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NIVO KONCENTRACIJE MALONDIALDEHIDA
U SALIVI KAO INDIKATOR LOKALNIH
OKSIDATIVNIH O[TE]ENJA ]ELIJA 

U KLINI^KI ZDRAVIH OSOBA I PACIJENATA
SA PARADONTOPATIJAMA

G. @uni}1, D. Dakovi}2, Z. Brki}2

1Institut za medicinska istra`ivanja
2Klinika za stomatologiju

Vojnomedicinska akademija, Beograd

Periodontalne bolesti predstavljaju inflamatorne po-
reme}aje, koji dovode do kompleksnih interakcija iz-
me|u bakterija prisutnih u parodoncijumu i odbram-
benih sistema organizma. Mada su predmet brojnih
istra`ivanja, mehanizmi ovih poreme}aja jo{ uvek nisu
dovoljno rasvetljeni. Po{lo se od hipoteze da se kod
osoba sa parodontopatijama lokalno intenzivira razvoj
oksidativnih o{te}enja }elija, {to vodi u produbljivanje
o{te}enja tkiva i dalje u destrukciju parodoncijuma. U
ovom radu analizirani su nivoi koncentracija malondi-
aldehida (MDA) u salivi, kao indikatori oksidativnih
o{te}enja }elija indukovanih lokalnim pove}enjem pro-
cesa lipidne peroksidacije }elijskih membrana. Cilj je
bio da ispita da li se kod pacijenata sa klini~ki mani-
festnim paradontopatijama pove}ava nivo koncentra-
cije MDA u salivi. Ispitivanjima su obuhva}eni pacijenti
sa paradontopatijama u fazi pune klini~ke manifesta-
cije (n=7), a kontrolnu grupu su ~inile klini~ki zdrave
osobe (n=7). Salivarni MDA je analiziran modifikova-
nom metodom koriste}i bojenu reakciju sa tiobarbitur-
nom kiselinom. Rezultati ispitivanja pokazuju da u
grupi pacijenata sa parodontopatijama nivo MDA do-
sti`e vrednosti od 7,730 ± 2,606 mmol/L. To je zna~aj-
no vi{i (t=4,669, p<0,0001) nivo od 2,531 ± 1,374
mmol/ L salivarnog MDA dobijenog u kontrolnoj grupi.
Dobijeni rezultati navode na zaklju~ak da se kod pa-
cijenata sa paradontopatijama lokalno intenzivaraju
oksidativna o{te}enja }elija, koja verovatno le`e u os-
novi destruktivnih o{te}enja tkiva, {to bi trebalo imati u
vidu i pri izboru terapije.
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MALONDIALDEHYDE LEVELS IN WHOLE
SALIVA AS INDICATOR OF LOCAL 

OXIDATIVE CELL DAMAGES IN 
CLINICALLY HEALTHY AND PERIODONTAL

DISEASED INDIVIDUALS

G. @uni}1, D. Dakovi}2, Z. Brki}2

1Institute of Medical Rsearch
2Department of Dentistry

Military Medical Academy, Belgrade

Periodontal disease is an inflammatory disorder
that damages the tissue by complex interactions bet-
ween peridontopathic bacteria and host defense sys-
tems. Although the mechanisms of these events have
been widely examined, they have not yet been com-
pletely solved. We hypothesized that intensified devel-
opment of oxidative cell damages is fundamental dis-
order leading to further tissue damages and destruc-
tions of the parodontium. In the present study we ana-
lyzed malondialdehyde (MDA) level in saliva, as an indi-
cator of local oxidative cell damages induced by incre-
ased lipid peroxidation of the cell membranes. The aim
was to examine whether increase in salivary MDA
occurs in periodontal diseased individuals suggesting
the existence of locally increased oxidative cell dam-
ages. Progressive periodontal diseased individuals
(N=7) were examined, while clinically healthy persons
(N=7) were controls. Salivary MDA was analyzed by
modified colorimetric method with thiobarbituric acid.
The obtained results suggested that in patients salivary
MDA levels reached 7.730 ± 2.606 mmol/L. They were
significantly higher (t=4.669, P<0.0001) in compari-
son to control limits of 2.531 ± 1.374 mmol/L. In con-
clusion, increased salivary MDA indicates increased
oxidative cell damages at the site of parodontium,
which might initiate further tissue destructions that
should be taken into account in therapy. 

UC 577,1; 61                                                                                                               ISSN 0354-3447

Jugoslov Med Biohem 2004: 23 (Suppl 3) 167–178 Posterske sekcije
Poster sessions



I91

INHIBIRANJE REDUKCIJE NITRATA 
U NITRITE U USNOJ DUPLJI ^OVEKA 

SREDSTVOM ZA ISPIRANJE USTA 
NA BAZI HEKSETIDINA

D. Boji}1, A. Boji}1, M. Purenovi}1, G. Koci}2

1Odsek za hemiju, 
Prirodno-matemati~ki fakultet u Ni{u, Ni{

2Institut za biohemiju, 
Medicinski fakultet u Ni{u, Ni{

Formiranje nitrita iz oralno unesenih nitrata re-
dukcijom mikroorganizmima u usnoj duplji ~oveka
mo`e dovesti do pojave methemoglobinemije i endo-
genog nitrozovanja amina i amida, ~ime nastaju kan-
cerogena N-nitrozo jedinjenja. U ovom radu je ispiti-
vana mogu}nost inhibiranja redukcije nitrata u nitrite
u usnoj duplji ~oveka, pod uticajem sredstva za ispi-
ranje usta na bazi heksetidina. Redukciona aktivnost
usne duplje je pra}ena primenom originalne in vivo
metode koja se zasniva na inkubaciji rastvora nitrata
u ustima, nakon ~ega se odre|uje koncentracija for-
miranih nitrita Griessovom spektrofotometrijskom
metodom. Kao inhibitor redukcione aktivnosti mikro-
organizama usne duplje upotrebljen je komercijalni
proizvod Heksoral® (Hemofarm, Vr{ac), koji sadr`i
0,1% heksetidina. Subjekti su prema uputstvu proiz-
vo|a~a aplikovali po 15 mL Heksorala® mu}kanjem
u periodu od 30 s, a zatim ispirali usta vodom. Re-
dukciona aktivnost usne duplje je pra}ena odmah po
aplikaciji sredstva za ispiranje usta i posle: 0.5, 1, 2,
5, 10 i 24 ~asa, inkubiranjem 15 mL rastvora nitrata
koncentracije 10,00 cm3 u periodu od 120 s. Analize
pokazuju da je tokom prva 2 sata od primene Hekso-
rala® redukciona aktivnost usne duplje bila smanjena
za oko 30 puta, u odnosu na nativne uslove. Nakon
toga se javlja lagani porast redukcione aktivnosti,
koja posle 5 sati ima oko 12 puta manju vrednost, a
posle 10 sati je oko 6 puta ni`a od normalne. 24 ~asa
nakon aplikacije Heksorala® redukciona aktivnost
usne duplje jo{ uvek ima ne{to ni`u vrednost od na-
tivne. Rezultati pokazuju da se primenom heksetidina
mo`e posti}i skoro potpuno inhibiranje redukcije ni-
trata u usnoj duplji ~oveka. O~igledno je da ovo sred-
stvo deluje baktericidno na mikroorganizme usne dup-
lje ~oveka koji redukuju nitrate, pri ~emu je njegovo
delovanje visokog intenziteta i posle 10 sati. Redov-
nom primenom heksetidina, dva puta dnevno prema
uputstvu proizvo|a~a, mogu}e je zna~ajno smanjiti
koncentraciju nitrita u salivi, a time i pojavu methe-
moglobinemije i produkciju kancerogenih N-nitrozo
jedinjenja u `elucu.
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INHIBITION OF NITRATE REDUCTION 
TO NITRITE IN THE HUMAN ORAL CAVITY

BY MOUTHWASH SOLUTION 
CONTAINING HEXETIDINE

D. Boji}1, A. Boji}1, M. Purenovi}1, G. Koci}2

1Department of Chemistry, 
University School of Science, Ni{
2University School of Medicine, 

