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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 Psesudomonas aeruginosa (6.5 %). High
resistance was observed against ampicillin and TMP-SMX, while nitrofuranfoin 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
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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

FE.coli was the most frequently isolated organism, ac-
counting for more than half (52 %) of all UTTI cases. This
aligns with global data identifying E.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 UTIs, 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

6 Hupium. Kidneys
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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 UT]Is, 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

UTIs 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 npoBiHuii AAb-MyTaHHO

Pe3iome. AkryanbHicTh. IH(eKIii CeYOBMBIZHMX LLIAXiB
(ICLI) € omHUMM 3 HaWMOIMIMPEHIMNX iHMEKIiN, 1m0 Bpaxa-
I0Th TAIIEHTIB i3 AiabeToM, MiABUILYIOUM 3aXBOPIOBAHICThH i
HaBaHTaXEHHS Ha OXOPOHY 310poB’s. MeTa: IOCIiaUTH I0-
mupeHicTh Ta 6aktepianbHi mpuunHu [CLL cepen oci6 i3 mia-
6eToM y mpoBiHLii Anb-MyTanHa (Ipak), a TakoxX BU3HAUUTU
Moelli YYTJAMBOCTI BUAIEHMX 30yOIHUKIB 10 aHTUMiKpOOHMX
npenapartiB. Marepiaau Ta Meromd. 3araiom Oyio 3i0paHO
200 3pa3KiB cevi B MalieHTiB i3 miabeToM, SKi MajJd CUMIITOMU
ICLL. Inentudikanito 6akrepiil i TecTyBaHHSI Ha UYTJIUBICTh 10
aHTUOIOTUKIB MPOBOAMIN 32 JOTIOMOTOIO0 CTaHAAPTHUX MiKpO-
Gionoriunux mertosiB. PesyabTaTu. Pict GakTepiii BUSIBICHO B

123 (61,5 %) 3paskax. HaiimommpeHilmuM 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 amniuuiainy it TMP-SMX, toni six HiTpodypaH-
TOTH Ta iMiNleHeM MoKa3aJiu HaBUIILY YyTJIUBICTh. BUCHOBKH. Lli
pe3yJIbTaTH MiAKPECTIOI0Th HEOOXiMHICTh MOCTIMHOTO CIIOCTEepe-
JKEHHs Ta BiIMOBiAHOI eMITipUYHOI Teparlii Mpu iHGheKIIisIX ceyo-
BUMBIJHUX LIJISIXiB B 0Ci0 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 refroperitoneally) 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 tech-
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 fo the traditional two-sided approach. It demonstrates favorable late patency outcomes
and significantly higher revision success rates. Although transplant 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.

15t 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

W\
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™
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Symphysis pubis\_S-:-r

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

¥ 84

78

AN

Q\

<5year 5-10y 10-20y 20-30y 30-40y 40-50y 50-60y 60-70y 70-80y > 80 year

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 (s&?g;s:‘i:tdh:e;;}r;igu; 0) TWO'Si(:e: 1t<1eg)hnique P-value
Age (years), mean (range) 42.6 (0.7-85) 44.2 (2-79) 0.86
I\SAZ’I‘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) 10614 10.5+15 1

Serum creatinine (mg/dL, mean + SD) 7.8+23 8121 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+05 0.96
GFR (ml/min/1.73 m2, 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
Tom 14, N2 4, 2025 www.mif-ua.com 13
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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 - 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 OAHOCTOPOHHIN AQNAPOCKOMIYHUI NiAXIA AO BCTOHOBAEHHS KATeTepa
npu 6e3nepepBHOMY AMGYAQTOPHOMY NEPUTOHEAABHOMY AiICAI3i

Pe3iome. Axkryanbmicte. MeTa [OCHIIKEHHS: OLIHUTH, YK
MOXYTh MomMdiKalii XipypriuHoi TeXHIKM IiIBUILIUTU TOBIO-
BiUHICTh MEepUTOHEATBLHOrO KaTterepa. Ha Hamry gymMKy, Lieil mo-
Ka3HUK MOXe OyTU MOJIIIIEHUI 1BOMa Pi3HUMM IIJISIXaMM. 3a-
MPOITOHOBAHMI METOH TIOJIETIIYE BBEINCHHSI JIPYroro Karerepa
KOHTpJIaTepaIbHO i MOXe MaTH IepeBaru y cdepi TpaHCIDIaHTallil
HHUPOK (X04a OLTBIIICTh MpOLeayp HUHI BUKOHYETHCS PETpOIIe-
PUTOHEATIbHO), @ TAKOX MPH iHIIMX He(POJOTIYHUX XipypriuHUX
BTPYYAHHSIX 3aBISKM BiJICyTHOCTI GOKOBOTO XipypriyHOTO HOCTY-
Iy Ta 3HUKEHOMY PM3UKY YTBOPEHHS CMaiioK, 0COOIMBO 3a IMO-
TpeOM BHYTPIIIHBOYEPEBHUX BTpydaHb. MarTepiajm Ta MeTOIM.
HocnigxeHHst oxornoe 410 BUMaaKiB 0JHOCTOPOHHBOIO Jiama-
POCKOIIIYHOTO BBEIEHHSI KareTepa Uisi Oe3lepepBHOTO aMOyJia-
TOpHOTO nepuToHeanbHOTO mianizy (BATIJ) y mepion 3 2018 poky
o rpyaeHb 2022 poky 3 maHWMU, 3i0paHUMU B HAILIOMY LIEHTPIi
B M. Hamxad (Ipak). JlonaTkoBo MpoBeAeHO MOPiBHSJIbHE OMNU-
TyBaHHS 11070 118 BumanmkiB 3acTOCyBaHHSI TPaIUIiiTHOTO BO-
CTOPOHHBOTO JIarmapocKoIriyHoro merony BAIIJI pisHuMu Xipyp-
raMy B iHIIIOMY LIEHTpPi Toro X micta. Hala TexHika repioguaHo
BIOCKOHAJTIOBAJIACS ISl YCYHEHHsI YCKJIaAHEeHb, sIKi BAHUKAIU 3
YacoM, Xo4a OCHOBHI €Tary 3aJuIIaincs He3MiHHUMU. MeTonu-
KM iHIINX XipypriB K B YKpaiHi, Tak i 32 KOpAOHOM MaroThb TIEBHi
BiIMiHHOCTIi, X04a B OKpeMUX acIieKTaxX € cXoXuMu. byio 3iopa-
HO BiITYKU XipypriB-TpaHCILJIAHTOJIOIB CTOCOBHO MAli€HTIB, SIKi
3rOJIOM TIEPEHECIM TPAHCIUIAHTALLiI0 HUPKU, 11O TO3BOJMIIO T10-
PIBHSATH ITiIXOAM I OLIIHUTH TTiCIITOTIepaLliiiHi YCKIaTHEHHS,, TKUX
BIAJIOCS YHUKHYTHU 3aBOSKHM Haliomy merony. Pe3yabraTu. Y mo-

