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ABSTRACT

Th e main objective of endodontic treatment is to remove 

vital and necrotic remnants of pulp tissue and microorgan-

isms and their toxic products from the root canal. During 

chemo-mechanical endodontic preparation, a smear layer 

is formed on the wall of the canals. Due to an inability to 

remove all tissue remnants and the smear layer from the 

root canal by mechanical instrumentation, it is necessary 

to use irrigation to ensure suffi  cient cleaning and disinfec-

tion of the largest part of the root canalicular system. Th e 

most commonly used irrigants are sodium hypochlorite (Na-

OCl), ethylenediaminetetraacetic acid (EDTA), citric acid 

and chlorhexidine (CHX). Recently, the irrigants QMix and 

MTAD have been introduced to the market. Th ey are a mix-

ture of diff erent components having antimicrobial, organo-

lytic and mineralytic eff ects on canal detritus and the smear 

layer. Th is review article investigates irrigants in terms of the 

nature of their eff ect, their effi  ciency, optimal concentration, 

and method of use, and the interactions between the irrig-

ants most commonly used in endodontic therapy are dis-

cussed, with special emphasis on QMix and MTAD.

Keywords: endodontic treatment, smear layer, end-

odontic irrigants
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SAŽETAK

Osnovni cilj endodontske terapije je uklanjanje vitalnih 

i nekrotičnih ostataka pulpnog tkiva, mikroorganizama 

i njihovih toksičnih produkata iz kanala korena zuba. U 

toku hemo-mehaničke obrade kanala korena na zidovima 

se formira razmazni sloj. Zbog nemogućnosti da se meha-

ničkom obradom uklone svi ostaci tkiva i razmazni sloj iz 

kanala korena, neophodno je koristiti irigaciju, kako bi se 

obezbedilo čišćenje i dezinfekcija najvećeg dela kanaliku-

larnog sistema korena. Najčešće upotrebljivana sredstva za 

ispiranje kanala korena su natrijum-hipohlorit (NaOCl), 

etilendiaminotetraacetatna kiselina (EDTA), limunska ki-

selina i hlorheksidin (CHX). U novije vreme na tržištu su se 

pojavili  irigansi, kao što su QMix i MTAD. Predstavljaju 

mešavinu različitih komponenti koje ispoljavaju antimi-

krobno dejstvo, kao i organo- i mineralolitički efekat na ka-

nalni detritus i razmazni sloj. U ovom preglednom članku 

razmatran je način dejstva, efi kasnost, optimalna koncen-

tracija, način upotrebe i međusobna interakcija najčešće 

korišćenih iriganasa u endodontskoj terapiji, sa posebnim 

osvrtom na QMix i MTAD.

Ključne reči: endodontski tretman, razmazni sloj, endo-

dontski irigansi 

INTRODUCTION

The most common aetiological factors causing pulp 

and periapical diseases are microorganisms. The main 

objective of endodontic treatment is to remove vital and 

necrotic remnants of the pulp tissue, microorganisms and 

their toxic products from the root canal. Due to the ana-

tomical complexity of the root canal system and the pres-

ence of numerous isthmi and intercanal communications 

and pulp-periodontal communications, a significant part 

of the intracanal area remains inaccessible to the mechani-

cal effects of endodontic instruments. The research of Pe-

ters et al. shows that regardless of the technique of prepa-

ration, approximately 35% of the canal surface remains 

mechanically uninstrumented (1).

During chemo-mechanical preparation of the root ca-

nal, a smear layer 1-2 microns thick is produced on the 

walls. This layer contains remnants of vital and/or necrotic 
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pulp tissue, micro-organisms and their toxins and dentin 

particles of different size (2). The presence of a smear layer 

on the canal walls may partially or totally block the den-

tinal tubules and prevent the effects of irrigants and in-

tracanal medicaments, obstruct the adhesion of materials 

for definitive obturation and provide a potential route for 

micro leakage (2). It also presents a nutritious foundation 

for the growth and multiplication of microorganisms. All 

of these factors lead to the failure of endodontic therapy, 

which is the reason why the removal of the smear layer is 

recommended (2).

Due to an inability to completely remove the remains of 

the residual tissue and smear layer from the root canal by 

mechanical instrumentation, it is necessary to use irriga-

tion, which ensures cleaning and disinfection of the larg-

est part of the canalicular system (3, 4). An ideal irrigant 

should possess antibacterial and fungicidal effects; not ir-

ritate periapical tissue; be chemically stable; possess pro-

longed antimicrobial activity; be effective in the presence 

of blood, serum and protein derivatives from the tissue; re-

move completely the smear layer; possess a low surface ten-

sion and the ability to penetrate into the dentinal tubules 

and disinfect them; not interfere with reparative processes 

in the periodontal tissue; not overpaint the tooth; not have 

antigenic, toxic or carcinogenic effects on surrounding 

vital structures; not have a negative effect on the physical 

and chemical properties of the dentin; not interfere with 

the adhesion of materials for the definitive obturation, and 

be easily prepared and applied to the prepared canal (5).

Currently, there is no single irrigant that meets all of 

the previously mentioned requirements, so that in every-

day clinical practice it is necessary to combine irrigants. 

The most commonly used irrigants for rinsing the root ca-

nal are sodium hypochlorite (NaOCl), ethylenediaminetet-

raacetic acid (EDTA), citric acid and chlorhexidine (CHX) 

(6), while recently, irrigants such as QMix and MTAD have 

been introduced to the market. Both are a mixture of dif-

ferent components designed to dissolve organic and min-

eral parts of the canal detritus and smear layer, as well as to 

have antimicrobial effects. The use of MTAD and QMix as 

final irrigants should simplify the procedure of irrigation, 

prevent interaction between different irrigants and should 

not be detrimental to the mechanical, physical and chemi-

cal properties of the root canal dentin.

Development of new irrigants, and their use in an ap-

propriate manner, is imperative for successful endodontic 

treatment. Thanks to the existence of a number of research 

methods, such as electron microscopy (7, 8, 9, 10), in tests 

of cytotoxicity (11, 10, 12) and antibacterial efficacy (13, 

14, 15, 16, 17, 18), today it is possible to evaluate the ef-

ficiency of irrigants used in endodontic therapy in a rela-

tively simple way. 

This review article presents a brief overview of current 

knowledge of the effect, efficiency, optimal concentration, 

method of use and interaction of the most commonly used 

irrigants in endodontic therapy, with special emphasis on 

QMix and MTAD. 

SODIUM HYPOCHLORITE NAOCL

Sodium hypochlorite is a solution originally used 

for bleaching and disinfection (19). Due to its strong 

antimicrobial effect and its ability to dissolve organic 

tissue, it is the irrigant that is most often used during 

endodontic therapy (6, 20, 21). Due to its effect on soft 

tissue, NaOCl should be used cautiously, without the 

risk of transferring the irrigant over the apex. In the 

case of transfer of the solution onto the periapical tis-

sue, pain can occur, as well as oedema, bleeding and 

even paraesthesia (22, 23). The chemical reaction of Na-

OCl with organic tissue proceeds through three phases. 

First, saponification of NaOCl dissolves the fatty acids 

by converting them into glycerol and fatty acid salts. 

This is followed by neutralization of amino acids by 

NaOCl caused by the formation of water and salt, with 

the release of hydroxyl ions, which strongly reduces the 

pH. Finally, the chlorination reaction, when hypochlo-

rous acid from NaOCl comes into contact with organic 

tissue, acting as a solvent, leads to the release of chlo-

rine, which reacts with the amino groups of  proteins to 

form chloramine, which interferes with cell metabolism 

(24). The antibacterial effect of chloramine is based 

on its inhibitory effect on bacterial enzymes, leading 

to oxidation of sulphydryl groups (SH). Hypochlorous 

acid (HOCl-) and hypochlorite ions (OCl-) cause the 

degradation of amino acids and protein hydrolysis (24). 

NaOCl is a strong base with a pH of 11, which is the 

basis of its antimicrobial effect, and its mode of action 

is similar to that of calcium hydroxide.

For endodontic treatment NaOCl is used at concentra-

tions ranging from 0.5% to 6%. In a wide search of the lit-

erature, no clear recommendation was found for the best 

concentration to be used in endodontic therapy. Higher 

concentrations of NaOCl dissolve organic tissue better 

(25), but they have a stronger toxic effect (26). The toxicity 

of this solution can be overcome by using a lower concen-

tration with prolonged periods of irrigation, and by using 

larger amounts of irrigants, by which the same antimi-

crobial efficacy and effect on dissolving organic tissue are 

achieved as at high concentrations (24, 26-30). The effect 

of NaOCl may be enhanced by increasing the concentra-

tion, heating, using a prolonged period of irrigation and 

sonic or ultrasonic activation (27).

In the presence of soft and dentin tissue, chlorine is 

released, but a weakening of the effect of NaOCl occurs 

(31-33). Therefore, a continuous renewal of the solution is 

necessary to ensure efficient disinfection and dissolution 

of all organic content.

Certain in vitro studies suggest that high concentra-

tions of NaOCl have a stronger effect on E. faecalis and 

C. albicans (28, 29, 34). In contrast, in vivo studies showed 

that both low and high concentrations have the same ef-

ficacy in eliminating microorganisms from the root canal 

(35). NaOCl can inactivate bacterial endotoxin, but this ef-

fect is much less than its antibacterial effect (36, 37). 
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By reducing the concentration of the solution and the 

time of irrigation, the ability of NaOCl to penetrate into 

dentinal tubules and disinfect them decreases (38, 39). 

With the addition of surface active substances which re-

duce the surface tension, the depth of penetration of NaO-

Cl into the tubules and the dissolution rate of the tissue are 

increased (4, 40).

Compared to its superior effect in terms of antimicro-

bial effects, NaOCl has a strong cytotoxic effect (41, 42).

As a result of collagen and glycosaminoglycan degrada-

tion, NaOCl may affect the hardness, flexural strength and 

elasticity of the root dentin (43-46).

To be effective on the organic and inorganic compo-

nents of the smear layer during endodontic treatment, 

NaOCl irrigation followed by a final irrigation with EDTA 

is recommended. In case of contact between  NaOCl and 

EDTA and their interaction, the loss of NaOCl’s active 

component chlorine occurs, thereby reducing the anti-

microbial efficacy of NaOCl (47), as well as the solubility 

of vital and/or necrotic tissue (48). This reducing effect 

may even be caused by low concentrations of EDTA (49, 

50). The interaction between NaOCl and CHX is spot-

ted, which leads to discoloration of dentin and creation of 

an orange-brown residue containing para-chloroaniline, 

which has a carcinogenic effect (51). The interaction be-

tween NaOCl and CHX and the formation of those resi-

dues depends on the concentration of irrigants (52). After 

root canal irrigation with NaOCl, the root canal should 

be rinsed with distilled water (49) to prevent or at least 

to reduce the interaction with other irrigants. Despite the 

positive properties of NaOCl, including its antimicrobial 

property, ability to dissolve organic tissues and lubricating 

effect, it also has some disadvantages, namely, its toxicity, 

its corrosive effect on endodontic instruments, particularly 

on those manufactured of nickel-titanium, and its lack of 

an effect on the inorganic component of the smear layer 

(13, 53, 54).

CHLORHEXIDINE CHX

CHX is used in endodontic therapy for irrigation and 

intracanal medication, in the form of a solution or a gel, in 

variable concentrations from 0.2 to 2%. It is the most com-

monly used irrigant after the use of NaOCl and EDTA (6). 

CHX is recommended as an irrigant because of its low tox-

icity, broad spectrum of antimicrobial effect, and gradual 

and prolonged effect on microorganisms (28, 55).

CHX has wide antimicrobial effects, including effec-

tiveness on G + and G- bacteria and fungi, especially on E. 
faecalis and C. albicans (56). CHX is a positively charged 

hydrophobic and lipophilic molecule that attaches to nega-

tively charged phosphate groups on the cell wall (57), lead-

ing to changes in the osmotic balance of the cell (58, 59). 

The antimicrobial activity of CHX depends on the pH (op-

timum pH of approximately 5.5-7) (60) and on the concen-

tration of the solution (14). Low concentrations of CHX 

(0.2%) produce a  bacteriostatic effect, while high con-

centrations (2%) are bactericidal, causing cell damage, co-

agulation of cytoplasm, and precipitation of proteins and 

nucleic acids (61). In vivo and in vitro studies indicate that 

CHX has an anti-microbial effect similar to that of NaOCl, 

and it produces a greater effect on E. faecalis and some 

fusiform bacterial strains present in the infected root canal 

(15, 28, 55, 62-64). 

CHX has the property of substantivity. Due to the cat-

ion structure of its molecules it is attached to negatively 

charged surfaces in the oral cavity, and is continuously 

released and produces a prolonged antimicrobial activ-

ity. The use of CHX may achieve long-term antimicrobial 

activity for up to 12 weeks (65). Substantivity depends 

on the presence of the CHX molecule that interacts with 

dentin (66). 

CHX has minimal or no effects on the reduction of lipo-

polysaccharides (LPS, endotoxin, a component of the outer 

membrane of G- bacteria), which play a significant role in 

the pathogenesis of apical periodontitis, causing pain that 

occurs in cases of infection in the root canal (67, 68). 

Unlike NaOCl, CXH is not capable of dissolving organ-

ic tissue, it is relatively safe when used as an irrigant, and it 

does not cause allergic reactions (69, 70).

Due to its broad antimicrobial spectrum, as well as an 

inability to dissolve organic tissue, it is proposed that CHX 

should be used as a final irrigant after irrigating with Na-

OCl and EDTA (71). The combination of NaOCl and CHX 

improves antimicrobial efficacy, and the use of CHX as a 

final irrigant extends its antimicrobial activity, due to its 

substantivity (72).

If contact occurs accidentally between CHX and Na-

OCl during irrigation, the formation of an orange-brown 

residue and the formation of a chemical smear layer oc-

curs, which may exhibit cytotoxic potential (49, 51), block 

the dentinal tubules, impair adhesion of material for the 

definite obturation (73, 74), and cause a colour change 

of dentin (75-77). When CHX comes into contact with 

EDTA, the formation of a milky white precipitate occurs 

as a result of an acid-base reaction (49). To avoid or at least 

to reduce this formation, it is necessary to prevent mutual 

contact between the two irrigants by thorough rinsing of 

the root canal using distilled water (49).

ETHYLENEDIAMINETETRAACETIC ACID 
EDTA

In addition to NaOCl, one of the most commonly used 

irrigants is EDTA (6). It is used for the dissolution of the 

inorganic part of the smear layer. Its mineralytic effect is 

expressed through its ability to bind divalent and trivalent 

metal ions, such as Ca2+ and Fe3+. One molecule of EDTA 

binds a maximum of four calcium ions, which provides a 

relatively stable, water-soluble chelated complex. It is usu-

ally used in concentrations of 15-17%, at a pH of 7-8 (6, 

71). A final root canal irrigation with 5 ml 17% EDTA for 3 
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minutes effectively removes the smear layer (7). Although 

a concentration of 17% is sufficient and commonly used 

to remove the smear layer, some studies have shown that 

lower concentrations of EDTA (15%, 10%, 5%, 1%), after 

initial irrigation with NaOCl, also effectively remove the 

smear layer (78). 

In addition to the effect on the smear layer, EDTA can 

cause demineralization of dentin. With increasing concen-

trations, pH levels and the time of the exposure of dentin 

to EDTA, the degree of dentin demineralization increases. 

Application of 10 ml 17% EDTA for one min effectively 

removes the smear layer. If the exposure time is extended 

to 10 min, a severe erosion of the peritubular and intratu-

bular dentin may occur (79). A study that examined the 

effect of EDTA and the combination of EDTA and NaOCl 

on dentin in elderly and young patients showed that it is 

necessary to avoid prolonged exposure of old dentin to the 

combination of those irrigants, to reduce the risk of exces-

sive erosion and demineralization. Both irrigants led to an 

increased brittleness of already sclerotic root dentin, and 

consequently increased the incidence of cracks during the 

functional loading of the root (80). 

Chelating agents significantly reduce the micro hard-

ness and pressure resistance of dentin, and this effect is 

most pronounced when EDTA is used as an irrigant, either 

alone or in combination with 2.5% NaOCl (80).

Chelating agents also reduce the resistance of the root 

to fracture, and the use of 17% EDTA for 10 min and 1% 

NaOCl for one minute reduces the resistance to root frac-

ture by approximately 1.5 times, while lower concentra-

tions of EDTA (5%) and shorter exposure times (one min-

ute) cause a smaller reduction in resistance (81). 

As a result of the removal of the smear layer and demin-

eralization of dentin, EDTA causes changes in the perme-

ability of dentin by formation of certain precipitates and by 

partial or complete obturation of the root dentin tubules 

(82, 83). Therefore, complete removal of residual EDTA 

solution is necessary, using an application of either deion-

ized/distilled water or saline solution.

CITRIC ACID

Citric acid is a weak organic acid and is used to remove 

the inorganic part of the smear layer after initial rinsing of 

the canal (8). It is used at a concentration of 1-50%, but the 

most commonly used concentration is 10%. 

The effect of H+ ions from the citric acid leads to the 

release of ions from the surface of hydroxyapatite dentin 

crystals, forming soluble chelate complexes (84, 85). The 

effectiveness of citric acid may be improved by increasing 

the concentration (86), reducing the pH (87) and extending 

the time of use (88). 

In comparison with EDTA, citric acid removes the 

smear layer in an inappropriate way (89) and has a more 

pronounced erosive effect on root dentin (90). In a study 

by De-Deus and his associates in which they exposed 

dentin to 1% citric acid, 17% EDTA and 17% EDTAC, 

citric acid showed the strongest decalcification effect on 

root dentin (91). 

If 19% citric acid is used, it significantly reduces the mi-

cro hardness of dentin compared to 17% EDTA (92). Fur-

ther, citric acid, like EDTA, has poor antimicrobial activity 

(16, 93, 94).

In vitro studies indicate some cytotoxicity of citric acid. 

However, 10% citric acid shows a significant biocompat-

ibility compared to 17% EDTA and 17% EDTA-T (11). Us-

ing NaOCl and citric acid does not cause the formation of 

precipitates (49).

MTAD

MTAD is the first irrigant on the market that can si-

multaneously perform disinfection of the canal system and 

remove the smear layer (17). It is a mixture of antibiot-

ics (doxycycline, 3%), chelating agents (4.25% citric acid) 

and a detergent (Tween 80). It is sold under the name of 

the manufacturer, BioPure MTAD (Dentsply Tulsa Den-

tal, Tulsa, OK, USA) and is prepared by mixing the liquid 

contained in the syringe with the powder contained in the 

bottle, immediately prior to its application. As a mixture, 

it has a shelf life of 48 h, which is considerably shorter than 

those of other irrigants used in endodontic practice (95). It 

does not possess the ability to dissolve organic tissue. It is 

recommended for use as the final irrigant after complete 

chemo-mechanical treatment of the root canal (17, 96--

99). The irrigation protocol recommends the use of MTAD 

for 5 min, after an initial root canal irrigation with 1.3% 

NaOCl for 20 minutes (100). 

In the available literature, there are no data on the exact 

mechanism of the effects of MTAD. The ability to remove 

the smear layer is attributed to the effect of citric acid and 

doxycycline, while its antibacterial effect is due to the ef-

fect of doxycycline, which is a tetracycline with a broad an-

tibacterial spectrum, and exerts its bacteriostatic effect by 

inhibiting protein synthesis (101). 

Despite the fact that MTAD has proven effectiveness 

against E. faecalis (17, 96, 97, 102), as well as effectiveness 

in the removal of the smear layer (103-105), in subsequent 

studies its antimicrobial efficiency has been challenged 

(106-108). When MTAD is applied after an initial irriga-

tion with 1.3% NaOCl, its antimicrobial effect is reduced, 

probably due to oxidation of MTAD under the influence of 

NaOCl (109). The antibacterial efficiency of MTAD may 

be reduced due to the presence of dentin and serum albu-

mins from the root canal (110). Its efficiency in eliminating 

E. faecalis biofilm is relatively low (100, 111, 112). E. faeca-
lis biofilm is more difficult to remove and is more resistant 

to the effects of antimicrobials than planktonic bacteria 

(113). MTAD removes the smear layer more efficiently 

than EDTA, particularly in the apical third of the canal 

(114), where it causes less pronounced erosive changes to 

the dentin (104). 
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The low surface tension of MTAD (34.5 mJ / m2) (115) 

may provide a more complete contact of the irrigant with 

the dentin of the root canal, extending its ability to pen-

etrate deeper into dentinal tubules, ensuring a more effi-

cient removal of the smear layer, disinfecting canal walls 

and leading to better and easier diffusion of the compo-

nents of intracanal medicaments. 

MTAD has a lower cytotoxicity than most commonly 

used irrigants and intracanal medicaments in endodontic 

therapy, such as eugenol, hydrogen peroxide (3% solution), 

Ca(OH)
2
 paste, NaOCl (5.25%) and EDTA, while its cyto-

toxic effect is greater than that of lower concentrations of 

NaOCl (2.63%, 1.31%, 0.66%) (116).

There is only one in vivo study showing that MTAD 

causes postoperative pain during endodontic therapy 

(117). Further studies are needed to confirm the efficacy of 

MTAD solution in in vivo conditions as well.

QMix

QMix is a new irrigant recently introduced to the mar-

ket. In addition to a detergent, CHX and EDTA are also 

included in its composition (114). It combines the advan-

tages of EDTA, contains a surfactant plus CHX and has a 

slight effect on dentin. Based on the manufacturer’s rec-

ommendation, it should be used as a final irrigant for a 

period of 60-90s, following a 6.15% NaOCl irrigation. If 

NaOCl is used during the chemo-mechanical preparation, 

it is necessary to rinse the canal with saline or distilled wa-

ter before using QMix.

A large number of studies indicate that QMix has the 

same efficiency for removal of the smear layer as EDTA 

(18, 9), and it exhibits a lower erosive effect on dentin (118).  

Studies by Dai et al. (114) and Eliot et al. (9) indicated that 

QMix removes the smear layer more effectively than EDTA.

QMix effectively eliminates E. faecalis, eroding its bio-

film more quickly than 1% NaOCl and 2% CHX and to the 

same extent as 2% NaOCl (18). The bactericidal effect of 

QMix on a one-day old bacterial biofilm is the same as the 

effect of 6% NaOCl and is more efficient than a lower con-

centration of NaOCl or  2% CHX (119, 120).

In studies in which the ability of QMix to penetrate 

dentinal tubules was tested, it was observed that QMix 

may present its antimicrobial activity at the same depth 

as 6% NaOCl, within three minutes (119-121). Exposure 

of dentin tubules to QMix for one minute is more effec-

tive than using 2% CHX for three minutes or using lower 

concentrations of NaOCl (120). When the smear layer is 

present, the bactericidal effect of QMix inside the dentinal 

tubules is greater after exposure to 6% NaOCl for ten min-

utes than after the combination of 6% NaOCl, 17% EDTA 

and 2% CHX (121).

In addition to efficient removal of the smear layer, 

QMix increases the humidity of dentin more than EDTA, 

which has a poorer wetting power (122); this is probably 

due to the effect of the detergent in the QMix.

QMix has a lower cytotoxicity than 17% EDTA, 2% 

CHX and 3% NaOCl (123). Unlike NaOCl, QMix leads to 

cell death more slowly, without any cell lysis (124). Cur-

rently, there are no clinical studies investigating the effi-

cacy of QMix as a final irrigant.

During the application of QMix there is no develop-

ment of a white precipitate, which typically occurs using 

a mixture of EDTA and CHX, nor is there formation of an 

orange-brown residue resulting from combining NaOCl 

and CHX (18). This is due to its uniform chemical com-

position.

CONCLUSION

In everyday clinical practice, the most frequently used 

irrigant is sodium hypochlorite, which despite its organo-

litic and antibacterial properties, does not completely re-

move the smear layer. To completely remove the smear 

layer, it is necessary to combine NaOCl with EDTA or an-

other chelating agent, which act on the inorganic mineral 

component of the smear layer. In everyday clinical practice, 

a final irrigation with CHX is recommended because of its 

property of substantivity and of providing a prolonged an-

NaOCl

• eff ective antimicrobial agent 

• current irrigant of choice

• organic tissue solvent

• lubricates

• toxic

• corrosive eff ect

• not substantive

• removes only the organic part of the smear layer

CHX

• wide range of antimicrobial eff ects against G + and G- 

bacteria and fungi

• substantivity in dentin for up to 12 weeks

• dentin components, infl ammatory exudate may in-

hibit the antibacterial activity

• no ability to dissolve organic or inorganic tissue

• biocompatibility

EDTA

• eff ectively removes the smear layer after the initial 

NaOCl irrigation

• demineralization of dentin

Citric 

acid

• less removal of the smear layer compared with EDTA

• stronger erosive eff ect on the root canal dentin com-

pared to EDTA

MTAD

• antimicrobial properties

• eff ective solution for removal of the smear layer when 

used along with NaOCl

• less adverse eff ects on dentinal structure

• good biocompatibility

• no dissolution of organic tissue

• high cost

• reduced shelf life

QMix

• antibacterial effi  cacy

• eff ective solution for removal of the smear layer when 

used along with NaOCl

• ready for use, fast working

• less demineralization of dentin compared to EDTA

Table 1. Characteristics of endodontic irrigants
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timicrobial effect after completion of the biomechanical 

preparation of the root canal.

By eliminating some of the drawbacks of currently 

used irrigants, a new generation of irrigants, such as 

MTAD and QMix, have appeared, whose application is 

the subject of our interest. These irrigants, in addition to 

having an impact on the smear layer, possess the ability 

to disinfect root canals. Although incapable of dissolv-

ing organic tissue, their use as the final canal irrigant is 

recommended, but only after prior irrigation with NaOCl 

has been completed.

Future research should focus on finding an irrigant that 

has the ability to dissolve tissue, remove the smear layer 

and exert an antibacterial effect.
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ABSTRACT

New zinc(II)-complexes with S-alkyl derivatives of thio-
salicylic acid (alkyl = benzyl-(L1), methyl-(L2), ethyl-(L3), 
propyl-(L4), butyl-(L5)) have been synthesized and charac-
terized by elemental microanalysis, IR spectroscopy, and 1H 
and 13C NMR spectroscopy. Th e S-alkyl derivatives of thio-
salicylic acid were prepared by alkylation of thiosalicylic 
acid by adding alkyl halides to an alkaline water-ethanol 
solution, while the corresponding zinc(II)-complexes were 
obtained via the direct reaction of ZnCl2 with S-alkyl deriva-
tives of thiosalicylic acid in water. Based on the microanalysis 
results and the IR and NMR spectra of the S-alkyl derivatives 
of thiosalicylic acid and the corresponding zinc(II)-complex-
es, we concluded that the ligands are bidentately coordinated 
to the zinc(II)-ion.

 
Keywords: S-alkyl derivatives of thiosalicylic acid, 

zinc(II)-complexes, elemental microanalysis, IR and NMR 
spectroscopy
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SAŽETAK

Novi cink(II)-kompleksi sa S-alkil derivatima tiosalicil-
ne kiseline (alkil = benzil-(L1), metil-(L2), etil-(L3), pro-
pil-(L4), butil-(L5)) su sintetisani i okarakterisani na osno-
vu rezultata elementalne mikroanalize, IR, 1H i 13C NMR 
spektroskopije. S-alkil derivati tiosalicilne kiseline dobijeni 
su reakcijom alkilovanja tiosalicilne kiseline odgovarajućim 
alkil-halogenidima u baznom rastvoru voda-etanol dok su 
odgovarajući cink(II)-kompleksi dobijeni direktnom reakci-
jom ZnCl2 i S-alkil derivata tiosalicilne kiseline u vodenom 
rastvoru. Na osnovu rezultata mikroanalize i infracrvenih 
i nuklearno-magnetno rezonancionih spektara S-alkil deri-
vata tiosalicilne kiseline i odgovarajućih Zn(II)-kompleksa 
zaključili smo da su se molekuli liganada koordinovali bi-
dentatno za cink(II)-jon.

Ključne reči: S-alkil derivati tiosalicilne kiseline, 
cink(II)-kompleksi, elementalna mikroanaliza, IR i NMR 
spektroskopija

ABBREVIATIONS

CuZnSOD – copper-zinc superoxide dismutase

DNA - deoxyribonucleic acid

DMSO-d
6
 - deuterated dimethyl sulfoxide

IR - infrared

LiOH - lithium hydroxide

NMR - nuclear magnetic resonance

TMS - tetramethylsilane

Zn – zinc

ZnCl
2
 – zinc chloride 

INTRODUCTION

Zinc is the most abundant trace intracellular element 

that plays a role in a wide range of cellular processes, in-

cluding cell proliferation, reproduction, immune function, 

and defence against free radicals (1-4). Furthermore, the 

bioessential metal zinc is required for the catalytic activ-

ity of more than 300 specific enzymes and over 2000 zinc-

associated transcription factors including DNA binding 

proteins with zinc fingers. Some well-studied zinc metal-

loenzymes include alcohol dehydrogenase, carbonic an-

hydrase, alkaline phosphatase and ribonucleic acid poly-

merases. Zinc also plays a structural role by stabilizing the 

tertiary structure of zinc metalloenzymes and other criti-

cal proteins. For example, zinc is required to stabilize the 

enzyme CuZnSOD (5,6).

Unlike iron and copper, zinc does not participate in re-

dox reactions but rather functions as a Lewis acid to accept 
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a pair of electrons. The coordination of zinc by four amino 

acid side chains to form zinc finger motifs facilitates stable 

protein folding to form biologically active proteins. Zinc is 

also known to play a direct role in the regulation of gene 

expression, although this role is less studied than its cata-

lytic and structural functions (7). 

Thiosalicylic acid and its derivatives are used in chemi-

cal analysis (8-11), in dermatology (12,13), and in the treat-

ment of various diseases (14,15). 

The synthesis and characterization of zinc(II)-complexes 

with thiosalicylic acid preceding this study focused on in-

teractions of bioessential metals with biologically and phar-

macologically active ligands. The zinc salt of thiosalicylic 

acid, which was isolated by the reaction of zinc chloride, 

thiosalicylic acid and sodium hydroxide in an alcohol-water 

solution, (16) has been applied to the treatment of acne and 

seborrheic dermatitis (17). When zinc acetate reacts with 

a solution of thiosalicylic acid in sodium acetate, a white 

precipitate of [Zn(SC
6
H

4
CO

2
] is formed, which is insolu-

ble in all common solvents except pyridine and DMSO, in 

which it is more soluble, yielding the composition product 

[Zn(SC
6
H

4
CO

2
py] (18). Coordination chemistry of zinc with 

thiosalicylate and ancillary donor ligands has also been in-

vestigated (19). In more recent work, dimeric Zn(II)-com-

plexes with 1,10-phenanthroline was structurally character-

ized and found to contain carboxylate bridges (20). 

The aim of our present study was to synthesize and 

characterize five new zinc(II)-complexes with S-alkyl de-

rivatives of thiosalicylic acid (alkyl = benzyl-(L1), methyl-

(L2), ethyl-(L3), propyl-(L4), butyl-(L5)). The chemical 

characterization of S-alkyl derivatives of thiosalicylic acid 

has been previously published (21,22). The composition 

and structure of synthesized complexes was predicted 

based on elemental microanalysis and infrared and nuclear 

magnetic resonance spectra. 

MATERIALS AND METHODS

Materials and measurements

All chemicals were obtained commercially and used 

without further purification. Elemental microanalyses 

were performed on a Vario III CHNOS Elemental Ana-

lyzer, Elemental Analysensysteme GmbH. For the infrared 

spectra, a Perkin-Elmer Spectrum One FT-IR spectrom-

eter was employed. 1H and 13C NMR spectra were recorded 

on a Varian Gemini-200 NMR spectrometer using TMS in 

DMSO-d
6
 as an internal reference at 22°C and with 10 mM 

solutions of the complexes. 

 

Syntheses

General procedure for the synthesis of S-alkyl de-

rivatives of thiosalicylic acid (L1)-(L5)

The S-alkyl derivatives of thiosalicylic acid ligands (al-

kyl = benzyl-(L1), methyl-(L2), ethyl-(L3), propyl-(L4), 

butyl-(L5)) were prepared (22) by alkylation of thiosalicylic 

acid via addition of the corresponding alkyl halide in an 

alkaline water-ethanol solution (Scheme 1).

Preparation of [Zn(S-bz-thiosal)
2
] (C1), a zinc(II)-

complex with the S-benzyl derivative of thiosalicylic acid 

ZnCl
2
 (0.1000 g, 0.7337 mmol) was dissolved in 10 cm3 

of water in a steam bath, and the S-benzyl derivative of thi-

osalicylic acid (0.3585 g, 1.4674 mmol) was added to the 

solution. The resulting mixture was stirred for 2 h, and 

during this time, an aqueous solution of LiOH (0.0352 g, 

1.4674 mmol in 10 cm3 of water) was introduced. The com-

plex [Zn(S-bz-thiosal)
2
] (C1) as a white precipitate 

was filtered, washed with water and air-dried, with a 

yield of 0.25 g (61.22%). Anal. Calc. for [Zn(S-bz-thiosal)
2
] = 

ZnC
28

H
22

O
4
S

2
 (Mr = 551.978): C, 60.92; H, 4.02; S, 11.62. 

Found: C, 60.53; H, 3.94; S, 11.71. IR (KBr, cm-1): 3428, 

3059, 2922, 1598, 1580, 1437, 1403, 1282, 1259, 1063, 1044, 

846, 744, 697. 1H NMR (200 MHz, DMSO-d
6
, δ ppm): 

4.03 (s, 4H, CH
2
), 7.26-8.25 (m, 18H, Ar и bz). 13C NMR 

(50 MHz, DMSO-d
6
, δ ppm): 26 (CH

2
), 125; 126.4; 126.8, 

127.2; 127.3; 128.9; 133.5; 134.3; 137.7, 138.6 (Ar и bz); 

169.2 (COO-).

Preparation of [Zn(S-met-thiosal)
2
] (C2), a zinc(II)-

complex with the S-methyl derivative of thiosalicylic acid 

The complex [Zn(S-met-thiosal)
2
] (C2) was prepared 

as described above using the S-methyl derivative of thi-

osalicylic acid (0.2467 g, 1.4674 mmol) instead of the 

Scheme 1. Th e preparation of the S-alkyl derivatives of thiosalicylic acid.

R= benzyl-(L1), methyl-(L2), ethyl-(L3), propyl-(L4), butyl-(L5)

C

OHO

+   R-X + 2N aOH
C2H5OH/H2O

C

ONaO

SH S
R H+

C

OHO

S
R
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S-benzyl derivative of thiosalicylic acid, with a yield of 

0.19 g (64.29%). Anal. Calc. for [Zn(S-met-thiosal)
2
] = 

ZnC
16

H
14

O
4
S

2
 (Mr = 399.794): C, 48.06; H, 3.53; S, 16.04. 

Found: C, 47.69; H, 3.78; S, 15.71. IR (KBr, cm-1): 3436, 

2917, 2859, 1593, 1576, 1435, 1399, 1280, 1256, 1156, 

1065, 953, 847, 744, 654. 1H NMR (200 MHz, DMSO-d
6
, 

δ ppm): 2.47 (s, 6H, CH
3
), 7.42-8.30 (m, 8H, Ar). 13C NMR 

(50 MHz, DMSO-d
6
, δ ppm): 15.6 (CH

3
), 126; 126.3; 126.8; 

133.4; 134.3; 137.2 (Ar), 169.4 (COO-). 

 

Preparation of [Zn(S-et-thiosal)
2
] (C3), a zinc(II)-

complex with the S-ethyl derivative of thiosalicylic acid 

The complex [Zn(S-et-thiosal)
2
] (C3) was prepared as 

described above using the S-ethyl derivative of thiosalicylic 

acid (0.2673 g, 1.4674 mmol) instead of the S-benzyl deriv-

ative of thiosalicylic acid, with a yield of 0.18 g (58.47%). 

Anal. Calc. for [Zn(S-et-thiosal)
2
] = ZnC

18
H

18
O

4
S

2
 (Mr 

= 427.846): C, 50.53; H, 4.24; S, 14.99. Found: C, 50.17; 

H, 4.07; S, 14.88. IR (KBr, cm-1): 3432, 2954, 2765, 1595, 

1563, 1436, 1404, 1273, 1149, 1122, 1054, 995, 871, 784, 

739, 693, 655. 1H NMR (200 MHz, DMSO-d
6
, δ ppm): 1.27 

(t, 6H, CH
3
), 2.81 (q, 4H, CH

2
), 7.43–8.27 (m, 8H, Ar). 13C 

NMR (50 MHz, DMSO-d
6
, δ ppm): 13.9 (CH

3
), 13 (CH

2
), 

125.1; 126.6; 126.5; 133.3; 134.2; 137.1 (Ar), 169.3 (COO-).

Preparation of [Zn(S-pr-thiosal)
2
] (C4), a zinc(II)-

complex with the S-propyl derivative of thiosalicylic acid

The complex [Zn(S-pr-thiosal)
2
] (C4) was pre-

pared as described above using the S-propyl derivative 

of thiosalicylic acid (0.2879 g, 1.4674 mmol) instead of 

the S-benzyl derivative of thiosalicylic acid, with a yield 

of 0.20 g (62.19%). Anal. Calc. for [Zn(S-pr-thiosal)
2
] = 

ZnC
20

H
22

O
4
S

2
 (Mr = 455.898): C, 52.69; H, 4.86; S, 14.07. 

Found: C, 52.27; H, 4.78; S, 13.91. IR (KBr, cm-1): 3443, 3061, 

2965, 2931, 2863, 2559, 1591, 1562, 1462, 1435, 1312, 1294, 

1252, 1137, 1092, 1055, 867, 794, 755, 692, 652. 1H NMR 

(200 MHz, DMSO-d
6
, δ ppm): 0.90 (t, 6H, CH

3
), 1.35 (m, 4H, 

CH
2
), 2.77 (t, 4H, CH

2
), 7.41–8.32 (m, 8H, Ar). 13C NMR (50 

MHz, DMSO-d
6
, δ ppm): 13.0 (CH

3
), 24.2 (CH

2
), 22 (CH

2
), 

125.3; 126.6; 126.5; 133.4; 134.2; 138.7 (Ar), 169.1 (COO-). 

