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SaZetak

Uvod: Vjerojatno je da upala, oksidativni stres i apoptoza imaju ulogu u se-
kundarnom neuspjehu lijecenja sulfonilurejom, koji se povezuje s propada-
njem beta-stanica i njihovom smanjenom funkcijom. Dusikov oksid (NO) sti-
mulira otpustanje inzulina, ima proupalne, apoptoticke ucinke te djeluje kao
slobodni radikal. Adenozin-deaminaza (ADA) regulira koncentraciju adenozi-
na, koja utjece na otpustanje inzulina i glukagona te na periferni metabolizam
glukoze. Cilj ovoga istraZivanja bio je ispitati aktivnost ADA i koncentraciju NO
kao potencijalne posrednike intenzivne inzulinske terapije kod bolesnika sa
sekundarnim neuspjehom lijecenja sulfonilurejom.

Materijali i metode: U istrazivanje su bila ukljucena 24 bolesnika sa Secer-
nom boleS¢u tipa 2 i sekundarnim neuspjehom lijecenja sulfonilurejom. Kon-
centracije NO u serumu i aktivnosti ADA odredene su u uzorcima krvi uzetim
prije lijecenja, nakon trodnevne inzulinske infuzije i nakon Sestomjesecne vi-
Sestruke supkutane primjene inzulina. Aktivnost ADA odredena je metodom
prema Giustiu. Koncentracija NO izmjerena je kolometrijskom metodom pre-
ma Griessu.

Rezultati: Kod sekundarnog neuspjeha lijecenja sulfonilurejom, bazalna je
aktivnost ADA (17,0 [14,6-21,7] U/L) bila statisticki znacajno niZa nego aktiv-
nost ADA izmjerena treceg dana (20,5 [16,2-23,4] U/L; P = 0,018) i u Sestom
mjesecu (21,2 [16,6-22,5] U/L; P = 0,010). Izmedu vrijednosti NO odredenih
na pocetku (18,8 [11,6-28,4] pmol/L), treceg dana (17,8 [9,7-33,6] pmol/L; P =
0,966) i u Sestom mjesecu (21,7 [16,0-33,9] pmol/L; P = 0,230) nije bilo statis-
ticki znacajne razlike.

Zakljucak: Prema nadem je istraZivanju aktivnost ADA bila povecana u ob-
jema fazama, ranoj i kasnoj fazi intenzivne inzulinske terapije kod sekundar-
nog neuspjeha lijecenja sulfonilurejom. 0 ulozi NO kod pogorsanja funkcije
beta-stanica nismo puno saznali na razini perferne krvi.

Kljucne rijeci: adenozin-deaminaza; intenzivna inzulinska terapija; dusikov
oksid; sekundarni neuspjeh lijecenja sulfonilurejom

Pristiglo: 5. prosinca 2008.

Abstract

Background: Inflammation, oxidative stress and apoptosis are sugges-
ted to take part in secondary sulfonylurea failure associated with § cell
destruction and impaired B cell function. Nitric oxide (NO) stimulates
insulin release, has proinflammatory, apoptotic and free radical effects.
Adenosine deaminase (ADA) exerts control on adenosine levels, which af-
fects insulin and glucagon release and peripheral glucose metabolism. In
this study, we aimed to investigate ADA activity and NO levels as potential
mediators of intensive insulin treatment in patients with secondary sulfo-
nylurea failure.

Materials and methods: Twenty-four patients with type 2 diabetes
mellitus and secondary sulfonylurea failure were enrolled in the study.
Serum NO levels and ADA activity were determined in blood samples ob-
tained prior to treatment, after three-day insulin infusion and after six-
month multiple subcutaneous insulin administration. ADA activities were
estimated by the method of Giusti. Nitric oxide levels were measured with
colorimetric assay by the method of Griess reaction.

Results: In secondary sulfonylurea failure, baseline ADA activity (17.0
[14.6-21.7] U/L) was significantly lower than ADA activity measured on
day 3 (20.5[16.2-23.4] U/L; P = 0.018) and at 6 months (21.2 [16.6-22.5]
U/L; P = 0.010). There was no statistically significant difference between
NO levels determined before (18.8 [11.6-28.4] umol/L), on day 3 (17.8 [9.7-
33.6] pmol/L) and at 6 months (21.7 [16.0-33.9] pumol/L; P = 0.966 and P
=0.230, respectively).

Conclusions: According to our study, ADA activity is increased both in the
early and late periods of intensive insulin therapy in secondary sulfonylu-
rea failure. The role of NO in amelioration of B cell function is not suppor-
ted at the level of peripheral blood.
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Uvod

Sulfonilureja stimulira lucenje inzulina u beta-stanica-
ma gusterace te je u pravilu lijek prvog izbora kod secer-
ne bolesti tipa 2. Medutim, nakon dugotrajnog lijecenja
sulfonilurejom neki bolesnici ne odgovaraju na lijecenje,
$to je povezano s ponovnim povecanjem glukoze u krvi,
tj. sekundarnim neuspjehom lijecenja sulfonilurejom (1).
Progresivno smanjenje koli¢ine beta-stanica, smanjenje
sekretornih rezerva beta-stanica, inzulinska rezistencija i
disfunkcija pretvorbe proinzulina su stanja povezana sa
patogenezom sekundarnog neuspjeha lijecenja sulfoni-
lureje (1,2). Glavni ¢imbenici progresivnog gubitka funkci-
je i koli¢ine beta-stanica su glukotoksi¢nost, lipotoksi¢no-
st, proupalni citokini, reaktivni kisikovi spojevi i ubrzana
apoptoza (3,4). Cini se da su poremecena funkcija beta-
stanica i koli¢ina beta-stanica reverzibilni, narocito u ra-
nijim fazama bolesti. Kratkotrajna intenzivna inzulinska
terapija ubraja se medu intervencije za o¢uvanje ili ,pom-
ladivanje” beta-stanica i poboljsanje osjetljivosti na inzu-
lin (2).

