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Abstract

Acute inflammation of the meninges the protective membranes enveloping the brain and spinal cord is referred to as
meningitis. NGAL, a protein classified as an acute-phase reactant. We aimed to assess serum NGAL levels in individuals
with meningitis in this study and to assess potential associations with the evaluated biochemical markers. A case-control
study was conducted involving 120 Iraqi participants (60 individuals diagnosed with meningitis, 60 individuals diagnosed
as control). Serum levels of NGAL and various markers were measured in all subjects. Statistical evaluation showed
increase in hs-CRP, TNF-a, IL-6, CTX and NGAL levels among individuals with meningitis as compared to control group,
respectively (10£1 versus 3.5+£0.3, P=0.03), (50+4 versus 13£2, P=0.01), (20«1 versus 8+0.5, P=0.03), (0.8+0.1 versus
0.45%0.1, P=0.01) and (165+20 versus 135+10, P=0.04). NGAL exhibited a strong direct positive correlation with hs-CRP,
TNF-q, IL-6 and CTX levels. The present study demonstrated individuals with meningitis have significantly elevated serum
levels of NGAL as compared to control group, and a strong direct correlation observed between NGAL and hs-CRP, TNF-
o, IL-6 and CTX. These findings proposed that NGAL expression may serve as a new biochemical marker for the early
detection and diagnosis of osteoporosis in patients with meningitis.

Keywords: Meningitis, Osteoporosis, Lipocalin of Neutrophil — Gelatinase — Associated (NGAL), Factor of Tumor —
Necrosis - alpha (TNF-a), Interleukin-6 (IL-6), C-Terminal Telopeptide (CTX).

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original
author and source are credited.

INTRODUCTION The clinical symptoms such as severe headache,
neck stiffness, nausea, vomiting, high-grade fever,

altered consciousness (e.g., drowsiness), and in some
cases, seizures are presents with meningitis. Seizures and
coma are serious neurological complications of infection
with this organism. Outcomes are generally less
favorable where the prognosis tends to be particularly
poor in elderly patients [3].

A Dbroad spectrum of diseases; involving
infections of the brain is associated significantly with
mortality and morbidity. Meningitis, encephalitis, and
brain abscesses are among these conditions. One of the
oldest documented infectious diseases is meningitis its
clinical features were described as early as the time of
Hippocrates. The first recorded epidemic in Europe
occurred in 1805, followed by its identification in the

Microglia alongside b derived
United States in 1806, and later in Africa by 1905 [1]. ‘crogta @ ongside bome [Marrow deiive

macrophages, in the initial immune defense that play a
role in response to central nervous system (CNS)
infections. These immune cells secrete a range of
cytokines of pro-inflammatory which is responsible for
recruiting neutrophils to the site of inflammation [4].
Appropriate antimicrobial therapy often leads to
significant improvement for CNS infections that can
result in tissue damage and a variety of clinical
manifestations. A well-coordinated immune response by
the host is essential for pathogen clearance and
symptomatic relief in affected individuals [5].

Acute inflammation of the meninges the
protective membranes enveloping the brain and spinal
cord is referred to as meningitis. This condition often
arises as a result of microbial infections. The
complications of bacterial meningitis is a high risk of
death. In contrast, viral meningitis tends to follow a
milder clinical course. Clinically, seizures and purulent
cerebrospinal fluid (CSF), particularly in pediatric cases,
where are a more common features of meningitis [2].
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Lipocalin of Neutrophil — gelatinase -
associated (NGAL), a lipocalin protein — superfamily;
classified as an acute - phase reactant, is mainly secreted
by neutrophils and monocyte-derived macrophages.
Additionally, NGAL has emerged as a sensitive
biomarker for inflammation-induced tissue injury in
organs such as the kidneys, heart, and brain [6]. Recent
studies have highlighted its wide range of biological
functions, including roles in olfactory signaling and
prostaglandin biosynthesis. Obesity and metabolic
syndrome have also identified by increased NGAL
concentrations [7]. However, to fully understand NGAL
connection to diverse inflammatory signaling pathways
was more essential in-depth studies in human
populations. In addition, the involvement of NGAL in
oxidative stress defense and modulating microglial
autophagy mechanisms was highlighted by recent
research on NGAL's potential neuroprotective properties

(8].

