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Abstract:

"This study investigated the relationship between methylglyoxal (MGO), omentin-1, and fatty acid-bind-
ing protein (FABP) in type 2 diabetes mellitus (T2DM) patients. The research included 60 diabetic patients and
30 matched healthy controls. Key findings showed:

- Serum MGO levels were significantly elevated in patients compared to controls (204.48+40.4 ng/mL vs.
85.5+£24.67 ng/mL, p<0.001).

- Omentin-1 levels were markedly reduced, indicating diminished anti-inflammatory capacity.

- FABP levels varied significantly, potentially reflecting different disease progression stages.

The study revealed important interrelationships between these biomarkers: elevated MGO demonstrated
a significant negative correlation with omentin-1 levels, suggesting MGO’s potential role in suppressing this
protective adipokine. Conversely, MGO showed a positive correlation with FABP, indicating a possible syn-
ergistic effect in promoting inflammatory processes and metabolic dysfunction. The omentin-1/FABP ratio
emerged as a particularly valuable indicator of diabetic complications, with lower ratios associated with poorer
outcomes.

These biomarkers demonstrated superior predictive value for diabetic complications compared to conven-
tional indicators. The study highlighted the need for standardized measurement protocols and further investi-
gation of their therapeutic potential in diabetes management.”

Keywords: Methylglyoxal (MGO), Fatty Acid Binding-Protein (FABP), Omentin-1 adipokine ,

Type-2 Diabetes Mellitus T2DM, Advanced glycation end-products (AGEs), Diabetic complications, Di-
abetes pathogenesis.
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Introduction

Chronic hyperglycemia in type 2 di-
abetes mellitus (T2DM) arises primar-
ily from insulin resistance in periph-
eral tissues (adipose, liver, and skeletal
muscle), coupled with progressive [-
cell dysfunction'. Insulin, a crucial
anabolic hormone, regulates carbohy-
drate, lipid, and protein metabolism-
2some discoveries have matured, co-
alescing into solid and fertile ground
for clinical application; others remain
incompletely investigated and scientif-
ically controversial. Here, we attempt
to synthesize this work to guide further
mechanistic investigation and to in-
form the development of novel thera-
pies for type 2 diabetes (T2D.

In T2DM, impaired insulin signal-
ing leads to uncontrolled gluconeogen-
esis, reduced glucose uptake, and dys-
lipidemia °. While patients with severe
hyperglycemia (e.g., due to advanced
B-cell failure) may exhibit polydipsia,
polyuria, weight loss, or blurred vi-
sion, many individuals with early-stage
T2DM remain asymptomatic, as insu-
lin resistance develops gradually*.

Hyperglycemia and dysregulat-
ed lipid metabolism in T2DM drive the

accumulation of reactive aldehydes,
particularly methylglyoxal (MGO), a
byproduct of glycolysis and lipid oxi-
dation®. Elevated MGO contributes to
diabetic complications by forming ad-
vanced glycation end products (AGEs),
which disrupt cellular function through
oxidative stress and inflammation®the
most frequent are non-steroidal anti-in-
flammatory drugs followed by ?-lactam
antibiotics. The redox status regulates
the level of reactive oxygen and nitro-
gen species (RONS. The prevalence
of diabetes varies significantly among
different racial and ethnic groups, with
the disease showing a strong hereditary
pattern. Genetic factors are key con-
tributors to diabetes risk, and certain
populations, such as American Indi-
ans and Alaska Natives, are at a higher
risk compared to others’. According to
the World Health Organization’s Glob-
al Report on Diabetes, the number of
diabetes cases is expected to surge
dramatically, increasing from around
422 million in 1980 to an estimated
693 million by 2045%. Methylglyoxal
is a reactive chemical compound pro-
duced during various metabolic pro-
cesses, including energy catabolism,
lipid oxidation, and protein catabolis-



17 ||

dudlyeoll deoolall - duyy Ul aulds - duoldellg dugu il Slwlysdl d oo
02025 Ul - clousdl pgle - phue CWWI sdanll - gguiiellg guo Bl saell

m’its serious dose-dependent cardio-
toxicity, which eventually contributes
to irreversible heart failure, has greatly
limited the widespread clinical appli-
cation of DOX. A previous study has
demonstrated that the ribonucleotide
reductase M2 subunit (RRM2. Individ-
uals with Type 2 Diabetes experience
elevated blood glucose levels, leading
to heightened methylglyoxal concen-
trations. The heightened concentration
of methylglyoxal is crucial as it acts as
a principal mechanism for the forma-
tion of advanced glycation end prod-
ucts, which ultimately impair cellular
processes and inflict harm on body tis-
sues'”.

