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SaZetak

Cilj: Cilj je bio ispitati ovisi li izluCivanje NAG u mokraci djece i adolescenata s
Secernom bolesti tipa 1 o trajanju bolesti.

Metode: Kataliticke koncentracije N-acetil-3-D-glukozaminadaze odrediva-
le su se spektrofotometrijski u slucajnim uzorcima mokrace 66 djece i adoles-
cenata s Seernom bolesti tipa 1 68 ispitanika iz kontrolne skupine. Bolesnici
iz skupine dijabeticara bili su podijeljeni s obzirom na trajanje bolesti: skupina
| manje od tri godine (N=17); skupina Il tri do pet godina (N=19); skupina Ill
pet do deset godina (N=19); skupina IV viSe od deset godina (N=11). Vrijed-
nosti NAG izraZene su u odnosu na koncentraciju kreatinina u mokradi radi is-
kljucivanja razlika u koncentraciji mokrace.

Rezultati: Izlu¢ivanje NAG mokracom kod dijabeticara bilo je statisticki zna-
¢ajno poviseno u odnosu na kontrolnu skupinu. (p<0,001). U sve je Cetiri skupi-
ne dijabeticara statisticki znacajno bilo povecano izlucivanje NAG mokracom
u odnosu na kontrolnu skupinu (skupina I, p=0,007; skupine Il i lll, p<0,001
i skupina IV, p=0,004) no nije nadena statisticki znacajna razlika medu skupi-
nama dijabeticara (skupina I vs. Il, p=0,716; skupina | vs. lll, p=0,899; skupi-
nal vs. 1V, p>0,10; skupina Il vs. lll, p=0,549; skupina Il vs. IV, p>0,10; skupi-
na lll vs. IV, p>0,10). Nije nadena korelacija izmedu vrijednosti NAG u mokraci
dijabeticara i trajanja bolesti (r=—0,017, p=0,892)

Zakljucak: Izlucivanje NAG mokracom povecano je kod djece i adolescenata s
Secernom bolesti tipa 1, ali ne ovisi o trajanju bolesti.

Kljucne rijeci: N-acetil-3-D-glukozaminidaza, Secerna bolest tipa 1, dijabe-
ticka nefropatija

Pristiglo: 3. kolovoza 2005.

Abstract

Objective: The aim of this study was to examine whether there are differen-
ces between urinary NAG activity between children and adolescents with dia-
betes mellitus type 1and healthy subjects and examine whether urinary NAG
activity changes in relation to duration of the disease.

Methods: N-acetyl-[3-D-glucosaminidase (NAG) activities were determined
spectrophotometrically in random urine samples children and adolescents
(N=66) with type 1 diabetes mellitus and control subjects (N=68). Patients
in the diabetic group were divided according to the duration of diabetes in
four groups: group |, less than three years (N=17); group Il, three to five years
(N=19); group lll, five to ten years (N=19) and group IV, more than ten years
(N=11). To exclude interference due to urine concentration differences, urina-
ry NAG activities were referred to the level of urinary creatinine.

Results: Urinary NAG excretion in diabetic patients was significantly increa-
sed compared to the controls (P<0.001). All four subgroups had significantly
higher activities of urinary NAG compared to the controls (group I, P=0.001,
groupslland I11P< 0.001 and group IV, P=0.004) but there was no significant dif-
ference among diabetic groups (group | vs. Il, P=0.716; group | vs. Ill, P=0.899;
group | vs. IV, P>0.10; group Il vs. lll, P=0.549; group Il vs. IV, P>0.10 and group
[Tvs. 1V, P>0.10). There was no correlation between urinary NAG activities in dia-
betic patients and duration of diabetes (r=— 0.017, P=0.892).

Condlusion: Urinary NAG excretion was elevated in children and adolescents
with diabetes mellitus type | but it did not depend on duration of the disease.