NGAL levels in the central nervous system
(CNS) under physiological conditions are typically low
and being nearly undetectable with its mRNA
expression. The specific role of NGAL in promoting the
activation of M 1-type microglia was suggested by recent
findings [9]. However, during CNS-related pathologies
or systemic inflammatory responses, microglia are
capable of producing NGAL [10]. NGAL levels have
been associated with disease of Alzheimer and mild
cognitive impairment, characterized by reduced
concentrations in the cerebrospinal fluid alongside
elevated expression in brain regions affected by
pathology. It also enhances microglial sensitivity to
apoptotic signals, supports their migration, and
contributes to the development of astrocytosis [11].
Additionally, NGAL production mediated by soluble
TNF receptor 1 (STNFR1) has been shown to interfere
with the neuroprotective signaling pathway driven by
TNF receptor 2 (TNFR2), which is essential for TNF-a-
induced neuroprotection. Similarly, research examining
NGAL in the context of schizophrenia has produced
mixed results, with some studies reporting increased
levels in patients, followed by a reduction after
therapeutic intervention [12].

Although NGAL is markedly upregulated in
numerous inflammatory conditions, it has been reported
to exhibit; properties of both-anti-inflammatory and pro-
inflammatory. In neutrophils, the secretion of NGAL is
tightly regulated in response to inflammatory and
infectious stimuli. Interestingly, the gene promoter of
NGAL contains sites of binding for two major factors of
transcription; highlighting its transcriptional regulation
in the context of inflammation [13]. Notably, factor of
tumor — necrosis - alpha (TNF-a) and lipopolysaccharide
(LPS) are among the most potent inducers of NGAL
expression. More recently proposed that NGAL
functions as an anti - inflammatory modulator,
influencing regulating; the activation of the - NF-
kB/STAT3 and polarization of; macrophage signaling -

pathway [14]. This was accompanied by increased
expression of downstream the target; genes including IL-
1B, iNOS, IL-6 and MCP-1, compared to wild type
controls reported that stimulation; with
lipopolysaccharide (LPS) in NGAL deficient; bone —
marrow that derived macrophages (BMDMs), led to
enhanced activation of the c-Jun, NF-xB, and STAT3
signaling pathways [15]. Furthermore, pretreatment with
recombinant NGAL was found to suppress the genes;
expression of pro-inflammatory iNOS and IL-6 in
NGAL-deficient BMDMSs, as well as attenuate LPS-
induced IkBa degradation and STAT3 phosphorylation
[16].

The upregulation of expression for NGAL and
secretion by glial cells in response to stimuli of
inflammatory within the central nervous system was
shown by recent studies. In a mouse model of
experimental autoimmune encephalomyelitis (EAE) the
increase in NGAL expression was observed in the
secondary lymphoid organs and spinal cord following
disease induction [17]. The expression of NGAL and its
receptor 24p3R were predominantly in neutrophils and
dendritic cells, respectively in the spleen. Notably, the
mice that suffer from NGAL deficient exhibited
significantly lower expression of pro-inflammatory
mediators compared to wild-type counterparts and
reduced inflammatory cell infiltration. Collectively, As a
key the progression of EAE and pro-inflammatory factor
involved in autoimmune inflammation was highlighted
by these findings of NGAL. Additionally, the promotion
of NGAL expression in both the spinal cord and
peripheral immune tissues by administration of
recombinant NGAL protein thereby contributing to EAE
pathogenesis [18].

