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Introduction
Diabetes Mellitus is one of the most common major public health 

problems having worldwide distribution with a prevalence of 382 
million human cases, and the incidence is expected to increase to 
592 million by 2035. According to the Centers for Disease Control, 
present trends of diabetes incidence suggest one in three Americans 
will be diagnosed with diabetes by the year 2050.1 The vast majority 
of diabetes patients (90%–95%) suffer from type 2 DM (T2DM). 
Depending on the etiology of diabetes mellitus, factors contributing 
to hyperglycemia may include; reduced insulin secretion, decreased 
glucose usage and increased glucose production. Although 
hyperglycemia is the main characteristic of all form of diabetes 
mellitus, the pathogenic mechanism by which hyperglycemia arises 
differs widely. Some forms of Diabetes mellitus are characterized by 
an absolute insulin deficiency or a genetic defect leading to defective 
insulin secretion; where as other forms share insulin resistance as 
their underlying etiology.2 Recently, there in increasing evidence 
that an ongoing cytokine induced acute phase response which is 
sometimes called low grade inflammation, but part of a widespread 
activation of the innate immune system, is closely involved in the 
pathogenesis of type 2 diabetes mellitus and associated complications 
such as dyslipidemia and atherosclerosis. Current literature 
recognizes that chronic low-grade subclinical inflammation is a part 
of insulin resistance and strongly related to the features of metabolic 
syndrome.3–5 In addition; inflammatory processes are also involved 
in the micro vascular complications of diabetes including diabetic 

nephropathy and retinopathy. 9 Inflammatory factors, which play a 
critical role in the development of atherothrombosis, are often found 
to be at elevated levels in patients suffering from diabetes. Elevated 
circulatory inflammatory markers such as C-reactive protein and 
interleukin-6 predict the development of type 2 Diabetes mellitus 
and several drugs with anti-inflammatory properties both lower 
both acute phase reactants and glycemia and possibility decrease the 
risk of developing type 2 diabetes mellitus. Age, inactivity, certain 
dietary components, smoking, psychological stress and low birth 
weight are among the risk factors for type 2 diabetes mellitus, which 
are also known to be associated with activated innate immunity. 
Activated immunity may be the common antecedent of developing 
type 2 diabetes mellitus.6 Other features of type 2 diabetes mellitus 
such as fatigue, sleep disturbance and depression are likely to be at 
least partly due to hypercytokinemia and activated innate immunity. 
This recent explosion of interest in the notion that chronic low 
grade inflammation and activation of the innate immune system 
are closely involved in the pathogenesis of type 2 diabetes mellitus 
was first proposed in 1997-987 several studies after that have shown 
that circulating markers of inflammation, acute phase reactants or 
interleukin-6 (IL-6) are strong predictors of the development of type 
2 diabetes.8,9 The role of acute phase reactants in the development of 
type 1 diabetes mellitus is not very clear. For the management of Type 
2 Diabetes Mellitus, many approach have been investigated which 
can mainly target to reduce inflammation but no approach concluded 
as successful.10,11 The current pharmacotherapy of Type 2 Diabetes 
Mellitus is derived from the ominous octet concept described by 
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Abstract

