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ABSTRACT

Objective: Theaim of the present study wasto evaluate theindicativerole
of hydrogen peroxide (H,O,) in oxidative stress. Patientsand methods: 200
type 2 diabeteswereincluded and 200 controls. Hydrogen peroxide (H,0,),
glycated hemoglobin (HbA1c), free fatty acids (FFA) and homocysteine
were determined by commercial kits. Quantitativeinsulin sensitivity check
index (QUIKI) wascalculated. Results: H,0O, concentration wasincreased
fourfold intype 2 diabetes compared to controls. 6 correlationswere found:
between H,0, and HbA1c (r = 0.85, p<10?), between H,O, and FFA (r = 0.9,
p<107?), between H,O, and homocysteine (r =0, 5, p<10?), betweenH,0,
and IS (r = -0.92, p<10?), between the presence of H,O, and arterial
hypertension (t = -4, p<10®) and between arterial hypertension and
homocysteine (t =-7, p<10®). Conclusion: The overproduction of H,O,
generated by hyperglycemia, increased dose of FFA and
hyperhomocysteinemia, amplify the insulin resistance and induce arterial
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INTRODUCTION

Systemic glucosehomeostasisintype 2 digbetesis
akey physiologica function and needsglucoregulion.
Despite medicines, trestmentsand dietary measuresin
diabetic patients, it’s difficult to control blood glucose
levelsfor them. Thisglycemicinstability and chronic
hyperglycemiapromotethe development of oxidative
stress and generate many complicationsin diabetic
patients.

Brownlee proposed an explanation for the
pathogenesis of vascular complications of diabetes.
Oxidative stressistheimportant metabolic pathway
involved inthe development of diabetes. By interaction
with other pathways, it is responsible for all

complicationg. Increased glucoselevelsinendothdia
cells induce an excessive substrate production to
mitochondria. The overproduction of reactive oxygen
species (ROS) viaoxidative phosphorylation, induces
an oxidative stressand then anendothdid dysfunction.

Severa mechanisms, activated by hyperglycemia,
involvedinthegeneration of ROS causing vascular and
kidney damage. The most important mechanisnsare
theincreased polyol and hexosamine pathways, theover
activation of thetranscription factor NFkappaB, the
angiotensin 2 synthesisstimulation, the protein kinase
C activation, theoverproduction of advanced glycation
end productsandtheexcessveNADH, H *and FADH,
supplying therespiratory chain@.

In order to demonstrate that oxidative stress is
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associated with chronic hyperglycemia, several
biochemical parametersmust be analyzed. The most
important marker of oxidative stress establishment
remains so far unclear. The aim of the present study
wasto evaluatetheindicativeroleof hydrogen peroxide
(H,0,) inoxidative stress.

MATERIALSAND METHODS

Sudy population

After hospital approvals were obtained, 200
confirmed type 2 diabetes patients were ascertained
from the Endocrinology Department at CHU Farhat
Hached Sousse, with no previousdiagnosisof thyroid,
adrenal or renal failure. A total of 200 controlswere
recruited among blood donors in regiona blood
transfusion center of Sousse. Controlswererestricted
to peopleshaving abody massindex under 27. Patients
and controls were matched on age and sex. All
participants have signed consent. Clinical data and
hypoglycemictrestment arepresented in TABLE 1.

Methods

Two blood samples were collected from each
fasted participant. In order to determinatetheinsulin
and homocystei ne concentrations, thefirst sampleis
carried out on lithium heparin. The second was
performed on EDTA to assess glycated hemoglobin
(HbA1c), hydrogen peroxide (H,O,) and free fatty
acids(FFA).

FFA concentration was measured by an enzymatic
method (Randox, Antrim, UK). HbA 1cwasdetermined
by immunoturbidimetric (Roche Diagnostics,
Mannheim, Germany) and total hemoglobin by
colorimetry. The two concentrations were measured
after blood hemolysiscollected on anticoagul ant; their
ratio provided the percentage of HbA 1c.

