioavailable.

3. Dibenzo-alpha-pyrones. These organic compounds
are found in small quantities and are thought to contribute
to the antioxidant properties of shilajit.

4. Other compounds. Includes amino acids, vitamins
(like B-complex), and fatty acids.

Shilajit, due to its mineral and organic complexity, is
known to act as a natural adaptogen and bioenhancer, im-
proving the absorption and bioavailability of other nutrients
in the body (Fig. 1).

Animal experiment design

From the National Center for Drug Control and Re-
search’s Experimental Animal Center, we procured albino
mice weighing 20—30 g. Mice were kept in a typical labora-
tory setting with access to food and water at all times, in a
moderately heated environment with adequate ventilation
and a regular light/dark cycle [20].

There were 50 mice, and they were randomly put into
five groups of ten mice each group:

— group 1. This group serves as the control, adminis-
tered solely with distilled water;

— group 2. Administered MSG at a dosage of MSG 2 g/kg;

— group 3. Administered MSG at a dosage of 4 g/kg of
body weight;

— group 4. Administered MSG at a dosage of 2 g/kg
alongside shilajit at a dosage of 100 mg/kg;

— group 5. Administered MSG at a dosage of 4 g/kg in
conjunction with shilajit at a dosage of 200 mg/kg.

The medicines were given orally for 14 days in a row
using an oral pipette.

Sample collection and biochemical analysis
After the beginning of the 14-day treatment period, blood
samples were taken from the mice and placed in tubes that

OH Fe?
HO 0
Zn8+
HO 0
OH O\ Mgz+

Figure 1. Chemical structure of shilajit
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contained anticoagulant medication. In order to separate
the serum, the samples were centrifuged for five minutes at a
speed of 4,000 revolutions per minute [21]. In order to evalu-
ate the function of the liver, the levels of the following en-
zymes were measured: ALT, AST, ALP, and GGT. In addition,
assessments of kidney function included the measurement of
urea and creatinine. Every test was carried out using ELISA
kits purchased from Cusabio in the United States [22].

Statistical analysis

The results were represented using both the mean and
the standard error (mean + SE). A one-way analysis of vari-
ance (ANOVA) was conducted to determine the least sig-
nificant difference (LSD) among the groups. The LSD was
found to be statistically significant at a probability threshold
of P < 0.05 [23], suggesting that the observed difference
holds statistical relevance.

Results

Liver functions

Efficacy of shilajit against the impact of monosodium
glutamate on AST and GGT

The treated groups differed significantly from the con-
trol group (G1) at the probability level (P < 0.05), as indica-
ted in Table 1. The second group (G2), which got 2 g/kg of
MSG, and the fourth group (G4), which got 4 g/kg of MSG,
both had significantly elevated AST levels. Two groups that
received shilajit treatment — group 3 (G3: MSG 2 g + Shi
100 mg) and group 5 (G5: MSG 4 g + Shi 200 mg) — exhi-
bited a marked reduction in enzyme levels when contrasted
with the groups that received MSG alone. This suggests that
shilajit protects against hepatotoxicity caused by MSG.

Comparing the treated groups with the control group
revealed significant differences at a significance level of
P <0.05, according to the findings in the same table. In the
fifth group (G5, which consisted of 4 grams of MSG and
200 milligrams of Shi), enzyme levels dropped significantly,

eventually matching those in the control group (G1). In
contrast, the enzyme levels in the third group (MSG 2 g +
Shi 100 mg, G3) were significantly higher than in the other
groups, proving that medium dosages of shilajit were helpful
and that low doses were ineffective in this setting.

Effectiveness of shilajit in counteracting the impact of
monosodium glutamate on ALT and ALP levels

Table 2 indicates notable differences that are statistically
significant at the P < 0.05 level when the treated groups are
compared to the control group (G1). The table demonstra-
ted that the fifth group (MSG 4 g + Shi 200 mg, G5) showed
a significant decrease in the measured index, closely match-
ing the values of the control group (G1). The third group
(MSG 2 g+ Shi 100 mg, G3) exhibited a significant increase
in the same index relative to the other groups. The findings
indicate that the low dose of shilajit failed to demonstrate
a protective effect when compared to the effects of MSG
(P <0.05).

Table 2 presents a significant rise in the indicators for the
treated groups relative to the control group, reaching a sig-
nificance level of P <0.05. Upon comparison of the treated
groups, it was noted that the fifth group (MSG 4 g + Shi
200 mg, G5) demonstrated a significant reduction when
contrasted with the fourth group, which received only MSG
at a dosage of 4 g (G4). The third group (MSG 2 g + Shi
100 mg, G3) exhibited a significant increase relative to the
second group (MSG 2 g, G2), while preserving the same
level of significance (P < 0.05). The previous statistical eval-
uation highlights the notable protective effect of shilajit at
the highest dosage (200 mg) in reducing the negative effects
of MSG.

Renal function

Urea and creatinine

The information shown in Table 3 reveals significant
variations at P < 0.05 when analyzing the treated groups

Table 1. Effect of shilajit versus MSG on AST and GGT levels in rat serum (mean * SE)

Groups N AST GGT
G1 (control — distilled water) 10 31.03+1.20 161.12 £ 6.42
G2 (MSG 2 g/kg) 10 34.30 +1.09 295.67 + 19.40
G3 (MSG 2 g + Shi 100 mg) 10 33.09 + 0.51 385.33 + 27.40
G4 (MSG 4 g/kg) 10 3472 +1.15 193.64 + 5.14
G5 (MSG 4 g + Shi 200 mg) 10 33.31 £+ 0.91 159.73 + 9.32

Table 2. Effect of shilajit versus MSG on ALT and ALP levels in rat serum (mean = SE)

Groups N ALT ALP
G1 (control — distilled water) 10 18.73 £ 0.28 101.72 £ 2.18
G2 (MSG 2 g/kg) 10 33.64 +1.47 149.54 + 3.13
G3 (MSG 2 g + Shi 100 mg) 10 36.63 + 0.75 151.46 + 5.74
G4 (MSG 4 g/kg) 10 25.60 + 0.95 127.60 + 1.01
G5 (MSG 4 g + Shi 200 mg) 10 18.93 £ 0.57 111.56 + 3.15
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in relation to the control group, with urea levels showing a
marked increase in the MSG-treated groups. An in-depth
analysis of the groups revealed that the fifth group (MSG
4 g + Shi 200 mg, G5) exhibited a significant decrease in
urea concentration relative to the other groups, reaching
levels similar to those found in the control group (G1). The
third group (MSG 2 g + Shi 100 mg, G3) demonstrated a
significant increase in urea levels compared to the second
group (MSG 2 g, G2), with consistent statistical signifi-
cance (P <0.05).

The findings presented in Table 3 indicate notable alte-
rations in kidney function indicators when the experimental
groups are compared to the control group (G1), with a sig-
nificance level of P < 0.05. Both the second group (MSG
2 g, G2) and the fourth group (MSG 4 g, G4) exhibited a
significant increase in the studied indicator relative to the
control group, suggesting a distinct toxic effect of MSG.
The third group (MSG 2 g + Shi 100 mg, G3) and the fifth
group (MSG 4 g + Shi 200 mg, G5) demonstrated a sig-
nificant decrease in the same indicator relative to the two
MSG-only groups (G2 and G4), while preserving the same
significance level (P <0.05).

Discussion

Glutamate is an amino acid that occurs naturally in
many foods in different levels. However, there is a diffe-
rence between free glutamate and glutamate that is attached
to proteins. Protein-bound glutamate, which is included in
foods like meat and tomatoes, is not as harmful as free gluta-
mate because it is absorbed into tissues, particularly muscle,
over a longer period of time and breaks down more slowly
in the gut. Compared to protein-bound glutamate, free glu-
tamate which is included in taste enhancers like MSG — is
more dangerous because it is quickly absorbed and causes a
dramatic increase in blood glutamate concentrations [24].
This study’s findings suggest that MSG inhibits antioxidant
defenses, speeds up glucose metabolism, and increases cel-
lular reactive oxygen species (ROS) generation, all of which
harm DNA, proteins, and lipids. One of the long-term ef-
fects of MSG exposure is apoptosis, which occurs when cell
membranes undergo lipid peroxidation due to the oxidation
of unsaturated fatty acids. This, in turn, disrupts the struc-
ture and function of cell membranes, leading to cell death or
permanent damage. This compound’s free radicals degrade
mitochondrial function and tamper with genetic informa-
tion inside cells [9].

Exposure to environmental and dietary chemicals, such
as MSG, makes the liver particularly vulnerable to damage

[25]. The liver is one of the most affected vital organs by
food poisoning because of its central role in regulating me-
tabolism, storing glycogen, synthesizing plasma proteins,
producing bile (essential for fat digestion), and filtering to-
xins and harmful chemicals from the blood.

Consistent with other studies, this one also utilized two
dosages of MSG (40 and 120 mg/kg), which had similar
outcomes [26]. Functional damage to the liver was indicated
by a rise in ALT and AST levels and a significant drop in
total protein levels. After 28 days of MSG administration,
another research found that laboratory rats’ liver enzymes
(AST, ALT, GGT) increased. This was thought to be because
MSG exposure caused alterations in the liver’s histology.
Within the same framework, research [27], shown that male
mice given a daily oral gavage dosage of MSG (2 g/kg) for
four weeks had significantly higher body weight and blood
ALT and AST levels than the control group, with a statisti-
cally significant difference at (P < 0.001) as recorded in [28].

Thirty found that ALT, AST, ALP, and GGT levels were
significantly elevated after four weeks of treatment with
MSG at a dosage of 1 mg/kg. Oxidative stress, DNA da-
mage, and detrimental effects on liver function from PCNA
and p53 protein gene expression were established. The ac-
tivity of the liver cell membrane damage markers ALT and
AST in serum may be used to measure MSG-induced hepa-
totoxicity, according to scientific research. The breakdown
of cell membranes containing unsaturated fatty acids causes
oxidative stress, which in turn causes enzymes normally
contained in mitochondria and plasma membranes to seep
into the circulation [29, 30]. Several studies have shown that
MSG exposure, whether with a single large dosage [31—33],
or with repeated low doses [34—36], significantly elevates
ALT and AST enzymes. Our results are in line with these
previous findings. All of this research showed that MSG is
bad for your liver because it alters enzyme markers.

Chronic exposure to MSG causes physiological chan-
ges in the liver and kidneys, according to a study [8], which
found that mice given two doses of MSG (0.6 and 1.6 mg/g
of body weight) for 14 days had a marked increase in body
weight and relative weight of the organs. In addition to its
hepatotoxic effects, the present investigation demonstrated
that MSG negatively impacts kidney function. This is shown
by a significant rise in blood urea and creatinine levels,
which suggest a decrease in renal efficiency [37]. Hypothe-
sized that this rise in creatinine was due to either a decrease
in renal tubular function or an interference between creati-
nine metabolism and MSG, which caused the latter to ac-
cumulate in the blood.

Table 3. Effect of shilajit versus MSG on urea and creatinine levels in rat serum (mean + SE)

Groups N Urea Creatinine
G1 (control — distilled water) 10 25.51 +1.08 0.390 + 0.009
G2 (MSG 2 g/kg) 10 31.29 £ 1.32 0.590 + 0.020
G3 (MSG 2 g + Shi 100 mg) 10 32.63+2.18 0.490 +0.012
G4 (MSG 4 g/kg) 10 28.25+1.16 0.520 £ 0.018
G5 (MSG 4 g + Shi 200 mg) 10 23.62 + 0.89 0.490 = 0.010
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A number of studies have linked the oxidative stress that
monosodium glutamate (MSG) induces in renal tissue to
negative impacts on kidney function. Research has shown
that consuming MSG on a regular basis might lead to renal
fibrosis, with oxidative stress playing a major role in kid-
ney damage [38, 39]. The overproduction of free radicals,
especially reactive oxygen species (ROS), or a breakdown
in their intracellular elimination mechanisms is known as
oxidative stress [40].

The development of oxidative stress inside the body is
facilitated by a multitude of physiological and pathologi-
cal processes, including metabolic pathways, cellular and
noncellular components such hormones and cytokines, and
detoxification systems [41—43]. To put it another way, pro-
longed MSG exposure raises renal glutamate metabolism,
which in turn increases ROS generation. Research in rats
has shown that long-term exposure to MSG causes a de-
cline in antioxidant enzyme levels and an increase in the
buildup of lipid peroxidation products in the kidneys [44,
45]. High amounts of glutamate cause immediate cytotoxi-
city, as shown in experiments with cultivated kidney cells in
vitro [46]. Kidney tissue is especially vulnerable to oxidative
stress damage because it has a high concentration of long-
chain polyunsaturated fatty acids [47]. Cell death results
from a cascade of events that begin with lipid peroxidation
and progress via protein modification, DNA damage, and
cell death itself [48—50]. Reactive oxygen species are known
to have a crucial role in producing pathological alterations
in the kidneys, namely in the glomeruli, tubules, and inter-
stitium [51, 52].

One of the main aims of the research was to find strate-
gies to lessen or eliminate the harmful effects of MSG after
the findings indicated that the fifth group did better than the
control group in minimizing liver and kidney damage. Ac-
cording to the data, the shilajit aqueous extract is efficient
because it contains physiologically active compounds such
fulvic acids, over 40 minerals, and the conjugated alpha-
pyrone it releases [12]. Shilajit is a mineral supplement that
includes over 20 different elements, including fulvic and hu-
mic acids, as well as minerals like calcium, magnesium, salt,
iron, chromium, and lead. In addition to minerals accoun-
ting for around 15—20 % of its composition, it also includes
organic substances such as hydrocarbons, proteins, carbs,
fatty acids, amino acids, and alcohols. The variety of plant
chemicals it contains, together with its powerful antioxidant
capabilities, contribute to its great efficacy and the signifi-
cant protective impact it has on human health [53].

One research found that shilajit, whether taken either
orally or rectally, could lessen the severity of liver damage
caused by ulcerative colitis [54]. This was accomplished by
raising serum albumin levels, decreasing concentrations of
direct and total bilirubin, and decreasing levels of liver en-
zymes (SGPT, SGOT, ALP). By bringing the control group’s
liver enzyme levels back to near-normal levels, oral gavage
of shilajit proved to be more protective than rectal adminis-
tration. This might be because shilajit’s active components
are better absorbed, because it acts directly on the liver be-
fore systemic effects manifest, or because it acts indirectly
by regulating gastrointestinal secretions.

Keep in mind that this medication does come with a few
unwanted side effects. Fulvic acid and dibenzoalpha-pyrone
are the main components of shilajit extract that are respon-
sible for its antioxidant activities [55]. The shilajit aqueous
extract showed a DPPH free radical scavenging capability
of 11.9 pg/ml [56], as per an additional investigation. Ad-
ditionally, shilajit’s ability to scavenge free radicals was as-
sessed by means of a rat liver culture model of oxidative
stress caused by carbon tetrachloride (CCl,), with lipid per-
oxidation serving as the marker for this kind of stress. The
findings demonstrated that shilajit enhanced the rat mo-
del of antioxidant enzyme activity [57]. Another research
looked at the effects of shilajit on liver and kidney tissue after
bone cancer (osteosarcoma) spread in a rat model, and how
it may work in conjunction with chemotherapy treatments
to lessen those detrimental effects. The effects of two shilajit
dosages (low and high) on biomarkers including bilirubin,
ALT, ALP, and AST were assessed. Albumin and total pro-
tein levels were found to have increased significantly. When
it came to bringing biomarker levels back to normal, the high
dosage of shilajit worked better than the low dose. Similarly,
uric acid, creatinine, and urea levels caused by bone can-
cer were significantly reduced when shilajit was used with
chemotherapy procedures (CMF cocktail). Researchers
observed that the lower dosage of shilajit had less impact on
kidney function markers than the larger dose [12]. Many
different active chemicals are responsible for shilajit’s effi-
ciency. These include aromatic carboxylic acids, terpenes,
gum, sterols, phenolic compounds, polyphenols, gum, al-
bumin, latex, and an extra active substance [58]. In addi-
tion to minerals, vitamins, fulvic and humic acids, trace ele-
ments, carbs, and plant components, shilajit also includes a
number of other useful substances. Shilajit is a good herbal
treatment because its pharmacological effects are enhanced
by its integrated makeup. Its active plant components have
a number of pharmaceutical uses, including immune sys-
tem regulation, antiviral effects, protection against oxida-
tive stress, and inflammation reduction. Any researcher with
an interest in shilajit would do well to consult this scientific
review. Investigating potential synergistic effects with other
herbs could lead to useful nano-formulations, and the food
and nutritional supplement industries could use it to create
bioactive supplement products that promote health [53].

Limitation

The chemical components analysis performed to iden-
tify humic acids, fulvic acids, or mineral content were not
identified in this study, but were based on previous studies.
The positive effect of each component will be analyzed and
studied separately. The current study did not include a his-
tological study, but we thank you for this scientific proposal,
and it will be studied in future research.

Conclusions

Conversely, the study found that shilajit aqueous extract
effectively protected against MSG toxicity, leading to im-
proved biomarkers and lower levels of liver and kidney en-
zymes, particularly at higher doses (200 mg/kg). Thanks to
its antioxidant components, trace minerals, and fulvic acids,
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shilajit has this effect. Based on these findings, shilajit shows
promise as an adjuvant to mitigate the harmful effects of
some industrial food additives, such MSG. To validate these
results in human and animal models and to comprehend
the exact molecular pathways of its impact, more research
is suggested.
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POAb LUMAGAXUTY Y 3MEHLLEHHI TOKCUYHOIO BMAMBY FAYTAMATY HATPIO
HQ piBeHb PEePMEHTIB NeYiHKMN TA PYHKLIIO HUPOK Y GiAMX MuLLen

Pesome. Axryaabnictb. Diyramar Hatpito (MSG) mumpoko
BUKOPUCTOBYETbCSI B XapyoBill MPOMMCIOBOCTI SIK MilCHITIO-
Bay cMaky. Xoya B 0araTboX MOCIIIKEHHSIX MiITBEPIKEHO, 1110
TpuBaje croxuBaHHsa MSG Moxke CIPUYMHUTU OKCUIATUBHUI
CcTpec y TBapuH, 0COOJMBO B MEYiHLi Ta HUPKax, Yy Ll poOOTi
ouiHOBaIM OioxiMiuHi edeKkTH, OB’ g3aHi 3 renaTuToM i 3amna-
JIEHHSIM HUPOK, CIIPUYMHEHUMHU pisHUMU ao3amu MSG, a ta-
KOX BUBYAQJIM 3aXUCHY [il0 BOIHOTO €KCTPAKTY IIUJIAIKUTY B
Oinnx Mumeir. MeTa: ouiHuTh GiOXiMIYHY TOKCUYHICTh PI3HUX
103 TJIyTaMmary Hatpiio 1mono (GyHKIiOHAJLHOTO CTaHy HUPOK
i meuinku B Ginux munieii. Marepiaau ta metoau. [T’ stnecsr
JIOPOCIUX MUILEH OyJIM BUIIAAKOBO MOMiIEHI HA 5 Tpyn (IecsTh
TBapuH y KOoxXHiii). KonTposibsHa rpyna (G1) oTpumyBaia yuc-
Ty BOAY, TOIi K ekcriepumeHTanbHa rpyna (G2) — MSG y nosi
2 v/kr macu Tina. Tperiii rpymi (G3) naBanu Taky camy nosy MSG
mmoc 100 Mr/kr ekcrpakry mmnamkuty. Yersepra rpyna (G4)
oTpuMyBasia niasuieHy 103y MSG (4 r/kr), am’sra (G5) — mia-
BulIeHY 103y MSG paszom i3 200 mMr/Kr munamkuTy. JlikyBaHHs

3MICHIOBATIOCS MEePOpaIbHO IIOAHS MmpoTsiroM 14 ni6. Ha 15-it
NIeHb TBAapUH YMEPTBWIM Il OiOXiMiUHOrO aHajizy 3paskiB,
BKJIIOYHO 3 ITOKa3HMKaMM (DYHKIIII HUPOK (CeUoBMHA, Kpea-
TUHIiH) i piBHsIMM depmeHTiB neuinku (AST, ALT, ALP, GGT).
Pesyabrati. ¥ rpymax G2 i G4, siki orpumyBanu jauiie MSG,
crioctepiraniocst 3HauHe (P < 0,05) minBuieHHs BMicTy dep-
MeHTiB mieuiHku (ALP, AST, ALT), mo cBimuuTh TIpo ii icTOTHE
ypaxeHHs1. HaToMicTh €KCTpakT MIKIAIKUTY CIIPUSIB 3HAYHOMY
3HUKEHHIO 1IUX MOKAa3HMKIB, NEMOHCTPYIOUM TMOTEHUIHY 3a-
XUCHY [ito MpoTu TokcnyHocTi MSG. BucHoBku. Bucoki no3u
[JIyTaMaTy HaTpil0 BUKJIMKAIOTH MOPYIIEHHS (DYHKIIN MediHKKT
Ta HUPOK, 110 MPOSIBISIIOTbCS 30UIbLIEHHSM PiBHSI (pepMeHTIB
MeYiHKY i MOKa3HUKIB (YHKILT HUPOK, SIKi CBiAYaTh MPO TKa-
HUHHI 1 QyHKUiOHANbHI YIIKOMKXEHHSI Ha TJi OKCUIATUBHOTO
crpecy. [lnnamkuT Moxe BifirpaBaT 3aXMCHY POJIb MPU TaKKUX
cTaHax.

Ki1104o0Bi cJI0Ba: riayramar HaTpilo; MIMIAIXKUT; EYiHKa, HUP-
Ku; PepMEHTH MeYiHKK; (PYHKLISI HUPOK
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Immune response on interferon-gamma
in rats infected with C.albicans

Abstract. Background. Candida albicans is the most frequent etiologic agent that causes opportunistic
fungal infection called candidiasis, a disease whose systemic manifestation could prove fatal and whose
incidence is increasing as a result of an expanding immunocompromised population. Here we review
the role of inferferon-gamma (IFN-y) in host protection against invasive candidiasis. This study investigates
the fime- and sex-dependent variations in IFN-y levels in C.albicans-infected rafts, offering insights info
the function of this cytokine in fungal immunity. Materials and methods. This study involved 100 rats, with
50 in the experimental group and 50 in the confrol group, each consisting of 25 males and 25 females.
The experimental group received cyclosporine A (10 mg) 24 hours prior fo the infection to suppress the
immune response and facilitate C.albicans growth, whereas the control group was administered distilled
water instead of C.albicans suspension. Following four days of infection, group 1 was anesthefized, and
a blood sample was collected to measure IFN-y levels. Group 2 was assessed at 8 days, group 3 at 12
days, group 4 at 16 days, and group 5 at 20 days, alongside the confrol group. Resulfs. The present study
demonstrated a significant increase (p < 0.05) in IL-10 concentration in both male and female rats infected
with C.albicans compared to the control group. There was a significant increase in IFN-y concentration
in C.albicans-infected rats of both sexes, with a p value < 0.05, with progression of disease; the highest
concenfration was reached on the 12" day of the experiment and then decline. In contrast, no significant
changes were observed in the control group over the same period. Conclusions. The research highlights
the essential function of IFN-y in the immune response to Candida albicans infections, observing that the
absence of nofable differences beftween male and female rats suggests that additional factors affect
IFN-y regulation. The necessity for additional research on the interactions beftween sex hormones and
cytokines is underscored, offering insights into the sex- and time-dependent regulation of IFN-y during
infections, while also highlighting the need for clarification of observed discrepancies and their underlying
mechanisms.

Keywords: IFN-y; C.albicans; candidiasis; immune response, rats

Introduction

Interferon-gamma (IFN-y) is a critical cytokine in

infections, particularly during the acute phase of the im-
mune response. However, the temporal dynamics of IFN-y

the host immune response to fungal infections, including
those caused by Candida albicans [1]. As a key mediator
of the Thl immune response, IFN-y enhances the anti-
fungal activity of immune cells such as macrophages and
neutrophils by promoting phagocytosis, the production of
reactive oxygen species (ROS), and the expression of pro-
inflammatory cytokines [2]. In rodent models, IFN-y has
been shown to play a pivotal role in controlling C.albicans

production during the early stages of infection remain an
area of active investigation, as the immune response to
C.albicans is highly regulated and varies depending on the
stage of infection [3, 4].

Recent studies have demonstrated that IFN-y levels
do not significantly increase during the first four days of
C.albicans infection in rats compared to control groups,
suggesting a delayed or subdued early immune response [5].

© «Hupku» / «Kidneys» (Pocki), 2025
© Bupaseub 3acnascokmit 0.10. / Publisher Zaslavsky 0.Yu., 2025

For correspondence: Doaa Hazem Mohammed, Department of Pharmaceutical Sciences, College of Pharmacy, University of Thi-Qar, Thi-Qar, 64001, Irag; e-mail: DoaaHazemMohammed@utq.edu.ig

Full list of authors’ information is available at the end of the article.

Tom 14, N2 3, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua 43



OpuwuriHaabHi ctarti / Original Articles

This initial phase may reflect the time required for the im-
mune system to recognize the pathogen and mount an ef-
fective Thl response. The lack of a significant increase in
IFN-y during this period could also be attributed to the
immunosuppressive strategies employed by C.albicans,
such as the modulation of host immune receptors and the
production of virulence factors that dampen early pro-in-
flammatory responses [6]. Additionally, the early immune
response to C.albicans is often characterized by the activa-
tion of innate immune mechanisms, such as the recruit-
ment of neutrophils and the production of other cytokines
like IL-6 and TNF-a, which may precede the upregulation
of IFN-y [7]. Understanding the delayed IFN-y response in
the early stages of C.albicans infection is crucial for eluci-
dating the mechanisms of immune evasion employed by the
fungus and for developing targeted immunotherapies [8, 9].
This study aims to explore the temporal dynamics of [FN-y
production in C.albicans-infected rats, with a focus on the
first four days of infection, to provide insights into the early
immune response and its implications for disease progres-
sion and control.

Materials and methods
Candida collection and identification

One hundred twenty stool samples were collected from
children with diarrhea at Mohammed Al-Moussawi Tea-
ching Hospital between October 2023 and February 2024.
The samples were subsequently transferred daily to the
Microbiology Laboratory in the Department of Life Sci-
ences, College of Education for Pure Sciences. Diar-
rhea samples were cultured on Sabouraud dextrose agar
with chloramphenicol and incubated at 37 °C for 24 to
48 hours. Following growth, the positive samples were
re-cultured on chromogenic agar to differentiate be-
tween Candida species and were assessed for germ-tube
formation.

Animal groups

Adult male and female albino rats (Rattus norvegicus)
were obtained from the Laboratory Animal Breeding Center
in Babylon Governorate, as outlined in the accompanying
manual that facilitates the process. The animals were housed
in the Animal House of Thi-Qar University College of Edu-
cation for Pure Science, with weights ranging from 180 to
200 grams and an age of 8 weeks.