Dusikov oksid (NO) je glasnik koji slobodno difundira kroz
membrane te je uklju¢en u mnoga fizioloska i patoloska
stanja. Interakcija NO sa superoksidom koja rezultira stva-
ranjem peroksinitrita (ONOO") i inhibicija citokrom ¢ ok-
sidaze koja uzrokuje smanjenje potencijala membrane
mitohondrija i oslobadanja citokroma ¢ iz mitohondrija,
smatraju se mehanizmima kojima NO izaziva apoptozu
(5-7). Spominje se i utjecaj NO na lucenje inzulina ili na in-
zulinsku rezistenciju (8-12).

Adenozin-deaminaza (ADA; EC 3.5.4.4) katalizira nerever-
zibilnu hidroliticku deaminaciju adenozina i deoksiade-
nozina kako bi izlu¢ili inozin, odnosno deoksiinozin, kao
dio puta recikliranja purinskih baza. Doprinosi regulaciji
unutarstanic¢nih i izvanstani¢nih koncentracija adenozina
i deoksiadenozina zajedno s 5’ nukleotidazom i adenozi-
n-kinazom (13). lako je glavna funkcija ADA razvojimunog
sustava kod ljudi, ¢ini se da je takoder povezana s dife-
rencijacijom epitelnih stanica i monocita te s upalom (14).
Sve je ocitije da je adenozin pleotropna molekula ukljuce-
na u upalni sustav, apoptozu, rast stanica i lucenje inzuli-
na (14-16).

Cilj ovoga istrazivanja bio je ispitati aktivnost ADA i kon-
centraciju NO kao potencijalnih posrednika intenzivnog
inzulinskog lijecenja kod bolesnika sa sekundarnim neus-
pjehom lijec¢enja sulfonilurejom.

Materijali i metode

Ispitanici

IstraZivanje je provedeno 2004. godine na Medicinskom
fakultetu Sveucilista Gaziantep, na Zavodu za biokemiju
i klinicku biokemiju te na Klinici za unutarnje bolesti. Svi
su ispitanici dali obavijesteni pristanak prema Helsinskoj
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Introduction

Sulfonylurea stimulates insulin secretion by pancrea-
tic B-cells and is generally used as a first-line treatment
for type 2 diabetes. However, after long-term sulfonylu-
rea therapy, some patients do not respond to treatment
anymore, which is associated with an increase in blood
glucose again, known as secondary sulfonylurea failure
(1). Progressive decrease in -cell mass, deterioration in
B-cell secretory reserve, insulin resistance and dysfun-
ction of the proinsulin conversion machinery have been
suggested in the pathogenesis of secondary sulfonylu-
rea failure (1,2). The major factors for progressive loss of
B-cell function and mass are glucotoxicity, lipotoxicity,
proinflammatory cytokines, reactive oxygen species, and
accelerated apoptosis (3,4). Impaired B-cell function and
possibly B-cell mass appear to be reversible, particularly
at early stages of the disease. Short-term intensive insulin
therapy is among the interventions to preserve or “reju-
venate” B-cells, and improve insulin sensitivity (2).

Nitric oxide (NO) is a diffusible messenger that has been
implicated in numerous physiological and pathological
conditions. The interaction of NO with superoxide resul-
ting in the formation of peroxynitrite (ONOO") and NO
inhibition of cytochrome ¢ oxidase causing a decrease
in mitochondrial membrane potential and cytochrome
¢ release from mitochondria are proposed mechanisms
by which NO induces apoptosis (5-7). An effect of NO on
either insulin secretion or resistance is also suggested
(8-12).

Adenosine deaminase (ADA; EC 3.5.4.4) catalyzes irrever-
sible hydrolytic deamination of adenosine and deoxya-
denosine to yield inosine to deoxyinosine, respectively,
as part of purine salvage pathway. It contributes to the re-
gulation of intracellular and extracellular concentrations
of adenosine and deoxyadenosine, along with 5’ nucleo-
tidase and adenosine kinase (13). Although the main fun-
ction of ADA is the development of the immune systems
in humans, it also seems to be associated with the diffe-
rentiation of epithelial cells and monocytes, and inflam-
mation (14). It is increasingly apparent that adenosine is a
pleotropic molecule implicated in inflammatory system,
apoptosis, cell growth and insulin secretion (14-16).

In this study, we aimed to investigate ADA activity and
NO levels as potential mediators of intensive insulin treat-
ment in patients with secondary sulfonylurea failure.

