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UDC 050.449(497.113 Novi Sad):5/6„2001"

POVODOM IZLASKA 100. SVESKE
ZBORNIKA MATICE SRPSKE ZA PRIRODNE NAUKE

Osnivaåi Matice srpske široko su shvatali Matiåine zadatke.
Pored beletristike i prosveãivawa naroda, pod pojmom „kwiÿestva"
podrazumevali su i rad na nauci. Ipak, pokretawu nauånih zbornika
prethodio je dug put iako se od samog osnovawa Matice kroz wen rad
stalno provlaåila potreba za nauånim radom. Tako je, ubrzo po osniva-
wu Matice srpske, Teodor Pavloviã prilikom preuzimawa uredništva
wenog glavnog, istovremeno univerzalno kulturnog organa Letopisa,
1832. godine, utvrdio da se u Letopisu „uspjeh i napredak Serbski u na-
ukama i prosvešåeniju jasno vidi". Na osnovu shvatawa o povezanosti
nauke i ÿivota u Matici sve jaåe dolazi do izraÿaja teÿwa da se orga-
nizuje domaãa nauka. Jovan Ðorðeviã 1858. godine veli da Letopis tre-
ba naåiniti „nauånim organom za srbske stvari". Za vreme uredništva
Jovana Subotiãa Letopis ispoqava naroåito veliko zanimawe za nauku.
Kasnije, poåetkom prošlog veka, Tihomir Ostojiã piše: „Istorija po-
kazuje, a ÿivot odluåno zahteva, da Letopis bude narodni organ koji
traÿi åvrstu podinu u nauci i poznavawu narodnog ÿivota". I u na-
rednom periodu åesto je isticana potreba za razvojem nauånog rada u
Matici. Tako je Kwiÿevni odbor Matice srpske 1912. godine, na pred-
log ondašwe mlade generacije graðanske inteligencije, usvojio predlog
da se Kwiÿevnom odeqewu ustanove struåni zborovi sa ciqem da daju
polet kwiÿevnom i nauånom radu u Matici srpskoj.

Uprkos lutawima i nerazumevawima u orijentaciji Matiåinog ra-
da vremenom opravdanost i potreba wene orijentacije na nauåni rad u
sve veãoj meri dolaze do izraÿaja. Posle Drugog svetskog rata stvoreni
su uslovi za organizovawe Matice srpske kao nauånog društva, inici-
jatora i organizatora nauånoistraÿivaåkog rada u raznim oblastima
stvaralaštva. Kao rezultat tih teÿwi pre pedeset godina doneta je od-
luka o pokretawu Zbornika za prirodne nauke. Opravdanost te odluke po-
tvrðuje pola veka uspešnog izlaÿewa ovog åasopisa.

Za proteklih pedeset godina Zbornik je izrastao u vodeãi nacio-
nalni nauåni åasopis. U Zborniku je objavqeno 1.166 originalnih nauå-
nih radova iz razliåitih oblasti prirodnih nauka. Pored toga, obja-
vqeno je 260 prikaza i beleÿaka, kao i 21 nekrolog. Åasopis je u prote-
klo vreme redovno izlazio. Sa malim izuzetkom, objavqivane su po dve
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sveske godišwe. Za proteklih 50 godina objavqeno je 100 svezaka, što
iznosi 17.929 stranica štampanog teksta.

Pored domaãih vodeãih nauånih stvaralaca, u Zborniku su svoje ra-
dove objavili i 73 inostrana istraÿivaåa iz 17 zemaqa sveta.

Za proteklih 50 godina izlaÿewa Zbornika struktura objavqenih
radova po disciplinama znaåajno se izmenila. U prvim godinama naj-
više objavqenih radova bilo je iz oblasti biologije i geografije, a ka-
snije se javqa sve veãi broj naslova iz oblasti hemije i medicine. Ana-
lizom strukture objavqenih naslova za ceo period izlaÿewa Zbornika
moÿe se zakquåiti da od ukupnog broja objavqenih radova na biologiju
otpada 57,9%. U okviru biologije najzastupqeniji su bili radovi iz
floristike i fitocenologije — 24%, zatim fiziologije biqaka —
17,4% i zoologije kiåmewaka i beskiåmewaka po — 16,4%. Usled razvoja
novih oblasti u okviru biologije posledwih godina sve su zastupqeni-
ji radovi iz molekularne biologije i biofizike.

Znaåajne razlike mogu se uoåiti i u obimu radova: oni su postali
kraãi, koncizniji, bez nepotrebnih opisa i detaqa. Broj autora po radu
se znaåajno poveãao: dok su u prvih trideset brojeva skoro svi radovi
bili samostalni, u posledwih dvadeset brojeva proseåan broj autora po
radu iznosi 3,2. Za poveãawe broja autora po radu ima više razloga: je-
dan je multidisciplinarni karakter objavqenih radova. Znaåajno se po-
veãao i broj citiranih autora po radu. U prvim brojevima Zbornika po
stranici teksta citirano je u proseku 0,56 autora, a u posledwih pet-
naest brojeva 1,7. Poveãawe broja citiranih autora po radu ukazuje na
veoma dinamiåan rast nauånih saznawa i komunikacije u svetu.

Zbornik za prirodne nauke je u toku svog izlaÿewa tri puta mewao
naslov. Pod naslovom Nauåni zbornik Matice srpske — serija prirodnih
nauka pojavio se 1951. godine, pa je kao Zbornik Matice srpske — serija
prirodnih nauka izlazio sve do svog desetog broja, 1956. godine, da bi se
zatim, od 11. broja, pojavqivao pod naslovom Zbornik za prirodne nauke.
Od 66. broja (1984. godine) Åasopis izlazi pod naslovom Zbornik Mati-
ce srpske za prirodne nauke.

Urednici Zbornika bili su: 1951. godine prof. dr Miloš Jovano-
viã, od 1952. do 1969. godine prof. dr Branislav Bukurov, akademik, od
1970. do 1976. godine prof. dr h. c. Lazar Stojkoviã, a od 1977. do 1996.
godine prof. dr Slobodan Glumac.

Dominacija engleskog jezika u meðunarodnoj komunikaciji, posebno
u prirodnim naukama, kao i Pravilnik Ministarstva za nauku i tehno-
logiju Republike Srbije o rangirawu i s tim u vezi finansirawu izla-
ÿewa åasopisa, nametnuli su potrebu za štampawem Zbornika na engle-
skom jeziku. Prvi broj na engleskom jeziku pojavio se 1993. godine.
Istovremeno, nametnula se potreba za promenom u ureðivawu Åasopisa.
Pored postojeãeg Uredništva, 1977. godine je imenovano i savetodavno
telo Uredništva sastavqeno od znamenitih inostranih istraÿivaåa.

Oduvek se velika paÿwa posveãuje razmeni Zbornika sa nauånim
ustanovama, bibliotekama i referalnim centrima. Zbornik se posled-
wih godina razmewuje sa 63 institucije iz 23 zemqe sveta. Pored toga,
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radovi objavqeni u Zborniku referisani su referalnim ÿurnalima u
zemqi i u inostranstvu, te dostignuãa domaãe nauke u oblasti prirod-
nih nauka postaju deo svetske baštine saznawa. Razmena Zbornika isto-
vremeno doprinosi afirmaciji domaãe nauke i olakšava našim istra-
ÿivaåima da prate strana nauåna dostignuãa. Vidan napredak na poqu
informacione tehnologije posledwih godina omoguãuje mnogo brÿu i
efikasniju prezentaciju nauånih dostignuãa nego što je dosad bilo uo-
biåajeno. S tim u vezi nameãe se potreba za prezentacijom Zbornika na
internetu.

Za proteklih pedest godina izlaÿewa Zbornik je izrastao u znaåaj-
nu tribinu nauånih dostignuãa u oblasti prirodnih nauka u nas pa i
šire. Tome je svakako doprinelo novonastalo okruÿewe, osnivawe na-
uånih instituta, fakulteta i univerziteta i, uopšte, razvoj nauånoi-
straÿivaåkog rada u našoj zemqi. Radovi objavqeni u Zborniku pored
opšte nauåne vrednosti i doprinosa svetskoj baštini znawa u velikoj
meri su doprineli i boqem upoznavawu nas samih i prirode koja nas
okruÿuje: zemqišta, klima, vodotokova, ritova, pašwaka, šuma i celo-
kupnog biqnog i ÿivotiwskog sveta. Znaåajno je istaãi da su ova sazna-
wa doprinela ne samo razvoju naše zemqe, nego takoðe i uspostavqawu
danas tako nuÿnog harmoniånog odnosa izmeðu åoveka i prirode.

Dinamiåan razvoj prirodnih nauka u buduãnosti ãe pred Zbornik
postavqati sve zamašnije zadatke. Pola veka uspešnog pojavqivawa
Zbornika uverava nas da ãe ovaj åasopis, zahvaqujuãi svojim saradnici-
ma, moãi uspešno da odgovori novim, sve veãim i teÿim zahtevima i
da ãe doprineti daqoj nauånoj afirmaciji i ugledu ne samo Zbornika
nego i Matice srpske.

Matica srpska ãe i ubuduãe kao afirmisana nauåna ustanova dati
svoj pun doprinos razvoju nauke i drugih vidova stvaralaštva i na taj
naåin, sledeãi svoje svetle tradicije, doprineti našem društvenom i
ekonomskom razvoju. Daqe uspešno izlaÿewe Zbornika biãe deo te ve-
like i humane misije koju je Matica srpska od svog osnivawa sledila.

Glavni i odgovorni urednik
R. Kastori
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A WORD OF EDITOR IN CHIEF
ON THE OCCASION OF THE 100TH ISSUE OF

„MATICA SRPSKA JOURNAL OF NATURAL SCIENCES"

The founders of Matica srpska had tasked their brainchild with a broad
scope of objectives. The term 'publishing' as they had used it implied not only
belletristic and instructive publications but also scientific ones. Although the
need for scientific work had been keenly felt from the very beginnings, it took
a long time to publish the first scientific journal. In 1832, for example, Teodor
Pavloviã, on appointment for editor in chief of 'The Annals of Matica srpska',
at that time Matica's principal publication of universal and cultural orientation,
declared that the Annals „clearly demonstrate success and progress of Serbs in
sciences and enlightenment". Aware that science and prosperity are closely
linked, Matica vigorously advocated the necessity of organizing scientific
work at the national level. In 1858, Jovan Ðorðeviã declared that the Annals
should be made „a scientific instrument for the Serbian cause". During the
term of Jovan Subotiã as editor in chief, the Annals exhibited keen interest in
scientific issues. Later on, at the beginning of the previous century, Tihomir
Ostojiã wrote: „History instructs us and life demands of us to make the Annals
an instrument in the service of people, firmly based on science and the knowl-
edge of the way our people live". In the subsequent period, Matica continued
to advocate in favor of scientific work with unabated ardor. In 1912, in re-
sponse to a motion coming from a group of young intellectuals, the Literary
Board of Matica srpska passed a decision to establish expert panels within its
Literary Department. The goal of the panels was to give impetus to literary
and scientific work in Matica srpska.

In spite of meanderings and incomprehension of the orientation towards
scientific work, Matica's efforts gradually grew to be understood and apprecia-
ted. After World War II, conditions were created to organize Matica srpska as
a scientific society, a stimulant and organizer of research work in various sci-
entific fields. The long expectations came to fruition when it was decided to
start the Journal of Natural Sciences. Half a century of successful publishing
activity fully justifies this decision.

Over last fifty years, the Journal grew into the national leading scientific
publication. The Journal has published 1,166 original scientific papers from
different natural sciences, 260 reviews and notices and 21 obituaries. The pub-
lishing of the Journal proceeded regularly. With small exceptions, two volu-
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mes were issued annually. One hundred volumes were published over last 50
years, totaling 17,929 printed pages.

Contributors to the Journal have been leading researchers from the coun-
try as well as 73 foreign researchers from 17 countries.

During past 50 years, the profile of scientific disciplines covered by the
Journal underwent significant changes. Biology and geography were the predo-
minant disciplines in the early years, to be succeeded by chemistry and medi-
cine. An analysis of the structure of papers published over the entire 50-year
period has shown that papers from the field of biology take 57.9% of the total
number. Within the field of biology, most frequent were papers dealing with
floristics and plant communities, 24%, plant physiology, 17.4%, and the zool-
ogy of vertebrates and invertebrates, 16.4% each. In consequence to the devel-
opments in the biological studies, the number of papers from molecular biol-
ogy and biophysics has increased proportionally in recent years.

Significant changes have also occurred in the volume of papers. They be-
came more concise, avoiding unnecessary descriptions and details. The number
of co-authors increased significantly. While in the first 30 issues almost all pa-
pers had a single author, the number of co-authors rose to 3.2 in the last 20 is-
sues. There are several reasons for this increase, the multidisciplinary character
of the papers being one of them. The number of citations per paper was also
increased, from 0.56 authors quoted per page in the early issues to 1.7 in the
last 15 issues. The increase in the number of cited authors is indicative of the
dynamic growth of the scientific knowledge and communications in the world.

In its 50-year history, the Journal changed name three times. The first ten
issues, released from 1951 to 1956, were published as 'Scientific Journal of
Matica srpska — Natural Sciences Series'. The issues 11 to 65, released from
1956 to 1984, were published as 'Journal of Natural Sciences'. Since 1984 and
the 66th issue the Journal is published under its present name, 'Matica srpska
Journal of Natural Sciences'.