Fungal infection procedure in rats

In the study, a total of 100 mice were utilized, compris-
ing 25 male and 25 female subjects injected with a fungal
suspension, alongside a control group of 50 mice, also divi-
ded into 25 males and 25 females. These were organized into
five groups, with each group consisting of five mice. The
duration of the experiment was twenty days. Five rats per
group were administered the immunosuppressant cyclospo-
rin A (10 mg) once, 24 hours prior to the commencement
of the experiment. The mice were administered a C.albicans
fungal suspension (3 x 108 cells/ml) in a volume of 100 pl,
equivalent to a concentration of 1 ml, orally using a spe-
cialized syringe, in a single instance, as a comparison to the

standard McFarland solution. The distribution of animals
was as follows:

— group 1. On the 4™ day, the animals were anesthetized
and blood was drawn directly from the heart;

— group 2. On the 8" day, the animals were anesthetized
and blood was drawn directly from the heart;

— group 3. On the 12" day, the animals were anesthe-
tized and blood was drawn directly from the heart;

— group 4. On the 16" day, the animals were anesthe-
tized and blood was drawn directly from the heart;

— group 5. On the 20" day, the animals were anesthe-
tized and blood was drawn directly from the heart.

Evaluation of IFN-y
The IFN-y was evaluated in serum of rats by using third
generation ELISA technique.

Statistical analysis

The data of this study was statistically analyzed by
using SPSS version 26, based in using one-way ANOVA,
two-way ANOVA for mean variation, LSD, and Chi-
square at p value < 0.05 [10]. The LSD value is used for
determining the significant differences between means in
the ANOVA test, where we subtract any two means from
the table and compare the result of the subtraction with
the LSD value. If the value of the subtraction is equal to
or higher than the LSD value, it indicates a significant
difference, while if it is less, it indicates that there is non-
significant difference.

Results
Identification of Candida spp.
in patients with diarrhea

The current study was showed the highest isolated
Candida spp. in stool samples of patient was C.albicans
57 (78.1 %), then C.glabrata 11 (15.1 %), while the lowest
isolated Candida spp. was C.parapsilosis 5 (6.8 %), also in
control group showed highest isolated Candida spp. in stool
samples of was C.albicans 8 (44.44 %), then C.glabrata
7 (38.89 %), while the lowest isolated Candida spp. was
C.parapsilosis2 (11.11 %), in addition the only one isolate of
C.tropicalis in control group 1 (5.56 %) the study also noted
a significant difference at p value < 0.05 between patients
and control group, as in Fig. 1.

Distribution of Candida spp.
according to sex

The current study was showed the highest isolat-
ed C.albicans in patient group was in the male group 39
(78.0 %), while the lowest in male group was C.parapsilosis
3 (6.00 %), in addition not C.tropicalis detected in pa-
tient group 0 (0.0 %), with regard control group noted the
highest isolated C.albicans in female group and C.glabrata
in male group 5 (50.0 %), while the lowest species was
C.tropicalis in both female 1 (10.0 %), the study also noted
a non-significant difference at p value < 0.05 in patients
group and significant in control group, furthermore, a sig-
nificant difference between patient and control group, as
in Table 1.
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Distribution of Candida spp. 90.00
according fo age groups 80.00 78.08
The current study was showed the high- 70.00 — |
est isolated Candida spp. was in the first age 60.00 |
groups C.albicans 32 (72.73 %), C.glabrata 50.00 44 .44
8 (18.18 %), and C.parapsilosis 4 (9.09 %) 40.00 —| 38.89
while the lowest in male group 23 (31.51 %), 30.00 —|
while the lowest isolated C.parapsilosis in 20.00 —| 15.07
fourth age group 1 (12.5 %), while in control |, "'~ | 6.85 11.11 5.56
group the highest isolated was C.albicans in 0'00 O omm
first age group 3 (75.0 %), then in third age | C.albicans C.glabrata C.parapsilosis C.tropicalis
group 3 (60.0 %), while the lowest isolated b value < 0.001
were C.albicans and C.parapsilosis in se-
cond age group 2 (28.57 %), the study also O Patients B Controls |
noted a significant difference within patient Figure 1. Identification of Candida spp. in patients
and within control, and between patient with diarrhea and control group
and control groups at p value < 0.05, as in
Table 2. Candida spp. was C.parapsilosis in both city and countryside
residence 2 (12.5 %) and 3 (5.26 %), respectively, whereas
Distribution of Candida spp. according in control group the study noted the highest isolated was

fo residency

C.albicans in countryside 4 (57.14 %), then C.glabrata

The current study was showed the highest isolated in countryside 3 (42.86 %), while the lowest isolated was
C.albicans was in the countryside residence 48 (84.21 %),  C.tropicalis 1 (9.09 %) in city residence, the study showed
and in city residence 9 (56.25 %), while the lowest isolated  a significant difference at p value < 0.05 within patient

Table 1. Distribution of Candida spp. according to sex

Male Female
Groups p value
N % N %
C.albicans 39 78.00 18 78.26
C.glabrata 8 16.00 3 13.04
Patients 0.634
C.parapsilosis 3 6.00 2 8.70
C.tropicalis 0 0.00 0 0.00
C.albicans 3 37.50 5 50.00
C.glabrata 5 62.50 2 20.00
Controls < 0.001
C.parapsilosis 0 0.00 2 20.00
C.tropicalis 0 0.00 1 10.00
Notes: CalX? = 69.5; TabX? = 12.59; DF = 6; p value < 0.001.
Table 2. Distribution of Candida spp. according to age groups
C.albicans C.glabrata C.parapsilosis C.tropicalis
Age groups, years p value
N % % N % N %
<1-2 32 72.73 8 18.18 4 9.09 0 0.00
3-5 8 88.89 11.11 0 0.00 0 0.00
Patients < 0.001
6-8 10 83.33 2 16.67 0 0.00 0 0.00
>9 7 87.50 0 0.00 1 12.50 0 0.00
<12 3 75.00 1 25.00 0 0.00 0 0.00
3-5 2 28.57 3 42.86 2 28.57 0 0.00
Controls < 0.001
6-8 3 60.00 2 40.00 0 0.00 0 0.00
>9 0 0.00 1 50.00 0 0.00 1 50.00

Notes: CalX? = 302.6; TabX? = 19.68; DF = 11; p value < 0.001.
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Table 3. Distribution of Candida spp. according to residency

City Countryside
Groups p value
N N %
C.albicans 9 56.25 48 84.21
C.glabrata 5 31.25 6 10.53
Patients < 0.001
C.parapsilosis 2 12.50 3 5.26
C.tropicalis 0 0.00 0 0.00
C.albicans 4 36.36 4 57.14
C.glabrata 4 36.36 3 42.86
Controls < 0.001
C.parapsilosis 2 18.18 0 0.00
C.tropicalis 1 9.09 0 0.00

Notes: CalX? = 43.6; TabX? = 12.59; DF = 6; p value < 0.001.

and within control and between patient and control, as in
Table 3.

Evaluation of IFN-y in rats according fo sex

The analysis of serum IFN-v levels revealed significantly
elevated concentrations in the diseased group compared
to the control group (p < 0.01). Male patients exhibited a
mean [FN-vy level of 85.50 £ 21.10 pg/mL, while female pa-
tients had a slightly higher mean of 92.03 + 18.60 pg/mL.
In contrast, control males and females showed consider-
ably lower levels, with means of 59.18 + 4.77 pg/mL and
65.24 + 7.32 pg/mL, respectively. Although both male and
female patients demonstrated increased IFN-y levels, there
was no statistically significant difference between sexes
within each group, as indicated by shared superscript let-
ters. The least significant difference (LSD) value of 8.33
confirms the significance of differences observed between
diseased and control groups. These findings suggest a po-
tential role of elevated IFN-y in the pathophysiology of the
disease under investigation, as in Table 4.

Interaction between sex and time
and it is effect of IFN-y level

Longitudinal analysis of IFN-y levels in patients and
controls over a 20-day period revealed significant temporal
and group-specific variations (p < 0.01). In both male and

Table 4. Evaluation of IFN-y (mean + SD)
in rats according to sex

Groups IFN-y
. Male 85.50 = 21.102
Patients
Female 92.03 + 18.6072
Male 59.18 + 4.77°
Controls
Female 65.24 + 7.32°
p value < 0.01
LSD 8.33

Notes: 2 — the highest concentration, * — the second
concentration.

female patients, IFN-y concentrations increased progres-
sively from day 4 to day 12, peaking at 119.50 + 5.35 pg/mL
and 125.00 + 3.58 pg/mL, respectively. This marked ele-
vation was significantly higher than in the corresponding
controls, where IFN-y levels remained relatively stable
throughout the study period. While patient values dropped
slightly by day 20, they remained elevated compared to con-
trols. Significant differences were observed between male
and female patients at several time points, particularly on
days 4 and 20, as indicated by the least significant difference
(LSD) values. In contrast, no statistically significant diffe-
rences were found between male and female controls at any
time point (p =0.276 and p = 0.792, respectively). The two-
way ANOVA confirmed a significant interaction between
time and group (p < 0.01, LSD = 9.03), emphasizing the
dynamic and disease-specific modulation of IFN-y. These
findings suggest that IFN-y could serve as a potential bio-
marker for disease progression and inflammatory status in
affected patients, as in Table 5.

Discussion

This finding of the present study was in line with previ-
ous studies, the study of Shankar et al. [11], that demon-
strated the critical role of IFN-y in the immune response
to fungal infections, including candidiasis, and study of
Glennon-Alty et al. [12], also recorded the IFN-y is a
key pro-inflammatory cytokine produced primarily by T
helper 1 (Th1) cells and natural killer (NK) cells, and it
plays a pivotal role in enhancing the antifungal activity of
macrophages and neutrophils by promoting phagocyto-
sis and the production of reactive oxygen species (ROS).
The significant increase in [FN-y levels in infected rats
reflects the activation of a robust Thl-mediated immune
response, which is essential for controlling C.albicans in-
fections [13].

A non-significant difference in [FN-y levels between
male and female rats, both in the infected and control
groups, is consistent with study of Abedini et al. [14], that
had reported minimal sex-based differences in the produc-
tion of IFN-y during fungal infections. This suggests that
the immune response to C.albicans, particularly the Thl
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Table 5. Interaction between sex and time and it is effect of IFN-y level, mean = SD

Patients Controls
Days LSD
Male Female Male Female
4 67.42 + 8.85° 75.03 £ 7.86° 55.72 £ 3.76 64.47 + 8.58 10.1
8 81.43 £ 8.21° 80.79 + 4.97¢ 58.40 + 4.58 61.83 £9.02 9.34
12 119.50 + 5.352 125.00 + 3.58? 62.17 + 6.92 67.37 + 8.30 8.43
16 93.48 + 14.10° 91.08 + 6.00° 60.62 + 3.17 67.00 + 6.07 11.2
20 70.61 £ 8.58° 88.15 £ 6.48° 58.99 + 3.70 65.55 + 5.98 8.61
p value < 0.01 < 0.01 0.276 0.792
p value < 0.01
LSD 12.4 7.86 Non-sig Non-sig

Notes: p value (LSD) < 0.01 (9.03); = — the highest concentration, * — the second concentration, and so on
for the rest of the letters; also, the column that does not contain small letters did not record a significant

difference.

response, may not be strongly influenced by sex hormones
such as estrogen or testosterone. However, this finding
contrasts with study of Harding and Heaton [15] that re-
ported sex-based differences in cytokine production, with
females often exhibiting stronger Th1 responses due to the
immunomodulatory effects of estrogen. The discrepancy
may be attributed to differences in experimental models,
fungal load, or the timing of cytokine measurement, as the
immune response can vary depending on the stage of in-
fection [7].

The non-significant difference in [FN-y levels between
male and female rats in the control group further supports
the idea that baseline levels of this cytokine are generally
similar in the absence of infection. This is results was con-
sistent with study of Dunn et al. [16] showing that sex-based
differences in cytokine production are often more pro-
nounced during active immune responses rather than at rest.
However, previous study had reported subtle differences in
baseline immune parameters between males and females,
which could be influenced by genetic or environmental fac-
tors as reported by Bake et al. [17].

The results lie in the central role of IFN-y in coordi-
nating the immune response to C.albicans. The significant
increase in IFN-y in infected rats reflects the activation
of a protective Th1 response, which is crucial for control-
ling fungal infections. The absence of sex-based differ-
ences in IFN-y levels may be due to the dominant role
of pathogen-associated molecular patterns (PAMPs) in
driving the immune response, overshadowing the effects
of sex hormones. Additionally, the timing of cytokine
measurement in this study may have captured a phase of
the immune response where sex-based differences are less
pronounced.

The observed temporal pattern of IFN-y levels in
Candida-infected rats, characterized by an insignificant
increase on the fourth day, a significant rise by the eighth
day, a peak on the twelfth day, and a gradual decline by the
sixteenth and twentieth days, reflects the dynamic nature of
the immune response to fungal infections. IFN-y, a criti-
cal Thl cytokine, plays a pivotal role in activating mac-
rophages and enhancing their antifungal activity through

mechanisms such as phagocytosis and the production of
reactive oxygen species as recorded by study of Ye et al.
[18]. A similar study done by Pawar et al. [19], the initial
insignificant increase on the fourth day likely represents
the early phase of infection, where the immune system is
still initiating its response, while the significant rise by the
eighth day and peak on the twelfth day indicate the activa-
tion of a robust Th1-mediated immune response, essential
for controlling Candida proliferation. The subsequent de-
cline in IFN-y levels by the sixteenth and twentieth days
suggests a transition to immune regulation to prevent ex-
cessive inflammation and tissue damage, consistent with
the resolution phase of the immune response as observed
by study of Noori et al. [20]. Recent study performed by
Wang et al. [21] had demonstrated that IFN-y levels cor-
relate with the severity and progression of fungal infections,
with peak production occurring during the acute phase of
infection. The gradual decrease in IFN-y levels may also re-
flect the establishment of immune homeostasis or the sup-
pression of Th1 responses by regulatory mechanisms, such
as the induction of anti-inflammatory cytokines like IL-10
[22]. These findings underscore the importance of IFN-y in
the host defense against Candida and highlight the dynamic
nature of the immune response over the course of infection.
The value of chronobiological aspects in the functioning
of kidneys and the expediency of continuing scientific and
practical research in this direction of medical science were
emphasized [23].

Conclusions

This study reveals a consistent temporal pattern of
IFN-y production in both mice and rats infected with Can-
dida albicans, characterized by an insignificant increase on
the fourth day, a significant rise by the eighth day, a peak
on the twelfth day, and a gradual decline by the sixteenth
and twentieth days of infection. This pattern reflects the
dynamic immune response to C.albicans, beginning with a
subdued IFN-y response during early infection, followed by
a robust Th1-mediated response to control fungal prolifera-
tion, and concluding with immune regulation to prevent ex-
cessive inflammation. These findings emphasize the critical
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role of IFN-y in host defense against C.albicans and provide
insights into the temporal dynamics of cytokine production
during fungal infections. Further research is needed to ex-
plore the mechanisms behind these changes and potential
sex-based differences, which could guide the development
of targeted immunotherapies for candidiasis.
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iMmyHHa BiANOBiAL Ha iHTEPdEPOH-TaMMa Y LypiB,
aKi 6yAun iHpikoBaHi C.albicans

Pesiome. Akryanbhicts. Candida albicans € naiinommpeHimmm
€TIOJIOTIYHUM areHTOM, 110 BUKJIMKAE OIMOPTYHICTUYHY IPUOKO-
BY iH(eKIIi10 — KaHIUI03, CUCTEMHUI TIepedir SIKOro Moxe OyTu
JIeTaIbHUM. 3 OIJISIAY Ha 30UIbIIEHHS KiUIBKOCTI iMyHOKOMIIPO-
METOBAaHUX OCi0 3aXBOPIOBAHICTb HAa KAHIIMI03 3pOCTa€E. Y 1IbOMY
TOCITIKEHHI pO3TIISIIAEThCS poitb iHTepdepoHy-ramma (IFN-y) y
3aXKMCTi OpraHi3aMy BiJ iHBa3MBHOIO KaHAMI03y. MeTa: BUBYMTU
4yacoBi Ta cTateBo3aiexxHi 3MiHM piBHSI [FN-y y 11ypiB, iHbiko-
Bauux C.albicans, 11100 OLIHUTY (HYHKIIOHATIBHY POJIb I[LOTO 11~
TOKiHYy B MPOTUTPUOKOBOMY imyHiTeTi. Martepiaam Ta meToam.
VY nmocnimkeHHst 0yno 3aaydeHo 100 1rypiB, po3miieHUX Ha eKC-
nepuMeHTaIbHY (n = 50) i KOHTpoIbHY (n = 50) TpyIu, KOXHa 3
SIKMX CcKJlafmanacs 3 25 caMiliB Ta 25 camok. TBapuHaM eKcriepu-
MEHTaJIbHOI rpynu BBOAWIM LuKiIocmopuH A (10 Mr) 3a 24 rogu-
HU 110 iH(}iKyBaHHSI 3 METOIO MPUTHIYeHHSI iIMYHHOI BiAMOBiAi Ta
nosiermieHHst pocty C.albicans. KoHTposibHA Tpyna OTpuMyBaia
MUCTUIIbOBaHY Bony. BumiptoBanust piBust [FN-y npoBoauau y

IT’SITH YaCOBUX TOYKax: Ha 4-Ty, 8-my, 12, 16 Ta 20-Ty 100y micis
indikyBanus. Pe3yabTaTi. OTprMaHi 1aHi 3aCBiTYWIM BipoOTiI-
He 3pocTaHHsi KoHueHTpauii IFN-y (p < 0,05) y camiiiB i camok
mrypiB, iHbikoBaHux C.albicans, i3 MaKCUMaJbHOK KOHIIEHTpA-
1i€ro Ha 12-if JeHb eKCIIepUMEHTY, TTIC/ISl YOTO PiBEHb IIMTOKIHY
3HIKYBaBCS. Y KOHTPOJbHIl rpymi cytreBux 3Mid [FN-y npoTts-
TOM JOCHimKeHHs He 3adikcoBaHo. [Ipu 11boMy BimMiHHOCTEH B
iHTEHCMBHOCTI BiAMOBIAi MiXX CTaTsIMU He BUsIBJIEHO. BUCHOBKM.
OTprMaHi pe3yJabTaTy MiITBEpAXYIOTh BaxJuBy poib [FN-y y
MPOTUTPUOKOBIll iMyHHIi#l BinmoBimi npu iHbikyBauHi Candida
albicans. BincyTHiCTh BUpaXKeHMX CTAaTeBUX BiIMIHHOCTEH yKa-
3y€ Ha MOXJIMBY y4acCTh IiHIIUX PEryJsaTopHUX (aKTopiB, 30-
KpeMa TOpMOHaJbHUX. HeoOXigHi momasbli JOCTimKEeHHS IJIst
3’scyBaHHs MexaHi3MiB perysiii IFN-y ta iforo B3aemonii 3i cta-
TEBMMU TOPMOHAMM B KOHTEKCTi TPUOKOBUX iH(MEKIIiiA.
Kmouosi cioBa: 1FN-y; C.albicans; xanauno3; iMyHHa Bifo-
Billb; LILypU
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Calcium and phosphorus imbalances as biochemical
markers in chronic kidney disease: a case-control study

Abstract. Background. Progressive loss of renal function is the hallimark of chronic kidney disease (CKD),
which is often linked to biochemical abnormalities, especially in the calcium and phosphate metabolism.
In the pathophysiology of secondary hyperparathyroidism, vascular calcification, and bone mineral
abnormailities, these disruptions are crucial. The purpose of this research was to examine the blood calcium
and phosphorus profiles of hemodialysis patients with CKD, to clarify if these profiles correlate with indices of
renal function and compare results fo those of healthy people in order to determine whether these profiles
are diagnostically or prognostically relevant., Materials and methods. A comparative, cross-sectional
research was carried out at Al-Hussain Hospital between December 2024 and June 2025, comprising 60
patients with end-stage renal disease who were between the ages of 25 and 72 years and were receiving
long-term hemodialysis. At the same fime, 30 healthy age- and gender-matched confrols were included in
the study. The amounts of serum ureq, creatinine, calcium, and phosphorus were measured and analyzed
using the conventional biochemical techniques. An examination of statistical data was carried out using
SPSS version 26, with the level of significance set at p < 0.05. To analyze the connections between the
parameters, Pearson’s correlation was used. Resulfs. In comparison with healthy confrols, patients with
chronic kidney disease showed substantially higher levels of serum phosphorus (6.37 + 0.47 mg/dL) and
creatinine (7.46 + 1.15mg/dL), as well as lower calcium levels (5.54 + 0.41 mg/dL) (p < 0.0001 for all). The link
between creatinine and phosphorus was somewhat positive (r = 0.54); however, calcium and phosphorus
levels were negatively associated (r = -0.30). Conclusions. The presence of hyperphosphatemia and
hypocalcemia is quite common in individuals with advanced CKD, and both conditions are directly linked
to reduced renal function. Phosphorus levels may be used as a surrogate measure for renal impairment,
as shown by the modest association that exists between phosphorus and creatinine. Monitoring calcium
and phosphorus on a regular basis, in addition to fraditional indicators, is essential for the early diagnosis of
changes in mineral metabolism and the prompt freatment of problems connected to CKD.

Keywords: chronic kidney disease, biomarkers; hyperphosphatemia; hypocalcemia,; hemodialysis; bone
mineral disorder; creatinine; phosphate-calcium axis
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Introduction

Damage to the kidneys over time causes a major upset in
the body’s biochemical equilibrium, particularly with regard
to calcium and phosphorus levels; this disorder is known as
chronic kidney disease (CKD). In addition to being major
factors in skeletal and cardiovascular problems, these two
minerals are essential for evaluating the metabolic status of
CKD patients [1]. Research has shown that hyperphospha-
temia develops when the kidneys aren’t working properly,
and that calcium levels drop when vitamin D activation is
low and absorption in the intestines is poor [2]. The secre-
tion of parathyroid hormone (PTH) is stimulated by these
disturbances, resulting in secondary hyperparathyroidism.
Vascular calcification is promoted and bone disease (renal
osteodystrophy) is exacerbated by this situation |3, 4]. These
mineral metabolism problems continue to be a leading cause
of mortality in CKD patients and have been significantly as-
sociated with increased cardiovascular risk [5].

The current research investigates the ways in which
changes in calcium and phosphorus levels might serve as ear-
ly indicators of difficulties connected to CKD. In addition
to this, it highlights the clinical significance of these mineral
abnormalities in terms of early identification and preventa-
tive therapy, as well as looks into the underlying processes
that are responsible for their impact on patient health. The
condition known as hyperphosphatemia is brought on by
chronic renal disease, which causes phosphate excretion to
be hindered. The disruption of calcium and phosphate ba-
lance that results from this condition, in conjunction with
the reduced synthesis of calcitriol, is a contributing factor
in the development of hypocalcemia and secondary hyper-
parathyroidism (SHPT) [6, 7]. The conversion of 25-hy-
droxyvitamin D to its active form, calcitriol, is diminished
in patients with CKD due to the decreased activity of renal
la-hydroxylase. Because of this decline, intestinal calcium
absorption is impaired, which ultimately results in hypocal-
cemia. Furthermore, the retention of phosphate hinders the
production of calcitriol, which only serves to exacerbate the
calcium imbalance [8]. The parathyroid glands are stimu-
lated to release PTH when hypocalcemia is present, which
ultimately results in SHPT. Bone resorption is increased
in order to release calcium when PTH levels are elevated;
nevertheless, this compensatory process leads to bone ab-
normalities in patients with chronic kidney disease [9]. Sys-
temic disruptions in mineral metabolism are included in
chronic kidney disease-mineral and bone disorder (CKD-
MBD). These disturbances include anomalies in calcium,
phosphate, PTH, and vitamin D levels, which ultimately
result in bone pathology and vascular calcification [1].

Materials and methods
Concerning data of samples

The research was conducted on 60 patients, both male
and female, with end-stage renal disease (ESRD) who were
receiving long-term hemodialysis treatment at the hemo-
dialysis unit at Al-Hussain Hospital. The patients’ ages
ranged from 25 to 70 years old. It was from December 2024
to June 2025 that the research was conducted. In order to
serve as a control group, 30 healthy individuals, both men

and females, were selected. Through the use of a specialized
questionnaire, the personal information of each participant,
both those who were ill and those who were well, was col-
lected.

Study design is presented in Fig. 1.

Conditions for exclusion

Exclusion criteria for patients with hepatitis B, recent
hospitalization, current phosphate binder therapy, cancer,
inherited or acquired blood disorders, acute or chronic in-
flammation, recent hemorrhage, and any other condition
that could affect their hematological parameters were out-
lined in the study.

Collection of samples

Before each hemodialysis session, four milliliters of
blood were drawn from patients with CKD. The blood sam-
ple was then placed in a test tube, and after that, it was sepa-
rated in order to produce blood serum. The samples were
analyzed for levels of creatinine, blood urea, calcium, and
phosphorus in order to determine the severity of the kid-
ney function impairment. Additionally, all of the tubes were
transported via an icebox until they arrived at the laboratory.

Statistical analysis

The data collected in this research was subjected to sta-
tistical analysis using SPSS version 26, with the indepen-
dent sample t test being used to determine variance and the
person coefficient being used to determine correlation at a
p-value of less than 0.05 [10].

Results
Distribution of patients according fo sex

As shown in Table 1, the current research demonstrated
a statistically significant difference at a p-value of less than
0.05. The high number of patients in the male group was
recorded at 40 (66.67 %), while the female group had 20
(33.33 %).

Distribution of patients according fo age
Table 2 presents an illustration of the age distribution of
patients who have been diagnosed with chronic renal failure.

Research population

5

60 patients with CKD and 30 controls

Sex, age Biochemical parameters

Blood urea increased

Serum creatinine increased

Serum calcium decreased

Serum phosphate increased

Figure 1. Flow chart of study design
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It reveals that the largest proportion of patients, which ac-
counts for 45 %, are within the age group of 57—72 years,
followed by 35 % of patients aged 41—56 years, and only
20 % of patients aged 25—40 years. The study also demon-
strated a significant difference between the age groups.

Evaluation of renal function test and electrolyte
in renal patient and control group

The research obtained a statistically significant diffe-
rence with a p-value of less than 0.05. In this investigation,
the biochemical parameters (Table 3) that were evaluated
revealed substantial differences in the levels of urea, creati-
nine, calcium, and phosphorus among patients who were
diagnosed with CKD in comparison to healthy controls.

Table 1. Distribution of CKD patients according to sex

Sex N %
Males 40 66.67
Females 20 33.33
Total 60 100
p-value 0.046

Table 2. Distribution of CKD patients according to age

Age, years N %
25-40 12 20.0
41-56 21 35.0
57-72 27 45.0
Total 60 100

p-value 0.009

According to Table 3, all four biochemical markers
showed statistically highly significant differences between
patients and controls (p < 0.0001). Urea and creatinine le-
vels are markedly elevated in CKD patients, indicating renal
impairment. Serum calcium is significantly lower in CKD
patients, reflecting disturbances in mineral metabolism.
Phosphorous levels are significantly higher, consistent with
hyperphosphatemia common in CKD due to reduced ex-
cretion.

Person correlation between biochemical
parameters

Table 4 shows that there is a modest positive association
(r = 0.54) between serum creatinine and phosphorus levels,
suggesting that both parameters tend to increase together
when renal function deteriorates. Weak or negligible corre-
lations were found between other parameters.