Moreover, several inflammatory has been
linked to conditions bone resorption, for instance, the
localized bone erosion occurring at the edges of affected
joints be characterized by arthritis of rheumatoid (RA).
Additionally, The patients suffering from RA, systemic
lupus erythematosus (SLE), disease of; inflammatory
bowel (IBD), chronic disease of; obstructive of
pulmonary (COPD), periodontal disease which involves
chronic inflammation of the gums that results in;
destruction of; the alveolar - bone that supporting the
teeth and other inflammatory illnesses compared to
healthy individuals were observed with greater
frequency in disorders such as osteoporosis and fragility
fractures. The connection between; pro-inflammatory
cytokines and osteoclasts—the specialized cells
responsible for bone degradation suggested by these
observations [19].

However, the pave of the way for novel
therapeutic approaches aimed at preventing and
managing bone loss in inflammatory patient population
by a deeper understanding of the interaction between
inflammation and osteoclast activity. Bone loss across
various diseases follows a similar pattern: osteoclasts are
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the cells of sole that responsible for; osteoporosis —and -
bone resorption arises when osteoclast activity surpasses
that of osteoblasts [20]. Inflammation influences this
bone degradation primarily through two key pathways.
The first regulates osteoclast formation
(osteoclastogenesis) by modulating the factor of;
macrophage colony - stimulating (M-CSF) pathway. The
second mechanism involves pro-inflammatory cytokines
acting via a central regulator function of osteoclast [21].

This study; aimed to assess NGAL serum levels
in individuals with meningitis and to investigate
potential associations with the evaluated biochemical
markers.

EXPERIMENTAL
Individuals and study design

Ethical clearance for conducting this study was
obtained from the University of Al-Qadisiyah / Faculty
of Science. The information was secured about
participants prior to the commencement of the research.
The study involved 120 participants divided into two
groups composed of 60 individuals diagnosed with
meningitis (30 males, 30 females), matched in age (18—
50 years) and 60 individuals as control group to serve as
a reference (30 males, 30 females), matched in age (18—
50 years), were included to facilitate comparative
analysis with the patient group. From April to June 2025,
the patients were recruited from Diwaniya Teaching
Hospital, located in Al-Qadisiyah, Iraq.

Exclusion criteria

Individuals suffering from different diagnosis
such as subarachnoid hemorrhage, brain tumors, brain
abscess, or isolated encephalitis. Chronic immune-
related diseases such as lupus, sarcoidosis, or multiple
sclerosis. Antibiotics before sample collection may
affect culture accuracy. Contaminated or insufficient
sample (bloody or improperly collected cerebrospinal
fluid CSF samples) were excluded from participation in
this research.

Collection of samples

Between 8:30 and 10:00 a.m. after an overnight;
at fasting <8—12 hours>; from both meningitis patients
and healthy control, blood samples were collected, using
23-gauge needles through antecubital venipuncture of
venous blood drawn from each participant with <5>
milliliters. Then, the collected blood.

Anthropometric evaluation
The assessment for the index of body mass by:
BMI=(weight in kg)/ (height in meters).

Biochemical evaluation

The samples of (CSF) were cultured using
standard microbiological methods. The performance of
inoculation on chocolate agar; blood agar - and mac
conkey agar plates (Oxoid, UK), and incubated for 24—
48 hours at 37°C under appropriate aerobic or CO,-
enriched conditions. Enrichment was achieved using
thioglycolate broth. Identification of bacterial was
carried out based on gram staining, colony morphology
and conventional biochemical tests. The measuring of
serum (TNF-0) levels by using a commercial TBARS-
based assay kit supplied by LTA (Italy), following the
method of thiobarbituric acid reactive substances
(TBARS). To determine the serum (NGAL) levels, assay
of enzyme-linked immunosorbent kits from MELSIN
(China) were utilized. The (IL-6) content in serum was
measured using a kit from LTA (Italy), with readings
taken at 585 nm according to spectrophotometric
guidelines. The determination of serum (hs-CRP)
concentrations by using an ELISA kit from LiINEAR
(Spain)  based on  standard  enzyme-linked
immunosorbent assay protocols. The serum (CTX) levels
was analyzed using a commercial ELISA kit from
CORTEZ (USA), in line with the enzyme - linked
immunosorbent  assay  principle. By  using
spectrophotometric assay kits from MELSIN (China)
were utilized, to determine the serum (Na*); (K") and
(Ca*?) levels.

