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Abstract

Background: Type 2 Diabetes Mellitus (T2DM) is a significant global health concern, often
leading to microvascular complications such as Diabetic Nephropathy, a major cause of
chronic kidney disease. The objective of this study was to assess the association between
plasma Sialic Acid (SA) levels and C-Reactive Protein (CRP), along with other laboratory
indicators of the Diabetic Nephropathy in Syrian patients.

Materials and Methods: The study included 115 participants divided into 3 groups: 33
T2DM patients without complications, 52 with Diabetic Nephropathy, and 30 healthy
controls. Parameters like plasma Glucose, Urea, Creatinine, C-Reactive Protein (CRP), and
Urine Microalbumin were measured using available kits. SA levels were determined using
Ehrlich’s method, and eGFR was calculated using the Cockcroft—Gault formula.

Results: T2DM patients, especially those with Nephropathy, showed significant increasing in
plasma Glucose, SA, CRP, Creatinine, Urea, and Urine Microalbumin compared to control. A
positive correlation was observed between SA levels and these parameters, and a notable
negative correlation with eGFR.

Conclusion: Plasma SA levels are significantly elevated in Syrian T2DM patients with
Nephropathy. These findings suggest that SA could be a potential biomarker for Diabetic
Nephropathy in Syrian patients, offering a predictive tool for early diagnosis and preventive
strategies for managing this complication.

Keywords: Sialic Acid, C-Reactive Protein, Diabetic Nephropathy, Type 2 Diabetes
Mellitus, Urine Microalbumin .
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1. Introduction

Type 2 Diabetes Mellitus (T2DM) is a
global health concern characterized by
impaired insulin production and reduced
tissue response to insulin, leading to
hyperglycemia.[1] This metabolic disorder
is often linked with various microvascular
complications, including Diabetic
Nephropathy. [2]

The latest statistics from the 10th edition of
the IDF Diabetes Atlas reveal that there are
approximately 537 million adults globally
diagnosed with diabetes. [3] T2DM makes
up about 90% of these diabetes cases. [2]
Diabetic Nephropathy stands as a critical
complication of Diabetes Mellitus, and is
recognized as a primary cause of chronic
kidney disease. This condition significantly
contributes to the increased prevalence of
morbidity and mortality among individuals
diagnosed with Diabetes Mellitus. [4]
Growing research supports the vital role of
inflammation in the pathophysiology of
T2DM and its related complications. [5] C-
Reactive Protein [CRP], a standard
biomarker for inflammation, is synthesized
in the liver and secreted following
inflammatory responses and tissue injuries.
[5] Furthermore, Sialic Acid (SA) can act as
a marker for assessing the acute phase
response, as it forms the terminal sugar in
the structure of numerous immune
glycoproteins. [4]

Sialic acid [SA], an acidic sugar appertains
to neuraminic acid derivative, the most
familiar member of this family is the N-
acetylated derivative of neuraminic acid
(NANA). SA is a part of the structural
component of cellular membranes being an
end terminal of glycoproteins and
glycolipids. [6]

Higher levels of SA might indicate severe
damage to cell membranes, particularly to
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the cells in the smallest blood vessels, like
those found in the brain, heart, retina, and
kidneys, such damage can give rise to
conditions such as Neuropathy, Retinopathy,
and Nephropathy. [6]

In patients with Diabetic Nephropathy, there
is a significant elevation in SA
concentrations, attributed to damage to the
renal vascular endothelial cells. Recent
studies suggest that this increased Sialic
Acid serves as a potential biomarker for the
progression of Diabetic Nephropathy.
Evaluating SA levels may provide predictive
value and contribute to strategies for
preventing microvascular complications in
individuals diagnosed with T2DM. [6]

Some studies [7,8] indicate a positive
correlation between Sialic Acid and CRP,
whereas other studies [9] have not found any
significant relationship. Therefore, the exact
association between SA and CRP levels
remains uncertain.