Materials and methods

Subjects

The study was conducted at Gaziantep University, Fa-
culty of Medicine, Department of Internal Medicine, and
Department of Biochemistry and Clinical Biochemistry
in 2004. Informed consent was obtained from all sub-
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deklaraciji revidiranoj 1996. U istrazivanje je uklju¢eno 48
uzastopnih ambulantnih bolesnika koji su 2004. s uput-
nicom dosli na Kliniku za endokrinologiju i metabolizam
s dijagnozom 3ecerne bolesti tipa 2 (prema rezultatima
glukoze nataste i oralnog testa opterecenja glukozom ko-
je preporu¢a Americka udruga za Secernu bolest) te se-
kundarnim neuspjehom lijecenja sulfonilurejom. Sekun-
darni neuspjeh u lijecenju sulfonilurejom definira se kao
nedovoljna kontrola glikemije (HbA, > 7%) unatoc prima-
nju maksimalne doze sulfonilureje (240 mg/dan gliklazida
ili 6 mg/dan glimepirida) u trajanju od najmanje 4 tjedna,
kod bolesnika koji su prethodno postigli zadovoljavajucu
kontrolu glikemije sulfonilurejom u minimalnom trajanju
od 6 mjeseci. Kriteriji za isklju¢enje iz istrazivanja bili su
inzulinska terapija, neredovito uzimanje oralnih antidija-
betika, uzimanje dijabetogenih lijekova poput glukokor-
tikoida, diuretika i beta-blokatora, stanja povezana s me-
dicinskim stresom, uzimanjem alkohola, trudno¢a ili do-
jenje, primarni neuspjeh lije¢enja sulfonilurejom te neka
dodatna sistemska bolest, npr. zatajenje bubrega, endok-
rini poremecaji. Bolesnici su praceni 24 tjedna i 24 boles-
nika su isklju¢ena iz istrazivanja prema navedenim kriteri-
jima. Istrazivanje je tako provedeno na 17 zena i 7 muska-
raca sa sekundarnim neuspjehom lije¢enja sulfonilurejom
(min-max: 42-73; medijan: 56; interkvartilni raspon: 53-
64 godina). Raspon trajanja Secerne bolesti kod ispitani-
ka bio je 4-32 godine. Pocetno se koncentracija glukoze
u plazmi kontrolirala tri dana inzulinskom infuzijom od
8,88 mmol/L. Nastavilo se viSestrukim injekcijama inzuli-
na kroz 6 mjeseci; bolesnici su dobivali redovite supkuta-
ne inzulinske injekcije tri puta na dan i jednu supkutanu
injekciju NPH (engl. Neutral Protamine Hagedorn) - sred-
njedugodjelujuceg inzulina prije spavanja. Tijekom istra-
Zivanja bolesnici su nastavili sa svojim rezimom prehrane
i programom vjezbanja. Pracenje ispitanika provodilo se
ambulantnim kontrolnim pregledima dva puta u prvom
mjesecu i jednom u slijedecih pet mjeseci.

Inzulinska rezistencija izracunala se pomocu procjene
modela homeostaze (engl. homeostasis model assessment,
HOMA-IR), koji su prvotno opisali Mathew i sur. (17). HO-
MA-IR se izra¢unala formulom:

HOMA-IR = glukoza nataste (mmol/L) X inzulin
nataste (umol/mL)/22,5.

Proteinurija je definirana kao koncentracija ukupnih pro-
teina = 0,15 g u uzorku 24-satne mokrace.

Metode

Venska krv uzorkovana je standardno u prijepodnevnim
satima izmedu 9.30 i 11.00 nakon 12-satnog gladovanja.
Uzorci seruma su odmah odvojeni nakon desetominut-
nog centrifugiranja na 4 °C, 2000 g i pohranjeni na -20 °C

Biochemia Medica 2009;19(2):166-76
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jects according to the Helsinki Declaration as revised in
1996. Forty eight consecutive outpatients referred to En-
docrinology and Metabolism Clinic in 2004 with a diag-
nosis of type 2 diabetes mellitus (according to fasting
plasma glucose or oral glucose tolerance test as recom-
mended by the American Diabetes Association) and se-
condary sulfonylurea failure were enrolled in the study.
Secondary sulfonylurea failure is defined as insufficient
glycemic control (HbA1c > 7%) despite receiving maximal
dosage of sulfonylureas (240 mg/day gliclazide or 6 mg/
day glimepiride) for at least four weeks in patients that
have previously achieved sufficient glycemic control wi-
th sulfonylureas for a minimum of six months. Exclusion
criteria were insulin therapy, irregular use of oral antidia-
betics, diabetogenic medications like glucocorticoids,
diuretics and B-blockers, conditions associated with me-
dical stress, alcohol intake, pregnancy or lactation, prima-
ry sulfonylurea failure, and an additional systemic illness,
e.g. renal failure, endocrine disorders, etc. Patients were
followed for 24 weeks and 24 were excluded according
to the criteria mentioned above. Seventeen female and
seven male secondary sulfonylurea failure patients (mi-
n-max: 42-73, median: 56, interquartile range: 53-64 yea-
rs) were recruited. In the study group, diabetes duration
ranged from 4 to 32 years. Initially, plasma glucose level
was regulated below 8.88 mmol/L by insulin infusion for
three days, thereafter maintained with multiple subcu-
taneous insulin injections for six months: subcutaneous
regular insulin injection three times a day plus subcuta-
neous NPH insulin injection at bed time. During the study
period, patients continued their previous diet and exer-
cise programs. Follow-up was performed by outpatie-
nt control visits twice in the first month and once in the
next five months.

Insulin resistance was assessed using the homeostasis
model assessment (HOMA-IR) originally described by
Mathew et al. (17). HOMA-IR was calculated using the fol-
lowing formula:

HOMA-IR = fasting glucose (mmol/L) x fasting insulin
(umol/mL)/22.5.

Proteinuria was defined as total protein = 0.15g/24-h uri-
ne.

Methods

Blood samples were collected using standard venipun-
cture technique between 9.30 to 11.00 a.m. after 12-h fa-
st. Serum samples were separated immediately after cen-
trifugation at 4 °C, 2000 g for 10 min and stored at -20 °C
until analysis, which was performed in the same run to
avoid inter-run analytical variation.
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do analize, $to je nacinjeno u jednoj seriji, kako bi se iz-
bjegla analiticka varijacija unutar serije.

