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SaZetak

Cilj nade studije bio je odrediti medusobne odnose izmedu ,prve”, neenzim-
ske, te ,druge”, enzimske crte antioksidacijske zastite u bolesnika s Secernom
bolesti tipa 2 i oitovanim kardiovaskularnim komplikacijama. Drugi je cilj bio
utvrditi odnose izmedu prooksidacijskih (lipidni status) i antioksidacijskih pa-
rametara u ispitivanih bolesnika.

Materijali i metode: U nasu je studiju parova bilo ukljuceno ukupno 117 bo-
lesnika s Secernom bolesti tipa (69 sa, te 48 bez kardiovaskularnih komplika-
cija) i 42 zdrava ispitanika. Odredivani su sljedei antioksidacijski enzimski pa-
rametri: eritrociti, Cu, Zn-SOD, glutation-peroksidaza (GPx) i glutation-reduk-
taza (GR), kao i ukupni antioksidacijski status (engl. total antioxidant status,
TAS), te bilirubin, mokracna kiselina, ukupni proteini, albumin i haptoglobin.
Enzimski antioksidacijski parametri i TAS analizirani su pomocu komercijalnih
testova tvrtke Randox Ltd, V. Britanija, koji se temelje na spektrofotometrij-
skim metodama, dok su ostali neenzimski i lipidni parametri odredeni stan-
dardnim laboratorijskim metodama.

Rezultati: U odnosu na zdrave ispitanike, bolesnici s Secernom bolesti tipa
2 i kardiovaskularnim komplikacijama imali su znacajno nize vrijednosti en-
zimskih antioksidansa (P < 0,001) i viSe vrijednosti ukupnog bilirubina (P =
0,050), mokracne kiseline (P < 0,001) i haptoglobina (P < 0,001). Slaba je po-
zitivna korelacija utvrdena izmedu SOD i GPx (R = 0,289, P =0,028) te izmedu
SOD i GR (R = 0,259, P = 0,045), a slaba negativna korelacija zabiljeZena je
izmedu GPx i mokracne kiseline (R = — 0,35, P = 0,009) te GPx i ukupnog
bilirubina (R = — 0,40, P = 0,018). TAS je slabo korelirao s trigliceridima (R =
0,32, P =0,037), a GPx i GR su korelirali s HDL-kolesterolom (R = 0,457, P =
0,007; te R = 0,466, P = 0,001).

Zakljucci: Temeljem dobivenih rezultata moze se zakljuciti da bolesnici s Se-
cernom bolesti tipa 2 imaju znacajno promijenjenu antioksidacijsku zastitu,
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Abstract

The objective of our study was to determine the interrelations between the
“first”, non-enzymatic, and the “second”, enzymatic line of antioxidant defen-
se in patients with type 2 diabetes mellitus and manifested cardiovascular
complications. The second aim was to determine the relations between pro-
oxidant (lipid status) and antioxidant parameters in patients under observa-
tion.

Methods: In our case-control study, a total of 117 type 2 diabetic patients
(69 with and 48 without cardiovascular complications) and 42 healthy subjec-
ts were included. Antioxidant enzymatic parameters: erythrocyte, Cu,Zn-SOD,
glutathione peroxidase (GPx) and glutathione reductase (GR), as well as total
antioxidant status (TAS), bilirubin, uric acid, total proteins, albumin and hap-
toglobin were determined. The enzymatic antioxidant parameters and TAS
were analyzed using commercial tests manufactured by Randox Ltd. UK, ba-
sed on spectrophotometer methods, while the other non-enzymatic and lipid
parameters were determined by standard laboratory methods.

Results: In relation to healthy subjects, type 2 diabetics with cardiovascular
complications had significantly lower values of enzymatic antioxidants (P <
0.001), and higher values of total bilirubin (P = 0.050), uric acid (P < 0.001)
and haptoglobin (P < 0.001). Weak positive correlation was found between
SOD and GPx (R = 0.289, P = 0.028) and between SOD and GR (R=10.259, P =
0.045), while weak negative correlation was obtained between GPx and uric
acid (R =—0.35, P = 0.009), GPx and total bilirubine (R = —0.40, P = 0.018).
TAS correlated weakly with triglycerides (R = 0.32, P = 0.037), while GPx and
GR correlated with HDL-cholesterol (R = 0.457, P = 0.007; and R = 0.466, P
=0.001).

Conclusions: Based on the obtained results, it may be concluded that type
2 diabetic patients have significantly modified antioxidant defense, with a va-
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uz razliditi stupanj neravnoteZe izmedu skupa neenzimskih tvari i aktivnosti
enzimskih antioksidanasa, koja ovisi o tome jesu i se kardiovaskularne kom-
plikacije pojavile ili ne.

Kljucne rijeci: oksidacijski stres, antioksidacijska zastita, Secerna bolest tipa
2, kardiovaskularne komplikacije, usporedna analiza

Uvod

Razvoj, tijek i komplikacije $ecerne bolesti tipa 2 usko su
povezani s neravnotezom izmedu prooksidacijskog i an-
tioksidacijskog stani¢nog ostecenja te promjene redoks-
potencijala. Oksidacijski stres je kod Secerne bolesti rezul-
tat, kako pojacanog stvaranja slobodnih radikala, tako i
smanjene sposobnosti za antioksidacijsku zastitu (1).
Antioksidacijska zastita organizma, koja uklju¢uje enzim-
ske i neenzimske tvari, odrzava ravnotezu stvaranjem slo-
bodnih radikala u granicama homeostaze te sprjecava
sirenje reakcije slobodnih radikala koja moze prouzroditi
ostecenje tkiva (2).

Superoksidna dismutaza (SOD; E.C. 1.15.1.1) katalizira dis-
mutaciju superoksidnih radikala u vodikov peroksid i mo-
lekularni kisik.

Glutation-peroksidaza (GPx; E.C. 1.11.1.9) katalizira reduk-
ciju vodikovog peroksida ili organskog hidroperoksida
u alkohol u prisutnosti reduciranog glutationa kao dava-
telja elektrona. Stalno obnavljanje reduciranog glutatio-
na provodi se aktiviranjem glutation-reduktaze (GR; E.C.
1.6.3.2).

Mokrac¢na kiselina je vazan fiziolo3ki antioksidans. Djelo-
vanje slobodnih radikala utjec¢e na oksidaciju mokra¢ne
kiseline u alantoin, dok se vezanjem iona bakra i zeljeza
stvaraju postojani kompleksi ¢ime se smanjuje oksidacij-
ski potencijal tih elemenata kao i Sirenje reakcija slobod-
nih radikala. Usto, mokra¢na kiselina neutralizira hidroksil-
ni radikal i hipoklornu kiselinu (3).

U uvjetima nizeg parcijalnog tlaka kisika, bilirubin djeluje
kao snazan ,Cistac” peroksilnih radikala (4).

Vezanjem iona zeljeza i bakra, albumin, feritin, transferin,
haptoglobin i ceruloplazmin zna¢ajno smanjuju nastanak
slobodnih radikala i time Stite molekule slobodnih mas-
nih kiselina od peroksidacije. S druge strane, albumin mo-
ze neutralizirati hipoklornu kiselinu kao i peroksilne radi-
kale (5-7).

