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ABSTRACT

Diabetes mellitus is marked by impaired glucose metabolism and a resultant effect of chronic hyperglycaemia.
Type 2 diabetes also known as adult-onset diabetes is mainly caused by insulin resistance. The objective of
this study is to determine inflammatory response and anti-oxidants function in diabetes mellitus in Edo South
Senatorial district of Edo state.

A total of 150 participants(100 subjects with diabetes mellitus and 50 apparently healthy individuals used as
control) were recruited into this study. Participants were screened from Human immunodeficiency virus,
hepatitis B, Hepatitis C and sputum acid alcohol fast bacili using enzyme linked immune-sorbent assay and
gene xpert techniques respectively. Inflammatory response markers(interleukin 10 and C reactive protein), as
well as oxidative stress markers; glutathione peroxidase, catalase and malondialdehyde were analyzed using
chemiluminiscence techniques. The data were analysed using statistical software for social science version
23(International Business Machine, Chicago IL, USA).

The mean value of C reactive protein in diabetic subjects were significantly higher than in controls(P=0.001),
while a non-significant decrease in interleukin 10 was observed in diabetic group as compared to the controls.
There was a significant increase in malondialdehyde in diabetic subjects as compared to their
controls(P=0.014) while glutathione peroxidase and catalase experienced a significant decrease in diabetic
group than the controls(P=0.000 and P=0.000 respectively). The relationship between assayed redox
parameters depicted no significant correlation.

Diabetic subjects display increased oxidative stress, indicated by elevated malondialdehyde levels and
decreased antioxidant enzyme levels such as catalase and glutathione peroxidase. Accompanied by this induced
oxidase stress is the concomitant inflammatory response marked by increase in the pro-inflammatory cytokine,
C-reactive protein and a decrease in the levels of the anti-inflammatory cytokine, Interleukin-10 among
diabetic patients

Keywords: Oxidative Stress, Oxidative Markers, Redox Parameters, Diabetes Mellitus, Glutathione
peroxidase (Gpx), Catalase (CAT), Malondialdehyde (MDA), Interelukin-10(IL-10), C-reactive protein(CRP).
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INTRODUCTION

Diabetes mellitus is a metabolic condition characterized by elevated blood glucose levels due to the body's
inability to produce or effectively utilize insulin (American Diabetes Association, 2023). This chronic
condition can lead to various complications, including dysthyroidism, inflammatory responses, and oxidative
stress. Exploring the relationship between these factors and the role of anti-oxidative co-factors could be
pivotal in the management of diabetes mellitus.

The coexistence of these conditions can exacerbate metabolic disturbances, leading to poor glycaemic control
and an increased risk of complications (Kuo et al., 2019). The underlying mechanisms involve alterations in
insulin sensitivity, glucose metabolism, and thyroid hormone regulation (Kalra and Sahay, 2022).

Chronic low-grade inflammation is a hallmark of diabetes mellitus, contributing to the development and
progression of the disease (Esser et al., 2014). Elevated levels of inflammatory markers, such as C-reactive
protein (CRP) and interleukin-6 (IL-6), are often observed in individuals with diabetes. This inflammatory
response is thought to be triggered by various factors, including oxidative stress, adipose tissue dysfunction,
and the formation of advanced glycation end-products (AGESs). This inflammatory response is closely linked
to oxidative stress and the production of reactive oxygen species (ROS) (Newsholme et al., 2016).

Oxidative stress, characterized by an imbalance between the production of reactive oxygen species (ROS) and
the body's antioxidant defense mechanisms, plays a significant role in the pathogenesis of diabetes mellitus
(YYaribeygi et al., 2020). Hyperglycaemia, a hallmark of diabetes, promotes the formation of ROS, which can
damage cellular components, including proteins, lipids, and Deoxylribonucleic acid(DNA). This oxidative
stress contributes to the development of various diabetic complications, such as neuropathy, nephropathy, and
retinopathy. Hyperglycemia and dyslipidemia contribute to the increased production of ROS, which can
damage cellular components, including lipids, proteins, and DNA (Newsholme et al., 2016). To combat the
detrimental effects of oxidative stress, the body relies on various antioxidant defense mechanisms, including
enzymatic and non-enzymatic antioxidants.

Anti-oxidative cofactors, such as vitamins C and E, carotenoids, and trace elements like zinc and selenium,
play a vital role in counteracting oxidative stress and mitigating its deleterious effects. These cofactors act as
scavengers of ROS, enhancing the body's antioxidant defense mechanisms and potentially reducing the risk of
diabetic complications (Asemi et al., 2015). However, the efficacy of antioxidant supplementation in managing
diabetes mellitus remains a subject of ongoing research and debate (Asemi et al., 2015).