Ukupna aktivnost ADA u serumu odredena je na 37 °C
prema metodi koju su opisali Giusti i Galanti, temeljenoj
na reakciji po Bertholetu, odnosno nastanku obojenih
kompleksa indofenola iz amonijaka oslobodenog iz ade-
nozina, te je kvantificirana spektrofotometrijski (13). Op-
ticka je gustoca izmjerena spektrofotometrijski na 625
nm u reakcijskoj smjesi (kona¢an volumen 1 mL) koja je
sadrzavala 12 mM adenozin hemisulfata, 50 mM fosfat-
nog pufera (pH 6,5) i 0,05 mL seruma. Jedna jedinica ADA
definirana je kao koli¢ina enzima potrebna za otpustanje
1 pmol/min amonijaka iz adenozina u standardnim uv-
jetima testa. Preciznost testa za odredivanje ADA unu-
tar serije te iz dana u dan odredena je iz poola seruma na
20 ponavljanja u jednoj seriji i 10 razlicitih serija, uz CV za
preciznost unutar serije 2,53% i za preciznost iz dana u
dan 3,37%.

Koncentracija dusikova oksida izmjerena je kolometri-
jskom metodom prema Griessu, a koncentracije NO, i
NO, izmjerene su u serumu prema uputama proizvodaca
(pribor za kolometrijski test Nitrate/Nitrite, Cayman Che-
mical Co, Ann Arbor, MI, SAD). Proteini u mokraci su ana-
lizirani pomocu turbidimetrijske metode na analizatoru
Roche/Hitachi modular P analyzer prema uputama proiz-
vodaca (U/CSF protein, Roche Diagnostics, Mannheim,
Njemacka).

Statisticka analiza

Podaci su izrazeni kao medijan; interkvartilni raspon i
srednja vrijednost + standardna devijacija (SD). Normal-
nost raspodjele ispitana je Kolmogorov-Smirnovljevim
testom. Usporedbe uzastopnih mjerenja za neparametrij-
ske podatake (NO, ADA, inzulin nataste, HOMA-IR, C-pep-
tid, HbA,, ukupni kolesterol, LDL kolesterol, trigliceridi)
ispitane su Friedmanovim testom, a post hoc testiranje
nacinjeno je Wilcoxonovim testom sume rangova. Uspo-
redbe uzastopnih mjerenja parametrijskih podataka (glu-
koza natasSte) napravljene su jednosmjernom analizom
varijance (engl. one-way ANOVA), a post hoc testiranje je
nacinjeno Tukeyevim post hoc testom. Dvostrana vrijed-
nost P < 0,05 smatrala se statisticki znacajnom. Analize i
ilustracije napravljene su statisti¢ckim programom SPSS
9.0 (SPSS Inc., Chicago, IL, SAD).

Rezultati

Osnovne znacajke ispitanika, tj. dob, spol, indeks tjeles-
ne mase (engl. body mass index, BMI), srednja vrijednost
trajanja Secerne bolesti, krvni tlak, prisutnost mikropro-
teinurije, sedimentacija eritrocita, ukupan broj leukocita i
limfocita prikazane su u tablici 1.

Metabolicke promjene povezane s kontrolom 3ecerne
bolesti sazete su u tablici 2. Vrijednosti glukoze nataste

Increased ADA after intensive insulin therapy

Serum total ADA activity was determined at 37 °C accor-
ding to the method of Giusti and Galanti based on the
Bertholet reaction, i.e. the formation of colored indop-
henol complexes from ammonia liberated from adeno-
sine, quantified spectrophotometrically (13). Optical den-
sity was measured spectrophotometrically at 625 nm in
an assay mixture (final volume, 1 mL) containing 12 mM
adenosine hemisulfate, 50 mM phosphate buffer (pH 6.5),
and 0.05 mL of serum. One unit of ADA is defined as the
amount of enzyme required to release 1 umol/min of am-
monia from adenosine at standard assay conditions. In-
tra-assay and inter-assay precision of the ADA assay was
determined from serum pool on 20 replicates in a single
run and in 10 different runs yielding CVs of 2.53% and
3.37%, respectively.

Nitric oxide levels were measured with colorimetric assay
by the method of Griess reaction as the levels of NO, and
NO;"in serum according to the manufacturer’s instructio-
ns (Nitrate/Nitrite colorimetric assay kit, Cayman Chemi-
cal Co, Ann Arbor, MI, USA). Urine protein was analyzed
with turbidimetric method on a Roche/Hitachi modular P
analyzer according to the manufacturer’s instructions (U/
CSF Protein, Roche Diagnostics, Mannheim, Germany).

Statistical analysis

Data are presented as median and interquartile range and
mean = SD. Kolmogorov-Smirnov test was applied to te-
st normality of the distributions. Comparison of repeated
measures for non-parametric data (NO, ADA, fasting insu-
lin, HOMA-IR, C-peptide, HbAlc, total cholesterol, LDL-c,
triglycerides) was performed with Friedman test and post
hoc testing with Wilcoxon Signed Rank Test. Comparison
of repeated measures for parametric data (FBG) was per-
formed with one-way ANOVA and post hoc testing with
Tukey’s post hoc test. Two-tailed P < 0.05 was considered
significant. Analyses and illustrations were performed wi-
th the SPSS 9.0 (SPSS Inc., Chicago, IL, USA) statistical sof-
tware.

Results

Baseline characteristics of the study subjects, i.e. age, sex,
body mass index (BMI), mean diabetes duration, blood
pressure (BP), presence of microproteinuria, erythrocyte
sedimentation rate (ESR), white blood cell (WBC) and
lymphocyte count are presented in Table 1.

Metabolic changes about diabetes control are summa-
rized in Table 2. Fasting blood glucose (FBG) gradually
and significantly decreased during intensive insulin the-
rapy. On day 3 and at 6 months, fasting insulin levels and
HOMA-IR decreased as compared to baseline values. The
decrease in C-peptide levels became obvious at 6 mon-
ths. HbA,_and exogenous insulin dose needed to achie-
ve good control significantly decreased. There was no
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TaBLicA 1. Osnovne znacajke ispitanika (medijan; interkvartilni
raspon)
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TaBLe 1. Baseline characteristics of study subjects (median;
25th-75th percentile)

Secondary Sulfonylurea Failure

N=24
Age (years) 56 (53-64)
Gender 18F/6M
Mean Diabetes Duration (years) 9(6-14)
BMI (kg/m2) 28.24 (26.10-31.04)
Diastolic BP (mmHg) 90 (70-90)
Systolic BP (mmHg) 150 (140-165)
Proteinuria positive cases 11,46%

WBC (x10° /L)
Lymphocyte (x10°/L)
ESR mm/hour

9.120 (6.135-10.570)
2.220 (1.335-3.140)
8(3-37)

Data are presented as median and interquartile range.

