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Introduction

The b-globin gene cluster is located on chro-
mosome 11. The alignment of genes in human
b-globin locus represents the order of gene expres-
sion during ontogenic development: embryonal
genes (e) are located at the 5’end, then fetal genes
(Ag, Gg) and finally, at the 3’end, adult genes (d, b).
Thalassemia syndromes are a group of hereditary
disorders generally caused by mutations in globin
genes. In Serbia, thalassemia syndromes are less fre-
quent than in adjacent Mediterranean countries. The
overall frequency of thalassemia syndromes in Serbia
is 1.9% (1).

Since 1998 thalassemia syndromes have been
systematically characterized on molecular level in the
population of Serbia (2). Nine different mutations
have been detected: seven b-thalassemic mutations
and two thalassemic hemoglobin (Hb) variants (Hb
Lepore, Hb Sabine), among which 70% were Hb Le-
pore, b°39 and b+ IVS-I-110 (2). Two studies showed
that Hb Lepore is the most common cause of tha-
lassemia in Serbia (30%) (1, 2). 

Hb Lepore is an abnormal thalassemic hemo-
globin variant, which consists of normal a-globin
chains and fused db-globin chains. The db-globin
chain is a product of an unequal recombination that
joins the proximal end of the d-globin gene with the
distal end of the b-globin gene (3). Three types of Hb
Lepore, that differ in the position at which the transi-
tion from d to b DNA occurs, have been described:
Hb Lepore-Hollandia, Hb Lepore-Baltimore and Hb
Lepore-Boston-Washington (Hb Lepore BW) (3). 

Substitution (C→T) alters codon 39 to a stop
codon. Such chain termination (nonsense) mutation
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aborts mRNA translation and leads to synthesis of a
truncated polypeptide (4). Therefore, codon 39 re-
sults in b° thalassemic phenotype. Substitution
(G→A) at position 110 in intron I (IVS-I-110) creates
an alternative splice site. The incorrectly spliced
mRNA leads to premature termination of translation
but allows accumulation of some amount of normal
globin mRNA (b+ thalassemic phenotype) (5).  

In this study we have analyzed hematological
data and Hb content (Hb A, Hb A2 and Hb F) in car-
riers of  three most common beta-thalassemia muta-
tions in Serbia. Also, we present a detailed study of
the diversity of b-globin gene haplotypes in normal
betaA/betaA and thalassemic individuals of Serbian
descent, conducted with the aim of defining the ori-
gin of beta-thalassemia in Serbia.

The b-globin gene cluster is highly polymorphic.
The pattern or combination of polymorphic restric-
tion sites in b-globin locus for any chromosome is
called a haplotype (6). There are nine common hap-
lotypes (I-IX) known to be present in different Medi-
terranean populations with significant percentage (6).
Additionally, four beta globin intragenic single base
polymorphisms have led to the definition of three dif-
ferent beta globin gene frameworks (6). Haplotypes
and frameworks of b-globin gene cluster are widely
used nowadays to determine the chromosomal back-
ground on which a mutation arose, as well as its geo-
graphical pattern. 

Material and Methods

Forty-five Serbian patients from 20 unrelated
families affected with b-thalassemia, were studied: 21
Hb Lepore BW b-thalassemic variant carriers (from 8
unrelated families), 14 b°39 b-thalassemia mutation
carriers (from 7 unrelated families) and 10 b+IVS-I-
110 mutation carriers (from 5 unrelated families).
Healthy subjects related to the carriers were also ana-
lyzed.

Hematological parameters were obtained using
an automated cell counter. Abnormal hemoglobin
was detected by electrophoresis on cellulose acetate
in Tris-borate-EDTA (pH 8.4) (7). Hb F was quantified
by standard methods (8, 9) and Hb A2 and Hb Lepore
were estimated by elution from celogel electrophoret-
ic strips. 

