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ABSTRACT
Objective: Great interest is directed to inflammation and oxidative stress involvement in type 2 diabetes pathogenesis. Many researchers suggest
they play roles but exactly how is still not clear enough. This encouraged us to investigate relations and potential inter-relationships between them
and insulin resistance in type 2 diabetes in its early stage. Whether metformin drug alone, as frequently prescribed, is enough for type 2 diabetes
management in this early stage was also an objective.
Methods: Blood sugar indices, adiponectin (ADIPOQ), tumor necrosis factor-α (TNF-α), malondialdehyde (MDA), nitric oxide (NO), C-reactive
protein (CRP), liver and kidney function tests and lipid profile were monitored in non-diabetic volunteers, pre-diabetic and newly diagnosed type 2
diabetic patients before and after metformin drug utilization for 5 mo.
Results: MDA, inflammation markers and alanine aminotransferase (ALT) were elevated, and blood sugar indices and lipid profile showed
pathological alterations in diabetics compared to non-diabetics; changes were worse in type 2 cases. They were improved to different degrees by
metformin treatment except for pancreatic β-cells function and ADIPOQ level showed no significant improvements and it couldn’t normalize ALT.
Conclusion: Results reflected significant relations and inter-relationships between oxidative stress and inflammation markers in type 2 diabetes in
its early stage and indicated that metformin may need to be combined with another drug.
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INTRODUCTION
Diabetes mellitus is a heterogeneous metabolic disease with high
incidence; it affects over 300 million of global population and it
represents the second most common cause of death after cancer [13]. Type 2 diabetes is the most common among diabetes mellitus
known types. The latter is manifested by insulin resistance, β-cells
dysfunction, chronic inflammation and enhanced glucose output by
the liver [4]. Frequently, its treatment begins with lifestyle
management and/or prescribing of metformin [5].
Lengthy pre-diabetic (also named impaired glucose tolerance or
impaired fasting glucose) duration usually persists prior to the
development of type 2 diabetes. Characteristic features of the prediabetic stage are insulin resistance and fasting blood sugar (FBS)
level more than normal but still lower than that in type 2 diabetes,
there are no obvious manifestations of pre-diabetes; some cases may
have some type 2 diabetes symptoms. Individuals with pre-diabetes
are advised to be tested for type 2 diabetes every two years [6, 7].
Until now insulin resistance is known to be the main cause of type 2
diabetes development due to insulin hormone wide range of effects.
Recently, many researchers have been interested in studying other
contributors in type 2 diabetes pathogenesis; particularly
inflammation, oxidative stress and immune conditions. Most of them
suggest they play roles but exactly how they are inter-related is still
not clear enough.
Acute inflammation is initiated by cells already present in all tissues,
mainly resident macrophages and kupffer cells. Cytokines produced
by macrophages and other cells of the innate immune system to
mediate the inflammatory response and some immune conditions
that changes their expression pattern has been suggested to cause

