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Heparin induced thrombocytopenia (HIT) is a severe, 

potentially limb- and life-threatening immune-mediated 

adverse drug reaction to unfractioned heparin and/or low 

molecular weight heparin which may occur in up to 3% of 

treated patients. In spite of thrombocytopenia, (most com-

monly a 50% fall in platelet count, beginning most usually 

between 5-14 days after initial exposure to any dose or type 

of heparin) [1-3], bleeding is uncommon, while throm-

boembolic complications are the main clinical problem in 

patients with HIT.

HIT is caused by the formation of antibodies that ac-

tivate platelets following heparin administration, with a 

complex of heparin and platelet factor 4 (PF4) as a princi-

pal antigen. HIT is a clinicopathological syndrome and the 

diagnosis of HIT remains primarily clinical, while it should 

be supported by confirmatory laboratory testing.

Thrombocytopenia in HIT is generally modest, with 

platelet counts of 50-70 X109/L, while severe thrombocy-

topenia (< 10X109/L) is unusual. After an initial exposure 

to heparin, platelet decrease starts on day 4 or 5 after the 

formation of IgG antibodies. However, patients exposed to 

heparin within the last 3 months (100 days), develop abrupt 

thrombocytopenia within 24 hours after re-exposure to 

heparin. A gradual decline in platelet count beginning on 

the first day of heparin therapy, with a decrease in platelet 

count to 50% of baseline over the first 4-5 days of therapy, 

is less consistent with a HIT diagnosis [4].

The American College of Chest Physicians (ACCP) rec-

ommends that platelet count should be monitored every 

2 to 3 days (every second day for postoperative prophy-

laxis with unfractioned heparin (UFH)) with  beginning 

on the 4th day after the initiation of heparin therapy, until 

the therapy is discontinued or until the 14th day of hepa-

rin exposure in the following clinical settings: any thera-

peutic dosing of UFH and low molecular weight heparin 

(LMWH), surgical and medical prophylaxis with UFH and 

LMWH, UFH prophylaxis in obstetrical patients and in 

postoperative patients receiving prophylactic-dose LMWH, 

or  intravascular catheter UFH “flushes”. Monitoring is not 

recommended for prophylactic medical/obstetrical use of 

LMWH, or for medical patients receiving UFH flushes. If 

there is a history of heparin exposure within the last 100 

days, a platelet count is recommended within 24 hours of 

heparin re-exposure [5].

HIT is one of the most common adverse drug reactions, 

but there are many other, more common causes for throm-

bocytopenia, especially in the setting of severe illness and 

major surgery [6]. Clinically, HIT is a diagnosis made after 

the exclusion of more likely causes of thrombocytopenia. 

Recovery of platelet counts after cessation of heparin ther-

apy is also significant for diagnosis of HIT. 

Occurrence of new thrombosis during the administration 

of heparin anticoagulation should raise significant suspicion 

for the diagnosis of HIT, while development of allergic reac-

tion to the heparin treatment could also be of importance.

Assessment of clinical aspects of a suspected case of 

HIT utilizing the scoring system may guide the appropriate 

use and interpretation of antibody testing. Therefore the 

pre-test clinical probability scoring system (4T’s) seems to 

be a valuable tool for HIT diagnosis (Table 1) [7].
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ABSTRACT

Th e laboratory diagnosis of heparin-induced thrombo-

cytopenia (HIT) is based on the identifi cation of antibodies 

against the complex between heparin and platelet factor 4 

(PF4) by functional and/or immunological methods. Th ese 

methods are complicated, time- and labour intensive. Th ere-

fore an introduction of a rapid, easy to perform method for 

the identifi cation of circulating HPA is of high importance. 

ID-PaGIA heparin/PF4 assay may be an appropriate can-

didate. It should be emphasized that the diagnosis of HIT 

remains the primarily clinical, using pre-test clinical proba-

bility scoring system (4T’s) while laboratory results should be 

considered as an additional tool in confi rming or ruling out 

clinical diagnosis. An algorithm for HIT diagnosis with com-

bination of clinical and laboratory fi ndings is presented.

Key words: Heparin induced thrombocytopenia (HIT), 

ID-PaGIA, 4T’s score.
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LABORATORY DIAGNOSIS OF HIT

Detection of HIT antibodies is necessary, but not suf-

ficient, for the diagnosis of HIT. Laboratory diagnosis of 

HIT relies on the detection of antibodies against heparin/

PF4 complex in plasma or serum with functional and/or 

immunological methods.

Immunological methods, such as an ELISA are avail-

able in most clinical laboratories and they detect circulat-

ing IgG, IgA and IgM antibodies against heparin/PF4 com-

plex. The most usual threshold for a positive test result in 

the available commercial kits is an optical density (OD) of 

0.400. Since only some antibodies (e.g. IgG) are of clinical 

importance, sensitivity to all three subclasses of antibodies 

decreases assay specificity (50-93%) [8, 9]. Increasing cut-

off values of OD (to 1 or 1.4) could improve assay specific-

ity [10]. At the same time, the sensitivity of this method is 

high (>97%) with the negative predictive value of > 95% 

[11, 12]. Therefore negative results obtained with ELISA 

may be used for ruling out a HIT diagnosis, while positive 

results should be combined with clinical findings and/or 

functional assay. The specificity of this method could be 

improved using IgG specific ELISA assay which is current-

ly under evaluation in several laboratories. We have shown 

potentially better specificity of this assay in comparison 

with standard ELISA in recent pilot study [13].

Functional methods measure the activation of platelets 

of healthy donors after the addition of patients’ plasma and 

heparin (conc. 0.1 – 1 IU/mL). Heparin induced platelet ag-

gregation assay performed in donor’s platelet rich plasma 

is most commonly used in clinical laboratories. The sen-

sitivity of this method is good (>90%) while the specificity 

for detecting clinically relevant (pathogenic) antibodies is 

higher than with the commercially available antigen assay 

(77-97%) as a consequence of the fact it exclusively detects 

platelet-activating antibodies of immunoglobulin IgG class 

(only IgG antibodies can activate platelets via their Fc or 

IgG-receptors) [11]. Another assay, the serotonin release 

assay (SRA), utilizes donor platelets in which serotonin 

is radiolabeled by C14. The addition of heparin results in 

platelet activation and release of radiolabeled serotonin 

which is detected. This assay has the advantage of proving 

that an anti-PF4-heparin antibody in the patient’s sample 

can actually stimulate platelet activation and therefore this 

assay expresses the highest specificity and is considered 

the “gold standard” [1, 8]. However, the use of radioac-

tive isotopes, special equipment requirements and lack of 

experienced staff limit this method to the very few highly 

specialized reference laboratories. 

No single assay has 100% sensitivity and specificity 

and therefore it seems that the optimal laboratory diag-

nostic approach is a combination of both functional and 

antigen assays. However, both ELISA and functional as-

says are complicated, time consuming and labor intensive 

and could be performed in most laboratories only during 

daily working hours. Therefore, one rapid, easy to perform 

method for the detection of circulated heparin/PF4 anti-

bodies is highly desirable because the decision about the 

possible interruption of heparin treatment should not be 

delayed.

ID-PAGIA HEPARIN/PF4 ASSAY 

ID-PaGIA heparin/PF4 (DiaMed) is a rapid particle 

gel immunoassay that detects IgG, A and M specific to 

heparin/PF4 complexes. The principle behind this method 

is widely used in blood group serology determination in 

transfusion medicine. Briefly, 10 μl of plasma are placed 

in the reaction chamber of the test ID-card (containing a 

buffered sephacryl gel matrix) followed by 50 μl of polymer 

particles (red high density polystyrene beads coated with 

heparin/PF4 complexes which serve as the solid-phase in 

a particle agglutination assay). After 5 minutes of incuba-

tion at room temperature the ID-card is centrifuged for 10 

minutes in the appropriate ID-centrifuge. 

Table 1: Pre-clinical test probability (4T’s) score [7]
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Results are presented qualitatively (positive/negative) 

and can be read directly without the employment of addi-

tional equipment. When anti-heparin-PF4 antibodies are 

present in the plasma, the particles are cross-linked and 

remain at the top of the gel chamber (positive results). If 

there is no significant level of anti-heparin/PF4 antibod-

ies, all the particles sink to the bottom of the gel chamber 

(negative result). 

Negative ELISA is used to adequately and safely rule 

out HIT diagnosis. A very good overall agreement between 

ELISA and PaGIA (86%) was described in one previously 

published study [14]. We have recently observed similar 

results (90% of overall agreement) [15]. However, one out 

of 82 samples was considered falsely negative on ID-PaGIA 

since both ELISA and platelet aggregation assay were posi-

tive and clinical criteria for HIT were fulfilled. It was also 

previously calculated that there was 16% probability for 

HIT diagnosis in high risk patients even if the ID-PaGIA 

assay was negative [16]. This is further supported by find-

ings of potentially lower sensitivity of ID-PaGIA in com-

parison to ELISA (94 vs 100%) observed in one study [17]. 

Lack of information about the clinical status in patients 

from that study rendered the relevance of those findings 

uncertain. Nevertheless, it seems that the interpretation of 

negative results should be cautious in patients with a high 

pre-test clinical probability score.

In spite of this the use of PaGIA as a routine 24-hour 

available screening test for the diagnosis of HIT seems to 

be justified. ID-PaGIA may replace the standard ELISA 

and offers a possibility to rule out HIT diagnosis within 

minutes after the request for laboratory testing in the ma-

jority of patients. That would decrease the amount of un-

necessary switches of heparin to other anticoagulant treat-

ments which are both costly and may increase the risk of 

bleeding complications. 

RISK FOR OVER-DIAGNOSIS OF HIT

PF4-heparin antibodies could be detected using de-

scribed laboratory assays in many different patient popula-

tions. Up to 50% of all individuals undergoing cardiac sur-

gery develop HIT antibodies, but only a small percentage 

actually manifests clinical HIT [9]. Up to 3% of patients 

receiving UFH for medical prophylaxis will have a positive 

ELISA for heparin/PF4 antibodies, but only 0.5% of them 

develop thrombocytopenia [18]. The use of heparin for 

chronic hemodialysis is associated with a 12% prevalence 

of heparin/PF4 antibodies, but nearly all cases of HIT dur-

ing hemodialysis occur within the first 3-4 weeks of initia-

tion [19]. This suggests that HIT is unlikely to develop in 

the setting of chronic heparin exposure. 

Those data suggest that HIT diagnosis should not be 

based on laboratory tests. Laboratory results should be 

considered only as an additional tool in confirming or rul-

ing out clinical diagnosis. The pre-test clinical probability 

scoring system (4T’s) should therefore be combined with 

laboratory results in establishing HIT diagnosis.  

 

SUMMARY

Focusing on the laboratory diagnosis of HIT, accord-

ing to our own experience at Karolinska University Hos-

pital, discussions and preliminary recommendations from 

Nordic Laboratory Group on HIT, ECAT pilot survey and 

study on HIT diagnostics, as well as most available litera-

ture data, it seems that:

-  4T’s pre-test clinical probability score must be 

used in the HIT diagnostic algorithm;

-  High specificity and negative predictive value 

(>95%) justify ELISA as the most appropriate first line as-

say for laboratory investigation of HIT (standard Ig G, A, 

M ELISA may be replaced with IgG specific ELISA accord-

ing to preliminary data but the absence of false negative 

results should be confirmed in larger studies).

-  In spite of better specificity, due to lower sensitiv-

ity and different pitfalls (complexity, different heparin con-

centration, source of donor platelets) it seems that heparin 

induced platelet aggregation could not be used in a labo-

ratory diagnosis of HIT alone. Performed in combination 

with ELISA, this assay should be interpreted together with 

the pre-test clinical probability score (4Ts’s). Platelet rich 

plasma (PRP) or “washed” platelets collected from at least 

3 donors should be used in aggregation assay, while the 

concentration of heparin should be 0.1 – 1 IU/mL. Posi-

tive samples may be further tested with high heparin con-

centration (10 or 100 IU/mL) to avoid non-immunological 

reactivity to heparin.

-  The use of a rapid, 24 hour available screening 

method may be beneficial in routine work. ID-PaGIA may 

be a good candidate and it expresses slightly lower sensitiv-

ity and potentially better specificity than ELISA. However, 

the interpretation of negative results should be cautious, 

especially in patients with a high pre-test clinical probabil-

ity score. 

There is no conflict of interest to declare - I do not have 

any relation with Diamed - a manufacturer of ID-PaGIA.

ALGORITHM FOR HIT DIAGNOSIS:

- HIT diagnosis may be ruled-out with >95% prob-

ability if ID-PaGIA/ELISA are negative. A negative ID-Pa-

GIA test should be completed with ELISA in patients with 

a high pre-test clinical probability score. 
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- Positive ID-PaGIA/ELISA indicates HIT diagno-

sis in patients with high pre-test clinical probability score. 

Further testing is not necessary.

- Positive ID-PaGIA/ELISA should combine with 

the functional method – heparin induced platelet aggrega-

tion in patients with low and intermediate pre-test clinical 

probability score: 

o Positive heparin induced platelet aggregation test 

increases the probability for HIT diagnosis in those pa-

tients. HIT is probable.

o Negative heparin induced platelet aggregation 

test increases the probability for ruling out HIT diagnosis. 