DNA was extracted from peripheral blood col-
lected with sodium citrate or EDTA as an anticoagu-
lant (10). DNA samples were used as templates in
polymerase chain reaction (PCR). For each sample
eight PCR-RFLPs were performed, one for each poly-
morphism (HincII/e, XmnI/5’Gg, HindIII/Gg, HindIII/
Ag, HincII/yb, HincII/3’yb, AvaII/b, BamHI/3’b).  The
conditions for PCR amplification were as described
previously (11, 12), with changes in temperature of
annealing for e, 5’Gg, Gg, Ag, yb, 3’yb, b, 3’b DNA

fragments containing b-globin gene cluster polymor-
phic sites: 55, 55, 60, 55, 61, 61, 57 and 53 °C res-
pectively. For haplotype analysis the polymorphic res-
triction enzyme sites were determined by digestion of
PCR amplified fragments using the methodology of
Sutton et al (12). Polymorphic sites were detected by
agarose gel electrophoresis. The framework base
substitutions were identified by dideoxy chain termi-
nation method using fluorescently labeled dideoxy
nucleotides (Pharmacia Biotech, Uppsala, Sweden)
on an automated DNA sequencer (ALFexpress DNA
Sequencer, Pharmacia Biotech) using the primer 5’-
AA TCA TTC GTC TGT TTC CCA-3’. 

Results

All carriers of Hb Lepore had a clinical pheno-
type of thalassemia trait. Their MCV and MCH values
were reduced (Table I). Hb A2 level was normal or
decreased, while Hb F was slightly increased. Hb ana-
lysis by electrophoresis on cellulose acetate revealed
the presence of an abnormal Hb fraction, later char-
acterized as Hb Lepore by PCR analysis. Heterozy-
gous carriers of b° 39 mutation had evident anemia,
but unusually mild microcytosis and hypochromia for
this type of mutation (b°). As expected, Hb A2 and Hb
F were markedly elevated (5% and 3.2%, respective-
ly). All carriers of b+ IVS-I-110 mutation were clini-
cally asimptomatic. They presented with relatively
mild anemia and moderately reduced MCV and MCH
values. Both Hb A2 and Hb F levels were slightly ele-
vated.

In order to elucidate the origin of the most com-
mon thalassemic mutations in the population of
Serbia, haplotype analysis of Hb Lepore BW, b° 39
and b+ IVS-I-110 mutation carriers was performed.
We have studied eight linked polymorphic restriction
sites along b-globin gene cluster (Figure 1). In order
to establish the haplotype of thalassemic chromoso-
mes with certainty, nonaffected relatives were inclu-
ded in the study. 

Four different haplotypes associated with b-tha-
lassemia mutations were detected: two of them were
typical of Mediterranean countries (I and V), and two
autochthonous haplotypes, specific for Serbian po-
pulation, were discovered as well (haplotypes A and
B) (Table II). 

Table I   Hematological  data (average values and standard
deviations), Hb A2 and Hb F values for b-thalassemia 

heterozygotes

Mutation
Hb 
Lepore
(db fusion)
Codon 39
(C→T)
IVS I-110
(G→A)

Gender
M
F

M
F
M
F

No.
11
10

7
7
5
5

Hb (g/L)
114.5 ± 9.02
108.5 ± 5.22

109.0 ± 1.50
91.0 ± 0.73  

128.5 ± 0.50
126.0 ± 0.90

MCV (fL)
66.2 ± 3.51
66.0 ± 1.53

67.4 ± 3.90
67.0 ± 0.33
66.1 ± 1.66
64.1 ± 3.35

MCH (pg)
20.35 ± 1.50
20.55 ± 1.75

22.6 ± 0.98
22.1 ± 0.33
20.8 ± 0.50
20.9 ± 1.05

Hb A2 (%)
1.95 ± 0.82
1.84 ± 0.62

5.0 ± 0.25
4.6 ± 0.50
4.3 ± 0.15
4.2 ± 0.20

HbF (%)
2.15 ± 0.60
2.16 ± 0.51

4.20 ± 4.08
3.87 ± 0.43
2.33 ± 0.77
2.30 ± 0.60
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All analyzed Lepore chromosomes were of the
identical haplotype: haplotype A. Comparing this ha-
plotype with Hb Lepore BW haplotypes reported to
date showed that it differs from all of them. Thus, in
this study a novel haplotype associated with Hb Lepo-
re BW mutation was identified. The specificity of this
haplotype is the presence of HindIII/Ag restriction site
(Figure 2).

