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ABSTRACT

Cardiorespiratory endurance, which is also known as aero-

bic endurance, is the ability of the whole body to sustain pro-

longed exercise involving relatively large muscle groups. Muscle 

endurance is defi ned as the ability of a muscle group to execute 

repeated contractions over a period of time that is suffi  cient to 

cause muscular fatigue or as the ability to maintain a specifi c 

percentage of the maximum voluntary contraction for a pro-

longed period of time. Each version of muscle endurance  plays 

a unique role in sport  activities, and each has a special im-

portance to various athletes. Cardiorespiratory endurance is 

thought to be the most important component of physical fi tness. 

Low endurance capacity leads to exhaustion, even in sports and 

activities characterised by low dynamics. Th e combination of 

spiroergometric testing (with appropriate testing protocols) and 

the measurements of lactate thresholds is believed to be the gold 

standard in the assessment of cardiorespiratory endurance. Th e 

generated parameters are then used to defi ne the training objec-

tives, to preparefor  a precise training plan and program, and to 

evaluate the eff ects of the subsequent training eff ect evaluation. 

Muscular endurance is specifi c for each group of muscle, type , 

and velocity of contraction. Due to the specifi city of muscular 

endurance, a universal assessment of the muscular endurance 

of the whole body has not yet been developed. Isokinetic and 

isoinertial dynamometry and numerous fi eld tests are used to 

assess muscular endurance. By understanding and monitoring 

endurance in athletes, the training workload during the prepa-

ration period and the the pre-competition and competition 

seasons can be implemented and corrected.  Th e achievement 

and maintenance of optimal fi tness should be regarded as a dy-

namic concept that requires continual monitoring that is aided 

by the modern methods of functional diagnoses.

Keywords: endurance, cardiorespiratory, muscle, ath-

letes, training.
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 IZDRŽLJIVOST U SPORTU
Dragan Radovanović

Fakultet sporta i fi zičkog vaspitanja Univerziteta u Nišu

SAŽETAK

Kardiorespiratorna izdržljivost ili aerobna izdržljivost je 

sposobnost čitavog tela da održava dugotrajnu fi zičku ak-

tivnost i uključuje relativno velike mišićne grupe. Mišićna 

izdržljivost predstavlja sposobnost mišića odnosno mišićne 

grupe da izvrši ponavljanje kontrakcije kroz period vremena 

dovoljan da izazove mišićni zamor ili sposobnost da održi 

specifi čni procenat maksimalne voljne kontrakcije u toku 

dužeg vremenskog perioda. Svaka ima jedinstven udeo u 

sportskim aktivnostima i svaka se razlikuje po svojoj važno-

sti, kod različitih sportista. Kardiorespiratorna izdržljivost 

se smatra najvažnijom komponentom fi zičke pripremlje-

nosti. Nizak kapacitet izdržljivosti vodi ka zamoru, čak i u 

sportovima i aktivnostima niže dinamike. Kao zlatni stan-

dard za ispitivanje kardiorespiratorne izdržljivosti smatra se 

kombinacija spiroergometrijskog testiranja (uz primenu ade-

kvatnog protokola testiranja) i određivanja nivoa laktatnih 

pragova. Dobijeni parametri se zatim koriste za defi nisanje 

ciljeva treninga i izradu preciznog plana i programa trenin-

ga, kao i za naknadnu evaluaciju efekata treninga Mišićna 

izdržljivost je specifi čna za svaku mišićnu grupu, tip i brzinu 

kontrakcije. Zbog toga ne postoji univerzalna procena mišić-

ne izdržljivosti celog tela. Za procenu mišićne izdržljivosti 

koriste se metode izokinetičke i izoinercijalne dinamometrije, 

kao i brojni terenski testovi. Razumevanje i praćenje izdržlji-

vosti kod sportista omogućava izradu i korekciju individual-

nih zona trenažnog opterećenja u odgovarajućim ciklusima 

pripremnog perioda tokom predtakmičarske i takmičarske 

sezone. Postizanje i održavanje optimalnog stanja trenirano-

sti treba shvatiti kao dinamički koncept koji zahteva stalno 

praćenje, primenom savremenih metoda funkcionalne dija-

gnostike sportista.

Ključne reči: izdržljivost, kardiorespiratorna, mišići, 

sportisti, trening.
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BACKGROUND

Endurance is a term in exercise physiology that de-

scribes two separate but closely related phenomena: car-

diorespiratory endurance and muscular endurance. Each 

type of endurance plays a unique role in sport activities, 

and each has a special importance to different athletes. 

Endurance is a basic necessity for competition in certain 

sports (e.g., distance running, cycling, endurance swim-

ming, cross-country skiing, etc.), but it is also an essential 

component of a large number of otherteam sports (e.g., 

football, rowing, tennis, basketball, etc.). 

Cardiorespiratory endurance, or aerobic endurance, is 

the ability of the whole body to sustain prolonged exercise 

involving relatively large muscle groups (1). Cardiorespira-

tory endurance is related to the development of the ability 

of the cardiovascular and respiratory systems to maintain 

an oxygen supply to the muscles engaged in prolonged 

physical activity as well as to the muscle’s ability to obtain 

the necessary energy by way of aerobic processes. This is 

the reason why the terms cardiorespiratory and aerobic en-

durance are commonly used as synonyms. With endurance 

training, more oxygen per unit of time can be supplied and 

used in activated muscles. These training improvements 

allow an athlete to be engaged with a greater intensity in a 

physical activity requiring endurance, without a deteriora-

tion in the quality of performance.

Muscle endurance is defined by the American College 

of Sports Medicine (ACSM) as the ability of a muscle group 

to execute repeated contractions over a period of time 

that is sufficient to cause muscular fatigue or the ability to 

maintain a specific percentage of the maximum voluntary 

contraction for a prolonged period of time (2). Therefore, 

muscle endurance is specific to certain muscles or muscle 

groups. In the routine practice of sport training, the most 

common criterion for muscle endurance is the number of 

resistance exercise repetitions that are performed until the 

moment of muscle failure. 

A tThe individual endurance of an athlete is the baseline 

for the improvement of his/her ability, and improvements 

can result through training, including the maintenance of 

competitive abilities by competing in competitions (3), the 

avoidance of detraining due to a low training workload, and 

the avoidance of an overtraining syndrome and/or possible 

injuries due to a high of a training workload (4). 

ADAPTATIONS

TO ENDURANCE TRAINING

Endurance improvement through regular aerobic train-

ing is the result of numerous adaptations to a training stim-

ulus. Some adaptive processes occur within the muscles 

themselves, providing a more efficient transport and use of 

oxygen and energetic substrates. Other important changes 

occur in the cardiovascular system, improving the blood 

supply to and within muscles. Adaptive changes in a body 

during endurance training, including increased left ventri-

cle dimensions, reduced peripheral blood vessel resistance, 

and increased blood volume, enable increased values of 

stroke volume during submaximal and maximal physical 

activity and at rest. Muscle blood flow is increased with 

endurance training due to an enlargement of the capillary 

network (by the formation of new and opening of the ex-

isting capillaries), a more efficient blood flow distribution, 

and an increase in blood volume. Increased blood volume 

is caused by an increase in blood plasma volume, which 

leads to a reduction in blood viscosity, facilitating circula-

tion and oxygen supply (5). Endurance training results in 

lower blood pressure values during submaximal physical 

exercise. During maximal intensity physical exercise, the 

,systolic pressure is elevated and the diastolic pressure is 

reducedas  compared to the pre-training values (6).

Endurance training induces an increase in the number 

and size of mitochondria in the muscle fibres. The activity 

of many oxidative enzymes is increased as a consequence 

of adaptation to training. These muscular changes, com-

bined the oxygen transport system adaptation, increases 

the capacity of oxidative metabolism and cardiorespiratory 

endurance (7). An adapted skeletal muscle contains more 

glycogenas  compared to an unadapted muscle. Moreover, 

adapted muscles contain more fat in the form of triglyc-

erides. The activity of many enzymes involved in the beta 

(β) oxidation of fats increases with training, resulting in in-

creased levels of free fatty acids (8). These changes result in 

the increased use of fats as an energy source, the saving  of 

glycogen, and, thus, the createdevelopment of favourable 

conditions favorable for prolonged physical activity with-

out exhaustion.

CARDIORESPIRATORY

ENDURANCE

According to many published papers and textbooks on 

the science of sport, cardiorespiratory endurance is thought 

to be the most important component of physical fitness. 

Endurance is the athletes’ best defence against exhaustion. 

Low endurance capacity leads to exhaustion, even in sports 

and activities characterised by low dynamics. For each ath-

lete, regardless of their discipline or activity, fatigue is the 

main obstacle to optimal performance. Even slight fatigue 

may disturb the ability of an athlete to perform because 

of reduced muscle strength, prolonged reaction and move-

ment times, reduced agility and neuromuscular coordi-

nation, reduced velocity of the entire body, and reduced 

concentration and nimbleness. The cardiorespiratory en-

durance of an athlete is determined by a large number of 

factors (9, 10), with the most important being age, gender, 

body mass, genotype, physical activity (degree of fitness), 

and acute and past diseases, among others.

Regardless of the degree of preparedness of a cardio-

vascular system to supply the working muscles with an 

adequate amount of blood, endurance is hampered if the 
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tinued and discontinued), the type of workload (fixed and 

progressive workload), and the performance place (labora-

tory and field tests). The question of the appropriate test 

choice has been addressed in numerous studies and is es-

pecially important in light of the advances in technology 

and the increased availability of particular field methods 

(heart rate monitors, GPS devices, calculators of energy 

expenditure, etc.). Traditionally, dosed test workload er-

gometers (arm crank or cycle ergometers) and treadmills 

have been most commonly used in laboratories. More 

specific ergometers for certain sports (swimming, rowing, 

kayaking, ski-running, skating, etc.) have been increasingly 

used as well.

The use of arm cranks or cycle ergometers in laboratory 

testing with precise workload dosing allows for the use of 

additional invasive and non-invasive diagnostic methods 

(17). Due to the sedentary position of the exerciser and the 

defined cyclic repetition of pedalingpedalling, the risk of 

injury is low during the testing exercises. The shortcoming 

of this test type is its lack of the sufficient involvement of 

large muscle groups such that local muscle endurance and, 

not general cardiorespiratory endurance, commonly limits 

the maximal achievable test results (18).

As a treadmill enables natural movements (walking or 

running) with the engagement of large muscle groups and 

without the requirement of specific skills of the examinee, 

it can be used for different examinee profiles. Compara-

tive studies have shown that the measured values of VO
2-

max
 during treadmill testing were 5-15% higher as com-

pared  compared to cycle ergometer values (19). However, 

the differences in measured VO
2max

 in laboratory treadmill 

tests may be caused by the test protocols, limiting inter-

laboratory comparisons. Test protocols most commonly 

differ in the duration of particular workload stages, dy-

namics of workload increases during the tests, changes in 

treadmill inclination during the test, and so on. Contin-

ued progressive exercise tests are more commonly used 

and are performed until the maximum exhaustion of an 

athlete is reached by increasing the workload through in-

creasing the treadmill speed, inclination, or a combination 

of the two. Test protocols with markedly rapid increases 

in workload and shorter total durations commonly do not 

register maximal VO
2
 values due to muscle failure. On the 

other hand, long test protocols may also result in slightly 

lower registered VO
2max

 values due to increased body tem-

perature, significant dehydration, muscle pain, and loss of 

motivation of the examinee (20, 21). In certain cases, it is 

necessary to choose a specific test protocol that is most 

appropriate to the characteristics of the sport in question 

(3). The use of sport-specific ergometers in laboratory 

testing enables more precise endurance measurements 

due to a more true to life reproduction of a dynamic ste-

reotype that is characteristic of the sport and enables bet-

ter mechanical efficacy (with lower energy consumption) 

during the test execution.

The above  has led to national Olympic committees ap-

pointing only one laboratory to perform a functional diag-

respiratory system is unable to transport enough oxygen 

to satisfy the oxygen demand. The function of the respira-

tory system usually does not limit the ability to perform 

physical activities because ventilation can be increased to 

a higher degree than can cardiovascular function (11). The 

respiratory system undergoes specific adaptations during 

endurance training to enhance its efficiency. Pulmonary 

ventilation is usually not considered to be a limiting factor 

when performing physical, endurance exercises (12). How-

ever, some evidence suggests that in a highly trained ath-

lete (13), at a certain point, the capacity of the pulmonary 

system for oxygen transport may be insufficient to satisfy 

the oxygen demand and insufficient to keep pace with the 

capacity of an adapted cardiovascular system.