The objective of this study was to assess the
association between plasma Sialic Acid
(SA) levels and C-Reactive Protein (CRP),
along with other laboratory indicators of
Diabetic Nephropathy in Syrian patients,
and to assess if it could be utilized as a
potential biomarker for Diabetic
Nephropathy.

2. Materials and Methods:

2.1. Subjects and study design:

This study included 115 participants, 56
males and 59 females, ages (45-85) years,
were classified into three groups: 33 were
identified as T2DM  without any
complications, 52 were T2DM with Diabetic
Nephropathy, and 30 healthy Control.

The Faculty of Pharmacy's Ethics
Committee at Aleppo University approved
this study. All individuals participating in
the study gave their voluntary consent.

All participants were chosen from patients
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who attending the National Diabetes Center
in Ashrafieh in Aleppo during the period
between October 2022 and October 2023 .

A comprehensive history and clinical
examination were conducted for each
patient, with particular emphasis on sex,
age, Body Mass Index (BMI), type of
diabetes, and any complications.

The study groups exclude participants with
histories of cardiac diseases, smoking,
alcohol consumption, pregnancy, cancer, or
any inflammatory disorders .

2.2. Samples collections :

The Collection of fasting blood samples was
carried out using lithium-heparin-coated
tubes. Urine specimens were also gathered
in dry and sterile containers.

2.3. Determination of studied parameters:
Plasma Glucose was measured using a
colorimetric enzymatic assay, Creatinine
through a Jaffe colorimetric Kinetic assay,
Urea via a colorimetric enzymatic assay,
CRP using a turbidimetric assay, and Urine
Microalbumin with a colorimetric assay.
The assays were performed using the
following Kits: (Coral Clinical Systems,
Cat. No0.1102113150), (Coral Clinical
Systems, Cat. No. 1101070275),
(Biosystem, Cat. No. 11537), (AMS, Cat.
No. GDB842701), Medichem, Cat. No.
12570) respectively.

A Cockcroft-Gault formula was utilized to
calculate estimated Glomerular Filtration
Rate (eGFR) [10]

Ehrlich’s method was utilized to determine
plasma SA levels [11,12]: 500 pul of plasma
was treated with 2 ml of 5% perchloric acid
for 5 min at 100 °C and centrifuged at 4000
RPM for 5 min. The supernatant (1 ml) was
mixed with 200 pl Ehrlich reagent (5 g p-
dimethylaminobenzaldehyde/50 ml, HCI/50
ml distilled water). After incubation at 100
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°C for 15 min, a spectrophotometer was
used to read the absorbance at 525 nm,
Sialic Acid concentration was calculated
depending on Sialic Acid standard curve as
follow:

1. stock solution: 25 mg of solid Sialic Acid
in 25 ml of distilled water. The resulting
solution had a 100 mg/dl concentration .

2. Serial dilution was used to create standard
samples in various concentrations (0, 10, 20,
30, 40, 50, 60, 70, 80, and 90 mg/dl) from
the stock solution (100 mg/dl).

3.The standard samples were then analyzed
using Ehrlich’s method and absorbance was
measured by spectrophotometer at 525 nm.
4.Using the Microsoft Excel 2019 program,
a standard curve was created between the
standard sialic acid concentration on the x-
axis and the standard sample's absorbance
on the y-axis.

5.The following curve was produced with y
0.0131x - 0.0488 equation and R2
0.9925. (Fig 1).

y= 1.312%- 0.0488 .
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Fig 1. Sialic Acid standard curve

6. SA concentration of study subjects’
samples was determined using the following
equation: X= (Y+ 0.0488)/0.0131 Where, X
represents the concentration of

the test samples and Y represents their
absorbance .
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Controls T2DM T2DM+ nephropathy
Parameters p-value

Mean + SD Mean + SD Mean + SD
Glucose(mg/dl) 73.97 £10.762 173.72 £51.456 | 224.38+.91.17 0.000
Sialic acid (mg/dl) 54.40 + 6.946 72.22 £6.842 75.40 + 12.4270 0.000
CRP (mg/l) 1.283+1.02 2.93+1.896 3.349+3.728 0.007
Creatinine (mg/dL) 0.723+0.113 1.204 +0.133 1.3+0.294 0.000
Urea (mg/dL) 24.13 £ 8.905 34.26+ 6.383 37.25 £14.839 0.000
urine microalbumin (mg\g) | 4.83+5.059 21.38+8.737 440.47 £719.39 0.038
eGFR (mL/min/1.73 m2) 120.83 +30.28 7252 +£20.71 66.02 +23.72 0.000

4.2 Statistical analysis:

The data underwent processing utilizing
SPSS software, version 24.

