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ABSTRACT 

Epilepsy is a chronic neurological disorder characterised by 

recurrent epileptic seizures. Understanding the mechanisms 

by which it initiates and develops, as well as its modulating 

factors, are of great scientifi c interest. Experimental models of 

epilepsy are useful for understanding these mechanisms. 

Homocysteine, an amino acid endogenously generated in 

the body, together with its reactive metabolite, homocysteine 

thiolactone (HCT), is recognised as a risk factor for a variety 

of diseases. HCT-induced seizures are a model of generalised 

epilepsy in which the coexistence of two types of epileptic ac-

tivity has been documented. Th e complex interplay between 

sleep and epilepsy is still only poorly understood. Addition-

ally, the relationship between physical exercise and epilepsy 

is quite intriguing, especially the mechanism underlying this 

relationship. Th e role of nitric oxide (NO)-mediated neu-

rotransmission in the development of epileptic activity is 

highly debated in the existing scientifi c literature . 

In this review article, we described the modulation of 

epileptic activity in rats and focused on sleep, physical activ-

ity and NO-mediated signalling. First, we explain the char-

acteristics of the experimental models of epileptic activity 

and the unique features of HCT-induced seizures. Second, 

the modulating eff ects of sleep and regular physical exer-

cise training on epileptic activity, along with works from the 

authors, are discussed. Finally, the anticonvulsive eff ects of 

NO that is produced via nNOS and iNOS in HCT-induced 

seizures are reviewed.

Keywords: homocysteine, seizures, sleep, physical activ-

ity, nitric oxide 

SAŽETAK

Epilepsija je hronično neurološko oboljenje koje karakte-

riše rekurentna pojava epileptičnih napada. Razumevanje 

menahizama nastanka i širenja epileptične aktivnosti, kao 

i foktora modulacije ovih procesa, od izuzetnog je naučno-

stručnog značaja. Eksperimentalni modeli epilepsije su zna-

čajni za razumevanje upravo ovih mehanizama.

Homocistein, aminokiselina koja se endogeno sintetiše u orga-

nizmu, zajedno sa svojim reaktivnim metabolitom homocistein 

tiolaktonom (HCT), je prepoznat kao faktor rizika za nastanak 

različitih bolesti. Epilepsije izazvane HCT-om predstavljaju mo-

del generalizovane epileptične aktivnosti u kome je pokazana 

koegzistencija dva tipa napada. Složeni uzajamni odnos između 

spavanja i epilepsije još uvek nije dovoljno razjašnjen. Takođe, 

međuodnos fi zičke aktivnosti i epilepsije je krajnje interesantan, 

naročito mehanizmi ovih odnosa. Uloga neurotransmisije posre-

dovane azot monoksidom (NO) u nastanku epileptične aktivno-

sti je vrlo kontradiktorna u postojećoj literaturi.

Predmet ovog rada bila je modulacija epileptične aktiv-

nosti kod pacova sa posebnim osvrtom na spavanje, fi zičku 

aktivnost i neurotransmisiju posredovanu NO. Najpre su 

razmotreni koncepti eksperimentalnih modela epileptične 

aktivnosti sa osobenostima HCT epilepsija. Zatim su dis-

kutovani modulatorni efekti spavanja i regularnog fi zičkog 

veržbanja na epileptičnu aktivnost zajedno sa rezultatima 

radova autora. Na posletku, dat je osvrt na antikonvulzivnu 

ulogu NO i doprinos nNOS i iNOS u epileptičnoj aktivnosti 

izazvanoj HCT-om.

Ključne reči: homocistein, epilepsije, spavanje, fi zička 

aktivnost, azot monoksid 
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INTRODUCTION

Epilepsy is a chronic neurological disorder with an in-

cidence rate of approximately 50 per 100,000 people per 

year (1). It is characterised by a variety of cellular and 

molecular alterations of the brain, especially the cerebral 

cortex, that result in recurrent epileptic seizures (2). De-

spite extensive improvements in the pharmacotherapy 

for epilepsy, it remains poorly controlled in almost 40% 

of patients (3). Therefore, understanding the mechanisms 

by which it initiates and develops, as well as its modulating 

factors, are of great scientific interest. Experimental mod-

els of epilepsy are useful in these attempts, but no single 

model system can be useful for all types of epilepsy (4).

Homocysteine is an amino acid that is endogenously 

generated in the body during methionine metabolism 

(5). Homocysteine, together with its reactive metabolite, 

homocysteine thiolactone (HCT), is recognised as a risk 

factor for a variety of diseases and is one of the most po-

tent excitatory agents in the central nervous system (CNS) 

(6-9). The primary mechanism of its epileptic properties 

has been attributed to the activation of glutamate recep-

tors (10). HCT-induced seizures are a model of generalised 

epilepsy in which the coexistence of two types of epilep-

tic activity has been documented (11). There is a complex 

interplay between sleep and epilepsy. This interplay is of 

special interest for neuroscientists because it is still only 

poorly understood (12,13). Additionally, the relationship 

between physical exercise and epilepsy is quite intriguing, 

especially the mechanism underlying this relationship.

Nitric oxide (NO) belongs to the family of gasotrans-

mitters. The role of NO-mediated neurotransmission in 

the development of epileptic activity is highly debated in 

the existing scientific literature (14). The results of studies 

on the role of NO in epileptogenesis have indicated that it 

depends on the type of NO production, among other fac-

tors (15-17). 

With these considerations, we described the modula-

tion of epileptic activity in rats while focusing on sleep, 

physical activity and NO-mediated signalling in this re-

view article. First, we explained the characteristics of ex-

perimental models of epileptic activity and the unique fea-

tures of HCT-induced seizures. 

Second, the modulating effects of sleep and regular 

physical exercise training on epileptic activity, along with 

works from the authors, are discussed. 

Finally, the anticonvulsive effects of NO that is pro-

duced via nNOS and iNOS in HCT-induced seizures are 

reviewed. 

Modelling of epileptic activity in animals:

unique features of homocysteine thiolactone seizures 

Epileptogenesis is defined as a process of by which a 

neuronal network transforms into a network of synchro-

nised hyperexcitable neurons. Primarily, it is a conse-

quence of an imbalance between inhibitory and excitatory 

neurotransmission systems, with overstimulation of the 

latter (1). The main goal in treatment of epilepsies is the 

reestablishment of the homeostasis between these sys-

tems. Therefore, the only way to develop new antiepileptic 

drugs and treatments is to further understand the process 

of epileptogenesis and the mechanisms contributing to it. 

A variety of experimental models for epilepsy have 

been developed, and it is highly likely that no single model 

system could be useful for all types of epilepsy (4). Mod-

elling the epileptic activity in animals involves two main 

approaches: administering different chemical compounds 

and electrical stimulation kindling. In our Laboratory 

for Neurophysiology, different animal models have been 

developed, including metaphit audiogenic seizures (18-

21) and lindane- (22-24) and homocysteine thiolactone- 

induced seizures (11). In addition to these models, the 

other commonly used experimental epilepsy models are 

those induced by factors such as N-methyl-D-aspartate 

(NMDA), pentylenetetrazol, pilocarpine, kainic acid, and 

4-aminopyridine amygdala kindling (for review see 4). 

These experimental models of generalised epilepsy each 

have distinct advantages and disadvantages and are suit-

able for research on epileptogenic mechanisms, as well as 

for preclinical evaluation of antiepileptic drugs (25,26). 

Of the chemically induced seizures, those induced by 

HCT are of particular interest because of both the proper-

ties of homocysteine and its related compounds and some 

unique features of this model. In particular, Stanojlovic 

et al. (11) showed that acute administration of HCT to 

adult rats significantly alters neuronal circuits, leading to 

epileptogenic activity in the electroencephalogram (EEG) 

with characteristic spike-and-wave discharges (SWDs) and 

convulsive episodes in the animal behaviour. SWDs are ic-

tal phenomena accompanied with absence-like behaviour 

and characterised in the EEG as follows (11): a) spontane-

ous and generalised, rhythmic 5-7 Hz discharges, b) with 

a typical spike-wave complex lasting more than 1 s, and 

c) an amplitude of at least twice the background EEG ac-

tivity. The convulsive behaviour elicited by HCT includes 

motor phenomena ranging from lower jaw twitching to 

tonic whole body convulsions. Therefore, HCT-induced 

seizures are widely accepted as a suitable model of gen-

eralised epilepsy in which the coexistence of two types of 

epileptic activity, i.e., convulsive and absence-like seizures, 

has been documented (27-28). 

  

Sleep and epilepsy: bidirectional relationship

Sleep is a cyclic and vital physiological process. On 

average, it constitutes one-third of human life (29). Elec-

trophysiological studies have shown the existence of two 

sleep types: rapid eye movement (REM) and non-REM 

sleep (30). REM sleep is characterised by intensive brain 

activity, which is similar to the awake state, while the body 

is relaxed; thus, REM sleep is termed paradoxical sleep. 
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dose of HCT. In the EEG of rats receiving 0.9% NaCl in-

stead of HCT in the corresponding condition, SWD was 

not registered. Such behavioural and EEG outputs revealed 

that selective REM sleep deprivation aggravated the HCT-

induced process of epileptogenesis. 

Physical activity in epileptic patients: should patients 

participate in exercise and sport activities? 

In 1968, the American Medical Association (AMA) 

recommended that contact sports and physical educa-

tion should be limited in epileptic patients whose seizure 

activity is uncontrolled or not controlled sufficiently 

well. Since then, the recommendations have been con-

stantly revised: the AMA revised them in 1974, and other 

institutions, such as the American Pediatric Associa-

tion, have also revised the recommendations. For a long 

time, there were established beliefs that epilepsy patients 

should avoid physical exercise and involvement in sports 

due to the paroxysmal nature of seizure attacks and the 

higher possibility of head injuries. Therefore, an increase 

in sedentary lifestyles in epileptic patients is observed in 

population-based studies (45). Namely, studies based on 

large population studies showed that epileptic patients 

are significantly more sedentary than the general popu-

lation (46-48). It should be noted that these populations 

displayed differences in the form of physical activity. The 

dominant activity among epileptic patients was walking 

for physical exercise, possibly because of the restrictions 

imposed on driver’s license for patients suffering from ep-

ilepsy (48). However, regular physical activity is known to 

improve both physical and mental health and to contrib-

ute to improved quality of life and better social integra-

tion. Moreover, it generally known that a lack of physical 

exercise is a risk factor for a variety of disorders, includ-

ing cardiovascular diseases, obesity, diabetes and many 

others (49). Therefore, the beneficial aspects of physical 

exercise could be lost for these patients (50). With these 

considerations, the relationship between physical exercise 

and epilepsy is quite intriguing, particularly the mecha-

nism underlying this relationship. Further investigations 

that elucidate the role of physical activity in epilepsy are 

of particular interest.

Experimental epilepsy models have been extremely 

useful in understanding the role of exercise in epilepsy. 

There are some reports showing aggravation of epilepti-

form EEG activity upon physical exercise (51,52). More-

over, studies using the kainate model of seizures report 

that physical activity aggravated neuronal damage in rats 

(53). However, opposite results are also reported. Initially, 

the Arida group used the kindling model of epilepsy to 

determine the effect of physical activity on rats (54). Ar-

ida et al. (54) have shown that chronic physical exercise 

increased the seizure threshold in an amygdala kindling 

model of epilepsy. The same group also reported that a 

physical exercise program decreased the seizure incidence 

in a model of temporal lobe epilepsy (55). Souza et al. (56) 

used swimming training as a paradigm of physical activity 

Non-REM sleep is characterised by delta activity in the 

EEG (also known as slow-wave sleep, SWS). (31). Tonic 

events include the suppression of electromyographic ac-

tivity to the level of atonia; a desynchronizised, high-fre-

quency, low-voltage (20–30 μV) EEG; a high awakening 

threshold; and reduced body temperature. Phasic events 

include rapid eye movements; muscle contraction in the 

eardrum, lip and tongue; muscle movement in the limbs; 

and respiratory and cardiac changes (32). Numerous find-

ings revealed similarities between rats and humans, justi-

fying the use of rats in preclinical sleep studies (32-34)

The intimate and bidirectional relationship between 

sleep and epilepsy has been known since the time of Ar-

istotle and Hippocrates (32, 35). The sleep state is known 

to influence seizure onset, especially in certain epilepsy 

syndromes. The converse is also true; epilepsy may disrupt 

sleep, either directly through convulsive nature of disease 

or indirectly through the effects of antiepileptic drugs (re-

viewed in (36)). Neuroscientists have remained particular-

ly interested in the complex interplay between sleep and 

epilepsy because it is still only poorly understood (32). 

Although most studies on this issue are based on clini-

cal trials, experimental studies are of great significance for 

understanding this relationship (13). Most experimental 

techniques for selective REM sleep deprivation are based 

on the single platform method of Jouvet (37,38), which was 

modified by Susic and Markovic (33). Alterations in be-

haviour upon REM sleep deprivation are mostly a conse-

quence of imbalance in neurotransmitter systems (39). It 

has been shown that the generalised down-regulation of 

muscarinic receptors (40), which are necessary for the ini-

tiation and coordination of paradoxical sleep, is included 

in this effect (41). This change also involves dopamine 

neuronal circuits, inducing the up-regulation of post-

synaptic dopamine receptors (42). Moreover, REM sleep 

deprivation affects the levels of the excitatory amino acid 

glutamate and of aspartate, which become elevated in the 

cortex and hippocampus (43).

Sleep modulation and its eff ects on homocysteine 
thiolactone seizures

The effects of sleep modulation on the epileptic activity 

induced by HCT have been recently investigated (44) us-

ing the single platform method to selectivity deprive rats 

of REM sleep. This study showed that selective REM sleep 

deprivation increased the incidence and number of sei-

zure episodes per rat that are induced by a subconvulsive 

dose of HCT. Moreover, the REM-sleep-deprived animals 

showed a shorter latency time to seizures in behaviour and 

a significant rate of lethality after HCT administration; in 

contrast, no significant effects were observed on the sei-

zure severity. EEG analysis in the same study showed a sig-

nificant increase in the number and duration of SWDs and 

a decrease in latency of its EEG appearance in the REM-

sleep-deprived rats upon treatment with a subconvulsive 
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and showed that this type of physical exercise prevented 

the neuronal hyperexcitability induced by pentylenetet-

razol (PTZ); this change manifested as increased seizure 

latency and attenuated seizure duration. It has also been 

reported that aerobic physical exercise beneficially affects 

pilocarpine seizures (57). The possible beneficial effects of 

physical exercise on neuronal hyperexcitability have also 

been reported in some clinical trials (58, 59).

Physical activity in a model of homocysteine
thiolactone seizures 

Hrncic et al. (60) investigated the effects of regular 

physical activity on the epileptic activity induced by ho-

mocysteine thiolactone using an experimental paradigm 

of aerobic physical activity on a treadmill. Namely, rats 

were made to run on treadmill apparatus for 30 minutes 

once a day for 30 consecutive days while the belt speed was 

set to 20 m/min with a 0° incline. Physical exercise using 

this protocol could be considered aerobic (61) because it 

has been reported that rats reached the maximal lactate 

steady state (MLSS) at this belt speed. 

The results of that study (60) showed that the rats sub-

jected to regular physical exercise training on a treadmill 

for 30 consecutive days had a significantly prolonged la-

tency time to development of the first seizure sign and a 

significantly lower number of HCT-induced seizure epi-

sodes per rat comparing with the rats that were sedentary 

during the same period of time. EEG analysis in the same 

study showed congruent results. Namely, statistical analy-

sis of the SWD appearance in this study showed a signifi-

cantly lower number of SWDs in the rats subjected to the 

physical exercise protocol vs. their sedentary mates with 

no differences in the duration of SWD. These results sug-

gested that physical activity decreased the susceptibility 

of rats to developing HCT-induced seizures. In the same 

study, Hrncic et al. showed that this physical exercise pro-

tocol partially prevented the elevation of lipid peroxidation 

after HCT administration and prevented an HCT-induced 

decrease in SOD and CAT activity. 

NO-mediated signalling in epileptogenesis

NO is synthesised from L-arginine by the activity of 

the family of enzymes known as NO synthases (NOS). 

Three different forms of NOS have been identified: neu-

ral (nNOS) and endothelial NOS (eNOS), which are Ca2+/

calmodulin-dependent enzymes, and inducible NOS 

(iNOS), which shows Ca2+-independent activity (62). It 

should be noted that all NOS isoforms have been identi-

fied in the brain (63). nNOS is found to be expressed in the 

hippocampus, cerebral cortex, corpus striatum and cer-

ebellum, as well as in some cells of the autonomic nervous 

system (64). iNOS is reported to be expressed in the brains 

of humans with epilepsy. In some spontaneously epileptic 

mice, overexpression of iNOS is also found (65,66). More-

over, iNOS has been found to be a major contributor to the 

initiation/exacerbation of CNS inflammatory/degenera-

tive conditions via the production of excessive NO (67). 

Numerous studies have demonstrated the anticonvul-

sive activity of NO in different experimental models of 

epileptic activity (68-72). However, NO has been reported 

to play a proconvulsive role in several epilepsy models 

(73-77). These issues have been reviewed recently in more 

detail (14). 

Anticonvulsive eff ects of NO in homocysteine thi-
olactone seizures: the role of NO that is produced 
via nNOS and iNOS 

Using L-arginine and L-NAME as modulators of NO 

production, we investigated the role of NO in HCT-in-

duced epileptic activity (78). We showed that the systemic 

administration of L-arginine significantly decreased the 

seizure incidence and the number of seizure episodes and 

prolonged the latency time to the first seizure elicited by 

a convulsive dose of HCT (79). In contrast, pretreatment 

with L-NAME increased the seizure incidence and sever-

ity and shortened the latency time to the first seizure fol-

lowing the injection with a subconvulsive dose of HCT. 