Chief editors of the Journal were Prof. Dr. Miloš Jovanoviã, from 1951
to 1952, Prof. Dr. Branislav Bukurov, Academician, from 1952 to 1969, Prof.
Dr. h. c. Lazar Stojkoviã, from 1970 to 1976, and Prof. Dr. Slobodan Glumac,
from 1977 to 1996.

Domination of the English language in international communication, es-
pecially in natural sciences, and the rules of the Ministry of Science and Tech-
nology of the Republic of Serbia concerning the ranking and subsidizing of jo-
urnals compelled the Journal to switch from Serbian to English. The first Eng-
lish issue appeared in 1993. The change in language called for a change in ed-
itorial policy. Consequently, in 1997, the Editorial Board was enlarged for a
consulting commission made up of notable foreign scientists.

Attention has been given to the exchange of the Journal with scientific
institutions, libraries and reference systems. In recent years, the Journal has
been exchanged with 63 institutions from 23 countries. Also, papers published
in the Journal are registered in several domestic and foreign reference journals.
In this way the achievements of domestic natural scientists become part of the
global scientific heritage. The exchange promotes the national science and
helps domestic scientists follow scientific developments on the international
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scale. Recent advances in information technology have made the presentation
of scientific achievements faster and more efficient than ever before. Time has
come to consider possibilities of Internet presentation of our Journal.

Over last 50 years, the Journal developed into an important scientific ros-
trum whose significance exceeds the national framework. This process was
certainly facilitated by the new invigorating atmosphere, through the establish-
ment of research institutes, colleges and universities and through the general
development of research work in the country. In addition to their universal sci-
entific significance, the papers published in the Journal helped us learn more
about ourselves and the environment around us, soil, climate, watercourses,
swamps, pastures, forests and the plant and animal life. The newly gained
knowledge contributed not only to the development of the country but also to
the reestablishment of harmony between the man and the nature.

The dynamic development of the natural sciences sets more and more
complex tasks before the Journal. Half of century of successful work seems a
convincing proof that the Journal's staff will be able to cope with these tasks,
further confirming the good standing not only of the Journal itself but also of
Matica srpska on the whole.

In harmony with its honorable tradition, Matica srpska is determined to
continue making full contribution to the development of science and other
forms of human creativeness, for the benefit of social and economic progress
of the country. Future issues of the Journal will be part of that noble and hu-
mane mission.

Editor in chief
R. Kastori
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D e s a n k a K . M a r i ã

Institute of Biology, Faculty of Natural Sciences
Trg D. Obradoviãa 2, 21000 Novi Sad
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STRESS-INDUCED INHIBITION OF REPRODUCTIVE
FUNCTION EVIDENCE FOR INTERACTIONS

BETWEEN THE FEMALE REPRODUCTIVE SYSTEM
AND METABOLIC STRESS

ABSTRACT: This review will briefly discuss the stress-induced alterations of the
GnRH/LH pulsatile secretion, and interactions between the female reproductive system and
metabolic stress.

Experimental studies and clinical observations have shown that stress suppresses the
reproductive function (RF) causing anovulation, inadequate luteal phase, infertility decrea-
sed libido and impotence. This is presumably an adaptive response devoted to conserving
energy during hardship.

A variety of stressors (physical, physico-emotional, emotional, metabolic etc.) sup-
presses the RF acting on the hypothalamic-pituitary-gonadal (HPG) axis at all three levels.
The most remarkable feature is the inhibition of pituitary preovulatory luteinizing (LH) sur-
ge and pulsatile LH secretion, as a consequance of markedly decreased episodic hypothala-
mic gonadotropin-releasing hormone (GnRH) secretion. Alterations in episodic release of
GnRH appear to play a critical role in the inhibition of RF. Inhibition of GnRH/LH surge
during stress conditions suggests that stress responsive hormones act primarily on the hypot-
halamic-pituitary (HP) component of the HPG axis causing anovulation i.e. hypothala-
mic/hypogonadotropic amenorrhea (HA) which is observed regardless of the types of stres-
sors. For example, in response to metabolic stress: nutritional status, degree of fat stores, se-
vere dietary restriction i.e. anorexia nervosa, energy availability, or heavy exercise, as ballet
dancing and long distance running, failure in RF has been observed with prevalence of ame-
norrhea and infertility. Endocrine and neuroendocrine examinations have found that proxi-
mal cause of impaired RF in these women is HA, caracterized by disruption of pulsatile
GnRH/LH secretion.

The HPG axis integrates information derived from the body's metabolic control cen-
ters and responds to maximize the organism's reproductive fitness. However, the physiologi-
cal mechanisms linking metabolic center and reproduction remain poorly understood. It ap-
pears that leptin, a lipostatic hormone, may act as a metabolic signal to the HPG axis.
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INTRODUCTION

Life exists by maintaining a complex dynamic equilibrium, or homeosta-
sis, that is constantly challenged by intrinsic or extrinsic adverse forces of
stressors. Stress is broadly defined as any stimulus that disturbs the homeosta-
sis of the organism. Homeostasis is reestablished by a complex repertoire of
physiologic and behavioral adaptive responses of the organism (S e l y e H . ,
1939). The adaptive responses may be inadequate for the reestablishment of
homeostasis or excessive and prolonged; in either case a healthy steady state is
not attained and pathology may ensue.

Ample evidence has been accumulated showing that stress inhibits repro-
ductive function (RF) acting at multiple levels, both centrally and peripherally.
A countless of physical, physico-emotional, emotional etc. stressors suppress
the RF acting on the hypothalamic-pituitary-gonadal (HPG) axis, particularly
inhibiting pituitary pulsatile luteinizing hormone (LH) secretion as a conse-
quence of markedly decreased episodic hypothalamic gonadotropin releasing
hormone (GnRH) secretion, leading to absence of ovulation (amenorrhea) and
disturbance of a normal estrus or menstrual cycle.

STRESS AND GnRH NEURONS

The function of HPG axis, essential for normal reproduction in humans,
rodents and a variety of other species is primarily maintained by the activity
of hypothalamic GnRH system secretion. The GnRH system is characterized
by a peculiar anatomical location: it is composed of about a few hundred neu-
rons distributed in the hypothalamus, extending from the preoptic area to the
anterior and medial basal hypothalamic regions (M e r c h e n t h a l e r et al.,
1984). GnRH producing neurons make synaptic connection with each other,
and with numerous other neurons, and are believed to form a neuronal net-
work that is responsible for the episodic GnRH secretion (L e r a n t h et al.,
1985). This episodic pattern of GnRH release is critical for normal secretion
of anterior pituitary gonadotropins (LH and FSH). Tonic LH secretion, occurs
at low levels in a pulsatile pattern in response to the episodic release of GnRH
into the hypophyseal portal circulation. Increased pulsatile GnRH release (am-
plitude and frequency) is essential for the generation of the preovulatory LH
surge (midcycle LH surge) that triggers ovulation. Alterations in episodic rele-
ase of GnRH appear to play a critical role in the inhibition of RF, causing ab-
sence of ovulation i.e. amenorrhea, inadequate luteal phase, infertility etc. It
has recently has been shown that even a modest slowing of GnRH pulsatility
(from one pulse every hour to one every two hours) in women can signifi-
cantly hinder the normal endocrine dynamics of the menstrual cycle and ovu-
lation (F i l i c a r i et al., 1991). Also, pulsatile release of gonadotropins from
the anterior pituitary cannot be maintained by continuous infusion of GnRH
( B e l c h e t z et al., 1978).

Pulsatile GnRH secretion and preovulatory LH surge, which are critical
for ovulation, are controlled by increased level of ovarian estradiol; positive
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feedback regulation, while pulsatile tonic GnRH and LH secretion are control-
led by the negative feedback actions of gonadal steroids.

GnRH secretion is additionally modulated by various compounds: corti-
cotropin releasing hormone (CRH), neurotransmiters, catecholamines, opiates,
neuropeptide pituitary hormones, gonadal steroids, etc. Some of these compo-
unds affect episodic GnRH, LH secretion and preovulatory LH surge in inhibi-
ting (CRH, prolactin, cytokines, inhibitory amino acids) or stimulating (gona-
dal steroids, neuropeptide Y, excitatory amino acids) fashion (K r s m a n o -
v i c et al., 1996). The role of norepinephrine on GnRH/gonadotropin release
has been a matter of debate, since both stimulatory and inhibitory effects have
been reported.

Much work has been devoted to understanding the mechanisms, through
wich stress inhibits HPG axis. In this respect one of the most important factor
is CRH. CRH is the main regulator of pituitary adrenocorticotropin hormo-
ne (ACTH) secretion and coordinator of the stress response (C h r o u s o s ,
1998). Besides CRH various stress responsive hormones: EOP (M a r i ã et al.,
1991, 1995), prolactin (S i m o n o v i ã et al., 1994) and catecholamines (C a -
l o g e r o et al., 1998) affect HPG axis, acting at all three levels, but primarily
on the hypothalamic-pituitary (HP) component of the HPG axis, causing decli-
ne of gonadotropins, LH surge, absence of ovulation i.e. hypothalamic ameno-
rrhea (HA). Hypothalamic amenorrhea is observed regardless of the types of
stressor. For example, complete blockade of the preovulatory LH profile and
ovulation was observed after exposure of normal cycling rats to immobiliza-
tion stress (M a r i ã et al., 1992, R o o z e n d a a l et al., 1995).

HYPOTHALAMIC AMENORRHEA; INFLUENCE OF
METABOLIC STRESS

In response to metabolic stress (nutritional status, degree of fat stores, se-
vere dietary restriction i.e. anorexia nervosa, energy availability, or heavy ex-
ercise i.e. ballet dancing and long distance running, etc.) failure in reproducti-
ve function has been observed with prevalence of amenorrhea and infertility
( F r i s c h , 1990) Endocrine and neuroendocrine examinations have found that
the proximal cause of ovarian and menstrual cycle disfunction in these women
is HA. Hypothalamic amenorrhea is caracterized by disruption of pulsatile sec-
retion of LH by the pituitary and this is caused by the disruption of the pulsa-
tile secretion of GnRH by the hypothalamus (L o u c k s , 1989).

Women of normal weight may also experience the so-called functional
idiopathic hypothalamic amenorrhea (FHA).

Functional idiopathic hypothalamic amenorrhea is thought to be stress-in-
duced if exercise or dieting with weight loss is not identified. Neuroendocrine
disfunction has been found in women with FHA, suggesting that central regu-
lation of multiple hypothalamic-pituitary hormones in response to various
stressors is disturbed (B e r g a et al., 1989). A common denominator in FHA
is suppression of GnRH secretion. Recent data suggest that energy availability
or overall energy deficit may cause the suppression of GnRH secretion that
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occur in FHA (L a u g h l i n and Y e n , 1997). This so-called „energy availa-
bility hypothesis" holds that dietary energy intake is inadequate for the energy
costs of both reproduction and locomation (L o u c k s , 1998).

The HPG axis integrates information derived from the body's metabolic
control centers and responds to maximize the organism's reproductive fitness
( I ' A n s o n et al., 1991). However, the physiological mechanisms linking
metabolic center and reproduction remain poorly understood. It appears that
leptin, a lipostatic hormone discovered in 1994, may act as a metabolic signal
to the HPG axis. Leptin which is secreted almost exclusively by adipocytes, is
the product of an obese gene (Z h a n g et al., 1994) and is involved in the re-
gulation of food intake, body fat and energy balance (P e l l e y m o u n t e r et
al., 1995). Several lines of evidence suggest that leptin might participate in the
regulation of reproductive processes, by acting at multiple levels, both cen-
trally and peripherally (Z a m e z a n o et al., 1997).

Leptin protein is found in follicular fluid with levels corresponding to
those found in the serum (C i o f f i et al., 1997) Leptin levels in peripheral
blood samples vary throughout the menstrual cycle, with leptin levels peaking
in the luteal phase, in a manner similar to estradiol and progesterone (G r e -
i s t h o v e l et al., 1998). The expression of the functional leptin receptors in
ovarian follicular cells (K a r l s o n et al., 1997) supports the possible direct
involvement of leptin in the ovarian function (D u g g a l et al., 2000). Also,
available evidence indicates that some actions of leptin on reproduction might
derive from influences on specific brain areas (B a r a s h et al., 1996). High
concentrations of leptin receptor have been found in the arcuate nucleus
as well as other regions in the hypothalamus, (H a k a n s s o n et al., 1998)
that have been implicated in the regulation of both feeding and reproduction
( K a l r a and K a l r a , 1996). The precise site(s) where leptin might exert its
central action(s) on the reproductive processes still remain(s) not completely
elucidiated. Namely, it has been shown that leptin might modulate the activity
of GnRH secreting neurons in a direct way, (M a g n i et al., 1999) also it has
been shown that leptin may indirectly stimulate GnRH release by acting on in-
terneurons impinging on GnRH secreting neurons (Y u W H . et al., 1997).
Thus the net effect of leptin on this process would derive from the modulation
of GnRH secreting nerve terminals present in the median eminence as well as
of interneurons producing transmitters such as neuropeptide Y, proopiomelano-
cartin-derived peptides, nitric oxide and norepinephrine (F i n n , 1998). It is
well known that GnRH release is controlled by a complex hormonal system.
In this context leptin also might be a modulator of the reproductive function at
the GnRH levels as well as at other levels (pituitary, gonads) of HPG axis,
probably interacting with other agents and facilitating their actions.