TaBLICA 2. Metaboli¢ki parametri kontrole $ecerne bolesti

TaBLE 2. Metabolic parameters of diabetes control

Basal 3rd day 6th month P (total P (basal P (basal P (3rddvs.
(N =24) (N = 24) (N = 24) group) vs. 3rdd) vs. 6thm) 6th m)
FBG (mmol/L) 17.9+43.5 6.7+1.0 9.8+1.3 <0.001 <0.001 <0.001 <0.001
17.3 (15.2-20.4) 6.9 (5.9-7.6) 9.7 (9.0-10.3)
Fasting insulin 21.8+13.8 15.949.2 12.748.7 0.009 0.010 0.011 0.331
(nU/mL) 19.0 (11.0-29.2) 13.1 (10.3-21.9) 10.9 (6.4-17.4)
HOMA-IR 17.5£12.2 4.8+3.1 5.4+3.7 <0.001 <0.001 <0.001 0.391
14.3 (9.4-21.9) 4.3 (2.7-6.7) 2.8(5.3-7.6)
C-peptide (nmol/L) 1.06+0.52 0.88+0.42 0.72+0.28 0.005 0.128 0.005 0.117
0.96 (0.67-1.44) 0.83 (0.44-1.13) 0.63 (0.53-1.01)
Exogenous Insu- 101.7+£24.5 / 75.8+24.3 / / 0.001 /
lin (U) 100 (80-120) 72 (64-96)
11.1+£1.9 / 7.8 £1.1 / / < 0.001 /
0
HbA (%) 108 (9.6-12.9) 76 (7.0-8.8)
Total Cholesterol 4.85+0.87 / 4.83+£0.90 / / 0.920 /
(mmol/L) 4.69 (4.38-5.50 4.70 (4.34-5.17)
3.30+£0.67 / 3.30+0.65 / / 0.988 /
LDL-c (mmol/L) 3.12 (2.78-4.01) 3.21(2.91-3.71)
Triglycerides 1.98+1.29 / 1.82+0.69 / / 0.072 /
(mmol/L) 1.75 (1.14-2.03) 1.88 (1.21-2.12)

Data are presented as median and interquartile range or as mean + SD.

su se postupno i statisticki znacajno snizile tijekom inten-
zivne inzulinske terapije. Tre¢eg dana i u $estom mjese-
cu snizile su se vrijednosti inzulina nataste i HOMA-IR u
usporedbi s pocetnim vrijednostima. Snizenje vrijednosti
C-peptida postalo je ocito na kontroli u Sestom mjesecu.
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statistically significant difference in total cholesterol and
LDL-c. The decrease in plasma triglycerides did not reach
statistical significance.

In secondary sulfonylurea failure, baseline ADA activity
(17.0 [14.6-21.7] U/L) was significantly lower than ADA ac-
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HbAlc i doza egzogeno davanog inzulina potrebnog za
postizanje dobre kontrole znacajno su se snizili. Nije za-
biljezena statisticki znacajna razlika za ukupni kolesterol i
LDL kolesterol. Snizenje triglicerida u plazmi nije doseglo
statisticki znacajnu razinu.

Kod sekundarnog neuspjeha lijecenja sulfonilurejom ba-
zalna je aktivnost ADA (medijan; interkvartilni raspon,
17,0 [14,6-21,71 U/L) bila statisti¢ki znacajno niza, nego ak-
tivnosti ADA izmjerene trecega dana (20,5 [16,2-23,4] U/L;
P = 0,018) i nakon 3est mjeseci (21,2 [16,6-22,5] U/L; P =
0,010) (tablica 3., slike 1.i 2).

Izmedu koncentracija NO odredenih na pocetku istra-
zivanja (medijan; interkvartilni raspon, 18,8 [11,6-28,4]
pumol/L), tre¢ega dana (17,8 [9,7-33,6] umol/L; P = 0,966) i u

TaBLIcA 3. Aktivnost adenozin deaminaze (ADA) i koncentracija
dusikova oksida

Increased ADA after intensive insulin therapy

tivity measured on day 3 (20.5 [16.2-23.4] U/L; P = 0.018)
and at 6 months (21.2 [16.6-22.5] U/L; P = 0.010) (Table 3,
Figures 1 and 2).

There was no statistically significant difference between
NO levels determined before (18.8; [11.6-28.4] umol/L), on
day 3 (17.8 [9.7-33.6] umol/L; P = 0.966) and at 6 months
of intensive insulin therapy (21.7 [16.0-33.9] umol/L; P =
0.230) (Table 3, Figures 3 and 4).

Discussion

Despite great progress in the treatment of diabetes, late
diabetic complications still remain the principal cause of
morbidity and mortality in patients with diabetes melli-

TasLE 3. Adenosine deaminase (ADA) activity and nitric oxide
(NO) level

Basal 3rd day 6th month P (total P (basalvs. P (basalvs. P (3rddvs.
(N = 24) (N = 24) (N = 24) group) 3rdd) 6th m) 6th m)
NO (umol/L) 22.5+13.9 22.7+£15.6 24.1+9.2 0.3 0.966 0.230 0.637
18.8 (11.6-28.4) 17.8 (9.7-33.6) 21.7 (16.0-33.9)
ADA (U/L) 18.0£5.4 21.6x11.6 23.5+12.9 0.011 0.018 0.010 0.558
17.0 (14.6-21.7) 20.5(16.2-23.4) 21.2 (16.6-22.5)
Data are presented as median and interquartile range or as mean + SD.
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SLIKA 1. Aktivnost adenozin deaminaze (ADA) u tri razli¢ita vremen-
ska razdoblja.