Key words: N-acetyl-[3-D-glucosaminidase, diabetes mellitus type 1, diabe-
tic nephropathy
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Uvod

Bubrezno osteéenje je ozbiljna komplikacija u Seéernogj
bolesti. Ako je dijabeticka nefropatija dijagnosticirana
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Introduction

Renal damage is serious complication in diabetes melli-
tus. If diabetic nephropathy is diagnosed by microalbumi-
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na temelju mikroalbuminurije, proteinurije ili snizenoga
klirensa kreatinina, vrlo je malo moguce postici da bi se
sprijecilo zatajenje bubrega (1). Stoga postoji potreba za
ranijim pokazateljima strukturnih i funkcionalnih promje-
na u bubregu koje bi bilo moguce sprijeciti strogom glike-
mijskom kontrolom.

U nekoliko je studija ukazano da rana tubularna promje-
na nastala zbog peritubularne mikroangiopatije moze
prethoditi glomerularnim promjenama te imati vaznu ulo-
gu u pojavi dijabeticke nefropatije (2). Pojacano urinarno
izlu¢ivanje enzima koji potjecu iz proksimalnih bubreznih
tubula utvrdeno je u bolesnika sa Secernom bolesti tipa 1
kao posljedica tubularne ozljede; ti enzimi su N-acetil-p-
D-glukozaminidaza (NAG), alanin-aminopeptidaza, alkal-
na fosfataza, urinarna dipeptidil-aminopeptidaza IV (3).
Aktivnost nekolicine od tih tubularnih biljega povisena je
u mokradi i prije pojave mikroalbuminurije.

NAG (EC 3.2.1.30) je lizosomski enzim velike molekulske
mase, Siroko rasprostranjen u mnogim tkivima i tjelesnim
tekuc¢inama. Mokra¢na NAG je bubreznoga podrijetla (5)
jer ne moze prodi kroz glomerularnu membranu zbog
svoje velike molekularne tezine (130 000 do 140 000 D).
Otpusta se iz stanica kao posljedica fizioloske egzocitoze
(6) ili raspada stanica (7). NAG je raspodijeljen uzduz ¢ita-
vog nefrona no uglavnom se nalazi u proksimalnim bub-
reznim tubulima i mozemo ju smatrati ranim neinvaziv-
nim biljegom tubularnog ostecenja bubrega. Aktivnosti
NAG u mokradi su povisene u pijelonefritisu (8), refluksnoj
nefropatiji (9), hipertenziji (5) i reumatskom artritisu, kod
izlozenosti nefrotoksi¢nim lijekovima, zagadivacima okoli-
ne poput zive (10), kadmija (11), te kod radnika koji su tije-
kom rada izlozeni trikloroetilenu (12). NAG moze biti koris-
tan parametar u bolesnika s tubulointersticijskim nefropa-
tijama za razlikovanje akutnih od kroni¢nih poremecaja.
Aktivnost NAG veca od 20 U/L (15 U/g kreatinina) moze se
mjeriti kod akutnoga ostecenja tubularnog sustava (13).
NAG u mokradi je rani pretkazatelj razvoja dijabeticke nef-
ropatije; u Secernoj bolesti tipa 1 povisen je prije pojave
mikroalbuminurije (14).

Schultz i sur. (15) su dokazali da su povisene aktivnosti
NAG u mokradi ispitanika mladih od 16 godina povezane
s trajanjem Secerne bolesti tipa 1 i glikiranoga hemoglo-
bina (HbAk). Mocan i sur. (16) su ispitali 54 odrasle osobe
sa Secernom bolesti tipa 2 i zapazili da aktivnost NAG po-
c¢inje rasti tijekom trece godine bolesti, dostize najvisu
razinu izmedu 3.-10. godine, te ubrzano raste nakon 10.
godine.

Kavukcu (17) je dokazao da je aktivhost NAG u mokraci
povezana s koncentracijom glukoze u krvi, a Kordonouri i
sur. (18) su ustanovili da su oni ispitanici kod kojih je Secer-
na bolest nastupila u djetinjstvu imali znacajno vise aktiv-
nosti NAG u mokraci u usporedbi s bolesnicima kod kojih
je bolest nastupila nakon 16. godine Zivota, te su ¢escéa o3-
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nuria, proteinuria or decreased creatinine clearance, little
can be done to prevent the progressive course of renal
failure (1). There is a need for earlier indicators of renal
structural and functional changes which may be preven-
ted by strict glycemic control.