H,O, was determined by the col orimetric technique
(PerOx, Immunediagnostik, Wiesenstr, Bensheim). It
was incubated with peroxidase in microlitic wells
followed by conversion of the TMB into a colored
product. H,O, concentration was obtained using a
microtiter platereader X 960 (Metertech) at 450 nm.
Homocysteine wasdetermined by animmunological
method of fluorescence polarization controller
(AXSYM, Abbott, Wiesbaden, Germany). Linked
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homocysteine (oxidized form) is reduced to free
homocysteine. Even and in responseto the effect of
dithiothreitol, homocystine, disulfidesformsand mixed
protein-homocystinearereduced to freehomocysteine.
A result of highlevel sof adenosine, free homocysteine
isconverted to S-adenosyl-L-homocysteine. Insulin
wasmessured by animmunoradiometric ssndwich type.
Noncompetitive mouse monoclonal antibodieswere
directed toward two different epitopes of insulin.
Samples, controlsand calibratorswereincubated in
tubeswith thefirst monoclonal antibody and asecond
onelabeledwithiodine 125. After incubation, thetubes
were devoid of their contents and rinsed to remove
unbound labeled antibodies; the radioactivity was
measured by gammacounter PC-RIA-MAS (Stratec).
Unknownvaues aredetermined by interpolationusing
thestandard curve; radioactivity isdirectly proportiona
toinsulin concentrationinthesample. Insulinresistance
was assessed by cal culating the Quantitative Insulin

TABLE 1: Clinical data of diabetes type 2 patients and
controls.

Controls Patients

n=200 n=200
Age (X+c ; year) 50+7 56+11
Diabetes during (X+c ; year) 10,5+6,5
Sex : Man (%) 50 48
Women (%) 50 51
Menopausal women (%) 10 15
AH (%) 18
Smoking (%) 10 19,5
BMI (X+o ; kg/m?) 24+2 27+6
Personal history
Retinopathy (%) 12 25
Neuropathy (%) 7 50
AH (%) > 21
LVH (%) 5
Family history 51
Type 2 diabetes (%) 2o
AH (%) 5
Nephropathy (%)
Hypoglycemic
Metformine (%) %%
Sulfonamide (%) 20
M etformine+Sulfonamide (%) 0

1 0,
Insulin (%) 14
BMI : body mass index; A H: arteriel hypertension;

Neuropathies : mononeuritis, polyneuritis; LVH : Left
Ventricular Hypertrophy mesured by electrocardiogram; X :
average; o : deviation.
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sensitivity Check Index (QUIKI) according to the
formulaof Perseghin et al.®
1/Log (insulin) + Log (glucose) + Log (FFA).

Statistical treatment

For the purposes of thisanalysis, we used the
statistical software SPSS 10.0. The data were
assessed using the correlation coefficient of
Pearson for continuous variables and the
correlation coefficient of Spearman for non-
continuous variables.
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Figure1: Pogtivecorrelation between glycated hemoglobin

(HbA1c) and hydrogen per oxide concentration (hhoo) ; r =

0,85and p<10%.
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Figure 2 : Positive correlation between free fatty acids
concentration (FFA) and hydr ogen peroxide concentration

(hhoo) ; r =0,9 and p<10%,
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RESULTS