HIT is however still possible in patients with an intermedi-

ate pre-test clinical probability score.

LITERATURE

1. Warkentin TE & Grienacher A, Heparin-induced 

thrombocytopenia: recognition, treatment, and preven-

tion: the Seventh ACCP Conference on Antithrombotic 

and Thrombolytic Therapy. Chest. 2004; 126(3 Suppl): 

311S-337S.

2. Arepally GM & Ortel TL. Clinical practice. 

Heparin-induced thrombocytopenia. N Engl J Med. 

2006; 355: 809-17.

3. Warkentin TE. Heparin-induced thrombocytope-

nia. Hematol Oncol Clin North Am. 2007; 21: 589-607.

4. Hassell K. Heparin-induced thrombocytope-

nia: diagnosis and management. Thromb Res. 2008; 123 

(Suppl 1): S16-21.

5. Warkentin TE, Greinacher A, Koster A, Lincoff 

AM; American College of Chest Physicians. Treatment and 

prevention of heparin-induced thrombocytopenia: Ameri-

can College of Chest Physicians Evidence-Based Clinical 

Practice Guidelines (8th Edition). Chest. 2008; 133(6 Sup-

pl): 340S-380S.

6. Selleng K, Warkentin TE, Greinacher A, Heparin-

induced thrombocytopenia in intensive care patients, Crit 

Care Med. 2007; 34: 1165–76.

7. Warkentin TE. Heparin-induced thrombocytope-

nia: pathogenesis and management. Br J Haematol. 2003; 

121: 535-5. 

8. Warkentin TE, Sheppard JA, Moore JC, Moore KM, 

Sigouin CS, Kelton JG. Laboratory testing for the antibodies 

that cause heparin-induced thrombocytopenia: how much 

class do we need? J Lab Clin Med. 2005; 146: 341-6. 

9. Warkentin TE, Sheppard JA, Horsewood P, Simpson 

PJ, Moore JC, Kelton JG. Impact of the patient population on 

the risk for heparin-induced thrombocytopenia. Blood. 2000; 

96: 1703-8.

10. Warkentin TE, Sheppard JI, Moore JC, Sigouin 

CS, Kelton JG. Quantitative interpretation of optical den-

sity measurements using PF4-dependent enzyme-immu-

noassays. J Thromb Haemost. 2008; 6: 1304-12.

11. Pouplard C, Amiral J, Borg JY, Laporte-Simit-

sidis S, Delahousse B, Gruel Y. Decision analysis for use 

of platelet aggregation test, carbon 14-serotonin release 

assay, and heparin-platelet factor 4 enzyme-linked im-

munosorbent assay for diagnosis of heparin-induced 

thrombocytopenia. Am J Clin Pathol. 1999; 111: 700-6.

12. Lo GK, Juhl D, Warkentin TE, Sigouin CS, 

Eichler P, Greinacher A. Evaluation of pretest clini-

cal score (4 T’s) for the diagnosis of heparin-induced 

thrombocytopenia in two clinical settings. J Thromb 

Haemost. 2006; 4: 759-65. 

13. Antovic JP, Fareed J, Hoppensteadt D, Prechel 

M, Norberg E, Sten-Linder M. Comparison of immuno-

logical assays for detection of heparin/PF4 antibodies 

in HIT patients. Abstract XXII ISTH Congress, Boston, 

USA, 2009.

14. Meyer O, Salama A, Pittet N, Schwind P. Rapid 

detection of heparin-induced platelet antibodies with 

particle gel immunoassay (ID-HPF4). Lancet. 1999; 

354(9189):1525-6.

15. Antovic JP, Norberg EM, Sten-Linder M. Evalu-

ation of “Particle Gel Immuno Assay (ID-PaGIA Hep-

arin/PF4)” - a new rapid method for identification of 

heparin/PF4 antibodies. Abstract Book of Swedish 

Doctor Society Annual Meeting, Gothenburg 2008.

16. Pouplard C, Gueret P, Fouassier M, Ternisien C, 

Trossaert M, Regina S, Gruel Y. Prospective evaluation of the 

‘4Ts’ score and particle gel immunoassay specific to heparin/

PF4 for the diagnosis of heparin-induced thrombocytopenia. 

J Thromb Haemost. 2007; 5: 1373-9.

17. Eichler P, Raschke R, Lubenow N, Meyer O, Schwind 

P, Greinacher A. The new ID-heparin/PF4 antibody test for 

rapid detection of heparin-induced antibodies in comparison 

with functional and antigenic assays.  Br J Haematol. 2002; 

116: 887-91.

18. Giolami B, Prandoni P, Stefani PM, Tanduo C, Sab-

bion P, Eichler P et al. The incidence of heparin-induced 

thrombocytopenia in hospitalized medical patients treated 

with subcutaneous unfractionated heparin: a prospective co-

hort study, Blood. 2003; 101: 2955–9.

19. Luzzatto G, Bertoli M, Cella G, Fabris F, Zaia B, Gi-

rolami A. Platelet count, anti-heparin platelet factor 4 anti-

bodies and tissue factor pathway inhibitor plasma antigen 

level in chronic dialysis, Thromb Res. 1998; 89: 115–22.



85

FOLIC ACID EFFECTS ON THE ACETYL CHOLINESTERASE
ACTIVITIES IN DIFFERENT TISSUES OF A RAT

Milan Petrovic1, Stefan Zivkovic2, Maja Velinovic2, Mirjana Colović3, Danijela Krstic4, Dragan Djuric5

1 Th e Clinic of Abdominal and Endocrine surgery, 2 Faculty of Medicine, University of Belgrade, Serbia, 3Institute for Nuclear Sciences Vinca,
4Institute fof Chemistry, 5 Instityte for Medical Physiology „Rihard Burian“.

UTICAJ FOLNE KISELINE NA AKTIVNOST
ACETILHOLINESTERAZE U RAZLIČITIM TKIVIMA PACOVA

Milan Petrović1, Stefan Živković2, Maja Velinović2, Mirjana Čolović3, Danijela Krstić4, Dragan Đurić5

1Klinika za  abdominalnu i endokrinu hirurgiju, VMA, 2 Medicinski fakultet Univerziteta u Beogradu, 3 Institut za nuklearne nauke Vinča,
4Institut za hemiju, 5 Institut za Medicinsku fi ziologiju „Rihard Burian“.

Received / Primljen: 13.05. 2009. Accepted / Prihvaćen: 11. 06. 2009.  

UDK

Correspondence: Prof. dr Dragan Đurić;Institute for medical physiology, Faculty of Medicine, Višegradska 26/II, 11000 Belgrade

Tel. +381 11 36 07 074; Fax. +381 11 36 11 261; drdjuric@eunet.rs 

ABSTRACT 

Various studies have shown that the serum concentration 

of folic acid is inversely related to the serum homocysteine 

concentration. In addition, data suggest that increases in se-

rum homocysteine levels decrease the activity of acetyl cho-

linesterase (AChE). Th e aim of this study was to investigate 

the eff ects of acute folic acid treatment on AChE activity in 

the brain, heart and the blood of a rat. We used male Wistar 

rats, with a body mass of 250-300 g divided into two cat-

egories: a control group given placebo (1 ml 0.9% NaCl, i.p. 

n1=6) and an experimental group treated with folic acid (1 

ml 0.011 μmol/g per body mass, pH 7.4, i.p., n2=6). Sixty 

minutes after the treatment, the rats were decapitated. Th e 

brain and the heart were removed, and blood was taken. Th e 

brain and heart were homogenised in phosphate buff er pH 

8 (1 ml buff er/20 mg tissue). Th e homogenised tissues and 

blood were used as a substrate for the spectrophotometric 

analysis, and enzyme activity was measured in vitro by the 

Ellman method. Rats treated with folic acid showed signifi -

cantly reduced AChE activity in the brain and blood com-

pared to the control group (38% and 82%, respectively). We 

did not observe a signifi cant diff erence between the enzyme 

activity in the blood of treated versus untreated rats.  In con-

clusion, this study shows that acute treatment with folic acid 

decreases the AChE activity in the brain and heart of rats 

without aff ecting the AChE activity in the blood. 

Key words: acetyl cholinesterase, folic acid, specifi c en-

zyme activity 

SAŽETAK

Istraživanja su pokazala da je koncentracija folne kise-

line obrnuto proporcionalna koncentraciji homocisteina u 

serumu. Takođe, postoje podaci da povećanje koncentracije 

homocisteina u serumu smanjuje aktivnost acetilholinester-

aze (AChE). Cilj ovog istraživanja bio je da se ispitaju efekti 

akutne aplikacije folne kiseline na aktivnost enzima AChE u 

tkivu mozga, srca i krvi pacova. U eksperimentu su korišćeni 

pacovi mužjaci soja Wistar, telesne mase 250-300 g, podeljeni 

u dve grupe: kontrolna grupa kojoj je aplikovan placebo (1 ml 

0,9% NaCl, i.p., n1=6) i eksperimentalna grupa kojoj je ap-

likovana folna kiselina (1 ml 0,011 μmol/g telesne mase pH 

7,4, i.p., n2=6). Šezdeset minuta posle tretmana životinje su 

žrtvovane dekapitovanjem. Izolovani su mozak i srce, i uzeta 

je krv. Izvršena je homogenizacija moždanog i srčanog tkiva u 

fosfatnom puferu pH 8,0 (1 ml pufera/20 mg tkiva). Homog-

enizovana tkiva i krv korišćeni su kao supstrat za spektrofo-

tometrijsku analizu. Aktivnost enzima u ispitivanim tkivima 

merena je in vitro metodom po Ellmanu. Rezultati su poka-

zali su da je aktivnost AChE u homogenatima tkiva mozga 

i srca pacova tretiranih folnom kiselinom značajno manja 

od aktivnosti enzima u homogenatima tkiva kontrolne grupe 

(za 38% i 82%, respektivno). Nije utvrđena značajna razlika 

u aktivnosti enzima u krvi životinja koje su tretirane folnom 

kiselinom u odnosu na kontrolnu grupu. Zaključeno je da ap-

likacija folne kiseline smanjuje aktivnost AChE u mozgu i srcu 

pacova, dok ne utiče na aktivnost AChE u krvi pacova.

Ključne reči: acetilholinesteraza, folna kiselina, 

specifi čna enzimska aktivnost
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INTRODUCTION

 Acetyl cholinesterase (AChE, EC 3.1.1.7) is a serine hy-

drolase enzyme with the primary function of hydrolysing 

the neurotransmitter acetylcholine (1, 2, 3). According to 

the number of catalysed substrate molecules per unit time, 

AChE is the most efficient enzyme from the serine hydro-

lase group and one the most powerful enzymes overall (1, 

2). AChE is a highly polymorphic enzyme (1, 3). The signif-

icant polymorphism occurs as a result of a difference and 

interaction between catalysed subunits forming the en-

zyme and the mechanism of “anchoring” enzymes into the 

cell membrane and extracellular matrix (1, 6). Apart from 

its main function of hydrolysing acetylcholine, AChE plays 

major roles in cellular adhesion, all phases of the intrauter-

ine development of the central nervous system, induction 

and promotion of axonal growth, synaptic maturation and 

chematopoese  (3, 6, 7). 

Folic acid is responsible for numerous biochemical re-

actions in mammals such as nucleic acid synthesis, other 

reactions of transmetalation, homocysteine metabolism 

and enzymatic regeneration of tetrahydrobiprotein (8). 

Recent studies have revealed a significant role for folic 

acid in regulating peripheral and coronary blood flow (8, 

9). Insufficient intake of folic acid is often correlated with 

slower growth, anaemia, weight loss, indigestion and even 

behavioural disruptions (10). Furthermore, studies indicate a 

significant inverse correlation between folic acid intake and 

the concentration of homocysteine in serum (11, 12, 13, 15). 

In addition, some groups have reported that an elevated ho-

mocysteine level decreases the activity of AChE (13, 14). It is 

well known that increased serum homocysteine concentra-

tion represents a risk factor for developing cardiovascular dis-

eases, mental retardation and disturbance of the intrauterine 

development of the nervous system (12, 13, 15). 

Given the clinical importance of increased serum ho-

mocysteine concentration and its known reciprocal rela-

tionship folic acid, we thought it important to investigate 

the influence of folic acid on AChE activity in the brain, 

heart and blood of rats. 