A number of studies have shown that early tubular alte-
ration due to peritubular microangiopathy may precede
glomerular cha nges and play a role in the initiation of
diabetic nephropathy (2). Increased urinary excretion of
enzymes that originate from proximal renal tubules were
found in patients with diabetes mellitus type 1 as result
of tubular injury: N-acetyl-B-D-glucosaminidase (NAG),
alanine-aminopeptidase, alkaline phosphatase, urinary
dipeptidyl aminopeptidase IV (3). Activity of these tubu-
lar markers is increased in urine before the appearance of
microalbuminuria (4).

NAG (EC 3.2.1.30) is a high molecular-weight lysosomal
enzyme. It is widely distributed in many tissues and bo-
dy fluids. Urinary NAG is of renal origin (5) as it cannot
pass through glomerular membrane due to its high mo-
lecular weight (130 000 to 140 000 D). It is released from
cells as a consequence of physiological exocytosis (6) or
breakdown of cells (7). NAG is distributed along the who-
le nephron but mainly in renal proximal tubules and it is
considered to be a non-invasive early marker of renal tu-
bular damage. Urinary NAG activities are elevated in pye-
lonephritis (8), reflux nephropathy (9), hypertension (5)
and rheumatoid arthritis, exposure to nephrotoxic drugs,
environmental pollutants like mercury (10), cadmium (11)
and in workers occupationally exposed to trichloroethyle-
ne (12). It can be a useful parameter in patients with tu-
bulo-interstitial nephropathies to distinguish acute from
chronic disorders. In acute damage of the tubule system,
NAG activity of more than 20 U/L (15 U/g creatinine) can
be measured (13).

Urinary NAG is an early predictor of development of dia-
betic nephropathy, it increases before the appearance of
microalbuminuria (14) in diabetes mellitus type 1.

Schultz et al. (15) have shown that raised activity of urine
NAG in subjects under sixteen years of age are related to
duration of diabetes type 1 and concentration of glycated
hemoglobin. Mocan et al (16) examined 54 adults with
diabetes mellitus type 2 and observed that NAG activity
begins to rise in the third year of diabetes, reaches a pla-
teau between 3-10 years, and rapidly increases after the
10t year.

Kavukcu (17) showed that urinary NAG activity is related
to glucose level in blood and Kordonouri et al. (18) fou-
nd that patients with diabetes type | onset in childhood
showed significantly higher activities of NAG compared
to those with diabetes onset after the age of sixteen
years, and concluded that more frequent impairment of
tubular function was observed in young patients with
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tecenja tubularne funkcije u mladoj dobi pripisali neodgo-
varajucoj glikemijskoj kontroli u toj populaciji.

Cilj je ovog istrazivanja bio ispitati postoji li razlika u aktiv-
nosti NAG u mokraciizmedu djece i adolescenata sa Secer-
nom bolesti tipa 1 i zdravih ispitanika. Nadalje, Zeljeli smo
ispitati mijenja li se aktivnost NAG u mokraci u ovisnosti o
trajanja bolesti.

Materijali i metode

Ispitanici

Istrazivanje je ukljucivalo 66-ero djece i adolescenata sa
Secernom bolesti tipa 10 praéenih tijekom tri godine u
Dje¢joj bolnici Kantrida, Rijeka. Ukupno je bilo 37 muskih
i 29 Zenskih ispitanika s medijanom dobi 14,5 (3,5-25) go-
dina. Kontrolnu je skupinu ¢inilo 68 ispitanika (29 muskih
i 39 Zenskih) bez bubrezne bolesti i Secerne bolesti, s me-
dijanom dobi 11,0 (0,5-27). Bolesnici sa Secernom boles-
ti podijeljeni su u Cetiri skupine ovisno o trajanju bolesti
(Tablica 1.).

Uzorci

Nasumicni uzorci mokrace bez aditiva prikupljeni su od
svakog ispitanika i centrifugirani 10 minuta na 800 o/min.
Supernatanti su ¢uvani na -20 °C do odredivanja aktivnos-
ti NAG koja se provodila jednom tjedno. Aktivnost NAG je
postojana tijekom 7 dana na 4 °Ci -20 °C (19).