type 2 diabetes [8, 9]. Tumor necrosis factor alpha (TNF-α) is a proinflammatory cytokine secreted chiefly by macrophages. It is
responsible for stimulation of local inflammation in adipocytes and
induction of acute phase reaction [8, 10]. Insulin resistance showed
alterations in TNF-α metabolism indicating that those alterations
may influence type 2 diabetes onset [11]. Adiponectin (ADIPOQ) is
the only adipocytokine that acts as an anti-inflammatory; it has the
ability to inhibit synthesis of major pro-inflammatory cytokines such
as TNF-α [8]. ADIPOQ level is usually inversely associated with BMI
in health and disease [12]. It represents about 0.01% of all plasma
proteins and it is declined in diabetics compared to non-diabetics
[13]. It was also found to have anti-diabetic and insulin-sensitizing
properties [14]. C-reactive protein (CRP) is an acute-phase protein
produced by the liver. It is a sensitive systemic biomarker of
inflammation. It correlates with development of insulin resistance
and it has been considered as one of the main contributing agents
for type 2 diabetes development [8]. NO was postulated by
Manisundar et al. [15] as an inflammatory biomarker. It is an
inflammatory mediator; its synthesis and release can be stimulated
by macrophages and other inflammatory cells. Its level may give
information about severity and state of underlying disease process.
More production of NO was observed in diabetes [16].
Free radicals are very reactive and harmful species that produced
normally under normal metabolic conditions if excessively produced
or not adequately scavenged via anti-oxidation defence system,
oxidative stress state results [17]. Free radicals can damage all
components of the cell especially lipids [18]. In 1994, Kalavacherla
et al. [19] stated that malondialdehyde (MDA) evaluation seems to
be a sensitive marker of inflammation in patients with rheumatoid
arthritis. In fact, lipid peroxidation is involved in the pathogenesis of
numerous diseases including hepato-cellular [20, 21], renal [22] and
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cardiovascular diseases [23], diabetes [3], obesity [23] and cancer
[24-26].
This study was aimed primarily to assess the relations and interrelations between inflammation, oxidative stress, insulin resistance
and type 2 diabetes in its early stage and secondly to evaluate
metformin performance in this early stage as the first line drug for
type 2 diabetes treatment.
MATERIALS AND METHODS
Kits
ADIPOQ, TNF-α, MDA and NO kits were purchased from SigmaAldrich 3050 Spruce Street, Saint Louis, MO 63103 USA. Kit for
insulin was obtained from Roche Diagnostics, Risch-Rotkreuz,
Switzerland. Other kits for the rest of the studied biochemical
parameters were obtained from Siemens Healthcare Diagnostics Inc.
Newark, DE19714 USA.
Subjects
This study was conducted on 80 adult non-obese participants, with
body mass index (BMI)<30, who were selected by Dr. Wael A. Refai
(Internal Medicine Department, Medical Research Institute,

Alexandria University, Alexandria, Egypt) (table 1). They were
recruited from the visitors of the outpatient department in the
internal medicine clinics after a physical examination, laboratory
reports of blood tests, diagnosis, and application of inclusion and
exclusion criteria according to world health organization (WHO)
guidelines. Medical history of all participants was recorded. They
were divided into three groups. Group І (non-diabetic group); 30
normal healthy adults do not suffer from diabetes and any other
interfering disease. Group ІІ (pre-diabetic group); 20 patients
diagnosed as pre-diabetics with FBS and glycated hemoglobin
(HbA1C) within the ranges of 5.6–7.0 mmol/l and 5.7–6.4%,
respectively. Group ІІІ (newly diagnosed diabetic group); 30 newly
diagnosed diabetes mellitus type 2 patients with no history of
diabetes medications, FBS from 7.5 mmol/l and above with HbA1C
from 6.5% and above, one blood sample was collected once the
patient is diagnosed as diabetes mellitus type 2 (before starting any
treatment), then after five months of starting metformin treatment
(500 mg twice daily) one another blood sample was collected for
follow-up. The current clinical observational study was carried out
in accordance with the Declaration of Helsinki of World Medical
Association and it was approved by Faculty of Science, Damietta
University, Egypt. Written informed consents from all participants
were obtained.

Table 1: General characteristics of study subjects
Groups
Age (y)
Male
Female
BMI
FBS (mmol/l)
HbA1C
Duration of diabetes type 2
disease
Management plan

Accompanying diseases
Accompanying medications

Non-diabetic group
(n=30)
31-38
6
24
<30
<5.5
<5.5
-

Pre-diabetic group
(n=20)
34-42
5
15
<30
5.6–7.0
5.7–6.4
-

Diabetic group (newly diagnosed)
(n=30)
43-53
5
25
<30
≥7.5
≥6.5
-

-

Lifestyle
(diet and exercise)

-

-

First month: Lifestyle (diet and exercise)
Starting from the second month: metformin (glucophage) with
dosage of 500 mg twice daily
-

n=80. BMI; body mass index, FBS; fasting blood sugar and HbA1C; glycated hemoglobin.