Pathogenesis of type 2 is observed to be closely associated with acute phase response 
which is predominately cytokine-mediated. Maximum up to date literature used to 
depicts that diabetes and secondary complications with chronic inflammation leads to 
immunological changes shown by altered levels of cytokines and chemokines, changes 
in the numbers and activation states of various leukocyte populations, apoptosis, and 
fibrosis during diabetes. α1- antitrypsin, α1- acid glycoprotein ceruloplasmin and 
fibrinogen used to consider to be very sensitive and reliable parameters in group of 
acute phase proteins. In this present study I try to test this hypothesis by estimating 
circulating acute phase proteins in freshly diagnosed type 2(T-2) as well as the 
alteration of levels of these inflammatory markers in type 2 diabetic patients under 
oral hypoglycemic drugs for duration of at least five years. Thirty normal controls 
to match the age and sex of the test groups were also studied. The level of this 
parameter was also correlated with their random plasma glucose values and BMI. The 
value of all these parameter significantly elevated in the T-2 patients (p<.00001) in 
comparison with the controls. Out of these four parameters levels of α1- antitrypsin, 
α1- acid glycoprotein reduced significantly after treatment by oral hypoglycemic 
drugs. Interestingly in either of the types, no correlation was found with the degree 
of hyperglycemia or BMI. By the above results and findings it can be definitely 
postulated that oral hypoglycemic drugs have definite role to reduce glycemia status 
as usual. But the role of the oral hypoglycemic drug to reduce the inflammatory state 
cannot be ruled out.
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DeFronzo.12,13An adaptive pharmacotherapy plan used to adopted due 
to progressive nature of type 2 diabetes mellitus which depends on a 
combination of medications, nutrition management, and exercise. But 
only by strict control of blood glucose, the prevention and betterment 
of Type 2 Diabetes Mellitus conditions may not merely lie. That’s 
why the anti-inflammatory characteristics of antidiabetic agents and 
the inflammatory process that can evoke Type 2 Diabetes Mellitus 
are concerned as a modern new ideology. Current literatures show 
an association of diabetes and secondary complications with chronic 
inflammation. Evidence of these immunological changes include 
altered levels of cytokines and chemokines, changes in the numbers 
and activation states of various leukocyte populations, apoptosis, 
and fibrosis during diabetes. Therefore, treatment of diabetes 
and its complications may include pharmacological strategies to 
reduce inflammation. Apart from anti-inflammatory drugs, various 
hypoglycemic agents have also been found to reduce inflammation 
that could contribute to improved outcomes. Extensive studies have 
been carried out with thiazolidinediones (peroxisome proliferator-
activated receptor-γ agonist), dipeptidyl peptidase-4 inhibitors, and 
metformin (AMP-activated protein kinase activator) with each of these 
classes of compounds showing moderate-to-strong anti-inflammatory 
action. Sulfonylureas and alpha glucosidase inhibitors appeared 
to exert modest effects, while the injectable agents, insulin and 
glucagon-like peptide-1 receptor agonists, may improve secondary 
complications due to their anti-inflammatory potential. Currently, 
there is a lack of clinical data on anti-inflammatory effects of sodium–
glucose co transporter type 2 inhibitors. Nevertheless, for all these 
glucose-lowering agents, it is essential to distinguish between anti-
inflammatory effects resulting from better glucose control and effects 
related to intrinsic anti-inflammatory actions of the pharmacological 
agents.14

Material and methods
Participants

Following three groups of subjects were selected for present 
study. Subjects were selected from various private clinics hospitals in 
Mangalore, India.

a.	 25 newly diagnosed untreated type 2 diabetes mellitus patients 
within the age limit of 30-60 years

b.	 25 type 2 diabetes mellitus patients who are under treatment of 
oral hypoglycemic drugs for at least 5 yrs between the age limit 
of 30-60 yrs.

c.	 30 nondiabetic healthy controls.

Height and weight of all subjects were recorded and body mass 
index was calculated. None of the ninety two volunteers were 
alcoholics or smokers. The participants did not suffer from chronic 
inflammatory diseases like asthma, chronic bronchitis, and rheumatoid 
arthritis as was ascertained by clinical history. Informed consent was 
taken from the individual subjects prior to blood collection. The study 
was approved by institutional ethical committee.

Materials

5 ml blood was collected in plain bottle, 2ml in EDTA bottle and 
1 ml in fluoride bottle. Blood was taken from antecubital vein of the 
subjects.

Methods

The following methods were followed for determination of each 
of the parameters.