TheH,O, concentration determined wasfour times
higher intype 2 diabetes compared with controls. A
positive correlation was found between HbA 1c and
H,O, concentration (r = 0.85, p <10* Figure 1). An
other positive correl ation was observed between FFA
concentration and H,0O, concentration (r =0.9, p<10
3 Figure2). Asshownin Figure 3, thereisapositive
correlation between homocysteine concentrationand
H,O, concentration (r = 0.5, p<10°). Weasofound a
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Figure 3 : Positive correlation between homocystéine
concentration (homocst) and hydrogen peroxide
concentration (hhoo); r=0,5and p<103.
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Figure4: Negativecorrelation between quantitativeinsulin
sensitivity check index (quiki) and hydrogen peroxide
concentration (hhoo); r=-0,92 and p<103,
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negative correl ation between QUIKI and H,O, (r =-
0.92, p <10* Figure 4). Finaly, two additional
correlationswerefound; thefirst onebetween arterial
hypertension and the concentration of H,O, (t=-4, p
<10?3) and the second onebetween arterid hypertension
and homocysteine (t=-7p<10?3).

DISCUSSION

TheH,O, concentration determined wasincreased
fourfoldintype2 digbetescompared with controls. Our
resultsaresimilar to thosefound in astudy that showed
an increased mitochondrial H,O, production in
hyperglycemic micg”.

The positive correlation founded between the
HbA 1c and the H,O, concentrationsreflectsthat ROS
productionisasintendveasglycemiaimbaance. Infact,
some studies have shown that glucose metabolization,
via pentose pathway, isless than twicein cellswith
overglucosed medium (33 mM). They concluded that
increased H,0, in diabetics is due to the pentose
pathway reduction®. Other studies have reported that
reaction betweenAMADORI productssuchasHbA 1c
and molecular oxygen producesuperoxideanion (O, ")
or H,0,!.

We haveidentified apositive correl ation between
FFA concentration and H,O, concentration (Figure 2,
r =0.9, p <103). The correlation between FFA and
H.0O, shows FFA decoupling effect on mitochondria.
In one hand this leads to ATP decrease, partialy
respongibleoninsulinsecretioninhibition verified by low
insulin concentration in our diabetes. Inthe other hand
FFA decoupling effect increases anion superoxide
productionwhichisdismutedin H,O,. Other studies
have shownthat increased FFA intype 2 digbetesinduce
the long-chain acyl-CoA accumulation and
diacylglycerolswhich areapotent activatorsof protein
kinase Cisoforms and the kappaB nuclear factor!”#l,
All mechanismsof kinase activation may explainthe
ROS formation mediated by FFA®. Other studieshave
shown that prolonged exposure of idetsto fatty acids
inducetheproduction of peroxynitrite(ONOO> ) which
bind to cytochrome C oxidaseandinhibit therespiratory
chain. Permegbility trangtion poreisopenwhich causes
aproton leakageand an ATPhydrolysis. Mitochondria
swell and release the cytochrome C, which activates
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cytoplasmic proteases called caspases. These are
responsiblefor proteolysisstimulation and cell deathf*?l.
However, a recent study suggests that beta
mitochondria oxidation cannot fight against the FFA
increasing, inparticular pamiticacidwhichisassociated
with obesity and type 2 diabetes. This overload is
conveyed to the peroxisoma beta-oxidationleadingto
theH,O, production.

Inthisstudy wefound apostive corre ation between
homocysteine andH,O, (Figure3,r=0.5, p<103).
Peyrin-Biroul et et al. showed that homocysteine has
invitroapro-oxidant action; thethiol groupisoxidized
toform ROS*2, At high concentrations, homocysteine
undergoes auto-oxi dati on producing homocysteine and
superoxideanion (O,”)!*. Thisactivatesthesuperoxide
dismutase and reduced to H,O,. Moreover,
homocysteine bind to proteins, producing reactive
oxygen species. These changescan affect LDL protein
contributing to their retention intheintima Recently, it
has been shown that homocysteine increases
mitochondria H,O, productionkidneys*.