Moreover, EEG analysis showed that L-arginine decreased 

but L-NAME increased the median number of SWDs 

per rat; the duration of individual SWDs was not altered. 

These results showed the functional involvement of NO in 

HCT-induced convulsive activity. 

As noted, the role of NO could depend on how it is 

produced. Therefore, further investigations of the roles of 

nNOS and iNOS in HCT-induced seizures were undertak-

en. Pharmacological inhibition of nNOS by 7-nitroinda-

zole has been used to investigate the involvement of nNOS 

in HCT-induced seizures (79). In this study, the intraperi-

toneal application of 7-nitroindazole showed a tendency 

to increase seizure incidence, decrease the latency time to 

first seizure, increase the number of seizure episodes per 

rat and increase the severity of HCT-induced seizures. 

The involvement of iNOS-derived NO in HCT-induced 

seizures was demonstrated using aminoguanidine, a selec-

tive iNOS inhibitor (80). Treatment with aminoguanidine 

increased the following behavioural seizure properties: 

seizure incidence, number of seizure episodes per rat and 

severity of HCT-induced seizures, as well as the number 

and duration of SWDs in the EEG. Quantitative analysis 

of the EEG ictal activity showed similar results. Namely, 

aminoguanidine increased the number and duration of 

SWDs induced by HCT in that study. 

Numerous attempts were also made to elucidate the 

effects of various NOS inhibitors on the activity of differ-

ent antiepileptic drugs to determine the potential thera-

peutic effects of NO modulation. However, the obtained 

results were inconsistent to some level. In particular, the 

results showed that NOS inhibitors could increase (76, 
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81), decrease (82) or not affect antiepileptic efficacy (81). 

Recently, it has been shown that co-administration of an 

iNOS inhibitor significantly decreased the beneficial ef-

fects of pioglitazone on PTZ-induced seizures in mice 

(83). Constitutive forms of NOS, but not iNOS, were 

involved in the anticonvulsant effect of lithium in PTZ-

induced seizures (84). The NO modulation of NMDA re-

ceptor activity by the process of S-nitrosylation and the 

co-localisation of NOS and GABA to some extent suggest 

that the role of NO-mediated signalling involves excit-

ability balance . 

The anticonvulsive properties of NO that is produced 

via nNOS and iNOS in HCT-induced epileptic activity 

could result from several mechanisms and the interplay 

between NO and HCT at various levels, i.e., interaction at 

NMDA and GABA receptors, including the relationship of 

NO with the NMDA and GABA receptors, neurodegen-

eration, cytoprotection and oxidative stress (85-89).

CONCLUSION

The only way to develop new antiepileptic drugs and 

treatments is to improve the understanding of the process 

of epileptogenesis and the mechanisms that contribute 

to it. Experimental epilepsy models have been extremely 

useful in achieving this goal. HCT-induced seizures are 

particularly interesting because HCT induces two types of 

epileptic activity in rats. Selective REM sleep deprivation 

potentiates HCT-induced seizures, whereas regular physi-

cal activity beneficially affects them. The role of NO in the 

HCT model of epileptic activity is demonstrated to be anti-

convulsive, regardless of how it is produced. Translational 

research on the complex interplay between the modulat-

ing factors of epileptogenesis described in this review will 

result in new strategies to fight epilepsy. 
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ABSTRACT

Eicosanoids lead to the promotion of infl ammation, 

cause fever and pain and have many other eff ects. NSAIDs 

block the action of cyclooxygenase (COX) during the process 

of converting arachidonic acid into infl ammatory media-

tors, thus reducing the symptoms of infl ammation. Investi-

gations focusing on nonselective COX inhibitors, used in high 

doses, revealed harmful eff ects on myocardial function. Th e 

aim of our study was to assess the eff ects of two nonselec-

tive NSAIDs, diclofenac and ibuprofen, on cardiodynamic 

parameters, coronary fl ow and oxidative stress biomark-

ers in isolated rat hearts. Th e hearts of male Wistar albino 

rats were excised and retrogradely perfused according to 

the Langendorff  technique at gradually increased coronary 

perfusion pressures (40–120 cm H
2
O). Th e experiments were 

performed under controlled conditions (Krebs–Henseleit 

physiological solution). Th e hearts were perfused with 10 

μmol/l diclofenac and 10 μmol/l ibuprofen. Th e heart func-

tion parameters, including the maximum rate of pressure 

development (dp/dt max), minimum rate of pressure devel-

opment (dp/dt min), systolic left ventricular pressure (SLVP), 

diastolic left ventricular pressure (DLVP), mean perfusion 

pressure (MBP) and heart rate (HR), were continuously reg-

istered. Coronary fl ow (CF) was measured fl owmetrically. 

Oxidative stress markers, including the index of lipid perox-

idation measured as TBARS, nitric oxide measured through 

nitrites (NO
2

-), superoxide anion radical (O
2

-), and hydro-

gen peroxide (H
2
O

2
) in the coronary venous effl  uent, were 

assessed spectrophotometrically. Our results showed that 

diclofenac aff ected cardiodynamic parameters more signifi -

cantly than did ibuprofen. Furthermore, the present data 

indicate that both estimated COX inhibitors do not promote 

the production of reactive oxygen species.

Keywords: Diclofenac, Ibuprofen, Nonsteroidal anti-

infl ammatory drugs, Isolated rat heart, Oxidative stress

SAŽETAK

Eikosanoidi dovode do zapaljenja, uzrokuju groznicu i 

bol, i imaju mnoge druge efekte na organizam. NSAID one-

mogućavaju delovanje ciklooksigenaze (COX) u procesu 

konvertovanja arahidonske kiseline u medijatore zapalje-

nja, i na taj način smanjuju simptome zapaljenja. Istraži-

vanja koja se bave primenom neselektivnih inhibitora COX, 

koji se koriste u visokim dozama, pokazala su njihove štetne 

efekte na funkciju miokarda. Cilj našeg istraživanja je bio 

da ispita efekte neselektivnih NSAID, diklofenaka i ibupro-

fena, na kardiodinamske parametre, koronarni protok i bi-

omarkere oksidativnog stresa izolovanog srca pacova. Srca 

mužijaka Wistar albino pacova su uzimana i retrogradno 

perfundovana prema Langedorff -ovoj tehnici sa postepenim 

povećanjem perfuzionog pritiska (40–120 cm H
2
O). Ekspe-

rimenti su prvo izvođeni u kontrolnim uslovima (primena 

fi ziološkog Krebs–Henseleit-ovog rastvora), nakon čega su 

srca perfundovana sa: 10 μmol/l dikolfenaka i 10 μmol/l 

ibuprofena. Parametri srčane funkcije koji su kontinuirano 

praćeni su: maksimalna stopa razvoja pritiska (dp/dt max), 

minimalna stopa razvoja pritiska (dp/dt min), sistolni priti-

sak u levoj komori (SLVP), dijastolni pritisak u levoj komori 

(DLVP), srednji perfuzioni pritisak (MBP) i frekvenca srča-

nog rada (HR). Koronarni protok (CF) je registrovan fl oume-

trijski. Markeri oksidativnog stresa: indeks lipidne peroksi-

dacije meren kao TBARS, azot-monoksid utvrđivan preko 

nitrata (NO
2

-), superoksid anjon radikal (O
2

-), i vodonik pe-

roksid (H
2
O

2
) su mereni spektrofotometrijski u koronarnom 

venskom efl uentu. Naši rezultati su pokazali da diklofenak 

ispoljava značajniji uticaj na kardiodinamske parametre u 

odnosu na ibuprofen. Pored toga, rezultati ove studije su po-

kazali da oba ispitivana inhibitora COX ne dovode po pro-

dukcije reaktivnih vrsta kiseonika.

Ključne reči: Diklofenak, Ibuprofen, Nesteroidni-antiin-

fl amatorni lekovi, Izolovano srce pacova, Oksidativni stres
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INTRODUCTION

Cyclooxygenase (COX) is an intracellular enzyme that 

catalyses the conversion of arachidonic acid into prostag-

landin H
2
, a precursor for the synthesis of prostaglandins, 

prostacyclin, and thromboxane, also known as eicosa-

noids. Eicosanoids lead to the promotion of inflammation, 

cause fever and pain and have many other systemic effects. 

There are two isoforms of COX: COX-1 and COX-2. COX-1 

is the constitutive isoform of COX, and it has clear physi-

ological effects. The inducible isoform, COX-2, is induced 

by pro-inflammatory stimuli in migratory cells and in-

flamed tissues (1). It is almost impossible to detect COX-2 

in a normal heart, which indicates that the induction of 

COX-2 is present mostly at the site of inflammation (2).

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 

among the most common medications in the world for treat-

ing a variety of inflammatory disorders, and they are used 

as analgesics, anti-inflammatory drugs, and antipyretics (3). 

NSAIDs block the action of COX in the process of converting 

arachidonic acid into inflammatory mediators, thus reducing 

symptoms of inflammation (4). NSAIDs are classified on th-

eas nonselective COX inhibitors and specific COX-2 inhibi-

tors depending on the activity of each isoform (4).

Investigations focusing on nonselective COX inhibi-

tors, used in high dosages, revealed harmful effects on 

myocardial function and increased mortality in patients 

with previous myocardial infarction (5) and as well as in 

patients without a prior clinical diagnosis of cardiovascu-

lar diseases (6). Recent data regarding cardiovascular risk 

associated with selective COX-2 inhibitors are controver-

sial (7, 8). Over the last several years, evidence has accu-

mulated showing that oxidative stress plays an important 

role in the pathogenesis of cardiovascular disease (9, 10). 

One of possible mechanisms by which COX inhibitors ex-

hibit their side effects on the cardiovascular system is the 

induction of reactive oxygen species (ROS) (11, 12). 

Diclofenac, a nonselective non-steroidal anti-inflammato-

ry drug, has been widely used as an anti-inflammatory, anal-

gesic, and antipyretic drug. Clinical observations have shown 

that long-term treatment with diclofenac correlates with the 

onset or aggravation of congestive heart failure, which can 

cause serious cardiovascular thromboembolic events, such 

as myocardial infarction and stroke (13). McGettigan et al 

claimed that diclofenac has the highest cardiovascular risk 

score of the nonselective NSAIDs (14). This conclusion might 

be because only diclofenac inhibits L-type Ca2+ channels and 

the Na+ current in cardiomyocytes (13). 

Ibuprofen is a nonselective non-steroidal anti-inflam-

matory drug that is often used to relieve fever and the 

symptoms of arthritis. This drug is well-tolerated with 

infrequent but well-characterised adverse effects, includ-

ing heart failure (15, 16). A study on isolated guinea pig 

hearts showed that ibuprofen could induce cardiac ar-

rhythmias due to the inhibition of Na+ and Ca2+ channels 

and a decrease of the excitation propagation within the 

heart (17).

Based on the aforementioned discussion, the aim of the 

present study was to assess the effects of two nonselective 

NSAIDs, diclofenac and ibuprofen, on cardiodynamic pa-

rameters, coronary flow and oxidative stress biomarkers 

in isolated rat hearts. 

MATERIALS AND METHODS

Preparation of isolated hearts

The hearts (n=24; each group 12 rats) were excised 

from male, eight-week old Wistar albino rats, with a body 

mass of 180 g to 240 g (obtained from Military Medical 

Academy, Belgrade, Serbia), and perfused in a Langendorff 

apparatus (Experimetria Ltd, 1062 Budapest, Hungary). 

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

by cervical dislocation (Schedule 1 of the Animals/Scien-

tific Procedures, Act 1986, UK). After urgent thoracotomy 

and rapid heart arrest by superfusion with ice-cold iso-

tonic saline, the hearts were rapidly excised, isolated and 

retrogradely perfused via the aorta according to Langen-

dorff ’s technique at gradually increased coronary perfu-

sion pressures (CPP) (40–120 cm H
2
O). The composition 

of the non-recirculation Krebs–Henseleit perfusate was 

as follows (mmol/1): NaCl 118, KCl 4.7, CaCl
2 
x 2H

2
O 2.5, 

MgSO
4
 x 7H

2
O 1.7, NaHCO

3
 25, KH

2
PO

4
 1.2, glucose 11, 

pyruvate 2, equilibrated with 95 % O
2
 plus 5 % CO

2
 and 

warmed to 37⁰C (pH 7.4). 

Immediately after the establishment of automatic op-

eration, the sensor was inserted (transducer BS4 73-0184, 

Experimetria Ltd, Budapest, Hungary) through an open-

ing created in the left atrium of the heart and the destroyed 

mitral valve into the left ventricle for the continuous regis-

tration of myocardial function. Another sensor (perfusion 

pressure sensor, Experimetria Ltd, Hungary) was set at the 

same height as the end of the heart perfusion cannula to 

measure mean blood pressure (MBP).

ABBREVIATIONS

CF - Coronary flow

COX - Cyclooxygenase

CPP - Coronary perfusion pressure

HRPO - Horseradish peroxidase

MBP - Mean blood pressure

NO - Nitric oxide 

NADPH - Nicotinamide adenine

dinucleotide phosphate

NSAID - Nonsteroidal anti-inflammatory drugs

ROS - Reactive oxygen species

TBARS - Thiobarbituric acid reactive substances

TRIS - Tris(hydroxymethyl)aminomethane
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Physiological assay and experimental protocol 

After the heart perfusion started, a 30-min period was 

allowed for stabilisation of the preparation. It was performed 

at a basal CPP of 60 cmH
2
O. To test coronary vascular reac-

tivity, all hearts were challenged with short-term occlusions 

(5–30 s) and a bolus injection of 5 mmol/1 adenosine (60 μl 

at a flow rate of 10 ml/min to elicit maximum CF) during 

the stabilisation period. The hearts were discarded (approx-

imately 25 %) if the flow did not increase by 100 % over the 

control value (for both tests). After an equilibration period, 

CPP was lowered to 50 and 40 cmH2O and then gradually 

increased to 70, 80, 90,100, 110, and 120 cmH2O to estab-

lish coronary autoregulation. Properly performed control 

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

hearts in which the CPP/CF relationship was investigated 

twice in the absence of any drug for 120 min). It was impor-

tant to confirm the stability of the preparation and the in-

substantial difference between the responses to the first and 

second runs of changes in perfusion pressure, as described 

previously (18). After setting up the control experimental 

protocol (Krebs–Henseleit physiological solution [control 

group]), the hearts were perfused with 10 μmol/l diclofenac 

and 10 μmol/l ibuprofen.

In the control and experimental groups, after placing 

the sensor in the left ventricle, the following myocardial 

function parameters were continuously registered:

1. Maximum rate of pressure development in the left ven-

tricle (dp/dt max),

2. Minimum rate of pressure development in the left ven-

tricle (dp/dt min),

3. Systolic left ventricular pressure (SLVP),

4. Diastolic left ventricular pressure (DLVP),

5. Mean perfusion pressure (MBP) and

6. Heart rate (HR).

The test period started immediately after the control 

experiments to avoid time-dependent adverse effects. The 

flow was considered stable at each value of perfusion pres-

sure when three repeated values of the CF were the same. 

The CF was measured flowmetrically with the following 

parameters:

1. Index of lipid peroxidation (measured as TBARS – 

thiobarbituric acid reactive substances),

2. Superoxide anion radicals (O
2

-), 

3. Hydrogen peroxide (H
2
O

2
) and

4. Nitric oxide (NO).

The experimental protocol was approved by the Fac-

ulty of Medical Sciences Ethics Committee for the welfare 

of experimental animals, University of Kragujevac, Kragu-

jevac, Serbia.

Biochemical assays

TBARS determination (index of lipid peroxidation)

The degree of lipid peroxidation in the coronary venous 

effluent was estimated by measuring TBARS using 1 % 

thiobarbituric acid in 0.05 NaOH incubated with the coro-

nary effluent at 100⁰C for 15 min and measured at 530 nm. 

Krebs–Henseleit solution was used as a blank probe (19).

Determination of superoxide anion radical

The level of superoxide anion radical (O
2
-) was mea-

sured by a nitro blue tetrazolium reaction in TRIS buf-

fer with the coronary venous effluent at 530 nm. Krebs–

Henseleit solution was used as a blank probe (20).

Determination of hydrogen peroxide

The measurement of hydrogen peroxide (H
2
O

2
) was 

based on the oxidation of phenol red by hydrogen per-

oxide in a reaction catalysed by horseradish peroxidase 

(HRPO) (21). Two hundred microlitresd of perfusate was 

precipitated with 800 ml of freshly prepared phenol red 

solution, and then 10 μl of (1:20) HRPO (made ex tempore) 

was added. For a blank probe (instead of coronary venous 

effluent), an adequate volume of Krebs–Henseleit solution 

was used. The level of H
2
O

2
 was measured at 610 nm.

Nitrite determination 

Nitric oxide decomposes rapidly to form stable metabo-

lite nitrite/nitrate products. The nitrite level (NO
2
-) was mea-

sured and used as an index of nitric oxide (NO) production 

using Griess’s reagent. A total of 0.5 ml of perfusate was pre-

cipitated with 200 μl of 30 % sulphosalicylic acid, vortexed 

for 30 min, and centrifuged at 3000 x g. Equal volumes of the 

supernatant and Griess’s reagent, containing 1 % sulphanil-

amide in 5 % phosphoric acid/0.1 % naphthalene ethylenedi-

amine dihydrochloride, was added and incubated for 10 min 

in the dark and measured at 543 nm. The nitrite levels were 

calculated using sodium nitrite as the standard (22).

Drugs

Both diclofenac and ibuprofen were obtained from Sig-

ma-Aldrich Co (USA).

Statistical analysis

Values are expressed as the mean ± SE. A paired t test 

was used in the statistical analyses; p values less than 0.05 

were considered to be statistically significant.

RESULTS

Dp/dt max

Diclofenac at a dose of 10 μmol/l induced a decrease in 

dp/dt max at CPP = 100 cmH
2
O and 120 cmH

2
O (Figure 1A), 

whereas ibuprofen at the same dose did not significantly af-

fect this parameter over the entire CPP range (Figure 2A).