The generally accepted parameters to assess cardiovas-

cular endurance are the maximal oxygen uptake (VO
2max

), 

lactate (aerobic) threshold, maximal lactate steady state 

(anaerobic threshold), and exercise economy.

Maximal oxygen uptake (VO
2max

) is the maximum ca-

pacity of an individual’s body to transport and use oxygen 

during exercise or physical activity. VO
2max

 is widely accept-

ed as the single best measure of cardiovascular endurance.

The lactate (aerobic) threshold is defined as the increase 

of physical exercise at which point anaerobic glycolysis is 

markedly activated in the engaged muscles, and the lactic 

acid concentration is elevated as compared  compared to 

the resting values (14).  This threshold most commonly oc-

curs at an intensity of 40 - 60% VO
2max

 and when thea lactic 

acid blood concentration of approximately 1,5 -2 mmol/l.

The maximal lactate steady state (MLSS) or anaerobic 

threshold is defined as the intensity of physical exercise at 

which stable states of VO
2
 and lactic acid in the blood can 

still be achieved and reflects a balance between the accu-

mulation and degradation of lactic acid (15). MLSS is most 

commonly reached at an intensity of approximately 80-

90% VO
2max

 (in untrained healthy subjects; 65 - 70% VO
2max

 

is reached in elite athletes up to 95% VO
2max

) and when the 

lactate blood concentration is approximately 3-5 mmol/L.

Exercise economy is used to express the oxygen con-

sumption required to perform a given exercise workload, 

whether the exercise is running, cycling, or any other en-

durance activity (16). Differences in the VO
2
 between in-

dividuals at similar exercise workloads illustrate the indi-

vidual variation found in exercise economy. 

With the above parameters, the intensity at the lactate 

threshold and MLSS can be expressed in terms of running 

speed (on a treadmill in km/h) or power (on a bicycle er-

gometer in watts, kpm/min or km/h; in watts on sport-

specific ergometers, such as swimming, rowing, kayak and 

other similar activities). In practice, the generated results 

are expressed as the percentages of the achieved maximal 

oxygen uptake (%VO
2max

), of the maximal speed achieved 

in the test (%Vmax), of the maximal achieved intensity in 

the test (%Pmax), and so on.

The tests used to measure cardiorespiratory endurance 

are classified in different ways related to: the test character 

(specific and non-specific), the performance mode (con-



6

nosis and to serve as a national reference institution to test 

all athletes in the preparation for the Summer or Winter 

Olympic Games. However, unresolved issues in laboratory 

testing and the measurement of VO
2max

 for sport competi-

tion purposes remain, including increased air resistance in 

open sport arenas and increased energy consumption with 

increasing treadmill inclination and changes in biome-

chanical parameters during the execution of a particular 

test protocol (the length and frequency of steps, the angu-

lar velocity and amplitude in major joints, the activation of 

particular muscle groups, etc.) (22, 23). An optimal labora-

tory test should provide most of the parameters required 

for a proper assessment of the level of physical fitness, defi-

nition of individual training areas, and control of the train-

ing workload. The combination of spiroergometric testing 

(with appropriate testing protocols) and the measurements 

of the lactate thresholds is believed to be the gold standard 

in the assessment of cardiorespiratory endurance. The 

generated parameters are then used to define the training 

objectives, to prepare a precise training plan and program, 

and to evaluate the effects of the subsequent training effect 

evaluation for (3, 24). The most obvious shortcoming of 

such an approach is its high economic price, limiting its 

use to only the top athletes and preventing its use by young 

talented athletes for whom training program corrections 

would represent the method to achieve top results. 

MUSCULAR ENDURANCE

The ability of a muscle group to execute repeated 

contractions or to maintain a specific percentage of its 

maximum voluntary contraction depends on a number 

of factors: the contractile and metabolic characteristics 

of the muscle fibres, the position of the fibres during ac-

tion, the activation of motor units, present fitness, etc. 

(25). Neuromuscular adaptation during sport training 

enables greater endurance to be demonstrated (26) and 

involves neurologic adaptation (more efficient motor unit 

activation), an enlargement of the transverse section of 

muscles, and changes in cellular metabolites. The magni-

tude of these changes depends on the initial status, type 

of muscular contraction, intensity and extent of training 

workload, number of series, selection and sequence of ex-

ercises, duration of rest, frequency of training, and move-

ment velocity, among others. (27).

Muscular endurance is specific for each group of mus-

cles, type , and velocity of contraction. As a result, there is 

no universal assessment for the muscular endurance of the 

whole body. The isokinetic and isoinertial dynamometry 

methods and numerous field tests are used to assess mus-

cular endurance. During laboratory isokinetic tests, the 

angular velocity of a joint is controlled and kept constant; 

however the linear velocity of the active muscle group is 

not kept constant . Angular velocity increases at the begin-

ning of each movement until the target velocity is reached. 

Further acceleration is not possible, and the movement 

is maintained at a constant velocity until the end of the 

planned movement. The advantages of isokinetic dyna-

mometry in the assessment of muscular endurance include 

an optimal workload, an excellent confidence test, and a 

computer-aided assessment of muscular function. In ad-

dition, more advanced isokinetic systems have accessories 

to allow for the testing of different muscle groups, which is 

not possible in the associated joints. Except for the isolated 

movement tests, various manual activities (e.g., lifting and 

handling of various sport equipment) can be simulated on 

adapted isokinetic dynamometers with special accessories. 

The use of standardised protocols for isokinetic dyna-

mometry is essential because of the related methodologi-

cal issues, such as the positioning and motivation of the 

examinees during the test. Factors influenced by the posi-

tioning of the examinee and segment-joint stabilizisation 

during the test include the muscle group length, contribu-

tion of elastic components, effective torque, development 

of angular velocity, and inhibitory effects of antagonistic 

muscle groups (28, 29). Therefore, it is essential that these 

factors are standardised to assure the validity of inter-test 

comparisons. The major shortcomings of isokinetic dyna-

mometry are a limited movement velocity, the absence of 

natural movements, and the high equipment costs. Isoki-

netic testing of an isolated joint does not require natural 

movements; therefore, and as such,the examinees have 

to be precisely instructed and examiners have to be well 

acquainted with the testing system and test requirements. 

An additional shortcoming of isokinetic dynamometers is 

their inability to achieve movement velocities specific for a 

particular sport activity.

In practice, the combination of isoinertial dyna-

mometry and field tests is most commonly employed. 

Isoinertial dynamometry is a method that enables the 

simultaneous and precise measurement of a large num-

ber of parameters and is aided by various kinematic and 

ballistic measurement systems. The use of adequate 

equipment and standardised testing protocols enables 

the precise measurement of the effective force, distance 

covered, or movement duration. Depending on the de-

vice, a single or several parameters can be measured, 

and it is possible to calculate the data necessary for high 

quality diagnosis of muscular endurance using a com-

puter (30).  Isoinertial field tests are tests in which a 

constant external load is resisted during the entire ex-

ercise, such as free-weight exercises. In practical work, 

the term isoinertial reflects a test that determines the 

ability of an examinee to resist a maximal external load 

(31). A test with a single maximal repetition (1-repeti-

tion maximum−1RM) represents the maximum load re-

sisted throughout the range of motion in a controlled 

way and with good posture (32). The biggest shortcom-

ing of these field tests is the lack of appropriate validity 

and objectivity and the fact that such movements (e.g., 

bench press or squats, movements during push–ups, 

sit–ups, pull–ups, etc.) have little resemblance to most 

of the movements in sport activities.
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CONCLUDING REMARKS

By understanding and monitoring endurance in ath-

letes, the training workload during the preparation pe-

riod and the pre-competition and competition seasons 

can be implemented and corrected.  The ua the the The 

achievement and maintenance of optimal fitness should 

be regarded as a dynamic concept that requires continual 

monitoring that is aided by the modern methods of func-

tional diagnoses. The specific individual diagnosis of the 

endurance of an athlete is the basis for the preparation of a 

precise training plan and program and for the subsequent 

evaluation, correction, and improvement of the applied 

means and training methods. Using the generated param-

eters, training should be planned to result in better mus-

cular endurance via specific neuromuscular adaptations. 

Moreover, properly guided endurance training should raise 

the lactate threshold and the level of maximal lactate bal-

ance via an increased oxygen supply to the active muscles 

and a a reduced lactate production in the active muscles, 

resulting in delayed fatigue in the athlete.
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ABSTRACT

Helianthus tuberosus L. (Jerusalem artichoke) belongs 
to the Asteraceae family, genus Heliathus, and is a native spe-
cies of Serbia and Romania. Th e most valuable constituent is 
inulin, which together with other constituents forms the unique 
content of its plant material. Inulin has the eff ect of reducing 
the risk of cardiovascular diseases; it also has benefi cial eff ects 
on diff erent gastrointestinal conditions by serving as a prebi-
otic and has been shown to be important in the prevention 
and/or the alleviation of the progression of osteoporosis. Th e 
aim of this study was the to compare the chemical composi-
tions of H. tuberosus L. tubers growing in two diff erent geo-
graphic areas on the Balkan peninsula, namely in Serbia and 
Romania. We have determined the content of the eight main 
components in both herbal samples: total proteins, fl avonoids, 
polyphenolic carboxylic acids, reducing sugars, total carbohy-
drates, antioxidants, inulin and ascorbic acid,. Furthermore, 
we calculated a caloric value off or each of the herbal samples. 
Th e levels of all the investigated compounds, with the excep-
tion of the total carbohydrates and antioxidants, were slightly 
higher in the plants growing in Romania than in the plants 
growing in Serbia. Because the diff erences in the contents of 
both plant groups are very small, we propose that both mate-
rials could be considered as a suitable raw plant material for 
further processing. Th e caloric value of the plants growing in 
Serbia was found to be slightly higher than the caloric value of 
the ones growing in Romania. Both herbal samples are good 
sources of inulin and represent valuable raw plant material 
for further processing.

Keywords: topinambur, chemical composition, inulin, 

Jerusalem artichoke

SAŽETAK

Helianthus tuberosus L. (Jerusalimska artičoka) 
pripada rodu Heliathus iz familije Asteraceae. Raste 

kao autohtona vrsta na teritorijama Srbije i Rumunije. 

Ovu biljnu vrstu karakteriše jedinstven hemijski sastav, 

a kao najdragoceniji konstituens izdvaja se inulin. Povo-

ljan uticaj inulina na zdravlje ljudi uključuje smanjen 

rizik za kardiovaskularne bolesti, prebiotski efekat, pre-

venciju i/ili ublažavanje osteoporoze. Cilj studije je bio 

poređenje hemijskog sastava krtola H. tuberosus L. sa 

dva različita staništa na Balkanskom poluostrvu, Srbi-

je i Rumunije. Određen je sadržaj osam glavnih kompo-

nenti biljnih sirovina sa oba geografska područja: uku-

pni proteini, flavonoidi, polifenolne karboksilne kiseline, 

redukujući šećeri, ukupni ugljeni hidrati, antioksidan-

ti, inulin i askorbinska kiselina i izračunata kalorijska 

vrednost osušenog biljnog materijala.  Sadržaj svih ispi-

tivanih jedinjenja osim ukupnih ugljenih hidrata i anti-

oksidanata je bio nešto viši u biljnoj sirovini poreklom 

iz Rumunije. Postoje jako male razlike u sastavu biljnih 

sirovina sa pomenutih staništa, pa se može smatrati da 

su oba biljna materijala pogodna za dalju obradu. Kalo-

rijska vrednost čičoke koja raste u Srbiji je nešto viša od 

biljne vrste koja raste u Rumuniji. Obe biljne sirovine su 

dobri izvori inulina i predstavljaju dragoceni biljni ma-

terijal za dalju obradu.

Ključne reči: čičoka, hemijski sastav, inulin

UDK: 582.998.16-119.2 / Ser J Exp Clin Res 2013; 14 (1): 9-12

DOI:10.5937/SJECR143840
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INTRODUCTION

Helianthus tuberosus L. (Jerusalem artichoke) belongs 

to the Asteraceae family, genus Heliathus. Its origin was 

located in northern and central parts of the USA, but it was 

transferred to Europe in the seventeenth century. J. arti-

choke grows as a native species in Serbia and Romaniaand 

is  and is known by the traditional names cicoka and topi-

nambur. The differences in the characteristics of the wild 

and the hybrid J. artichoke species have been investigated 

at the Institute of Field and Vegetable Crops in Novi Sad, 

Serbia and at the Research Institute for Cereals and Tech-

nical plants in Calarasi, Romania (1).

