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Abstract: Background: Insulin resistance is known to be a common feature of type 2 diabetes mellitus and
regarded as an important mechanism in the pathogenesis of this disease. The key pathogenetic mechanisms of
insulin resistance progression are free fatty acids metabolism impairment and enhanced activity of plasminogen
activator inhibitor-1 (PAI-1). Both oxidized LDL (ox-LDL) and PAI-1 were recognized as risk factors for coronary
heart disease. Objective: To analyze simultaneously the correlation between hyperglycemia and biochemical
markers related to stress, endothelial dysfunction, blood coagulation disorders and cardiovascular diseases.
Methods: This study was carried out on 82 male non smoker subjects classified into three groups: group 1 included
35 diabetic uncomplicated patients; group 2 enrolled 35 diabetic cardiovascular complicated patients and group3
consisted of 12 healthy subjects taken as control group. The following parameters were analyzed: fasting blood
glucose; glucose metabolism factors [glycated hemoglobin (HbA,.); insulin; intact proinsullin; proinsullin and C-
peptide]; coagulation factor (PAI-1) and oxidative stress marker (ox-LDL). Results: Homeostasis model assessment
— insulin resistance (HOMA-IR), fasting blood glucose, ox-LDL, insulin, PAI-1, intact proinsullin, proinsullin and
C-peptide levels were significantly elevated in diabetic groups compared to control group values at p < 0.001.
Moreover, these values were significantly increased in cardiovascular complicated group when related to diabetic
uncomplicated group at p < 0.001. In addition HbA . was significantly higher in diabetic groups 1 and 2 compared
to control group at p < 0.001. Conclusion: Increased blood glucose level, insulinemia, and elevated levels of ox-
LDL and PAI-1 are associated with insulin resistance progression of cardiovascular complications.
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1. Introduction: (ox-LDL) through scavenger receptors to form foam
Diabetes mellitus is the most common endocrine cells (Libby and Ridker, 2006). Lipid laden
disorder that affects 246 million people worldwide. macrophage foam cell accumulates in atheromatous
The International Diabetes Federation (IDF) predicts plaque and promote inflammation by secreting
that the number of people with diabetes mellitus will cytokines that recruit other immune cells to the arterial
increase up to 380 million within twenty years. intima. Foam cells are generated by uncontrolled
Diabetes, mostly type 2 diabetes mellitus (T2DM), uptake of modified LDL, especially ox-LDL, and/or
now affects 5.9% of the world's adult population with impaired cholesterol efflux (Kleemann et al., 2008).
almost 80% of patients from developing countries Lipid homeostasis in macrophages is regulated by
(Sadikot and Mogensen, 2008 and WHQO, 2011). scavenger receptors, including CD36 and scavenger
Coronary heart disease (CHD) and myocardial receptor-A (SR-A), that mediate uptake and specific
infarction (MI) have a significant impact on morbidity ATP-binding cassette (ABC) family transporters that
and mortality in developed countries (Ishihara et al., mediate cholesterol efflux to apolipoprotein Al
2005). Thrombosis induced by atherosclerotic plaques (apoAl) and high density lipoprotein (HDL). Thus,
rupture and subsequent distal thromboembolism may alteration in expression of these molecules in
result in MI progression (Alessi and Juhan-Vague, macrophages may affect foam cell formation and
2006). Increased oxidative stress was considered to be progression of atherosclerosis (Van Eck et al., 2005).
a major mechanism involved in the pathogenesis of Thrombus formation is regulated by the
endothelial cell dysfunction (Aird, 2005). fibrinolytic system, which prevents luminal occlusion.
Excessive lipid accumulation by macrophages Tissue plasminogen activator (tPA) is a highly
plays a crucial role in the initiation and progression of specific serine proteinase that convert plasminogen
atherosclerosis. The mononuclear phagocytes in zymogen to active serine protease plasmin. Plasmin
endothelial intima will imbibe modified lipoprotein digests fibrin into fibrin degradation products (FDP)
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(Hou et al., 2009). Predominance of fibrinolysis
inhibitors over its activators and plasminogen
deficiency may be considered as risk factors for
atherosclerosis and MI. Plasminogen activator
inhibitor 1 (PAI-1) plays a significant role in
cardiovascular diseases (CVD). Clinical studies have
shown a positive correlation between increased levels
of PAI-1 and atherothrombosis (Lowe et al., 2004).