Methylglyoxal (MGO) covalently
alters DNA, resulting in the formation
of nucleic acid advanced glycation
end products (AGEs), predominantly
guanine adducts. These AGEs attach
to their receptor, RAGE (Receptor for
Advanced Glycation End Products),
which is affixed to the cell membrane.
This binding initiates various intracel-
lular signaling cascades, including the
activation of NADPH oxidase''. This
enzyme enhances the generation of
reactive oxygen species (ROS), estab-
lishing a pro-oxidant milieu that leads

to cellular damage'.

Intracellular lipid proteins known as
FABPs (Fatty Acid-Binding Proteins)
serve crucial regulatory functions in
fatty acid processing across glucose
homeostasis-critical tissues, including
adipose, hepatic, and skeletal muscle
structures’>. T2DM pathophysiology
involves FABP expression abnormal-
ities that intensify insulin resistance
through mechanisms of lipotoxicity and
sustained inflammatory responses'“.
Beta-cell insulin secretion capacity be-
comes compromised when circulating
FABP concentrations rise beyond nor-
mal parameters, subsequently worsen-
ing hyperglycemic states'. Interesting-
ly, research has documented seemingly
contradictory findings of decreased
FABP presence in later-stage diabe-
tes, potentially reflecting beta-cell
functional decline and reduced lipid
movement throughout tissues, suggest-
ing that FABP involvement evolves
through different disease phases'Sspe-
cifically before the vulnerable period
of 14-weeks gestation, as demonstrat-
ed by a range of psychometric tests
across a range of different populations
with mild or marginal iodine deficien-
cy. The effects attributed to iodine de-
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ficiency were limited to a reduction in
verbal IQ scores in the offspring (when
data were grouped as tertiles.
Visceral adipose tissue primarily
produces the adipokine called omen-
tin-1, which demonstrates both in-
sulin-sensitizing capabilities and in-
flammation-reducing qualities'’. This
compound enhances insulin pathway
functionality through AMPK activa-
tion, thereby improving peripheral
tissue glucose absorption'®. Clinical
observations reveal diminished omen-
tin-1 concentrations in diabetic indi-
viduals, with levels inversely relating
to blood glucose elevation, excess
adiposity, and heart disease risk fac-
tors'. Research indicates omentin-1
provides protection against diabet-
ic complications by inhibiting AGE-
RAGE
countering MGO-triggered oxidative

signaling mechanisms and
damage?. While substantial evidence
exists regarding the individual roles of
MGO, FABP, and omentin-1 in T2DM
pathogenesis, their synergistic rela-
tionships remain poorly understood?!.
Current research has yet to establish:
how MGO-mediated glycation affects
omentin-1’s insulin-sensitizing capac-
ity, whether FABP expression patterns

correlate with MGO-omentin-1 axis
dysfunction across diabetes progres-
sion stages, and if these biomarkers
collectively offer superior predictive
value for diabetic complications com-
pared to conventional metabolic pa-
rameters?’including osteoporosis (OP.
This knowledge gap significantly lim-
its our ability to develop targeted ther-
apies addressing the interconnected
metabolic, oxidative, and inflammato-
ry pathways in T2DM?Z.

The interplay between MGO, FABP,
and omentin-1 underscores their col-
lective impact on metabolic dysregula-
tion in T2DM. While MGO drives gly-
cation and oxidative stress, FABP and
omentin-1 modulate lipid metabolism
and insulin sensitivity, respectively.
This study investigates these biomark-
ers to elucidate their synergistic roles
in T2DM pathogenesis and their poten-
tial as therapeutic targets®.