Clinical Centre, Ni{, Ni{

Formation of nitrite from ingested nitrate by re-
duction of microorganisms in the human oral cavity
can provoice methemoglobinaemia and endogenous
nitrosation of amines and amides that contribute to
the formation of carcinogenic N-nitroso compounds.
The paper deals with the possibility of inhibition of
nitrate reduction to nitrite in the human oral cavity by
mouthwash solution containing hexetidine was inves-
tigated. Reduction activity of the oral cavity was mon-
itored by original in vivo method, based on incuba-
tion of nitrate solution in the mouth, and determina-
tion of formed nitrite by spectrophotometric Griess
method. Commercial product Heksoral® (Hemo-
farm, Vr{ac) with 0.1% hexetidine was used as micro-
organism activity inhibitor. Subjects gargled 15 mL of
Heksoral® during 30 s according to producer instru-
ctions, and rinsed the mouth with water. Reduction
activity of the oral cavity was monitored immediately
after using mouthwash solution, and after 0.5, 1, 2,
5, 10 and 24 hours, by incubation of 15 mL nitrate
solution concentration of 10.00 mg-N dm–3 during
120 s. During the first 2 h after Heksoral® the reduc-
tion activity in the mouth was reduced by about 30
times in comparison to native conditions. Then,
reduction activity slowly increased. However, after 5 h
its value was lower by 12 times, and after 10 h it was
6 times lower than normal. Twenty four hours after
Heksoral® use, reduction activity of the oral cavity
was still lower than in native conditions. Results show
that almost total inhibition of nitrate reduction to
nitrite in the oral cavity can be obtained by hexeti-
dine. This reagent shows bactericidal activity of ni-
trate reducing microorganisms, and its efficacy is still
great after 10 h. By regular use of Heksoral®, two
times a day, the concentration of nitrite in saliva as
well as methemoglobinemia and production of car-
cinogenic N-nitroso compounds may be significantly
lowered.
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VREDNOSTI MOKRA]NE KISELINE 
ZAVISNO OD GESTACIONOG PERIODA

TOKOM NORMALNE TRUDNO]E

D. Lutovac, M. Milivojevi}, R. Obrenovi}

Institut za medicinsku biohemiju, 
Klini~ki centar Srbije, Beograd

Normalnu trudno}u prati niz metaboli~kih i funk-
cionalnih promena. Promene u glomerularnog filtra-
ciji se zapa`aju ve} nakon ~etiri nedelje trudno}e, a
tako|e dolazi do  promene u sistemskoj hemodina-
mici {to dovodi do promene odre|enih parametara u
odnosu na nivo kod negravidnih `ena. Poznato je da
u normalnoj trudno}i postoji relativna hipourikemija
koja u nedelji pred poro|aj dosti`e nivo koji je sli~an
nivou negravidnih `ena. Odre|ivanje mokra}ne kise-
line u serumu trudnica je naro~ito va`no za rano
otkrivanje stanja preeklampsije jer je u toj situaciji
klirens mokra}ne kiseline smanjen a renalna reapsor-
pcija pove}ana pa samim tim dolazi do pove}anja
nivo mokra}ne kiseline u serumu. Promene u kliren-
su mokra}ne kiseline se nekada javljaju nedeljama
pre pojave ostalih simptoma preeklampsije. Serijsko
odre|ivanje mokra}ne kiseline u plazmi mo`e da bu-
de od koristi za uo~avanje i pra}enje stanja preeklam-
psije. U ovom radu je iz tih razloga ispitivan nivo mo-
kra}ne kiseline kod 60 trudnica koje su imale norma-
lan tok trudno}e. Trudnice su razvrstane u tri grupe u
svakoj po 20 trudnica prema gestacionom periodu.
Mokra}na kiselina je odre|ivana komercijalnim
testovima firme Randox na automatskom analizatoru
IL Monarch 2000. Za statisti~ku analizu dobijenih po-
dataka kori{}eni su Student-ov t-test i Mann Whitney
U-test. U prvom trimestru srednja vrednost mokra}ne
kiseline u plazmi je iznosila 196 mmol/L, u drugom
246 mmol/L i u tre}em trimestru 300 mmol/L. Mokra-
}na kiselina se statisti~ki zna~ajno menja tokom nor-
malne trudno}e zavisno od gestacionog perioda. 
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INCIDENCIJA URO\ENE 
HIPERBILIBRUBINEMIJE

(GILBEROV SINDROM) KOD REGRUTA

P. Radovi}1, V. Radonji}2, G. Brajkovi}1

1VMC Podgorica
2Dom zdravlja, Kotor

Bilirubin je zavr{ni proizvod metabolizma porfirina
i uklanja se iz organizma putem `u~i. Za vrijeme
transporta kroz krvotok od retikuloendotelnog tkiva
do hepati~hih }elija bilirubin se nalaze  u plazmi vezan
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VALUES OF URIC ACID DEPENDING 
ON GESTATION PERIOD 
IN NORMAL PREGNANCY

D. Lutovac, M. Milivojevi}, R. Obrenovi}

Institute of Medical Biochemistry, 
Clinical Centre of Serbia, Belgrade

Regular pregnancy is associated with a series of
metabolic and functional changes. Changes in glo-
merular filtration are noticed after four weeks of preg-
nancy. There are also changes in systemic haemody-
namics that cause change in some parameters com-
pared to the level with non-pregnant women. It is
well-known that in regular pregnancy relative hypo-
uraemia exists which, in the last week of pregnancy
reaches the level of that of non pregnant women. De-
termination of uric acid in plasma of pregnant wo-
men is important for early discovery of preeclampsia.
Then uric acid clearance is decreased and renal ab-
sorption is increased causing increase in the level of
plasma uric acid. Changes in uric acid clearans so-
metimes appear many weeks before other symptoms
of preeclampsia. Serial measurings of uric acid in
plasma can be useful for detection and follow up of
preeclampsia. In this study the level of uric acid is
examined in 60 pregnant women with normal preg-
nancy. Pregnant women are classified in three gro-
ups (in each 20) according to the period of pregnan-
cy. Uric acid is evaluated by commercial Randox test
on the automatic analyzer IL Monarch 2000. In the
first three months the average value of uric acid in
plasma was 196 mmol/L, in the second 246 mmol/L
and in the third 300 mmol/L. For the statistical analy-
sis of achieved results we used Student's t-test and
Mann Whitney U-test. Uric acid was statistically very
changed in normal pregnancy, depending on the ge-
station period. 
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INCIDENCE OF IN BORN 
HYPERBILIRUBINAEMIA 

(GILBER'S SYNDROME) IN RECRUITS

P. Radovi}1, V. Radonji}2, G. Brajkovi}1

1VMC Podgorica
2Health Centre, Kotor

Bilirubin is a final product of the metabolism of
porfirin and it is removed from the organism through
the bile. During the transport via blood circulation
from the reticuloendothelial tissue to hepatic cells,



bilirubin is connected with albumin (unconjugated) in
the plasma. Hepatocytes take it over from the circu-
lation, conjugate it with glucuronic acid by means of
ester connections with propionic acid making mono
and diglucuronides, and then excrete conjugated bili-
rubin. Hyperbilirubinaemia is a sign of balance distur-
bed the between anabolism and catabolism of the
bile pigments. Aethiopathogenic factors which cause
hyperbilirubinemia could be inborn or acquired. The
inborn are uncommon. The group of hepatic hyper-
bilirubinaemia contains also Gilbert's syndrome. This
syndrome includes heterogenic inborn deficits which
cause unconjugated hyperbilirubinaemia. In Gilbert's
syndrome the transport of bilirubin through the hepa-
tocytes cell membrane can be destructed or a partial
reduction of UDP glucuronil tansfer activity can be
present. It is autosomally dominated and it is four ti-
mes more common in males. The study was carried
out in the VMC laboratory in Podgorica and it includ-
ed the recruits from January 2003 to February 2004
(1076 recruits). Reference values of bilirubin ranged
from 9–21 mmol/L, and 127 of recruits had values
from 22–55.8 mmol/L. In these 127 recruits tests of
hepatic functions were normal. Ultrasound findings
were normal.
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POSSIBLE THERAPEUTIC 
IMPLICATION OF ALPHA 