Samples

Statistical analysis

Venous blood samples were obtained from participants via vein
puncture after 10-12 h of fasting. Sera were separated by
centrifugation at 5000 rpm for 10 min and were used for estimation
of different biochemical parameters.

The obtained results are expressed as means and standard
deviations (mean±SD). Analysis was done using SPSS version 16
software and unpaired t-test was used to compare variables
between each two groups. Correlations were performed between
the studied parameters using Spearman correlation. For all analyses
p<0.05 was considered significant.

Biochemical measurements
The following parameters were estimated according to their kits
instructions: adipokines [ADIPOQ and TNF-α], inflammation
markers [CRP and NO], liver function tests [total protein (TP),
albumin (ALB), total bilirubin (T-BILI) and ALT], lipid profile [total
cholesterol (CHOL), high-density lipoprotein (HDL), low-density
lipoprotein (LDL) and triglycerides (TG)], kidney function tests
[creatinine, blood urea nitrogen (BUN) and uric acid], FBS, HbA1C
and fasting insulin.
Insulin resistance was estimated by the homeostatic model
assessment (HOMA IR) [HOMA IR= {Fasting insulin (µIU/ml) x Fasting
glucose (mmol/l)/22.5}]. Pancreatic β-cells function was estimated by
HOMA-derived β-cells function (HOMA %B) [HOMA %B=20 x Fasting
insulin (µIU/ml)/Fasting glucose (mmol/l)-3.5]. Insulin sensitivity was
estimated by HOMA-derived insulin sensitivity (HOMA %S) [HOMA
%S=Fasting glucose (mmol/l)/Fasting insulin (µIU/ml)]. Insulin
resistance was defined as HOMA IR>2 [23].

RESULTS
FBS, HbA1C, insulin and HOMA IR mean levels were significantly
(p<0.001) increased while HOMA %S mean level was significantly
(p<0.001) decreased in all diabetic cases including pre-diabetics
and newly diagnosed diabetics (before and after treatment)
compared to non-diabetic control cases. Similar behaviour was
observed when diabetic cases (before treatment) were compared
with the pre-diabetic cases. All these levels were declined
(p<0.001) by metformin treatment except insulin sensitivity that
was significantly increased. However, HOMA %B was increased
(p<0.05) in pre-diabetic cases while it was decreased (p<0.001) in
the newly diagnosed diabetic cases either before or after
metformin treatment compared to non-diabetic cases. It is worthy
to state that there was no significant improvement observed in
pancreatic β-cells function in diabetic cases after treatment with
metformin (table 2).
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Table 2: Diabetic profile of the studied groups
Groups
FBS (mmol/l)
Insulin (pmol/l)
HbA1C (%)
HOMA IR
HOMA %B
HOMA %S

Non-diabetic group
(n = 30)
5.0±0.37
59.92±8.42
4.94±0.36
1.12±0.16
103.73±15.67
91.81±17.68

Pre-diabetic group
(n=20)
6.14±0.41c [+22.8%]
123.22±13.85c [+105.6%]
6.02±0.32c [+21.9%]
2.37±0.24c [+111.6%]
114.57±19.84a [+10.5%]
42.55±4.35c [-53.7%]

Diabetic group (newly diagnosed) (n=30)
Before treatment
After metformin treatment for 5 mo
9.07±1.53c,III [+81.4%]
7.8±1.33c,III,*** {-14.0%}
147.51±14.91c,III [+146.2%]
108.07±9.92c,III,*** {-26.7%}
8.41±1.13c,III [+70.2%]
7.22±0.68c,III,*** {-14.1%}
3.07±0.32c,III [+174.1%]
2.20±0.24c,I,*** {-28.3%}
67.24±18.09c,III [-35.2%]
69.60±17.77c,III {+3.5%}
32.92±3.51c,III [-64.1%]
45.88±4.96c,I,*** {+39.4%}