Discussion

Chronic kidney disease patients are 80 % male and 20 %
female. Males are more likely to require renal replacement
therapy such transplants or dialysis to achieve ESRD faster
than females [11]. Biological and behavioral factors explain
the gender disparity. Estrogen preserves kidney function in
women, but testosterone may promote renal damage and
fibrosis in males [12]. Men are also more likely to smoke,
eat more protein, and be exposed to occupational nephroto-
xins, which raise CKD risk [13].

Health system factors may apply. According to research,
men are more likely to be sent to nephrology services early,
undergo dialysis, and get kidney transplants than women
[11]. Due to access and treatment disparities, CKD groups
may have varied demographics. Thus, the finding that males
made up a bigger fraction of the sample may indicate bio-
logical differences in disease onset and healthcare access
and delivery [14]. Recognizing and addressing these issues is
essential to gender-equitable CKD treatment.

Table 3. Biochemical parameters of kidney function in study samples, mg/dL (mean = SD)

Parameter Patients Controls p-value
Urea 135.90 + 2.53 30.78 £ 2.19 < 0.0001
Creatinine 7.46 = 1.15 1.05+0.13 < 0.0001
Calcium 5.54 + 0.41 9.34 + 0.14 < 0.0001
Phosphorous 5.37 £ 0.47 3.34£0.14 < 0.0001

Table 4. The correlation among the study parameters of patients
Parameters Urea Creatinine Calcium Phosphorous
Urea 1.00 —-0.31 -0.03 0.17
Creatinine -0.31 1.00 -0.01 0.54
Calcium -0.03 -0.01 1.00 -0.30
Phosphorous 0.17 0.54 -0.30 1.00
52 Hupium. Kidneys Tom 14, N2 3, 2025
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Global epidemiological study shows that CKD preva-
lence rises with age, and this distribution matches that
trend. Due to structural and functional kidney degradation,
such as nephron loss, glomerulosclerosis, and vascular stiff-
ness, GFR normally declines with age [15]. Physiological
changes in elderly people raise the likelihood of chronic kid-
ney disease even without other health issues.

The main risk factors for CKD, hypertension and type
2 diabetes, are also more frequent in older people. These
co-occurring diseases gradually damage renal function [16].
This study largely comprised patients aged 57—72, consis-
tent with the Chronic Kidney Disease Prognosis Consor-
tium’s findings that CKD incidence and severity grow dra-
matically after 50 [17].

Younger people may have better renal reserve and re-
duced chronic disease risk, which may explain why 20 % of
patients are in this age range. Hereditary nephropathies, au-
toimmune diseases, and congenital anomalies cause CKD
in this age group [18]. While uncommon, early-onset CKD
has a longer disease course and a higher risk of lifelong com-
plications, making it important to detect and treat. This
aging chronic kidney disease burden emphasizes the need
for preventive nephrology therapy and age-specific scree-
ning programs to reduce the risk of ESRD and its healthcare
costs [19].

Compared to healthy controls, CKD patients have sig-
nificant biochemical alterations in urea, creatinine, cal-
cium, and phosphorus. Chronic renal illness causes kidney
function decrease and mineral metabolism disturbances,
which these changes reflect. Compared to controls, CKD
patients exhibited substantially higher urea and creatinine
levels (135.90 +£2.53 mg/dL and 7.46 & 1.15 mg/dL, respec-
tively) with a p-value < 0.0001. Our findings support serum
urea and creatinine as primary markers of GFR and total
renal function. Kidney failure reduces excretion, causing
blood nitrogenous waste accumulation [20].

Additionallyy, CKD patients had significantly lower
blood calcium levels (5.54 + 0.41 mg/dL) compared to
controls (9.34 £ 0.14 mg/dL). Reduced renal conversion of
25-hydroxyvitamin D to 1,25-dihydroxyvitamin D may im-
pede intestinal calcium absorption in chronic kidney illness,
causing hypocalcemia [21]. Hyperphosphatemia and PTH
resistance in renal and bone tissues aggravate secondary hy-
perparathyroidism [22].

Patients with CKD exhibited significantly higher blood
phosphorus levels (5.37 £ 0.47 mg/dL) compared to con-
trols (3.34 = 0.14 mg/dL) (p-value < 0.0001). Severe CKD
induces hyperphosphatemia due to renal phosphate ex-
cretion reduction. Arterial calcification, increased phos-
phorus levels, and cardiovascular morbidity and morta-
lity have been associated to chronic renal disease [23, 24].
This study shows that serum calcium and phosphorus are
negatively correlated in CKD patients, supporting mineral
metabolism dysregulation. Low calcium and high phos-
phorus, creatinine, and urea values indicate renal excre-
tory dysfunction and bone-mineral metabolism issues.
Preventing cardiovascular events and bone disorders in
CKD patients requires early detection and treatment of
these abnormalities.

Table 4 shows a modest positive correlation (r = 0.54) be-
tween blood creatinine and phosphorus levels rising concur-
rently as renal function declines. This is pathophysiological-
ly feasible since CKD decreases renal excretion of inorganic
phosphate and creatinine, a nitrogenous waste product [21].
Hyperphosphatemia causes arterial calcification, cardiovas-
cular disease, and increased mortality, particularly in ad-
vanced chronic renal disease [25]. Phosphorus and calcium
had a moderate negative correlation (r = —0.30) supporting
their adverse physiological relationship. In chronic kidney
disease, poor renal phosphate clearance raises blood phos-
phorus. This increases PTH and FGF-23, which limit cal-
citriol synthesis and calcium absorption. This relationship
affects hypocalcemia and secondary hyperparathyroidism in
CKD-MBD [26].

A weak negative connection with creatinine (r = —0.31)
and calcium (r = —0.03) and a minor positive correlation
with phosphorus (r = 0.17) were the only meaningful rela-
tionships. Urea is a sensitive indication of nitrogen reten-
tion, although protein ingestion, catabolism, and hydration
status affect its variability, as these modest associations sug-
gest [1]. The counterintuitive inverse association between
urea and creatinine may be owing to individual differences
in CKD patients’ creatinine production or tubular secre-
tion, particularly in muscular wasting or malnutrition.
Since creatinine and calcium show no significant relation-
ship (r = —0.01), hormonal and gastrointestinal factors
may have a higher influence on calcium levels in CKD than
glomerular filtration alone. Our data show that vitamin D,
phosphate, and parathyroid hormone maintain calcium
homeostasis.

To conclude, the correlation analysis shows that mul-
tiple pathophysiological pathways cause CKD. When cre-
atinine and phosphorus are considerably connected, both
minerals are reliant on renal excretion. When calcium and
phosphorus are negatively related, mineral balance is upset.
Our data show that chronic renal disease therapy requires
extensive biochemical monitoring to decrease systemic risks
and improve patient outcomes.

Conclusions

Biochemical abnormalities including hypocalcemia and
hyperphosphatemia are related with chronic kidney disease,
which decreases renal function. These anomalies induce
secondary hyperparathyroidism, CKD-MBD, cardiovascu-
lar disease, and mineral and bone disorders. High blood cre-
atinine and phosphorus levels show how mineral metabolism
and renal clearance are linked. Preventing CKD complica-
tions requires early detection and treatment. Biochemical
markers must be consistently monitored in chronic kidney
disease treatment to improve patient outcomes and quality
of life. These indicators include calcium, phosphorus, PTH,
and creatinine.
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MopyLeHHSs piBHIB KAAbLIO Ta pocdopy gk GioxiMiyHi MapKepwu Npu XPOHiYHi XBOPO6i HUPOK:
AOCAiA)KeHHﬂ TMny «BUNAAOK — KOHTPOAb»

Pe3iome. Akryaabnicts. [Iporpecyioua BrpaTta (GyHKIIi HIPOK
€ 03HaKOI0 XpOHIYHOI XBopoOu HHUpoK (XXH), 1mo yacto cy-
MPOBOIKYETHCS OIOXIMIYHMMU MOPYILIEHHSIMU, 30KpeMa OOMiHy
Kanblito Ta dhocdaris. Lli posnamu BimirparoTh KIOYOBY pOJIb Y
naTo(i3ionorii BTOpMHHOTO TilleprapaTupeo3y, CYINHHOI Kallb-
nugikaliii i mopyiieHb MiHepaJbHOTO OOMiHY KiCTKOBOI TKaHU-
Hu. Meta: BuBuuTH Ipodini Kajbliiio ta ¢pocdopy B KpoBi ma-
uieHTiB i3 XXH, sKi nepeOyBaloTh Ha remMoianisi, 3’scyBaTu, uu
KOPETIOIOTh BOHU 3 TTOKa3HUKaMU (DYHKIII HUPOK, Ta MOPiBHATH
pe3yJibTaTu 3 JaHUMU 3[0POBUX OCiO /ISl BUSHAUEHHS JiarHOC-
TUYHOT a00 MPOTHOCTUYHOI 3HauyIIocTi. Marepiaau Ta MeToaM.
[TopiBHsUTBHE TTOTIEpEUHE NOCTIIKEHHS OYJ10 TIPOBEIEHO B JTiKap-
Hi Anb-XycceliH 3 rpyaHs 2024 poky mo 4yepBeHb 2025 poky. Y
HBOMY B3sUTM y4acTh 60 MalieHTiB 3 TepMiHaibHO cTamiero XXH
BiKOM Bix 25 10 72 poKiB, SIKi TPUBaJIWIA YaC OTPUMYBAJIA TeMO-
niami3. Takox y mociimkeHHs O0ysno BkitodeHo 30 3m0poBux ocio
KOHTPOJILHOI TPYIM, MOPiBHSIHMX 3a BiKOM Ta cTarTTio. PiBHI cevo-
BUHU, KPEaTUHiHY, KaJblito Ta ¢hocopy B CUPOBATILI KPOBi BUMi-
proBaJI Ta aHAJTi3yBaJIv 3a JOIIOMOT'00 CTAHIAPTHUX OiOXiMiYHMX
meroniB. CTaTUCTUYHUI aHaAi3 MPOBOIUIIN 3a JOTIOMOTOIO TIPO-
rpamu SPSS Bepcii 26 i3 piBHeM 3HauyiocTi p < 0,05. s aHamizy

3B’SI3KiB MiX TMapaMeTpaMu BUKOPUCTAHO KOEMILliEHT KOpesiii
[Mipcona. Pe3yabTaTu. [TopiBHSHO 3i 310pOBUMU 0COOAMU KOHT-
POJILHOI IPYMY MALIEHTH i3 XPOHIYHOIO XBOPOOOIO HUPOK MU
3HAYHO BWII CUPOBATKOBI piBHI docdopy (5,37 + 0,47 mr/mn)
Ta KpeatuHiny (7,46 * 1,15 mr/mi), a TakoX HWXYMI yMIiCT
kaublito (5,54 = 0,41 mr/m) (p < 0,0001 pis Beix). 3B’430K MixX
KpeaTuHiHOM Ta dochopom OyB aeuio no3utuBHUM (r = 0,54),
OIHAK piBHI KaJblilo Ta dochopy Maau HETaTUBHY KOPEISLiio
(r = —0,30). BucnoBku. Tinepdocdaremist Ta rinokaabLiemis €
JIOCUTb MOIIMPEHUMM SIBULLIAMM B OCi0 i3 mporpecyrouoro XXH, i
00MIBa CTaHU Oe3MOCepeHbO OB’ I3aHi 3i 3HIKEHOIO (DYHKITIEIO
HupokK. PiBeHb pochopy Moxke OyTH BUKOPUCTAHUIA K CypOTarT-
HUM MOKAa3HUK HUPKOBOI HENOCTATHOCTI, 110 MiATBEPIXKYETHCS
I0r0 HE3HAYHOIO KOPEJISILIEI0 3 YMICTOM KpeaTuHiHY. Perymsip-
HUIT MOHITOPUHTI piBHIB Kaiblilo Ta ¢ochopy Ha n0oaaToK 10
TPAIUIINHUX TTOKA3HUKIB € BaXJIMBUM JUISI PAHHBOTO BUSIBJICH-
HSI TIOpYLIEHb MiHepaJbHOIr0 OOMiHY Ta CBOEYACHOTIO JIiKyBaHHS
YCKJIaJIHEHb, IMTOB’s13aHuX i3 XXH.

Kimo4oBi cji0Ba: xponiuHa XBopo6a HMpPOK; GioMapKepH; Ti-
riepdocdaTemist; rimoKaablieMis; TeMoialli3; TOpYIIeHHS MiHe-
pajbHOTO OOMiHY; KpeaTuHiH; (pocaTHO-KalbIli€Ba BiCh
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Gender disparities in kidney
fransplant access and outcomes:
a population-based analysis

Abstract. Background. Kidney transplantation is seen as a better treatment option in end-stage kidney
disease (ESKD) because it offers greaterlongevity as well as quality of life. Access o kidney fransplantation and
post-transplantation outcomes is generally hindered by gender disparities. Women are underrepresented as
kidney recipients but overrepresented as living donors. Gender disparities in kidney fransplantation exist as a
resultof various factors, such asbiologicaland socioculturalone, including sensitization from prior pregnancies,
biological differences in the immune system, or gendered patterns of health care access or referral. Women
receive fewer transplant referrals, face delays in evaluations, and obtaining encouragement for transplant
compared with men. Materials and methods. This population-based study uses the Early Steps to Transplant
Access Registry data and focuses on ESKD patients from Georgia, North and South Carolina. It examines
gender differences across the full fransplant care continuum, from referral to post-fransplant outcomes. We
statistically adjusted for clinical prognostic variables and demographic factors to evaluate the independent
contribution of gender on transplant access and oufcomes. Resulfs. Our examination shows that women
with ESKD are significantly less likely to be listed or receive a kidney fransplant compared to men, even after
controlling for other variables. The requirements persist throughout the fransplant process, and the inequities
are evident at every stage. While biologically related considerations of risk (graft rejection) and differencesin
metabolism of immunosuppressive medications likely partially explain some variance in outcomes, gender-
related social determinants (e.g., provider bias) and systemic inequities generally explain more variance
in the access gap for women, by comparison. It is also important to note new emerging challenges of
great concern, such as the under-researched healthcare needs of fransgender people, and the impact of
COVID-19 on transplant recipients that compound gender inequities related fo access to transplantation.
Conclusions. This study highlights the pressing need to identify and address gender equity considerations
in kidney fransplantation decisions. Although there may be clinical justification for gender inequities, these
issues emanate predominantly from modifiable sociocultural and institutional factors. Transplantation systems
have not officially considered sex- and gender-sensitive means to eliminate barriers to access. Immediate
policy intervention, education, and support are needed fo ensure equitable access and equity of outcomes
for all people, especially those from diverse gender identities.

Keywords: kidney transplantation; gender disparities; access to care; sex-based outcomes; transplant
equity

1. Infroduction yet there remains a persisting gap in the utilization of KT

Kidney transplantation (KT) is the most effective kid- based on gender, sex, and socio-economic status. This
ney replacement therapy, clearly maintaining a patient’s gap is not only restricted to the absence of resources,
life, providing an improved quality of life while redu- health care finances, or availability of the organs; rather,
cing long-term costs in comparison to dialysis [1]. Clini- it extends to biological inequalities and socio-cultural
cal and economic advantages of KT are well established, inequities.
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Biology refers to sex with the genetic and anatomical
traits, along with hormonal aspects that may determine the
progression of disease, the person’s immunologic compa-
tibility, as well as the immunoregulatory pharmacokinetics
of medications given to suppress immune system functio-
ning. Gender, on the other hand, is a social, psychological,
and cultural identity that defines the norms, actions, and
relationships a person takes part in regarding health care
[2]. Sex and gender are often interchanged in usage. Still, in
reality, these concepts should be analyzed separately as they
relate to transplant medicine to fully comprehend all aspects
of inequities.

Even though women currently outnumber male living
organ donors, they remain underrepresented as recipients
of kidney transplants [3]. A considerable amount of lite-
rature suggests that women are less likely to be referred for
transplantation, undergo appropriate evaluations, and sub-
sequently be placed on the waiting list relative to men, and
this persists even when clinical factors are accounted for [4,
5]. This disparity exists even when evidence suggests that
women, on average, have similar or better postoperative
outcomes [6]. Perceptions of increased frailty, pregnancy-
related heightened sensitization, autoimmune diseases, and
greater psychosocial barriers to care amongst women con-
tribute to this paradox [7].

In the United States, the US Renal Data System
(USRDS) and the Early Steps to Transplant Access Registry
(E-STAR) provided insights into these pathways, revealing
stark differences between males and females at each stage of
the transplant process from referral to evaluation and finally
to transplantation [5]. The most striking disparities of these
related to comorbidities and organizational bias are found
among older women and those with diabetes-related end-
stage kidney disease (ESKD). Furthermore, in India and
many other low- and middle-income countries, economic
hardship, poor health literacy, lack of personal agency, and
caregiving responsibilities in these societies greatly reduce
women’s access to KT [8].

The inequities in pediatric transplantation systems show
cultural bias when girls are less likely than boys to receive
preemptive transplants or get placed on a waitlist. Even
in high-income countries, there is a lower socioeconomic
women’s KT rate, which shows that there is a dominant ex-
posed pattern of inequality and oppression in women’s ac-
cess to transplants globally [9].

The study area includes the southeastern United States,
specifically Georgia, North Carolina, and South Carolina,
which are classified under End Stage Renal Disease Net-
work 6. These states were chosen because of the high burden
of chronic kidney disease (CKD) in these areas, coupled
with their unique demographic profile — higher proportions
of African Americans and low-income communities and
their disproportionate susceptibility to advanced stages of
kidney failure. The region has an intersection of socio-eco-
nomically disadvantaged populations with healthcare ac-
cess barriers, limited availability of the healthcare specialty
services, healthcare disparities, and their lack of access to
tertiary healthcare facilities makes it an ideal region to study
the intersection of gender, race, and socioeconomic factors

on the access and outcomes of kidney transplantation. The
study uses data from all nine adult transplant centers within
the states which are linked through the E-STAR, allowing
for a thorough population-based study of disparities across
the entire continuum of kidney transplant care. This focus
allows the investigation and documentation of systemic as
well as community level barriers which can inform targeted
policy and clinical interventions.

This study aims to examine population-based disparities
in access to and outcomes of kidney transplantation, with a
particular focus on all processes involved in the transplanta-
tion continuum. Using multicenter registry data with attrib-
uted causes of ESKD, this study aims to determine whether
such disparities are consistent across demographic and
clinical subgroups. It aims to address gaps in policies, ac-
tions, or clinical standards designed to enhance equity and
intersectional considerations in the access and outcomes of
transplants for all genders.

2. Literature review

Research over the past twenty years demonstrates the
continued presence of gender inequities in terms of access
to, and outcomes associated with, kidney transplantation.
Harding et al. (2023) performed a retrospective cohort study
using over 2.3 million adults from the USRDS conducted
a longitudinal analysis over the years 1997—2020 captu-
ring points of sex inequity in transcending transplant ave-
nues such as waitlists, living donor kidney transplantation
(LDKT), and deceased donor kidney transplantation. The
findings showed that despite the evolution of replacement
therapies, inequity for women has been maintained and, in
some cases, even widened [10].

Of particular interest, in the study, it was noted that
generally women starting on kidney replacement therapy are
more likely to be older, from a lower socio-economic status,
with a greater prevalence of comorbidities such as diabetes,
and obesity. These dimensions reflect systemic inequities
at each stage of the transplant continuum. Furthermore,
concerningly, the adjusted hazard ratio (HR) for women re-
ceiving LDKT showed a downward trend, for example, 0.89
from 1997—2000 to 0.79 from 2017—2020. This is sugges-
tive of worsening access between men and women accessing
LDKT [11].

Complementary studies support these findings. Women
with type 2 diabetes mellitus and CKD were found to have
much lower rates of receiving deceased donor kidney trans-
plants than women without diabetes, sometimes presenting
in less severe degrees of cardiovascular comorbidity than
men. Ahearn et al. (2020) alluded to their findings to indi-
cate that non-clinical or structural determinants of health
factors like bias and socioeconomic status, physician-cen-
tered, clinically motivated frameworks may trump clinical
determinants of health in providing determinations of eligi-
bility for transplant.

Biological sensitization, such as pregnancy, is one of the
other contributing factors of the disparity that is biological
sensitization. Sensitization leads to the formation of anti-
human leukocyte antigen antibodies, and because of this, it
can result in obstacles when matching for living donors such
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as a child, spouse, or parent. Of all the sensitizing factors,
such as blood transfusions, transplant surgeries, and other
sensitizing events, pregnancy appeared to be the most sig-
nificant factor on women’s sensitization [13, 4].

The situation is exacerbated by a lack of gender represen-
tation in referrals and evaluations related to the early trans-
plant processes. One study conducted in the Southeastern
United States focused on the E-STAR, which compiled data
from all adult transplant centers in Georgia, North Caro-
lina, and South Carolina. Findings showed that women were
consistently less likely to be referred for further evaluation
and, when referred, were less likely to survive long enough
to be listed compared to men. This reinforces the idea that
inequities are embedded in the case before any surgery oc-
curs [12].

Additionally, women’s relatively higher percentages of
body fat — compared to height and weight — may heighten
risk during surgery; therefore, the clinician may hedge on
the decision to eliminate some, if not entire publications
were ultimately eliminating women from factors that would
impact elimination, illustrating obvious biases in the as-
sessment of these risks. Cultural factors and cultural roles
contribute to the issue as well; women are more likely to be
kidney donors, which potentially stems from the traditional
caregiver role, but are less likely to be recipients. This repre-
sents a profoundly entrenched socio-cultural paradox.

In conclusion, while kidney transplantation is still the
best option for ESKD, there is a need for systemic change
addressing the persistent and growing gender inequities at all
levels of the process. These include policy changes, particu-
lar initiatives at the very start of the transplant process, and
within knowledge care located within the specific biological
and socio-cultural context of women.

3. Materials and methods
3.1. Study design and data source

This study overall works with two datasets, the USRDS
and the E-STAR, which are fused together. The study popu-
lation was patients aged between 18 and 79 years diagnosed
with ESKD initiating dialysis on or after January 1, 2015,
and before January 31, 2020. This study was limited to three

southeastern states: Georgia, North Carolina, and South
Carolina. This region was of special consideration due to the
high prevalence of chronic kidney disease and the unique
demographics, particularly African Americans.

To achieve complete and accurate tracking through all
phases of the transplant pathway, patient-level data from
the USRDS was linked to all nine-adult transplant center
referral and evaluation forms from the specified regions.
This connection allowed for complete capture of transplant
referral and evaluation data for the entire region, offering
detailed insights into the initial phases of the kidney trans-
plantation process.

The implementation of the E-STAR proved vital for
capturing undocumented steps, including initial referrals
for transplant, evaluation commencement and completion,
and eligibility assessments. These steps are crucial for elu-
cidating gaps in healthcare equity and identifying the scope
of inequitable care distribution among various demographic
groups, even though they are often absent from national sur-
veillance datasets. It is also important to note that individu-
als listed as “medically unsuitable”, “psychologically unfit”,
or too old for transplant (based on the Centers for Medicare
& Medicaid Services (CMS) Form 2728) were excluded.
This allows the study population to be more representative
of individuals with realistic pathways toward receiving kid-
ney transplantation.

In any case, the absence of these transplants has enabled
a methodologically sound analysis of the early stages of
transplant access across a diverse and medically underserved
population, thereby strengthening the examination of sex
and gender differences in the referral and evaluation pro-
cesses for kidney transplantation.

The data presented in Table 1 highlights significant gen-
der disparities throughout the kidney transplantation pro-
cess for patients with ESKD, particularly in the Southern
United States. Although women comprise 42.1 % of the
ESKD population, they are consistently underrepresented
in key stages of the transplant pathway. Referral rates re-
veal a 10 % gap between genders, with only 60 % of eligible
women being referred for transplant compared to 70 % of
men. This early-stage inequality may contribute to poorer

Table 1. Kidney transplant gender disparity

Category Value, % Source/Comment
Proportion of female ESKD patients (South US) 421 E-STAR (2015-2019)
Referral rate for women 60 Estimated from referral stage data
Referral rate for men 70 Estimated from referral stage data
Survival rate (5 years post-ESKD) 48 Approx. survival trend from population-based

studies

Dialysis dependency rate 82 Estimated from dialysis continuation post-ESKD
Quality of life score (1-10 scale) 4.5 Subjective quality assessments in related studies
Women receiving pre-ESKD 35 Derived from evaluation data in underserved
nephrology consultation areas
Men receiving pre-ESKD 50 Derived from evaluation data in underserved
nephrology consultation areas
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outcomes for women, as shown by a lower five-year survival
rate of 48 % and a higher dialysis dependency rate of 82 %.
Furthermore, women report a lower average quality of life
score (4.5 out of 10), underscoring the impact of delayed or
missed transplant opportunities.

Table 1 also illustrates that only 35 % of women receive
pre-ESKD nephrology consultations, compared to 52 % of
men, indicating missed chances for early intervention and
timely referrals. These disparities are rooted in both clinical
and social determinants of health, including provider bias,
caregiving roles, and limited access to specialized care. Col-
lectively, these figures underscore the urgent need for gen-
der-sensitive strategies in nephrology care and transplant
evaluation to close the gap in kidney transplant access and
outcomes.

3.1.1. Tracking referrals and qualitative aspects

In the E-STAR study, systematic retrieval of referrals was
done through standardized referral and evaluation forms
obtained from all nine adult transplant centers in Georgia,
North Carolina, and South Carolina. Through the USRDS,
these forms were also merged with patient-level data, which
facilitated tracking of the entire continuum from dialysis
initiation to transplant milestones. In this case, referral was
defined as any noted suggestion for evaluation within a year
of commencing dialysis and evaluation was labeled as the
appointment occurring within six months post referral. This
integration allowed the assessment of measurable provision
toward accessing transplantation within a predefined time-
frame.

While the E-STAR had extensive clinical and demo-
graphic information, it lacked qualitative variables like phy-
sician referral rationale, clinical summaries, or subjective
evaluations documented in an open-text format. Therefore,
no qualitative physician motivations or reasoning were re-
corded alongside the dataset. Nonetheless, the study in-
corporated system and organizational level variables, such
as the for-profit status of the facility and social worker to
patient ratios, as proxy indicators of provider resources and
organizational practices. Such contextual indicators provide
institutional insight and motivations and potential biases
within the referral patterns. Although the report provided
the conclusions based on the unaddressed structural inequ-
ities and underlying provider assumptions, those elements
were neither coded nor analyzed qualitatively.

3.2. Inclusion and exclusion criteria

Eligibility criteria were defined for a cohort with a liver
transplantation eligibility assessment to ensure the findings
of the study are precise and meaningful. Only adults with
diagnosed ESKD were included if they could clinically and
demographically qualify for a transplant. On the contrary,
participants were excluded if they were considered medi-
cally, psychologically, or age-wise unsuitable on the CMS
Form 2728 — essentially a transplant evaluation paperwork
used to document important patient attributes at the onset
of kidney replacement therapy.

The study also did not include participants with incom-
plete data sets, specifically those without race/ethnicity in-

formation or the primary attributed cause of their ESKD.
These fields are essential for analyzing inequities in the dis-
tribution of transplant opportunities relative to race or di-
agnosis and are essential to the credibility of analysis that
relies on stratified population comparisons. Such analyses
require the presence of critical information to be accurate
and reliable.