Cilj nase studije bio je odrediti medusobne odnose izme-
du ,prve”, neenzimske (mokracna kiselina, aloumin, ukup-
ni proteini, bilirubin, haptoglobin i TAS) i ,druge”, enzim-
ske (SOD, GPx, GR) crte antioksidacijske zastite u bolesni-
ka s Se¢ernom bolesti tipa 2 i oc¢itovanim kardiovaskular-
nim komplikacijama (Secerna bolest, DM + kardiovaskular-
ne komplikacije, KVK). Drugi je cilj bio ustanoviti odnose
izmedu prooksidacijskih (lipidni status) i antioksidacijskih
parametara u ispitivanih bolesnika usporedbom sa zdra-

Antioxidative defense and diabetes mellitus

rying degree of imbalance between the “pool” of non-enzymatic substances
and the activity of enzymatic antioxidants, which depends on whether they
have or not manifested cardiovascular complications.

Key words: oxidative stress, antioxidant defense, type 2 diabetes mellitus,
cardiovascular complications, comparative analysis

Introduction

Development, course and complications of type 2 diabe-
tes mellitus are closely associated with imbalance of pro-
and antioxidative cell impairment and change of redox
potential. Oxidative stress in diabetes is the result of both
increased production of free radicals and reduced capaci-
ty of antioxidative defense (1).

Antioxidative defense of organism which involves en-
zymatic and nonenzymatic substances maintains the ba-
lance by generation of free radicals within homeostasis
limits and prevents the expansion of free-radical reaction
that may cause tissue damage (2).

Superoxide dismutase (SOD; E.C. 1.15.1.1) catalyzes dismu-
tation of superoxide radicals into hydrogen peroxide and
molecular oxygen.

Glutathione peroxidase (GPx; E.C. 1.11.1.9) catalyzes reduc-
tion of hydrogen peroxide or organic hydroperoxide into
alcohol in the presence of reduced glutathione as an elec-
tron donor. Constant regeneration of reduced glutathio-
ne is carried out by activation of glutathione reductase
(GR; E.C. 1.6.3.2).

Uric acid is an important physiological antioxidant. Ac-
tion of free radicals makes uric acid to be oxidized into
allantoin, while iron and copper ion binding produces
stable complexes, which reduces the oxidation potential
of these elements as well as propagation of free-radical
reactions. In addition, uric acid neutralizes hydroxyl radi-
cal and hypochloric acid (3).

In conditions of low partial oxygen pressure, bilirubin ac-
ts as a potent “scavenger” of peroxyl radicals (4).
Albumin, ferritin, transferrin, haptoglobin and ceruloplas-
min, by the binding of iron or copper ions, significantly
decrease the production of free radicals, thus protecting
the molecules of free fat acids from peroxidation. On the
other hand, albumin may neutralize hypochloric acid as
well as peroxyl radicals (5-7).

The objective of our study was to determine the interrela-
tions between the “first”, non-enzymatic (uric acid, albu-
min, total proteins, bilirubin, haptoglobin and TAS - total
antixidant status) and the “second”, enzymatic (SOD, GPx,
GR) line of antioxidant defense in patients with type 2 dia-
betes mellitus (DM) and manifested cardiovascular com-
plications (CVC) (DM + CVC). The second aim was to deter-
mine the relations between the pro-oxidant (lipid status)
and antioxidant parameters in studied patients, compa-
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vim ispitanicima i dijabeti¢arima bez komplikacija kako
bi se analizirao ucinak kardiovaskularnih komplikacija na
sustav antioksidacijske zastite.

Materijali i metode

Ispitanici

U nasu je studiju parova bilo uklju¢eno 117 bolesnika s 3e-
¢ernom bolesti tipa 2 lije¢enih u Zavodu za endokrinolo-
giju, dijabetes i metaboli¢cke poremecaje, Klinicki centar
Srbije, Beograd, (62 muskaraca i 55 zena) te 42 zdrava is-
pitanika (33 Zene i 9 muskaraca) koji su cinili kontrolnu
skupinu. Secerna bolest je dijagnosticirana na temelju
klini¢kih znacajki i laboratorijskih nalaza: glikemije nakon
gladovanja > 7 mmol/L u dva uzastopna mjerenja te gli-
kemije viSe od 11,1 mmol/L dva sata nakon oralnog opte-
re¢enja glukozom od 75 g. Studija je takoder ukljucivala
bolesnike s S3ecernom bolesti tipa 2 koji su u Zavodu bili
na oralnoj antidijabetickoj ili inzulinskoj terapiji vise od
jedne godine. Kriteriji za hipertenziju bili su sljededi: sis-
tolicki krvni tlak preko 140 mmHg te dijastolicki krvni tlak
preko 90 mmHg, te podatak da su bolesnici bili ukljuceni
u antihipertenzijsko lijecenje dulje od jedne godine.
Zdravi su ispitanici bili odabrani medu zaposlenicima Za-
voda za medicinsku biokemiju Klinickog centra Srbije,
Beograd, koji su u vrijeme studije bili zdravi, bez ikakvih
znakova akutnih ili kroni¢nih stanja, te koji hranom nisu
unosili nikakve dodatne antioksidanse. Ti su ispitanici
odabraniizmedu pojedinaca koji su prosli redoviti lije¢nic-
ki pregled i ¢iji su laboratorijski nalazi ukazali na odsutno-
st Secerne bolesti, hipertenzije, koronarne bolesti te pore-
mecaja koronarnog stanja.

Svi su ispitanici potpisali informirani pristanak za sudjelo-
vanje u studiji, a dobiveno je odobrenje lokalnog eti¢kog
odbora.

Metode

Uzorci krvi za analizu uzeti su nakon 12-14-satnog glado-
vanja tijekom nodi. Sve laboratorijske pretrage izradene
su neposredno nakon vadenja krvi.

Antioksidacijski parametri SOD, GPx, GR i TAS odredeni su
komercijalnim testovima tvrtke Randox Ltd., V. Britanija,
zasnovanima na spektrofotometrijskim metodama pre-
ma Goldsteinu (za SOD) (8), Paglii i Valentineu (za GPx) (9),
Milleru (za TAS) (10), te Goldbergu (za GR) (11), dok su za
mjerenje ostalih neenzimskih i lipidnih parametara koris-
teni standardni laboratorijski testovi.

SOD je odredivana u krvnom hemolizatu koji je dobiven
ispiranjem eritrocita Cetiri puta s 3 mL NaCl (154 mmol/L)
te konacno liziranjem ispranih eritrocita s hladnom deioni-
ziranom vodom i 15-minutnim stajanjem na + 4 °C da bi
se dovrsio proces hemolize.

Glutation-peroksidaza je mjerena u uzorku pune krvi ko-
ji je prije mjerenja razrijeden 41 puta postupnim dodava-
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ring them to healthy control subjects and complication-
free diabetics in order to analyze the impact of cardiovas-
cular complications on the antioxidant defense system.