 

Preparation of [Zn(S-bu-thiosal)
2
] (C5), a zinc(II)-

complex with the S-butyl derivative of thiosalicylic acid 

The complex [Zn(S-bu-thiosal)
2
] (C5) was prepared as 

described above using the S-butyl derivative of thiosalicyl-

ic acid (0.3085 g, 1.4674 mmol) instead of the S-benzyl de-

rivative of thiosalicylic acid, with a yield of 0.21 g (60.12%). 

Anal. Calc. for [Zn(S-bu-thiosal)
2
] = ZnC

22
H

26
O

4
S

2
 (Mr = 

483.950): C, 54.60; H, 5.42; S, 13.25. Found: C, 54.33; H, 

5.19; S, 13.17. IR (KBr, cm-1): 3436, 3053, 2952, 2934, 2867, 

2529, 1614, 1594, 1582, 1565, 1467, 1430, 1408, 1312, 1291, 

1252, 1139, 1098, 1063, 1051, 918, 853, 754, 733, 697, 652, 

551. 1H NMR (200 MHz, DMSO-d
6
, δ ppm): 0.88 (t, 6H, 

CH
3
), 1.44 (m, 4H, CH

2
), 1.60 (m, 4H, CH

2
), 2.77 (t, 4H, 

CH
2
), 7.42-8.28 (m, 8H, Ar). 13C NMR (50 MHz, DMSO-d

6
, 

δ ppm): 13.4 (CH
3
), 21.6 (CH

2
), 32 (CH

2
), 20 (CH

2
), 124.9; 

126.6; 126.8; 133.3; 134.2; 138.5 (Ar), 168.8 (COO-).

RESULTS AND DISCUSSION

The S-alkyl derivatives of thiosalicylic acid ligands 

(R = benzyl-(L1), methyl-(L2), ethyl-(L3), propyl-(L4), bu-

tyl-(L5)) were prepared by alkylation of thiosalicylic acid 

via addition of the corresponding alkyl halide to an alkaline 

water-ethanol solution (Scheme 1).

The corresponding zinc(II)-complexes were obtained 

via the direct reaction of ZnCl
2 
with the appropriate S-alkyl 

derivative of thiosalicylic acid (in a molar ratio 1:2) in water.

Infrared spectra of the obtained complexes were analyzed 

to determine the coordination mode of the ligands to the 

zinc (II) ion. Based on previous results (18-20), we expected 

a bidentate coordination of S-alkyl derivatives of thiosalicylic 

acid through S and O donor atoms. Asymmetric stretching 

frequencies of the carboxyl groups in the infrared spectrum 

of isolated ligands (22) are observed at lower values   than 

expected (from 1700 to 1750 cm-1) (23-25), which could be 

explained by the presence of large R-S groups in the ortho 

position. The positions of these frequencies in the infrared 

spectrum of the corresponding zinc(II)-complexes (C1-C5) 

are located in the expected region (1580 to 1620 cm-1), which 

confirms their coordination to the zinc(II)-ion (Table 1).

Hydrogen and carbon chemical shifts of the S-alkyl 

derivatives of thiosalicylic acid and the corresponding 

zinc(II)-complexes were found at almost the same posi-

tions. Only minor differences in the chemical shifts of the 

carbon atoms from the carboxyl group of the S-alkyl deriv-

ative of thiosalicylic acid and the corresponding zinc(II)-

complexes were observed. These differences in the chemi-

cal shifts of the carboxyl group may be explained by ligand 

coordination through the oxygen atom of the carboxyl 

group to the zinc (II) ion (Table 2).

Based on the microanalysis results and the IR and NMR 

spectra of the ligands and the corresponding Zn(II)-com-

plexes, we concluded that the ligands are bidentately coor-

dinated to the zinc(II)-ion through S and O donor atoms. 

However, based on these results, we could not conclude 

anything about the complex geometry. The precise molec-

ular structure of the obtained zinc(II)-complexes can only 

be determined using X-ray analysis.

CONCLUSION

Zinc(II)-complexes with S-alkyl derivative of thiosalicylic 

acid (R = benzyl-(L1), methyl-(L2), ethyl-(L3), propyl-(L4), 

butyl-(L5)) have been synthesized and characterized by mi-

croanalysis, infrared spectroscopy, and 1H and 13C NMR 

Table 1. The most important infrared bands (cm-1) of the investigated 

compounds

Compound -COO- (as)

[Zn(S-bz-thiosal)
2
] (C1) 1598, 1580

[Zn(S-met-thiosal)
2
] (C2) 1593

[Zn(S-et-thiosal)
2
] (C3) 1595 

[Zn(S-pr-thiosal)
2
]   (C4) 1591 

[Zn(S-bu-thiosal)
2
]   (C5) 1614,1594 
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spectroscopy. Based on the microanalysis and spectroscopic 

results of the obtained compounds, we concluded that the li-

gands are bidentately coordinated to the zinc(II)-ion, but we 

could not yet conclude anything about the complex geometry. 
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ABSTRACT

Heart failure is a syndrome, caused due to structural and 
functional cardiac abnormalities, characterized by changes 
in the hemodynamic and neurohumoral mechanisms. It is 
becoming a major health burden worldwide. More eff ective 
therapies are desperately needed. Coriandrum sativum (C. 
sativum), a traditional spice crop has been known to possess 
many biological and medicinal properties. Th e present study 
was designed to investigate the cardioprotective effi  cacy of C. 
sativum in rat model of isoproterenol induced heart failure. 
Heart failure was produced by injecting isoproterenol sub-
cutaneously (85 mg/kg twice at an interval of 24 h). Oral ef-
fi cacy of seed extract was assessed on hemodynamic profi le, 
antioxidant enzyme activities, lipid peroxidation, lipid profi le, 
atherogenic indices, mRNA and protein expression of endothe-
lin receptors (ETA and ETB) and histopathology. Treatment of 
heart failure rats with C. sativum orally (1g/kg b.wt) improved 
the altered hemodynamics, restored the cardiac antioxidant 
enzymes armory, attenuated oxidative stress, improved lipid 
profi le, lowered atherogenic indices, decreased the levels of ETA 
and ETB receptor mRNA and protein, and restored the cardiac 
morphology. In conclusion, our results suggest C. sativum to be 
a cardioprotective agent in heart failure, possibly by the virtue 
of its ability to alleviate oxidative stress, improve lipid profi le 
and endothelial dysfunction.

 Keywords: Coriandrum sativum, oxidative stress, 
heart failure, endothelial dysfunction, endothelin receptors 

SAŽETAK

Insufi cijencija srca je sindrom uzrokovan strukturnim i 
funkcionalnim abnormalnostima srca, a karakteriše se pro-
menama hemodinamskih i neurohumoralnih mehanizama. 
Insufi cijencija srca predstavlja veliki zdravstveni problem ši-
rom sveta i zbog toga su neophodne efi kasnije terapije. Kori-
jander (C. sativum) je tradicionalno začinsko bilje za koje se 
zna da poseduje mnoga biološka i terapijska svojstva. Cilj ove 
studije bio je da ispita kardioprotektivne efekte C. sativuma 
na modelu srčane insufi cijencije izazvane izoproterenom kod 
pacova. Srčana insufi cijencija izazvana je subkutanom injek-
cijom izoproterenola (85 mg/kg dva puta u intervalu od 24 h). 
Efi kasnost per os primenjenog ekstrakta semena korijandera 
ispitivana je na hemodinamski profi l, aktivnost antioksidaci-
onih enzima, peroksidaciju lipida, lipidni profi l, aterogeni in-
deks, mRNK, proteinsku ekspresiju endotelnih receptora (ETA 
i ETB) i histopatologiju. C. sativumom primenjen oralno (1 g/
kg TM) doveo je do poboljšanja hemodinamskih parametara, 
obnovio je srčane antioksidacione enzime, snizio oksidacioni 
stres, poboljšao lipidni profi l, smanjio aterogeni indeks, sma-
njio nivoe ETA i ETB receptora mRNA i proteina i obnovio 
srčanu morfologiju. Naši rezultati ukazuju da se C. sativum 
može koristiti kod srčane insufi cijencije kao kardioprotektivni 
agens, najverovatnije zbog njegove sposobnosti da ublaži ok-
sidacioni stres, poboljša lipidni profi l i endotelnu disfunkciju.

Ključne reči: korijander, oksidacioni stres, srčana insu-
ficijencija, endotelna disfunkcija, endotelinski receptori
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AC- Atherogenic Coefficient
AIP- Atherogenic Index of Plasma
C. sativum- Coriandrum sativum

DBP- Diastolic blood pressure 
GPx- Glutathione peroxidase

GR- Glutathione reductase
GSH- Glutathione 

HDL-C- High-density lipoprotein-cholesterol
HF- Heart failure 

HR- Heart rate
MAP- Mean arterial pressure

ABBREVIATIONS

ISO- Isoproterenol
LDL- Low-density lipoproteincholesterol
MDA- Malondialdehyde 
ROS- Reactive Oxygen species 
SBP- Systolic blood pressure 
SOD- Superoxide dismutase 
TBA- Thiobarbituric acid 
TC- Total cholesterol 
TCA- Trichloroacetic acid
TG- Triglycerides; 
vLDL-C-Very low-density lipoprotein-cholesterol
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INTRODUCTION

Heart failure (HF) is a clinical syndrome, caused due to 

structural and functional cardiac abnormalities, character-

ized by changes in the hemodynamic and neurohumoral 

mechanisms that result in inability of the heart to pump 

blood efficiently. Epidemiological studies suggest high 

prevalence of cardiovascular diseases out of which heart 

failure accounts for more than 23 million cases worldwide 

(1). Major risk factors include ischemic heart disease, hy-

pertension, coronary artery disease, cardiomyopathies, 

valvular and congenital heart disease, arrhythmias, peri-

cardial disease, and cardiotoxic substances (2). Despite 

many technological advances in the field of cardiovascular 

diseases prevention, the incidence and prevalence of HF 

continue to increase (3).

In the recent years, considerable progress has been 

made to understand the mechanisms underlying heart fail-

ure. Evidence suggests the role of reactive oxygen species 

(ROS) in the pathogenesis of cardiovascular diseases (4). 

Increased production of ROS causes peroxidation of cell 

membrane lipids resulting in cardiac oxidative stress. Lip-

ids are known to regulate cardiac function and altered lipid 

profile or high cholesterol levels are established predictors 

of atherogenesis and cardiovascular mortality (5, 6). Re-

duced oxidative stress and cholesterol levels has been as-

sociated with cardioprotection mechanisms (7). Vascular 

endothelin receptors are a class of G-protein coupled re-

ceptors that mediate vascular smooth muscle contraction 

and are known to play an important role in cardiovascular 

system regulation (8). Several experimental studies have 

suggested the role of ET
A
 and ET

B
 receptor systems to be 

highly dysregulated in chronic heart failure (8, 9).

Various treatment modalities for heart failure are avail-

able which include aldosterone inhibitors, angiotensin con-

verting enzyme (ACE) inhibitors, angiotensin II receptor 

blockers (ARBs), beta-blockers, diuretics, calcium  chan-

nel blockers and digoxin. Statins  or 3-hydroxy-3-methyl-

glutaryl-coenzyme A (HMG-CoA) reductase inhibitors is a 

standard drug used for the treatment of heart failure by the 

virtue of its lipid lowering properties and hence has shown 

to reduce the incidence and mortality rate in HF patients 

(10). Many pleiotropic properties of statins beyond choles-

terol reduction include its antioxidant, anti-inflammatory 

properties, improvement in endothelial dysfunction, release 

of endothelial progenitor cells, and a number of anti-tumor 

activities (11, 12). Despite many beneficial effects, statins 

have been reported to cause many adverse effects in the long 

term (13) which limits the use of statins to a very narrow 

range. Hence, the need to find an alternate strategy for the 

prevention and treatment of heart failure is very important. 

Investigations are being carried out to study the role 

of herbal products for the treatment of various diseases as 

they are considered safe with minimal or no side effects. C. 
sativum, an important spice crop is mainly used in flavour-

ing foods and has also been used as a medicinal plant for 

the treatment of various diseases (14). C. sativum is known 

to possess hypolipidemic (15), hypocholesterolemic (16) 

and antioxidant (17) properties. A study conducted in rats 

has also shown the cardiopotective action of C. sativum 
against myocardial necrosis (18). 

Till date, no work has been done regarding the cardio-

protective aspects of C. sativum in HF model. Therefore, 

in the light of above inferences, we designed this study to 

evaluate the therapeutic and prophylactic potential of C. 
sativum on hemodynamic changes, oxidative stress, lipid 

profile and endothelin receptors, in comparision with sim-

vastatin against isoproterenol induced HF in wistar rats.

MATERIALS AND METHODS

Animals

Studies were performed on male Wistar rats (150–200 

g, 6–8 weeks old). All experiments were conducted in 

compliance with the guidelines of the Committee for the 

Purpose of Control and Supervision of Experiments on 

Animals (CPCSEA), Government of India, and were ap-

proved by the Institutional Animal Ethics Committee. All 

rats had access to water and rodent chow ad libitum. 

Coriandrum sativum seed extract

Dried coriander seeds (C. sativum) were powdered and 

mixed with distilled water to make aqueous suspension. It 

was administered to rats orally at a dose of 1g/kg b.wt. in 

accordance with Lal et al. (15)

Induction of heart failure (HF) and experimental groups 

HF was induced by subcutaneous injections of isopro-

terenol (85 mg/kg) dissolved in normal saline, daily for two 

consecutive days at an interval of 24h. These animals were 

kept for 15 days for the development of HF model (19). An-

imals were randomly divided into 8 groups with 7 rats in 

each. Group I (Control): Control rats were fed normal pellet 

diet. Group II (HF): Rats were given ISO (85 mg/kg, subcu-

taneously) once at an interval of 24 h for two consecutive 

days and were kept for 15 days. Group III: (Therapeutic sim-

vastatin): Rats were treated as in group II, in addition they 

received simvastatin (10 mg/kg; oral gavage) for another 15 

days. Group IV (Therapeutic C. sativum): Rats were treated 

as in group II, in addition they received C. sativum 1g/kg; 

oral gavage) for another 15 days. Group V (Prophylactic 

simvastatin): Rats were pretreated with simvastatin (10 mg/

kg; oral gavage) for 15 days and at the 15th day subcutane-

ously injected with ISO (85 mg/kg) for 2 consecutive days 

and were continued with simvastatin treatment for another 

15 days. Group VI (Prophylactic C. sativum.): Rats were pre-

treated with C. sativum (1g/kg; oral gavage) for 15 days and 

at the 15th day subcutaneously injected with ISO (85 mg/kg) 

for two consecutive days and were continued with corian-

der treatment for another 15 days. Group VII (Simvastatin): 

Rats were treated with simvastatin (10 mg/kg; oral gavage) 

for 15 days. Group VIII (C. sativum): Rats were treated with 

C. sativum. (1 g/kg; oral gavage) for 15 days.
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Hemodynamic Measurements

Rats were anaesthetized with intraperitoneal injection 

of urethane at a dose of 1 gm/kg b.wt. Disappearance of 

pedal reflexes indicated adequate anesthesia. Body tem-

perature of the rat was maintained at 37°C to 38°C. Trache-

ostomy was performed to allow free air breathing without 

any obstruction. Femoral artery was cannulated by a poly-

ethylene catheter filled with heparin solution (500 IU/mL, 

v/v), for recording arterial blood pressure (ABP). The cath-

eter was attached to a 23-gauge needle connected through 

a three way stopcock to a pressure transducer (Statham-

P23D, Oxnard, California). Femoral vein of the other limb 

was cannulated for injecting drugs. Before recording ABP, 

the catheter was flushed with heparinized saline solution 

(500 IU/mL, v/v) to prevent the formation of any blood clot 

that might interfere with the normal recording of ABP. The 

pressure recording system was calibrated with a mercury 

manometer before each experiment. ABP was measured 

after 20 minutes of stabilization. SBP, DBP, MAP, and HR 

were recorded on Power Lab data-acquisition system (4SP, 

AD Instruments, Australia) with a computerized analysis 

program (Lab Chart 7, AD Instruments).

Post-mitochondrial supernatant preparation and 

biochemical estimations

Left ventricle was removed quickly, cleaned of extrane-

ous material and immediately perfused with ice-cold saline 

(0·85% NaCl) and were then homogenised in chilled phos-

phate buffer (0·1 M, pH 7·4) containing KCl (1·17%) using 

a Potter–Elvehjen homogeniser. The homogenate was fil-

tered through muslin cloth and centrifuged at 800 g for 5 

min at 4°C in a REMI cooling centrifuge to separate the 

nuclear debris. Aliquot obtained was centrifuged at 12,000 

rpm for 20 min at 4°C to obtain the PMS, which was used 

as a source of enzymes. All biochemical estimations were 

completed within 24 h of animal sacrifice.

Estimation of glutathione

Glutathione (GSH) level was assessed by the method 

of Jollow et al. (20). A quantity of 1 ml of 10% PMS mixed 

with 1 ml of 4% sulphosalicylic acid, incubated at 4°C for 

1 h, and then centrifuged at 4°C at 1200 g for 15 min. The 

reaction mixture of 3 ml was composed of 0·4 ml of su-

pernatant, 2·2 ml phosphate buffer (0·1 M, pH 7·4) and 0·4 

ml dithio-bis-2-nitrobenzoic acid (4 mg/ml). The yellow 

colour developed was read immediately at 412 nm on the 

spectrophotometer (Lambda EZ201; Perkin Elmer). GSH 

concentration was calculated as μmol GSH conjugates/

mg tissue.

Assay for glutathione peroxidase activity

Activity of Glutathione peroxidase (GPx) was calcu-

lated by the method of Mohandas et al. (21). The total vol-

ume of 2 ml was composed of 0·1 ml EDTA (1mM), 0·1 ml 

sodium azide (1mM), 1·44 ml phosphate buffer (0·1 M, pH 

7·4), 0·05 ml glutathione reductase (1 IU/ml is equivalent 

to 1 mol GSSG reduced/min per ml), 0·05 ml GSH (1mM), 

0·1 ml NADPH (0·2mM), 0·01 ml H
2
O

2
 (0·25mM) and 0·1 

ml of 10% PMS. The depletion of NADPH at 340nm was 

recorded at 25°C. Enzyme activity was calculated as μmol 

NADPH oxidised/ min per mg protein with a molar ex-

tinction coefficient of 6·22 × 103 M-1 cm-1.

Glutathione reductase activity

GR activity was determined by the method of Carl-

berg and Mannervik (22). The reaction mixture consisted 

of 1·65 ml phosphate buffer (0·1 M, pH 7·6), 0·1 ml EDTA 

(0·5mM), 0·05 ml GSH (1mM), 0·1 ml NADPH (0·1mM) 

and 0·1 ml of 10% PMS, in a total volume of 2 ml. Enzyme 

activity was quantified at 25°C by measuring the disap-

pearance of NADPH at 340 nm and was calculated as μmol 

NADPH oxidized/min per mg protein using a molar ex-

tinction coefficient of 6·22 × 103 M-1 cm-1.

Assay for catalase activity

Catalase activity was assessed by the method of Clai-

borne (23). In short, the reaction mixture consisted of 0·05 

ml PMS, 1·0 ml of H
2
O

2
 (0·019 M), 1·95 ml phosphate buf-

fer (0·1 M, pH 7·4), in a total volume of 3 ml. Changes in 

absorbance were recorded at 240 nm, and the change in 

absorbance was calculated as μmol H
2
O

2
 consumed/min 

per mg protein.

Measurement of superoxide dismutase activity

Superoxide dismutase (SOD) activity was measured by 

the method of Marklund and Marklund (24). The reaction 

mixture consisted of 2·875 ml Tris–HCl buffer (50mM, pH 

8·5), pyrogallol (24mM in 10mM-HCl) and 100 ml PMS, in 

a total volume of 3 ml. Enzyme activity was measured at 

420nm and was expressed as units/mg protein. One unit of 

enzyme is defined as the enzyme activity that inhibits the 

autooxidation of pyrogallol by 50%. 

Measurement of lipid peroxidation (LPO)

Assay for lipid peroxidation (LPO) was done accord-

ing to the method of Wright et al. (25). The reaction mix-

ture consisted of 0.05 ml serum sample, 0.73 ml phosphate 

buffer (0.1 M, pH 7.4), 0.2 ml ascorbic acid (100mM) and 

0.02 ml ferric chloride (100mM) in a total volume of 1 ml. 

This mixture was then incubated at 37°C in a shaking wa-

ter bath for 1 h. Reaction was stopped by the addition of 

1 ml trichloroacetic acid (10%). Following the addition of 

1 ml thiobarbituric acid (TBA) (0·67%), all the tubes were 

placed in a boiling water bath for 20 min. The tubes were 

shifted to an ice bath, and then centrifuged at 2500 g for 

10 min. Amount of malondialdehyde (MDA) formed in 

the serum samples was assessed by measuring the optical 

density of the supernatant at 532 nm against blank using a 

molar extinction coefficient of 1·56×105M-1cm-1.

Lipid profile

Serum total cholesterol (TC), triglycerides (TG), low-

density lipoproteincholesterol (LDL-C), very low-density 

lipoprotein-cholesterol (VLDL-C) and high-density lipopro-
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tein-cholesterol (HDL-C) were determined by commercially 

available spectrophotometric assay kits (Monozymes, India).

Atherogenic indices

Atherogenic indices were calculated as described by 

Ikewuchi and Ikewuchi (26) using the formulae:

Cardiac Risk Ratio (CRR) = TC / HDL-C

Atherogenic Coefficient (AC) = (TC ̶ HDL-C) / HDL-C

Atherogenic Index of Plasma (AIP) = Log (TG / HDL-C)

(The values of TC, TG and HDL-C were converted to 

mmol/l for calculation of atherogenic indices).

RNA isolation and quantitative real-time reverse 

transcription-polymerase chain reaction

Total tissue RNA was isolated by acid guanidinium 

thiocyanate-phenol-chloroform extraction method us-

ing Trizol reagent (Invitrogen, USA) following the man-

ufacturer’s instructions. The tissue was homogenized 

in trizol (0.2 g tissue per 2 ml trizol) with a Polytron 

tissue homogenizer. Chloroform extraction, isopropa-

nol precipitation, and 75% (vol/vol) ethanol washing of 

precipitated RNA were subsequently performed. The 

obtained RNA was resolved in diethyl pyrocarbonate 

(DEPC) treated water. Quantity and quality of RNA ex-

tracted was analyzed by NanoDrop (ND-3300, Nano-

Drop Technologies, USA) and agarose gel electrophore-

sis. One microgram total RNA was reverse transcribed 

using RevertAidTM First Strand cDNA Synthesis Kit 

(Fermentas Life Sciences, USA) as per the manufactur-

er’s recommendations.

Real-time quantitative reverse transcriptase poly-

merase chain reaction (qRT-PCR) was performed using 

the Light cycler SYBR Green RT-PCR kit (Roche, U.S.A) 

with the help of specific primers for endothelin receptor 

A (ET
A
) and endothelin receptor B (ET

B
), and normalized 

to Glyceraldehydes 3-phosphate dehydrogenate (GAPDH) 

following the standard protocol. Analysis was performed 

using ΔΔC
t
 method as described earlier (27). The sequence 

of the primers used is shown in Table 1.

Western blotting

Total protein was extracted from the heart left ventri-

cle. Protein concentration was determined by Bradford as-

say. Denaturation of proteins was performed in 2X Laem-

mli sample buffer by heating to 95°C for 5 min, followed 

by a quick spin. Total protein (40 μg) in each sample was 

separated by 10% SDS polyacrylamide gel electrophoresis 

and transferred to methanol-activated PVDF membrane 

in Tris-Glycine buffer containing 20% of methanol. Mem-

branes were blocked by TBST with BSA and incubated 

with rat polyclonal antiserum raised against rat ET
A
R (1: 

200) and rat ET
B
R (1: 100), followed by incubation with 

horseradish peroxidase conjugated secondary antibody. 

β-actin was used as an internal control. Immunoreactive 

bands were visualized using an enhanced chemilumines-

cence (ECL) detection system. Densitometric analysis was 

performed using image-analysis software to determine the 

protein level. The band intensities of target proteins were 

expressed relative to β-actin and normalized to the per-

centage of control.

Statistical Analysis

The results were presented as mean ± standard error of 

the mean (SEM). All the data was analyzed by analysis of 

variance (ANOVA) followed by Tukey multiple compari-

son tests, for the analysis between the groups. The mini-

mum criterion for statistical significance was set at P < 0.05 

for all comparisons.

Histopathological Examination

The heart (left ventricle) was fixed in 10% formalin 

solution for histopathological analysis. The sections were 

examined under light microscope, and photomicrographs 

were taken. Tissues were embedded in paraffin, sectioned 

at 4 μm, and stained with hematoxylin and eosin (H&E). 

The sections were examined under light microscope, and 

photomicrographs were taken.

RESULTS

Arterial blood pressure and Heart rate

HF rats showed a significant (p<0.05) decrease in SBP, 

DBP, HR and MAP as compared to the control group. 

However, both therapeutic and prophylactic treatment 

with C. sativum and simvastatin significantly (p<0.05) 

increased SBP, DBP, HR and MAP compared to the HF 

group. No significant changes were observed in C. sati-
vum and simvastatin only treated groups. The results are 

as shown in Figure 1.

Enzymatic and non-enzymatic antioxidant levels

Table 2 demonstrates the activities of different antioxi-

dant enzymes in response to C. sativum and simvastatin 

treatment in ISO induced rats. ISO administration sig-

nificantly reduced cardiac GSH (p<0.05) levels in HF rats 

as compared to the control rats. Activities of GR (p<0.05), 

GPx (p<0.05), SOD (p<0.05) and catalase (p<0.05) were also 

found to be decreased in ISO induced rats when compared 

with the control group. Therapeutic and prophylactic treat-

Table 1: Primer sequences of ET
A
  receptor, ET

B
  receptor and GAPDH 

genes for Real Time PCR.

Gene Primer Sequence

ET
A
 receptor (sense) 5′-ATCGCTGACAATGCTGAGAG-3′

ET
A 

receptor (antisense) 5′-CCACGATGAAAATGGTACAG-3′

ET
B
 receptor (sense) 5′-GAAAAGAGGATTCCCACCTG-3′

ET
B
 receptor (antisense) 5′-ACGAACACGAGGCATGATAC-3′

GAPDH (sense) 5′-GCCATCAACGACCCCTTCATTG-3′

GAPDH (antisense) 5′-TGCCAGTGAGCTTCCCGTTC-3′
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Figure 1: Hemodynamic parameters: (A) Systolic blood pressure (SBP), (B) Diastolic blood pressure (DBP), (C) Heart rate (HR), (D) Mean arterial 

pressure in Group I (Control); Group II (HF); Group III (Th erapeutic simvastatin); Group IV (Th erapeutic C. sativum);  Group V (Prophylactic simv-

astatin); Group VI (Prophylactic C. sativum);  Group VII (Simvastatin per se); Group VIII (C. sativum per se). Results represent mean ± SEM of seven 

animals per group. Results obtained are signifi cantly diff erent from control group (#p< 0.05). Results obtained are signifi cantly diff erent from HF group 

(*p < 0.05).

Table 2: Eff ect of simvastatin and Coriandrum sativum treatment on cardiac glutathione (GSH), glutathione peroxidase (GPx), glutathione reductase 

(GR), superoxide dismutase (SOD) and catalase levels in isoproterenol induced rats.

Treatment 

groups

GSH (μmol GSH/g 

tissue)

GPx (μmol NADPH 

oxidized/min/mg 

protein)

GR (μmol NADPH 

oxidised/min/mg 

protein)

Catalase (μmol H
2
O

2
 

consumed/min/mg 

protein)

SOD (units/mg 

protein)

Group I 4.24 ± 0.32 7.20 ± 0.72 9.18 ± 0.58 88.40 ± 2.40 3.90 ± 0.38

Group II 1.77 ± 0.14# 3.52 ± 0.24# 4.50 ± 0.42# 42.23 ± 1.98# 1.52 ± 0.22#

Group III 3.25 ± 0.20* 5.19 ± 0.33* 6.54 ± 0.24* 67.18 ± 3.20* 2.69 ± 0.20*

Group IV 3.28 ± 0.25* 5.28 ± 0.27* 6.62 ± 0.57* 68.12 ± 2.33* 2.72 ± 0.24*

Group V 3.46 ± 0.19* 6.29 ± 0.32* 8.53 ± 0.54* 71.97 ± 2.44* 3.52 ± 0.18*

Group VI 3.48 ± 0.28* 6.37 ± 0.30* 8.62 ± 0.32* 72.23 ± 2.09* 3.57 ± 0.15*

Group VII 4.22 ± 0.31 7.23 ± 0.42 9.20 ± 0.44 88.57 ± 1.11 3.92 ± 0.24

Group VIII 4.25 ± 0.29 7.28 ± 0.50 9.23 ± 0.51 88.73 ± 2.78 3.94 ± 0.21

Results represent mean ± SEM of seven animals per group. Group I (Control); Group II (HF); Group III (Th erapeutic simvastatin); Group IV (Th era-

peutic C. sativum);  Group V (Prophylactic simvastatin); Group VI (Prophylactic C. sativum.);  Group VII (Simvastatin per se); Group VIII (C. sativum 
per se). Results obtained are signifi cantly diff erent from control group (#p< 0.05). Results obtained are signifi cantly diff erent from HF group (*p < 0.05).

ment with C. sativum and simvastatin however increased 

the level of GSH (p<0.05) and activities of GR (p<0.05), GPx 

(p<0.05), SOD (p<0.05) and catalase (p<0.05), compared to 

the HF group. However, no significant difference was found 

in the C. sativum and simvastatin only treated group, when 

compared to the control group.

Lipid peroxidation

In comparision with the control group, levels of MDA 

increased significantly (p<0.05) in HF rats. Administration 

of C. sativum and simvastatin both therapeutically and 

prophylactically showed significant (p<0.05) reduction in 

MDA levels when compared with the HF group. C. sati-
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Figure 2: Serum Malodialdehyde (MDA) levels. Results represent mean ± 

SEM of seven animals per group. Group I (Control); Group II (HF); Group 

III (Th erapeutic simvastatin); Group IV (Th erapeutic C. sativum);  Group 

V (Prophylactic simvastatin); Group VI (Prophylactic C. sativum);  Group 

VII (Simvastatin per se); Group VIII (C. sativum per se). Results obtained 

are signifi cantly diff erent from control group (#p< 0.05). Results obtained 

are signifi cantly diff erent from HF group (*p < 0.05).

Table 3: Eff ect of simvastatin and coriandrum sativum L. treatment on lipid profi le of isoproterenol induced rats.

Treatment    groups Cholesterol

(mg/dl)

Triglyceride

(mg/dl)

HDL

(mg/dl)

LDL

(mg/dl)

vLDL

(mg/dl)

Group I 118.45 ± 1.48 93.18 ± 3.10 47.18 ± 0.82 42.16 ± 0.73 21.30 ± 0.84

Group II 164.1 ± 2.43# 163.33 ± 3.73# 22.5 ± 0.34# 81.25 ± 3.42# 29.56 ± 0.89#

Group III 148.73 ± 4.05* 146.63 ± 2.80* 30.33 ± 0.98* 71.43 ± 2.13* 25.43 ± 0.91*

Group IV 150.66 ± 1.87* 143.85 ± 3.71* 28.5 ± 1.78* 72.46 ± 2.05* 25.85 ± 0.46*

Group V 132.88 ± 1.86* 111.4 ± 2.0* 43.1 ± 0.84* 50.06 ± 1.2* 23.1 ± 0.45*

Group VI 133.33 ± 2.60* 109.03 ± 2.63* 42.33 ± 0.55* 51.36 ± 0.95* 23.28 ± 0.32*

Group VII 116.91 ± 1.46 90.7 ± 2.79 48.3 ± 0.67 40.36 ± 0.4 20.33 ± 0.38

Group VIII 117.56 ± 0.60 91.61 ± 3.28 47.96 ± 0.71 41.93 ± 0.62 21.0 ± 0.64

Results represent mean ± SEM of seven animals per group. Group I (Control); Group II (HF); Group III (Th erapeutic simvastatin); Group IV (Th era-

peutic C. sativum.);  Group V (Prophylactic simvastatin); Group VI (Prophylactic C. sativum);  Group VII (Simvastatin per se); Group VIII (C. sativum 
per se). Results obtained are signifi cantly diff erent from control group (#p< 0.05). Results obtained are signifi cantly diff erent from HF group (*p < 0.05).

vum and simvastatin alone treated groups did not have any 

significant effect on the serum MDA levels (Figure 2).

Lipid profile

HF rats showed a significant (p<0.05) elevation in TC, 

TG, LDL-C, vLDL-C levels and a significant (p<0.05) re-

duction in the level of HDL-C respectively, compared to 

control rats. Therapeutic and prophylactic treatment 

with C. sativum and simvastatin significantly (p<0.05) 

decreased the levels of TC, TG, LDL-C, vLDL-C and in-

creased (p<0.05) HDL-C levels when compared to HF rats. 

Treatment with C. sativum and simvastatin alone did not 

show any significant effect on the lipid profile (Table 3).

Atherogenic indices

Atherogenic indices were assessed by calculating Cardiac 

risk ratio (CRR), Atherogenic coefficient (AC) and Athero-

genic index of plasma (AIP). A significant (p<0.05) increase 

in CRR, AC and AIP was observed in HF rats. However, 

therapeutic and prophylactic treatment with C. sativum and 

simvastatin showed a significant (p<0.05) reduction in CRR, 

AC and AIP. C. sativum and simvastatin per se treatment 

showed no significant changes in atherogenic indices when 

compared with the control group (Table 4).

Expression of ET
A
 and ET

B
 receptor mRNA levels

Quantitative real-time PCR was used to measure the 

mRNA levels of ET
A
 and ET

B
 receptors. Relative mRNA 

levels of ET
A
 receptors in the left ventricle of HF rats were 

found to be increased significantly (p<0.05) as compared 

with the control group. Both therapeutic and prophylac-

tic treatment with C. sativum and simvastatin showed a 

significant (p<0.05) decrease in the levels of ET
A
 recep-

tor mRNA, when compared to the HF group (Figure 3A). 

Further, mRNA levels of ET
B
 receptor were also found to 

be significantly (p<0.05) upregulated in HF group, com-

pared to the normal control group. However, in compa-

rision with the HF group therapeutic and prophylactic 

treatment with C. sativum and simvastatin significantly 

(p<0.05) downregulated the expression of ET
B
 receptor 

mRNA (Figure 3B). No significant change was observed 

Table 4: Eff ect of simvastatin and C. sativum treatment on Atherogenic 

Indices of isoproterenol induced rats.

Treatment    

groups

Cardiac Risk 

Ratio (CCR)

Atherogenic 

Coeffi  cient 

(AC)

Atherogenic

Index of 

Plasma (AIP)

Group I 2.51 ± 0.03 1.51 ± 0.03 -0.06 ± 0.016

Group II 7.30 ± 0.17# 6.30 ± 0.17# 0.50 ± 0.008#

Group III 4.92 ± 0.15* 3.92 ± 0.15* 0.32 ± 0.017*

Group IV 5.41 ± 0.42* 4.41 ± 0.42* 0.34 ± 0.023*

Group V 3.08 ± 0.07* 2.08 ± 0.07* 0.053 ± 0.013*

Group VI 3.14 ± 0.04* 2.14 ± 0.04* 0.052 ± 0.004*

Group VII 2.37 ± 0.04 1.37 ± 0.04 -0.09 ± 0.014

Group VIII 2.45 ± 0.04 1.45 ± 0.04 -0.07 ± 0.015

Results represent mean ± SEM of seven animals per group. Group I 

(Control); Group II (HF); Group III (Th erapeutic simvastatin); Group IV 

(Th erapeutic C. sativum);  Group V (Prophylactic simvastatin); Group VI 

(Prophylactic C. sativum);  Group VII (Simvastatin per se); Group VIII 

(C. sativum per se). Results obtained are signifi cantly diff erent from con-

trol group (#p< 0.05). Results obtained are signifi cantly diff erent from HF 

group (*p < 0.05).
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in the ET
A
 and ET

B
 receptor mRNA levels of C. sativum 

and simvastatin alone treated groups.

Expression of ET
A 

and ET
B 

receptor protein levels

Protein levels of ET
A
 and ET

B
 receptor was evaluated by 

western blotting. Expression level of ET
A
 receptor protein 

was found to be significantly (p<0.05) upregulated in HF 

rats, when compared to the untreated control rats. Howev-

er, in comparison with the HF rats, treatment with C. sati-
vum and simvastatin both therapeutically and prophylacti-

cally reduced their levels significantly (p<0.05) as observed 

in Figure 4A. Levels of ET
B
 receptor protein was also found 

to be increased significantly (p<0.05), in comparison with 

Figure 3: Real Time PCR results of ET
A
 and ET

B
 receptor mRNA in the LV (A) Relative mRNA levels of ET

A
 receptor, (B) Relative mRNA levels of ET

B
 

receptor. Results represent mean ± SEM of seven animals per group. Group I (Control); Group II (HF); Group III (Th erapeutic simvastatin); Group IV 

(Th erapeutic C. sativum);  Group V (Prophylactic simvastatin); Group VI (Prophylactic C. sativum);  Group VII (Simvastatin per se); Group VIII (C. 
sativum per se). Results obtained are signifi cantly diff erent from control group (#p< 0.05). Results obtained are signifi cantly diff erent from HF group 

(*p < 0.05).