In different types of HA, amenorrheic athletes, in women with anorexia,
in HA that are weight or exercise-induced, the syndromes associated with neg-
ative energy balance, low leptin levels and absence of diurnal rhythm of leptin
have been reported. Since a common denominator in HA is suppression of
GnRH secretion, depressed leptin level seen in HA raise the possibility that
metabolic factors are present in this syndrome. Understanding the disregulation
that occurs in HA may provide a clue to treating the amenorrhea and to under-
standing the central signal suppressing GnRH in hypothalamic amenorrhea
( W a r r e n et al., 1999).
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STRESOM IZAZVANA INHIBICIJA REPRODUKTIVNE FUNKCIJE:
MEÐUZAVISNOST ŸENSKOG REPRODUKTIVNOG SISTEMA

I METABOLIÅKOG STRESA

Desanka Mariã
Institut za biologiju Univerziteta u Novom Sadu
21000 Novi Sad, Trg D. Obradoviãa 2, Jugoslavija

Rezime

U priloÿenom preglednom ålanku dat je kratak prikaz stresom izazvane
inhibicije pulsatorne sekrecije GnRH/LH i interakcije izmeðu reproduktivne
funkcije i metaboliåkog stresa.

Eksperimentalni rezultati i kliniåke analize su pokazali da stres (sva-
ki stimulus koji remeti dinamiåku ravnoteÿu — homeostazis organizma) inhi-
bitarno deluje na reproduktivnu funkciju (RF). Bez obzira na vrstu stresora
(fiziåki, fiziko-emotivni, emotivni, metaboliåki itd.) stresori inhibišu
hipotalamo-hipofiznu-gonadnu osovinu (HPG) delujuãi na sva tri nivoa. Kod
ÿena inhibitarno delovawe stresa je naroåito izraÿeno na nivou hipotala-
mo-hipofiznog kompleksa, a što se ogleda u izostanku pulsativnog oslobaðawa
luteinizujuãeg hormona (LH) hipofize, kao posledica poremeãene epizodne se-
krecije, hipotalamo-gonodotropnog oslobaðajuãeg hormona (GnRH) u hipotala-
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musu. Posledica ovakvog poremeãaja je izostanak ovulacije i pojava hipotala-
mo-hipogonadotropne amenoreje. Hipotalamo-hipogonadotropna amenoreja se ja-
vqa bez obzira na vrstu stresora, a naroåito kao odgovor na metaboliåki stres.
Pod metaboliåkim stresom se podrazumeva: naåin ishrane, stroga dijeta kao
što je to sluåaj kod anoreksije nervoze, intenzivan fiziåki dugotrajan napor,
npr. kod balerina, atletiåarki, itd.

Informacije iz metaboliåkog kontrolnog centra integrišu se na nivou
hipotalamo-hipofizne-gonadne osovine. Meðutim, fiziološki mehanizmi koji
povezuju ova dva centra su slabo poznati. Nedavno otkrivawe leptina (1994.
god.) ukazuje da bi ovaj lipostatiåki hormon mogao delovati u interakciji meta-
boliåkog centra i hipotalamo-hipofizne-gonadne osovine.
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PHYSIOLOGICAL AND MOLECULAR BASIS OF STRESS

„Stress is a result of civilization which
man himself no longer can withstand"
wrote Hans Selye, the author of modern
concept of stress.

ABSTRACT: Stress causes changes in numerous physiological, molecular, biochemi-
cal and behavioral events, as a reaction of all living organisms to any homeostasis distur-
bance, by translating extracellular signals into a specific cellular response via the process of
signal transduction. This paper briefly summarizes the data from a number of laboratories,
including our own, providing results on important physiological and molecular activities of
living organisms under different stress conditions.

The aim of this paper is to send the message that stress as a syndrome disturbs all vi-
tal functions of living organisms, leading to a broad spectrum of diseases and disturbances.
Stress is the silent killer.

KEY WORDS: stress, HPA axis, glucocorticoid receptor, Hsps proteins, signal tran-
sduction

AND WHAT IS STRESS?

There is still no clear-cut definition for stress in the medical pathology
textbooks, but current literature defines it as „the set of all organic reactions to
physical, chemical, environmental, psychological (emotional), infectious, or
other aggressions, which are capable of disturbing the homeostasis". Stress is
a common phenomenon which is attracting increasing attention. The term
„stress", although having a very broad meaning, generally describes a state of
disturbed homeostasis, harmony and equilibrium. The disturbing forces, or in-
puts, are considered „stressors", while the counter-acting forces, or outcomes,
are called the adaptation.

It is important to understand that stress always corresponds to a relation
between the environment and the individual. It means that an aggression and a

21



response have occurred and that an interaction took place, as it has been pro-
posed by the Canadian physician Hans Selye, the creator of the modern con-
cept of stress (S e l y e , 1946). In the face of danger, the organism changes its
inner balance and priorities into a high physiological arousal, to enable these
two functions. The fight-or-flight response (termed by Cannon and Selye in
the 1930s) is a pattern of physiological responses that prepare the organism for
emergency. When the external balance is disrupted, the body changes its inter-
nal balance accordingly. According to Cannon/Selye, the so-called physiologi-
cal stress is a normal adaptation syndrome. When the response is pathological
such as in an ill-adapted individual, or in a situation where the stress stimulus
persists for a long time, an organic malfunction takes place, which may lead to
transitory disturbances or to severe manifestations of disease. Activation of the
stress system results in changes that allow the organism to adapt. S e e m a n
et al. (1997) recently suggested to use allostasis to describe the process of ad-
aptation to stress and developed a measure of allostatic load based on parame-
ters reflecting levels of physiologic activity across a range of important regula-
tory systems. The allostatic load is the sum of a number of parameters, and
this concept seems a more comprehensive assessment of major risks in the ag-
ing process.

It seems that stress will be the syndrome of the century, having in mind a
broad spectrum of disturbances in all levels of organization of living organ-
isms.

WHAT ARE THE FUNCTIONAL BASIS OF STRESS?

The scientist who has described for the first time the phenomenon of
stress, Hans Selye, has described a generalized physiological response to
stress. The hypothalamic-pituitary-adrenal (HPA) axis is the biological interfa-
ce for neuronal and humoral communication between CNS and peripheral
glands, organs responsible for mobilizing the stress response resulting in speci-
fic behavioral adaptation.

The perception of an imminent or traumatic event is made by the cortex,
a part of the brain structure. This perception is mediated by an enormous net-
work of neurons which comprise large parts of the brain, including the mem-
ory circuits.

Once the importance of the stimulus is determined, the cortex activates a
subcortical brain circuit in one of its parts, the limbic system, by means of the
neural structures which control emotion, as well the autonomous nervous sys-
tem, responsible for the control of function of the so-called visceral systems
(heart, blood vessels, eye pupils, stomach, intestines, glands, etc). These struc-
tures are mainly the amygdaloid bodies and the hypothalamus. Their activation
will lead to many bodily changes as well as an increase in the secretion of the
hormones adrenaline and noradrenaline by the medullar part of the adrenal
glands.

We now know that vital chemicals carry messages between brain cells. In
essence, they allow brain cells to „talk" to one another. On a typical day in
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the brain, trillions of messages are sent and received. Most nerve centers recei-
ve input from different types of messengers, and the most important are sero-
tonin, noradrenalin and dopamine. As long as this input is balanced, every-
thing runs along on an even keel. Stress causes problems with brain messen-
gers and the whole brain becomes distressed. Serotonin must work properly in
order to maintain normal sleep and mood patterns. Inside of our brain there is
a very precise „clock". The body clock is located deep in the center of the
brain, in the pineal gland, which is a store of serotonin, the chemical „main-
spring" of the clock. Each day, serotonin is chemically converted to melatonin,
a related compound, and then melatonin is converted right back to serotonin.

Noradrenalin has many important functions in the body's nervous system.
The one that most concerns us here, however, is the role of noradrenalin in
setting energy levels. And finally, dopamine seems to be concentrated in areas
of the brain immediately adjacent to where the major endorphin-releasing mec-
hanisms lie. Endorphins are responsible for regulating our moment-to-moment
awareness of pain. When too much stress causes failure of dopamine function,
it causes loss of body's natural „pain killer".

At the same time, the hypothalamus activates the pituitary. Under stress-
ing stimuli, the main hormone produced by this gland is ACTH, also known
as the „stress hormone". Carried by blood, ACTH increases the secretion of
other hormones, called corticosteroids. These hormones have many actions
over the body tissues, by altering its metabolism, the synthesis of proteins, the
resistance to invaders of our organism by the immune system, inflammations
provoked by infections, or damage of the tissues, etc. The degree of activation
of this brain-pituitary-adrenocortical axis can be evaluated by measuring the
level of cortisol, one of our inner corticosteroids. Cortisol is the main stress-
-fighting hormone. When cortisol secretion is high, the body shifts to a „war
footing".

The double discharge of hormones which are intensively bioactive, adren-
aline and the corticoids has lead scientists to believe that the pituitary and the
adrenals are the main mediators of stress.

Stress is associated with activation of the HPA axis. Stress first increases
levels of corticotropin-releasing hormone (CRH) and other secretogogues in
the hypothalamus. Release of CRH leads to subsequent stimulation of ACTH
release from the anterior lobe of the pituitary, that, in turn, stimulates the rele-
ase of glucocorticoids from the adrenal cortex. Similar effects are noted in ag-
ing, where there is a tendency for increased HPA activity and circulating glu-
cocorticoids implicated in the occurrence of hippocampal pathology and mem-
ory deficits. The increased glucocorticoid levels have traditionally been ascri-
bed to their physiological function of enhancing an organism's resistance to
stress. Glucocorticoids exhibit immunosuppressive activity and are critically
involved in adaptation to stress and in the control of metabolism. However,
contrary to the traditional view, it has become increasingly clear that glucocor-
ticoids at moderate to high levels also suppress defense mechanisms, such as
the anti-inflammatory and anti-allergic activities.

Munck and colleagues (M u n c k and N a r a y - F e j e s - T o t h , 1992)
clarified the permissive and suppressive effects of glucocorticoids as follows.
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Permissive effects, which are usually stimulatory, are those by which gluco-
corticoids at basal levels „permit", or normalize responses to stress. In con-
trast, suppressive actions represent physiological function of glucocorticoids to
protect the body against damage from its own activated defense mechanisms,
preventing overshoot. Among many examples are the inhibition by glucocorti-
coids of the production of numerous mediators of defense reactions, including
hormones such as antidiuretic hormone and insulin, as well as the immune
cytokines and gamma-interferon, all of which are dangerous when in excess.
Glucocorticoids suppress production of mediator and induce its receptors si-
multaneously in two opposing ways and mediator activity as a function of cor-
tisol concentration can be described by a biphasic or bell-shaped curve. Based
on these findings, it was suggested that the permissive and suppressive effects,
which in juxtaposition appear paradoxical, can be viewed as complementary
functions through which defense mechanisms are regulated by glucocorticoids
over the full range of their basal and stress-induced concentrations, thereby
preventing those reactions from overshooting to threaten homeostasis. Cortisol,
as a main representative of glucocorticoid hormones, plays a major role in the
intracellular communication and its importance for the survival upon a stress
has been well documented long ago. The molecular basis of its action is well
presented in Matiã's review (M a t i ã , 1995) and a better insight in the com-
plexity of molecular events occurring in a cell during adaptation to unfavora-
ble conditions are explained in many articles.

The events at the physiological level have the basis at the molecular level
including activation of complete cellular machinery, including different signal
transduction pathways within and between cells. Binding of signal molecule to
receptor triggers subsequent intracellular signaling networks. Through a series
of steps, the message from that signal gets transmitted and amplified within
the receiving cell or molecule, often leading to activation or deactivation of
specific transcription factors in the nucleus. Among the corticosteroids, the
glucocorticoids are especially attractive because of a current list of their ef-
fects might include disparate items. The special roles of glucocorticoids in
stress (M a t i ã et al., 1998), their relationship with shock proteins (Å v o r o
et al., 1998a; B u t o r o v i ã et al., 1994; Å v o r o et al., 1998b), acute phase
reactants (P o z n a n o v i ã et al., 1997), oncogenes, cancer, endocrine disea-
ses, etc., make a spectrum of responses which can be elicited depending on the
cell type, or environmental stimuli (S t a n k o v i ã et al., 1986; T r a j k o -
v i ã et al., 1981; T r a j k o v i ã et al., 1992; D u n ð e r s k i et al., 1996;
D u n ð e r s k i , 1997).

A vast majority of diverse and widespread physiological effects of gluco-
corticoid hormones are mediated through the glucocorticoid receptor (GR) pro-
tein (T r a j k o v i ã , 1989), a transcription factor directly involved in the regu-
lation of gene expression in glucocorticoid target tissues. In vivo, the hormone
binding capacity of the receptor, the rate of its transformation to DNA-binding
state, the affinity of the GR-GRE interaction and the efficiency of the receptor
in transcriptional regulation are all subject to regulation enabling the final cel-
lular response to glucocorticoid hormones to be turned in accordance with
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changing physiological and environmental conditions and instantaneous cellu-
lar demands (M u n c k et al., 1972; V i d o v i ã et al., 1996)

Steroid-free GR is assumed to be localized in the cytoplasm of target
cells, where its two forms: active (i.e., capable of ligand binding) and inactive
are maintained in equilibrium. The ligand binding to the receptor promotes its
transformation from a weak to a tight DNA-binding form. The transformation
process is accompanied by dissociation of the untransformed GR heterocom-
plexes, comprising some Hsps, an immunophiline and other proteins, and by
conformational alteration of its steroid-binding domain and is followed by the
nuclear import of the receptor occurring through nuclear pore complexes. Glu-
cocorticoids and other steroid hormone receptors, when present in intact cells
in non-activated, non-DNA-binding form, are associated with the dimmers
of HSP90. These complexes contain also other heat shock proteins (Hsp70,
Hsp56) and some others proteins. Although the Hsps were shown to chaperone
the receptor, playing a role in its folding, stabilization and intracellular shut-
tling, the functional significance of the receptor-Hsps association is still under
consideration. After the transformation, the receptor's ligand binding domain
remains in a conformation incapable of steroid binding While the ligand bind-
ing provokes the GR transformation and nuclear import, the dissociation of the
hormone from the receptor contrarily results in its efflux from the nucleus and
reappearance within the cytoplasm.