Data are expressed as means and standard deviations (mean±SD). n=80. a, b and c are significantly different from the non-diabetic group at p<0.05,
p<0.01 and p<0.001, respectively. I, II and III are significantly different from the pre-diabetic group at p<0.05, p<0.01 and p<0.001, respectively. *, ** and
*** are significantly different from the diabetic group before treatment at p<0.05, p<0.01 and p<0.001, respectively. Value in [] represents % increase (+)
or decrease (-) from non-diabetic. Value in {} represents % increase (+) or decrease (-) from diabetic before treatment. FBS; fasting blood sugar, HbA1C;
glycated hemoglobin, HOMA IR; insulin resistance, HOMA%B; HOMA-derived β-cell function, and HOMA%S; HOMA-derived insulin sensitivity.

As shown in table 3, contents of serum MDA, NO, CRP, TNF-α
(p<0.001) and ADIPOQ (p<0.01) were significantly elevated in the prediabetic and newly diagnosed diabetic group before treatment
compared to the non-diabetic group. Levels of NO, CRP and TNF-α
were significantly (p<0.001) higher and ADIPOQ was non-significantly

(p>0.05) higher but MDA was significantly (p<0.001) lower in sera of
diabetic cases before treatment compared to pre-diabetic ones.
Treatment of diabetic subjects with metformin lowered all these levels
significantly (p<0.001) except for ADIPOQ which was non-significantly
lowered compared to their levels before treatment.

Table 3: Lipid peroxidation (MDA), nitric oxide (NO), and systemic inflammation markers levels in the studied groups
Groups
CRP (mg/l)

Non-diabetic group
(n=30)
1.87±0.41

MDA (nmol/l)

3.01±0.21

NO (nmol/l)

25.17±0.73

TNF-α (pg/ml)

75.83±9.28

ADIPOQ (pg/ml)

31 850±2 450.0

Pre-diabetic group (n=20)
7.11±1.31c
[+280.2%]
11.02±0.44c
[+266.1%]
40.18±1.45c
[+59.6%]
98.38±5.95c
[+29.7%]
33 519±784.14b
[+5.2%]

Diabetic group (newly diagnosed) (n=30)
Before treatment
After metformin treatment for 5 mo
11.34±1.79c,III
3.56±0.43c,III,***
[+506.4%]
{-68.6%}
8.99±0.72c,III
4.22±0.5c,III,***
[+198.7%]
{-53.1%}
58.13±3.56c,III
31.24±2.5c,III,***
[+130.9%]
{-46.3%}
150.9±28.6c,III
61.72±3c,III,***
[+99.0%]
{-59.1%}
33 633±1 223.14b
33 084±1 460.5a
[+5.6%]
{-1.6%}

Data are expressed as means and standard deviations (mean±SD). n=80. a, b and c are significantly different from the non-diabetic group at p<0.05,
p<0.01 and p<0.001, respectively. I, II and III are significantly different from the pre-diabetic group at p<0.05, p<0.01 and p<0.001, respectively. *, **
and *** are significantly different from the diabetic group before treatment at p<0.05, p<0.01 and p<0.001, respectively. Value in [ ] represents %
increase (+) or decrease (-) from non-diabetic. Value in {} represents % increase (+) or decrease (-) from diabetic before treatment. CRP; C-reactive
protein, ADIPOQ; adiponectin and TNF-α; tumor necrosis factor alpha.
As illustrated in table 4, both BUN and uric acid concentrations were
significantly elevated (p<0.05-p<0.001) while creatinine levels were
not affected in all the studied groups compared to control nondiabetic group. Significant elevations (p<0.05-p<0.001) in TG, LDL
and CHOL with a significant decline (p<0.01–p<0.001) in HDL levels
in all the studied groups compared to the non-diabetic group were
also recorded. After metformin treatment, CHOL and LDL levels
were significantly lowered (p<0.001).