The tubers of this plant have been used in the human diet. 

The J. artichoke tuber is composed of up to 80% water, 15% 

carbohydrate, and approximately 8% protein. It has almost 

no starch, whereas mono-and polyunsaturated fatty acids are 

found in trace amounts (1). The tubers are a good source of vi-

tamins (2), minerals (3) and dietary fibre. The most important 

carbohydrate is inulin, which may be present in 8-21% of the 

plant’s fresh weight (2, 4). Inulin is the most valuable constitu-

ent, which together with other constituents forms the unique 

content of this plant material. Inulin is a carbohydrate formed 

from fructose units. Fructose chains are linear and linked by 

a β (1-2) – linkage, and one terminal glucose unit is linked by 

an α (1-2) - linkage. It has been shown that inulin has numer-

ous beneficial effects on human health. Inulin reduces the risk 

of cardiovascular disease, which is achieved by lowering the 

levels of triglycerides (5, 6). It acts beneficially in different gas-

trointestinal conditions by possessing a prebiotic role (7), and 

inulin has been shown to be important in the prevention and/

or alleviation of osteoporosis progression (8).

The quality of the plant material depends on the geo-

graphic area and its climate characteristics as well as the 

soil type. J. artichoke grows better on relatively infertile 

land than most crops (1), but fertile soil is required for ob-

taining high yields and large tuber sizes (9). 

The aim of this study was the to compare the chemical 

composition of H. tuberosus L. tubers grown at two differ-

ent geographic areas on the Balkan peninsula, namely in 

Serbia and  Romania. 

MATERIAL AND METHODS

Plant material

J. artichoke tubers were collected when ripe from the 

Sumadija region of Serbia in the period between October 

- December 2010. The plant material of Romanian origin 

was collected on Hofigal’s lowland fields in 2011. Prepara-

tion of all plant material included washing, peeling, cutting 

into slices and drying in a mechanical drier at a controlled 

temperature (40°C). The last step was grinding the dried 

tubers into a fine powder. 

Analyses of plant chemical composition 

We have determined and compared the content of the 

following constituents: total proteins, flavonoids, polyphe-

nolic carboxylic acids, reducing sugars, total carbohydrates, 

antioxidants, inulin and ascorbic acid. Total proteins in the 

plant material were determined  using the standard Kjel-

dahl method, which determinates the nitrogen content in 

the sample (10). Flavonoids were expressed as % of rutin. 

The content of flavonoids was determined the use ofusing 

a UV / VIS spectrophotometer; employing the standard 

curve method, and the absorbances of the herbal extract 

dilutions were measured at 430 nm (11). The polyphenol 

carboxylic acid content was expressed as the per cent of 

caffeic acid. The UV/VIS spectrophotometric method was 

used, and the absorbances of the ethanolic extract were 

measured at 660 nm (11).

The content of reducing sugars was determined  us-

ing the Fehling method of the reduction of copper (II) ions 

from an alkaline solution of CuSO
4
 complex to copper (I) 

ions, which forms a brick red copper (I) oxide precipitate 

(12). Total carbohydrate content was expressed as a per 

cent of glucose. The total carbohydrates in J. artichoke 

were determined using the standard Anthrone method, 

which is based on the hydrolysis of carbohydrates into 

simple sugars by dilute hydrochloric acid. The dehydra-

tion of glucose produces hydroxymethyl furfural, which 

after reacting with the Antron reagent, could be measured 

at 630 nm (13). Determination of the antioxidant con-

tent was expressed as g of Trolox/g. Antioxidant activity 

was determined using the spectrophotometric CUPRAC 

method. This method measures the absorbance of Cu (I) 

- neocuproine (2,9-dimethyl-1,10 - phenanthroline) at 450 

nm, obtained by the reduction of antioxidant compounds 

by the CUPRAC reagent (Cu (II) neocuproine) (11).

For the determination of the inulin content, we used 

the spectrophotometric method. Hydroxymethyl furfural, 

formed by the hydrolysis of inulin in an acidic medium, re-

acts with resorcinol and produces a red coloured product. 

Absorbance was measured at 520 nm. A standard inulin so-

lution was used for the preparation of the calibration curve 

(14). The ascorbic acid content (‰) was determined after 

titration with Tillman’s reagent. The method is based on the 

oxidation of ascorbic acid to dehydroascorbic acid, while the 

Tillman’s reagent is reduced to its leuko-base (15). 

The caloric value of the J. artichoke was calculated us-

ing the following formula:

 Kcal = 4 x (% proteins + % total carbohydrates) + 9 x 

(% lipids) (16).

RESULTS

We have determined the contents of the eight main 

components in both herbal samples. The analysis of the 

plant material from Serbia showed the following results: 

19,70 % of total proteins, 0,31 % of flavonoids, 0,21 % of 

polyphenol carboxylic acids, 9,85 % of reducing sugars, 

34,83 % of total carbohydrates, 1,37 g Trolox/g of antioxi-

dant, 24,7 % of inulin and 74,3 ‰ of ascorbic acid. We have 

obtained slightly different results from Romania’s plant 

material. The Romanian J. artichoke showed the follow-
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ing results: 21,10 % of total proteins, 0,37 % of flavonoids, 

0,22 % of polyphenolic carboxylic acids, 12,79 % of reduc-

ing sugars, 28,79 % of total carbohydrates, 1,33 g Trolox/g 

antioxidant, 25,40 % of inulin and 81,15 ‰ of ascorbic acid. 

The comparative analysis of the J. artichoke chemical com-

positions from Serbia and Romania is shown in Table 1.

difference could be associated with the higher content 

of total carbohydrates present in the Serbian plants. The 

slightly higher levels of antioxidants in the plants grow-

ing in Serbia could not be associated with its content of 

flavonoids, polyphenol carboxylic acids or ascorbic acid as 

the main contributors to the antioxidant activity because 

the levels of these compounds were slightly lower in the 

plants growing in Serbia than in Romania. Therefore, the 

authors suggest further investigation of the antioxidant po-

tential of the J. artichoke growing on the Balkan peninsula, 

and an improvement in sampling by increasing the num-

ber of different locations sampled in both countries. 

J. artichoke growing on the Balkan peninsula in both 

Serbia and Romania is a good source of inulin and repre-

sents a valuable raw plant material for further processing, 

although the plants growing in Romania are slightly more 

suitable due to their  chemical composition.
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2 Flavonoids  % 0,31 0,37

3 Polyphenol carboxylic acids % 0,21 0,22
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5 Total carbohydrates % 34,83 28,79

6 Antioxidant g Trolox/g 1,37 1,33

7 Inulin % 24,70 25,40

8 Ascorbic acid ‰ 74,30 81,15
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218,70 Kcal, and that of J. artichoke growing in Romania 

was 204,10 Kcal. Hence, the caloric value of  J. artichoke 

growing in Serbia is greater than that of the one from Ro-

mania. 

DISCUSSION 

Our results indicate that the levels of all investigated 

compounds, with the exception of the total carbohydrates 

and antioxidants, were slightly higher in the plants grow-

ing in Romania than in the plants growing in Serbia. Be-

cause the differences in the contents of both samples are 

very small, we propose that they both could be considered 

as suitable raw plant material for further processing. J. 

artichoke has been extensively used as a source of carbo-

hydrates, especially inulin. Therefore, this study comple-

ments current research data on J. artichoke growing in the 

Balkans, and it may substantially contribute to the produc-

tion of different J. artichoke extracts because selecting a 

raw plant material for production depends on the chemical 

content of the plant material and the desired content of the 

final product.

Plants rich in inulin have recently been thoroughly in-

vestigated recently due to the prebiotic effect of inulin (17, 
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which ranges up to 21% (1). The caloric value of the plants 

growing in Serbia was found to be slightly higher than the 

caloric value of those plants growing in Romania, and this 
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ABSTRACT: 

Background - Multiple myeloma is a malignant neo-

plasm of plasma cells. Autologous stem cell transplantation 

(ASCT) has become the fi rst line of therapy because of the 

low transplant-related mortality and its ability to prolong 

event-free survival, which results in improved quality of life. 

High–dose therapy (HDT) with ASCT should be part of the 

primary treatment in newly diagnosed patients under the age 

of 65 with adequate performance status and organ function.

Aim: Th e aim of this study is to present our ten-year ex-

perience in treating multiple myeloma patients with ASCT.

Materials and methods: Over a 10 -year period, we 

have performed 35 courses of HDT and consecutive ASCT in 

31 patients with multiple myeloma (4 tandem transplanta-

tions). In this study, we retrospectively analysed the epide-

miological characteristics of this group of patients.

 Results:  Th ere were 14 female and 17 male patients. 

Th e median patient age was 52 years (range 43-64). Th e 

conditioning regimen used was high-dose Melphalan in 

doses of 200 mg/m2, and the dose used in the second (tan-

dem) transplantation was 140 mg/m2. Th e median count of 

infused CD34+ cells was 3.65x106/kg. As a source of added 

stem cells, we used phlebotomy in 3 patients. Th e median 

period from diagnosis to transplantations was 10 months. 

Of 31 patients, 21 (67%) are currently alive and 10 (33%) 

have died (3 renal failure, 3 multi-organ failure, 2 infec-

tions, and 2 fatal cerebral bleeding). Th e disease-free sur-

vival was 24 months. 

Conclusions: ASCT off ers better survival and quality of life 

compared to patients treated only with standard chemotherapy. 

Keywords:  multiple myeloma, stem cell transplantation

SAŽETAK

Multipli mijelom je maligna bolest plazma ćelija. Au-

tologna transplantacija matičnih ćelija (ASCT) postala je 

prva linija terapije, uglavnom zbog niske smrtnosti i produ-

ženog preživljavanja , tako da dovodi do poboljšanja kvali-

teta života. Terapija visokim dozama citostatika (HDT) sa 

ASCT treba da budu deo primarnog lečenja kod novootkri-

venih pacijenata do 65 godina starosti uz adekvatan opšti 

klinički status.

Cilj: Cilj ovog rada je da predstavi  deset godina našeg isku-

stva u lečenju obolelih od multiplog mijeloma putem ASCT. 

Materijal i metode: Tokom desetogodišnjeg perioda, 

obavili smo 35 tretmana HDT i konsekutivnog ASCT kod 31 

bolesnika sa multiplim mijelomom (4 Tandem transplanta-

cije). U ovoj studiji smo analizirali retrospektivno epidemio-

loške karakteristike ove grupe pacijenata.

Rezultati: Odnos ženske i muške populacije iznosi 14:17, 

prosečne starosti: 52 godine (od 43-64). Visoke doze Melphala-

na u dozama 200mg/m2 korišćene su kao kondicioni režim, u 

drugoj (tandem) transplantaciji 140mg/m2. Srednji broj une-

tih CD34 + ćelija bio je 3,65 k106/kg. Kao izvor dodatih ma-

tičnih ćelija, koristili smo fl ebotomiju kod 3 bolesnika. Srednji 

period od dijagnoze do transplantacija bio je 10 meseci. Od 31 

bolesnika, 21 (67%) su živi, 10 (33%) je umrlo (3 od bubrežne 

insufi cijencije, 3 od multiorganske disfunkcije, 2 od infekcije, 2 

od fatalnog cerebralnog krvavljenja. Preživljavanje bez ponov-

nih simptoa bolesti je 24 meseca. 

Zaključci: ASCT obezbeđuje bolje rezultate za opstanak 

i kvalitet života u poređenju sa pacijentima lečenim  stan-

dardnom hemoterapijom.

Ključne reči: multipli mijelom, transplantacija matič-

nih ćelija
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INTRODUCTION

Multiple myeloma is a malignant haematological neo-

plasm of plasma cells that accumulate in bone marrow, 

leading to bone destruction and marrow failure (1). The 

disease develops in 1–4 per 100,000 people per year. The 

disease is more common in men and is twice as common 

in blacks as it is in whites (2). With conventional treatment 

(MP regimen), the prognosis is 3–4 years, and it may be 

extended to 5–7 years or longer with advanced treatments. 

Multiple myeloma is the second most common haemato-

logical malignancy (13%) and constitutes 1% of all cancers. 

It was estimated that multiple myeloma would account for 

19,920 new cancer cases in the United States in 2008. This 

figure includes 11,190 cases in men, 8,730 cases in women, 

and 10,690 deaths. The median age of myeloma patients at 

diagnosis is 69 years for men and 72 years for women (3). 