Materials and methods

Subjects

Our case-control study included 117 type 2 diabetic pa-
tients treated at the Institute of Endocrinology, Diabetes
and Metabolic Disorders, Clinical Center of Serbia, Belgra-
de (62 males and 55 females) and 42 healthy subjects (33
women and 9 men), who comprised the control group.
The diagnosis of diabetes was made on the basis of pa-
tients’ clinical features and laboratory findings: fasting
glycemia over 7 mmol/L in two subsequent measurings,
and/or higher than 11.1 mmol/L two hours after 75 g oral
glucose load. The study also included type 2 diabetic pa-
tients who were treated in the afore mentioned Institute
and were on oral antidiabetic or insulin therapy longer
than 1 year. Criteria for hypertension were: systolic blood
pressure over 140 mmHg and diastolic blood pressure
over 90 mmHg; and/or the information that patients were
on some antihypertensive treatment longer than 1 year.
Healthy subjects were recruited from the employees of
the Institute of Medical Biochemistry, Clinical Center of
Serbia, Belgrade, who were healthy at the time of study,
without any signs of acute or chronic conditions and who
did not take any additional antioxidants in their food.
They were selected among those individuals who went
through regular medical check-up and whose laboratory
findings showed the absence of diabetes, hypertension,
coronary disease or coronary disorder.

All subjects gave their informed consent on participation
in the study, and the local ethic committee approved this
study.

Samples

The blood samples for analysis were taken after 12-14-
hour overnight fast. All laboratory tests were done imme-
diately after sampling.

Antioxidant parameters SOD, GPx, GR and TAS, were de-
termined by commercial tests (Randox Ltd., UK), based on
spectrophotometer methods by Goldstein (for SOD) (8),
Paglia and Valentine (for GPx) (9), Miller (for TAS) (10) and
Goldberg (for GR) (11), while other non-enzymatic and li-
pid parameters were determined by standard laboratory
tests.

SOD was determined in blood hemolysate obtained by
washing of erythrocytes 4 times with 3 mL of NaCl (154
mmol/L) and finally by lysing of washed erythrocytes wi-
th cold deionized water, followed by a period of 15 minu-
tes at +4 °C to complete hemolysis.

Glutathione peroxidase was determined in the whole
blood sample which was, just before determination, dilu-
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njem razrjedivaca (dostavljenog uz test) i dvostruko kon-
centriranog Drabkinovog reagensa.
Glutation-peroksidaza i TAS odredivani su u plazmi koja
je dobivena centrifugiranjem Li-heparinizirane krvi 10
min brzinom od 3000 okr/min.

Statisticka analiza

Rezultati su prikazani kao srednja vrijednost + SD za konti-
nuirane varijable s normalnog razdiobom. Statisti¢ka ana-
liza razlike izmedu svih skupina provedena je primjenom
testa ANOVA. Spearmanov korelacijski test koristen je za
definiranje korelacija pojedina¢nih parametara izmedu i
unutar skupina. Statisticke su analize ucinjene primjenom
statisticke programske podrske SPSS v10.0 (SPSS Inc., Chi-
cago, SAD). Svi su statisticki testovi bili dvosmijerni. Vrijed-
nosti P < 0,05 smatrane su statisticki znacajnima.

Rezultati

Vrijednosti ispitivanih parametara te opce informacije o
ispitanicima prikazane su u Tablici 1.

TaBuica 1. Demografska obiljeja i mjereni biokemijski parametri ispiti-
vanih skupina

Antioxidative defense and diabetes mellitus

ted 41 fold by gradual addition of diluent (supplied in the
test kit) and double-concentrated Drabkin’s reagent.
Glutathione peroxidase and TAS were determined in plas-
ma that was obtained by centrifugation of Li-heparinized
blood 10 min/3000 rpm.

Statistical analysis

Results were presented as mean + SD for continuous nor-
mally distributed variables. Statistical analysis of differen-
ces between all groups was performed using ANOVA test.
Spearman’s correlation test was used to define correlatio-
ns of individual parameters between and within grou-
ps. Statistical analyses were performed using SPSS v10.0
(SPSS Inc. Chicago IL) statistical software. All statistical tes-
ts were two-tailed. P values < 0.05 were considered statis-
tically significant.

Results

The values of tested parameters and general information
on subjects are presented in Table 1.

TaBLe 1. Demographic characteristics and measured biochemical para-
meters of the groups under observation.

Patient characteristics DM with complications DM without complications Control group P *
Number of patients 69 48 42 -
Sex (male/female) 37/32 25/23 9/33 -
Age (years) 58+9 58+ 10 52+ 11 -
Duration of DM (years) 9+10 7+8 - -
Smokers (%) 333 28.6 40 -
Glucose (mmol/L) 8.6+3.2 9.23+3.4 5.04+0.8 < 0.001
SOD (U/gHb) 806.5+103.6 961 +£929 969.4 + 104.8 < 0.001
GPx (U/gHb) 23.6+4.6 27.2+5.3 29.1+3.5 < 0.001
GR (U/L) 55.1+9.5 50.3+8.8 62.5+8.0 0.001
TAS (mmol/L) 1.18 + 0.19 1.27 +0.21 1.35+0.23 0.001
Uric acid (umol/L) 327.3+£101 289.5+102.3 251 +£86.7 0.001
Total bilirubin (umol/L) 14.8+6.8 13.9+£6.4 125+ 0.086
Direct bilirubin (umol/L) 54+28 43+17 4.7+1.3 0.548
Albumin (g/L) 43.5+49 441 +3.9 45.3+49 0.091
Total proteins (g/) 69.6 + 6.1 71.4+4.5 734146 0.003
Haptoglobin (g/L) 1.38+1.28 1.03+£0.45 0.74+0.19 0.000
Creatinine (umol/L) 94.8 +26.3 92.2+16.9 87+12.3 0.077
Total cholesterol (mmol/L) 6.07 £1.25 6.6+ 1.6 58+0.9 0.006
LDL-cholesterol (mmol/L) 40£1.2 43+14 3.8+£09 0.050
HDL-cholesterol (mmol/L) 1.15+£0.33 1.3+£0.32 1.21£0.19 0.990
Triglycerides (mmol/L) 2.58+£1.57 2.68+£2.83 1.6 +£0.66 0.006
Apoprotein A1 (g/L) 1.467 +0.398 1.67 +0.47 1.53+0.28 0.879
Apoprotein A2 (mg/L) 326.7 £73.7 346.1 £60.6 321+81.2 0.384
Apoprotein B (g/L) 1.299 +£0.35 1.30+0.27 1.35+0.34 0.454
Apoprotein E (mg/L) 77.5+36.1 73.0£36.9 60.5 £ 56.7 0.001
Apoprotein Lp(a) (g/L) 0.167 +0.18 0.29+0.35 0.15+0.08 0.085

* ANOVA test
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Od ukupnog broja ispitivanih bolesnika s Se¢ernom boles-
ti, 48 ispitanika (23 zene i 25 muskaraca) u dobi od 58 +
10 godina imalo je Secernu bolest tipa 2 bez komplikacija
(DM), dok je 69 ispitanika (32 Zzene i 37 muskaraca) u dobi
od 57 + 9, imalo, prema kriterijima Svjetske zdravstvene
organizacije, dijagnosticirane kardiovaskularne komplika-
cije (DM + KVK) kao sto su koronarna bolest (engl. coro-
nary artery disease, CAD), hipertenzija (HTA), te anamneza
akutnog infarkta miokarda (AIM) tijekom posljednjih 8 go-
dina. Trajanje Secerne bolesti u skupini DM + KVK bilo je 9
+ 10 godina, a komplikacije su bile prisutne tijekom jedne
do 32 godine, dok je u skupini DM bez komplikacija Secer-
na bolest trajala 7 + 8 godina.