LIPOIC ACID IN PREVENTING 
PEROXYNITRITE-INDUCED LIVER DAMAGE 

G. Koci}, R. Pavlovi}, D. Pavlovi}, 
I. Stojanovi}, T. Jevtovi}

Institute of Biochemistry and Institute of
Chemistry, University School of Medicine, Ni{ 

Among reactive nitrogen species derived from nitric
oxide, peroxynitrite (ONOO) is the primary trigger of
multiple forms of protein damage, by reacting with sul-
phydryl nucleophiles and by nitrating aromatic groups.
In that way it is capable of stimulating inflammation
and cancerogenesis. It may also provide a therapeutic
rationale for the use of peroxynitrite scavengers in tre-
atment of chronic hepatitis. The aim of the study was
to establish peroxynitrite-scavenging properties of sul-
phydryl-rich compound alpha-lipoic acid. Hepatocytes
were isolated by collagenase technique (1 mg/mL of
RPMI 1640 medium, collagenase was inhibited by 10%
FCS), and OONO– was synthesyzed by a quench-flow
technique (the concentration of 20 mmol/mL was
quantified at 302 nm, molar absorptivity 1670 L ×
mol–1 × cm–1). Hepatocytes (approximately 107cells/
mL) were exposed to either OONO or simultaneously
with alpha-lipoic acid (2.5 mg/mL), what was a maxi-
mal therapeutic dose. In ONOO’treated hepatocytes

za albumin (nekonjugovani bilirubin). Hepatociti ga
preuzimaju iz cirkulacije, konjuguju sa glukuronskom
kisjelinom posredstvom estarskih veza sa propion-
skom kiselinom grade}i mono i diglukoronide, i eks-
kretuju kao konjugovani bilirubin. Hiperbilirubinemija
je znak poreme}aja ravnoteze izme|u anabolizma i
katabolizma `u~nih pigmenata. Etiopatogenski fak-
tori koji dovode do pojave hiperbilirubinemije mogu
biti uro|eni i ste~eni. Uro|eni su re|i. Grupi hepati~-
nih bilirubinemija pripada i Gilbert-ov sindrom. Ovaj
sindrom obuhvata heterogene uro|ene deficite koji
dovode do nekonjugovane hiperbilirubinemije. Kod
Gilbertovog sindroma ili je naru{en transport bi-
lirubina kroz }elijsku membranu hepatocita ili postoji
delimi~no smanjenje aktivnosti UDP glukoronil trans-
feraze. Prenosi se autosomno dominantno i srije}e se
4 puta ~e{}e kod mu{karaca. Ispitivanje  je sprovede-
no u laboratoriji VMC-a Podgorica i obuhvatilo je re-
grute u periodu od januara 2003. godine do februara
2004. godine. Obra|eno je 1076 regruta. Referentne
vrijednosti za bilirubin iznose 9–21 mmol/L. Kod 127
regruta dobijene vrijednosti za koncentraciju bilirubi-
na su bile 22–55,8 mmol/L. Kod ovih 127 regruta ruti-
nski testovi za hepati~ne funkcije su bili normalni, a
ultrazvuk je bio uredan.
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MOGU]I TERAPIJSKI ASPEKTI 
ALFA-LIPONSKE KISELINE U PREVENCIJI

O[TE]ENJA JETRE UZROKOVANOG 
PEROKSINITRITOM

G. Koci}, R. Pavlovi}, D. Pavlovi}, 
I. Stojanovi}, T. Jevtovi} 

Institut za biohemiju i Institut za hemiju,
Medicinski fakultet, Ni{

Me|u reaktivnim radikalima nastalim iz nitro jedi-
njenja, peroksinitrit (ONOO) predstavlja primarnog po-
kreta~a multipnih formi o{te}enja proteina, zbog svoje
sposobnosti da reaguje sa sulfidrilnim grupama i aro-
mati~nim jezgrima. U stanju je da indukuje inflamaciju
i kancerogenezu, pa bi mo`da mogao da predstavlja
terapijski racionalni poku{aj kori{}enja »skavend`e-
ra« peroksinitrita u tretmanu hroni~nog hepatitisa.
Cilj ovog rada je bio da se ustanove peroksinitrit-»ska-
vend`er« svojstva supstance bogate sulfidrilnim grupa-
ma, kao {to je alfa-liponska kiselina. Hepatociti su izo-
lovani uz kori{}enje kolagenaze (1 mg/mL RPMI 1640
medijuma). Kolagenaza je inhibirana uz kori{}enje
10% FCS, a ONOO- je sintetisan specijalnom meto-
dom hla|enja (koncentracija je kvantifikovana na 302
nm, molarna apsorptivnost 1670 L × mol–1 × cm–1).
Izolovani hepatociti (oko 107 }elija/mL) su bili tretirani
sa ONOO ili simultano sa ONOO i alfa-liponskom
kiselinom (2,5 mg/mL, {to predstavlja maksimalnu
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significant increase in the nitrate/nitrite (NOx) level
(38.4 ± 3.43 vs. control 3.4 ± 0.12 mmol/g proteins,
P<0.001) was associated with enhanced carbonyls
(12.46 ± 1.42 vs control 6.28 ± 0.21 mmol/g proteins,
P<0.01) and nitrotyrosine (NTY) (9.6 ± 1.31 vs. con-
trol 6.7 ± 1.11 mmol/g proteins, P<0.001) respective-
ly. In the ONOO and alpha-lipoic acid group, concen-
tration of NOx (20.9 ± 5.18 mmol/g proteins,
P<0.01), carbonyls (8.33 ± 2.78 mmol/g proteins,
P<0.001) or NTY (6.9 ± 1.24, P<0.05) was de-
creased. We can conclude that a powerful cytoprote-
ctive effect achieved by lipoic acid, points to its pro-
perties as of a »universal antioxidant«. The possible
therapeutic implication in prevention of peroxynitrite-
-induced liver damage during chronic hepatitis is a new
view on an old cofactor.
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NITROSATIVE AND OXIDATIVE STRESS
INDUCED BY AUTHENTIC PEROXYNITRITE 

R. Pavlovi}1, G. Koci}2, 
I. Stojanovi}2, T. Cvetkovi}2, 

D. Pavlovi}2, T. Jevtovi}2, G. Nikoli}1

1Institute of Chemistry
2Institute of Biochemistry, 

University School of Medicine, Ni{

Peroxynitrite anion (ONOO–) has been the major
focus of the most recent studies, and numerous path-
ways of its synthesis and decomposition have been
proposed. It is well documented that endogenous for-
mation of peroxynitrite has been implicated in a num-
ber of metabolic disorders, but assessment of its cyto-
toxicity has been obstructed by its extremely short half-
life. Peroxynitrite, when formed either endogenously,
or added in vitro as a bolus, is protonated into perox-
ynitrous acid (ONOOH), which, in turn, decomposes
into either nitrate or reactive toxic intermediates capa-
ble of mediating tissue injury. Therefore, this study was
preformed in order to establish the direct effect of per-
oxynitrite administration by systemic circulation on
lipid peroxidation (level of malondialdehyde – MDA)
and oxidative modification of proteins (measured by
the reactive carbonyl groups content). Furthermore,
possible inactivation of regulatory proteins through
nitration of tyrosine aromatic ring (nitrotyrosine appea-
rance) or thiol group oxidation (sulfhydryl moieties)
was estimated. Concentration of nitrate (NOx), known
as stable peroxynitrite end products, was also measu-
red in plasma. In addition, level of endogenous urate
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terapijsku dozu). Hepatociti koji su izlo`eni delovanju
peroksinitrita pokazivali su zna~ajan porast koncentar-
cije nitrata i nitrita (38,4 ± 3,43 mmol/g proteina, u
odnosu na kontrolu 3,4 ± 0,12 mmol/g proteina,
p<0,001), pove}anje koncentracije karbonilnih deriva-
ta (12,46 ± 1,42 mmol/g proteina u odnosu na kon-
trolu 6,28 ± 0,21 mmol/g proteina p<0,01), kao i
nitrotirozina (9,6 ± 1,31 mmol/g proteina u odnosu na
kontrolu 6,7 ± 1,11, p<0,001 nmol/g proteina). U
uzorku hepatocita koji su tretirani alfa-liponskom kise-
linom i peroksinitritom istovremeno je bila ni`a kon-
centarcija nitrata i nitrita (20,9 ± 5,18 mmol/g proteina,
p<0,01), karbonilnih grupa (8,33 ± 2,78 mmol/g pro-
teina, p<0,001) i nitrotirozina (6,9 ± 1,24 mmol/g pro-
teina, p<0,05). Mo`e da se zaklju~i da povoljni cito-
protektivni efekti koji su postignuti sa alfa-liponskom
kiselinom ukazuju na njena svojstva »univerzalnog anti-
oksidansa«. Mogu}a terapijska implikacija u prevenciji
o{te}enja jetre uzrokovanog peroksinitritom u toku
hroni~nog hepatitisa predstavlja novi pogled na jedan
stari kofaktor.
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NITROZATIVNI I OKSIDATIVNI STRES
INDUKOVANI AUTENTI^NIM 