After applying these exclusion criteria, the final ana-
Iytic cohort included 43,548 adult patients who started dia-
lysis from January 1, 2015, to December 31, 2019, in the
southeastern region of the United States. This curated co-
hort served as the foundation for all subsequent analyses, al-
lowing the research team to evaluate sex/gender differences
in transplant referral and evaluation with ample statistical
power and demographic representation. The thorough ex-
clusion process helped improve the accuracy of the study’s
findings and strengthened the validity of the conclusions
drawn concerning the population most likely to benefit from
enhanced policies concerning equitable transplant access.

3.3. Exposure and oufcomes

The primary exposure variable in this study was sex/
gender recorded on the CMS Form 2728. By standardized
clinical reporting within the USRDS, patients were classi-
fied in a mutually exclusive manner as either male or female
based on clinician-reported gender. While this binary clas-
sification does not encapsulate the full breadth of gender
diversity, including transgender and non-binary identities, it
conforms to historical CMS documentation practices and
was important for uniformity across the expansive dataset
analyzed.

The study focused on three primary outcome measures.
Each of these milestones is critical in the progression of kid-
ney transplantation. The outcomes are relevant to gaps or
inequities associated with sex/gender disparities within the
continuum of care for patients with ESKD.

This was defined as whether a patient was actively re-
ferred for transplant evaluation within one year of starting
dialysis treatment. Referral is a vital preliminary step within
the greater transplant process, and omissions or significant
delays at this stage severely limit future opportunities. The
study assessed the referrals within a bounded time window to
assess punctual access to referral, and thus, autonomy, which
is essential for clinical outcomes. This outcome was captured
if a patient commenced evaluation within six months after
the referral date. Evaluation consists of thorough clinical and
psychosocial tests and determines a patient’s overall candi-
dacy for transplantation. Timely initiation of evaluation is
critical. Without prompt evaluation initiation, there is the
likelihood of delay, which could suggest inefficiencies or ob-
stacles, maybe due to demographics, socioeconomic class,
or provider-level bias. The last primary outcome was whether
or not a patient was added to the transplant list preemptively
or after evaluation. Being placed on the list is a key milestone
that enhances the likelihood of receiving a kidney transplant,
whether from a living or deceased donor. This specific out-
come sheds light on how sex and gender differences may
shape the culmination of early transplant processes and par-
ticipation in the national waiting list.

Tom 14, N2 3, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua 59



OpuwuriHaabHi ctarti / Original Articles

In combination, all three of these outcomes provided an
opportunity for the researchers to analyze inequities at dif-
ferent, incremental stages in a kidney transplant pipeline —
from referral to listing — thereby providing a systemic evalu-
ation of where and how gender-based inequities in access to
kidney transplantation manifest.

3.4. Covariates and patient characteristics

The investigation added a wide range of patient-level,
facility-level, and neighborhood-level variables to capture
the clinical, demographic, and socioeconomic factors that
may impact the accessibility of a kidney transplant and the
potential confounding factors of sex/gender on surgical out-
comes.

3.4.1. Patient-level covariates

These factors offered important information regarding
the situation of each patient that could influence their eligi-
bility for a kidney transplant.

A. Age. As a participant’s age is recorded at the initiation
of dialysis, it becomes relevant both from a medical eligi-
bility and provider perception standpoint of suitability. Ad-
ditionally, older patients are more likely to encounter age-
related comorbidities, which may hinder their referral and
evaluation.

B. Race/ethnicity. Respondents’ racial and ethnic iden-
tities are recorded to capture inequities across gender. It is
documented that non-Hispanic Black and Hispanic popu-
lations face greater barriers to access due to structural rac-
ism and healthcare inequities.

C. Body mass index (BMI). As an indicator of obesity
and body composition, BMI also indicates possible risks to
surgical intervention. During referral and waitlisting pha-
ses, the medical community appears to be concerned about
postoperative complications, particularly in women with
higher BMI.

D. Primary cause of ESKD. Documented were the con-
ditions identified that cause kidney failure, which include:
type 2 diabetes, hypertension, glomerulonephritis, and
polycystic kidney disease. These causes may affect eligibility
for transplantation and progression, especially in diabetic
and hypertensive individuals who tend to face greater bar-
riers to access.

E. Comorbidities. Diagnosing other diseases, such as
cardiovascular disease, cancer, and cerebrovascular disor-
ders, was analyzed through diagnostic coding. These co-
morbidities may disqualify patients or delay their evaluation
for transplantation.

E. Pre-ESKD nephrology care. It was noted whether
or not the patient received nephrology care before kidney
failure. This care improves chances of better outcomes and
referrals, leading to higher rates of successful engagements
with specialists and improved preparation for transplanta-
tion.

G. Transplant education. Participating in formal courses
dedicated to enhancing knowledge about transplants was
included, as these programs improve patient self-advocacy.
Women and underserved populations disproportionately
lack education on these topics.

H. Insurance type. To better capture the context of each
patient, we recorded their insurance type (ex., Medicaid,
Medicare, or private insurance). Insurance type affects
one’s access to evaluation appointments, needed medica-
tions, and selection of facilities. It also serves as a proxy for
socioeconomic status.

3.4.2. Facility-level covariates

The dialysis and transplant centers’ characteristics were
incorporated to account for institutional differences in the
delivery of care.

— For-profit status. These facilities were classified based
on their for-profit or non-profit designation. Patient out-
comes may be influenced by for-profit centers due to diffe-
rences in resource allocation, staffing models, referrals, and
overall center operations.

— Patient-to-social worker ratio. Referring to the work-
load of social workers that educate, coordinate, and assess
transplant patients psychosocially, this metric captures a
social worker’s workload and resources relative to patients.
Limited resources available per patient suggest a higher ratio
and may result in diminished support and slowed referrals.

3.4.3. Neighborhood-level covariates

These are sociodemographic variables relative to pa-
tients’ residential ZIP codes and refer to the immediate
environment and community context as determinants of
health. Census-derived local poverty rates: These served as a
proxy for neighborhood-level socioeconomic status. High-
poverty areas are associated with limited access to health-
care, educational resources, and negative health outcomes.
The study sought to address multiple potential confounding
factors by incorporating an extensive socio-demographic
framework, thus providing a more nuanced and contextu-
alized analysis of the continuum of kidney transplant sex/
gender disparities. Such thorough adjustment enabled the
differentiation of genuine disparities from those influenced
by demographic, clinical, or structural inequities.

3.5. Assessing systemic and provider-level
factors

While the E-STAR does not include qualitative provider
narratives or direct assessments of individual bias, this study
utilized proxy variables on multiple levels to assess systemic
and provider-related factors contributing to the gender gap
within kidney transplantation. These factors spanned pa-
tient and facility level datasets to capture administrative,
organizational, and clinical decision-making frameworks
within the system.

The facility level included:

— for-profit status, serving as a marker for prioritization
of resources and patient throughput which may impact re-
ferrals;

— patient-to-social worker ratio, capturing the burden
on care coordination. A higher ratio may postpone trans-
plant education and psychosocial assessment disproportio-
nately affecting women and other marginalized groups.

At the patient level, several indirect measures of provider
contact were analysed.
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Pre-ESKD nephrology consultation rates as an indica-
tor of specialist access and leadership regarding the provi-
sion of appropriate guidance along the transplant pathway.

Attendance in transplant education programs, as an
indicator of availability and provider motivation towards
transplantation.

These variables acted as quantifiable proxies for assessing
systemic inequities alongside possible biases from providers.
Although they do not capture individual acts of bias or dis-
crimination, they reflect access aversion patterns which may
stem from unvoiced biases or standardized norms within
practices. With integrated qualitative techniques such as in-
terviewing providers and analysing narratives in electronic
health records, precision in identifying biases could be
sharpened greatly in future research.

3.6. Statistical analysis

Descriptive statistics reported the baseline characte-
ristics. Cumulative incidence curves stratified by sex/gen-
der were used to estimate the time to each event: referral,
evaluation start, and waitlisting. The primary inferential
method applied was the Cox proportional hazards mo-
del to estimate HR for each transplant step with relevant
covariate adjustment. Also, logistic regression was con-
ducted to explore differences in odds for important binary
outcomes.

Fig. 1 illustrates the gender-wise distribution across key
transplant process steps — referral, evaluation start, and
waitlisting. It shows that at each stage, women consistently
have lower percentages compared to men, with the disparity
becoming most pronounced at the waitlisting stage. This vi-
sualization supports the statistical findings and underscores
gender-based inequities in transplant access.

Cox proportional hazards model

h(t| X) = h(t).exp(B X, + B, X, + ... + B, X)), ¢))
where A(#|X) is the hazard function at time # given covariates

X, and g, are the model coefficients.
Logistic regression for binary outcomes

log (% <+ B X +pX, +... +pX,
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Figure 1. Gender-wise distribution across
transplant steps, %

where p is the probability of an outcome (e.g., waitlisting),
and X are explanatory variables.

3.6.1. Subgroup and sensitivity analyses

Subgroup analyses were stratified by age, race, and BMI
to assess interaction effects of sex/gender with regard to
referrals, evaluations, and waitlisting processes. Sensitivity
analyses included competing risk models (fine-gray) and
adjustments for pre-ESKD treatment and year of treatment.

3.7. Ethical considerations

This investigation abides by the STROBE guidelines for
observational studies as well as the Declaration of Helsinki.
Ethical review was obtained from Emory University’s IRB
(IRB00113572).

Fig. 2 shows the stepwise approach used in the inves-
tigation of a population-based study on gender differences
in access to and outcomes of kidney transplants. The study
starts with the identification of adult patients with ESKD
who commenced dialysis between January 1, 2015, and De-
cember 31, 2019. These individuals were located within the
boundaries of the USRDS and were limited to End Stage
Renal Disease Network 6, which covers the states of Geor-
gia, North Carolina, and South Carolina. Patients who were
missing information on race or cause of ESKD, those who
were medically or psychologically unfit for a transplant, and
those who met other diverse criteria were excluded. The fi-
nal cohort included 43,548 patients who could be analyzed.

From this final cohort, the first outcome assessed was
whether the patient was referred for an evaluation for a kid-
ney transplant within 12 months of starting dialysis. For
those referred, the subsequent step assessed whether the
patient completed the evaluation for the transplant within
six months of the referral. After undergoing evaluation, the

Patient selection

v

Exclusion filtering

v

Final cohort

v

Referral within 12 months

v

Evaluation within 6 months

v

Waitlisting

v

Transplantation outcome

Figure 2. Methodological flowchart

Tom 14, N2 3, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua 61



OpuwuriHaabHi ctarti / Original Articles

methodology determined whether patients were able to be
waitlisted for a kidney transplant, and finally, whether they
received a kidney transplant.

Each step in the sequence — referral, evaluation, wait-
listing, and transplantation — highlights important mo-
ments in the transplant care process that may diverge by sex
and gender differences. In this way, the flowchart is perti-
nent to the study’s aims as it illustrates patient progression
through each stage and indicates points where gender com-
parisons were made about access and outcomes.

4. Results

Table 2 illustrates that the study of 43,548 patients who
started dialysis between 2015 and 2019 showed a concern-
ing gender imbalance throughout the kidney transplantation
process. The study population consisted of 42.1 % women
and 57.9 % men. Notably, women accounted for over 60 %
of living kidney donors but participated as less than 35 % of
the recipients. This unequal ratio was observed in all phases
of the transplant process: referral, evaluation, waitlisting,
and transplant. Within a year of starting dialysis, women
were 10 % less likely to be referred to a transplant surgeon
(HR: 0.90, 95% confidence interval (CI): 0.88—0.93) and
7 % less likely to start the evaluation phase within 6 months
after referral (HR: 0.93, 95% CI: 0.89—0.96). After evalu-
ation, the chances of being waitlisted were roughly the
same (HR: 0.98, 95% CI: 0.93—1.03) as were the chances
of receiving a transplant (HR: 1.02, 95% CI: 0.95—1.10).
Though these ratios appear balanced, the inequity at earlier
stages limited overall effectiveness and increased the likeli-
hood of lower transplant rates.

Table 2. Gender distribution of kidney transplant

recipients
p-:;igzglgg p Women (%) Men (%)
Started dialysis 421 57.9
Referred 38 62
Evaluated 35 65
Waitlisted 35 65
Transplanted 34 66
Living donors 60 40

As noted in Table 3, women aged 60—79 and those with
diabetes or obesity demonstrated significantly lower odds of
being evaluated and referred for transplant. For example,
women in the class iii obesity category had a 24 % lower like-
lihood of being referred compared to men of similar BMI
(HR: 0.76, 95% CI: 0.70—0.82). These inequities were fur-
ther exacerbated by other factors such as race and socioeco-
nomic status. Non-Hispanic Black women and those living
in areas of concentrated poverty face even worse delays, or a
complete lack of referrals.

4.1. Transgender and gender-diverse individuals:
emerging observations

The primary dataset used (CMS Form 2728) considers
sex to be a binary attribute and does not accommodate for-
mal analysis of transgender individuals, but clinical reports
and parallel studies suggest that transgender (TGD) and
gender-diverse individuals encounter specific barriers to
kidney transplantation, such as systemic biases and blatant
discrimination in medical settings, the need for extensive
legal documentation, and hormone therapy or prior surgi-
cal interventions that may complicate donor matching and
immune compatibility about transplant. Delay due to preju-
dice associated with record-keeping or evaluation referral
for TGD individuals compounds institutional biases. These
concerns are increasing the need for systematic exclusion of
gender identity from national transplant registries, which
would render comprehensive data for TGD populations be-
yond inequities in care.

5. Discussion

Table 4 illustrates that research adds to the accumulating
body of literature demonstrating that the inequalities among
the genders about kidney transplant procedures begin well
before the actual allocation of the transplant; they begin
at the referral and evaluation stages. In particular, women
are disadvantaged at almost all levels when suffering from
ESKD due to type 2 diabetes and hypertension, which are
the leading causes of ESKD, in the Southern region of the
United States. These inequities arise from critical factors,
which include worsened survival rates, increased reliance on
dialysis, and a reduction in life quality among female pa-
tients. The results emphasize the need for the incorporation
of gender-sensitive approaches in clinical nephrology and
in the protocols for referral to other specialists for kidney

Table 3. Disparities in access and clinical indicators

Subgroup Disparity description HR 95% CI
Women aged 60-79 Lower odds of evaluation and referral Not specified Not specified
Women with diabetes I;;gﬁ;:ike"hmd of evaluation and Not specified Not specified
. ... | 24 % lower likelihood of being
Women with class Ill obesity referred compared to similar BMI men 0.76 0.70-0.82
Non-Hispanic Black women | Worse delays or lack of referrals Not specified Not specified
\é\:gg’];h in high poverty Worse delays or lack of referrals Not specified Not specified
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transplant evaluation. Addressing these inequities would im-
prove access to kidney transplants and, therefore, improve
outcomes for women.

5.1. Possible explanations for disparities

These disparities may stem from several underlying is-
sues. To begin with, women tend to have lower referral and
waitlisting rates than their male counterparts with diabetes-
and hypertension-attributed ESKD. This indicates a pos-
sible providers’ bias stemming from the perception of frailty
of women, particularly older and obese women. Moreover,
due to higher caregiving burdens, women may deprioritize
their own healthcare needs, which further decreases the
likelihood of receiving a referral. This, along with lower
income, education, and greater systemic inequities, serve
to disproportionately affect women as social determinants
of health. In addition, the risk of sensitization related to
pregnancy increases donor incompatibility and complicates
surgical planning for women. Together, these integrate bio-
logical and sociocultural aspects to limit women’s access to
transplantation.

5.1.1. Restrictions on gender classification

An essential restriction of this study is that gender iden-
tity was captured as binary (male and female) in both the
E-STAR and the CMS Form 2728. This means that trans-
gender, non-binary, and gender-diverse individuals are ex-
cluded from the dataset. This narrows the scope of analy-
sis to compared to a cisgender-affirming population and
hinders understanding concerning how systemic inequities
would differently impact gender-diverse populations. The
absence of gender identity data disables inclusive research
and highlights the need to expand criteria in consideration
of registries’ data collection policies.

5.1.2. Impact of the COVID-19 pandemic

Even though this investigation was conducted using data
between 2015 and 2019, it can be reasonably assumed that
the COVID-19 pandemic period worsened the existing gen-
der disparities pertaining to access for kidney transplants.
There is evidence detailing the impact on women during the
COVID-19 period that includes but is not limited to, dispro-
portionately augmented caregiving responsibilities, limited
access to clinics, and economic hardships. A combination

of these factors likely diminished their chances of being
referred or evaluated for a transplant. Moreover, hospitals
had limited resources, which disproportionately affected
provision of services aimed at women with complex health
issues. Furthermore, due to the absence of gender identity
tracking in national datasets, the impact on transgender and
non-binary persons remains unassessed. Further studies are
required to analyze the impact of the pandemic on all gen-
dered groups in relation to access for transplantation.

5.2. Recommendations for addressing gender
disparities in kidney transplants

The transplant community concentrates their efforts on a
proactive strategy for managing women with ESKD resulting
from diabetes and hypertension far earlier in the disease pro-
cess. Clinical strategies include pre-ESKD nephrology con-
sultation, appropriate and on time referrals, as well as edu-
cative sessions about the transplant process geared towards
women. Training also has modules addressing the caregiving
bias to weak and obese women. On the other hand, systema-
tic policies like national monitoring of data on referral with
evaluation may assist in tracking and mitigating gaps of data
inequities. In addition, compliance with scheduled antihy-
pertensive and antihyperglycemic medications tailored to
these risks would qualify more women for transplants. Other
essential components include multicenter studies with ade-
quate geographical representation from low middle-income
countries and transgender people. These studies analyze the
sociocultural, economic, and mental health components of
the gender disparity. Closing these gaps makes it possible to
design coherent equitable frameworks and policies for organ
transplants for all genders and diverse communities.

Alongside quantitative results, future registry frame-
works should integrate qualitative elements like provider
comments, referral rationales, and patient interviews to
achieve a greater understanding of the disparities that exist
in the kidney transplantation procedure for different gen-
ders. Understanding the context and rationale behind refer-
rals can shed light on healthcare practitioner-level biases
and socio-cultural barriers that motivate caregivers which
are often masked by structured datasets. With more com-
prehensive frameworks, future studies will be able to assess
the balance between the clinical and psychosocial determi-
nants of the accessibility of transplants. Such an approach

Table 4. Implications of gender disparities in kidney transplant access and outcomes

Issue/Observation

Description

Early-stage inequities

Gender disparities begin at the referral and evaluation stages before
transplant allocation

Regional impact

Women with ESKD due to diabetes/hypertension in the Southern U.S. are
especially disadvantaged

Contributing factors women

Worsened survival rates, dialysis reliance, and reduced life quality for

Need for gender-sensitive approaches referrals

Call for gender-sensitive protocols in clinical nephrology and specialist

Expected impact of addressing inequities

practices

Improved transplant access and outcomes for women through equitable

Tom 14, N2 3, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua 63



OpuwuriHaabHi ctarti / Original Articles

will augment the richness of the data as well as the design of
the specialized corrective measures.

Moreover, transplant registries like the E-STAR and the
USRDS should advance to incorporate data fields capturing
gender identity beyond the binary framework. By including
transgender and non-binary options, researchers would be
able to expose inequities that remain concealed due to cur-
rent reporting practices. Including gender-diverse individu-
als in transplant registries is vital for advancing equitable
health care and ensuring that all population-based interven-
tions are appropriate and effective.

5.3. Expanded recommendations with specific
policy interventions

To eliminate the gaps in the disparity of gender-based
differences in kidney transplantation, several targeted policy
actions are needed. Transplant centers along with dialysis
centers should be set up to enforce systematic bias training
on communication and referral workshops on scrub nur-
sing for touches and providers on gender-sensitive health-
care. Also, both federal and regional healthcare authorities
need to amend all national transplant registries, including
the USRDS and the E-STAR, to incorporate non-binary
and transgender genders so that there will be better moni-
toring of the neglected groups. Furthermore, policy initia-
tives should be introduced which add equity-based evalua-
tion and referral in given performance indicators based on
evaluation of care and referral as an equity-based gap driving
metrics which the institution incentivizes monitoring wo-
man and care disparity drive gaps. In addition, gender-sen-
sitive nephrology education prior to ESKD should be uni-
versal among cultures, particularly to those with low health
literacy or high caregiving burdens. Finally, women in these
regions of high poverty, especially the Southern US, need
to be adequately educated and supported throughout the
transplant process by community-based programs and pa-
tient navigators that are directly funded for these purposes.

6. Conclusions

In the Southeastern United States, women have an even
longer history of the struggle for equal access to the health-
care they need. This region of the country frequently has
a higher incidence of type 2 diabetes and hypertension, as
they account for 75 % cases. Women with ESKD experi-
ence challenges in not being referred and evaluated for a
transplant compared to men. Women with equal survival
rates are less likely to be referred and evaluated for trans-
plants, and the likelihood diverges based on age, race, and
obesity. These trends imply that there would need to be cor-
rect gender interventions and remedying social biases that
result in disparity in the care women receive must be con-
sidered.

Social factors including caregiving burdens and systemic
biases — stack the deck against equity and influence the
experiences of women. These barriers are much heavier in
countries where resources were already limited, making life
hard for women. In these contexts, financing is constrained,
and social barriers create a perfect storm. In these situations,
we have to use a systematic approach that seeks to eliminate

bias while implementing fair referral systems and strong
systems with a patient focus, ensuring women and margina-
lized populations have equitable access. Policies need to be
made at the national and international levels to review data
with gender distinctions, establish systems that allow for fair
allocation, develop finance programs that are low-cost for
marginalized populations, and build on the transnational
framework in transplantation.

Moreover, the study benefited greatly from the E-STAR
with regards to monitoring early-stage transplant processes
like referral, evaluation, and waitlisting, which many na-
tional datasets overlook. Incorporating data from all nine
adult transplant centers from Georgia, North Carolina,
and South Carolina gave practical illumination on the pre-
cise points and manners where gender-based disparities
emerge.

Lastly, future research should clarify differences between
sex (biological) and gender (sociocultural) variables in their
relationship with transplant outcomes. Ultimately, equa-
lized transplant systems will resurrect the evolution from
reactive, evidence-based policy to a proactive approach
that ensures timely and life-saving kidney transplants for
everyone, regardless of sex, gender identity, and/or socio-
economic status.

Ethics approval. This study was conducted in accor-
dance with the ethical standards of the Declaration of Hel-
sinki. Ethical approval was obtained from the Institutional
Review Board (IRB) at Emory University (IRB00113572),
covering the use of patient-level data from the USRDS and
the E-STAR. All personal identifiers were removed before
analysis to ensure confidentiality.

Data availability. The data that support the findings of
this study are available from the USRDS and the E-STAR
but restrictions apply to the availability of these data, which
were used under license for the current study and are not
publicly available.
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FeHAEepPHi BiAMIHHOCTI B AOCTYIi AO TPAHCNAGHTALT HAPOK TA ii Pe3yAbTATAX: MOMYASILINHUNA GHOAI3

Pesiome. AkryanbHicTh. TpaHcraHTaliss HUPOK BBAXAETHCS
KpalliM METOJIOM JIIKyBaHHs MPU TEPMiHAJbHIN CTalii HUpKO-
Boi HepoctatHocTi (TCHH), ockinbku 3abe3rneuye OiIblIy TpU-
BaJIICTh XXMUTTSI Ta MOJiMIIeHHs Horo sikocTi. [IpoTe mocTym no
TpaHCIUJIAHTAIIil Ta pe3yJbTaTh ITicJs Hel 4acTO OOMEXYIOThCS
yepe3 TeHaepHi BimMiHHOCTI. KiHKM pigko OyBaiOTb pPELMITi-
€HTaMU HUPOK — OiJIbIIIOI0 MipOI0 BOHU € XUBUMU TOHOPAMM.
TennepHa HepiBHICTb y cdepi TpaHCIIaHTaLii 3yMOBJIeHA HU3-
KOIO 0iOJIOTIYHUX i COLIOKYJIBTYPHUX YMHHUKIB, 30KpeMa CeH-
cubinizalielo Imcast BariTHOCTI, 0i0OJOTiYHUMHU BiIMiHHOCTSIMU
B iIMyHHIill cUCTeMi, a TaKOX T'€HIEPHUMU OCOOJIMBOCTIMU 10-
CTYITy 10 MEAMYHOI JornoMoru abo HarnpasieHHs. 2KiHK1 oTpu-
MYIOTh MEHIIIE HATIpaBJIeHb HA TPAHCIUIAHTAILiI0, CTUKAIOTHCS i3
3aTpUMKaMU B OOCTEKEHHSIX i piAlle MOPiBHIHO 3 YOJOBiKaMu
OTPUMYIOTB MINTPUMKY B MUTAHHSX TpaHCIUTaHTallil. MaTtepianan
Ta MeToaM. Lle monynsiuiiiHe nociimkeHHs 0a3yeTbesl Ha TaHUX
peectpy the Early Steps to Transplant Access Registry i oxoruoe
nauieHTiB i3 TCHH i3 Hxopmxii, [TiBHiuHoi Ta IliBaenHoi Ka-
poJliHU. Y HbOMY PO3IJISIHYTO T€HIAEPHi BIAMiHHOCTI Ha BCix
erarnax — BiJl HalpaBJeHHs 10 pe3yJIbTaTiB Micjsl TpaHCIIaHTa-
mii. [IpoBeneHo CTaTUCTUUHY KOPEKIIiIO IMOA0 KIiHIYHUX TIPO-
THOCTUYHUX 3MiHHMX i AeMorpadiyHuX UYMHHUKIB IJIsI OLIIHKU
HEe3aJIeXKHOTrO BIUIMBY CTaTi Ha AOCTYM [0 TPaHCIUIAHTALil Ta ii
pesynbratu. Pe3yabraTi. AHanis nokasye, mo xinku i3 TCHH
3HAYHO Pijllle, HixK YOJIOBIiKM, TTOTPATUISIOTH 10 JIMCTA OUiKyBaH-
Hs 200 OTPUMYIOTh TPaHCILJIAHTAT, HAaBiTh MiCJIsl BpaXyBaHHS iH-
mux daktopis. Li BiaMiHHOCTI 30epiratoTbcs MPOTITOM YChOTO

Mpollecy TpaHCIJIaHTallii, i HepiBHICTh OYeBUAHA HAa KOXHOMY
erami. Xoya MeBHi OiOJIOriuHi acreKkTH, SIK-OT PU3MK BiITOpP-
THEHHSI TPaHCIUIAaHTaTa Y4 BiAMIHHOCTI B MeTa00J1i3Mi iMyHOCY-
MPECUBHUX TIpeTnapaTiB, YaCTKOBO TMOSICHIOIOTh JesKy Bapiallito
B pe3yJibTaTax, FeHIepHO OOyMOBJIEHi COLialbHi AeTepMiHAHTU
(HampuKaa, ynepemKeHicTb MocTavyalbHUKIB MEIMUYHMUX TO-
CJIYyT) Ta CUCTEMHa HEpiBHICTh 3arajJioM TOSICHIOIOTh OuIbIIY
CKJIAOHICTh Y JOCTYyMi I KiHOK. TaKoX Ciim 3BepHYTH yBary
Ha HOBI MEPeIIKOIN, 1110 BUKITMKAIOTh CEPHO3HE 3aHETIOKOEHHS,
30KpeMa HeJOCTaTHbO NOCTiIKEHI MEANYHI MOTPeOU TPAHCTEeH-
nepHux joaeit Ta BrumB nanaeMii COVID-19 Ha peuumnieHTiB
TPaHCIUIAHTATIB, 110 IMOCUJIIOE TeHAECPHY HEPIiBHICTh Y MOCTYIIi
10 TpaHcIUiaHTaiii. BucHoBkM. Lle mociikeHHs IMiaKpecioe
HarajgbHy HEOOXiIHICTb BUSIBJIEHHS Ta BpPaXyBaHHS MUTAaHb IeH-
JIepHOI PiBHOCTI MPU MPUIHSATTI pillleHb 1OI0 TPaHCIUIAHTALLil
HuUpku. He3Baxaioun Ha MOXIIMBI KIiHIYHI OOTPYHTYBaHHS
TeHIEPHOI HePiBHOCTI, TaKi Mpo0JIeMM BUHUKAIOTh MEPEBaKHO
yepe3 MoaubiKoBaHi COLIOKYJBTYPHI Ta iHCTUTYUIMHI ¢akTo-
pu. Y cuctemax TpaHCIIaHTalil goci odilliiiHO He BpaxoBaHO
TeHIEPHY YyTJIMBICTb IIpU YCYHEHHi 0ap’epiB mo moctyy. Heo6-
XiZHe TepMiHOBE BTpY4YaHHS Ha PiBHi MOJITUKMU, IPOCBITHUIIbKA
poborta i miaTpUMKa, abu 3a0€3MeYUTH CIpaBeIMBUAIN TOCTYIT
i piBHICTb pe3yJIbTaTiB JJIsI BCiX JIOAEH, 0COOIMBO THX, XTO Ma€
pi3HY TeHACPHY iIeHTUYHICTD.