Bio-statistical analysis

The analysis of data; by using Microsoft Excel
2010 in conjunction with SPSS software (version 24).
Conducted by comparative statistical tests to determine
significant differences between the investigated groups.
Additionally, employed to examine potential
associations between the studied parameters by analysis
of correlation coefficient of Pearson.

RESULTS AND DISCUSSION

As illustrated in Table 1, the mean of age,
gender, BMI, W/H, SBP, DBP, Na*, K* and Ca™
demonstrated no significant variations between the
meningitis and the control groups. Nevertheless, in the
meningitis group; the mean of hs-CRP, TNF-q, IL-6,
CTX and NGAL levels showed a significant increase as
compared with the control group. However, the rate of
positive CSF culture was significantly higher in
meningitis group compared to control group, indicating
a greater prevalence of confirmed bacterial meningitis in
meningitis group, these findings are depicted in Figure |
(A,B,C,D, E).
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Table 1: Demographic and biochemical data for the meningitis and the control groups

Groups P-value
Parameters Control Meningitis
Mean £SD Mean £SD
(n=60) (n=60)

Age (year) 3445 3445 0.91
Gender

Males/Females | 30 (50%)/30 (50%) | 30 (50%)/30 (50%) 0.85
BMI (Kg/m2) 23.3£2.0 23.3£2.0 0.94
W/H 0.72+0.1 0.72+0.1 0.87
SBP (mmHg) 120+10 130 £10 0.79
DBP (mmHg) 7545 85+2 0.81
CSF Culture Negative Positive 0.04
hs-CRP (mg/L) 3.5+0.3 10+1 0.03
TNF-a (pg/mL) 13+2 50+4 0.01
IL-6 (pg/mL) 8+0.5 20+1 0.03
Na' (mmol/L) 140+5 1202 0.15
K* (mmol/L) 4.25+0.5 2.5+0.1 0.72
Ca'? (mmol/L) 2.3540.3 1.9+0.1 0.28
CTX (ng/mL) 0.45+0.1 0.8+0.1 0.01
NGAL (ng/mL) 135+10 165+20 0.04

hs-CRP: <High-Sensitivity C-Reactive Protein> - IL-6:
<Interleukin-6> - CTX: <C-Terminal Telopeptide> -
TNF-a: <Factor of Tumor - Necrosis — alpha> - NGAL:
<Neutrophil Gelatinase-Associated Lipocalin> - Na*:

<Sodium> - K*: <Potassium> - Ca™?: <Calcium>.

Data represented as - Mean £SD; n: Number of
subjects - SD: <Stander deviation> - P-value of <0.05
was considered <significant> - SBP: <Blood Pressure of
Systolic> - BMI: <Index of Body Mass> - DBP: <Blood
Pressure of Diastolic> - W/H: <Ratio of Waist to Hip> -

13.8 60
~ 11 10 -
= 45
) E
£ 83 B
S o =30
Q- 3.5 %L 13
£ 28 . £ 15 .
0. 0
Control Meningitis Control Meningitis
A B
25 1.13
20
20 0.9 078
g 15 é 0.68
) £ 0.
< o £ 045
o 10
d- é 0.45
> 0.23
0 0
Control Meningitis ' Control Meningitis
C D
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Figure 1: Comparison of serum A: hs-CRP, B: TNF-a, C: IL-6, D: CTX and E: NGAL levels between the
meningitis and control groups

As shown in Table 2 that showed the results - of
analysis of a linear regression that assessing the
relationship  between levels of serum NGAL
concentrations and selected demographic and
biochemical parameters in individuals with meningitis.
The findings revealed that no strong significant

correlation between NGAL and other studied
demographic and biochemical parameters, except that
levels of hs-CRP; TNF-a; IL-6 and CTX showed a strong
significant positive correlation with NGAL level, as
shown in Figure 2 (A, B, C, D).