U skupini DM + KVK dokumentirana su 32 slucaja koro-
narne bolesti s hipertenzijom (46,4%) (CAD + HTA), 17 bo-
lesnika bez hipertenzije (CAD) (24,6%), 7 bolesnika (10,2%)
s koronarnom bolesc¢u i anamnezom infarkta miokarda
(CAD + AIM), a 13 bolesnika (18,8%) imalo je sve tri nave-
dene komplikacije (CAD + AIM + HTA).

U toj je skupini terapija ukljucivala propisani nacin preh-
rane za 29 bolesnika (42%), 30 bolesnika (43,5%) je dobi-
valo oralne hipoglikemijske lijekove, dok je 10 bolesnika
(14,5%) primalo inzulin u kombinaciji s oralnim hipog-
likemicima. U skupini bez komplikacija, 21 se bolesnik
(43,75%) morao jedino pridrzavati propisanog nacina
prehrane, dok su ostali (56,25%) dobivali oralne hipoglike-
mijske lijekove.

Dobivene vrijednosti za SOD, GPx i GR bile su znacajno
nize u bolesnika s Se¢ernom bolesti tipa 2 i kardiovasku-
larnim komplikacijama (P < 0,001) u usporedbi sa zdravim
kontrolnim ispitanicima. Znacajna je razlika utvrdena iz-
medu dviju podskupina bolesnika s Se¢ernom bolesti tipa
2. Enzimski antioksidacijski parametri bili su mnogo nizi u
podskupini bolesnika s se¢ernom bolesti tipa 2 i kardio-
vaskularnim komplikacijama u usporedbi s podskupinom
dijabeti¢ara bez komplikacija (P < 0,001 za SOD i GPx, te P
=0,025 za GR).

Vrijednosti neenzimskih antioksidacijskih tvari bile su raz-
licite od vrijednosti enzimskih antioksidacijskih parameta-
ra. Koncentracija mokrac¢ne kiseline bila je znac¢ajno visa u
bolesnika s DM + KVK u odnosu na kontrolne ispitanike (P
< 0,001), no ne i u odnosu na dijabeti¢are bez komplikaci-
ja (Tablica 1.). Ukupni je bilirubin bio takoder visi u skupini
DM + KVK u odnosu na kontrolnu skupinu (P = 0,05), no
ne i u odnosu na bolesnike s DM bez komplikacija. Vrijed-
nost direktnog bilirubina nije se znacajno razlikovala u od-
nosu na kontrolnu skupinu, no znacajna je razlika nadena
medu skupinama DM + KVK i DM bez komplikacija. Kon-
centracija albumina nije se znacajno razlikovala medu tim
skupinama, a koncentracija haptoglobina bila je znacajno
visa u obje ispitivane skupine u odnosu na kontrolnu sku-
pinu (tj. P < 0,001 i P =0,001).

U sve tri skupine bolesnika dobiven je niz znacajnih kore-
lacija izmedu enzimskih i neenzimskih parametara. U sku-

Biochemia Medica 2008;18(1):42-51

Antioxidative defense and diabetes mellitus

Of a total number of studied diabetic patients, 48 sub-
jects, (23 females and 25 males), aged 58 + 10 years, had
type 2 diabetes without complications (DM), while 69 sub-
jects, (32 females and 37 males), aged 57 + 9 years, were
diagnosed with cardiovascular complications (DM + CVC)
according to the World Health Organization criteria such
as coronary artery disease (CAD), hypertension (HTA) and
a personal history of acute myocardial infarction (AMI)
in the last 8 years. Duration of diabetes in the DM + CVC
group was 9 + 10 years, and complications lasted from 1
to 32 years, while in the group DM without complicatio-
ns, diabetes lasted 7 + 8 years.

In the group DM + CVC, 32 cases of coronary disease wi-
th hypertension (46.4%) (CAD + HTA), 17 patients without
hypertension (CAD) (24.6%), 7 patients (10.2%) with coro-
nary disease and personal history of myocardial infarction
(CAD + AMI) were documented, and 13 patients (18.8%)
had all three complications (CAD + AMI + HTA).

In the DM + CVC group, the therapy involved dietary re-
gime in 29 patients (42%), and 30 patients (43.5%) were
administered oral hypoglycemic drugs, while 10 patients
(14.5%) received insulin combined with oral hypoglyce-
mics. In the group without complications, 21 patients
(43.75%) had only dietary regime, and the rest (56.25%)
were administered oral hypoglycemic drugs.

The obtained SOD, GPx and GR values were significantly
lower in type 2 diabetic patients with cardiovascular com-
plications (P < 0.001) compared to healthy control subjec-
ts. Significant difference was found between two subgrou-
ps of type 2 diabetic patients. The enzymatic antioxidant
parameters were much lower in the subgroup of type 2
diabetics with cardiovascular complications compared to
the subgroup of complication-free diabetic patients (P <
0.001 for SOD and GPx and P = 0.025 for GR).

The values of enzymatic antioxidant parameters were
different from those for non-enzymatic antioxidant sub-
stances. Uric acid values were significantly higher in DM
+ CVC in relation to the controls (P < 0.001), but not in re-
lation to DM without complications (Table 1). Total biliru-
bin was also higher in the group DM + CVC in relation to
control group (P = 0.05), but not in relation to DM without
complications. Direct bilirubin value was not significantly
different in relation to control group, but significant diffe-
rence was found between the groups DM + CVC and DM
with no complications. Albumin levels were not significan-
tly different between these groups, while haptoglobin va-
lues were significantly higher in both studied groups in
relation to the control group (P < 0.001 and P = 0.001, res-
pectively).

A series of significant correlations between enzymatic
and non-enzymatic parameters was obtained in all three
groups of subjects. In DM + CVC, weak but significant cor-
relations were obtained between SOD and haptoglobin
values (R = 0.35, P = 0.049); SOD and total proteins (R =
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pini DM + KVK dobivene su slabe no znacajne korelacije iz-
medu vrijednosti SOD i haptoglobina (R = 0,35, P = 0,049);
SOD i ukupnih proteina (R = 0,29, P = 0,049), kao i izmedu
TAS i mokrac¢ne kiseline (R = 0,35, P < 0,001), dok su sla-
be znacajne negativne korelacije utvrdene izmedu GPx i
mokracne kiseline (R =-0,35, P = 0,009) te GPx i ukupnog
bilirubina (R=-0,40, P =0,012).

U skupini DM bez komplikacija vrijednosti TAS su umjere-
no korelirale s bilirubinom (R = 0,54, P < 0,001), a vrijed-
nosti GPx slabo su korelirale s ukupnim proteinima (R =
0,395, P =0,015).