Estimation of blood glucose: Blood glucose was estimated with 
Agappe manual diagnostic kit by GOD-POD methodology. The 
enzymatic procedure of Trinder P was followed Glucose is oxidized 
by glucose oxidase to gluconic acid and H2O2. Hydrogen peroxide 
in presence of phenol and 4-amino antipyrine is acted upon by 
peroxidase to form red quinine. The absorbance of colored compound 
was measured at 532nm.15

Estimaion of plasma fibrinogen: Fibrinogen assay in plasma 
was carried out by Biuret method. Fibrinogen present in the plasma 
is converted to fibrin in presence of calcium chloride. The fibrin clot 
formed is collected and then digested with NaOH. Protein content of 
the clot is determined using a red filter.16

Estimation of serum ceruloplasmin: Ceruloplasmin assay in 
serum was carried out by the method of Sunderman FW et al.17 At pH 
5.4, ceruloplasmin catalyses the oxidation of PPD to yield a coloured 
product which is believed to correspond either to Bandrowski’s base 
or to Weurster’s red. The rate of formation of coloured oxidized 
product is proportional to the concentration of ceruloplasmin, if, a 
correction is made for the nonenzymatic oxidation of PPD. Therefore 
simultaneous assay were carried out with and without sodium azide, 
which inhibited the enzymatic oxidation of PPD. The difference 
between the results of the two assays is proportional to ceruloplasmin 
concentration.17

Estimation of serum α1- antitrypsin: α-1 antitrypsin assay in 
serum was carried out by the modified method described by Sundaresh 
et al.18 The Proteolytic enzyme trypsin hydrolyses casein, with the 
formation of smaller peptides. The enzyme reaction after suitable 
interval of time is arrested by the addition of TCA which precipitated 
the protein, but the peptides are soluble in the acid. The TCA soluble 
fragments are a measure of Proteolytic activity of the enzyme. When 
the inhibitor is added to the preincubated mixture, it prevents the 
release of peptides by the Proteolytic enzymes. Thus the estimation 
of TCA soluble components in the presence and absence of inhibitor 
is a measure of inhibitory activity against Proteolytic enzymes. The 
TCA soluble fragments are analyzed by the method of Lowry the final 
colour formed is a result of Biuret reaction of the peptides with copper 
ions in alkali and reduction of the phosphomolybdic acid reagent by 
the presence of tyrosine and Tryptophan which are present in the 
treated peptides.18

Estimation of α-1 acid glycoprotein: α-1 acid glycoprotein 
assay in serum was carried out by the method of Winzler RJ et 
al.19 After removing heat coagulable proteins with perchloric acid, 
the orosomucoid which remains in the solution is precipitated by 
phosphotungstic acid and estimated by determining it carbohydrate 
content by reaction with an orcinol-sulphuric acid reagent, or its 
nitrogen by Kjeldahl nesslerization or its tyrosine content using Folin 
Ciocalteau reagent. The last of these is employed in the technique 
given below.19

Statistics
The data was analyzed by the students’t test and the ANOVA test. 

Pearson’s coefficient was applied for co relational analysis
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Result
The anthropometric data of the subjects participated in the study 

are presented in Table 1. As comparison to control group (Group III) 
values of BMI and age of patients of newly diagnosed type 2 patients 
(Group I) and patients of diabetes mellitus under treatment by oral 
hypoglycemic drug (Group II) were chosen those of almost closely 
related (Table 2). Comparison of values obtained in all parameters of 
Group I and Group III patients are shown in Table 3. As compared to 
the Control group the values of all parameters of Group I were very 
highly elevated as in shown by the p values of <0.0001 in case of 
all parameters. By comparison Group II with control group (Group 
III); RBS, α1-antitrypsin and fibrinogen values were very highly 

elevated in Group II as is shown by the p values of <0.0001 for all 
parameters. Values of α1-acid glycoprotein were significantly low in 
Group II as compared to control group as shown by p value of 0.005. 
The difference in ceruloplasmin values did not show any statistical 
significance (Table 4). As compared with Group II the values of α1-
acid glycoprotein and ceruloplasmin in Group I were very highly 
significant as shown by p value <0.0001 in both these parameters. 
Values of α1-antitrypsin were significant in group I as compared 
with group II as shown by p value 0.03. No statistical significance 
was obtained regarding RBS and fibrinogen values between group I 
and group II patients (Table 5). The RBS values did not show any 
positively correlation with any of the acute phase proteins in all the 
groups (Table 6).