Table 2: Correlation between serum NGAL levels and others demographic and biochemical parameters in the
meningitis group

Parameters NGAL (ng/mL)
Age (year) r 0.52
P-value | 0.83
BMI (Kg/m2) |r 0.45
P-value | 0.94
W/H r 0.27
P-value | 0.81
SBP (mmHg) r 0.51
P-value | 0.78
DBP (mmHg) |r 0.37
P-value | 0.91
hs-CRP (mg/L) | r 0.98
P-value | 0.02
TNF-a (pg/mL) | r 0.98
P-value | 0.03
IL-6 (pg/mL) r 0.96
P-value | 0.01
Na"(mmol/L) |r 0.12
P-value | 0.93
K*(mmol/L) r 0.46
P-value | 0.79
Ca?(mmol/L) |r 0.31
P-value | 0.58
CTX (ng/mL) r 0.97
P-value | 0.03

P-value of <0.05 was considered <significant>
- r: <Correlation Coefficient of Person> - BMI: <Index
of Body Mass> - SBP: <Blood Pressure of Systolic> -
W/H: <Ratio of Waist to Hip> - DBP: <Blood Pressure
of Diastolic> - TNF-a: <Factor of Tumor - Necrosis —

alpha> - hs-CRP: <High-Sensitivity C-Reactive Protein>

- IL-6: <Interleukin-6> - CTX: <C-Terminal
Telopeptide> - NGAL: <Neutrophil Gelatinase-
Associated Lipocalin> - Na":  <Sodium> - K%

<Potassium> - Ca*?: <Calcium>.

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 372



Noor Ali Gebur et al, Saudi J Biomed Res, Oct, 2025; 10(10): 368-377

250 - y=7.2009x + 95.3 250 - y =2.6657x + 30.738
R2=0.9747 R2=0.9655
200 - 200 -
é 150 - é 150 -
an an
) g
— —
< 4 4
S 100 S 100
Z Z
50 A 50 -
0 T T T 1 0 T T T 1
0 5 10 15 20 0 20 40 60 80
hs-CRP (mg/L) TNF-a (pg/mL)
A B
250 - y=06.5784x +31.95 250 - y =492.8x - 230.7
R2=0.9361 R2=0.9564
200 - {4 200 -
<, 150 - £, 150 -
g N
— —
< 100 - < 100 -
3 3
Z z
50 - 50 -
0 T T 1 O T 1
0 10 20 30 0 0.5 1
IL-6 (pg/mL) CTX (ng/mL)
C D

Figure 2: Correlation between serum NGAL levels and A: hs-CRP, B: TNF-q, C: IL-6 and D: CTX in the
meningitis group

Table 3 presented the ROC curve analysis for
NGAL, revealing a cut-off point of 95% for detecting
meningitis. The calculation of; area under the curve

(AUC) was at
performance. NGAL demonstrated a sensitivity of 95%
and a specificity of 100%, as shown in Figure 3.

0.983,

reflecting high diagnostic

Table 3: Receiver operating characteristic (ROC) and area under the curve (AUC) analysis of NGAL in
diagnosing meningitis patients
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concentration % % % Error AUC
NGAL | Meningitis 95 95 100 0.983 | 0.015 | 0.953 -1.000 0.001
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Figure 3: Receiver operating characteristic (ROC) curve analysis of NGAL in diagnosing meningitis patients