CITIDKeHHI MpoaHali30BaHO BiKOBUI PO3MOIiNT MAIIEHTIB, SIKUM
JIaTIapOCKOIIIYHO BCTaHOBJIEHO KaTeTep mist AT/ (miarma3oH Bim
8 Mics1iB 10 85 pokiB); HAMMOMOMAII MALiEHTU OyJIM BUKIIOYE-
Hi yepe3 HEeMOBHI HaHi. 3a BiArykaMu, JEILIO Kpallli pe3yJbTaTu
OTPUMAHO TIPU BUKOPHMCTaHHI OIHOCTOPOHHBOTO METOMY, XOua
CTATUCTUYHO 3HAUYIIOi pi3Hulli He BusisieHo (p = 0,24530). Pi-
BEHb paHHiX HeBIa4y OyB BULIMM Yy IPYIli ABOCTOPOHHBOTO METO/LY,
TO/i SIK IMi3Hi MOpYIIEeHHs MPOXiIHOCTI KaTeTepa YacTillle Tparisi-
JIMCSL TIPU OJHOCTOPOHHBOMY METOJI, 1110 3/1e0iJbIIoro He Oysio
IOB’sI3aHO 3 TEeXHiKOI0. TaKoX OLIHIOBAJIM IMOKAa3HUKU peBi3iit
Ta iX YCHILIHICTh — MPOAEMOHCTPOBAHO 3HAYHO BUILIMI PiBeHb
YCHiXy JJIs1 OMHOCTOPOHHBOTO Miaxony (95 %) MOpiBHSAHO 3 ABO-
cropoHHiM (33,33 %). BucHoBku. Hariri pe3ynsrati cBimyaTh mpo
Te, 110 OTHOCTOPOHHI JIAaTTapOCKOTIIYHUIT METO/] BBEIEHHST KaTe-
tepa wisd BATT/l € mepcrieKTUBHOIO aJIbTepHATUBOIO TPAAULIiIHO-
My IBOCTOPOHHBbOMY Tiixoay. BiH J1eMOHCTpye Kpallli MOKa3HUKHU
Mi3HbOI MPOXiIHOCTI Ta 3HAYHO BUIILY YCIILIHICTb peBi3iit. Xoua 3a
BiITYKaMU Xipypru-TpaHCILIAHTOJIOTH JEI0 CXUJISIIOThCS Ha KO-
PHUCTh OAHOCTOPOHHBOTO METO/LY, CTATUCTUYHO 3HAYYIIOI Pi3HMIIL
He BUsiBJeHO. JIIs miATBEpIKEHHS LIMX BUCHOBKIB HEOOXiIHi IO~
TTaJTbIII TOBrOCTPOKOBI TOCITIIKEHHSI, OJHAK 3alIPOITOHOBAaHA TeX~
HiKa MOXe CIPUSTH 3MEHIIEHHIO YCKJIaIHEHb Ta IMOJIIMIIEHHIO
TIOBIOBIYHOCTI KaTeTepa.

KirouoBi cjioBa: nanapockomniunuii 6e3nepepBHUii amMGynaTop-
HMIA TIEPUTOHEANTbHUI [TiaJTi3; JOMAIIIHIi TepUTOHeATbHUI [Tialti3;
CTparerist BBeIEHHsI IEPUTOHEATbHOTO KaTeTepa; TepMiHaJlbHa CTa-
IIist HUPKOBOI HEIOCTATHOCTI; AOCTYII ISl IEPUTOHEATBHOIO diaslizy
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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, sperm concentration, soerm morphology, andsemen volume). The semen parametersin the
study groups were re-investigated affer 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 5 vs. 4 %) was not impacted by either freatment and did
not differ significantly from the placebo group (p > 0.05). Compared fo prefreatment, 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 freatments 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 appeared 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-((I:‘ainét(i);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-accz.:‘ylcg(s))teine L-(?‘a;nét(;;\e Placzﬁllos%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
(NAQLE60-KOHTPOALOBOHE AOCAIAXKEHHS)