Table 4 also reflects that ALT activity was significantly (p<0.001)
increased in pre-diabetics and diabetics compared to nondiabetics and metformin treatment could not normalize ALT
level while it kept total protein, albumin and total bilirubin
within their normal ranges.
Table 5 showed significant correlations found between sugar
profile, lipid peroxidation and inflammation markers.

Table 4: Renal and lipid profiles in addition to liver function tests of the studied groups
Groups
Creatinine (µmol/l)
BUN (mmol/l)
Uric acid (µmol/l)
CHOL (mmol/l)
TG (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
TP (g/l)
ALB (g/l)
T-BILI (µmol/l)
ALT (U/l)

Non-diabetic group
(n=30)
62.33±10.2
3.1±1.0
248.7±39.24
4.07±0.86
0.83±0.36
1.32±0.27
2.45±0.77
78.03±4.23
38.93±4.13
8.53±2.32
35.7±6.04

Pre-diabetic group (n=20)
66.20±12.32
4.15±0.83c
278.25±55.45a
4.69±0.9a
1.49±0.68c
1.09±0.28b
3.06±0.87a
78.85±3.7
38.1±4.19
7.15±2.64b
42.85±10.84c

Diabetic group (newly diagnosed) (n=30)
Before treatment
After metformin treatment for 5 mo
60.89±9.07
62.93±8.91
4.25±0.62c
4.43±0.30c
285.77±29.94c
290.83±21.99c
5.01±0.28c
4.22±0.65I,***
1.68±0.13c
1.75±0.24c
1.00±0.19c
1.01±0.14c
3.67±0.30c,II
2.86±0.66a,***
80.33±3.01a
79.70±2.84
38.60±2.99
40.00±2.51*
7.21±0.40b
8.35±0.55I,***
42.93±5.75c
42.13±4.23c

Data are expressed as means and standard deviations (mean±SD). n=80. a, b and c are significantly different from the non-diabetic group at p<0.05,
p<0.01 and p<0.001, respectively. I, II and III are significantly different from the pre-diabetic group at p<0.05, p<0.01 and p<0.001, respectively. *, **
and *** are significantly different from the diabetic group before treatment at p<0.05, p<0.01 and p<0.001, respectively. BUN; blood urea nitrogen,
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CHOL; total cholesterol, TG; triglycerides, HDL; high-density lipoprotein, LDL; low-density lipoprotein, TP; total protein, ALB; albumin, T-BILI; total
bilirubin and ALT; alanine aminotransferase.
Table 5: Correlations between sugar profile parameters, malondialdehyde (MDA), nitric oxide (NO), and systemic inflammation markers
Correlation between
FBS and CRP
FBS and ADIPOQ
FBS and TNF-α
FBS and MDA
FBS and NO
HbA1C and CRP
HbA1C and ADIPOQ
HbA1C and TNF-α
HbA1C and MDA
HbA1C and NO
Insulin and CRP
Insulin and ADIPOQ
Insulin and TNF-α
Insulin and MDA
Insulin and NO
HOMA IR and CRP
HOMA IR and ADIPOQ
HOMA IR and TNF-α
HOMA IR and MDA
HOMA IR and NO
HOMA %B and TNF-α
HOMA %B and MDA
HOMA %B and NO
HOMA %S and CRP
HOMA %S and ADIPOQ
HOMA %S and TNF-α
HOMA %S and MDA
HOMA %S and NO
CRP and NO
ADIPOQ and NO
TNF-α and NO
ADIPOQ and TNF-α
CRP and MDA
ADIPOQ and MDA
TNF-α and MDA
NO and MDA
CRP and ADIPOQ