PEROKSINITRITOM

R. Pavlovi}1, G. Koci}2, 
I. Stojanovi}2, T. Cvetkovi}2, 

D. Pavlovi}2, T. Jevtovi}2, G. Nikoli}1

1Institut za hemiju 
2Institut za biohemiju, Medicinski fakultet, Ni{

Peroksinitrit anijon (ONOO–) je, u poslednje
vreme, postao predmet intenzivnog prou~avanja, tako
da su predlo`eni brojni putevi njegove sinteze i raz-
gradnje. Dokazano je da endogeno nastao peroksini-
trit uzrokuje zna~ajne metaboli~ke poreme}aje, ali je
procena citotoksi~nosti ovog anjona ote`ana usled izu-
zetno kratkog polu`ivota. Bilo da je nastao endoge-
nom produkcijom, ili je davan in vitro kao bolus, pe-
roksinitrit se protonuje u peroksinitritnu kiselinu
(ONOOH), koja se dalje ili prevodi u nitratni jon, ili se
razla`e do reaktivnih intermedijera, sposobnih da po-
sreduju u nastajanju tkivnih o{te}enja. Zbog toga je cilj
ovog rada bio da se ispitaju direktni efekti adminis-
tracije peroksinitrita putem sistemske cirkulacije na
lipidnu peroksidaciju (nivo malondialdehida) i na oksi-
dativnu modifikaciju proteina (merenu putem sadr`aja
karbinilnih grupa). Osim toga, ispitana je i mogu}a
inaktivacija regulatornih proteina usled nitracije aro-
mati~nog prstena tirozina (pojava nitrotirozina) i oksi-
dacije tiolnih grupa (sulfhidrilne grupe). Koncentracija
nitrata (NOx), stabilnih krajnjih produkata peroksi-
nitrita, je tako|e merena u plazmi. Odre|ivan je i nivo
endogene produkcije urata, jer je mokra}na kiselina



~esto predstavljana kao potencijalni »skavend`er« per-
oksinitrita. Autenti~ni peroksinitrit, sintetisan »quench-
flow« postupkom (0,1 mL, 30 mmol/L rastvor) davan
je intraventikularnom infuzijom Sprague – Dawley pa-
covima anesteziranim Na-pentobarbitalom. Kontrolna
grupa je primala fiziolo{ki rastvor, a sa njom se postu-
palo na isti na~in kao i sa predhodnom. @ivotinje su
`rtvovane nakon 24 sata. Tretman peroksinitritom nije
izazvao promene u sadr`aju karbonilnih grupa plazme,
niti je promenio nivo malondialdehida. U pore|enju sa
kontrolom, administracija peroksinitrita je u cirkulaciji
zna~ajno smanjila koncentraciju mokra}ne kiseline uz
pove}anu koncentraciju nitrata. Intenzivirana je i nitra-
cija aromati~nih aminokiselina (pra}ena putem pove-
}ane produkcije nitrotirozina), a potvr|ena je i velika
sposobnost peroksinitrita da oksiduje sulfhidrilne gru-
pe proteina. Imaju}i u vidu dobijene rezultate, mo`e se
pretpostaviti da se autenti~ni peroksinitrit razla`e na
reaktivne azot-dioksid i hidroksil radikale, koji su, svaki
ponaosob, mo}ni aktivatori nitrozativnog i oksidativ-
nog stresa. ^ini se da dominira nitrozativni stres zajed-
no sa visokom aktivno{}u mokra}ne kiseline kao pe-
roksinitritnog »skavend`era«.
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INDUCIRANA LIPIDNA PEROKSIDACIJA 
U MO@DANOM HOMOGENATU KOD

UMERENO HIPERHOLESTEROLEMI^NIH
PACOVA IZLO@ENIH RAZLI^ITIM VRSTAMA

MASLENE SUPLEMENTACIJE 

B. \o{i}-Markovska, J. Dimitrova-[umkovska

Katedra za biohemiju, Institut za biologiju,
Prirodno-matemati~ki fakultet,  
Skopje, Republika Makedonija

Sastav mo`danog tkiva je jedinstven u svojoj vi-
sokoj koncentraciji lipida, sa izrazito dugim lancem
polienoi~nih masnih kiselina iz grupa omega-3 i
omega-6. Shodno tome, sastav i balans pomenutih
molekula u mo`danom tkivu je presudan za pravilan
razvoj i funkcionisanje nervnog sistema, zato {to je
poslednji posebno ranjiv na oksidativni insult. Smatra
se da alteracija biomolekula izazvana aldehidima iz
procesa lipidne peroksidacije, doprinosi formiranju
lipofuscina, {to je uo~ljivo kod starenja i kod progre-
sije odre|enih oblika degenerativnih oboljenja. U
ovom radu odre|ivan je stepen lipidne peroksidacije
u mo`danom homogenatu pacova, merenjem trenu-
tnog, takozvanog »steady-state« nivoa produkcije lipi-
dnih peroksida (TBARS), kao i u uslovima inducirane
lipidne peroksidacije. Primenjen je metod Okhawa-e,
uklju~iv{i modifikacije prema Sawas-u i Gilbert-u.
Odrasli laboratorijski pacovi vrste Wistar, podeljeni su
u 4 grupe: (1) intaktni pacovi koji nisu bili izlo`eni tret-
manu (kontrolna grupa); (2) umereno hiperholes-
terolemi~ni pacovi (izlo`eni aterogenoj ishrani u toku
180 dana), bez dodatne prehrane; (3) umereno hiper-

was determined, because uric acid is commonly de-
scribed as a potent peroxynitrite scavenger. Authentic
peroxynitrite, synthesized by quench-flow technique
(0.1 mL of 30 mmol/L solution), was infused intraven-
tricularly to Sprague – Dawley male rats under Na-
penthobarbital anaesthesia. Physiological saline solu-
tion was given to control group, handled at the same
manner as previous one. Animals were killed after 24
h. Peroxynitrite treatment caused no alternation in
plasma carbonyl group content, or in MDA level. Com-
paring to controls, peroxynitrite administration led to
significant uric acid depletion, followed by an increase
in plasma NOx concentration. Aromatic amino acids
nitration (evaluated by nitrotyrosine formation) was
intensified, while high ability of peroxynitrite for the oxi-
dation of protein sulfhydryl groups was also confirmed.
Considering the obtained results, it can be proposed
that authentic peroxynitrite can dissociate to form both
the nitrogen dioxide and hydroxyl radical, which are,
respectively, powerful activators of nitrosative and
oxidative stress. It seems that nitrosative stress is pre-
dominant with concomitant high uric acid activity as a
peroxynitrite scavenger. 
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INDUCED BRAIN LIPID PEROXIDATION 
IN MILDLY HYPERCHOLESTEROLAEMIC

RATS WITH DIFFERENT DIETARY 
SUPPLEMENTATIONS

B. \o{i}-Markovska, J. Dimitrova-[umkovska

Department of  Biochemistry, 
Institute of Biology,

University School of Natural Sciences and
Mathematics,  Skopje, Republic of Macedonia