Pe3srome. AKTyaJbHICTh. YomoBive 63Ut — 1€ BCECBITHBO
BU3HAHUIA CTaH 3[10pPOB’sl, SIKUI CIIOCTEPIra€ThCsl MEePEeBaXKHO Y
BiKOBOMY Jiara3oHi 35—39 pokiB. Y rimobaibHOMy MaciuTabi yo-
JIOBIKM HIOHAWMEHIIIE 3 TPhOX 13 IECTH Map CTPaXIatoTh B 6e3-
wriaas. JIocaimHUIIbKI JaHi MOKa3yloTh TepaleBTUYHI MepeBaru
L-xapHiTuHy Ta N-alleTWILMCTeiHY B O€3IUTiIHUX YOJI0BIKiB, O/~
HaK HasBHi JaHi 0OMeXeHi BUCOKOIO FeTePOTeHHICTIO Cy4acHUX
MOCITiKeHb. ToMy METOI0 OyJI0 BUBUUTU BITIUB ITUX METOIIB JIi-
KyBaHHsI Ha TlapaMeTpy CIIepMH, PiBeHb MaJIOHOBOI'O JiasibIeri-
Ny B Hiif Ta 3araJbHy aHTMOKCUIAHTHY 31aTHicTh. Marepiaim Ta
MeTOIU. Y 1IbOMY PaHJIOMi30BaHOMY TUIALE00-KOHTPOJIBOBAHO-
My KJIiHIYHOMY AociimkeHHi 3 ciuns 2021 poky no rpynens 2024
POKY B3sI1 ydacTh 180 mali€eHTiB 40JIOBIUOi CTaTi 3 HOpMaJIbHUM
KIHOYMM (aKTOpOM Ta iliONMaTUYHOIO OJIIr0aCTeHOTEPATO300-
criepmiero. Ocobu BikoBoi rpynu 25—40 pokiB OyJau paHAOMi-
30BaHi IS JiikyBaHHSI L-kapHitnHoM (1000 Mr miepopasibHO),
N-auerwinucteiHoM (TepopajbHO) Ta IUIanedo (ILyKpoBi Mmake-
TUKK). ba3oBi naHi BKJIIOYaau BiK Malli€eHTa Ta mapaMeTpu crep-
MU (pYXJIMBiCTh, KOHUEHTpaLilo, MOpQOJIOriio CrepMaTo30iiiB
Ta 00’em criepmu). [TapameTpu criepmu B Tpyriax Oyl TOBTOPHO
BUBYCHI uepes3 1IicTh MicsiliB gociimkeHHs. Kpim Toro, 3aranpHy
AHTUOKCHUIAHTHY 3AaTHICTh Ta PiBEHb MaJIOHOBOTO JiaJIbIETily B
criepMi OLIiHIOBAIM O Ta Mmicis JikyBaHHs. Pe3yabraTu. Illec-
TUMICSYHUI aHali3 IOKas3aB, 1110 MapaMeTpu CIepMH, BKIIIO-
4yaluM PyXJIUBICTh criepmaTo30iniB (38 ta 38 mpotu 4 %), ixHio

Mopdotoriio (30 i 29 npotu 7 %) Ta KoHueHTpatio (25 i 24 npo-
™ 2 %), 3HaYHO TOJMIMIIMIKCS MPH 3aCTOCYBaHHI BiAMOBITHO
N-aneruiucreiny Ta L-kapHiTuHY nopiBHsHO 3 rane6o. Og-
Hak 00’eM criepMmu (6 Ta 5 ipotu 4 %) He 3a3HaB BIUIMBY KOIHOTO
3 METOMIB JIiIKyBaHHSI i1 CYTTEBO HE BiPi3HSIBCS Bl TPYIIM T11a11e00
(p > 0,05). INopiBHSIHO 3 TIOMEPEAHIM JIIKYyBAHHSIM MOHOTEpAIist
N-aleTUIUMCTETHOM TOJIMIIWIA 3arajlbHy aHTUOKCHIAHTHY
snaTHicTb (1,92 £ 0,12 npotu 2,61 £ 0,12; p = 0,01) Ta 3HM3MIA
piBeHb MaJIOHOBOrO Aianpaerimy (2,46 =+ 0,11 nporu 1,85 + 0,10;
p=0,01) y cniepmi. OgHaK MOPiBHSIHO 3 M1a1e00 1 MOMIMIIEHHST
He criocTepiranucst pyu MoHoTeparii L-kapHiTnHoM. BUCHOBKH.
[MepopanbHe nikyBaHHST L-kKapHiTiHOM Ta N-aleTUIIIUCTEIHOM
e(eKTUBHO MOJIIIIIYBaJI0 KOHIIEHTpalilo, MOPGhOJIOTiI0O Ta pyX-
JIMBICTh CIIEPMATO30iMiB y YOJIOBIKiB i3 Oe3rutiaasm. OaHak rnpu
BUKOpUCTaHHI N-aletuiauucreidny Ta L-kapHITMHY SIK MOHOTe-
partii CTaTUCTUYHO 3HAUYYIIMX BiiMiHHOCTE# He Oyio. Kpim Toro,
N-aneTunuucTeiH BUSIBUBCS KpaluM 3a L-KapHITUH y 3HUXEHHI
OKCHUJATHMBHOIO CTPECY Ta PiBHSI MAJIOHOBOTO JiajibAeTiay B Iia3-
Mi criepMu. [lpocneKTUBHI JOCTIIKEHHS TMOBUHHI BU3HAYWUTHU
MEXaHi3MM, 110 JIeXaTh B OCHOBI edekTuBHOCTI L-KapHiTuHY/
N-aneTunuucTeiny, Ta OLiHUTA 6e3MeKy i epeKTUBHICTh KOMOi-
HOBAHOTO aHTUOKCHUIAHTHOTO JIiKyBaHHSI YOJIOBIYOI0o O€3ILTiaIs.
KimrouoBi cioBa: uyonosiue 6Gesrutinns; N-aleTWILMCTEIH;
L-kapHiTUH; pyxIuBicTh; MOP(hOIIOTis; 3arabHa aHTUOKCUIAHT-
Ha 3[IaTHICTh; 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 conftribute fo
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 35, 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 15.00
<60 20 33.33 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
rs28366003 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 e OR (95% Cl) 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 MT2A4 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. M72A4 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
—5 A/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.