Svjezi uzorci mokrace koristeni su za odredivanje koncen-
tracije kreatinina i albumina u mokraci.

Puna krv je prikupljana s EDTA kao antikoagulansom radi
odredivanja HbA, .

Metode

Aktivnost NAG u mokraci odredena je spektrofotometrij-
ski komercijalnim testom (Boehringer Mannheim, Njemac-
ka) s 3-krezolsulfonftaleinil-N-acetil-B-glukozaminidom
kao supstratom (20). Koncentracija kreatinina u mokradi

TasLicA 1. Znacajke skupina bolesnika sa Se¢ernom bolesti

NAG and Diabetes Mellitus

diabetes onset in childhood maybe due to non-optimal
glycemic control in this population.

The aim of this study was to examine whether there are
differences between urinary NAG activity between chil-
dren and adolescents with diabetes mellitus type 1 and
healthy subjects. Beside that, we want to examine whet-
her urinary NAG activity change in relation to duration of
the disease.

Materials and methods

Subjects

The study included 66 children and adolescents with dia-
betes mellitus type 1 monitored during three years in
Kantrida Children’s Hospital, Rijeka. There were 37 males
and 29 females; median age: 14.5 (3.5-25). In the control
group, there were 68 individuals (29 males and 39 fema-
les) without renal disease and diabetes; median age 11.0
(0.5-27). The diabetic patients were classified in four grou-
ps according to the duration of diabetes. (Table 1).

Samples

Random urine samples were collected from each subje-
ct without additives, centrifuged 10 min at 800 g and su-
pernatants were kept at —20 °C until NAG activity analysis
which was performed once a week. NAG activity is stable
over 7 days at 4 °C and -20 °C (19).

Fresh urine samples were used for determination of urina-
ry creatinine concentration and albumin.

Whole blood was collected with EDTA as anticoagulant
for determination of HbA, .

Methods

Urinary NAG activity was determined spectrophotometri-
cally by commercial test kit (Boehringer Mannheim, Ger-
many) with 3-cresolsulfonphthaleinyl-N-acetyl--D-glu-
cosaminide as substrate (20). Urinary creatinine concen-

TasLe 1. Characteristics of groups of diabetic patients

Number of patients Age (years)

Group Duration of disease (years) N (male/female) (median; min-max)
<3 17(10/7) 3512251 .0
I 3-5 19.(11/8) 7.(:;3%.0
Il 5-10 19(7112) 11.15{15 8.5
Y >10 119/2) 12.2)6—.35.0
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TaBLIcA 2. Aktivnosti NAG u mokradi bolesnika i
kontrolne skupine

NAG and Diabetes Mellitus

TasLE 2. Urinary NAG activities in diabetic patients and
controls

NAG (kU/mol creatinine)

Group Patients (N)
Median min-max 1st quartile  3rd quartile
| 17 0.65* 0.14-2.72 0.27 1.20
I 19 0.76* 0.38-1.57 0.53 1.02
1] 19 0.66* 0.15-3.42 0.37 113
v 1 0.52%* 0.18-4.55 0.32 1.21
All patients 66 0.69* 0.14-4.55 0.38 115
Controls 68 0.24 0.06-1.98 0.17 0.47

Patients vs. controls: *P<0,001; **P=0,004

mjerena je izmijenjenom Jaffeovom reakcijom (21). Kako
bi se smanjio uc¢inak diureze na izmjerenu aktivnost NAG
u mokraci, rezultat smo izrazili kao omjer enzimske aktiv-
nosti i koncentracije kreatinina u mokraci (kU/mol kreati-
nina).

Koncentracija HbA, odredena je ionskom izmjenjivackom
kromatografijom (Bio Systems, Spanjolska).

Koncentracija albumina u mokraci mjerena je radijalnom
imunodifuzijom (Behring, Njemacka).

Statisticka analiza

Za ispitivanje normalnosti raspodjele rabili smo Kolmo-
gorov-Smirnovljev statisticki test. Za ispitivanje razlika u
aktivnosti NAG u mokraci izmedu skupine bolesnika i kon-
trolne skupine rabili smo Mann-Whitney statisticki test.
Za usporedbu cetiri dijabeticke skupine i kontrolne skupi-
ne rabljen je Kruskal-Wallisov test (P<0,05) te zatim Mann-
Whitneyev test (P<0,005).