Moreover, high plasma PAI-1 concentration is
considered to be a predictor of myocardial infarction
(Alessi and Juhan-Vague 2006). PAI-1 is involved in
the insulin reception process as well as in fibrinolysis
regulation. PAI-1 also modulates insulin signaling in
fibroblasts, preventing the binding of vitronectin to
avb3 receptors that, in turn, reduce insulin-induced
phosphorylation of protein kinase B (Juhan-Vague et
al., 2003 and Gonzalez et al., 2012).

Insulin resistance (IR) is considered a common
feature of T2DM and is regarded as an important
mechanism in the pathogenesis of this disease.
Cardiovascular risk factors, including hyperglycemia,
dyslipo-proteinemia, hypertension, obesity,
thrombosis, and smoking are also associated with
increased IR risk (Huxley et al., 2006 and Vertanen
et al., 2013). Therefore, the aim of this study was to
find the relation between IR, ox-LDL as a marker of
inflammation, insullinmia, PAI-1 and cardiovascular
complication of T2DM.

2. Research design and methods:
Subjects:

This study was performed at Al-Azhar
University, Faculty of Pharmacy (boys) between
October 2009 and January 2010, 70 male non smoker
subjects with T2DM were enrolled in the study under
supervision of cardiology stuff member, El-houssin

hospital, Cairo, Egypt. T2DM was diagnosed
according to the American Diabetes Association
Criteria, of these patients, 35 had established
cardiovascular disease (CVD) and 35 had no evidence
of CVD. C(linical evidence of CVD included
myocardial infarction or coronary artery by-pass
surgery and peripheral arterial disease. Patients in
group without CVD were T2DM patients who had no
history of vascular disease and those with normal
electrocardiogram (ECG) findings at exercise and
normal peripheral artery Doppler ultrasonography
findings. The clinical features of the patients are listed
in table (1). All patients were receiving antidiabetic
and antihypertensive therapies for at least the previous
6 months. Exclusion criteria were the presence of
sustained type 1 DM, acute and chronic infections,
malignancy, hepatic or renal disease, diabetic
retinopathy and nephropathy, and other endocrine
dysfunctions.

The control group consisted of 12 healthy male
subjects with no history of T2DM, other endocrine
dysfunctions, hyperlipidemia, hypertension, or
coronary heart diseases. None of the subjects had

received any medication (hormone replacement
therapy, corticosteroids, vitamin  supplements,
antioxidant formulations and thiazolidinediones)

which may have affected insulin resistance and/or
endothelial function and none of these subjects were
current smokers and consumers of alcohol. Blood
pressure of all subjects was measured twice with a
random zero mercury sphygmomanometer after 10
minutes of rest. All subjects were informed in regards
to the aim of the study. The study was approved by the
Ethics Committee of Faculty of Medicine, Al-Azhar
University and by that of the National Organization
for Teaching Hospitals and Institutes.

Table (1): Clinical characteristics of studied groups.

Item Control Uncomplicated T2DM | Complicated T2DM
Total No. 12 35 35
Gender Male Male Male
Age (M £ SEM) 46.8 +1.29 44.8+1.14 45.4+0.89
Duration of DM (years) i n
(M + SEM) 9.00+1.21 9.00+1.24
Fasting blood glucose (mg/dl) (M = SEM) | 86.21+2.81 | 180.9+3.67 218.7+7.12
SBP (mmHg) n
(M = SEM) 122.50+1.26 | 130.0+1.19 130.0 £ 1.62
DBP (mmHg)
(M + SEM) 80.00+1.43 | 80.00+1.23 80.00 +1.33

Sample collection:

After an overnight fasting, 10 ml of venous
blood were drawn from the patients and control
subjects between 8.00 and 10.00 am. via the
venipuncture of an antecubital vein. 2 ml. were taken
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in heparinized tubes for HbA ;- measurements. 1.8 ml.
were added into 0.2 ml. citrated tubes and centrifuged
at 4000 rpm for 15 minutes, plasma was separated for
determination of PAI-1. The remaining blood sample
was centrifuged at 4000 rpm for 15 minutes, serum
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was collected, fasting blood glucose was measured
immediately at the time of separation. Remaining
serum specimens were stored at —20°C until analysis
of serum ox-LDL-C, proinsullin, intact proinsullin,
insulin, and C-peptide levels.

Biochemical Analysis:

Serum glucose was measured by an enzymatic
colorimetric method according to commercial
available kits of Spinreact, Spain Ref No. 1001191.
HbA,c level was measured by a cation-exchange
HPLC using D-10 hemoglobin testing system with a

gradient mobile phase and spectrophotometric
detection.
Serum ox-LDL level was quantitatively

determined by ELISA technique using commercial kit
supplied by Biomedica Medizinprodukte GmbH & Co.
Fasting serum proinsulin level was determined by
direct ELISA technique using premade kits supplied
by Mercodia AB, Sweden.