Dp/dt min

Similar to dp/dt max, 10 μmol/l diclofenac significantly 

affected dp/dt min at CPP = 120 cmH
2
O (Figure 1B), and 

ibuprofen did not cause statistically significant changes in 

this parameter (Figure 2B).

SLVP

Neither diclofenac nor ibuprofen caused statistically 

significant changes in SLVP at any CPP (Figure 1C, 2C).
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namic parameters as an indicator of myocardial function. 

Cardiac contractility was estimated by the maximum and 

minimum rates of LV pressure development (dp/dt max 

and dp/dt min). Ibuprofen did not cause any changes in 

myocardial contractility, but diclofenac induced a sig-

nificant decrease in contractility at higher values of CPP 

(Figures 1A, 1B, 2A and 2B). Our results related to ibu-

profen agreere consistent with the findings of Herbretson 

et al (24). They showed that ibuprofen does not affect left 

ventricular contractility (24) in the model of porcine en-

dotoxemia. Moreover, Beamer et al explored the possible 

effect of ibuprofen on hemodynamic parameters during 

hypovolemic shock in a canine experimental model, and 

they also showed that this drug had no influence on car-

diac contractility (25). Our results concerning diclofenac 

are in agreement with Yarishkin et al (13), who concluded 

that diclofenac may depress cardiac excitability and con-

tractility simultaneously. 

One of the possible mechanisms by which diclofenac 

exhibits depressive effects on the heart is through the 

reversible inhibition of the Na+ currents and irreversible 

inhibition the L-type Ca2+ channel currents in cardiac 

muscle cells (13, 26). Moreover, ibuprofen also exhibits a 

similar influence (17) on ion channels, but in our results, 

there was no effect on cardiac contractility.

Both drugs induced decreases in HR and CF at higher 

CPP values (Figures 1F, 1G, 2F, 2G). Yang et al showed that 

ibuprofen causes a decrease in HR (17) in the guinea pig 

isolated heart model. A possible mechanism for this action 

is decreasing the spontaneous depolarisation rate, thereby 

slowing the heart rate (17). Diclofenac may also affect the 

duration of the action potential and heart rate (26). Kristof 

and co-authors concluded that chronic administration of di-

clofenac at therapeutic concentrations does not increase the 

risk of arrhythmia in intact hearts (26). In our experiments, 

we also used intact hearts, but considering our experimen-

tal protocol and acute administration of diclofenac, this 

mechanism may play a role in decreasing the heart rate.

Although both diclofenac and ibuprofen are classi-

fied as nonselective NSAIDs, there are some differences 

in their COX selectivity; these differences could be a par-

tial cause of their different effects. Namely, ibuprofen is a 

more potent inhibitor of COX-1 than diclofenac, which is 

a more selective COX-2 inhibitor (27) (Figure 3). In their 

meta-analysis, Varas-Lorenzo and co-workers found that 

diclofenac causes a more increased risk of vascular events 

compared with ibuprofen (28).

On the other hand, data regarding the influence of these 

drugs on ROS generation are inconsistent. Li and co-workers 

demonstrated that diclofenac causes decreased nitrite plas-

ma levels (oxidation product of NO), indicating a reduction 

in NO bioavailability (11). In the present study, we also found 

decreased nitrites (Figure 3B). This may lead to vasoconstric-

tion and consequently to a decrease in CF (Figure 1G). 

Regarding these findings, we wanted to explore the 

possible role of oxidative stress in the appearance of side 

effects with these drugs. However, most of the oxidative 

DLVP

There were no changes in the DLVP values during the 

administration of diclofenac or ibuprofen compared to the 

controls (Figure 1D, 2D) over the entire CPP range.

Mean perfusion pressure

Diclofenac induced statistically significant changes in 

the MBP at CPP = 120 cmH
2
O (Figure 1E), whereas ibu-

profen did not cause any changes in the MBP values com-

pared to the control conditions (Figure 2E).

HR

Both diclofenac and ibuprofen induced statistically sig-

nificant decreases in HR at CPP = 100 cmH
2
O and 120 

cmH
2
O (Figure 1F, 2F) compared with the control condi-

tions.

CF

Similar to HR, both diclofenac and ibuprofen induced 

statistically significant decreases in HR at CPP = 100 cm-

H
2
O and 120 cmH

2
O (Figure 1G, 2G) compared with the 

control conditions.

Index of lipid peroxidation (measured as TBARS)

The administration of ibuprofen induced a statisti-

cally significant increase in TBARS at CPP = 40 cmH
2
O 

and then a statistically significant decrease at CPP = 100 

cmH
2
O and 120 cmH

2
O (Figure 4A). Diclofenac did not 

cause any changes in the TBARS values over the entire 

CPP range (Figure 3A).

NO
2

-

Compared with the control conditions, the amount of 

NO
2

- released was not changed significantly during the ad-

ministration of diclofenac or ibuprofen for any CPP value 

(Figures 3B, 4B).

H
2
O

2

Diclofenac induced a significant decrease in H
2
O

2
 re-

lease (Figure 3C) at CPP = 120 cmH
2
O, whereas ibuprofen 

did not significantly affect H
2
O

2
 release (Figure 4C).

O
2

-

There were no statistically significant changes in O
2

- 

release during the application of diclofenac or ibuprofen 

over the entire CPP range (Figures 3D, 4D).

DISCUSSION

The present study aimed to examine the effects of the 

acute administration of the COX inhibitors diclofenac and 

ibuprofen on cardiodynamic parameters, coronary auto-

regulation and oxidative stress biomarkers in isolated rat 

hearts. This work relates to earlier experiments in our 

laboratory (23, 12). 

In the first part of our study, we focused our attention 

on the effects of diclofenac and ibuprofen on cardiody-
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Figure 1: Th e eff ects of 10 μmol/l diclofenac on cardiodynamic param-

eters: dp/dt max (A); dp/dt min (B); SLVP (C); DLVP (D); MBP (E); HR (F) 

and CF (G). Th e values represent the mean ± SE; *p<0.05; **p<0.01;
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Figure 2: Th e eff ects of 10 μmol/l ibuprofen on cardiodynamic param-

eters: dp/dt max (A); dp/dt min (B); SLVP (C); DLVP (D); MBP (E); HR (F) 

and CF (G). Th e values represent the mean ± SE; * p<0.05; ** p<0.01; Figure 3: COX selectivity of diff erent NSAIDs.
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Figure 4: Th e eff ects of 10 μmol/l diclofenac and 10 μmol/l ibuprofen on oxidative stress parameters: TBARS diclofenac (A); NO diclofenac (B); H
2
O

2
 

diclofenac (C); O
2

- diclofenac (D); TBARS ibuprofen (E); NO ibuprofen (F); H
2
O

2
 ibuprofen (G) and O

2
- ibuprofen (H);. Th e values represent the mean 

± SE; *p<0.05; ** p<0.01;
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stress parameters did not change significantly (Figure 

3). Diclofenac caused a decrease in H
2
O

2
 levels at CPP 40 

cm H
2
O (Figure 3C), and ibuprofen first induced first an 

increase in TBARS levels at CPP 40 and then a decrease 

at CPP 100 and 120 (Figure 3E). This result is in contrast 

with our hypothesis that oxidative stress may be one of the 

mechanisms by which NSAIDs exhibit their side effects. 

There are some results suggesting that diclofenac induces 

a marked increase in vascular ROS content (11). Li et al 

used spontaneously hypertensive rats and chronic applica-

tion of NSAIDs (and among them, diclofenac). Differences 

between the results of our study and theirs may occur be-

cause of the different experimental models. 

On the other hand, diclofenac may possess some an-

tioxidant potential, behaving as an ROS scavenger (29). 

Hermann et al found that diclofenac does not improve 

endothelial dysfunction or affect oxidative stress param-

eters (30). Wilkinson and his group concluded that ibu-

profen attenuates oxidative damage in the brain and has 

beneficial effects in Alzheimer’s disease (31). The findings 

of these authors suggest that ibuprofen acts independently 

of COX inhibition to disrupt signalling cascades leading 

to microglial Nox2 activation, thus preventing oxidative 

damage. Moreover, the findings of Zhao et al suggest that 

ROS specifically derived from Nox2 NADPH oxidase make 

a substantial contribution to several key processes under-

lying the development of cardiac contractile dysfunction 

and remodelling (32). In this study, the authors examined 

the role of Nox2 NADPH oxidase in the development of 

doxorubicin-induced cardiac injury and remodelling. 

Considering this, we can suggest that the unchanged lev-

els of oxidative stress biomarkers in our study could be due 

to the inhibition of Nox2 NADPH oxidase by ibuprofen.

Based on the present data, we can conclude that di-

clofenac affects cardiodynamic parameters more signifi-

cantly than does ibuprofen. Furthermore, our results indi-

cate that both estimated COX inhibitors do not promote 

the production of ROS; therefore, their cardiac effects do 

not appear to be mediated via oxidative stress, which could 

be important in elucidating their potential deleterious in-

fluence on cardiac muscle and coronary endothelium.
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ABSTRACT 

Th e aim of this study was to examine the phenolic and 

fl avonoid contents and antioxidant activities of methanol 

and chloroform extracts of leaves and twigs of Daphne bla-

gayana. Th e total phenolic content in the chloroform extract 

of plant twigs (90.26 ± 0.69 mg GA/g) was higher than that 

of the other extracts (from 76.56±0.89 to 77.45±0.43 mg 

GA/g). In the case of fl avonoids, a greater value was also 

obtained for the chloroform extract of twigs (35.24±0.55 mg 

RU/g). Several diff erent methods were used to determine the 

antioxidant activity of the tested extracts, including total an-

tioxidant capacity, metal chelating activity, hydroxyl radi-

cal scavenging activity and inhibitory activity against lipid 

peroxidation. Our results showed that although secondary 

metabolites of the plants may contribute signifi cantly to 

their antioxidant activities, those antioxidant activities were 

not directly related to the phenolic and fl avonoid amounts. 

Th e results of the present analysis demonstrated, for the fi rst 

time, that Daphne blagayana leaves and twigs possess high 

phenolic and fl avonoid contents, as well as potential anti-

oxidant activity. Th is study suggests that Daphne blagayana 

twigs and leaves may potentially be used as an accessible 

source of natural antioxidants. 

Key words: Daphne blagayana, phenols, fl avonoids, 

antioxidant activity.
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SAŽETAK

Cilj ovog rada je bio da se ispita fenolni i fl avodnoidni 

sadržaj, kao i antioksidativna aktivnost metanolskih i hloro-

formskih ekstrakta lišća i grančica biljke Daphne blagayana. 

Ukupan sadržaj fenola u hloroformskom ekstraktu grančica 

(90.26±0.69 mg GA/g) bio je veći od sadržaja u ostalim ek-

straktima (od 76.56±0.89 do 77.45±0.43 mg GA/g). U slučaju 

fl avonoida, maksimalna vrednost je takođe zabeležena kod 

hloroformskog ekstrakta grančica (35.24±0.55 mg RU/g). 

Nekoliko različitih metoda su korišćeno za određivanje an-

tioksidantne aktivnosti testiranih ekstrakata uključujući 

ukupan antioksidantni kapacitet, metal helacionu ak-

tivnost, aktivnost hidroksi radikala i inhibitornu aktivnost 

prema lipidnoj peroksidaciji. Naši rezultati su pokazali da, 

iako sekundarni metabolite biljaka mogu značajno dopri-

neti antioksidantnim aktivnostima, ove aktivnosti nisu bile 

uvek direktno povezane sa količinom fenola i fl avonoida u 

ekstraktima. Rezultati ovih ispitivanja su pokazali, po prvi 

put, da grančice i lišče biljke Daphne blagayana poseduju 

visok sadržaj fenola i fl avonoida i potencijalno antioksidant-

no delovanje. Ova studija je pokazala da se lišće i grančice 

ove biljke mogu potencijalno koristiti kao pristupačan izvor 

prirodnih antioksidanasa. 

Ključne reči: Daphne blagayana, fenoli, fl avonoidi, an-

tioksidativna aktivnost.



22

Spectrophotometric measurements

Spectrophotometric measurements were performed 

using an MA 9524-SPEKOL 211 (ISKRA, Slovenia).

Plant material

The plant material was collected from Mt. Kopaonik, 

Serbia, in July, 2007. The demonstration samples are pre-

served in facilities of the Department of Biology and Ecol-

ogy, Faculty of Science, University of Niš, Serbia (Voucher 

No HMN 5517).

Preparation of the plant extracts

The air-dried leaves and twigs from the plant Daphne 

blagayana (60 g) were broken into small 2– 6 mm pieces by 

a cylindrical crusher, and extracted separately with chlo-

roform and methanol (500 ml) using a Soxhlet apparatus. 

The mixture was filtered through filter paper (Whatman, 

No.1) and evaporated. The residues (7.8 g for chloroform 

and 8.3 g for methanol ) were stored in a dark glass bottle 

at +4oC for further processing. The extracts were used for 

chemical and antioxidant analysis.  

Determination of total phenolic content

Total phenols were estimated according to the Folin-

Ciocalteu method (15). The extracts were diluted to a con-

centration of 1 mg/ml, and aliquots of 0.5 ml were mixed 

with 2.5 ml of Folin-Ciocalteu reagent (previously diluted 

10-fold with distilled water) and 2 ml of NaHCO
3
 (7.5%). 

After 15 min at 45˚C, the absorbance was measured against 

a blank sample at 765 nm. Total phenols were determined 

as gallic acid equivalents (mg GA/g extract), and the values 

are presented as means of triplicate analyses. 

Determination of flavonoid content

Total flavonoids were determined according to Brigh-

ente et al. (16). A total of 0.5 ml of 2% aluminium chloride 

(AlCl
3
) in methanol was mixed with the same volume of 

methanol solution of plant extract. After 1 hour at room 

temperature, the absorbance was measured at 415 nm 

against the blank sample. Total flavonoids were determined 

as rutin equivalents (mg RU/g dry extract), and the values 

are presented as means of triplicate analyses. 

Determination of total antioxidant activity

The total antioxidant activity of D. blagayana extracts 

was evaluated using the phosphomolybdenum method 

(17). This assay is based on the reduction of Mo (VI) to 

Mo (V) by antioxidant compounds and subsequent forma-

tion of a green phosphate/Mo (V) complex at acid pH. A 

total of 0.3 ml of sample extract was combined with 3 ml 

of reagent solution (0.6 M sulfuric acid, 28 mM sodium 

phosphate and 4 mM ammonium molybdate). The tubes 

containing the reaction solutions were incubated at 95°C 

for 90 min. After cooling to room temperature, the absor-

bance of the solution was measured at 695 nm against the 

INTRODUCTION

Medicinal plants have been widely used by both an-

cient and modern people of all cultures for treating dif-

ferent illnesses and for other purposes. Plants are a good 

source of biologically active natural products that are all 

biodegradable and, more importantly, renewable. The 

antioxidant properties of plants could affect a range of 

physiological processes in the human body, thus provid-

ing protection against free radicals (1-4). Antioxidants 

are micronutrients that have drawn interest in recent 

years due to their ability to neutralise the actions of free 

radicals (5). Free radicals are potentially harmful prod-

ucts generated during a number of natural processes in 

the body and are associated with ageing of cells and tis-

sues. Failure to remove active oxygen compounds over 

the long term can lead to cardiovascular disease, cancer, 

diabetes, arthritis and various neurodegenerative disor-

ders (6). 

Phenolic compounds are ubiquitous in plants. Fla-

vonoids and other plant phenolics, such as phenolic ac-

ids, stilbenes, tannins, lignans, and lignins, are important 

in the plant for normal growth development and defense 

against infection and injury. These compounds are com-

monly found in plants, and they have been reported to 

have multiple biological effects, including antioxidant 

activity (7). Various investigations have implied that the 

concentrations of total phenolic compounds are closely 

related to antioxidative activity (8), with flavonoids and 

tannins as the major plant compounds with antioxidant 

activity (9). 

Components of some Daphne species are used in natu-

ral medicine as a laxative, diuretic, anticoagulant, and in 

the treatment against skin diseases, toothache and malaria. 

Previous studies of individual species of the genus Daphne 

indicate their potential broad applications in medicine (10-

13). The aim of this study was to investigate the total phe-

nolic and flavonoid contents as well as antioxidant activity 

of the methanol and chloroform extracts obtained from 

the twigs and leaves of D. blagayana which have not previ-

ously been studied.

MATERIAL AND METHODS 

Chemicals used

All chemicals and reagents were of analytical grade and 

were purchased from Sigma Chemical Co. (St Louis, MO, 

USA), Aldrich Chemical Co. (Steinheim, Germany) and Alfa 

Aesar (Karlsruhe, Germany). 1,1-Diphenyl-2-picrylhydrazyl 

hydrate (DPPH), Folin–Ciocalteu, ascorbic acid, butylated 

hydroxytoluene (BHT) and pyrocatechol were purchased 

from Sigma (Sigma-Aldrich GmbH, Sternheim, Germany). 

Hydrochloric acid, formaldehyde, anhydrous sodium car-

bonate, methanol and chloroform were purchased from 

Centrohem (Centrohem, Stara Pazova, Serbia). 
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Measurement of ferrous ion chelating ability

The ferrous ion chelating activity of the methanol extracts 

was measured by the decrease in absorbance at 562 nm 

of the iron(II)-ferrozine complex (21). One milliliter of 

0.125 mM FeSO
4
 was added to 1.0 ml of sample (with dif-

ferent dilutions), followed by 1.0 ml of 0.3125 mM ferro-

zine. The mixture was allowed to equilibrate for 10 min 

before measuring the absorbance. The ability of the sample 

to chelate ferrous ion was calculated relative to the control 

(consisting of iron and ferrozine only) using the formula: 

Determination of hydroxyl radical scavenging activity

The ability of D. Blagayana extracts to inhibit non site-

specific hydroxyl radical-mediated peroxidation was car-

ried out according by Hinneburg et al. (2006) (22). The 

reaction mixture contained 100 μl of extract dissolved in 

water, 500 μl of 5.6 mM 2-deoxy-D-ribose in KH
2
PO

4
–

NaOH buffer (50 mM, pH 7.4), 200 μl of premixed 100 μM 

FeCl
3
 and 104 mM EDTA (1:1 v/v) solution, 100 μl of 1.0 

mM H
2
O

2 
and 100 μL of 1.0 mM aqueous ascorbic acid. 