Kiro4oBi c¢ji0Ba: tpancmiaHTalis HMPKM; TeHAepHa HEpiB-
HICTb; HOCTYII 10 MEAUYHOI JOTIOMOTH; Pe3yIbTaTh 32 CTATEBOIO
03HAKOI0; TpaHCIUIaHTalliliHA PiBHICTb
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Analysis of the use of artificial intelligence systems
for the development of physical exercise programs
during rehabilitation of nephrology patients

Abstract. Background. Artificial intelligence (AD is a direction of mathematical computer modeling
based on the abstract essence of mathematical thinking. Chronic kidney disease (CKD) is a nosological
unit, its final stage (end-stage renal disease) has seen an exponential increase over the past decade and is
considered by the World Health Organization as a global problem by cause of death. The global healthcare
industry is one of the main planes for practical application of modern developmentsin the field of Al thanks
to machine learning algorithms that provide new opportunities for solving the most complex problems of
medicine and pharmacy. The purpose was to analyze the possibility of using physical exercise complexes
(PECs) created by Al system in patients with CKD undergoing renal replacement therapy and fo compare
PECs created by Al with the list of PECs used in clinical practice (systematic reviews and meta-analyses) for
rehabilitation care in nephrology. Materials and methods. Scienfometric analysis of professional literature
from electronic databases PubMed, Embase, Scopus and Web of Science, Cochrane CENTRAL was
conducted. According fo the purpose of the study, the following methods were used: bibliosemantic,
systematic approach, descriptive modeling using Al systems — Gemini and ChatGPT. Resulfs. Al systems
(Gemini and ChatGPT) proposed exercise programs for patients with CKD that take info account different
stages of rehabilitation (respiratory, aerobic, strength, strefching and relaxation). At the time of the
descriptive modeling, the database used by Gemini and ChatGPT is sufficient for their routine use in the
development of exercise therapy complexes for the rehabilitation of nephrological patients with different
nosologies. Conclusions. Arfificial intelligence is a tool in the hands of a physician to provide medical care;
the quality of this tool will depend on the qualifications of the physician who will teach (machine learning)
Al to use their knowledge and competencies fo optimize the process of creating rehabilitation complexes
for patients with kidney disease from the standpoint of evidence-based medicine.

Keywords: physical exercises; chronic kidney disease; rehabilitation aid; artificial intelligence

Introduction

Artificial intelligence (Al) is a field of mathematical
computer modeling based on the abstract essence of mathe-
matical thinking. The history of the formation and deve-
lopment of Al, a term officially coined in 1956 by John
McCartney [1], is rather ambiguous, distinguishing between

the forerunners of formation, the stage of inception, the
stages of rapid development — boom and the stages of de-
cline — “winters” [2—4].

Chronic kidney disease (CKD) is a nosological unit
of kidney disease that has seen an exponential increase in
patients with end-stage renal disease over the past decade
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and is considered by the World Health Organization to be a
global problem by cause of death [5—7].

The global healthcare industry is one of the main
“planes” of practical application of modern Al develop-
ments. At the initial stages of Al development, the focus
was on the development of machine learning algorithms.
Thanks to them, new opportunities were created to solve the
most complex problems in medicine [8—14] and pharmacy
[15, 16]. Recently, Chatbot’s have been widely used in me-
dicine to automate various types of tasks, from making an
appointment with a doctor to receiving basic first aid recom-
mendations and even psychological assistance. Currently,
the most advanced Al Chatbot’s are two competing neural
networks — Gemini by Google and ChatGPT by OpenAl.
They are capable of generating texts in various subject areas
(including medical), translating, creating creative content,
and answering user questions in an informative manner.

The purpose. To analyze the use of physical exercise
complexes (PECs) created by the Al system for use in pa-
tients with CKD undergoing renal replacement therapy for
rehabilitation care and to compare these PECs with the list of
PECs used in clinical practice according to the scientometric
search of research results (systematic reviews and meta-ana-
lyses) on rehabilitation care in nephrology practice.

Materials and methods

The study was performed within the framework of the
scientific theme of the Department of Pediatrics, Neo-

natology and Perinatal Medicine of Bukovinian State
Medical University on the subject “Chronobiological and
adaptive aspects and peculiarities of vegetative regula-
tion with pathological conditions in children of various
age groups”. The state registration No. 0122U002245,
the deadline: 01.01.2022 — 31.12.2026. Scientometric
analysis of professional literature of electronic databases
PubMed, Embase, Scopus and Web of Science, Cochrane
CENTRAL. According to the purpose of the study, the
following methods were used: bibliosemantic, systematic
approach, descriptive modeling using Al systems: Gemini
and ChatGPT.

Results

These days, Al, through the use of mathematical me-
thods to predict or classify various types of medical data,
structured or unstructured, has made significant changes in
a number of professional areas in the medical field [§—14],
and nephrology is no exception [17, 18].

According to the objective, the study consisted of two
stages. At the first stage of our study, we tasked two Al
systems, Gemini and ChatGPT, with suggesting a set of
exercises that would be best for patients with CKD on he-
modialysis. Both programs emphasized the importance of
consulting a doctor before starting exercises and having a
physiotherapist monitor the exercises. The exercise sets
suggested by the Al included aerobic exercises, strength
exercises, and exercises.

Gemini Al suggested the follo-

Gemini

2.0Flash »

beneficial.

and frequency of exercise to allow the body to adapt and minimize the risk of injury.

Enjoyment and Motivation: Choosing activities that the patient enjoys will increase
adherence to the exercise program. Social support and encouragement can also be

Education and Support: Providing clear instructions, demonstrating exercises, and offering
ongoing support are essential for successful implementation.

By incorporating these types of exercises and considering the specific needs of hemodialysis
patients, a comprehensive and beneficial exercise program can be developed to improve their
physical and psychological well-being. Remember that this is a general proposal, and a
personalized approach guided by healthcare professionals is paramount.

wing exercises (Fig. 1):

1. Aerobic exercises (walking,
cycling, swimming) 20-30 mi-
nutes, 3—5 times a week to improve
cardiovascular function, increase
endurance, improve mood and sleep
quality.

2. Strength exercises (chair lif-
ting, arm bending with dumbbells
or water bottles, leg extensions,
exercises with an elastic band) 2—3
times a week to strengthen muscles,

Gemini

20Fash ~

Overarching Goals:

counteract this.

Propase and justify a set of exercises that would be best for
patients with cronic kidney diesease on hemodialysis

4 That's a thoughtful question. Designing an exercise program for individuals undergoing
hemadialysis requires careful consideration of their unique physiological challenges. Here's a

proposad set of exercises, along with the rationale behind each choice:

« Improve Cardiovascular Health: Hemodialysis patients are at high risk for cardiovascular
disease. Exercize can help improve blood pressure, fipid peofiles, and overall heart function.

* Enhance Muscle Strength and Endurance: Muscle wasting and weakness are common in
CKD, impacting functional capacity and quality of life. Strengthening exercises can

« Increase Functional Capacity: Impraving the abiity to perform daily activities e walking,
cimbing stairs, and carrying groceries is crucial for ndependence.

* Reduce Fatigue: While it might seem counterintuitive, regular, moderate exercise can actually
help combat the fatigue often experienced by hemodialysis patients.

+ Improve Bone Health: CKD can lead to bone mineral density

improve metabolism, and maintain
bone density.

3. Flexibility exercises (stret-
ching of neck, shoulder, back, and
leg muscles) daily to improve joint
mobility, reduce the risk of injury,
and relieve muscle tension.

ChatGPT AI suggested the fol-
lowing set of exercises (Fig. 2, 3):

1. Breathing exercises (daily,
5—10 minutes) to improve blood
oxygenation and reduce stress.

2. Warm-up (slow walking on the
spot, circular movements of arms,
shoulders, feet) 5—7 minutes.

3. Aerobic exercises (walking on

Joss. Weight-bearing and

the spot or on a treadmill, exercise

Figure 1. Gemini Al suggested the following exercises

bike, soft stepping) for 10—15 mi-
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nutes to improve cardiovascular
function.

4. Exercises for muscle
strength (squatting to a chair, ex-
tending and bending the legs in a
sitting position, lifting the arms
with a small weight, elbow plank)
for 10—15 minutes to prevent
muscle atrophy.

5. Stretching and relaxation
(stretching calf muscles, stret-
ching back, relaxation) 5—10
minutes to improve flexibility,
reduce the risk of muscle spasms
and improve psycho-emotional
state.

At the second stage of the
study, during a systematic review
and scientometric analysis of the
professional literature of the elec-
tronic databases PubMed, Em-
base, Scopus, Web of Science,
Cochrane CENTRAL, we selec-
ted and summarized the results of
3 meta-analyses, which included
131 scientific studies evaluating
the effect of physical activity on
the condition of patients with
CKD on renal replacement thera-
py (5780 patients with CKD) [19,
20, 22].

The authors of meta-analyses
have found that among the pos-
sible options for physical activity,
aerobic and strength exercises, as
well as their combinations, give
the best results. To evaluate the

ChatGPT v

Suggest a set of exercises that would be best for patients
with cronic kidney diesease on hemodialysis

Exercise can be highly beneficial for patients with chronic kidney disease (CKD) on
hemodialysis, improving cardiovascular health, muscle strength, and quality of life.
However, the exercise plan must be tailored to their health status, dialysis schedule,
fatigue levels, and any comorbidities (e.g., diabetes, hypertension, heart disease). Always
consult a healthcare provider before starting a new routine.

Here's a safe and effective set of exercises for hemodialysis patients, split into three main

categories:

ChatGPT v

Propose and justify a set of exercises that would be best
for patients with cronic kidney diesease on hemodialysis

For patients with chronic kidney disease (CKD) on hemodialysis, the best exercise
regimen should focus on improving cardiovascular health, muscle strength, endurance,
and overall quality of life, while being safe, low-impact, and adaptable to their

fluctuating energy levels. Here's a proposed set of exercises, categorized and justified:

ChatGPT v

Conclusion

The best exercise set for hemodialysis patients combines aerobic, resistance, flexibility,
and balance training, with an emphasis on intradialytic exercise to increase compliance
and health outcomes. This holistic approach supports physical function, reduces CKD

complications, and enhances mental and emotional well-being.

Figure 2. ChatGPT Al suggested the following set of exercises

ChatGPT ~
Weekly Sample Exercise Routine for Hemodialysis Patients
Day Type of Exercise Duration Details & Focus (w)]
Monday Intradialytic Aerobic + Resistance 20-30 mins - Pedal a mini-cycle or do seated leg lifts during dialysis
Training - Light dumbbell curls or band exercises for arms
- Avoid fistula arm
Tuesday Walking + Stretching + Balance 30 mins - 15-20 min walk (indoors or outdoors)
- 10 min stretching (hamstrings, calves, shoulders)
- 5 min balance (heel-to-toe, single-leg stand)
Wednesday Intradialytic Resistance + Flexibility 20-30 mins - Seated resistance band exercises (legs, arms)
- Gentle yoga/stretching post-exercise
Thursday Restorative Activity + Flexibility 15-20 mins - Light yoga or tai chi session
- Full-body stretching
- Deep breathing exercises
Friday Intradialytic Aerobic + Light 20-30 mins - Pedal or march in place

Figure 3. ChatGPT Al suggested the following set of exercises for patients with CKD on hemodialysis
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results, the authors of scientific studies most often used
the 6-minute walk test and quality of life, and it should be
noted that physical activity did not show a significant im-
provement in quality of life in patients with CKD. In most
studies, aerobic and strength training alone and together
(both interdialytic and intradialytic) significantly improved
the results of the 6-minute walk test [19, 20, 22].

Using Gemini Al, we summarized the physical exercises
proposed by the authors of the articles included in the meta-
analyses [19, 20, 22]. The exercises were used both individu-
ally and in combination. They differed in duration (from 10
minutes to an hour), frequency (from daily to 2—3 times a
week), and intensity (which was regulated by the Borg scale
or maximum heart rate and gradually increased).

A set of exercises for patients with CKD on hemodi-
alysis:

1. Aerobic:

— cycling ergometry;

— walking;

— jogging;

— aerobic movements with range of motion: wrist rota-
tion, ankle flexion and extension;

— exercises without resistance;

— pedaling. Strength exercises;

— exercises for the upper extremities: chest press, biceps
curls, triceps extensions, dumbbell press, incline deadlift,
overhead dumbbell press;

— exercises for the lower extremities: squats, knee ex-
tension and flexion, leg press, plantar flexion of the foot, hip
abduction and adduction, hip flexion, lower leg raises, lower
extremity raises;

— exercises for the core muscles: abdominal exercises,
pelvic lifting;

— specialized exercises: exercises with an elastic ball;

— stretching: exercises to stretch the lower extremities.

2. Combined training:

— aerobic + strength. Aerobic exercises are represented
by cycling, walking, step aerobics, circuit training. Strength
exercises include exercises with weights, elastic bands,
bodyweight exercises, dynamic exercises;

— aerobic + stretch/flexibility. Combine cycling er-
gometry with stretching and flexibility exercises;

— strength + stretching/flexibility. Combine strength
exercises with stretching and flexibility exercises;

— aerobic + strength + stretching/flexibility + balance
exercises. The most comprehensive combination that in-
cludes all the main components of physical fitness.

Summarizing the results of the second stage of our study,
we can conclude that the set of physical activities proposed
by Al corresponds to the physical exercises provided by the
authors of meta-analyses that included 131 scientific studies
assessing the effect of physical activity on the condition of
patients with CKD undergoing renal replacement therapy
[19, 20, 22].

Discussion

Both Al systems proposed PT complexes for CKD pa-
tients requiring renal replacement therapy that take into ac-
count different stages of rehabilitation (respiratory, aerobic,

strength, stretching, and relaxation). Thus, the knowledge
base inherent in Gemini Al and ChatGPT Al is sufficient to
be used in the development of physical activity programs for
the rehabilitation of patients with different diagnoses [17,
18, 23-29].

Currently, the issue of the legal framework for the use of
artificial intelligence in medical practice remains unresolved
in Ukrainian legislation, while there is hope that this issue
will be resolved with the availability of international experi-
ence and recommendations [30, 31].

Prospects for further research. Clinical analysis of physi-
cal rehabilitation methods for patients with CKD created
using Al.

Conclusions

Artificial intelligence is a tool in the hands of a doctor
to provide medical care, the quality of this tool will also
depend on the qualifications of the doctor who will teach
(machine learning) Al to use the doctor’s knowledge and
competencies to optimize the process of creating complexes
of exercise therapy for rehabilitation purposes for patients
with kidney disease.
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Bespyk B.B.", IBaHoB A.A.% LLkpo6aHeus I.A.3, IBaHYyk M., IBaruyk 1.4, CemaHb-MiHbko 1., lepBo3saHckka O.°
"BYKOBMHCBKINM APIKABHNA MEAMYHWA YHIBEOCUTET, M. YepHiBLi, YKpQiHa

’HavioHanbHm meandHni yHiepcuteT imeHi O.O. boromonsust, M. Kuis, YkpaiHa

SHaLioHaAbHQO QKOAEMIsSt MEAMYHX HAQYK YKpQiHW, M. KuiB, YkpaiHa

“O6AQCHE KOMYHQAABHE HEKOMEPUIHE MIAMPUEMCTBO «YepHIBELIbKQ OOGAQCHA KAIHIYHQO AIKQPHSI», M. YepHiBui, YkpaiHa
SKoMyHQAbHE HEKOMEPLIMHE MIAMPUEMCTBO «MICHKQ ANTSIHA KAIHIYHO AIKQPHST», M. YepHiBLi, YkpaiHa

AHQOAI3 BUKOPUCTOHHSI CUCTEM LUTYYHOTO iIHTEAEKTY AAS PO3PO6KM Nporpam ¢isuyHUX BNPAB
nia yac peabiAitauii HepPOAOTiYHUX NALLIEHTIB

Pesiome. Axryanbnicts. Ltyunuii intenexr (LII) — ue Ha-
MpsIM MaTeMaTUYHOrO KOMIT' IOTEPHOTO MOJIEJIOBaHHS, 110 0a-
3YEThCS Ha aOCTpPaKTHINl CYTHOCTI MaTeMaTUIHOTO MMCIICHHS.
XpoHiuHa xBopoba HUpoK (XXH) € HO30JI0riYHOI0 OOAUHUIICIO,
KUJIbKiCTh TMAIli€EHTIB 3 TEPMiHAJIbHOIO CTai€l0 SIKOI 32 OCTAaHHE
JecATUPivYsl eKCIOHEHIIIHO 3pocia, ToMy BcecBiTHS opraHi-
3allisi OXOPOHU 3M0POB’SI BU3HAE 11 TII00ATBHOIO TTPOOIEMOIO 3a
MOKA3HUKOM CMepTHOCTi. CBiTOBa iHAYCTPisi OXOPOHU 300POB’sI
€ OJIHMM i3 OCHOBHUX HaMpsIMiB MPaKTUYHOTO 3aCTOCYBaHHS Cy-
yacHUX po3pobok y chepi LI 3aBnsgku aaropurMaM MarimHHOTO
HaBUYaHHS, SIKi BiIKPMBAIOTh HOBi MOKJIMBOCTI IJISI BUPIiLICHHS
HalCKIaaHIIIMX 3ama4 MeIWIMHU Ta dapmanii. MeTa: mpo-
aHaJli3yBaTh MOXJIMBICTh BUKOPHMCTAHHSI KOMILIEKCIB (hi3MUHUX
BripaB (K®B), ctBopenux cucremamu LI, y nauienTis i3 XXH,
SIKi TIPOXOMIATh 3aMiCHY HUPKOBY Teparrifo, Ta mopiBHatTu KDOB,
sanponoHoBani I, 3i cnuckom K®B, 1110 3acToCOBYIOThCS B
KJIHIYHIM TpakTUlli (CHCTEeMaTW4YHi OIJISIAM Ta MeTaaHasli3M)
Uil peabiniTaniiiHol mormomoru B Hedposorii. Martepiaau Ta
MeToau. byso mpoBeneHO HAyKOMETPUYHUI aHai3 mpodeciitHol
JliTepaTypH 3 eeKTpoHHUX 6a3 nanux PubMed, Embase, Scopus

Tta Web of Science, Cochrane CENTRAL. BinnosigHo 10 MeTu
MOCTIIKEHHST BUKOPUCTAHO TaKi METOAM: 0i0sioceMaHTUIHUIA,
CHUCTEeMHUI TMiIXil, OMKCOBE MOIEIIOBAHHSI 3 BUKOPUCTAHHSIM
cuctem IT — Gemini ta ChatGPT. PesyabraTn. Cucremu 111
(Gemini ta ChatGPT) 3anponoHyBajiv mporpamu BIpaB JUIsl 1a-
uienTiB i3 XXH, 1110 BpaxoByIOTh pi3Hi eTanu peabinitauii (q1u-
XaJIbHi, aepo0Hi, CHJIOBI, PO3TsKKa Ta pejlakcailisg). Ha MoMmeHT
OMUCOBOrO MOJENIOBaHHSI 0aza MaHMX, 110 BUKOPUCTOBYETHCS
Gemini Ta ChatGPT, € 1ocTatHbOIO 7151 IXHBOTO PYTUHHOTO BU-
KOPUMCTaHHSI TIPY pO3pO0IIi KOMITIIEKCIB (hi3MIHUX BIIPAB JJIsI pe-
abimiTauii HePOJOTiUHUX MAILli€EHTIB i3 Pi3HUMU HO3OJOTISIMHU.
BucnoBku. IlITyuHuii iHTEIEKT € IHCTPYMEHTOM Yy pyKax JiKapst
IUTSl HalaHHS MEIUYHOI NOTIOMOTHM; SIKICTh LbOTO iHCTPYMEH-
Ty 3ayiexkaTuMe Bif KBautidikallii sikaps, Sskuii HaB4aTUMe (Ma-
murHHe HaBuyaHHs) LI BukKopucToByBaTH CBOI 3HAHHSI Ta KOM-
MeTeHLIiT 151 ONTUMi3allil Mpolecy CTBOPEHHs peadiliTaliiitHux
KOMIUIEKCIB /TSI MALIEHTIB i3 3aXBOPIOBAHHSIMU HUPOK 3 TTO3MULIiT
JIOKa30BOI MEAUIIUHU.

Kii0490Bi ciioBa: ¢isnuni Bnpasu; XpoHiuHa xBopo6a HUPOK;
peabiniTaliifHa TOIMOMOra; ITYYHUI iHTEIeKT
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POAb Ce4OBUHU NPU NATOAOTIYHUX CTAHAX

Pestome. CyyacHi AOCAIAKEHHSI AGMOHCTRYIOTb 3HQYHY POAb CEYOBYIHM TA [T MPOAYKTIB B PO3BUTKY HU3KU
3QXBOPHKOBAHbL. B OCHOBI i MATOAOrYHMX BIIAMBIB A@XKNTb ANCQOYHKLIST PEPMEHTIB LIMKAY CEHYOBUHM BPOAXKEHO-
ro Yy HABYTOro XQPAKTePY, O PEQAIZYETLCS Yepe3 QKTMBALLIKD OKCUAQTVBHOIO CTpecCy, aronrody, kKapba-
MIAKOBAHHSI, FTOPMOHQABHY AU3PETYASILIIO. BUBYEHHST MEXQAHI3MIB BIAVBY L€l OPraHIYHOI CIIOAYKM HQ MATOQI-
3I0AOrIYHI MPoLeCH BIAKPUBAE LUMPOKI MNepCreKkTyBm B 3QCTOCYBAHHI HOBUX GQPMQAKOAOTYHUX MAXOAIB ANSI
NIKYBQHHST 3QXBOPKOBAHb HUPOK, MNEYIHKM, CepLEBO-CYAMHHOI TQ HEPBOBOI CUCTEM, OHKOMATOAOTI]. 3 IHLLIOro
60Ky, i30AbOBAHE BU3HQYEHHSI PIBHSI CEHOBWHM B KPOBI Q60 ii CriBBIAHOLLIEHHST 3 KDEATUHIHOM TQ AALOYMIHOM
€ HQAIVIHUMU MOOrHOCTUYHUMU MQPKEPAMM TSHKKOCTI TA CMEPTHOCTI MNPy PIBHOMQHITHIV MATOAOTI.

KAIO4YOBi CAOBQ: CeyoBMHQ, MATOAOTIS,; QrOMNTO3; KAPOAMIAKOBAHHST

CeyoBMHA — 1I¢ OpraHiuHa CIoJIyKa 3 HeBEJIMKOIO Ma-
COI0, SIKa € OCHOBHUM MPOAYKTOM a30TUCTOr0 OOMiHY BHaA-
CJIiIOK KaTabou1i3My OilKiB Ta aMiHOKUCIOT. OCHOBHUMU
opraHamu, sIKi 6epyTh y4acThb B IiATPUMaHHi 6alaHCy cevo-
BUHMU B OPTaHi3Mi, € TIeYiHKa Ta HUPKU. AHaJi3 JTiTepaTypu,
sIKUii OyB TTOIaHMWIA Yy TIOTIepeIHbOMY OTLJIsIli, TTOKa3aB, 110
CEYOBMHA € HE TiJIbKW KiHIIEBUM TPOIYKTOM OOMiHY, aje i
(izio0oriyHO aKTUBHOIO PEeUYOBUHO0. TpaauiiliiHO BBaXa-
€ThCH, 110 CEYOBMHA Oepe y4acTh y Ipolieci 0OMiHy OiJIKiB
Ta OCMOpETYJIsLii. Aje CrekTp ii Ail 3HauHo mwmpiumii. Lle
perynsiuis BUIKOCTI KiyooukoBoi ¢inbrpanii (LKD),
apTepiaJibHOTO TUCKY, PeIpPOAYKTUBHOI (PYHKIIii, alonTo-
3y, OKMICHIOBAJIbHOTO CTpECY, 3amajeHHs Ta ¢iopo3y [1—4].
IlinTBepmIKEeHHSIM BaXJIMBOI (Pi3ioJOriyHOI posi CEYOBUHU
€ BIIKPUTTS TO3aMeyiHKOBOTO IUISIXY YTBOPEHHSI Cedo-
BUHU, TIPU SIKOMY HE BiIOYBa€TbCS HEWTpasizallii amiaky.
Lle Moke BKa3yBaTh Ha BaXKJIMBY POJIb CECHOBUHU B PETYJIsi-
TOPHUX IIpoliecax Ta IMpParHeHHs OpraHi3My 30eperT ii Ha
MoCTiifHOMY piBHi B Mexax Bif 2,5 10 8 Mmonb/i. 11 piBeHb
MOXe 3MiHIOBAaTUCh IIpM (Di3i0JOTiYHUX i ITaTOJIOTIYHUX
CTaHax, sIKi BKJII0YaloTh TOCTPY Ta XPOHIYHY MaTOJIOTIIO.