High-dose chemotherapy with autologous stem cells trans-

plantation should be part of the primary treatment in newly 

diagnosed patients up to the age of 65 years with adequate 

performance status and organ function (Grade A; level Ib) 

according to the British Council of Haematology and UK 

Myeloma. The diagnostic criteria according to Durie and 

Salmon are used to confirm diagnosis (4). A bad prognosis 

is associated with partial or complete deletion of chromo-

some 13. Melphalan and prednisone (MP) have remained 

the standard therapy for  decades, and the median survival 

with this therapy was approximately 3 years. High-dose 

therapy (HDT) and Autologous Stem Cell Transplantation 

(ASCT) havse been used in the management of myeloma 

since the efficacy of high dose melphalan in the treatment 

of high-risk myeloma and plasma cell leukaemia was first 

reported more than 20 years ago (5). ASCT has become 

the first line standard of care in patients deemed suitable 

for transplant. ASCT is the standard of care because of the 

low transplant-related mortality and the prolonged event-

free survival (EFS), which results in improved quality of life 

(6). Treatment with high-dose therapy and single autolo-

gous stem cell transplantation is a category I recommen-

dation of the National Comprehensive Cancer Network. 

In young patients, the impact of dose intensity has been 

demonstrated, and single HDT supported with ASCT us-

ing a conditioning regimen with Melphalan alone should 

be considered as a standard of care (7). Double transplan-

tation can be proposed to patients failing to achieve a very 

good partial response after the first stem cell transplanta-

tion (BCSH and UKMF Guidelines on the Management 

and Diagnosis of Multiple Myeloma Sept 2010). Stem cells 

are now almost exclusively derived from peripheral blood 

following stimulation with growth factors with or without 

chemotherapy. The optimal regimen for mobilising pe-

ripheral blood stem cells (PBSC) is unclear, but cyclophos-

phamide (1.5 to 4 g/m2) with G-CSF is widely used. Purg-

ing harvested stem cells with monoclonal antibodies and/

or CD34+ stem cell selection does reduce contamination 

with tumour cells but does not influence the relapse risk 

(8). High-dose melphalan (200 mg/m2) remains the stan-

dard conditioning prior to ASCT in first transplants, while 

a reduced dose of 140 mg/m2 is used in second transplanta-

tion. Recent studies have shown that the dose of melphalan 

can be increased to 220 mg/m2 (9), with improved PFS 

compared with historical controls, or to 240–300 mg/m2 

in combination with amifostine. However, this approach is 

associated with increased toxicity (10). The addition of to-

tal body irradiation (TBI) results in increased toxicity with 

no improvement in response rate or PFS, whereas com-

bination chemotherapy increases the toxicity (11,12,13). 

Bortezomib has shown synergistic effects with melphalan 

without prolonged hematologic toxicity. The recently re-

ported IFM phase 2 study enrolled 54 untreated patients to 

receive bortezomib (1 mg/m2x 4) and melphalan (200 mg/

m2) as a conditioning regimen. They reported a response 

≥VGPR in 70% of patients and a 32% CR. There were no 

toxic deaths observed, and there was minimal periph-

eral neuropathy. Different studies have reported that the 

combination of chemotherapy plus new drugs can induce 

70-90% partial response and 30-40% complete response 

(14,15,16). The introduction of lenalidomide (analogue 

of thalidomide), bortezomib, and other novel agents have 

been extensively investigated to improve the duration of re-

sponse (17,18,19). According to guidelines from the British 

Haematology Council and International Myeloma Forum 

published in September 2010, the following recommenda-

tions are supported: HDT with ASCT should be part of the 

primary treatment in newly diagnosed patients up to the 

age of 65 years with adequate performance status and or-

gan function (Grade A; level Ib); HDT with ASCT should 

be considered in patients aged >65 years with good perfor-

mance status (Grade B; level IIa); and conditioning with 

melphalan alone, without TBI, is recommended (Grade B; 

level IIa). The usual dose is 200 mg/m2, but the dose should 

be reduced in older patients (over 65-70 years) and those 

with renal failure.

MATERIALS AND METHODS

Over the 10-year period from September 2000 to Sep-

tember 2010haematology, 195 stem cell transplantations 

were performed at our institution (University Clinic of Hae-

matology, Medical Faculty, Skopje) on various haematologi-

cal malignant and non-malignant diseases (AML: 109, ALL: 

7, CML: 9, CLL:  1, NHL: 15, HD: 15, Myelofibrosis:  1, Ew-

ing sarcoma: 1, Aplastic anaemia: 2, Multiple myeloma: 35). 

Allogeneic transplantation from HLA identical siblings were 

used to treat 56 patients, and autologous transplantation was 

used to treat 139 patients. Peripheral blood stem cells were 

used in 165 transplantations, and bone marrow was used in 

30 transplantations. In 31 patients with multiple myeloma, 

we performed 35 high-dose chemotherapy and autologous 

stem cells transplantations (4 tandem transplantations) from 

peripheral blood stem cells. The high-dose conditioning regi-

men consisted of 200 mg/m2 Melphalan in first transplanta-

tion, while the second (tandem) transplantation used a dose 
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Patient Age Gender Ig
Bence-

Jones

Renal 

failure
Fracture Ro.Th 

Months 

Dg./Tx

Months 

A/D

V.A 64 M IgG Negative No Th 12/L1 Yes 6 A=92

T.S. 45 F IgG Negative No No No 4 A=96

N.V.1 43 M IgG Negative No Th 12/L1 Yes 5 A=61

V.Z.1 53 F IgG Negative No Hip Yes 11 A=58

V.Z.2 53 F IgG Negative No No Yes 17 A=64

G.Z.1 51 F IgG Negative No No No 7 A=63

G.Z.2 51 F IgG Negative No No No 10 A=66

S.J. 46 F IgG Negative No No No 5 A=102

A.Dz. 50 M IgG Negative No L2 No 22 A=75

N.V.2 43 M IgG Negative No Th 12/L1 Yes 8 A=69

S.S. 43 F IgA Positive Yes Negative No 12 A=6

Z.G. 50 M IgA Positive Yes L2L3 Yes 5 A=6

A.L. 43 M IgG Positive Yes No No 10 A=8

M.T. 50 M IgG Negative No Yes Yes 6 A=16

M.Sh. 52 M IgG Negative No Yes Yes 8 A=12

G.D. 48 F IgG Negative No No No 5 A=15

Kr.Kos. 57 M IgG Positive No No No 9 A=25

Lj.M. 56 M IgG Positive Yes No No 6 A=24

M.D. 48 M IgG Negative No No No 12 A=24

Ka.K. 52 F IgG Positive Yes No No 6 A=27

S.B. 48 F IgG Positive Yes Th 9 Yes 20 A=32

E.L. 60 M IgG Negative No No Yes 11 A=34

A.T. 60 F IgG Negative No No No 6 A=6

N.O.1 50 M IgG Negative No No No 4 A=36

N.O.2 50 M IgG Negative No No No 4 A=40

M.M. 47 M Kappa Positive Yes No No 4 D=50

P.N. 60 F IgA Negative No No No 12 D=62

A.C. 57 F IgG Negative No No No 44 D=127

B.J. 60 M IgA Negative No L1 Yes 6 D=66

Z.S. 59 M IgG Negative No No No 12 D=42

Da.K 63 M IgG Negative No No No 20 D=45

Di.Ko 46 M IgG Negative No No No 8 D=36

T.K. 42 F IgG Negative No Th 12 Yes 15 D=44

D.L. 52 F IgG Positive Yes L2 Yes 22 D=36

A.L. 56 F IgG Positive Yes Yes No 8 D=54

Table 1. Patient epidemiological and clinical data

of 140 mg/m2 Melphalan. All patients were treated in a ster-

ile room conditioned with HEPA filtration. In our study, we 

analysed 31 patients with multiple myeloma diagnosed ac-

cording to Salmon and Durie diagnostic criteria. All patients 

were diagnosed and treated with induction therapy to reach 

remission at our hospital using various chemotherapeutic 

regimens. The standard chemotherapy regimen in our hos-

pital is the VAD protocol in patients eligible for autologous 

transplantation. VAD (Vincristine, Adriamycin, Dexam-

ethasone) is administered in 4 cycles every 28 days. Patients 

who achieved complete remission received priming therapy 

with Endoxan 2.0-4.0 g/m2 plus G-CSF for peripheral stem 

cell mobilisation and harvesting. Non-responders received 

Thalidomide+Dexamethasone as a second line therapy for a 

5-month period. As a third-line therapy, we used Bortezomib 

(Velcade). The median period from diagnosis to transplan-
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tation in our group of patients was 10 months (from 4-44 

months). Usually, we performed 2 apheresis procedures (1-3) 

to harvest adequate numbers of CD 34+ cells. A Baxter CS 

3000 cell separator was used in 40 procedures, and a Cobe 

Spectra was used in 35 procedures. DMSO, Earhle’s medium, 

and autologous plasma were used as a cryoprotectant. The 

cryopreservation was performed using a controlled Air Space 

Freezing system. The cryopreserved stem cells were stored at 

-172°C. The high-dose Melphalan was administered on day 

-2 and day -1 in 30-minute infusions through the central ve-

nous line. Approximately 24 hours after chemotherapy was 

completed, the autologous stem cells were thawed in a ster-

ile bath and re-infused into the patient. As an anti-infective 

prophylaxis, every patient received Ciprofloxacin 1,0  gr/day, 

Difluconazol, or Itraconazole 200 mg/day, i.v. Acyclovir 1500 

mg/day., and i.v. immunoglobulins 0,1/kg once a week. G-

CSF was introduced from day +1 until neutrophil recovery. 

This research study was performed in accordance with the 

Declaration of Helsinki and was approved by the Local Ethics 

Committee. All patients signed a consent form.

RESULTS

Over a 10-year period at our hospital, we treated 31 pa-

tients with multiple myeloma. In 4 patients, we performed 

tandem transplantation (at a period from 4-6 months af-

ter the first transplantation). The dose of Melphalan was 

200 mg/m2 in the first and 140 mg/m2 in the second trans-

plantation. The median count of re-infused CD34+ cells 

was 3,65 x 106/kg b.w. (from 2,0 – 12,5). Engraftment was 

established on day +11 (from day +7 to day +16). The me-

dian number of days for G-CSF use was 10 days (from 7-14 

days). During the first 30 days after transplantation, which 

is the period of aplasia, there were only a few infective com-

plications in our group of patients. The early transplant re-

lated mortality (until day +100) was 0. The most common 

complication after transplantation was mucositis.  There 

was Grade IV mucositis present in 8 patients. There were 

central venous catheter infections with coagulase negative 

staphylococcus in 5 patients. The fatal outcomes were due 

to renal failure in 3 patients (50, 62, and 127 months after 

transplantation), multi-organ failure in 3 patients (66, 42, 

and 45 months after transplantation), infections in 2 pa-

tients (one with aggressive hepatitis B virus infection 36 

months after transplantation, and one with pneumonia 44 

months after transplantation), and 2 fatal cerebral bleeding 

(36, 54 months after transplantation). All of the patients 

died with active relapse of myeloma disease.   