Composition of the brain is unique in its high con-
centration of lipids with particularly long-chain poly-
enic fatty acids of the omega-6 and omega-3 series.
Thus, the composition and balance of  these molecu-
les in the brain are critical for proper development
and functioning of the nervous system, as it is
particularly vulnerable to oxidative insult. Modifica-
tion of biomolecules by aldehyde products of lipid
peroxidation is also believed to contribute to lipofus-
cin formation, as seen in aging and in the progres-
sion of some degenerative diseases. This study has
examined the degree of lipid peroxidation evaluated
in brain homogenates of rats, by measuring both
steady-state and stimulated concentrations of thio-
barbituric acid reactive substances (TBARS) accord-
ing to a method described by Okhawa (1979), and
modified by Sawas and Gilbert. Adult male Wistar
strain rats were randomized in 4 dietary groups: (1)
intact rats receiving no treatment (control group); (2)
mildly hypercholesterolaemic rats (receiving athero-
genic diet for 180 days) with no supplementary  diet;
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(3) mildly hypercholesterolaemic rats receiving high
fat diet for 160 days followed by intragastral supple-
mentary diet (1.5 mL fish oil per day for a period of
20 days), and (4) mildly hypercholesterolaemic rats
with supplementary diet (1.5 mL  soybean oil per day
for a period of 20 days). The obtained results suggest
that  fish oil supplementation increases tissue resist-
ance to lipid peroxidation triggered by metal-ascor-
bate system despite the fact that the steady-state lev-
els of TBARS production have marked a significant
increase in comparison with the attained results for
the other groups of examined animals. It has been
determined that the oxidation of lipids generated by
the iron/ascorbate system is enhanced in the pres-
ence of  high doses of chronically administrated n-6
fatty acids (soybean oil).

I97

POLYAMINE METABOLISM IN RAT 
LIVER AFTER MERCURY 

CHLORIDE ADMINISTRATION

J. Nikoli}, I. Stojanovi}, G. Bjelakovi}

Departmant of Biochemistry,
University School of Medicine, Ni{

Polyamines, putrescine, spermidine and spermine
are a group of cell components with important role in
regulation of cell proliferation and differentiation. Hea-
vy metal, mercury, in various forms, is widely distri-
buted in environment: in food (fish), in many products
in agriculture (fungicides, insecticides), in medical pra-
ctice (dental amalgam fillings, vaccines), industry (ba-
rometers, thermometers, battery, fluorescent lamps),
etc. Accidental occupational or environmental intoxi-
cation with mercury is very frequent. Clinical signs of
toxicity depend on doses and duration exposure to
mercury. In evaluation of hepatotoxic effects of mer-
cury chloride we have studied the importance of po-
lyamines in response to acute mercury chloride intox-
ication. Experiment was performed on male Sprague
Dawley rats weighing about 250 g. The animals were
killed 24 h after mercury chloride administration (3
mg/kg). Control group of animals was treated with
saline. Polyamine oxidase (PAO) and diamine oxidase
(DAO), enzymes that catabolise polyamines,were
measured in the liver homogenate according to the
method of Bashrach and Reches (1966). Tissue pro-
tein level was determined according to Lowry et all.
(1951). Results of our study show that administration
of mercury chloride leads to developing of acute renal
failure. Urea and creatinine, the markers of kidney
function, were significantly elevated in blood plasma,
P<0.001. Diamine and polyamine oxidase activities in
liver were significantly decreased compared to control
group (P<0.01). These results indicate that polyami-
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holesterolemi~ni pacovi izlo`eni visoko masnoj ishrani
u periodu od 160 dana, nakon ~ega je usledila kon-
tinuirana intragastralna suplementacija (1,5 mL ribljeg
ulja u toku 20 dana) i (4) umereno hiperholesterole-
mi~ni pacovi sa dodatnom prehranom (1,5 mL
sojinog ulja u toku 20 dana). Dobijeni rezultati ukazuju
da je suplementacija ribljim uljem pove}ala otpornost
tkiva na proces lipidne peroksidacije izazvan metal-
askorbatnim sistemom, uprkos ~injenici da je suple-
mentacija istom vrstom ulja inducirala zna~ajno po-
ve}anje produkcije lipidnih peroksida u »steady-state«
nivou. Utvr|eno je izrazito pove}anje procesa lipidne
oksi dacije stimulirane fero-askorbatnim sistemom,
kod grupe pacova tretiranih visokim dozama sojinog
ulja.
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METABOLIZAM POLIAMINA 
U JETRI PACOVA TRETIRANIH 

@IVINIM HLORIDOM

J. Nikoli}, I. Stojanovi}, G. Bjelakovi}

Institut za biohemiju,
Medicinski fakultet, Ni{

Poliamini, putrescin, spermidin i spermin, pred-
stavljaju grupu }elijskih konstituenata koji imaju va`nu
ulogu u regulaciji }elijske proliferacije i diferencijacije.
@iva je te{ki metal koji postoji u razli~itim formama u
`ivotnoj sredini. Ima je u hrani (morska riba), u proiz-
vodima koji se koriste u agrikulturi (fumgicidi, insekti-
cidi), u preparatima koji se koriste u medicinskoj pra-
ksi (dentalni amalgam, vakcine), u industrijskim proiz-
vodima (barometri, termometri, baterije, fluorescenthe
lampe). Trovanja `ivom su vrlo ~esta i mogu biti slu-
~ajna ili nastaju kod radnika koji su profesionalno
izlo`eni `ivi. Klini~ki simptomi toksi~nosti `ive zavise od
doze i du`ine eksponiranja. Cilj istra`ivanja je bio ispi-
tivanje zna~aja poliamina u hepatotoksi~nim efektima
`ive. Eksperiment je vr{en na mu{kim Sprague Dawley
pacovima telesne mase oko 250 g. @ivotinje su `rtvo-
vane 24 ~asa nakon i.p. davanja merkuri hlorida (3
mg/kg). Kontrolna grupa `ivotinja je tretirana fiziolo-
{kim rastvorom. Enzimi katabolizma poliamina, poli-
amino oksidaza (PAO) i diamino oksidaza (DAO), su
odre|ivani u jetrinom homogenatu prema metodi
Bashrach and Reches (1966). Nivo proteina u tkivu
jetre meren je po metodi Lowry i sar. (1951). Rezultati
istra`ivanja pokazuju da primena merkuri hlorida dovo-
di do pojave akutne bubre`ne insuficijencije. Nivo uree
i kreatinina, markera bubre`ne funkcije, se zna~ajno
pove}ava u odnosu na kontrolnu grupu `ivotinja
(p<0,001). Diamino oksidaza i poliamino oksidaza se
zna~ajno smanjuju u pore|enju sa kontrolom (p<0,01).
Ovi rezultati ukazuju na va`nu ulogu poliamina u jetri-



noj regeneraciji i reparativnom rastu u ranoj fazi nakon
trovanja `ivom. Smanjenje aktivnosti enzima koji u~es-
tvuju u katabolizmu poliamina predstavlja kompenta-
zorni odgovor organizma na toksi~ne efekte `ivinog
hlorida. Rezultati ukazuju na povoljane efekte i mogu}
hehepatoprotektivni zna~aj poliamina kod trovanja
`ivom. 
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ZNA^AJ POLIAMINA I GABA
U ANTIDEPRESIVNIM EFEKTIMA 