Tubes were vortexed and incubated at 50ºC for 30 min. 

Thereafter, 1 ml of 2.8% TCA and 1 ml of 1.0% TBA were 

added to each tube. The samples were vortexed and then 

heated in a water bath at 50ºC for 30 min. The extent of 

oxidation of 2-deoxyribose was estimated from the absor-

bance of the solution at 532 nm. The percentage inhibi-

tion was calculated from the absorbances of the controls 

(Ac) and the samples (As), where the controls contained all 

the reaction reagents except the extract or positive control 

substance. The values are presented as the means of trip-

licate analyses.

Statistical analysis

The results are presented as mean±standard deviations 

of three analytical determinations. Statistical analyses were 

performed using Student´s t-test. IC
50

 values were calculated 

by nonlinear regression analysis from the sigmoidal dose-re-

sponse inhibition curve. Significant differences for extracts 

were analysed using one way ANOVA, followed by Tukey`s 

HSD post hoc comparison test at p ≤ 0.05. All computations 

were made using statistical software (SPSS, version 11.0).

RESULTS 

The results obtained for total phenolic and flavonoid 

contents and total antioxidant capacity for the chloroform 

and methanol extracts of D. blagayana are presented in 

Table 1. The phenolic content in the chloroform extracts 

of twigs (90.26±0.69 mg GA/g) was higher than those in 

the methanol extract of leaves (77.45±0.43 mg GA/g), the 

chloroform extract of leaves (76.56±0.89 mg GA/g) and 

the methanol extract of twigs (75.88±0.54 mg GA/g). The 

flavonoid contents in all the tested extracts ranged from 

26.79±0.34 to 35.24±0.55 mg RU/g. 

blank sample.  Methanol (0.3 ml) was used as the blank in 

place of an extract. Ascorbic acid was used as the standard 

and total antioxidant capacity was expressed as milligrams 

of ascorbic acid per gram of dry extract.

Determination of DPPH free radical scavenging activity 

The method used by Takao at al. (18) was adopted 

with suitable modifications from Kumarasamy et al. (19). 

DPPH (8 mg) was dissolved in MeOH (100 ml) to obtain 

a concentration of 80 μg/ml. Serial dilutions were carried 

out with the stock solution (1 mg/ml) of the extract. Solu-

tions (2 ml each) were then mixed with DPPH (2 ml) and 

allowed to stand for 30 min to allow any reaction to oc-

cur, and the absorbance was measured at 517 nm. Ascor-

bic acid (AA), gallic acid and BHT were used as reference 

standards and were dissolved in methanol to prepare stock 

solutions with the same concentrations (1 mg/ml). Control 

samples were prepared containing the same volume with-

out test compounds or reference antioxidants. Ninety-five 

percent methanol was used as a blank. The DPPH free 

radical scavenging activity (%) was calculated using the fol-

lowing equation: 

The IC
50

 value, defined as the concentration of the test 

material that leads to 50% reduction in the free radical con-

centration, was calculated using a sigmoidal dose-response 

curve and expressed as μg/ml.

Determination of inhibitory activity

against lipid peroxidation

Antioxidant activity was determined by the thiocya-

nate method (20). Serial dilutions were carried out with 

stock solutions (1 mg/ml) of the extracts, and 0.5 ml of 

each solution was added to a linoleic acid emulsion (2.5 

ml, 40 mM, pH 7.0). The linoleic acid emulsion was pre-

pared by mixing 0.2804 g linoleic acid, 0.2804 g Tween-

20 as emulsifier in 50 ml 40 mM phosphate buffer and 

the mixture was then homogenised. The final volume was 

adjusted to 5 ml with 40 mM phosphate buffer, pH 7.0. 

After incubation at 37°C in the dark for 72 h, a 0.1 ml 

aliquot of the reaction solution was mixed with 4.7 ml of 

ethanol (75%), 0.1 ml FeCl
2 

(20 mM) and 0.1 ml ammo-

nium thiocyanate (30%). The absorbance of the mixture 

was measured at 500 nm and the mixture was stirred for 

3 min. Ascorbic acid, gallic acid, α-tocopherol and BHT 

were used as reference compounds. To eliminate the sol-

vent effect, the control sample, which contained the same 

amount of solvent added to the linoleic acid emulsion in 

the test sample and reference compound, was used. Inhi-

bition of linoleic acid peroxidation was calculated using 

the following formula: 

The index of lipid peroxidation was not determined as 

ev . limiting factor studies.
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The total antioxidant capacity was measured using 

the phosphomolybdenum method. The values obtained 

ranged from 68.98±0.25 μg ascorbic acid/g for the metha-

nol extract of leaves to 78.45±0.98 μg ascorbic acid/g for 

the chloroform extract of twigs. 

In this study, the antioxidant activity of the chloroform 

and methanol extracts were evaluated using the DPPH and 

hydroxy radical scavenging, lipid peroxidation and metal 

chelating assays. The results of the antioxidant activi-

ties were compared with control antioxidants, gallic acid, 

ascorbic acid, BHT and α-tocopherol. 

DPPH scavenging

The DPPH assay has been widely used to determine the 

free radical scavenging activity of various plant extracts. 

The IC
50

 for DPPH scavenging activity in various extract 

of D. blagayana leaves and twigs are shown in Table 2. It 

can be seen that IC
50 

values of all the tested extracts of D. 

blagayana were higher than 20 μg/ml and ranged from 

20.25±1.55 to 25.24±0.15 μg/ml. The chloroform extract 

of twigs had the highest activity (IC
50 

= 20.25±1.55 μg/ml), 

followed in order by the methanol extract of leaves (IC
50 

= 20.95±0.99 μg/ml), the methanol extract of twigs (IC
50 

= 21.09±0.85 μg/ml) and the chloroform extracts of leaves 

(IC
50 

= 25.24±0.15 μg/ml). 

Inhibitory activity against lipid peroxidation 

Free radical scavenging is one of the known mechanisms 

by which antioxidant compounds inhibit lipid oxidation. 

Inhibitory activity against lipid peroxidation was measured 

using the thiocyanate method. The results of inhibitory ac-

tivity against lipid peroxidation for the tested extracts of 

D.blagayana are shown in Table 3. The chloroform extract 

of leaves had the highest activity (IC
50 

= 33.23±0.99 μg/ml), 

followed in order by the methanol extract of leaves (IC
50 

= 34.65±0.89 μg/ml), the methanol extract of twigs (IC
50 

Extracts of
D. blagayana IC

50
 (μg/ml) Tukey`s HSD test

CHL extract of twigs 20.25±1.55
CHL extract of twigs/ CHL 
extract of leaves*

CHL extract of leaves 25.24±0.15
CHL extract of twigs/ MET 
extract of twigsn.s.

MET extract of twigs 21.09±0.85
CHL extract of twigs/ MET 
extract of leavesn.s.

MET extract of leaves 20.95±0.99
CHL extract of leaves/ MET 
extract of twigs*

Gallic acid 3.79±0.69
CHL extract of leaves/ MET 
extract of leaves*

Ascorbic acid 6.05±0.34
MET extract of twigs/ MET 
extract of leavesn.s.

BHT 15.61±1.26

ANOVA *

Table 2. DPPH free radical scavenging activity of the chloroform and 

methanol extracts of D. blagayana

IC
50

 values (means ±SD) for chloroform and methanol extracts of D. bla-

gayana compared with gallic acid, ascorbic acid and BHT. Data were zan-

alysed by analysis of variance (ANOVA) followed by Tukey`s HSD post 

hoc comparison test. (* p <0.05; n.s. not signifi cant)

= 35.45±0.95 μg/ml) and the chloroform extract of twigs 

(IC
50 

= 36.46±1.68 μg/ml). 

Metal chelating ability 

Results of metal chelating activity of the chloroform 

and methanol extracts are shown in Table 4. Based on the 

results obtained, it can be concluded that the constituents 

of D. blagayana extracts have the ability to form complexes 

Extracts of
D. blagayana IC

50
 (μg/ml) Tukey`s HSD test

CHL extract of twigs 36.46±1.68
CHL extract of twigs/ CHL 
extract of leaves n.s.

CHL extract of leaves 33.23±0.99
CHL extract of twigs/ MET 
extract of twigsn.s.

MET extract of twigs 35.45±0.95
CHL extract of twigs/ MET 
extract of leaves*

MET extract of leaves 34.65±0.89
CHL extract of leaves/ MET 
extract of twigs*

Gallic acid 255.43±11.68
CHL extract of leaves/ MET 
extract of leaves*

Ascorbic acid > 1000
MET extract of twigs/ MET 
extract of leavesn.s

BHT 0.23

α-Tocopherol 0.48±0.05

ANOVA *

Table 3. Inhibitory activity against lipid peroxidation by chloroform and 

methanol extracts of D. blagayana

IC
50

 values (means ±SD) for chloroform and methanol extracts of D. bla-

gayana compared with gallic acid, ascorbic acid, BHT and α-Tocopherol. 

Data were zanalysed by analyses of variance (ANOVA) followed by 

Tukey`s HSD post hoc comparison test. (*p < 0.05; n.s. not signifi cant)

Table 1. Statistical analysis of total phenols, fl avonoids and total antioxi-

dant capacity of the chloroform and methanol extracts of D. blagayana

Values are the means ±SD. Data were analysed by t-test and analyses of 

variance (ANOVA) procedures (* p < 0.05; n.s. not signifi cant)

Extracts of D. 
blagayana

Total
phenolics
(mg GA/g)

Flavonoids
(mg RU/g)

Total antioxi-
dant capacity
(μg AA/g)

Chloroform 
extract of twigs

90.26±0.69 35.24±0.55 78.45±0.98

Chloroform 
extract of leaves

76.56±0.89 26.79±0.34 76.09±0.45

t-test * * *

Methanol
extract of twigs

75.88±0.54 29.95±0.39 69.50±1.00

Methanol
extract of leaves

77.45±0.43 27.98±0.88 68.98±0.25

t-test * n.s. n.s.

ANOVA * * *
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with ferrous ions. As shown in Table 4, the chloroform ex-

tract of twigs had the highest value among the extracts ex-

amined (45.91±0.88 μg/ml), followed in order by the chlo-

roform extract of leaves (45.24±0.95 μg/ml), the methanol 

extract of twigs (41.09±1.15 μg/ml) and the methanol ex-

tract of leaves (40.95±1.09 μg/ml). 

Hydroxyl radical scavenging activity

The results of hydroxyl radical scavenging activity are 

shown in Table 5. For the tested extracts, the chloroform 

extract of twigs had the highest IC
50

 value (99.11±0.23 μg/

ml), followed in order by the methanol extract of twigs 

(98.98±0.97 μg/ml), the chloroform extract of leaves 

(90.26±0.69 μg/ml) and the methanol extract of leaves 

(85.88±0.94 μg/ml).

DISCUSSION

In conclusion, this is the first study focused on the de-

termination of total phenolic and flavonoid content and 

antioxidant activity of D. blagayana leaves and twigs. Our 

recent study investigated other similar species of the genus 

Daphne which found that methanol extracts of leaves and 

twigs of the plant Daphne cneorum have good antimicro-

bial and antioxidant activities (26). There are similarities 

between these two plants, as the methanol extract of D. 

cneorum showed a similar antioxidant activity to the meth-

anol extract of D. blagayana. IC
50

 values for D. blagayana 

DPPH scavenging activity, inhibitory activity against lipid 

peroxidation, metal chelating activity and hydroxyl radical 

Extracts of
D. blagayana IC

50
 (μg/ml) Tukey`s HSD test

CHL extract of twigs 45.91±0.88
CHL extract of twigs/ CHL 
extract of leaves n.s.

CHL extract of leaves 45.24±0.95
CHL extract of twigs/ MET 
extract of twigs*

MET extract of twigs 41.09±1.15
CHL extract of twigs/ MET 
extract of leaves*

MET extract of leaves 40.95±1.09
CHL extract of leaves/ MET 
extract of twigs*

Gallic acid -
CHL extract of leaves/ MET 
extract of leaves*

Ascorbic acid -
MET extract of twigs/ MET 
extract of leaves n.s

BHT -

α-Tocopherol -

ANOVA *

Extracts of
D. blagayana IC

50
 (μg/ml) Tukey`s HSD test

CHL extract of twigs 99.11±0.23
CHL extract of twigs/ CHL 
extract of leaves *

CHL extract of leaves 90.26±0.69
CHL extract of twigs/ MET 
extract of twigsn.s.

MET extract of twigs 98.98±0.97
CHL extract of twigs/ MET 
extract of leaves*

MET extract of leaves 85.88±0.94
CHL extract of leaves/ MET 
extract of twigs*

Gallic acid 59.14±1.10
CHL extract of leaves/ MET 
extract of leaves*

Ascorbic acid 160.55±2.31
MET extract of twigs/ MET 
extract of leaves *

BHT 33.92±0.79

ANOVA *

Table 4. Metal chelating activity of chloroform and methanol extracts of 

D. blagayana

Table 5. Hydroxyl radical  scavenging activity of  chloroform and metha-

nol extracts of D. blagayana

IC
50

 values (means ±SD) for chloroform and methanol extracts of D. bla-

gayana compared with gallic acid, ascorbic acid, BHT and α-Tocopherol. 

Data were zanalysed by analyses of variance (ANOVA) followed by 

Tukey`s HSD post hoc comparison test. (*p < 0.05; n.s. not signifi cant)

IC
50

 values (means ±SD) for chloroform and methanol extracts of D. bl-

agayana compared with gallic acid, ascorbic acid and BHT. Data were 

zanalysed by analyses of variance (ANOVA) followed by Tukey`s HSD 

post hoc comparison test. (*p < 0.05; n.s. not signifi cant)

scavenging activity are highly comparable with the cor-

responding values for D. cneorum. Small differences be-

tween these plants (mostly less than 10%) in the examined 

parameters are more likely attributable to random mea-

surement variations through repeated experiments than 

to genuine features of the two species. In accordance with 

present knowledge, it seems that phenolic and flavonoid 

contents play an important role in the biological activity 

of individual species within the Daphne genus. Natural 

phenols and flavonoids have been reported to be associ-

ated with antioxidant activity in biological systems, mainly 

due to their redox properties, which can play an important 

role in absorbing and neutralising free radicals, quench-

ing singlet and triplet oxygen, or decomposing peroxides 

(23). One of the more prominent properties of flavonoids 

is their excellent radical scavenging ability, which makes 

them valuable for therapeutic and prophylactic applica-

tions, e.g., after infection, inflammation, burns, or radia-

tion injury (24). The activity of crude methanol extracts is 

due to the presence of flavonoid monomers and polymers 

(condensed tannins), hydrolysable tannins, and phenolics. 

Recently, polyphenolic compounds from plants, such as 

condensed and hydrolysable tannins, have been shown to 

be powerful antioxidants (25). The amount of total phe-

nols varied widely in extracts and ranged from 75.88±0.54 

to 90.26±0.69 mg GA/g. Among the samples tested, the 

chloroform extract of twigs had the highest phenolic 

(90.26±0.69 mg GA/g) and flavonoid (35.24±0.55 mg 

GA/g) contents. Analysis of variance (ANOVA) showed 

significant differences in the presence of total phenolics 

and flavonoids among the tested extracts. In order to 

determine statistical significance in the amount of total 
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phenols and flavonoids from the plant parts, Student’s 

t-test was used. Based on the results obtained, it can be 

seen that there is a statistically significant difference be-

tween the total phenolic and flavonoid content of twigs 

and leaves, although the difference is not significant for 

the methanol extracts (Table 1). Variations in the total 

antioxidant capacity between chloroform and methanol 

extracts were statistically significant. Unlike chloroform 

extracts, methanol extracts of the twigs and leaves did not 

show a significant difference in the total antioxidant ca-

pacity (Table 1). In the DPPH assay, the chloroform extract 

of twigs showed the lowest IC
50 

value
 
(20.25 ±1.55 μg/ml) 

among the samples tested, while the chloroform extract 

of leaves had the highest IC
50

 values. Analysis of variance 

of the results of DPPH activity confirmed the existence of 

significant differences among four tested extracts and the 

standards that were used. Tukey post hoc test for analysis 

of variance indicated that there are no statistically signifi-

cant differences in DPPH activities between the chloro-

form extracts of twigs and methanol extract of twigs and 

leaves. For the reducing capacity of the extracts, IC
50 

values 

for
 
ferrous ion chelating ability were approximately 45 μg/

ml for the chloroform extracts and approximately 41 μg/

ml for the methanol extracts. The metal chelating activi-

ties differ significantly, depending on the solvent. For the 

inhibitory activity against lipid peroxidation, IC
50

 values 

ranged from 33.23 ±0.99 μg/ml for the chloroform extract 

to 36.46 ±1.68 μg/ml for the chloroform extracts of twigs. 