Serum level of intact proinsulin was determined
using the TECO human intact proinsulin kit supplied
by TECO medical AG, Switzerland.

Serum C-peptide was measured by enzyme
immunoassay (EIA) using commercially available kits
supplied by BioVision, USA.

PAI-1 was determined in plasma using ELISA
kit supplied by Diapharma group, Inc. West Chester,
OH 45069. Serum insulin was determined by direct
ELISA technique using premade kits supplied by
Invitrogen Ltd, UK.

Calculation:

In order to determine insulin resistance, HOMA-
IR index (Homeostasis model assessment) was
calculated as: HOMA = [(fasting blood glucose x
fasting insulin /22.5] (Wallace et al., 2004).
Statistical Analysis

All data were expressed as mean + standard error
of mean (y = SEM). Descriptive statistics were
performed using Microsoft Excel 2007. All analysis
and graphics were performed using Graphpad prism
(windows version 7; Graphpad software 2007).

Difference between means were assessed by one
way analysis of variance (ANOVA) followed by
tukey's procedure. Differences were considered
statistically significant at P < 0.05.

3. Results:

The results of our study clarifies a significant
increase in blood glucose level (mg/dl), serum insulin
(WIU/ml), serum proinsulin (Pmol/L), serum intact
proinsulin (Pmol/L), serum C-peptide (ng/ml) and
HOMA-IR in diabetic group compared to control
group at p < 0.001 with significant elevation in
complicated group compared with diabetic
uncomplicated group at P <0.001; table 2 demonstrate
these data. Regarding to blood HbA |, the data in table
(2) demonstrate a significant elevation in both diabetic
groups when related to normal control group.

Table (2): Mean + SEM measured biochemical parameters in different studied groups.

Biochemical Parameter Control Uncomplicated T2DM Complicated T2DM
(M = SEM) (M = SEM) (M £ SEM)

Fasting blood glucose (mg/dl) 86.21 + 2.81 180.9 +3.67* 218.7+7.12*?
HbA . (%) 4.96 +0.22 9.98+0.29" 10.57£0.42*
Insulin (pIU/ml) 6.34+0.51 12.68 £0.52" 19.39+0.36*"
HOMA-IR 1.34+0.11 5.67+0.28" 10.51 +£0.42*°
Proinsullin (Pmol/L) 7.88+£0.38 20.05+0.39" 33.24+0.51*"
Intact proinsullin (Pmol/L) 6.02 + 0.46 13.95+0.56" 20.51£0.32*P
C-peptide (ng/ml) 0.52+0.03 0.84+0.04" 0.98+0.03""

a: significantly different from control group.

b: significantly different from uncomplicated T2DM group

Concerning serum ox-LDL level, they were found
to be significantly elevated at P < 0.001 in both
diabetic uncomplicated T2DM (47.43 + 0.53) and
complicated T2DM (81.03 + 0.75) when compared to
control group (40.38 £ 0.57), also they were found to
be significantly elevated at P < 0.001 in complicated
T2DM compared to uncomplicated T2DM group figure
(1) represent these data.
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Regarding to serum PAI-1 level, they were found
to be significantly elevated at P < 0.001 in both
diabetic uncomplicated T2DM (2.67 + 0.08) and
complicated T2DM (4.62 + 0.17) when compared to
control group (1.29 + 0.10). Moreover, they were found
to be significantly elevated at P < 0.001 in complicated
T2DM compared to uncomplicated T2DM group figure
(2) illustrate these data.
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Figure (1): M + SEM of serum ox-LDL (U/L) in different

studied groups.
a: significantly different from control group.

b: significantly different from uncomplicated T2DM group

4. Discussion:

Hyperinsulinemia was first suggested as a risk
factor for atherosclerosis more than 30 years ago,
based on the observation that insulin levels are higher
in patients with ischemic heart disease (Stout and
Vallance-Owen 1969 and Reddy et al, 2010).
However, the role of hyperinsulinemia as an
independent risk factor for atherosclerotic coronary
disease =~ has  been controversial. Mostly,
hyperinsulinemia occurs with insulin resistance in
type 2 diabetes and is regarded as a compensatory
mechanism of insulin resistance.