Table 1 The anthropometric data of the subjects participated in the study

  Group I (n=25) (Mean±SD) Group II (n=25) (Mean±SD) Group III(n=30) (Mean±SD)

Age (yrs) 48.22±7.11 51.32±7.56 44.97±15.06

BMI 24.03±1.46 24.20±2.40 21.75±2.27

Group I, Type 2 diabetes mellitus patient (newly diagnosed); Group II, Type 2 diabetes mellitus patient (under treatment for at least 5 years); Group III, Control; 
n, number of subjects; SD, Standard Deviation; BMI, Body Mass Index

Table 2 Compares the mean values of all parameters between groups

Group n  RBS (mg/dl) 
Mean±SD

α-1 antitrypsin 
(mg/dl) Mean±SD

α-1 acid 
glycoprotein (mg/
dl) Mean±SD

Ceruloplasmin (mg/dl) 
Mean±SD

Fibrinogen (mg/
dl) Mean±SD

Group I 25 193.26±35.30 562.16±63.00 181.93±31.94 45.05±9.03 572.25±82.26

Group II 25 193.61±33.65 519.38±47.80 87.10±17.69 25.73±9.94 581.74±79.09

Group III 30 94.20±7.00 350.48±114.07 103.41±22.13 26.95±4.10 335.34±42.19
Group I, Type 2 diabetes mellitus patient (newly diagnosed); Group II, Type 2 diabetes mellitus patient (under treatment for at least 5 years); Group III, Control; 
n, number of subjects; SD, Standard Deviation; RBS, Random Blood Sugar

Table 3 Comparison of values obtained in all parameters of Group I and Group III patients

Parameters Group I (n=25) Mean±SD Group III (n=30) Mean±SD  p value

RBS ( mg/dl) 193.26±35.30 94.20±7.00 <0.0001*

α1-antitrypsin(mg/dl) 562.16±63.00 350.48±114.07 <0.0001*

α1-acid glycoprotein(mg/dl) 181.93±31.94 103.41±22.13 <0.0001*

Ceruloplasmin (mg/dl) 45.05±9.03 26.95±4.10 <0.0001*

Fibrinogen (mg/dl) 572.25±82.26 335.34±42.19 <0.0001*

n, number of subjects; *, statistically significant, Group I, Newly diagnosed type II patients; Group III, Control group

Table 4 Comparison of values obtained in all parameters of Group II and Group III patients

Parameters Group II (n=25) Mean±SD Group III (n=30) Mean±SD  p value
RBS ( mg/dl) 193.61±33.65 94.20±7.00 <0.0001*

α1-antitrypsin(mg/dl) 519.38±47.80 350.48±114.07 <0.0001*

α1-acid glycoprotein(mg/dl) 87.10±17.69 103.41±22.13 0.005
Ceruloplasmin (mg/dl) 25.73±9.94 26.95±4.10 0.55

n, number of subjects; *, statistically significant, Group II, Type II diabetic patients under treatment, Group III, Control group

Table 5 Comparison of values obtained in all parameters in Group I and Group II

Parameters  Group I (n=25) Mean±SD  Group II (n=25) Mean±SD p value

RBS ( mg/dl) 193.26±35.30 193.61±33.65 0.972

α1-antitrypsin(mg/dl) 562.16±63.00 519.38±47.80 0.03

α1-acid glycoprotein(mg/dl) 181.93±31.94 87.10±17.69 <0.0001*

n, number of subjects; *, statistically significant, Group II, Type II diabetic patients under treatment, Group II, Type 2 patients under treatment
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Table 6 Correlation of RBS with various acute phase proteins in all the groups (r value)