These cofactors can help neutralize ROS, prevent oxidative damage, and potentially mitigate the progression
of diabetic complications. Inflammatory responses, and oxidative stress are closely intertwined with the
pathophysiology of diabetes mellitus. Understanding these intricate relationships is crucial for developing
effective strategies to manage and prevent diabetic complications. The incorporation of anti-oxidative
cofactors, in conjunction with appropriate medical interventions, may hold promise in mitigating the
deleterious effects of oxidative stress and improving overall outcomes for individuals with diabetes mellitus.
The objective of this study is to determine inflammatory response and antioxidants function in subjects with
diabetes mellitus in Edo South Senatorial district of Edo state.

MATERIALS AND METHODS

Study Area and Population

This study was carried out at Edo Specialist Hospital, Benin City, Edo State. The study population for this
research is diabetic patients attending the endocrinology clinic of Edo Specialist Hospital, Benin City, Edo
State. Apparently healthy male and female subjects; with a good glucose metabolism and no history of testing
positive to tuberculosis, HIV, Hepatitis B and C virus served as the control group. Therefore, a minimum of
100 test samples and 50 controls were used for this study.

Study Criteria

Adult male and female subjects with laboratory evidence of diabetes mellitus, adult male and female subjects
who gave an informed consent to participate in this work and adult male and female subject with no laboratory
evidence of reactivity to tuberculosis, Human immunodeficiency virus, Hepatitis B and C were included in the
study. While, adult male and female subjects with no evidence of impaired glucose metabolism, adult male
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and female subjects who refused to grant informed consent for participation and adult male and female subjects
who tested positive to tuberculosis, HIV, hepatitis B and C were excluded from the study.

Sample Collection

Sputum of study participants were collected into universal sterile container for sputum acid alcohol fast bacilli
screening. About five milliliters of blood was collected aseptically from the cubital fossa of each subject by an
experienced phlebotomist using an aseptic collection procedure as described by Cheesbrough (2000),
dispensed into plain sample container and allowed to clot. After clot retraction, samples were centrifuged and
the supernatant was collected into another plain container. Sample was then stored at freezing temperature until
analysis.

Laboratory Analyses

Screening for tuberculosis using Gene Xpert method

Principle

The GeneXpert test is a molecular diagnostic test that uses real-time polymerase chain reaction (PCR)
technology to detect the genetic material (DNA or RNA) of pathogens such as bacteria, viruses, and parasites.
The test is performed using a small cartridge that contains all the necessary reagents, so there is no need for
complex laboratory equipment or extensive sample preparation.

Method

e The sample was obtained from the sputum of the patient
e The sample was added to a small cartridge that contains all the necessary reagents for the test.
e The cartridge was inserted into the GeneXpert instrument, which performs the test automatically.

The instrument heats and cools the sample, which causes the genetic material to be amplified (copied) millions
of times. The instrument also detects the amplified genetic material in real-time, allowing for the rapid and
accurate detection of the pathogen.

The results are automatically interpreted by the instrument and can was printed out.

Screening for HIV, Hepatitis B and C using ELISA

Principle

Enzyme-linked immunosorbent assay (ELISA) is a commonly used method for screening for HIV and hepatitis
infections. The principle of the ELISA method involves the use of specific antibodies that can recognize and
bind to viral antigens in a patient's blood or serum.

Method

A microtiter plate was coated with specific viral antigens, such as HIV or hepatitis antigens, that are
immobilized on the surface of the plate.

A small amount of the serum was added to the coated microtiter plate.

The plate was incubated to allow the patient's antibodies to bind to the viral antigens on the plate.

The plate was washed to remove any unbound antibodies

A secondary antibody that recognizes and binds to the patient's antibodies was added to the plate.

The plate was incubated once more to allow the detection antibody to bind to the patient's antibodies
that are bound to the viral antigens.

e An enzyme substrate was added to the plate that reacts with the enzyme conjugated to the detection
antibody. This produces a colour change that indicates the presence of antibodies.
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e The colour change was measured using a spectrophotometer, and the intensity of the colour is
proportional to the number of antibodies present in the patient's sample.