Macrophages perform a crucial role in the
atherogenic process by generating lipid laden foam
cells. Macrophages are known to express most insulin
signaling molecules except insulin receptor substrate 1
(IRS1) and glucose transporter type 4 (GLUT-4)
(Malide et al., 1998 and Haka et al., 2013).

In the present study, serum ox-LDL was
measured as inflammatory marker in normal and
diabetic subjects. This study demonstrates that
uncomplicated and complicated T2DM subjects have
elevated serum ox-LDL in comparison with control
subjects. In addition it revealed significant elevation
of serum ox-LDL in complicated group compared
with uncomplicated group. This results may be due to
that hyperglycemia are associated by increased
inflammatory burden and increased lipid peroxidation,
all leading to enhanced macrophage foam cell
formation, low density lipoprotein (LDL) oxidation by
macrophages was increased due to the activation of
several pro-oxidant systems, as well as the depletion
of antioxidants (Hsu et al., 2002 and Nakhjavani et
al., 2009). Moreover, hyperglycemia may lead to
intracellular changes in redox state resulting in
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Figure (2): M + SEM of plasma PAI-1 (UL) in
different studied groups.

depletion of cellular NADPH+H pool, leading to
increased tendency for oxidative stress and high level
of oxidized lipoprotein, especially LDL (Grover-Paez
and Zavalza-Gomez 2009). In addition, the
macrophages express scavenger receptors for modified
lipoprotein (ox-LDL) permitting them to ingest lipids
and become foam cells, the activated macrophage can
generate reactive oxygen species that augment oxidant
stress (Libby and Ridker 2006).

On the other hand, Hamed et al., 2010 found that
plasma ox-LDL levels in T2DM without coronary
artery disease were not significantly different when
compared with healthy control. Higher ox-LDL level
in our study associated with cardiovascular
complications of T2DM was in agreement with Yan et
al., 2011 who stated that, a receptor for ox-LDL, plays
critical roles in multiple signal transduction pathways
and is involved in the process of oxidative stress and
inflammation that lead tothe development and
progression of diabetic vasculopathy which is the
underlying mechanism of diabetic complications.

PAI-1, insulin, proinsullin, intact proinsullin,
HOMA-IR and C-peptide were clevated in T2DM
complicated and uncomplicated subjects with
significantly higher in complicated than
uncomplicated ones.

Enhancement PAI-1 expression was associated
with high ox-LDL levels mediated through the
generation of reactive oxygen species and
phosphorylation of extracellular signal-regulated
kinase. Furthermore, lysophosphatidylcholine, a major
lipid component of ox-LDL, was responsible for the
enhanced expression of PAI-1 as phospholipase A(2)-
treated acetyl LDL, which generates
lysophosphatidylcholine, strongly stimulated PAI-
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1 expression, whereas acetyl LDL itself had no such
activity. These data demonstrate that the uptake of ox-
LDL and, in particular, its lipid component
lysophosphatidylcholine into adipocytes triggers
aberrant ROS-mediated PAI-1 expression, which may
be involved in the pathogenesis of metabolic
syndrome (Hamed et al, 2010 and David et al.,
2013).

In current study, higher PAI-1 level were
associated with greater level of ox-LDL, and HOMA-
IR, was in agreement with Kraml et al., 2013 and
Vertanen et al., 2013 who's found positive correlation
between markers of insulin resistance, ox-LDL and
PAI-1 and suggest PAI-1 as an early marker of
inflammation and atherosclerosis initiation. In
conclusion, ox-LDL and PAI-1 were closely related
with one another in cardiovascular complicated
diabetic patients.

References:

1. Aird W (2005): Spatial and temporal dynamics of
endothelium. J. Thromb. Haemost. 3: 1392 — 1406.

2. Alessi M and Juhan-Vague I (2006): PAI-1 and the
metabolic syndrome: links, causes, and consequences.
Arterioscler Thromb Vasc Biol. 26(10):2200-2207.

3. David N, David J, Jacobijin G, Simon P et al., (2013):
Resting heart rate and incident heart failure and
cardiovascular mortality in older adults: role of
inflammation and endothelial dysfunction. Eur J Heart
Fail 15 (5): 581 — 588.

4. Gonzalez M, del Mar B, Pons A, Liompart I and Tur J
(2012): “Inflammatory markers and metabolic syndrome
among adolescents,” European Journal of Clinical
Nutrition, vol. 66, pp. 1141-1145.

5. Grover-Paez F and Zavalza-Gomez A (2009): Endothelial
dysfunction and cardiovascular risk factors. Diabetes Res.
& Clin Pract. 84: 1 — 10.