References

1. Hamid RH, Al-Jumaily RMK. Evaluation of oxidative stress
activity, DNA damage and global DNA methylation among patients
with chronic kidney disease. Iraqi J Sci. 2024;65(9):4963-72. doi:
10.24996/ij5.2024.65.9.13.

2. Al-Shattawi SS, Al-Jumili EF. Pin1 gene expression and some
biochemical parameters in Iraqi population with chronic kidney di-
sease. Iraqi J Biotechnol. 2024;23(2):105-11. Available from: https.//
Jige.uobaghdad.edu.iq/index.php/1JB/article/view/701.

3. Abd AL-Razak MJ, AlSaadi BQH, Al Saedi AJH. Investigate
some biochemical parameters and impact of NOS3 gene polymorphism
among Iraqi patients with chronic kidney disease. Iraqi J Biotechnol.
2025;24(1):243-52. Available from: https://jige.uobaghdad.edu.iq/
index.php/1JB/article/view/817.

4. Al-Jumaili RA, Al-Jumaili EF, Ramadhan OM. Role of cal-
cium sensing receptor gene polymorphism r1801725 in the evaluation
of kidney disease. Iraqi J Biotechnol. 2024,;23(1):235-40. Available
from: https.//iasj.rdd.edu.iq/journals/uploads/2024/12/11/168ece6
7f74db lac7d 192b205454c¢633.pdf.

5. Attia RI, Naji Abed NA. Evaluation of some biochemi-
cal parameters and the effect of oxidative stress during hemo-
dialysis in patients with chronic renal disease. Biochem Cell
Arch. 2021;21(1). Available from: https://openurl.ebsco.com/
EPDB%3Agcd%3A10%3A2714106/detailv2?sid=ebsco %3Aplin
k%3Ascholar&id=ebsco %3Agcd%3A150029157& cri=c&link_
origin=scholar.google.com.

6. Abdul-Jabbar MA, Kadhim DJ. Adherence to different treat-
ment modalities among patients on maintenance hemodialysis. Iraqi
J Pharm Sci. 2022;31(1):95-101. doi: 10.31351/vol3liss Ipp95-101.

7. Al-Shibly KH, Al-Diwan JK. Effect of the dietary protein in-
take on urea reduction rate in patients on maintenance hemodialysis
in Merjan Teaching Hospital. Med J Babylon. 2022;19(2):244-9. doi:
10.4103/MJBL.MJBL_19 22.

8. Narayanan M, Setia S. Chronic kidney disease. Periopera-
tive Med Consult Handb. 2020;3:301-5. Available from: https.//link.
springer.com/chapter/10.1007/978-3-030-19704-9 _38.

9. Filler G, Elder S. Trace elements in dialysis. Pediatr Nephrol.
2014;29:1329-35. doi: 10.1007/s00467-013-2585-6.

10. Jebur NJ, Yahya RN. The actual benefits of zinc for cardio-
vascular diseases: Mini review. Al-Rafidain J Med. Available from:
https://doi.org/10.54133/ajms.v3i.92.

11. Marreiro DDN, Cruz KJC, Morais JBS, Beserra JB, Seve-
ro JS, De Oliveira ARS. Zinc and oxidative stress: Current mecha-
nisms. Antioxidants. 2017;6(2):24. doi: 10.3390/antiox6020024.

12. Gao B, Chi L, Mahbub R, Bian X, Tu P, Ru H, Lu K. Multi-
omics reveals that lead exposure disturbs gut microbiome develop-
ment, key metabolites, and metabolic pathways. Chem Res Toxicol.
2017;30(4):996-1005. doi: 10.1021/acs.chemrestox.6b00401.

13. Ekong EB, Jaar BG, Weaver VM. Lead-related neph-
rotoxicity: A review of the epidemiologic evidence. Kidney Int.
2006,70(12):2074-84. doi: 10.1038/sj.ki.5001809.

14. Yang R, Roshani D, Gao B, Li P, Shang N. Metallothionein:
A comprehensive review of its classification, structure, biological func-

Tom 14, N2 4, 2025

www.mif-ua.com 31



OpuwuriHaabHi ctarti / Original Articles

tions, and applications. Antioxidants. 2024;13(7). doi: 10.3390/an-
tiox 13070825.

15. Hamed OM, Khalil M1, Alsaffar RS. Metallothionein gene
polymorphism is considered to be a risk factor for chronic diseases.
Int J Health Sci. 2022;6(55):1691-92. doi: 10.53730/ijhs.v6nS5.
9021.

16. Leierer J, Rudnicki M, Braniff SJ, Perco P, Koppelstaetter C,
Miihlberger I, Mayer G. Metallothioneins and renal ageing. Nephrol
Dial Transplant. 2016,31(9):1444-52. doi: 10.1093/ndt/gfv451.