IzraCunat je Spearmanov koeficijent korelacije aktivnosti
NAG u mokradi u bolesnika i trajanja bolesti.

Pomocu Kruskal-Wallisovog testa usporedene su razlike u
koncentraciji albumina u mokraci i koncentracije HbA, _iz-
medu Cetiri dijabeticke skupine (P<0,05).

Vrijednosti odredivanih parametara prikazani su kao me-
dijan (minimum-maksimum).

Rezultati i rasprava

Aktivnosti NAG u mokraci u cetiri skupine dijabetickih
bolesnika te u kontrolnoj skupini navedene su u tablici 2.
Statisticki znacajno su vise vrijednosti utvrdene za sve Ceti-
ri dijabeticke skupine u odnosu na kontrolnu skupinu (sku-
pina |, P=0,001; skupine Ili lll, P<0,001; skupina IV, P=0,004
u usporedbi s kontrolnim ispitanicima). Najnizi medijan
aktivnosti NAG zabiljezen je u skupini IV (0,52; 0,18-4,55
kU/mol kreatinina) u kojoj su bili bolesnici s najduljim tra-
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tration was measured using modified Jaffe reaction (21)
by home made reagent. In order to minimize the effect of
urine flow rate on urinary enzyme activity of NAG, results
are expressed as the ratio of enzyme activity to urine crea-
tinine concentration (kU/mol creatinine).

Glycated hemoglobin concentration was determined by
ion exchange chromatography (Bio Systems, Spain).
Urinary albumin concentration was determined by radial
immunodiffusion (Behring, Germany).

Statistical analysis

The Kolmogorov-Smirnov test was applied to test for a
normal distribution Comparison of urinary NAG activity
between entire diabetic group and controls was made by
unpaired Mann-Whitney test. Comparison between four
diabetic groups and control group was made by Kruskal-
Wallis test (P<0.05) and post hoc by unpaired Mann-Whit-
ney test (P<0.005).

Spearman’s correlation coefficient between urinary NAG
activity in diabetic patients and duration of disease was
calculated.

Comparison between four diabetic groups for urinary al-
bumin concentration and glycated hemoglobin concen-
tration was made by Kruskal-Wallis test (P<0.05).

Results and discussion

Urinary NAG activities in four groups of diabetic patients
and in the control group are shown in Table 2. Significan-
tly higher values were found in all four diabetic groups
compared to the control group (group | P=0.001, groups
Il and 11l P<0.001 and group IV P=0.004 compared to con-
trols). The lowest median for NAG was in group IV (0.52,
0.18-4.55 kU/mol creatinine) which comprised patients wi-
th the longest duration of diabetes mellitus, and the hig-
hest median for NAG was established in group Il (0.76, ran-
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janjem bolesti, a najvisi medijan za NAG je utvrden u sku-
pini Il (0,76; 0,38-1,57 kU/mol kreatinina). Medusobne raz-
like u izlu¢ivanju NAG izmedu pojedine skupine ispitanika
nisu bile statisticki znacajne. Shema Box-Whisker prikazu-
je medijan, kvartile, minimum, maksimum te vrijednosti
koje odskacu u svakoj skupini. Raspodjela aktivnosti NAG
u mokraci u Cetiri podskupine bolesnika i kontrolnoj sku-
pini prikazana je na slici 1.

Aktivnost NAG u mokraci u sve Cetiri skupine bila je stati-
sticki znacajno visa u usporedbi s kontrolnim ispitanicima
bez obzira na trajanje Secerne bolesti. S druge strane, me-
dutim, nije nadena korelacija izmedu cetiri dijabeticke
skupine i trajanja bolesti (r=—0,017, P=0,892).