Koncentracije ukupnog kolesterola bile su sli¢cne u obje
skupine bolesnika, a znacajne su razlike dobivene u uspo-
redbi s kontrolnom skupinom (tj. P = 0,040 i P = 0,001).
Koncentracije triglicerida bile su znacajno vise u obje sku-
pine u odnosu na kontrolne ispitanike, dok su koncentra-
cije HDL- i LDL-kolesterola bile sli¢ne u sve tri skupine ispi-
tanika. Koncentracije apoproteina apo Al, apo A2 i apoB
bile su takoder slicne u sve tri skupine ispitanika, dok su
koncentracije apo E bile znacajno nize u kontrolnoj skupi-
ni nego u dijabeticara s komplikacijama (P = 0,045).
Vrijednosti TAS slabo su korelirale s trigliceridima (R =
0,32, P = 0,016), dok su aktivnosti GPx i GR pozitivho ko-
relirale s HDL-kolesterolom u obje dijabeticke skupine (R
= 0,457, P = 0,007, te R = 0,466, P = 0,001 za DM bez i sa
komplikacijama). Slaba, no pozitivna korelacija nadena je
izmedu GR i apoproteina A1 (R =0,289; P = 0,040) u skupi-
ni DM + KVK.

U zdravih su ispitanika utvrdene statisticki znacajne, no
slabe korelacije izmedu vrijednosti SOD i ukupnih protei-
na (R = 0,395, P = 0,001), albumina (R = 0,326, P = 0,039)
i mokracne kiseline (R = 0,378, P = 0,014), a postojala je i
slaba obrnuta korelacija izmedu GPx i ukupnih proteina i
albumina (R =-0,329, P = 0,037, te R =-0,369, P = 0,019).
Glutation-peroksidaza je slabo korelirala s LDL-kolestero-
lom (R=0,376, P =0,028), kaoisapo A2iapo B (R=0,477;
P =0,005; te R=0,381, P =0,029).

Vrijedno je spomenuti da su vrijednosti TAS i GR bile u sla-
boj pozitivnoj korelaciji s koncentracijom glukoze u zdra-
vih kontrolnih ispitanika (R = 0,413, P = 0,006, te R = 0,304,
P =0,049), sto ukazuje da je porast koncentracije glukoze
u serumu u zdravih ispitanika povezan s pojacanom aktiv-
nosc¢u glutation-reduktaze i visim koncentracijama nekih
neenzimskih antioksidansa.

U bolesnika s Secernom bolesti bez komplikacija tako-
der je zabiljeZzena slaba pozitivna korelacija izmedu GPx i
koncentracije glukoze (R = 0.384, P = 0.049), kao i izmedu
SOD i glukoze (R = 0.375, P = 0.050), to je takoder nazna-
Cilo povezanost vise razine antioksidacijske zastite i visih
koncentracija glukoze u dijabeticara u kojih se nisu razvi-
le komplikacije.

Spearmanov koeficijent korelacije otkrio je slabu negativ-
nu, no znacajnu korelaciju izmedu GPx i vrijednosti gluko-
ze (R =-0,382, P = 0,049) u skupini bolesnika s DM, CD i
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0.29, P = 0.049) as well as between TAS and uric acid (R =
0.35, P < 0.001), while weak significant negative correlatio-
ns were found between GPx and uric acid (R =-0.35,P =
0.009) and GPx and total bilirubin (R = -0.40, P = 0.012).

In the group DM without complications, TAS values cor-
related moderately with bilirubin (R = 0.54, P < 0.001),
and GPx values correlated weakly with total proteins (R =
0.395, P =0.015).

Total cholesterol concentrations were similar in both grou-
ps of affected subjects, and significant difference was ob-
tained in comparison to control group (P = 0.040 and P =
0.001, respectively). Triglyceride values were significantly
higher in both groups in relation to controls, while HDL
and LDL cholesterol levels were similar in all three groups
of subjects. Values of apoproteins apo A1, apo A2 and apo
B were similar in all three groups of subjects, while apo
E concentrations were significantly lower in the control
group than in diabetics with complications (P = 0.045).
TAS levels weakly correlated with triglycerides (R = 0.32, P
= 0.016) while GPx and GR activities correlated positively
with HDL cholesterol in both diabetic groups (R = 0.457,
P =0.007 and R = 0.466, P = 0.001 for DM without and wi-
th complications respectively). Weak but positive correla-
tion between GR and apoprotein A1 (R = 0.289; P = 0.040)
was found in the DM + CVC group.

In healthy controls, statistically significant but weak corre-
lations were found between SOD values and total protei-
ns (R = 0.395, P = 0.001), albumin (R = 0.326, P = 0.039)
and uric acid (R = 0.378, P = 0.014), while there was a weak
inverse correlation between GPx and total proteins and
albumins (R =-0.329, P = 0.037 and R = -0.369, P = 0.019,
respectively). Glutathione peroxidase correlated weakly
with LDL-cholesterol (R = 0.376, P = 0.028) as well as with
apo A2 and apo B (R=0.477; P = 0.005; and R=0.381,P =
0.029, respectively).

It is worth mentioning that TAS and GR values were in
weak positive correlation with glucose concentration in
healthy controls (R = 0.413, P = 0.006, and R = 0.304, P =
0.049, respectively), which suggested that the increase of
serum glucose concentration in healthy controls was asso-
ciated with higher activity of glutathione reductase and
higher concentrations of some non-enzymatic antioxi-
dants.

In diabetics without complications, weak positive corre-
lation between GPx and glucose concentration was also
found, as well as between SOD and glucose (R = 0.384 for
P = 0.049, and R = 0.375, P = 0.050, respectively), which
also indicated the association of higher level of antioxida-
tive defense with higher glucose concentrations in diabe-
tics who had not developed complications.

Spearman’s correlation coefficient disclosed weak negati-
ve but significant correlation between GPx and glucose
values (R = -0.382, P = 0.049) in DM group with CD and
HTA, and also in the DM group with CD and AMI (R =
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HTA, te takoder u skupini DM s CD i AIM (R = -0,860, P =
0,041), dok je u skupini DM sa sve tri vrste komplikacija
utvrdena znacajna umjerena negativna korelacija izmedu
koncentracija SOD i glukoze (R =-0,590, P = 0,035).

U zdravih je ispitanika SOD umjereno korelirao s TAS (R =
0,62; P < 0,001), umjerena obrnuta korelacija zapazena je
izmedu SOD i GR (R=-0,58; P < 0,001), dok su GR i TAS bili
u slaboj negativnoj korelaciji (R = -0,358; P = 0,027).
Antioksidacijski su parametri u dijabeti¢ara s komplikaci-
jama bili u medusobnoj pozitivnoj korelaciji; zapazili smo
slabu korelaciju izmedu SOD i GPx (R = 0,289; P = 0,028) te
izmedu SOD i GR (R =0,259; P = 0,045).