PREPARATA BIOSENZALÛ

I. Stojanovi}1, G. Koci}1, T. Sokolovi}2, 
G. Bjelakovi}1, D. Pavlovi}1, D. Sokolovi}1, 

M. Mladenovi}1

1Institut za biohemiju,
Medicinski fakultet, Univerzitet u Ni{u, Ni{

2»Zdravlje«, Leskovac

BiosenzalÛ je fitopreparat, je ekstrakt kantariona
(Hypericum perforatum), ~ija je aktivna supstanca hi-
pericin. [iroki spektar delovanja ovog preparata obu-
hvata i tretman depresija, pa su u ovom radu ispitivani
efekti tri razli~ite doze ovog preparata (1, 2,5 i 10 mg/kg),
aplikovanog intraperitonealno, na enzime katabolizma
poliamina i GABA u mozgu pacova. Hipericin izaziva
dozno zavisni porast aktivnosti diamino oksidaze (0,86
±0,16; 0,66±0,10; 0,47±0,08 U/mg proteina) u
mozgu pacova sve tri eksperimentalne grupe, {to je
statisti~ki zna~ajno u odnosu na vrednosti u kontrolnoj
grupi (0,37±0,05). Aktivnost poliamin oksidaze je sta-
tisti~ki zna~ajno sni`ena u sve tri grupe tretirane hipe-
ricinom (0,61±0,08; 0,42±0,05; 0,39± 0,12 U/mg
proteina) u odnosu na kontrolne vrednosti (0,86±0,05
U/mg proteina). Ovi efekti su tako|e dozno zavisni.
Tretman etanolom (koji se koristi kao adjuvans u
ovom fitopreparatu) ne dovodi do promena aktivnosti
diamino oksidaze, ali zna~ajno sni`ava aktivnost
poliamin oksidaze u mozgu pacova (0,39±0,12 U/mg
proteina). Porast aktivnosti diamino oksidaze pra}en
padom aktivnosti poliamin oksidaze ukazuje da jedan
od mehanizama dejstva aktivnih supstanci ovog pre-
parata uklju~uje i neuromodulatorne efekte poliamina.
Aplikacija BiosenzalÛ-a dovodi i do zna~ajnog porasta
aktivnosti GABA-transaminaze, {to ukazuje da deo
svojih antidepresivnih efekata ovaj fitofarmak ostvaruje
smanjuju}i nivo GABA, glavnog inhibitora u CNS-u.

nes could be important for liver regeneration and re-
parative growth in early phase of mercury chloride-
induced hepatotoxicity. Depressed activity of polyami-
ne catabolic enzymes may be a compensatory respon-
se to mercury chloride toxicity. The obtained results
indicate that polyamines have important contribution
to mercury toxicity and point to their benefits as possi-
ble hepatoprotective compounds. 
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IMPORTANCE OF POLYAMINES 
AND GABA IN ANTIDEPRESSANT 

ACTIVITY OF BIOSENZALÛ

I. Stojanovi}1, G. Koci}1, T. Sokolovi}2, 
G. Bjelakovi}1, D. Pavlovi}1, D. Sokolovi}1, 

M. Mladenovi}1

1Institute of Biochemistry, 
University School of Medicine, Ni{

2Zdravlje, Pharmaceutical Comapny, Leskovac

BiosenzalÛ is a phytopharmaceutic drug, an extract
of Hypericum perforatum, containing hypericin as an
active substance. It has been widely used in the thera-
py of depressive states. In this study we examined the
effects of three different doses of this herbal drug (1,
2.5 and 10 mg/kg), administered intraperitoneally, on
polyamine and GABA catabolism enzymes in rat brain.
BiosenzalÛ induced dose dependent increase in dia-
mino oxidase activity (0.86±0.16; 0.66±0.10; 0.47±
0.08 U/mg protein) in rat brain of all experimental
groups, which is statistically significant in comparison
to the values in control group of animals (0.37±0.05
U/mg protein). Polyamine oxidase activity was signifi-
cantly decreased in all groups treated by BiosenzalÛ
(0.61±0.08; 0.42±0.05; 0.39±0.12 U/mg protein)
compared to control values (0.86±0.05 U/mg pro-
tein). These effects are also dose dependent. Ethanol
treatment did not change diamino oxidase activity, but
it significantly reduced the activity of polyamine oxi-
dase in rat brain (0.39±0.12 U/mg protein). The
increase in diamino oxidase activity followed by decre-
ase in polyamine oxidase activity points to the fact that
one of the mechanisms of this drug active substances
involves antidepressant effects on neuromodulatory
properties of polyamines. The use of BiosenzalÛ led to
a significant increase in GABA-transaminase activity,
proving that BiosenzalÛ effects are also mediated by
decrease in the level of GABA, the main inhibitory neu-
rotransmitter in CNS.
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LABORATORY STUDIES 
OF PATIENTS WITH COELIAC DISEASE

AND PATIENTS WITH COW MILK 
PROTEIN INTOLERANCE

G. Nikoli}

Blood Transfusion Institute of Serbia, Belgrade

Cow milk protein intolerance (CMPI) and Coeliac
disease are two different kinds of non ’ IgE dependent
food intolerance. Their common characteristic is pro-
duction of specific (anticasein or antigliadin) antibod-
ies. Examination of these two disorders of food toler-
ance for years, we found that certain patients produce
specific antibodies for both proteins at the same time.
On the other hand, amino acid analyses of casein and
gliadin revealed a very high percent of glutamic acid in
both of them making the existence of common epi-
topes possible. Therefore, we studied the crossreacti-
vity between these two proteins. Sera samples were
collected from five coeliac patients with specific
antigliadin and anticasein antibodies (previously deter-
mined by Western Blot). Antigliadin antibodies were
removed from samples by a two hour absorption at
room temperature and after three washings they were
eluted by 0.2 mol/L Glycine/HCl buffer pH 2.8 and all
samples were tested for anticasein and antigliadin anti-
bodies by Western Blot. SDS-PAGE were performed
according to Laemli and proteins were transferred to
nitrocellulose sheets according to Towbin's electro-
phoretic transfer procedure. Western Blot analyses
confirmed that we successfully removed antigliadin
antibodies from samples by adsorption. We also
established that anticasein reactivity remained after
that adsorption. Antigliadin antibodies from eluates
remained active after neutralization by 1 mol/L TRIS,
but did not express any anticasein activity. We con-
clude that very sensitive Western Blot analyses
revealed no crossreactivity between specific anticasein
and antigliadin antibodies. We also conclude that milk
meals could not aggravate coeliac disease. The pres-
ence of anticasein antibodies in coeliac patients may
most probably result from damaged intestinal mucous
membrane and local inflammatory process.
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ULTRA FILTRATION IN THE 
PRODUCTION OF DRUGS DERIVED 

FROM HUMAN PLASMA

M. Mitrovi}, M. Romi}, V. Popr`en 

National Blood Transfusion Institute, 
Belgrade

Cold ethanol method according to Cohn, Kittler-
Hirschman's modification is used in the process of
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LABORATORIJSKO ISPITIVANJE 
BOLESNIKA SA CELIJA^NOM BOLE[]U 

I PACIJENATA PREOSETLJIVIH NA 
PROTEINE KRAVLJEG MLEKA

G. Nikoli}

Institut za transfuziju krvi Srbije, Beograd

Nepodno{enje proteina kravljeg mleka i celija~na
bolest su dva potpuno razli~ita IgE nezavisna tipa pre-
osetljivosti na proteine hrane. Oba tipa preosetljivosti
karakteri{e prisustvo specifi~nih antitela na proteine
hrane. Dugogodi{njim prou~avanjem oba ova tipa,
prime}eno je da odre|eni broj bolesnika produkuje
specifi~na antikazein i antiglijadin antitela istovremeno.
S obzirom na veoma visok sadr`aj glutaminske kiseline
oba proteina, ispitivane su mogu}e ukr{tene reak-
tivnosti. Ispitivani su serumi pet celija~nih bolesnika sa
antiglijadin i antikazein antitelima. Antiglijadinska anti-
tela su uklanjana adsorpcijom 2 sata na sobnoj tem-
peraturi, eluirana 0,2 mol/L glicin/ HCl puferom, a na-
kon toga uzorci su testirani. SDS elektroforeza je
pripremljena postupkom po Laemliju a elektrotransfer
Towbinovim postupkom. »Western blotom« je po-
tvr|ena uspe{nost adsorpcije antiglijadinskih antitela a
potom je dokazano prisustvo antitela na kazein u istim
uzorcima. Nakon neutralizacije 1 mol/L TRIS-om, u
eluatima je dokazano prisustvo antiglijadinskih i od-
sustvo antikazeinskih antitela. Rezultati jasno pokazuju
da ne postoji krosreaktivnost glijadina i kazeina. Mle~ni
obroci nemaju uticaj na razvoj i tok celija~ne bolesti a
mogu}e obja{njenje pojave antikazein antitela le`i u
~injenici da je kod tek dijagnostikovanih celija~nih
bolesnika znatno o{te}ena mukozna barijera posto-
je}im zapaljenjskim procesom.
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ULTRAFILTRACIJA 
U PROIZVODNJI LEKOVA 