MATERIALS AND METHODS 

a)  Experimental procedure
This experiment was performed on Wistar albino male 

rats weighing between 250-300 g. The animals were kept 

in a standard laboratory environment (temperature 22±1 

ºC, humidity 50%, 12:12 h cycle light: darkness, with the 

beginning of the light cycle at 9:00 h) with free access to 

water and food. We observed all regulations regarding ani-

mal care prescribed by the Regulations on Experimental 

Animals of the Faculty of Medicine, Belgrade, and permis-

sion of the Ethical Committee on experimental animals 

was obtained. The rats were divided into two groups: the 

control group was administered placebo (1 ml 0.9% NaCl, 

i.p., n1=6), and the experimental group was given folic acid 

(1 ml 0.011 μmol/g per body mass pH 7.4, i.p., n2=6). Since 

the folic acid was given intraperitoneally, it was dissolved 

in physiological saline (sodium chloride) (0.9% NaCl) and 

buffered to pH 7.4. Sixty minutes after treatment, the ani-

mals were decapitated. The brain and the heart were re-

moved while the blood was taken and stored in test tubes 

coated with heparin. Brain and heart tissues were homoge-

nised in phosphate buffer pH 8.0 (1 ml buffer/20 mg tis-

sue). The homogenised tissues and blood were subjected 

to spectrophotometric analysis.

b) Defi ning the AChE activity 
The AChE activity of each tissue was assessed in vitro 

by the Ellman method (16). This method is based on the 

hydrolysis reaction of the coloured reagent 5.5’-dithiobis 

(2-nitrobenzoic acid), (DNTB) with the thiocholine sub-

strate, acetylcholine-Iodide (AChI), producing 5-thio-2

-nitrobenzoic.  The resultant yellow colour intensity is 

proportional to the activity of AChE. The suitable quan-

tity of homogenate (20 μl brain homogenate in 600 μl of 

phosphate buffer pH 8.0, 40 μl heart homogenate in 580 

μl of phosphate buffer pH 8.0, 50 μl of heparinised blood 

diluted in physiological saline (sodium chloride), in pro-

portion 1:100 in 570 μl of phosphate buffer, pH 8.0), was 

pre-incubated for ten minutes at 37°C. After the preincu-

bation, 20 μl of the coloured reagent DTNB was added in 

addition to 10 μl of the AchI substrate. We measured the 

change in absorbance at 412 nm over three minutes us-

ing a spectrophotometer (Gilford Instrument, model 250). 

The blind test had all the essay components for monitoring 

AChE activities except for the homogenate of the tested 

tissues. The measurements performed in duplicate, and 

the specific enzyme activity of AChE in the brain and heart 

was formulated as ΔA/(min x mg tissue) and  ΔA/(min x 

μL blood) in the blood.

c) Statistics processing 
The data processing was performed by single factorial 

analysis of the variable, while intergroup comparisons were 

made using the Bonferroni test. The values were presented 

as X±SD, and values with p<0.05 were considered statisti-

cally significant.

d) Materials
The following substances were used to perform the ex-

periments: folic acid, acetylthocoline-Iodide (AChI), 5.5’-

dithiobis (2-nitrobenzoic acid) (DNTB), (all from Sigma 

Chemicals Co., USA) All the substances used in the experi-

ment were of pro analysis quality. 

 

RESULTS

The final results show a statistically significant dif-

ference in the activity levels of AChE between the test-

ed tissues of the control group animals (brain vs. heart 

p<0.01, brain vs. blood p<0.01, heart vs. blood p<0.05). 

The highest enzyme activity was recorded in the brain 

tissue homogenate (0.194±0.020), then heart tissue ho-
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DISCUSSION

This study investigated the effects of the acute adminis-

tration of folic acid on AChE activity in the brain, heart and 

blood of rats. The results show that the examined tissues 

show significant differences in baseline enzyme activity in 

the control animals. The AChE activity was highest in the 

brain, then heart and finally in the blood, which confirms 

previously published results (17). Namely, the group of 

authors had shown in their researches the approximately 

identical ratio of the specific AChE activities in the tissues 

of the brain, heart and blood of younger rats (17). The re-

sults also show that folic acid significantly reduces AChE 

activity in the brain (by 38%) and heart (by 82%) of rats, but 

it does not significantly affect AChE activity in the blood. 

Little is understood about the effects of folic acid on AChE 

activity. Nevertheless, numerous studies have shown that 

folic acid intake reduces the concentration of homocysteine 

in serum (11, 12, 13, 15). Some authors have also reported 

increasing the concentration of homocysteine in serum 

leads to reduced AChE activity (13, 14). In vitro analyses 

(13) and animal experiments (14) support these findings. 

On the basis of the data we possess, we may assume that 

folic acid increases the AChE activity.  Our study shows that 

folic acid reduces the AChE enzyme activity in the brain and 

the heart of rats, but it does not significantly affect the activity 

in the blood. The results lead to the conclusion that folic acid 

does not affect AChE activity in the tissues by the proposed 

homocysteine mechanism. Further research is required to 

clarify the mechanism of this process. 

Note: This study has been made within the project of 

basic researches Nr 145014, Ministry of Science and Tech-

nological development, the Republic of Serbia
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SAŽETAK

“Ekspresija E-kadherina kod skvamocelularnih karci-

noma glotične regije larinksa”.

Uvod: E-kadherin je transmembranski protein moleku-

larne mase 120 kDa koji ima važnu ulogu u progresiji i 

diferencijaciji tumora. Odsustvo ili smanjena ekspresija E- 

kadherina nađena je za veliki broj neoplazmi uključujući 

i karcinome glave i vrata.

Cilj istraživanja bio je da se analizira kliničko-patološki 

značaj ekspresije E- kadherina u pacijenata sa planocelu-

larnim karcinomom grkljana lokalizovanim u glotisu.

Materijal i metode: Ekspresija E- kadherina analiz-

irana je imunohistohemijski u 40 pacijenata sa glotis-

nim karcinomom grkljana. Rezultat imunohistohemijske 

ekspresije E-kadherina pretstavljao je procenat obojenih 

ćelija (0–100%). Sve obojene ćelije su uključene u brojanje 

bez obzira na intenzitet.  U odnosu na srednju vrijednost 

ekspresije ispitanici su podijeljeni u dvije grupe. U 17 

(42.5%) slučajeva se radilo o visokoj ekspresiji (procenat 

obojenih ćelija veći od srednje vrijednosti) a 23 (57.5%) 

pacijenta su imali nisku ekspresiju E- kadherina (pro-

cenat manji od srednje vrijednosti).

Rezultati: Ekspresija E- kadherina u posmatranom ma-

terijalu varirala je 2 do 72 (mediana 23). Srednja vrijed-

nost ekspresije E- kadherina iznosila je 27.35 (standardna 

devijacija [SD]= 20.15). Značajno slabija ekspresija E- 

kadherina nađena je u pacijenata sa lokalno proširenim 

tumorom (kategorija T3 i T4) (χ2-test p= 0.038) kao i u 

pacijenata sa uznapredovalom bolešću (TNM stadijum 

III i IV) (χ2-test p= 0.010). Multivarijantnom logističkom 

regresionom analizom dobili smo da je prisustvo metasta-

za na vratu jedini nezavisni prediktor relapsa bolesti 

(p=0.019). Rezultati Cox-ove regresione analize poka-

zuju da su nezavisni prediktori kraćeg preživljavanja bez 

bolesti prisustvo metastaza na vratu (P=0.003) i starosna 

dob ≤ 59 godina (P=0.006).

Zaključak: Određivanje ekspresije E- kadherina mo-

glo bi da pomogne u otkrivanju pacijenata sa agresivnim 

tipom bolesti što bi vodilo određivanju optimalnog 

ABSTRACT

Background: E-cadherin is a 120 kDa transmembrane 

protein that is thought to play an important role in ma-

lignant progression of tumours and in tumour differentia-

tion. A reduced or absent expression of E-cadherin has 

been observed in several carcinomas, including squamous 

cell carcinoma of the head and neck.

Objective: The aim of this study was to analyse the 

clinicopathologic significance of E-cadherin expression in 

squamous cell carcinomas with a primary location in the 

glottic region of the larynx.

Materials and methods: E-cadherin expression was 

determined by immunohistochemistry in paraffin-em-

bedded tissue specimens from 40 patients with squamous 

cell carcinoma of the glottic larynx. A staining score was 

given based on the percentage of cells stained (0–100%). 

All stained cells were considered positive regardless of the 

intensity of the staining. Using the mean expression of E-

cadherin as a cut-off, 17 (42.5%) tumours were classified 

into the “high E-cadherin” group and 23 (57.5%) into the 

“low E-cadherin” group.

Results: E-cadherin expression varied greatly among 

the tissue samples, with scores ranging from 2 to 72 (me-

dian 23). The mean expression score for E-cadherin was 

27.35 (standard deviation [SD]=20.15). Decreased E-cad-

herin expression was significantly correlated with more 

aggressive tumours, including tumours staged as T3 or T4 

(p = 0.038) and those with advanced clinical stage (TNM 

stage III and IV) (p = 0.010). The results of a stepwise lo-

gistic regression analysis showed that only the presence of 

lymph node metastasis was an independent predictor for 

tumour recurrence (p=0.019). A Cox proportional haz-

ards model confirmed that the presence of cervical lymph 

node metastases (P=0.003) and age ≤ 59 years (P=0.006) 

were statistically significant independent predictors of a 

reduced disease-specific survival.

Conclusion: Expression of E-cadherin may be use-

ful to identify patients with aggressive disease, allowing 

more effective treatment strategies to be implemented. 

UDK 577.112.4:616.22-006.6 / Ser J Exp Clin Res 2009; 10 (3): 89-94
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clear surgical margins. None of the patients was thought 

to have had distant metastases at the time of surgery. The 

clinical information, including sex, age, histologic grade, 

primary tumour (T) classification, nodal (N) status, TNM 

stage, and oncological outcome were obtained retrospec-

tively from clinical records. Pathological staging was deter-

mined according to the 6th TNM Classification of Malig-

nant Tumours of the International Union Against Cancer. 

Twenty patients had early cancer (Stage I or II) and 20 had 

advanced cancer (Stage III or IV). Treatment decision-

making was based on clinical stage and on the presence or 

absence of lymph node metastases at the time of diagnosis. 

Partial laryngectomy was performed in 26 patients, and to-

tal laryngectomy in 14 patients. Nine patients underwent 

a neck dissection operation simultaneously to the primary 

tumour removal, and lymph node metastases were pres-

ent in four cases. Eight patients underwent postoperative 

radiotherapy. Mean follow-up time (calculated in months 

from treatment completion to the last otolaryngological 

control) was 20.5 months (range 6-60 months). In the anal-

ysis of the clinical data, we defined poor oncological out-

come as either recurrence of local disease or occurrence of 

metastasis after treatment. Clinicopathologic characteris-

tics of the selected patients are shown in Table 1.

Immunohistochemistry
Forty specimens of formalin-fixed, paraffin-embedded 

tissue blocks were cut into 3-mm sections by a microtome. 

All specimens included samples originated from complete 

resection material. The slides were dewaxed, hydrated, and 

washed with TRIS-buffered saline. This process was fol-

lowed by microwave treatment for 20 min in citrate buffer 

(pH= 6.0) to retrieve the antigens present. After blocking 

endogenous peroxidase activity in water with 3% H202 

for 30 min, the tissue sections were incubated with anti-

E-cadherin antibody (Clone NCH-38 diluted 1:50, DAKO, 

Denmark) for 30 min and then anti-mouse antibody for 

another 30 min. Immunodetection was performed with 

the Envision system, DAKO Autostainer, model VL1. Di-

aminobenzidine was applied for 10 min as a chromogen. 

The slides were then counterstained with hematoxylin. 

Appropriate positive and negative controls were included 

in all reactions.

Evaluation of E-cadherin expression
The slides were viewed randomly and without any clin-

ical data by one of the authors. The staining was predomi-

nantly membranous with some cytoplasmatic staining also 

INTRODUCTION

The development of cancer involves multiple coordi-

nated cellular processes. Identification of the molecular 

mechanisms involved in laryngeal cancer progression 

will contribute to a better understanding of its biological 

behaviour. Multiple steps are required to induce tumour 

invasion and metastasis, including the expression of a va-

riety of gene products that include adhesion molecules. 

Weakening of cell-cell and cell-extracellular matrix adhe-

sions is obviously imperative for tumour cells to metasta-

sise. Several families of cell adhesion molecules have been 

described. These include cadherins, integrins, adhesion 

molecules belonging to the immunoglobulin superfamily, 

selectins, and CD44. The cadherins are a group of calci-

um-dependent adhesion molecules that mediate homo-

typic cell-cell interactions, although heterotypic binding 

between different cadherin molecules is possible. They 

have an extracellular domain (N-terminal) that is impli-

cated in homophilic binding and a cytoplasmic tail (C-ter-

minal) that interacts with cytoskeletal proteins via intrac-

ellular proteins termed catenins (α, β, γ), which form the 

E-cadherin-catenin complex (1). There are four cadherin 

subclasses (classical cadherins, classical-related cadherins, 

desmosomal cadherins and modified cadherins). Among 

these adhesion molecules, epithelial cadherin (E-cadherin) 

is the most important, since it is expressed in all adult hu-

man epithelial tissues. A reduced or absent expression, or 

an abnormal location, of the E-cadherin/catenin complex 

has been observed in several carcinomas, including malig-

nant tumours of the female genital tract (2), stomach (3), 

nasopharynx (4), bladder (5), prostate (6), lung (7), colon 

(8), breast (9) and squamous cell carcinomas of the head 

and neck (10-12).

In the present study, we used immunohistochemistry 

to examine the expression of E-cadherin in invasive glot-

tic laryngeal squamous cell carcinomas, and we correlated 

our results with clinicopathological parameters. 