Rasprava

Ovo je prva studija u kojoj se usporeduju ,prva”i,druga”
crta antioksidacijske zastite u bolesnika s Se¢ernom boles-
ti tipa 2, te njihovi odnosi prema prooksidacijskim tvari-
ma u plazmi kao $to su parametri lipidnog statusa, kako
bi se analizirala povezanost manifestiranih kardiovaskular-
nih komplikacija i sustava antioksidacijske zastite.

Na temelju dobivenih rezultata moze se zakljuciti da je
enzimska antioksidacijska zastita u bolesnika s Se¢ernom
bolesti tipa 2 bila zna¢ajno smanjena u usporedbi sa zdra-
vim ispitanicima (P < 0,001). Ozbiljnije je smanjenje enzim-
ske antioksidacijske zastite zapaZeno u dijabeticara sa sr-
¢anozilnim komplikacijama, nego u onih bez komplikaci-
ja (P <0,007):

Postoji mnogo spojeva u nasemu tijelu koji djeluju kao
antioksidansi. Mnogi se od njih redovito mjere u svakod-
nevnoj praksi; primjerice, mokracna kiselina, bilirubin, al-
bumin, feritin, transferin, ceruloplazmin, haptoglobin itd.
U sluc¢ajevima neravnoteze izmedu oksidanasa i antiok-
sidanasa organizam nastoji kroz pojacanu sintezu nekih
tvari nadoknaditi nizu aktivnost odredenih enzima i time
tu ravnotezu odrzava.

Neenzimska antioksidacijska zastita bila je pojacana u na-
$im ispitanicima, sto je potvrdeno korelacijama utvrdeni-
ma izmedu nekih neenzimskih antioksidanasa i aktivnosti
antioksidacijskih enzima (GPx i mokrac¢na kiselina, GPx i
bilirubin, TAS i GR, TAS i GPx).

TAS je bio u slaboj pozitivnoj korelaciji s koncentracijom
mokracne kiseline i bilirubina, $to je sukladno ¢injenici da
ukupan antioksidacijski status, tj. TAS predstavlja zbirno
odredivanje svih neenzimskih antioksidansa koji mogu
neutralizirati vodikov peroksid u plazmi.

Postoji ogromna razlika u opsegu antioksidacijske zastite
izmedu dijabeticara sa i bez kardiovaskularnih komplika-
cija, Sto je ukazalo na znacajan ucinak vrste i trajanja kar-
diovaskularnih komplikacija na antioksidacijsku zastitu. U
dijabeticara sa sr¢anozilnim komplikacijama enzimski su
antioksidansi bili u medusobnoj pozitivnoj korelaciji, dok
su negativno korelirali s neenzimskim antioksidansima
(TAS).

Biochemia Medica 2008;18(1):42-51

Antioxidative defense and diabetes mellitus

-0.860, P = 0.041); while in the DM group with all three
types of complications, significant moderate negative cor-
relation was found between SOD and glucose levels (R =
-0.590, P = 0.035).

In healthy controls, SOD correlated moderately with TAS
(R = 0.62; P < 0.001), and moderate inverse correlation
was observed between SOD and GR (R =-0.58; P < 0.001),
whereas GR and TAS were in weak negative correlation (R
=-0.358; P = 0.027).

In diabetics with complications, the antioxidative para-
meters were in mutual positive correlation: we observed
weak correlation between SOD and GPx (R = 0.289; P =
0.028) and SOD and GR (R = 0.259; P = 0.045).

Discussion

This was the first study to compare the “first” and the “se-
cond” line of antioxidant defense in type 2 diabetic patien-
ts, and their relations to pro-oxidant plasma substances
such as lipid status parameters, in order to analyze the as-
sociation of manifested cardiovascular complications and
antioxidant defense system.

On the basis of the obtained results, it may be concluded
that enzymatic antioxidant defense of type 2 diabetic pa-
tients was significantly reduced in comparison with heal-
thy controls (P < 0.001). More profound reduction of en-
zymatic antioxidant defense was observed in diabetics wi-
th cardiovascular complications than in diabetics without
complications (P < 0.001).

There is a large number of compounds in our body acting
as antioxidants. Many of them are determined on regular
basis in our everyday practice such as uric acid, bilirubin,
albumin, ferritin, transferrin, ceruloplasmin, haptoglobin,
etc. In cases of imbalance of oxidants and antioxidan-
ts, organism endeavors, by increased synthesis of some
substances, to compensate for lower activity of some en-
zymes and thus maintains the balance.

Non-enzymatic antioxidant defense was increased in our
study subjects, which was confirmed by correlations fou-
nd between certain non-enzymatic antioxidants and the
activity of antioxidant enzymes (GPx and uric acid, GPx
and bilirubin, TAS and GR, TAS and GPx).

TAS was in weak positive correlation with values of uric
acid and bilirubin, which was consistent with the fact that
total antioxidant status (TAS) is a sum determination of all
non-enzymatic antioxidants that may counteract hydro-
gen peroxide in plasma.

There was a huge difference in the extent of antioxidant
defense between diabetics with and those without cardio-
vascular complications, which indicated the significant ef-
fect of type and duration of cardiovascular complications
on antioxidant defense. In diabetics with cardiovascular
complications, enzymatic antioxidants were in positive
correlation with each other, while they correlated negati-
vely with non-enzymatic antioxidants (TAS).
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U zdravih je ispitanika SOD slabo korelirao s nekim neen-
zimskim antioksidansima kao $to su albumin, ukupni pro-
teini i mokracna kiselina te time ukazao na mogucdi siner-
gijski uc¢inak ,prve” i ,druge” crte antioksidacijske zastite.
U istoj je skupini GPx korelirao obrnuto s ukupnim protei-
nima i albuminima, no takva korelacija nije zapazena u
skupini bolesnika s Se¢ernom bolesti tipa 2 i kardiovasku-
larnim komplikacijama. U skupini bolesnika s Secernom
bolesti tipa 2 i kardiovaskularnim komplikacijama, GPx je
negativno korelirao s mokra¢nom kiselinom i ukupnim
bilirubinom i time naznacio mogucu povezanost tih para-
metara s razvojem kardiovaskularnih komplikacija u dija-
beticara.

Pozitivne bi korelacije izmedu GPx i LDL-kolesterola u
zdravih ispitanika mogle ukazati na mogucu povezanost
izmedu visih koncentracija lipida, koje dovode do ubrza-
ne lipidne peroksidacije i potencijalno veceg smanjenja
organskih hidroperoksida kao posljedice pojacane aktiv-
nosti GPx. Takva korelacija nije nadena ni u jednoj od dvi-
je skupine dijabeti¢ara, dok su druge znacajne korelacije
izmedu GPx i HDL-kolesterola (DM + KVK) i GR i HDL-koles-
terola (DM) utvrdene.