FiGURE 1. Adenosine deaminase (ADA) activity in individual cases at
three different time points.
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SLIKA 2. Aktivnost adenozin deaminaze (ADA) u serumu bolesnika u
tri razlicita vremenska razdoblja. Sredisnji pravokutnik predstavlja vri-
jednosti od nize do vise kvartile (25. i 75. percentila). Sredisnja linija
predstavlja medijan. Linija se 3iri od najnize do najvise vrijednosti is-
kljucujuci ekstremne i atipi¢ne vrijednosti koje su oznacene odvojenim
toc¢kama. Atipi¢na vrijednost (engl. outlier) definirana je kao vrijednost
udaljena izmedu 1,5 i 3 duljine pravokutnika, a ekstremna vrijednost
kao vrijednost udaljena vise od 3 duljine pravokutnika od gornje ili do-
nje granice pravokutnika. Duljina pravokutnika je interkvartilni raspon.

3rd day

6th month

FIGURE 2. Serum adenosine deaminase (ADA) activity in study patien-
ts at three different time points. Central box represents the values from
the lower to the upper quartile (25t to 75t percentile). Middle line rep-
resents the median. The line extends from the minimum to the maxi-
mum value excluding extreme cases and outliers that are displayed as
separate points. An outlier is defined as a value between 1.5 and 3 box
lengths and an extreme value is defined as more than 3 box lengths
from the upper or lower edge of the box. The box length is the inte-
rquartile range.
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SLIKA 3. Koncentracija dusikova oksida (NO) u pojedina¢nih ispitanika
u tri razlic¢ita vremenska razdoblja.
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FiGURE 3. Nitric oxide (NO) level in individual cases at three different
time points.
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SLIKA 4. Koncentracija dusikova oksida (NO) u serumu bolesnika u tri
razli¢ita vremenska razdoblja. Sredisnji pravokutnik predstavlja vrijed-
nosti od nize do vise kvartile (25. i 75. percentila). Sredisnja linija pred-
stavlja medijan. Linija se $iri od najnize do najvise vrijednosti iskljucuju-
¢i ekstremne i atipicne vrijednosti koje su oznacene odvojenim tocka-
ma. Atipi¢na vrijednost (engl. outlier) definirana je kao vrijednost uda-
lijena izmedu 1,5 i 3 duljine pravokutnika, a ekstremna vrijednost kao
vrijednost udaljena vise od 3 duljine pravokutnika od gornje ili donje
granice pravokutnika. Duljina pravokutnika je interkvartilni raspon.

Sestom mjesecu (21,7 [16,0-33,9] umol/L; P = 0,230) inten-
zivne inzulinske terapije nije zabiljeZena statisticki znacaj-
na razlika (tablica 3., slike 3.1 4.).

Rasprava

Usprkos velikom napretku u lijecenju, kasne komplikacije
Secerne bolesti jo$ su uvijek glavni uzroci smrtnosti i po-
bola kod ovih bolesnika. Istrazivanje kontrole i komplika-
cija Secerne bolesti (engl. The Diabetes Control and Compli-
cations Trial, DCCT) dokazalo je da se intenzivhom inzuli-
nskom terapijom moze postici stroga kontrola glikemije i
rezultirajuce dugotrajne prednosti (18). Ova analiza potvr-
duje prethodne podatke o poboljsanju kontrole glikemi-
je intenzivnom inzulinskom terapijom kod sekundarnog
neuspjeha lijec¢enja sulfonilurejom, $to podupiru i podaci
o statisticki znac¢ajnom snizenju koncentracije glukoze u
krvi nataste, HbAlc, HOMA-IR, C-peptida te doze inzuli-
na potrebne za odrzavanje dobre metabolicke kontrole.
Stroga kontrola glukoze u krvi u istrazivanju provedenom
na kirurSkom odjelu smanijila je pobol i smrtnost (19), dok
je udrugom istrazivanju na odjelu intenzivne njege, doslo
do smanjenja pobola (20). Smanjile su se komplikacije kao
$to su teSke upale i zatajenje organa. Nekoliko potencijal-
nih mehanizama moglo bi objasniti ove pozitivne ucinke,

3rd day

6th month

FIGURE 4. Serum nitric oxide (NO) level in study patients at three dif-
ferent time points. Central box represents the values from the lower
to the upper quartile (25t to 75t percentile). Middle line represents
the median. The line extends from the minimum to the maximum va-
lue excluding extreme cases and outliers that are displayed as separate
points. An outlier is defined as a value between 1.5 and 3 box lengths
and an extreme value is defined as more than 3 box lengths from the
upper or lower edge of the box. The box length is the interquartile ran-

ge.

tus. The Diabetes Control and Complications Trial has de-
monstrated that tight glycemic control and the resulting
long term benefits can be achieved by intensified insu-
lin therapy (18). The present analysis confirmed previous
data that intensive insulin therapy can improve glycemic
control in secondary sulfonylurea failure as supported by
the significant decrease in FBG, HbAlc, HOMA-IR, C-pep-
tide levels and insulin doses required to achieve good
metabolic control. In previous studies, one conducted in
a surgical and the other in a medical intensive care unit,
strict control of blood glucose levels with insulin redu-
ced morbidity plus mortality and morbidity, respectively
(19,20). Complications such as severe infections and or-
gan failure were reduced. Several potential mechanisms
may explain these benefits, i.e. reduction of systemic in-
flammation, prevention of immune dysfunction, and pro-
tection of the endothelium and mitochondrial ultrastruc-
ture (20-25). However, an epidemiological study sugges-
ted that the use of intensive therapy as compared with
standard therapy increased mortality and did not signifi-
cantly reduce major cardiovascular events (26).