17. SPSS. Statistical packages of social sciences-SPSS/IBM
Statistics 26 step by step. 16" ed. 2019.

18. Al-Jumaili RA, Al-Jumaili EF. Study of the causes of para-
thyroid hormone imbalance and some biochemical parameters in pa-
tients with chronic kidney disease. Rom J Diabetes Nutr Metab Dis.
2024;31(1):49-57. doi: 10.46389/rjd-2024-0049.

19. Rebhi F, Khadhar M, Sarra H, Jerbi M, Aoudia R, Gaied H,
Goucha R. Hypertension and chronic kidney disease: A close and pro-
portional relationship. Nephrol Dial Transplant. 2023;38(Supp! 1).
doi: 10.1093/ndt/gfad063d_6789.

20. Elgenidy A, Amin MA, Awad AK, Husain-Syed F, Aly MG.
Serum zinc levels in chronic kidney disease patients, hemodialysis pa-
tients, and healthy controls: Systematic review and meta-analysis. J
Ren Nutr. 2023,33(1):103-15. doi: 10.1053/j.jrn.2022.04.004.

21. Yao S, Xu D. Relationships between blood concentrations of
cadmium, lead, mercury, selenium, and manganese and the risk of
chronic kidney disease: A cross-sectional study based on NHANES
2011-2018. Arch Med Sci. 2024;20(6):1822-30. doi: 10.5114/
aoms/181508.

22. AlAni HT, Al-Lami M Q. Evaluation of some biochemical and
hematological parameters in patients with chronic kidney disease. J
Fac Med Baghdad. 2024;66(2):154-61. doi: 10.32007/jfacmedbag-
dad.2269.

23. Duff R, Awofala O, Arshad MT, Lambourg E, Gallacher P,
Dhaun N, Bell S. Global health inequalities of CKD: A systematic
review and meta-analysis examining prevalence and disparities
in age, sex and socio-economic status. Nephrol Dial Transplant.
2024;39(Suppl 1):994-6. doi: 10.1093/ndt/gfae048.

24. Fradelos EC. The effect of clinical and demographic fac-
tors on quality of life in end-stage renal disease: A multicenter cross-
sectional study. J Ren Hepat Disord. 2020,;4(1):1-9. doi: 10.15586/
Jrenhep.2020.58.

25. Bager HM, Jabur F, Kadhum S. Impact of end-stage re-
nal disease upon physical activity for adult patients undergo-
ing hemodialysis at Al-Najaf Governorate Hospitals. J Pharm Sci
Res. 2018;10(5):1170-4. Available from: https://www.research-
gate.net/profile/FakhriaMuhbes/publication/329885793_Im-
pact_of End_Stage Renal_ Disease_upon_physical acti-
vity_for_Adult Patients_Undergoing Hemodialysis_at AL-Na-
jaf Governorate _Hospitals/links/5¢20a54092851c22a3422665/
Impact-of-End-Stage- Renal-Disease-upon-physical-activity-for-
Adult- Patients- Undergoing- Hemodialysis-at-AL- Najaf- Governor-
ate-Hospitals.pdf.

26. Saber A, Tahami AN, Najafipour H, Azmandian J. Assess-
ment of prevalence of chronic kidney disease and its predisposing
factors in Kerman city. Nephro-Urol Mon. 2017;9(2). doi: 10.5812/
numonthly.41794.

27. Swastika KD. Hypertension on dialysis patients: Influence
factors and management. J Endocrinol. 2022;4(4). doi: 10.32734/
Jetromi.v4i4.14734.

28. Ku E, Lee BJ, Wei J, Weir MR. Hypertension in CKD:
Core curriculum 2019. Am J Kidney Dis. 2019;74(1):120-31. doi:
10.1053/j.ajkd.2018.12.044.

29. Abdollahi A, Ghahramani A, Ghahramani N. Zinc and
kidney disease: A review. Iran J Kidney Dis. 2022;16(2). Available
from: https://www.researchgate.net/profile/Ashkan-Abdollahi/
publication/360301336_Zinc_and_Kidney Disease A Review/
links/6279b2d33a23744a727215(8/Zinc-and- Kidney- Disease-A-
Review.pdf.

30. Tokuyama A, Kanda E, Itano S, Kondo M, Wada 7Y,
Kadoya H, et al. Effect of zinc deficiency on chronic kidney disease
progression and effect modification by hypoalbuminemia. PLoS One.
2021;16(5):1-13. doi: 10.1371/journal.pone.0251554.

31. Damianaki K, Lourenco JM, Braconnier P, Ghobril JP,
Devuyst O, Burnier M, et al. Renal handling of zinc in chronic kidney
disease patients and the role of circulating zinc levels in renal func-
tion decline. Nephrol Dial Transplant. 2020;35(7):1163-70. doi:
10.1093/ndt/gfz065.

32. Toida T, Toida R, Ebihara S, Takahashi R, Komatsu H, Ue-
zono S, et al. Association between serum zinc levels and clinical index
or the body composition in incident hemodialysis patients. Nutrients.
2020;12(10):3187. doi: 10.3390/nu12103187.

33. Harari F, Sallsten G, Christensson A, Petkovic M, Hedblad B,
Forsgard N, et al. Blood lead levels and decreased kidney function in
a population-based cohort. Am J Kidney Dis. 2018;72(3):381-9. doi:
10.1053/j.ajkd.2018.02.358.

34. Jalili C, Kazemi M, Cheng H, Mohammadi H, Babaei A,
Taheri E, Moradi S. Associations between exposure to heavy me-
tals and the risk of chronic kidney disease: A systematic review
and meta-analysis. Crit Rev Toxicol. 2021;51(2):165-82. doi:
10.1080/10408444.2021. 1891196.