One-way ANOVA was employed to
determine significant differences between
groups at p-value <0.05 .

Independent sample t-test was employed to
determine the mean difference between the
two groups. The p-value of less than 0.05 is
considered as significant at 95% confidence
level.

Pearson correlation coefficient (r) was
employed to identify significant correlations
among the quantitative parameters for each
group at a significance level of p < 0.05.

3. Results:

The participants in this study were aged
between 45 and 85 years, with a median age
of 53 wyears. The gender distribution
included 58 males and 57 females. The
Body BMI ranged from 18 to 52 kg/ m2.
This study showed a significant difference
in BMI in both types of T2DM (with and
without nephropathy) in comparison to the
control. [Tablel]

Controls T2DM T2DM+
items nephropathy | p-value

Mean+SD | Mean+SD | Mean + SD
Age 56.70 + | 60.24 + | 58.92 + 0.568
(years) 8.59 7.94 9.13 '
BMI 23.67 + | 29.88 +

+

(KG/m?) | 5.02 4.02 29.79x6.7 | 0.000
Sex N N N
Male 14 19 25
Female 16 14 27 0619

Table 1. Demographic characteristics in study groups

58

Table 2 a. Comparison of the studied parameters between subject
groups. p = <0.05 significant

The one-way ANOVA test showed a
significant increase in plasma Glucose, SA,
CRP, Creatinine, Urea, and Urine
Microalbumin levels in both types of T2DM
(with and without nephropathy) in
comparison to the control. Additionally,
there was a significant decrease in eGFR in
both types of T2DM (with and without
nephropathy) in comparison to the control.
[Table2]

control T2DM
Parameters Mean + Mean + p-value
SD SD
73.97 173.70 +
Gl dl 0.005
ucose(mg/dl) | 110760 51.456
iali i 4.40 + 7222 +
Sialic acid 54.40 0.004
(mg/dl) 6.946 6.842
1.283 + 293+
RP 1 .031
CRP(mg/1) 1.02 1.896 005
ini + +
Creatinine 0.723+ 1.204 £ 0.000
(mg/dL) 0.113 0.133
2413 + 34.26t
L .001
Urea (mg/dL) 8.905 6.383 0.00
Urine
21.38+
microalbumine( | 7.83+ 5.059 8737 0.922
mg/g) '
eGFR
120.38+ 72.52 £
L/min/1.73 0.000
(mL/min/ 30.28 20.71
m2)

Table 2 b. Comparison of the studied parameters between
control and T2DM. p = < 0.05 significant
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T2DM+
control
Parameters nephropathy | p_value
Mean = SD Mean = SD
1 .38+.91. .
Glucose(mg/ 73.97 $10.762 224.38+.91.1 0.000
dl) 7
Sialic acid 75.40 £ 0.000
54.40 + 6.946
(mg/dl) 12.4270
CRP(mg/1) 1.283 £1.02 3.34943.728 0.001
ini 0.000
Creatinine 0.723+0.113 1340294
(mg/dL)
37.25 0.000
+
Urea (mg/dL) 2413 + 8.905 414,839
Urine 0.000
microalbumin 44047
.83+ 5.
. 7.83+ 5.059 71939
(mg/g)
eGFR
(mL/min/1.7 120.83+ 30.28 66.02+23.72 | 0.000
3 m2)

Table 2 c. Comparison of the studied parameters between control
and T2DM + nephropathy. p = < 0.05 significant