6. Haka A, Grosheva I, Siongh R and Maxifield R (2013):
Plasmin promotes foam cell formation by increasing
macrophage catabolism of aggregated LDL. Arterioscl.
Thromb. Vasc. Biol. (33): 1768 — 1778.

7. Hamed S, Brenner B, Abassi Z, Aharon A, Daoud D and
Roguin A (2010): Hyperglycemia and oxidized-LDL
exert a deleterious effect on endothelial progenitor cell
migration in type 2 diabetes mellitus. Thromb Res.
13:166—174.

8. Hou S, Yen F and Tsai S (2009): Is dysfunction of tissue
plasmin activator (tPA)-plasmin pathway a link between
major depression and cardiovascular disease? Medical
Hypothesis 72: 166 — 168.

9. Hsu R, Devaraj S and Jialal I (2002): Autoantibodies to
oxidized low-density lipoprotein in patients with type 2
diabetes mellitus. Clin Chim Acta. 317 (1-2):145-150.

10. Huxley R, Barzi F and Woodward M (2006): Excess risk
of fatal coronary heart disease associated with diabetes in
men and women: meta-analysis of 37 prospective cohort
studies. BMJ.332:73-78.

4/26/2014

99

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ishihara M, Kojima S, Sakamoto T, Asada Y, et al
(2005): Japanese acute coronary syndrome study
investigators acute hyperglycemia is associated with
adverse outcome after acute myocardial infarction in the
coronary intervention era. Am Heart J. 150(4):814-820.
Juhan-Vague I, Morange P, Frere T, et al. (2003): The
plasminogen activator inhibitor-1 -675 4G/5G genotype
influences the risk of myocardial infarction associated
with  elevated plasma proinsulin  and insulin
concentrations in men from Europe: the HIFMECH study.
J Thromb Haemost. 1(11):2322-2329.

Kleemann R, Zadelaar S and Kooistra T (2008):
Cytokines and atherosclerosis: a comprehensive review of
studies in mice.Cardiovasc Res. 79:360-376.

Kraml P, Syrovakova J and Andel M (2013): The
oxidized low-density lipoprotein/B2-glycoprotein I
complex is associated with abdominal obesity in healthy
middle-aged men. Ann. Nutr. Metab. 62: 7 — 13.

Libby P and Ridker P (2006): Inflammation and
atherothrombosis — from population biology and bench
research to clinical practice. J. of the Am. Coll. Of
Cardiol. 48: A33 — A46.

Lowe C, Danesh J, Lewington S, Wasker M, Lennon L
and Thomas A (2004): Tissue plasminogen activator
antigen and coronary heart disease. Prospective study and
meta-analysis. Eur Heart J 25: 252 — 259.

Malide D, Davies-Hill T, Levine M and Simpson I
(1998): Distinct localization of GLUT-1, -3, and -5 in
human monocyte-derived macrophages: effects of cell
activation. Am J Physiol.274:E516—-E526.

Nakhjavani M, Esteghamat A, Asgarani F, Khalilzadeh O,
Nikzamir A and Safari R (2009): Association of oxidized
low-density lipoprotein and transforming growth factor-
beta in type 2 diabetic patients: a cross-sectional study.
Transl Res.153 (2): 86 — 90.

Reddy K, Singh M, Bangit J and Batsell R (2010): The
role of insulin resistance in the pathogenesis of
atherosclerotic cardiovascular disease: an updated review.
J Cardiovasc Med. 11(9):633-647.

Sadikot S and Mogensen C (2008): Risk of coronary
artery disease associated with initial sulphonylurea
treatment of patients with type 2 diabetes: a matched
case-control study. Diabetes Res Clin Pract. 82(3):391-
395

Stout R and Vallance-Owen J (1969): Insulin and
atheroma. Lancet. 1(7605):1078—-1080.

Van Eck M, Pennings M, Hoekstra M, Out R and
Vanizerkel T (2005): Scavenger receptor B1 and ATP-
binding cassette transporter Al in reverse choletsterol
transport and atherosclerosis. Curr Opin Lipidol. 16:307—
315.

Wallace T, Levy J and Matthews D (2004): Use and
abuse of HOMA modeling. Diabetes Care 27: 1487 —
1495.

WHO. (2011): Global status report on noncommunicable
diseases 2010. Geneva: WHO; 2011.

Yan M, Mehta J, Zhang W and Hu C (2011): LOX-1,
oxidative stress and inflammation: a novel mechanism for
diabetic cardiovascular complications. Cardiovasc Drugs
Ther. 25(5):451-459.