35. Ivanova, M., Dyadyk, O., Ivanov, D. et al. Matrix-as-
sisted laser desorption/ionization mass spectrometry imaging fto
uncover protein alterations associated with the progression of IgA
nephropathy. Virchows Arch 476, 903—914 (2020). https.//doi.
org/10.1007/500428-019-02705-7.

36. Mira FS, Oliveiros B, Carreira IM, Alves R, Ribeiro IP. Ge-
netic variants related to increased CKD progression: A systematic re-
view. Biology. 2025;14(1):1-22. doi: 10.3390/biology 14010068.

37. Kalantar-Zadeh K, Jafar TH, Nitsch D, Neuen BL, Perko-
vic V. Chronic kidney disease. Lancet. 2021;398(10302):786-802.
doi: 10.1016/S0140-6736(21)00519-5.

38. Hattori Y, Naito M, Satoh M, Nakatochi M, Naito H,
Kato M, et al. Metallothionein MT2A A-5G polymorphism as a risk
factor for chronic kidney disease and diabetes: Cross-sectional and
cohort studies. Toxicol Sci. 2016,152(1):181-93. doi: 10.1093/toxsci/
kfw080.

39. Tamay-Cach F, Quintana-Pérez JC, Trujillo-Ferrara JG,
Cuevas-Hernandez RI, Del Valle-Mondragon L, Garcia-Trejo EM,
Arellano-Mendoza MG. Impact of oxidative stress and some antioxi-
dant therapies on renal damage: A review. Ren Fail. 2016;38(2):171-
5. doi: 10.3109/0886022X.2015.1120097.

40. Kayaalti Z, Aliyev V, Soylemezoglu T. The potential effect of
metallothionein 2A —5 A/G single nucleotide polymorphism on blood
cadmium, lead, zinc and copper levels. Toxicol App! Pharmacol.
2011;256(1):1-7. doi: 10.1016/j.taap.2011.06.023.

Received 02.07.2025
Revised 05.08.2025
Accepted 14.08.2025 M

32 Hupium. Kidneys

Tom 14, N2 4, 2025



OpwuriHaabHi ctarti / Original Articles

Information about authors

Arwa M. Nasser, Scientific Research Commission, Research and Technology Center of Environment, Water and Renewable Energy, Iraq; https://orcid.org/0009-0007-9442-8057
Essam F. Al-Jumaili, Institute of Genetic Engineering and Biotechnology, University of Baghdad, Baghdad, Irag; https://orcid.org/0000-0002-5161-3128

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

Arwa M. Nasser?, Essam F. Al-Jumail?

Scientific Research Commission, Research and Technology Center of Environment, Water and Renewable Energy, Iraq
2Institute of Genetic Engineering and Biotechnology. University of Baghdad, Baghdad, Irag

PiBeHb CBUHLIIO 1 LMHKY B KPOBI TA 3B’30K i3 NOAIMOP]iZMOM reHa MeTAAOTIOHETHY
MPU XPOHiYHI HUPKOBI HEAOCTATHOCTI

Pe3iome. AkryanbicTh. XpoHiuHa XBopo6Ga HMPOK BH3HAya-
€ThCSI MOIIKOKEHHSIM HUPOK a00 pO3paxyHKOBOIO IIBUIKICTIO
Ki1y60ukoBOi (inbrpauii Mmenme 60 mi/xs/1,73 m2. CBUHELD €
MOBCIOAHUM (haKTOPOM HABKOJUIIHBOTO CEPEIOBHUIIA, 1110 MOXe
MPU3BOAUTU 10 TPUBAIUX KIIHIYHUX YCKJIAIAHEHb Y JIOJeH i3
XPOHIYHOIO XBOPOOOIO HUPOK. BoHM MOXYTh 3a3HaBaTU 3MiH y
romeoctasi nMHKY. [eH MT2A TakoxX Ma€ IUpOKUil crekTp i-
3i0JTOTIYHMX Ta MarojoriyHuX edekris. MaTepiaau Ta MeToaAM.
VY mpoMy nocrmimkeHHi BUB4eHO 60 3pa3KiB KpoBi Bim ocib i3 3a-
XBOPIOBAaHHSIMM HHUPOK, SIKi TepeOyBaloTh Ha reMofiaiisi, Ta
60 Bim MpakTUYHO 3J0POBUX OCIO (KOHTpOJbHA rpyra). Mera:
BU3HAYUTU MOJIEKYJISIpHUI Xapaktep reHotury SNP (A>G)
(rs28366003) reHa MT2A y mami€eHTiB i3 XpOHIYHOIO XBOPOOOIO
HUPOK Ta B KOHTPOJbHIl rpymi. Pe3yabTaTu. PiBHi cBUHIIO B
KpOBi Ta LIMHKY B CUPOBATIi KPOBi MOPiBHIOBaJIU B 000X Tpymax
3a JIOTIOMOTO0 TTOJIyM’sTHOI aTOMHO-a0CcopOIIiitHOI crieKTpodo-
TOMETpil. YMiCT CBUHIIIO B KPOBi OyB 3HAUHO BUILUM, i3 CYTTEBU-
Mu BimMiHHOCTSIMU (p > 0,01) MiX KOTOPTOIO MAIli€EHTIB Ta 3/10-
poBUMU 0cobaMu, TOJI SIK piBeHb LIMHKY B CUPOBATIL KPOBi OyB
3HAYHO 3HWXEHUI. YOI0BIKM YacTille CTpaXaaloTh HAa XPOHIYHY