The physical environment of organisms causing stress, damage or even
death. Even minor environmental changes may hamper the physiological capa-
city of organisms to grow, reproduce, or interact socially. Not surprisingly, or-
ganisms have developed a variety of adjustments such as behavior, acclimation
and heat stress responses, acute-phase responses, etc., that help buffering the
physiological impact of environmental change. These adjustments, which can
have a profound effect on evolutionary fitness, have been studied from diverse
aspects, one of them being the molecular one. Molecular biological interest in
the heat shock response was kindled by Ritossa's report (R i t o s s a , 1962)
that brief heat treatment of Drosophila larvae induced dramatic alterations in
gene activity as judged by the changes in puffing patterns observed in the sali-
vary gland polytene chromosomes. Soon thereafter it become clear that all liv-
ing organisms, from bacteria to man, respond at the cellular level to unfavora-
ble conditions such as heat shock, or other stressful conditions of many differ-
ent origins, by a rapid, vigorous and transient acceleration in the rate of ex-
pression of a small number of specific genes, termed heat shock genes. The
products of these genes, commonly referred to as heat shock proteins (Hsps)
or stress proteins, most of which are also present under normal circumstances
but in lower concentrations, increase and accumulate in cells to reach, in some
instances, fairly high levels. A great deal of circumstantial evidence supports
the belief that the heat shock response is a rapid, but transient reprogramming
of cellular activities aimed to induce or increase the synthesis of the Hsps
which would ensure survival during the stress period, protection of essential
cell components against heat damage and a rapid resumption of normal cellu-
lar activities during the recovery period. Some Hsps, including Hsp90 and
Hsp70, serve fundamental cellular roles, chaperoning proteins during folding,
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functioning and intracellular trafficking and are found in vivo in complexes
with a number of transcription factors and protein kinases.

CAUSES AND CONSEQUENCES OF STRESS

In general, acute or chronic stress can be attributed to the biggest prob-
lems we encounter in the course of our life. Several researchers have noted
that any kind of change in our daily lives, either good or bad, is among the
most effective causes of stress. The intensity of stress will depend on the natu-
re and the degree of change, which can go from major ones to relatively trivial
life changes.

Certain events in our lives are so severe in terms of psychological stress
that they are characterized as a trauma (lesion or damage). Recently, the men-
tal health sciences have recognized the existence of a new syndrome called
Post-Traumatic Stress Disorder (PTSD), a real disease, classified in the area of
the major anxieties. The syndrome started to be studied in the USA, after re-
turn of veterans of the Vietnam war.

This does not apply to war veterans only. It is enough to see what hap-
pens to victims to the increasing levels of urban violence. Bombings, automo-
bile accidents or aircraft crashes, earthquakes and floods, kidnapping, rape,
child or spousal abuse, etc. are often the cause of post-traumatic stress disor-
der.

Physicians have recognized that chronic stress has three distinct phases,
which occur sequentially one after the other in the case the stressing agents
are not suspended:

The acute phase: The phase when the stressful stimuli start to act. Our
brain and hormones respond quickly and we usually perceive the effects, but
we are unable to see the silent working of repeated stress in this phase.

The resistance phase: The phase when the first mental, emotional and
physical consequences of chronic stress start to appear. Loss of concentration,
emotional instability or depression, heart palpitations, cold sweating, muscular
pains or headaches are the usual telltale signs, but most of the persons do not
relate them to stress, and the syndrome may progress to the last and most dan-
gerous phase.

The exhaustion phase: This is the phase when the organism capitulates to
stress, when organic and psychological diseases begin.

Since it is not possible in such a brief survey to list, let alone describe
the entire array of the disturbances developing during stress situations, we will
mention here only some of them:

Stress and aging: The researchers hypothesized that old age results from
the accumulated stress experienced during an organism's life span (P l a t n e r ,
1961).

Selye and colleagues have proposed and characterized aging as a system-
atic loss of adaptation (S e l y e , 1976). Aging organisms show an elevation of
basal corticosterone level, a major glucocorticoid that plays a key role in the
neuropathological effects of stress, and an impaired capacity to adapt to and
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recover from stress, suggesting that there is an age-related loss of sensitivity
of the brain and pituitary to the negative feedback of high circulating levels of
corticosterone. Glucocorticoids sensitize hippocampal structures, making hip-
pocampal neurons less likely to survive coincident neurological insults, per-
haps by inhibition of glucose transport leading to energy production decreases
within cells (L u p i e n and M e a n e y , 1998).

In the 1960s, H a r m a n (1960), based on his findings that aging and io-
nizing radiation have similar effects on mutagenesis, cancer and cellular dama-
ge, proposed „free radical theory of aging". This theory proposes that free rad-
icals are produced in aerobic metabolism and damage they inflict to biomole-
cules is a major contributor to aging. Oxidative damage to biomolecules pro-
duced by oxidants, including free radicals, has been postulated to be a type of
endogenous damage, contributing not only to aging but also to a variety of di-
seases, especially the age-related degenerative diseases.

Stress, cancer and immune system: Stress may be related to the develop-
ment and progression of cancer, in part due to suppression of immunity
( K e l l e r et al., 1981). Stress reduction has been considered as a factor in re-
ducing the mortality rate of cancer patients, and it has been hypothesized that
relief or prevention of chronic stress by cognitive therapy may be a promising
method for cancer prevention (C h o l s t , 1996).

Psychological stress adversely affects the immune systems, or affects
many features of cellular immune function, including cytokine production
( C o o p e r , 1984). Cellular immunity has an important role in the regulation
of wound repair. Pro-inflammatory cytokines, such as IL-1, IL-6, IL-8 and tu-
mor necrosis factor (TNF), help to protect against infection, prepare injured
tissue for repair and enhance phagocyte recruitment and activation. Psycholog-
ical stress is important in the onset and course of major depressive disorders.
Patients with major depression show immunosuppression as consequence of
hypercorticolism. However, glucocorticoids are not always immunosuppressi-
ve, but may enhance certain components of the immune response.

Nutrition and stress: Nutritional status and stress are closely related. Nu-
trient deficiencies are stressful to the organism. Long-term protein undernour-
ishment, especially if the individual is subject to stress or injury, can be detri-
mental. Previously outlined immune system malfunctioning in undernourished
subjects, especially when protein intake is insufficient, is likely a secondary
effect of the HPA overstimulation (K l e b a n o v et al., 1995; H j a i j e j et
al., 1998; F l y n n and W u , 1997). Chronic food restriction leads predict-
ably to hypercorticosteronemia, hypoglycemia and enhanced adrenal glucocor-
ticoid content. Glucocorticoids follow a diurnal pattern that is more pronoun-
ced in animals under the chronic food restriction regimen. The peak elevation
can be observed after one month of food restriction. The elevation in blood
and adrenal corticosterone levels is a consequence of the fasting-induced adre-
nal hypertrophy in animals and a cause for reduced responsiveness to acute
stress. The influence of chronic food restriction on basal neuroendocrine, im-
mune and adipocyte functions, and the acute-phase response to endotoxic
shock were also established.
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Protein calorie malnutrition can result in a significant macrophage dys-
function (C u r t i s et al., 1995). It is believed that this malfunction is more li-
kely to be a consequence of elevated glucocorticoids, rather than of the pri-
mary nutrient deficit. In a mouse study comparing standard 24% protein diet
with a protein free diet, it has been observed that protein malnutrition after 7
days impaired the macrophage functioning (IL-6 levels were measured), and
elevated serum glucocorticoid levels. Administration of the glucocorticoid re-
ceptor antagonist, RU486, prevented the impairment of the macrophage functi-
oning. Under the same dietary conditions, exogenous glucocorticoid addition
(subcutaneous pellets) reproduced the macrophage impairment.

In the end it can be concluded that stress and the consequent disorders,
however extensively discussed as a general and unspecific syndrome, represent
in fact the disturbances affecting all functions of an organism that could pro-
voke development of most severe diseases.
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FIZIOLOŠKA I MOLEKULARNA OSNOVA STRESA
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Rezime

Stres izaziva mnogobrojne promene fizioloških, molekulskih i biohe-
mijskih dogaðaja, ukquåujuãi i promene u ponašawu kod viših organizama,
prevoðewem ekstraãelijskog signala u specifiåni odgovor ãelije procesom
transdukcije signala, kao reakcija svakog ÿivog organizma na poremeãaj homeo-
staze. U ovom radu uåiwen je pokušaj da se kratko sumiraju rezultati mnogobroj-
nih laboratorija, ukquåujuãi i našu, koji pruÿaju dokaze o vaÿnim fiziolo-
škim i molekulskim aktivnostima ÿivih organizama pod razliåitim stresnim
uslovima.

Ciq ovog rada je da se pošaqe poruka da je stres sindrom koji remeti sve
vitalne funkcije u ÿivim organizmima, dovodeãi do širokog spektra oboqewa
i poremeãaja. Stres je tihi ubica.
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MOLECULAR ANALYSIS OF MICROSATELLITE-LIKE
REPETITIVE DOMAIN AND N-TERMINUS OF

Glu-Am3 GENE

ABSTRACT: Polymerase chain reaction (PCR) analysis of genomic regions corre-
sponding to the Glu-Am3 locus in six Triticum monococcum accessions revealed size varia-
tion among these DNA fragments. To confirm the presence of a compound microsatellite,
DNA fragments have been cloned and subjected to sequence analysis. The size variation of
DNA fragments differing in (CAG)n(CAA)n repeat composition was the only source of
length variation and it corresponded to Glu-Am3 allelic variation of B glutenin subunits.

Cloning and sequencing of 9—7 clone revealed a sequence with similarity of up to
96% to the previously published homeologous Glu-3 sequence. This sequence also harbors
two stop codons and therefore represents a pseudogene member of a multigene family enco-
ding LMW GS in T. monococcum.

KEY WORDS: glutenins, PCR, pseudogene, T. monococcum

INTRODUCTION

Einkorn wheats-diploid species (2n = 2x = 14) of the genus Triticum, in-
clude A genome species T. monococcum and T. urartu. Like in other Tritice-
ae, the einkorn wheat kernel is a rich source of protein due to large amounts
of seed storage proteins deposited in the endosperm during seed development.
A major fraction of seed storage proteins, prolamins, is composed of glutenins,
capable of forming large proteinaceous aggregates held together by disulfide
bonds and classified into high- and low-molecular weight glutenin subunits
(HMW and LMW GS). The later are encoded by homeologous Glu-3 loci,
mapped to the short arms of group 1 homeologous chromosomes in the genus
Triticum (G u p t a and S h e p h e r d , 1990). According to amino-acid se-
quences of LMW glutenin subunits, they have been classified into a group of
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sulfur-rich prolamins, together with gamma ��� and / gliadins (S h e w r y et
al., 1995).

Both the genomic and cDNA Glu-3 clones from T. aestivum and T. du-
rum (C o l o t et al., 1989; C a s s i d y and D v o r a k , 1991) show extensive
similarities in organization, with a more repetitive N-terminal domain and 3'
located a modular C-terminal coding region containing most of the cysteine re-
sidues.

A number of cereal pseudogenes have been reported, including pseudoge-
nes for two wheat HMW GS (F o r d e et al., 1985; H a r b e r d et al., 1987),
and gamma-gliadin (R a f a l s k i , 1986). A n d e r s o n and G r e e n e (1997)
found that eight of twenty known � gliadin genomic sequences were pseudo-
genes. It is well known that prolamin genes have regions of microsatellite-like
repeats coding for glutamine residues. Point mutations such as transition C �

T could easily transform CAG and CAA codons in stop codons TAG and
TAA, respectively. Predominance of C � T transition could be explained by
the fact that a large amount of DNA in higher plants is methylated. Up to 20%
of cytidine could be found as 5-methyl-cytidine which could easily be incor-
rectly replicated as thymidine.

Here we report a detailed analysis of a microsatellite-like repeat within
genomic DNA regions and a novel Glu-3 sequence from T. monococcum that
apparently encodes a LMW-GS but has undergone several mutations in recent
evolutionary history thus becoming a psedogene.

MATERIAL AND METHODS

Plant material: The analyses were carried out on six T. monococcum ac-
cessions which were kindly provided by Vavilov Institute, Sankt Petersburg,
Russia (accessions M1, M9, M13) and by Institute of Field and Vegetable
Crops, Novi Sad, Yugoslavia (M2, M4, M5). Hexaploid wheat cultivar Chine-
se Spring was used as reference.

DNA extraction: Genomic DNA was isolated from young leaves of single
plants essentially according to the mini-prep procedure of L i c h t e n s t e i n
and D r a p e r (1988).

