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Abstract:

Type 2 diabetes mellitus (T2DM) is a chronic metabolic condition marked by sustained elevations in blood glucose levels and is
frequently associated with dyslipidemia, obesity, and increased oxidative stress. This investigation aimed to determine serum
spexin levels and to explore their relationships with selected biochemical parameters and antioxidant indicators among patients
diagnosed with T2DM. Analysis of the collected data revealed a significant decrease in serum spexin levels in the patient group
(156.72 £ 26.88 pg/mL) compared with healthy controls (205.5 + 89.81 pg/mL). Spexin concentrations were also significantly lower
across most body mass index (BMI) categories, while no statistically significant difference was identified in the 230 BMI category.
Furthermore, patients showed significantly elevated fasting blood glucose, total cholesterol, triglycerides, LDL-C, VLDL-C, and
peroxidase activity. In contrast, HDL-C levels, as well as catalase and aryl esterase activities, were significantly lower than those
observed in the control group. Overall, the results indicate that reduced serum spexin is closely linked to impaired lipid
metabolism, obesity, and inadequate glycemic control, supporting its potential value as a biomarker of oxidative stress among
patients with T2DM.
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Introduction

Diabetes mellitus comprises a group of metabolic disorders defined by persistent elevation of blood glucose levels
caused by inadequate insulin secretion, reduced insulin sensitivity, or the combined effect of both abnormalities [1],
Among the different forms of diabetes, type 2 diabetes mellitus (T2DM) accounts for the largest proportion of cases
and remains one of the most common chronic non-communicable diseases worldwide [2].

T2DM has a close association with metabolic syndrome, a condition commonly characterized by obesity,
dyslipidemia, and excessive fat accumulation in the liver [3], Among these factors, obesity is recognized as one of the
principal clinical contributors to the onset and progression of metabolic abnormalities that predispose individuals to
T2DM [4]. of diabetes mellitus. Reactive oxygen species (ROS) together with other free radicals are produced during
normal cellular metabolism, while additional oxidative molecules may arise following exposure to environmental
factors such as cigarette smoking, radiation, and air pollution. These reactive molecules can damage cellular
structures and are considered important contributors to the onset of several metabolic disorders, including diabetes
mellitus [5,6], Spexin (SPX) is a peptide consisting of 14 amino acids that was first identified through bioinformatic
approaches [7 It has been reported to participate in the regulation of glucose balance, lipid metabolism, and skeletal
muscle physiology [8].

The peptide is widely distributed in several endocrine organs, including the pancreas, thyroid gland, and visceral
adipose tissue [10]. Increasing evidence suggests that oxidative stress represents an important factor underlying the
metabolic alterations associated with T2DM. Excessive production of reactive oxygen species (ROS) disrupts cellular
homeostasis, promotes insulin resistance, and accelerates the progression of metabolic dysfunction [11].

Subjects and Methods

Venous blood specimens were obtained from individuals diagnosed with diabetes mellitus who attended Al-Wafaa
Center in Mosul city. The study included 35 blood samples obtained from healthy individuals aged 30-65 years (15
females and 20 males), as well as 55 blood specimens collected from individuals diagnosed with type 2 diabetes
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mellitus (T2DM) within the same age range (29 females and 26 males), coIIec’c.é‘d\dAgr-iF\g’thepe[igc.l from 15/11/2025
to 15/1/2026. \ e
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Serum Preparation: .

A volume of 5 mL of venous blood was obtained from both individuals with diabetes mellitus and healthy controls.
The collected blood was transferred into gel tubes, maintained in a 37°C water bath for 10 minutes, after which
serum was separated by centrifugation at 3000 x g for 10 minutes [12].

The concentration of spexin was determined using a commercial kit from Sunlong Biotech (China) based on
the enzyme-linked immunosorbent assay (ELISA) technique. Body mass index (BMI) for both patients and control
subjects was determined by dividing each participant's body weight (kg) by the square of their height (m?) [13].
Serum glucose levels and glycated hemoglobin (HbAlc) were assessed using an automated clinical chemistry analyzer
(Respons®920, DiaSys Diagnostic Systems, Germany). Glucose concentration was determined using an enzymatic
colorimetric method based on the glucose oxidase—phenol aminophenazone (GOD-PAP) principle [14], while HbAlc
levels were directly quantified in whole blood samples using a latex-enhanced immunoturbidimetric method [15].
Urea, creatinine, triglycerides, total cholesterol, together with high-density lipoprotein cholesterol (HDL-C), were
analyzed using the FUJIFILM DRI-CHEM NX500i automated biochemical analyzer (Japan), which employs dry
chemistry technology and measures analytes through reflectance spectrophotometry [16]. LDL-C and VLDL-C
concentrations were calculated using the Friedewald equation, according to the following formula:

LDL-C (mmol/L) = Total cholesterol - HDL-C — (Triglycerides / 2.2) [17]
VLDL-C (mmol/L) = (Triglycerides) / 2.2 [18]

Peroxidase activity was determined through the enzymatic oxidation of hydrogen peroxide [19], while
catalase activity was assessed by measuring the color produced by the reaction with hydrogen peroxide [20]. Aryl
esterase activity was estimated using a modified method based on the enzymatic hydrolysis of phenyl acetate to
produce acetic acid and phenol [21].

Statistical analysis

The data obtained in this study were analyzed using the Statistical Package for the Social Sciences (SPSS). Means and
standard deviations were calculated using standard statistical methods. One-way analysis of variance (ANOVA) was
applied to compare more than two groups, while the independent samples t-test was used for comparisons between
two groups. The Pearson correlation coefficient (r) was employed to assess the relationship between the different
parameters. A p-value of < 0.05 was considered statistically significant.

Results and Discussion

Study the effect of Spexin hormone in Type 2 Diabetes patients compared to a control group:
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**significant difference between patients and control at p<0.01

Figure 1: Spexin levels in type 2 diabetes patients compared to the control group.

Figure 1. shows a decrease in spexin levels in patients with type 2 diabetes (156.72 + 26.88 pg/mL) compared
with the control group (205.5 + 89.81 pg/mL). Several studies have similarly reported lower spexin levels among
individuals diagnosed with type 2 diabetes than among healthy controls. This reduction in spexin levels reflects a
disruption in metabolic processes and is often associated with increased insulin resistance, indicating the impact of
the disease on this hormone and its role in regulating blood glucose levels [22,23,24].

Study of the effect of body mass index (BMI) on spexin concentration in Type 2 Diabetes patients compared to the
control group:

Table 1 shows a significant decrease in spexin concentration in patients compared with the control group within the
BMI categories of 18-24.9 and 25-29.9, whereas no significant difference was observed in the >30 category. The
decrease in spexin levels was also significant across age categories within both the patient and control groups.

These results are consistent with previous studies reporting an inverse relationship between spexin levels
and body mass index (BMI), whereby spexin levels decrease with increasing adiposity [25,26]. The absence of a
statistically significant difference in the 230 category may be attributed to obesity-related hormonal alterations that
result in hormonal dysregulation [27].

Table 1: Effect of body mass index on spexin in type 2diabetes patients compared with control group

Spexin level (pg/ml) Mean £S.D.

BMI (kg/m2) Patients Control
18-24.9 *%175.40 £15.51 bc 276.41 £32.98 a
25-29.9 *%138.75+29.39 ¢ 181.41+27.62 b

230 166.68+14.36 bc 158.34+14.89 bc

**significant difference between patients and control at p<0.01 Vertically different letters indicate a significant
difference

Study of some clinical parameter's concentration in type 2 diabetes patients compared to the control group:
Table 2 shows a significant increase in fasting glucose levels in patients with type 2 diabetes compared with the
control group, indicating poor glycemic control and its association with insulin resistance [28]. The results also
demonstrated a significant increase in total cholesterol, triglycerides, LDL-C, and VLDL-C levels, accompanied by a
significant decrease in HDL-C levels in patients with type 2 diabetes mellitus compared with the control group. These
alterations may be associated with decreased spexin levels, given the important role of spexin in regulating lipid and
energy metabolism. Spexin contributes to the stimulation of lipolysis through activation of hormone-sensitive lipase,
leading to reduced lipid accumulation in adipocytes, and is also involved in enhancing fatty acid oxidation, increasing
energy expenditure, and suppressing appetite. Therefore, decreased spexin levels may contribute to lipid imbalance
and increased lipid accumulation, which could explain the elevation of atherogenic lipids and the reduction of
protective HDL-C observed in patients with type 2 diabetes mellitus [29-31].