The present study revealed a significant
increase in serum NGAL levels, alongside a notable
increase in the factors hs-CRP, TNF-a, IL-6 and CTX
among individuals with meningitis. A strong positive
correlation was identified between NGAL and the
factors, hs-CRP, TNF-a, IL-6 and CTX in these patients.
This pattern can be explained by the fact that in bacterial
meningitis, the infection triggers an acute inflammatory
response characterized by cytokines of pro-inflammatory
elevation levels such as TNF-a and IL-6. This
inflammatory environment stimulates immune cells to
secrete large amounts of NGAL, both within the
peripheral immune tissues - and - central nervous system.
Additionally, chronic inflammation influences the
balance of bone cells by promoting the activity of
osteoclasts, which break down bone, while inhibiting
osteoblasts, the cells responsible for bone formation.
This shift in cellular activity accelerates the progression
of osteoporosis, contributes to increased production of
factors that enhance bone resorption, leading to a loss of
bone mass. Consequently, elevated NGAL levels could
potentially serve as an early biomarker indicating
increased risk for osteoporosis in individuals with
meningitis.

Numerous research studies have demonstrated
that NGAL levels increase in a variety of pathological
conditions. The significant source of NGAL is also
recognized by adipose tissue, which in turn this protein
concentration tends to rise following tissue injury and
expressed in multiple tissue types [22]. The stimulating
NGAL expression in cells such as neutrophils, epithelial
cells, and hepatocytes by the key role of inflammatory
cytokines [23]. In individuals with; disease of
nonalcoholic fatty liver - and - obesity have been

observed elevated levels of NGAL [24]. Furthermore,
the risk factor for disturbances in lipid metabolism;
hypertension - and insulin resistance - has been identified
by elevated NGAL [25]. Several studies suggest that the
useful predictor for metabolic complications associated
with obesity is measuring NGAL concentrations in the
bloodstream [26]. Although the precise role of NGAL in
obesity pathogenesis remains unclear, it is thought to be
involved in the regulation of a key regulator of
adipogenesis and lipogenesis [27]. Additionally;
inhibiting the activity; for nuclear factor kappa B (NFxB)
by NGAL that may exert anti-inflammatory effects in
adipose tissue, thereby counteracting TNF-alpha—
mediated inflammation. Previous research found that
increased NGAL mRNA expression, which in turn
activated PPARy in obese mice [28]. This process can
lead to simultaneously suppressing leptin and
adiponectin secretion while; enhanced - production of
IL-6 [29-30]. The stimulation role of NGAL is the
expression of the factors of inflammatory, whereas
NGAL deficiency appears to offer protection against
glucose metabolism disorders [31-32]. In patients with
insulin resistance; showed that NGAL levels correlated
with the expression of TNF-alpha. Moreover,
hyperglycemia itself has been found to promote NGAL
synthesis [33-34].

The critical role of inflammation in the
progression of atherosclerosis, beginning with
endothelial dysfunction and advancing through the
formation of atherosclerotic plaques. Research has
identified activated neutrophils within atherosclerotic
lesions [35]. Ultimately, this process may result in plaque
rupture; formation of - occlusive thrombus and syndrome
of - acute coronary [36]. A key mechanism may involve
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the binding of NGAL to matrix metalloproteinase-9
(MMP-9), which amplifies the enzyme’s proteolytic
function and contributes to plaque vulnerability. Under
the influence of TNF-alpha, macrophages derived from
bone marrow secrete NGAL, and subsequent exposure to
NGAL promotes the expression of markers of
macrophage cells, upregulation of; scavenger - receptor,
and the transformation of these cells into foam cells [37].
NGAL is thought to enhance proteolytic activity within
atherosclerotic plaques, thereby reducing plaque stability
and increasing the risk of cardiovascular events. In
plaques exhibiting central necrosis or intraplaque
hemorrhage; that detected by elevated levels of the
complex NGAL/MMP-9 that associated with increased
of rupture risk [38]. The activation of MMP-9 has been
implicated in both the inflammatory response and the
pathogenesis of atherosclerosis [39]. Furthermore, as
compared to subjects of asymptomatic; individuals with
atherosclerosis  of  symptomatic;  demonstrated
significantly elevated levels of plasma NGAL. In human
atherosclerotic plaques, the high expression of the
complex NGAL/MMP-9 proposed that NGAL as a
potential biomarker for identifying high-risk patients
[40].

