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Abstract

During the  –  siege, as well as after the war activities, citizens of Sarajevo were 

most probably exposed to various potential genotoxic agents. Th e eff ects of those potential 

genotoxins were evaluated by micronucleus – cytokinesis blocked assay. Th e study included 

 individuals who resided in the area of Sarajevo during the war and the postwar period. 

Point bi-serial coeffi  cient analysis did not reveal any relationship between the frequencies of 

binuclear cells with micronuclei as well as total number of micronuclei and smoking habits or 

gender. Simple linear regression revealed statistically signifi cant positive correlation between 

the age and micronuclei formation. Due to the war related environmental contamination 

more extensive study is recommended.
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Introduction

According to Th e Study of the Battle and Siege of Sarajevo  average daily shell im-

pact, over the course of the siege, is estimated at approximately  (). During the 

NATO air strikes in  and  localities near Sarajevo were also hit by radio-

active shells containing depleted uranium. Th e United Nations Environment Pro-

gramme, in their  report, ascertained increased radioactivity in Hadžići near Sa-

rajevo. Additional concern is the fact that six NATO targets, surrounding Sarajevo, 

were not examined as their coordinates are not available (). Elimination of depleted 

uranium particles is a long and diffi  cult process, thus estimations that the amount of 
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contaminators present is still high. Among other detri-

mental eff ects to health, depleted uranium was identifi ed 

as an oncogene-inducing factor in both in vitro and in 

vivo experiments (). Th e fi rst reported neoplastic trans-

formation of human osteoblasts in depleted uranium 

containing cell culture () confi rms the risk of depleted 

uranium mediated cancer induction in vivo. In , an 

increase in frequency of malignant tumors was detected 

in Sarajevo Canton. Also, a signifi cant increase in indi-

viduals with malignant diseases was established after 

, the most common being lung and breast cancers 

(). Micronuclei are formed from fragments or whole 

chromosomes, which did not reach spindle poles during 

mitosis and remained encapsulated as separate nuclei. 

Micronuclei are a consequence of both clastogenic and 

aneugenic agents activity (, ). Peripheral blood lym-

phocytes are practical for observation of cytogentic bio-

markers, such as micronuclei, even several years after the 

exposure. Due to the life span of human T-lymphocytes 

(estimated at , to  years) micronuclei formation in 

those cells provide information on genetic damage ac-

cummulated during their lifetime (, ). Neronova et 

al. () analyzed chromosome aberrations in peripheral 

blood lymphocytes of nuclear bombing survivors as well 

as Chernobyl workers and confi rmed that lymphocytes 

are suitable biological models for longer periods of time. 

Numerous studies revealed that cytogenetic alterations 

could be consequence of exposure to chemicals or ra-

diation (). In the present study we aimed at the evalua-

tion of genetic load, expressed as micronuclei formation 

in peripheral blood lymphocytes of individuals poten-

tially exposed to various war and post-war genotoxins. 

Material and methods

STUDIED POPULATION

Th is research was approved by the Scientifi c Council of 

the Institute for Genetic Engineering and Biotechnol-

ogy as well as Federal Ministry of Science and Education, 

Federation of Bosnia and Herzegovina (grant number: 

---/). Presented research was conducted 

on human peripheral blood of  individuals that were 

living in the area of Sarajevo during the war and post-

war period. Volunteers who previously underwent 

radiotherapy or chemotherapy, who were exposed to 

diagnostic X-rays, and those using prescription, over-

the-counter or recreational drugs were excluded from 

the study. Th e ratios of smokers vs. non-smokers and 

males vs. females, are presented in fi gures bellow (Fig-

ures , ). Average age of individuals was , years.

LYMPHOCYTE CULTIVATION AND 

PREPARATION OF SLIDES

Peripheral blood was collected in heparinized tubes (BD 

Vacutainer Systems, Plymonth, UK) by venipuncture 

during  and . Whole-blood cultures were set 

up in -ml sterile, plastic tubes with conical bottom 

(NUNC, Rochester, NY) containing RPMI  culti-

vation medium with L-glutamine,  of fetal bovine 

serum, phytohaemaglutinin and antibiotics (Gibco-Invi-

trogen). Micronucleus cytokinesis-block test, a reliable 

assay and precise method for evaluation of chromosom-

al damage, was performed. At the th hour of PHA stim-

ulation, cytochalasin B (Sigma-Aldrich, St. Louis, MO), 

cytokinesis blocker, was added to the fi nal concentra-

tion of , ug/ml. Th e cells were harvested by centrifuga-

tion at the nd hour of cultivation, resuspended in pre-

warmed hypotonic solution (, M KCl) and, after the 
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centrifugation, fi xed in acetic-alcohol. Th e remaining lym-

phocytes suspended in fresh cold fi xative were dropped 

at cold and dry microscopic slides. Air-dried slides were 

stained with  Giemsa stain (Carlo Erba, Milan, Italy) 

and analyzed under  microscope at x magnifi cation. 