Parameters  Group I  Group II  Group III

α1-antitrypsin -0.61 -0.01 0.06

α1-acid glycoprotein -0.15 -0.03 -0.46

Ceruloplasmin -0.15 0.14 0.12

Fibrinogen 0.27 -0.23 -0.43

Discussion
The exact effect of inflammatory cytokines on glucose metabolism 

in humans is still unclear. The followings are the possibly mechanisms 
of activated innate immunity in type 2 diabetes mellitus. Innate 
immunity may give rise to the features of type 2 diabetes, including 
cytokine induced insulin resistance and impaired insulin secretion, 
increased capillary permeability and microalbuminuria, dyslipidemia, 
hypercortisolemia, hypertension, central obesity and a hypercoagulent 
state. Cytokines such as tumor necrosis factor α (TNFα) can cause 
insulin resistance by activation of the prototype stress induced kinase, 
in which serine phosphorylates many signaling proteins including 
Insulin Receptor Substrate-1 (IRS-1) and IRS-2. This leads to 
inhibition of insulin signaling and stimulation of expression of SOCS 
(Suppressor of Cytokine Signaling) proteins, which binds IRS-1 and 
IRS-2 and mediates their degradation.20 Inflammatory cytokines such 
as TNF-α, IL-1β and IL-6 also down regulate peroxisome proliferator-
activated receptor-γ (PRAR-γ) expression.21 Interestingly, insulin is 
itself an inhibitor of acute phase protein synthesis22 and in animal 
model of diabetes, the acute phase response is increased by insulin 
deficiency.23 This indicates that there could be a positive feedback in 
type 2 diabetes whereby cytokine induced insulin resistance further 
augments the acute phase response. The relative normal levels 
of acute phase reactants in type 1 diabetes suggests that insulin 
replacement and much lesser degree of hepatic insulin resistance 
in this type of diabetes is sufficient to restrain acute phase protein 
production. In the short term, innate immunity has survival value and 
restores homeostasis after an environmental stress, but in type 2 and 
impaired glucose tolerance (IGT), it may be that prolonged lifestyle 
or environmental stimulants cause maladaptation to the normal 
psychological response to stress, causing disease instead of repair. 
A genetic or inborn propensity to a hyper responsive innate immune 
system might exist in certain individuals. This notion is supported 
by recent evidence that disproportionate size at birth is associated 
elevated levels of acute phase reactants such as cortisol and fibrinogen 
in adult life.24

Insulin sensitivity or resistance are associated with specific 
polymorphisms in the TNF-α gene promoter,25 TNF-α receptor gene 
and IL-6 gene.26 Nondiabetic subjects with family history of type 
2 diabetes have higher circulating CRP levels than age and BMI 
matched control subjects without a family history.27 Activation of 
innate immunity in the genetically and metabolically programmed 
individual, including the effects of fat and the n3: n6 fatty acid ratio 
on cytokine production may contributed by many dietary factors.28 
Adipose tissue IL-6 production is increased by some five folds 
after milk intake when measured by subcutaneous microperfusion, 
this offering a mechanism by which repeated dietary excess might 
favor hypercytokinemia.29 Vlassara et al.30 recently showed that 
administration of high advanced glycation end products (AGEs) 
diet to type 1 and type2 diabetic subjects caused plasma CRP and 

mononuclear cell TNF-α to increase whereas a low AGEs diet caused 
CRP and TNF-α to decreased.30 Cytokines production from monocytes 
and macrophage and circulating acute phase protein, IL-6 and TNF-α 
increase with age, as of course does the propensity to develop type 2 
diabetes. Indeed it has been argued that a major characteristic of aging 
is a global reduction in the capacity to cope with a variety of stressors 
and a concomitant increase in proinflammatory status.31 