r
0.345
0.343
0.744
0.682
0.842
0.499
0.311
0.631
0.645
0.804
0.848
0.399
0.251
0.586
0.548
0.821
0.417
0.366
0.639
0.649
-0.758
-0.539
-0.790
-0.692
-0.469
-0.468
-0.764
-0.705
0.316
0.365
0.919
0.279
0.297
0.414
0.789
0.871
0.274

p value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.01
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
<0.001
<0.01
<0.01
<0.001
<0.001
<0.001
<0.01

n=80. FBS; fasting blood sugar, HbA1C; glycated hemoglobin, HOMA-IR; insulin resistance, HOMA%B; HOMA-derived β-cell function, and HOMA%S;
HOMA-derived insulin sensitivity, CRP; C-reactive protein, ADIPOQ; adiponectin and TNF-α; tumor necrosis factor alpha.

DISCUSSION
In pre-diabetics as obviously illustrated in table 2, about 23%
increment in FBS level was accompanied by high insulin resistance
(112% higher than normal). As an adaptive response pancreatic βcells function was subsequently augmented by about 11%. As a
result, insulin production was increased by about 106% than
normal. Even though, sensitivity to insulin was significantly lowered
by about 54% compared to non-diabetic control indicating
frustration of blood glucose adjustment. If not controlled, high blood
glucose level continued to be higher, ultimately resulting in type 2
diabetes. These results are supportive for insulin resistance as the
main risk factor for type 2 diabetes as previously reported by [8].
FBS increase allows more glycation of body proteins as evidenced by
the observed increment in glycated hemoglobin by about 22%.
Protein glycation interferes with cellular functioning and induces
reactive oxygen species production as side products such as H2O2.
The latter, if not scavenged, can ultimately damage various body
cells including pancreatic β-cells which are at high risk. This led us
to assume that high FBS stimulates lipid peroxidation.
In the present investigation and in agreement with [27] and [16]
both pre-diabetics and diabetics showed higher serum MDA than
non-diabetic controls by 266.1% and 198.7%, respectively. These
levels showed great significant (p<0.001) positive associations with
FBS, HOMA IR, HbA1C and insulin and negative ones with HOMA %S
and HOMA %B. These observations support the assumption that