The tested extracts showed significantly better inhibitory 

activity then ascorbic and gallic acids, and a lower activity 

then vitamin E and BHT. Tukey`s HSD post hoc test of 

the extracts showed no statistically significant difference 

in inhibitory activity for the parts of the plant if the same 

solvent is used to obtain the extract. There is a statistical 

significance between the chloroform and methanol ex-

tracts (Table 3). The results of hydroxyl radical scaveng-

ing activity showed higher values for the tested extracts 

than ascorbic acid, but lower activity than gallic acid and 

BHT. IC
50 

values ranged from 85.88 ±0.94 μg/ml for the 

methanol extract of leaves to 99.11 ±0.23 μg/ml for the 

chloroform extract of twigs. Statistical analysis showed 

that there is no statistically significant difference in ac-

tivity between the chloroform and methanol extracts of 

twigs. The Daphne genus includes approximately 70 dif-

ferent species, and several are reported to possess signifi-

cant antioxidant activity (26,27). This makes plants of the 

genus Daphne very attractive as a source of future drugs. 

Of course, future research should incorporate a detailed 

phytochemical analysis of Daphne blagayana, isolation of 

potential antioxidants and their antioxidant activity. 
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ABSTRACT

Objective: Th e aim of our study was to establish a correla-

tion between pseudoexfoliation and its systemic manifestation.

Findings: Pseudoexfoliation syndrome is an age-

related systemic disorder that leads to the overproduc-

tion and accumulation of the pseudoexfoliated materials 

in the visceral organs and in the eye. Many vascular dis-

eases are closely related with pseudoexfoliation mani-

festations. Our results indicated that there were no sta-

tistically signifi cant diff erences (p>0.05) among patients 

regarding the presence of hypertension in all groups: PEX 

glaucoma – 45% (9 patients); PEX syndrome- 40% (8 pa-

tients); and control groups- 35% (7 patients). Ischemic heart 

disease was statistically signifi cant present in the sPEX 

syndrome- 20% (5 patients) and PEX glaucoma- 25% (5 

patients) patient groupss, in comparison with those of the 

control group-10%, (p<0.05). Aortic aneurism was statisti-

cally signifi cant present in patients with PEX (syndrome-5% 

or glaucoma-15%), compared to those in the control group, 

which included no patients with aneurisms, (p<0.05). Our 

results indicated that a statistically signifi cant number of 

patients with aneurism were in the group of patients who 

developed PEX glaucoma (p<0.05). Cerebrovascular diseas-

es were detected in all groups of patients, but a signifi cant 

decrease in this metric was noted in the control group- 5% 

(2 patients), compared with patients with PEX syndrome- 

15%  and PEX glaucoma-25%, (p<0.05). Hearing loss, as a 

concomitant sign of PEX manifestation, was recorded in 

all patients, but in the group with PEX (syndrome-55% or 

glaucoma-75%), these results showed a statistically signifi -

cant increase (p<0.05) in comparison with those of patients 

in the control group (10%). Among the patients with PEX 

(syndrome and glaucoma), there were no statistically signifi -

cant diff erences in the selected categories of systemic mani-

festations (p<0.05). Th is result indicates that the main risk 

for systemic manifestation is the presence of PEX and that 

other ocular and vascular complications are, in fact, conse-

quences of PEX.

SAŽETAK

Cilj:  Cilj našeg ispitivanja je bio da se utvrdi korelacija iz-

među pseudoeksfolijacija i njihovih sistemskih manifestacija 

Rezultati: Pseudoeksfolijacije su sistemski poremećaj, 

starijeg životnog doba, kog karakteriše povećana produkci-

ja i nakupljanje pseudoeksfolijativnog materijala u visce-

ralnim organima, i u oku vezane za starije. Mnoge vasku-

larne bolesti su u neposrednoj povezanosti sa prisustvom 

pseudoeksfolijacija u oku. Naši rezultati ukazuju da nije 

bilo statistički značjne razlike u incidenci hipertenzije kod 

pripadnika sve tri ispitivane grupe, (p>0.05): PEX glau-

kom- 45% (9 pacijenata); PEX sindrom- 40% (8 pacijenata) 

i kontrolna grupa- 35% (7 pacijenata). Ishemijska bolest 

srca je statistički značajno zastupljena u grupi bolesnika 

sa PEX sindromom- 20% (5 pacijenata) i PEX glaukomom- 

25% (5 pacijenata) u poređenju sa bolesnicima iz kontrolne 

grupe-10%, (p<0.05). Kod bolesnika sa PEX (sindrom-5% i 

glaukom-15%) uočeno je statistički značajan (p<0.05) broj 

bolesnika sa aneurizmom aorte u odnosu na kontrolne 

grupe, gde nisu zabeležene. Cerebrovaskularna oboljenja 

su statistički značajno umanjena, (p<0.05) u kontrolnoj 

grupi 5% (2 pacijenta) u poređenju sa ispitanicima iz gru-

pe bolesnika sa PEX: sindrom- 15%  i PEX glaukom-25%, 

(p<0.05). Gubitak sluha, koji se sreće kod bolesnika sa PEX, 

je zabeležen kod svih ispitanika, ali je statistički značajan 

broj (p<0.05) u grupi bolesnika sa PEX (sindrom-55% i gla-

ukom-75%) u odnosu na pripadnike kontrolne grupe (10%). 

Naše ispitivanje ukazuje da je prisustvo PEX faktor rizika 

za različite vaskularne komplikacije.

 

Zaključak: Pseudoeksfolijacije su u neposrednoj poveza-

nosti sa brojnim vaskularnim poremećajima. Bolesnici koji 

imaju PEX bi trebalo da budu detaljno ispitani od strane 

specijaliste interne medicine i neurologa. Njihova detaljna 

ispitivanja, naročito u ranoj fazi bolesti, bi bila od velike 

pomoći u prevenciji teških vaskularnih komplikacije sistem-

skih manifestacija PEX
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INTRODUCTION

Pseudoexfoliation syndrome (PXS) is an age-related sys-

temic disorder involving the overproduction and accumula-

tion of pseudoexfoliation materials (PEX) in the visceral organs 

and in the eye (1). It is characterised by an intensive produc-

tion of abnormal fibres and their accumulation in the whole 

body and in the eye (1). PEX flakes can be detected around 

the blood vessels of connective tissue and have been identified 

using electron microscopy (2) and immunohistochemistry (3) 

in the lung, liver, kidney, gall bladder, and cerebral meninges 

(4). Some cardiovascular and cerebral diseases (angina, aortic 

aneurysm, dementia, etc.) have been associated with pseu-

doexfoliations  (5). Pseudoexfoliation can be detected using 

a slit lamp in every part of the anterior segment of the eye, 

including the corneal endothelium, iridocorneal angle, pupil-

lary margin, and iris anterior capsule of the lens. By histologi-

cal examination, PEX can be detected in extra-ocular tissues, 

such as the conjunctiva, extra-ocular muscles, and retro-ocu-

lar tissue (1). The fibres can accumulate duringat the outflow 

through the trajectoriesroute of the aqueous humor, causing 

enhanced resistance and further increasing  intraocular pres-

sure (4). Glaucoma occurs more commonly in eyes with PEX 

than in those without PEX (6). Glaucoma in patients with PEX 

has a more serious clinical progression and worse prognosis 

than primary open-angle glaucoma (6).

PATIENTS AND METHODS

Our cross-sectional comparison study included 60 

patients at the Clinic of Ophthalmology, Clinical Centre, 

Kragujevac, Serbia who were referred for cataract surgery. 

The study design was approved by the local ethics com-

mittee, and all enrolled patients gave their written consent 

at the beginning of the study. 

All patients were divided in three groups accord-

ing to the presence of PEX in their eyes: patients with 

PEX syndrome, those with PEX glaucoma and a control 

group (no PEX). The presence of PEX was confirmed by 

slit-lamp examination, measurements of intraocular pres-

sure, and gonioscopy; to establish PEX glaucoma, fundus 

Conclusion: Pseudoexfoliation is strongly related to sys-

temic vascular disturbances. A detailed examination of patients 

with PEX by specialists in internal disease or by neurologists 

should be performed. Such recommended examinations can be 

helpful in the prevention of diff erent vascular diseasess among 

patients with PEX, especially atthose in the early stages. 

Key words: pseudoexfoliation, systemic manifestation, 

vascular diseases.

Ključne reči: pseudoeksfolijacije, sistmske manifestaci-

je, vaskularne bolesti.

ABBREVIATIONS

ABI-ankle brachial index 

DM-diabetes mellitus

HT-hypertension

IHD-ischemic heart disease

PEX-pseudoexfoliation

PXS-pseudoexfoliation syndrome

MMPs-metalloproteinases

and visual field examination was needed. Exclusion crite-

ria were a history of intraocular surgery, ocular trauma, 

uveitis, prophylactic laser photocoagulation, and myopio- 

or cryo-treatment. Directly before the surgical treatment, 

a detailed disease history was taken from every patient, 

including the following items: hypertension (HT), diabe-

tes mellitus (DM), cerebrovascular stroke, ischemic heart 

disease (IHD), and hearing loss. Reports from an internal 

medicine specialist and otolaryngologist with detailed 

disease summary and recommended therapy were also re-

quired, and any vascular surgery was recorded. The pres-

ence of diabetes mellitus was defined as previous (detailed 

medical history with therapy) or newly diagnosed (no 

medical history). Cardiovascular disease was defined by 

the presence of an earlier heart attack, bypass surgery, an-

gioplasty, cardiomyopathy or  angina. Hypertension was 

defined by an earlier disease history with detailed therapy 

(systolic blood pressure of more than 160 mm/Hg or a dia-

stolic blood pressure more than 90 mm/Hg). An otolaryn-

gologist discovered and explained any hearing loss in our 

patients using standard audiometry.

The participants in the control group included patients 

with cataracts who were age–matched and resisted the ex-

clusion criteria. 

STATISTICAL ANALYSIS 

The unpaired Student’s t-test and Mann–Whitney test 

were performed using the SPSS 19.0 statistical software 

package (SPSS Inc., Chicago, IL ). The results were ex-

pressed as the percentage values. All P values were 1-sided, 

and a P value <0.05 was considered statistically significant 

(significance levels as indicated in the table legends).

RESULTS

Among the participants of the study, a female majority 

(15, 3:1) was noted in the first group of the PXS syndrome. 



31

(1). PEX can be presented in the eye or localised around 

either eye  (7). Ocular PEX is associated with high rates of 

cataract and glaucoma (6). 

PEX can be described as the abnormal production and 

accumulation of fibres, accompanied by the presence of fi-

broblasts around small blood vessels, as indicated for sys-

temic manifestations (2). The process of this production 

can be activated by increased levels of different growth 

factors (8), a disrupted oxidative-anti-oxidative status (9), 

and enhanced metalloproteinase (MMP) activities (10). 

Homocysteine levels in the plasma are increased in pa-

tients with PEX (11). All of these parameters signify the 

systemic manifestations of PEX.

Many earlier studies have suggested an important rela-

tion between PEX and different systemic diseases, but their 

results are contradictory (12). This fact can be explained 

by differences among populations and selected groups. 

Generally, a large number of associations have been found 

between PXS and peripheral vascular diseases (13).

It has been established that iris vasculopathy is an obli-

gate finding in eyes with PEX and may cause hypoxia of the 

anterior segment of the eye (14). Indocyanin green was used 

to support this finding (15). Some similar diagnostic proce-

dures were used to establish blood flow in other tissues in 

the body. Cutaneous capillary perfusion was examined to 

demonstrate impaired vascular perfusion in the fingers of 

patients with PEX (16). This study indicated that the cuta-

neous capillary flow was significantly lower in patients with 

PEX than in the age-matched control group. Additionally, 

this study demonstrated a reduced cardiovascular regula-

tory function among PEX patients. Another study, using 

Color Doppler imaging, indicated that brachial and dorsal 

pedis artery circulation could be improved (12). This find-

ing was sustained by a low ankle brachial index (ABI). Low 

ABI is one of the risk factors for the development of periph-

eral vascular disease and is strictly connected with PEX. A 

In the group of patients with PXS glaucoma, 14 patients 

were female (2.33:1), whereas in the control group, the 

gender ratio was approximately equal (11, 1.22:1).

The mean age of all patients was 72.2 ± 7.4 years (the young-

est was 48 years; the oldest, 90 years). The group of patients 

with PEX glaucoma had a mean age of 77.2±3.9; the PXS group, 

of 73.4±6.5; and the control group, of 63.4±4.2 years, Table 1. 

Our results indicated that there were no statistically sig-

nificantly differences (p=0.081) among patients regarding the 

presence of hypertension in any of the groups: PEX glaucoma-

45% (9 patients); PEX syndrome-40% (8 patients) and control 

groups-35% (7 patients). Ischemic heart disease was statisti-

cally significantly present in the PEX syndrome group- 20% 

(5 patients) and in the PEX glaucoma group-25% (5 patients), 

compared with controls-10%, (p=0.049). Aortal aneurisms 

were statistically significantly present in patients with PEX 

(syndrome-5% or glaucoma-15%) in comparison with pa-

tients from the control group, in which no patients had an-

eurisms (p=0.018). Cerebrovascular diseases were detected 

in all groups of patients, but in the control group- 5% (2 pa-

tients), this number was statistically significantly lower than 

in patients with PEX syndrome- 15% or PEX glaucoma-25% 

(p=0.026). Hearing loss as concomitant sign of PEX manifes-

tation was recorded in all patients, but in the group with PXS 

(syndrome-55% or glaucoma-75%), those numbers were statis-

tically significantly increased (p=0.033) in comparison with 

the patients in the control group (10%). Among those patients 

with PXS (syndrome or glaucoma), there were no statistically 

significantly differences among any of the selected categories 

of systemic manifestation (p=0.0728), Table 2.

DISCUSSION

PEX deposits can be found in many tissues in the body, 

especially in connective tissue or transverse organ septa 

Age PEX syndrome (%) PEX glaucoma (%) Cataract   (%) Means±SE P

45-60. 1(1.67) 0 (0) 11(18.33) 54.23±3.2 p=0.023 *

60-75. 10 (16.67) 6 (10) 9 (15) 70.57±5.21 p=0.078

75-90. 9 (15) 14 (23.33) 0 (0) 83.45±4.34 p=0.038 *

Mean age 73.41±6.54 77.2±3.9 63.4±4.2 72.2±7.4 p=0.029*

Table 1. Distribution of the patients according to age.  Our results indicated that the older population was at a greater risk for PEX production, fi bre 

accumulation and development of glaucoma.  Our results indicated that the older population was at a greater risk for PEX production, fi bre accumula-

tion and development of glaucoma. 

Arterial 

hypertension (%)

Ischemic heart 

disease (%)

Aortal aneurism 

(%)

Cerebrovascular

disease (%)

Sensorineural 

hearing loss (%)

PEX glaucoma 9 (45) 5 (25) 3 (15) 5 (25) 15 (75)

PEX syndrome 8 (40) 4 (20) 1 (5) 3 (15) 11 (55)

Control group 7 (35) 2 (10) 0 (0) 1 (5) 2 (10)

P values p=0.081 p=0.049* p=0.018* p=0.026* p=0.033*

Table 2. Systemic manifestations of the ocular pseudoexfoliation. Patients with PEX (syndrome and glaucoma) had a greater incidence of ischemic 

heart disease, aortal aneurism, cerebrovascular disease and hearing loss, in comparison with patients without PEX.
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Tousoulis D, Stefanadis C,  Manolis A, and Ioannis Kal-

likazaros I. Cardiovascular Repercussions of the Pseudo-

exfoliation Syndrome. N Am J Med Sci. 2013; 5: 454–9.

biopsy of the cutaneous tissue showed pseudoexfoliation 

materials around the blood vessels.

Toxic agents, acoustic trauma, solicitude and other 

less studied causes can contribute to sensorineural hear-

ing loss (SNHL) (17). The hair cells (inner and outer hair 

cells), which are placed on the basilar membrane and over-

laid with the tectorial membrane, are the fragments of the 

compound organ of Corti. SNHL in PXF syndrome may 

be caused by deposits of this material in inner ear struc-

tures (organ of Corti), which can decrease the alterations 

in small vibrations actuated by sound analogues (18). 

The present study was performed to establish a cor-

relation between PEX patients (syndrome or glaucoma) 

and a control group, according to the potential systemic 

manifestations of PEX. Arterial hypertension was equally 

represented in all selected groups. Our results indicated 

statistically significant differences in the number of pa-

tients with ischemic cardiac disease, cerebrovascular dis-

ease, and the presence of aortal aneurism or sensorineural 

hearing loss between the PEX group (syndrome or glau-

coma) and controls. There were no statistically significant 

differences between the two subgroups of the PEX group 

(syndrome or glaucoma). This result indicated that the 

main risk for systemic manifestation is the presence of 

PEX. Other ocular and vascular complications constitute 

consequences of PEX. Our results are similar to the results 

of recent studies, the data from which have been published 

(5, 7, 12). These studies suggest that ocular PEX carries 

a great risk for peripheral vascular disease development 

with sensorineural hearing loss, as was seen in the con-

comitant otolaryngologist’s findings.

Our study showed a statistically significant association 

between PEX and different cardio- and cerebrovascular 

diseases, similar to other previous studies (5, 12, 19, 20). 

Pseudoexfoliation is strongly related to systemic vas-

cular disturbances. A detailed examination of patients 

with PEX by a specialist in internal diseases or a neurolo-

gist should be made. Such examinations can be helpful in 

the prevention of vascular disease development among pa-

tients with PEX, especially at early stages-.
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ABSTRACT

Studies conducted among Catholics and Protestants 

have shown higher levels of prayer and religious experience 

among women compared to men and have suggested that 

these gender diff erences may be a refl ection of diff erences in 

personality and socialization. However, the impact of ortho-

dox religion on adolescents’ psychological and social well-

being remains unknown. 

Th e aim of this study was to investigate the infl uence of Or-

thodox religious studies (Orthodox Catechism) on gender diff er-

ences in adolescents’ needs for affi  liation and achievement and 

their eff ect on adolescents’ attitudes about their purpose in life.