Figure 4: Western blot results of ET
A
 and ET

B
 receptor proteins in the LV. (A) ET

A
 receptor protein expression level, (B) ET

B
 receptor protein expres-

sion level. Results represent mean ± SEM of seven animals per group. Group I (Control); Group II (HF); Group III (Th erapeutic simvastatin); Group 

IV (Th erapeutic C. sativum);  Group V (Prophylactic simvastatin); Group VI (Prophylactic C. sativum);  Group VII (Simvastatin per se); Group VIII (C. 
sativum per se). Results obtained are signifi cantly diff erent from control group (#p< 0.05). Results obtained are signifi cantly diff erent from HF group 

(*p < 0.05).

the control group. Therapeutic treatment decreased the 

levels of ET
B
 receptor protein significantly (p<0.05) in C. 

sativum and simvastatin groups accompanied by further 

downregulation of ET
B
 receptor protein in prophylactic C. 

sativum and simvastatin groups significantly (p<0.05). The 

results are shown in Figure 4B. No significant change was 

assessed in the ET
A
 and ET

B
 receptor protein levels of C. 

sativum and simvastatin alone treated groups, when com-

pared with the normal group.

Histopathology

Histological sections from left ventricle of control rats 

showed normal morphology. However, HF rats showed 
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Figure 5: Histopathological changes in the myocardium (A) Control group showing normal architecture of cardiac myofi bers (B) HF group showing 

alteration in myocardial structure with interstitial oedema, myocyte necrosis and infl ammatory cell infi ltration (C) Th erapeutic simvastatin (D) Th era-

peutic C. sativum showing mild necrosis and infl ammatory cell infi ltration (E) Prophylactic simvastatin (F) Prophylactic C. sativum showing slight 

myocardial degeneration (G) Simvastatin per se (H) C. sativum per se. Specimens stained with hematoxylin and eosin.

distortion in the myocardial structure, myocyte necrosis 

with interstitial oedema and leucocyte infiltration. Thera-

peutic treatment with C. sativum and simvastatin showed 

partial improvement in myocardial morphology. However, 

prophylactic C. sativum and simvastatin treated groups 

showed marked improvement in the myocyte necrosis, 

interstitial oedema and leucocyte infiltration thereby re-

storing the normal myocardial morphology. No change in 

the myocardial architecture was observed from the histo-

pathological sections of C. sativum and simvastatin alone 

treated groups (Figure 5).

DISCUSSION

The results of our present study clearly demonstrate the 

cardioprotective effect of Coriandrum sativum in isopro-

terenol induced HF rats. Isoproterenol (ISO), a synthetic 

catecholamine and a β-adrenergic receptor agonist induces 

myocardial necrosis leading to left ventricular hypertrophy. 

Mechanisms underlying ISO induced heart failure include 

oxidative stress due to excessive production of free radicals 

from oxidative metabolism of catecholamines, which result 

in both structural and functional myocardial injury (28, 29). 

Moreover, calcium overload and hypoxia followed by coro-

nary hypotension and myocardial hyperactivity may be the 

cause for morphological alterations that results in myocar-

dial damage (30). ISO induced heart failure serves as an ex-

cellent experimental model to evaluate the cardioprotective 

efficacy of various herbal and synthetic compounds.

Statin, a hypolipidemic drug is used in the treatment of 

chronic heart failure due to its ability to lower cholesterol 

levels, improve endothelial function, prevent thrombus 

formation and modulate inflammatory responses (31). De-

spite a number of beneficial properties, statins have been 

reported to cause detrimental effects like muscle toxicity, 

myopathy, rhabdomyolysis and liver damage (13). Hence, 

the development of alternate therapeutics which are safe 

and cost-effective is a good approach for the future. In this 

regard, herbal and natural products are being studied at the 

molecular and cellular level to understand their mechanism 

of action. In the present study, statins were used to compare 

its cardioprotective actions with the herbal drug C. sativum. 
Pharmacological analysis of C. sativum seeds have 

revealed the presence of polyphenols (rutin, chlorogenic 

acid and caffeic acid derivatives), flavonoids (querce-

tin, isoquercetin, keampferol, rhamnetin and apigenin) 

and β-carotenoids (32, 33). The oil of Coriandrum sati-
vum seeds is rich in α-pinene, β-pinene, camphor, citro-

nellol, p-cymene, geraniol, limonene, linalool, myrcene, 

α-phellandrene, terpinene, monoterpenoid glycosides 

and their derivatives (33). Many of these compounds are 

known to prevent oxidative stress by inhibiting free radical 

generation in the cellular system, when obtained through 

diet (33). Flavonoids are known for their anti-inflammato-

ry, antitumor and antioxidant activities (34). Hence, these 

constituents in combination or independently may be re-

sponsible for the cardioprotective properties of C. sativum.
Hemodynamic changes have been reported in car-

diovascular diseases (35, 36). Our present study showed 
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and simvastatin signifying their role in reducing the prob-

ability of cardiovascular pathogenesis.

Vascular endothelium has an important role in cardio-

vascular system regulation. Endothelin (ET-1) secreted from 

vascular endothelial cells is a potent vasoconstrictor, that has 

affinity for two types of receptors namely ET
A
 and ET

B
 recep-

tor. Both these receptors co-exist on vascular smooth mus-

cle cells (VSMC) that mediates vasoconstriction. In addition 

ET
B
 receptors present on vascular endothelial cells (VEC) 

contributes to vasodilatation and ET-1 clearance (47). It has 

been suggested that in cardiovascular diseases, vasodilator 

ET
B
 receptors may switch their phenotype to contractile ET

B
 

receptors (48, 49) and that the increased expression of ET
B
 

receptors is directly correlated with the degree of ischemic 

heart disease (50). In the present study mRNA levels of ET
A
 

and ET
B
 receptors was found to increase significantly in HF 

rats as compared to the control rats followed by increased 

expression of ET
A
 and ET

B
 receptor protein levels. Our data 

is consistent with the earlier studies (9). Therapeutic and 

prophylactic treatment with C. sativum and simvastatin re-

duced ET
A
 and ET

B
 receptor mRNA levels as compared with 

the HF treated rats. Their protein levels were also found to 

be significantly lower as compared with the HF rats.

C. sativum cardioprotective efficacy was further sup-

ported by histopathological studies. Histological find-

ings revealed distorted myocardial architecture, cardiac 

myocyte hypertrophy, fibrosis and myocardial necrosis in 

isoproterenol induced rats. Therapeutic and prophylac-

tic treatment with C. sativum and simvastatin alleviated 

isoproterenol induced myocardial changes and left ven-

tricular hypertrophy. Hence, our results provide strong 

evidence indicating the cardioprotective efficacy of C. sati-
vum against isoproterenol induced heart failure.

In conclusion, C. sativum may serve as an alternative 

herbal drug in protection from heart failure. The cardio-

protective action of C. sativum may be due to its ability 

to improve the hemodynamic profile, alleviate oxidative 

stress, lower cholesterol levels, improve endothelial dys-

function and restore the cardiac morphology. 
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ABSTRACT

Aim of present study was to determine the participation 
of various biomarkers of oxidative damage: nitrite (NO2

-), 
superoxide anion radicals (O2

-), index of lipid peroxidation 
(TBARS) and hydrogen peroxide (H2O2) in coronary circu-
lation after application of the diff erent models of precondi-
tioning such as ischemic and preconditioning with proton 
pump inhibitors. 

Examining a biochemical markers of oxidative damage 
we did not notice any increased production values of any pa-
rameter, according to that we can hypothesize that possible 
occurrence of reperfusion injury after ischemia and PPIs pre-
conditioning is not mediated by this mechanism.

Due to the very diffi  cult and controversial application of 
ischemic preconditioning in clinical practice, the results of 
this study suggest that in the future proton pump inhibitors 
can contribute to the prevention of myocardial damage fol-
lowing ischemia

Keywords: ischemic preconditioning, myocardial infarc-
tion, proton pump inhibitors, oxidative stress

EFFECTS OF ISCHEMIC AND PROTON PUMP INHIBITORS
PRECONDITIONING ON OXIDATIVE STRESS

OF ISOLATED RAT HEART
Nevena Jeremic1, Vladimir Zivkovic2, Ivan Srejovic2, Jovana Jeremic3, Anica Petkovic3, Jovana Bradic3, Vladimir Jakovljevic2, 4

1 Department of Pharmaceutical chemistry, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia
2 Department of Physiology, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia
3 Department of Pharmacy, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia

4Department of Human Pathology, 1st Moscow State Medical University IM Sechenov, Moscow, Russia

EFEKTI ISHEMIJSKOG I PREKONDICIONIRANJA INHIBITORIMA
PROTONSKE PUMPE NA OKSIDACIONI STRES

IZOLOVANOG SRCA PACOVA
Nevena Jeremić1, Vladimir Živković2, Ivan Srejović2, Jovana Jeremić3, Anica Petković3, Jovana Bradić3, Vladimir Jakovljević2, 4

1 Katedra za farmaceutsku hemiju, Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Kragujevac, Srbija
2 Katedra za fi ziologiju, Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Kragujevac, Srbija
3 Katedra za farmaciju, Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Kragujevac, Srbija

4Odsek za humanu patologiju, Prvi Moskovski državni medicinski univerzitet  I.M. Sechenov, Moskva, Rusija

Received / Primljen: 11. 03. 2017. Accepted / Prihvaćen: 14. 03. 2017.

SAŽETAK 

Cilj ove studije bio je ispitati učesće različitih biomarkera 
oksidacionog oštećenja : nitrita (NO2

-), superoksid anjon ra-
dikala (O2

-), lipidnih peroksida (TBARS) i vodonik peroksida 
(H2О2) pri primeni različitih vrsta prekondiconiranja kao sto 
su prekondicioniranje ishemijom i prekondicioniranje lekovi-
ma iz grupe inhibitora protonske pumpe.

S obzirom da ispitujući biohemijske markere oksida-
cionog oštećenja nismo uočili da je došlo do pojačane produk-
cije vrednosti bilo kog parametra, možemo pretpostaviti da 
eventualni nastanak reperfuzione povrede nakon prekondi-
cioniranja ishemijom i lekovima iz grupe inhibitora proton-
ske pumpe nije posredovan ovim mehanizmom.

Zbog veoma teške i kontroverzne primene ishemijskog 
prekondicioniranja u kliničkoj praksi, rezultati ove studije 
sugerišu da u budućnosti lekovi iz grupe inhibitora proton-
ske pumpe mogu imati svoj doprinos u prevenciji oštećenja 
miokarda nakon ishemije.

Ključne reči: ishemijsko prekondicioniranje, infarkt 
miokarda, inhibitori protonske pumpe, oksidacioni stres

INTRODUCTION

There is no doubt that myocardial ischemia (MI) is one 

of the major causes of morbidity and mortality worldwide. 

Various medical and surgical strategies have been devel-

oped over the years in order to minimize the deep and 

devastating effects on metabolism and myocardial con-

tractility as well as the sustainability of myocytes due to 

acute myocardial infarction (AMI). Approaches vary, but 

usually include the use of thrombolytic agents, antago-

nist β-adrenergic receptor, inhibitors of angiotensin con-

verting enzyme (ACE), the use of antioxidants, the use of 

transluminal coronary angioplasty, coronary artery bypass 

grafting. One of the few interventions that are universally 

accepted and still causes a great deal of attention by the sci-

entific world is certainly a phenomenon of heart ischemia 

preconditioning (1).

Over time, a growing number of studies observed dif-

ferent models and effects of preconditioning (2, 3). Precon-

ditioning stimulus itself leads to the start of the whole cas-

cade of endogenous adaptive mechanisms that ultimately 

result in the development of tolerance. It was also shown 

that preconditioning is powerful mechanism that protects 

the myocardium from ischemic damage, to reduce the oc-

currence of arrhythmia, and that has a role in maintaining 

contractility of the cardiac muscle (4).
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The mechanism of the formation of reactive oxygen 

species (reactive oxygen spieces - ROS) is very important 

in the process of reperfusion injury and experimental stud-

ies have shown that reperfusion after ischemia generates 

oxidative stress, which can then be intermediary for myo-

cardial infarction. The oxygen that reaches infarction who 

had previously suffered ischemia, leads to the formation 

of free radicals, primarily superoxide, hydroxyl radicals, 

peroxynitrite, which just in the first few minutes of es-

tablishing blood flow leads to the development of reper-

fusion injury. ROS can occur as a result of the activation, 

and neutrophil accumulation during reperfusion resulting 

in the release of platelet activating factor derived from the 

endothelium, which attract neutrophils and enhance the 

production of ROS as well as the degree of reperfusion in-

jury. During reperfusion, oxidative stress has also reduces 

the bioavailability of intracellular signaling molecules such 

as nitric oxide, thereby negating its cardio protection (5, 6).

Since the goal of any kind of preconditioning is to re-

duce infarct size, the available literature data that can be 

found today used a wide variety of pharmacological agents, 

among them also proton pump inhibitors (PPI). 

Gomes and his associates in its two research looked at 

the role of omeprazole and pantoprazole as possible pre-

conditioning agents. In a study with omeprazole is observed 

that the drug significantly contribute to a recovery in iso-

lated rat heart after injury caused by myocardial ischemia 

and reperfusion. Similar conclusions are performed from a 

survey conducted with pantoprazole on isolated rat heart 

and same findings we have from our previous work (7-9).

According to all previous our aim was to determine the 

participation of various biomarkers of oxidative damage: 

nitrite (NO
2

-), superoxide anion radicals (O
2

-), index of lip-

id peroxidation (TBARS) and hydrogen peroxide (H
2
O

2
) in 

coronary circulation after application of the different mod-

els of preconditioning such as ischemic and precondition-

ing with proton pump inhibitors.

MATERIAL AND METHODS

Preparation of isolated rat hearts 

The hearts of male Wistar albino rats (n=36, 12 in each 

experimental group, body mass 180–200 g) were excised 

and perfused on a Langendorff apparatus (Experimetria 

Ltd,1062 Budapest, Hungary). After a short-term ket-

amine/xylasin narcosis, animals were killed by cervical dis-

location (Schedule 1 of the Animals/ Scientific Procedures, 

Act 1986, UK), and premedicated with heparin as an anti-

coagulant. After emergency thoracotomy and rapid cardi-

ac arrest by superfusion with ice-cold isotonic saline, rap-

idly excised, the aortas were cannulated and retrogradely 

perfused under a constant perfusion pressure (CPP). The 

composition of the non-recirculating Krebs-Henseleit 

perfusate was as follows (mM): NaCl 118, KCI 4.7, CaCI
2
 

x2H
2
O 2.5, MgSO

4
 x7H

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 37oC (pH 7.4). Immediately after the 

restoration of normal heart rhythm, through the created 

entrance to the left atrium of the heart and damaged mitral 

valve, the sensor (transducer BS473-0184, Experimetria 

Ltd, Budapest, Hungary) was inserted into the left ventri-

cle for continuous monitoring of cardiac function. 

Physiological assay and experimental protocol

All study groups underwent 30 min perfusion at CPP of 

70 cm H
2
O. In control group (CG) after stabilization peri-

od, hearts were subjected to global ischemia (perfusion was 

totally stopped) for 20 minutes and 30 minutes of reperfu-

sion (Protocol 1). Hearts of group II (IPC) were submitted 

to ischemic preconditioning lasting 2 minutes of ischemia 

and 4 minutes of reperfusion before global ischemia of 20 

minutes and 30 minutes of reperfusion (Protocol 2). Third, 

fourth and fifth groups were groups with pharmacologi-

cal preconditioning (proton pump inhibitors). All of these 

groups first underwent preconditioning lasting 5 minutes 

with 100μM of drug (omeprazole, pantoprazole and lan-

soprazole) then submitted 20 minutes of ischemia and 30 

minutes of reperfusion (Protocol 3).

In control group, coronary venous effluent was collected 

in point of stabilization (S), in first point of reperfusion (R1) 

and on every 5 minutes in period of reperfusion (R1-R7). In 

group with ischemic preconditioning coronary venous efflu-

ent was collected in point of stabilization (S), in each point on 

every minute of 4 minute reperfusion period (RP1-RP4) and 

from first to the last point of 30 minutes reperfusion period 

on every 5 minutes (R1-R7). In groups of pharmacological 

preconditioning coronary venous effluent was collected in 

point of stabilization (S) and from first to the last point of 30 

minutes reperfusion period on every 5 minutes (R1-R7).  

Drugs 

All drugs were purchased from Sigma–Aldrich Chemie 

GmbH, Germany. 

Biochemical Assays

In the collected samples of coronary venous effluent, 

following markers of oxidative stress were measured spec-

trophotometrically: (1) index of lipid peroxidation (mea-

sured as TBARS—thiobarbituric acid reactive substanc-

es); (2) nitrites (NO
2

−); (3) hydrogen peroxide (H
2
O

2
); (4) 

superoxide anion radical (O
2

−). 

Index of lipid peroxidation

The degree of lipid peroxidation in the coronary venous 

effluent was estimated by measuring TBARS using 1 % thio-

barbituric acid (TBA) in 0.05 NaOH incubated with the 

coronary effluent at 100 °C for 15 min and read at 530 nm. 

Krebs–Henseleit solution was used as a blank probe (10).
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Nitrite determination 

NO rapidly decomposes to form stable metabolite nitrite/

nitrate products. The nitrite (NO
2

−) level was measured as an 

index of NO production using the Griess reagent. A total of 

0.5 ml of perfusate was precipitated with 200 μl of 30 % sulpho-

salicylic acid, vortexed for 30 min, and centrifuged at 3000×g. 

Equal volumes of the supernatant and Griess reagent, contain-

ing 1 % sulphanilamide in 5 % phosphoric acid/0.1 % naphtha-

lene ethylenediamine dihydrochloride, were added, incubated 

for 10 min in the dark, and read at 543 nm. The nitrite levels 

were calculated using sodium nitrite as the standard (11).

Determination of superoxide anion radical

The level of the superoxide anion radical (O
2

−) was 

measured by nitro blue tetrazolium (NBT) reaction in Tris 

buffer with coronary venous effluent and read at 530 nm. 

Krebs–Henseleit solution was used as a blank probe (12).

Determination of hydrogen peroxide

The measurement of H
2
O

2 
is based on the oxidation of 

phenol red by H
2
O

2 
in a reaction catalyzed by horseradish 

peroxidase (HRPO) (13). A volume of 200 l of perfusate 

was precipitated with 800 l of fresh phenol red solution 

(PRS), along with 10 l of 1:20 HRPO (made ex tempore). 

An adequate volume of Krebs–Henseleit solution was used 

for a blank probe (instead of coronary venous effluent). 

The level of H
2
O

2 
was measured at 610 nm.

Statistical analysis 

For statistical analysis we examined three measured 

points, first point was stabilization (S), second was the first 

and the last point of 30 minutes reperfusion period (R1 and 

R7). Values are expressed as mean ± SE. Statistical analysis 

was performed by ANOVA test. P values lower than 0.05 

were considered to be significant. 

Ethical Approval

The experimental protocol was approved by the Fac-

ulty of Medical Sciences Ethics Committee for the welfare 

of experimental animals, University of Kragujevac, num-

ber 01-12149 and by Ministry of Agriculture, Forestry and 

Water Management, Authority for Veterinary of Serbia 

number 323-07-09426/2013-05.

RESULTS

Effects of ischemic and PPI preconditioning on index of 
lipid peroxidation 

Control group and group with pantoprazole leaded to 

statistically significant difference between first and last 

point of reperfusion. Although in all other groups we no-

ticed decreased levels of TBARS in reperfusion period that 

results were not statistically significant. Except in group 

were we applied lansoprazole, there were no difference 

between values in point of stabilization compared to last 

point of reperfusion (Table 1 and Figure 1).

Effects of ischemic and PPI preconditioning on nitrites

In all experimental groups we found decreased levels 

of nitrites in reperfusion period. However in control and 

group with lansoprazole there were no difference among 

values in first and last point of reperfusion. When we com-

pared values in S point with values in R7 point we notice 

that there were no statistical difference between these 

points in control group and in groups with ischemic and 

lansoprazole preconditioning (Table 2, Figure 2).

Table 1. Statistical signifi cance and results for all observed groups

Index of lipid peroxidation (TBARS)

Points of 

interest/

Groups

Control IP OP LP PP

S vs R1 P<0.05* P>0.05 P>0.05 P>0.05 P>0.05

S vs R7 P<0.05* P>0.05 P<0.05* P<0.01** P>0.05

R1 vs R7 P<0.01** P>0.05 P>0.05 P>0.05 P<0.05*

Decrease 

(-) or in-

crease (+) 

values R7 

vs R1 (%)

-43,92 -37,26 - 58,98 -23,28 -27,83

Decrease 

(-) or in-

crease (+) 

values R7 

vs S (%)

-25,16 -15,80 -55,66 -25,17 -19,81

Table 2. Statistical signifi cance and results for all observed groups

Nitrites (NO
2

-)

Points of 

interest/

Groups

Control IP OP LP PP

S vs R1 P>0.05 P<0.01** P>0.05 P<0.05* P<0.01**

S vs R7 P>0.05 P>0.05 P<0.01** P<0.05* P<0.05*

R1 vs R7 P>0.05 P<0.01** P<0.01** P>0.05 P<0.01**

Decrease 

(-) or in-

crease (+) 

values R7 

vs R1 (%)

-39,79 -33,69 - 46,97 -29,86 -28,83

Decrease 

(-) or in-

crease (+) 

values R7 

vs S (%)

-33,18 -4,99 -34,16 -15,97 -14,79
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Effects of ischemic and PPI preconditioning on superox-
ide anion radical

In groups with ischemic and preconditioning with panto-

prazole we found statistically significant increase in values of 

superoxide anion radical in period of reperfusion. Moreover in 

group with lansoprazole preconditioning in same examined pe-

riod we showed statistically significant decrease of these values. 

There were no significant difference between values in S point 

and values in R7 point in examined groups (Table 3, Figure 3). 

Effects of ischemic and PPI preconditioning on hydrogen 
peroxide

Ischemic and PPI preconditioning had statistically sig-

nificant effect on values of hydrogen peroxide in reperfu-

sion period. In these groups we found decreased values in 

R7 point compared to R1 point. There were no significant 

changes in control group. Moreover, in control group, 

group with ischemic and omeprazole preconditioning we 

found that there is no difference between values in S point 

compared to values in R7 point of examined parameter 

(Table 4, Figure 4). 

DISCUSSION 

Determining the level molecule such as: nitric oxide in 

the form of nitrite, superoxide anion radicals and hydrogen 

peroxide and marker of oxidative damage (index of lipid 

peroxidation) in the coronary venous effluent, we wanted 

to determine whether ischemic preconditioning and phar-

Figure 1. Figures represent changes in values of index of lipid peroxida-

tion for all observed groups. A: control group, B: group with ischemic 

preconditioning, C: preconditioning with omeprazole, D: precondition-

ing with lansoprazole, E: preconditioning with pantoprazole
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macological preconditioning with PPIs have a positive or 

negative effect on the free radical production during reper-

fusion. Myocardial reperfusion injury is an essential conse-

quence of re-establishing the flow after ischemia. Although 

the exact mechanisms that can protect the myocardium 

from the occurrence of the injury or which it can allevi-

ate not yet been adequately investigated, the interest in this 

problem still remain. 

Our results show that drugs called proton pump inhibi-

tors significantly reduced the concentration of nitric oxide 

in reperfusion period compared to the last point and the 

point of stabilization, but that is largely decreased of ni-

trite caused by omeprazole. Control group had decrease 

in nitrite values for 33.18% in reperfusion period. The less 

reduction in the value of exempt nitrite showed the group 

where myocardium was preconditioned with ischemia 

(Table 2, Figure 2). 

The importance of nitric oxide in the I/R injury of the 

myocardium is especially great due to its reaction with 

superoxide anion radical resulting in the generation of 

peroxynitrite (14-16). Peroxynitrite (ONOO-) can cause 

oxidation of the protein as well as lipid peroxidation (14). 

Our results could be interpreted in the light of these facts, 

because all groups reduced the release of superoxide anion 

radicals which can be spent on administration to create 

peroxynitrite by reaction with nitrogen oxide whose values   

are also in decline.

Review that at the end of the twentieth century posted 

Nonami et al., indicates that based on a critical review of 

previously published works, one cannot claim with cer-

Figure 2. Figures represent changes in values of nitrites for all observed 

groups. A: control group, B: group with ischemic preconditioning, C: pre-

conditioning with omeprazole, D: preconditioning with lansoprazole, E: 

preconditioning with pantoprazole
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Figure 3. Figures represent changes in values of superoxide anion radical 

for all observed groups. A: control group, B: group with ischemic precon-

ditioning, C: preconditioning with omeprazole, D: preconditioning with 

lansoprazole, E: preconditioning with pantoprazole

Table 3. Statistical signifi cance and results for all observed groups

Superoxide anion radical (О
2

-)

Points of

interest/

Groups

Control IP OP LP PP

S vs R1 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

S vs R7 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

R1 vs R7 P>0.05 P<0.05* P>0.05 P<0.05* P<0.05*

Decrease (-) 

or increase (+) 

values R7 vs 

R1 (%)

-37,72 +107,28 - 37,73 -56,22 +181,83

Decrease (-) 

or increase (+) 

values R7 vs 

S (%)

-47,30 -39,46 -26,92 -38,57 -13,87

tainty that neither donors nor precursors of nitric oxide, 

as well as inhibitors of nitric oxide synthase sufficient to 

prevent I/R injuries. In conclusion they indicated that 

nitric oxide may have different effects in terms of myo-

cardial protection and all depending on the time of its ap-

plication (17).

Although the superoxide anion radical is a highly 

reactive molecule, in the physiological conditions this 

molecule almost immediately after the creation has been 

translated into hydrogen peroxide using mitochondrial 

(Mn-SOD) and cytosolic (Cu / Zn-SOD), superoxide 

dismutase. Further, hydrogen peroxide under the action 

of the enzyme catalase is converted into oxygen and wa-

ter. However, under certain circumstances, superoxide 

anion radical can avoid the cascading time, with conse-

quent production of ROS leading to oxidative damage 

(14, 18, 19). 
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Figure 4. Figures represent changes in values hydrogen peroxide for all 

observed groups. A: control group, B: group with ischemic precondition-

ing, C: preconditioning with omeprazole, D: preconditioning with lanso-

prazole, E: preconditioning with pantoprazole

Table 4. Statistical signifi cance and results for all observed groups

Hydrogen-peroxide (Н
2
О

2
)

Points of

interest/

Groups

Control IP OP LP PP

S vs R1 P<0.05* P>0.05 P>0.05 P<0.05* P<0.05*

S vs R7 P>0.05 P>0.05 P>0.05 P<0.01** P<0.05*

R1 vs R7 P>0.05 P<0.05* P<0.01** P<0.05* P<0.01**

Decrease (-) 

or increase (+) 

values R7 vs 

R1 (%)

-51,65 -37,29 - 22,57 -21,27 -30,02

Decrease (-) 

or increase (+) 

values R7 vs 

S (%)

-11,40 -28,56 -26,85 -15,70 -16,10

Our results may be seen from the table and graphics (Ta-

ble 3, Chart 3), indicating reduced release of superoxide an-

ion radical, which is not statistically significant in either study 

group when comparing the last point of reperfusion and val-

ues at point of stabilization. Decrease in superoxide anion 

radicals by active metabolite of omeprazole showed Wan-

dall early nineties of the last century on the model of isolated 

polymorphous (20). In a study in isolated rabbit hearts, Omar 

et al. came to the conclusion that ischemic precondition-

ing is not mediated by superoxide anion radicals. Research 

by various laboratories indicated that the generation of ROS 

plays a vital role in the oxidative damage after ischemia and 

in the protection of the myocardium. This paradox may be 

explained by the specific regulatory resources ROS (14).

When it comes to hydrogen peroxide, we saw that after 

the application of drugs from the group of PPIs percentage 

drop in values when we compared the point R7 relative to S. 
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The values of hydrogen peroxide from the coronary venous 

effluent had the same trend and in the control group or the 

groups with the ischemic preconditioning (Table 4, Chart 4).

Pantoprazole in a study conducted in an animal model 

of rats showing its anti-oxidant and cytoprotective effects 

(21, 22). Same ability lansoprazole showed also (23). As far 

as preconditioning with ischemia, Gozal et al. on the model 

of the dog heart have shown that this type of prevention of 

myocardium injury leads to a reduction in the concentra-

tion of hydroxyl radicals, and thus concluded that ischemic 

preconditioning does not cause oxidative damage (24).

Although in our study there was no evidence that precon-

ditioning ischemia as well as proton pump inhibitors reduces 

the value of hydroxyl radicals, due to the overall reduction of 

all parameters of oxidative damage it can be indicated pos-

sible the same scenarios as in the previously described studies.

The process of lipid peroxidation may occur through 

non-enzymatic and be mediated by reactive oxygen spe-

cies resulting in the formation of malondialdehyde (MDA). 

Exposure to high levels of lipid peroxidation products can 

cause a variety of cellular responses, ranging from acute 

toxic to the inhibition of cell proliferation (25).

Our results showed that in all groups, there was a decrease 

in the values of superoxide anion radicals and hydrogen per-

oxide. How O
2

- leads to lipid peroxidation of membranes of 

endothelial cells, reduction of the levels of these pro-oxidant 

is in correlation with the lower values of lipid peroxidation 

(TBARS) (16). Reducing TBARS values can be traced through 

all the experimental groups, which clearly shows the percent-

age drop in the value of the point R7 in relation to point of 

stabilization. The difference between the values at the end of 

reperfusion, and the basal value at the beginning of the ex-

periment did not differ statistically in a group where we ex-

ecuted ischemic preconditioning and preconditioning with 

pantoprazole. This might be a sign that in these groups after a 

large percentage drop during reperfusion period at the end of 

reperfusion established that lipid peroxidation and there were 

no deferens between R7 and S (Table 1, Figure 1).

In the group where omeprazole was applied we found 

that there has been a decline in the values in the reperfu-

sion period compared to stabilization for 55.56%. Moreover 

as in this group came up almost the largest decrease in the 

concentration of hydrogen peroxide, it can be assumed that 

lipid peroxidation due to at least because the minimum pro-

duction of hydroxyl radicals. Hayashi et al. on the model 

of isolated rat liver showed that omeprazole decreases the 

values of lipid peroxidation (26) while on indomethacin-in-

duced gastritis in rats demonstrated that administration of 

omeprazole prevent an increase in TBARS values (27).

CONCLUSION
 

Examining a biochemical markers of oxidative damage we 

did not notice any increased production values of any param-

eter, according to that we can hypothesize that possible occur-

rence of reperfusion injury after ischemia and PPIs precondi-

tioning is not mediated by this mechanism.

Due to the very difficult and controversial applica-

tion of ischemic preconditioning in clinical practice, 

the results of this study suggest that in the future drugs 

called proton pump inhibitors can contribute to the pre-

vention of myocardial damage following ischemia, espe-

cially because these days this group of drugs is one of 

the most prescribing. 
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ABSTRACT

Despite the association of a worse HF-related clinical sta-
tus with lower CoQ10 levels, the prognostic use of CoQ10 is 
controversial. � e aim of this study is to optimize pharmaco-
therapy for patients with ischaemic CHF, based on the clinical 
and functional parameters of the heart and brain natriuretic 
peptide (BNP) plasma levels, which are correlated with the 
CoQ10 plasma levels, and to assess patient prognosis after re-
ceiving CoQ10 therapy. � is prospective clinical study included 
75 patients aged 56 to 63 years old with coronary heart disease 
(CHD) classifi ed as class I–III according to the NYHA classi-
fi cation. After assessment of the clinical-instrumental charac-
teristics of the CVD course (complaints, medical history, physi-
cal examination, a 6-minute walk test, echocardiography, and 
test for reactive hyperaemia), we determined the BNP level and 
CoQ10 plasma levels. At the same time, we assessed the effi  cacy 
of CoQ10 treatment (at a dose of 60 mg/per day) and tolerabil-
ity in CVD-combined therapy during a follow-up of 12 weeks. 
CoQ10 supplementation in HF patients induced improvements 
in their functional cardiac parameters, such as the ejection frac-
tion. Our results suggest that supplemental CoQ10 may be a 
useful option for eff ective management of heart failure and war-
rant future adequately powered randomized controlled trials of 
CoQ10 supplementation in patients with HF.

Key words: coenzyme Q10-combined therapy, brain na-
triuretic peptide, chronic heart failure
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SAŽETAK

Uprkos povezanosti lošeg HF kliničkog statusa sa nižim 
nivoima CoQ10, prognostička upotreba CoQ10 je kontro-
verzna. Cilj ove studije je razviti optimalnu farmakotera-
piju za pacijente sa ishemijskom bolešću srca na osnovu 
kliničkih i funkcionalnih parametara srca i plazma nivoa 
natriureznog peptida B, koji je koreliran sa plazma nivoom 
CoQ10, kao i da se proceni ishod terpije CoQ10 (BNP). Ova 
prospektivna klinička studija uključila je 75 pacijenata 
starosti od 56 do 63 godina zivota sa koronarnom bolešću 
srca (CHD) klasifi kovanim kao NIHA klasa I-III. Nakon 
procene kliničkih karakteristika CVD statusa (simptomi, 
medicinska istorija, fi zički pregled, 6-minutni test hoda, 
ehokardiografi ja, test sa reaktivnom hiperemijom), merili 
smo nivoe BNP i CoQ10 u plazmi. Istovremeno, procenili 
smo efi kasnost terapije CoQ10 (u dozi od 60 mg/dnevno) i 
toleranciju u kombinovanoj CVD terapiji tokom 12 nede-
lja. Suplementacija CoQ10 kod pacijenata sa HF je dovela 
do poboljšanja funkcionalnih parametara srca, kao što je 
ejekciona frakcija. Naši rezultati sugerišu da suplementa-
cija CoQ10 može biti korisna opcija za efi kasno upravljanje 
srčanim popuštanjem i obezbeđuju osnovu za buduće ran-
domizirane i kontrolisane studije koje bi ispitivale suple-
mentaciju CoQ10 kod pacijenata sa HF. 

Kljucne reci: koenzim Q10 kombinovana terapija, moz-
dani nstriurezni peptid, hronična bolest srca
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INTRODUCTION

In recent decades, the dominance of cardiovascular dis-
eases (CVD), as major contributors to the total mortality 
of the employable population, has emerged. Chronic heart 
failure (CHF) plays a special role in the death rate because 
of its unfavourable course and prognosis. The results of 
the Framingham Heart Study indicated that CHF patients 
make up 2.5 percent of all Americans above 45 years of age 
or 5 million cases in total (550,000 new cases of CHF per 
year) (1, 2).

The current understanding of CHF pathophysiology 
is best described by the neurohormonal hypothesis. The 
use of renin-angiotensin-aldosterone system inhibitors 
and beta-blockers in clinical practice has led to a reliable 
reduction of total and cardiovascular mortality in patients 
with CHF (3, 4). However, apart from neurohormonal ac-
tivation, increased production of pro-inflammatory cyto-
kines following the immunoinflammatory response and 
initiation of lipid peroxidation play important roles in the 
pathophysiology of CVD. Increased reactive oxygen spe-
cies (ROS) production leads to endothelial injury and re-
duction of nitric oxide production, triggers apoptosis, and 
has a negative inotropic effect (5, 6).

A potential treatment that option focuses on reducing 
symptoms and improving quality of life and prognosis of 
patients with CVD is the correction of myocardial oxida-
tive injury by means of CoQ10 therapy (7). Coenzyme Q10 
(CoQ10) is an endogenously synthesised and diet-supplied 
lipid-soluble cofactor that functions in the mitochondri-
al inner membrane to transfer electrons from complexes 
I and II to complex III (6, 7). Coenzyme Q10 (CoQ10), 
which is present in all cells of the human body, is essen-
tial for adenosine triphosphate (ATP) synthesis (5, 8). The 
reference range of reduced CoQ10 for children (younger 
than 18 years of age) is 320–1376 μg/L and for adults (aged 
18 years or older) is 415–1480 μg/L. The reference values 
for total CoQ10 for children and adults are 320–1558 μg/L 
and 433–1532 μg/L, respectively. The normal percentage 
of reduced CoQ10 in children varies from 93% to 100%, 
while in adults, it falls between 92% and 98% (8).

Under experimental conditions, it was also shown that 
apart from increased reactive oxygen species production, 
CVD is accompanied by suppression of myocardial anti-
oxidant systems (9). In the case of high levels of oxidative 
stress, CoQ10 reduces the nitric oxide inactivation rate 
(wherein NO is converted into peroxynitrite), thus pro-
tecting the vascular wall (10). It is well known that tissues 
with high energy requirements or metabolic activity, such 
as the heart, liver, kidneys, and muscles, contain the high-
est concentrations of CoQ10 (6, 9). Cardiomyocytes con-
tain the highest concentration of ubiquinone due to their 
high energy requirements. It was established that plasma 
CoQ10 is progressively reduced with the increasing sever-
ity of CVD (11, 12).  

Biomarker identification is a possible approach to es-
timating the severity of CVD and assessing its prognosis. 

In this procedure, determination of the B-type of brain 
natriuretic peptide plasma levels is conducted (13, 14). 
Increased levels of BNP are identified as an independent 
assessment criterion of CVD severity and a mortality pre-
dictor of CVD (13, 14).

Preclinical data have provided information across a va-
riety of models that support the pathophysiological role of 
CoQ10 depletion in HF and other cardiovascular diseases 
as well as the concept of improved outcomes with CoQ10 
supplementation (15). A meta-analysis of 13 randomized, 
controlled, blind trials indicated that CoQ10-combined 
therapy significantly improved the New York Heart Asso-
ciation (NYHA) functional class, increased physical activ-
ity tolerance, and reduced the number of hospitalizations 
due to CHF decompensation (16, 17). A number of stud-
ies indicate that application of CoQ10 at a daily dose of 
100 – 200 mg results in increased contractility of the heart 
muscle (18). However, the results of some studies have 
been equivocal (18, 19). The possible reason for the lim-
ited efficacy of CoQ10-combined therapy may be the use 
of low doses.