impaired glucose control can directly elevate lipid peroxidation may
via more glycation of body proteins as discussed above or via
insulinopenia-induced release of free radicals from hexose
monophosphate shunt and fatty acids β-oxidation metabolic
pathways or via hyperglycemia-induced platelets aggregation that
leads to production of thromboxane, prostaglandins and other
molecules which are a common source of free radicals or via
antioxidant defense system impairment. Furthermore, MDA might
link protein glycation with further lipid peroxidation. This could be
explained by MDA role in stabilization of collagen via MDA crosslinking that encourages more excessive glycation which start further
lipid peroxidation. Moreover, as previously reported by [28] high
MDA can induce many inflammatory cytokines. These cytokines
trigger others production and lead to more oxidative stress [29].
Upon the aforementioned, in a way or another diabetes induces lipid
peroxidation, lipid peroxidation stimulates inflammation and
inflammation, in turn, stimulates more lipid peroxidation supporting
the involvement of oxidative stress in chronic inflammation. This is
proved by the significant (p<0.01-p<0.001) positive correlations
found in the current study between MDA levels and the levels of
inflammation markers; CRP, TNF-α and NO. Upon all we can confirm
MDA as an additional sensitive marker for inflammation, and
support oxidative stress inclusion in type 2 diabetes pathogenesis as
an important contributor.
Type 2 diabetes was previously assumed as an immune-dependent
disease by Sepehri et al. [9]. Present study results indicate chronic
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production of oxidative stress and inflammation biomarkers in type
2 diabetes as CRP, NO, TNF-α and MDA were produced in higher
levels in pre-diabetic cases than in non-diabetics and continued to
be more-higher in the newly diagnosed cases with type 2 diabetes.
Besides they were positively correlated with FBS, HbA1C, insulin,
HOMA IR and negatively correlated with HOMA %S indicating their
contribution in type 2 diabetes pathogenesis. Thus, one can consider
diabetes as an inflammatory disease, thereby it is immunedependent.
Comparing to pre-diabetes, once type 2 diabetes begins to develop
as represented by our newly diagnosed diabetic group β-cells
function became abnormal; it showed a decrease by 35% than
normal. FBS became progressively worse and its level continued its
elevation up to 81% over normal thereby glycated hemoglobin was
increased to 70%. Insulin hormone level was increased to 146% but
body became more less-sensitive to insulin (HOMA %S was
decreased by 64% than normal) indicating further insulin resistance
existence evidenced by HOMA IR increase to 174% higher than
normal. These results support that more insulin resistance actually
causes type 2 diabetes.
Because CRP, MDA, NO and TNF-α were significantly (p<0.001)
elevated by about 280%, 266%, 60% and 30%, respectively in prediabetic cases compared to non-diabetics and CRP, NO and TNF-α
became higher to about 506%, 131% and 99%, respectively in
patients with diabetes type 2 while MDA became lower (about
199%) but still significantly extremely higher than non-diabetics. In
addition, all of them were significantly (p<0.01-p<0.001) positively
correlated with each other. So they could be used as early predictors
for both pre-diabetes and diabetes type 2 and it is worthy to state
that our results reveal their priority, regarding their % of the
increase, in the following order: CRP>MDA>NO>TNF-α. Even though
ADIPOQ was also positively correlated, ADIPOQ lower significancy
(p<0.01 vs. p<0.001 for others) and lower percent of increase (about
5.2, 5.6% vs. about 280, 506%; 266, 199%; 60, 131% and 30, 99%
for CRP, MDA, NO and TNF-α in pre-diabetics and diabetics,
respectively) led us to revoke its role as an early predictor. Further
evidence for CRP superiority in this issue is its significant positive
correlation with insulin resistance (r=0.373 and p<0.05, data not
shown) in newly diagnosed cases with type 2 diabetes. This finding
was in harmony with [8] and [30].
It is well known that disturbances in glucose homeostasis induce
platelets aggregation and adhesion. So, NO elevation in the current
study may be explained on the basis of its ability to act as an
inhibitor of this aggregation and adhesion. Accordingly, NO elevation
was reasonable mainly to void hyperglycemia-induced platelets
aggregation. A positive correlation (r=0.428 and p<0.05, data not
shown) found between NO and MDA in newly diagnosed diabetic
group confirm complex interaction that occurs between NO and
other produced free radicals in diabetes. Thus, disturbances in NO
production and metabolism could be also assumed as one of the
causes of diabetes development. Besides, NO elevation reveals more
severe inflammation as it was positively correlated with CRP in this
group (r=0.893 and p<0.001, data not shown). Both elevated and
decreased levels of NO end products were observed previously in
patients with diabetes in different investigations [16].
On contrary to Swaroop et al. [31], our TNF-α positive correlations
with FBS, HbA1C, HOMA IR (p<0.001) and insulin (p<0.01) and
negative correlations with HOMA %B and HOMA %S (p<0.001) may
reveal that TNF-α can induce insulin resistance and suppress the
subsequent β-cells compensatory over-functioning. It was believed
that TNF-α plays an important role in the inhibition of insulin
transduction, also it had an effect on glucose metabolism [32, 33].
However; Bluher et al. [34] stated that TNF-α have no role in early
stage insulin resistance pathogenesis.
Little increase in levels of ADIPOQ in diabetic studied cases here was
also expected to cope with the elevated pro-inflammatory cytokine
TNF-α and others produced by adipocytes in a trial to ameliorate
their deleterious effects in diabetic patients. This was evidenced via
positive correlation found between ADIPOQ and TNF-α (p<0.01).
This with ADIPOQ great positive associations with FBS, HbA1C,
insulin and HOMA IR and negative association with HOMA %S