Hsiao i sur. (22) su ispitali 31 dijete sa Se¢ernom bolesti ti-
pa 1 te utvrdili znacajno visu aktivnost NAG u mokraci u
Cetiri dijabeticke skupine (skupine su podijeljene na isti
nacin kao i u nasem istrazivanju, tj. prema trajanju boles-
ti) u usporedbi s kontrolnom skupinom, no bez statisticki
znacajne razlike izmedu bilo koje od tih cetiri skupina. Lo-
rini i sur. (23) i Mungan i sur. (24) takoder nisu otkrili kore-
laciju izmedu aktivnosti NAG u mokraci i trajanja Secerne
bolesti tipa 1 u mladih dijabetickih bolesnika.

NAG u mokraci je povezana s koncentracijom glukoze u
krvi (17) te moze odrazavati metabolicku kontrolu boles-
nika sa Secernom bolesti, aktivnost bolesti, te teZinu bub-
reznog ostecenja.

Nasi su bolesnici u sve Cetiri dijabetic¢ke skupine imali sli¢-
ne koncentracije HbA,, to je upucivalo na sli¢ne razine

NAG and Diabetes Mellitus

ge 0.38-1.57 kU/mol creatinine). There was no significant
difference in NAG excretion among any diabetic groups.
Box-Whisker plot presents median, quartiles, minimum,
maximum and outliers of each group. Distribution of uri-
nary NAG activities in four subgroups and controls is pre-
sented in Figure 1.

Urinary NAG activity of all four groups was significantly
higher compared to controls regardless of the duration of
diabetes. On the other hand, there was no correlation be-
tween the four diabetic groups and disease duration (r=
-0.017 P=0.892).

Hsiao et al. (22) examined thirty-one children with diabe-
tes mellitus type 1 and found significantly higher urinary
NAG activity in four diabetic groups (the groups were divi-
ded in the same manner as ours, according to duration of
diabetes) compared to the control group, but there was
no statistically significant difference among any two of
these four groups. Lorini et al. (23) and Mungan et al. (24)
also did not find correlation between urinary NAG activi-
ty and duration of diabetes type 1 in young diabetic pa-
tients.

Urinary NAG is related to glucose concentration in blood
(17) and may reflect metabolic control for patients with
diabetes mellitus, activity of the disease and the severity
of damage.

Our patients from all four diabetic groups had similar con-
centrations of glycated hemoglobin, which indicated that
they had similar levels of glycemia. There was no significa-
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FIGURE 1. Box-Whisker plots of urinary NAG activities in controls and
patient subgroups.
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TasLica 3. Koncentracije albumina u mokradi dijabeticara

NAG and Diabetes Mellitus

TasLE 3. Urinary albumin concentration in patients

Urinary albumin (g/mol creatinine)

Group Patients (N)
Median min-max  1stquartile  3rd quartile
| 1 3.3 0.9-7.2 1.7 4.6
Il 7 4.7 1.1-30.1 1.6 14.6
I 7 6.1 0.1-9.2 2.2 7.0
v 6 2.7 1.9-20.5 2.3 9.9

TaBLICA 4. Koncentracija glikiranog hemoglobina u podskupi-
nama bolesnika

TaBLE 4. Glycated hemoglobin concentration in patient sub-
groups

Glycated hemoglobin (%)

Group Patients (N)
Median min-max 1st quartile 3rd quartile
I 9 9.6 6.7-12.8 8.0 9.9
Il 8 8.9 6.8-16.3 8.4 1.4
I} 7 10.8 7.8-12.0 8.9 11.5
v 5 10.5 9.6-12.1 10.2 11.8

glikemije. Statisticki znacajne razlike nije bilo izmedu bi-
lo koje dvije od ¢etiri dijabetickih skupina u glikiranom
hemoglobinu (P=0,574), $to je prikazano u tablici 3. Sta-
tisticki znacajno vise aktivnosti NAG u mokradi u djece i
adolescenata sa Secernom bolesti tipa 1 u usporedbi s
kontrolnim ispitanicima ukazuju da su ti dijabeticki boles-
nici imali tubularno ostecenje koje bi moglo biti posljedi-
ca slabe kontrole glikemije (medijan koncentracija glikira-
nog hemoglobina bio je 8,9% ili visi u sve Cetiri skupine).
Nije utvrdena statisticki znacajna razlika u koncentraciji al-
bumina u mokradi izmedu pojedinih podskupina bolesni-
ka. Tablica 4. sadrzi koncentracije albumina u mokradi za
Cetiri podskupine dijabetickih bolesnika.