T2DM T2DM+
Parameters nephropathy | p.value
Mean = SD Mean = SD
Glucose(mg/ 22438+
173.70 £51.4 .
dl) 3.70 £ 51.456 17,73 0.008
Sialic acid 75.40 £
72.22 + 6.842 0.004
(mg/dl) 12.4270
CRP(mg/1) 2.93 +1.896 3.349 +3.728 0.037
Creatinine 1.204 +0.133 130294 | 0.085
(mg/dL)
37.25
L 4.26% 6. .007
Urea (mg/dL) 34.26+ 6.383 114839 0.00
Urine 44047 +
microalbumin 21.38+ 8.737 71§ 39_ 0.009
e(mg/g) '
GFR((mL/mi
CCER(mL/mi | ) o 42071 | 660242372 | 0.923
n/1.73 m2)

Table 3. Comparison of the studied parameters between T2DM

group and T2DM with Nephropathy. p = < 0.05 significant

The

comparison
independent

sample

results
t-test

using
showed

an

a

significant increase in plasma Glucose, SA,
CRP, Urea, and Urine microalbumin in
T2DM with Nephropathy in comparison to
those without any complications, and no
significant difference in plasma Creatinine
and eGFR. [Table3]

The Pearson correlation test showed a
significant positive correlation between
Sialic Acid levels and studied parameters
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(Sugar, Creatinine, Urea, CRP, and Urine
Microalbumin) in both groups. Additionally,
the analysis indicated a significant negative
correlation between SA levels and eGFR.
[Table4, Fig 2]

300,00+
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150,00+
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100 00+

I EE (EID o QEBY PN CGR KR A MY OB O |
T 3 8 7 9 11 157 19 2
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1500007

Value

100000+

500.004

00
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S171921232527 2931333537 3941 4345474951

Case Number

Fig 2. Correlation between Sialic Acid and studied
parameters.

4. Discussion:

Diabetes Mellitus ranks among the most
prevalent health issues globally, including in
Syria. Inflammation is a key factor in the
pathogenesis of Type 2 Diabetes Mellitus
and its complications, such as Nephropathy.
Therefore, inflammatory markers, like SA,
might serve as significant indicators of
disease severity, potentially acting as
predictors of the diabetic condition.
However, further researches are needed to
comprehensively understand this role.
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+
I2DM T2DM
Parameters nephropathy
lated - - -
correlate r-value P r p
value | value | value
Sialic Acid and
1al1C AC1A an 0.642** 0.000 0.45%* 0.000
Glucose
Sialic Acid and | 717 | 000 | 0,516 | 0.000
Creatinine
Sialic Acid and
ialic Acid an 0.405** | 0.000 | 0.247* | 0.026
Urea
Tic Aci -
Sialic Acid and -0.499** | 0.000 0.000
GFR 0.448**
Sialic Acid and
Urine 0.559** | 0.000 | 0.332** | 0.002
Microalbumine
Sialic Acid and
) sk . X i .001
CRP 0.536 0.000 | 0.366 0.00

Table 4. Correlation between Sialic Acid and studied parameters
within T2DM and T2DM with nephropathy. p = < 0.05 significant.
*: significant

**: high significant

This study evaluated SA concentrations in
T2DM Syrian patients with and without
Nephropathy. There was a significant
increase in plasma Sialic Acid levels in both
types of T2DM (with and without
nephropathy) in comparison to the control.
Moreover, the SA levels showed a
significant elevation in T2DM patients with
nephropathy compared to those without
complications. These findings align with
comparable research conducted in Egypt in
2021 by EI Badawy and colleagues. [13]
Normally vascular endothelium is rich in
SA. Several studies indicate that Sialic Acid
levels rise during pathological conditions
characterized by tissue damage,
proliferation, and inflammation.
Consequently, the widespread microvascular
damage seen in Diabetes Mellitus may result
in the release of Sialic Acid into the
circulation, resulting in elevated SA
concentrations. [4]

Tissue damage resulting from diabetic
vascular complications such as
Nephropathy, stimulates the release of local
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Cytokine from cellular infiltrates like
macrophages and endothelial cells. This
initiates an acute phase  response,
characterized by the release of glycoproteins
rich in SA into the circulatory system,
thereby  leading to elevated SA
concentrations in patients with Diabetic
Nephropathy. [4]

CRP, a marker of acute phase inflammation,
was also assessed in This research.