DISCUSSION

Multiple myeloma was the most frequent indication for 

which autologous stem cell transplantation is performed 

(20). However, autologous stem cell transplantation is not 

curative, and most patients relapse within a median of 3 

years. The median survival after transplantation in our 

Number of patients 31

Number of transplantations 35  (4 tandem transplantations)

Age 52 years  (43-64)

Gender Male: 17 (55%)   Female: 14 (45%)

Myeloma types IgG =30(85%); IgA=4(11%) Light chain=1(4%)

Bence-Jones proteinuria 10  (28%)

Lytic bone lesion with fracture 13 (37%)

Previous radiotherapy 13 (37%)

Period from Diagnosis to transplantation 10 (4-44 months)

Living 21 patients (67%) 6-102 months after transplantation

Deceased 10 patients (33%) 36-127 months after transplantation

Table 2. Summary of patient characteristics treated with autologous transplantation

Table 3. Graft characteristics Table 4. Early post-transplant complications

Median Range

number of apheresis 2 1 - 3

counts of infused CD34+ cells 3,65 2,0 – 12,5

days of G-CSF 10 7 – 14

day of engraftment +11 +7  -  +16

blood transfusions 2 0 – 6

platelet transfusions 6 0 – 18 

Febrile episodes 10

Central venous catheter infections 5

Mucositis 8

Pneumonia 2

Neutropenic enterocolitis 2
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group was 38 months (from 36 months to 127 months af-

ter transplantation). The superiority of autologous stem 

cell transplantation over conventional chemotherapy was 

first demonstrated by The Intergroupe Francophone du 

Myelome (IFM) (21). In multiple myeloma, the standard 

high-dose therapy is single agent Melphalan at a dosage of 

200 mg/m2. Attempts to improve this regimen with con-

ventional drugs or total body irradiation have failed to 

improve the response rate but have increased both hae-

matologic and non-haematologic toxicities. A synergistic 

effect between bortezomib and melphalan has been dem-

onstrated. Allogeneic stem cell transplantation was in-

troduced in the treatment of multiple myeloma 25 years 

ago, but the toxicity was very high, with a transplant re-

lated mortality in excess of 50% in studies including heav-

ily pre-treated patients (22,23,24,25). Allogeneic SCT us-

ing conventional conditioning and HLA-matched sibling 

donors can result in long-term survival and may have a 

role in younger patients, but it is an option for only a very 

few selected patients. One of the main problems with al-

lografting using conventional conditioning was the high 

transplant-related mortality (TRM). However, there is now 

evidence from both the EBMT and individual centre stud-

ies that this has improved in the last 10 years. The 2-year 

TRM has fallen from 46% before 1994 to 30% since 2000 

(Russell et al, 2000; Gahrton et al, 2001). This may reflect 

transplantation earlier in the course of the disease, im-

proved supportive care and/or careful patient selection. 

Several well-designed, non-randomised studies show little 

benefit from allografts in the progressive disease/relapse 

situation (Einsele et al, 2003; Kröger et al, 2004). Patients 

transplanted in first remission have a 60% chance of enter-

ing CR, and one-third of these patients are in a persistent 

molecular remission with a very low risk of relapse (Corra-

dini et al, 2003). Therefore, allografts should be performed 

in first chemo-sensitive phase. The potential benefit of this 

outcome may justify the risks of allogeneic SCT in patients 

up to 50 years of age, particularly for patients early in their 

disease. Therefore, allogeneic stem cell transplantation 

should not be proposed to patients older than 50 years of 

age. The combination of high-dose chemotherapy and au-

tologous stem cell transplantation is an effective strategy 

to treat multiple myeloma patients and appears superior to 

standard chemotherapy. Novel agents, such as lenalidomide, 

bortezomib, and other treatments, have improved the sur-

vival of these patients. Introducing  these agents earlier in 

the course of the disease together with autologous stem cell 

transplantation will improve the duration of remission.  
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ABSTRACT

Mental disorders represent a growing problem in the stu-

dent population. Th ere has been a recent increase in the prev-

alence of depressive symptoms among medical students. Th e 

objective of this study was to determine the frequency of de-

pressive symptoms in medical students to provide insight into 

this problem in our country . In total, 131 fourth-year medical 

students were included in the study. To determine rates of de-

pressive symptoms in the student population, we used the BDI 

IA.  Symptoms of depression were found in 26.7% of students.  

Th e most common levels of depression were mild and moder-

ate. Th e mean value of the BDI scores was 7.51±7.62. Th e high 

level of depressive symptoms found in medical students high-

lights the need for more comprehensive insight and follow up 

of this problem in the student population. 

 

Key words: medical students, depressive symptoms, 

mental health

SAŽETAK

Mentalne bolesti i poremećaji predstavljaju sve veći 

zdravstveni problem u studentskoj populaciji. Cilj ove studi-

je je bio da utvrdimo učestalost depresivnosti kod stude-

nata medicine u našoj zemlji i time damo bolji uvid u ovu 

problematiku kod nas. U studiji je učestvovao 131 student 

četvrte godine medicine. Za utvrđivanje depresivne simp-

tomatologije kod studenata korišćena je Bekova skala za 

samoprocenu depresivnosti. Simptomi depresivnosti nađeni 

su kod 26.7% studenata. Najčešće se radilo o depresivnos-

ti blagog i umerenog intenziteta. Srednja vrednost na BDI 

skali bila je 7.51±7.62.  Visok nivo depresivnosti nađen kod 

studenata medicine upućuje na potrebu za sveobuhvatnijim 

sagledavanjem i praćenjem ove problematike u studentskoj 

populaciji. 

Ključne reči: studenti medicine, depresija, mentalno 

zdravlje
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INTRODUCTION

Previous studies have shown that mental disorders rep-

resent a growing problem in the student population (1-3). 

Medical education is often considered to be very stressful 

due to its duration and the nature of the topic studied  (4). 

The frequency of depression in medical students is greater 

compared to that in the general population and varies from 

10-25% according to various studies (5-10).  

The epresence of depression in medical students is as-

sociated with a greater risk of suicide (11,12), increased use 

of benzodiazepines (13) and a poorer quality of life (14). 

The incidence Depression among students is accompanied 

by a decrease in academic performance, i.e., a lower average 

grades (15). Depressed medical students, especially those 

with a higher depression score, find that their opinion is 

less respected than the opinions of others and that they are 

viewed as less capable when compared to other students 

(12). Unrecognised and untreated depression during medi-

cal studies seems to have subsequent consequences, as in-

dicated by a higher rate of depression and suicide among 

doctors compared to other professionals (16). 

Despite the increased frequency and obvious conse-

quences of various psychological problems, medical stu-

dents are generally unwilling to seek adequate professional 

help. They would much rather seek self-treatment or ask 

for help from family members and friends (17,18). The 

reason for this behavior is that mental illness is regarded 

as a form of weakness and is associated with a potential 

negative influence on future career development (19). As 

a consequence, often neither mental healthcare providers 

nor members of the public have proper insight into the fre-
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quency of mental problems in students. In this study, we 

aimed to establish the frequency of depression in medical 

students in our country .  

 

PATIENTS AND METHODS

Patients

This research was conducted as an observational 

cross-sectional study from May to June 2010. A total of 

131 fourth-year students, representing more than half of 

all students (response rate = 54%) at the Medical Faculty in 

Kragujevac participated in the study. Students participated 

in the research voluntarily and anonymously. 

Methods

To measure depression, we used Beck’s Depression 

Inventory (BDI), a 21-item self-report questionnaire. The 

BDI is a well-known scale used for the self-assessment of 

depression in clinical and non-clinical populations (20).  

Currently, the BDI-II is most widely employed, but we 

used the BDI-IA. We did thisused this version because the 

results presented in this paper are a part of larger study 

that,  began at a time during whichwhen the BDI-II version 

was not widely used and because this version is free. The 

BDI-II version was validated in 2011 on a Serbian student 

sample. A study showed that the psychometric character-

istics of this version were in agreement with the literature 

(internal consistency was 0.87) (21). The cut-off points for 

the BDI were as follows: 0-9, no depression; 10-15, mild de-

pression; 16-19, mild to moderate depression; 20-29, mod-

erate to severe depression; and 30-63, severe depression 

(22). The various symptoms of depression can be grouped 

into a limited number of clusters. The structure of BDI 

consists of several factors (23,24,25). Some of these factors 

were established in the BDI-I . The first factor, the affective 

cluster (the sum of scores on items 1, 4, 10, 11, and 12 from 

the BDI), represents the core elements of depression and 

are represented by the following symptoms: 1, sadness; 4, 

dissatisfaction; 10, crying episodes; 11, irritability; and 12, 

social withdrawal. The second factor, the cognitive cluster 

(items 2, 3, 5, 6, 7, 8, 9, 13, 14, and 20), addresses the fol-

lowing cognitive symptoms: 2, pessimism; 3, sense of fail-

ure; 5, guilt; 6, expectation of punishment; 7, self-dislike; 8, 

self-accusation; 9, suicidal ideation; 13, indecisiveness; 14, 

change in body image; and 20, somatic preoccupation. The 

third factor, the somatic cluster (items 15, 16, 17, 18, 19, 

and 21), assesses the presence of the following symptoms: 

15, slowness ; 16, insomnia; 17, fatigue; 18, change in appe-

tite; 19, loss of weight; and 21, loss of sexual interest (25).

  

Statistical methods

The data are expressed as the mean±standard devia-

tion and percentage (%). To establish the difference in the 

frequency of depression with respect to gender, the Chi-

squared test was used.  The Mann-Whitney test was used 

to determine differences in levels of depression between 

male and female students (the scores for the various items 

are not normally distributed in these groups ). Analyses 

were performed with the Statistical Package for the Social 

Sciences (SPSS), version 13.0. P-values ≤ 0.05 were consid-

ered statistically significant. 

 

RESULTS

In the examined student sample, 47.3% (62) of partici-

pants were male. 

Symptoms of some type of depression were found in 

26.7% (35) of the students (Table 1). Of the males, 25.8% 

(16) were depressed, and of the females, 27.5% (19) were 

depressed. The mean BDI score was 7.51±7.62 (Table 2). 

There was no statistically significant difference in the fre-

quency (p=0.823) and level (p=0.921) of depression among 

male and female students.  

Depression level (BDI) % (N*)

No depression (0-9) 73.3% (96)

Mild depression (10-15) 14.5% (19)

Mild to moderate depression (16-19) 3% (4)

Moderate to severe depression (20-29) 7.6% (10)

Severe depression (30-63) 1.5% (2)

BDI

Men 8.16±9.17

Women 6.93±5.90

Total 7.51±7.62

Cluster Score

Aff ective 2.56±2.67

Cognitive 2.66±3.46

Somatic 2.28±2.86

BDI total 7.51±7.62

Table 1: Number of examinees by category on the BDI scale

              (*number of examinees)

Table 2: Mean scores on the BDI scale

Table 3: Cluster analysis of depressive symptoms

DISCUSSION

In our sample, the depression was identified in 26.7% of 

participating studentswho participated in the sample. This 

frequency is 2-3 times greater than that notedreported for 

in the general population (26). Studies in which the BDI 

was used to reportdetermine the prevalence of depression 

have reported a wide range of results (Table 3). In addition-

Additionally, our findings waswere similar to the results of 

many studies in which the BDI or similar diagnostic in-
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struments were used (5, 9, 10, 13, 27-31), including studies 

that have been carried out in the same region. A study of 

medical students in the Republic of Macedonia indicated 

that 10.4% of students had a BDI score greater than 17 (13). 

Twelve per cent of students in the present study had a BDI 

score greater than 16. In a study conducted in adolescents 

in Croatia, 9.7% of adolescents fulfilled the criteria for a 

moderate or severe depressive episode (32). In our sample, 

the prevalence was 9.1% of students. 

later in life (40). Thus, we could also interpret our findings 

in that manner. Another implication of our finding is that 

the causes of depression in medical students are of such a 

nature that both men and women are equally sensitive to 

them. ThishasSimilar results have already been reported 

for medical students in other studies (9). 

 The limitations of our study includeing the follow-

ing: self-assessment scales were used for establishing the 

frequency of depression and suicidal risk, the investigated 

sample was relatively small, and the number of measured 

variables was also small.  Future research in a similar popu-

lation that includes a larger number of variables should be 

conducted to replicate our results, especiallyparticularly 

the absence of a significant difference in scores between 

genders.  

CONCLUSION 

With a 26.7% prevalence of depression, which is more 

than twice as high as that in the general population, medi-

cal student represent a population that is vulnerable to 

developing depressive mood disorders. The results of our 

study emphasise the need to develop programs to support 

and assist students in their health environment, with the 

objective identifying depression early to prevent future 

consequences. 
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ABSTRACT

Uterine myomas are comprised of smooth muscle cells from 

blood vessel walls of the uterus and fi broblasts, and constitute 

the basic components of fi broids. Th e aim of our study was to 

evaluate the cytotoxic and apoptotic eff ects of serum depri-

vation on fi broblasts originating from the Th ESC myoma cell 

line. Cell viability, morphological changes and the percentage 

of apoptotic cells were determined in the presence and absence 

of serum. Th e experimental group was cultured in medium 

lacking serum for 24- and 48-hour periods, and the control 

group was cultured in complete medium. Cell viability was 

evaluated using the MTT  assay. Changes in cell morphology 

were investigated using native microscopy. Th e percentage of 

apoptotic cells was determined using ethidium bromide/acri-

dine orange staining. Th ere was a time-dependent and statisti-

cally signifi cant decrease in cell viability in the experimental 

group when compared to the control group. Cells in the ex-

perimental group displayed morphological changes that are 

characteristic of apoptosis. Th ese changes were not detected 

in the control group. In the experimental group, there was a 

statistically signifi cant increase in the percentage of apoptotic 

cells, while this percentage was not statistically signifi cant in 

the control group. Th e obtained results suggest that the time-

duration of serum deprivation directly correlates to the induc-

tion of apoptosis in the Th ESC cell line.