 

MATERIALS AND METHODS

Patients 
Forty patients with squamous cell carcinoma of the 

glottic larynx were selected from the pathological files of 

the Clinic for Otorhinolaryngology and Maxillofacial Sur-

gery of the Clinical Center of Montenegro in Podgorica. 

All selected patients underwent complete resection as pri-

mary treatment in the period from 2001 to 2008. All pa-

tients had a single primary tumour, none had undergone 

treatment prior to surgery, and all had microscopically 

Larger studies are required to confirm the role of E-cad-

herin expression in predicting the behaviour of laryngeal 

squamous cell carcinomas.

Key words: Laryngeal carcinomas, Cell adhesion molecule, 

E-cadherin, Immunohistochemistry, Head and neck.

načina liječenja. Uloga E-kadherina u procjeni biološkog 

ponašanja karcinoma larinksa treba da bude potvrđena 

dodatnim istraživanjima.

Ključne reči: karcinom larinksa, ćelijski adhezioni 

molekul, E-kadherin, imunohistohemija, glava i vrat



91

analysis was based on the Kaplan-Meier method, and sta-

tistical significance was assessed by the log-rank test. To 

determine the effect of distinct prognostic factors on survival, 

a multivariate analysis was performed according to the Cox 

regression model. A p value less than 0.05 was considered to 

be significant in all statistical analyses. All statistical analyses 

were conducted with SPSS 13.0 (Statistical Package for Social 

Sciences, SPSS Inc., Chicago, IL, USA).

 

RESULTS

Expression of E-cadherin was evaluated in 40 glottic 

laryngeal squamous cell carcinomas (29 male and 11 fe-

male). The age of the patients at diagnosis ranged from 44 

to 81 years with a mean age of 63.2 years. Twenty patients 

had early cancer (Stage I or II) and 20 had advanced cancer 

(Stage III or IV).

present. A staining score was given based on the percent-

age of cells stained (0–100%). All stained cells were consid-

ered positive regardless of the intensity of the staining. 

STATISTICAL ANALYSIS

The correlations between the clinicopathologic pa-

rameters and the expression of E-cadherin were evaluated 

using the chi-square (χ2) test, the Fisher exact test and 

Kruskal-Wallis test. The role of each possible prognostic 

factor (univariate analysis) and the joint effect of all these 

factors (multivariate analysis) was explored using a mul-

tivariate logistic regression analysis. Disease-free survival 

Table 1: Clinicopathologic characteristics of 40 patients with glottic 

squamous cell carcinoma

Table 2: Th e correlation of E-cadherin expression with clinicopathologic 

parameters in patients with glottic squamous cell carcinoma

a Low E-cadherin expression was below 27.35, High E-cadherin expres-

sion was above 27.35

b Chi-square (χ2) test or Fisher exact test 
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 DISCUSSION

The presence of lymph node metastases is the single 

most adverse independent prognostic factor in head and 

neck squamous cell carcinoma (13). The preoperative de-

tection of lymph node metastases is crucial to the effec-

tive treatment of these patients. Diagnostic techniques 

including computed tomography, magnetic resonance 

imaging, ultrasonography, positron emission tomography, 

and ultrasound-guided fine-needle aspiration biopsy have 

reached a sensitivity of more than 80% in detecting metas-

tases (14), but they have the fundamental limitation that 

the metastases need to have a size of at least several mil-

limetres to be detected. Thus, the ability to identify mo-

lecular markers from a primary tumour biopsy sample that 

can predict cervical lymph node metastases would enable 

the selection of patients at risk for lymph node metastasis. 

However, since invasion and metastasis are very compli-

cated multistep processes, it is likely that more than one 

marker will be needed to assess an individual patient’s risk 

of nodal metastases.

The process of metastasis is a cascade of linked sequen-

tial steps involving multiple host-tumour interactions. The 

suppression of cell-cell adhesiveness is accepted to have 

an important role in facilitating the dissemination of tu-

mour cells from the primary site and the establishment of 

metastases (15). Among the several families of adhesion 

molecules, E-cadherin has been suggested to play a role 

in the process of nodal metastasis. E-cadherin, a calcium-

dependent membrane protein, is essential for the forma-

tion of adheren junctions between cells (16). Catenins are 

involved in the regulation of cadherin function. Both β and 

γ catenins bind directly to the cytoplasmic portion of E-

cadherin. α catenin plays a critical role in the transmem-

brane anchorage of the cadherins, and deletion of α catenin 

results in a non-adhesive cadherin/catenin phenotype. 

Downregulation of E-cadherin reduces cell-cell adhesion, 

reduces gap-junction mediated communication, and pre-

vents terminal differentiation of cells, thus maintaining the 

ability to proliferate (17). The loss of E-cadherin expression 

in tumour tissue may lead to a more aggressive phenotype 

because neoplastic cells have a greater tendency to spread 

to adjacent tissues and lymph nodes. Abnormal expression 

of E-cadherin has been correlated in several human car-

cinomas with pathological characteristics of the tumour, 

such as tumour stage, invasiveness, lymph node involve-

ment and distant metastases (18-21). Moreover, reduced 

expression of E-cadherin has been correlated with clinical 

variables, such as disease relapse and disease-free survival 

(22-24).  Additionally, a negative correlation between E-

cadherin expression and tumour differentiation has been 

observed. Well- or moderately-differentiated cancers pre-

serve E-cadherin, while poorly differentiated ones express 

it poorly or not at all (10). 

Studies of E-cadherin expression in squamous cell car-

cinomas of the head and neck have failed to provide a clear 

picture for its role in these tumours. Schipper et al. (12) 

E-cadherin expression was associated with the cell 

membrane and varied greatly among tissue samples, with 

scores ranging from 2 to 72 (median 23). The mean ex-

pression score of E-cadherin in the considered glottic 

squamous cell carcinomas was 27.35 (standard deviation 

[SD] = 20.15). Using the mean expression of E-cadherin as 

a cut-off, 17 (42.5%) tumours were classified into the “high 

E-cadherin” group and the other 23 (57.5%) tumours were 

classified into the “low E-cadherin” group.

The correlations of E-cadherin expression with clini-

copathologic parameters is summarised in Table 2. De-

creased E-cadherin expression was significantly correlated 

with more aggressive tumours, including T3-T4-staged 

tumours (p= 0.038) and those with advanced clinical stage 

(TNM stage III and IV) (p= 0.010). There was no signifi-

cant correlation between the expression of E-cadherin and 

age or sex. No relationship was observed between E-cad-

herin expression and histopathological differentiation (p= 

0.601). Also, the Fisher exact test did not show any statis-

tically significant difference in E-cadherin expression be-

tween pN+ and pN0/cN0 malignancies (p= 0.136).

The mean expression of E-cadherin was 38.5 (SD 22.49) 

in pT1 carcinomas, 24.5 (SD 19.54) in pT2 carcinomas, 

22.75 (SD 16.92) in pT3 carcinomas, and 11.5 (SD 12.02) 

in pT4 carcinomas. We performed a non-parametric test 

for trends across order groups (a modified Kruskal-Wallis 

test) to identify differences in E-cadherin between pT stag-

es, but no significant differences were shown (p= 0.140). 

The mean E-cadherin expression  was 38.5 (SD 22.45) in 

stage I carcinomas, 25.63 (SD 21.97) in stage II carcino-

mas, 22.44 (SD 15.94) in stage III carcinomas and 11.5 (SD 

12.02) in stage IV carcinomas. The differences in expres-

sion between the different TNM stages were not statisti-

cally significant (p= 0.140).

Eight of 40 patients with laryngeal squamous cell car-

cinomas developed loco-regional recurrence (3 local re-

currences, 5 recurrences in the neck lymph nodes; mean 

expression of E-cadherin 17.63; median 18.5; SD 9.46). In 

the group without loco-regional recurrence, mean expres-

sion of E-cadherin was 29.78 (median 26; SD 21.45). Cor-

relations of E-cadherin expression with tumour recurrence 

were not statistically significant (p=0.114). 

The results of a stepwise logistic regression analysis 

showed that only the presence of lymph node metastasis 

was an independent predictor for tumour recurrence when 

grouping local and regional recurrences (odds ratio 18.6; p= 

0.019; 95% CI, 1.601-216.056). There was a decline in disease-

free survival associated with a decreased E-cadherin expres-

sion, but this was not significant (log-rank test p= 0.111). The 

presence of lymph node metastasis at the time of diagnosis 

(log-rank p= 0.002), age ≤ 59 years (log-rank p=0.003), and 

female gender (log-rank p=0.025) were all associated with 

worse disease-free survival. The results of a multivariate Cox 

proportional hazards model confirmed that the presence of 

cervical lymph node metastases (P=0.003) and age ≤ 59 years 

(P=0.006) were statistically significant independent predic-

tors of a reduced disease-specific survival. 



93

E-cadherin between pN+ and pN0/cN0 malignancies. The 

lack of statistical association between the nodal status and 

expression of E-cadherin was possibly due to the limited 

size of our preliminary series. In addition, we failed to find 

any significant association of E-cadherin expression with 

tumour recurrence. 

 

CONCLUSION

Decreased expression of E-cadherin in primary glot-

tic laryngeal squamous cell carcinomas correlated signifi-

cantly with advanced T status and TNM stage. The results 

of the present study suggest that expression of E-cadherin 

may be useful to identify patients with more aggressive 

disease, allowing more effective treatment strategies to be 

implemented. Larger studies are required to confirm the 

role of E-cadherin expression in predicting the behaviour 

of laryngeal squamous cell carcinomas.
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ABSTRACT

Cardiovascular diseases are a leading cause of death in 

patients treated with haemodialysis. Th ese patients are ex-

posed to traditional and non-traditional risk factors for car-

diovascular complications. Non-traditional risk factors are 

consequences of uremic milieu, but these can also be linked 

to the technique of dialysis itself. Non-traditional risk fac-

tors include oxidative stress, microinfl ammation, malnutri-

tion, secondary hyperparathyroidism, anaemia, hyperho-

mocysteinemia, retention of sodium and water and increase 

of blood fl ow through the vascular access for haemodialysis. 

Th ese risk factors are implicated in left ventricle hypertro-

phy and accelerate atherosclerosis. In addition, they increase 

cardiovascular morbidity and mortality in these patients. 

Aggressive cardiovascular risk factor modifi cation can signif-

icantly improve cardiovascular outcome in patients treated 

with haemodialysis.

Key words: cardiovascular risk factors, microinfl amma-

tion, malnutrition, haemodialysis.

SAŽETAK

Kardiovaskularne bolesti su vodeći uzrok smrti bolesnika 

koji se leče hemodijalizom. Ovi bolesnici su izloženi tradicio-

nalnim i netradicionalnim faktorim rizika za razvoj kardio-

vaskularnih komplikacija. Netradicionalni faktori rizika su 

posledica uremijskog miljea, a mogu biti povezani i sa samom 

tehnikom dijalize. U netradicionalne faktore rizika spadaju 

mikroinfl amacija, hiperhomocisteinemija, povećana koncen-

tracija asimetričnog dimetilarginina, oksidativni stres, mal-

nutricija, sekundarni hiperparatireoidizam, anemija, reten-

cija Na+ i H2O i povećan protok krvi kroz vaskularni pristup 

za hemodijalizu. Pomenuti faktori rizika uzrokuju hipertrofi -

ju leve komore i ubrzanu aterosklerozu, a to za posledicu ima 

povećan kardiovaskularni morbiditet i mortalitet ovih bole-

snika. Uticajem na faktore rizika za razvoj kardiovaskularnih 

komplikacija, može se značajno popraviti kardiovaskularni 

ishod bolesnika koji se leče hemodijalizom.

Ključne reči: faktori kardiovaskularnog rizika, mikroifl a-

macija, malnutricija, hemodijaliza

ORIGINAL ARTICLE     ORGINALNI NAUČNI RAD     ORIGINAL ARTICLE     ORGINALNI NAUČNI RAD 

INTRODUCTION

Cardiovascular diseases are a leading cause of mortality 

in patients treated with haemodialysis (1, 2). Traditional and 

non-traditional risk factors for cardiovascular complications 

in haemodialysis patients are numerous. Traditional risk fac-

tors include high blood pressure, lipid metabolism disorders, 

diabetes mellitus, obesity, cigarette smoking and reduced 

physical activity. Non-traditional risk factors can be metabol-

ic (microinflammation, hyperhomocysteinaemia, high con-

centration of asymmetric dimethylarginine, oxidative stress, 

malnutrition, secondary hyperparathyroidism) or haemody-

namic (anaemia, sodium and water retention and high blood 

flow through the vascular access for haemodialysis) (table 1) 

(3-5). Timely detection of risk factors and adequate therapy 

can significantly reduce cardiovascular morbidity and mor-

tality in patients treated with haemodialysis (3-5).