IlpyurHamMy MigBUILEHHSI KOHILIEHTpallii pPiBHSI ce-
YOBUHM B KPOBi MOXYTb OYyTM 3HEBOAHEHHSI BHACiIOK
3MEHILEHHS BXWUBaHHA pinvHU abo ii BTpaTH Min yac aia-
pei, GIr0BaHHSI, TIOTOBUIAUICHHS; AUC(YHKILiSI HAPOK BHA-
cinox ix rocrporo noiukomkeHHs (I'TIH) a6o xpoHiuyHo1

xBopoou HMpoK (XXH) nuisixom mopyiieHHsT inbrpartii
Ta peabcopOliil CeYOBUHM, 110 MAE 3HAYEHHS, 30KpeMa,
IUIs1 MALi€HTIB 3 cepleBolo HepocTaTHicTio (CH) BHacmi-
JIOK 3MEHIIIEHHSI KPOBOTOKY B HUpKax. CTaHu, sIKi Cynpo-
BOJXYIOTBCSI MiABUIIEHUM KaTaboJi3MOM OiIKiB (TpaB-
MU, OTNEpPATWBHiI BTpy4YaHHSs, OIiKM, 3amajbHi MPOLECH B
M’si3aX, CUCTeMHE 3amajieHHs) Ta MeTaboJiuHO Iu3pe-
TYJISILIEI0 TIPU €HIOKPUHHUX 3aXBOPIOBAHHSX (IyKpPOBUIA
nmiabet (LIJ1), 3axBoproBaHHS IIATONOMIOHOI 3371031, HAll-
HUPHUKIB), TIPU3BOAATH 0 HAIAMIpHOTO HAKOTMYEHHS
ceuyoBMHU B KpoBi. LlboMy cnipusie migBuIlleHe BCMOKTY-
BaHHS MPOMYKTIiB po3Maay OiIKOBMX KOMIIOHEHTIB KPOBi
MpU ILTYHKOBO-KUILKOBUX KpoBoTeuax. [linBuiiieHa KoH-
LICHTpAIlisl CEYOBMHM B KPOBi IpUTaMaHHA MaTOJIOTiYHii
BariTHOCTI MPU MATOJIOTIT PO3BUTKY IJI0oJa Ta AUCHYHKILIT
MeYiHK1 abo HUPOK Yy BaritHoi. HeobximHO BpaxoByBaTu
TAaKOX SITPOT€HHI BIUIMBU Ha 3pOCTaHHS KOHIIEHTpallii ce-
YOBUWHMU IIpY NIPpU3HAYCHHI JiypeTUKiB, aHTUOIOTUKIB, CTe-
pOiTHMX TOPMOHIB [5].

SHIKEeHHS PiBHS CEYOBUHU CIIOCTEPIra€ThCsl B MEHIIIII
KiJIbKOCTI BUMAAKIB i 30€0iIbIIOr0 OOMEXKYETHCSI 3aXBO-
pPIOBaHHSIMU TE4YiHKU (CTeaTo3, remaTuT, LIMPO3 MeUYiHKU
(LIIT)) [6]. JocuTh piiKO MPUYMHOIO 3HUXKEHHST YTBOPEH-
HSI CEYHOBUHU MOXYTb OyTU F€HETUYHI MOPYILIEHHS LIUKITY
ceyoBrHU (LIC), 1110 TPU3BOASITH A0 rOCTPOi a00 XPOHIUHOT
IHTOKCHUKallil aMOHieM [7].
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MeTo10 HALIOrO OIJISIAY € PO3IJISA POJIi CEUOBUHM Ta il
NIarHOCTUYHOTO Ta MPOTHOCTUYHOTO 3HAYEHHS TpU Jesi-
KHUX MMaTOJOTIYHUX CTaHaX.

KnacuuHoto monesutio il BUBYEHHSI MEXaHi3MiB [ii
cedyoBUHU € TanienTu 3 XXH Ta TepMmiHalbHOIO CTami€o
HupkoBoi HefgoctatHocTi (TXHH). Tpu nux cranax KoH-
LIEHTpAllisi CCYOBMHM B KPOBi MOXe€ IEPEBUIIYBATU B 5—6
pa3iB MOKA3HUKM Y 3M0pOBUX 0ci0. PaHilre BBaxkaaoch, 1110
1Ii piBHi CEUOBMHU MOXYTb CYTTEBO HE BILIMBATU Ha Op-
raHism. biibln mi3Hi goCaimKeHHsT BKa3ylOTh Ha MpsIMi Ta
HemnpsMi No6iuHi epeKTH CeYOBUMHU Ha Pi3Hi OpraHu, Xxoya
11 MaTOreHHICTh AOCI MiAAAETHCS CYMHIBY, OCKUJIBKM TOCITi-
JKEHHS, 110 OLHIOIOTH ii TO0iYHI epeKTH, He MaIOTh O~
HopimHOoCTI [8—10].

[linBuieHmnit piBeHb CEYOBMHM B KOHIIEHTPALIisSIX, TUIIO-
BUX JUTS TALIIEHTIB 3 yPeMi€t0, BUKJIUKAE PyWMHYBAHHSI KUILI-
KOBOTO eITiTeTiaIbHOro 0ap’epa, 110 IPU3BOAUTE A0 TPaHC-
JIOKallii 0aKTepiaJbHMX TOKCHHIB Y KPOBOTIK Ta CUCTEMHOTI'O
3anajaeHHs. MexaHi3M IIbOro mpoliecy OyB 3’SICOBaHUIA B €KC-
nepuMeHTi. HakonueHHs ce40BMHU Y BHYTPIIIIHBO- Ta MO-
3aKJIITUHHIN PiAMHI y TALIIEHTIB Ta TBAPUH 3 IIPOTrPeCy0u0io
XXH nipu3BoauTh A0 ii 3HAUHOTO HAAXOIKEHHS 10 HUTYHKO-
Bo-ku1koBoro TpakTy (LLIKT) muisixom nacusHoi audysii ta
BKJTFOUEHHSI IO 3a7I03UCTOTO CEKPETY. Y TIPOCBITI KUIIIEYHUKA
CEYOBMHA TiAPOJIi3yEThCS CIIOHTAHHO MiKpOOHOIO ypeasolo,
YTBOPIOIOUM BEJIMKY KiIbKICTh aMiaKy, SIKUii epeTBOPIOETh-
Cs1 Ha Timpokcua aMoHio. OcTaHHI € IIKOI0 OCHOBOIO, 31aT-
HOI0 BUKJIMKATU LIMTOTOKCUYHICTh Ta TMOIIKOMXEHHS TKa-
HUH, 110 CIIPUSIE Pi3KOMY ITOPYIIEHHIO Oap’epHOI (DyHKIIII Ta
pyiiHyBaHHIO KirodyoBoro Oinka TJ (1IiibHOro 3’€IHAHHS):
KimoanuHy- 1, okmoauny Ta ZO1 [11].

IcHYI0Th MOIIMPEHi HEeNpsIMi HACHTIAKKW MiABUILIEHOTO
pPIBHSI CEYOBMHU B Pe3yJbTaTi peakiliil KapOaMilTtoBaHHS,
Jie TIPOAYKT KaTaboJi3My CEYOBUHU — i3011iaHOBa KUCJIO-
Ta — pearye 3 TiojlaMHM Ta aMiHOTpylaMH OiJKiB, aMiHO-
KUCJIOT, IYKPiB TOIIO. [3011iaHOBa KUCIOTa TaKOX BUPO-
OJISIETHCSI B OpraHi3Mi B pe3y/IbTaTi MeTaboIi3My TiolliaHaTy
3a y4yacTio mienonepokcunasu [12, 13]. Bkazanwuii mpoiec
CYTTEBO BIUIMBA€E Ha CTPYKTYPHi Ta (pyHKIIOHAJbHI Bac-
TUBOCTI OiIKiB i MPU3BOAUTH 10 MPUCKOPEHOIO IPOLIECY
ix crapiHHs. KapOamimioBaHHS TaKOX BIUIMBA€E Ha Taki
MaKpOMOJIEKYJIM, SIK T€MOIJIOOiH, JIMOMPOTEiHU TIa3Mu,
aIbOyMiH, MEMOpaHHi O1IKM Ta €pUTPOITOETUH Y MALliEHTIB
i3 XXH, cripusitoun po3BUTKY aHeMil, HUpKoBoMmy (hiOpo3y,
arepockiieposy [13]. Tak, y mamienriB i3 XXH criocrepira-
JIMCS 3MiHM Y CTPYKTYPi TeMOTI00iHy Ta HETeMOBHX OiJIKiB
eputpouuTiB [14]. In vitro micist 00OpoOKU €pUTPOLIUTIB Ce-
YOBMHOIO BiIMiUa€ThbCsl 301IbIIEHHS TUIMHHOCTI JiMigHOT
MeMOpaHU Ta 3MiHU LIMTOCKeIeTa MeMOpaHU epUTPOLIUTIB
[15]. KapbamintoBaHHS Ta OKMUCHEHHS in Vitro IPU3BOISITh
JI0 aITONTO3Y B TiMdonuTax [16]; BUKIMKAIOTh 3MiHU Y BTO-
PUHHIl Ta TPETUHHIN CTPYKTYpi OiIKiB, BIUTMBAIOYX HA 10-
CTYIMHICTh aKTUBHOTO 1IEHTPY OiJika mis depMeHTiB. Lleit
MPOLIeC TAKOX MPU3BOIUTD 0 3MiH y OiJTIOK-0iTKOBUX Ta/
abo Oinok-mimigHuUX B3aeMofisix. Tak, KapOamiTroBaHHS
KosareHy | Tury mpu3BOAUTHL A0 TOPYIIEHb Y CTPYKTYpi
MOTPiiHOI cmipai, 110 3HMIXYE IOJiMepM3alliiiHy 3maT-
HiCTh HOpMaJbHUX BoJIOKOH [17]. KapbamMinboBaHi OiiKu
MOXYTb aKTMBYBaTU Me€3aHTia/IbHi KIITUHU 10 mpodidpo-

reHHOi ()OpMU, 110 MOXE CITPUSTH PO3BUTKY HUPKOBOI He-
nmocrtaTHocTi [18].

Y cBoM uepry, KapoamiJibOBaHi JIMONPOTETHU HU3LKOIL
winsHocTi (JITTHIL) BruimBaroTh Ha aTepoOCKIEPOTUYHUIA
Mpolec Yyepe3 yyacTb B YTBOPEHHI MIHUCTUX KJIITWUH, iH-
IYKIIii alloNTo3y eHAOTeMaIbHNX KIIITUH Ta Iporidepaltii
[JIAIKOM SI30BUX KIIITMH. Y IIbOMY IIpolieci Oepe ydacThb
Mienorniepokcuaasa [12, 19, 20]. CeuoBuHa iHIyKy€e BUPO-
GsieHHs akTUBHUX (hopM KucHio (ADK) B eHaoTeiatbHUX
KJIITUHAX aoOpTU JIIOAMHU, 110 MPU3BOAUTHL IO aKTUBALlil
Mpo3anaJlbHUX LIJISIXIB Ta iIHAKTUBALLIT aHTUATEPOCKIIEPO3-
Horo ¢epmeHTy PGI2-cuHTa3u B eHpoTe ialbHUX KITiTU-
Hax apTepiil JIOAWHU, BUKIWKAIOYW 3MiHU B MiTOXOH/Pi-
aJIbHUX OiJIKax i B eKcIpecii 3amaabHuX Mapkepis [20, 21].
Kpim Toro, y k1iTMHAaX m1agKux M’s13iB aOPTH JIIOANHU Ce-
YOBHMHA BIUIMBA€E Ha ekcipecito BAD (mpomoTopa cMmepTi,
moB’si3aHoro 3 B-kiitnHHOIO TiMdpomoro 2 (BCL2), mpo-
anonto3Horo uieHa poauHu BCL2) [22]. Lle sBuiie moxe
CMPUSTA TOCWJIEHHIO arorlTo3y, 10 CIOCTEPiraeTbcsl B
apTepiajbHiil cTiHLi MmauieHTiB i3 XXH, i Moxe crpustu
MefianbHil Kanbuudikaiii cynun [23]. Tlpu nocnimkeHHi
BIUIMBY (Di3i0J0TIUHUX i MATOJOTIYHUX KOHIEHTpALLiil ce-
YOBWHM y nanieHTiB 3 XXH Ha jiHi0 eHaoTemaIbHIX KiTi-
TUH JIOAWHU 3 Mikpouupkysiii (Human Microvascular
Endothelial Cells-1, HMEC-1) Oyno BcTaHOBJEHO, 1110
ceyoBMHa (5 T/11) CTIpUYUHSIE 3HUKEHHSI IIBUIKOCTI TPO-
Jidepallii Ta CTUMYJIIOE TEPEXil eHAOTENI0 B ME3eHXiMY
(EndMT), crnpusie mepeOynoBi aKTMHOBUX HUTOK, 3Ha-
YHO 30iJIbIITYE €KCIPECiio MAaTPUKCHUX METaJIOINpPOTeiHa3 2
(MMP-2) ta 3miHIO€ piBeHb iHIIMX OioMapkepiB EndMT
(kepatuny, ¢iopuiiny-2 ta konareny IV). Ilicist BrummBy
ceyoBrnHu Ha HMEC-1 BusiBuiach CyTT€BO IMOPYIIEHOIO
ekcmpecisg OUTKiB TUMETWIApTiHiHANMETUIaMiHOTiIpoa-
31 i Ba30pUHY, SIKi Oe3mocepeIHbO MOB’s3aHi 3 CepleBO-
cynnHHUMU 3axBoproBaHHaMmu (CC3) [24].

Kpim Toro, ceuoBrHa CTUMYJIIOE OKCUAATUBHUI CTPEC
Ta IUCGYHKIIIO B agdNIOLMTaX, 10 MPU3BOAUTH IO iH-
CYJIIHOPE3UCTEHTHOCTi. byno moka3zaHo, 110 00poOKa
agunouuTiB 3T3-L1 ceyoBMHOIO B KOHIIEHTpALlisIX, ITO-
NiOHUX [0 TUX, 110 € y MauieHTiB 3 XXH, npuzBoauts 1o
MpOAYyKyBaHHsI aKTUBHUX (hopMm KucHio (APK), BuKIuU-
Ka€ iHCYJiHOPE3UCTEHTHICTh, 30UIbIIYE E€KCIpEecilo aau-
MOKiHiB, PETMHOJ-3B’513yl040r0 Oijka 4 Ta pe3uCTHHY, a
TakoX 30i/blllye piBeHb MoaudikoBaHux O-3B’s13aHUM
N-aueTuarIoKo3aMiHOM CUTHAJIBHUX MOJIEKYJ iHCYJiHY
[25]. IIpu XXH 4gacTo cmocTepira€Tbes MOPYIISHHS TOMe-
0CTa3y INIIOKO3H, IO MPU3BOAUTH OO0 IiABMIIEHOI CMEpT-
HocCTi nanieHTiB. Lle, iIMOBipHO, MOB’s13aHO 3 MOPYILIEHHIM
cekpellii iHCYJiHY, 1110 MOXe OYTH pe3yJIbTaTOM MPSIMOi Ail
CEYOBMHU Ha B-KIITHMHU MiANUTYHKOBOI 31031 [26].

L{ixaBuM € TOM (haKT, 1110 TUMYACOBU BIUIUB CEYOBUHU
Ha KJIITUHU BUKJIMKAE CTiliKe BUPOOJEHHS MiTOXOHIpiab-
Hux ADOK ta eHnoTesiabHy TUC(HYHKIIIO HABITh MiCIIS Te-
Momianizy. Criiike 36iabieHHs piBHs ADK micist Toro, sik
KJIITMHU TPUBAJIO HE MiAAI0THCS BIUIMBY CEYOBUHU, MOXE
BiZlirpaBaTv BaXKJIUBY POJIb Y MOJATBIIOMY TTOIIKOIXKEHHI
HUPOK Ta iX ()YHKIIOHAJIbHOMY 3HMKEHHi, He3BaXKalouu
Ha 3HUXKEHHS PiBHSI CEYOBMHU Iic/s mianmisy. Pesynsratu
TIOCIIKEHHST TPOTIOHYIOTh MOJIEKYJISIPHY OCHOBY IS PO-
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3yMiHHSI YpeMiuHOI Iam’sTi, sIka MOXe ITOCTiiHO crpu-
YUHSATU PO3BUTOK CYIMHHMX TMOLIKOMXEHb, BUKIUKAHUX
ypeMi€lo, HaBiThb KOJIM YpPEeMiYHUI CTaH 3HWXEHUI abo
HOpMaJli3oBaHUI. YpeMiuHa maM’siTb MOXKe TTOSICHUTH He-
3/IaTHICTh NIEpioAUYHOTO Aianizy 3MeH1uTH yactotry CC3y
nauientis 3 TXHH [27].

OcTaHHIMM pOKaMM Bce OLIbIIe OOCHTIIKEHb IOKa3y-
I0Th, 110 piBeHb a30Ty ceuoBuHU (BUN) He nuiiie € BimoOpa-
JKeHHSIM (YHKIIii HUPOK, a i1 MOoxKe OyTH IOB’sI3aHMIA i3 3a-
HaJbHUM CTaHOM opraHizmy. CUCTeMHUI iMyHO3amaIbHUMI
ingekc (SII) — 1Lie KOMIUIEKCHUI iHAEKC, SIKUi BpaXOBYE
KiJIbKiCTb TPOMOOLIUTIB, HEUTpOodiiiB i JiMbOLUTIB i BBa-
JKAETHCST €(PEKTUBHUM JUIS BiTOOPaKeHHST iMyHHOT'O CTaTyCy
opraHi3my Ta 3amnajbHOi peakiiii. JlocimkeHHs, sSKi Oynaun
nposenieHi y nonyJsii miatiTkis y CLLIA, BusiBunv 3HauHy
HeraTuBHY Kopessiiito Mix piBHsiMu SII Ta BUN, npuyomy
piBai BUN 3menmyBaucs, kou piBHi SII 3pocramu (BUN
sIK 3ajexxHa 3MiHHa Ta S1I sk 3MiHHa pe3yibrary) [28].

3[aTHICTh 1O CHMHTE3y CEYOBMHM IMOB’s3aHa 3 (PYHKIIi-
OHAJIBHOIO MAcoI0 TEYiHKM, TOMY BOHA 3HUXKYETbCS Y Ma-
mienTiB 3 LII1 abo mopyieHHsIM (PYHKIIii TTeYiHKY 3 iHIINX
npuuuH [3, 4]. 3HMKEHHS 3IaTHOCTI 10 CUHTE3Y CEUOBMHU
MOTIpIIY€E 30aTHICTh IMALliEHTa BUBOAUTU ITOTEHIIIITHO TOK-
CHUYHI PiBHi Q30TUCTHX PEYOBUH, i, 3PEIITOIO, 11€ MPU3BOINUTh
IO MiABUIIIEHOTO PU3MKY MeUiHKOBOI eHlledanonarii [29].

Bupaxenuii gediumt abo IIOBHA BiICYTHICTh aK-
tuBHOCTI (pepmentiB LIC — xkapbamindocharcunTazu
(CPS1), opnitunrpanckap6amoinazu (OTC), apriniHo-
cykunHatcuHTasu (ASS1), apriniHocykuHatiaia3u (ASL),
aprinasu (ARG) abo mponyiieHTa KodakTopa N-ameTui-
JIIOTAMaTCUHTA3U — MPU3BOAUTH 10 HAKOTIMYEHHS aMiaKy
Ta iHIWMX MEeTaOOJITIB MONEPEAHUKIB YITPOAOBX MEPILINX
IHIB XUTTd. HeBmoB3i miciasi HapoIKeHHST PO3BUBAETHCS
HaOpsIK ToJIOBHOTO MO3KY 3 ypaxkeHHsM LIHC (reuinko-
Ba eHlledasionarisi, HeBpOJIOTiUHI Ta PyXOBi MOPYIIIEHHS).
IIpu meHII TskKKoMy AediumTi Inx epMEHTIB i TIpu He-
moctaTHOCTI ARG ImyckoBUM MOMEHTOM TinepaMOHieMil
MOXYTb OyTH 3aXBOPIOBaHHS a00 CTPeCOBi CUTYyallil y Oyab-
sIKOMY Billi [7]. MexaHi3MiB, 3allydeHUX Y MaTogi3iooriio
nopyueHHs uukiy cedyounu (ITLIC), Gararo, aje € aaHi,
1110 MiACUJIEHUI OKCUIATUBHUMI CTpecC Ta 3amajbHUM Mpo-
1IeC BiAIOBiNaJIbHI 32 YaCTMHY MOIIKOMXEHb KJIITUH MO3-
Ky. Tak, ipu 00CTeXXeHHI MALIiEHTIB 3 pi3HUMU JediluTa-
MU ocHOBHUX (pepMmeHTIB LIC BcTaHOBICHO ITiABUIIIEHUIA
BMICT Yy KPOBi NMPOAYKTIB OKUCHEHHS JIMimiB (MOXiTHUX
Ti00apOiTypOoBOi KMCIOTH), OUIKIB (KapOOHiTy) Ta 30i71b-
weHHs nposananbHux (IL-6, IL-8, TNF-o) Ta nporusa-
nanbHux uuTokKiHiB (IL-10) [30].

IlikaBum € BuBueHHs LI C y maiiieHTiB i3 3aXBOPIOBaHHSI-
MU IeYiHKU pi3HOi eTiosorii. Tak, y maiieHTiB 3 aJIKOr0Jib-
HuM renatutoM (AD') mOpyIIyeTbCcsl CUHTETUYHA (DYHKITisI
Ta TIPUCYTHIi 3aMmajJibHUI KOMITOHEHT, ajie SIK IIi TTPOTH-
JIexkHi eheKTH 30aJlaHCOBaHi, 3aTMIIAETHCSI HE3PO3YMIIUM.
BcTaHoBneHO, 1110 BBEIEHHSI HU3bKUX 03 aJTKOTOJIIO Pi3KO
3HUKYE CUHTE3 CEUOBUHU Y 3[I0POBUX I0OPOBOJIBILIB, TUM-
YacoBO CHPUSIOUN 30epeKeHHIO a30Ty, i el eekT, iMo-
BipHO, HE 3aJIEXKUTh Bill TOPMOHAIBHOI peryssmii [31].

Pesynsratu mociimkeHHs1 mokaszanu, mo Al 3HauHO
3HUKYE 30aTHICTh O CUHTE3Y CEYOBUHMU, i 11€ BiTOYBa€EThCS

IO PiBHS, SIKMI paHillle CrocTepiraBcs JUIe MpU rocTpiit
MeviHKOBii HemoctaTHOCTI. KpiM TOro, 3HMXXKEHHS 31aT-
HOCTi JI0 CMHTE3y CEUYOBMHU IOB’SI3aHE 31 30iUIbIIEHHIM
TSDKKOCTI KJIIHIYHOTO 3aXBOpIOoBaHHS. MeTtabojiuHa He-
noctaTHicTb 1pu A’ TpU3BOAUTE 10 HE3AATHOCTI MEYiHKU
aIeKBaTHO CIIPUSATA MeTaOOJIiUHill peryssilii, 1o CIIo-
CTEpiraeThbcsl MpU iHIIUX CTPECOBUX CTaHAX, TMOB’SI3aHUX
3 M03arevyiHKOBUM 3anajeHHsM. Lle Moxe OyTu moraHoro
MPOTHOCTUYHOIO 03HAKOI0, OCKIJIbLKM CTaBUTh ITiJl 3arpo3y
3IaTHICTh OpraHi3My aganTyBaTHCSl 1O TOMEOCTaTUYHUX
notped 3ananeHHs npu Al [32].

[MTopyiiennst LIC mMae mporHoCTMUHE 3HAYEHHS y Talli-
€HTIB 3 HEAJIKOTOJIbHUM CTE€aTOTEIIaTUTOM i MOXe CIpUYu-
HSITUCS €TIreHeTUYHUM TIOLIKO/IKEHHSIM TeHiB (pepMeHTiB
HC Tta minBuiieHUM crapiHHsaM renatoumtis. Lle mpu-
3BOIMTH OO TillepaMOHI€Mil, aKTWBAIlil 3ipuyacTUX KIITHUH
Ta MPOTpPecyBaHHS 3aXBOPIOBAHHS 3 PO3BUTKOM (hiOpO3Yy.
[IpoGaema MoXe MOCUIIOBATHCS NapajieIbHUMU 3MiHAMU B
[JIyTaMiHOBIl/TilyTaMaTHiii cucteMi. B ekciepumenTi 0yJ10
BCTAHOBJICHO 3HIKEHHSI eKcripecii reHiB Ta 6iikiB OTC Ta
CPS1, a Takox aktuBHicth OTC, 1110 MOB’sI3aHO 3 TIpoILie-
caMH TirepMeTuItoBaHHsI. BctaHOBIEHO, 1110 HAKOTTUYEHHST
KMPY B TIEUiHIli Ma€ 3BOPOTHUIA BIUIMB Ha 3HUKEHHST (hyHK-
11ii 11MX (hepMeHTIB. Y CBOIO Uepry, HAKOTTMYEeHHsI aMiaky B
TMeviHli MPU3BOAUTH JO 3arajeHHs, aKTUBalii 3ipyacTux
KJIITUH Ta po3BUTKY (PiOpo3y. Lle Moke OyTH BaXKJIMBUM Me-
XaHi3MOM IIepexoy JIETKOTO CTeaTo3y B CTeaTorenaTuT i 1aji
B LII1 Ta remarouemosnsapay Kapuunomy (I'LIK) [33, 34].

Bcranosneno takox U-momibHuii 3B’5130K MixX piBHEM
CEUOBMHU Ta TSKKICTIO 3aXBOPIOBaHHs I€UiHKU. Y Talli-
€HTIB 3 HU3bKHM PiBHEM CEYOBUHU CIIOCTEPiraBcsl ITiIBU-
IIEHUI pU3KMK PO3BUTKY (Hidbposy mevinku, LIIT ta medin-
KOBOI JeKoMIIeHcalrii [35].

3AaTHICTh 10 CUHTE3y CEYOBUHM TPUCKOPIOETHCS B
CTPECOBUX CHUTYallisiX, TAKUX SIK OiJib, HEIIOJaBHSI OTepa-
i, HEKOHTPOJIbOBAaHUI AiabeT i 3amajeHHsI, 110 BigOyBa-
€ThC 11032 IMeviHKoIo [36]. Tak, eKclepUMEeHTAIbHO iHIY-
KOBaHe 3amnajeHHs IIPU3BOIUTH A0 30LIbIISHHS 30aTHOCTI
IO CUHTE3y CEUOBUHH Y LIIYPiB, 1110 MOXE CIIPUSATU BTpaTam
a30Ty B OpraHi3mi Ta M’s130BOi MacH Tijia, a OTXe, CTAHOBU -
TU 3arpo3y JUIsl LiJTiICHOCTI OpraHi3My i MOTipIIUTY KJTiHiY-
HUii nepe6ir [37, 38].

[linBuieHn#t piBeHb CEYOBUHU KPOBi OYyB HE3aJIeKHO
MOB’sI3aHUI 3 TIOPYIIEHHSIM (QYHKIIT TiepudepuaHux He-
pBiB y nauiexTis 3 LIl 2-ro Tuny (LI2) [39].