PCR amplification: PCR amplifications were carried out in a DNA Ther-
mal Cycler (Techne) on 20 ng template DNA in a 50 l reaction containing 1X
Taq buffer (Gibco BRL Life Technologies), 1.5 mM MgCl2, 200 nM primer,
200 �M of each dNTP and 1 U of Taq polymerase (Gibco BRL Life Technol-
ogies). For amplification of the microsatellite region primers P1 and P2 (D e -
v o s et al., 1995) were used (forward primer 5'TCCCGCCATGAGTCA-
ATC3' and reverse primer 5'TTGGGAGACACATTGGCC3'). The primer se-
quences used for amplification of N-terminus were according to V a n C a m -
p e n h o u t et al. (1996):

forward primer 5'CGCCGTTGTGGCGACAAGTA3'
reverse primer 5'GTTCTTGTAGGATGATGGAGTAGG3'

32



33

Fig. 1. — PCR amplification of T. monococcum accessions. Bands larger than 180bp represent
artifactual amplifications as revealed by hybridization to pLMWGT2 probe (C o l o t et al.,

1989) under high stringency (data not shown). CS stands for Chinese Spring.



Amplification products were separated on 4% non-denaturing polyacrilamide
gels in 1X TBE buffer and visualized by silver staining.

Southern blotting, hybridization, cloning and sequencing of amplification
products were performed essentially according to T a n u r d z i c et al. (1998).
Sequence pT-Adv clone 9-7 was compared with the GenBank database using
BLAST ver. 2.0. 3 (A l t s c h u l et al., 1997).

RESULTS

In order to investigate variability of Glu-3 locus, genomic DNA frag-
ments corresponding to a microsatellite-containing region of Glu-3 genes were
isolated by PCR using a set of locus-specific primers. PCR amplified pairs of
DNA fragments in all accessions, except for M4 and M9 where only a single
amplification product was observed within the fragments in the range from
132 bp to 170 bp (Figure 1).

To verify the assumption that the variability in Glu-3 locus is contributed
at least in part by differences in the number of (CAG)n(CAA)n repeats outside
of the repetitive region of Glu-3 genes, some DNA fragments amplified by
PCR were cloned and subjected to sequence analysis. This confirmed the pres-
ence of a compound microsatellite with (CAG)n(CAA)n repeats (Figure 2). The
number of repeats among those fragments varied from 9 to 17 and it was the
only source of the observed sequence length variation (Figure 2). Sequen-
ces flanking the repeat were highly conserved among different Glu-3 alleles
as well as between Glu-A3 alleles of bread wheat cultivar Chinese Spring
(Figure 2).

Amplification of the 3' sequence of signal peptide, N terminus, proli-
ne-rich repetitive domain, and 5' sequence of C terminus using F6-R6 set of
primers generated genomic fragments ranging in length from 450 to 550bp. A
single amplification product was observed in accessions M1 and M2, while the
other accessions had pairs of bands. Using the same primers, V a n C a m -
p e n h o u t et al. (1995) amplified a 554 bp-long PCR product from genomic
DNA of T. aestivum cultivar Chinese Spring and showed by aneuploid analy-
sis that the primers were specific for the A genome of this hexaploid cultivar.
Chinese Spring was used as the control cultivar in the analysis reported here.
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Fig. 2. — Sequence alignment of Glu-Am3 (CAG)n(CAA)n repeat-containing region.
Deletions are marked by dots and identical bases by dashes. Position of the microsatellite-like

repeat is shaded and arrows mark the primer positions. Band numbers 1—7 correspond to
identically numbered PCR products in Figure 1.



For further study PCR products were cloned in pT-Adv vector. Clone 9-7
(PCR product of M2 accession) was fully sequenced. The nucleotide sequence
of clone 9-7 was compared with the nucleotide sequences present in a non-re-
dundant set at GenBank. As predicted, the best matches were found with
Glu-3 sequences from T. aestivum and T. durum (over 90% identical nucleoti-
des with minimum number of deletions/insertions). Sequence of clone 9-7
showed repetitive structure of Glu-3 genes of T. monococcum. The primary re-
petitive motif, P-Q-Q-P-P-F-S-Q-Q, showed high homology with the standard
repetitive module of Glu-3 genes from 4X and 6X wheats, and � and gamma
gliadins (S h e w r y et al., 1995). A detailed nucleotide sequence comparison
with T. durum TdUCD1clone (GenBank accession No X51759) showed 96%
of identical nucleotides with clone 9-7 (Figure 3) Clone 9-7 differs from
TdUCD1 by one 24 bp deletion in the repetitive domain, and 22 point mutati-
ons. Twelve of them were transitions TC, CT, ten were found to be silent mu-
tations. Clone 9-7 was classified as pseudogene because of two stop codons,
which were found to be the result of two transitions TC at positions 95(TAG)
and 115 (TAA).

DISCUSSION

Significant variability is present in Glu-3 locus of einkorn wheats. L e e
et al (1996) reported 60 different B-LMW GS patterns among einkorn wheat
accessions. In spite of a significantly smaller number of accessions analyzed,
our results confirm a large extent of variation present in Glu-3 locus of T. mo-
nococcum with important implications for breeding programs oriented toward
improved bread-making quality.

Majority of analyses aimed at understanding the variation in LMW GS si-
ze stressed the importance of the repetitive region within the Glu-3 gene as a
source of allelic variation (L e e et al., 1996; M a s c i et al., 1996). However,
no compelling evidence has been presented so far that conclusively pointed
out the repetitive region as the only source of variation among the expressed
Glu-3 sequences. Sequences of the microsatellite-like region reported herein
suggest that Glu-3 regions other then the repetitive region could be sources of
allelic variation in Glu-3 locus.

Significant variation in the observed sizes of PCR products, using the pri-
mers originally reported by D e v o s et al. (1995), should also provide new
molecular markers for monitoring introgression of favorable Glu-3 alleles form
wild wheats at the early stages of modern wheat breeding programs.

The presence of pseudogenes in multigene prolamine family has been ob-
served in maize for zeins (H e i d e c k e r and M e s s i n g , 1986), in wheat
for HMW (H a r b e r d et al., 1987), LMW (L e e et al., 1999), � and gamma
gliadin genes (A n d e r s o n and G r e e n e , 1997; R a f a l s k i , 1986). L a -
f i a n d r a et al. (1984) have resolved at least 16 major �-gliadin spots by 2-D
PAGE of protein extracts from hexaploid wheat cv. Cheyenne and that number
was considerably less than the estimated 150 genes (A n d e r s o n et. al.,
1997). The possible explanations for the observed differences in protein prod-
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ucts/gene number were that many of the family members were pseudogenes
and/or that single protein bands could originate from multiple genes (A n -
d e r s o n and G r e e n e , 1997).
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MOLEKULARNA ANALIZA MIKROSATELITSKOG REGIONA
I N-KRAJA Glu-Am3 GENA
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Prirodno-matematiåki fakultet, 21000 Novi Sad, Jugoslavija

* Purdue University, Dept. Biol. Sci. West Lafayette, IN 47907, USA

Rezime

Primenom lanåane reakcije polimeraze (PCR) analizirani su genomski
regioni Glu-Am3 lokusa šest populacija vrste Triticum monococcum. Otkriveno
je varirawe u veliåini ovih DNK fragmenata i u ciqu utvrðivawa prisustva,
forme i veliåine mikrosatelita, DNK fragmenti su klonirani, a odabrani
klonovi sekvencirani. Utvrðeno je da razlike u veliåini DNK fragmenata po-
tiåu od razliåitog broja umnoÿaka (CAG)n(CAA)n mikrosatelita i da razlika u
veliåini odgovara alelnoj varijabilnosti subjedinica B glutenina male mole-
kulske mase kodiranih genima Glu-Am3 lokusa.

Kloniran i sekvenciran 9-7 klon pokazao je sliånost od 96% sa veã obja-
vqenom sekvencom homeolognog Glu-3 klona. Ova sekvenca sadrÿi dva stop ko-
dona i predstavqa pseudogen multigene familije koja kodira LMV GS kod vrste
T. monococcum.
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CHARACTERISTICS OF BLOOD AND ADIPOSE TISSUE
FATTY-ACID COMPOSITION IN OBESE PERSONS

ABSTRACT: Composition of fatty acids (FA) in obese persons was investigated in
four fractions of blood lipids (FFA, cholesterol esters, triglycerides, and total lipid fraction)
and subcutaneous adipose tissue samples taken from the anterior abdominal wall. The met-
hod of gas-liquid chromatography allowed separation of a number of saturated, mono- and
polyunsaturated FA, five most important of them being analyzed in particular. In contrast to
total FA, which are significantly increased only in the fraction of total serum lipids, the le-
vel of stearic acid (18:0) was significantly lowered in both the FFA fraction and serum total
lipids, and especially in the adipose tissue of extremely obese persons. Of polyunsaturated
FA, linoleic acid (18:2 n-6) showed a statistically significant decrease in practically all se-
rum lipid fractions, the decrease of linolenic acid (18:3 n-3) level being characteristic of
only adipose tissue. In contrast to this, contents of the polyunsaturated arachidonic acid
(20:4 n-6) and nonessential eicosatrienoic acid (20:3 n-9) were significantly increased. The
obtained results are practically identical to the findings for other pathological states related
to the accelerated development of atherosclerosis (the sudden death of cardiovascular disea-
ses, diabetes mellitus, and hyperlipoproteinemia IIb and IV).

KEY WORDS: obesity, fatty acids, adipose tissue, serum lipids

INTRODUCTION

Composition of fatty acids (FA) in blood and other tissues depends on
the pathways of FA synthesis and the processes of their elongation and desatu-
ration on the one hand, and on the nutrition mode, i.e. amount and sort of ali-
mentary fat intake (L e p s a n o v i c , 1997) on the other. Significant differen-
ces have been found for the adipose tissue composition in the Americans, Jap-
anese, and some of European populations, which is certainly a consequence of
the mode of nutrition and life in the geographically different environments
( L e p s a n o v i c , 1982). It has been observed that the Japanese immigrants
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to the USA that had accepted American way of life and nutrition had fatty-
-acid compositions similar to that of the native Americans (I n s u l l et al.
1969). Quite similar results were also obtained for the Eskimo immigrants
from Greenland to Denmark (D y e r b e r g , 1982). In our previous studies we
have found that the persons taking mainly animal fats, if compared to those
being mainly on vegetable diet, have a significantly increased content of total
monounsaturated and a decrease of total polyunsaturated FA, among the later,
especially marked decrease being characteristic of the essential linoleic acid
( L e p s a n o v i c et al., 1986). In another study we have found that the per-
sons being on a long-term strict ovolactovegetarian diet had significantly lower
values of total saturated and monounsaturated FA, and significantly higher
contents of polyunsaturated FA (being primarily a consequence of a significant
increase in linoleic acid level) in comparison with the persons being on the di-
et characteristic of our geographic region (L e p s a n o v i c et al., 1992).

It has been unambiguously proved that the physical, chemical, and biolo-
gical characteristics of various lipids are greatly influenced just by those FA
that are in the form of their esters present in every lipoproteinic fraction. Nu-
merous experiments and epidemiological studies on humans have shown that
the altered content of certain FA plays a significant role in the genesis and de-
velopment of coronary heart disieases, thromboembolic incidents, and athero-
sclerosis in general (W a t t s et al., 1995; K n a p p , 1997; K r i s - E t h e r -
t o n and Y u , 1997; L i c h t e n s t e i n et al., 1998). Namely, a number of
authors showed that the persons suffering from atherosclerosis of coronary and
peripheral arteries have significantly lower concentrations of some polyunsatu-
rated FA and significantly higher concentrations of some saturated long-chain
FA (H u et al., 1997; C a g g i u l a and M u s t a d , 1997; P i e t i n e n et
al., 1997).

Obesity, especially that of android type, is frequently associated with li-
pid disturbances that are characterized by the lowered clearance of hylomicron
and increased contents of the lipoproteins rich in triglycerides, predominant
population of small, dense, and markedly atherogenic LDL particles, and a de-
creased content of the HDL-cholesterol (mainly on account of the protective
HDL2 subfraction) (V a n G a a l , 1995). On the other hand, it is well known
that obesity leads to numerous and heavy complications in various organs and
organ systems, metabolic disturbances and heart diseases being most important
among them. It is quite logical to assume that the mentioned changes in the
metabolism of lipids and lipoproteins are connected with the changes in fatty-
-acid composition in blood and other media in the organism, which, understan-
dably, arouses great research interest.

The aim of this work was to give a contribution to the study of fatty-acid
composition in blood and adipose tissue in obese persons of our population
and compare the findings with the results of the studies carried out in other
environments and on other pathological states.

MATERIAL AND METHODS

Studes of the serum fatty-acid composition in obese persons were carried
out in the fraction of free fatty acids (FFA) (n = 25), fraction of cholesterol
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esters (n = 10), triglyceride fraction (n = 10), and the fraction of total serum
lipid (n =19). The results were ompared with those obtained for metabolically
healthy persons of normal nutritional status, serving as control groups (n = 14,
30, 27 and 36, respectively). The groups of test subjects were composed of
obese persons of both sexes and different age, having the body mass index
(BMI) higher than 30.

Starting from the fact that fatty-acid composition in the adipose tissue
may be essentially different in particular body parts, samples of adipose tissue
were always taken from the anterior abdominal wall, just below the right rib
arch (in the majority of cases, samples were taken in the course of cho-
lecystectomy). Our investigations encompassed excision samples of adipose
tissue of persons of both sexes and different age. The group of obese subjects
consisted of 121 persons, which were divided into two subgroups according to
the obesity degree: 83 moderately obese (BMI = 30.0—39.9) and 38 extremely
obese (BMI � 40). The obtained results were compared with those obtained
for the metabolically healthy persons of normal alimentary status (control gro-
up, BMI = 20.24.9), as well as with the findings obtained for 16 undernouris-
hed subjects (BMI � 20).