There have been a large number of trials examining the 
effect of CoQ10 in HF conducted over the past 30 years. 
Despite the association of a worse HF-related clinical sta-
tus with lower CoQ10 levels, the prognostic use of CoQ10 
is controversial. The aim of this study is to develop phar-
macotherapy optimization for patients with ischaemic 
CHF based on the clinical and functional parameters of the 
heart and brain natriuretic peptide (BNP) plasma levels, 
which are correlated with the CoQ10 plasma levels, and to 
assess patient prognosis after CoQ10 therapy.

PATIENTS AND METHODS

Ethical Approval
All patients before inclusion in the study provided 

informed consent. The study was approved by the Com-
mittee of Ethics of the local institution (IM Sechenov First 
Moscow State Medical University, Moscow, Russia) and 
conducted according to the principles of the Declaration 
of Helsinki.

Patients and study design
This prospective clinical study included 75 patients 

aged 56 to 63 years old with (CHD) classified as class I–III 
according to the NYHA classification. The inclusion crite-
ria were the presence of CHF symptoms, left ventricular 
ejection fraction under 45% as confirmed by echocardiog-
raphy and a previous myocardial infarction. Patients who 
were on standard therapy (beta-blockers, angiotensin-con-
verting enzyme inhibitors or angiotensin II receptor antag-
onists, diuretics, statin nitrates and antiplatelet therapy) 
were also included. 

After assessment of the clinical-instrumental charac-
teristics of the CVD course (complaints, medical history, 
physical examination, a 6-minute walk test, echocardiog-
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raphy, and a test for reactive hyperaemia), we determined 
the levels of BNP and plasma CoQ10. At the same time, 
we assessed the efficacy of the CoQ10 treatment (at a dose 
of 60 mg/per day) and its tolerability in CVD-combined 
therapy during a follow-up of 12 weeks. The efficacy and 
tolerability of the CoQ10-combined therapy was assessed 
according to the clinical manifestation dynamics of CHF, 
CHF functional class (NYHA), exercise tolerance, mor-
phological and functional cardiac parameters and changes 
in plasma concentrations of NT-proBNP and CoQ10. All 
of the abovementioned parameters were assessed two 
times, at the beginning of the study (baseline) and after 12 
weeks of follow-up. 

Assessment of the patient clinical status 
Assessment of the patient clinical status was based on 

analyses of complaints, a physical examination, the results 
of a 6-minute walk test, and morphological and functional 
parameters of the heart on echocardiography. 

To assess endothelial-dependent vasodilatation, a Dop-
pler evaluation of changes in the brachial artery diameter 
during reactive hyperaemia (HR) was used. The results 
were considered satisfactory if the brachial artery diame-
ter, following the release of reactive hyperaemia, increased 
by more than 10%. In the case of a negative test result, en-
dothelial dysfunction was diagnosed.

Biochemical analyses
Determination of N-terminal pro B-type natriuretic 

peptide (NT-proBNP)
The determination of the N-terminal pro B-type na-

triuretic peptide (NT-proBNP) plasma level was carried 
out using an automated immunochemiluminescence assay 
based on the sandwich principle (“Biomedica NT-proB-
NP”) (20).

Determination of Coenzyme Q10 plasma levels
The determination of the Coenzyme Q10 plasma lev-

el was carried out using an isocratic method of reverse-
phase high-performance liquid chromatography (HPLC). 
We used the Stayer liquid chromatograph system, Akvilon, 
Russia, Phenomenex Luna, with a 5 µm, 4.6×150 mm C18 
column and ESA Coulochem II 5010 Electrochemical De-
tector. Chromatogram registration and processing were 
performed using the Environmental Sciences Associate, 
Inc., USA software (21).

Statistical analyses
Statistical analyses were carried out with the software 

package SPSS 11.5 for Windows. Nonparametric meth-
ods were used in the case of a non-Gaussian distribution 
of data, andalong with Spearman correlation analysis, the 
Wilcoxon test for paired comparisons, and the median test 
(a special case of the chi-square test used for multiple in-
dependent samples). The linear relationship intensity be-
tween independent and dependent variables, accounted 
for the influence of other variables and, was determined 

via multiple linear regression analysis. Data are presented 
as the median (Me) and range of the upper and lower quar-
tiles based on a non-parametric distribution of data. Dif-
ferences were considered significant at p<0.05.

RESULTS

Socio-demographic and clinical characteristics
of the study group
This study consisted of 75 CHF patients with NYHA 

class I–III caused by coronary heart disease (54 males and 
21 females, with an average age of 61.5). The proportions 
of patients with NYHA classes I, II, and III were 20% (15 
patients), 64% (48 patients), and 16% (12 patients), respec-
tively. All patients developed CHF due to coronary heart 
disease, with an average disease duration of 46.0 months 
(from 16 to 96 months). All patients received standard 
therapy: beta-blockers, angiotensin-converting enzyme 
inhibitors or angiotensin II receptor antagonists, diuretics, 
and statins; 25% of patients received nitrates, and 92.6% of 
patients received antiplatelet therapy (Table 1).

According to the 6-minute walk test, there was a sig-
nificant reduction in physical activity tolerance in patients 
(the average distance was 385.5 m). Morphological and 
functional changes in cardiac parameters were sufficiently 
pronounced in all patients (with an average left ventricular 
ejection fraction of 38.2%). Complaints analysis and physi-
cal examination revealed that 80% of CHF patients (60 
patients) had NYHA II-III prior to the study. According 
to the 6-minute walk test, the average distance was 385.5 
m (354.0; 407.5), which corresponds to the a reduction in 
physical activity tolerance in patients with NYHA class II 
(Table 1). According to the echocardiographic data, the av-
erage left ventricular ejection fraction (LVEF) was 38.2% 
(33.4; 43.1). The average NT-proBNP plasma level was 
240.3 pg/mL (70.83; 524.32), which corresponded to a nor-
mal level of this peptide in CVD patients (the plasma level 

Table 1. Demographic characteristics of the study population
Number of patients 75
Males/females, n (%) 54 (72%); 21 (28%)
Average age (years) 61.5 (range 56-63)
CHF duration (months) 46.0 (24; 79)
NYHA classes I/II/III, n (%) 15 (20)/ 48 (64)/ 12 (16)
Coronary heart disease, n (%) 75 (100)
Previous myocardial infarction, n (%) 75 (100)

Table 2. Clinical parameters of the study  population

Left ventricular ejection fraction, % 38.2 (33.4; 43.1)

Average 6-minute walk test distance, m 385.5 (354.0; 407.5)

CoQ10 plasma levels, ng/mL 826.3 (510.8; 1080.3)

NT-proBNP average plasma level, pg/mL 240.3 (70.83; 524.32)

 Brachial artery diameter at rest, cm 0.51 (0.43; 0.56)
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was higher than that in healthy persons (0 – 125 pg/mL)). 
The initial average CoQ10 concentration was 826.3 ng/mL 
in all patients.

Association of the Doppler evaluation of endothelial-
dependent vasodilatation and the clinical, morphological, 
and functional features of CHF patients

According to the Doppler evaluation of the brachial artery 
diameter, the initial diameter of the brachial artery was 0.51 
cm (Table 3). The results of the Doppler evaluation of changes 
in the brachial artery diameter during reactive hyperaemia 
showed that only 12 patients (16%) had a proper increase in 
brachial artery diameter after the test and 63 patients (84%) 
had endothelial dysfunction. Additionally, 40 patients (53.3%) 
had moderate endothelial dysfunction with an increase in 
the brachial artery diameter from 5 to 10%, and 23 patients 
(30.7%) had severe endothelial dysfunction with an increase 
in the brachial artery diameter of less than 5%. 

Taking into account that CoQ10 deficiency causes en-
dothelial dysfunction; endothelial-dependent vasodilata-
tion was assessed in all patients. Correlating the results of 
the ultrasound images of the brachial artery diameter fol-
lowing reactive hyperaemia and the CoQ10 concentration 
revealed that, poor endothelial-dependent vasodilatation 
caused by endothelial dysfunction in patients with CHF 
was accompanied by a reduction in the plasma CoQ10 
concentration. There was evidence that the lower the 
CoQ10 concentration the higher the severity of endothelial 
dysfunction. Moreover, a correlation between the severity 
of endothelial dysfunction and the clinical morphological 

and functional characteristics was noted. Patients with a 
normal brachial artery diameter following reactive hyper-
aemia vasodilation had a higher level of the left ventricular 
ejection fraction (43.2% against 40.5 or 38.4%) and lower 
level of the average NYHA class (2.1 against 2.5 and 2.7) 
than patients with moderate to significant endothelial dys-
function (the differences were not significantly reliable). 
Moreover, the higher the level of endothelial dysfunction, 
the lower the LVEF and higher the NYHA class. Similar 
features were also observed when comparing the NT-
proBNP plasma concentration with the severity of endo-
thelial dysfunction: patients who were normal following 
reactive hyperaemia vasodilatation had a lower average 
NT-proBNP concentration (216.8 (139.2; 404.5)) than pa-
tients with moderate (232.1 (153.4; 472.7)) and significant 
(283.1 (192.6; 523.8)) endothelial dysfunction (Table 3).

Association of the NT-proBNP and the clinical,
morphological, and functional features of CHF patients
The average NT-proBNP plasma concentration was 

240.3 pg/mL (70.83; 524.32); nevertheless, the scatter of 
values   was significant (from 20.2 to 860.0 pg/mL). To anal-
yse the clinical, morphological, and functional features of 
CHF patients with different plasma levels of NT-proBNP, 
two groups of patients were identified: the first group con-
sisted of CHF patients with NT-proBNP plasma levels of 
less than 125 pg/mL; the second group consisted of CHF 
patients with NT-proBNP plasma levels of more than 125 
pg/mL. The characteristics of CHF patients that depended 
on the NT-proBNP plasma levels are shown in Table 4.

Table 3. Brachial artery diameter during reactive hyperaemia according to ultrasound images 

Normal vasodilatation following 
reactive hyperaemia

Moderate endothelial 
dysfunction

Signifi cant endothelial 
dysfunction

Number of patients, n (%) 12 (16%) 40 (53.3%) 23 (30.7%)
Initial diameter of the brachial artery at 
rest, cm 0.57 (0.54; 0.59) 0.56 (0.55; 0.59) 0.57 (0.53; 0.60)

Diameter of the brachial artery following 
reactive hyperaemia, cm 0.65 (0.59; 0.66) 0.59 (0.57; 0.60) 0.58 (0.56; 0.61)

Brachial artery diameter increase, % 12.5 7.3 2.6
CoQ10 concentration, ng/Ml 1451.3 (1106.2; 1593.8) 1051.7 (702.5; 1239.0) 904.6 (678.2; 1027.5)
Percentage of patients with CoQ10 
concentration of less than 700 ng/mL 41.7 45 52.2

NT-proBNP, pg/mL 216.8 (139.2; 404.5) 232.1 (153.4; 472.7) 283.1 (192.6; 523.8)
NYHA class 2.1 2.5 2.7
Ejection fraction, % 43.2 (39.2; 44.1) 40.0 (37.4; 42.9) 38.4 (35.7; 42.3)

Table 4. Characteristics of CHF patients that depend on the NT-proBNP plasma levels

CHF patients with NT-proBNP plasma 
levels less than 125 pg/mL

CHF patients with NT-proBNP plasma 
levels more than 125 pg/mL p

Number of patients, n (%) 15 (20) 60 (80) -
Average age, years 64.5 (59.0; 66.5) 63.0 (59.5; 69.0) 0.98
Males/females, n (%) 9(60) / 6(40) 45 (80) / 15 (20) 0.48
Average NT-proBNP plasma level, pg/mL 62.2 (49.8; 104.4) 264.16 (177.4; 491.9) 0.001
Average distance according to the 6-minute 
walk test, m 405.0 (393.0; 427.0) 336.5 (300.75; 408.0) 0.079

LVEF, % 42.7 (39.5; 44.3) 38.2 (36.3; 43.1) 0.001
Average CoQ10 plasma level, ng/mL 1020.0 (744.4; 1217.0) 631.6 (403.2; 972.5) 0.228
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The difference in patient age was not significantly re-
liable, but the first group was characterized by a signifi-
cantly higher number of women than the second (40% 
against 20%). All patients from the first group were diag-
nosed with CHF I NYHA class and had an average walk 
distance of 450.0 meters (393.0; 427.0) according to the 
6-minute walk test. In the second group, the average dis-
tance according to the 6-minute walk test (336.5 meters) 
was less than the average distance recorded for the first 
group, and (300.8; 408.3) (p=0.079), which corresponded 
to an average distance according to the 6-minute walk test 
in patients with NYHA classes II and III. Significant differ-
ences were observed in the contractile function of the left 
ventricle (p=0.001): there was a significantly higher level of 
systolic function in the first group (LVEF 42.7 (39.5; 44.3)) 
and lower level in the second group (LVEF 38.2 (36.3; 43.1)) 
(p=0.001), according to the echocardiography results. No 
significant differences were observed in the CoQ10 plas-
ma levels; however, there was a very slight trend towards 
significance: the average CoQ10 plasma level was 1020.0 
ng/mL (744.4; 1217.0) in the first group and 631.6 n/mL 
(403.2; 972.5) in the second group (p=0.228). 

Association of the coenzyme Q10 plasma concentration 
and the clinical, morphological, and functional features of 
CHF patients

In this study, we found a wide variety of CoQ10 plasma 
levels in CHF patients: 350 ng/mL to 1903 ng/mL. How-
ever, 35 patients (46.7%) had CoQ10 plasma levels less than 

700 ng/mL, and 12 patients (16%) had CoQ10 plasma lev-
els that were even lower (less than 400 ng/mL) (Fig. 1).

To analyse the clinical, morphological, and functional 
features of CHF patients with normal and low CoQ10 plas-
ma levels, two groups of patients were identified. The first 
group consisted of CHF patients with CoQ10 plasma lev-
els lower than 700 ng/mL (the average concentration was 
513.1 ng/mL (442.5; 619.5)). The second group consisted 
of CHF patients with CoQ10 plasma levels higher than 
700 ng/mL (the average concentration was 1042.0 ng/mL 
(960.0; 1283.5); p=0.001). The analysis of the CHF patient 
clinical and demographic features of CHF patients with 
initially normal and low CoQ10 plasma levels showed that 
there was a variety of non-significant differences in these 
groups (Table 5). There were more males than females in 
both groups (with no significant differences), and patients 
with lower CoQ10 plasma concentrations were younger 
than patients with normal CoQ10 plasma concentrations 
(there was a slight trend towards significance).

Patients with lower CoQ10 plasma levels had less CHF 
history and higher NYHA class (but these differences were 
not significant). Patients in this group had a more severe 
course of chronic heart failure: the average distance ac-
cording to the 6-minute walk test was significantly lower 
(there was a trend towards significance) than average the 
distance in patients with normal CoQ10 plasma levels. 
Compared to patients with normal CoQ10 plasma levels, 
patients with lower CoQ10 plasma levels had non-signif-
icant higher NT-proBNP plasma levels and lower LVEFs.

Table 5.CHF patient characteristics depending on CoQ10 plasma levels

CoQ10<700 ng/mL CoQ10>700 ng/mL p
Number of patients, n (%) 35 (46.7) 40 (53.3) -
Average age, years 58.0 (54.0; 66.0) 63.0 (60.5; 70.0) 0.18
Males/females, n (%) 24(68.6) / 11(31.4) 30 (75) / 10 (25) 0.82
Average NT-proBNP plasma level, pg/mL 156.4 (121.2; 220.4) 105.68 (53.7; 240.7) 0.221
Average distance according to the 6-minute walk test, m 336.5 (307.3; 387.5) 405.0 (340.5; 432.0) 0.059
LVEF, % 39.5 (37.5; 43.0) 42.0 (40.5; 44.0) 0.58
Average CoQ10 plasma level, ng/mL 513.1 (442.5; 619.5) 1042.0 (960.0; 1283.5) 0.001

Figure 1. Percentage of CHF patients with low CoQ10 plasma levels
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Association of the NT-proBNP plasma levels and the 
clinical, morphological, and functional features of CHF pa-
tients after the coenzyme Q10 treatment

According to the study design, patients started to re-
ceive CoQ10 therapy (60 mg/day) in addition to standard 
therapy for CHF after an initial CoQ10 plasma level evalu-
ation. The use of CoQ10-combined therapy normalized 
the NT-proBNP plasma levels in both groups of patients 
(Figure 2).

Furthermore, CoQ10-combined therapy caused a sig-
nificant increase in the average distance according to the 
6-minute walk test (the average distance was slightly higher 
in patients with an initially increased NT-proBNP plasma 
level) and a non-significant LVEF increase (Table 6). An 
increase in CoQ10 plasma levels in both groups of patients 
was also observed (the dynamics were greater in patients 
with initially normal NT-proBNP plasma levels) (Table 6).

Association of the CoQ10 plasma levels and the clinical, 
morphological, and functional features of CHF patients af-
ter the coenzyme Q10 treatment

Some differences in the dynamics of the clinical, mor-
phological, functional features, and laboratory test results 
in patients with different initial CoQ10 plasma levels were 
also observed. A significant reduction of the NT-proBNP 
plasma levels in both groups of patients was observed (the 
NT-proBNP plasma level was slightly higher in patients 
with initially higher CoQ10 plasma levels). There was evi-
dence that the efficacy of CoQ10 therapy (Qudesan) was 
higher in patients with initially lower CoQ10 plasma levels 
(the dynamics of the 6-minute test results andas well as 
the LVEFs and CoQ10 plasma levels were greater in this 
group) (Table 7). 

DISCUSSION

This prospective clinical study examined the rela-
tionships among the clinical, morphological, functional 
cardiac parameters, indicators of endothelial function, 
NT-proBNP plasma levels and CoQ10 concentration in 
patients with chronic heart failure of ischaemic aetiology.

According to this study, a wide range of CoQ10 con-
centrations was revealed: the CoQ10 plasma levels varied 
from 350 ng/mL to 1903 ng/mL and the average concen-
tration was 826.3 (510.8; 1080.3) ng/mL. It was also shown 
that low levels of CoQ10 were associated with more severe 
heart failure and higher levels of NT-proBNP. Addition-
ally, we revealed that high levels of NT-proBNP were as-
sociated with low exercise tolerance, reduced LVEF and a 
decrease in CoQ10 plasma levels. 

Figure 2. NT-proBNP plasma level dynamics under the infl uence of 
CpQ10-combined therapy in patients with NYHA class I-III

Table 6. CoQ10-combined therapy (Qudesan) clinical, morphological, and functional features in patients with diff erent NT-proBNP plasma levels

Patients with NT-proBNP plasma levels less than
125 pg/mL (n=15)

Patients with NT-proBNP plasma levels 
more than 125 pg/mL (n=60) p

Average NT-proBNP plasma level, pg/mL

Before therapy 62.2 (49.8; 104.4) 264.2 (177.4; 491.9) 0.001
After 12 weeks 26.4 (13.6; 42.8) 108.20 (59.9; 155.8) 0.001
D%; p -58; 0.005 -59; 0.001

Average distance according to the 6-minute walk test, m

Before therapy 405.0 (393.0; 427.0) 336.5 (300.8; 408.0) 0.079
After 12 weeks 457.0 (432.0; 520.0) 398.5 (351.3; 512.0) 0.085
D%; p +12.8; 0.003 +18.4; 0.002

LVEF, %

Before therapy 43.0 (39.8; 44.0) 39.0 (36.5; 42.0) 0.001
After 12 weeks 46.0 (43.5; 49.0) 41.5 (39.5; 43.0) 0.028
D%; p +6.9; 0.416 +6.4; 0.752

Average CoQ10 plasma level, ng/mL

Before therapy 1020.0 (744.4; 1217.0) 837.3 (510.8; 1080.3) 0.228
After 12 weeks 2310.0 (1160.0; 3415.0) 1000.0 (752.8; 1905.0) 0.063
D%; p +126.5; 0.021 +19.4; 0.208
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The study results indicate that manifested by impaired 
endothelium-dependent vasodilatation, endothelial dys-
function is accompanied by a reduction in the CoQ10 plas-
ma level in patients with CHF. Additionally, the lower the 
CoQ10 plasma level the more severe the endothelial dys-
function. Therefore, it is expected that a correction of the 
CoQ10 deficiency will be required. CoQ10 deficiency cor-
rection will improve the endothelial function, thus reducing 
the tissue hypoxia associated with CHF. Furthermore, other 
study results showed that a reduction of the CoQ10 concen-
tration to less than 730 ng/mL, was a poor prognostic factor 
in CHF patients. It is argued that a low CoQ10 plasma level 
is an independent mortality risk factor in this group of pa-
tients (22-25). This study revealed that the optimal CoQ10 
concentration for the prediction of mortality was 730 ng/
mL. Multivariate analysis, in which the concentration of 
CoQ10 was compared with standard predictors of survival 
in CHF patients (age, sex, history of myocardial infarction, 
NT-proBNP concentration (terminal pro b-type natriuretic 
peptide)), and the glomerular filtration rate (with the modi-
fication of diet in renal disease) showed that CoQ10 was an 
independent predictor of survival in CHF patients (23-26).

The literature suggests that lower CoQ10 levels are 
associated with an increasing severity of HF symptoms. 
Additionally, the aforementioned evidence suggests that 
CoQ10 may be useful in patients with CHF by replenishing 
deficient levels, which may improve ATP synthesis and left 
ventricular function. The beneficial effects of coenzyme 
Q10 supplementation have been observed in several age-
related diseases, including heart failure. The CoQ10 (coen-
zyme Q10) level is significantly decreased in patients with 
this disease, which correlates with the severity of clinical 
symptoms (30).

To clearly that that the CoQ10 levels are corrected with 
the severity of clinical symptoms, we used a 12-wk treatment 
of CoQ10 in patients with HF. Our experience with CoQ10 
therapy in patients with class II-III NYHA provide us with 
hope of success. We previously determined the most effec-
tive dose for patients with CHF (24-28). The soluble form of 
the drug was used as the CoQ10 therapy (20 mL vials), 1 mL 
of which contains 30 mg of CoQ10 and 4.5 mg of Vitamin E. 
CHF patients received different doses of CoQ10: 60 mg (2 mL 
of Qudesan® solution), 90 mg (3 mL of Qudesan® solution), 
and 120 mg (4 mL of Qudesan® solution). After 4 weeks of 
treatment, it was found that regardless of the CoQ10 dose, 
there was more a 2-fold increase in the CoQ10 concentration 
in all patients with CHF. In accordance with the data, we de-
termined that the optimal daily CoQ10 dose of combination 
therapy in patients with CHF was 60 mg per day. 

Some foreign studies used much higher doses of CoQ10 
(18), because the liposoluble form of the drug was used. 
Qudesan® solution is a solubilized form of CoQ10, the bio-
availability of which is higher than the bioavailability of the 
liposoluble form by at least 2.6 times. Therefore, a dose of 
60 mg of water-soluble (solubilized form) CoQ10 should be 
approximately equal to 150-200 mg of liposoluble CoQ10.

It was found that treatment with CoQ10 led to more 
significant dynamics of the clinical, morphological, and 
functional parameters (the dynamics of the average dis-
tance according to the 6-minute walk test, LVEFs, and 
CoQ10 plasma levels) in patients with initially lower lev-
els of CoQ10. We also also showed that the addition of 
CoQ10 to standard therapy for CHF patients with initially 
high NT-proBNP concentrations and reduced CoQ10 con-
centrations led to a significant decrease in the NT-proBNP 
plasma levels, increase in the CoQ10 concentrations, in-

Table 7. Changes in the CoQ10 plasma levels depending on, the dynamics of the clinical, morphological, and functional features, NT-proBNP and 
CoQ10 plasma levels

Patients with CoQ10 plasma levels less than 
700 ng/mL  (n=35)

Patients with CoQ10 plasma levels 
more than 700 ng/mL  (n= 40) p

Average NT-proBNP plasma level, pg/mL

Before therapy 156.4 (121.2; 220.4) 105.7 (53.7; 240.7) 0.221
After 12 weeks 87.5 (34.6; 277.4) 43.5 (15.2; 78.2) 0.386
D%; p -44.1; 0.046 -58.8; 0.001

Average distance according to the 6-minute walk test, m

Before therapy 336.5 (307.3; 387.5) 405.0 (340.5; 432.0) 0.059
After 12 weeks 395.0 (339.5; 479.0) 453.0 (404.5; 525.0) 0.101
D%; p +17.4; 0.028 +11.8; 0.001
LVEF, %

Before therapy 38.5 (35.0; 41.5) 41.0 (38.0; 43.5) 0.58
After 12 weeks 44.0 (42.0; 46.0) 42.0 (39.0; 45.0) 0.78
D%; p +14.3; 0.144 +2.4; 0.609

Average CoQ10 plasma level, ng/mL

Before therapy 513.1 (442.5; 619.5) 1042.0 (960.0; 1283.5) 0.001
After 12 weeks 965.5 (545.5; 2410.0) 1910.0 (1365.0; 2460.0) 0.208
D%; p +88.2; 0.144 +83.2; 0.016
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crease in exercise tolerance and improvement of endothe-
lial function.

There have been numerous observational reports over 
the last few decades reporting the usefulness of CoQ10 for 
improving HF symptoms, including the ejection fraction, 
left ventricular size and quality of life. However, these stud-
ies had several design shortcomings that prevented their 
translation into clinical practice (18, 31). 

Our findings on the effect of CoQ10 in CHF combina-
tion therapy on the BNP and CoQ10 plasma levels are con-
sistent with those of other authors. Tokareva et al. showed 
that long-term use of CoQ10 prevented the progression of 
chronic heart failure in patients with impaired myocardial 
contractility and original BNP levels in the normal range 
(less than 100 pg/mL) (29). In another analysis by Sander 
et al., with CoQ10 doses ranging from 60–200 mg/day, it 
was shown that there was a 3.7% net improvement in the 
ejection fraction (1.59 to 5.77; p<0.00001) (17). 

Fotino et al. reported similar results in a meta-analysis; 
CoQ10 supplementation resulted in a pooled mean net in-
crease in the ejection fraction of 3.67%, further suggesting 
the benefits of CoQ10 therapy (32).

The largest randomized trial performed to date (com-
pleted in 1993 and enrolled 641 patients) demonstrated 
that compared with placebo, CoQ10 reduced the risk of HF 
hospitalization (73 versus 118, p<0.001) and complications 
of HF, such as pulmonary oedema and cardiac asthma (20 
versus 51 and 97 versus 198, p<0.001), and our results are 
in accordance with these findings (33).

Coenzyme Q10 potentially enhances cardiac function, 
probably through a variety of mechanisms. CoQ10 plays a 
critical role in ATP generation by accepting electrons from 
complexes I and II and transporting them to complex III, 
and at which point they are ready to be reduced by complex-
es I and II again. This electron transportation allows hydro-
gen ions (H+) to be pumped across the inner mitochondrial 
membrane (IMM), which drives the synthesis of ATP via 
ATP synthase. CoQ10 has been shown to inhibit the peroxi-
dation of cell membrane lipids and reduce the oxidation of 
circulating lipolipids. In addition to its antioxidant activity, 
CoQ10 also seems to improve endothelial function (34, 35).

CONCLUSION

In HF patients, CoQ10 supplementation induced im-
provements in functional cardiac parameters, such as the 
ejection fraction. Our results suggest that al CoQ10 sup-
plementation may be a useful option for effective man-
agement of heart failure and warrant future adequately 
powered randomized controlled trials of CoQ10 supple-
mentation in patients with HF.
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ABSTRACT

Cervicitis is infl ammation of the cervix, and the causes of 

such infl ammation may include infection from certain sexu-

ally transmitted diseases (STDs), injury to the cervix from a 

foreign body inserted into the vagina (for example, birth con-

trol devices such as a cervical cap or  diaphragm), or cervical 

cancer, whose course can be subacute or chronic. Our research 

aimed to test the effi  cacy of the proposed treatment protocol 

for chlamydia trachomatis distal genital infections in repro-

ductive women. Th is single-centre, randomized, quasi-exper-

imental prospective study was conducted among 40 women 

with diagnosed Chlamydia Trachomatis (CT) cervical infec-

tions who were diagnosed and treated at the Clinic of Obstet-

rics and Gynaecology in the Clinical Center Kragujevac in 

Serbia from December 2014 to January 2015. Patients were 

divided into two groups according to the treatment method: 

the tetracycline group (n=20), with doxiciclyn (Dovicin®) given 

at a dose of 100 mg twice per day for 10 days and 100 mg per 

day for the next 10 days, and the macrolides group (n=20), 

with azithromycin (Hemomycin®) at a dose of 1000 mg per 

day, divided into four doses or a single dose per day. Treat-

ment with doxycycline proved to be statistically more eff ective 

compared to treatment with azithromycin. Our results con-

fi rm that the outcome of infections caused by C. trachomatis 

depends solely on the applied therapy and management, but 

extensive prospective studies in a female cohort that includes 

more parameters, such as potential age related, dose-depen-

dent and adherence variability, are necessary to determine 

and confi rm the best choice for treatment of CT cervicitis.

Keywords: Chlamydia Trachomatis, cervicitis, Tetracy-

clines, Macrolides
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SAŽETAK

Cervicitis je bolest od koje oboli oko 50% svih žena, a 

najčešći izazivač je Chlamidia trachomatis.Chlamidia tra-

chomatis je i najčešća seksualno prenosiva bolest.

Prospektivna studija sprovedena u klinici za Ginekolog-

iju i akušerstvo obuhvatila je 40 pacijentkinja kod kojih je 

analizom cervikalnog brisa utvrđeno prisustvo Chlamidiae 

trachomatis nakon čega su one lečene različitim terapijskim 

protokolima i pri tome ispitivana efi kasnost terapije.Prema 

terapiskom protokolu pacijentkinje su bile podeljene u dve 

grupe. Prva grupa u kojoj je bilo 20 pacijentkinja lečena je  

tetraciklinima,a druga  grupa makrolidnim antibioticima.

Analizom dobijenih rezultata utvrđeno je da je u grupi 

pacijentkinja lečenih tetraciklinima po završenoj terapiji 

Chlamidia trachomatis bila prisutna u brisu cerviksa kod 

15% pacijentkinja, u 85% slučajeva nalaz je bio negativan. 

U grupi pacijentkinja lečenih makrolidima pozitivan nalaz 

Chlamidiae trachomatis zabeleženje u 85% slučajeva, a 

samo 15% pacijentkinja po završenoj terapiji nije više imalo 

Chl. Trachomatis u cervikalnom brisu.

Lečenje tetraciklinima pokazalose statistički značajno 

efi kasnije u odnosu na lečenje makrolidnim antibioticima. 

Prema tome i drugim rezultatima naseg istrazivanja, terapi-

ja izbora za lecenje Chlamidiae trachomatis treba da bude 

doksiciklin. 

Ključne reči: Chlamydia trachomatis, cervicitis, in-

fl amacija grlića materice, tetraciklini, makrolidi
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INTRODUCTION

Cervicitis is inflammation of the cervix, and the causes 

of such inflammation include infection from certain sexu-

ally transmitted diseases (STDs), injury to the cervix from 

a foreign body inserted into the vagina (for example, birth 

control devices such as a cervical cap or diaphragm), or 

cervical cancer (1, 2) whose course can be subacute or 

chronic. 

Infectious cervicitis may be caused by Chlamydia tra-

chomatis (CT), Neisseria gonorrhoeae or herpes simplex 

virus (HSV), but the inciters may be bacteria, viruses and 

fungi. In smears of the cervixes of women who were diag-

nosed with cervicitis, the presence of the Gram-negative 

obligate intracellular bacteria Chlamydia trachomatis 

found in approximately 20 % of the cases, and it is con-

sidered the most common cause of Chlamydia trachomatis 

cervicitis (3-5). 

According to the sexually transmitted diseases treatment 

guidelines from 2010, two major diagnostic signs character-

ize cervicitis: 1) a purulent or mucopurulent endocervical 

exudate visible in the endocervical canal or on an endocer-

vical swab specimen (commonly referred to as mucopuru-

lent cervicitis or cervicitis) and 2) sustained endocervical 

bleeding that is easily induced by gentle passage of a cot-

ton swab through the cervical os. Either or both signs might 

be present. Cervicitis is frequently asymptomatic, but some 

women complain of an abnormal vaginal discharge and in-

termenstrual vaginal bleeding (e.g., after sexual intercourse). 

A finding of leucorrhoea (>10 WBC per high-power field on 

microscopic examination of vaginal fluid) has been associat-

ed with chlamydial and gonococcal infections of the cervix. 

In the absence of inflammatory vaginitis, leucorrhoea might 

be a sensitive indicator of cervical inflammation with a high 

negative predictive value (6).

The infection is very often asymptomatic; more than 70 

% of women have no symptoms (7, 8). The infection, other 

than sexual contact with an infected partner, can be trans-

mitted vertically if pregnancy occurs, i.e., in childbirth dur-

ing the passage of the foetus through the birth canal of the 

infected mother. Newborn infections manifest clinically as 

oftalmia neonatorum in 50 % of cases or as pneumonia in 

20 % of cases (9, 10).

The symptoms of cervicitis induced by C. trachomatis 

are vaginal discharge, pain in sexual intercourse and pain 

interference with defecation (11-13). The diagnosis of cer-

vicitis induced by Chl. trachomatis typically is made with 

the following (14-19): isolation of the carrier in the respec-

tive cell culture; identification of the chlamydia antigen 

(DIF, immunosorbent assays, DNK hybridization, PCR and 

LCR); and serological tests for the detection of a specific 

antibody (response complements fixation, test indirect 

fluorescence, and ELISA-test).

When treating cervical infections caused by C. tracho-

matis, antibiotics are applied that penetrate well into the 

host cell because it is sensitive to antibiotics only in the 

reticular body during the process of division within the 

cytoplasm. Currently, this is considered the most effective 

method of treatment with antibiotics from the tetracycline 

and macrolide groups (20-22). 

The Centers for Disease Control and Prevention (CDC) 

suggest that several factors should affect the decision to pro-

vide presumptive therapy for cervicitis or to await the re-

sults of diagnostic tests. Treatment with antibiotics for C. 

trachomatis should be provided for those women who are at 

an increased risk for this common STD (e.g., those aged ≤25 

years, those with new or multiple sex partners, and those 

who engage in unprotected sex). The recommended regi-

mens for presumptive treatment of cervicitis caused by CT 

is 1 g of azithromycin orally in a single dose or 100 mg of 

doxycycline orally twice a day for seven days (6).

Tetracyclines are naphthacene derivatives that inhibit 

protein synthesis and act bacteriostatic, and the macrolide 

inhibits protein synthesis and acts bacteriostatic. 

Many follow-up studies have been conducted as recom-

mended in different guidelines and according to empirical 

knowledge, but it is still unclear if doxycycline treatment is 

more efficacious than azithromycin in the management of 

cervicitis caused by Chlamydia. 

Our research was aimed to test the efficacy of the pro-

posed treatment protocol for Chlamydia trachomatis dis-

tal genital infections in women of reproductive age.

PATIENTS AND METHODS

Study design and setting

This single-centre, randomized, quasi-experimental 

prospective study was conducted among 40 women who 

were diagnosed with Chlamydia Trachomatis (CT) cervi-

cal infections and were diagnosed and treated at the Clinic 

of Obstetrics and Gynaecology in the Clinical Center Kra-

gujevac in Serbia from December 2014 to January 2015.

Women ≥20 years of age who were confirmed to have 

a CT infection were divided into two groups according to 

the treatment method: Tetracyclines group and Macro-

lides group. The first group of patients was treated by tet-

racycline antibiotics (n=20), i.e., Doxiciclyn (Dovicin®), at a 

dose of 100 mg twice per day for 10 days and 100 mg per 

day for the next 10 days. The second group was treated by 

macrolide antibiotics (n=20), i.e., Azitromycin (Hemomy-

cin®), at a dose of 1000 mg per day, divided into four doses 

or a single dose per day.

Detecting Chlamydia trachomatis (CT) Infections
In all patients, localized CT infections were examined 

by assays for direct pathogen detection, such as culture, 

antigen tests (direct fluorescent antibody (DFA), and im-

mune chromatographic RDTs), nucleic acid hybridization 

and amplification tests as previously described (23). The 

established cell lines for isolating C. trachomatis include 

Mc Coy, HeLa 229 or Buffalo Green Monkey Kidney cells. 

Vaginal and endocervical swabs are suitable specimens for 

culture but must be collected using special devices and 
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transport media (24). Specimens were centrifuged onto a 

confluent cell monolayer and analysed for the development 

of characteristic intracytoplasmic inclusions after 48–72 h 

by staining with Giemsa, iodine, or fluorescence labelled 

antibodies to chlamydial antigens (LPS or MOMP). When 

using MOMP-specific antibodies for staining cell culture, 

the detection is highly specific, so this method has long 

been considered the reference test for CT detection (25).

During follow-up, samples were collected before and af-

ter antibiotic therapy from the endocervix and tested for CT. 

Participant Selection
Inclusion criteria were the reproductive period of a 

woman who was diagnosed with CT cervicitis. Exclusion 

criteria were a previous allergic reaction to an antibiotic 

medicine or the same therapy applied with a partner. Ad-

ditionally, clinical, biochemical, haematological and ad-

ditional examinations were excluded for cardiovascular, 

neurological, endocrine and malignant conditions. To 

minimize bias, members of the test and control groups 

were fully comparable (matched-subjects). All participants 

provided written informed contest.

Treatment outcomes were cervicitis or vaginal symp-

toms and CT tests at follow-up. 

All participants were asked to complete a questionnaire 

that included the following information: age, consumption 

of alcohol and cigarettes, age of first sexual contact, num-

ber of previous births and abortions, length of sexual life 

and number of sexual partners.

Statistical analyses

Descriptive statistics, hypothesis tests and logistic re-

gression were included as statistical analyses methods. 