confirm body’s fat ability to cause continuous (chronic) levels of
internal inflammation that changes insulin's action and contributes
to diabetes disease. On contrary, it was previously found that
ADIPOQ level is positively associated with insulin sensitivity and
negatively with TNF-α [8].
In the present work, ALT was significantly higher (p<0.001) in prediabetics and diabetics than in non-diabetics. This indicates hepatocellular damage beginnings as reported before by Toson et al. [35].
BUN and uric acid levels were also increased (p<0.05-p<0.001),
whereas levels of creatinine were not affected by pre-diabetes or
diabetes development in its early stage indicating that renal
complications may appear later in diabetes if not well controlled.
But hyper-lipidemia was evidenced in pre-diabetes or type 2
diabetes in its early stage via observed significant elevations
(p<0.05-p<0.001) in TG, LDL and CHOL with significant lowering in
HDL level (p<0.01–p<0.001) indicating the risk for future
cardiovascular complications. Moreover, the significant association
found with FBS (r=0.267 and p<0.01, data not shown), TG (r=0.222
and p<0.05, data not shown) and uric acid confirm the implication of
uric acid in the risk factors for type 2 diabetes and cardiovascular
complications. This was in agreement with Bailey et al. [36].
As usual our newly diagnosed patients with type 2 diabetes were
directed to lifestyle management for one month then they were
instructed to use metformin with a dosage of 500 mg twice daily.
Treatment with metformin alone for duration of 5 mo resulted in
significant (p<0.001) but not adequate improvements (ranged from
14% to 39.4%) in diabetic profile parameters and in inflammation
markers as well (ranged from 46.3% to 68.6%) however; function of
β-cells showed too little (3.5%) non-significant improvement and
anti-inflammatory cytokine ADIPOQ showed non-significant
decrease by 1.6% in relation to its level before treatment. The most
affected parameter in the diabetic profile was insulin sensitivity;
that was increased by 39.4% after treatment. This was expected
because it is well-known that metformin acts to improve insulin
sensitivity [36]. Metformin exerts its action firstly on the liver to
reduce glucose production and, secondly, on the peripheral tissues
mainly muscles to augment glucose uptake [37]. In the present
work and in accordance with [37], to higher extent than that
showed in diabetic profile metformin was able to significantly
improve endothelial dysfunction (evidenced by 46.3% decrease in
NO content), decline oxidative stress (evidenced by 53.1%
decrease in MDA concentration), and to reduce inflammation
(evidenced by 68.6% decline in CRP level and by 59.1% decline in
TNF-α). Additionally, metformin treatment for 5 mo had no
significant effect on levels of creatinine, BUN, uric acid, TG and
HDL but it was able to decrease cholesterol and LDL levels
(p<0.001) reflecting its ability to decline risk factors for
cardiovascular complications. Furthermore, metformin treatment
for 5 mo could not normalize ALT level although it was able to
keep TP, ALB and T-BILI within their normal levels. These results
together confirm that, in our studied cases, metformin
management of type 2 diabetes does not display sufficient control,
especially glycemic control thus it may need to add-on therapy.
CONCLUSION
In the current study, significant relations and inter-relationships
between oxidative stress, inflammation and insulin resistance in
type 2 diabetes in its early stage were proved. Simply, our results
reveal the existence of a violent cycle; lipid peroxidation stimulates
inflammation and inflammation stimulates more lipid peroxidation,
more inflammation causes more insulin resistance, more insulin
resistance causes type 2 diabetes, type 2 diabetes induces more lipid
peroxidation and the cycle returned again.
Thereby, type 2 diabetes can be considered as an inflammatory
disease, thus it is immune-dependent. When metformin alone
was used for 5 mo to manage type 2 diabetes in this early stage it
did not show sufficient success thus it may need to be combined
with another drug that favorably operates via an insulinindependent pathway to get better performance. These aspects
contribute to a more comprehensive and more detailed
perspective of type 2 diabetes etiology, pathogenesis and future
treatment strategies.
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