All the subjects involved in the adipose tissue investigations, as well as
those of control groups, had been previously on a dietary regime characteristic
of the Voivodinian population for a prolonged span of time.

Lipid extraction was carried out from the serum aliquot of 1.5 ml using
organic solvents (B l i g h and D y e r , 1959), and the particular fractions
were separated by thin-layer chromatography, according to G l o s t e r and
F l e t c h e r (1966). Fatty acids were transformed into their methyl esters us-
ing boron trifluoride.

Samples for adipose tissue analyses, taken by excision from the anterior
abdominal wall, weighing 40 mg, were esterified with boron trifluoride.

Qualitative and quantitiative analyses of methyl esters of fatty acids from
both media were carried out by gas-liquid chromatography on a HEWLETT
PACKARD, model 7650 A chromatograph, connected on-line with a 3352 B
HEWLETT PACKARD computer system.

The procedure applied allowed separation of over 20 fatty acids, but our
study encompassed only 5 of them: stearic (18:0) of the long-chain saturated
FA, linoleic (18:2 n-6), linolenic (18:3 n-3) and arachidonic (20:4 n-6) of the
polyunsaturated essential FA, as well as the nonessential eicosatrienoic acid
(20:3 n-9).

RESULTS

Serum lipid fractions

In Table 1 are presented the results of the analysis of fatty-acid composi-
tion of total lipid fraction and FFA fraction of the obese subjects and compa-
red with those for metabolically healthy and normally nourished persons,
whereas Table 2 contains the corresponding results for the fractions of choles-
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terol esters and triglycerides. As can be seen, contents of total saturated FA
are significantly increased (by 8%; p < 0.001) only in the total lipid fraction.
As for the saturated stearic acid, its significant decrease was observed in the
total lipid fraction, and especially in the FFA fraction (even by 28%; p <
0.001). On the other hand, no statistically significant changes in content of this
FA were observed in the other two serum lipid fractions.

Tab. 1. — Mean values of percent content (percent of total fatty acids) fatty acids within total li-
pid fractions and FFA fractions of the blood in obese persons compared with normally nourished
and metabolically healthy persons — control groups
% — percent changes relative to control groups

fatty acids

total lipid serum free fatty acids (FFA) serum

control
groups obese persons control

groups obese persons

x ± SD x ± SD % p < x ± SD x ± SD % p <

C 18:0 7.47(0.93) 6.82(1.06) –9 0.025 8.12(0.80) 5.84(0.62) –28 0.001

total
saturated 28.51(1.40) 30.71(2.04) 8 0.001 35.17(2.66) 35.27(2.57) – n.s.

total mono-
unsaturated 25.60(2.68) 33.48(3.59) 31 0.001 25.38(1.47) 29.82(2.40) 17 0.001

C 18:2 n-6 33.42(3.83) 25.09(4.50) –21 0.001 19.14(1.88) 16.84(2.45) –12 0.005

C 18:3 n-3 0.53(0.24) 0.68(0.27) 28 0.05 0.71(0.23) 0.40(0.13) –44 0.001

C 20:3 n-9 1.23(0.33) 1.21(0.16) –2 n.s. 0.14(0.17) 0.18(0.13) 29 n.s.

C 20:4 n-6 7.34(1.21) 5.71(1.65) –22 0.001 7.85(0.45) 7.62(1.10) –3 n.s.

total poly-
unsaturated 44.57(3.42) 34.29(4.69) –23 0.001 30.32(1.94) 26.87(2.59) –11 0.001

Tab. 2. Mean values of percent content fatty acids within cholesterol esters and triglycerides frac-
tions of the blood in obese persons compared with normally nourished and metabolically healthy
persons — control groups

fatty acids

cholesterol esters serum triglycerides serum

control
groups obese persons control

groups obese persons

x ±SD x ± SD % p < x ± SD x ± SD % p <

C 18:0 2.57(1,72) 4.05(1.94) 58 0.05 4.12(0.76) 4.76(0.98) 16 0.05

total
saturated 16.05(1.90) 17.00(1.47) 6 n.s. 32.11(2.75) 31.50(4.12) –2 n.s.

total mono-
unsaturated 25.79(2.68) 27.51(3.27) 7 n.s. 49.54(2.73) 45.59(2.55) –8 0.001

C 18:2 n-6 53.30(3.71) 46.20(6.85) –13 0.001 16.94(2.82) 18.90(5.75) 12 n.s.

C 18:3 n-3 in trace

C 20:3 n-9 in trace

C 20:4 n-6 4.34(1.65) 6.16(2.56) 42 0.02 0.53(0.46) 0.87(0.34) 64 0.05

total poly-
unsatureted 57.64(4.00) 52.36(6.30) –9 0.005 17.47(2.95) 19.77(5.70) 13 n.s.
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Total monounsaturated FA showed divergent changes: in the fractions of
total lipid and FFA there was their significant increase, in the cholesterol ester
fraction there were no statistically significant changes, whereas in the serum
triglyceride fraction, their significant decrease (by 8%; p < 0.001) was obser-
ved. It should be pointed out that the major portion of the monounsaturated
FA makes oleinic acid (18:1 n-9), and this is the acid whose content in the se-
rum triglyceride fraction by far exceeded all other FA.

With the exception of the triglyceride fraction (in which they are nor-
mally present in lowest concentrations), in the other three serum lipid fractions
of obese subjects, a statistically significant decrease of the content of total
polyunsaturated FA was observed. This was primarily a consequence of a sig-
nificant decrease in linoleic acid: by 25% (p < 0.001) in the total lipid frac-
tion, by 12% (p < 0.005) in the FFA fraction, and by 13% (p < 0.001) in the
cholesterol esters fraction. Content of this FA is by far the highest in the frac-
tion of cholesterol esters, and the lowest in the triglyceride fraction, where no
significant changes of its content were registered at all. Linolenic acid level
was significantly decreased in the FFA fraction, whereby it should be remar-
ked that in the fractions of cholesterol esters and triglycerides of healthy sub-
jects too, it was registered only in traces. In contrast to this, the level of arac-
hidonic acid was significantly increased in the fractions of cholesterol esters
and triglycerides, and decreased in the fraction of serum total lipids.

Adipose tissue

Results of the determination of fatty-acid composition in the adipose tis-
sue are given in Table 3. If compared with the metabolically healthy and nor-
mally nourished persons, in the obese persons, irrespective of the obesity de-
gree, no statistically significant changes were observed in the contents of total

43

Tab. 3. Mean values of percent content fatty acids in adipose tissue of undernourished and obese
persons compared to normally nourished and metabolically healthy persons — control groups

fatty acids
control
group undernourished moderately obese extremely obese

x ± SD x ± SD % p < x ± SD % p < x ± SD % p <

C 18:0 5.40(1.21) 5.94(0.83) 10 n.s. 4.56(1.03) –16 0.001 3.21(0.97) –41 0.001

total
saturated 28.11(2.26) 28.76(1.91) 2 n.s. 27.63(2.05) –2 n.s. 25.34(1.95) –10 0.001

total mono-
unsaturated 54.07(3.23) 53.26(1.84) –1 n.s. 54.42(3.72) 1 n.s. 56.02(3.33) 4 0.005

C 18:2 n-6 15.08(2.96) 15.04(2.32) – n.s. 15.05(3.84) – n.s. 15.67(3.14) 4 n.s.

C 18:3 n-3 1.61(0.19) 1.72(0.18) 7 0.05 1.48(0.24) –8 0.001 1.31(0.27) –19 0.001

C 20:3 n-9 0.17(0.09) 0.15(0.07) –12 n.s. 0.32(0.38) 88 0.001 0.30(0.11) 76 0.001

C 20:4 n-6 0.44(0.12) 0.40(0.13) –9 n.s. 0.52(0.14) 18 0.001 0.61(0.16) 39 0.001

total poly-
unsaturated 17.57(3.02) 17.58(2.27) 1 n.s. 17.66(3.99) 1 n.s. 18.25(3.25) 4 n.s.



saturated and polyunsaturated FA, whereas monounsaturated FA showed only
some increase (by 4%; p < 0.005) in the subgroup of extremely obese sub-
jects. The same also holds for the comparison of the subjects of the two obese
subgroups with those of the undernourished group. However, the analysis of
contents of the particular FA showed significant changes if compared with
those found in the normally nourished and undernourished persons.

Stearic acid content was significantly decreased already in the subgroup
of the moderately obese (by 16%; p < 0.001), the decrease in extremely obese
subject being even 41% (p < 0.001). It is interesting to notice that in the group
of undernourished subjects content of this FA was increased, but with no stati-
stical significance.

As for the group of polyunsaturated FA, it was found that the obese per-
sons, both the moderately and extremely obese, had a significantly lower level
of the essential linolenic acid (by 8% and 19%, respectively; in both cases p <
0.001) and significantly increased levels of arachidonic and the nonessential
eicosatrienoic acid. In the group of undernourished subjects, just the opposite
was observed. In contrast to the serum lipid fraction, the essential linoleic acid
showed no significant changes in dependence of the alimentary status.

It can be seen from Table 4 that there is a statistically significant correla-
tion between the levels of stearic acid and essential linolenic acid and the per-
centage of deviation from the normal body mass and thickness of the skin
folds, both in the male and female subgroups. In contrast to this, there is no
such correlation for the total FA, mono- and polyunsaturated FA and for arac-
hidonic acid alone, whereas for eicosatrienoic acid the correlation exists only
in the subgroup of female subjects with the skin folds thickness.

Tab. 4. The correlation coefficient between thickness of skin folds and percentage of deviation
from the normal body mass and fatty acids content in adipose tissue

fatty acids
thickness of the skin folds deviation from the normal body mass

men women men women

C 18:0 –.368** –.401*** –.400*** –.402***

total saturated –.155 –.258* –.147 –.324**

total monounsaturated .093 .018 .000 .154

C 18:2 n-6 –.021 .178 –.092 .058

C 18:3 n-3 –.270* –.404*** –.240* –.416***

C 20:3 n-9 –.049 .408*** .049 .249*

C 20:4 n-6 .036 .224 .012 .180

total polyunsaturated .001 .141 –.138 .057

*p < 9.05; **p < 0.01; ***p < 0.001

DISCUSSION

Numerous studies have shown that the changes in the percentage of parti-
cular FA, both in the adipose tissue and blood lipid fractions, are important for
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the genesis of coronary diseases and atherosclerosis in general (W a t t s et al.,
1995; C a g g i u l a and M u s t a d , 1997; H u et al., 1997; P i e t i n e n et
al., 1997). These observations conform with our previous investigations invol-
ving patients with a high risk of the accelerated development of atherosclero-
sis: certain types of hyperlipoproteinemia, hypothyroidism, diabetes, as well as
the patients who suddenly died of cardiovascular diseases (D j e r i c et al.,
1989, 1993; L e p s a n o v i c et al., 1979, 1980, 1996). A common basic cha-
racteristic of all these diseases was an increase in the level of atherogenic
long-chain saturated FA, an exception being stearic acid which, contrary, ex-
hibited a decrease. At the same time, the levels of polyunsaturated FA, primar-
ily of the essential ones, are decreased. However, the literature data on the
fatty-acid composition in obese persons are very scarce, whereby we can noti-
ce that such examinations in our country have never been carried out at all.

In the interpretation of the obtained findings one has to take first into ac-
count the differences in contents of the individual FA in particular blood lipid
fractions (L e p s a n o v i c , 1982). Further, it is very important to notice that
the changes in the fatty-acid composition in the adipose tissue are very slow,
so that first significant alterations are observable not before one half of a year
later. Quite opposite holds for blood lipid fractions, where the changes take
place even a few days after the change in the diet. For this reason, it is quite
understandable that the latter changes are of greater importance than the those
observed in the adipose tissue.

Our investigations showed no significant changes in the percentage of to-
tal saturated FA in both of the examined media in comparison with the con-
trols, and this practically holds also for the monounsaturated FA. The absence
of the difference in contents of total saturated FA can be explained by the fact
that one of them (stearic acid) showed a significant decrease in the total lipid
and FFA serum fractions, and especially in the adipose tissue — this is being
paralleled with the obesity degree. This decrease in some way masks the in-
crease in content of the other saturated long-chain FA exhibiting an atheroscle-
rotic effect, especially of palmitic (16:0), lauric (12:0) and myristic (14:0) ac-
ids. It is also interesting to notice that the percentage of stearic acid in the adi-
pose tissue of the undernourished persons is increased in comparison with that
of the normally nourished persons. Calculation of the coefficient of correlation
showed that there is a significant correlation between the content of this FA in
the adipose tissue and the alimentary status (r = 0.400 for males and 0.402 for
females, in both cases p < 0.001). If we bear in mind the unambiguously esta-
blished its antiatherogenic effect (B o n a n o m e and G r u n d y , 1988; Y u
et al., 1995), the fact that percentage of stearic acid in blood and adipose tis-
sue of obese persons shows an increase is of particular importance. Namely,
identical findings have also been obtained for other pathological states yielding
the genesis and progress of atherosclerosis (I n s u l l et al., 1968; L a n g et
al., 1977; W o o d et al., 1987; K r i s - E t h e r t o n and Y u , 1997).