Key words: fibroma, apoptosis, serum deprivation, 

viability
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SAŽETAK

Miomi uterusa izgrađeni su od glatkih mišićnih ćelija 

zidova krvnih sudova uterusa i fi broblasta koji sačinjavaju 

osnovnu komponentu fi broida. Cilj našeg istraživanja bilo 

je ispitivanje citotoksičnog i apototičnog efekta serumske de-

privacije na fi broblaste koji vode poreklo iz mioma, Th ESC 

ćelijska linija. Vijabilnost ćelija, morfološke promene kao 

i procenat apoptotičnih ćelija određivani su u prisustvu 

i odsustvu seruma. Eksperimentalna grupa ćelija bila je 

uzgajana u medijumu koji nije sadržao serum u toku 24 i 

48 časova, dok je kontrolna grupa ćelija uzgajana u kom-

pletnom medijumu. Vijabilnost ćelija bila je određivana 

pomoću MTT testa; morfološke promene detektovane su 

pomoću nativne mikroskopije dok je procenat apoptotičnih 

ćelija bio određen bojenjem pomoću etidijum bromid/akril 

oranžom. Primećeno je statistički značajano smanjenje vi-

jabilnosit ćelija eksperimentalne grupe u poređenju sa kon-

tronom grupom ćelija. Ćelije eksperimentalne grupe poka-

zivale su morfološke promene karakteristične za apotozu. 

Ove promene nisu detektovane u kontrolnoj grupi ćelija. 

Statistički značajno povećanje u procentu apoptotičnih ćelija 

primećeno je u eksperimentalnoj grupi, dok u kontrolnoj 

grupi procenat apoptotičnih ćelija nije ispoljavao statističku 

značajnost. Dobijeni rezultati ukazuju da je dužina serumske 

deprivacije u direktnoj korelaciji sa indukcijom apoptotične 

smrti u Th ESC ćelijskoj liniji. 

Ključne reči: fibroidi, apoptoza, serumska deprivaci-

ja, vijabilnost
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INTRODUCTION

Uterine fibroids (myomas) are the most common pel-

vic tumours in women and the most common indication 

for hysterectomy. They occur primarily during the repro-

ductive years (1). Fibroids are benign tumours that de-

velop within the walls of uterine blood vessels and consist 

of smooth muscle cells and fibrous connective tissue (2). 

Their size varies from tiny nodules of approximately 10 

mm to large tumours of greater than 20 cm. Fibroids can 

be found protruding into the uterine cavity (submucosal), 

within the uterine wall (intramural), beneath the uter-

ine serosa (subserosal), a nd, in rare instances, attached 

to abdominopelvic structures (parasitic) (3). Symptoms 

caused by fibroids include prolonged or heavy menstrual 

bleeding, pelvic pressure or pain, and, in rare cases, repro-

ductive dysfunction (4). This is the most common gynae-

cological problem experienced by women, with clinical 

significance in 20–40% of women of childbearing age (2). 

Fibroid growth primarily depends on the hormone state 

of the organism. The ovarian steroid hormones oestro-

gen and progesterone stimulate fibroid growth (5). Other 

studies pinpoint diet, stress and ecological factors as sig-

nificant in the aetiology of these tumours (6, 7). Fibroids 

are composed of smooth muscle cells and fibroblasts, 

which, according to some authors, originate from myo-

metrial cells undergoing mitotic changes. As a result of 

these changes and myofibroblast formation, both oestro-

gen and progesterone have proliferation effects on these 

cells after binding to their receptors.  The ThESC cell line 

is a human endometrium fibroblast–like cell (HESC) line 

obtained from an endometrial myoma that was immor-

talised with human telomerase reverse transcriptase 

(hTERT). Telomerase is an enzyme shown to confer 

unlimited replicative capacity to normal cells without 

causing the deregulation of normal growth control. The 

immortalised HESC line (ThESC) is karyotypically, mor-

phologically, and phenotypically similar to the primary 

parent cells, and it is a powerful and consistent resource 

for in vitro research (8). The ThESC cell line is culti-

vated in basal growth medium supplemented with foetal 

bovine serum (FBS), which is also referred to as foetal 

calf serum (FCS). Serum provides a broad spectrum of 

macromolecules necessary for in vitro cell growth, such 

as glucose, albumin and other energy molecules. FBS is a 

very complex mixture of a large number of constituents, 

such as growth factors, hormones, lipoid substances, 

carrier proteins, and attachment and spreading factors 

(9). Compared to plasma, FBS shows a better mytogenic 

effect (stimulation of proliferation) because it contains 

growth factors referred to as insulin-like growth factor 

I (IGF-I) and insulin-like growth factor II (IGF-II) (10). 

Lipoids are essential for cell growth. Also present in FBS 

are cholesterol, fatty acids, phospholipids and triacylg-

lycerols. The maintenance of normal processes involved 

in cell proliferation, maturation and differentiation re-

quires the presence of hormones found in FBS, such as 

insulin, cortisone, triiodthyronine, thyroxine and PTH 

(9). Proteins found in serum, including vitronectin and 

fibronectin-like molecules, have important roles in cell 

attachment and cell adhesion (11).  Iα-I is a serum pro-

tein that stabilises the cumulus extracellular matrix (12). 

Serum also provides beneficial factors to the culture en-

vironment, including energy substrates, vitamins, amino 

acids, and binding and transport proteins (13, 14). In ad-

dition to the above-mentioned functions, serum is im-

portant for the early expression of some genes encoding 

regulatory proteins, and serum components are known 

to activate protein kinase C (PKC) (15, 16).  Serum also 

enables the maintenance of optimal pH and the elimina-

tion of the toxic products from the medium (9). Serum 

deprivation is one of many methods used to induce pro-

grammed cell death, or apoptosis (17, 18, 19). Previous 

research has demonstrated that cells in serum-deprived 

media undergo numerous changes that lead to apopto-

sis. After 2 hours of serum deprivation, some cultures 

show a retraction of the cytoskeleton, the rounding of 

cells, and the compaction of nuclear chromatin along 

the nuclear periphery (20). All of these morphological 

changes can be observed in cells in the very early stages 

of apoptosis.  Serum depletion has a time-dependent ef-

fect on the number of apoptotic cells (20, 21). Morpho-

logical changes occur in the entire cell, and the dynamics 

of both protein synthesis and degradation change (22). 

As the protein dynamics change, so do the dynamics of 

DNA synthesis and degradation. Further serum depri-

vation results both in DNA fragmentation and slower 

DNA synthesis. Changes in the genetic material cause 

a decrease in the mitotic potential of serum-deprived 

cells. Short periods of 24 hours of serum deprivation 

significantly decrease the proportion of cells in mitosis, 

and after 48 h  of serum deprivation, only 2% of cells 

are able to undergo mitosis (23). Prolonged treatment 

with serum-deprived medium induces massive DNA 

fragmentation in cells, which results in decreased viabil-

ity in culture (24, 25, 26). All of the described changes 

that occur in the absence of serum are hallmarks of ap-

optosis. Prolonged serum deprivation finally results in 

programmed cell death. Apoptosis in treated samples is 

significantly higher when compared to control cells cul-

tivated in serum-supplemented medium. The percent-

age of apoptotic cells depends on the cell culture, type of 

serum, and volume of serum in the medium. However, 

most studies indicate that apoptosis is enhanced 2 to 8 

times in serum-deprived cells. After 24 h of treatment, 

the percentage of apoptosis is 5 times higher when com-

pared to the number of spontaneous apoptotic cells in 

the control group, while the ratio in the cells treated for 

48 hours is 8 times higher when compared to control 

cells. The data demonstrate that the percentage of apop-

tosis induced by serum deprivation is time-dependent. 

To date, studies have shown that serum deprivation in-

duces apoptosis in a caspase-dependent manner (17, 18, 

21, 26, 27).
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MATERIALS AND METHODS

In our experiments, we used the ThESC cell line (ATCC®: 

CRL-4003tm) of human fibroblasts derived from a uterine 

myoma that have been immortalised with human telomerase 

reverse transcriptase (hTERT). The cells were cultured and 

maintained in DMEM complete growing medium contain-

ing 4.5 g/L of glucose, 2% L-glutamine (2 mM), 1% penicillin/

streptomycin, 1% non-essential amino acids, 1% insulin trans-

ferrin supplement and 10% FBS in a controlled environment 

at 37°C and 5% CO
2
. Cells were washed three times in 1xPBS 

before treatment. The cells were divided into two groups: the 

experimental group (FBS-deprived DMEM medium) and the 

control group (complete DMEM medium). The experimental 

group was treated with serum-deprived medium for 24 and 

48 h and was then assayed using the MTT viability test and 

acridine orange/ethidium bromide staining. The MTT assay 

was used to determine the effect of serum starvation on the vi-

ability of experimental cells in comparison to the control cells. 

The percentage of viable cells in the experimental group was 

calculated in comparison to the viable cells in control group. 

To evaluate changes in morphology, cells were examined us-

ing phase-contrast microscopy following serum starvation 

for 24 and 48 h. To visualise early and late apoptotic changes, 

the staining procedure for both control and treated cells was 

performed using both 0.01 %  acridine orange and ethidium 

bromide. The aim of our study was to investigate the effect of 

serum starvation on the viability of the human uterine myoma 

cells in vitro  and its potential role in apoptosis. 

RESULTS

We used the MTT assay to evaluate the effect of serum de-

privation on the viability of ThESC cells. After treatment, the 

percentage of viable cells in the treatment group was calculated 

in comparison to the control group. Our results show that the 

serum-starved cells experienced a time-dependent and statis-

tically significant decrease in viability when compared to the 

untreated cells. Furthermore, our results show a 9 times greater 

percentage of viable cells in the group of cells that were serum-

starved for 24 h compared to the group that was serum-starved 

for 48 h (Figure 1.). This result correlates to the literature find-

ings in which serum provides a broad spectrum of molecules 

necessary for the in vitro growth of cells (9).

Following the MTT assay, phase-contrast microscopy was 

performed to determine the morphological changes that oc-

curred in serum-starved cells.  Data presented in the literature 

demonstrates that serum is crucial for cell attachment and cell 

adhesion (11) and that the Iα-I protein present in serum stabi-

lises the cumulus extracellular matrix (12). These data suggest 

that serum provides molecules that are essential for maintain-

ing normal cell morphology. To compare our findings to the 

available literature data, the morphological changes of ThESC 

cells were evaluated after serum deprivation (Figure 2.). Our 

results show that the morphological changes after serum-de-

privation corresponded to the literature results and our MTT 

assay results. Control cells maintained normal morphology, 

including a normal nuclear shape and the appearance of the 

cytoplasmic skeleton. Control cells exhibited normal and un-

disrupted continuity of all features, including the integrity of 

the cell membrane, actin filaments, and the shape of the nu-

clear membrane,. Following 24 h of serum deprivation, cell 

morphology was slightly altered when compared to the control 

cells. Both the shape of the nucleus and the continuity of the 

cytoskeleton were different in the absence of FBS in the growth 

medium (Figure 2.). Chromatin condensation and disruption 

in normal cell morphology were obvious. After 48 h of serum 

starvation, the cells exhibited distinct morphological changes 

that clearly affected the nucleus, including both chromosomal 

defragmentation and nuclear shrinkage. The changes in cell 

morphology corresponded to the time of serum deprivation. 

The described changes are clear indicators of on-going apop-

totic changes in the serum-deprived cells (Figure 2.). 

Figure 1. Th e percentage of viable Th ESC cells after 24- and 48-h periods 

of serum starvation compared to the control cells.

Figure 2. Morphological changes of Th ESC cells following both 24- and 

48-h periods of serum starvation. A. Normal morphology of control cells 

grown in complete medium. B. Partially disrupted morphology of cells 

grown in serum-deprived conditions after 24 hours. C. Completely dis-

rupted cell morphology of the experimental group after 48 hours of se-

rum deprivation.