A major uncertainty is whether hyperglycemia is a main determinant 
of the inflammation in type 2 diabetes mellitus- there is evidence for 
and against. Cross sectional studies of type 2 diabetes mellitus show 
that CRP and IL-6 are significantly correlated with blood glucose 
concentration or glycated hemoglobin percentage.32 Lowering of 
blood glucose levels in type 2 diabetic patient are accompanied by 
reduced levels of inflammatory markers.33 Recent finding indicates 
that acute hyperglycemia in nondiabetic and IGT subjects elevate 
plasma IL-6 and TNF-α concentration higher and longer in an 
individual with IGT and when glucose was given as pulse.34 By 
infusion of the antioxidant glutathione the effect was abolished, which 
suggests that hyperglycemia induced cytokine production is mediated 
by reactive oxygen species. Subcutaneous and intraabdominal adipose 
tissue is a major source of TNF-α and IL-6 production. This raise the 
question of whether the acute phase reaction of type 2 diabetes is 
mainly secondary to obesity. In a recent study in which a case and 
control subjects were matched by BMI and waist circumference, 
neither CRP nor IL-6, predicted the development of type 2 diabetes, 
although lowered level of adiponectin did. Thus a hypothesis was 
suggested that because inflammatory markers are associated with 
obesity, they only indirectly predict diabetes and act as surrogate 
markers of hypoadeponectinemia.35 Having demonstrated that there is 
an inflammatory process going on in type 2 diabetes, we next thought 
of estimating inflammatory markers in patients on treatment( for at 
least 5 years) with oral hypoglycemic drugs. Many of the drugs have 
been shown to have anti-inflammatory effects. Statin drugs inhibits 
HMG-CoA reductase and prevent atherosclerosis and inhibit the 
acute phase response by diminishing the deposition of low density 
lipoprotein (LDL) particles rich in cholesterol and phospholipids in 
macrophages and smooth muscle cells. Statins were found to reduce 
CRP levels and did not correlate with the reduction of the lipid levels 
suggesting that the in addition to their ability to reduce LDL, statins 
may also inhibit the acute phase response. Freeman DJ et al.36 showed 
that statin therapy also prevent diabetes mellitus. Pravastatin therapy 
in the West of Scotland Coronary Prevention Study resulted in a 30% 
reduction of risk of developing type 2 diabetes.36

Salicylates in high doses have been known to lower glycosuria in 
diabetic patients. Although earlier studies were contradictory, these 
studies has used lower aspirin doses (<3gm/day) and therapeutic 
duration was only for a few days. Hundal RS37 reported that high 
doses of aspirin (7 gm/day) for 2 wks caused 25% reduction in fasting 
plasma glucose, 50% reduction in triglyceride and 15 % reduction of 

https://doi.org/10.15406/jdmdc.2018.05.00141


Role of oral hypoglycemic drugs on inflammatory condition associated with type 2 diabetes mellitus 82
Copyright:

©2018 Mohiuddin et al.

Citation: Mohiuddin SS, Manjrekar P. Role of oral hypoglycemic drugs on inflammatory condition associated with type 2 diabetes mellitus. J Diabetes Metab 
Disord Control. 2018;5(2):78‒83. DOI: 10.15406/jdmdc.2018.05.00513