Haplotype analysis revealed that b° 39 thalasse-
mia mutation is mostly associated with haplotype I
and framework 1. However, in one family, b° 39 chro-
mosomes were found to be associated with frame-
work 2. Two different haplotypes were associated
with b+IVS-I-110 thalassemic mutation: haplotype I
and haplotype B. Also, we have detected the pres-
ence of haplotypes I and V, as well as haplotypes A
and B specific for Serbian population, in normal
betaA/betaA individuals.

Discussion

The results presented in this paper may help the
clinicians as a guideline for differential diagnostics of
thalassemia trait. The hematological values of partic-
ular importance are: MCV lower than 70fL and MCH
lower than 24pg. If these values are consistently de-
creased (despite Fe supplementation therapy) in ane-
mic patient, hemoglobin electrophoresis is recom-
mended, followed by DNA analysis.

Haplotype analyses we present in this paper
have been carried out on b-thalassemia carriers of
common Mediterranean mutations (Hb Lepore BW,
b° 39, b+IVS-I-110). A number of similar studies
have already provided insights into origin and distri-
bution of these mutations. Beta-globin gene haplo-
types associated with thalassemic mutations were
sporadically studied in former Yugoslavia, too (13).
However, chromosomal background of b-thalas-
semia mutations in Serbian population demonstrates
specificity, not previously reported. 

In this paper we present a novel haplotype asso-
ciated with Hb Lepore BW gene. Hb Lepore BW is
common in Mediterranean countries. Up to date, 6
haplotypes associated with Hb Lepore BW chromo-
somes were identified: haplotype V in 34 families of
Spanish, Yugoslavian and Italian origin (14’16), hap-
lotype I in 23 Italian families (15), haplotypes VI and
VII in Italian families (15) and two unique haplotypes
(in a Hungarian individual and in one Black family)
(15). A multicentric origin of this mutation has been
suggested (16). In order to elucidate the origin of Hb
Lepore BW mutation in Serbia, the 5’ and 3’ subhap-
lotypes were taken into consideration as independent
entities (see Figure 1). We have detected two diffe-
rent 5’ subhaplotypes: the first one, typical for both I
and V haplotypes, and the second, autochthonous 5’
subhaplotype present in both haplotypes A and B.
There were also two 3’ subhaplotypes: the one typical

Table II   Haplotypes detected in the healthy 
and thalassemic population of Serbia

Polymorphic restriction sites: HincII/e, XmnI/5'Gg
HindIII/Gg, HindIII/Ag, HincII/yb, HincII/3'yb, 

AvaII/b, BamHI/3'b

Haplotype I [4]
Haplotype V [4]
Haplotype A
Haplotype B

e
+
+
+
+

5'Gg
–
–
–
–

Gg
–
–
–
–

Ag
–
–
+
+

yb
–
–
–
–

3'yb
–
–
–
–

b
+
+
+
+

3'b
+
–
–
+

5'subhaplotype 3'subhaplotype

Figure 2.   Detection of HindIII/Ag polymorphic site by 
1% agarose gel electrophoresis. 1. l/HindIII/EcoRI DNA
marker; 2. undigested PCR fragment; 3. homozygote 

for HindIII/Ag polymorphism; 2690bp indicates 
pUC19 plasmid DNA digested with HindIII 
(control of the restriction enzyme activity)

Figure 1.   The location of eight polymorphic restriction
sites in the b-globin gene cluster. Sites are numbered from
5' to 3': 1-HincII/e, 2-XmnI/5'Gg, 3- HindIII/Gg, 4-HindIII/Ag,

5-HincII/yb, 6-HincII/3'yb, 7-AvaII/b, 8-BamHI/3'b; 5' 
and 3' subhaplotypes are defined by restriction sites 

1–6 and 7, 8, respectively.