Measures of central tendency (arithmetic mean) and vari-

ability (SD, min, max) were used in descriptive statistics. 

Hypothesis testing was applied to the numerical insignia of 

the observation and analysis of the frequency of categori-

cal variables. Before testing numerical variables, the type 

of distribution was assessed. For a normal distribution of 

data, a t-test and analysis of variance (ANOVA) were ap-

plied; in nonparametric statistics (distribution was not 

normal), a Mann-Whitney U-test was applied. To analyse 

the frequency of observed parameters, a Hi square test, 

Fisher’s test and Mc Nemar’s test were used, depending on 

the structure of data. In all hypothesis testing cases, the 

probability of the zero (null) hypothesis was p ≤ 0.05. To 

estimate the importance of the impact of individual risk 

factors in relation to the dichotomous outcome, a logistic 

regression model, with univariate and multivariate regres-

sion analysis was used.

RESULTS 

Demographic and anamnestic data

All women were in the range of 20 to 35 years old. In 

the doxycycline group, patients had fewer years of sexual 

relationships and fewer partners during their sexually ac-

tive history. The frequencies of spontaneous and induced 

abortions were similar in both groups, as was that of deliv-

eries. The use of contraception was more frequent in the 

azithromycin group compared to the doxycycline group, 

in which predominant use of condom contraception oc-

curred occasionally and oral contraception occurred con-

stantly (Table 1). 

CT tests before and after doxycycline/azithromycin 

treatment 

The outcomes of therapy are verified and cervical 

smears were compared before and after the therapy. Treat-

ment with doxycycline proved to be statistically more ef-

fective compared to treatment with azithromycin. Based 

on the relative risk for a bad outcome, the efficacy of doxy-

cycline therapy was 32 times higher than the effectiveness 

of treatment with azithromycin.

The cervical smear with Chlamydia trachomatis was 

significantly different before and after doxycycline treat-

ment (Mc Nemar test; p=0.000). Before the therapy, all pa-

tients had a positive swab for cervix Chlamydia T. After 

therapy, a positive swab result was found only in 15 % of 

the respondents, and 85 % of the cervical swabs for Chla-

mydia were negative, as shown in Table 2. 

Table 1. Anamnestic data of all participants obtained from the ques-

tionnaires prior to follow-up. All data are presented as the mean±SD, 

minimum, maximum and/or frequencies in percent (%).

PARAMETERS
Doxycycline

treatment

Azitromycine

treatment

Year of sexual relations (X+SD) 15.25±2.51 18.35±2.06

Number of partners  (min-max) 5 (2-8) 5-6 (3-7)

Spontaneous 

abortions

no 17 (85%) 17 (85%)

two 3 (15%) 1 (5%)

three 0 (0%) 1 (5%)

four 0 (0%) 1 (5%)

Induced             
abortions

no 19 (95%) 19 (95%)

two 0 (0%) 1 (5%)

there 1 (5%) 0 (0%)

Deliveres

no 16 (80%) 16 (80%)

one 1 (5%) 2 (10%)

two 2 (10%) 2 (10%)

theree 1 (5%) 0 (0%)

Contraception
Yes 3 (15%) 8 (40%)

No 17 (85%) 12 (60%)

Type of

contraception

condom 

contraception 

occasionally

3 (15%) 7 (35%)

oral

contraceptives
0 (0%) 1 (5%)
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Univariate logistic regression analyses among 

groups

The results of univariate logistic regression were used 

to analyse the impact of treatment factors on the treat-

ment outcome. Univariate analysis showed that the years 

of sexual relations and type of treatment were statistically 

significant. Patients who had previously entered into their 

first sexual relations had a higher percentage of treatment 

failure, and their risk of bad outcome was 1.5 times higher. 

Treatment with doxycycline, in infections caused by chla-

mydia, is shown to be significantly more successful than 

treatment with azithromycin. Based on the relative risk 

for bad outcomes, which in this case is represented by a 

positive Chlamydia swab result and after the conducted 

treatment, therapy efficiency was 32 times higher than the 

treatment efficiency with azithromycin (Table 3).

Multivariate logistic regression analyses among 

groups

In the multivariate model, the two above-mentioned 

factors were statistically significant: age of sexual relations 

and applied therapy. Relative risk in the multivariate model 

showed that doxycycline in relation to azithromycin is 30 

times more efficient in the treatment of infections caused 

by chlamydia (Table 4).

DISCUSSION

This single-centre, randomized prospective study was 

conducted among 40 women who were diagnosed with 

Chlamydia Trachomatis (CT) cervical infections to test 

the efficacy of the proposed treatment protocol for tra-

chomatis Chlamydia genital infections in reproductive age 

women.

Chlamydia trachomatis, a small gram-negative bac-

terium, is the most common cause of bacterial sexually 

transmitted infections (STI) in both men and women (6). 

In the United States, it is the most commonly reported na-

tionally notifiable disease (5-9). A significant proportion of 

patients are asymptomatic, thereby providing an ongoing 

reservoir for infection. The most frequent clinical manifes-

tation of chlamydial infection in men is urethritis, and the 

most common finding in women is cervicitis. Thus, man-

aging these conditions is essential. 

Several factors should affect the decision to provide 

presumptive therapy for cervicitis. 

Oral treatment with 100 mg of doxycycline taken twice 

daily for 7 days or with a single 1-g dose of azithromycin 

has been recommended since 1996 (6).

Previous research showed that there are significant 

differences in the efficiency of treating chlamydia tracho-

matis with doxycycline and azithromycin. Schwepeke and 

co-authors, in a large study in a male population diagnosed 

with Chl. trachomatis, showed that efficiency with doxy-

Table 2. CT tests before and after doxycycline/azithromycin treatment. 

All data are presented as the mean±SD, minimum, maximum and/or fre-

quencies in percent (%).

PARAMETERS
Doxycy-

cline
Treatment

Azitromy-
cine

treatment

Cervical 
smear on 

Chlamydia 
T.

Before 
therapy

positive 20 (100%) 20 (100%)

negative 0 (0%) 0 (0%)

After 
therapy

positive 3 (15%) 17 (85%)

negative 17 (85%) 3 (15%)

Table 3. Results of univariate logistic regression analyses of diff erent pa-

rameters among groups. Asterisk (*) represents statistical signifi cance 

(p<0.05).

PARAMETERS
Regression 

coeffi  cient  

(R)

Relative 

riskexp 

(B)=RR

Signifi cance

(p)

Overage age 0.11 0.902 0.102

Marital status 0.000 0.027 0.810

Age of sexual relations -0.25 0.7 0.019*

Number of partners 0.000 1.042 0.839

Number of spontaneus 

abortions
0.000 1.189 0.617

Number of intended 

abortion
0.000 1.323 0.837

Number of births 0.000 1 0.989

Contraception 0.000 1.286 0.724

Type of contraception 0.000 1.185 0.887

Presence of clinical 

symptoms
0.000 0.643 0.568

Clinical symptoms 0.000 1 0.545

Diagnosis 0.000 1.489 0.412

Th erapy -0.490 0.031 0.0001*

Table 4. Results of multivariate logistic regression used for analysis of 

impact before treatment and treatment factors for results. Asterisk (*) 

represents statistical significance (p<0.05).

PARAMETERS
Regression 
coeffi  cient 

(R)

Relative 
risk exp 
(B)=RR

Signifi -
cance 

(p)

Age of sexual relations 0.000 0.988 0.953

Th erapy -0.387 0.0323 0.0013*

The Chlamydia findings in the cervix smear before 

and after implementation of azithromycin did not signifi-

cantly differ (Mc Nemar test p=0.250). All respondents 

who were treated with this antibiotic before the applica-

tion had a positive Chlamydia cervix smear. After thera-

py, 85 % of the patients had a positive smear finding, and 

15 % of the patients who were positive before therapy had 

a negative smear.
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cycline was 95 % in relation to azithromycin (77 %) (26). 

Later, Kong and co-authors showed even less efficiency 

with doxycycline in relation to azithromycin than to the 

earlier study (27, 28). A metanalysis by Kong showed a 

minimal difference of 2-6 % with doxycycline in relation 

to azithromycin. In our study, only 15 % of patients had a 

positive cervical smear for chlamydia after therapy in the 

group treated with doxycycline.

The literature suggests a lower efficacy of azithromycin, 

but the reasons for this remain unclear. In groups with very 

similar demographic and anamnestic characteristics, dif-

ferences between treated groups were significant (Tables 2 

and 3). Univariate analysis showed that the year of sexual 

relations and the type of treatment were found to be signifi-

cant. Patients who had previously entered in the first sexual 

relations had a higher percentage of treatment failure, and 

their risk of a poor outcome was 1.5 times higher. Treat-

ment with doxycycline in infections caused by chlamydia is 

shown to be significantly more successful than is treatment 

with azithromycin. Based on the value of the relative risk for 

bad outcomes, which in this case is represented by a posi-

tive chlamydia swab result after treatment, the efficiency of 

the therapy was 32 times higher than the treatment efficiency 

with azithromycin (Table 3). One of the possible explana-

tions of this result may be in the adherence of therapy in both 

groups. In fact, doxiciclyn (Dovicin®) was used in a dose of 

100 mg twice per day for 10 days, whereas azithromycin (He-

momycin®) was used in a dose of 1000 mg per day, divided 

into four doses or a single dose per day. These differences 

in dosing type can be a limiting factor for therapy efficiency 

because of the lower adherence in the macrolides group.

Furthermore, the multivariate model showed that the 

two above-mentioned factors were statistically significant: 

age of sexual relations and applied therapy. The relative 

risk in the multivariate model showed that doxycycline in 

relation to azithromycin was 30 times more efficient in the 

treatment infections caused by chlamydia (Table 4). 

Our results are completely in accordance with previous 

study results. Geisler et al concluded that in the context of 

a closed population receiving directly observed treatment 

for urogenital chlamydia infection, the efficacy of azithro-

mycin was 97 %, and the efficacy of doxycycline was 100 % 

(38). Additionally, other studies have shown a lower effica-

cy for azithromycin compared with doxycycline. A meta-

analysis of 23 randomized trials indicated that the efficacy 

of doxycycline was 3 percentage points higher than that 

of azithromycin for the treatment of urogenital chlamydia 

and was 7 percentage points higher than that of azithromy-

cin for the treatment of symptomatic males; this resulted in 

renewed recommendations for trials to address the nonin-

feriority of azithromycin (39).

In that sense, Lusk and coworkers concluded that em-

piric azithromycin treatment of cervicitis reduces cervici-

tis at follow-up in populations with a high prevalence of 

chlamydia trachomatis and/or mycoplasma genitalium, 

but there were no benefits of empiric azithromycin for 

non-specific cervicitis or empiric partner treatment (40).

These results suggest that there is a difference in the ef-

ficacy of the mentioned medicines, but we cannot dismiss 

the possibility that azithromycin can be effective in treat-

ing urogenital infection caused by CT as well as chlamydial 

cervicitis in women. 

The literature describes therapy for cervical infection 

caused by chlamydia trachomatis as tetracycline and mac-

rolide antibiotics, and the efficiency of these drugs based 

on results of most authors is almost equal (28-30). When 

we compared the dose-effective potential of these medica-

tions, the dose was almost empirically established. A previ-

ous study noted that 1000 mg of azithromycin was equally 

efficient in the treatment of chlamydia trachomatis as dox-

ycycline applied in 200 mg doses per day for 7 days (31, 32).

 Our study treatment protocol was a little different. We 

applied azithromycin in a single dose of 1000 mg and doxy-

cycline at a dose of 100 mg for 10 days twice per day and 

later in a single dose. Our results show that doxycycline 

was significantly more efficient in the treatment of cervical 

infection caused by chlamydia trachomatis compared to 

azithromycin treatment. These differences in administra-

tion type did not influence the efficacy of the treatments 

separately, but generally, the frequency of oral intake of 

medicine can be a reason for lower adherence and, thus, 

indirectly for efficiency (33-35). In settings in which adher-

ence is questionable, a single oral 1-g dose of azithromycin 

remains an excellent option because of the ease of its use 

and administration, in contrast to doxycycline.

However, treatment with azithromycin is almost half 

the price of treatment with doxycycline. Therefore, be-

cause of economic reasons, in some countries, the first 

choice of treatment for cervical infections caused by chla-

mydia trachomatis is azithromycin (36, 37).

 In our study, in the group treated with doxycycline, af-

ter the therapy, 15 % of the patients had a positive smear 

finding, whereas in the group treated with azithromycin, 

chlamydia trachomatis after therapy was found in 85 % of 

the patients.

However, the reasons for the lower efficacy of azithro-

mycin remain unclear. Drug resistance of chlamydia has 

not been definitively established. Some patients may 

not have sustained mucosal levels of azithromycin that 

are sufficient to eradicate chlamydia, and the infection 

may therefore be driven to a persistent viable state. It is 

of interest, however, that azithromycin may be more ef-

ficacious for treating an upper reproductive tract infec-

tion. In a macaque model of pelvic inflammatory disease, 

azithromycin reduced inflammation and was more effec-

tive in eradicating chlamydia from the lower and upper 

reproductive tract (in 12 of 12 animals) compared with 

doxycycline (7 of 12 animals) (41). Thus, with the above 

caveats in mind, it does not seem reasonable to recom-

mend doxycycline over azithromycin as the preferred 

regimen for chlamydia treatment. 

The limitations of this study include a small observed 

sample of women, particularly with regard to the directly 

observed administration of the single dose of azithromy-
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cin. Because of the finding of very high efficacy for both 

treatments, we believe that the current therapy empirical 

recommendation that either drug be used in the treatment 

of persons with a chlamydia infection seems appropriate 

and remains valid. 

CONCLUSION

Our results confirm that the outcome of infections 

caused by C. trachomatis depends solely on applied ther-

apy and management, but extensive prospective studies in 

a female cohort with more included parameters, such as 

potential age-related, dose-dependent and adherence vari-

ability, are necessary to determine and confirm the best 

choice for treatment of CT cervicitis.
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ABSTRACT

Apart from providing knowledge on the benefi cial eff ects 

of drugs, practical psychopharmacotherapy also includes 

drug profi les of adverse eff ects, especially when medical co-

morbidity is present. Th e mechanism of action of many psy-

chotropic drugs, mainly antipsychotics and antidepressants, 

is associated with prolongation of the QT interval and the 

occurrence of arrhythmias, specifi cally Torsade de pointes 

(TdP), which can be lethal. Th e aim of this pilot study was to 

confi rm the prevalence of prolonged QTc interval in a sample 

of psychiatric patients taking psychopharmacs. 

Th e present study included 41 patients who were already 

on psychopharmacs. Th e average value of the QTc interval in 

the observed sample was 413.8±23.3 ms. Th e most frequent 

psychopharmacotherapy was the combination of typical and 

atypical antipsychotics (24.4%), followed by monotherapy 

with antipsychotics (22%) and combined antidepressant and 

atypical antipsychotic therapy (22%). Th e average value of the 

QTc interval for male patients was 412.1±25.2 ms, whereas for 

female patients, it was 416.6±20.4 ms. No difference between 

sexes was confirmed (p=0.555). Th e correlation between the 

QTc interval and age of patients was positive but not statis-

tically signifi cant (p=0.072). Th e highest average (419.3±31.6 

ms) and highest maximum (479 ms) values of the QTc inter-

val were noted for patients undergoing combined therapy of 

antidepressants and atypical antipsychotics. Prolonged values 

of the QTc interval were observed for seven males and one fe-

male, and no patients exhibited pathological values.

Th is study confi rmed previous research that found that pro-

longation of the QTc interval exists in patients in sample groups 

who take psychopharm acs, but not up to critical values. 

Keywords: psychopharmacs, antidepressants, antipsy-

chotics, prolonged QTc interval, Torsade de pointes
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SAŽETAK

Racionalna psihofarmakoterapija podrazumeva osim 

dobrog poznavanja blagotvornih efekata lekova i njihov  

profi l neželjenih dejstava, posebno kada postoji somatski 

komorbiditet. Mnogi psihotropni lekovi, prvenstveno an-

tipsihotici i antidepresivi, povezani su sa produženjem QT 

intervala i nastankom aritmija tipa Torsade de pointes 

(TdP), što se može završiti letalno. Cilj ove pilot studije bio 

je da, kod posmatrane grupe psihijatrijskih pacijenata koji 

uzimaju psihofarmake, utvrdimo zastupljenost produženog 

QTc inervala. 

 U ispitivanje je uključen 41 bolesnik, koji već koriste 

psihofarmake u terapiji. Naše istraživanje je pokazalo da 

je prosečna vrednost QTc intervala u posmatranom uzorku 

iznosila 413,8±23,3 ms. Najčešće je primenjivana kombina-

cija tipičnog i atipičnog antipsihotika (24,4%), sledi mono-

terapija antipsihotikom i kombinovana terapija antidepre-

siv-atipični antipsihotik sa po 22%. Prosečna vrednost QTc 

intervala kod muškaraca iznosila je 412,1±25,2 ms a kod 

žena 416,6±20,4ms i nije utvrđena razlika između polova 

(p=0,555). Korelacija QTc intervala i starosti pacijenata bila 

je pozitivna ali nije statistički značajna (p=0,072). Najviše 

prosečne (419,3±31,6ms) kao i maksimalne (479ms) vredno-

sti QTc intervala uočene su kod pacijenata na kombinovanoj 

terapiji antidepresiv i atipični antipsihotik. Produžene vred-

nosti QTc intervala registrovane su kod sedam bolesnika i 

kod jedne bolesnice dok patoloških vrednosti u posmatra-

nom uzorku nije bilo. 

Ova studija potvrdila je prethodna saznanja da prolon-

gacija QTc intervala postoji kod pacijenata u našem uzorku 

koji uzimaju psihofarmake, ali ne i do kritičnih  vrednosti.

Ključne reči: psihofarmaci, antidepresivi, antipsihotici, 

produžen QTc interval, Torsade de pointes
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INTRODUCTION

The complexity of mental disorders is apparent not 

only in their primary symptoms but also in the adverse ef-

fects of available pharmacotherapies. Oftentimes, the ad-

verse symptoms are not noticed in a timely manner due to 

the patients’ altered psychological functioning, negligence 

of their own health and ascribing iatrogenic symptoms to a 

disease itself (1-3). Although new psychopharmacs gener-

ally have fewer adverse effects, we are still not satisfied with 

the level of efficacy and safety (4). Furthermore, psychiatric 

patients are likely to abuse psychoactive substances and ex-

perience drug overdose, which makes the clinical picture 

more complex and significantly changes the bioavailability 

of psychotropic drugs (5, 6). Given the above complica-

tions, psychopharmacs are a cause of many adverse events 

and have the potential for interactions with drugs of other 

categories (4).

Although rare, iatrogenic cardiovascular disorders are 

amongst the most serious adverse events and mainly in-

clude heart rhythm disorders and sudden cardiac death (7, 

8). Many psychopharmacs, especially antipsychotics and 

antidepressants, are associated with prolongation of the 

QT interval and the occurrence of arrhythmia, specifically 

the type Torsade de pointes (TdP), which can be lethal (9, 

10). The QT interval on an electrocardiogram represents 

the time interval from the beginning of the Q wave to the 

end of the T wave, i.e., it corresponds to the start of activa-

tion (depolarization) and the end of recovery (repolariza-

tion) of the ventricles. Its physiological values are variable 

due to the influence of heart rate, age and sex, thus, as a 

more precise electrophysiological value, the corrected val-

ue QTc interval is used (11). Normal values of QTc inter-

val for males reach up to 430 ms, borderline values range 

from 431 ms to 450 ms, and pathological values are >450 

ms; whereas for females, normal values reach up to 450 ms, 

borderline values range from 451 ms to 470 mg and patho-

logical values are >470 ms (12). Prolongation of the QTc 

value above 500 ms for both sexes is not always accompa-

nied by arrhythmia, but it significantly increases the risk of 

TdP occurrence, in other words, sudden cardiac death (13).  

The potential for prolongation of the QT interval by 

psychopharmacs was first noticed with phenothiazines, 

mostly with thioridazine (approximately 36 ms), and there-

fore, it was generally withdrawn from the market. How-

ever, thioridazine is still administered in some countries 

under specific circumstances (14). Subsequently, numer-

ous studies confirmed that many other antipsychotics can 

variably prolong the QT interval, such as pimozide, chlor-

promazine, haloperidol and droperidol; however, more re-

cent drugs, such as sertindole, quetiapine, ziprasidone, ris-

peridone, etc., can also prolong the QT interval (15, 16). In 

addition, the same effect was noticed with methadone (17), 

lithium and different antidepressants, including tri- and 

tetra-cyclic antidepressants and SSRI/SNRI [(es)citalo-

pram, fluoxetine, venlafaxine, etc.] (16). Additional factors 

that can increase the risk of prolonged QT interval include 

inborn prolongation of the QT interval, comorbid cardiac 

and other medical diseases, anorexia, electrolyte imbal-

ance, simultaneous intake of other drugs that prolong QT 

interval or interact with psychopharmacs, age older than 

65 years, female sex and positive familial anamnesis of sud-

den cardiac death (18, 19). For this reason, testing is re-

quired on the pro-arrhythmogenic potential of drugs, i.e., 

their the influence on QT/QTc interval, during pre-clinical 

and clinical trials of these drugs (20, 21).

The aim of this pilot study was to confirm the preva-

lence of prolonged QTc interval in a group of psychiatric 

patients who take psychopharmacs.

PATIENTS AND METHODOLOGY 

This cross-sectional study used data from 41 hospital-

ized patients in the psychiatric ward of the General Hospi-

tal in Sabac after obtaining informed consent. The sample 

involved patients of both sexes, aged 24 to 80 years old, 

who were already taking psychopharmacs. The patients 

were stratified into five groups depending on whether they 

took antidepressant monotherapy, atypical/typical anti-

psychotic therapy, combined therapy with antidepressant/

antipsychotic or substitutional methadone therapy in the 

last seven days. The observed groups underwent addition-

al therapy of benzodiazepine and/or psychostabilizers. All 

the patients underwent a standard 12-lead electrocardio-

gram (ECG). Only ECGs of technical quality that did not 

register disorders of conduction of the His bundle (block/

chemiblock), ST segments or T waves were considered. 

The exclusion criteria for this study were patients who 

took neuropsychiatric drugs, which, according to the rel-

evant references, can extend the QTc interval (22, 23). The 

basic psychiatric diagnoses of the participants were given 

in accordance with the International Classification of Dis-

ease – 10th revision (ICD-10).

 The length of the QT interval depends on the patient’s 

sex and heart rate. The value of the QTc interval is ex-

pressed in milliseconds (ms) and the obtained results, ac-

cording to the valid international criteria (12), were classi-

fied into six intervals: normal values for men up to 430 ms, 

normal values for women up to 450 ms, borderline values 

for men up to 431-450 ms, borderline values for women up 

to 451-470 ms, pathological values for men >450 ms and 

pathological values for women >470 ms. For all patients, 

the corrected QT interval (QTc) was calculated according 

to Bazett’s formula, in which the value of the QT interval 

(QT) is divided by the square root of the length between 

two consecutive R waves (QTc=QT/√RR). In order to de-

termine the end of the T wave in unclear ECGs, the QT 

interval was calculated using the tangent method in cycles 

where the T wave was best defined.  

The results are presented as arithmetic means +/- stan-

dard deviations or as a number (percentage). The t-test and 

ANOVA were used to test the significance of the differenc-

es in numerical observations, whereas the Chi square test 
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was used to examine the significance of differences among 

groups concerning nominal observations. Pearson correla-

tion analysis was used to examine the correlation between 

two numerical variables. All the results were processed us-

ing SPSS 20.0 (IBM corporation) software package. 

RESULTS

The observed group included 41 patients, consisting 

of 25 males (61%) and 16 (39%) females, with an average 

age of 51.3±14.4 years. The average age of male patients 

was 50.2 years, whereas the average age of female pa-

tients was 53.2 years; there was no statically significant 

difference in age between sexes (p=0.509). The average 

value of the QTc interval in the observed sample was 

413.8±23.3 ms with a range of 360 ms to 479 ms. The 

most common diagnoses were various schizophrenic 

disorders in 48.7% of patients [i.e., schizophrenia (F20) 

36.6%, schizoaffective disorder (F25) 7.3%, brief psy-

chotic disorder (F23) 2.4% and unspecified psychosis 

(F29) 2.4%]. Other diagnoses were affective disorders 

in 36.6% of patients [i.e., recurrent depressive disorder 

(F33) 24.4%, single episode of depressive disorder (F32) 

9.6%, and bipolar affective disorder (F31) 2.4%], chronic 

psychoorganic syndrome (F06) in 9.8% of patients, and 

dementia (F03) and opioid-related disorders (F11) in 

2.4% of patients. Regarding pharmacotherapy, most pa-

tients were taking a combination of typical and atypical 

antipsychotics (24.4.%), followed by monotherapy of an-

tipsychotic (22%), combined therapy of antidepressant 

– atypical antipsychotic (22%), monotherapy of antide-

pressant (17.1%), typical antipsychotic (12.2%) and sub-

stitutional methadone therapy (2.4%). 

In Table 1, the values of the QTc interval by patient sex 

are presented. The average value for males is 412.1±25.2 

ms, whereas for females the average value is 416.6±20.4 

ms. There was no statistically significant difference in QTc 

interval between sexes (t=0.596; p=0.555).

The correlation between QTc interval and age was 

weak to moderately positive but not statistically significant 

(r=0.284; p=0.072) (Graphic 1). The highest independent 

value of 479 ms for the QTc interval was recorded in a 

46-year-old female patient.

The relationship between pharmacotherapy and the 

values of the QTc intervals were analysed. The average 

QTc values by medications are shown in Table 2. The 

highest average QTc interval (419.3±31.6 ms) and the over-

all maximal value (479 ms) were noted in the group of pa-

tients undergoing combined therapy of an antidepressant 

and an atypical antipsychotic. When excluding the one pa-

tient taking methadone therapy, there was no statistically 

significant difference between the duration of the QTc 

interval by administered therapy, regardless of whether it 

was monotherapy or a combination of psychopharmacs 

(F=0.522; p=0.720).

 Table 1 Th e comparison of the QTc interval by sex of patients taking psychopharmacs

Sex
Arithmetic mean 

QTc
SD Median Minimum Maximum

Male 412.1 25.2 413.0 360 462

Female 416.6 20.4 408.5 389 479

G raphic 1 Th e correlation between QTc interval and age 

of the patients taking psychopharmacs
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Box-plot Diagram 1 shows the distribution of the QTc 

interval depending on the type of psychopharmacotherapy. 

The measured values of the QTc interval were, in ac-

cordance with the valid international criteria (12), classi-

fied in six intervals: normal values for men up to 430 ms, 

normal values for women up to 450 ms, borderline values 

for men 431-450 ms, borderline values for women 451-470 

ms, pathological values for men >450 ms and pathological 

values for women>470 ms. Prolonged values were noted 

for 7 male patients and one female patient, but there were 

no patients with pathological values. There was no statisti-

cally significant difference in QTc interval categories be-

tween sexes (p=0.120) (Table 3).

In addition, the correlation between the abovemen-

tioned QTc categories and administered psychotropic 

drugs was analysed. According to the statistical param-

eters, the sample was too small for such a large number 

of categories. When one patient undergoing methadone 

therapy was excluded, it was confirmed that there was no 

statistically significant difference between the observed 

QTc categories and the administered psychotropic drugs 

(p=0.310). The exact test was used for this analysis. On an 

individual basis, in one 46-year-old female patient who was 

administered clomipramine 150 mg in combination with 

atypical antipsychotic quetiapine 600 mg per day, the QTc 

interval was 479 ms. For the seven male patients with QT 

prolongation, a maximum QTc interval of 462 ms was re-

corded, and all of them were administered different drug 

categories. Four of these patients took combined therapy 

chlorpromazine in dosages from 50 to 150 mg. The rela-

tionship between pharmacotherapy and QTc interval val-

ues is shown in Table 4. 

Table 2 Th e comparison of the values of the QTc interval according to pharmacotherapeutic group

Th 
Arithmetic mean

QTc
SD Median Minimum Maximum

Antidepressant 405.0 20.1 401.0 380 433

Typical antipsychotic 406.6 21.2 404.0 387 441

Atypical antipsychotic 416.0 10.3 413.0 407 435

Antidepressant + atypical antipsychotic 419.3 31.6 420.0 360 479

Typical antipsychotic +atypical 
antipsychotic 

417.0 28.7 414.0 372 462

Methadone 411.0 . 411.0 411 411

D iagram 1 Th e distribution of values of the QTc interval accord-

ing to pharmacotherapeutic group

Table 3 QTc interval categories by sex of the patients

taking psychopharmacs

Values QTc

Sex Normal Higher Total

Male N 18 7 25

% 72.00% 28.00% 100.00%

Female N 15 1 16

% 93.80% 6.30% 100.00%
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Diagram 2 shows that the prolonged value of the 

QTc interval was mostly present in patients taking com-

bined therapy of typical and atypical antipsychotics, fol-

lowed by combined therapy of antidepressant and atypi-

cal antipsychotic. However, QTc prolongation was less 

prominent in monotherapy using an antidepressant and 

an atypical antipsychotic.  

DISCUSSION

In this pilot study, participants of both sexes were in-

cluded equally. In addition, the geriatric population with 

mental problems was also present, since, in our society, 

they are often hospitalized at psychiatric wards, at least at 

the secondary level. The most common were patients who 

suffer from disorders of the schizophrenia spectrum (F20-

F29), followed by affective disorders (F31-F33), chronic 

Table 4 Th e comparison QTc interval categories according to the pharmacotherapeutic groups

QTc categories

Th Normal Higher Total

Antidepressant
N 6 1 7

% 85.70% 14.30% 100.00%

Atypical
antipsychotics 

N 4 1 5

% 80.00% 20.00% 100.00%

Atypical
antipsychotics  

N 9 0 9

% 100.00% 0.00% 100.00%

Antidepressant+atypical anti-
psychotic 

N 7 2 9

% 77.80% 22.20% 100.00%

Typical antipsychotic +atypical 
antipsychotic 

N 6 4 10

% 60.00% 40.00% 100.00%

Methadone
N 1 0 1

% 100.00% 0.00% 100.00%

D iagram 2 QTc intervals according to phar-

macotherapeutic groups
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psychoorganic syndrome (F06) and dementia (F03), which 

required hospital treatment due to the complexity of the 

clinical picture. 

Our patients did not show prolongation of QTc inter-

val above the critical value of 500 ms, which, according to 

all current recommendations, would be a reason to change 

pharmacotherapy (10). Nevertheless, there is no data on 

the values of the QTc interval in psychiatric patients before 

psychopharmacs were introduced. Therefore, it was not 

possible to calculate whether and to what extent there was 

prolongation of QTc interval, especially more than 60 ms, 

in comparison to a baseline value. Although there were no 

statistically significant differences, the average value of the 

QTc interval for male patients was lower than the average 

values for female patients (412.1±25.23 ms vs. 416.6±20.4 

ms), which is in accordance with previous research. The 

shorter QTc for male patients compared to female patients 

can be explained by a quicker start of repolarization in 

male patients. This gender-specific difference decreases 

with age and is probably caused by the effects of testoster-

one on calcium current (25). Contrary to the abovemen-

tioned findings, in our sample, prolongation of the QTc 

interval was noted for seven male patients and one female 

patient. Comparing the age and the QTc values, a weak to 

average correlation between QTc interval and age of the 

patients was confirmed. Although a significant difference 

was not noted for ventricular repolarization by pharma-

cotherapeutic group, the highest value of QTc interval 

(419.3±31.6 ms) was observed in patients who were taking 

a combination of antidepressants and atypical antipsychot-

ics; slightly lower values of QTc intervals were observed 

for patients who were on monotherapy of an antidepres-

sant or an antipsychotic. These results are equal to other 

published research (26), though many authors confirm a 

significantly higher risk of prolongation of QTc interval 

with psychopharmacs polytherapy (27). Although a statis-

tically significant difference was not confirmed, an analy-

sis of the relationship between administered monotherapy 

or combination of drugs and QTc categories led to almost 

identical results. In the 40% of patients taking a combina-

tion of typical and atypical antipsychotics, prolongation 

of the QTc interval was confirmed, as well as in the 22.2% 

of patients on a combination of an antidepressant and an 

atypical antipsychotic. This finding can be explained by 

the additive effect of these drugs on ventricular repolariza-

tion. To emphasize, the combinations of drugs with high 

potential for prolongation of QTc values should be avoided 

when possible, especially in patients with other known risk 

factors (18,19). Relevant research shows that the greatest 

negative effect is observed with phenothiazines (thiorida-

zine 36 ms, pimozide 19 ms), followed by sertindole 30 ms, 

ziprasidone 15.9 ms, haloperidol 7.1 ms, quetiapine 5.7 ms 

and risperidone 3.6 ms (28,29). With regard to clozapine, 

the results of this study are conflicting, but its cardiotoxic 

potential is unquestionable (30). Among antidepressants, 

mainly the adverse effects of tricyclic and tetracyclic were 

recorded (clomipramine, maprotiline, nortriptyline, ami-

triptyline), as well as the dosage-additive potential of cital-

opram (18.5 ms in dosages of 60 mg/day) and escitalopram 

(10.7 ms in dosages of 30 mg/day) (31). The study also sug-

gests clinically significant effect of recent drugs, such as 

venlafaxine, especially in dosages more than 300 mg per 

day, and bupropion. Furthermore, research thus far has 

also confirmed the adverse influence of methadone substi-

tutional therapy on QTc values (32).

STUDY LIMITATIONS

The main drawback of the study was that the number 

of patients in the present study was rather small compared 

to the data from the available literature. Other limitations 

include the lack of more precise exclusion criteria accord-

ing to cardiology and general practice guidelines, labora-

tory analyses and baseline values of the QTc interval be-

fore administration of psychopharmacs. With more strict 

exclusion criteria, it would be possible to avoid potential 

influence of other factors on repolarization of ventricles, 

not only those accounted for by physical examination in 

psychiatric practice, anamnesis of somatic diseases and pa-

tients not taking neuropsychiatric drugs. In addition, there 

are also deviations of basic values during drug administra-

tion. The question of a valid determination of QTc interval 

can be raised concerning this and concerning broader re-

search that has been carried out so far. Namely, the inter-

national research carried out by Viskin and associates (33) 

showed that most medical doctors (25%), including many 

cardiologists, cannot precisely calculate QTc and cannot 

accurately identify prolonged QT. In addition, agitation of 

patients can influence electrolyte balance, i.e., cause hy-

pokalemia, which would additionally change ventricular 

repolarization (34). Circadian changes and even consump-

tion of certain foods, beverages and supplements can also 

influence values of QTc (35,36). Additionally, the complex-

ity of the problem is caused by various recommendations 

concerning the time of recording the ECG, where most ex-

perts recommend recordings 12 hours after drug adminis-

tration or 30 to 60 minutes after its peak blood concentra-

tion is achieved (37,38). 

CONCLUSION

Prolongation of the QTc interval caused by psycho-

pharmacs, mainly antipsychotics and antidepressants, is a 

relatively rare but severe event that can be lethal. Since ad-

ministration of psychotropic drugs in daily practice is in-

evitable, an integrative approach to patients is necessary to 

avoid this kind of adverse event and to react effectively in 

such cases This strategy means knowing the mechanisms 

of action of a drug and methods of individual assessment 

of all the mentioned risks and, if necessary, the ability to 

interpret electrolytes and ECGs. The balance among the 

risks and positive effects of psychopharmacs is a great 
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challenge, especially in our society where a psychiatrist is 

very often “a general practitioner” who also takes care of 

the general health of his/her patients. 

Taking into consideration all the abovementioned limi-

tations, this study showed that prolongation of the QTc 

interval exists in patients in our society who take psycho-

pharmacs, but it does not lead to critical, i.e., torsadogenic, 

values. 

To decrease the incidence of psychotropic-related QT 

prolongation, it is necessary to conduct further and broad-

er clinical and pre-clinical research.
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ABSTRACT

Th e aim of this study was to examine the presence of pre-

exam anxiety in nursing students and establish relationship 

of pre-exam anxiety intensity in relation to the category vari-

ables (gender, age, place of birth, current place of residence, with 

whom they live, whether they are employed, the average family 

income, year of study), objective success (i.e., pass rate at exams, 

the average score at the end of year, possible renewal of the year 

of study) and the subjective perception of academic success (i.e., 

self-satisfaction as a student as well as the importance of ratings 

obtained at the exam). Th e sample was random and consisted 

of the students of High Medical College of Professional Studies 

in Belgrade at the Department of vocational nurse. 209 students 

were tested, evenly distributed on the second and third year of 

study. Pre-examination anxiety among students was examined 

using a questionnaire Th e Test Anxiety Inventory – TAI (Test 

Anxiety Inventory), which includes subscales: Test Anxiety In-

ventory-Total (TAI-T), Test Anxiety Inventory-Worry (TAI-W) 

and Test Anxiety Inventory-Emotionality (TAI-E). From the ob-

tained results we can conclude that nursing students showed a 

statistically signifi cant pre-exam anxiety on all subscales. Pre-

exam anxiety symptoms compared to candidates’ sex showed 

statistically signifi cant diff erences in all scores, and average 

values are always higher in female students compared to male. 

Th ere is also a statistically signifi cant diff erence between stu-

dents of the second year in relation to the third year students. It 

can be concluded that there is a signifi cant number of nursing 

students with the pre-exam anxiety problems that need profes-

sional help and support in the form of expanding and strength-

ening personal competencies.