CRP concentration independently of the changes in the plasma insulin 
concentration.37 The other widely used oral hypoglycemic agents 
thiazolidinedions (Glitazone) are peroxizome proliferators activated 
receptor γ ( PRAR γ) agonist that have been regarded as insulin 
sensitizes through mechanisms such as altered transcription of insulin 
sensitive genes controlling lipogenesis, adipocytes differentiation, 
fatty acid uptake and GLUT 4 ( Glucose Transporter 4) expression. 
They also have an anti-inflammatory action inhibiting cytokine 
production, macrophage activation and reducing CRP as well as WBC 
count in type 2 diabetic subjects.38 Angiotensin Converting Enzyme 
Inhibitors (ACE inhibitors) are also known to decrease insulin 
resistance in either type 1 or type 2 diabetic patients with concomitant 
hypertension. Torlone E et al.39 demonstrated improved glycemic 
control in patients with arterial hypertension and type 2 diabetes using 
ACE inhibitors. Insulin has a potent anti-inflammatory activity. Insulin 
was found to be a rapid nonspecific and dose dependent inhibitors of 
the cytokine and glucocorticoids stimulation of acute phase protein, 
gene expression and exerted effect at the transcriptional levels. Insulin 
inhibition applied to all cell cytokines tested but to various degrees 
depending upon the particular acute phase gene.39 In this study, of the 
25 type 2 diabetic patients on treatment for at least 5 yrs, 8 patient 
were in sulfonylurea-metformin combination, 7 were on glitazone, 
6 were on sulfonylurea alone, 2 were on glitazone-metformin 
combination and 2 were on metformin alone. Metformin and other 
biguanides are derived from French lilac (Galega officinalis), and 
since the 1950s, metformin is the first choice in the oral treatment 
of T2DM.40 Several mechanisms of the glucose-lowering effect of 
metformin have been proposed including the generally accepted 
activation of AMP-activated protein kinase (AMPK), a cellular energy 
sensor activated under metabolic stress. Metformin not only improves 
hyperglycemia and insulin resistance but also has been shown to have 
anti-inflammatory, anticancer, and anti aging effects and to improve 
other cardiovascular risk factors, such as an overweight state or 
obesity, atherogenic dyslipidemia, blood pressure, procoagulant state, 
and carotid intima-media thickness.

Sulfonylureas target the ATP-sensitive potassium (KATP) channel 
to stimulate insulin secretion from pancreatic β-cells and are widely 
used in the treatment of Type 2 diabetes mellitus.41 Thiazolidinedione 
(TZDs) is a peroxisome proliferator-activated receptors activator 
(mainly PPAR-γ), have potential implications in molecular pathways 
of insulin resistance, type 2 diabetes Mellitus, and atherosclerosis. 
Rosiglitazone and pioglitazone, also known as TZDs, are selective 
agonists of nuclear transcription factor peroxisome proliferator-
activated receptor-γ (PPAR-γ).42 When compared with newly 
diagnosed untreated group (Group I) with treated group(Group II) 
the levels of α1-antitrypsin, α1-acid glycoprotein and ceruloplasmin 
were statistically lower (Table 5). No significant difference was found 
in the fibrinogen levels. The values of α1-acid glycoprotein and 
ceruloplasmin were comparable to those of the control group. The RBS 
values were similar to those of untreated group (193.62±33.65 and 
193.26±35.30). It is interesting to note that α1-acid glycoprotein levels 
were almost the same in type 2 untreated patients and control (Table 
3). Probably α1-acid glycoprotein is the most amenable acute phase 
protein to treatment modalities. Comparable ceruloplasmin levels in 
type 2 patients on treatment and controls again raise the question as to 
the ‘prooxidant’ or ‘antioxidant’ action of ceruloplasmin. No change 
in fibrinogen values suggest multiple pathway involvement that are 
poorly understood.

Conclusion

Currently, the prevalence of obesity and Type 2 Diabetes Mellitus 
has reached epidemic proportions throughout the world particularly 
in developed and some developing countries. Since cardio-metabolic 
abnormalities can be lead by type 2 diabetes mellitus, there is a clear 
need to address this worrying trend. Obesity and Type 2 Diabetes 
Mellitus cause an increase in inflammatory markers (CRP, TNF-α, IL-
6) and a decrease in anti-inflammatory factors leading to metabolic 
dysfunction. Thus, it’s very important and appropriate needs for 
targeting inflammation for the management of diabetes and related 
metabolic disorders. Multiple studies have demonstrated that various 
hypoglycemic drugs have anti-inflammatory potential, which can 
contribute to improved clinical outcomes. Hypoglycemic agents exert 
their anti-inflammatory effects either by controlling hyperglycemia or 
directly, by acting on inflammatory pathways, which is not dependent 
by control of glucose.
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