1            2           3

← 2690 bp
← 1842 bp
← 1060 bp
← 755 bp

5’ 3’

3’ subhaplotype5’ subhaplotype

e

↑
1

↑↑ ↑      ↑↑         ↑         ↑
2 3   4      5 6         7        8

Gy Ay yb1 d b  
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for haplotype I and the other typical for haplotype V
(see Table II). 

All Serbian Hb Lepore BW genes are associated
with autochthonous 5’ subhaplotype and 3’ subhap-
lotype typical for haplotype V. We have previously
shown that they are also associated with framework 2
(17). The Hb Lepore BW gene associated with haplo-
type V and framework 2 was virtually the only type
found in Eastern Italy and former Yugoslavia (13, 16).
Considering the fact that two different haplotypes
containing autochthonous 5’ subhaplotype (A and B)
as well as haplotype V were detected in healthy Ser-
bian population, two possible hypotheses could ex-
plain the origin of Hb Lepore BW mutation on a novel
chromosomal background. 

There is a possibility that unequal recombina-
tion or gene conversion occurred between two chro-
mosomes with haplotypes A or B and Hb Lepore
mutation associated with haplotype V, respectively,
producing new chromosomal background for Hb Le-
pore mutation. The fact that the probable site of re-
combination could have been in the 9,1 kb segment,
which has been defined by Chakravarti et al. (18) as
a hot spot region for nonuniform recombination in
b-globin gene cluster, supports this hypotesis.

However, the mutation might have arisen de
novo, by a single independent mutational event in a
healthy individual with haplotype A and spread in the
population. The high frequency of Hb Lepore BW
hemoglobin variant in Serbian population, the homo-
geneity of Hb Lepore BW haplotype (no haplotype V
was detected), as well as its uniqueness, suggest its
independent origin. The finding that Hb Lepore BW
chromosomes are concentrated in particular geogra-
phical region of Serbia also supports this hypothesis.

It has been proposed that b°39 mutation origi-
nates from Italy (19). Our data suggest Western Me-

diterranean (Italian) origin of this mutation in Serbia.
Chromosomal background of b°39 mutation in our
population is similar to the one found in other Medi-
terranean countries. However, in one family b°39
chromosomes are found to be associated with frame-
work 2. Although mutation spread almost never invol-
ves a change of b-globin gene framework, the excep-
tion has been detected (19). To the best of our know-
ledge, this is the first report of the association bet-
ween framework 2 and b°39 mutation. This example
of mutation spread from one beta-globin gene frame-
work to another, within a population, may be due to
inter-allelic gene conversion events or recurrent mu-
tation (19).

b+IVS-I-110 mutation is previously reported to
be of Eastern Mediterranean (Turkish) origin and
associated with haplotype I (20). In this study, b+ IVS-
I-110 mutation is found to be associated with two dif-
ferent haplotypes. Actually, these two haplotypes dif-
fer only in their 5’ subhaplotypes: one is typical for
haplotype I, and the other is 5’ subhaplotype from
haplotypes A or B. The likelihood that this haplotype
dimorphism associated with the same b-thalassemia
mutation is a consequence of random mutation is
very low. The diversity of haplotypes associated with
b+ IVS-I-110 mutation, would then be generated by
recombination events (crossing-over or gene conver-
sion) between the original b-thalassemic chromo-
some (haplotype I) and the 5’ subhaplotype charac-
teristic for normal population of Serbia.