If compared with the controls, contents of total polyunsaturated FA are
significantly decreased in all blood lipid fractions (except for the triglyceride
fraction), but not in the adipose tissue. Of special importance are, however, the
changes in contents of the particular polyunsaturated FA, especially of the two
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essential ones — linoleic and linolenic. The level of the former is decreased in
all the investigated blood lipid fractions, with the exception of the triglyceride
fraction, where its content is normally the lowest. In contrast to this, the con-
centration of linolenic acid is significantly decreased in the adipose tissue and,
similar to stearic acid, there is a negative correlation of its content with the
thikness of the skin folds and alimentary status. Similar results were also obta-
ined in a study of fatty-acid composition of blood lipid fractions and adipose
tissue in the very obese persons of Sweedish population (R o s s n e r et al.,
1989), as well as in the studies of the serum of obese children (D e c s i et al.,
1996). Practically the same changes we registered in the persons who suddenly
died of cardiovascular diseases, diabetic patients, and hyperlipoproteinemia of
type IIb and IV.

In contrast to the above two FA, contents of arachidonic and eicosatrie-
noic acids showed an increase in some blood lipid fractions, and especially in
the adipose tissue. The finding of a significant increase in the content of eico-
satrienoic acid is of essential importance, because there are abundant pieces of
evidence that this acid, in contrast to other polyunsaturated FA, exhibits an at-
herogenic effect (L e f k o w i t h , 1990).

The divergent changes observed with the highly-protective linolenic acid
and atherogenic eicosatrienoic acid among the polyunsaturated FA is best illu-
strated by their significantly changed ratio in comparison with healthy persons,
found in the adipose tissue (p < 0.001) and the FFA serum fraction (p <
0.001).

It has been shown experimentally that the increased alimentary intake of
linolenic acid increases flexibility of the artery walls (M o r i et al., 1997) and
decreases insulin resistance (S i m o p o u l o s , 1994; N e s t e l et al., 1997),
the phenomenon which, in some other diseases, is regularly present in obese
persons. Some works even suggest that the increased alimentary intake of this
FA could have a protective effect in respect of the process of atherosclerosis
( H u n et al., 1999). In view of this finding of special importance is the signi-
ficant decrease of linolenic acid in the obese persons, observed in our study.

A question arises whether the investigation results obtained for the adipo-
se tissue would be different if they were carried out on samples of the visceral
and not subcutaneous adipose tissue. There are, however, data suggesting that
the FA contents in the subcutaneous adipose tissue exhibit strong correlation
with their values in the visceral adipose tissue (S c h o e n et al., 1996). Hen-
ce, we are also of the opinion that the results of our study of the fatty-acid
composition in the adipose tissue samples taken from the anterior abdominal
wall are sufficiently reliable.

CONCLUSION

The presented results of the study of fatty-acid composition in blood and
adipose tissue of obese persons, especially the observed significant decrease of
content of stearic acid among the saturated FA and linoleic and linolenic

46



among the polyunsaturated ones, as well as the increase in eicosatrienoic acid,
indicate that the fatty-acid composition in obese persons is practically identical
to the findings in other diseases that are also characterized by a progressive
development of atherosclerosis.
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KARAKTERISTIKE MASNOKISELINSKOG SASTAVA KRVI
I MASNOG TKIVA U GOJAZNOSTI

Lazar S. Lepšanoviã1, Qiqana S. Lepšanoviã1, Ištvan F. Verešbarawi2,
Mirjana J. Ðeriã1, Tatjana A. Ivkoviã-Lazar1

1 Medicinski fakultet, Novi Sad, Hajduk Veqkova 3, 21000 Novi Sad
2 Nauåni institut za ratarstvo i povrtarstvo, Maksima Gorkog 30,

21000 Novi Sad, Jugoslavija

Rezime

U gojaznih osoba ispitivan je masnokiselinski sastav u 4 frakcije krvnih
lipida (FFA, estri holesterola, trigliceridi i frakcija ukupnih lipida) i
subkutanog masnog tkiva uzetog s predweg trbušnog zida. Analize su vršene me-
todom gasno-teåne hromatografije pomoãu koje je izdvajan velik broj zasiãenih,
mono- i polinezasiãenih masnih kiselina (MK), od kojih je posebnoj analizi
podvrgnuto 5 najznaåajnijih. Za razliku od ukupnih zasiãenih MK, koje su sig-
nifikantno povišene samo u frakciji ukupnih lipida seruma, stearinska
(18:0) MK signifikantno je smawena u frakciji FFA i ukupnih lipida seru-
ma, a, naroåito, u masnom tkivu, posebno u ekstremno gojaznih. Meðu polineza-
siãenim MK, linolna (18:2 n-6) pokazuje statistiåki signifikantno smawewe
praktiåno u svim lipidskim frakcijama seruma, a linolenska (18:3 n-3) u ma-
snom tkivu. Suprotno ovome, arahidonska (20:4 n-6) i neesencijalna eikosatri-
enska (20:3 n-9), od polinezasiãenih MK, signifikantno su povišene. Dobije-
ni rezultati praktiåno su identiåni nalazima u drugim patološkim stawima
povezanim s ubrzanim razvitkom ateroskleroze (iznenada umrli od kardiova-
skularnih oboqewa, šeãerna bolest, hiperlipoproteinemije ¡¡b i ¡¢).
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INTERACTION BETWEEN CADMIUM AND NITROGEN
AND ITS EFFECTS ON THE GROWTH AND
PHOTOSYNTHETIC PIGMENTS OF YOUNG

SUNFLOWER PLANTS

ABSTRACT: The interactions among different concentrations of nitrogen and cadmi-
um and their effects on the growth of young sunflower plants in water culture were studied.
Increases in the concentrations of nitrogen and cadmium in the nutritive solution brought
proportional increases of these elements in plants. Maximum values of plant height, leaf
area, fresh mass of the second pair of leaves and the content of chloroplast pigments, chlo-
rophyll a+b and total carotenoids were obtained with the medium concentration of nitrogen
(7.5 mM). The increases in cadmium concentration reduced the values of all parameters.
The adverse action of the maximum concentration of cadmium (5.0 �M) was lowest when
the nitrogen provision to plants was optimal. The obtained results permit the conclusion that
the optimal provision of nitrogen may mitigate the negative effects of cadmium on sun-
flower plants.

KEY WORDS: sunflower, cadmium, nitrogen, plant height, plant mass, leaf area,
photosynthetic pigments

INTRODUCTION

Cadmium (Cd) is considered an important environmental pollutant. The
anthropogenic sources of Cd are heating systems, urban traffic, cement factori-
es, waste incinerators and byproducts of phosphate fertilizers. The annual vol-
ume of anthropogenic emission of Cd is 29.19 x 103 t (S a n i t a et al., 1999).
Mineralization of rocks is another source of Cd in soil. Cd affects many physi-
ological processes in plant. These effects are direct and indirect. Cd damages
the photosynthetic apparatus, in particular the light harvesting complex II
( K r u p a , 1988). Cd inhibits the oxidative mitochondrial phosphorylation
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(K e s s l e r and B r a n d , 1995). Furthermore, Cd interacts with the water
balance (K a s t o r i et al., 1992). Cd alters the synthesis of RNA and inhibits
ribonuclease activity (S h a h and D u b e y , 1995) and produces oxidative
stress (H e n d r y et al., 1992). Cd alters the activity of several enzymes such
as glucose-6-phosphate dehydrogenase, malic enzyme, isocitrate dehydrogena-
se, Rubisco and carbonic anhydrase (V a n A s s c h e and C l i j s t e r s ,
1 9 9 0 ; S i e d l e c k a et al., 1997).

Cd evidently affects the metabolism of nitrogen (K a s t o r i et al., 1997).
Cd reduces the absorption of nitrate and its transport from roots to shoots and
it inhibits the nitrate reductase activity (P e t r o v i ã et al., 1990; H e m a n -
d e z et al., 1996). The plant cell resorts to a number of defense systems in re-
sponse to Cd stress. One of them is the synthesis of proteins, metallothioneins,
stress proteins (L e i t a et al., 1991) and phytochelatin (H o w d e n et al.,
1995). The above literature sources state that there exists an interaction be-
tween Cd and nitrogen metabolism. This was further supported by P a n k o -
v i ã et al. (2000) who found that optimum nitrogen nutrition may mitigate
and partially modify toxic effects of high Cd concentrations on photosynthesis.
This paper deals with the effect of Cd on the growth of and the associated
physiological parameters in young sunflower plants differing in the level of ni-
trogen provision.

MATERIALS AND METHODS

Plant Material and Culture Conditions

Experiments were conducted with young sunflower plants (hybrid NS-H-
-26-RM) grown in greenhouse conditions. Seeds were germinated in the dark,
at 25°C, on sterilized quartz sand, watered daily with deionized water. Seven
days later, the seedlings were transferred to either 1) half-strength Hoagland
solution (H o a g l a n d and A r n o n , 1950) (control, contains 7.5 mM N), 2)
half-strength Hoagland solution containing 2mM N or 3) half-strength Hoa-
gland solution containing 10 mM N. When the second pair of leaves started to
emerge, each group of plants was divided into four subgroups which received
the following Cd concentrations: 0, 0.5, 2.0 and 5.0 �M CdCl2. Each treatment
(subgroup) was established in 12 6-plant replications and grown until the sec-
ond pair of leaves was fully expanded. The second pair of leaves was used for
analyzing.

Plant Growth Analysis

For determinations of leaf area and the dry matter mass (DW), the sam-
pled plants were dissected into roots, aboveground parts and the second pair
of leaves. Leaf area was measured by an Automatic Area Meter (LI-3000,
U-COR®, Lincoln, NE). Dry mass was determined after drying plant samples
at 70°C to constant weight.
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Cadmium and Nitrogen Analysis

Plant samples were dried and digested in a mixture of concentrated nitric
and perchloric acids (1:3). Cadmium content was measured by standard atomic
absorption spectrophotometry. Nitrogen content was determined by the mic-
ro-Kjeldahl method.

Pigments

Chlorophylls a and b and carotenoids were determined spectrophotometri-
cally in the acetone extract of freshly harvested leaves, using molar extinction
coefficients according to H o l m (1954) and v o n W e t t s t e i n (1957).

The obtained results were statistically processed by calculating the least
significant difference.

RESULTS AND DISCUSSION

Increase in nitrogen concentration in the nutritive solution brought corre-
sponding increases in the nitrogen contents in leaves, with all Cd concentrati-
ons (Tab. 1).

Tab. 1 — Effect of Cd on N content (% DW) in young sunflower plants differing in N provision

N (mM)
(A)

Cd (�M) (B)
LSDB

0.05

0.0 0.5 2.0 5.0 0.01

2.0 2.61 2.98 3.11 3.68 0.79

7.5 3.88 3.86 4.09 4.52

10.0 4.38 4.39 4.30 4.56 0.18

LSDA
0.05 0.067

LSDAxB
0.089

0.01 0.123 0.135

Increase in Cd concentration tended to increase the nitrogen content in
plants, especially in those grown with the low and medium nitrogen concentra-
tions. However, it cannot be concluded on the basis of the obtained results
whether the increased nitrogen contents were the consequence of more intensi-
ve nitrogen uptake or merely the result of lower synthesis of organic matter
and thus the less intensive dilution of the accumulated nitrogen. Heavy metals
may inhibit or they may stimulate ion uptake. Their action is typically based
on antagonism or synergism or it may depend on ionic metabolism. The re-
sults of P e t r o v i ã et al. (1990) and P o p o v i ã et al. (1996) indicated that
high Cd concentrations inhibited the enzymes that govern nitrogen assimila-
tion. In that way Cd might affect nitrogen uptake or the accumulation of inor-
ganic nitrogen. According to a study of K e v r e š a n (2000), Cd had a negli-
gible effect on the nitrogen content in peas.
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The Cd content in the leaves of young sunflower plants tended to in-
crease in proportion with the increase of Cd concentration in the nutritive so-
lution (Tab. 2).

Tab. 2 — Cd content (mg/kg DW) in leaves of young sunflower plants differing in N provision

N (mM)
(A)

Cd (�M) (B)
LSDB

0.05

0.5 2.0 5.0 0.01

2.0 4.68 18.48 78.23 10.11

7.5 5.28 22.73 81.03

10.0 4.32 16.93 92.71 23.33

LSDA
0.05 8.64

LSDAxB
11.50

0.01 15.85 17.43

Changes in nitrogen concentration in the solution had no high effect on
Cd accumulation. With the lower Cd concentrations, its content was highest at
7.5 mM N, but with the high Cd concentration its content was highest at 10.0
mM N.

Plant height was highly dependent on the concentrations of nitrogen and
Cd in the nutrive solution (Tab. 3).

Tab. 3 — Effect of Cd on stem height (cm) of young sunflower plants differing in N provision

N (mM)
(A)

Cd (�M) (B)
LSDB

0.05

0.0 0.5 2.0 5.0 0.01

2.0 17.83 16.04 15.67 14.13 2.35

7.5 26.67 21.71 19.92 18.08

10.0 22.08 19.59 17.58 14.33 5.43

LSDA
0.05 2.01

LSDAxB
2.68

0.01 3.69 4.05

Plants were tallest with the medium nitrogen concentration. The high ni-
trogen concentration reduced plant height. Increases in Cd concentration redu-
ced plant height with all levels of nitrogen provision. Growth rate reduction in
the presence of Cd has been observed earlier (A i d i d and O k a m o t o ,
1993). Growth rate reduction of plant elongation by Cd was particularly high
in the case of the cells of the stem, because Cd irreversibly inhibited the pro-
ton pump responsible for the elongation process.