ADA contributes to the regulation of intracellular and
extracellular concentrations of adenosine and deoxyade-
nosine, along with 5’ nucleotidase and adenosine kinase,
and increased ADA activity is considered to be a sign of
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kao sto su smanjenje sistemske upale, prevencija disfun-
kcije imunosnog sustava, zastita endotela i mitohondrij-
skih ultrastruktura (20-25). Medutim, jedno epidemiolos-
ko istrazivanje ukazuje na to da je intenzivna terapija u
usporedbi sa standardnom terapijom povecala smrtnost i
nije znacajno smanjila vece kardiovaskularne ispade (26).
ADA doprinosi regulaciji unutarstani¢nih i izvanstani¢nih
koncentracija adenozina i deoksiadenozina zajedno s 5
nukleotidazom i adenozin-kinazom te se povecana aktiv-
nost ADA smatra znakom snizene koncentracije adenozina
(13,27). Koncentracija adenozina je povisena na ozlijede-
nim mjestima i mjestima zahva¢enim upalom te ima sre-
didnju ulogu u regulaciji upalnih odgovora i u smanjenju
oStecenja tkiva zahvacenog upalom (14). Adenozin modu-
lira proliferaciju, preZivljavanje i apoptozu razlicitih tipova
stanica, od epitelnih, endotelnih i glatkomisi¢nih stanica
do stanica imunog i neuralnog podrijetla (15). Naknadno
je potvrdeno zastitno djelovanje izvanstani¢nog adeno-
zina u stani¢nim i organskim sustavima ukljucujuc¢i mo-
zak, bubrege, skeletne misice i masno tkivo. Prema nasem
istrazivanju, aktivnost ADA porasla je i u ranoj i u kasnoj
fazi intenzivne inzulinske terapije kod sekundarnog neus-
pjeha lijecenja sulfonilurejom. Prema prijasnjim rezulta-
tima pretpostavljamo da se povecana aktivnost ADA u
ovom istrazivanju moze pripisati izostanku iniciraju¢eg
medicinskog stresa, tj. oksidacijskog stresa, lokalne upale
ili stani¢ne smrti. Pretpostavljamo da se adenozin otpusta
kao odgovor na Siroku lepezu podrazaja koji dovode do
ozljeda i posreduje u autoregulatornom mehanizmu ulo-
ga kojega je zastititi organe. Newby i sur. su smislili naziv
osvetni¢ki metabolit (engl. retaliatory metabolite) kako bi
opisali zastitnu funkciju adenozina (14,28).

Ucinci purinergi¢nih agonista na lu¢enje inzulina opisani
u literaturi su proturjecni. U jednom eksperimentalnom
istrazivanju u kojem su se rabile stanice INS-1, ali i Langer-
hansovi otocici gusterace Stakora, adenozin je sprijecio
oslobadanje inzulina ovisno o koncentraciji. Inhibicijski
uc¢inak visoke koncentracije ATP pripisuje se njegovim
razgradnim proizvodima, odnosno adenozinu, jer je ADA
(1 U/mL) prekinula inhibicijski u¢inak ukazujudi pritom na
utjecaj adenozina (27). Nadalje, pokazalo se da adenozin
moze djelovati na povrsinu alfa-stanica endokrinog dije-
la gusterace, kako bi se pojacalo lu¢enje glukagona (16).
Pretpostavlja se da adenozin utjece i na metabolizam glu-
koze. Adenozin pojacava glikogenolizu i otpustanje glu-
koze iz jetre (29-31). Stoga pretpostavljamo da bi poveca-
na aktivnost ADA zabiljeZzena u ovoj studiji te popratno
snizenje koncentracije adenozina moglo doprinijeti koris-
nosti intenzivne inzulinske terapije oslobadanjem kapaci-
teta lu€enja inzulina iz beta-stanica, poboljSanjem lu¢enja
glukagona i utjecajem na periferni metabolizam glukoze.
NO utjece na oslobadanje inzulina i inzulinsku rezistenci-
ju, ima proupalno i apoptotic¢ko djelovanje te djeluje kao
slobodni radikal. Mehanizam djelovanja ukljucuje pro-
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decreased adenosine levels (13,27). Adenosine is elabora-
ted at injured and inflamed sites, and has a central role in
the regulation of inflammatory responses and in limiting
inflammatory tissue destruction (14). Adenosine modula-
tes the proliferation, survival and apoptosis of many dif-
ferent cell types, ranging from epithelial, endothelial and
smooth muscle cells, to the cells of the immune and neu-
ral lineages (15). Subsequently, evidence was obtained
for extracellular adenosine protective actions in cellular
and organ systems, including the brain, kidney, skeletal
muscle and adipose tissue. According to our study, ADA
activity is increased both in the early and late periods of
intensive insulin therapy in secondary sulfonylurea failu-
re. Based on the previous evidence, we suggest that in-
creased ADA activity in this study may have represented
disappearance of the initiating medical stress, i.e. oxida-
tive stress, local inflammation, or cell death. It is hypot-
hesized that adenosine is released in response to a wide
range of injurious stimuli and mediates an autoregulato-
ry loop, the function of which is to protect organs (14).
The term ‘retaliatory metabolite’ was coined by Newby to
describe the protective function of adenosine (28).
Literature data on the effects of purinergic agonists on
insulin release are controversial. In an experimental study
mainly using INS-1 cells, but also using rat pancreatic isle-
ts, adenosine inhibited insulin release in a concentratio-
n-dependent manner. The inhibitory effect of high ATP
concentrations was attributed to its degradation produ-
ct, namely adenosine because ADA (1 U/mL) abolished
the inhibitory effect, indicating involvement of adenosi-
e (27). Furthermore, it was shown that adenosine cou-
Id act on the endocrine pancreas alpha cell surface to
increase glucagon secretion (16). An effect of adenosine
on peripheral glucose metabolism has also been sugges-
ted. Adenosine increases glycogenolysis and glucose re-
lease from the liver (29-31). Therefore, we suggest that
increased ADA activity recorded in this study and the ac-
companying decrease in adenosine concentration may
contribute to the benefits of intensive insulin therapy by
relieving beta cells” insulin secretion capacity, ameliora-
tion of glucagon secretion and affecting peripheral glu-
cose metabolism.
Nitric oxide affects insulin release, insulin resistance,
has proinflammatory, apoptotic and free radical effects
through signal transduction and direct posttranslational
modifications of proteins, reacting with reactive oxygen
species, and interacting with proteins that contain a he-
me moiety (5,32). Nakada et al. have provided evidence
for a concentration-dependent dual effect of NO, i.e. a
stimulatory effect at low concentrations and an inhibito-
ry one at high concentrations, on insulin secretion (8). It
has been proposed that NO mediates exercise-stimulated
glucose transport in skeletal muscle (9,10). Exogenously
administered NO, which is generated from the NO donor,
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vodenje signala i direktne posttranslacijske modifikacije
proteina preko reakcije sa slobodnim kisikovim radikalima
i proteinima koji sadrze hem (5,32). Nakada i sur. su opisa-
li dokaz dualnog ucinka NO ovisnog o koncentraciji, tj. o
stimulacijskom ucinku kod niskih koncentracija i o inhibi-
cijskom kod visokih koncentracija na lu¢enje inzulina (8).
Pretpostavlja se da NO posreduje kod transporta gluko-
ze stimuliranog vjezbanjem u skeletne misice (9,10). Vanj-
skim unosom dusikovog oksida putem NO donatora (npr.
natrijev nitroprusid), NO potice prijenos glukoze u izolira-
T4 na povrsini stanice (9-11). Dio mehanizma kojim inzu-
lin povecava transport glukoze in vivo ukljucuje pojacani
protok krvi i opskrbu misi¢a glukozom, proces kojim pos-
reduje otpustanje NO iz endotela (9,12). U ovom smo ispi-
tivanju istrazili sistemske koncentracije NO zbog njegove
potencijalne uloge kod sekundarnog neuspjeha lijecenja
sulfonilurejom. Medutim, nase je istrazivanje pokazalo da
dobra kontrola glikemije postignuta intenzivnom inzulin-
skom terapijom kod sekundarnog neuspjeha lije¢enja sul-
fonilurejom nije imala utjecaja na sistemske koncentracije
NO. Stoga se moze zakljuciti da podaci dobiveni nasim is-
trazivanjem ne podupiru ulogu NO u pogorsanju funkcije
beta-stanica na razini sistemskih koncentracija NO.