Th is study is the fi rst to show that Orthodox Catechism af-

fects adolescents’ needs for affi  liative and achievement motiva-

tion in a gender-dependent manner. Orthodox Catechism en-

hances the competition motives of male adolescents and has a 

signifi cant infl uence on the development of emotional support 

and goal achievement as well as providing a source of pleasure 

for female adolescents. Th us, the Orthodox Catechism is relat-

ed to gender diff erences in adolescents’ sense of purpose in life. 
In conclusion, our fi ndings emphasize the eff ects of the 

Orthodox Catechism on the expression of adolescents’ 

psycho-emotional characteristics, demonstrating that the 

Orthodox religion has a positive infl uence on adolescents’ 

needs for affi  liation and achievement and aff ects their at-

titudes about their purpose in life. 

Keywords: Orthodox Catechism, gender, affi  liation, 

achievement, motive, purpose in life
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SAŽETAK

Studije sprovedene među katolicima i protestantima su 

pokazali veći stepen religioznog iskustva kod žena u odnosu 

na muškarce, sugerišući da se ove razlike mogu odraziti i ra-

zlikama u psihološkim karakteristikama ličnosti i u njihovoj 

socijalizaciji i ponašanju. Međutim, uticaj pravoslavne reli-

gije na razvoj psiholoških i socijalnih karakteristika adoles-

cenata je i dalje nepoznat.

Cilj ove studije je bio da se ispita uticaj učenja pravoslav-

ne religije (Pravoslavni katihizis) na razlike među polovima 

u razvoju i ispoljavanju motiva postignuća i afi lijativne mo-

tivacije adolescenata kao i da se utvrdi da li ove razlike utiču 

na stavove adolescenata o smislu života.

U ovom radu, po prvi put je pokazano da Pravoslavni 

katihizis utiče na razvoj motiva postignuća i afi lijativne mo-

tivacije adolescenata različito kod muškaraca i žena. Pravo-

slavni katihizis pojačava takmičarski motiv muških adoles-

cenata, ima značajan uticaj na razvoj emocionalne podrške i 

postizanje cilja kao izvor zadovoljstva ženskih adolescenata 

i utiče na stavove adolescenata o smislu života .

Rezultati predstavljeni u ovom istraživanju ukazuju da 

Pravoslavni katihizis utiče na ekspresiju psiho-emocionalnih 

karakteristika adolescenata pokazujući da pravoslavna reli-

gija ima pozitivan uticaj na razvoj motiva postignuća, afi li-

jativne motivacije i da na pozitivan način utiče na stavove 

adolescenata o smislu života.

Ključne reči: Pravoslavni katihizis, pol, afi li-jativna 

motivacija, motiv postignuća, smisao života
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INTRODUCTION

For believers, complete and true devotion and obedi-

ence to God is a constant source of spiritual, emotional, and 

moral energy and is helpful in resisting destructive envi-

ronmental attacks as well as social and mental disruption 

(1). For the past few decades, researchers have systematical-

ly investigated connections between religiosity and mental 

health and have identified a consistent relationship between 

them in adolescent populations (2-5). 

Higher levels of religiosity and spirituality in adoles-

cents have been associated with better mental health (6), 

a reduction in the negative effects of psychiatric disorders 

on suicidal thoughts (7-8), and protective effects for the 

emotional and physical well-being of adolescents exposed 

to traumatic events (9-10). 

A general conclusion in the psychological literature 

is that women are more religious than men (11). Studies 

conducted among Catholics and Protestants have shown 

higher observance of prayer and religious experience 

among women compared to men, suggesting that these 

gender differences may reflect differences in personality 

and socialization (11). 

Affiliation and achievement motives are important for 

the psychological and social well-being of young adults (12). 

Achievement motivation is an important issue for psycholo-

gists of religion because it has been correlated with person-

ality traits and religiosity (12). Moreover, gender differences 

in achievement motivation have been studied widely in the 

context of academic achievement (13) because gender dif-

ferences in motivation have been found to predict adoles-

cents’ differences in academic achievement (14).  

Affiliative motivation, defined as the desire to get along 

with another person to create, preserve, or re-establish 

positive relations, is closely related to religiosity. Religion 

helps people to affiliate and coordinate with one another 

to maintain a distinctive social identity (15-16). However, 

this positive effect of religion on affiliative motivation may 

be culture-specific. Many religious traditions differenti-

ate between the religious obligations of men and women, 

which also affects affiliative motivation (17). 

The influence of religiousness on adolescents’ needs 

for affiliation and achievement is carried over direct 

physiological pathways. Religious studies have examined 

gender  differences in these personal traits, and a positive 

association has been found between intrinsic religious ori-

entation and a sense of purpose in life among Catholics 

and Protestants (18-19). A greater sense of purpose in life 

has also been found among intrinsically religiously ori-

ented adolescents of both genders. A sense of purpose in 

life is positively related to the happiness, life satisfaction, 

and general psychological well-being of young adults (19). 

In addition, religious education has a positive impact on 

the sense of purpose in life, and individuals who describe 

themselves as having strong religious faith are happier 

and more satisfied with their lives. This finding indicates 

that spirituality and religiosity are important psychologi-

cal mechanisms for managing adolescents’ stressful life 

events (6).

The consistency of the previously discussed findings 

across a diversity of samples, designs, methodologies, 

religiousness, and population characteristics serves to 

strengthen the inference of a positive association between 

religion and adolescents’ emotional well-being. However, 

all of these studies were conducted among Catholics, Prot-

estants, Jews, and Muslims. The impact of Orthodox reli-

gion on adolescents’ needs for affiliation and achievement 

remains unknown. 

This research examines the influence of the Orthodox 

religion (Orthodox Catechism) on the gender differences 

in adolescents’ needs for affiliation and achievement that 

affect their attitudes about their purpose in life.

MATERIALS AND METHODS

Participants

The participants in this study were adolescents (18-21 

years old) who were students of the Faculty of Medical 

Sciences, University of Kragujevac, Serbia (N=435). Male 

and female participants were divided into two groups de-

pending on their studies during high school: Orthodox 

Catechism or civic education. The study was approved by 

the Ethical Committee of the Faculty of Medical Sciences, 

University of Kragujevac, Serbia.

Psychological tests

The students responded to standardized psychological 

tests (the purpose in life scale, the need for affiliation test, 

and the need for achievement test) that were previously 

standardized in the Serbian population . 

Need for achievement test 

The need for achievement test was used to measure 

the achievement motivation of adolescents. This test is an 

adaptation of the original scale constructed by David Mc-

Clellan (20). It contains 55 items that assess four factors 

of achievement motivation: competition (example: “The 

biggest motivation for me is competition with others”), 

perseverance in achieving a goal (example: “I always finish 

the job that I started”), achievement of a goal as a source 

of pleasure (example: “Just the thought that I managed to 

accomplish a goal is positive for me”), and orientation to-

wards planning (example: “I feel great satisfaction when 

I manage to complete my daily plan”). These four com-

ponents are independent of each other, and together they 

form a general achievement motivation factor that is high-

ly correlated with all four sub-factors. The participants 

responded on a 5-point scale ranging from 1 (“not true of 

myself”) to 5 (“definitely true of myself”). The scale of the 

negatively worded items (numbers 14, 16, 18, 19, 47, 49, 52, 
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and 55) was reversed before the sum of all items was taken. 

The total score was calculated as the sum of all items.

Adolescents who scored higher on the “competition” 

sub-scale have a competitive spirit, a desire to be better 

than others, and a need to show people how successful they 

are. Adolescents who scored higher on the “perseverance 

in achieving the goal” sub-scale are willing to spend ma-

nysignificant time and effort to achieve a goal; they know 

what they want, and they do not give up despite the odds. 

Respondents who scored high on the “achievement of the 

goal as a source of pleasure” sub-scale feel good when they 

achieve their goals. Adolescents with high scores on the 

“orientation towards planning” sub-scale prefer to plan 

their activities in advance. 

Need for affiliation test

The need for affiliation test is an adaptation of the In-

terpersonal Orientation Scale by Craig Hill (21). This scale 

has been used to operationalize affiliation. The original 

scale consists of 26 items grouped in four subscales de-

termining four factors of affiliative motivation: emotional 

support (example: “Whenever something bad happens to 

me, it is most helpful for me to spend time with my inti-

mate friends”), social comparison (example: “When I am 

not sure how good I am, it helps me to compare myself 

with other people”), positive stimulation (example: “The 

fact that I can learn something about people gives me great 

pleasure”), and attention (example: “I enjoy when people 

think that I am an important person”). Participants re-

sponded on a 5-point scale ranging from 1 (“not true of 

myself”) to 5 (“definitely true of myself”). The total score 

was calculated as the sum of all items. Adolescents who 

had higher scores are considered to be “highly affiliated”; 

they more often seek social contact with others, commu-

nicate more often with colleagues, and visit friends more 

frequently than others. If a respondent had a high score in 

only a single dimension of affiliative motivation, this type 

of affiliative motivation is his/her main motivation for en-

tering into social contacts.

The purpose in life scale 

The purpose of life scale is used to assess adolescents’ 

sense of purpose and meaning in life. This scale is an ad-

aptation of the purpose in life test by James Crumbaugh 

(22). It consists of 23 items that assess the emotional and 

cognitive aspects of purpose in life (representative items: 

“I have discovered satisfying goals and a clear purpose in 

life”; “If I should die today, I would feel that my life has 

been worthwhile”; “My personal existence often seems 

meaningless and without purpose”). The participants re-

sponded on a 5-point scale ranging from 1 (“not true of 

myself”) to 5 (“definitely true of myself”). The scale of the 

negatively worded items (numbers 1, 3, 5, 6, 7, 8, 12, 15, 16, 

and 20) was reversed before the sum of all items was taken. 

The total score was calculated as the sum of all items.

Procedure

The psychological tests, standardized for the Serbian 

population, were administered anonymously to the stu-

dents in their classrooms. The students volunteered for 

the study after the tester briefly explained its purpose and 

assured them that anonymity would be maintained. If any 

student did not want to participant, he/she was allowed 

to leave the testing session . The data were collected and 

analyzed by a trained psychologist. 

Statistical analysis

All statistical analyses were conducted using SPSS 

19.0 for Windows software. The results were analyzed 

using Student’s t-test or a Mann-Whitney test on the de-

pendence of normal distribution determined by a Kolm-

ogorov-Smirnov test. Correlation between the values was 

determined by Pearson’s correlation. The data were ex-

pressed as the mean ± standard error (SEM). Values of p 

<0.05 were considered statistically significant.

RESULTS

Orthodox Catechism enhances achievement

of the goal as a source of pleasure

among female adolescents

As shown in Figure 1, Orthodox religious education 

enhances the motivation to achieve goals as a source of 

pleasure among female adolescents. Female students had 

significantly higher scores on the “achievement of the goal 

as a source of pleasure” sub-scale in comparison with male 

students (p<0.01). The results from the male and female 

adolescents who studied civic education, who were used 

as the control group in this test, showed no significant dif-

ference on the “achievement of the goal as a source of plea-

sure” sub-scale among these participants. 

The Pearson correlation test further confirmed the influ-

ence of the Orthodox Catechism on the development of mo-

tivation for the achievement of a goal as a source of pleasure 

among female adolescents. There was a significant correla-

tion between gender and the score on the “achievement of the 

goal as a source of pleasure” sub-scale among students who 

studied the Orthodox Catechism (r=0, 223; p<0,01), where-

as there was no significant correlation in these parameters 

among adolescents who studied civic education.

Orthodox Catechism enhances

competition motive of male adolescents

The results obtained for the “competition” sub-scale of 

the need for achievement test (Figure 2) showed a signifi-

cantly higher score among male adolescents who studied 

Orthodox Catechism compared to female students (p < 
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0.05). On the contrary, there was no significant difference 

in the “competition” sub-scale between male and female 

adolescents who studied civic education, suggesting that 

the Orthodox Catechism enhances the competition mo-

tives of male adolescents.

As shown in Table 1, there were no significant differenc-

es for the scores on the “perseverance in achieving the goal” 

and “orientation toward planning” sub-scales between the 

examined participants, suggesting that competition mo-

tives and achievement of the goal as a source of pleasure 

were mainly affected by the Orthodox Catechism.   

              

Orthodox Catechism has a significant influence on 

the development of emotional support as a major affili-

ative motive among female adolescents 

The results obtained on the need for affiliation test 

(Figure 3) showed that emotional support is the main af-

filiative motive of female adolescents who studied Ortho-

dox Catechism (p <0.05) and civic education (p <0.01). 

The Pearson correlation test showed a significant 

correlation between gender and emotional support only 

among adolescents who studied the Orthodox Catechism 

(r=0,145; p<0,05), indicating that the Orthodox Catechism 

has a significant influence on the development of emo-

tional support as a major affiliative motive among female 

adolescents.

As shown in Table 1, there were no significant differ-

ences for the scores on the sub-scales determining social 

comparison, positive stimulation, and attention between 

the examined participants, suggesting that emotional 

support is the main motive for female adolescents to enter 

into social contacts.

Orthodox Catechism affects male adolescents’ sense 

of purpose in life

Only among adolescents who studied civic education, 

there was significant but negative correlation between 

gender and the purpose in life score (r=-0,159; p<0,05). 

Additionally, female adolescents who studied civic educa-

tion scored significantly higher on the purpose of life scale 

compared to male students who studied civic education. 

As shown in Figure 4, Orthodox Catechism affects male 

adolescents’ sense of purpose in life. Male adolescents who 

studied the Orthodox Catechism scored higher on the 

purpose of life scale then male students who studied civic 

education, with a loss of statistical significance between 

the genders among adolescents who studied the Orthodox 

Catechism.

DISCUSSION

The role of Orthodox religion in the expression of the 

psycho-emotional and social characteristics of adolescents 

is completely unknown. This study is the first to demon-

Figure 1. Th e results obtained on the “achievement of the goal as a 

source of pleasure” sub-scale of the need for achievement test

Figure 2. Th e results obtained on the “competition” sub-scale of the need 

for achievement test

Figure 3. Th e results obtained on the “emotional support” sub-scale of 

the need for affi  liation test

Figure 4. Results obtained on the purpose in life scale
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strate that Orthodox religious education shows gender dif-

ferences in  adolescents’ needs for affiliation and achieve-

ment, altering their sense of purpose in life.

Numerous studies have examined the relationship be-

tween religiosity and gender differences with regard to affili-

ative and achievement motivation (15-16, 23-24). This study 

is the first to show that the Orthodox Catechism significantly 

enhances the achievement of a goal as a source of pleasure 

among female adolescents (Figure 1) and enhances the com-

petition motive of male adolescents (Figure 2). Our data are in 

line with the results obtained by Allan Wigfield (25), suggest-

ing that male students are more likely to express a competi-

tion motive due to their higher competence beliefs in sports 

activities, whereas female adolescents are more likely to ex-

press achievement motives that are related to social activities, 

satisfaction, and enjoyment. It seems that Orthodox religious 

education stimulates the expression and/or development of 

achievement motives, which are rooted in the socialization 

processes of male and female adolescents (23). These find-

ings are consistent with the notion that religious education 

serves the relational function of establishing a shared sense 

of reality that helps to maintain and coordinate important 

social relationships (12). We are the first to show the relation 

between the Orthodox religion and emotional support. Our 

data indicate that the Orthodox Catechism has a significant 

influence on the development of emotional support as a major 

affiliative motive among female adolescents (Figure 3). Our 

data are in line with previous studies conducted among Prot-

estants and Catholics, as reviewed by Ji and colleagues (26), 

supporting the belief that the Christian religion advances 

the development of emotional support among female adoles-

cents. Importantly, these pro-social traits or emotional dis-

positions are typical of religiosity not only among Protestants 

and Catholics but also among Buddhists, Jews, and Muslims 

(26). According to Saroglou (27), religious people tend to at-

tribute high importance to the value of benevolence, which 

is the motivational essence of emotional support. Religious 

people feel, think, and value things in a way that emphasizes 

the importance of others’ interests and needs, suggesting 

pro-sociality as a key and universal characteristic of religious 

personality (27). It should be emphasized that among Prot-

estants, Catholics, and Hindus, women are concluded to be 

more religiously active than men and have strongly expressed 

motives toward emotional support (11). In line with these 

findings, our data indicate that among Orthodox Christians, 

emotional support is the main affiliative motive and is par-

ticularly expressed among women.

A strong and an intrinsic religious orientation might 

be sufficient for young adults to achieve a sense of pur-

pose in life. In turn, purpose in life is positively associated 

with life satisfaction and has a strong positive correlation 

with subjective well-being (19). Accordingly, we found that 

male adolescents who studied Orthodox Catechism had a 

higher score on the purpose of life scale then male stu-

dents who studied civic education, with a loss of statisti-

cal significance between genders among adolescents who 

studied Orthodox Catechism. Our results are in line with 

data obtained by Martin Pinquart, who found small gen-

der differences and an age-associated decline of purpose 

in life only in populations of older adults (28). According 

to Pinquart, there are no gender differences in purpose in 

life among young adults because most middle-aged peo-

ple experience, for the first time, age-associated losses of 

sources of their purpose in life after they realize that some 

of their previous long-term goals are not realistic  (28).

CONCLUSIONS

This study is the first to show that the Orthodox 

Catechism affects adolescents’ needs for affiliative and 

achievement motivation in a gender-dependent manner. 

The Orthodox Catechism enhances the competition mo-

tives of male adolescents and has a significant influence on 

the development of emotional support and achievement of 

goals as a source of pleasure among female adolescents. 