We wanted to further analyse if the results obtained 

using the MTT assay and the observed morphological 

changes corresponded to the apoptotic changes as deter-

mined using ethidium bromide-acridine orange  staining 

(Figure 3.). Ethidium bromide is used to identify cells that 

are in the final stages of apoptosis. To determine which of 

the treated cells exhibited early or late apoptotic chang-

es, ethidium bromide-acridine orange staining was per-

formed. The EB/AO combined stain causes live cells to 

fluoresce green, while apoptotic cells display distinctive 

red-orange fluorescence. The control cells (24 and 48 h) 

displayed clear green fluorescence, which confirmed their 

viability. However, treated cells displayed fluorescence that 

ranged from light orange (24 h) to intense red (48 h). These 

results correspond to the previously described early and 

late apoptotic changes (Figure 3.).
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DISCUSSION

In the present study, we evaluated the effect of serum dep-

rivation in a cultured human endometrium fibroblast-like 

cell line that was obtained from an endometrial myoma and 

immortalised with human telomerase reverse transcriptase. 

Serum provides viability for cells in culture due to the pres-

ence of tropic factors. In accordance with previous studies 

(12, 13, 20, 21, 23), our results showed a large increase in the 

number of apoptotic cells after serum deprivation for both 

24 and 48 hours when compared to untreated cells that were 

grown in medium supplemented with FBS. First, we investi-

gated the influence of serum starvation on cultured ThESC 

cells using the MTT assay. Our results clearly suggest that 

serum-starved cells displayed a decrease in viability com-

pared to untreated cells. The decrease in viability of serum-

starved cells occurred in a time-dependent manner. These 

findings correlate to those obtained in other studies (21, 28) 

and confirm our hypothesis that serum provides a broad 

spectrum of molecules necessary for the in vitro growth of 

cells. The decrease in the number of viable cells was much 

larger after 48 h. The number of the viable cells was reduced 

by five times after the first 24 hours and by nine times after 

the next 24 hours of treatment. This result suggests that cells 

undergo apoptosis more frequently after serum starvation 

for longer than 24 hours than when they are serum-starved 

for less than 24 hours.  These results also indicate that ap-

proximately 10% of cells can overcome serum withdrawal 

for 24 hours but that a much smaller number of cells can 

overcome prolonged starvation. As trophic factor deficiency 

(29, 30, 31) is known to induce apoptosis, we analysed cell 

Figure 3. Morphological changes in Th ESC cells were visualised using 

0.01% acridine orange and ethidium bromide staining. A. Control cells 

grown in complete medium for 24 h. B. Morphological changes of cells 

after 24 h of serum starvation. Th e arrows indicate defragmented DNA 

and a complete loss of normal morphology. C. Control cells grown in 

complete medium for 48 h. D. Morphological changes of cells after 48 h 

of serum starvation, showing complete degradation of the nucleus. Th e 

observed morphological changes correspond to the typical changes for 

cells undergoing the late stages of apoptosis. 

morphology using phase-contrast microscopy. The phase-

contrast microscopy results correlated with literature data 

(12, 13, 20, 21, 23) and the results we obtained using the 

MTT assay. Images taken after 24 hours of serum starvation 

showed a significant number of deformed cells with mem-

brane shrinkage and differences in chromatin condensation 
. The loss in the normal shape of the cells indicated that the 

cytoskeleton was also interrupted and that actin filaments 

had lost their structure and function. Some cells had almost 

normal shapes, which indicated that they still had not un-

dergone apoptosis. Their nuclei were condensed, but mostly 

without shrinkage of the nuclear membrane. After 48 h of 

treatment, cells displayed a total loss of structure and mem-

brane continuity. The chromatin was more condensed, and 

products of defragmentation were observed. Additionally, 

nuclei were smaller after 48 hr of treatment when compared 

tothan after 24 h of treatment. Cells did not have distinct 

shapes, which indicated a total loss of cytoskeletal struc-

tures. We concluded that after 24 h of serum starvation, 

cells lose their membrane integrity but mostly keep their 

nuclear shape, while after 48 hours of starvation, most cells 

lose both membrane and nuclear integrity. Our results 

correlate with the results of previous studies (20, 32). The 

MTT assay and phase-contrast microscopy demonstrated 

that ThESC cells undergo apoptosis after serum starvation. 

Our next step was to confirm the viability of these cells by 

using staining to differentiate viable cells from apoptotic 

cells. To confirm our hypothesis and visualise the early 

and late apoptotic changes, we used an acridine orange/

ethidium bromide staining procedure. We used ethidium 

bromide/acridine orange viable staining, which causes live 

cells to fluoresce green and dead cells to fluoresce orange 

to red. The shade of red fluorescence depends on the ap-

optotic phase of the cell. Green fluorescence of control 

cells indicates that cells in the untreated control group 

are viable. Cells that had been treated for 24 h fluoresced 

light red, which indicated that these cells were in an early 

phase of apoptosis. Dark red fluorescence in cells that had 

been treated for 48 h indicated that these cells were in a 

late phase of apoptosis. The light green colour of control 

cells after 48 h can be explained by the fact that cells had 

already used most of the components of the medium and, 

as a result, their viability was decreased. This correlates 

to the intensity of fluorescence in apoptotic cells. This 

staining confirmed our conclusion that serum starvation 

induces apoptosis in ThESC cells. These results correlate 

to the data obtained using the MTT assay and phase-con-

trast microscopy. The serum deprivation of ThESC cells 

for various durations resulted in characteristics typical of 

apoptosis, such as chromatin condensation, chromosomal 

defragmentation, and nuclear shrinkage. Although DNA 

fragmentation has been considered a hallmark of apoptosis, 

there is a consensus on the dispensability of this character-

istic in certain cell types under defined conditions (33, 34). 

Conceivably, the regulation and kinetics of DNA degrada-

tion in the fibroblast-like cell line may be different from 

that of thymocyte (35, 36) or lymphocyte (20, 37) models. 
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The serum-deprived cells also demonstrated several oth-

er characteristic morphological features of apoptotic cell 

death (20), including rounding, loss of cell-to-cell contact, 

cellular condensation, and the preservation of membrane 

integrity and organelle structures. Our findings are con-

sistent with studies using other cell lines (20, 21, 28). How-

ever, unlike the study of G. V. Kulkarni and C. A. G. Mc-

Culloch, we detected DNA fragmentation. The previously 

described apoptotic changes correlate with the intensity of 

red-orange fluorescence observed by EB/AO staining. Our 

results agree with previous studies that suggest that serum 

starvation causes the release of cytochrome c from the mi-

tochondria with a loss of mitochondrial membrane poten-

tial (38). Thus, our findings suggest a hypothesis by which 

serum deprivation results in the apoptotic death of ThESC 

cells through mitochondrial pathways. If our assumption 

is correct, the results would be consistent with previous 

studies demonstrating that the release of cytochrome c ac-

tivates caspase-9, which then activates caspase-3 and leads 

to DNA fragmentation (39, 40, 41). This pathway repre-

sents the classic mitochondrial or intrinsic pathway to ap-

optosis. Similar results have been obtained in other studies 

(42, 43). Serum deprivation may also be associated with the 

activation of caspase-8, which represents a key player in 

the extrinsic or death receptor-mediated pathway of apop-

tosis (44 ). Although this and other similar factors have not 

yet been investigated in ThESC cells, the serum depriva-

tion of ThESC cells could also result in the activation of the 

extrinsic pathway of apoptosis. Further studies are needed 

to delineate the exact mechanism and pathway of apoptosis 

in serum-starved ThESC cells.
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ABSTRACT

Haemodialysis patients are at high risk for sudden car-

diac death (SCD), with the annual mortality rate from 

SCD ranging from 5-7%. Th e risk factors for SCD on hae-

modialysis include left ventricular remodelling, coronary 

disease, heart failure, rapid electrolyte and fl uid shifts dur-

ing dialysis sessions and secondary hyperparathyroidism. 

Echocardiography and standard electrocardiography can 

help identify patients at risk for SCD. Th e strategy for pre-

venting SCD in haemodialysis patients includes primary 

(medicamentous treatment and adjusting dialysis parame-

ters) and secondary (coronary revascularisation and place-

ment of cardioverter defi brillator) treatment planning. 

Key words: sudden cardiac death, haemodialysis, treat-

ment plan

SAŽETAK

Bolesnici koji se leče ponavljanim hemodijalizama imaju visok 

rizik od iznenadne srčane smrti. Jednogodišnja stopa iznenadne 

srčane smrti kod ovih bolesnika iznosi 5-7%. U faktore rizika za 

nastanak iznenadne srčane smrti spadaju: preoblikovanje leve ko-

more srca, koronarna arterijska bolest, srčana slabost, brza izme-

na elektrolita i tečnosti u toku seanse hemodijalize, i sekundarni 

hiperparatireoidizam. Ehokardiografi ja i standardna elektrokar-

diografi ja omogućavaju izdvajanje bolesnika koji imaju povećan 

rizik od iznenadne srčane smrti. Strategija za sprečavanje nastan-

ka iznenadne srčane smrti kod bolesnika koji se leče ponavljanim 

hemodijalizama sastoji se u primeni primarnog i sekundarnog 

plana lečenja. Primarni plan lečenja uključuje medikamente i 

prilagođavanje uslova hemodijalize bolesniku, dok sekundarni 

plan lečenja uključuje revaskularizaciju koronarnih arterija i 

ugradnju implantabilnog kardioverter defi brilatora.

Ključne reči: iznenadna srčana smrt, faktori rizika, he-

modijaliza, plan lečenja

UDK: 616.61-78-06 ; 616.12-036.886-084 / Ser J Exp Clin Res 2013; 14 (1): 29-33

DOI: 10.5937/SJECR143642

INTRODUCTION

Sudden cardiac death (SCD) is unexpected death due 

to cardiac causes occurring within one hour of symptom 

onset (1). Although the most frequent cause of SCD is cor-

onary artery disease, other contributing factors in mainte-

nance haemodialysis (HD) patients include left ventricular 

remodelling, volume overload, disturbed electrolyte bal-

ance, rapid electrolyte and fluid shifts and secondary hy-

perparathyroidism (1, 2). The annual mortality rate from 

SCD in HD patients is 5-7% (2).

Aetiopathogenesis of sudden cardiac death

Risk factors and cardiovascular diseases

Uraemia in general and HD in particular carry numer-

ous risk factors for the development of cardiovascular dis-

ease. These include high arterial blood pressure, multiple 

lipid abnormalities, oxidative stress, microinflammation, 

hyperhomocysteinaemia, anaemia, high shunt blood flow 

and secondary hyperparathyroidism (3-5). All these fac-

tors are responsible for the development of atherosclero-

sis, arteriosclerosis and cardiomyopathy (5). 

Atherosclerosis occurs when fatty plaques build up in the 

intimal layer of arterial walls, narrowing the lumen of the ves-

sel. Atherosclerosis of the coronary arteries causes ischaemic 

heart disease (6). Arteriosclerosis is a condition in which the 

artery wall thickens due to media thickening, calcification and 

remodelling of the smooth muscle cells of the tunica media into 

osteoblasts-like cells. Hardening of the arterial walls in arterio-

sclerosis decreases their elasticity and causes pressure overload 

to the left ventricle (3-7). Cardiomyopathy occurs due to left 

ventricular pressure and/or volume overload, which causes left 

ventricular wall thickening, decreased myocardial vasculari-
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sation, myocardial scarring and alterations of the small blood 

vessels in the myocardial interstitium. Clinical manifestations 

of cardiomyopathy include heart failure, myocardial hypersen-

sitivity to ischaemia, prolonged ventricular repolarisation (pro-

longed QT interval), increased risk for ventricular arrhythmias 

and SCD (5, 8, 9). Left ventricular hypertrophy, coronary artery 

disease and disturbed systolic function of the left ventricle (left 

ventricular ejection fraction  35%) represent major risk factors 

for SCD in maintenance HD patients (5, 8, 9).  

Risk factors for sudden cardiac death related
to haemodialysis

Rapid electrolyte shift

Haemodialysis per se is a risk factor for arrhythmias due 

to rapid the electrolyte shifts and cardiovascular instability 

(intradialytic hypotension) that can occur with this treat-

ment (10-13). Rapid potassium and calcium shifts during 

HD sessions and low levels of electrolytes in the dialysate 

increase the risk for cardiac arrhythmia (10-13). The use of 

potassium-free or low-potassium dialysates (K+ d = 1.0 

mmol/L), particularly at the beginning of a dialysis session, 

removes potassium quickly, causing a rapid decline in the 

patient’s serum potassium concentration, which may lead 

to a disturbance of ventricular myocardial repolarisation, 

an increase in the corrected QTc interval (QTd) dispersion 

and increased risk for ventricular arrhythmias (10-13).