The findings showed a significant increase
in CRP levels among the study groups, with
CRP being notably higher in patients with
Diabetic Nephropathy. These findings align
with comparable research conducted in India
in 2016 by Varma and colleagues. [8]
Indicating that CRP may play a role in the
pathogenesis of T2DM and its
complications. Additionally, the increased
damage to the vascular cells of the kidneys
in T2DM patients could lead to a more
active inflammatory state, further elevating
CRP levels. [8]

Our study demonstrated a positive
association between SA and CRP in both
T2DM and T2DM with Nephropathy
groups. This correlation was also observed
in other similar studies. [7,8] It can be
interpreted that SA serves as a combined
marker for various acute-phase proteins,
reflecting the general acute-phase response.
In contrast, CRP is a specific acute-phase
protein. Consequently, the increase in Sialic
Acid levels is associated with an elevation in
CRP levels, indicating a comprehensive
inflammatory response. [7]

Furthermore, the correlation between SA
and fasting Glucose has been investigated,
the result showed a positive correlation in
both types of T2DM (with and without
nephropathy) which was similar to other
studies. [13,14] Consequently, SA may be
regarded as a potential early marker of Type
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2 Diabetes Mellitus.

Blood Urea, Creatinine, Urine
Microalbumin, and eGFR measurements
have been widely used as indicators of
kidney function.

Our study showed a significant increase in
Blood Urea and Urine Microalbumin in
T2DM with Nephropathy compared to those
without any complications. This result
aligns with the outcomes of other
comparable studies. [4,9]

The higher levels of these parameters in
T2DM patients with nephropathy, compared
to those without complications, indicate a
more severe impact of the disease on kidney
function and overall metabolism. The
elevation in urine albumin in the diabetics
can be viewed as an early indication of
kidney damage in those patients. The
elevation in urine albumin observed in
Diabetic Nephropathy can be explained by
glomerular basement membrane degradation
and hypertension, both manifestations of
Diabetic Nephropathy. [4]

Urine  Microalbumin is indicative of
endothelial dysfunction, often triggered by
the release of cytokines and various
inflammatory  agents  during  intense
inflammatory reactions, typically observed

in serious illnesses. This dysfunction
compromises the endothelial barriers,
leading to alterations in glomerular

permeability and consequently, an increased
leakage of albumin into the glomerular
ultrafiltrate. When the tubular mechanism
responsible for reabsorbing albumin from
the ultrafiltrate exceeds its maximum
capacity, it results in a higher release of
albumin into the urine. [4]

Our study showed that there is no significant
difference in plasma Creatinine and eGFR
between T2DM with Nephropathy and those
without any complications. This result
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aligns  with the outcomes of other
comparable studies. [15,16] suggesting that
while these markers are indicative of renal
impairment, they might not be sensitive
enough to detect early Nephropathy.[15]
Therefore, SA with its significant elevation,
may act as an indicator of early Diabetic
Nephropathy .

Our study showed a positive correlation
between SA levels and Blood Urea,
Creatinine, and Urine Microalbumin in both
types of T2DM (with and without
nephropathy). This result aligns with the
outcomes of other comparable studies.
[4,13] suggesting that SA may play a
significant role in contributing to renal
damage.

Furthermore, a negative correlation was
observed between SA levels and eGFR in
both groups. This implies that as Sialic Acid
increases, eGFR decreases, aligning with the
findings of El Badawy and colleagues.[13]
This indicates that SA levels rise with the
worsening of diabetic renal complications.

5. Conclusions:

Plasma SA levels are significantly elevated
in Syrian T2DM patients with Nephropathy.
These findings suggest that SA could be a
potential biomarker for Diabetic
Nephropathy in Syrian patients, offering a
predictive tool for early diagnosis and
preventive strategies for managing this
complication.
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