Although thalassemia syndromes are sporadic
disorders in Serbia, they reflect numerous historically
documented migrations over Balkan Peninsula and
yet show autochthonous features.
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UPUTSTVO AUTORIMA

»Jugoslovenska medicinska biohemija« objavljuje ori-
ginalne nau~ne i stru~ne radove iz oblasti klini~ke
hemije, medicinske biohemije i drugih srodnih disci-
plina u kojima se primenjuju hemija, biohemija, mo-
lekularna biologija i imunohemija za izu~avanje nor-
malnih i patolo{kih procesa u humanom organizmu.
Na predlog recenzenata radovi se klasifikuju u sle-
de}e stalne kategorije ~asopisa: a) li~ni stav, b) pre-
gledni ~lanci, c) originalni nau~ni radovi, d) stru~ni
radovi, e) predhodna saop{tenja, i f) izlaganja sa
nau~nih skupova. ^asopis objavljuje obave{tenja,
prikaze knjiga, izve{taje o radu DMBSCG, IFCC-a i
drugih srodnih organizacija, pisma uredni{tvu, kao i
informa-cije o novinama u oblasti proizvodnje reage-
nasa i in-strumenata iz oblasti klini~ke hemije.

Svi radovi se {alju Uredni{tvu Jugoslovenske medi-
cinske biohemije, Zavod za medicinsku biohemiju,
Farmaceutski fakultet, Vojvode Stepe 450, 11221, Beo-
grad, Fah 146.

Prispele radove Redakcijski odbor {alje dvojici re-
cenzenata anonimno. Rukopisi koji ne zadovoljavaju
utvr|ene kriterijume vrati}e se autorima na preradu,
ako tako predlo`e recenzenti.

Prvi otisak ~lanka se {alje autoru radi ispravke.
Rukopisi se ne vra}aju.

1. Tekst rada
^itav rad, uklju~uju}i sve priloge treba poslati u dup-
likatu i to original i odgovaraju}u fotokopiju rada.
Original mora da sadr`i sve priloge izra|ene na
na~in opisan pod 2. Rad treba da bude otkucan sa
dvostrukim proredom, tako da na jednoj stranici bude
najvi{e 30 redova; s leve strane treba ostaviti beli rub
{irok oko 4 cm. Pregledni ~lanci i originalni radovi
mogu da imaju do 15 kucanih strana, a ostali do
osam strana sa svim prilozima. Radovi moraju da ima-
ju slede}i sadr`aj:

1.1. Naslov rada treba da bude jasan i {to kra}i,
otkucan na posebnom listu papira s imenima autora
koji se navode prvo punim imenom, zatim prezime-
nom. Ispod toga treba navesti ta~an naziv ustanove
u kojoj je rad ura|en. Na dnu stranice treba napisati
adresu autora sa kojim }e se vr{iti korespodencija.

1.2. Na posebnoj stranici se prila`e kratak sadr`aj,
koji ne sme da bude du`i od 120 re~i. Ne sme biti
opisan, ve} mora da sadr`i sve bitne ~injenice iznete
u radu: kratak i precizan prikaz problema, metode ra-
da, bitne rezultate i osnovne zaklju~ke.

1.3. Kratak sadr`aj na engleskom jeziku se tako|e
prila`e na posebnoj stranici papira. Treba da sadr`i i
naslov rada na engleskom jeziku.

1.4. Klju~ne re~i se navode ispod teksta kratkog
sadr`aja bilo da je na srpskom ili engleskom jeziku.
Treba navesti od 2–5 klju~nih re~i koje su zna~ajne
za brzu identifikaciju i klasifikaciju sadr`aja rada.

1.5. Uvod rada treba pisati jasnim jezikom uz na-
vo|enje su{tine problema i svrhe istra`ivanja. U uvo-
du se navode poznati radovi koji su u vezi sa opi-
sanom problematikom.

1.6. U eksperimentalnom delu treba detaljno opi-
sati kori{}ene materijale i matode. Ako su primenjene
metode poznate u literaturi nije ih potrebno detaljno
opisivati, ve} navesti izvorni literaturni podatak. Ako se
u radu prikazuje nova metoda ili modifikacija po-
znate metode potrebno ih je detaljno opisivati. Ako je
u radu primenjena statisti~ka analiza rezultata potre-
bno je navesti koje su metode primenjene.