Calcium ions, however, play an important role in myo-

cardial and arterial contractility. The use of low-calcium 

(Ca2+ = 1.25 mmol/L) dialysates decreases ionised serum 

calcium and prolongs and increases the dispersion of the 

QTc interval, thus contributing to ventricular arrhythmias 

and SCD (10-13). 

Educating patients to maintain an optimum predialy-

sis potassium level of 4.6-5.3 mmol/L and individual ad-

justment of dialysis parameters decreases the risk of SCD 

death in HD patients (13).

Rapid fluid shifts (haemodynamic instability)

Dialysis-induced hypotension is represented by a sud-

den drop of systolic blood pressure below 90 mmHg or of 

at least 30 mmHg during HD (13, 14). Acute intradialytic 

hypotension reduces coronary blood flow and may lead to 

myocardial ischaemia, disturbances of regional myocardial 

motility and ventricular arrhythmia even in the absence 

of coronary heart disease (15). Haemodynamic instability 

during HD sessions can be prevented by the early identi-

fication of patients at higher risk for hypotension and by 

the individual adjustment of dialysis parameters. Patients 

at risk are those with malnutrition and hypoalbuminaemia, 

left ventricular hypertrophy, diabetes and diseases of the 

autonomous nervous system. Individualised dialysis strate-

gies to obtain haemodynamic stability include the adequate 

choice of dialysers, adjusting the dialysate temperature, the 

use of sodium-modelling profiles, the careful adjustment 

of ultrafiltration and sequential dialysis (13-15).

Interdialytic restriction of fluid and dietary sodium in-

take (recommended maximum intake 2.0 g/24 h) and an 

interdialytic weight gain of less than 4% of the dry body 

weight decrease left ventricular overload, haemodynamic 

stress and the risk for ventricular arrhythmias (16).

Identifying patients at risk for sudden cardiac death

All HD patients have increased risk for SCD (17-19). 

The plan for the early detection of patients at risk for SCD 

should include the following: clinical assessment of the pa-

tient (anamnesis and physical examination), echocardio-

graphic examination (measuring QT/QTc interval, mea-

surement of QTc interval dispersion, variation of T wave 

amplitude and duration), measuring heart rate variability 

(HRV) and determining serum troponin T and troponin I 

concentrations (20-24).

The QT interval is easily measured and enables the 

identification of patients at higher risk for SCD. The QT 

interval is a measure of the time between the start of the Q 

wave and the end of the T wave on an electrocardiogram 

(ECG). It represents the time required for the completion 

of both ventricular depolarisation and repolarisation. The 

standard clinical correction is to use Bazett’s formula to 

calculate the heart rate-corrected QT interval. Bazett’s for-

mula is QTc= , where RR is the interval from the 

onset of one QRS complex to the onset of the next QRS 

complex, measured in milliseconds. In HD patients, a QTc 

interval longer than 500 ms suggests an increased risk for 

ventricular dysrhythmia (24, 25). Furthermore, increased 

QTc dispersion, as measured on standard ECG, is a useful 

and reliable predictor of susceptibility to life-threatening 

ventricular arrhythmias in HD patients. QTc interval vari-

ability is the difference between the longest and the short-

est QTc interval registered on a standard ECG (25, 26); 

normal QTc variability is 40 - 50 ms. QTc variability over 

50 ms in HD patients suggests higher risk for ventricular 

arrhythmias and SCD (26).

Heart rate variability is an electrocardiographic param-

eter of sympathetic and parasympathetic control of the 

heart rate. A decrease or loss of HRV is associated with 

increased risk for ventricular arrhythmias and SCD (27, 

28). Drugs that induce parasympathetic activity also de-

crease the rate of SCD in HD patients. ACE inhibitors and 

beta-blockers enhance the parasympathetic influence on 

the heart, increase HRV and decrease the risk for SCD in 

HD patients (27, 28). Nocturnal HD, performed for 8 to 

10 hours, 6 times/week, decreases sympathetic activity and 

increases HRV and the partial pressure of arterial blood 

overnight compared to the standard HD scheme of 3 times 

for 4 hours each week (20).

Treatment plan

The plan to reduce the risk for SCD in maintenance HD 

patients includes primary and secondary measures (29-32). 

The primary plan requires medicamentous therapy and 
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individual adjustment of HD parameters, while second-

ary intervention includes coronary revascularisation and 

the placement of an implantable cardioverter defibrillator 

(ICD) (29-32).

Primary treatment plan

Medicamentous therapy

Medicamentous therapy to control risk factors for SCD in 

maintenance HD patients includes beta-blockers, angiotensin 

convertase inhibitors, angiotensin receptor blockers, vitamin 

D active metabolites, calcimimetics and erythropoietin. Be-

ta-blockers decrease the risk for SCD in HD patients by de-

creasing myocardial sympathetic activity, lowering the rate of 

ventricular arrhythmias and increasing HRV and barorecep-

tor sensitivity (28-33). Carvedilol improves left ventricular 

ejection fraction and survival in heart failure patients with 

NYHA II and NYHA III on maintenance HD (34, 35). Other 

treatments are focused on increasing HRV (beta-blockers, 

angiotensin convertase inhibitors), stabilising arteriosclerotic 

plaques (anti-aggregation agents and statins) and controlling 

left ventricular hypertrophy (beta-blockers, angiotensin con-

vertase blockers and erythropoietin) (28-33).

Haemodialysis treatment

A biocompatible high-flux membrane, ultrapure dialysate 

(bacteria < 0.1 CFU/mL and endotoxin < 0.03 EU/mL) and 

an optimal dialysis dose (Kt/V  1.4) significantly contribute 

to lowering the mortality rate in HD patients (34). Haemodia-

filtration (HDF) achieves optimal transfer for both small ( 5 

kDa) and mid-size (5-50 kDa) molecules, including mediators 

of inflammation, complement factor D and other molecules 

involved in the development of heart disease (36). The opti-

mal treatment with standard HD or HDF (≥ 3 times per week 

for ≥ 4 h), with blood flow ≥ 300 mL/min, adequate dietary 

intake, interdialysis weight gain < 4% and adequate medica-

mentous treatment (phosphate binders, vitamin D active me-

tabolites, calcimimetics, iron supplements and erythropoie-

tin), should provide a Kt/V ≥ 1.4, mean arterial pressure  105 

mmHg, predialysis serum potassium concentration of 4.6-5.3 

mmol/L, serum phosphate concentration of 0.8-1.6 mmol/L, 

serum calcium concentration of 2.2-2.5 mmol/L, solubility 

product  4.4 mmol2/L2, parathormone levels of 150-300 pg/

mL, bicarbonate level ≥ 20 mmol/L, transferrin saturation of 

30-50%, serum ferritin concentration of 200-500 ng/mL, hae-

moglobin concentration of 100-120 g/L and serum albumin 

concentration ≥ 35 g/L (37). 

In patients with disturbed left ventricular systolic func-

tion, hypotension and haemodynamic instability limit the 

achievement of optimal ultrafiltration during an HD ses-

sion. These patients are candidates for peritoneal dialysis 

because it provides better haemodynamic stability (38). The 

treatment plan for haemodynamically unstable patients 

should also include some of the new HD modalities, such as 

short daily haemodialysis (SDHD) or nocturnal home hae-

modialysis (NHD). SDHD is performed 5 to 6 days per week 

for 1.5-2 hours, whereas NHD is performed while sleeping, 

usually for 6-8 hours, 4-6 nights per week (38).

Secondary treatment plan

Coronary revascularisation

According to coronarographic findings, HD patients are at 

either high risk (coronary disease of the main left ventricular 

artery; three-vessel coronary disease, mild symptoms and de-

creased left ventricular function; two-vessel disease involving 

the proximal left coronary artery) or low risk for acute coro-

nary syndrome (single-vessel coronary disease - only one ves-

sel involved and preserved myocardial function) (6, 39, 40). 

Coronary artery bypass grafting (CABG) decreases the risk of 

acute coronary syndrome in the high-risk group, whereas pa-

tients at low risk are usually treated with drugs, percutaneous 

transluminal angioplasty (PTCA) or coronary artery stenting 

(CAS) (6, 39, 40). HD patients have a significantly higher in-

hospital mortality rate in the first 30 days following CABG 

and are at significantly higher risk for postoperative compli-

cations (sepsis, respiratory insufficiency and gastrointestinal 

complications) compared to HD patients after CAS and non-

renal patients (41, 42). More studies are needed to determine 

the criteria for selecting HD patients and adequate coronary 

revascularisation procedures (41, 42).

Implantable cardioverter defibrillator

ICDs decrease mortality risk by 42% in HD patients sur-

viving cardiac arrest (19, 23, 43). However, only 8% of main-

tenance HD patients who survive cardiac arrest actually 

have preventively placed ICDs (19, 23, 42). ICD implanta-

tion is associated with a high risk of bleeding, infection and 

venous subocclusion and occlusion. Therefore, it is typically 

placed on the side opposite to the vascular access for HD 

(43). ICDs are placed in HD patients with a left ventricular 

ejection fraction < 35% following cardiac arrest caused by 

ventricular dysrhythmias (ventricular tachycardia or fibril-

lation). More clinical studies are needed to define the crite-

ria for choosing patients for this procedure and to assess its 

validity, cost-effectiveness and budget impact in a manner 

similar to other health technologies (43-47).

CASE REPORT

Patient CR, born in 1955, started regular haemo-
dialysis therapy in 1994. (Insuffitientia renalis chron-
ica terminalis, Status post-nephrectomiam lat.dex. 
pp calculosis, Haemodialysis chronica regularis). As a 
part of uncontrolled secondary hyperparathyroidism 
(Secondary hyperparathyroidism, Osteodystrophia 
chronica renalis, iPTH = 1500 pg/ml), the patient 
developed significant vascular (coronary artery) and 
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valvular calcification, which called for triple aorto-
coronary by-pass and implantation of a synthetic mi-
tral valve (Status post-IM inferolateralis aa III, Status 
post-by-pass AC triplex et implantationem valvulae 
mitralis aa III). The patient received regular hae-
modialysis therapy, erythropoietin, statins and anti-
aggregation and anticoagulant therapy with adequate 
laboratory monitoring. Sudden and rapid deteriora-
tion of chronic heart insufficiency (Myocardiopathia 
chronica ischaemica decompensata) and the develop-
ment of cardiogenic shock (Shock cardiogenes) result-
ed in the patient’s death (Exitus letalis).

CONCLUSION

Early identification of maintenance HD patients at risk 

of ventricular dysrhythmias and SCD enables timely and 

adequate treatment to decrease the risk for SCD mortality 

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

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

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

Medline thesaurus is recommended.

IN TRO DUC TION 

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

spe ci fic pur po se of the study.

PA TI ENTS AND MET HODS/MA TE RIAL 

AND MET HODS

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

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

ho spi tal num bers are not used.

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

eva lu a tion and du pli ca tion of the work by ot her in ve sti ga tors.

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

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

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

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

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

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

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

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

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

mals fol lo wed ac cep ted stan dards.

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

RE SULTS

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

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

pre sen ta tion.

DI SCUS SION

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

the Serbian Journal of Experimental and Clinical Research 

style re qu i re ments. The fol lo wing are exam ples:

Ar tic le: (all aut hors are li sted if the re are six or fe wer; 

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

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

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

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

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

system. 8th ed. Ox ford: Blac kwell Sc Publ, 1989.
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Chap ter or ar tic le in a bo ok: 24. Tri er JJ. Ce li ac sprue. 

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

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

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

fe ren ce da ta.

For other types of references, style and interpunction, 

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

nal of Experimental and Clinical Research or contact the 

editorial staff.

Non-English citation should be preferably translated to 

English language adding at the end in the brackets native 

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

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

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

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

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

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

.2007.01834.x)

TA BLES

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

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

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

FI GU RES AND FI GU RE LE GENDS

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

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

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

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

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

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

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

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

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

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

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

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

gi ven on se pa ra te pa ges.

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

it should be in di ca ted by a ca li bra tion bar on the print, 

not by a mag ni fi ca tion fac tor in the fi gu re le gend. The 

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

the fi gu re le gend.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ex pen se.

LET TERS TO THE EDI TOR

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

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

of Experimental and Clinical Research will be con si de-

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

re and up to fi ve re fe ren ces.

PRO OFS

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

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

ma nu script be re tur ned to the aut hors for fi nal ap pro val. In 

or der to speed up pu bli ca tion no pro of will be sent to the 

aut hors, but will be read by the edi tor and the desk edi tor. 
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