Keywords: students, study nursing, pre-exam anxiety, 

stress, exams

SAŽETAK

Cilj istraživanja je bio da se ispita prisustvo predispitne 

anksioznosti kod studenata sestrinstva i utvrdi povezanost 

intenziteta predispitne anksioznosti u odnosu na kategori-

jalne varijable (pol, uzrast, mesto rođenja, trenutno mesto 

stanovanja, sa kim žive, da li su zaposleni, prosečna prima-

nja porodice, godinu studija), objektivni uspeh (prolaznost 

na ispitima, prosečna ocena na kraju godine, moguće obnav-

ljanje godine studija), i subjektivnu percepciju akademskog 

uspeha (zadovoljstvo sobom kao studentom kao i važnosti 

dobijene ocene na ispitu). Uzorak je slučajan i sačinjavali 

su ga studenti Visoke zdravstvene škole strukovnih studija 

u Beogradu na studijskom Odseku strukovna medicinska 

sestra. Testirano je 209 studenata, ravnomerno raspoređe-

nih na drugu i treću godinu studija. Predispitna aksioznost 

među studentima je ispitivana pomoću upitnika za mere-

nje anksioznosti Instrument za ispitivanje aksioznosti eng. 

Test Anxiety Inventory (TAI), koji sadrži nekoliko subskala:  

Test Anxiety Inventory-Total (TAI-T), Test Anxiety Inven-

tory-Worry (TAI-W) i Test Anxiety Inventory-Emotionality 

(TAI-E). Iz dobijenih rezultata možemo zaključiti da studen-

ti sestrinstva pokazuju statistički značajnu predispitnu ank-

sioznost na svim subskalama. Simptomi predispitne anksi-

oznosti u odnosu na pol kandidata pokazali su statistički 

visoko značajne rezlike kod svih skorova, odnosno prosečne 

vrednosti su uvek veće kod studenata ženskog pola u odnosu 

na muškarce. Istraživanje je pokazalo da je postojao znača-

jan broj studenata sa prisustvom predispitne anksioznosti i 

koji su zahtevali profesionalnu pomoć i podršku u formira-

nju, jačanju i proširenju ličnih kompetencija. 

Ključne reči: studenti, anksioznost, stres, ispiti
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INTRODUCTION

Anxiety is a form of pathological fear characterized by 

a feeling of inner restlessness, timidity and concern. It oc-

curs when there is no real danger or when the emotional 

response is not commensurate with the experience of risk 

(1). Fear of exams and tests has the greatest negative effect 

in the school environment, and usually results in poor suc-

cess, or achievement of such a level of success below the 

actual level of ability of an individual (2). Fear of the exam 

is a result of the need to pass the exam. It can occur as early 

as in primary or secondary school, at others after a failure 

at the exam or loss of a year on studies.

Academic success for several decades back has been at-

tracting attention of researchers, resulting in a large num-

ber of studies examining various factors contributing to 

the success and failure of students.

Fear of examination or test anxiety is defined as a com-

plex multidimensional concept that includes cognitive, af-

fective, physiological and behavioral responses to situations 

that require valuation (3). It is considered a special form 

of general anxiety that occurs during the exam period. Its 

signs are stress and anxiety or anguish, which is expressed 

in the course of the examination, with particular percep-

tion of helplessness (4). Since students with test-anxiety in 

test situations demonstrate greater frequency and intensity 

of emotional reactions, a test situation can be considered a 

situation-specific anxiety indication (5). Students with high 

anxiety during exam experience more frequent and more 

intense emotional reactions related to anxiety and increased 

activity of the autonomic nervous system. At the same time, 

there is a division of attention to the demands posed by the 

task and cognitive activities such as anxiety and self-criti-

cism, which are irrelevant to the task, but lead to reduced 

attention and indirectly affect achievement.

During the pre-exam anxiety a set of learning difficul-

ties appears: wandering thoughts, difficulty in memoriz-

ing, students just „stare” at the book. Learning becomes 

difficult and inefficient. Time devoted to learning is used 

irrationally, as well as student’s skills. There is imbalance in 

the work and rest regime, weariness comes quickly while 

concentration rapidly declines and attention degrades Al-

though a student continues to learn and tries hardly, the 

results become weaker, inevitably leading to failure (6).

The consequences of poor coping with the pre-exam 

anxiety may be the inability to pass an exam, reduced suc-

cess of studies, leaving the faculty, the decline in self-es-

teem, unused intellectual potential (7). Self-directed atten-

tion, according to Clark and Wells model (8) has a key role 

in maintaining social anxiety. It is defined as an „awareness 

of internally created information essential for a person” 

(9). The content of this awareness may include informa-

tion about events in the body or awareness of thoughts and 

emotions including personal beliefs and attitudes. We can 

say that the focus on oneself is a key factor for test anxi-

ety, too, for assessment of self-efficacy, and an awareness 

of own automatic thoughts. On the other hand, a small 

number of students is familiar with the way to deal with 

pre-exam anxiety (7).

The aim of our study was to investigate the presence 

of pre-exam anxiety in nursing students and establish the 

relationship of the pre-exam anxiety and several demo-

graphic variables (e.g., gender, age, place of birth, current 

place of residence, with whom they live, whether they are 

employed, average family earnings, year of study), objec-

tive success (e.g., pass rate at exams, the average score at 

the end of the year, the possible repeated year of study), 

and finally subjective perception of academic success (self-

satisfaction as a student as well as the importance of grades 

obtained at the exam). The sample consisted of students of 

High Medical College of Professional Studies in Belgrade 

at the study Department for a professional nurse.

 

MATERIAL AND METHODS

The study was conducted in High Medical College of 

Professional Studies in Belgrade, during the June exam pe-

riod in the school year 2014/15. The study included 209 

students distributed by years of study, chosen randomly. 

Of the total number of respondents, the sample consisted 

of 49.3% (n=103) of the second year students, and 50.7% 

(n=106) of the third year students. The average age of re-

spondents was 24.11 years (SD=6.26). Among the respon-

dents there were 9.1% (n=19) male students and 90.9% 

(n=190) female students which is common sex distribution 

in this kind of a study program. Of the total number sur-

veyed, the 4.3% (n=9) has repeated a year of study. Partici-

pants in the research voluntarily and anonymously com-

pleted questionnaires right before the test or oral exam 

lasting 15-20 minutes. All students answered in the same 

way to the same questions. Though respondents were vol-

untary, and their participation was anonymous, they were 

also assured that their responses were confidential. Final-

ly, objective success was evaluated through exam results, 

grade point average and year of study repeated.

Instruments

Pre-examination anxiety among students was exam-

ined using a questionnaire The Test Anxiety Inventory – 

TAI (the questionnaire was used in order to examine the 

pre-examination anxiety)(10) and it is most often used in 

surveys on student population. The questionnaire com-

prises of 20 questions. Respondents answer questions on 

a four-point Likert scale: 1, never; 2, sometimes; 3, often; 

4, always. The minimum score of the questionnaire is 20 

and the maximum 80. TAI questionnaire includes subscale 

scores: overall test anxiety (TAI-T) based on all 20 items, 

test of anxiety-worry (TAI-W) and the test of emotional-

ity - (TAI-E). Each subscale consists of 8 questions. The 

other four issues are correlated with the remaining sixteen 

ones. Questions in the subscale “Worry” refer to the cogni-

tive aspects of test anxiety, that is the experience of anxi-
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ety when thinking about the examination outcome in the 

sense of failure, bad grade and the like. Questions in the 

subscale “Emotions” refer to the emotional and physiologi-

cal aspects of anxiety (such as tachycardia, muscle tension, 

panic) occurring before, during and after the test/exam. 

Questions in our questionnaires used in this study are very 

reliable - Cronbach alpha coefficient was 0.94 for the entire 

questionnaire, and there were no significant changes in any 

of the individual values of the subscales.

The instrument was applied collectively, during the 

examination period. First they got the instructions, then 

filled out indicated questionnaires, and after completion of 

the test the aim of the study was explained to them.

Statistical data processing

With respect to descriptive and analytical statistical 

methods were used to analyse the data. The results were 

shown by arithmetic mean, standard deviation and relative 

frequencies. For determining the significance of differences, 

Student’s t-tests and ANOVA tests were performed. Statisti-

cal processing of demographic data (as categorical variables) 

was performed using a chi-square test. The statistical sig-

nificance here was determined at the p<0.05 level.

RESULTS

The mean value of the pre-exam anxiety in students of 

High the Medical College of Professional Studies in Bel-

grade, measured with the TAI questionnaire was 46.46 

(SD=12.62). The mean value of the subscales were, for 

Emotions = 19.72 (SD=5.73) and Worry = 16.99 (SD=5.03). 

The results are shown in Table 1.

The results obtained from the TAI questionnaire analysis 

indicate that there are symptoms of the pre-exam anxiety in re-

lation to sex. Students showed statistically highly significant dif-

ferences in all scores, and it is due to the fact that the observed 

scores average values are always higher in female students in 

relation to men, either by comparing the obtained values of the 

total questionnaire score t=-3,007; p<0.05 or by comparing the 

observed Emotionality subscales (t=-2.983; p<0.05) and Worry 

(t=-2.464; p<0.05). The results are shown in Table 2.

Using a t-test to compare questionnaire scores, we 

showed that pre-exam anxiety symptoms were significan-

tly more pronounced among second-year students than 

among third-year students for each of the se subscales. 

This was true in relation to questionnaire total scores (t= 

2.72; p<0.01) and in relation to the Emotionality subscale 

(t=4.15; p<0.01) and the Worry subscale (t=3.82; p<0.01). 

When comparing the scores of second- and thirdyear stu-

dents’ scores, statistically significant differences between 

them were observed with respect to the questionnaire’s sco-

re overall (mean=49.73, SD=11.49; p<0.01) the Worry sub-

scale (mean=17.94, SD=4.64; p<0.01) and the Emotionality 

subscale (mean=21.33; SD=5.35; p<0.01) among the second- 

and third- year students. The results are shown in Table 3.

Using t-tests, we found that there were no statistically 

significant differences in exam anxiety intensity with re-

spect to students’ place of birth. Among average values 

for each of the three scores we see that the averages for all 

scores were higher for students born in Belgrade than for 

those born in the interior of Serbia; however, therese were 

not statistically significant differences, whether at the level 

of the entire questionnaire (t = 1.901; p> 0.05), nor for the 

Emotionality (t = 1.561; p <0.05) and Worry subscales (t 

=1.800; p> 0.05). The results are shown in Table 4.

A comparison of score averages and their relation to 

students’ current residence showed that average values for 

students who lived in suburbs were always higher; students 

who lived in the countryside were always the lowest; while, 

while students living in the city had scores in the middle 

across all of the subscales.

The results of the ANOVA test using Tukey compari-

sons indicate that statistically significant differences were 

not determined when comparing the results from the en-

tire questionnaire (F=.131; p>0.05), or from the Emotion-

ality subscales y(F=.037; p>0.05) or the Worry subscales 

Table 1. Pre-examination anxiety measured by the TAI questionnaire 

Subscale Mean SD 

TAI-T/ Total score 46.46 12.62 

TAI-W / Worry 16.99 5.03 

TAI-E / Emotionality  19.72 5.73 

Table 2. Pre-examination anxiety obtained by comparing students by sex  

Subscale Gender Mean SD P

TAI-T/ Total score
Male 38.32 11.21

.003
Female 47.28 12.49

TAI-W / Worry
Male 14.32 4.45

.015
Female 17.26 5.02

TAI-E / Emotionality
Male 16.05 4.68

.003
Female 20.09 5.71

Tablea3. Th e intensity of the pre-exam anxiety in relation to the year of study

  Subscale  Year of 
study Mean SD P

TAI-T/ Total score
II 49.74 11.49

.000
III 43.25 12.90

TAI-W / Worry
II 17.94 4.63

.007
III 16.07 5.26

TAI-E / Emotionality
II 21.34 5.36

.000
III 18.16 5.68

Table 4. Average values for the scores in relation to the student’s place of birth

Subscale place of 

birth
Mean SD P

TAI-T/ Total score
Belgrade 49.12 12.52

.05
Inland 45.43 12.56

TAI-W / Worry
Belgrade 18.00 4.95

.07
Inland 16.62 5.03

TAI-E / Emotionality
Belgrade 20.71 5.73

.12
Inland 19.34 5.71
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(F=.276; p>0.05). Students with the most prominent symp-

toms of pre-exam anxiety lived in suburbs, while those 

with the least lived in the countryside. This is true even 

though the score averages were about the same for all three 

types of settlements where the students lived. The results 

are shown in Table 5.

A comparison of score averages and their relation to 

students’ current residence showed that average values for 

students who lived in suburbs were always higher; students 

who lived in the countryside were always the lowest; while 

students living in the city had scores in the middle across 

all of the subscales.

The results of the ANOVA test using Tukey comparisons 

indicate that no statistically significant differences existed in 

results for the entire survey (F = .947; p> 0.05) or for those as-

sociated with the Emotionality (F = 1.089; p <0.05) and Worry 

subscales (F = 1.037; p <0.05). Students with the most promi-

nent pre-exam anxiety symptoms lived with a boyfriend/girl-

friend, and those with the least anxiety with a roommate in a 

rented apartment. The results are shown in Figure 1.

A comparison of averages for the three observed scores 

in relation to students’ employment status (i.e., whether em-

ployed or not) showed no statistically significant differences 

in any questionnaire scores, that is average values were not 

significantly different with respect to candidate’s employ-

ment status (i.e., whether he/she was employed or not).

Comparing the scores from the TAI questionnaire 

with the help of t-tests, we see no significant differences 

in the intensity of the pre-exam anxiety between students 

who were employed and those who were not. However, 

students who were not employed showed pronounced 

symptoms of anxiety compared to those who worked, yet 

statistically significant differences were not found when 

comparing responses drawn from the entire questionnaire 

(t = -0.348, p> 0.05), nor when comparing scores on either 

the Emotionality (t = -0.414, p> 0.05) or Worry subscales (t 

= -0.510, p> 0.05). The results are shown in Table 6.

Next, a comparison of the three observed averages with 

respect to whether a candidate usually passed their exams 

the first time they are administered showed a statistically 

highly significant relationship with academic achievement. 

This relationship is a consequence of the fact that all ob-

served mean scores were always higher among students 

who tended to fail the same exam and whose who tended 

to pass their exams the first time they take it.

Figure 1. Th e values for the scores in relation to with whom the student is currently living 

Table 5. Mean values of observed scores in relation to a student’s cur-

rent residence

Subscale Residential 

status
Mean SD P

TAI-W / Worry

 

city 16.91 5.10

.759suburb 17.56 4.85

village 16.62 4.94

TAI-E / Emotionality

   

city 19.69 5.72

.964suburb 19.97 5.90

village 19.62 5.97

TAI-T  / Total score

 

city 46.28 12.64

.877suburb 47.47 12.84

village 46.06 12.77

Table 6. Average values for the scores with respect to employment

Subscale Are you 

employed
Mean SD P

TAI-T/ Total score
Yes 46.04 12.26

.728
No 46.68 12.85

TAI-W / Worry
Yes 16.75 4.93

.610
No 17.12 5.10

TAI-E / Emotionality
Yes 19.50 5.58

.679
No 19.85 5.83
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With respect to the students’ exam pass rate, results of the 

ANOVA test using Tukey comparisons indicate statistically 

significant differences between the results of the entire sur-

vey (F = 8.958; p <0.001) as well as and between the scores 

on the Emotionality (F = 3.607; p <0.05) and Worry subscales 

(F = 13.268; p <0.001). Students with the most prominent 

symptoms of the pre-exam anxiety repeatedly failed the same 

exam, while the students with the lowest anxiety passed the 

exams on their first efforts. The results are shown in Table 7.

There was no statistically significant difference in the 

intensity of symptoms among pre-exam anxiety students 

who have repeated a year of study. 

Using the t-test to compare TAI questionnaire parameters 

of students who had andwith students who had not, repeated 

a year of study, showed no significantly different intensity of 

pre-exam anxiety. Students who had repeated years showed 

pronounced symptoms of anxiety compared to those who 

studied regularly, but a statistically significant difference 

was not observed when comparing their results on the en-

tire questionnaire (t = 0.805; p> 0.05), or on their scores from 

the Emotionality (t = 0.027; p> 0.05) or Worry subscales (t = 

1.429; p> 0.05). The results are shown in Table 8.

Subjective perception was measured through the self-

satisfaction of oneself as a student and the importance of 

the obtained evaluation.

Comparing averages for the three aspects in relation to 

how much the candidate is pleased with him/herself as a 

student confirmed the existence of statistically significant 

differences in the total scores and in the worry scores, while 

emotionality scores did not show statistical significance.

The results of ANOVA test with Tukey comparison 

indicate statistically significant differences when compar-

ing the obtained results of the entire survey (F = 2.750; p 

<0.05) as well as at the Worry subscale (F = 4.180; p <0.05). 

A statistically significant difference was not found only 

on the Emotions subscale (F = 1.849; p> 0.05). Students 

with the most prominent symptoms of pre-exam anxiety 

are also the least satisfied with themselves as students. The 

results are shown in Table 9.

Table 8. Th e intensity of the pre-exam anxiety in relation to the repeated 

year of study 

Subscale
Have you ever 

repeated a year 

of study

Mean SD P

TAI-T/ Total score

Yes 49.78 12.78
.422

No 46.31 12.63

TAI-W / Worry

Yes 19.33 5.39
.155

No 16.89 5.00

TAI-E / Emotionality

Yes 19.78 5.04
.979

No 19.72 5.78

Table 7. Average values   of the scores compared to the pass rate at exams

Subscale Pass rate at exams Mean SD P

TAI-W / Worry I mainly pass the exam the 
fi rst time I take it

15.72 4.74

Failure happens to me, but 
not the same exam several 
times

18.61 4.89

I repeatedly fail the same 
exams

20.75 4.34
.000

Total 17.00 5.03

TAI-E / 
Emotionality

I mainly pass the exam the 
fi rst time I take it             

18.92 5.70

Failure happens to me, but 
not the same exam several 
times

20.77 5.63

I repeatedly fail the same 
exams

21.94 5.53
.029

Total 19.73 5.74

TAI-T / 
Total score 

I mainly pass the exam the 
fi rst time I take it             

43.77 12.22

Failure happens to me, but 
not the same exam several 
times

49.92 12.31

I repeatedly fail the same 
exams

54.19 11.09
.000

Total 46.46 12.62

Table 9. Pre-examination anxiety was measured through the self-satisfaction as a student 

Subscale Pass rate at exams Mean SD F P

TAI-W / Worry Satisfi ed, I learn the best I can 15.83 5.10

Partially satisfi ed, I could study better 17.31 4.76

Dissatisfi ed, but I do not have the will to do better than this 19.40 5.76 4.18 .007

Dissatisfi ed, I try much, but to no success 29.00 .

Total 17.00 5.03

TAI-E / Emotionality Satisfi ed, I learn the best I can 19.12 6.05

Partially satisfi ed, I could study better 19.93 5.48

Dissatisfi ed, but I do not have the will to do better than this 19.80 6.25 1.85 .139

Dissatisfi ed, I try much, but to no success 32.00 .

Total 19.73 5.74

TAI-T / Total score Satisfi ed, I learn the best I can 44.35 13.12

Partially satisfi ed, I could study better 47.11 12.08

Dissatisfi ed, but I do not have the will to do better than this 48.90 13.16 2.75 .044

Dissatisfi ed, I try much, but to no success 76.00 .

Total 46.46 12.62
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DISCUSSION

The High Medical School of Professional Studies in 

Belgrade is the only school in Serbia with several de-

cades of tradition where, in addition to nurses, eight 

other professions are educated. This school is one of the 

most prestigious institutions of higher education, as evi-

denced not only by the school’s admission selectivity but 

also by the high percentage of graduates employed. The 

challenges of modern medical education, along with 

the plans and programmes of the medical school itself, 

entail numerous obligations and demanding examina-

tions that affect students’ mental and emotional status. 

Intensive multi-year education and the high standards 

of medical sciences in general suggest that medical sci-

ences students are of a type, one with a high degree of 

pre-exam anxiety (10).

As a result, there is a need for the continual evaluation 

of pre-exam anxiety and its effects on the student popula-

tion. There are numerous global studies on the subject of 

pre-exam anxiety in nursing students, and most of them 

confirm the existence of this phenomenon, only to great-

er or lesser degrees (11, 12). However, these studies used 

different research methodologies, which complicates the 

comparison of the results of different studies.

With the objective of determining the presence of 

the pre-exam anxiety, our analysis of the TAI question-

naire results showed that nursing students were statis-

tically significant for pre-exam anxiety across all sub-

scales. Preexam anxiety symptoms related to the sex 

of the candidates showed highly significant statistical 

differences in all scores because the observed average 

scores were always higher in female students relative 

to men. This was true when comparing questionnaire’s 

total score or when comparing the observed Emotions 

and Worry subscales. The mean values obtained by the 

TAI questionnaire for male and female students and for 

the Emotionality and Worry subscales appeared similar 

to student population normative data obtained by the 

questionnaire’s author (13).

The results of pre-exam anxiety showed that female 

students felt greater discomfort and worried more than 

male ones. They also confessed to having poorer concen-

tration on tests, were and were more likely than men to 

suggest that thoughts about the exam itself could paralyze 

them. Female students were also likely to claim that they 

had more prominent physical symptoms prior to examina-

tions (i.e., rapid heartbeat, stomach discomfort, sweating 

and flushing). Similar results were obtained from other

studies using the same methodology. Reteguiz found 

that female medical students had statistically significant 

higher scores on the TAI questionnaire and on both sub-

scales (14). Some authors explain this difference as reflect-

ing the fact that females have a greater willingness to admit 

their anxiety than males (15). However, it is possible that 

women students have higher levels of anxiety than their 

male counterparts.

In our research, pre-exam anxiety symptoms are sig-

nificantly more pronounced across all subscales for secon-

dyear students compared to third-year students.

Students with the most prominent pre-exam anxi-

ety symptoms live in suburbs, while those with the least 

prominent ones live in the countryside. However, the av-

erage scores across all three development types are about 

the same. Based on these results, we can conclude that re-

spondents’ place of residence has no particular impact on 

pre-exam anxiety. Nevertheless, the actual student experi-

ences suggest that those who study outside of their place of 

residence are under greater pressures in light of the higher 

total living costs during their studies.

Students with the most prominent symptoms of pre-

exam anxiety lived in partnerships with a boyfriend/girl-

friend, while those living with a roommate in a rented 

apartment had the least anxiety.

This result can be interpreted only partially because 

there are no data on whether those living with roommates 

also study with them. We can only assume that these room-

mates are also students, that they are learning together and 

sharing their experiences and that they have similar ways 

of studying, ultimately “reducing” pre-exam anxiety. It 

would be extremely important to include this parameter 

in a future studies. 

Comparing TAI questionnaire parameters using a t-

test showed that employed students had no significant 

differences pre-exam anxiety intensity than unemployed 

students. Unemployed students showed pronounced 

symptoms of anxiety compared to those who worked, and 

a statistically significant difference was determined based 

on results from the entire questionnaire. We can assume 

that employed students are more burdened by everyday 

business and professional activities, yet they are also more 

experienced with techniques related to overcoming anxi-

ety, and thus show reduced levels of pre-exam anxiety.

Regarding student performance on examinations, re-

sults indicate highly significant statistical differences when 

comparing the results from the entire survey and when 

comparing scores from the Emotionality and Worry sub-

scales.

Students with the most prominent pre-exam anxiety 

symptoms happened to repeatedly fail the same exam, 

while students the lowest anxiety levels were those who 

had passed the exams the first time taking them.

This result is expected. Given the high levels of anxiety 

associated with the exam experience, the more frequent 

and more intense emotional reactions related to anxiety 

and the increased activity of the autonomic nervous sys-

tem, it is not surprising that students are being trippedup 

during specific exam activities. As mentioned above, Spiel-

berger and Vagg stipulated that multiple concerns and 

thoughts directed at oneself can emerge simultaneously, 

and though irrelevant to the task, they can influence the 

operation of one’s attention and performance on exams, 

indirectly affecting achievement (5). The link between 

anxiety and test performance was also recognized in Def-
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fenbacher’s research, distinguishing the different connec-

tions between the components of care and academic suc-

cess, in both high school pupils and students (16).

On the other hand, there was no statistically significant 

difference in intensity of pre-exam anxiety symptoms be-

tween students who had repeated a year of study and those 

who entered it for the first time. Students with the most 

prominent pre-exam anxiety symptoms were those least 

satisfied with themselves as students. This is a consequence 

of the fact that observed mean scores were always higher in 

students who claimed to be neither happy with themselves, 

nor with the academic success they had achieved. Indeed, 

scores were always lowest among students who claimed to 

be happy with themselves and who had done their best. 

This finding is also not surprising. According to several 

authors, the consequences of overcoming pre-exam anxi-

ety poorly may be an inability to study, reduced academic 

performance, reduced self-esteem and unused intellectual 

potential (7). Our results are consistent with these earlier 

findings.

CONCLUSION

The high level of pre-exam anxiety among medical stu-

dents stems from several years of intensive training in the 

medical sciences. More than in other fields, these students 

deal with quick and intensive changes daily and with the 

constant introduction of new and higher standards. Our 

motive to analyze is pre-exam anxiety among the High 

Medical School students was rooted in our awareness of 

the high degree of pre-exam anxiety in nursing students 

around the world. Previous researches results, regardless 

of methodologies used, confirm our own findings: there is 

a high degree of pre-exam anxiety in nursing students.

The higher level of pre-exam anxiety described in our 

study was evident in the female students. They

stated (more frequently than their male counterparts) 

that they had low concentration for the exams and that the 

very thought of the exam could paralyze them. Addition-

ally, female students had more pronounced physical symp-

toms prior to an examination with respect to a more rapid 

heartbeat, stomach discomfort, sweating and flushing. Our 

research has also shown that a students’ place of residence 

has no particular impact on pre-exam anxiety; however, 

actual student experiences suggest that students who study 

outside of their place of residence are under greater pres-

sures as their total living costs during their studies is cor-

respondingly higher.

A very interesting and important finding in this re-

search was that students with the most prominent symp-

toms of pre-exam anxiety tend to live with a boyfriend/

girlfriend, while those with the least anxiety tended to live 

with a roommate in a rented apartment. We could only 

partially interpret this finding asbecause we had no data 

on whether those living with a roommate were also study-

ing with them. We can only assume that roommates are 

also learning together, sharing experiences and studying in 

similar ways, ultimately reducing any pre-exam anxiety. It 

would be extremely important to include this parameter in 

subsequent research.

In addition, unemployed students have demonstrated 

more pronounced anxiety symptoms compared to the 

employed ones. However, a statistically significant dif-

ference was not found when the results from the entire 

questionnaire were compared. Employed students are 

probably more burdened by everyday business and pro-

fessional activities, yet also more experienced in tech-

niques for overcoming anxiety and hence have reduced 

levels preexam anxiety.

Students at the High Medical College of Professional 

Studies in Belgrade examined here had very little theoreti-

cal knowledge of methods and techniques for overcoming 

pre-exam anxiety. This work’s contribution lies in its focus 

on the “initial state”, identifying the high degree of pre-ex-

am anxiety in nursing students and its proposal for the im-

provement of this aspect of their education. Their educa-

tion should entail the expansion individual competences, a 

capacity to accept responsibility for their own lives, and for 

enriching the repertoire of adaptive and developmentally 

useful responses to serious and stressful situations.
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ABSTRACT

Two sets of reactants for modelling neurogenesis (SRMN) 
were developed based on the designed and tested genetic 
structures of lentiviral vectors. SRMN-1 contains the genetic 
construct LVV-GFAP-GCaMP3 and is intended for cell-
specifi c transduction in astroglia cells. SRMN-2 contains the 
genetic construct LVV-PRSx8-TN-XXL and is intended for 
the phenotype-specifi c transduction in neurons. � e pres-
ent study examined SRMN-1 and SRMN-2 samples and 
assessed their effi  ciency in vitro and in vivo in Norvegicus 
rats. Specifi city to particular cell types for all SRMN samples 
exceeded 97%. � e number of induced signalling cascades 
was determined via activation of intracellular ingsignalling 
cascades in neurons and astrocytes (purinergic receptors and 
β-adrenoceptors). � e results demonstrated dynamic record-
ing of fl uorescent signals and a two-fold increase in intensity 
after addition of the activator in all samples. � e experimen-
tal SRMN samples revealed successful and stable transfec-
tion of catecholaminergic neurons and astrocytes, data on 
transfection effi  ciency, specifi city of the developed genetic 
structures of SRMN, and calcium dynamics in transfected 
neurons and astrocytes.

� ese results confi rm the crucial role of astrocytes in en-
suring neurogenesis. � e results in pure cell culture (in vitro) 
were identical to the in vivo results in animals.

Keywords: neurogenesis astrocytes, neurons, signalling 
cascades, genetic structure, viral vector.
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SAŽETAK

Dva seta reaktanata za modeliranje neurogeneze (SRMN) 
su razvijena i bazirana na projektovanim i testiranim genetskim 
strukturama zasnovanim na lentiviralnom vektoru. SRMN-1 
sadrži genetski konstrukt LVV-GFAP-GCaMP3, namenjen je za 
ć elijsko specifi čnu transdukciju ć elija astroglije. SRMN-2 sadrži 
genetski konstrukt LVV-PRSk8-TN-KSKSL, namenjen je za fe-
notipski specifi čnu transdukciju neurona. Ova studija je imala 
za cilj da prouči efekte i efi kasnost SRMN-1 i SRMN-2 uzoraka 
u in vitro i in vivo uslovima na pacovima Norvegicus soja. Spe-
cifi čnost određene vrste ć elija za sve uzorke SRMN-a prevazišla 
je 97%. Broj indukovanih signalnih kaskada određen je aktivi-
ranjem intracelularnih signalnih kaskada neurona i astrocita 
(purinergičkih receptora i B-adrenoceptora). U studiji su prika-
zani rezultati dinamičkog snimanja fl uorescentnog signala, čiji 
je intenzitet nakon dodavanja aktivatora poveć an više od dva 
puta u svim uzorcima. Rezultati korišć enja metode procene efi -
kasnosti eksperimentalnih SRMN uzoraka su sledeć i: uspešna i 
stabilna transfekcija kateholaminergickih neurona i astrocita; 
dobijanje eksperimentalnih podataka o efi kasnosti transfekcije, 
specifi čnosti razvijenih genetičkih struktura koje su deo SRMN; i 
dobijanje eksperimentalnih podataka o dinamici kalcijuma kod 
transfektovanih neurona i astrocita. Rezultati studije potvrđuju 
ključnu ulogu astrocita u osiguranju neurogeneze. Dobijeni re-
zultati na čistoj kulturi ć elija (in vitro) su identični onima dobi-
jenim in vivo na životinjama.

Ključne reči: neurogeneza astrocita, neuroni, signalne 
kaskade, genetička struktura, virusni vektor.
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INTRODUCTION

The incidence of cerebral pathology has progressively 
increased in recent decades because of the increasing life 
expectancy of the human population. This increase espe-
cially applies to disabling pathologies, such as apoplexy and 
neurodegenerative diseases (1, 2). One possible reason for 
the lack of significant progress in treatment may be that 
the primary vector of investigations of the pathogenesis of 
neurological diseases is neurons. This focus may be due to 
the ambiguous effects of neuroprotective therapy (3). 

Glia represent greater than 50% of cells in the brain, 
and these cells outnumber neurons (4). Astrocytes are the 
most common and important glial cells, account for 30-
40% of the total number of brain cells (5). Astrocytes pri-
marily form the haematoencephalic barrier and provide an 
adequate supply of nutrition to neurons. These functions 
are disrupted in Parkinson’s disease (6). Astrocytes provide 
structural and metabolic support, regulate synaptic trans-
mission and water transport, and play an active role neu-
ronal plasticity (7, 8). Therefore, astrocytes may underlie 
diseases of the central nervous system. 

The development of genetic engineering and genet-
ics in neurosciences yielded data that confirmed this 
assumption. For example, scientists examined the ex-
pression levels of known key genes of Parkinson’s dis-
ease in human and mouse astrocytes and neurons and 
found that monogenic mutations were expressed in as-
trocytes at levels comparable to or, in some cases, higher 
than neurons (9, 10). New scientific evidence confirmed 
the important roles of astrocytes in the development of 
various diseases, including neurodegeneration (11, 12). 
However, this role of astrocytes remains controversial in 
scientific circles. 

Fundamental research in this area is required to re-
solve this controversy, and genetic methods of research 
appear promising. 

The present study developed genetic methods of regis-
tering and correcting neurogenesis disruptions in the brain 
using viral vectors and assessed the efficiency of the devel-
oped methods in vitro and in vivo.

MATERIALS AND METHODS

The first experiments used two sets of reactants for 
modelling neurogenesis (SRMN) based on the designed 
and tested genetic structures. 

The set of reactants for modelling neurogenesis No. 1 
(SRMN-1) contained the genetic construct LVV-GFAP-
GCaMP3 based on the lentiviral vector, which is specific 
for astroglia. These constructs were maintained in DMEM 
cultural medium with 10% foetal bovine serum. SRMN-1 
carries a genetically encoded calcium indicator (GCaMP3) 
under the control of cell-specific promoter of glial fibril-
lar acid protein (GFAP), which is intended for cell-specific 
transduction in astroglia cells (Fig. 1). 

A set of reactants for modelling neurogenesis No. 2 
(SRMN-2) contained the genetic construct LVV-PRSx8-
TN-XXL based on the lentiviral vector, which is specific 
for catecholaminergic neurons. These cells were main-
tained in DMEM culture medium with 10% foetal bovine 
serum. SRMN-2 is intended for phenotype-specific trans-
duction in neurons (Fig. 2).

These genetic structures exhibit the following charac-
teristics: lentiviral vector; visualized chemically; size of the 
experimental sample not greater than 25,000 nucleotides/
pairs of nucleotides; auxiliary components of genetic con-
structs not greater than 370 nucleotides/pairs of nucleo-
tides; specificity to certain cell type not less than 97%; only 
transferred cells exhibited differentiation (SRMN No. 1 for 
astrocytes, SRMN No. 2 for catecholaminergic neurons); 
and the titer of the genetic constructs not less than 0.5×106 
T.U./ml (T.U. – transducing unit). 

The SRMN exhibited the following primary properties: 
(1) ability to integrate into the genome of the target cell 
to ensure permanent expression of the transgene; (2) abil-
ity to transfect differentiated cells; (3) wide tropism due to 
packing of vesicular stomatitis into the shell of the virus; 
and (4) low immunogenicity when used in animals.

The developed methods of registration and correction 
of neurogenesis abnormalities in the brain based on func-
tional and/or genetically coded sensors included the fol-
lowing technological procedures: 
1. Preparation of fragments for cloning (amplification of 

fragment of post-transcriptional regulatory element, 
amplification of fragment of marker gene, amplifica-
tion of cell-specific promoter);

2. Cloning fragments into a vector (selecting target frag-
ments in the DNA sequence, fractionation of fragments 
by the method of gel electrophoresis and purification, 
cloning of purified fragments into a vector);

3. Producing vectors (cultivation of HEK293T cell cul-
ture, preparation of the vector for transfection, seeding 
cells into Petri dishes, transfection, vector production, 
isolation and purification of the vector); and

4. Concentrating the vector (concentrating vectors via cen-
trifugation, storage), filling, labelling and packaging.

The second stage of work performed experimental 
studies using the developed SRMN samples, followed by 
assessment of their efficiency, in vitro and in vivo in 24 rats 
Rattus Norvegicus.

Each experiment examined 3 samples of SRMN-1 and 
3 samples of SRMN-2.

The experimental design for samples of SRMN to as-
sess efficiency in the in vitro experiments was based on a 
combination of methods for isolating and cultivating as-
trocytes and neurons in the brain, their transfection with 
viral constructs, and recording the fluorescent images for 
subsequent assessments of performance.

The model was pure cultures of astrocytes and neu-
rons to assess the efficiency of genetic structures because 
fluorescent protein expression (GCaMP3 and TN-XXL) 
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could only be analysed qualitatively and quantitatively in 
the monolayer cell cultures. The detailed protocols for all 
stages of this work were developed.

The following protocol was used to obtain pure cul-
tures of neurons and astrocytes: obtaining a mixed suspen-
sion and mixed culture of brain cells from rats; and puri-
fication to obtain pure cultures of neurons and astrocytes. 
Cell cultures were further investigated using SRMN-1 and 
SRMN-2 to assess specificity and identify induced cas-
cades (Figure 3). 

Cell cultures were transfected in standard growth medi-
um with the addition of an aliquot of sample SRMN to neu-
rons or astrocytes. Laser scanning confocal microscopy was 
used to assess the efficiency of SRMN samples. This method 
allowed the recording of fluorescent protein sensor expres-
sion (GCaMP3 and TN-XXL) with high precision.

Specificity of genetic constructs to certain cell types 
was determined via in vitro transfection of pure rat brain 
cell cultures, staining for cell-specific markers, and record-

ing of the fluorescent signal using an LSM 780 confocal 
microscope (Carl Zeiss).

Astrocyte primary culture was obtained from 3-day-
old rats. The cells were grown in the Dulbecco modified 
Eagle’s medium (DMEM) (with 4.5 g/l glucose, glutamine, 
and pyruvate) (“GIBCO”, UK) with 10% foetal bovine se-
rum (“GIBCO”, UK).