Thus, the Orthodox Catechism is related to gender differ-

ences in adolescents’ sense of purpose in life.
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Sub-scale

Orthodox Catechism

female vs. male

(Mean ± SE)

civic education

female vs. male

 (Mean ± SE)

Perseverance in achieving the goal 61.37 ± 0.56  vs. 60.02 ± 1.14 60.56 ± 0.57  vs. 58.54 ± 0.93

Orientation toward planning 26.66 ± 0.59  vs. 26.65 ± 0.99 27.29 ± 0.49  vs. 25.71 ± 1.02

Social comparison 12.69 ± 0.22  vs. 12.58 ± 0.47 12.52 ± 0.20  vs. 13.29 ± 0.34

Positive stimulation 16.76 ± 0.31  vs. 17.00 ± 0.50 16.49 ± 0.26  vs. 16.10 ± 0.46

Attention 12.17 ± 0.31  vs. 13.17 ± 0.46 12.03 ± 0.22  vs. 12.40 ± 0.43

Table 1. Th e mean values obtained on the need for achievement and need for affi  liation tests
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ABSTRACT

Background. Although prescribing antipsychotics to 

patients with schizophrenia is advised by national and/or 

international evidence-based practice guidelines, the imple-

mentation of the guidelines in clinical practice is still matter 

of concern.

Objective. Th e aim of our study was to estimate schizo-

phrenia guideline adherence and identify eventual barriers 

to its implementation in Montenegro.

Method. Th is study used focus group methodology. Th e 

focus group was composed of two psychiatrists, one psy-

chologist, one pharmacist from a community pharmacy, 

one pharmacist from the State reimbursement fund, one 

pharmacist from a drug wholesaler and the chief investiga-

tor, a clinical pharmacologist. Th e focus group took place in 

Podgorica, Montenegro, in 2013. Th e analysis of recordings 

was performed using an iterative, qualitative technique and 

a constant comparison method.

Results. Th e most important barriers to the implementa-

tion of evidence-based guidelines for the treatment of schizo-

phrenia in Montenegro are non-adherence to medication, 

low level of psychiatrist-patient concordance, restrictive pro-

cedures for prescribing atypical antipsychotics, lack of avail-

ability of newer antipsychotics and some dosage forms, and 

mixing primary, secondary and tertiary care services within 

a tertiary care psychiatric institution.  

Conclusion. Addressing the barriers identifi ed by this fo-

cus group and avoiding the consequences of poor adherence 

would be the fi rst steps for better mental health planning in 

the community.

Key Words: Schizophrenia, treatment guidelines, non-

adherence, concordance.

SAŽETAK

Uvod. Mada je propisivanje antipsihotika pacijentima 

sa šizofrenijom regulisano nacionalnim i/ili međunarodnim 

smernicama dobre kliničke prakse, zasnovanim na dokazi-

ma, primena ovih smernica u praksi je daleko od željene. 

Cilj. Cilj naše studije je bio da proceni koliko se psihija-

tri u Crnoj Gori pridržavaju smernica prilikom propisivanja 

antipsihotika, i da identifi kuje eventualne prepreke za njiho-

vu punu primenu. 

Metod. U studiji je korišćena matodologija fokus grupe. 

Fokus grupu su sačinjavali dva psihijatra, jedan psiholog, 

jedan farmaceut iz vanbolničke apoteke, jedan farmaceut 

iz Fonda zdravstvenog osiguranja, jedan farmaceut pred-

stavnik veledrogerije i glavni istraživač, klinički farmakolog. 

Sastanak fokus grupe je održan u Podgorici, Crna Gora, to-

kom 2013. godine. Analiza fonografskih zapisa sa sastanka 

je rađena iterativnom kvalitativnom tehnikom i metodom 

stalnog poređenja. 

Rezultati. Najvažnije prepreke za punu primenu vodiča 

za lečenje šizofrenije su ne-pridržavanje propisanoj terapiji, 

nedovoljno učešće pacijenata u donošenju odluka o njihovom 

lečenju, komplikovana administrativna procedura za propi-

sivanje atipičnih antipsihotika, nedostupnost novijih antip-

sihotika i nekih doznih formi, kao i pomešanost primarnih, 

sekundarnih i tercijernih zdravstvenih usluga u bolnicama 

namenjenim samo za tercijernu zaštitu.  

Conclusion.  Obraćanje pažnje na prepreke za prime-

nu smernica koje je identifi kovala focus grupa i popravljanje 

adherence pacijenata su prvi koraci ka boljem planiranju 

psihijatrijske zdravstvene zaštite u Crnoj Gori.

Ključne reči: Shizofrenija, smernice dobre kliničke prak-

se, slaba adherenca, učešće pacijenta.

UDK: 615.214.2(497.16) / Ser J Exp Clin Res 2014; 15 (1): 39-42

DOI: 10.2478/SJECR20140006
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INTRODUCTION

Prescribing antipsychotics to patients with schizo-

phrenia has been advised by national and/or international 

evidence-based practice guidelines for decades in the ma-

jority of countries (1,2). However, implementation of the 

guidelines in clinical practice is still matter of concern. 

While there are positive examples of successful guide-

line implementation (3,4), there are substantial barriers 

in many areas, especially in developing countries (5). The 

nature of these barriers is diverse, ranging from psycho-

logical to cultural, managerial and financial issues. Two 

hundred ninety-three potential barriers to guideline im-

plementation were described and classified in the follow-

ing groups: awareness of guidelines, familiarity with the 

guidelines, agreement with the guidelines, self-efficiency, 

outcome expectations, ability to overcome the inertia of 

previous practice, and external barriers to conduct recom-

mendations (6).  

The identification of all relevant barriers to the im-

plementation of guidelines is an unavoidable step in the 

process of designing measures to improve antipsychotic 

prescribing in any region. Because the barriers are cul-

ture- and country-specific (7), only research in local set-

tings could elucidate the main obstacles for employing 

these guidelines (8). In Montenegro, national treatment 

guidelines (9) for schizophrenia were issued just 2 years 

ago (in 2012), and their implementation was left to practi-

tioners. There has been no research in Montenegro up to 

investigate the success of this effort.

The aim of our study was to estimate schizophrenia 

guideline adherence and identify eventual barriers to its 

implementation in Montenegro, using a focus group ap-

proach.

MATERIALS AND METHODS

This study used focus group methodology. The focus 

group was composed of two psychiatrists and one psychol-

ogist from a mixed secondary/tertiary care health facility 

in Podgorica, Montenegro, one pharmacist from a com-

munity pharmacy in Podgorica, one pharmacist from the 

State reimbursement fund of Montenegro, one pharmacist 

from a drug wholesaler in Podgorica and the chief investi-

gator, a clinical pharmacologist. The group met on one oc-

casion (June 17th, 2013) in a physicians’ room at Psychiatric 

Clinic, Podgorica, Montenegro. The chief investigator pre-

pared questions for the meeting (the guide) which he used 

as a tool for initiating discussion. The meeting had an in-

formal brainstorming format without any schedule limita-

tions for expressing opinions and attitudes. The duration 

of the meeting was 2 hours, and it was audio-recorded.

 Over the following week, the investigators analy-

sed the recordings independently and extracted emerg-

ing themes. They then held a new meeting where they 

achieved a consensus about the content and conclusions. 

The framework approach was applied. Analysis was per-

formed using an iterative qualitative technique and a con-

stant comparison method. The thematic framework by 

which data were examined and referenced was drawn on 

“a priori issues” informed by the original research objec-

tives and topics covered by the focus group guide as well as 

common sense categories anticipated during the process 

of data collection and transcribing. 

As feedback validation, the investigators informed the 

focus group participants about the findings and conclu-

sions, and they all agreed upon the remarks. 

RESULTS

The barriers to implementation of national schizophre-

nia treatment guidelines that were identified by the focus 

group could be classified in the following theoretically 

informed categories: patient-related, prescriber-related, 

healthcare system-related and sociocultural issues.

Patient-related barriers

The participants of the focus group agreed that one of 

the most important patient-related barriers is low patient 

adherence to prescribed antipsychotic therapy. Although 

they said that “nobody is checking adherence of the pa-

tients to prescribed therapy”, they believe that at “least 

70% of the patients” were not taking their antipsychotics 

therapy as prescribed. 

Another patient-related phenomenon could be their 

insufficient participation in decision-making process 

during prescribing. The psychiatrists said that they “...in-

form the patients completely, devoting a lot of manymuch 

time during their discharge to explaining everything about 

their therapy, and the patients sign documentation at the 

end that they are well-informed...” However, the psychia-

trists also admitted that the patients with schizophrenia 

“...rarely take part in the prescribing decisions...”

 

Prescriber-related barriers

From the group discussion, it became clear that psy-

chiatrists mostly avoid prescribing oral forms of atypical 

antipsychotics because “...the efficacy of risperidone and 

olanzapine is low in practice, although honorable profes-

sors keep saying that atypicals are very effective...” They 

said that atypicals “...are only helping 20-30% of patients 

and are suitable only for mild forms of schizophrenia...” 

Belief in the lack of effectiveness of risperidone and olan-

zapine is most likely the main reason psychiatrists avoid 

atypicals because  because they were well-informed about 

and comfortable with the safety profiles. They stated, “...

very frequently we observe hyperprolactinemia with ris-

peridone, but this is easily handled by endocrinologists,” 

and “...clozapine is effective drug, and its hematological 

adverse effects are rare...we check blood counts regularly...” 



41

The discussion revealed that only two atypical antipsy-

chotics are usually prescribed (clozapine and risperidone).

The psychiatrists had long-term experience with typi-

cal antipsychotics and their efficiency and reliability in the 

moderate and severe forms of schizophrenia: “...when the 

patient is difficult, we give him haloperidol, and we calm 

him safely...if we give him risperidone, he just keeps on 

fooling around...” Although they agreed that a combina-

tion of antipsychotics is now given rarely (“...some retired 

doctors gave it to everybody in the past.”), they “... still have 

to give it in difficult patients...when one antipsychotic is 

not enough...” The pharmacist from a community phar-

macy said that she noticed “...the patients are oversedated...

probablymost likely because of co-prescribed sedatives...

but maybe for some other reason, I do not know...we have 

to ask psychiatrists...” 

Healthcare system-related barriers

The availability of atypical antipsychotics is also an 

important factor which may influence underprescrib-

ing these pharmaceuticals. From the focus group discus-

sions, it was determined that there is only one available 

option for the treatment of acute psychosis, i.e., only one 

parenteral immediate-release form of antipsychotics that 

has marketing authorisation in Montenegro: haloperidol, 

a typical antipsychotic. Moreover, although psychiatrists 

in Montenegro make prescribing decisions autonomously, 

prescribing newer atypical antipsychotics is a restricted 

procedure which requires endorsement by a special com-

mittee composed of three psychiatrists. Finally, although 

atypical antipsychotics are 100% covered by the Montene-

grin State Reimbursement Fund, it frequently happens that 

they are not available in state-owned community pharma-

cies, so the patients have to buy them out-of-pocket. 

Special problems in prescribing antipsychotics to pa-

tients with schizophrenia are made by certain organisa-

tional issues. The psychiatrists in secondary and tertiary 

care health facilities are obliged by local regulations to 

examine and treat any patient who on the premises, re-

gardless of whether he or she was previously evaluated by 

general practitioner or primary care psychiatrist; a patient 

or accompanying person declaring a state of emergency 

necessitates medical attention. This puts a huge work bur-

den on the hospital psychiatrists, and hampers their abil-

ity to consider various treatment options, including newer 

atypical antipsychotics.  

     

Sociocultural issues

There was one clear sociocultural issue that emerged 

from the focus groups discussion: patients with schizo-

phrenia are unable to completely understand their situ-

ation and therapy issues, as perceived by psychiatrists, 

their relatives, and professionals. The pharmacist from 

the community pharmacy said that “...mostly relatives of 

patients with schizophrenia come to pharmacies for drug 

refills...so it is difficult to explain things to the patients...” 

The psychiatrists said that “...they spend more time ex-

plaining things to the patient’s relatives than to the patient 

themselves...” 

DISCUSSION

The study showed that the issue of non-adherence to 

prescribed antipsychotic therapy is recognised by all group 

members. We classified it as a patient-related barrier, how-

ever, it might be more appropriate to evaluate this issue 

from different perspectives;  because non-adherence is 

adversely interrelated with both healthcare professionals 

and system-related issues. The identified non-adherence 

issue might influence physicians’ prescribing choices and 

attitudes toward of efficacy of new treatment options. Ac-

cording to views expressed by focus group participants, it 

is difficult to determine in clinical practice whether a pa-

tient is a non-responder or non-adherent to certain antip-

sychotic. Prescribers may switch to another antipsychotic 

with false impression that the previous one (e.g., atypical) 

was ineffective. 

Non-adherence to medications in schizophrenia pa-

tients is well-acknowledged worldwide (10, 11). The land-

mark Clinical Antipsychotic Trials of Intervention Effec-

tiveness (CATIE) study revealed that 74% of patients had 

discontinued their medication within 18 months (11). The 

World Health Organization identified non-adherence as 

most likely “the most challenging aspect” of multidisci-

plinary schizophrenia treatment (10). 

Although evaluating the causes of non-adherence is 

beyond the scope of this study, there are some features de-

clared by participants that are already identified as predic-

tors of poor adherence in the literature (10). As it may be 

concluded both from the pharmacists’ and psychiatrists’ 

input, the patients’ beliefs and attitudes are discounted 

in decisions about the therapy. In recent literature, con-

cordance is consistently found to be a superior concept in 

addressing these issues rather than the traditional pater-

nalistic doctor- patient relationship, where the prescribing 

regimen is not negotiated with patients themselves. (12)

On the other hand, there are some barriers unrelated to 

physicians which adversely affect guideline conformance 

and consequently treatment outcomes. Limited access to 

medicines was already identified as important barrier for 

guideline conformance (13). Our focus group also cited a 

lack of availability of the whole spectrum of pharmacolog-

ical treatment options for schizophrenia both in hospital 

(only one parenteral antipsychotic for fast tranquilisation) 

and in the public pharmacy settings (more complicated 

procedure for getting atypicals prescribed, shortages of 

the atypicals in public pharmacies). In guideline-confor-

mant schizophrenia treatment services it was found that 

“the absence of barriers to access for pharmacological 

therapies likely enhances the higher conformance to these 

(guideline) recommendations.” (13).
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Although a patient-centered approach, a positive rela-

tionship with clinical staff at follow-up and guidance re-

garding drug use are found to be essential for improving 

adherence (10), there are system barriers that were identi-

fied and not addressed properly by the health authorities. 

Physicians emphasizised that time constraints adversely 

impact their capacity to provide appropriate care for their 

patients. The root of the problem might be traced to un-

deruse of primary care psychiatric services and direct ac-

cess to tertiary care psychiatrists for all those who think 

they urgently need psychiatrist.

In conclusion, the most important barriers to imple-

mentation of evidence-based guidelines for treatment of 

schizophrenia in Montenegro are non-adherence to medi-

cation, low level of psychiatrist-patient concordance, re-

strictive procedures for prescribing atypical antipsychot-

ics, lack of availability of newer antipsychotics and some 

dosage forms, and mixing primary, secondary and tertiary 

care services within a tertiary care psychiatric institution.  

Addressing the barriers identified by this focus group and 

avoiding consequences of poor adherence would be the 

first steps for better mental health planning in the com-

munity. 
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ABSTRACT

We reported a case of a 22-year-old male patient with 

swallowing diffi  culties and double vision. He was diagnosed 

on the basis of a positive pharmacological test, damage to 

the postsynaptic neuromuscular junction and computed to-

mography of the thorax. Tests for antibodies targeted to ace-

tylcholine receptors and to muscle-specifi c tyrosine kinase 

were negative. A partial improvement in neurological fi nd-

ings following treatment with pyridostigmine bromide, cy-

closporine and methylprednisolone was notedadministered. 

Th e patient responded favourably to plasma exchange with 

a withdrawal of all clinical symptoms, confi rming the hy-

pothesis that humoral factors may underlie the pathogenesis 

of double-negative MG .
Keywords: seronegative Myasthenia gravis, anti-LRP4 

autoantibodies 
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SAŽETAK

Prikazali smo slučaj 22-godišnjeg muskarca sa klinič-

kom slikom otežanog gutanja i dvoslika. Bolest myasthenia 

gravis (MG) je dijagnostikovana na osnovu pozitivnog fara-

makološkog testa, pozitivnog testa neuromišićne transmisi-

je, kompjuterizovane tomografi je medijastinuma. Antitela 

protiv acetilholinskog receptora (AChR)  i antitela protiv 

mišićno specifi čnog receptora za tirozin kinazu (MuSK).  

bila su negativna. Zabeleženo je delimično poboljšanje  u 

neurološkom nalazu na ordiniranu terapiju Piridostigmi-

nom, Ciklosporinom, kortikosteroidima. Bolesnik je imao 

povoljan odgovor na izmenu plazme sa povlačenjem  svih 

kliničkih siimptoma što potvrdjuje hipotezu  o učešću hu-

moralnih faktora  u patogenezi dvostruko negativne MG. 

Ključne reči:  seronegativna Myasthenia gravis, anti-

LRP4 antitela

ABBREVIATIONS

AChR – acethylcholine receptor

EMNG – electromyoneurography

IgG – immunoglobulin G

MG – Myasthenia gravis

MuSK – muscle-specific tyrosine kinase

LRP4 – low density lipoprotein

receptor-related protein 4

SNMG – seronegative Myasthenia gravis

INTRODUCTION

Myasthenia gravis (MG) is an autoimmune disease 

affecting the neuromuscular junction of skeletal muscle, 

and in most patients, it is caused by acetylcholine recep-

tor (AChR)-targeted antibodies (1). These antibodies, of 

the IgG isotype, are detected in 80-90% of generalised 

MG and in 50-70% of ocular MG. The remaining 10-20% 

of MG patients are AChR antibody-negative (seronega-

tive). In 40% of patients with seronegative MG, IgG an-

tibodies targeted to the muscle-specific kinase (MuSK) 

are found, which do not occur in patients with seroposi-

tive MG (2). However, approximately 10% of patients with 

generalised myasthenia gravis  show no antibodies to 

AChR or MuSK, findings that may be revealed using rou-

tine methods, and these patients are described as having 

double seronegative MG (3).