Table 1: Risk factors for development of cardiovascular complications in dialysis patients 

Q
AV

 - fl ow through vascular haemodialysis access
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centration > 2.2 mol/L and is due to decreased activity of 

the enzyme dimethylarginine dimethylhydrolase (DDHA) 

(17, 18). Microinflammation, diabetes mellitus, hyperho-

mocysteinaemia and oxidative stress significantly decrease 

the activity of this enzyme and increase the concentration 

of ADMA. ADMA blocks the production of nitrous oxide 

(NO) in endothelial cells and contributes to the develop-

ment of atherosclerosis (scheme 1) (17, 18). Asymmetric 

dimethylarginine is an independent risk factor for left ven-

tricle hypertrophy and a predictor of poor outcome in pa-

tients treated with haemodialysis (19). Increases in serum 

ADMA are accompanied by a 26% increase in overall mor-

tality risk per mol increase (20). Control of blood pres-

sure, glycaemia, L-arginine and antioxidants improves the 

activity of DDAH and decreases the serum ADMA  con-

centration (17-20).

Oxidative stress

Augmentation of oxidative stress is a risk factor for de-

velopment of atherosclerotic cardiovascular complications 

in patients on haemodialysis (21). Oxidative stress and 

elevated oxLDL concentration block DDAH activity and 

decrease ADMA degradation. Accumulation of ADMA 

perturbs the function of the L-arginine/NO system in en-

dothelial cells, resulting in decreased NO elaboration and 

the development of atherosclerosis (scheme 1) (21). Use 

of L-arginine, vitamin E and N-acetylcystein significantly 

contributes to decreasing oxidative stress and decreased 

risk of cardiovascular complications in patients treated 

with haemodialysis (22).    

Malnutrition

In patients treated with haemodialysis, malnutri-

tion due to insufficient protein consumption shows that 

there is microinflammation (23). Syndrome of malnu-

trition-inflammation (MICS) occurs due to appetite 

loss, insufficient nutrition, increased nutrient loss dur-

ing haemodialysis, presence of uremic toxins, hyperca-

tabolism produced by co-morbidities (diabetes mellitus, 

infection, sepsis, congestive heart failure), increased 

oxidative stress, and use of biocompatible dialysis mem-

branes and conventional haemodialysis solution (23).  

As a consequence, inadequate response to erythropoi-

etin, accelerated atherosclerosis and greater cardiovas-

cular morbidity and mortality occur in patients treated 

with haemodialysis (23). Daily energy intake of 45 kcal/

kgbm/day and protein intake of 1.5 g/kgbm/day lead to 

body mass growth and an increase in the concentration 

of serum albumin in patients treated with haemodialy-

sis (23). Intradialysis parenteral nutrition (IDPN) along 

with appetite-stimulating medicines (megestrol acetate, 

L-carnitin) significantly improves nutritional status and 

outcomes in haemodialysis patients (23). Optimisation 

of dialysis treatment (with biocompatible dialysis mem-

brane, dialysators with vitamin E, and an ultrapure solu-

tion for haemodialysis) also contributes to better out-

comes in haemodialysis patients (23). 

METABOLIC RISK FACTORS

Microinfl ammation

Microinflammation is a risk factor for atherosclerotic 

cardiovascular complications in patients treated with hae-

modialysis (6, 7). The normal concentration of C-reactive 

protein (CRP) in plasma is ≤ 5 mg/L, and concentrations of 

CRP > 10 mg/L indicate the presence of microinflamma-

tion and an elevated risk for the development of cardiovas-

cular complications (6, 7). Microinflammation is present 

in 30-50% of patients.  The quality of water for dialysis, 

biocompatibility of the dialysis membrane and vascular ac-

cess for haemodialysis are all key factors in the provocation 

and maintenance of low degree chronic microinflamma-

tion in these patients (6-8). Microinflammation plays an 

important role in the process of atherosclerosis, plaque 

formation and rupture (6-8). Haemodialysis patients with 

CRP concentration > 15.8 mg/L have a 2.4-fold greater 

risk for cardiovascular mortality in comparison to patients 

with CRP < 3.3 mg/L (9). Patients with plasma CRP con-

centration > 11.5 mg/L have a highly statistically significant 

decrease in survival in comparison with patients treated 

with haemodialysis with a CRP concentration < 2.6 mg/L 

(10). Notably, bicarbonate haemodialysis with polisulfonic 

biocompatible membrane along with the use of ultrapure 

haemodialysis solution contributes to a decrease in CRP 

levels (11).

Hyperhomocysteinaemia

Hyperhomocysteinaemia is a risk factor for atheroscle-

rosis and cardiovascular complications in haemodialysis 

patients (12-14). It is defined as a plasma homocystein 

concentration ≥15 µmol/L and is present in over 80% of pa-

tients treated with haemodialysis (12-14). It is as a conse-

quence of the decreased activity of key enzymes involved in 

homocystein metabolism (methionine synthase, N5,N10-

methyl tetrahydrofolate reductase, cystation -synthase, 

betain-homocystein methyltransferase) (12-14). Hyper-

homocysteinaemia blocks the degradation of asymmetric 

dimethylarginine (ADMA), contributes to the accumula-

tion of ADMA in blood vessel endothelial cells and triggers 

atherosclerosis (scheme 1) (12-14). The concentration of 

whole serum homocystein - tHcy is an independent pre-

dictor of cardiovascular mortality in patients treated with 

regular haemodialysis. Patients treated with haemodialy-

sis who have plasma homocystein concentrations  37.8 

�mol/L exhibit an 8.2-fold greater risk for cardiovascular 

mortality in comparison with patients who have serum ho-

mocystein levels ≤ 22.9 mol/L (15). Use of folan, vitamin 

B6, vitamin B12 and active metabolites of folic acid signifi-

cantly contributes to decreased serum homocystein con-

centrations in patients treated with haemodialysis (16). 

High concentration of asymmetric dimethylarginine

A high concentration of asymmetric dimethylarginine 

(ADMA) is a risk factor for cardiovascular complications 

in haemodialysis patients. It is defined as an ADMA con-
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Secondary hyperparathyroidism

Secondary hyperparathyroidism (SHTPH) frequent-

ly occurs in patients treated with regular haemodialysis. 

It is due to the decreased production of active metabo-

lites of vitamin D3, hypocalcaemia and hyperphospha-

taemia, and its main clinical consequences are renal 

osteodystrophy with bone hypermetabolism, vascular 

and valvular calcifications and cardiovascular complica-

tions (24). Calcifications may occur in the tunica intima 

(atherosclerotic plaques), tunica media of the coronary 

vessels or in heart valves (24). Calcifications in the in-

tima of the coronary arteries cause shrinkage of their 

lumen and result in the inability to supply the myocar-

dium sufficiently (ischaemia). In addition, plaque rup-

ture can cause acute coronary syndrome. Calcifications 

in media make arteries harder, increase the afterload 

of the left ventricle and contribute to its hypertrophy. 

Heart valve calcifications lead to aortic and mitral valve 

stenosis (24). Treatment of secondary hyperparathy-

roidism should enable patients to reach target endpoints 

for parameters involved in the metabolism of calcium 

and phosphate intact  parathormone (iPTH) 150 - 300 

pg/mL (16.5 - 33.0 mg/dL) serum calcium concentra-

tion (Ca2+) 2.10 - 2.37 mmol/L (8.4 - 9.5 mg/dL), serum 

phosphate concentration (PO43-) 1.13 - 1.78 mmol/L 

(3.5 - 5.5 mg/dL), solubility product (CaxPO4) < 4.5 

mmol2/L2 (< 55 mg2/dL2)  (25). In patients treated with 

regular haemodialysis, monitoring of calcium and phos-

phate should take place once every month, and monitor-

ing of parathormone should be done every three months 

(25). Phosphate intake restriction (10 mg/kgbm/day), 

phosphate binders without calcium, new vitamin D me-

tabolites and calcimimetics contribute to better control 

of secondary hyperparathyroidism and decrease the risk 

of cardiovascular morbidity and mortality in patients 

treated with haemodialysis (scheme 2) (26-30).

HAEMODYNAMIC RISK FACTORS

Anaemia

Anaemia is an independent risk factor for left ventricle 

hypertrophy in patients treated with haemodialysis (31). 

It is defined as a concentration of haemoglobin < 110 g/L 

and is present in over 90% of patients on haemodialysis (31, 

32). Anaemia mostly comes from insufficient endogenous 

erythropoietin, and its main drawbacks to the cardiovas-

cular system are decreased blood viscosity, low peripheral 

resistance (vasodilatation due to hypoxia), tachycardia and 

increased cardiac output (scheme 3) (31-35). By activation 

of haemodynamic adaptation mechanisms, anaemia over-

loads the left ventricle with excessive volume and causes 

its hypertrophy (31-35). Administration of erythropoietin 

enables patients to reach endpoint targets for haematocrit 

and haemoglobin (haemoglobin 110-120 g/L) and reduces 

left ventricle hypertrophy (36, 37).

 

Na+ and H2O retention

Interdialysis weight gain (IDWG) is a direct conse-

quence of increased mineral and water intake in the inter-

dialysis interval. IDWG is calculated from the following 

formula: IDWG% = IDWG (kg)/DW (kg)  x 100%, where 

IDWG is interdialysis weight gain and DW is a patient’s 

dry weight (38). Patients with an IDWG < 3.0% have a sta-

tistically lower body mass index in comparison to patients 

with IDWG > 3.0% (38). Increased mineral and water in-

take (IDWG > 5.0%) leads to left ventricle volume over-

Scheme 1. Pathophysiologi-

cal mechanisms of athero-

sclerosis development in di-

alysis patients

Ang II - angiotenzin II, ET-1 - 

endothelin 1, ADMA - asym-

metric dimethylarginine, 

FOR - free oxygen radicals, 

NO - nitrous oxide, DDAH 

- dimethylarginine dimeth-

ylhydrolase, NFkB - nuclear 

factor, PDGF - platelate 

growth factor, NOS - nitrous 

oxide synthase, DMA - di-

methylamin, IGF-1 - insulin 

like growth factor 
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Scheme 2. Protocol for sec-

ondary hyperparathyroidism 

treatment in dialysis patients 

Scheme 3. Infl uence of anae-

mia on remodelling the car-

diovascular system in dialy-

sis patients 

Modifi ed according to refer-

ence 28 .

Conversion units: calcium 

2,1 mmol/l = 8,4 mg/dl, cal-

cium 2,4 mmol/l = 9,5 mg/

dl, phosphate: 1,8 mmol/l = 

5,5 mg/dl, iPTH 300 pg/ml = 

31,8 pmol/l, iPTH 150 pg/ml 

= 15,9 pmol/l, iPTH 100 pg/

ml = 10,6 pmol/l, iPTH 800 

pg/ml = 84,8 pmol/l.

Modifi ed according to

reference 35

EDRF -

endotel relaxing factor
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increased risk of cardiovascular complications include the 

following: dialysator type (coefficient of ultrafiltration, di-

alysis membrane type, biocompatibility of dialysis mem-

brane), microbiological quality of water and dialysis solu-

tions, therapeutic modality and online monitoring (52, 53). 

Adequate dialysis procedure can greatly improve outcome 

in patients treated with regular haemodialysis  (52, 53). 
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SAŽETAK

Fosfodiesteraza 5 katalizuje razgradnju cikličnog GMP 

utičući na njegovu intraćelijsku    koncentraciju. Specifi čna 

inhibicija tog izoenzima indukuje povećanje koncentracije 

cikličnog GMP, dovodeći do relaksacije glatkih mišićnih ćelija 

i posledične vazodilatacije. U skladu sa tim,  cilj naše studije 

je bio da uporedimo efekte različitih inhibitora PDE5 na kor-

onarni protok i L-arginin/NO sistem izolovanog srca pacova. 

Srca, izolovana iz pacova Wistar albino soja (muškog pola, 

n=12) su perfudovana pri konstantnom pritisku, tehnikom 

po Langendorff -u. Koronarna autoregulacija (KA) je ispiti-

vana promenama koronarnog perfuzionog pritiska od 40 do 

120 cm H2O i odredjivanjem vrednosti koronarnog protoka 

(KP) pri datim pritiscima. Nakon kontrolne serije eksperi-

menata (Bazični protokol), srca su perfundovana Vardenafi -

lom u različitim dozama (10, 20, 50, 200 nM), kao i istim do-

zama Vardenafi la u kombinaciji sa inhibitorom NO sintaze 

(L-NAME, 30μ M). U kontrolnim KA se odvijala izmedju 

50 i 90 cm H2O, pri bazalnim vrednostima protoka (60 cm 

H2O) od 6,63± 0,30 ml/min. Vardenafi l indukuje signifi -

kantnu vazodilataciju u dozi od 200 nM (oko 20% od ukup-

nih CPP vrednosti), ali ne i pri ostalim aplikovanim dozama. 

Dodatna administracija L-NAME-a indukuje sniženje kor-

onarnog protoka u svim tretiranim grupama. Ipak, samo pri 

najmanjim i najvišim vrednostima Vardenafi la ovi efekti su 

bili sugnifi kantni.

Naša saznanja jasno pokazuju da svi ispitivani  inhibi-

tori PDE5 ostvaruju uticaj na koronarnu autoregulaciju 

posredstvom L-arginin/ NO sistema.