Neuronal primary cultures were obtained from 1-day-
old rats. The cerebral cortex was extracted on ice in Krebs-
Ringer solution (135  mM of NaCl, 5 mM of KCl, 1 mM 
of MgSO4, 0.4 mM of KH2PO4, 15 mM of glucose, and 20 
mM of HEPES, pH 7.4), trypsinized in a 0.08% solution of 
trypsin-EDTA for 10 min at 37°C, and ground in a 0.008% 
solution DNAаza-I containing 0.05% of a trypsin inhibi-
tor. Cells were resuspended in minimal Eagle’s medium 
with Earl’s salts (BME) containing 10% of heat-inactivated 
foetal bovine serum (“GIBCO”, Germany), 2 mM of Glu-
taMAX-I, and gentamicin (100 µg/ml). Cells were seeded 
on 24-hole tablets covered with poly-L-lysine at a density 

Figure 1. � e diagram of the genetic construct LVV-GFAP-GCaMP3 carrying genetically encoded calcium indicator GCaMP3 under the control 
of cell-specifi c promoter glial fi brillose acidic protein (GFAP): SV40 poly(A) signal is a signal of SV40 polyadenitis formation; GAL4 is a chimeric 
transactivator that includes parts of transactivatorg domain of mice protein NF-κBp65 fused with a DNA-binding domain of yeast protein GAL4; 
CMV is the minimal promoter of human cytomegalovirus; GFAP is the compact promoter of glial fi brillary acidic protein; GCaMP3 is a sequence 
that encodes genetically encoded calcium indicator GCaMP3; EGFP is reinforced green fl uorescent protein; Calmodulin is a calcium binding protein; 
WPRE is a post-transcription regulatory element of Groundhog hepatitis B virus; bGHpoly(A) signal is a signal of polyadenylation; ori is the high-scale 
start point of ColE1/pMB1/pBR322/pUC plasmids replication; AmpR is a sequence that provides resistance to ampiciline, carbencillin, and other 
bonded antibiotics; AmpR promoter is a promoter that ensures resistance to ampicillin; bom is the basic cell region of the plasmid pBR322; RRE is the 
rev-responsive element of HIV-1, which provides a Rev-responsible export of mRNA from the nucleus into the cytoplasm

Figure 2. � e diagram of genetic construct LVV-PRSx8-TN-XL, TN-XXL under the control of artifi cial specifi c neuronal promoter (PRSx8): PRSx8 is 
an artifi cial phenotype-specifi c neuronal promoter; TN-XXL is a sequence that encodes the genetically coded calcium indicator TN-XXL; ECFP variant 
is enhanced blue fl uorescent protein; EYFP is enhanced yellow fl uorescent protein; WPRE is post-regulatory element of the Groundhog hepatitis B 
virus; bGH poly(A) signal is a polyadenylation signal; ori is the high-scale point of plasmids ColE1/pMB1/pBR322/pUC replication start; AmpR is the 
sequence that ensures resistance to ampicillin, carbenicillin, and other bonded antibiotics; AmpR promoter is a promoter that ensures resistance to 
ampicillin; bom is the basic cell region of the plasmid pBR322; RRE is the rev-responsive element of HIV-1, which provides a Rev-responsible export 
of mRNA from the nucleus into the cytoplasm
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of 2.5×105 cells/cm2. BME medium was replaced after 2.5 
hours with the Neurobasal-A medium, containing 2 mM 
of GlutaMAX-I, component B-27 and gentamicin (100 µg/
ml). Primary neuron cultures were incubated for 5 days in 
a humidified incubator at 37°C in an atmosphere of 5% CO2 
and 95% air.

Immunohistochemistry was performed. Cell cultures 
were fixed in 4% paraformaldehyde in phosphate buffer 
(pH 7.4) for 2 hours at room temperature or 6 hours at 
4°C. Fixed cultures were washed in phosphate buffer for 
15 min at least three times and incubated in a 10% solution 
of bovine serum for at least 6 hours at 4°C. Cultures were 
incubated for at least 24 hours with primary antibodies to 
the astrocytic marker GFAP and neuronal marker NeuN 
(1:1000). Cultures were washed in phosphate buffer con-
taining 0.1% bovine serum and 0.1% TritonX detergent. 
Cultures were incubated with secondary antibodies conju-
gated with fluorescent markers for at least 6 hours (1:1000). 
Cultures were washed in phosphate buffer for 15 minutes 
at least three times, stained with DAPI, and examined un-
der an LSM 760 laser scanning confocal microscope (Zeiss, 
Germany).

Figures 4-5 show astrocytes and neurons transfected 
in vitro with genetic constructs (green) and immunohisto-
chemically stained for the astrocyte-specific marker GFAP 
(red) and the neuron-specific marker NeuN (red).

Figure 3. � e plan of studying experimental SRMN samples for assessing their effi  ciency in the in vitro experiments

Figure 4. Astrocytes transfected with LVV-GFAP-GCaMP3 (green) and 
stained for the astrocyte-specifi c marker GFAP (red), in vitro

Colocalization of fluorescent signals produced yel-
low coloration at the cross-section, which allowed for the 
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quantification of cells stained only for GFAP or NeuN and 
cells with colocalized fluorescent signals. The specificity of 
the genetic construct to a particular cell type was calcu-
lated based on the number of cells per brain section that 
contained colocalized fluorescent signals.

The number of induced signalling cascades during 
SRMN-1 and SRMN-2 transfection was determined via ac-
tivation of intracellular signalling cascades of neurons and 
astrocytes and recording of changes in fluorescence signal 
levels. Induced cascades were purine (purinergic) recep-
tors P2X and P2Y, and β-adrenergic receptors. Therefore, 
three ingsignalling cascades were activated: X- and Y-type 
purine receptors and β-adrenergic receptors.

Substance-activator was added to induce signal cas-
cades of SRMN-1 and SRMN-2 transfection in pure as-
trocyte and neuron cultures, and the concentration of 
intracellular Sa2+ was measured using fluorescence. Fluo-
rescence levels were compared to levels prior to addition of 
the activator. Transfected cells that exhibited a two-fold or 
greater increase in fluorescence intensity after addition of 
the appropriate activator were considered activated. 

Neurons and astrocytes were grown on cover glasses 
and transferred with genetic constructs for expression of 
LVV-PRSx8-TN-XXL and LVV-GFAP-GCaMP3, respec-
tively. Growth media Neurobasal-A (neurons) and DMEM 
(astrocytes) was removed using fully balanced Hanks so-
lution (HBSS) at room temperature, and cells were trans-
ferred to the experimental cell. Cells were undisturbed for 
30 minutes at room temperature. The temperature of the 
HBSS solution was increased to 37°C immediately before 
the experiment, and the experimental cells were trans-
ferred to the specimen stage of a laser scanning confocal 
microscope. Fluorescence excitation of lasers and light fil-
ters were adjusted to record fluorescence (argon laser 488 

nm, intensity 1%; 510–525 nm). The primary method of 
imaging activation of purinergic receptors was intracel-
lular Са2+ concentration. The following activators were 
used in pure cultures of astrocytes and neurons: 10 µM 
of 2-МеSАТP was added to activate P2Y-dependent Ca2+ 

cascades; 10 µM a,b-mАТP was used to activate Р2Х-
dependent Ca2+ cascades; and 50 µM of isoproterenol was 
used to activate β–adrenergic-dependent Ca2+ cascades. 
Changes in fluorescence were recorded using an LSM 780 
confocal microscope (Carl Zeiss). 

The experimental design of SRMN sample efficiency in 
vivo included stereotactic injections into rat brains, post-
surgical monitoring, preparation of brain slices expressing 
SRMN areas, and an assessment of transfection efficiency 
of SRMN using laser scanning confocal microscopy. The 
same methods described above (in vitro studies) were used 
to define the specificity and number of induced cascades 
during SRMN-1 and SRMN-2 transfection in vivo (Fig. 6).

Specificity for a certain cell type of each genetic con-
struct was determined using in vivo transfection of rat 
brain cells, obtaining brain slices, followed by staining us-
ing immunohistochemistry for cell-specific markers (same 
antibodies as in vitro), and recording of fluorescent signals 
using an LSM 780 confocal microscope (Carl Zeiss).

Viral particles were injected into the brain according 
to the following protocol. The solution for brain prepa-
ration contained (in mM) NaCl 87, KCl 2.5, MgSO4 8.48, 
NaH2PO4 1.24, NaHCO3 26.2, CaCl2 0.5, and D-glucose 11, 
osmolarity (289-296 mmol/kg) and pH (7.4). The solution 
for slice incubation contained (in mM) NaCl 119; KCl, 2.5; 
MgSO4 1.3; NaH2PO4 1; NaHCO3 26.2; CaCl2 1; MgCl2 to 
1.6; D-glucose 11; osmolarity (289-296 mmol/kg) and pH 
(7.4). The working Ringer’s solution contained (in mM): 
NaCl 119; KCl, 2.5; MgSO4 1.3; NaH2PO4 1; NaHCO3 26.2; 
CaCl2 2; D-glucose 11 (pH 7.4; osmolarity 295 mOsm). The 
rat was anaesthetized and fixed in a stereotaxic frame. A 
cannula hole was opened, and the needle of the adapter of 
the microdoser was inserted into the hole.. The solution 
was injected (GKKI lentiviral genetic structures – LVV-
PRSx8-TN-XXL and LVV-GFAP-GCaMP3). Viral particles 
were introduced slowly at a rate not greater than 10 µl 
within 1 minute. The needle was removed from the can-
nula, and the hole was closed. Animals received post-sur-
gical care. Rats were decapitated after the recovery period, 
and brains were isolated and immediately transferred to 
the preparation solution (4°C). Slices (40- to 50-µm thick) 
were prepared. Slices were taken from the bath of the vi-
bratome using a brush and placed in carbogenized solution 
for incubation at 36ºC. Slices were placed under a Zeiss 
780 confocal microscope (Zeiss, Germany). Brain slices in 
Ringer’s solution were placed in a chamber with specific 
gas and temperature conditions, which were adjusted us-
ing Zen software (Zeiss, Germany). Sharp slices were fixed 
in 4% paraformaldehyde in phosphate buffer (pH 7.4) for 
2 hours at room temperature. Subsequent processing was 
the same as the in vitro studies. Processing ended with la-
ser scanning confocal microscopy.

Figure 5. Neurons transfected with LVV-GFAP-TN-XXL (green) and 
stained for the neuron-specifi c marker NeuN, in vitro
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Results of the in vitro studies
Cells stained only for GFAP (astrocytes) or NeuN 

(neurons) and cells with colocalized fluorescent signals 
were counted. All genetic constructs withstood the ex-
perimental processing because fluorescent signals were 
registered from neurons and astrocytes transfected with 
a certain construct. The specificity of the genetic con-
structs for a  certain cell type was greater than 97% for 
LVV-PRSx8-TN-XXL and LVV-GFAP-GCaMP3 (Ta-
ble 1). Notably, the number of astrocytes was higher on 
average than the number of neurons.

The  dynamics of calcium activity in astrocytes (Fig. 
7) and neurons (Fig. 8) transfected in vitro with lentiviral 
vector LVV-GFAP-GCaMP3 and LVV-PRSx8-TN-XXL, 
respectively, in response to activation of P2X, Р2Y and 
β-adrenergic dependent Ca2+ cascades were recorded. 

All figures show the fluorescence intensity of the 
transfected brain cells cultures before activation of Ca2+-
dependent cascades and the fluorescence intensity and 
the dynamics of changes after activation of these cas-
cades. The figures show samples SRMN No. 1.2 and 2.2, 
and similar data were obtained for other SRMN samples.

Figure 6. � e plan of studying experimental SRMN samples for assessing their effi  ciency in the in vivo experiments

Table 1. � e results of the in vitro research with defi nition of the specifi city of the genetic constructs to a specifi c type of cell

SRMN sample
Type of 

transfected 
cell in vitro

Average number of cells (5 culture cups and slices)

Specifi city of the 
genetic construct

Number of cells immune-
reactive for cell-specifi c 

marker

Number of cells 
successfully transfected 

with the appropriate 
genetic design

Number of cells immune-
reactive for cell-specifi c marker 

and successfully transfected with 
a genetic construct

No. 1.1

astrocytes

415±47 419±18 404±26 97.4%

No. 1.2 414±45 420±16 405±20 97.1%

No. 1.3 410±27 425±19 400±16 97.5%

No. 2.1

neurons

340±15 348±34 331±16 97.4%

No. 2.2 329 ±17 337 ±34 320 ±10 97.2%

No. 2.3 334 ±15 343 ±34 325 ±16 97.3%

Experimental data about the dynamics of cell activity are shown as values of fl uorescence intensity in relative units.
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Changes in the fluorescence intensity upwards (more than 
twice) confirmed the activation of intracellular signalling cas-
cades in neurons and astrocytes. The increase in the fluores-
cence intensity in astrocytes was slightly higher than neurons.

Results of the in vivo studies
Figures 9-10 show astrocytes and neurons transfected 

in vivo with genetic constructs (green) and immunohisto-
chemically stained for the astrocyte-specific marker GFAP 

Figure 7. A pure culture of rat brain astroglia cells: a) astrocytes transfected 
with lentiviral vector LVV-GFAP-GCaMP3 in vitro and expressing GKKI 
G-CaMP3; b) astrocytes expressing GKKI G-CaMP3 when activated with 
Р2Х dependent CA2+ cascades (top), when activated with P2Y dependent 
Ca2+ cascades (middle), β–adrenergic dependent Ca2+ cascades (bottom).

Figure 9. Astrocytes transfected with LVV-GFAP-GCaMP3 (green) and 
stained for the astrocyte-specifi c marker GFAP (red), in vivo

Figure 8. Pure culture of rat brain cells: a) neurons transfected with lenti-
viral vector LVV-PRSx8-TN-XXL in vitro and expressing GKKI TN-XXL; 
b) neurons expressing GKKI TN-XXL when activated with Р2Y depen-
dent CA2+ cascades (top), activated with Р2Y-dependent Ca2+ cascades 
(middle), β–adrenergic dependent Ca2+ cascades (bottom).

Figure 10. Neurons transfected with LVV-GFAP-TN-XXL (green) and 
stained for the neuron-specifi c marker NeuN (red), in vivo
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(red) and the neuron-specific marker NeuN (red). Colocal-
ization of fluorescent signals produced a yellow coloration 
in the section. 

Cells stained only for GFAP (astrocytes) or NeuN 
(neurons) and cells with colocalized fluorescent signals 
were counted (Table 2). All genetic constructs withstood 

the experimental processing because fluorescent signals 
were registered from neurons and astrocytes transfect-
ed with a  certain construct. The specificity of genetic 
constructs for a certain cell type was calculated based 
on the number of cells in a slice of brain with colocalized 
fluorescent signal that was just over 97% for all samples.

Table 2. � e results of the in vivo research with defi nition of the specifi city of the genetic constructs to a specifi c type of cell

SRMN sample Type of 
transfected cell

Number of cells immune-
reactive for cell-specifi c 

marker

Number of cells 
successfully transfected 

with the appropriate 
genetic design

Number of cells immune-
reactive for cell-specifi c marker 

and successfully transfected with 
a genetic construct

Specifi city of the 
genetic construct

No. 1.1

astrocytes

410±34 408±18 422±16 97.2%

No. 1.2 400±25 410±20 388±14 97.0%

No. 1.3 415±47 414±22 404±26 97.3%

No. 2.1

neurons

330±16 341±34 321±16 97.3%

No. 2.2 340±15 365±42 330±16 97.1%

No. 2.3 323±10 340±37 314±16 97.2%

Figure 11. Organotypic rat brain slices: a) astrocytes transfected with lenti-
viral vector LVV-GFAP-GCaMP3 in vivo and expressing GKKI G-CaMP3; 
b) astrocytes expressing GKKI G-CaMP3 upon activation of Р2Х depen-
dent Ca2

+ cascades (top), upon activation of Р2Y dependent Ca2
+ cascades 

(middle), β – adrenergic dependent Ca2
+cascades (bottom).

Figure 12. Organotypic rat brain slices: a) neurons transfected with lenti-
viral vector LVV-PRSx8-TN-XXL in vivo and expressing GKKI TN-XXL; 
b) neurons expressing GKKI TN-XXL upon activation of Р2Y dependent 
Ca2

+ cascades (top), upon activation of Р2Y dependent Ca2
+ cascades 

(middle), β – adrenergic dependent Сa2+cascades (bottom).
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transgene and strong artificial activator of transcription to 
enhance transcription via binding to specific binding sites 
introduced into the sequence of the promoter. Therefore, 
two cell cycle-specific promoters are used: one for tran-
scription of the transgene of interest, and the other for the 
expression of the transactivator.

The results of this method of assessing the efficiency of 
experimental SRMN samples revealed the successful and 
stable transfection of catecholaminergic neurons and as-
trocytes, experimental data on transfection efficiency, the 
specificity of the developed genetic structures as part of 
SRMN, and calcium dynamics in transfected neurons and 
astrocytes.

The use of this method allows cell- and phenotype-spe-
cific transfection of various types of neurons that ensures 
the targeted control of intracellular cascades (13) and visu-
alization of in vitro-transfected cells via the embedding of 
genetically encoded calcium indicators into the developed 
genetic construct.

CONCLUSION

The developed methods and sets of reactants for mod-
elling neurogenesis are intended to investigate brain func-
tioning, particularly neural networks of mammalian brains 
using analyses of calcium dynamics in catecholaminergic 
neurons and astrocytes. These methods allow investiga-
tions of the functional status of brain cells in the normal 
state and in various pathologies. The scope of this method-
ology application is limited to fundamental and scientific 
research in neurosciences and molecular biology, particu-
larly the molecular mechanisms of various diseases of the 
central nervous system. However, this development may 
become a routine method to monitor the functional state 
of neurons and astrocytes in vivo to examine developed 
medicines and monitor the efficiency of new methods for 
the treatment of schizophrenia, neurodegeneration, cere-
brovascular, demyelination, and other highly disabling and 
socially significant diseases.

Notably, this technology based on cell viral transfec-
tion provides the possibility of non-invasive application, 
of which the best use is chemogenetic expression moni-
toring. This technique achieves specificity of expression of 
incorporated genes in certain brain areas. Therefore, our 
and similar developments may be introduced into clinical 
practice in the future to create a new type of gene therapy 
for diseases that cause degradation of neurons, astrocytes 
and other brain cells. 
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The results of the in vivo experiment repeated the in 
vitro experiment. 

The number of induced signalling cascades in SRMN-1 
and SRMN-2 transfection was determined similar to the in 
vitro studies. The only exception was that all experiments 
were performed on the sharp brain slices prepared in the 
same manner as determinations of the specificity of the ge-
netic structures in vivo. 

The dynamics of calcium activity in astrocytes (Fig. 11) 
and neurons (Fig.  12) transfected with appropriate lenti-
viral vector in vitro in response to activation of puriner-
gic (Р2Х, Р2Y) and β-dependent adrenal Ca2+ cascades 
exhibited comparable results to the in vitro experiments. 
All figures show the fluorescence intensity of transfected 
organotypical brain cells slices before activation of cas-
cades and the fluorescence intensity and the dynamics of 
changes after activation of these Са2+-dependent cascades. 
All SRMN samples produced the same results.

The results revealed a significant upward change in the flu-
orescence intensity, which also confirmed activation of the in-
tracellular signalling cascades in neurons and astrocytes.

DISCUSSION

Astrocytes were discovered and described approxi-
mately 150 years ago, and these cells are increasingly 
the subject of study in various areas. Adequate methods 
of detecting cells of the nervous system must be devel-
oped to implement fundamental discoveries, which was 
the goal of the authors of this study. The end products of 
the developed methods are sets of reactants for model-
ling neurogenesis (SRMN) containing genetic constructs 
based on the lentiviral vector with built-in cell-specific 
sequences that provide expression of these genetic struc-
tures in astrocytes (SRMN-1) or neurons (SRMN-2) in 
DMEM with 10% foetal bovine serum. The genetic con-
struct successfully integrates into the genome of target 
cells to induce stable expression of the genetically encod-
ed calcium indicator GCaMP3 for 48–72 hours after ad-
dition to cultures in vitro or after injection into the brain 
parenchyma in vivo.

The in vitro and in vivo experiments demonstrated 
a greater than two-fold increase in fluorescent signals in 
response to the addition of activators that stimulate pu-
rinergic and beta-adrenal calcium-dependent signalling 
cascades in various cells of the central nervous system and 
high specificity to a particular cell type (97%). These re-
sults confirmed the efficiency of the developed method. 
The results obtained in pure cell cultures were identical to 
the results in animals.

An important fundamental conclusion of this work is 
evidence of the critical role of astrocytes in ensuring neu-
rogenesis and neuroplasticity. 

The developed method of genetic detection of neuro-
genesis is based on the use of a cellular-specific promoter 
to control the simultaneous expression of the required 
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ABSTRACT

Short esophagus is well known complication of a long 

term gastroesophageal disease. Th ere are several ways to 

solve this problem intraoperatively. One of the fi rst steps is 

extensive esophageal mobilisation. In this review we empha-

size diff erent approaches and types of this procedure, with 

their advantages and disadvantages.

Keywords: Esophagus, short; frenotomy; vagotomy
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SAŽETAK

Sindrom kratkog jednjaka je dobro poznata komplikacija 

dugotrajne gastroezofagealne refl uksne bolesti. Postoji ne-

koliko načina za rešavanje ovog problema intraoperativno. 

Jedan od prvih koraka je ekstenzivna mobilizacija jednjaka. 

U ovom radu dajemo pregled različitih pristupa i vrsta ove 

procedure, sa svojim prednostima i manama. 

Ključne reči: Kratak jednjak; frenotomija; vagotomija

INTRODUCTION

The short esophagus (SE) is a recognized complica-

tion of long-standing gastroesophageal reflux disease 

(GERD) wherein the gastroesophageal junction (GEJ) 

cannot be sufficiently reduced below the crura of the 

diaphragm (1). For many years this syndrome creates 

controversy among surgeons. Although some even claim 

that this entity does not exist, there are many esopha-

geal surgeons who agree that long-term reflux disease, 

scarring and axial contraction of the longitudinal muscle 

layer of the esophagus leads to its shortening (2,3). The 

only way to confirm the presence of a short esophagus is 

intraoperative inability to maintain the gastroesophageal 

junction below the diaphragm without significant tension 

(4–7). A fundoplication performed around an intrinsi-

cally short esophagus without a lengthening procedure 

will have a high failure rate because of mediastinal wrap 

herniation or disruption due to excessive tension. This 

is believed to be responsible for approximately 20–35% 

of the surgical failures after open or laparoscopic antire-

flux surgery (8–10). In the era of laparoscopic antireflux 

surgery it is imperative to identify the short esophagus 

preoperatively. Although many of diagnostic procedures 

were used to assess abdominal esophageal length preop-

eratively, no one had a significant sensitivity and speci-

ficity. Some risk factors were used earlier as preopeara-

tive predictors of this syndrome, with low sensitivity and 

specificity, such as irreducible hiatus hernia greater than 

5 cm, paraesophageal hernia, stricture/fibrosis, Barrett`s 

esophagus and short manometric length (3,4,6). Yano et 

al established esophageal length index (ELI) and endo-

scopic esophageal length (EEL) as a valuable additional 

predictors of short esophagus (11,12). These parameters 

had significantly higher sensitivity and specificity for this 

final stage of GERD. 

Key part in reflux disease treating is successfully launch-

ing esophagogastric junction below the diaphragm with a 

minimum tension, for at least 2.5 cm below the esophageal 

hiatus, which is the acceptable length that guarantees an-

tireflux valve positioning in the abdomen and its function-

ing (8,13). The most common diseases in which mobiliza-

tion of the esophagus is carried out, near the syndrome of 

the short esophagus, are malignant diseases of the esopha-

gogastric junction and corrosive damage to the esophagus. 

Achieving a technically satisfactory reconstruction of the 

cardia by way of an antireflux procedure is substantially 

more difficult under these conditions. Even when a good 
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repair may be achieved, its durability may be compromised 

by the continued cephalad tension on the gastroesophageal 

junction, which may lead to recurrent herniation. Surgicaly 

lengthening of the short esophagus can be achieved in sev-

eral ways. First is extensive mediastinal mobilization and 

division of the esophagus from the mediastinal structures. 

Second, when this method is not enough, is to perform a 

Collis gastroplasty. Third and somewhat extreme solution 

is to perform an esophageal resection. There are several 

approaches to perform mediastinal mobilization for ob-

taining adequate esophageal length. In this paper we re-

view these methods. 

Types of mobilization

There are two main types of esophageal mobilization 

(14). Type 1 is standard for fundoplication, and consists of 

complete dissection and exposure of diaphragmatic pillars, 

specially of the right pillar, by means of the opening of the 

hepatoduodenal and hepatogastric ligaments, side by side 

with the release of the gastric end of the diaphragm (15,16). 

At this step, care is taken to preserve the hepatic branch 

of the vagus nerve. Also, the peritoneum and the phreno-

esophageal membrane should be lifted, thus mobilizing the 

esophagus in the posterior mediastinum and keeping the 

baseline morphology of the esophageal hiatus. Type 2 im-

plies transhiatal large mediastinal dissection, with separa-

tion of the esophageal body from surrounding mediastinal 

structures (14). 

Procedure approaches

Two approaches that most common have been used 

for the mobilization of the esophagus are transabdominal 

and transthoracic. Within them are considered laparot-

omy and thoracotomy, and lately laparoscopic and tho-

racoscopic approach. These approaches are the subject 

of many studies that seek to determine whether there is 

an advantage over others in terms of providing an ad-

equate length of intra-abdominal part of the esophagus 

with minimal post-operative complications (14,17). As an 

alternative method mentioned Collis gastroplasty which 

can be performed via laparotomy and by laparoscopy. 

This technique consists in increasing the length of the ab-

dominal part of the esophagus through gastroplasty con-

ducted in parallel with the axis of the esophagus (18–20). 

This method has been criticized because of the presence 

of parietal cells that secrete gastric acid in neoesopha-

gus and because of reduced motility that allows direct 

contact between the acidic contents and mucosa of the 

esophagus (1,11,19). Despite this gastroplasty and fundo-

plication can be effective in controlling symptoms of the 

reflux (10,17). Traditionally, in patients with suspected 

syndrome of short esophagus is conducted transthoracic 

fundoplication because this approach provides ideal con-

ditions for the mobilization of the esophagus and allows 

Collis gastroplasty when it is needed.

Frenotomy

Laparotomy approach gives good results, although it 

has been shown that a wide frenotomy can be very im-

portant in the implementation of mediastinal dissection, 

which increases the length of the abdominal part of the 

esophagus for about 1 cm as compared to patients who 

never opened diaphragm (the average length of the esoph-

agus obtained during frenotomy is 3.24 cm compared to 

2.12 cm in patients with laparotomy only) (14,21). These 

results indicate that frenotomy, although it is not a routine 

procedure, can be an alternative approach when, during 

laparotomy approach, is established that antireflux valve is 

not able to stay in the abdomen. 

Vagotomy 

Left anterolateral thoracotomy is approach through 

which is possible to do a dissection of the esophagus and 

afterwards anterior and posterior vagotomy (the length of 

the esophagus, which is obtained after anterior vagotomy 

is approximately 1.12 centimeters while after the posterior 

vagotomy is about 0.97 cm). In this way the length of the 

esophagus from about 3.81 cm can be achieved, which 

is significantly more than by laparotomy (21). Lately de-

scribed a new technique of vagus nerve division that 

should make a greater length of the esophagus. It consists 

in the dissection of the both vagus nerves at three levels, 

resulting in an increase of the length of the abdominal 

esophagus (3.7 cm ± 1.2 cm) (22). The key technical mo-

ments are blunt distal esophagus preparation of its intra-

thoracic attachment which includes regional lymphatics of 

the lower mediastinum and multiple vagal transections at 

several levels. Number of vagus nerve transections (three) 

is necessary because, after transection at each level about 

1 cm lengthening of the esophagus is achieved. The fi-

nal length represents the additive effect of the individual 

transections. Although the complete dissociation of the 

esophagus from the nerves is technically feasible, it should 

be avoided because of the risk of extensive laceration of 

muscular layer and even perforation. This approach is not 

entirely accepted among surgeons. In a certain number of 

patients who are operated for peptic ulcer occurs the dis-

order in the motility of the stomach, which often require 

additional drainage procedure. Role of this procedure in 

the treatment of short esophagus was examined in a pro-

spective study and it was found that does not lead to in-

creased rates of delayed gastric emptying nor other pos-

sible effects (21). 

Laparoscopy approach 

Introduction of laparoscopic antireflux surgery and 

the development of techniques that allow laparoscopic 

mediastinal mobilization of the esophagus, raise the 

question whether it is possible to get a similar length of 

the esophagus with less invasive laparoscopic approach. 
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In this regard conducted experimental studies on ani-

mals (pigs) where laparoscopic and thoracoscopic mobi-

lization have been done, as well as mobilization with or 

without bilateral section of the vagus nerve. Laparoscopic 

mobilization average increase in length of the esophagus 

was only 4mm, which is significantly less than the average 

increase in length of 12 mm with transthoracic esopha-

geal mobilization. The average length of next 6 mm was 

obtained with transthoracic access after laparoscopic 

mobilization (23). Further increasing the length of the 

esophagus was obtained with section of the vagus nerves, 

but there were no a significant difference of the length 

with division of the anterior in relation to the posterior 

vagus nerve obtained. The maximum mobilization of 

the esophagus, an average of 18.5 mm was obtained by a 

complete esophageal mobilization and bilateral section of 

vagi. It is shown that transthoracic mobilization leads to 

a significant increase in the length of the esophagus com-

pared to laparoscopic mobilization (24). Laparoscopic 

visualization of the esophagus in the lower mediastinum 

is an excellent but the dissection of the esophagus below 

the lung hilum does not provide a large increase in the 

length of the esophagus. It was established that during 

transthoracic mobilization part of laparoscopic dissec-

tion who did not satisfactorily done is the preparation of 

the bronchial arteries and branches of the vagus to the 

hilus, especially in main bronchi. It would be possible 

to implement a similar preparation laparoscopically but 

work high in the mediastinum, near the pulmonary artery 

and bronchial blood vessels is a difficult and potentially 

dangerous (25). Although, minimal mobilization of the 

esophagus during laparoscopic fundoplication reduces 

postoperative migration and the need for the reopera-

tion. It was established that dissection of the vagus nerve 

without esophageal mobilization significantly increases 

the length of the esophagus (21). However the maximum 

length of the esophagus can be achieved by a combination 

of mediastinal mobilization and vagotomy. Even when the 

main vagus is dissected, small branches to the lung hilus 

make difficult to obtain the desired length of the esopha-

gus. Section of small branches of the vagus does not elim-

inate the fixating role of this nerve. This indicates that 

in the case of mobilization of the esophagus itself is not 

sufficient to ensure the maintenance of esophagogastric 

junction below the diaphragm, one should take into ac-

count the vagus dissection (26,27). Unilateral vagal inju-

ries is relatively common, especially in antireflux surgery 

procedures, and usually are well tolerated. Transection 

of both major vagus branches will give an even greater 

increase in the length of the esophagus, but morbidity 

due to bilateral truncal vagotomy can be greater than the 

benefits of additional length of the esophagus, especially 

when you take into account the possibility of Collis gas-

troplasty (21,28). Due to the short length of the esophagus 

which is obtained by unilateral vagotomy this technique 

should not be used as a replacement for the mobiliza-

tion of the esophagus. Extensive esophageal mobilization 

alone should be used as the primary method to increase 

the esophageal length. Since thoracotomy can be a sig-

nificant cause of respiratory complications, endoscopic 

methods for mobilization, resection and reconstruction 

of the esophagus have been widely used. During thora-

coscopic mobilization right lung deflation is done, and in 

about one-quarter of patients is necessary to apply antibi-

otic treatment for respiratory problems. A small number 

of previous studies have shown that there is no advantage 

of the thoracoscopic mobilization compared to the open 

approach, but some studies showed that the thoracoscop-

ic approach does have a larger number of complications 

compared to traditional, open technique, although in this 

study mobilization of the esophagus as a component part 

of esophagectomy was examined (14,25,29,30). Based on 

previous studies it was shown that the maximum length 

of the abdominal part of the esophagus was obtained us-

ing thoracic approach (3). However, given that in this 

approach bilateral vagotomy is a condition for obtaining 

the maximum length of the esophagus, which carries a 

certain morbidity and postoperative complications, lapa-

rotomy approach should be used and Collis gastroplasty 

if necessary. 

CONCLUSION

This common problem of short esophagus requires 

high volume centers and experienced surgeons to solve. 

There are several approaches to establish enough abdomi-

nal esophageal length, and they depend on type of the dis-

ease that caused axial esophageal shortening. Esophageal 

mobilization is often enough to achieve enough esopha-

geal length, either performed through thoracic or lapa-

rotomy approach. Frenotomy or vagotomy, in combination 

with minimally invasive approaches, can be additional ma-

neuvers that help to avoid gastroplasty procedures. 
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ABSTRACT

Acute liver failure (ALF) is a rare but life-threatening illness 

with multiple organ failure. Th e short-term mortality rate ex-

ceeded 80 % despite modern approaches in treatment. Drugs, 

infections by hepatic viruses and toxins are the most common 

causes of ALF. Progressive jaundice, coagulation disorder and 

hepatic encephalopathy are dominated as a clinical signs of the 

illness. We present a case of a 36-year-old Caucasian woman 

hospitalized in ICU due to yellow discoloration of the skin and 

sclera, severe disseminated coagulopathy and hemodynamic 

instability. ALF is developed due to Hepatitis B Virus infection, 

resulting in hepatic toxicity as well as coma. General condition 

rapidly improved after applying of Molecular Adsorbent Recir-

culating System (MARS), an extracorporeal liver support sys-

tem based on albumin dialysis. It is relatively expensive treat-

ment that is used for the patient with hepatic encephalopathy 

grade 3 or 4 in our institution. In conclusion, an early admin-

istration of MARS signifi cantly reveals subjective and objective 

clinical improvement in the case we presented.
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SAŽETAK

Akutna insufi cijencija jetre (AIJ) je retka, ali po život 

opasna bolest sa multiplmom disfunkcijom organa. Kratko-

ročni mortalitet je preko 80% uprkos modernim pristupima 

u lečenju. Lekovi, infekcije hepatotropnim virusima i toksini 

su najčešći uzroci ALF. U kliničkoj slici dominiraju progresiv-

na žutica, poremećaj koagulacije i hepatična encefalopatija. 

Predstavljamo slučaj 36-godišnje žene hospitalizovane u JIL 

zbog žute boje kože i sklera, teške diseminirane koagulopa-

tije i hemodinamske nestabilnosti. ALF je nastala tokom 

infekcije virusom hepatitisa B, koja je rezultirala insufi cijen-

cijom jetre i komom. Opšte stanje se brzo poboljšalo nakon 

primene sistema za recirkulaciju molekularnih adsorbena-

ta (MARS), ekstrakorporealnog sistema za podršku jetre na 

bazi albuminske dijalize. To je relativno skupo lečenje koje 

se koristi za pacijenta sa hepatičnom encefalopatijom sta-

dijuma tri ili četiri. U zaključku, rana primena MARS-a re-

zultirala je značajnim subjektivnim i objektivnim kliničkim 

poboljšanjem u prikazanom slučaju.

Ključne reči: Hepatitis B, akutni virusni; hepatička en-

cefalopatija; lečenje, dijaliza jetre, preživljavanje
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ABBREVIATIONS

ABP – Arterial Blood Pressure

MAP – Mean Arterial Pressure

GCS – Glasgow Coma Score

APACHE II – Acute Physiology and

Chronic Health Evaluation score II

ALF – Acute liver failure

ICU – Intensive Care Unit

MARS – Molecular Adsorbent Recirculating System

HE – Hepatic encephalopathy

ARDS – Acute Respiratory Distress Syndrome

SMT – Standard Medical Therapy

SOFA - Sequential Organ Failure Assessment score

MELD – Model for End-stage Liver Disease

ACT – Activated clotting time

INR – International Normalized Ratio

ALT – Alanine aminotransferase

AST – Aspartate aminotransferase

CVVHDF – Continuous venovenous hemodiafiltration

HRS – Hepatorenal syndrome

RRT - Renal Replacement Therapy

AFP – α (alpha)-fetoprotein 

LPC - liver progenitor cells

MH – mature hepatocytes

IU/L – International Unit per liter
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INTRODUCTION

Acute liver failure (ALF) is a rare but life-threatening 

critical illness that occurs most often in patients who do 

not have preexisting liver disease (1). The predominant 

causes are acute viral infections (hepatitis A, B and E), 

acute alcoholism and gastrointestinal hemorrhage or drugs 

(1,2). In developing countries, ALF was registered in 0.5% 

to 1% of all of patients with viral hepatitis B with mortality 

rate of 70%. Standard therapeutic strategies include treat-

ment of infections and hemorrhage as well as supportive 

treatment of remote organ dysfunction such as hepatic 

encephalopathy (HE), renal failure, coagulation disorder, 

circulatory dysfunction and acute respiratory distress syn-

drome (ARDS) (3). 

Randomized controlled trials have shown different long 

term survival rates in applying any of the commercially 

available extracorporeal liver support systems (4-6) 

The most frequently used system is the Molecular Ad-

sorbent Recirculating System (MARS) that dialyses pa-

tient’s blood against a high-flux albumin filter. MARS is 

an extracorporeal liver support system based on albumin 

dialysis (7). By removing albumin-bound toxins that cause 

HE liver regeneration can be facilitated and multi-organ 

failure can be prevented (8,9). Here, we present a case of 

a successful application of MARS therapy in a critically ill 

patient suffering from ALF due to hepatitis B virus infec-

tion, not suitable for liver transplantation.

CASE REPORT

A 36-year-old Caucasian woman was admitted to ward 

of the Department of infectious disease with fever, reduced 

exercise tolerance, muscle and joint pain, right hypochon-

driac pain and vomiting for six days. Physical examination 

revealed a communicative, but confused patient, disorient-

ed-in-time with body temperature of 38.3°C and a respi-

ratory rate of 23 per minute. The yellow discoloration of 

the skin and sclera as well as signs of severe dehydration 

and hemodynamic instability were registered with arterial 

blood pressure (ABP) of 100/60 mmHg with Mean Arte-

rial Pressure (MAP) of 80 mmHg and heart rate of 98 per 

minute. Moreover, peripheral edema and essential tremor 

of hands were confirmed. A Glasgow coma score (GCS) of 

12 and Acute Physiology and Chronic Health Evaluation 

score II (APACHE II) of 10 were calculated.

Baseline biochemical parameters on admission are 

shown in table 1 (column 2). 

Serological analysis was total anti-HBc antibodies, 

anti-HBe antibodies and anti-HBs antibodies positive. No 

evidence of HBsAg and HBeAg were registered (Table 2).