Elevated NGAL concentrations have been
observed in atherosclerotic plaques of patients
experiencing acute myocardial infarction (MI).
Following an infarction, neutrophils infiltrate the
damaged myocardial tissue and trigger inflammatory
responses. Inflammation is a key component of
ischemia-reperfusion injury in the heart [41]. During
myocardial infarction, NGAL, a glycoprotein secreted by
neutrophils is released in large amounts. While this
process may help limit the extent of tissue damage,
excessive neutrophil accumulation can hinder proper
myocardial repair. Elevated serum NGAL levels in MI
patients have been associated with worse -clinical
outcomes [42]. Its levels in the left ventricular tissue
have been found to increase significantly within the first
week post-infarction. Moreover, patients with reduced
ejection fraction (EF) following MI had elevated NGAL
concentrations relative to those with preserved EF [43].
In a patients study involving infarction of myocardial,
those who did not survive exhibited significantly higher
plasma NGAL levels compared to survivors.
Furthermore, an experimental study using anti-NGAL
antibodies in mice demonstrated reduced infiltration of
neutrophils and macrophages into the ischemic
myocardium, along with a decrease in cardiac tissue
damage [44]. Echocardiographic assessments indicated
better cardiac function post-ischemia in individuals with
lower plasma NGAL levels [45].

Inflammation  and  extracellular  matrix
degradation are key mechanisms in the development of
heart failure (HF). When complexed with matrix
metalloproteinase-9 (MMP-9), NGAL enhances the
enzymatic activity of MMP-9, thereby exacerbating
cardiac remodeling processes. As a contributor to is

increasingly recognized as a potential biomarker for
heart failure and cardiac remodeling has been identified
by NGAL [46]. Following infarction of myocardial; in
patients with failure of heart (acute and chronic) that
showed elevated serum NGAL levels [47]. In addition,
as a function of NGAL by promoting the muscle cells for
differentiation by migration of immune cell and growth
factors [48]. NGAL could serve as a prognostic indicator
in heart failure population by elevated levels of its in
serum [49]. The mechanisms of immune - response in the
progression of heart failure is the idea that increased
plasma NGAL reflected myocardial injury that supported
by evidence from clinical and experimental studies. The
patients with chronic heart failure as compared to healthy
individuals, consistently present with elevated NGAL
concentrations, which tend to rise in severity cases of
failure of heart [50]. Moreover, in individuals with
chronic heart failure, an inverse relationship has been
noted between levels of serum NGAL and ejection
fraction (EF). The reflecting advanced disease by highest
levels of plasma NGAL are typically found in patients
classified as NYHA class IV [51].

As a potential biomarker for abdominal — aortic
- aneurysms (AAA) progression and pathogenesis has
also emerged by NGAL [52]. In experimental mouse
models, both NGAL deficiency and treatment with anti-
NGAL antibodies were associated with a reduced
incidence of AAA formation, suggesting that the
suppression of neutrophil activity may play a protective
role [53]. Neutrophils isolated from individuals with
AAA have been shown to secrete elevated levels of
NGAL. Furthermore, research by Ramos-Mozo revealed
that the luminal thrombus of AAA released significantly
higher amounts of NGAL compared to the abluminal
thrombus, the aneurysmal wall, and the media of healthy
aortas [54].

CONCLUSIONS

This study results indicated a clear biological
positive association between NGAL levels and hs-CRP,
TNF-a, IL-6 and CTX in patients with meningitis. These
findings suggest that NGAL levels as new biochemical
marker for the early detection and diagnosis of
osteoporosis in patients with meningitis. Further research
was recommended to conduct long-term studies to
monitor patients recovering from meningitis in order to
track gradual changes in bone mineral density and
determine the timeframe in which skeletal effects begin
to appear, in addition, analyzing genetic or
immunological factors that may predispose certain
patients to a higher risk of developing osteoporosis
following meningitis compared to others is
recommended.
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