Ključne reči: inhibitor PDE5 - koronarna cirkulacija - NO

ABSTRACT

Phospodiesterase-5 (PDE5) catalyses cyclic GMP (cGMP) 

degradation and regulates its intracellular content. Specifi c 

inhibition of that isoenzyme induces an increase in cGMP 

concentration, leading to smooth muscle cell relaxation and 

consequent vasodilatation. With regard to this information, 

the aim of our study was to compare the eff ects of diff erent 

PDE5 inhibitors on coronary blood fl ow and the L-arginine/

NO system in isolated rat hearts. Hearts were isolated from 

male Wistar albino rats (n=12 rats) and perfused with buff er 

at a constant pressure. Coronary auto-regulation (CA) was 

investigated with follow-up of coronary perfusion pressure 

(CPP) changes from 40 to 120 cm H2O. After the fi rst se-

quence of CPP changes (basic protocol), the hearts were per-

fused with vardenafi l in diff erent doses (10, 20, 50, 200 nM) 

alone or in combination with nitric oxide synthase inhibi-

tor (L-NAME, 30 μM). During control conditions the hearts 

exhibited CA between 50 and 90 cm H2O, with a basal 

coronary fl ow (at 60 cm H2O) of 6.63�0.30 ml/min. Vard-

enafi l induced signifi cant vasodilatation  at a dose of 200 

nM (about 20% at all CPP-values) but not at other applied 

doses. Additional application of L-NAME induced decreases 

in coronary fl ow (CF) in all treated groups. Nevertheless, 

those eff ects were signifi cant only at the lowest and highest 

doses of vardenafi l. 

Our fi ndings clearly show that all estimated PDE5 in-

hibitors aff ect coronary auto-regulation, meditated by the 

L-arginine/NO system.

Key words: PDE5 inhibitors, coronary circulation, NO

UDK 615.22:612.173 / Ser J Exp Clin Res 2009; 10 (3): 103-108



104

MATERIAL AND METHODS

Isolated rat heart preparation

The hearts (n=12) excised from Wistar albino rats, male 

sex, body mass of about 200 g (obtained from Military Tech-

nical Institute, Belgrade, Serbia and Montenegro) were per-

fused  with a Langendorff apparatus (Hugo Sachs Elektronik-

Harvard Aparatus GmbH, March-Hugstetten, Germany). 

After short-term ether narcosis, the animals were killed by 

cervical dislocation (Schedule 1 of the Animals/Scientific 

Procedures, Act 1986, UK), with heparin premedication as 

an anticoagulant. After urgent thoracotomy and rapid heart 

arrest by superfusion with ice-cold isotonic saline, the hearts 

were rapidly excised and isolated. The aortas were cannu-

lated and retrograde perfused according to the technique 

for constant pressure conditions. The composition of the 

non-recirculating Krebs-Henseleit perfusate was as follows 

(mmol/l): NaCl 118, KCl 4.7, CaCl2  2H2O 2.5, MgSO4  

7H2O 1.7, NaHCO3 25, KH2PO4 1.2, glucose 11, pyruvate 

2,  equilibrated with 95% O2 plus 5% CO2 and warmed to 37 

C (pH 7.4). All hearts were electrically paced (5 V, 320 bpm) 

by the electronic stimulator (Hugo Sachs Elektronik-Har-

vard Aparatus GmbH) and constant left ventricular drainage 

through the dissected mitral valve was performed.

Physiological assay

After the heart perfusion had been set up, a 30-minute 

period was allowed for stabilisation of the preparation. 

During the stabilisation period, all hearts were challenged 

by short-term occlusions (5-30 seconds) as well as by bolus 

injection of 5 mmol/l adenosine (60 l at a flow rate of 10 

ml/min) to elicit maximal coronary flow. The hearts were 

discarded (about 25%) if the flow did not increase by 100% 

over the control value (for both tests). After the equilibra-

tion period, coronary perfusion pressure was lowered to 

50 and 40 cm H2O and then gradually increased to 70, 80, 

90, 100, 110 and 120 cm H2O to establish coronary auto-

regulation. When the flow was considered to be stable at 

each value of perfusion pressure, samples of the coronary 

effluent were collected. Properly performed control exper-

iments were included in the study (i.e., the groups of the 

hearts in which the coronary perfusion pressure/coronary 

flow relationship were studied twice in the absence of any 

drug). It was essential to confirm that the preparation used 

was stable and that the responses to the first and  second 

run of changes in perfusion pressure did not differ sub-

stantially. In the control protocol, preparation stabilisation 

was performed at a basal coronary perfusion pressure of 60 

cm H2O for 30 minutes. 

Experimental protocols

In the experimental protocol hearts were perfused with 

or without vardenafil (a specific PDE5 inhibitor) at different 

doses: 10, 20, 50 and 200 nM. In a second experimental pro-

tocol hearts were perfused with vardenafil (10, 20, 50 and 200 

nM) plus an inhibitor of nitric oxide synthesis, N -nitro-L-

arginine monomethyl ester (L-NAME, 30 μM) (3). 

INTRODUCTION

Cyclic nucleotides (Cyclic adenosine 3’5’-monophos-

phate (cAMP) and cyclic guanosine monophosphate 

(cGMP)) function as major intracellular secondary mes-

sengers to mediate biological responses initiated by diverse 

extracellular signals (1). Cyclic nucleotide phosphodi-

esterases (PDEs) catalyse cAMP and cGMP and are im-

portant determinants regulating the intracellular concen-

trations and biological actions of both of these secondary 

messengers. Twelve families of these enzymes have been 

described so far (2).

Endothelial cells express three PDE isoforms: PDE2, 

PDE4 and PDE5, the last of which is a cGMP-specific 

PDE. This isoform is of special interest for our investiga-

tion regarding involvement in the nitric oxide (NO)/cGMP 

signalling pathway (3). Specifically, modulation of PDE5 

activity directly influences all NO-mediated effects via 

the NO/cGMP cascade. Highly selective PDE5 inhibitors 

significantly amplified NO-mediated vascular effects in 

experimental (2) and clinical trials (4, 5). The most inter-

esting clinical topic in a last few years is usage of a specific 

PDE5 inhibitor, sildenafil (Viagra ), in treatment of erec-

tile dysfunction (6). PDE5 inhibitors cause vasorelaxation 

in various vascular beds by increasing intracellular cGMP 

levels in vascular smooth muscle (7). Hence, their intake 

is commonly associated with a moderate reduction in sys-

tolic and diastolic blood pressure in humans (5).  Sildenafil 

has additional effects that are external to the corpus cav-

ernosum, particularly strong vasodilatory effects highly 

selectivity for pulmonary circulation. Treatment of pulmo-

nary hypertension with sildenafil showed beneficial effects 

that were amplified by the addition of inhaled NO through 

interference with the L-arginine/NO/cGMP system at dis-

tinct targets, thereby potentiating their actions (6, 8). 

Recent studies have indicated that PDE5 inhibitors such 

as sildenafil, vardenafil or tadalafil induce preconditioning-

like effects in the heart and protect against ischemia/rep-

erfusion injury (9,10), leading to accumulated cGMP. The 

cGMP/PKG pathway has been shown in many reports to 

be involved in the protective signalling of preconditioning. 

Direct PKG activation with a cGMP analogue has proven 

to be protective (11), while receptor-mediated precondi-

tioning could be blocked with a GC inhibitor (12). Salloum 

et al. (2007) used in situ rabbit hearts to demonstrate that 

sildenafil and vardenafil limited myocardial infarction 

when administered at the time of reperfusion in a model 

of ischemia/reperfusion by a mechanism that involved 

MkATP. Additionally, in a similar model performed on iso-

lated rat hearts, du Toit et al. (2005) showed that low con-

centrations of sildenafil (20-50 nM) improve reperfusion 

function while higher concentrations (200 nM) worsen it.

For this purpose, the aim of our study was to evaluate 

the effects of a novel PDE5 inhibitor, vardenafil, on coro-

nary auto-regulation in the isolated rat heart as one kind of 

ischemia/reperfusion model, with possible impact on the 

endothelial L-arginine/NO system. 
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with previous studies (10), with no clear explanation. That 

effect could be dependent on the activity of GC and the 

cGMP-dependent kinase (PKG). 

Vardenafil and other PDE-5 inhibitors are established 

drugs in the treatment of erectile dysfunction in men. PDE 

enzymes hydrolyse the phosphodiester bond of the cyclic 

nucleotides cAMP and cGMP, which serve as second mes-

sengers in various cellular functions. Therefore, PDE inhibi-

tion can elevate intracellular cAMP or cGMP concentration, 

depending on their substrate specificity. Type-5 PDEs pre-

dominantly metabolise cGMP and are localised in many

tissues, including canine and mouse ventricular myo-

cytes (15, 16, 17). In the heart, increasing intracellular 

cGMP via the addition of a cell-permeable cGMP analogue 

leads to reduced infarct size after ischemia/reperfusion 

with either pre-treatment (11) or treatment at reperfusion 

(18). Therefore, it seemed only logical that indirect cGMP 

elevation via PDE-5 inhibition would show similar effects. 

Ockaili (2002) was the first to show that sildenafil admin-

istered before ischemia reduced myocardial infarct size 

in an in situ rabbit heart model (19). Later, similar results 

could be shown for other PDE-5 inhibitors, such as vard-

enafil and tadalafil, in various models (20). Du Toit (2005) 

confirmed these results regarding sildenafil at the lowest 

concentration but not at the highest concentration, which 

was the basic postulate for our study (21). 

However, PDE-5 inhibitors have proved to be effective 

not only when given before ischemia as preconditioning 

agents, but also when applied at reperfusion as post-con-

ditioning agents. Salloum (2007) reported a marked reduc-

tion in infarct size in rabbit hearts in situ when sildenafil 

or vardenafil was administered at reperfusion (22). In the 

present study, we confirmed these data for vardenafil in 

isolated rat hearts with approximately the same concen-

tration of the drug used in the earlier study. In our hands, 

administration of 10, 20 and 50 nM vardenafil had no sig-

Statistical analysis

Values are expressed as means ± standard error (SE). 

Statistical analysis was performed by multifactorial analy-

sis of variance for repeated measurements between sub-

ject factors as well as the Bonferroni test. P values less than 

0.05 were considered to be significant.

RESULTS

Control conditions

The results showed that isolated rat heart auto-reg-

ulated between 50 and 90 cm H2O, which was reported 

previously (13) and slightly different in comparison to the 

auto-regulatory range of the isolated guinea pig heart (14). 

Coronary flow in the auto-regulatory range varied from 

4.97±0.22 ml/min/g wt at 50 cm  H2O  to 6.68±0.25 ml/

min/g wt at 90 cm H2O (Fig. 1-4). 

PDE5 inhibition and coronary fl ow vs. PDE5+NOS  

inhibition and coronary fl ow

Perfusion with different concentrations of vardenafil 

induced a non-significant increase in coronary flow from 

40 to 120 cm H2O (Fig 1A-3A), except in the high-dose 

group (200 nM) (Fig 4A). Additional NOS inhibition with 

L-NAME reversed vardenafil-induced effects on coronary 

flow (Fig 1B-4B), with statistical significance seen only at 

the lowest (10 nM) and highest (200 nM) concentrations 

of Vardenafil. 

DISCUSSION

The present study showed that administering vard-

enafil does not significantly influence coronary flow in an 

isolated rat heart, except at the high dose of 200 nM. At 

all lower concentrations (10, 20, 50 nM) vardenafil did not 

influence coronary circulation. That result is in accordance 
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Th e values are expressed as mean ± S.E.M., ** p< 0.01.
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Fig. 2: Eff ects of A) 20 nM vardenafi l or B) 20 nM vardenafi l +30 μM L-NAME on coronary fl ow in isolated rat hearts com-

pared to the control (n=6). Th e values are expressed as mean ± S.E.M., ** p< 0.01.

Fig. 3: Eff ects of A) 50 nM vardenafi l or B) 50 nM vardenafi l +30 μM L-NAME on coronary fl ow in isolated rat hearts com-

pared to the control (n=6). Th e values are expressed as mean ± S.E.M., ** p< 0.01.

Fig. 4: Eff ects of A) 200 nM vardenafi l or B) 200 nM vardenafi l +30 μM L-NAME on coronary fl ow in isolated rat hearts com-

pared to the control (n=6). Th e values are expressed as mean ± S.E.M., ** p< 0.01
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effect via opening of mitochondrial K(ATP) chan-

nels in rabbits. Am J Physiol Heart Circ Physiol 283: 

H1263-H1269.

20. Ravipati G, McClung JA, Aronow WS, Peterson SJ, 

Frishman WH (2007). Type 5 phosphodiesterase in-

nificant effect on the coronary vascular bed, while the high 

dose of 200 nM induced significant vasodilatation (Fig 1A-

4A). This somewhat surprising result was in agreement 

with a report from du Toit et al. (2005), wherein they ob-

served clear infarct size reduction with a pre-treatment of 

50 nM sildenafil, but increasing the concentration to 200 

nM removed this protective effect (21). Our results are 

also in accordance with a recent study on treated infarct 

size in isolated rat hearts (10). 