Micronuclei (MN) occurrence in  binuclear (BN) 

lymphocytes were registered and statistically defi ned. 

Criteria applied in identifi cation of binuclear lympho-

cytes and micronuclei are defi ned by Fenech et al. (). 

STATISTICAL ANALYSIS

Th e results for the study group were expressed as arith-

metic means (X
av

) and variability measures (standard 

deviation - s, standard error of the mean -sX
av

, and coef-

fi cient of variation - V). Th e statistical analysis included 

point bi-serial correlation coeffi  cients and simple linear 

regression calculated using Winks . Professional soft-

ware (TexaSoft, Cedar Hill, TX). Correlations between 

binuclear cells count with micronuclei and micronuclei 

frequencies and gender as well as cigarette smoking 

were tested by the point bi-serial correlation coeffi  cient. 

Simple linear regression was applied in order to deter-

mine the association between age and the frequency 

of micronuclei and binuclear cells with micronuclei. 

Results

Th e frequencies of binuclear cells with micronuclei, to-

tal number of micronuclei in  binuclear cells per 

sample as well as aritmetic means and variability mea-

sures are sumarized in Table . Individual number of 

binuclear lymphocytes with micronuclei varies from 

 to  per  binuclear cells. The mean is ,. 

Absolute frequency of micronuclei in binuclear cells 

varies from  to , with the mean of . Distribution 

of binuclear cells with one, two and three micronuclei 

in the Sarajevo study group is presented in Figure .

Th e observed micronuclei frequencies were compared 

with the criteria for spontaneously induced micronu-

clei (, ± , per  binucleated cells) given by Fenech 

and Morley (). According to these criteria  individu-

als within the study population expressed an increase 

in frequency of binuclear cells with micronuclei. Th e 

point bi-serial correlation coefficient was applied in 

order to determine correlations between the binuclear 

cells with micronuclei and micronuclei frequencies 

with gender and cigarette smoking. Point bi-serial cor-
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relation coeffi  cient revealed no statistical signifi cance 

neither between frequencies of binuclear cells with mi-

cronuclei and cigarette consumption nor between mi-

cronuclei frequencies and cigarette smoking. Th e same 

analysis discovered no statistically significant correla-

tion between gender and binuclear lymphocytes with 

micronuclei, nor between gender and total number of 

micronuclei. Th e estimation of correlation between ages 

and frequencies of binuclear lymphocytes with micro-

nuclei as well as with total number of micronuclei was 

achieved by analysis of simple linear regression. This 

analysis revealed statistically significant, positive, lin-

ear association (r = ,; p < ,) between age and 

binuclear cells with micronuclei as well as between 

age and micronuclei frequency (r = ,; p < ,).

Discussion 

 

Environmental pollution, as a consequence of industrial 

development, aff ects genetic load of all living creatures. 

Th us, regular genotoxicological evaluations in popula-

tions exposed to increased risks are recommended and 

especially emphasized by the fact that  of inhabitants 

of developed countries die from malignant diseases (). 

Although citizens of Sarajevo were exposed to products 

of ammunition degradation, contaminated food, water 

and pharmaceuticals, when we compared results with 

our previous findings we verified that Sarajevo study 

group has lower frequency of micronuclei that human 

group exposed to depleted uranium. At the same time, 

Sarajevo study group shows an increase in micronuclei 

frequencies in comparison with the group of inhabitants 

that were not aff ected by any kind of war activities (). 

Analysis of variance (ANOVA) followed by pair-wise 

comparisons with Newman-Keuls multiple compari-

son test was applied in order to evaluate signifi cance 

of diff erences between arithmetic means of binuclear 

cells with micronuclei and micronuclei frequencies 

in Sarajevo study group and two previously described 

human groups (individuals living in the depleted ura-

nium contaminated area and individuals notexposed 

to the war-related activities). No statistically signifi cant 

diff erence was found between Sarajevo and group of 

non-exposed individuals, but the diff erences between 

these two groups and the group of individuals exposed 

to depleted uranium are signifi cant both for binuclear 

cells with micronuclei count (F = ,; p = ,) and 

for the total number of micronuclei (F = ,; p = ,).

Conclusion

Th e results of this research could present initial foundations for further genotoxicological investigations of Sarajevo pop-

ulation. Nevertheless, due to the war related environmental contamination and signifi cant increase in malignant diseases, 

more extensive studies are recommended.
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