XBOpOOY HMPOK, HiX XiHKM, a marieHTu ctapiie 40 pokiB Maiu
OiTBIINI PU3UK YCKIaAHEHb. BUSIBIeHO 3HAYYIINI TTO3UTUBHUMA
3B’SI30K TillepTeH3ii i3 XpOHIYHOI0 XBOPOOOIO HUPOK, TOMY ii BBa-
KalOTh MOXJIMBUM (haKTOPOM PU3HMKY PO3BUTKY OCTaHHBOI. [e-
Hotun 1528366003 A>G, noB’si3aHuUi i3 MiABUILIEHUM PU3UKOM
3aXBOPIOBAHHS HUPOK B ipaKChbKMX TAIIEHTIB, MPOIEMOHCTPY-
BaB 3HAYHYy BapiabesbHicTh. MeniaHHUI BiK 0cib i3 XBopoObaMu
HUPOK CTaHOBUB Bin 20 1o 69 pokiB. [eHOTHIHM Ta yacToTa aje-
niB 1528366003, A>G y momyJisii i3 3aXBOPIOBaHHSIMM HHUPOK:
51,7 % (n = 31) 6yau qukoro tury (AA), 33,3 % (n = 20) — re-
tepo3urotHumu (AG) ta 15 % (n = 9) — romoszuroriumu (GG).
Yacrora aneniB A ta G cranosuia 68,3 ta 31,7 %. BucHOBKH.
Takum yMHOM, 3HUKEHHS PiBHS IIUHKY Ta IIKiUTMBE TTiABUIICH-
HSI PiBHSI CBMHIIIO B KPOBi TAIi€EHTIB i3 XpOHIYHOIO HUPKOBOIO
HEIOCTaTHICTIO, sIKi MaloTh BapiaHTu SNP rena MT2A, 3okpema
128366003, MoOXyTh OyTH MOB’sI3aHi 31 CXMUJIBHICTIO 10 XBOPOO
HUPOK.

Ki0490Bi 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 animails each). In contrast
to the experimental group (G2) that received MSG at a dose of 2 g/kg body weight, the control group
(G1) received pure water. The third group (G3) received the same amount of MSG plus 100 mg/kg of
shilajit 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 shilgjit. 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.

Keywords: monosodium glutamate; shilgjit; liver; kidney; liver enzymes, renal function

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, §]. 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 pug/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 PEPMEHTIB NeYiHKMN Ta PYHKLIIO HUPOK Y GiAMX MULLEN

Pesome. Axryanbnictb. Diyramar Harpito (MSG) mumpoko
BUKOPUCTOBYETbCSI B XapyoBill MPOMMCIOBOCTI SIK TMiICHITIO-
Bay cMaky. Xoya B 0araTboX MOCITIIKEHHSIX MiITBEPIKEHO, 1110
TpuBaje croxuBaHHsa MSG Moxke CIPUYMHUTU OKCUIATUBHUI
CcTpec y TBapuH, 0COOJMBO B MEYiHLI Ta HUPKax, Yy Ll poOOTi
OlliHIOBaJIM 0iOXiMiuHi eheKTH, TTOB’sI3aHi 3 TeMaTUTOM i 3ama-
JIEHHSIM HUPOK, CIIPUYMHEHUMHU pizHUMU ao3amu MSG, a ta-
KOX BHBYAQJIM 3aXUCHY [il0 BOIHOTO €KCTPAKTY LIMUJIAIKUTY B
Oinnx Mumei. MeTa: ouiHuTh Gi0XiMIYHY TOKCUYHICTh PI3HUX
103 TJIyTaMary Hatpiio 1mono ¢GyHKIiOHAIbHOTO CTaHy HUPOK
i meuinku B Ginux munieii. Marepiaau Ta Mmetoau. [T’ stnecsr
JOPOCIIUX MUIIIEH OyIM BUIAAKOBO TOAICHI HAa 5 TPYI (IecsaTh
TBapuH y KoxHili). KoHTtponbHa rpyna (G1) orpumyBaja yuc-
Ty BOIY, TOi SIK eKcrepuMeHTaibHa rpyma (G2) — MSG y nosi
2 r/xr Macu tina. Tpetiii rpyni (G3) naBanu taky camy 103y MSG
mwroc 100 Mr/kxr ekcTpakTty miamkuty. Yersepra rpyna (G4)
oTpuMyBasa nigsuieHy 103y MSG (4 r/kr), an’sita (G5) — mia-
BuleHy 103y MSG pazom i3 200 Mr/Kr mminamkuty. JIikyBaHHS

3MificHIOBAI0OCS MepopaabHO 1OAHS IpoTsaroM 14 ni6. Ha 15-it
IeHb TBApUH YMEPTBUJIM [JIs1 OioXiMiYHOIro aHasi3y 3pa3KiB,
BKJIIOYHO 3 TOKa3HMKaMM (yHKLii HUPOK (CeuoBMHA, Kpea-
TuHiH) i piBHsSIMU depMmenTiB nieuinku (AST, ALT, ALP, GGT).
Pesyabratn. ¥ rpymax G2 i G4, ski orpumyBanu juiie MSG,
crioctepiranocs 3HayHe (P < 0,05) minBuineHHsT BMicTy dep-
MeHTiB Tieuinku (ALP, AST, ALT), 1o cBimuuTh Ipo ii icTOTHE
ypaxeHHs1. HaTOMiCTb €KCTpaKT MUIAIKUTY CIIPUSIB 3HAYHOMY
3HUKEHHIO 1IMX MOKAa3HMKIB, NEMOHCTPYIOUM TMOTCHLIHY 3a-
XMCHY Iit0 mpoTu TokcuuHocti MSG. BucHoBku. Bucoki no3u
rjyTamary HaTpilo BUKJIMKAIOTh MOpyLeHHs GYHKILi neviHku
Ta HUPOK, IO TIPOSIBIISIIOTHCS 30UIbIICHHSIM PiBHS (PEpMEHTIB
MEeYiHKM i TTOKa3HUKIB (pyHKIIT HUPOK, AKi CBigyaTh MpoO TKa-
HUHHI 1 QyHKUiOHANbHI YIIKOMKEHHSI Ha TJi OKCUIATUBHOIO
crpecy. llunamkut Moxe BifirpaBatu 3aXMCHY poJib MPU TaKUX
cTaHax.