Determination of Catalase, Glutathione peroxidase and Malondialdehyde Using Abbott Autoanalyser
Principle: Abbott Autoanalyser is an automated clinical chemistry analyzer used for the analyses of a wide
range of biochemical markers in patient blood and serum samples. The principle of operation of the Abbott
Autoanalyser is based on chemiluminescence. Activated ions gets excited by absorbed energy and move from
their respective ground states to higher energy levels. Upon return to their initially occupied ground state, these
ions emits their absorbed energy.

Method: The patient's blood sample was prepared by centrifugation to separate the cells from the serum. The
serum is then loaded onto the instrument.

The Abbott Autoanalyser uses pre-packaged reagent kits that contain all the necessary reagents for the
analyses of specific biochemical markers. These reagents were loaded into the instrument, along with
calibrators and quality control samples.

The instrument automatically dispenses a measured volume of the patient's sample into a reaction vessel
containing the appropriate reagents. The reaction between the sample and the reagents produced a coloured
compound, the intensity of which is proportional to the concentration of the analyte being measured.

The reaction vessel was placed into the instrument, which measures the absorbance of the coloured compound
at a specific wavelength of light. The absorbance measurement is compared to a calibration curve generated
using the calibrators, and the concentration of the analyte in the patient's sample was determined.

Quiality control: The Abbott Autoanalyser also includes built-in quality control features to ensure the accuracy
and precision of the analysis. These features include the use of quality control samples, automated calibration,
and instrument maintenance checks.

Determination of C-reactive protein and Interleukin-10

Principle: Abbott Autoanalyser is an automated clinical chemistry analyzer used for the analyses of a wide
range of biochemical markers in patient blood and serum samples. The principle of operation of the Abbott
Autoanalyser is based on chemiluminescence. Activated ions gets excited by absorbed energy and move from
their respective ground states to higher energy levels. Upon return to their initially occupied ground state, these
ions emits their absorbed energy

Method:

The patient's blood sample was prepared by centrifugation to separate the cells from the serum. The serum is
then loaded onto the instrument.

The Abbott Autoanalyzer uses pre-packaged reagent kits that contain all the necessary reagents for the
analyses of specific biochemical markers. These reagents were loaded into the instrument, along with
calibrators and quality control samples.

The instrument automatically dispenses a measured volume of the patient's sample into a reaction vessel
containing the appropriate reagents. The reaction between the sample and the reagents produced a coloured
compound, the intensity of which is proportional to the concentration of the analyte being measured.

The reaction vessel was placed into the instrument, which measures the absorbance of the coloured compound
at a specific wavelength of light. The absorbance measurement is compared to a calibration curve generated
using the calibrators, and the concentration of the analyte in the patient's sample was determined.

Quality control: The Abbott Autoanalyzer also includes built-in quality control features to ensure the accuracy
and precision of the analysis. These features include the use of quality control samples, automated calibration,
and instrument maintenance checks.

Quality control: The Abbott Autoanalyser also includes built-in quality control features to ensure the accuracy
and precision of the analysis. These features include the use of quality control samples, automated calibration,
and instrument maintenance checks.

[JSDR2509050 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | a438



ISSN:2455-2631 September 2025 IJSDR | Volume 10 Issue 9
RESULT

Table 4.1. below depicts that a significant IL 10 decrease was observed in the diabetic group when compared
to the control group but a significant increase in the CRP levels was observed in the diabetic group when
compared with the control group (P<0.05; P=0.001). The decrease in the anti-inflammatory cytokine, 1L-10
and an increase in the pro-inflammatory cytokine, CRP is suggestive of an ongoing chronic low grade
inflammation in diabetes mellitus.

Table 4.1: COMPARISON OF INTERLEUKIN-10 AND C-REACTIVE PROTEIN LEVELS OF
STUDY PARTICIPANTS

Variables Diabetics Non-Diabetics t-value P-value
(Test)n=100 (Control)n=50

IL10 14.42404+8.91204 17.3980+8.56706 1.380 0.174

CRP 10.0860+4.9682 6.8520+4.31406  -3.475 0.001

Table 4.2. results below depicts the antioxidants analysis shows that there is significant increase (P<0.05:
P=0.014) for the malondialdehyde values for the diabetic group when compared with the control group while
a significant decrease was recorded for the catalase and glutathione peroxidase levels when the diabetic group
was compared with control group. This depicts that accompanied by hyperglycaemia in diabetes mellitus is the
induction of oxidative stress as shown by the result algorithm.