IZ HUMANE PLAZME

M. Mitrovi}, M. Romi}, V. Popr`en 

Institut za transfuziju krvi Republike Srbije,
Beograd

U procesu frakcionisanja plazme primenjuje se hla-
dno etanolska metoda po Cohn-u (modifikacija Kist-



ler-Nitschmann). Ovom metodom, koja se koristi i u
celom svetu, dobijaju se stabilni, apirogeni, atoksi~ni i
sterilni preparati. U procesu frakcionisanja i u proizvod-
nji lekova iz humane plazme, etanol u standardizovan-
im uslovima slu`i kao precipitaciono sredstvo. Za
odstranjivanje rezidualnog etanola koristi se postupak
ultrafiltracije. U upotrebi su membrane »Millipore«, tip
PTGC, »cutoff« 10000 daltona. Rastvori proteina se
propu{taju pod pritiskom oko 2 bara, pri odgovara-
ju}oj pH vrednosti kroz ultrafiltracione membrane.
Ovim postupkom se elimini{e etanol i elektroliti, a
rastvor proteina se vra}a u sud uz konstantnu koncen-
traciju proteina. U ovom radu odre|ivani su koncen-
tracija rezidualnog etanola u proizvodnim serijama
albumina i imunoglobulina. U 50 serija 20% albumina
i 5% intravenskog imunoglobulina proizvedenih u toku
2002. godine i 2003. godine, srednja vrednost rezidu-
alnog etanola je iznosila 0,153 mg/mL. Postupkom
ultrafiltracije se posti`e eliminacija etanola, smanjenje
koncentracije elektrolita, metalnih jona (Al, Cr, Mn, Ni),
acetatnih jona, kao i sni`enje stepena polimerizacije
molekula proteina. Kvalitet finalnih preparata se ispitu-
je na Odeljenju za kontrolu kvaliteta na{eg instituta i u
Zavodu za farmaciju Republike Srbije kao referentnoj
ustanovi za ispitivanje svake proizvodne serije. Tehno-
lo{ki postupak koji se primenjuje, uklju~uju}i i postu-
pak ultrafiltracije, je metod izbora u pogledu kvaliteta i
bezbednosti finalnih preparata.
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ANALIZA ZADOVOLJSTVA 
ZAPOSLENIH U INSTITUTU 

ZA MEDICINSKU BIOHEMIJU 
KLINI^KOG CENTRA SRBIJE

A. Po{ti}-Grujin, R. Obrenovi}, 
T. Vodnik, N. Majki}-Singh

Institut za medicinsku biohemiju, 
Klini~ki centar Srbije, Beograd

Primena i odr`avanje standarda JUS ISO 9001:
2001 za sertifikaciju podrazumeva stalno unapre|enje
sistema i prou~avanje njegovih performansi. O ovome
se detaljnije govori u standardu JUS ISO 9004:2001
koji predstavlja uputstvo za pobolj{anje performasi. U
standardu JUS ISO 9004:2001 posebna pa`nja se
poklanja delu koji se odnosi na samoocenjivanje spro-
vo|enja sistema kvaliteta. Jedan od elemenata samo-
ocenjivanja je i sprovo|enje ankete me|u zaposlenima
koja se odnosi na njihovo zadovoljstvo vezano za odre-
|ena pitanja. Institut za medicinsku biohemiju Klini~-
kog centra Srbije sertifikovao je sistem kvaliteta prema
standardu JUS ISO 9001:2001 februara 2001. godinu.
Reocenjivanjem januara 2004. godine Institutu je pro-

plasma fractionation. By this method, used worldwide,
a sterile, pyrogen free, nontoxic and stable preparation
is obtained. In the course of fractionation and produc-
tion of drugs derived from human plasma, along with
other required parameters, ethanol serves as the pre-
cipitation medium. Ultrafiltration procedure is used for
the elimination of the residual ethanol. »Millipore«
membranes, type PTGC, »cutoff« 10.000 Daltons, are
used in that procedure. Protein solutions are passed
through ultrafiltration membranes under pressure of 2
bars, with the corresponding pH value. This procedure
eliminates ethanol and electrolytes, and protein solu-
tion is transferred to the initial tank with constant vo-
lume and protein concentration. The study concerns
the determination of residual ethanol concentration in
albumin and immunoglobulin production lots. In 50
butches of 20% albumin and 5% intravenous immu-
noglobulin prepared in 2002 and 2003, mean residual
ethanol value was 0.153 mg/mL. Ultrafiltration proce-
dure eliminates ethanol, reduces electrolyte, metal
ions (Al, Cr, Mn, Ni) and acetate ions concentration,
and it decreases the degree of protein molecules poly-
merization. Quality of final preparation is tested in the
Quality Control Department of the NBTI and in the
Institute of Pharmacy of the Republic of Serbia, the
reference institution for the examination of each pro-
duction lot. Technological procedure used in the pro-
duction, including ultrafiltration, is the method of
choice regarding the quality and safety of the final pre-
paration.
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ANALYZING EMPLOYEES 
SATISFACTION IN THE INSTITUTE 

OF MEDICAL  BIOCHEMISTRY 
CINICAL CENTER OF SERBIA

A. Po{ti}-Grujin, R. Obrenovi}, 
T. Vodnik, N. Majki}-Singh

Institute of Medical Biochemistry, 
Clinical Centre of Serbia, Belgrade

Use and monitoring of the JUS ISO 9001:2001
Standard for certification means constant improve-
ment of system and exploration its performances. We
can read in details about that in the JUS ISO
9004:2001 Standard, which is actually an instruction
for improvement of performances. In the JUS ISO
9004:2001 Standard special attention is on one part
which is about self-evaluation of monitoring of quality
system. One part of self-evaluation is polling employ-
ees which are about their satisfaction, as far as some
questions are concerned. Institute of Medical Bioche-
mistry, Clinical Center of Serbia has certificated the
system of quality according to JUS ISO 9001:2001
Standard in February 2001. The certification is exten-
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ded by re-evaluation in January 2004. Because of that
employees are polled in order to be seen if the needs
and expectations of employees were satisfact with the
organization. The pilot-study has been also carried out
in some sections of  the Institute where the satisfaction
of the same structures of employees has been ana-
lyzed. The elements of analyzing were work process,
interpersonal relationships and material resources.
Satisfaction can be expressed throught three levels:
unsatisfied, satisfied and very satisfied. Data were eva-
luated by histogrammes, method which is accepted as
tool for data processing according to standard. The
poll  showed that the lowest satisfaction was in the sup-
ply area, which is connected with material possibility of
National Health Service and highest satisfaction were
about co-operation with clients, patients and doctors.

I102 

DECREASED HIGH DENSITY LIPOPROTEIN
CHOLESTEROL LEVELS IN PATIENTS WITH

HELICOBACTER PYLORI INFECTION

M. Ili}, S. Stankovi}

Institute of Medical Biochemistry, 
Clinical Centre of Serbia

Atherosclerosis is the main cause of coronary
heart and cerebrovascular diseases which, in turn,
are the most common causes of death in industrial-
ized countries. New interest in the role of infections
and inflammatory mechanisms for the pathogenesis
of coronary and cerebral artery diseases is based on
the results of seroepidemiologic studies, and recent
studies evaluate the role of antibiotic therapy in ath-
erosclerosis. A hypothesis suggests that exposure to
Helicobacter pylori (HP) may lead to an increased
risk of atherosclerosis. The aim of this study was to
examine whether HP infection is associated with tra-
ditional risk factors for atherosclerosis such as lipid
levels abnormalities, hypertension, diabetes, and
smoking. The concentrations of total cholesterol
(TC), high density lipoprotein cholesterol (HDL-C),
low density lipoprotein cholesterol (LDL-C), triglyc-
erides (TG), were measured in the samples of 100
patients with defined clinical picture and 100 healthy
controls. The serum lipid levels were determined by
standard laboratory methods. The human IgA and
IgG antibodies to Helicobacter pylori antigen were
quantitatively determined by EnzignostÛ Anti-He-
licobacter pylori II/IgA (IgG) (DADE-Behring). On the
basis of serological data and available endoscopic
findings, patients were classed as negative and posi-
tive for HP. Gender, age, body mass index, smoking,
drinking status, arterial blood pressure, lipid levels
were compared in HP positive, HP negative groups
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du`ena sertifikacija. Shodno navedenom anketa je
sprovedena da bi se procenilo koliko organizacija zado-
voljava potrebe i o~ekivanja zaposlenih. Ura|ena je
pilot studija u nekoliko odeljenja Instituta gde je analizi-
rano zadovoljstvo istih struktura zaposlenih. Elementi
analiziranja su bili proces rada, me|uljudski odnosi i
materijalni resursi. Zadovoljstvo je izra`eno kroz tri ste-
pena: nezadovoljan, zadovoljan i vrlo zadovoljan. Po-
daci su statisti~ki obra|eni i prikazani u obliku his-
tograma. Ovaj na~in je prema standardu prihva}en kao
alat za obradu podataka. Anketa je pokazala da je kod
zaposlenih najni`e zadovoljstvo bilo u oblasti snabdeva-
nja, {to je u vezi sa materijalnim mogu}nostima siste-
ma zdravstvene za{tite, dok je najve}e zadovoljstvo bilo
izra`eno u saradnji sa klijentima, pacijentima i lekari-
ma.
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SMANJENE VREDNOSTI 
HDL-HOLESTEROLA KOD PACIJENATA