Table 2: Some of clinical parameters in type 2 diabetes patients and control group

(Mean +SD.)
Parameters
Patients Control
Fasting Blood Glucose (mg/dl) **194.56+38.61 92.68+17.24
HbAlc (%) **8.83+1.04 4.81 +0.37
Total Cholesterol (mg/dl) 200.39 +30.94 ** 118.37 £ 25.54
Triglycerides (mg/dl) 172.36 £ 25.50 ** 99.08 + 15.90
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LDL-C (mg/dl) 118.36 +21.12 ** T 52.64+12.73
VLDL-C (mg/dl) 35.85+5.10 ** -~ 19.79+3.18 —

HDL-C (mg/dl) 4343+12.19 * 148.23 +10.62

Atherogenic Index 0.4096 + 0.306 * 0.3077.+0.137

* Significant difference between patients and control at p<0.05, ** at p<0.01

Study of some indicators of oxidative Stress in type 2 diabetes patients compared with control groups:

The results in Table 3 showed a significant decrease in aryl esterase activity among diabetic participants relative to
the control group, consistent with previous studies. This decrease reflects impaired antioxidant defenses and reduced
protection against low-density lipoprotein (LDL) oxidation. Chronic hyperglycemia may also lead to glycation of the
PON1 enzyme and alterations in HDL structure, resulting in decreased enzyme activity and increased oxidative stress,
which in turn may promote the progression of diabetes-related atherosclerosis [32].

Table 3 further demonstrated a significant reduction in catalase activity among individuals with type 2
diabetes relative to the control group, indicating impaired antioxidant enzyme defense systems and increased
oxidative stress in diabetic patient [33]. In contrast, peroxidase activity was significantly increased in diabetic patients,
an elevation that reflects increased oxidative stress associated with chronic hyperglycemia. This increase in
peroxidase activity may represent a compensatory response aimed at eliminating hydrogen peroxide and reactive
oxygen species [34].

The observed decrease in spexin levels may be associated with increased oxidative stress and impaired
antioxidant defense systems. This could be attributed to the role of spexin in regulating glucose and lipid metabolism,
as well as its anti-inflammatory effects, both of which collectively influence the balance between oxidants and
antioxidants [35].

Table 3: Indicators of oxidative stress in type2 diabetes patients and control

Spexin level (pg/ml) Mean #S.D.

Antioxidants and Oxidants
Control Patients
Aryl esterase U/ml 103.48 +32.96 63.68 £ 10.37 **
Catalase KU/L 6.38 + 1.45 4.23 +0.89**
Peroxidase U/ml 49.22 £+9.98 75.74 £ 10.19**

** significant difference between patients and control at p<0.01

Study of the linear correlation coefficient between spexin and some clinical variables in type2 patients and control
group:

Table 4 showed a significant negative correlation between spexin levels and lipid profile parameters, specifically total
cholesterol and triglycerides, in the control group. This association may be explained by the physiological functions
of spexin in regulating lipid metabolism, as the peptide is known to limit the intestinal uptake of long-chain fatty acids
and reduce their accumulation in the circulation. Additionally, spexin acts as a satiety-inducing peptide, which may
contribute to preserving lipid profile parameters within normal physiological limits among healthy individuals. [36].

Table 4: Linear Correlation Coefficients Between Spexin and Measured Biometric Variables

- val
Measured Variables - vatue ;
control group Patients Group
Fasting Blood Glucose -0.177 -0.086
HbA1lc (%) 0.136 -0.251
Total Cholesterol -0.359* -0.028
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Triglycerides -0.346* T _—
HDL-C -0.254 A
LDL-C -0.304 -0.047
VLDL-C -0.349* -0.077
Aryl Esterase -0.159 0.166
Peroxidase -0.187 -0.115
Catalase 0.2 0.189
Atherogenic index -0.158 -0.052

*significant difference at p<0.05

Conclusion:

In conclusion, reduced circulating spexin concentrations among individuals diagnosed with type 2 diabetes mellitus
were associated with adverse metabolic alterations, including elevated lipid levels, increased body mass index,
obesity, and impaired antioxidant defense mechanisms. These findings suggest that spexin may have potential clinical
value as a biomarker of oxidative stress and metabolic disturbances among individuals diagnosed with type 2
diabetes mellitus.
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