Based on these findings, ALF based on hepatitis B virus 

infection and stage II of HE were diagnosed and standard 

medical therapy (SMT) was initiated. 

Parenteral rehydration with 30 mL per kilo of 0.9% of 

sodium chloride solution and 50 mL per hour of 10% of 

glucose solution was administered. The existing coagula-

Table 1. Baseline biochemical parameters on admission and after SMT

Parameters, units Value on admission Value after SMT Normal range

1 2 3 4

pH, arterial blood 7.19 7.29 7.32-7.42

Lactate, mg/dL 135.1 135.1 1.8-19.8

Sodium, mEq/L 132 132 135-145 

Activated clotting time (ACT), s 53 196 25.0-35.0 

International Normalized Ratio (INR) 8.4 5.7 < 1.1

Fibrinogen, mg/dL 140 62.5 200-500 

Alanine aminotransferase (ALT), IU/L 8 110 4 510 0-40 

Aspartate aminotransferase (AST), IU/L 2 471 1 363 0-40 

Total bilirubin, mg/dL 11.3 10.1 0.3-1.1

Direct bilirubin, mg/dL 6.02 5.4 0.1-0.3 

Table 2. Serological examination reveals acute immune response that 

follows acute Hepatitis  B viral infection 

Serological test
Days of admission to Department

1 2 9 17

HBsAg - - - -

HBeAg - - - -

Anti-HBe anti-bodies + + + +

Anti-HBc anti-bodies IgM class + + + +

Anti-HBc anti-bodies IgG class + + + +

Anti-HBs anti-bodies + + + +

tion disorder was treated with 10 mL per kilo of fresh fro-

zen plasma (total of 250 mL administered every 6 hours), 7 

units of cryoprecipitate (according to the modified guide-

line for the administration of cryoprecipitate, 1 unit is ad-

ministered on every 10 kilos in order to achieve a raise of 

fibrinogen concentration by 100 mg per deciliter) and 10 

mg per day of Vitamin K. Nucleoside analog reverse tran-

scriptase inhibitor, Lamivudine, was administered in dose 

of 100 mg per day. A 40 mg per 12 hours of proton pump 

inhibitor, pantoprazole, with 50 mL per hour of concen-

trated Nutrison® were applied.
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Biochemical parameters after SMT are shown in table 

1 (column 3).

Despite the applied SMT, the patient was referred to 

the ICU 48 hours after admission due to HE progression 

and hemodynamic instability. The ABP of 60/40 mmHg 

with MAP of 50 mmHg required administration of 5 μg 

per kilo per minute of dopamine supportive stimulation 

was registered. Heart rate of 110 per minute was con-

firmed. After initial treatment with dopamine, MAP of 

80 mmHg with stabilized heart function was confirmed. 

Furthermore, 0.5 grams per kilo of 20% of Mannitol solu-

tion were infused every 8 hours in order to prevent renal 

failure due to circulatory collapse. All the time in ICU, 

diuresis was normal (2000 to 3000 mL per day). Stage IV 

of HE was confirmed and a GCS of 3 and the Sequential 

Organ Failure Assessment score (SOFA score) of 12 were 

calculated. The Model for End-stage Liver Disease score 

(MELD-Na) of 37 points was calculated with estimated 

3-months mortality rate of 52.6%.

In order to screen intracranial expansive masses as the 

possible causing factors of consciousness disorder a con-

trast-enhanced cranial CT scan was performed. Here, no 

brain edema or focal lesions were registered. CT scan was 

negative for intracranial pathological processes. Therefore, 

increased intracranial pressure was excluded.

Immediately after admission to the ICU, the patient 

was sedated, put on a respiratory tube and a central venous 

catheter was placed due to further medication’s adminis-

tration and intensive monitoring. Due to the rapid progres-

sion to multiorgan failure following ALF the patient was 

placed on extracorporeal liver dialysis using the MARS 

system approximately 6 hours after admission to the ICU. 

MARS treatment was conducted in combination with 

a conventional hemodialysis machine (Prismaflex® System, 

Gambro Lundia AB, Lund, Sweden ) with a standard buff-

ered dialysis solution for continuous venovenous hemodi-

afiltration (CVVHDF). MARS device (MARS flux, Gambro 

Lundia AB, Lund, Sweden) consisted of an albumin-impreg-

nated, highly permeable dialyzer with 600 mL of 20% se-

rum albumin that was used to guarantee the removal of the 

toxins from the dialysate side. The albumin-enriched fluid 

was regenerated by perfusion through an anion exchanger 

column and an uncoated charcoal column and dialyzer for 

dialysis. The blood flow of the dialysis machine and the al-

bumin dialysate circuit were both held at a median rate of 

150 mL/min (interquartile range [IQR], 100–150 mL/min) 

on the albumin-impregnated membrane and ultrafiltration 

rate of 50 mL/min was established. The median dialysate 

flow rate was set to 2000 mL/min. Regional anticoagulation 

was performed by infusion of 4% trisodium citrate solution. 

The median citrate infusion rate, necessary to maintain the 

postfilter ionized calcium between 0.2 and 0.4 mmol/L, 

was 3.1 mmol/L (interquartile range, 2.3–4 mmol/L) blood 

flow. The median calcium chloride substitution rate was 0.9 

mmol/L (0.3–1.7 mmol/L) dialysate. Total serum calcium 

remained stable during molecular adsorbent recirculating 

system treatments.

Since the value of the ACT of 196 seconds was registered, 

there was no need to administer any systemic anticoagulants.

The system was performed every day over 8 hours.

Using the MARS therapy in presented case we wanted 

to reduce serum levels of laboratory parameters that were 

correlated with ALF and accompanied with neurological 

improvement.

Table 3. Patient’s biochemical parameters before and after MARS

 Parameters, units

MARS Treatment cycle

I II III IV 

before after before after before after before after

pH, arterial blood 7.29 7.34 7.58 7.58 7.54 7.46 7.42 7.40

Lactate, mg/dL 135.1 108.1 69.4 51.3 40.5 22.5 26.1 16.2

Sodium, mEq/L 132 139 140 140 136 139 141 141

Activated clotting time (ACT), s 196 74.2 122.5 64.3 58.1 106.7 41 37.1

International Normalized Ratio (INR) 5.71 5.71 3.36 2.91 1.93 1.63 1.41 1.36

Fibrinogen, mg/dL 62.5 58.2 58.8 77.9 73.8 93.2 99.3 104

Alanine aminotransferase (ALT), IU/L 4 510 3 960 2 371 1781 1 560 1 086 817 780

Aspartate aminotransferase (AST), IU/L 1 363 987 434 331 332 188 139 125

Total bilirubin, mg/dL 10.1 8.3 7.19 6.2 5.8 5.2 4.7 5.5

Direct bilirubin, mg/dL 5.4 4.2 4.0 3.85 3.56 3.02 1.88 1.26

BUN, mmol/L 16.5 13.9 7.7 7.2 6.8 4.3 4.8 4.2

Creatinine, μmol/L 110 97 63 43 57 42 57 53

SOFA score 12 13 11 10 10 9 10 9

GCS score 3 3 4 8 10 12 14 14

MELD  score (points) 37 35 27 25 21 18 16 16

MELD score (estimated 3-month mortality, %) 52.6 52.6 19.6 19.6 19.6 6.0 6.0 6.0
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After four cycles of liver dialysis with MARS, treatment 

was disrupted because blood analysis revealed objective 

clinical improvement. 

Biochemical parameters before and after every MARS 

treatment cycle are shown in table 3. 

When MARS treatment was initiated, the patient was 

in stage IV of HE and with only registered reaction after 

very rough stimuli. After the second treatment cycle with 

MARS, stage III of HE was registered. Patient opened eyes 

on demand but without any signs of other communication 

skills. After the treatment procedure had been finished, 

patient was somnolent with established verbal communi-

cation. It was stage II of HE that was characterized with 

impaired awareness, especially regarding place, time or 

personal identity. MELD-Na score of 16 points was cal-

culated with estimated 3-month mortality of 6.0%. After 

treatment with MARS, both SOFA and MELD-Na scores 

were significantly (for 25% and 83,8%, respectively).

Plasma levels of α-fetoprotein as a marker of liver re-

generation are shown in table 4. 

The patient has experienced what is referred to as an 

extubation after 9 days from ICU admission. After 14 days 

in ICU, the patient was referred to ward of the Department 

and no signs of catheter-related fever or sepsis, bleeding 

or mild thrombocytopenia as potential adverse events of 

MARS treatment were registered. On the 21st day after ad-

mission the patient was discharged from University Clini-

cal center with serum levels of total bilirubin of 1.0 mg per 

deciliter and direct bilirubin of 0.17 mg per deciliter.

DISCUSSION

Acute liver failure (ALF), the original term “fulminant 

hepatic failure, (FHF)”, is defined as a severe liver injury, 

potentially reversible in nature and with onset of hepatic 

encephalopathy (HE) within eight weeks of the first symp-

toms in the absence of pre-existing liver disease (1,10). 

Although it can occur from various causes, ALF results 

from massive necrosis of hepatocytes with appearance of 

progressive jaundice, HE and coagulation disorder of dif-

ferent degree. ALF is divided into hyper acute, acute and 

sub-acute forms according to the time between the onset 

of symptoms and the HE development. In hyper acute cas-

es, this interval is a week or less and is commonly caused 

by viral infection (1,11). This interval provides clues to the 

cause of disease, but more likely complications and prog-

nosis with supportive medical care (1,12). In reported case, 

hyper acute form of the disease was registered within the 

six days after initial symptoms were developed. This period 

is associated with a better survival prognosis. 

Only 8% of almost all cases of ALF were originated 

from acute hepatitis B viral infections (13). This infection 

was a reasonable cause of ALF in our presented case. Very 

strong immune response on infection can also promote 

ALF and that was described in presented case.

After initial SMT had been administered, HE pro-

gressed rapidly in this case. We administered an endo-

tracheal intubation and sedation for airway control in 

order to facilitate general care and control of oxygen. 

These procedures made liver transplantation impossible 

as surgery became contraindicated because of rapidly 

progression to multiorgan failure and dramatic dete-

rioration of patient’s medical condition. Therefore, the 

patient could not be a proper candidate for a liver trans-

plantation and this intervention was not considered as a 

treatment option. 

Kidney dysfunction with elevated plasma level of blood 

urea nitrogen (BUN) and creatinine did not indicate a 

hepatorenal syndrome (HRS) but the state of circulatory 

collapse and subsequent hemoconcentration. Therefore, 

Common Renal Replacement Therapy (RRT) was not con-

sidered as an appropriately treatment procedure in this 

case. Furthermore, RRT would only remove in-water solu-

ble toxins but not albumin-conjugated. Recent studies also 

suggested that in patient with ALF and subsequent kidney 

dysfunction who are not candidates for liver transplanta-

tion (LT), RRT would not be beneficial (14,15). Moreover, 

RRT has not been shown to significantly alter outcomes in 

patients with ALF and kidney dysfunction in the absence 

of LT (16).

Although Molecular Adsorbent Recirculating System 

(MARS) is not recommended a standardized treatment 

option for ALF caused by acute Hepatitis B viral infections, 

MARS was introduced first time in our facility. It was done 

in order to stabilize the patient and to allow liver to recover 

from failure or to ’’bridge’’ patient to safer LT. Significant 

changes in plasma levels of several biochemical parame-

ters were seen already after initial MARS administration 

compared to baseline (lactate, coagulation parameters, 

ALT, AST and bilirubin).

Low plasma level of α-fetoprotein (AFP) is one of the 

risk factor that promote poor survival prognosis in ALF 

(17). An increase in α-fetoprotein (AFP) following ALF 

is considered indicative of hepatic regeneration. Patients 

with ALF usually present with increased serum levels of 

AFP during hospitalization (18-20). AFP is thought to 

be secreted from liver progenitor cells (LPCs) as LPCs, 

but not mature hepatocytes (MHs) express AFP (20,21). 

Furthermore, an increase of serum level of AFP after ad-

mission in ICU is associated with the better prognosis of 

patients with ALF (18,20). Therefore, liver regeneration 

Table 4. Plasma levels of α-fetoprotein  

Days after admission to the Department

2 4 6 8 10 14

α-fetoprotein, ng/mL 4.83 151.33 229.09 284.02 334.76 172.06
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is considered to play an important role in the recovery 

of the liver function and increasing the liver volume. In 

addition, AFP seems to be potent marker of better prog-

nosis after ALF.

The safety profile of MARS is remarkable for an ex-

tracorporeal circuit. Transient no significant hyperbiliru-

binemia had been observed in presented case after the 

fourth treatment cycle, which was probably not due to 

MARS although the serum total and direct bilirubin lev-

els on the discharge were normal. Bañares et al. also sug-

gested that most studies had not reported any significant 

adverse effects, except for mild thrombocytopenia, which 

did not have any clinical implications (6). Sponholz et al. 

also demonstrated that the investigated albumin dialysis 

procedures were safe for temporary extracorporeal liver 

support (22).

CONCLUSION

We suggest that the MARS treatment can be the treat-

ment option for patients in ICU with ALF associated with 

HE grade 3 or 4, especially in terms of the low likelihood 

of liver transplantation. It is significant method of treat-

ment in developing countries where liver transplantation 

is impossible due to the lack of liver transplants. We also 

show that albumin dialysis with the MARS system is a 

safe procedure that provides support of organ failure 

(liver, kidney, and brain) in ALF. The MARS method al-

lows the liver to regenerate completely after ALF. Despite 

the lack of large clinical trials on the use of MARS in 

treatment of ALF caused by viral infections, the litera-

ture reviews suggest that there are clinical and biologi-

cal benefits from this treatment method. Furthermore, it 

can bypass liver failure patients to LT and reduce overall 

treatment expenditures.
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ABSTRACT 

Case presentation
Hypertrophic cardiomyopathy (HCM) is the most com-

mon and very heterogeneous genetic cardiac disease with 
a diff erent clinical presentation and prognosis. � e overall 
prevalence of the disease is estimated between 0.05-0.2% of 
the population. Left ventricular outfl ow obstruction at rest is 
present in about 20% of patients. Most of the patients have 
a normal life expectancy, however high risk patients might 
develop heart failure, atrial fi brillation, ventricular arrhyth-
mias and sudden cardiac death.

We present the case of 47-year-old Caucasian man who was 
hospitalized at our clinic with a history of chest pain and short-
ness of breath on physical activity in the last six months, which 
caused signifi cant limitations of his life quality. Hypertrophic 
obstructive cardiomyopathy was diagnosed in 2011, when the 
patient was put on therapy with beta blocker. Transthoracic 
echocardiography revealed normal systolic function, presence 
of systolic anterior mitral valve motion (SAM) with moderate 
mitral regurgitation (MR). � ere was a signifi cant concentric 
left ventricular hypertrophy predominantly located in the ven-
tricular septum. � e intraventricular gradient at rest was 77.8 
mmHg. MRI of the heart confi rmed signifi cant LV hypertrophy 
with regions of fi brosis at the septum. � e patient shortness of 
breath worsened progressively in the last month (NYHA III) de-
spite optimized medical treatment with maximal beta blocker 
dose. Surgical approach with septal myectomy was performed 
with mitral valve repair. � ere were no operative complications, 
with excellent postoperative recovery and complete symptoms 
resolution. Control Doppler echocardiograms revealed LVOT 
rest gradient reduction to 34 mmHg. � e good operative results 
were still present 9 months after the intervention.

Our case confi rmed that septal myectomy with MV re-
pair is an excellent treatment approach in young patient 
with obstructive hypertrophic cardiomyopathy and mitral 
valve involvement refractory to medical treatment.

Keywords: Hypertrophic cardiomyopathy, septal myec-
tomy, mitral valve repair

SAŽETAK

Hipertrofi čna kardiomiopatija (HCM) je najčešće i vrlo he-
terogeno genetsko oboljenje srca sa kliničkom slikom koja može 
znatno da varira i različitom prognozom. Ukupna prevalenca 
ovog oboljenja se procenjuje na 0,05-0,2% populacije. Opstrukcija 
izbacivanja krvi iz leve komore postoji u oko 20% pacijenata. Kod 
većine pacijenata se očekuje uobičajeno trajanje života, ali kod 
pacijenata sa visokim rizikom može da se razvije srčana slabost, 
fi brilacija pretkomora, aritmije komora i iznenadna srčana smrt.

Prikazan je slučaj belca starosti 47 godina koji je primljen u 
našu bolnicu zbog bola u grudima i osećaja gubitka daha tokom 
fi zičke aktivnosti u poslednih 6 meseci, što je uzrokovalo znatno 
smanjenje kvaliteta života pacijenta. Hipertrofi čna, opstruktivna 
kardiomiopatija je dijagnostikovana 2011. godine, kada su paci-
jentu u terapiju uvedeni beta blokatori. Transtorakalnom eho-
kardiografi jom je utvrđena fi ziološka sistolna funkcija, postojanje 
antriornog kretanja mitralne valvule u sistoli sa umerenom mi-
tralnom regurgitacijom. Postojala je znatna koncentrična hiper-
trofi ja leve komore pretežno u oblasti međukomorskog septuma. 
Intavenrikularni gradijent u mirovanju je iznosio 77,8 mmHg. 
Pregledom magnetnom rezonacom potvrđena hipertrofi ja leve 
komore sa poljima fi broze u septumu. Osećaj gubitka daha kod 
pacijenta se značajno pogoršao (NYHA III) u poslednjih mesec 
dana uprkos primeni maksimalne doze beta blokatora. Izvršena 
je hirurška mijektomija septuma uz reparaciju mitralnog zalist-
ka. Nije bilo komplikacija tokom operacije, postoperativni opora-
vak je bio izvrstan uz potpuni gubitak simptoma. Na kontolnim 
Doppler ehokardiogramima povrđeno je smanjenje gradijenta u 
izlaznom traktu leve komore na 34 mmHg. Dobri postoperativni 
rezultati su postojali i 9 meseci nakon operacije. 

Ovaj slučaj potvrđuje da je mijektomija septuma uz re-
paraciju mitralnog zalistka odličan terapijski pristup u le-
čenju mlađih pacijenata sa opstruktivnom hipertrofi čnom 
kardiomiopatijom i insufi cijencijom mitralnog zalistka kada 
postoji rafraktarnost na medikamentozno lečenje.

Ključne reči: Hipertrofi čna kardiomiopatija, septalna 
mijektomija, reparacija mitralnog zalistka.
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INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is a very hetero-
geneous genetic cardiac disease with a different clinical 
presentation and prognosis. The overall prevalence of the 
disease is estimated between 0.05-0.2% of the population 
(1). The disease is characterized by asymmetric hypertro-
phy of the left ventricular (LV) and variable degrees of dy-
namic left ventricular outflow tract obstruction (LVOTO) 
due to the systolic anterior motion (SAM) of the anterior 
mitral leaflet. LV hypertrophy can be localized in the basal, 
mid or apical part of the septum. Left ventricular outflow 
obstruction at rest is present in about 20% of patients. 
Most patients achieve a normal life expectancy. On the 
other hand, in some patients, HCM is associated with dis-
ease complications which can result in disease deteriora-
tion or premature death. 

There are three pathways of clinical progression: sud-
den cardiac death due to ventricular tachyarrhythmia, 
heart failure and atrial fibrillation associated with an in-
creased risk of systemic thromboembolism and stroke.
Treatment strategy is based on medical therapy, especially 
with the use of β blockers and calcium-channel blockers 
, life style and physical activity modification (1,2). Septal 
myectomy is the first treatment of choice in young patients 
who have LVOT obstruction at rest >50mmHg and are 
symptomatic despite maximal medical therapy, with excel-
lent results in experienced centers and properly selected 
patients (3). 

In this report, we present a case of young symptomatic 
patient with marked hypertrophic obstructive cardiomy-
opathy with mitral valve regurgitation treated with septal 
myectomy and mitral valve repair.

CASE REPORT

A 47-year-old Caucasian man was hospitalized at Uni-
versity Cardiology Clinic in Skopje Clinical Center in Oc-
tober 2016 due to chest pain and severe dispnea. Patient 
reported the history of chest pain (Canadian Cardiovascu-
lar Society (CCS) class II) in the last year and shortness of 
breath on physical activity, which intensified in the last few 
days before the admission, which caused significant limita-
tions of his life quality. 

Hypertrophic obstructive cardiomyopathy was diag-
nosed in 2011, when the patient was put on therapy with 
beta blocker Bisoprolol 5mg daily. He had no history of cor-
onary artery disease (CAD), and no risk factors for CAD, 
and no history of syncope or palpitations. There was no 
sudden cardiac death in the family members. Patient risk 
score for 5 year sudden cardiac death was 2.6, and there 
was no indication for preventive implantation of ICD.

His physical examination showed systolic murmur over 
aortic valve and lateral sternum. ECG showed left bundle 
branch block, with heart rate 65 bpm. His blood pressure was 
120/70mmHg. All laboratory findings, lipids values and hs-

Troponin T were within normal limits. Pulmonary functions 
(pulmonary X-ray, spirometry and gas analyses) were normal. 

Transthoracic echocardiography revealed normal 
systolic function with EF 76%, left ventricular (LV) end 
diastolic dimension 53mm, LV end systolic dimension 28 
mm. There was a presence of systolic anterior mitral valve 
motion (SAM) with moderate mitral regurgitation (MR) 
due to SAM and mild posterior valve prolaps (Carpentier 
II) with moderate left atrial enlargement (LA 43mm, LA 
volume 58ml). He had diastolic dysfunction of pseudo-
normalization type (DT 216ms; E/A 1,1; E’ 0,06m/s; E/E’ 
15,9) and severe reduction of global longitudinal LV func-
tion (LV global longitudinal strain was -12%). The right 
ventricle had normal size and function with TAPSE 22, 
FAC 38%. There was significant concentric left ventricu-
lar hypertrophy with predominant location in the ven-
tricular septum with septal thickness of 32mm. Dimen-
sion of the posterior wall was 17mm. The intraventricular 
gradient at rest was 77.8mmHg, provocable gradient on 
Valsalva maneuver was 95mmHg. MRI of the heart con-
firmed significant LV hypertrophy with regions of fibro-
sis at the septum. Coronary angiography revealed normal 
coronary arteries with venticulography showing signifi-
cant asymmetric hypertrophy, located predominately at 
the septum. 

The patient shortness of breath worsened progressively 
in the last month (NYHA III) despite receiving medical 
treatment with maximal tolerated beta blocker dose (Bi-
soprolol 7,5mg total daily dose). The case was discussed 
together with the cardiac surgery team and the indication 
for septal myectomy was established. 

The operation was performed in December 2016. The 
procedure was fully described to the patient, and a written 
informed consent was obtained before the operation. Sur-
gical transaortic approach under cardiopulmonary bypass 
was first performed. Preoperative transesophageal echo-
cardiography (TEE) was performed for detailed evaluation 
of LVOT obstruction and mitral valve apparatus. Conven-
tional septal myectomy was undertaken to relieve SAM 
and LVOT obstruction. Mitral valve repair - edge to edge 
procedure sec. Alfierie and mitral ring annuloplasty with 
implantation of mitral ring type CG future- Medtronic size 
32 followed. The procedure was performed at our clinic by 
visiting professor, cardiac surgeon from Triemli City Hos-
pital in Zurich. There were no operative complications, 
with excellent postoperative recovery and complete symp-
toms resolution.

Patient was discharged in good condition and no symp-
toms after 8 days. Control Doppler echocardiogram before 
the discharge revealed LVOT rest gradient reduction to 
34mmHg. The good operative results were still present 9 
months after the intervention with no gradient increase. 
Patient therapy is beta blocker Bisoprolol 5mg daily. He is 
asymptomatic with normal physical activity assessed on 
the last clinical visit in august 2017. ECG and echocardiog-
raphy screening was performed on the close family mem-
bers and we have not found any signs of HCM presence. 
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Figure 1.
Rest ECG showing left bundle branch block with heart rate 65bpm

Figure 2. Two-dimensional echocardiograms. (A) Longitudinal, long axis view of the LV shows left ventricular hy-
pertrophy confi ned to ventricular septum with regions of fi brosis. (B) M-mode of mitral valve showing the presence 
of systolic anterior mitral valve motion (SAM)- white arrow. (C) Presence of severe rest intraventricular gradient 
84.93mmHg. (D) Severely reduced global longitudinal left ventricular strain (-12%) Ao, Aorta; LA, Left atrium; LV 
Left ventricle; RVOT, Right ventricle outfl ow tract.

Figure 3
Nuclear magnetic resonance images of the patient. (A) Long-axis, four-chamber nuclear magnetic resonance 
(NMR) scan taken in end-systole shows hypertrophy confi ned to the left ventricular (LV) septum. (B) Short axis 
chamber view nuclear magnetic resonance (NMR) shows marked septal and lateral walls hypertrophy. LA, Left 
atrium; RA, Right atrium; RV, Right ventricle.

DISCUSSION

Septal myectomy has been established as a gold stan-
dard treatment for the relief of left ventricular outflow 
tract obstruction and cardiac symptoms in patients with 
obstructive hypertrophic cardiomyopathy with drug re-
fractory functional limitations (4). The pharmacologic 
treatment of HCM is based on β blockers, calcium-channel 
blockers and disopyramide. Although these medications 
improve symptoms, there is no evidence they influence 
prognosis in patients with LVOT obstruction. The biggest 
revolution in the HCM management is septal reduction 
therapy, despite the fact that this approach is used is the 
selected and relatively small number of symptomatic pa-
tients with LVOT obstruction at rest.
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Still, one of the most controversial issues in the treat-
ment approach in patients with HCM concerns the use of 
percutaneous alcohol septal ablation (ASA) which causes 
a region of myocardial infarction aimed to reduce outflow 
tract obstruction (5). This procedure is dominating sep-
tal reduction treatment option in Europe. The scientific 
data suggests that although this procedure is associated 
with high success rate, high incidence of heart block and 
pacemaker implantation, arrhythmia risk, as well as less 
predictive and smaller final gradient reduction, position 
ASA as procedure with higher overall procedural compli-
cation rates compared to myectomy (6). On the basis of 
the latest scientific data, about 10-12% of the patients after 
ASA experience significant ventricular arrhythmias. Since 
myectomy does not produce intramyocardial scarring and 
fibrosis, there is no evidence that this procedure increases 
the risk of arrhythmias and left ventricular dysfunction. 
This method has advantages over septal alcohol ablation 
in younger patients with severe septal hypertrophy. One of 
the obvious advantages of myectomy is direct visualization 
of complex LV outflow tract anatomy with all structural ab-
normalities that lead to mechanical subaortic obstruction, 
mitral apparatus function and morphology. The concern 
that the mitral valve leaflets abnormalities can produce 
dynamic outflow obstruction, even after septal muscular 
resection, has led several surgeons to supplement myec-
tomy with mitral valve repair in selected individuals (7-
9). The aim of septal myectomy is to relieve SAM of the 
mitral valve as a cause of obstruction, not only to enlarge 
the LVOT anatomically. Frequently in some patients sep-
tal myectomy is modified with extended myectomy, partial 
excision of papillary muscles, mitral valve and subvalvular 
interventions when isolated septal myectomy is thought to 
be fully adequate. The choice of optimal procedure must be 
individualized based on age, comorbidities, degree of hy-
pertrophy, suitability of coronary anatomy, primary mitral 
valve disease, patient preferences and operator experience.
 The standard septal myectomy (Marrow procedure) is not 

always an optimal procedure in every patient, especially 
with the mitral valve involvment. Structural and function-
al mitral valve and subvalvular abnormalities have been 
reported in patients with LVOT obstruction and HCM. 
The most frequent abnormalities are papillary muscle in-
sertion directly into the anterior mitral leaflet, abnormal 
chordae tendineae attached to the ventricular septum or 
free wall and accessory papillary muscles, which may push 
the mitral leaflets toward the septum and produce LVOT 
obstruction. Most of the patients with concomitant abnor-
malities of the mitral valve and subvalvular apparatus can 
be managed without mitral valve replacement, and also 
other cardiac lesions can be repaired simultaneously. Ad-
ditional operative procedures includes anterior mitral leaf-
let excision, “false chordae” excision and papillary muscle 
realignment.The most recent data from experienced cen-
ters are reporting low operative mortality for isolated sep-
tal myectomy (approximately 1%). Septal myectomy also 
showed excellent late procedure results with over 90% of 
patients improving in NYHA class, which persisted in the 
follow-up period. Late survival in patients with obstruc-
tive hypertrophic cardiomyopathy treated with myectomy 
is similar to the same age healthy individuals (10-12). Ad-
ditionally, it is reported the myectomy may be associated 
with decreased long-term risk of sudden cardiac death. 

European and American guidelines on the management 
of HCM recommend that myectomy should be the pre-
ferred intervention for obstructive HCM in patients below 
50 years (1). Over the past three decades, the technique for 
septal myectomy has evolved from the classic Morrow my-
ectomy, to a more extensive left ventricular septal myecto-
my. Interventions are guided by intraoperative transesoph-
ageal echocardiography (TEE) with special attention to the 
septal anatomy and thickness, and mitral valve function 
(13). Data from the scientific literature shows long-term 
survival in patients with HCM after septal myectomy, is 
99%, 98% and 95%, at 1, 5 and 10 years, accordingly. How-
ever, surgical myectomy does not reduce the need to assess 

Figure 4
Cardiac catheterization ventriculograms. (A) Ventriculogram of the left ventricle shows severe left ventricular 
hypertrophy. (B) Ventriculogram of the left ventricle shows banana shaped left ventricle
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each patient’s risk for sudden cardiac death and to consider 
appropriate treatment modalities based on the SCD risk in 
individual patients (13). Mayo Clinic experience long term 
follow-up data shows that majority of patients will have an 
excellent symptomatic benefit and be able to have normal 
quality of life (14, 15).

HCM is a disease characterized by unexplained, marked 
and asymmetric left ventricular (LV) hypertrophy associ-
ated with non dilated ventricular chambers in the absence 
of another cardiac or systemic disease that are able to pro-
duce the magnitude of hypertrophy that fulfills the criteria 
for HCM (1). Clinically, HCM is usually recognized by a 
maximal LV wall thickness >15 mm. However, it should 
be underscored that in principle, any degree of wall thick-
ness is compatible with the presence of the HCM genetic 
substrate. Echocardiography is the established method of 
choice for the diagnosis and prognosis of HCM, but also 
helps resolve several diagnostic challenges in HCM. The 
method enables differentiation of HCM from athlete’s 
heart, left ventricular hypertrophy in hypertension and 
aortic stenosis, isolated basal septal hypertrophy in adults, 
apical forms of HCM, non-compaction cardiomyopathy 
and infiltrative myocardial disease. In order to establish 
the diagnosis of HCM, a systematic echocardiography ap-
proach is necessary. The echocardiography examination 
should include confirming of LV hypertrophy, assessment 
of LVOT obstruction, systolic anterior motion - SAM, 
mitral valve apparatus assessment, assessment of systolic 
and diastolic LV function and left atrial size. Strain imag-
ing assesses subclinical LV dysfunction even in the pres-
ence of normal LVEF (15). The following two-dimensional 
(2D) echocardiography criteria are used to aid diagnosis: 1. 
Unexplained maximal wall thickness >15 mm in any myo-
cardial segment, or 2. Septal/posterior wall thickness ratio 
>1.3 in normotensive patients, or 3. Septal/posterior wall 
thickness ratio >1.5 in hypertensive patients (16).

It is clinically important to distinguish between the ob-
structive and nonobstructive forms of HCM because man-
agement strategies depend on the presence or absence of 
symptoms caused by obstruction. For HCM, it is the peak 
instantaneous LV outflow gradient rather than the mean 
gradient that influences treatment decisions. Up to one 
third of patients with HCM have rest LVOT obstruction 
(defined as gradients ≥30 mm Hg). Another one third have 
physiologically provoked gradients (<30 mm Hg at rest and 
≥30 mm Hg with physiologic provocation) (16,17). The fi-
nal one third have the nonobstructive form of HCM (gra-
dients <30 mm Hg at rest and with provocation). Marked 
gradients ≥50 mm Hg, either at rest or with provocation, 
represent the conventional threshold for surgical or per-
cutaneous intervention if symptoms cannot be controlled 
with medications (16,17).

Magnetic resonance imaging is also important imaging 
modality in HCM. The extensity of myocardial fibrosis has 
prognostic implications.

We have presented a case of young symptomatic pa-
tient with obstructive HCM and moderate MR, who was 

successfully treated with septal myectomy and mitral valve 
repair. LVOT gradient fall to 25mmHg. He has fast clini-
cal improvement, LVOT gradient reduction and excellent 
quality of life during the 9 months follow up. 

CONCLUSION

Our case confirmed that surgical myectomy in combina-
tion with mitral valve repair in obstructive HCM and mod-
erate MR is safe and improves quality of life performed by 
experienced surgeon. In accordance with latest guidelines 
and consensus panel recommendations, the presented case 
support septal myectomy as the excellent treatment choice 
for HCM in young patients with severe drug-refractory 
symptoms caused by LV outflow obstruction.
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INSTRUCTION TO AUTHORS
FOR MANUSCRIPT PREPARATION
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All me a su re ments, ex cept blood pres su re, should be re-

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

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

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

ser ted in pa rent he ses.

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

script. Serbian Journal of Experimental and Clinical Research 

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

TI TLE PA GE

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

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

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

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

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

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

could be ad ded if ne ces sary.

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

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

and fol lo wed by an ex pla na ti on of what they stand for. In ge-

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

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

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

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

prints sho uld be sent are typed et the end of the ti tle pa ge.

AB STRACT

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

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

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

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

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

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

Medline thesaurus is recommended.

IN TRO DUC TION 

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

spe ci fic pur po se of the study.

PA TI ENTS AND MET HODS/MA TE RIAL 
AND MET HODS

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

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

ho spi tal num bers are not used.

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

eva lu a tion and du pli ca tion of the work by ot her in ve sti ga tors.

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

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

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

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

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

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

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

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

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

tory ani mals fol lo wed ac cep ted stan dards.

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

RE SULTS

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

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

pre sen ta tion.

DI SCUS SION

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

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

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

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

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

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

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

be in tro du ced in the di scus sion.
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ARTICLE REFERENCES – VANCOUVER STYLE

References should be identified in the text by Arabic 

numerals in parentheses. They should be num be red con-

secutively, as they appeared in the text. Personal commu-

nications and un published observations should not be 

cited in the reference list, but may be mentioned in the text 

in parentheses. Abbreviations of journals should conform 

to those in Index Serbian Journal of Experimental and 

Clinical Research. The style and punctuation should con 

form to the Serbian Journal of Experimental and Clinical 

Research style requirements. The following are examples:

Vancouver style

Article in a journal:
You CH, Lee KY, Chey WY, Menguy R. Electrogas-

trographic study of patients with unexplained nausea, 

bloating and vomiting. Gastroenterology 1980;79:311-4; 

DOI:10.2478/s11533-007-0023-3.
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Book:
Eisen HN. Immunology: an introduction to molecular 

and cellular principles of the immune response. 5th ed. 

New York: Harper and Row; 1974.

1. Introduction

This document describes standards for preparing the ref-

erences in the APA style. The following sections give detailed 

instructions on citing books, journal articles, newspaper ar-

ticles, conference papers, theses, webpages and others. 

Please provide all the required elements in the refer-

ences to your paper. Please pay particular attention to 

spelling, capitalization and punctuation. Accuracy and 

completeness of references are the responsibilities of the 

author. Before submitting your article, please ensure you 

have checked your paper for any relevant references you 

may have missed.

A complete reference should give the reader enough in-

formation to find the relevant article. And most importantly, 

complete and correct references may allow automatic cre-

ation of active links by the MetaPress technology that we use 

for making the electronic version of our journal. Active refer-

ence linking is regarded as the greatest benefit of electronic 

publishing and it adds a lot of value to your publication.

2.Book

a. Book (one author)

Format:

Author. (Year of publication). Book title. Place of publi-

cation: Publisher.

Example:

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). 

Book title. Place of publication: Publisher.

Example:

Kleiner, F.S., Mamiya C.J. & Tansey R.G. (2001). Gard-
ner’s art through the ages (11th ed.). Fort Worth, USA: Har-

court College Publishers.

c. Book chapter or article in an edited book

Format:

Author(s) of chapter. (Year of publication). Chapter ti-

tle. In Editors of the book (Eds.), Book title (Chapter page 

range). Place of publication: Publisher.

Example:

Roll, W.P. (1976). ESP and memory. In J.M.O. Wheatley 

& H.L. Edge (Eds.), Philosophical dimensions of parapsy-
chology (pp. 154-184). Springfield, IL: American Psychiat-

ric Press.

d. Proceedings from a conference 

Format:

Author(s). (Year of publication). Title. In Conference 

name, Date (Page range). Place of publication: Publisher.

Example:

Field, G. (2001). Rethinking reference rethought. In 

Revelling in Reference: Reference and Information Ser-

vices Section Symposium, 12-14 October 2001 (pp. 59-64). 

Melbourne, Victoria, Australia: Australian Library and In-

formation Association.

e. ebook 

Format:

Author(s). (Year of publication). Title. Publisher. Retrie-

ving date, http address. DOI.

Example:

Johnson, A. (2000). Abstract Computing Machines. 
Springer Berlin Heidelberg. Retrieved March 30, 2006, from 

SpringerLink http://springerlink.com/content/w25154. DOI: 

10.1007/b138965.

f. Thesis

Format:

Author(s). (Year of publication). Title. Information, Pla-

ce of publication. 

Example:

Begg, M. M. (2001). Dairy farm women in the Waikato 
1946-1996: Fifty years of social and structural change. Un-

published doctoral dissertation, University of Waikato, 

Hamilton, New Zealand.

g. Report

Format:

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

Format:

Institution name. (Year of publication). Title. Place of 

publication: Publisher.

Example:

Ministerial Council on Drug Strategy. (1997). The na-
tional drug strategy: Mapping the future. Canberra: Au-

stralian Government Publishing Service.

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.
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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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