Postoji mogu¢nost da razlike izmedu skupina u izluciva-
nju NAG u mokraci nije bilo zbog sli¢ne razine glikemije
te, posljedi¢no, slicnoga stupnja bubreznoga ostecenja.
NAG u mokradi odrazava metabolicku kontrolu bolesnika
sa Se¢ernom bolesti, aktivnost bolesti, te tezinu tubular-
nog ostecenja, a ne samo trajanje bolesti.

Kako postoje mnogi drugi ¢imbenici koji dodatno mogu
utjecati na izlu¢ivanje NAG u mokradi, nije moguce do-
nositi kona¢ne zaklju¢ke o uzro¢no-posljedi¢noj vezi po-
vecane aktivnosti NAG i tubularnog ostecéenja u Secernoj
bolesti. Te ¢e odgovore dati neka buduca ispitivanja na ve-
¢em broju ispitanika.
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Biochemia Medica god. 16, br. 1, 2006.

nt difference between any two of the four diabetic grou-
ps in glycated hemoglobin (P=0.574) as presented in Tab-
le 3. Significantly higher activities of urinary NAG in chil-
dren and adolescents with diabetes type 1 compared to
controls indicate that these diabetic patients had tubular
damage which was possibly a consequence of poor glyce-
mic control (the median of glycated hemoglobin levels
was 8.9% or higher in all four groups).

There was no statistically significante difference in urina-
ry albumin concentration between diabetic groups. Table
4 presents urinary albumin values in four groups of diabe-
tic patients.

It is possible that there was no difference between grou-
ps in urinary NAG excretion because of their similar level
of glycemia and, as a consequence, similar degree of re-
nal damage.

There are many factors that affected urinary NAG excre-
tion so it is impossible to make definitive conclusions
about reason consequence relation between increased
NAG activity and impairment of tubular function in dia-
betes mellitus. Further studies on larger study groups are
needed to provide those answers.

Acknowledgments:

We thank Katarina Cvijovi¢, PhD, who provided us with
the data about diabetic patients and Lidija Bili¢-Zulle,
MSc, who gave us useful advice for statistical analysis.

Biochemia Medica Vol. 16, No. 1, 2006

55



Matica J. i sur.

NAG i secerna bolest

Matica J. et al.

Adresa za dopisivanje:

Mr. sc. Jasminka Matica

Klinicki bolnicki centar Rijeka

Zavod za laboratorijsku dijagnostiku
Odsjek dje¢je dijagnostike Kantrida
Istarska 43

51000 Rijeka

E-posta: jasminka.matica@ri.t-com.hr
tel: 051 659 124

Literatura / References

1.

2.

Turecky L, Uhlikova E. Diagnostic significance of urinary enzymes in
nephrology. Bratisl Lek Listy 2003;104:27-31.

Nuyts GD, Yaquoob M, Nouwen EJ, et al. Human urinary intestinal al-
kaline phosphatase as an indicator of $3-segment-specific alterations
in incipient diabetic nephropathy. Nephrol Dial Transplant 1994;9:377-
81.

Ishii N, Ogawa Z, Itoh H, Ikenaga H, Saruta T. Diagnostic significance
of urinary enzymes for diabetes mellitus and hypertension. Enzyme Pro-
tein 1994-95,48:174-82.

Hong CY, Chia KS. Markers of diabetic nephropathy. J Diabet Compl
1988;12:43-60.

Hashimoto R, Adachi H, Nishida H, Tsuruta M, Nomura G. Serum N-
acetyl-B-D-glucosaminidase activity in predicting the development of
hypertension. Hypertension 1995;35:1311-4.

Price RG. Measurement of N-acetyl-B-glucosaminidase and its isoen-
zymes in urine methods and clinical applications. Eur J Clin Chem Clin
Biochem 1992;30:693-705.

Welman E, Selwyn AP, Peters TJ, Colbeck JF, Fox KM. Plasma lysoso-
mal enzyme activity in acute myocardial infarction. Cardiovasc Res
1978;12:99-105.