U kontrolnoj je skupini (fizioloski uvjeti) porast koncen-
tracije glukoze bio povezan s pojacanom aktivnos¢u GR
i razinama TAS, dok je u dijabeti¢ara bez komplikacija
povecana koncentracija glukoze bila povezana s ve¢om
aktivnos¢u GPx i SOD. Takva korelacija nije ustanovljena
u skupini DM + KVK. Upravo suprotno tome, korelacija iz-
medu glukoze i SOD bila je negativna u skupini bolesni-
ka s Secernom bolesti tipa 2 i teskim kardiovaskularnim
komplikacijama (KB + HTA + AIM). U nasim dvjema pret-
hodnim studijama zapazili smo povezanost vise koncen-
tracije glukoze s manjom aktivnos¢u GPx u dijabeti¢kim
podskupinama koje su imale koronarnu bolest s hiperten-
zijom i akutni infarkt miokarda (12,13). Takav negativan od-
govor sustava antioksidacijske zastite moze se povezati s
u¢inkom glikozilacije proteina i utjecajem oksidacijskog
stresa na smanjenu kataliticku aktivnost SOD i GPx; oba
ta uc¢inka doprinose ostec¢enoj ukupnoj antioksidacijskoj
zastiti dijabeticara s kardiovaskularnim komplikacijama.
Na taj nacin promijenjene vrijednosti ispitivanih parame-
tara i raznolikost korelacija ukazuju na znacajno izmije-
njenu antioksidacijsku zastitu u dijabeticara te naznacuju
razliciti stupanj neravnoteze ne samo izmedu oksidanasa
i antioksidanasa, vec takoder izmedu skupa neenzimskih
tvari i aktivnosti enzimskih antioksidansa koja uvelike ovi-
si o prisutnosti, vrsti i trajanju sr¢anozilnih komplikacija.
Ostali autori koji su se bavili istom tematikom dobili su sli¢-
ne rezultate. Abou Seif je sa suradnicima utvrdio smanje-
ne aktivnosti SOD, katalaze i ceruloplazmina u bolesnika s
Secernom bolesti tipa 2 (14) i povecanim koncentracijama
lipidnih parametara kao $to su kolesterol, trigliceridi, LDL-
kolesterol, te snizenim koncentracijama HDL-kolesterola i
povisenim koncentracijama produkata lipidne peroksida-
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In healthy subjects SOD correlated weakly with some
non-enzymatic antioxidants such as albumin, total pro-
teins and uric acid, suggesting the possible synergistic
effect of the “first” and the “second” line of antioxidant
defense. In the same group, GPx correlated inversely wi-
th total proteins and albumins, but such correlation was
not observed in the group of type 2 diabetics with cardio-
vascular complications. In the group of patients suffering
from type 2 diabetes with cardiovascular complications,
GPx correlated negatively with uric acid and total biliru-
bin, thus indicating the possible association of these para-
meters with the development of cardiovascular complica-
tions in diabetics.

Positive correlations between GPx and LDL-cholesterol in
healthy subjects could indicate possible association be-
tween high lipid concentrations leading to accelerated li-
pid peroxidation and potentially increased reduction of
organic hydroperoxides as a consequence of increased ac-
tivity of GPx. No such correlation was found in both grou-
ps of diabetic patients, while other significant correlatio-
ns between GPx and HDL-cholesterol (DM + CVC) and GR
and HDL-cholesterol (DM) were found.

In the control group (physiological conditions), the increa-
se of glucose concentration was associated with higher
GR activity and TAS levels, whereas in diabetics without
complications increased glucose level was associated wi-
th higher activity of GPx and SOD. Such correlation was
not found in the DM + CVC group. On the contrary, cor-
relation between glucose and SOD was negative in the
group of type 2 diabetics with severe cardiovascular com-
plications (CAD + HTA + AMI). In two of our previous stu-
dies, we observed that higher glucose concentration was
associated with lower GPx activity in diabetic subgroups
who had coronary disease with hypertension and AMI,
respectively (12,13). Such negative response of antioxidati-
ve defense system may be related to the effect of protein
glycosylation and impact of oxidative stress on reduced
catalytic SOD and GPx activity, all of which contributed
to impaired total antioxidative defense of diabetics with
cardiovascular complications. Thus changed values of tes-
ted parameters and diversity of correlations suggest signi-
ficantly modified antioxidant defense of diabetics, and in-
dicate different degrees of imbalance not only between
oxidants and antioxidants but also between the “pool” of
non-enzymatic substances and the activity of enzymatic
antioxidants that largely depend upon the presence, type
and duration of cardiovascular complications.

Other authors who studied this subject have obtained
similar results. Reduced activities of SOD, catalase and
ceruloplasmin were also obtained by Abou Seif and his
co-workers in type 2 diabetics (14), with increased concen-
trations of lipid parameters such as cholesterol, triglyceri-
des, LDL-cholesterol, lowered values of HDL-cholesterol
and increased concentrations of lipid peroxidation and
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cijeiglikozilacije. Everekliouglu (15) je pokazao da dijabeti-
c¢ari s makularnom degeneracijom imaju manju aktivnost
SOD, GPx i vise koncentracije MDA i NO u odnosu na zdra-
ve ispitanike. Bolesnici s duljom makulopatijom imali su
vece smanjenje SOD i GPx u odnosu na bolesnike u ranoj
fazi makulopatije. Martin-Gallan (16) je dokazao da mladi
dijabeticari s nedavno otkrivenom mikroangiopatijom
imaju znacajno snizene vrijednosti GPx, glutationa i 3-ka-
rotena u odnosu na kontrolne ispitanike, ali ne i u odnosu
na dijabeti¢are bez mikroangiopatije; osim toga, vrijed-
nosti SOD bile su znacajno vise u obje skupine ispitanika
bez obzira na prisutnost ili odsutnost mikroangiopatije.
Valabhji i sur. zapazili su nize vrijednosti TAS u bolesnika s
Secernom bolesti tipa 1 u odnosu na kontrolne ispitanike;
TAS je bio u negativnoj korelaciji s vrijednostima HbA1c
(P =0,0026), trajanjem Secerne bolesti te starenjem, oso-
bito u muskaraca (17). Stariji bolesnici s Secernom bolesti
tipa 1 koji su pokazali visi stupanj arterijske kalcifikacije
imali su vise vrijednosti krvnog tlaka, dulje trajanje dijabe-
tickog poremecaja, vise koncentracije serumskog koleste-
rola i kreatinina, te nize vrijednosti TAS u usporedbi s bo-
lesnicima sa slabijom kalcifikacijom arterija. Ruiz (18) je sa
svojim suradnicima otkrio da dijabeti¢ari ovisni o inzulinu
imaju znacajno manju aktivnost GPx te da to smanjenje
izravno ovisi o stupnju metaboli¢ke kontrole. Isti je autor
potvrdio da postoji znacajna korelacija neenzimskih an-
tioksidansa i koncentracija ukupnog kolesterola, lipidnog
hidroperoksida, triglicerida i koncentracija HbAlc. Nojiri i
sur (19) su dokazali da su vrijednosti TAS i koncentracije re-
tinala, albumina, ukupnih proteina i HDL-kolesterola bile
znacajno nize u bolesnika s koronarnom bole$¢u u uspo-
redbi s kontrolnim ispitanicima. Vrijednosti TAS pozitivho
su korelirale s mokra¢nom kiselinom i negativno s brojem
zahvacenih Zila. Njihova je studija dokazala povezanost
antioksidacijskih parametara i napredovanja aterosklero-
ze, no nije uspjela potvrditi antioksidanse kao neovisan
¢imbenik rizika za koronarni dogadaj.