1.7. Rezultate treba jasno i precizno prikazati.
Zna~ajnost rezultata treba obraditi statisti~ki. Rezulta-
te treba izra`avati u skladu sa me|unarodnim mernim
sistemom (SI).

1.8. U diskusiji treba interpretirati dobijene rezultate
i njihovo pore|enje sa postoje}im rezultatima prema na-
vedenoj literaturi. Na osnovu ovako upore|enih rezulta-
ta treba iskazati zaklju~ke do kojih se u radu do{lo.

1.9. U celini rad treba pisati u tre}em licu i izbe-
gavati pasivne glagolske oblike.

2. Tabele i slike

Rad treba da sadr`i razuman broj slika i tabela.
2.1. Tabele se pi{u na posebnom listu papira.

Ozna~avaju se rimskim brojevima. U zaglavlju tabele
treba napisati kratak informativan opis (legendu). U
tabelama ne treba koristiti skra}enice, osim uobi~aje-
no usvojenih prema nomenklaturi i  SI sistemu.  U
tekstu treba nazna~iti mesto gde dolazi odgovaraju}a
tabela.

2.2. Ilustracije (slike, crte`i) se ozna~avaju arap-
skim brojevima prema redosledu kako se u tekstu
pojavljuju (u tekstu treba nazna~iti mesto ilustracije).
Na posebnom listu papira redom treba navesti sve
legende (opise) prilo`enih ilustracija.
Prila`u se crno-bele fotografije na sjajnom, kvalitet-
nom papiru. Na pole|ini slike treba mekom olovkom
napisati broj slike i naslov rada i ime autora. Crte`i se
izra|uju tu{em na paus papiru i prila`u se originalu.
Slova i znakovi moraju da budu jasni, jednake veli-
~ine i odgovaraju}ih proporcija za {tampu. Na vrhu
crte`a treba napisati ime prvog autora i pomo}u
strelice ozna~iti vrh slike ili crte`a.

3. Podaci o literaturi

Popis literature se pi{e na posebnom papiru prema
redosledu javljanja u tekstu.
Literatura se u tekstu ozna~ava arapskim brojevima u
zagradi, prema redosledu pojavljivanja. U popisu ci-
tirane literature podatke pore|ati po redosledu po
kojem se prvi put pojavljuje u tekstu. Za naslove ~a-
sopisa koristiti skra}enice prema Index Medicusu (List
of Journals Indexed). Jugoslovenski ~asopisi koji se ne
indeksiraju u ovoj publikaciji skra}uju se na osnovu
Liste skra}enih naslova jugoslovenskih serijskih publi-
kacija. Vankuverska pravila precizno odre|uju redo-
sled podataka i znake interpunkcije kojima se oni
odvajaju, kako je u nastavku dato u pojedinim pri-
merima. Navode se svi autori; ukoliko ih je preko {est,
navesti prvih {est i dodati »et. al.«.
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Primeri:

^lanci u ~asopisima

• Standardni ~lanak
Goate AM, Haynes AR, Owen MJ, Farral M James LA, Lai LY,
et al. Predisposing locus for Alzheimer's disease on chro-
mosome 21. Lancet 1989; 1: 352–5.

• Organizacija kao autor
The Royal Marsden Hospital Bone-marrow Transplantation
Team. Failure of bone-marrow graft without preconditi-
oning in posthepatitis marrow aplasia. Lancet 1977; 2:
742–4.

• Nisu navedena imena autora
Coffee drinking and cancer of the pancreas (editorial).
BMJ 1981; 283: 628.

• Volumen sa suplementom
Magni F, Rossoni G, Berti F. BN-52021 protects guinea pig
from heart anaphylaxis. Pharmacol Res Commun 1988; 20
Suppl 5: 75 –8.

• Sveska sa suplementom
Gardos G, Cole JO, Haskell D, Marby D, Pame SS, Moore P.
The natural history of tardive dyskinesia. J Clin Psycho-
pharmacol 1988; 8 (4 Suppl): 31S–37S.