Belli A, Scalercio F, Martino F, et al. Evaluation of N-acetyl-beta glucosa-
minidase in upper and lower urinary tract infections in childhood. Clini-
cal study of 168 children. Minerva Pediatr 1996,48:503-7.

Konda R, Sakai K, Ota S, Takeda A, Orikasa S. Followup study of renal
function in children with reflux nephropathy after resolution of vesicou-
reteral reflux. J Urol 1997;157:975-9.

. Cdrdenas A Roels H, Bernard AM, et al. Markers of early renal changes

induced by industrial pollutants. | Application to workers exposed to
mercury vapour. BrJ Ind Med 1993;50:17-27.

. Roels H, Bernard AM, Cdrdenas A, et al. Markers of early renal changes

induced by industrial pollutants. Ill Application to workers exposed to
cadmium. Br J Ind Med 1993;50:37-48.

. Green T, Dow J, Ong CN, et al. Biological monitoring of kidney function

among workers occupationally exposed to trichloroethylene. Occup En-
viron Med 2004;61:312-7.

Biochemia Medica god. 16, br. 1, 2006.

NAG and Diabetes Mellitus

Corresponding author:

Jasminka Matica, MSc

Department of Laboratory Diagnostics,
University Hospital Centre Rijeka
Istarska 43

51000 Rijeka, Croatia

E-mail: jasminka.matica@ri.t-com.hr
phone: +385 51 659 124

20.

21.

22.

23.

24,

. Ivandi¢ M, Hofmann W, Guder WG. Development and evaluation of uri-

ne protein expert system. Clin Chem 1996;42:1214-22.

. Jones AP; Lock S; Griffiths KD. Urinary N-acetyl-beta-glucosaminidase

activity in type | diabetes mellitus. Ann Clin Biochem 1995,;32:58-62.

. Schultz CJ, Dalton RN, Neil HAW, Konopelska-Bahu T, Dunger DB. Mar-

kers of renal tubular disfuntion measured annually do not predict risk
of microalbuminuria in the first few years after diagnosis of Type | dia-
betes. Diabetologia 2001;44:224-9.

. Mocan Z; Erem G Yildirim M; Telatar M; Deger O. Urinary beta 2-mi-

croglobulin levels and urinary N-acetyl-beta-D-glucosaminidase en-
zyme activities in early diagnosis of non-insulin-dependent diabetes
mellitus nephropathy. Diabetes Res 1994,26:101-7.

. Kavukgu S, Soylu A, Tiirkmen M. The clinical value of urinary N-acetyl-

B-D-glucosaminidase levels in childhood age group. Acta Med Okaya-
ma 2002;56:7-11.

. Kordonouri O, Kahl A, Jorres A, et al. The prevalence of incipient tubular

dysfunction, but not of glomerular dysfunction, is increased in patients
with diabetes onset in childhood. J Diabet Compl 1999;13:320-4.

. Hofmann W, Guder G. A diagnostic programme for the quantitative

analysis of proteinuria. J Clin Chem Clin Biochem 1989;27:589-600.
Noto A, Yasunao O, Mori S, et al. Simple, rapid spectrophotometry of
urinary N-acetyl-B-D-glucosaminidase, with use of a new chromogenic
substrate. Clin Chem 1983;29:1713-6.

Cook JGH. Creatinine assay in the presence of protein. Clin Chim Acta
1971,;32:485-6.

Hsiao PH, Tsai WS, Tsai WY, et al. Urinary N-acetyl-B-D-glucosamini-
dase activity in children with insulin-dependent diabetes mellitus. Am
J Nephrol 1996,16:300-303.

Lorini R, Scaramuzza A, Cortonal L, et al. Increased urinary N-acetyl-be-
ta-glucosaminidase (NAG) excretion in young insulin-dependent diabe-
tic patients. Diabetes Res Clin Pract 1995;29:99-105.

Mungan N, Yuksel B, Bakman M, Topaloglu AK, Ozer G. Urinary N-ace-
tyl-beta-D-glucosaminidase activity in type | diabetes mellitus. Indian
Pediatrics 2003;40:410-4.

Biochemia Medica Vol. 16, No. 1, 2006

56