U nasoj smo studiji prikazali povezanost nekih enzim-
skih antioksidansa s ukupnom neenzimskom antioksida-
cijskom aktivnos¢u plazme i pojedina¢nih neenzimskih
antioksidacijskih tvari. Odabrali smo tvari s antioksidacij-
skom aktivnoscu koje se najcesce odreduju u postojecoj
laboratorijskoj praksi. Osim tih tvari s antioksidacijskim
ucinkom, druge tvari (tj. glutation, a-tokoferol, zeaksan-
tin, likopen, ubikvinol i dr.) takoder predstavljaju ukupnu
antioksidacijsku sposobnost plazme; one nisu bile ukljuce-
ne u studiju, Sto predstavlja njeno moguce ogranicenje.

Zakljucak

Ukratko, poviseni oksidacijski stres i oksidacijsko ostece-
nje tkiva predstavljaju uobicajene posljedice kroni¢nih
bolesti kao sto su ateroskleroza i Sec¢erna bolest. Postoji
veliki broj dokaza da su biokemijski putovi, na koje nepo-
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glycosylation products. Everekliouglu (15) showed that
diabetics with macular degeneration had lower activity
of SOD, GPx and higher concentrations of MDA and NO
in relation to healthy subjects. Patients with longer macu-
lopathy had larger reduction of SOD and GPx in relation
to those in the early phase of maculopathy. Martin-Gallan
(16) proved that young diabetics with newly detected mic-
roangiopathy had significantly reduced values of GPx, re-
duced glutathione and [3-carotene in relation to the con-
trols, but not in relation to diabetics without microangio-
pathy; in addition, SOD values were significantly higher
in both groups of subjects regardless of the presence or
absence of microangiopathy. Valabhji and his co-workers
observed lower TAS values in type 1 DM in relation to the
controls, and those values were in negative correlation wi-
th HbA1c values (P = 0.0026), duration of diabetes and agi-
ng, particularly in men (17). Older patients with type 1 DM
who manifested higher degree of arterial calcification,
had higher values of blood pressure, longer duration of
diabetic disorder, higher concentrations of serum choles-
terol and creatinine and lower values of TAS in compari-
son with patients with minor arterial calcification. Ruiz
(18) and his colleagues found that insulin-dependent dia-
betics had significantly lower GPx activity and that its re-
duction directly depended upon the degree of metabolic
control. The same author verified that there was a signifi-
cant correlation of non-enzymatic antioxidants and total
cholesterol levels, lipid hydroperoxide, triglyceride and
HBA1c concentrations. Nojiri et al (19) demonstrated that
TAS values and the concentrations of retinal, albumin, to-
tal proteins and HDL-cholesterol were significantly lower
in patients with coronary artery disease compared to con-
trol subjects. TAS values correlated positively with uric
acid and negatively with the number of diseased vessels.
Their study demonstrated the association of antioxidant
parameters with atherosclerosis progression, but failed
to confirm antioxidants as an independent risk factor of
CAD event.

In our study, we illustrated the association of some en-
zymatic antioxidants both with total non-enzymatic an-
tioxidant activity of plasma and individual non-enzymatic
antioxidant substances. We chose those substances with
antioxidant activity which are most usually determined in
current laboratory practice. Besides these substances wi-
th antioxidant effect, others (i.e. glutathione, a-tocophe-
rol, zeaxantine, lycopene, ubiquinol and others) also rep-
resent the total antioxidant capacity of plasma; they were
not included, which is a possible limitation to this study.

Conclusion

In summary, elevated oxidative stress and oxidative tissue
damage are common end points of chronic diseases such
as atherosclerosis and diabetes. There is considerable evi-
dence that many biochemical pathways adversely affec-
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voljno utjecu hiperglikemija i ostale tvari koje se u povi-
Senim koncentracijama nalaze u dijabeticara, povezani
s nastankom reaktivnih kisikovih radikala te da kona¢no
dovode do pojacanog oksidacijskog stresa u raznim tkivi-
ma. Dijabeticari s krvozilnim komplikacijama mogu imati
manjkav stani¢ni antioksidacijski odgovor na oksidacijski
stres nastao zbog hiperglikemije. Time je ujedno potak-
nuta zamisao da bi antioksidacijska terapija mogla biti
od znacajnog interesa za te bolesnike. Stoga su potrebna
daljnja istrazivanja terapijskih strategija za sprjecavanje ili
odgadanje razvoja dijabetickih krvozilnih komplikacija.

Zahvala

Ministarstvo znanosti i zastite okolisa Srbije potpomoglo
je ovu studiju na temelju ugovora br. 145010.

Adresa za dopisivanje:

Dr. Emina Colak, MD

Institute of Medical Biochemistry
Clinical Center of Serbia
Visegradska 26

11000 Belgrade

Serbia

e-posta: eminacolak@sbb.co.yu
tel: +381 11 3615 631

Literatura/References

1. Aronson D, Rayfield EJ. How hyperglycemia promotes atherosclerosis:
molecular mechanisms. Cardiovascular Diabetology 2002;1:1.

2. Korac B, Buzadzi¢ B. Oxidative stress and antioxidative defense in the
skin of rats with thermal injury. Jugoslov Med Biochem 2003;22:33-9.

3. Davies KJA, Sevanian A, Muakkassah-Kelly SF, Hochstein P. Uric acid-
iron complexes. A new aspect of the antioxidant function of uric acid.
Biochem J 1986,235:745-54.

4. Stocker R, Glazer AN, Ames BN. Antioxidant activity of albumin-bound
bilirubin. Proc Natl Acad Sci USA 1987;84:5918-22.

5. Halliwell B, Gutteridge JM. Albumin- an important extracellular an-
tioxidant? Biochem Pharmacol 1988;37:569-71.

6.  Meira-MelamedF, Lache O, Enav IB, Szafranek T, Levy NS, Ricklis RM, Le-
vy AP. Structure-function analysis of the antioxidant properties of hap-
toglobin. Blood 2001,98(13):3693-8.

7. De Jong G, van Dijk JP, van Eijk HG. The biology of transferrin. Clin
Chim Acta 1990;190:1-46.

8. Goldstein S, Michel C, Boors A, Saran M, Czapsky G. A critical re-evalua-
tion of some assay methods for superoxide dismutase activity. Free Ra-
dical Biol Med 1988;4:295-303.

9. Paglia DE, Valentine WN. Studies on the quantitative and quali-
tative characterisation of glutathione peroxidase. J Lab Clin Med
1967;70:158-63.

10.  Miller NJ, Rice-Evans C, Davies MJ, Gopinathan V, Milner A. A novel
method for measuring antioxidant capacity and its application to
monitoring the antioxidant status in premature neonates. Clin Sci
1993;84:407-12

11.  Goldberg DM, Spooner RJ. In: Bergmeyer HU, editor. Methods of en-
zymatic analysis. 3rd ed. New York: Academic Press 1974,258-65.

Antioxidative defense and diabetes mellitus

ted by hyperglycemia and other substances that are fou-
nd at elevated levels in diabetic patients are associated
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