TABLE 4.2: COMPARISON OF OXIDATIVE STRESS MARKERS AMONG STUDY
PARTICIPANTS

Variables Diabetics Non-Diabetics t-value P-value
(Test) n=100 (Control) n=50

Catalase 7.5736+4.0878 16.8934+7.01801 8.114 0.000

MDA 0.5499+0.2806 0.4422+0.1108 -2.524 0.014

GPx 4.7212+3.7003 11.4898+6.6404 6.296 0.000
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DISCUSSION

There is significant increase (P<0.05: P=0.014) for the MDA values for the diabetic group when compared
with the control group while a significant decrease was recorded for the catalase and glutathione peroxidase
levels when the diabetic group was compared with non-diabetic group. This depicts that accompanied by
hyperglycaemia in diabetes mellitus is the induction of oxidative stress as shown by the result algorithm. The
findings of this study are consistent with those of Trivedi et al., (2024) in their study on "Evaluation of
antioxidants enzyme activity and malondialdehyde levels in patients with chronic periodontitis and diabetes
mellitus.” They also reported a significant increase in malondialdehyde levels among diabetic subjects
compared to apparently healthy subjects. Earlier studies suggest that glycemic balance appears to impact
plasma MDA levels, leading to increased production of free radicals. This phenomenon likely occurred due to
either enhanced glycosylation and platelet aggregation or impairment of cellular antioxidant protective
systems. The heightened production of free radicals may contribute to the development of metabolic
vasculopathy. Their study on "The investigation of the oxidative stress-related parameters in type 2 diabetes
mellitus" also reported a significant reduction in catalase and glutathione peroxidase (GPx) levels. The changes
in antioxidant status may stem from heightened oxidative stress induced by factors such as hyperglycaemia.
Consistent with the outcomes of this study, Mishra & Mishra (2017) reported a notable rise in malondialdehyde
levels and a significant decrease in glutathione peroxidase levels among diabetic subjects compared to
individuals with normal glucose metabolism. This could be attributed to increased peroxidative damage to
lipids resulting from oxidative stress experienced during diabetes. Furthermore, the reduction in glutathione
peroxidase and catalase levels among diabetic subjects may be linked to increased oxidative stress, as
evidenced by lipid peroxidation. The decrease in antioxidants reflects the battle they wage against oxidative
stress to minimize the resulting damage.

This study reported an increase in the levels of C-reactive protein among diabetic subjects compared to their
control counterparts, while a down-regulation in the levels of the anti-inflammatory cytokine, interleukin-10
was also reported. According to Pradhan et al.,(2001), a similar increase in C-reactive protein levels was also
reported among diabetic subjects compared to the control (non-diabetic) group. The elevated C-reactive
protein levels observed in this study may stem from chronic low-grade inflammation, often triggered by factors
such as oxidative stress, which is a hallmark of diabetes and can contribute to heightened inflammatory
responses. In research studies like Naz et al.,(2020), it was found that cytokines such as IL-10 can downregulate
the production of pro-inflammatory cytokines, which in turn impairs the proper function of insulin. Therefore,
any mutation in the 1L-10 gene leads to heightened production of pro-inflammatory cytokines, subsequently
impacting insulin action and resulting in Type 2 Diabetes Mellitus (T2DM). The results of this study revealed
a significant decrease in IL-10 levels among diabetic subjects (as depicted in tabe 4.1) compared to control
subjects. These findings are contrary to those reported by Naz et al.,(2020).

CONCLUSION

Diabetic subjects display increased oxidative stress, indicated by elevated malondialdehyde levels and
decreased antioxidant enzyme levels such as catalase and glutathione peroxidase. Accompanied by this induced
oxidase stress is the concomitant inflammatory response marked by increase in the pro-inflammatory cytokine,
C-reactive protein and a decrease in the levels of the anti-inflammatory cytokine, Interleukin-10 among
diabetic patients.

Based on the findings of this study, inflammatory response markers should be routinely monitored in diabetics.
Also, levels of Oxidative stress markers such as catalase, glutathione peroxidase and malondialdehyde should
be frequently determined. Lifestyle modifications, therapeutic interventions and dietary adjustments should be
recommended by healthcare providers to cushion the effect of oxidative stress on the pathogenesis of diabetes
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Figure 1: Showing the Levels of C-reactive Protein Among Study Participants

Figure 2: Showing the Levels of Interleukin-10 Among Study Participants
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Figure 3. Showing the Levels of Catalase Among Study Participants
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Figure 4: Showing the Levels of Glutathione Peroxidase Among Study Participants
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Figure 5: Showing the Levels of Malondialdehyde Among Study Participants
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Figure 6: Showing the Levels of Glucose Among Study Participants
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