Ki11040Bi cJI0Ba: riayTamar HaTpilo; IMIMIAIXKUT; MediHKa; 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 256 males and 25 females.
The experimental group received cyclosporine A (10 mg) 24 hours prior to the infection fo suppress the
immune response and facilitate C.albicans growth, whereas the contfrol 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 control 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 fo 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 notfable differences between male and female rats suggests that additional factors affect
IFN-y regulation. The necessity for additional research on the intferactions 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].
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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 [IFN-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 10.00 —| 6.85 11.11 5.56
group the highest isolated was C.albicans in 0.00 0 e
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 M 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-y 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 IFN-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 IFN-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 IFN-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-vy 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 [FN-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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iMyHHa BiANOBIAL HO iHTepdEepOoH raMma y Wwypis,
aKi 6yAn iHpikoBaHi C.albicans

Pestome. Akryanbnicts. Candida albicans € naiinommpeHimmm
€TiOJIONIYHUM areHTOM, L0 BUKJIMKAE OMOPTYHICTUYHY rpUOKO-
BY iH(eKIIi10 — KaHIUI03, CUCTEMHUI TIepedir SIKOro Moxe OyTu
JIeTaJIbHUM. 3 OIJISIAY Ha 301IbIICHHS KiUIBKOCTI iMyHOKOMIIPOME-
TOBaHMX OCi0 3aXBOPIOBAHICTh Ha KAHIUI03 3pOCTaE. Y 1IbOMY JI0-
CIIKEHHI pO3TIIsinaeThes posib iHTepdepony ramma (IFN-y) y 3a-
XMCTi OpraHi3my Bijl iHBa3MBHOIO KaHAM103y. MeTa: BUBYMTH Ya-
COBi Ta cTaTeBo3aiexHi 3MiHuU piBHs [FN-y y mypiB, iHbikoBaHUX
C.albicans, 11100 OLiHUTUA (HYHKUIOHAIBHY POJIb 1ILOTO LIMTOKIHY
B MPOTUrpUOKOBOMY iMyHiTeTi. Martepiaiam Ta meToam. Y mocii-
JOKeHHS1 OyJ10 3aimyyeHo 100 miypiB, po3niieHUX Ha eKCIIEpUMEH-
TajbHy (n = 50) i KOHTpOIBHY (N = 50) IpyIu, KOXHA 3 SIKMX CKJIa-
nanacst 3 25 caMuiB Ta 25 camok. TBaprHaM eKCriepuMeHTaTbHOT
TPYIH BBOOWIN LIUKIocTiopuH A (10 mr) 3a 24 romuHu 10 iHGIKy-
BaHHS 3 METOIO IIPUTHiIYeHHsI iIMyHHOI BiIIOBiai Ta MOJETIIEHHS
pocty C.albicans. KoHTpoJbHA IpyIla OTpUMYBaJia AUCTUIHOBAHY
Bony. BumiproBanns pisHs [FN-y npoBonuiau y m’stv yacoBux

Toykax: Ha 4-Ty, 8-my, 12, 16 ta 20-Ty moOy micis iHdiKyBaHHSI.
Pe3ynabraTtu. OTtpuMaHi maHi 3acBim4MaM BipOTigHe 3pOCTaHHS
koHueHtpauii [FN-y (p < 0,05) y camuiB i camok 1rypiB, iHi-
koBaHux C.albicans, i3 MaKCUMaJIbHOIO KOHIIGHTpalli€lo Ha 12-it
JIeHb KCTIEPUMEHTY, ITiCJIsl YOro piBeHb LIMTOKIHY 3HUXKYBaBCs. Y
KOHTPOJIBHIH rpyni cyrreBux 3MiH [FN-y mpoTsrom pociimxeH-
Hs He 3adikcoBaHo. [Ipy boMy BiIMiHHOCTE#l B iHTEHCUBHOCTI
BIAMOBIAl MiX craTsaMu He BusBieHO. BucHOBKH. OTpumaHni pe-
3YJIBTATH MiATBEPILKYIOTh BaXIUBY pojiib IFN-y y mpoturpu6ko-
Bill iMyHHIili BigmoBini npu iHdikyBanHi Candida albicans. Bin-
CYTHICTb BUPaXXEHMX CTaTeBUX BiIMIHHOCTEH yKa3ye Ha MOXKJIMBY
y4acTh iHIIKX PEryIsiTOPHUX (DAKTOPiB, 30KpeEMa rOpMOHATbHUX.
HeoOxinHi noganpiti gocimkeHHs Aisl 3’CyBaHHS MeXaHi3MiB
perynsuii IFN-y Ta iioro B3aemonii 3i craTeBUMU TOPMOHAMU B
KOHTEKCTi TPUOKOBMX iH(DEKIIiiA.

Kmouosi cioBa: IFN-y; C.albicans; xanauno3; iMyHHa Biano-
Billb; LILypU
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