Aim of the Study

This study aimed to compare meth-
ylglyoxal (MGO) levels between type
2 diabetes mellitus (T2DM) patients
and healthy controls, investigate the
associations between MGO, fatty ac-
1d-binding protein (FABP), omentin-1,



19 ||

dudlyeoll deoolall - duyy Ul aulds - duoldellg dugu il Slwlysdl d oo
02025 Ul - clousdl pgle - phue CWWI sdanll - gguiiellg guo Bl saell

and key metabolic markers (including
HbAlc, fasting blood glucose, serum
triglycerides, total cholesterol, and
LDL cholesterol), and evaluate wheth-
er MGO, FABP, and omentin-1 could
serve as predictive biomarkers for di-
abetic complications compared to con-

ventional metabolic parameters.

Methodology and Biochemical
Analysis

Sample collection and study de-
sign. The study included collecting 60
samples from T2DM patients (aged
30-80), diagnosed per ADA criteria
(HbAlc >6.5%) with MGO, FABPs,
and Omnitin-1, along with the collec-
tion of samples from 30 controls. Sam-
ples were Collected from Khanaqgin
General Hospital and Garmian Medi-
cal City (October—December 2024). A
priori power analysis (GPower 3.1; o =
0.05, power = 0.8, effect size d = 0.8)
indicated a required sample size of 52
(26 per group) to detect significant dif-
ferences between groups®. Our study
included 60 patients and 30 controls,
exceeding this threshold and aligning
with sample size guidelines for bio-
marker studies?.

Methods:

Serum MGO,
FABP4 levels were measured using
ELISA kits (Sunlong Biotech; SL-
2691Hu, SL0503Hu, SL1990Hu) fol-

lowing manufacturer instructions. Ab-

omentin-1, and

sorbance was read at 450 nm using a
Human-Reader HS photometer. Met-
abolic parameters (triglycerides, cho-
lesterol, LDL, HbAlc, glucose, urea,
creatinine) were analyzed on a Roche
Cobas C 111 analyzer using standard
enzymatic methods.

Blood samples were centrifuged
(3000 rpm, 15 min, 4°C) and serum
aliquots stored at -80°C. Hemolyzed
or lipemic samples were excluded. All
assays included quality controls and
were performed in duplicate following
Good Laboratory Practice guidelines.

Statistical Analysis:

Statistical analysis was performed
using SPSS software. An F-test was
conducted to assess differences be-
tween patient and control groups for
all investigated parameters (MGO,
FABPs, and omentin-1 levels). Results
with p-values <0.001 were considered
statistically significant.
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Results concentration was higher in patients

The present study, included deter-
mination the levels of Methylglyoxal,
FABPs, and Omnitin-1 (90) with dia-
betes patients and healthy controls.

Tablel.1 and figurel demonstrat-
ed the mean serum of methylglyoxal

(204.48+40.4 ng/mL) when compared
with control group (85.5+24.67 ng/
mL). In addition, differences in the se-

rum concentration of methylglyoxal
were found (P-value 0.001 <).

Table 1.1 The serum concentration of Methylglyoxal
with Control groups and Patient group.

Mean = SD (ng/mL)

P-Value

Controls 85.5+24.67

0.001 >

Patients 204.48+40.4

250

204.48

200

150

100

L]

Patient

Methylglyoxal (ng/ml)

85.5
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& Methylghyoxal (ng/ml)

Figure 1.1 The serum concentration of Methylglyoxal
with Control groups and Patient group.

Table 1.2 The serum concentration of omentin-1

with Control groups and Patient group.

Mean = SD (ng/mL)

P-Value

Controls 30.79+23.14

Patients 123.21+ 30.67

<0.001
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Figure 1.2 The serum concentration of omentin-1
with Control groups and Patient group.

Table 1.3 The serum concentration of Fatty acid binding protein (FABP)
with control groups and patient group.