V nitepartypi € MOBIZOMJIEHHS, IO MAILIIEHTH 3 aKTUB-
HUM 3aMaJIbHUM 3aXBOPIOBAHHSAM KMIIIEUHUKA MAlOTh He-
raTuBHUi OanaHc a3oty. IIpoBedeHi mocimKeHHS 3 Ie-
peBipKu 0a3ajJbHOTO Ta aMiHOKMCJIOTHO CTMMYJbOBAHOTO
CMHTE3y CEUYOBMHU Yy MalieHTiB 3 xBopoboio KpoHa Ta
HecrneuM(piYHUM BUPA3KOBUM KOJIITOM BKa3ylOThb Ha ITijI-
CWIEHMH 11 CUHTE3 IPU aKTMBHOMY 3aIlaJIbHOMY MPOILIECi,
MPU LILOMY PiBeHb PETYJISITOPiB CUHTE3Y CEYOBUHM (TIIHO-
KaroH, koptuzon, IL-6, IL-1a, IL-1B, TNF-o) He Bimpi3-
HSIBCS Y TIALIIEHTIB 3 HEAKTUBHUM 3aIlaJIbHUM TPOLIECOM.
Lle Bka3ye Ha Te, 1110 IPUCKOPEHE MEePETBOPEHHSI aMiHO-
KHUCJIOTHOTO a30Ty B MEYiHIli CIIpUSIE MEHII e(eKTUBHIN
€KOHOMIi a30Ty y MalLli€HTIB 3 aKTUBHMMMU 3aIlaJIbLHUMU 3a-
XBOPIOBaHHSAMU KulieuHuka [40].
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Ilicas HeyckIagHeHOl XipypriyHoi TpaBMU Y JIIOAUMHU
OyJ10 BCTAHOBJIEHO, IO AMiHOKHCIOTH BUAAISIOTHCI 3
KPOBi TEYiHKOIO IIISIXOM IMOABOEHHS TMEUYiHKOBOI edek-
TUBHOCTI CMHTe3y ce4oBUHMU. [Ipu Oynb-sKiil KOHLIEHTpa-
11i1 aMiHOKHMCJIOT y TIj1a3Mi BUBOJMTHLCS BABIYi OibIle ami-
HOA30TY, HiXX 30Ty CEUOBUHU, i TAKUM UYMHOM BTPAYAETHCS
MOXJIMBICTh IJIsI cuHTe3y Oinka. Llst crpecoBa peaxilis
MEYiHKM TPUBAE IIPOTSITOM OTHOTO TVKHS ITiCJIsI OTepallii.
30iIbIIEHHSI CMHTE3y CEYOBMHU caMe IO CO0i IOSICHIOE
6m3bK0 50 % micisonepalilHUX BTpaT a3o0Ty. BusiBjaeHHs
naTodizioNOriYHUX 3MiH IiC/IsI XipypriyHoi TpaBMU, MMO-
BIpHO, € BUPILIATBHUM ISl 3YyCUJIb LIOAO MOKPAIIEHHS
micasionepaliifHO1 3aXBOPIOBAHOCTI Ta CMEPTHOCTI [41].

Ju3perysiiist Ce4OBUHM, MMOBIPHO, € CITUTBHUM TOpY-
ILIEHHSIM Y MO3KY TIalli€EHTIB 3 HeipoereHepaTUBHUMU PO3-
Jlagamu — xBopoboto Anblireiimepa (XA), xsopo6oto [aH-
TinrroHa, [lapkiHcoHa Ta CyIMHHOIO JeMEHIIII0 — i MOXe
BiJlirpaBaTy MeBHY POJib Y MaTOreHe3i LIMX 3aXBOPIOBaHb Ue-
pe3 pyliHyBaHHS rematoeHIledaniyHoro 6ap’epa, okcuma-
TUBHUM CTpec Ta KapOaMilOBaHHsI, TOMY BOHA CTAHOBUTD
MOTEHIIiiiHY TepaneBTUUHY MillleHb [42]. KitacuuHi o3HaKu
naToJiorii XA, sIKi, SIK BBaXKa€TbCSI, ii CHIPUUMHSIIOTh, BKITIO-
yaloTh OJISIILIKY aMijioiny OeTa, a TaKoxX HeHpodiOpuIsipHi
Tay-KIyoku. OmHaK JOCHTIIKEHHS 1IMX KITAaCUMHUX O3HaK He
MOXYTb TIOSICHUTHU TIPUYMHHO-HACIiAKOBOTO 3B’ 13Ky, [Tin-
BUIIICHUI PiBEHb CEYOBMHMU Ta aMiaKy, BUSIBJICHUI y BUTIa/l-
Kax XA, Bkazye Ha aucyHkuioHaasauiil LC, 3amisauii B
XA. ®epmenTu LIC, 1110 CTAHOBIATD iHTEPEC TIPU ATOJIO-
rii XA, Bkmouaots OTC, izopopmu NOS, ARG1, ARG2,
opHiTuHaeKapookcunazu (ODC) Ta € mepcrneKTUBHUMU
TepaneBTUYHUMU MillleHsIMU. MeTaboliTu CeYOBUHU MPU
XA MaroTh Pi3HY KOHLEHTpPALilO B PiI3HUX AUTTHKAX MO3KY
Ta pi3HUX TUMAX KJIITUH (HeMPOHM, MiKPOTJTisi, aCTPOLIUTH).
3pemroto, ponb UT-B sk Momynsitopa KiipeHCYy poOUTh
11e#1 O1JTOK KITI0UOBOIO MillleHHIO JUIst focimkeHHs poti LIC
B MO3KY XBopux Ha XA [43].

BaxummBuM i KITiHIYHOI PaKTUKM € Te, 110 MeTabo-
JiuHi iepenporpamyBaHHs B LIC MaroTh BupiliaabHe 3Ha-
YeHHs B IIPOrpeCcyBaHHI MyXJIMH Pi3HOI JIOKaJTi3allil.

BcranoBneHo, 1110 ceyoBMHA Ta ii METAa0OJIiTU HEraTuB-
HO BIUIMBAIOTh Ha MTPOrPeCyBaHHs MIiIOMU — HalTolupe-
Hiwoi 3nosikicHoi myxanuu LITHC. T1pu BUBYEHHI BIUIMBY
p53 — Ginka-cyrpecopa IyXJIMH — Ha IIPOorpecyBaHHS TJTi-
oMU 1ursixoMm perymoBaHHs LIC Oys10 BCTaHOBJIEHO iHTiIOY-
ounit BrumB pS3 Ha ekcripecito ¢epmeHTiB LIC Ta renes
cedoBMHU B KiitrHax rimiomu. Hokmayn CPS1, mepioro
kmouoBoro ¢epmenty LC, mpurniuye mnpodidepariiio,
Mirpamito Ta iHBazilo KJIiTWUH riiomu. PiBeHb momiamiHy,
meTabouity LIC, Takox perymtoBaBcs p53 y KIIiTUHAX IJTi-
oMM LUIsIXoM TnpurHideHHs1 LIC, 1110 cripusie IpurHidyeHHIO
MporpecyBaHHs T1iomu [44].

I'lIK € omHUM i3 HalOIBIT CMEPTEIBHUX BUIIB PaKy y
cBiTi. BctanosneHo, 1o CPS1 ciabo ekcripecyeTbesl B TKa-
HuHax 'K Ta nmupkynooyux myxXJIMHHUX KIITHHAX, 110
HeraTMBHO Kopesoe 3i crafieto Ta nmporHozom ['IK. ITo-
JaJIbIII TOCIiIKEHHS IT0Ka3yIoTh, 1m0 CPS1 — me manuis 3
IBOMa KiHIISIMU. 3 OMHOTO OOKY, BiH IPUTHIYy€E aKTUBHICTb
docharunmaxonin-cneundiuHoi ¢pochominazu C, 6J0Ky-
toun 6iocuHTe3 piauunriitepony (DAG), 1o npu3BoaUThL

no 3HwxkeHHst perynsuii nuisixy DAG/mpoteinkinazu C
IUISI IPUTHIYEHHSI iHBa3ii Ta MeTacTa3yBaHHS PAKOBUX KJli-
TiH. 3 iHmoro 6oky, CPSI1 cripusie mpodidepartii KiTuH,
301/IbIITYIOUM BHYTPIIIHBOKJIITUHHUN S-aIeHO3UIMETIOHIH
Ut TIocuieHHsT Monudikaiiii m6A MPHK wiena 3 ponuau
PO3YMHEHUX PEUYOBUH | — KJTIOUYOBOTO TpaHCTopTepa st
CIOXMBAHHS acIlapTary. 3pelllToo, HaaMipHa €KCIIPecis
CPS1 ageHoaco11iii0BaHOTO BipyCcy MOXKe TaJbMyBaTH MPO-
rpecyBaHHs ['IHHK. ¥ cykymHOCTI 116 mpu3BOAUTH A0 TOTO,
o CPS1 € nepemukayeM Mix npoJidepaliiero Ta Metacra-
3yBaHHIM ['LIK 1u1sixoM 30i1bIIeHHS BHYTPIITHBOKJIITMH-
HOTo piBHs acnaprary [45].

[Topymenns perynsuii LIC Oyio BUSIBIIEHO i ITpu K0JIO-
pektanibHOMY paKky (KPP). OnHak BruinB ce40OBMHU Ha PO3-
BuTok KPP 3anumaetscs He3posyminuM. [1pu o6cTexeHHi
MMAIli€HTIB 3 MOTEHUIMHUMM (aKTOpaMU PU3KKY (peXuM
XapuyBaHHs, MeTaboumiuHi pakropu — IMT, IIK®, 11112,
TeHeTUIHMI Tpodiib) BUSIBIEHO, 1110 HYXKYi PiBHi CEUOBH-
HU B CHPOBaTIi KpOBi OyJIM MOB’s13aHi 3 BUILUM PU3UKOM
po3BuTtky KPP, mpuuoMy Oinbln BupakeHUil eheKT CIo-
crepiraBcst y oci6 3 LIJ12. ITinTpuMka cTabiIbHOIO piBHS
CEYOBMHU B CHMPOBATILi KPOBi Ma€ BaxkJIWBi HACTIIKM IJIsI
npodinaktuku KPP [46].

SIKI1110 TOBOPUTH B 1IIJIOMY TIPO TATOJIOTiIYHI CTaHU, SIKi
1oB’s13aHi 3 mopyieHHsIM L[C, To 17151 MTOBHOTO po3yMiHHSI
naTodi3ioIOriYHMX MPOLECiB HEOOXiAHO HaragaTy IIpo Me-
XaHi3MU PeTyJIsIiii CHHTe3y CEYOBUHM.

st moBHOLiHHOTO (byHKIioHyBaHH LIC, oxpim 1’1t
OCHOBHUX (DepPMEHTIB, TAKOX MOTPiOHI iHIIII (pepMeHTHU Ta
MITOXOHpiaJbHi TpaHCIOPTepU amiHOKUCIOT. [loBHUMIA
LIC ekcripecyeTbcs B MeUiHIIi Ta HEBEJIMKOIO MipOI0 TaKOX
B eHTepoluTax. OmHAK BMCOKOpPETyJbOBaHa EKCIIpECis
Kimbkox depMeHTiB, npucyTHix y LIC, BinOyBaeThcs Ta-
KOX y 0araTbOX iHIIMX TKAHWHAX, Jie 11i hepMeHTH OepyTh
yuactb y cuHTe3i NO, rnojiaMiHiB, MpoiHY Ta miyramary
[47]. lBunkicth yrBopeHHs ceuoBuHu B LIC KoHTpoOMIO-
€TbCSI Ta OOMEXY€ETbCS (hepMEHTaMU TIEPIIOTO Ta TPEThO-
ro uukiiB — CPS1 ta ASS1 BinnosinHo. CPS1 € pepmen-
TOM, 1110 TeHepye TOoTiK, a ASS1 € (pepMeHTOM, 1110 JiMiTy€E
IIBUAKICTb, OCKiJIbKM BiH Ma€ HaWHMWXYY MaKCUMaJIbHY
IBUAKICTb cepen (epMeHTiB Lukiy. IBUaKicTb cuHTE3y
CEYOBMHU TOJIOBHUM YMHOM BU3HAYAETHCS KOHLICHTpPAIli-
€10 B KPOBI ii cybcTpaTy, aMiHHOTO a30TY, a CIiBBiIHOIICH-
HS$l «CyOCTpaT — MPOAYKT» PETYJIIOETHCS HU3KOI TOPMOHIB
Ta iHTepseikiHiB [48, 49]. KpiMm Toro, BupoOeHHs cevo-
BUHU 3aJIEXXUTh Bil (DYHKIiOHAIBHOI Macu Iteuinku [50].

[moxaroH, iHCyJIiH Ta TJIIOKOKOPTUKOIAM € OCHOBHU-
MU peryiasgTopaMu exkcrpecii pepmenTiB LIC y meuinii.
Ha npotuBary uibomy (hepMeHTH IIUKJIY CEYOBUMHU B HeE-
MEeYiHKOBUX KJIITUHAX PETYJIIOI0THCS LIMPOKUM CHEKTPOM
Mpo- Ta TMPOTU3ANAJbHUX LMTOKiIHIB Ta iHIIUX areHTIB.
Perynsiiiist iux ¢epMeHTIiB 3HAYHOK MipOl0 TPaHCKPUII-
LiiiHa MPaKTUYHO y BCiX TUMax KJIiTuH [47]. [l1tokaroH €
HAWUCWJIBHIIIAM BiIOMUM DPETYJISITOPOM, SIKWUI TMiIBUIILYE
CMHTE3 CEYOBMHU SK y 0a3aJbHOMY CTaHi, TakK i ITiI Jac
cTuMyIIsLii ananiHoM [51]. BogHouac iHCcyniHOTIOMIOHMIA
daxrop pocty-1 (IGF-1) € cunbHUM 3HIKYBaJIbHUM pe-
ryasitopoM 1i cuHte3dy [49]. CnoxuBaHHs Oijika B pauio-
Hi 30i7bllly€e, a BYIJIEBOMIB — 3MEHIIYE KOHIIEHTpALlilo
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aMiHOKMCJIOT Y KPOBi, 1110 BiAIIOBIZHUM YMHOM BILIMBA€E
Ha CUHTEe3 cevyoBMHU. [IpuUnmycKaeTbes, M0 CHOXMBAHHS
OiJKa IMiIBUIILYE CUHTE3 CEYOBUMHU HE TUTBKU 3a PaXyHOK
cybcTpaTHOTO eDeKTy, a i 3a paXyHOK CTUMYJISILT (hepMeH-
TiB. [Toka3aHo, 110 3HMKEHHS KIIPEHCY a30Ty B MEUiHI
IJIIOKO3010 3aJIEXKUTh Bil Timepriikemii Ta ITOCSATAEThCS
aIUTUBHUM €(PEeKTOM IIPSIMOI TOPMOHOHE3aIeXHOI mil
[JIIOKO3M Ta OTTOCEPEAKOBAHO Yepe3 MPUTHIUeHHS TIIoKa-
roHy. IHCy/iH He € MPSIMUM KOHTPOJIEPOM KIIipEHCY a30Ty
B TEYiHIIi, ajJie BCe K BBAXKA€TbCs BaXKJIUBUM PEryJIsITO-
POM CHHTE3Y CEUOBUHU 3aBISKU CBOEMY 3HUXKYBAIbHOMY
BIUIMBY Ha KOHLIEHTpAIlil0 aMiHOKUCIOT y KpoBi [52]. ITin-
BUILEHHSI PEryJsiliii CHHTE3Y CEUOBUHM aMiHOKHCIOTaMM
Ta CIIOXXMBAHHSIM XapyoBOTO Oilika MOXe OyTH Topylie-

He y MallieHTiB i3 XpoHiYHUM naHkpeatutoM (XII) uepes
3HUKEHY CeKpellilo IIoKarony [53].

BBeneHHST TITIOKOKOPTUKOIIB MPU3BOAUTH 10 BTPaTH
a30Ty Y BUIJISI/II CEYOBMHM YACTKOBO 4epes3 crietudiuHmii
MeYiHKOBUI MeXaHi3M, IO MiATBEPIKYEThCS MiABUIICHUM
(yHKIIIOHATBHUM KJIipEHCOM a30Ty B IeviHIi. [1ioKokop-
TUKOINHI peUenTopUd IMEeYiHKM KOHTPOJIOIOTH CHUCTEMHY
¢ynkuito Ta L C nediHku HIISIXOM TPaHCKPUIILIIAHOI pery-
nsuii ekcrnpecii ARG1. TopMoH pocTy Mae mpOTUIEKHUIT
edeKT, a TakoX HehTpasizye e(heKT TIIIOKOKOPTUKOIIiB
MpU OAHOYACHOMY 3aCTOCYBaHHIi 3 IpeaHi3ooHoM. Lle mo-
TMOBHIOE PO3YMiHHSI PO3BUTKY Ta MOXJIMBOCTEM JiKyBaHHS
KataboJ1i3My cTepoinis [54].

BusHaueHi 3MiHU ceyOBUHM 3rpyrnoBaHi B Ta01. 1.

Ta6nunys 1. [pu4nHM 3MiH piBHSI CEH4OBUHU B KPOBI

Mpuy4nHKM NiABULLIEHHSI KOHLIEHTPAaLLii Ce4OBUHU B KPOBI
(ceyoBuHa > 7,8 mmonb/n a6o > 22 mr/pn)

®dizionori4dHi

306inbLUEHHS BUPOOIIEHHSI CE4OBUHU

MipsuLLEHHs 6inka B paujoHi T

MepeBaxkaHHs KaTaboNi4YHMX MPoLeciB, 3HMXKEHHS LLIK®D

BikoBe 36iMbLLEHHS PiBHA CEeHOBUHM (Moxmnuii Bik T)

MatonorivyHi

3axBoproBaHHA HNPOK (MOpyLLEeHHs peabcopbuii Ta dink-
Tpaujii)/HnpkoBa HefocTaTHICTb

rmy T
XXH T —TT, XXH Vet TTT

Herigpatauis

3MeHLLeHHs BXMBaHHA pignHn T
3HesopgHeHHs BHacnigok giapei T — TT, 6mosanHa T —
T, notouginexHs T

SHWKEHHSA HUPKOBOI Nepdoyaii

Cepuesa HepocTaTHicTb T (oekomneHcosaHa TT)
MnosonemiyHmii wok TT
Tsxka rinotensis T — TT

CTtaHu 3 nigBuLLEeHNM KaTaboniaMoMm 6inkis

FonopysaHHs T

Tpasmu T

Onikn T — TT

Benwuki onepatueHi BTpyHaHHsa T
CucTeMHe 3ananeHHs

Mioautn T

MigBuLLeHe HagxomxeHHs 6inka (protein breakdown)

LLInyHKoBO-KMLLIKOBI KposoTedi T

MeTaboniyHa ausperynsauis

EHpokpuHHI 3axBoptoBaHHs (L, natonoris wuronogibHoi
3an03u, HagHUpHUKiB) T

[MaTonoris BariTHOCTI

Matonoris poasutky nnoga T
OVcdyHKLIS NeviHkn a60 HUPOK y BariTHux T

FATporeHHi pakTopun

CrepoinHi ropMOoHW, BiypeTKK, aHTUBIOTMKM

MpUYNHU 3HMKEHHS KOHLLeHTpaLlii Ce4OBMHU B KPOBI
(ceyoBuHa < 2,5 mmonb/n aéo < 7,0 mr/pn)

dizsionorivyHi
SHWKEHHS CUHTE3Y LieTa 3 HU3bKUM YMICTOM 6inkKis
SHWKEHHS CMHTE3Y Ta MiABULLIEHHS BUBEAEHHS BaritHicTb |

laronoridyHi

MopyLueHHs1 6yab-AKOro 3 hepMeHTIB LUUKITy CEHOBUHU

[eHeTnYHiI (CSP1, OTC, ASS1, ASL, ARG) a6o npogyueHTa Kodak-
Topie (NAGS): noenuin gediunt L4 — LI, vactkosuin |
Fineprigparavis HapamipHe cnoxueaHHsa a6o BBEAEHHS pianHu

CVHOPOM HeafeKBaTHOro AiypeTU4HOro ropMoHy |

SHWKEHHS CUHTE3Y

3axBoploBaHHSA NeYiHKK, sKi CynpoBOAXKYOTbCS FOCTPOIO
NeYiHKOBOI HeJoCTaTHICTIO |, XPOHIYHO NeyiHkoBo
HepoctaTHicTio (HACT |, xpoHiunwii renatut |, ankorons-
Huit renatut 4 — L, umpos nevinkm 1)

76 Hupium. Kidneys

Tom 14, N2 3, 2025



Oraga / Review

B excnepuMeHTi BCTaHOBJIEHO, 1110 3a YMOB IOCTPO-
ro TMicJS0MNepalifHOrO CTpecy KaTexoJaMiHU, KOPTUKO-
CTEpOH Ta TJIIOKAroH pa3oM 3abe3rnevyioTh 6u3bko 40 %
301IbIIIEHHSI CUHTE3y CEUOBUHU in vivo. [1pocrariananH
E2 (PGE2) cam no cobi He BIUIMBAa€ Ha CUHTE3 CEUOBU-
HU, ajie MpUcKoploe aito ropmoHiB [41]. PGE npotsirom
TPUBAJIOTO Yacy BBaXKaauCsl KaTabOTiYHUMU TOPMOHAMU,
ajie OCTaHHI JaHi cBigyaTh Mpo Te, 1110 BOHU MOXYTb Ce-
KpeTyBaTUCS y KPUTUYHO XBOPUX MALi€HTIB IJIsI IPOTUIIT
FOPMOHAM CTpecy, CTUMYJIIOIOUM CHHTE3 6inKka. IX BuKo-
PUCTAHHS 115 MOJIIIIEHHS MiKpOLMPKYJISLil MeYiHKY Ta
SIK LIUTONPOTEKTOPHUX 3aCO0iB IepedyBae il NUJIbHOIO
yBaroto. Y mnauieHtiB 3 LII1 PGEl 3HuxXye mBuakicTb
CUHTE3y CEYOBMHM B TEUiHIII HE3aJeXHO Bill TOPMOHIB
Ta/abo0 TeYiHKOBOIO KPOBOTOKY, MOXXJIMBO, BILUIMBAaIOUYU
Ha TiepudepuyHOMY DPiBHi Ha TPAaHCIOPT aMiHOKMUCIIOT,
TUM CaMUM 3MEHIIYIOYN HAIXOIKEHHSI aMiHOKUCIIOT 110
nevinku [55].

Ha o6MiH ceyoBMHM BIUIMBAE i piBeHb Timparailii opra-
Hi3my. Tak, BCTaHOBJIEHO, 1110 TOCTPE MOMipHE 3HEBOJIHEH-
HsI 3BHMXKYE $SIK 3arajlbHUI CUHTE3 CEYOBMHM, TaK i 11 UyTIn-
BicTh 10 rtokaroHy. OctaHHE OyJI0 TOB’sI3aHe 3 BTPATOIO
BHYTPIllTHBOKJTITUHHO1 BOAU. TaKMM YMHOM, 3HEBOJIHEHHSI
MOXe MPU3BOAUTU A0 €KOHOMIi a30Ty 3a paXyHOK BHECKY
MEeYiHKM B TOMeocTa3 a30Ty. MexaHi3M 11boro edekry Ta
3B’130K 3 TTOTOKaAMU HaTpilo Ta KaJiito HeBimoMi [56].

JocnimkeHHs BIUIMBY i0HIB HATPilo Ta KaJjlilo Ha 0OMiH
CEYOBUHU MTOKA3YIOTh TAKe.

YHuclieHHi eKCIepUMEHTH JOBEJU, 1110 BUCHAXEHHS Ka-
JIi10 3HMKYE €KCIIPECilo TeHiB Ta CMHTe3 OijIka, TUM caMUM
3HUKYIOUM PiCT, KOHLIEHTpaLlil0 Ta aKTUBHICTb (hepMEHTIB
3arajoM. PiBeHb aMiaky B IJla3Mi 3HAYHO 3pOCTAE TiJ] Yac
rinokasiemii, 1110 BKa3ye Ha 3HUKEHHST (DYHKIIIOHAJIbHOCTI
LIC, ane iHIIi MexaHi3MM TaKOX MOXYTb OYyTH BaKJIWMBU-
mu [57]. JocnimkeHHsT ToKasaiu, 1110 MpPU eKCIIepUMeH-
TaJbHIN TiMMOKaJieMil BMICT KaJlifo B HUPKaxX Ta M’ SI30Biit
TKaHWHI 3HAYHO 3HU3UBCS, ajie 3aJUIIMBCSI HE3MIHHUM Y
TKaHWHI nediHku. Excmpecis OiKiB HaTpi€eBO-Kali€BUX
HACOCiB MeYiHKU 3ajuiniacs He3aMiHHo. [inokaniemis
3HMXYBaJa 3IaTHICTb 0 CUHTE3Y CEYOBUHMU 1ILIIXOM 3HU-
JKEHHST eKCIpecii KIIoUYoBUX (PEPMEHTIB LUKy CEYOBUHU
ASS1, 110 MPU3BOAMIIO 10 BUPaAXKEeHOI rinepaMoHiemii. Aje
e IBUIIE € 000POTHUM ITiCIsT ITONOBHEHHS Katiio [58].

BruinB Hatpito Ha OOMiH CEYOBUHM IIIe TOCTATHBbO HE
BUBYeHMI. OHAK OBECHO, 110 CEYOBMHA CTBOPIOE T10-
3UTUBHUI OajlaHC HATPIIO B IJ1a3Mi i e(peKTUBHA IIPU CHH-
IPOMi HeaAeKBaTHOI CeKpellil aHTUAIypeTUIHOTO TOPMOHY
[59] Ta nnsa xopekuii HaTpieMii y Malli€eHTIB 3 rinepBoJie-
MIYHOIO ceplieBoi0 HemocraTHicTio [60]. TlepopanbHa ce-
YOBMHA Hapa3i peKOMEHIYEThCS B €BPOITi IS JTIKyBaHHSI
XpOHiYHOT TimoHatpiemii [61].

IcToTHa podb CEYOBMHM B TMATOJOTIYHUX IIpOIEcax
poouTh ii IIHHUM MapKepoM B MPOTHO3YBaHHi Mepeodiry
3aXBOPIOBaHHS Ta cMepTHOCTI. KitacmyHo piBeHb ceuoBU-
HU Pa3oM 3 KpeaTMHIHOM BUKOPUCTOBYETHCS [JISI OLIHKK
GYHKIII HUPOK, a i30JIbOBaHEe BU3HAYCHHS B KPOBI — 5K
MapKep IopyueHHsT QyHKIil medinku. Huska kimiHigvHnX
JOCTIIKeHb MoKa3ajia JiarHOCTUYHE 3HAYeHHS i30JIbOBa-
HOTIO BU3HAYEHHS a30Ty CEYOBUHU IPU Pi3HMUX HO30JIOTISX.

JocimKeHHs MoKa3alu BaJIMBICTh BUSHAYEHHS a30Ty
CEYOBMHM B KPOBI JIJIs1 pPAHHBOTO MPOTHO3YBAHHSI CMEPTHOCTI
ripu roctpoMy nankpeatuti [62], CH [63]. ITigBuineHuii pi-
BEHb CEYOBMHH TiCHO IMOB’si3aHMi1 3 30-IeHHO CMEPTHICTIO
Bill YCiX MPUYMH Y MAIIEHTIB, TOCMiTali30BaHUX 3 TOCTPOIO
raroJjiorieio [64], Ta 30UIBLIEHHSIM CMEPTHOCTI Y KPUTHU-
HO XBOPMX TALIIEHTIB 3 piBHeM KpeatuHiny 0,8—1,3 mr/mn
He3aJIeXXHO Bil piBHS KpeaTWHiIHy B CHpOBAaTLi KpoBi [65].
Cepen malli€HTIB 3 HECTAOLIbHUM KOPOHAPHUM CHUHAPO-
MOM Ta MepeBaXHO HOPMAIbHOIO 200 HE3HAYHO 3HMKEHOIO
LK ® nigBuiieHnii piBeHb CECYOBUHU B KPOBI ITOB’sI3aHMIA 3i
301IbILIEHHSIM CMEPTHOCTI He3anexXHO Bin omiHok [TTK® Ha
OCHOBI KpeaTUHiHYy Ta iHIIK1X 6ioMapkepiB [66].