Additional inhibition of the L-arginine/NO system 

reduced coronary flow in the presence of 10 and 200 nM 

vardenafil, but not when 20 and 50 nM were applied (Fig 

1B-4B). That aspect of our results suggests that only pro-

tective and high doses of vardenafil might influence the 

coronary system via the NO system. Regarding to their 

combined intake with NO-liberating drugs such as organ-

ic nitrates (sublingual nitroglycerin, isosorbide dinitrate/

mononitrate), this is absolutely contraindicated because 

such combinations may lead to excessive and uncontrolled 

hypotension (23) and these results shed new light on that 

problem. These deleterious interactions may be explained 

by the fact that nitrates (by leading to enhanced NO pro-

duction and a rise in cGMP levels) and sildenafil (by in-

hibiting the decay of cGMP via PDE5) both interfere with 

the same system at distinct targets, thereby mutually po-

tentiating their actions. Hence, the distinct interactional 

properties of NO-liberating drugs with PDE5 inhibitors 

may depend on the oxidative or anti-oxidative properties 

of the respective drug (7). 

Our results suggest that the lowest (10 nM) and highest 

(200 nM) doses of vardenafil act via the NO system. Fur-

ther measurement of oxidative stress parameters in that 

experimental model could indicate which dose of vardena-

fil is protective with regard to anti-oxidative potential.
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ABSTRACT

Intramedullary spinal cord metastasis (ISCM) is a rare 

complication of some tumours. In this article, the authors 

present the case of a 55-year-old woman with breast carci-

noma who presented with lumbar vertebral pain radiating 

to the lower limbs and weakness in the legs progressing to 

moderate paraparesis over a short interval of time. Eighteen 

months before onset of symptoms, the patient underwent 

partial mammaectomia with dissection axillae (level I-III) 

due to breast cancer. After clinical investigation, a total re-

section of the intramedullar tumour was made, and patho-

logical fi ndings showed metastatic carcinoma of the breast.

Key words: spinal cord, intramedullary metastasis, 

breast carcinoma

SAŽETAK

Intramedularne metastaze u kičmenoj moždini su rijetaka 

komplikacija.U radu je prikazan slučaj  žene stare 55 godina 

sa kacinomom dojke  kod koje se  u kratkom vremenskom pe-

riodu  pojavio bol u lumbalnoj regiji sa iradijacijom u donje 

ekstremitete  praċen  djelimičnom slabosću ekstremiteta sred-

nje teškog stepena.Osamnest mjeseci prije pojave simptoma 

kod pacijentkinje je uradjena parcijalna lijeva mamektomija 

sa disekcijom  pazušne jame(I-III) zbog kacinoma. Nakon 

kliničkog ispitivanja  i uradjne  nuklerne magnetne resonance, 

postavljena je dijagnoza. Intramedularni tumor je u cjelini 

odstranjen a patohistoloski nalaz je  potvrdio metastaski tu-

mor iz dojke.

Klučne rijeci: kičmena moždina, intramedularna 

metastaza, karcinom dojke
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kliničičičiččkokokokog ispitivanjaaa  i uradjne  nunnnn kllllerererererne magnetne resonance, 

postavljena je dijagggnoza. Intrammmedeeee ulllararaaa ni tumor je u cjelini 
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mor iz dojjke.
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INTRODUCTION

Intramedullary spinal cord metastasis (ISCM) is rare, 

but with increasing use of magnetic resonance imaging 

(MRI), its occurrence is being encountered with increas-

ing frequency. The outcome of surgical treatment is con-

sidered to be poor. The question of optimal treatment re-

mains controversial.

CASE REPORT

A 55-year-old woman was admitted to the neurosur-

gery department with complaints of deep aching low 

back pain radiating in both legs with progressive weak-

ness over one month, numbness in the lower extremities 

and sphincter disturbance. Eighteen months prior to the 

onset of symptoms, the patient underwent a partial left 

mammaectomia with dissection axillae (level I-III) due 

to breast cancer (Carcinoma ductale mammae invasi-

vum HG3, NG3). Upon neurological investigation, there 

was muscle weakness and difficulty walking, bilateral 

positive Babinski’s sings and increasing deep tendon re-

flexes, and sensory impairment appropriate to segmen-

tal level (conus medullaris).

MRI of the lumbar spine revealed an intramedullar 

mass lesion extending to the inferior two-thirds of L1, with 

hyperintensity on a T2-weighted image with contrast en-

hancement (Fig.1).

Laboratory findings were normal, and   metastases were 

not found outside of the spinal cord (CT of brain and X-ray 

of lungs were normal).

The patient underwent laminectomy Th 12-L2 with to-

tal removal of the tumour by microsurgery (Fig.2)

The patient showed neurological improvement after 

surgical treatment. After eight months, the patient died of 

brain and lung metastases.

DISCUSSION

Primary spinal cord tumours represent about 15% of 

primary CNS tumours: extradural (45-55%), intradural but 

extramedullary (40-50%) and intramedullary (5%) [1,2].

UDK 616.832-006.4 ; 618.19-006 / Ser J Exp Clin Res 2009; 10 (3): 109-112
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the intervertebral foramina. Intradural but extramedul-

lary metastases are rare (2-4%) and consist of leptom-

eningeal metastases of carcinoma or lymphoma, which 

cause malignant meningitis.

Intramedullary spinal cord metastases are very rare 

and account (1-3,4%) for symptomatic metastatic spi-

nal cord lesions. Small cell lung carcinoma (49,1-64%), 

breast carcinoma (11-14,5%), melanoma (3,6-7,5%), col-

orectal (3-7,3%), lymphoma (3-12%), renal cell carcinoma 

(3-5,5%) and unidentified (1,8-3%) are the most com-

monly diagnosed primary tumours from which the me-

tastasis arises [1,2,3,4,5]. Most lung tumours are thought 

to spread to the intramedullary spinal cord through the 

arterial route. The second way that tumours are thought 

to metastasise is via the vertebral venous plexus of Bat-

son. Finally, the third method of spread to the spinal cord 

is by direct extension from the nerve roots or the cere-

brospinal fluid with malignant cells from tumours found 

elsewhere in the central nervous system [5].

Clinical features of ISCM depend on the site and extent 

of the spinal cord lesion as well as the rate of growth. A cen-

tral lesion initially damages second sensory neurons that 

cross to the lateral spinotalamic tract; pain and temperature 

sensations are impaired in the distribution of the involved 

segment. As the lesion expands, anterior horn cells are also 

involved, and lower motor neuron weakness occurs. Weak-

ness and pain present early as compared to sensory loss. 

With a lesion in cervical region, the sensory deficit to pain 

and temperature extends downwards in a “cape”-like distri-

bution. Involvement of the corticospinal tracts produces up-

per motor neuron symptoms in the limbs below the level of 

the lesion. The bladder is usually involved later. In the cervi-

cal cord, sympathetic involvement may produce unilateral 

or bilateral Horner’s syndrome [6].

None of these features can reliably differentiate intramed-

ullary spinal cord metastases from malignant extramed-

ullary spinal cord compression; however, the duration of 

symptoms is generally shorter in the case of intramedullary 

spinal cord metastases.

The use of MRI has facilitated the identification and local-

isation of spinal cord tumours. MRI with contrast medium is 

now the method of choice to determine whether the tumour 

lies within or outside the dura or the spinal cord. The exami-

nation must involve both T1- and T2-weighted images, the 

former often repeated with gadolinium enhancement. MRI 

can differentiate a syrinx or a cystic swelling within spinal 

cord from the solid intramedullary tumour. Metastases ap-

pear as lumps that enhance within the cord. Myelography and 

CT myelography generally give negative findings, especially 

in patients with small lesions that do not alter the contour of 

the spinal cord [7]. Lumbar puncture may precipitate acute 

deterioration if there is cord compression and may damage 

the spinal cord if it is tethered to the lower lumbar or sacral 

vertebral bodies. CSF cytology may reveal malignant cells.

While surgery is increasingly recommended for benign 

and malignant primary spinal cord tumours, the role of 

surgery in spinal metastasis, i.e., cancer that has spread to 

Fig. 1: MRI Intramedullary spinal cord metastasis (L1)

Fig. 2: MRI spinal cord (L1) after surgical intervention

Spinal epidural metastases occur in up to 10% of 

cancer patients at some time and present 94-96% of all 

spinal metastases, with the most common being spinal 

tumour [2]. Eighty-five percent of bony metastases in 

the vertebral column directly involve the spinal canal or 
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the spine, is controversial. Recent developments in imag-

ing as well as new surgical tools and techniques such as the 

use of an ultrasonic aspirator and laser have significantly 

expanded the role of surgery as an intervention. Some doc-

tors may only recommend surgery for patients with a single 

metastatic site and no evidence of cancer growing at an-

other site. A high dose of steroids may allow for limited and 

transient neurological improvement. Radiotherapy should 

be decompressed on the spinal cord depending on tumour 

type and the clinical circumstances. There is a theoretical 

risk of radiation-induced oedema due to the fact that the 

spinal cord is even more sensitive to the effects of radiation 

than the brain. Radiosurgery with advanced devices may 

be an option for some patients. Patients with ISCM have a 

very short life expectancy. Median survival after diagnosis 

is made is 3 to 4 months and depends on both the type 

of tumour and treatment modality [8]. Regardless of treat-

ment, many patients survive less than 1 year. 
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CONFERENCE REPORT       IZVEŠTAJ SA KONFERENCIJE       CONFERENCE REPORT       IZVEŠTAJ SA KONFERENCIJE     

XXVIII CONGRESS OF THE EUROPEAN ACADEMY OF
ALLERGY AND CLINICAL IMMUNOLOGY

Warsaw, from 6th to 10th June 2009

The 18th Congress of the European Academy of Allergy and Clinical Immunology was organized by the Congress 

Secretariat: Congress Sweden AB, Warsaw, from 6th to 10th June 2009. More than 1400 abstracts have been accepted, 

covering a wide range of topics. The venue for the EAACI 2009 Congress, the Palace of Culture and Science, is conve-

niently located at the heart of Warsaw. Over 6100 delegates participated  in seven plenary sessions, over 80 scientific 

symposia, as well as Postgraduate Courses, Clinical Courses, Meet the Experts and Pro & Con sessions, spanning the 

whole period of the Congress and covering the whole area of allergology and related fields of clinical science, offered by 

more than 300 speakers from 42 countries. Over 40 companies exhibited at the Congress.

The opening of the Warsaw Congress honors the recipients of the EAACI Awards in 2009. The Clemens von Pirquet 

(Clinical Research) Award goes to Professor Stephen Durham, who is well known as an excellent researcher with a clear 

focus on the management of patients with allergy and asthma. He has put in immunotherapy on the international agenda 

of clinical science, and his follow-up study on the long-term effects of immunotherapy is famous. The Daniel Bovet 

(Treatment and Prevention) Award goes to Professor Bengt Björkstén for his pioneering work on gastrointestinal gut 

flora,  contribution to ISAAC studies, and  studies on risk factors for atopy-just some of the examples of the impressive 

record of accomplishment. Professor Rudi Valenta is the recipient of the Paul Ehrlich (Experimental Research) Award.

He has greatly increased our knowledge of and insight into the characteristics of allergens and allergenicity, and his 

immunotherapy studies with recombinant allergens are well known.  The title of my abstract was

˝Recommendations for use of FLC tests in monoclonal gammapathies˝, and it has been 

accepted for poster presentation at the EAACI 2009. It was presented on Tuesday,

June 09th at The Congress Hall Foyer. The posters were displayed in three

groups and presented during “interactive poster presentation” sessions.

The moderators selected the best posters for the “best poster awards”.

Planning is already well underway for next year’s

Congress in London, EAACI 2010,

from 5th  to 9th  June

2010.

Vesna V. Radovic
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Serbian Journal of Experimental and Clinical Research 

is a peer-reviewed, general biomedical journal. It publishes 

original basic and clinical research, clinical practice arti-

cles, critical reviews, case reports, evaluations of scientific 

methods, works dealing with ethical and social aspects of 

biomedicine as well as letters to the editor, reports of asso-

ciation activities, book reviews, news in biomedicine, and 

any other article and information concerned with practice 

and research in biomedicine, written in the English.

Original manuscripts will be accepted with the under-

standing that they are solely contributed to the Journal. 

The papers will be not accepted if they contain the mate-

rial that has already been published or has been submitted 

or accepted for publication elsewhere, except of prelimi-

nary reports, such as an abstract, poster or press report 

presented at a professional or scientific meetings and not 

exceeding 400 words. Any previous publication in such 

form must be disclosed in a footnote. In rare exceptions 

a secondary publication will acceptable, but authors are 

required to contact Editor-in-chief before submission of 

such manuscript. the Journal is devoted to the Guidelines 

on Good Publication Practice as established by Commit-

tee on Publication Ethics-COPE (posted at www.publica-

tionethics.org.uk).

Manuscripts are prepared in accordance with „Uniform 

Requirements for Manuscripts submitted to Biomedi-

cal Journals“ developed by the International Committee 

of Medical Journal Editors. Consult a current version of 

the instructions, which has been published in several jour-

nals (for example: Ann Intern Med 1997;126:36-47) and 

posted at www.icmje.org, and a recent issue of the Journal 

in preparing your manuscript. For articles of randomized 

controlled trials authors should refer to the „Consort state-

ment“ (www.consort-statement.org). Manuscripts must be 

accompanied by a cover letter, signed by all authors, with a 

statement that the manuscript has been read and approved 

by them, and not published, submitted or accepted else-

where. Manuscripts, which are accepted for publication in 

the Journal, become the property of the Journal, and may 

not be published anywhere else without written permis-

sion from the publisher.