INFICIRANIH SA HELICOBACTER PYLORI

M. Ili}, S. Stankovi}

Institut za medicinsku biohemiju, 
Klini~ki centar Srbije, Beograd

Ateroskleroza je vode}i uzrok nastanka koronarne
sr~ane bolesti i cerebrovaskularnih bolesti, koje su
naj~e{}i uzrok mortaliteta u industrijski razvijenim
zemljama Uloga infekcija i mehanizama zapaljenskih
reakcija u patogenezi koronarne i cerebralne arteri-
jske bolesti bazira se na rezultatima seroepidemio-
lo{kih studija, kao i nedavnih studija o kori{}enju
antibiotika u terapiji ateroskleroze. Postavljena je
hipoteza: infekcija Helicobacter pylori (HP) mo`e uti-
cati na pove}ani rizik od dobijanja ateroskleroze infi-
ciranih pacijenata. Cilj ovog ispitivanja bio je da se
utvrdi da li je HP infekcija povezana sa tradicionalnim
faktorima rizika za nastanak ateroskleroze kao {to su
poreme}aji u vrednostima lipida, hipertenzija, dija-
betes i pu{enje. Koncentracije ukupnog, HDL- i LDL-
holesterola, triglicerida odre|ene su kod 100 pacije-
nata sa definisanom klini~kom slikom, dok je kon-
trolnu grupu ~inilo 100 zdravih ispitanika. Koncen-
tracije lipidnih parametara odre|ene su standardnim
laboratorijskim metodama. Koncentracije IgA i IgG
antitela na Helicobacter pylori antigen odre|ene su
kvantitativno komercijalnim testom EnzignostÛ Anti-
Helicobacter pylori II/IgA (IgG) (DADE-Behring). Na
bazi serolo{kih podataka i nalaza endoskopije, paci-
jenti su klasifikovani kao negativni i pozitivni na HP.
Pol, starosna dob, indeks telesne mase, pu{a~ki sta-
tus, navike u uzimanju alkohola, vrednosti arterijskog
krvnog pritiska i lipidni status analizirani su kod obe
grupe ispitanika. Statisti~ki zna~ajna razlika (p<0.01)



and healthy controls. The only significant difference
(P<0.01) was found in HDL-C between HP positive
and HP negative, and HP positive and healthy con-
trols. After adjustment for possible confounding fac-
tors (gender, age, BMI, smoking and drinking habits)
mean HDL-C in HP positive patients was significantly
lower than HDL-C in HP negative patients (P<0.01).
Long-term infection with HP may have an important
role in decreasing the serum HDL-C concentration.
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SHIZOPHRENIA: DIAGNOSTIC 
RELEVANCE OF LIPID DISTURBANCES

S. Bugarinovi}1, D. Pap2

1Special Neuropsichiatric Hospital, Kovin 
2Students Health Protection Institute, Novi Sad

Low concentrations of high density lipoprotein
cholesterol (HDL-c), have long been associated with
increased risk of atherosclerosis and coronary heart
disease (CHD). The purpose of this study was to inves-
tigate diagnostic relevance and influence of distur-
bances in lipid metabolism in schizophrenic patients
(SCH) on therapy with neuroleptic subjects (14 males
and 10 females, mean age 43,16±1,33 years) and 24
patients with SCH (16 males and 8 females, mean age
49,46±1,21 years) were selected for our study. The fol-
lowing determinations are performed on all samples:
levels of total cholesterol (TCH, triglycerides (TG),
HDL-c, low density lipoprotein cholesterol (LDL-c), ve-
ry low density lipoprotein cholesterol (VLDL-c), the
index of atherosclerosis (IA) and establiched risk fac-
tors (RF). The results showed that statistically signifi-
cant differences were not detected between controls
and patients with SCH in terms of all examined
parameters In comarison to the control group the val-
ues of LDL-c, TG and VLDL-c were similar with
patients with SCH, while TCH and HDL-c was found to
be nonsignificantly higher in comparison to the con-
trol. Values of IA and RF were not indicated a high risk
of atherosclerosi in patients with SCH. Neither age nor
sex influenced these results in both groups. These
data suggest that patients with SCH without consider-
ation of therapy with Leponex don't have higher risk for
progression of atherosclerosis and coronary heart dis-
ease and the increased HDL-c is a protective factor
against the development, progression of atherosclero-
sis and complication of CAD such as AMI.
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utvr|ena je samo u HDL-holesterolu izme|u HP po-
zitivnih i negativnih ispitanika i HP pozitivnih pacije-
nata i zdravih kontrola. Nakon uklanjanja uticaja pola,
godina, indeksa telesne mase, pu{a~kog statusa i
navika u uzimanju alkohola, vrednosti HDL-holes-
terola kod HP pacijenata bile su statisti~ki zna~ajno
ni`e nego kod HP negativnih ispitanika (p<0,01).
Dugotrajna infekcija sa HP mo`e imati zna~ajnu ulo-
gu u smanjenju koncentracije HDL-holesterola.
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SHIZOFRENIJA: DIJAGNOSTI^KI ZNA^AJ
LIPIDNIH POREME]AJA

S. Bugarinovi}1, D. Pap2

1Specijalna neuropsihijatrijska bolnica, Kovin
2Zavod za zdravstvenu za{titu studenata, Novi Sad

Niske koncentracije lipoproteina velike gustine
(HDL-holesterola) su povezane sa pove}anim rizikom
za nastanak koronarne bolesti. Cilj ovog rada je bio da
se ispita klini~ki zna~aj lipidnog statusa kod obolelih od
shizofrenije na terapiji neuroleptikom Leponex®-om.
Dvadeset ~etiri zdrava ispitanika i 24 pacijenata obolela
od shizofrenije (SCH) na terapiji Leponex®-om (oba
pola, iste starosne strukture sa kontrolom) je izabrano
za ovaj rad. U svim svim uzorcima su odre|eni: ukup-
ni holesterol (UH), trigliceridi (TG), HDL-holesterol,
lipoproteini male gustine (LDL-holesterol), lipoproteini
vrlo male gustine (VLDL-holesterol), indeks ateroskle-
roze (IA) i faktori rizika (FR). Rezultati su pokazali da
nije postojala statisti~ki zna~ajna razlika izme|u kon-
trolne grupe i eksperimentalne grupe u pogledu svih
ispitivanih parametara. U odnosu na kontrolnu grupu
zdravih ispitanika vrednosti TG i VLDL-holesterol i
LDL-holesterol su bile sli~ne u pacijenata sa SCH, dok
su u pogledu UH i HDL-holesterol vrednosti nesig-
nifikantno ve}e u pore|enju sa kontrolom. Indeksi
ateroskleroze i utvr|eni faktori rizika nisu ukazivali na
pove}ani aterogeni rizik u obolelih od SCH. Dobijeni
rezultati ukazuju da oboleli od SCH bez obzira na tera-
piju Leponex®-om nemaju pove}ani rizik za nastanak
ateroskleroze i koronarne bolesti i da pove}ani nivo
HDL-holesterol je dobar za{titni faktor protiv nastanka,
progresije ateroskleroze i mogu}ih komplikacija u ovih
bolesnika.