We found anegative correl ation between QUIKI
andH,O, (Figure4, r =0.5, p<10?). Thisreflectsthat
chronic hyperglycemia increases the resistance of
peripherdl tissuestoinsulinviaH, O, intype?2 diabetes.
Onestudy hasshown that insulinres stanceisassociated
with an increased capacity for mitochondrial H,O,
releasein Zucker diabetic fatty ratg'®. Recently, astudy
has discerned that insulin increased ROS production
by pancreatic beta cells and the H,0, effect. These
effectswere accentuated by theinhibition of receptor
signaling to insulin, which indicated an independent
effect of the waterfall insulin receptors. This study
concludedthat highlevelsof insulinmay exacerbatecdll
death induced by H,O, and other apoptosisinducers®.
However, several studieson cell linesin vitro have
shown that oxidativestressinhibitssignd transduction
of insulin. H,O, micromolar concentrationsinhibit the
auto-phosphorylation of insulin receptor, theinsulin
receptor substrate-1 (IRS-1) and the downstream
events of (IRS-1) such as the activation of
phosphatidylinositol 3-kinaseand glucose transport,
further the activation of mitogen-activated protein
kinases (MAPK)7,

Oxidative stressinhibitsthe glucose transporter
GLUT4 translocation!*® and the protein kinase C
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activation™ stimulated by insulininfat cells. A recent
study showed that exposure of cell culturesfor 2 h at
60-90 uM of H,O, caused asignificant lossof insulin
stimulation in both proximal (IR tyrosine
phosphorylation) and distal (Akt and GSK-3p
phosphorylation of serine) e ementsof insulinsignaing
and glucosetransport activity?. Exposureof isolated
soleusmusclefor 4 h a the same concentration of H,O,
was associated with asdectivelossof IRS-1and IRS-
2, exacerbating the loss of insulin in response to
oxidative stress?.

Wefound 2 additional correlations: acorrelation
between H,O, concentration and arterial hypertension
(t = -4, p <10®) and a correlation between
homocysteineand arteriad hypertension (t=-7p<10
%). Theseresults allow assuming that homocysteine
afectendothelid cdll functionviaH,O,. Overproduction
of H,O, may changethesignal transduction machinery
and the regulation of gene expression, causing an
imbalance between proliferation, hypertrophy and
apoptosis of smooth muscle cells and endothelial
dysfunction involved in the pathogenesis of
atherosclerosisand restenosis. Our resultsare partially
cons stent with those of Framingham Heart Study 5122,
Infact, they areinfavor of alink between homocysteine
concentrationsand increased cardiovascular risk. This
associ ation was more pronounced among women. On
the other side, no relationship was found between
homocysteine and arterial hypertension. Many
experimental anddinicd sudieshavedsoshownamgor
roleof thedeficiency inomega-3 and excess saturated
fatty acids, oxidative stressincluding cell membranes
and disorders of methylation reactions resulting in
hyperhomocysteinemid?l. Onestudy showed that mice
with type 2 diabetes have significantly increased the
production of H.,O, inthearteriolar wall*. Besides,
other than its inhibitory action on endothelial NO
production, H,0O, can actively participate in the
mechanisms of endothelium-dependent vasodilationin
type 2 diabetes. The mechanism of H,O,-mediated
dilationisnot fully understood, but studieshave shown
that stimulating potassium channelsby calcium, H,O,
hyperpolarizesthe vascular smooth musclecellsand
acts as a potential EDHF?>21, Other studies have
shown that the vasodilation, induced by H.,O,, is
mediated by endothelid NO releasg?. Invitro, studies

havefound that during theexposureof humanendothdia
cdlsfromumbilica veinsat low glucose concentrations
(upto0.4g/1); NOleveslowered quickly inresponse
to decreased synthesis, by eNOS, and accelerated
degradation. Thiswas accompanied by activation of

(0, )and H,O, production, which are coupled by the
mitochondrial membrane hyperpol arization dueto the
lack of NO#.,

CONFLICT OFINTERESTS
None.
CONCLUSION

The overproduction of H,O, generated by
hyperglycemia, increased dose of FFA and
hyperhomocystenemia, amplify theinsulinres stanceand
inducearterid hypertenson.
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