Knjige i druge monografije

• Jedan ili vi{e autora
Eisen HN. Immunology: an introduction to molecular and
cellular principles of the immune response. 5th ed. New
York: Harper and Row, 1974: 406.

• Urednik(ci) kao autor
Danset J, Colombani J, eds. Histocompatibility testing 1972.
Copenhagen: Munksgaard, 1973: 12– 8.

• Poglavlje u knjizi
Weinstein L, Shwartz MN. Pathologic properties of inva-
ding microorganisms. In: Soderman WA Jr, Soderman WA.
eds. Pathologic physiology: mechanisms of disease. Phi-
ladelphia: Saunders, 1974: 457–72.

• Rad u zborniku radova
Harley NH. Comparing radon daughter dosimetric and risk
models. In: Gammage RB. Knye SV. eds. Indoor air and hu-
man health. Proceedings of the Seventh Life Sciences Sym-
posium: 1984 Oct 29-31; Knoxville (TN). Chelsea (MI): Lewis.
1985: 69–78.

• Disertacije i teze
Cairns RB. Infrared spectroscopis studies of solid oxygen.
Dissertation. Berkeley, California; University of California,
1965.
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INSTRUCTIONS TO AUTHORS

»Jugoslovenska medicinska biohemija« is the journal
publishing scientific and specialized articles on all as-
pects of clinical chemistry, medical biochemistry and
related scientific disciplines where chemistry, bioche-
mistry, molecular biology and immunochemistry are
dealing with the study of normal and pathologic pro-
cesses in human beings. All manuscripts are reviewed
and after final decision are classified in the following
categories: a) personal view, b) review articles, c) ori-
ginal papers, d) professional  papers, e) preliminary
reports, and f) review of scientific meetings. There are
also different reports and news, book reviews, reports
on the activity of the Society of Medical Biochemistry of 
Serbia and Montenegro, IFCC and other related orga-
nizations, letters to the editor, and information about
innovations, new reagents and instruments in the field
of clinical chemistry.

All manuscripts should be addressed to:
The Editor, »Jugoslovenska medicinska biohemija«,

Department of Medical Biochemistry, University School
of Pharmacy, Vojvode Stepe 450, 11 221 Belgrade, P.O.
Box 146, Serbia and Montenegro.

All manuscripts will be reviewed by two anonymous
reviewers. Manuscripts which do not satisfy the pro-
posed criteria will be returned to the author for adap-
tation to reviewers suggestions. Final decision for pu-
blishing will be made by the Editorial Board.

The author will receive first proofs for correction.
Manuscripts are not returned.

1. Manuscript Preparation

The complete manuscript, including enclosures,
should be sent in two copies (original and a photo-
copy). Enclosures to original copy should be prepa-
red according to instructions given in section 2. The
manuscript should be typed or printed double-spa-
ced (30 lines on a page), with a 4 cm left margin.
Review articles and original papers should not exceed
15 pages and other articles 8 pages, including all
enclosures. The manuscript has to be arranged as
follows:

1.1. The title should be short and clear, and typed
on the separate sheet, with full names of authors, fo-
llowed by the name of institution. Exact postal ad-
dress of the author to whom communications should
be sent is typed at the bottom.

1.2. A summary should be short and clear, typed
on the separate sheet, not exceeding 120 words. The
summary should point to the problem, methods, results
and discussion.

1.3. A  short summary in Serbian language should
be typed on the separate sheet, beginning with the
Serbian title.

1.4. At the end of the Serbian and English sum-
maries up to five key words should be written for in-
dexing purposes.

1.5. Introduction should be clear, pointing to the
essence of the  problem and the purpose of the
study. References related to the problem discussed in
manuscript should be cited.

1.6. The experimental part should include descrip-
tion of material and methods used. If methods are
widely known, they should not be described, but only
references indicated. If the article deals with a new
method or modified method, full description should
follow. Methods used in statistical analyses should be
indicated.