In this case study, we reported a patient with double 

seronegative m yasthenia gravis (SNMG), who was nega-

tive for anti-AChR and anti-MuSK antibodies.
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neuromuscular junction that leads to fluctuating muscle 

weakness (3).The term seronegative myasthenia gravis 

(SNMG) refers to a generalised disease without detectable 

anti-acetylcholine receptor (anti AChR) antibodies (4). 

However, approximately 10% of patients with generalised 

myasthenia gravis show no antibodies to AChR or MuSK 

and are described as having double seronegative MG (5).

Up to 66% of these patients (double seronegative pa-

tients) show a low titre of low affinity antibodies targeted 

to AChRs. After 12 months, 15,2% of initially seronegative 

patients had become seropositive, yielding a seronegativity 

rate of 8,2%. Of seronegative patients not receiving immu-

nosuppressants, 38% were MuSK antibody-positive and 43% 

were seropositive for non-muscle autoantibodies (6). In the 

Serbian population, anti-AChR antibodies were detected in 

sera of 84,1% of patients, whereas 15,9% of patients did not 

show these antibodies (AChR antibody-negative patients). 

Of these AChR antibody-negative patients, anti-MuSK an-

tibodies were detected in 36,4% of patients (7).

In our case, we report upon a male patient with double 

seronegative myasthenia gravis, who showed no detectable 

anti-AChR or anti-MuSK antibodies. This profile follows 

the distribution of gender in SNMG with anti-MuSK an-

tibodies, where a higher prevalence is observed in females 

(3). Seronegative myasthenia gravis is more similar to ace-

tylcholine receptor antibody-positive myasthenia gravis 

than MuSK antibody-positive myasthenia gravis with re-

spect to clinical features, immunosuppressive treatments 

and thymic pathology (8); however, subtle differences exist 

in age at onset, maximum severity and regional distribu-

tion of myasthenic weakness (1).

In MuSK-negative patients, the clinical profile is more 

heterogeneous. The majority of patients show mild disease. 

Limb muscles are more commonly affected, and bulbar signs 

are both less frequent and less severe than in MuSK-positive 

subjects (9). Involvement of the bulbar musculature was ob-

served in 60,1% of MuSK-positive patients, 35,2% of AChR-

positive and 23,8% of double negative patients at onset. The 

number of patients who showed bulbar symptoms at the 

final observation was 29,1% in the MuSK-positive group vs. 

only 6,7% in the double negative group (10). In our patient, 

his disease began with acute bulbar musculature weakness 

with ptosis and diplopia. Additionally, in seronegative MuSK 

patients, respiratory crises are rare, whereas our patient de-

veloped respiratory failure on the ninth day of disease.

We noted a good response of our patient to pharmaco-

logical tests and a positive pyridostigmine test for neuromus-

cular junction. The single fibre EMG test is particularly use-

ful in complete seronegative MG cases in which the RNS test 

is negative; however, this test is not used in our institution 

(11). A recent report indicated that more than 60% of AChR 

and MuSK antibody-negative MG patients show low-affinity 

antibodies to AChRs. These data indicate that at least some 

double seronegative MG patients have antibodies directed 

against AChR that are not detected by routine immuno-

precipitation assays. These findings strongly imply that the 

SNMG antibodies are directed towards AChRs but that they 

CASE REPORT

In September 2011, a 22-year-old male patient was ad-

mitted to the Department of Neurology in Kragujevac, 

who had difficulty in swallowing and double vision. These 

symptoms had occurred on the day prior to admission. 

Neurological examination upon admission showed diplo-

piae when looking up and dysphagia with nasal regurgi-

tation of liquids together with slurred speech. A fatigue 

test was positive. Motor power to the neck and proximal 

muscles of the upper and lower limbs was intact.

As part of the diagnostic procedures, a pyridostigmine 

test was performed, which was positive. Antibodies to ace-

tylcholine receptors and to muscle-specific tyrosine kinase 

were not detected (AChR antibodies less than 0.1 nmol/l 

and anti-MuSK antibodies less than 0.01). Computed to-

mography of the thorax showed inhomogeneous density 

with increased fat tissue in smaller areas of the thymus. A 

test of neuromuscular transmission (TNT) in the n. axil-

laris-m. deltoideus l. dex. and n. facialis-m. nasalis l. dex. 

system performed upon admission was normal. 

After three weeks, a second test of neuromuscular trans-

mission in the n. axillaris -m. deltoideus l. dex system was 

performed. A rapid nerve conduction protocol was used at 

a, frequency of 1-3 Hz. That study indicated a marked de-

crease in amplitude of action potentials (39%-54%) at all 

stimulations and demonstrated accumulated damage to the 

postsynaptic neuromuscular junction level.  Three days after 

admission, the patient developed proximal weakness of the 

neck anteflexors and proximal weakness of the musculature 

of the lower limbs. On admission, the following therapy was 

administered: tbl. Pyridostigmine bromide at a dose of 60 mg 

1 to 6 hours, sol. Cyclosporine 2x1, 5 ml, amp. Methylpred-

nisolone at a dose of 80 mg/day, three times a day infusions, 

amp. Prostigmin with 1.5 mg, amp. Atropine 0.5 mg and a 

partial improvement in neurological findings was observed. 

Plasmapheresis was then administered, and six therapeutic 

plasma exchanges were performed on the second day af-

ter admission. The patient responded favourably to plasma 

exchange, and all clinical symptoms withdrew. After a few 

days of plasma exchange, the symptoms reappeared and pro-

gressed in intensity with a worsening response to therapy 

observed. On the ninth day of hospitalisation, the patient de-

veloped respiratory insufficiency. The patient then received 

intravenous immunoglobulin (Intratect) at 0.4 g/kg daily 

for 5 days, and a partial response to therapy was observed. 

Control EMNG on the 21st day after symptom onset  showed 

damage to the postsynaptic neuromuscular junction. 

A thymectomy was performed during the fourth month 

of disease. A histological examination of thymic tissue in-

dicated hyperplasia of the thymus.

DISCUSSION

Myasthenia gravis (MG ) is an autoimmune disease 

characterised by a defect in synaptic transmission at the 
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bind appreciably only when the AChRs are packed densely 

in relatively immobile clusters. Some evidence has suggested 

that co-expression with MuSK and Dok-7 increases further 

the sensitivity of the test, leaving open the possibility that 

intracellular modifications of either AChRs or MuSKs or 

changing the packing geometry of the clusters may influence 

the binding of these low-affinity antibodies (12).

Identification of LRP 4 as the MuSK-binding agrin re-

ceptor in skeletal muscle tissue suggested the possibility 

that autoantibodies for this membrane protein may under-

lie myasthenia gravis (13). Consistent with this hypothesis, 

antibodies targeted against the extracellular portion of LRP4 

have recently been detected in 9 out 300 AChR and MuSK 

seronegative MG patients. LRP4 is a member of the low 

density lipoprotein receptor-related protein family of trans-

membrane proteins and has important functions during de-

velopment and morphogenesis of limbs and the ectodermal 

organs, lungs and kidneys (14, 15). In adult skeletal muscle, 

LRP4 is specifically expressed at the neuromuscular junc-

tion. In particular, this result  indicates that autoantibodies 

are targeted against LRP4 in approximately 50% of double se-

ronegative MG causes, which is considerably higher than the 

3% previously reported (3). All patients improved following 

treatment with a combination of AChE inhibitors and two or 

more forms of immunotherapy, and all achieved stable clini-

cal and pharmacological remission.

Studies investigating therapeutic responses in double-

negative MG support the hypothesis of humoral factors 

underlying the pathogenesis of this form of MG. Double se-

ronegative groups show a higher percentage good outcomes 

and lower maintenance prednisolone doses than AChR- or 

MuSK-positive groups.  The good outcome in the SN patients 

was unrelated to the composition of the group because even 

the most severely involved patients showed good outcomes 

(16). A classification as being seronegative MG should be re-

served for non-immunosuppressed patients with generalised 

MG who lack muscle AChR binding, AChR modulating or 

MuSK antibodies at presentation and after a follow-up of 

at least 12 months (6). Here, in our case study, we have pre-

sented a patient with partial improvement of neurological 

findings upon administration of administered pyridostig-

mine bromide, cyclosporine and methylprednisolone. The 

patient responded favourably to plasma exchange, with the 

withdrawal of all clinical symptoms, confirming the hypoth-

esis that humoral factors are involved in the pathogenesis of 

double negative MG.
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instructions on citing books, journal articles, newspaper ar-
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Baxter, R. (1982). Exactly Solvable Models in Statistical 

Mechanics. New York: Academic Press.

b. Book (two or more authors)

Format:
Author1, Author2 & Author3. (Year of publication). 
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ric Press.
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Springer Berlin Heidelberg. Retrieved March 30, 2006, from 
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f. Thesis

Format:
Author(s). (Year of publication). Title. Information, Pla-

ce of publication. 
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published doctoral dissertation, University of Waikato, 
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g. Report
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Author(s). (Year of publication). Title. Place of publica-

tion: Publisher. (Report number)

Example:
Osgood, D. W., & Wilson, J. K. (1990). Covariation of 

adolescent health problems. Lincoln: University of Nebras-

ka. (NTIS No. PB 91-154 377/AS)

h. Government publication
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Institution name. (Year of publication). Title. Place of 

publication: Publisher.
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Ministerial Council on Drug Strategy. (1997). The na-

tional drug strategy: Mapping the future. Canberra: Au-

stralian Government Publishing Service.

3. Article

 a. Journal Article (one author)

Format:
Author. (Year of publication). Article title. Journal Title. 

Volume (issue), range of pages. DOI.

Example:
Nikora, V. (2006). Hydrodynamics of aquatic eco-

systems: spatial-averaging perspective. Acta Geophysica, 

55(1), 3-10. DOI: 10.2478/s11600-006-0043-6.

b.  Journal Article (two or more authors)

Format:
Author1, Author2 & Author3. (Year of publication). Ar-

ticle title. Journal Title. Volume (issue), range of pages. DOI.
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Cudak, M. & Karcz J. (2006). Momentum transfer in 

an agitated vessel with off-centred impellers. Chem. Pap. 

60(5), 375-380. DOI: 10.2478/s11696-006-0068-y.
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c. Journal article from an online database

Format:
Author(s). (Year of publication). Article title [Electronic 

version]. Journal Title. Volume (issue), range of pages. Re-

trieved date of access, from name of database. DOI.

Example:
Czajgucki Z., Zimecki M. & Andruszkiewicz R. (2006, 

December). The immunoregulatory effects of edeine ana-

logues in mice [Abstract]. Cell. Mol. Biol. Lett. 12(3), 149-

161. Retrieved December 6, 2006, from PubMed database 

on the World Wide Web: http://www.pubmed.gov. DOI: 

10.2478/s11658-006-0061-z.

d.  Newspaper article (no author)

Format:
Article title. (Publication date). Journal Title. page. 

Example:
Amazing Amazon region. (1989, January 12). New York 

Times, p. D11.

e. Encyclopedia article

Format:
Author. (Year of publication). Article title. In Encyclo-

pedia title (volume number, pages). Place of publication: 

Encyclopedia name.
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Bergmann, P. G. (1993). Relativity. In The new encyclo-

pedia britannica (Vol. 26, pp. 501-508). Chicago: Encyclo-

pedia Britannica.

4. Other formats

a. Web page

Format:
Author/Sponsor. (last update or copyright date). Title. 

Retrieved date of access, from URL.

Example:
Walker, J. (1996, August). APA-style citations of elec-

tronic resources. Retrieved November 21, 2001, from http://

www.cas.usf.edu/english/walker/apa.html 

b. Lecture note

Format:
Author(s). (Date of presentation). Lecture title. Lecture 

notes distributed in the unit, at the name of the teaching 

organisation, the location.

Example:
Liffers, M. (2006, August 30). Finding information in 

the library. Lecture notes distributed in the unit Functio-

nal Anatomy and Sports Performance 1102, University of 

Western Australia, Crawley, Western Australia.

c. Patent

Format:
Author. (Year). Patent number. The location. Issue 

body.

Example:
Smith, I. M. (1988). U.S. Patent No. 123,445. Washing-

ton, D.C.: U.S. Patent and Trademark Office.

d. Standard

Format:
Issue body. (Year). Standard name. Standard number. 

The location.

Example:
Standards Association of Australia. (1997). Australian 

standard: Pressure equipment manufacture. AS4458-1997. 

North Sydney.

e. Video

Format:
Producer, P. P. (Producer), & Director, D.D. (Director). 

(Date of publication). Title of motion picture [Motion pic-

ture]. Country of origin: Studio or distributor.

Example:
Zhang, Y. (Producer/Director). (2000). Not one less [Mo-

tion Picture].China: Columbia Pictures Industries, Inc.

f. Audio recording

Format:
Songwriter, W. W. (Date of copyright). Title of song 

[Recorded by artist if different from song writer]. On Title 

of album [Medium of recording]. Location: Label. (Recor-

ding date if different from copyright date).

Example:
Taupin, B. (1975). Someone saved my life tonight [Re-

corded by Elton John]. On Captain fantastic and the brown 

dirt cowboy [CD]. London: Big Pig Music Limited.

g. Mailing list
Format:
Author. (Exact date of posting). Subject line of mes-

sage. Message posted to followed by name of mailing list, 

archived at followed by address for the archived version of 

the message 

Example:
Hammond, T. (2000, November 20). YAHC: Handle 

Parameters, DOI Genres, etc. Message posted to Ref-Links 

electronic mailing list, archived at http://www.doi.org/

mail-archive/ref-link/msg00088.html 

h. Computer software
Format:
Author(s). (Year). Title [computer software]. The loca-

tion: Company.

Example:
Ludwig, T. (2002). PsychInquiry [computer software]. 

New York: Worth.
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MOST COMMON REFERENCE STYLES

MetaPress can capture data from every style of references, 
but using one of the listed will increase the number of active 
links in the references. Once you have chosen one of the 
styles, please do not change it.

APA style1

Article in a journal:
Lippke, S., & Ziegelmann, J. (2006). Understanding and 
modelling health behaviour change: The multi-stage model of 
health behaviour change. Journal of Health Psychology,11(1), 
37-50,
DOI:10.2478/s11533-007-0023-3.

Book:
Jones, E., Farina, A., Hastorf, A., Markus, H., Miller, D., & 
Scott, R. (1984). Social stigma: The psychology of marked 
relationships. New York: W. H. Freeman.

Chicago style2

Article in a journal:
Spitzer, Steven. Review of The Limits of Law Enforcement, 
by Hans Zeisel. American Journal of Sociology 91 (1985): 
726-29; DOI:10.2478/s11533-007-0023-3.

Book:
Lloyd, Donald A., and Harry R. Warfel. American English 
and Its Cultural Setting. New York: Alfred A. Knopf, 1956.

Harvard style3

Article in a journal:
Conley, TG & Galenson, DW 1998, ‘Nativity and wealth 
in mid-nineteenth century cities’, Journal of Economic 
History, vol. 58, no. 2, pp. 468-493, DOI:10.2478/s11533-
007-0023-3.

Book:
Hodgson, A 1998, Accounting theory, John Wiley & Sons, 
Brisbane.

Oxford style4

Article in a journal:
KHOO, G.K. Accounting for leases. The Chartered Accountant 
in Australia, 46(5): Nov. 1975: 19-23: DOI:10.2478/s11533-
007-0023-3.
1 Read more: http://www.library.uwa.edu.au/education_training___

and___support/guides/how_to_cite_your_sources/apa_style
2  Read more: http://www.wisc.edu/writing/Handbook/DocChiWork-

sCited.html
3  Read more: http://www.library.uwa.edu.au/education_training___

and___support/guides/how_to_cite_your_sources/citing_your_sourc-

es_-_harvard_style#Reference
4  Read more: http://www.usq.edu.au/library/help/ehelp/ref_guides/

oxford.htm

Book:
GIBBS, Graham. Teaching students to learn: a student-
centred approach. Milton Keynes, Open University Press, 
1981.

MLA style5

Article in a journal:
Joyce, Michael. “On the Birthday of the Stranger (in Memory 
of John Hawkes).” Evergreen Review 5 Mar. 1999. 12 May 
1999 http://www.evergreenreview.com/102/evexcite/joyce/
nojoyce.html. DOI:10.2478/s11533-007-0023-3.

Book:
Bird, Isabella L. A Lady’s Life in the Rocky Mountains. New 
York, 1881. Victorian Women Writers Project. Ed. Perry 
Willett. 27 May 1999. Indiana U. 4 Oct. 1999

IEE style6

Article in a journal:
I.E. Sutherland, R.F. Sproull, and R.A. Schumaker, “A 
Characterization of 10 Hidden-Surface Algorithms,” ACM 
Computing Surveys, Mar. 1974, pp. 1-55, DOI:10.2478/
s11533-007-0023-3. 

Book:
W.M. Newman and R.F. Sproull, Principles of Interactive 
Computer Graphics, McGraw-Hill, 1979, p. 402.

Vancouver style7

Article in a journal:
You CH, Lee KY, Chey WY, Menguy R. Electrogastrographic 
study of patients with unexplained nausea, bloating and 
vomiting. Gastroenterology 1980;79:311-4; DOI:10.2478/
s11533-007-0023-3.

Book:
Eisen HN. Immunology: an introduction to molecular and 
cellular principles of the immune response. 5th ed. New 
York: Harper and Row; 1974.

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.
5  Read more: http://www.bedfordstmartins.com/online/cite5.html
6  Read more: http://www.computer.org/portal/site/ieeecs/menuitem.

c5efb9b8ade9096b8a9ca0108bcd45f3/index.jsp?&pName=ieeecs_

level1&path=ieeecs/publications/author/style&fi le=refer.

xml&xsl=generic.xsl&
7  Read more: http://www.library.uwa.edu.au/education_training___

and___support/guides/how_to_cite_your_sources/citing_your_sourc-

es_-_vancouver_style
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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 sym-

bols 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.
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