Ovo je istrazivanje imalo metodoloskih ogranicenja koja
su mogla pridonijeti ¢injenici da nismo utvrdili ima li in-
tenzivna inzulinska terapija utjecaja na koncentraciju NO.
Izmjerili smo koncentracije NO u uzorcima plazme; daljnja
istrazivanja koja ¢e obuhvacati mehanizme na razini tkiva
mogla bi pruziti uvid u to¢nu ulogu NO kod pojave sekun-
darnog neuspjeha lijecenja sulfonilurejom. Drugo mogu-
¢e ogranicenje bila je mala skupina ispitanika. Potrebna
je velika populacija ispitanika i sveobuhvatnija klinicka
procjena kako bi se razjasnilo jesu li ti rezultati dosljedni
i klini¢ki znacajni. Mjerenje koncentracije adenozina mog-
lo biti takoder pruziti vrijedne podatke.

Da zaklju¢imo, ovo istrazivanje pokazuje da je aktivnost
ADA porasla u objema fazama primanja intenzivne inzu-
linske terapije kod sekundarnog neuspjeha u lije¢enju
sulfonilurejom, u ranoj i u kasnijoj fazi. Utjecaj NO na in-
tenzivnu inzulinsku terapiju kod sekundarnog neuspjeha
u lije¢enju sulfonilurejom nije potvrden ovim istrazZiva-
njem.
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sodium nitroprusside, stimulates glucose transport in iso-
lated skeletal muscles by increasing GLUT4 levels at the
cell surface (9-11). Part of the mechanism by which insu-
lin increases glucose transport in vivo involves enhanced
blood flow and glucose delivery to the muscle, a proce-
ss mediated by the release of NO from the endothelium
(9,12). In this study, systemic NO levels were investigated
for its potential role in secondary sulfonylurea failure.
However, our study showed that good glycemic control
achieved by intensive insulin therapy in secondary sulfo-
nylurea failure had no effect on systemic NO levels. The-
refore, the role of NO in amelioration of (3-cell function is
not supported by the data on systemic NO levels.

The present study had some methodological limitations
that may have contributed to the fact that we did not find
an impact of intensive insulin therapy on NO levels. We
measured NO levels in plasma samples; further studies
comprising the mechanisms at the tissue level may pro-
vide an insight into the exact role of NO in the setting of
secondary sulfonylurea failure. Another potential limita-
tion was the small number of the study subjects. A larger
study population and clinical assessment are needed to
elucidate whether these results are consistent and have
clinical relevance. Also, measurement of adenosine levels
may be informative.

In summary, the present study demonstrated that ADA
activity is increased both in the early and late periods of
intensive insulin therapy in patients with secondary sul-
fonylurea failure. The implication of NO on intensive insu-
lin therapy in secondary sulfonylurea failure was not veri-
fied in this study.
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