Mean + SD (ng/mL) P-Value
63 £27.
Cor%trols 222.63 £27.91 <0.001
Patients 158.10 £ 24.96

FABP (ng/ml)

250

150

Patient Control

mPatient mCortro

Figure 1.3 The serum concentration of Fatty acid binding protein (FABP)
with control groups and patient group
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Discussion

The findings of this study demon-
strate significantly elevated levels of
methylglyoxal (MGO) in individuals
with type 2 diabetes mellitus (T2DM)
compared to healthy controls. This
aligns with existing literature suggest-
ing that MGO, a highly reactive dicar-
bonyl compound, plays a critical role
in the development of diabetic compli-
cations®®.The accumulation of MGO
in diabetic patients is likely due to in-
creased glycolytic flux and impaired
glyoxalase system activity, which 1is
responsible for MGO detoxification.

The strong correlation observed
between MGO levels and HbAlc un-
derscores the relationship between
chronic hyperglycemia and MGO for-
mation®’distinguishable  characteris-
tic of clear cell renal cell carcinoma
(ccRCC. This 1s consistent with the
hypothesis that prolonged exposure to
high blood glucose levels exacerbates
the production of advanced glycation
end products (AGEs), of which MGO
is a key precursor. Furthermore, the
positive associations between MGO
and serum triglycerides, total choles-
terol, and LDL cholesterol suggest

that MGO may contribute to the dyslip-
idemia commonly observed in T2DM
patients. These lipid abnormalities,
combined with MGO-induced oxida-
tive stress and inflammation, may fur-
ther accelerate the progression of car-
diovascular complications in diabetic
individuals®®.

The elevated MGO levels in the pa-
tient group highlight its potential as a
biomarker for assessing diabetic sever-
ity and predicting the risk of complica-
tions*”’URL”:”https://www.kireports.
org/article/S2468-0249(22. However,
further research is needed to elucidate
the causal mechanisms linking MGO
to

specific diabetic complications and
to explore therapeutic strategies target-
ing MGO reduction, such as enhanc-
ing glyoxalase activity or using MGO
scavengers’?,

FABP expressions can be vari-
able depending on disease stage and
metabolic compensation mechanisms.
Some studies observed Beta-cell fail-
ure lead to lower FABP levels due to a
decrease in lipolysis and fatty acid flux
in advanced T2DM patients®.

In addition to that certain genetic
polymorphisms in A-FABP have been
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linked to reduced FABP expressions®.
In cases of chronic inflammation
and endothelial damage a paradoxical
increase in omentin-1 are observed
in some studies which may represent
a counter regulatory response since
omentin-1 is anti-inflammatory®.
This research was limited by its
cross-sectional approach, precluding
casual inferences to establish cause-
and-effect relationships. Furthermore,
the participants were drawn from only
one geographical location, which may
reduce the broader applicability of the
findings.
Conclusion
In conclusion, this study provides
evidence supporting the role of MGO
and other biomarkers such as omen-
tin-1 and FABPs in the pathophysiol-
ogy of T2DM and its association with
key metabolic markers. These findings
contribute to a deeper understanding of
the molecular mechanisms underlying
diabetic complications and may inform
future interventions aimed at mitigat-
ing the detrimental effects of MGO in
diabetic patients®®. Future biomark-
er panels including MGO, omentin-1,
and FABP may help stratify diabetic
patients for targeted interventions.

Recommendations:

Future investigations into type 2
diabetes management should focus
on developing therapeutic approaches
targeting methylglyoxal (MGO) re-
duction through glyoxalase system en-
hancement®’, alongside evaluating the
clinical applications of omentin-1 and
fatty acid-binding protein regulation®.
Comprehensive multicenter trials are
warranted to establish the diagnostic
and prognostic utility of these biomark-
ers, particularly their synergistic effects
in disease progression®. Research
should further elucidate the pathophys-
iological mechanisms linking MGO to
diabetes-related tissue damage through
extended longitudinal studies*’, while
simultaneously working to standardize
measurement techniques and develop
evidence-based clinical protocols*'its
functional roles following its release
into the oviduct during ovulation are
currently elusive. We hypothesized
that FF and FF-derived extracellular
vesicles (EVs. The implementation of
these molecular markers in clinical set-
tings may enhance precision medicine

approaches for diabetes management*.
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