V kniHiuHIN npakTUi OiTbil €(heKTUBHUM ISl IPOTHO-
3y 3aXBOPIOBaHb BBAXKAETHCSI BUKOPUCTAHHS BiTHOCHUX Be-
JinurH. Tak, BeJMKe MPOTHOCTUYHE 3HAYEHHS MA€ CITiBBiI-
HoleHHs a30Ty ceuoBuHU (BUN)/KpeaTuHiHy, 110 B IIepIiLy
Yepry BpaxoBY€E BIUIMB (PYHKIIIOHAJILHOIO CTaHYy HUPOK Ha
repeoir 3axBoproBaHHs. CriBBigHoleHHss BUN /kpeaTuHi-
HY MOXe BiloOpaxkaTu HelporyMopajibHy aKTHBallilo (0co-
OJIMBO MiABUILEHHSI PiBHSI apriHiHY Ba3OINpeCHHY), 3MiHY
HUPKOBOTO KPOBOTOKY a00 iHIIII maTodiziosoriyHi MexaHi3-
MU, SIKi He BKJTIOYEHI B 3BUYAiHi TPOTHOCTUYHI 3MiHHI.

Binbin Bucoke criinHoieHHss BUN/kpeaTuHiH aco-
11iI0BaJIOCh 3 TipIIMMU HACJiIKAMU MPU TOCTPiii ceplieBiii
HEAOCTATHOCTI, Y MAILIIEHTIB i3 XpOHIYHOIO CEPIIEBOIO HEMO-
CTaTHICTIO Y BChOMY CIEKTPi (PppaKilii BUKKUIY JIiBOTO IILTY-
Houka HesasnexHo Big LIITK® ta NT-proBNP [67]; Ta majo
3HAYHY MPOrHOCTUYHY LIiHHICTh IJII CMEPTHOCTI Bil ycix
MpUYMH TS i€l Karteropil mauieHTiB [68]. TTinBuineHuit
piBeHb ce4yoBHMHU KpoBi Ta criBBimHomeHHs BUN/kpe-
aTMHIH MpU rocritajizalii € He3aJIeXKHUMU MPpeIUuKTOpa-
MU JOBrOCTPOKOBOI CMEPTHOCTI Y Malli€eHTiB 3 iH(apKTOM
Miokapa 3 eneBati€to cermenrta ST HesanexHo Big LITK®
npu rocmitaiizauii [69]. Bucokwuii pisenb BUN/KpeaTuHi-
HY CYTTEBO 30iblIye pu3uK po3BuTKy IXC y mamieHTiB 3
LI 2-ro tumy [70]. Lleit iHoekc Ma€ neBHY crieInMivHiCTh
i oB’s13aHMii 3 ToyaTKoM Ta cMepTHicTio Big I'TIH y mairi-
entiB 3 COVID-19 [71].

IHIMT TPOrHOCTUYHMIA iHAEKC — 11€ CIiBBiIHOIIEHHS
BUN/anb0yMiH, siKe fesKi TOCHiNHUKY iIeHTU(IKYIOTb SIK
HOBHII ITOKa3HWK 3aMaJbHOTIO i XapuoBoro crarycy. Moro
3HAYEHHSI K HE3aJeXXHOTO TPOTHOCTUYHOIO MapKepa
OyJ10 HOBEIEeHO IS PO3BUTKY KOHTPACT-iHIYKOBAaHOI He-
¢pomarii y mali€HTiB, AKi IMPOXOASITh KOpoHaporpadiio
abo uepe3lKipHe KopoHapHe BTpy4yaHHs [72]. Bin € Haii-
KpaluM MapaMeTpoM ISl TIPOTHO3YBAHHSI CMEPTHOCTI Ta
rnepeOyBaHHs Yy BilIiIEeHH] iHTEeHCUBHOI Teparlil y malli€HTiB
3 HEXPOHIYHMMU 3aXBOPIOBaHHIMU HUPOK [73]. [linBuiie-
Huit koediieHT BUN/anb0ymiH OyB CMJIBHUM Ta He3aJIeX -
HUM TPENMKTOPOM BHYTPilIHbOMIKApHSIHOI Ta 90-1eHHOT
CMEPTHOCTI Bifl YCiX MPUYMH Y IMALli€EHTIB 3 3arOCTPEHHIM
XPOHIYHOTO OOCTPYKTHBHOTO 3aXBOPIOBAHHSI JIeTeHb |74].

Cy4acHi 10oCTiIKeHHST IEMOHCTPYIOTh 3HAYHY POJIb Ce-
YOBUWHM Ta 11 IIPOAYKTIB Y pO3BUTKY HU3KHU 3aXBOPIOBaHbL. B
OCHOBI 11 MaTOJIOTIYHMX BILIMBIB JIEXKUTb TUCHYHKIIIS (pep-
MEHTIB LIUKJTy CEUOBMHU BPOKEHOTO Y1 HAaOYyTOro Xapak-
Tepy, 110 pealli3ye€ThCsl Yepe3 aKTHUBALlil0 OKCHUIATHBHOIO
CcTpecy, amonTo3y, KapOaMilloBaHHSI, TOPMOHAIbHY W3-
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peryJsuio. BuB4eHHs1 MeXaHi3MiB BIUIMBY L€l OpraHiuHOi1
CIOJIYKHY Ha MaTo(i3ioa0riuyHi MpolecH BilKpUBa€ IIMPOKi
MepCreKTUBA B 3aCTOCYBaHHI HOBMX (DapMaKoOJOTiYHMX
MiIXOMiB JUTS JIIKYBaHHS 3aXBOPIOBAaHb HUPOK, TEYiHKU,
CeplIeBO-CYIMHHOI Ta HEPBOBOI CMCTEM, OHKOIIATOJIOTil. 3
iHIITIOTO OOKY, i30JIbOBaHE BU3HAYCHHS PiBHSI CEUOBMHU B
KpOBi abo ii CITiBBimHOIIIEHHS 3 KPeaTUHIHOM Ta aJbOyMi-
HOM € HaliiHUMU TPOTHOCTUYHUMU MapKepaMU TSKKOCTI
Ta CMEPTHOCTI IIpU pi3HOMAaHITHil MaTOIOTIi.

KonduikT inTepeciB. ABTopu 3asIBJISIIOTH PO BiACYT-
HiCTb KOH(MIIKTY iHTEepeciB Ta BiacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiArOTOBII TaHOI CTATTi.
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The role of urea in pathological conditions

Abstract. Modern research shows the significant role of the urea
and its products in the development of a number of diseases. Its
pathological effects are based on dysfunction of the urea cycle
enzymes of congenital or acquired nature, realized through the
activation of oxidative stress, apoptosis, carbamylation, hormonal
dysregulation. Studying the mechanisms of action of this organic
compound on pathophysiological processes opens up broad pros-

pects for the application of new pharmacological approaches to
the treatment of kidney, liver, cardiovascular and nervous diseases,
and oncopathology. On the other hand, isolated determination of
the blood urea level or its ratio with creatinine and albumin are
reliable prognostic markers of severity and mortality in various pa-
thologies.

Keywords: urea; pathology; apoptosis; carbamylation
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Gamma-aminobutyric acid as an element
of the mechanisms of cerebro-renal interactions

Abstract. The presence of many common aspects in autoregulatory mechanisms and processes of
ensuring the constancy of the internal environment determines the uniqueness of the cerebro-renal
system. Gamma-aminobutyric acid (GABA), in addition to the key coordinating role in brain activity
and its metabolism, has inherent regulatory effects in non-neuronal tissues. Given the fact that there is a
relationship between GABA levels and the functional and metabolic state of other organs and systems,
the aim of the work is to focus on scientific information regarding local GABAergic systems, the location
of their components in the nephron and the renal effects of GABA under different conditions. In addifion
to the fact that GABA has therapeutic potential against acute kidney injury and chronic kidney disease,
pharmacological modulators of GABA can provoke nephrotoxicity. The reasons for the diversity of renal
responses under the influence of GABA and agents with agonist activity are multifactorial in nature, which
should be taken info account, and within the framework of GABAergic strategies, effective and safe

therapeutic approaches should be sought and applied.
Keywords: gamma-aminobutyric acid; cerebro-renal system, mechanisms of interrelationship

The nervous system and the kidneys interact to main-
tain normal body homeostasis. In pathological processes,
disruption of these relationships can lead to impaired re-
nal function and sodium ion processing, resulting in fluid
and electrolyte imbalance. Increasing evidence suggests the
importance of interactions between the nervous system and
the kidneys, given the high prevalence of acute kidney in-
jury (AKI) and chronic kidney disease (CKD) in patients
with cerebrovascular diseases [1]. The presence of many
common anatomical and physiological aspects determines
the uniqueness of the cerebro-renal system. In addition to
the need for a stable and constantly high blood volume and
local autoregulation of blood flow, there is a close connec-
tion between the brain and the kidneys both in normal and
pathological conditions. Nerve impulses from the central
nervous system (CNS) regulate renal blood flow, glomerular
and tubular processes. The kidneys interact with the CNS
through thinly myelinated and unmyelinated nerve fibers to
regulate sodium ion processing [2].

Among neurohumoral regulators of homeostasis, one
of the most common neurotransmitters in mammals is
gamma-aminobutyric acid (GABA), which is distributed
in most brain regions and in 40 % of inhibitory synapses in
adult vertebrates [3]. Components of the GABAergic system
have structural, molecular, and functional differences and
are present in neuronal and non-neuronal tissues, modulate
physiological processes, and participate in the pathogenesis
of a number of diseases [4].

The aim of the work is to focus on scientific information
regarding local GABAergic systems, in particular the loca-
tion of its components in the nephron, and the renal effects
of GABA under different conditions of renal function.

GABA is a natural amino acid that acts as the primary
inhibitory neurotransmitter in the CNS. Performing its bio-
logical function at the interneuronal synapse, GABA binds
to postsynaptic receptors that modulate ion channels, hy-
perpolarize the cell, and inhibit action potential transmis-
sion [5]. GABA signaling in the CNS has been extensively
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studied. GABA, GABA,, and GABA, receptors, despite
their differences in physiological, biochemical, functional,
and pharmacological properties, are the main inhibitory re-
ceptors in the CNS and they regulate neuronal excitability
when GABA is released into the postsynaptic nerve terminal
[6]. GABA is functionally opposite to the major excitatory
neurotransmitter glutamate (glutamic acid, Glu), which,
like GABA, is the most abundant neurotransmitter in the
CNS. GABA-mediated neuronal activity occurs due to the
coordinated and dynamically regulated balance between
inhibitory (mainly GABAergic) and excitatory (mainly glu-
tamatergic) effects mediated by GABA receptors and Glu
receptors (NMDA receptors). Proper GABA/Glu balance is
essential for the normal functioning of most complex brain
processes, and imbalance has been implicated in neurode-
velopmental pathology, neurodegenerative/neurological,
psychiatric diseases, and acute neurological disorders [7, 8].

The biological significance of GABA is not limited to
maintaining excitatory/inhibitory balance. In addition to
the fact that GABA is a key coordinator of brain activity and
its metabolism, the GABA system has regulatory functions
in other, non-neuronal tissues and organs. It is now known
that GABA levels are interconnected with the physiologi-
cal state of metabolic organs and the pathogenesis of meta-
bolic diseases. GABA is synthesized in significant quanti-
ties in the islets of the pancreas [9]. GABA released from
B-cells can have both autocrine and paracrine effects in hu-
man islets of Langerhans. The result of the action of GABA
through GABA, receptors on o-cells of the pancreas is the
production of glucagon, on B-cells — insulin secretion [10].

Disturbances in GABA signaling have significant conse-
quences in several physiological processes in the liver, as well
as liver diseases. Today, there is a sufficient number of scien-
tific reports that GABAergic innervation of the liver not only
exists, but may also play an important role in the regulation
of liver development and function. Activation of GABAergic
processes can protect the liver from toxic damage to hepa-
tocytes, and GABA production by hepatocytes plays a key
role in the regulation of blood glucose and feeding behavior
in obesity; therefore, reducing GABA in the liver improves
insulin sensitivity [11].

GABA has been reported to affect cardiovascular regu-
lation through central and peripheral GABAergic mecha-
nisms. A systematic review and meta-analyses show that
oral GABA reduces blood pressure in patients with high
normal blood pressure and stage 1 hypertension [12].
GABA, receptor activation/inhibition affects post-infarc-
tion ventricular remodeling by modulating monocyte/mac-
rophage subsets [13]. Atrioventricular node pacemaker cells
have been shown to have an intrinsic GABAergic system
[14]. Along with GABAergic vesicles, GABA metabolic en-
zymes, receptors, and transporters have been identified in
atrioventricular node pacemaker cells. In the same study,
the authors suggest that the endogenous GABAergic sys-
tem, by ensuring consistent atrioventricular contraction,
plays a key role in the conduction of impulses from the atria
to the ventricles.

AKI is known to modulate the CNS, and the end result
is an increase in central sympathetic influences, which exa-

cerbates kidney damage [15]. In CKD, renal denervation
modulates sympathetic outflow also through GABAergic
mechanisms [16]. Stimulation of GABA, receptors in the
CNS mediates the preventive effect of GABA in AKI due
to inhibition of increased renal sympathetic activity du-
ring renal ischemia/reperfusion [17]. Functional relation-
ship between the kidneys and the CNS through GABA was
confirmed by research [18], where it was established that af-
ferent renal nerves are involved in GABAergic changes in
the paraventricular nucleus of the hypothalamus. Renal af-
ferents are known to play a crucial role in the regulation of
renal function, being activated by changes in pressure, fluid
composition and oxygen levels in the kidneys. It is suggested
that an increase in GABAergic inputs to the paraventricular
nucleus occurs to attenuate sympathetic excitation in reno-
vascular hypertension in rats, carrying information from the
kidneys to the CNS.

It is worth noting that sympathetic activation increases
the expression of the renin-angiotensin system, the synthe-
sis of its components and the release into the circulatory
system [19, 20]. When the renin-angiotensin system, which
controls blood pressure and sodium homeostasis, is overac-
tivated, its sodium-retaining effect is mediated by intrarenal
and extrarenal, including central, mechanisms [21]. Evi-
dence for the involvement of GABA in the integrated effects
of the renin-angiotensin system in the kidneys, cardiovas-
cular system, and CNS comes from studies indicating the
dependence of GABAergic synaptic inputs in the CNS on
the activity of angiotensin 11 [22].

Thus, the role of the GABAergic system in renal func-
tion has been practically established. The hypothesis of
the existence of a renal GABAergic system has received
evidence from the study on the effects of GABA on the pre-
vention of renal pathology and the identification of GABA
components in the kidneys. Studies in rats with hyperten-
sion and CKD showed that GABA, receptor expression in
the CNS was increased, central GABA levels were reduced
in the cerebrospinal fluid, and peripheral GABA levels were
increased in serum. Renal denervation in CKD restored glu-
tamate decarboxylase (GAD) activity, similar to the effect
observed with baclofen (a GABA, receptor agonist), and
systemic administration of gabapentin (a GABA analog)
reduced blood pressure. It has been shown that improving
GABA system dysfunction prevents the development and
reduces the severity of cardiorenal syndrome in rats with
CKD [23].

Of particular note is the information about the specifi-
city of the distribution of GABA components in the neph-
ron. An understanding of the peculiarities of the localization
of the renal components of the GABAergic system provides
an understanding of the functional significance of this ami-
no acid in renal processes, the mechanisms of interaction
between the nervous system and the kidneys through the
GABA system, which is of great importance for the progress
of knowledge in the field of the theory of diseases based on
the patterns of pathology development [24].

Studies on the expression of the GABAergic system in
non-neuronal tissues have shown that each of its compo-
nents is present in the kidneys. Analysis of the presence of
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GABA-like immunoreactivity (GABA-LI) in the rat kidney
using light and electron microscopy revealed GABA-posi-
tive structures in vibratome sections of the medulla and cor-
tex [25]. The specific distribution of GABA in the tubular
epithelium demonstrated the functional significance of this
amino acid in the transport processes in the tubules. Thus,
the distribution of GABA-LI was heterogeneous: the inner
strip of the outer medulla was most strongly and almost uni-
formly labeled, while GABA-LI in the cortical substance
was mostly limited to only a few tubules. GABA-positive
structures included epithelial cells of the thin and thick as-
cending parts of the loop of Henle, connecting tubules and
collecting tubules. In GABA-positive connecting tubules
and collecting tubules, immunoreactivity was present in the
cytoplasm of approximately half of the epithelial cells. As
shown by electron microscopy in this study, the labeled cells
in the collecting tubules were light (principal) cells.

Analysis of GABA-related RNA template molecules by
RT-PCR revealed a unique set of GABA receptor subunits
and subtypes in the kidneys of Wistar-Kyoto rats [26]. Thus,
in the renal cortex, as in the cerebral cortex of Wistar-Kyoto
rats, the expression of GABA, receptor subunits, o1, 33, 8,
€, m, was detected, mainly in the apical region of the corti-
cal tubules. Immunofluorescence study of protein localiza-
tion showed that the ol subunit is widely distributed in the
proximal tubules; 83 subunits were observed in the proximal
tubules, in particular in tall cells and cells with a structure
similar to a brush border, as well as in the distal tubules. The
staining of the 7 subunit was mainly in the distal tubules and
to a lesser extent in the proximal tubules. At the same time,
immunoblotting showed that the kidneys can express similar
or higher amounts of 33, pl subunits than the brain. Both
subtypes of GABA, receptors, R1 and R2, and the pl and
p2 subunits of the GABA_. receptor were also found in the
rat kidney cortex. At the same time, GAD enzymes involved
in the synthesis of GABA, GAD67 and GADG65, the GABA
transporter, GAT2, and the GABA-transaminase enzyme
that metabolizes GABA were expressed in the rat kidney,
which, according to these scientists, suggests the existence
of a local renal GABAergic system with an autocrine/para-
crine mechanism.

It is worth noting that 90 % of the renal cortex is made
up of renal tubules, which play an important role in homeo-
stasis and are the structures with the greatest energy needs
of the kidneys. Tubular segments (proximal and distal seg-
ments, nephron loop, collecting tubules) have unique re-
absorption properties, most pronounced in the cells of the
proximal convoluted tubules. Under normal conditions, all
glucose, amino acids, 65 % of sodium ions and water are
reabsorbed in the proximal segment; sodium, potassium and
chloride ions are reabsorbed together through a symporter
in the thick ascending limb of the loop of Henle; in the distal
segment, as in the collecting tubules, primary active trans-
port of sodium ions occurs on the basolateral membrane
and secondary — on the apical membrane [27]. The energy
supply of tubular reabsorption is carried out by Na+/K+-
ATPase, which is able to modulate the sensitivity and ex-
pression of neurotransmitter receptors, in particular GABA
and NMDA,; therefore, it participates in the control of the

functions of membrane neurotransmitter receptors [28]. In
turn, modulation of Na+/K+-ATPase activity by endo- and
exogenous ligands alters transtubular transport in the kid-
neys, suggesting a relationship between this pump and the
renal GABA system.

Given the presence of the GABAergic system in the kid-
neys, a study was conducted on the influence of the GABA/
glutamate system on the vasoactive response from renal mi-
crovessels [29]. The results demonstrate for the first time that
activation of endogenous GABA and NMDA receptors in
the kidneys significantly alters microvascular diameter with
important consequences for renal blood flow. The GABA-
and Glu-mediated effects on renal capillaries revealed in
this study were surprisingly similar to their central regula-
tory effects on the CNS capillaries. It was noted that since
dysregulation of renal blood flow is associated with CKD,
alterations in the GABA system may have a significant im-
pact on long-term renal function.

The important role of GABA in renal physiology and
pathology is evidenced by the results of studies on its reno-
protective effects. GABA-enriched salt has a protective
effect against the negative impact of high salt intake in pa-
tients with cisplatin-induced nephrotoxicity, which is cha-
racterized by suppression of hematological and biochemical
toxicity, renal cell apoptosis, and renal inflammation [30].
GABA administration significantly improved the markedly
elevated blood urea nitrogen and creatinine levels and de-
creased creatinine clearance in the progression of glycerol-
induced renal failure, and fractional excretion of sodium
ions was also reduced [31].

The first study to investigate the immunomodulatory
mechanisms of GABA in renal failure demonstrated the ef-
fects of GABA on renal inflammation both in vivo and in
vitro. GABA regulates renal inflammation by significantly
reducing serum inflammatory markers, induction of mono-
cyte migration, and the number and infiltration of macro-
phages, which are crucial for the initiation of renal inflam-
mation. The results suggested that GABA has a protective
effect against renal injury [32]. The use of a combination
of amikacin and GABA without/with loading on chitosan
nanoparticles confirmed the protective effects of GABA
against amikacin nephrotoxicity, as it improves renal func-
tion, oxidative stress and demonstrates a significant homeo-
static role mediated by the suppression of inflammatory cy-
tokines of the Th1, Th2 and Th17 types [33].

Recent studies have revealed a novel role for GABA
in combating oxidative stress under high glucose condi-
tions. In Mongolian sheep kidney cells, GABA markedly
increased cell viability and effectively mitigated oxidative
damage induced by high glucose stress through upregula-
tion of antioxidant genes and regulation of metabolic path-
ways, suggesting a potential mechanism for adaptation to
extreme conditions [34]. The antioxidant effects of GABA
are linked to its impact on mitochondria [35, 36]. The kid-
neys, especially the cells of the proximal tubules, are rich
in mitochondria, so nephrotoxicity of drugs is manifested,
in particular, by mitochondrial damage [37]. GABA type A
receptor-associated protein is a protein that plays a role in
stabilizing GABA, receptors and is involved in mitophagy.
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By removing dysfunctional mitochondria from renal tubular
epithelial cells, reducing local inflammation and oxidative
damage, activation of mitophagy is protective in AKI [38].

Of particular note are reports of nephrotropic effects
of pharmacological neuromodulators that act through the
GABAergic system. Piracetam, a nootropic drug, a cyclic
derivative of GABA, improves markers of renal function
such as urea and creatinine, reduces histological damage,
the presence of inflammatory cells in the renal tubules,
and inhibits apoptosis in cisplatin-induced nephrotoxicity
[39]. At the same time, the use of GABA analogues for ade-
quate control of postoperative pain was associated with a
risk (higher for gabapentin compared to pregabalin) of de-
creased kidney function and the development of CKD [40].
Use of the tranquilizer diazepam, which increases GABA
receptor sensitivity, is associated with an increased risk of
AKI in children [41]. Valproic acid, whose anticonvulsant
activity is provided by inhibition of the enzyme GABA-
transaminase and GABA reuptake in brain tissues, can
cause obvious damage to the renal tubules, which is asso-
ciated with proximal tubular mitochondrial toxicity [42].
The renal effects of new-generation anticonvulsants with
anxiolytic activity, neurosteroids (ganaxolone), which, like
their endogenous analogues, activate extrasynaptic GABA,
receptors, have not yet been studied. However, their need for
complex molecules to enhance biopharmaceutical proper-
ties such as B-cyclodextrin raises the risk of nephrotoxicity,
especially in renal disease [43].

As noted above, GABA receptor subunits are widely re-
presented in the renal tubules, which probably causes a simi-
lar damaging effect of other drugs with nephrotoxicity (an-
timicrobials, cytostatics, nonsteroidal anti-inflammatory
drugs), mainly in the proximal segment of the nephron. The
presence of GABA receptors in vascular smooth muscle re-
ceptors determines the vascular mechanisms of renal effects.
The following should be noted here: not only components of
the GABAergic system can be targets; the pharmacological
action of GABA analogues, like any drugs, has a multifac-
torial dependence; the function of GABA receptors in the
kidneys has not been definitively determined; the activity
of GABA receptor subunits is specific and depends on their
structure and function; the direct and indirect mechanisms
of GABA in the norm and pathophysiology of the kidneys
remain completely unknown. At the same time, taking into
account the broad relationships of GABA in the functional
and metabolic continuum of the body, its diverse reactions
in non-neuronal tissues, and the spectrum of protective ef-
fects, research on the renal GABA system, the search and
application of effective and safe approaches to pathogenetic
therapy of kidney pathology remain relevant for GABAergic
strategies.
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’HavioHanbHm meandHn yHisepcuter iM. O.O. boromonsLsi, M. Kuis, YkpaiHa

faMMa-aMiHOMACASIHO KUCAOTA SIK AOHKO MEXAHi3MIB LLepebpopeHAAbHUX B3OEMO3B’ a3KiB

Pestome. HasBHicTh 6aratbox CIibHUX aCIEKTiB B aBTOPETYJISI-
TOPHUX MeXaHi3Max i mpoliecax 3a0e3neyeHHs CTaI0CTi BHYTPilll-
HBOTO CEPEIOBUIIA 3yMOBIIOE YHIKaJIbHICTh 11epeOpOpeHaTbHOL
cuctemu. [amma-aminomacsHiit kucnoti (TAMK), okpim ximio-
YOBOi KOOPAMHATOPHOI POJIi B aKTUBHOCTI MO3KY i 1Oro Mera-
00J1i3Mi, MpUTaMaHHI PEryJsITOpPHi BIUIMBM B HEHEUpPOHAIbHUX
TKaHWHaxX. bepyun 10 yBarm Te, 110 iCHYE B3a€EMO3B’SI30K MixX
piBHaMu TAMK i ¢yHKIIiOHaIBbHUM Ta METAO0OJIYHUM CTAaHOM
iHIIMX OPraHiB i CUCTEM, METOIO POOOTU € 30CEPEIKEHHS yBaru
Ha HayKOBMX BizoMocTsX oo yokaibHux [AMKepriunux cuc-
TEM, PO3TalllyBaHHSI IXHiX KOMITIOHEHTIB y He(POHi Ta peHaTbHUX

BruiuBiB TAMK 3a pizHux ymos. Ilopyu i3 Tum, mo FAMK mae
TeparneBTUYHUI MOTEHILiall IPOTH TOCTPOTo MOIITKOIKEHHS i XpO-
HiYHOI XBOPOOU HUPOK, hapmakosoriuHi Moaynsitopu TAMK mo-
XYThb CITPOBOKYBATH HEe(MPOTOKCUYHICTh. [IpnunHM pi3HOMAHIT-
HOCTi HUpKOBUX peakuiii mig BriuBoM TAMK i areHTiB 3 aronic-
TUYHOIO aKTUBHICTIO MalOTh 0araTroakTopHy MPUPOLY, L0 CIIiI
Opatu mo yBaru, a B Mmexax [AMKepriunux crpareriit motpioHo
IIYKaTH Ta 3aCTOCOBYBaTU e€(eKTHBHI i Oe3IeuHi TepaneBTUYHI
MiAXOIU.

Kimo4oBi ciioBa: ramma-amiHoMacisiHa KUCJIOTa; LiepeGpope-
HaJIbHa CHCTeMa; MeXaHi3MU B3a€EMO3B’sI3KiB
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