Serbian Journal of Experimental and Clinical Research 

is owned and published by Medical Faculty University of 

Kragujevac. However, Editors have full academic freedom 

and authority for determining the content of the journal, ac-

cording to their scientific, professional and ethical judgment. 

Editorial policy and decision making follow procedures 

which are endeavoring to ensure scientific credibility of pub-

lished content, confidentiality and integrity of auth ors, re-

viewers, and review process, protection of patients’ rights to 

privacy and disclosing of conflict of interests. For difficulties 

which might appear in the Journal content such as errors in 

published articles or scientific concerns about research find-

ings, appropriate handling is provided. The requirements for 

the content, which appears on the Journal internet site or 

Supplements, are, in general, the same as for the master ver-

sion. Advertising which appears in the Journal or its internet 

site is not allowed to influence editorial decisions.

Ad dress ma nu scripts to:

Serbian Journal of Experimental and 

Clinical Research

The Me di cal Fa culty Kra gu je vac

P.O. Box 124, Sve to za ra Mar ko vi ca 69

34000 Kra gu je vac, Ser bia

Tel. +381 (0)34 30 68 00;

Tfx. +381 (0)34 30 68 00 ext. 112

E-mail: sjecrªmedf.kg.ac.rs

MA NU SCRIPT

Original and two anonymous copies of a ma nu script, 

typed do u ble-spa ced thro ug ho ut (in clu ding re fe ren ces, ta-

bles, fi gu re le gends and fo ot no tes) on A4 (21 cm x 29,7 cm) 

pa per with wi de mar gins, should be submitted for consid-

eration for publication in Serbian Journal of Experimen-

tal and Clinical Research. Use Ti mes New Ro man font, 12 

INSTRUCTION TO AUTHORS
FOR MANUSCRIPT PREPARATION
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pt. Ma nu script sho uld be sent al so on an IBM com pa ti ble 

floppy disc (3.5”), writ ten as Word file (version 2.0 or la ter), 

or via E-mail to the edi tor (see abo ve for ad dress) as fi le 

at tac hment. For papers that are accepted, Serbian Journal 

of Experimental and Clinical Research obligatory requires 

authors to provide an identical,  electronic copy in appro-

priate textual and graphic format.

The ma nu script of original, scinetific articles should be 

ar ran ged as fol lowing: Ti tle pa ge, Ab stract, In tro duc tion, 

Pa ti ents and met hods/Ma te rial and met hods, Re sults, Di-

scus sion, Ac know led ge ments, Re fe ren ces, Ta bles, Fi gu re 

le gends and Fi gu res. The sections of other papers should 

be arranged according to the type of the article.

Each ma nu script com po nent (The Ti tle pa ge, etc.) 

should be gins on a se pa ra te pa ge. All pa ges should be num-

be red con se cu ti vely be gin ning with the ti tle pa ge. 

All me a su re ments, ex cept blood pres su re, should be re-

por ted in the System In ter na ti o nal (SI) units and, if ne ces-

sary, in con ven ti o nal units, too (in pa rent he ses). Ge ne ric 

na mes should be used for drugs. Brand na mes may be in-

ser ted in pa rent he ses.

Aut hors are advi sed to re tain ex tra co pi es of the ma nu-

script. Serbian Journal of Experimental and Clinical Research 

is not re spon si ble for the loss of ma nu scripts in the mail. 

TI TLE PA GE

The Ti tle pa ge con ta ins the ti tle, full na mes of all the 

aut hors, na mes and full lo ca tion of the de part ment and in-

sti tu tion whe re work was per for med, ab bre vi a ti ons used, 

and the na me of cor re spon ding aut hor.

The ti tle of the ar tic le should be con ci se but in for ma-

ti ve, and in clu de ani mal spe ci es if ap pro pri a te. A sub ti tle 

could be ad ded if ne ces sary.

A list of ab bre vi a ti ons used in the pa per, if any, should 

be in clu ded. The ab bre vi a ti ons should be listed alp ha be ti-

cally, and fol lo wed by an ex pla na ti on of what they stand for. 

In ge ne ral, the use of ab bre vi a ti ons is di sco u ra ged un less 

they are es sen tial for im pro ving the re a da bi lity of the text.

The na me, te lep ho ne num ber, fax num ber, and exact 

po stal ad dress of the aut hor to whom com mu ni ca ti ons and 

re prints sho uld be sent are typed et the end of the ti tle pa-

ge.

AB STRACT

An ab stract of less than 250 words should con ci sely sta-

te the ob jec ti ve, fin dings, and con clu si ons of the stu di es 

de scri bed in the ma nu script. The ab stract do es not con-

tain ab bre vi a ti ons, fo ot no tes or re fe ren ces.

Be low the ab stract, 3 to 8 keywords or short phra ses 

are pro vi ded for in de xing pur po ses. The use of words from 

Medline thesaurus is recommended.

IN TRO DUC TION 

The in tro duc tion is con ci se, and sta tes the re a son and 

spe ci fic pur po se of the study.

PA TI ENTS AND MET HODS/MA TE RIAL 

AND MET HODS

The se lec tion of pa ti ents or ex pe ri men tal ani mals, in-

clu ding con trols, should be de scri bed. Pa ti ents’ na mes and 

ho spi tal num bers are not used.

Met hods should be de scri bed in suf fi ci ent de tail to per-

mit eva lu a tion and du pli ca tion of the work by ot her in ve-

sti ga tors.

When re por ting ex pe ri ments on hu man su bjects, it 

should be in di ca ted whet her the pro ce du res fol lo wed we re 

in ac cor dan ce with et hi cal stan dards of the Com mit tee on 

hu man ex pe ri men ta ti on (or Ethics Committee) of the in sti-

tu tion in which they we re do ne and in ac cor dan ce with the 

Hel sin ki Dec la ra tion. Ha zar do us pro ce du res or che mi cals, 

if used, should be de scri bed in de ta ils, in clu ding the sa-

fety pre ca u ti ons ob ser ved. When ap pro pri a te, a sta te ment 

should be in clu ded ve rifying that the ca re of la bo ra tory ani-

mals fol lo wed ac cep ted stan dards.

Sta ti sti cal met hods used should be outli ned.

RE SULTS

Re sults should be cle ar and con ci se, and in clu de a mi-

ni mum num ber of ta bles and fi gu res ne ces sary for pro per 

pre sen ta tion.

DI SCUS SION

An ex ha u sti ve re vi ew of li te ra tu re is not ne ces sary. The 

ma jor fin dings sho uld be di scus sed in re la tion to ot her pu-

blis hed work. At tempts sho uld be ma de to ex pla in dif fe-

ren ces bet we en the re sults of the pre sent study and tho se 

of  the ot hers. The hypot he sis and spe cu la ti ve sta te ments 

sho uld be cle arly iden ti fied. The Di scus sion sec tion sho uld 

not be a re sta te ment of re sults, and new re sults sho uld not 

be in tro du ced in the di scus sion.
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RE FE REN CES

Re fe ren ces should be iden ti fied in the text by Ara bic 

nu me rals in pa rent he ses. They should be num be red con-

se cu ti vely, as they ap pe ared in the text. Per so nal com mu ni-

ca ti ons and un pu blis hed ob ser va ti ons should not be ci ted 

in the re fe ren ce list, but may be men ti o ned in the text in 

pa rent he ses. Ab bre vi a ti ons of jo ur nals should con form to 

tho se in In dex Serbian Journal of Experimental and Clini-

cal Research. The style and pun ctu a tion should con form to 

the Serbian Journal of Experimental and Clinical Research 

style re qu i re ments. The fol lo wing are exam ples:
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Ar tic le: (all aut hors are li sted if the re are six or fe wer; 

ot her wi se only the first three are li sted fol lo wed by “et al.”)

12. Tal ley NJ, Zin sme i ster AR, Schleck CD, Mel ton LJ. 

Dyspep sia and dyspep tic sub gro ups: a po pu la tion-ba sed 

study. Ga stro en te ro logy 1992; 102: 1259-68.

Bo ok: 17. Sher lock S. Di se a ses of the li ver and bi li ary 

system. 8th ed. Ox ford: Blac kwell Sc Publ, 1989.

Chap ter or ar tic le in a bo ok: 24. Tri er JJ. Ce li ac sprue. 

In: Sle i sen ger MH, For dtran JS, eds. Ga stro-in te sti nal di se-

a se. 4th ed. Phi la delp hia: WB Sa un ders Co, 1989: 1134-52.

The aut hors are re spon si ble for the exac tness of re-

fe ren ce da ta.

For other types of references, style and interpunction, 

the authors should refer to a recent issue of Serbian Jour-

nal of Experimental and Clinical Research or contact the 

editorial staff.

Non-English citation should be preferably translated to 

English language adding at the end in the brackets native 

langauage source,  e.g. (in Serbian). Citation in old lan-

guage recognised in medicine (eg. Latin, Greek) should be 

left in their own. For internet soruces add at the end in 

small bracckets ULR address and date of access, eg. (Ac-

cessed in Sep 2007 at www.medf.kg.ac.yu). If available, in-

stead of ULR cite DOI code e.g. (doi: 10.1111/j.1442-2042

.2007.01834.x)

TA BLES

Ta bles should be typed on se pa ra te she ets with ta ble 

num bers (Ara bic) and ti tle abo ve the ta ble and ex pla na tory 

no tes, if any, be low the ta ble.

FI GU RES AND FI GU RE LE GENDS

All il lu stra ti ons (pho to graphs, graphs, di a grams) will 

be con si de red as fi gu res, and num be red con se cu ti vely in 

Ara bic nu me rals. The num ber of fi gu res in clu ded should 

be the le ast re qu i red to con vey the mes sa ge of the pa per, 

and no fi gu re should du pli ca te the da ta pre sented in the 

ta bles or text. Fi gu res should not ha ve ti tles. Let ters, nu-

me rals and symbols must be cle ar, in pro por tion to each 

ot her, and lar ge eno ugh to be readable when re du ced for 

pu bli ca tion. Fi gu res should be sub mit ted as ne ar to the ir 

prin ted si ze as pos si ble. Fi gu res are re pro du ced in one of 

the fol lo wing width si zes: 8 cm, 12 cm or 17 cm, and with 

a ma xi mal length of 20 cm. Le gends for fi gu res sho uld be 

gi ven on se pa ra te pa ges.

If mag ni fi ca tion is sig ni fi cant (pho to mic ro graphs) it 

should be in di ca ted by a ca li bra tion bar on the print, not 

by a mag ni fi ca tion fac tor in the fi gu re le gend. The length 

of the bar should be in di ca ted on the fi gu re or in the fi gu re 

le gend.

Two com ple te sets of high qu a lity un mo un ted glossy 

prints should be sub mit ted in two se pa ra te en ve lo pes, and 

shi el ded by an ap pro pri a te card bo ard. The backs of sin-

gle or gro u ped il lu stra ti ons (pla tes) should be ar the first 

aut hors last na me, fi gu re num ber, and an ar row in di ca ting 

the top. This in for ma tion should be pen ci led in lightly or 

pla ced on a typed self-ad he si ve la bel in or der to pre vent 

mar king the front sur fa ce of the il lu stra tion.

Pho to graphs of iden ti fi a ble pa ti ents must be ac com pa-

nied by writ ten per mis sion from the pa ti ent.

For fi gu res pu blis hed pre vi o usly the ori gi nal so ur ce 

should be ac know led ged, and writ ten per mis sion from the 

copyright hol der to re pro du ce it sub mit ted.

Co lor prints are ava i la ble by re qu est at the aut hors 

ex pen se.

LET TERS TO THE EDI TOR

Both let ters con cer ning and tho se not con cer ning 

the ar tic les that ha ve been pu blis hed in Serbian Journal 

of Experimental and Clinical Research will be con si de-

red for pu bli ca tion. They may con tain one ta ble or fi gu-

re and up to fi ve re fe ren ces.

PRO OFS

All ma nu scripts will be ca re fully re vi sed by the pu-

blis her desk edi tor. Only in ca se of ex ten si ve cor rec ti ons 

will the ma nu script be re tur ned to the aut hors for fi nal 

ap pro val. In or der to speed up pu bli ca tion no pro of will 

be sent to the aut hors, but will be read by the edi tor and 

the desk edi tor. 



118

CIP – Каталогизација у публикацији

Народна библиотека Србије, Београд

61

SERBIAN Journal of Experimental and  Clinical Research 

editor - in - chief Slobodan

Janković. Vol. 9, no. 1 (2008) - 

Kragujevac (Svetozara Markovića 69):

Medical faculty, 2008 - (Kragujevac: Medical  faculty). - 29 cm

Je nastavak: Medicus (Kragujevac) = ISSN 1450 – 7994

ISSN 1820 – 8665 = Serbian Journal of

Experimental and Clinical Research

COBISS.SR-ID 149695244