1.7. Results should be precise and clear, statisti-
cally processed and expressed according to the In-
ternational System of Units (SI).

1.8. Results should be discussed and compared to
reference results. Conclusions should be drawn on the
basis of these comparisons.

1.9. The manuscript should be written in the third
person and passive tense avoided.

2. Tables and figures

The number of tables and figures should be rati-
onal.

2.1. Tables are typed on separate sheets, with the
table number in roman numerals, and title centered
above the table and explanatory note below the
table. Abbreviations are not used in the tables, ex-
cept the accepted  nomenclature and SI system.
Place of tables in the text should be indicated.

2.2. Figures and graphs are submitted on sheets
separate from the text, with the figures and graphs
number in arabic numerals, and place in the text
indicated. Figure and graph legends are typed on
sheets separate from the text.

Black and white photographs of good quality are
submitted. The first author’s name, figure number and
top location are indicated on the back of each illustra-
tion.

Original drawings, made in India ink on tracing
paper, are submitted. Letter symbols and signs should
be bright, of equal size and appropriate printing pro-
portions. The first author’s name, drawing number and
top location are indicated on the back of illustration.

3. References

References are typed on sheets separate from the
text and follow the text. References are identified in
the text by arabic numerals in parentheses, and num-
bered consecutively in the order in which they are
mentioned in the text. If one reference is cited seve-
ral times in the text, the same number is indicated in
parentheses.

Citations such as »personal communication«, »un-
published data« or »in press« are not accepted. Ab-
breviations of journals conform to those used in Index
Medicus (List of Journals Indexed). After the volume,
first and last page of the cited article are indicated,
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followed by the year of publication. Vancouver rules
precisely determine the order of data and punctua-
tion marks as given in examples. List all authors if six or
less; otherwise list first six and add »et al.«.

Periodicals:

• Example for articles in journals
Goate AM, Haynes AR, Owen MJ, Farral M James LA, Lai
LY, et al. Predisposing locus for Alzheimer’s disease on
chromosome 21. Lancet 1989; 1: 352– 5.

• Example for institution as author
The Royal Marsden Hospital Bone-marrow Transplantation
Team. Failure of bone-marrow graft without preconditi-
oning in posthepatitis marrow aplasia. Lancet 1977; 2:
742–4.

• Example for articles without authors' names
Coffee drinking and cancer of the pancreas (editorial).
BMJ 1981; 283: 628.

• Example for volume with supplement
Magni F, Rossoni G, Berti F. BN-52021 protects guinea pig
from heart anaphylaxis. Pharmacol Res Commun 1988;
20 Suppl 5: 75– 8.

• Example for number with supplement
Gardos G, Cole JO, Haskell D, Marby D, Pame SS, Moore P.

The natural history of tardive dyskinesia. J Clin Psycho-
pharmacol 1988; 8 (4 Suppl): 31S –37S.

Books and monographs

• Example for one or more authors
Eisen HN. Immunology: an introduction to molecular and
cellular principles of the immune response. 5th ed. New
York: Harper and Row, 1974: 406.

• Example for editor(s) as author(s)
Danset J, Colombani J, eds. Histocompatibility testing 1972.
Copenhagen: Munksgaard, 1973: 12– 8.

• Example for chapter in a book
Weinstein L, Shwartz MN. Pathologic properties of inva-
ding microorganisms. In: Soderman WA Jr, Soderman WA.
eds. Pathologic physiology: mechanisms of disease. Phi-
ladelphia: Saunders, 1974: 457–72.

• Example for articles in the proceedings
Harley NH. Comparing radon daughter dosimetric and risk
models. In: Gammage RB. Knye SV. eds. Indoor air and
human health. Proceedings of the Seventh Life Sciences
Symposium: 1984 Oct 29– 31; Knoxville (TN). Chelsea (MI):
Lewis. 1985: 69–78.

• Example for dissertation and thesis
Cairns RB. Infrared spectroscopic studies of solid oxygen.
Dissertation. Berkeley, California; University of California, 1965.
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