The contents of chloroplast pigments, chlorophylls a + b and carotenoids,
were also found to depend on the concentrations of Cd and nitrogen in the nu-
tritive solution (Tab. 4 and 5).

The content of chloroplast pigments was reduced significantly as the Cd
concentration increased. Many researchers have observed this phenomenon
earlier (L a r s s o n et al., 1998). The increase of nitrogen concentration from
the low to the medium level increased the content of chloroplast pigments in
all variants. The effect of further increase of nitrogen concentration on the
content of chloroplast pigments depended on Cd concentration. It was noticea-
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ble that, under the conditions of optimum plant provision with nitrogen and
the high Cd concentration, the pigment content was much higher than under
the conditions of insufficient or excess nitrogen. These results confirm the fin-
ding of P a n k o v i ã et al. (2000) that optimum nitrogen nutrition could dec-
rease the inhibitory effects of Cd in young sunflower plants. Further confirma-
tion for this are the results obtained for the effect of nitrogen and Cd interac-
tion on the area and mass of the second pair of leaves (Fig. 1 and 2).

Increase in Cd concentration caused lowest reductions in leaf area and
mass when plant provision with nitrogen was optimal. The reductions were
much higher when nitrogen supply was insufficient, and they were especially
high when excess nitrogen was supplied. It is well known that excess nitrogen
makes plants highly susceptible to stress conditions. This explains the results
obtained with the high nitrogen concentration. Since Cd damages nucleoli
( L i u et al., 1995), alters the synthesis of RNA (S h a h and D u b e y , 1995)
and inhibits the nitrate reductase activity (M a t h y s , 1975), it manifestly af-
fects the nitrogen metabolism. Negative effect of excess Cd concentration on
nitrogen metabolism is more prominent in conditions of nitrogen shortage than
in conditions of optimal nitrogen supply. Interaction between Cd and nitrogen
seems to be primarily based on the effect of Cd on nitrogen metabolism, i.e.,
on the structural and soluble proteins which play an important role in all vital
processes of plants.
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Tab. 4 — Effect of Cd on the content of chlorophylls a + b (mg/g DW) in young sunflower plants
differing in N provision

N (mM)
(A)

Cd (�M) (B)
LSDB

0.05

0.0 0.5 2.0 5.0 0.01

2.0 8.44 8.00 4.59 4.06 0.76

7.5 11.94 11.56 8.15 7.74

10.0 12.91 9.52 8.18 4.28 1.75

LSDA
0.05 0.65

LSDAxB
0.86

0.01 1.19 1.30

Tab. 5 — Effect of Cd on carotenoid content (mg/g DW) in young sunflower plants differing in N
provision

N (mM)
(A)

Cd (�M) (B)
LSDB

0.05

0.0 0.5 2.0 5.0 0.01

2.0 5.75 5.52 4.10 3.67 0.45

7.5 8.24 7.48 5.81 5.71

10.0 8.10 6.48 6.02 4.28 1.04

LSDA
0.05 0.38

LSDAxB
0.51

0.01 0.71 0.78
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Fig. 1 — Effect of Cd on the area of the second pair of leaves (cm2/plant) in young
sunflower plants differing in N provision

Fig. 2 — Fresh matter mass of the second pair of leaves (g/plant) in sunflower
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INTERAKCIJA IZMEÐU KADMIJUMA I AZOTA
I WEN UTICAJ NA RASTEWE I FOTOSINTETIÅKE PIGMENTE

MLADIH BIQAKA SUNCOKRETA

1Rudolf R. Kastori, 1Zvonimir O. Sakaå, 1,2Novica M. Petroviã,
1,2Ivana V. Arsenijeviã-Maksimoviã, 1Marijana I. Plesniåar,

1Dejana M. Pankoviã
1 Nauåni institut za ratarstvo i povrtarstvo, Novi Sad, Maksima Gorkog 30
2 Poqoprivredni fakultet, Novi Sad, Trg Dositeja Obradoviãa 8, Novi Sad

Rezime

U uslovima vodenih kultura prouåeno je uzajamno dejstvo kadmijuma i azota
na rastewe i sadrÿaj pigmenata hloroplasta mladih biqaka suncokreta. Sa
poveãawem koncentracije azota i kadmijuma u hranqivom rastvoru poveãao se
wihov sadrÿaj u biqkama. Visina biqaka, lisna površina i masa sveÿe mate-
rije drugog para listova i sadrÿaj pigmenata hloroplasta, hlorofila a+b i ka-
rotenoida bile su najveãe pri sredwoj ispitivanoj koncentraciji azota (7,5
mM). Poveãawe koncentracije kadmijuma smawilo je sve ispitivane parametre.
Nepovoqno dejstvo najveãe ispitivane koncentracije kadmijuma (5,0 �M) bilo
je najmawe pri optimalnoj obezbeðenosti biqaka azotom. Na osnovu dobijenih
rezultata ispitivawa moÿe se zakquåiti da optimalna obezbeðenost azotom
smawuje nepovoqno dejstvo veãih koncentracija kadmijuma kod biqaka sunco-
kreta.
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MICROALGAL BIOMASS PRODUCTION DURING
PURIFICATION OF THERMOMINERAL WATER

SUMMARY: The growth of microalgal species Spirulina platensis, Scenedesmus
quadricauda and Dunalliela sp., cultivated in water samples from three Vojvodinian geot-
hermal drill-holes, was examined for 15 days. Microalgae were cultivated in undiluted ther-
momineral water, in different dilutions (20%, 40%, 60%, 80%), as well as in the thermomi-
neral water enriched with 5% liquid swine manure. The growth was characterized by speci-
fic biomass production for each microalgal species: in the case of Spirulina platensis culti-
vation, very significant biomass increase was measured in all treatments, especially in the
one enriched with swine wastewater. Green microalga Scenedesmus quadricauda grew only
in diluted thermomineral water samples. The growth of microalga Dunalliela sp. was
strongly inhibited during the cultivation in thermomineral water and the dilutions. In the ca-
se of cyanobacteria Spirulina platensis, the effect of microalgal growth on the significant
thermomineral water demineralization was noticed after 7 days of cultivation.

KEY WORDS: algal biomass, Dunalliela sp., purification, Scenedesmus quadricauda,
Spirulina platensis, thermomineral water.

INTRODUCTION

According to the latest geothermal investigation in Vojvodina (M i l o s a -
v l j e v i ã et al., 1995), considering physical, chemical and geothermal char-
acteristics of thermomineral waters, these waters can easily find an important
role in agriculture (glass-houses warming), cattle-breeding (farms warming),
fishery (fish-ponds), industry (technological warm water), bathing places (re-
habilitation, sport, recreation and tourist centers), warming of the urban settle-
ments, etc. Many local energy crises in the 70's sought solution in possible
geothermal water employment as energy resource. It proved to be a successful
replacement of other sources for producing electric energy, but its capacity
was sometimes quite modest. Nevertheless, the advantage of thermomineral
waters in energy production is significant in local utility, which can be treated
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as more practical, economic and environmental-friendly solution. This is the
main reason the world industry is interested in this problem investments (A k -
s i n & M i l o s a v l j e v i ã , 1984).

In spite of high potential application, thermomineral water may cause
high levels of eutrofication in water recipients due to high concentration of
mineral salts. During the thermomineral water treatment with microalgae, high
quantity of algal biomass and mineral salts concentration decrease would be
provided, since specific microalgae species can utilize most of the minerals for
their growth (O b r e h t , 1988; O b r e h t et al., 1993). Special attention sho-
uld be given to the cyanobacteria Spirulina platensis, because of its signifi-
cantly easy cultivation and high biomass quality comparing with other micro-
organisms or higher plants (R i c h m o n d , 1986; V o n s h a k , 1997; H e n -
r i x o n , 1997). Green algae Scenedesmus and Dunaliella are actually used
worldwide as producers of biomass in biotechnology (S o o n g , 1980).

In order to racionalize the thermomineral waters exploatation, the main
aim of this research was to examine possible cyanobacteria (Spirulina platen-
sis) and green algae (Scenedesmus quadricauda and Dunaliella sp.) application
as biomass producers and thermomineral waters purifiters. Biomass could be
considered as an alternative high calorie food or feed and source of different
industriall important compounds. At the same time, high concentration of the
minerals, as limiting factor in thermomineral waters usage, would be reduced
during microalgal cultivation.

MATERIAL AND METHODS

Microalgal strains Spirulina platensis, Scenedesmus quadricauda and Du-
naliella sp. are part of the Microbiology laboratory collection (Institute of Bio-
logy, University of Novi Sad). The analyses of the total samples mineraliza-
tion have been made after 3, 5, 7, 9 and 14 days during thermomineral water
purification (demineralization) by microalga Spirulina platensis.

Cultivation of microalgae in undiluted and diluted thermomineral water
(20%, 40%, 60%, 80%) and in undiluted water enriched with 5% liquid swine
manure lasted for 15 days. Liquid manure was added in order to increase ni-
trogen and phosphorus concentrations. Cultivation was done in Erlenmeyer
flasks, at the temperature of 30°C, with fluorescent light intensity of 50
�molm—2s—1.

Spirulina platensis biomass production was detected indirectly by chloro-
phyll a concentration analysis (M a c k i n n e y , 1941). Biomass concentrati-
ons of Scenedesmus quadricauda and Dunaliella sp. were measured by direct
absorbency analyses on spectrophotometer.

The presented results are the average values of five repeated measure-
ments. Experimental data were subjected to analysis of variance (LSD — test).

Microalgal strains were cultivated in water samples taken from three geo-
thermal drill-holes: Pb-1/H, Mk-1/H and Sr-1/H. Physico-chemical characteris-
tics of the examined thermomineral waters are presented in Table 1.
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Tab. 1 — Physical characteristics and chemical composition of thermomineral waters

PHYSICAL AND CHEMICAL
WATER CHARACTERISTICS Pb-1/H Mk-1/H Sr-1/H

Flow (l/min) 1200 740 700
Hardness (mol/m) 1.72 0.67 0.10
Temperature (°C) 49 51 55
pH value 7.4 7.8 7.7
Dry rest (mg/l) 5940 2390 2770
Total mineralization (mg/l) 5806 3048 3253
HPK (mg/l) 76 43 —
CO2 (mg/l) 437.8 801.9 —
NH4 (mg/l) 16 24.5 18.75
Inorganic nitrogen (mg/l) 10.86 23.5 —
Nitrates (mg/l) 0 0 49
Nitrites (mg/l) 0.02 0 0
Chlorides (mg/l) 2482 40.42 709
Carbonates (mg/l) 0 0 0
Bicarbonates (mg/l) 1214 2162 1470
Sulfates (mg/l) 0 20 0
Phosphates (mg/l) 0 0 0
SiO2 (mg/l) 0.5 6.5 4.0
Fe3+ (mg/l) 0.25 0.16 0.2
Fe2+ (mg/l) 0 0.24 0.1
Na+ (mg/l) 2000 800 1000
K+ (mg/l) 40 5.5 6.2
Ca2+ (mg/l) 17 9 4
Mg2+ (mg/l) 10.6 10.5 10.3

RESULTS AND DISCUSSION

The cultivation of microalgal strains was carried out in water samples ta-
ken from three geothermal drill-holes, in order to examine possible exploita-
tion of thermomineral waters in Vojvodina. According to our results, microal-
gal biomass was very characteristic and specific for each microalgal species
applied.

The increase of Spirulina platensis biomass (g chl a/ml) was directly cor-
related to the increase in thermomineral water concentration (Table 2).

Tab. 2 — The increase of Spirulina platensis biomass grown in different dilutions of thermomine-
ral water compared with the control medium

THERMOMINERAL WATER (%) Pb-1/H Mk-1/H Sr-1/H

20% 1.105 1.298 1.162

40% 1.421 2.055 1.374

60% 1.484 2.911 2.621

80% 2.210 3.476 2.637
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100% 2.386 3.941 4.020

100% + 5% swine manure 3.473 4.357 2.116

CONTROL (SOT) 3.156 4.124 3.500

Data in bold: statistical significance of tested parameters compared with the control (SOT) at
the confidence level of 0.05 (higher values)

Spirulina biomass was extremely high in the water samples taken from
Pb-1/H and Mk-1/H (+ 5% liquid swine manure). It has been shown that culti-
vation of Spirulina platensis should be carried out in undiluted thermomineral
water. Comparing the biomass quantity in control mineral nutritive medium
(SOT), water samples from Sr-1/H demonstrated even better growing conditi-
ons for Spirulina cultivation (Table 1). Water samples from Mk-1/H and
Pb-1/H showed to be less corresponding media, but swine manure compensa-
ted for the deficiency in important elements (S v i r å e v et al., 1996).

Green alga Scenedesmus quadricauda manifested very good biomass in-
crease in water samples diluted up to 80% (Sr-1/H and Pb-1/H) and in all
samples taken from Mk-1/H, with exception of the samples enriched with
swine manure (Table 3).

Tab. 3 — Scenedesmus quadricauda growth in different dilutions of thermomineral water compa-
red with the control medium

THERMOMINERAL WATER (%) Pb-1/H Mk-1/H Sr-1/H
20% 0.511 0.345 0.418
40% 0.714 0.719 0.694
60% 1.149 1.362 1.217
80% 0.538 1.567 1.414

100% 0.406 1.722 1.109
100% + 5% swine manure 0.321 1.595 0.823

CONTROL („148") 1.760 1.983 1.814

Comparing these results with the growth of the control culture in „148"
mineral medium, the water sample Mk-1/H made this green alga cultivation
the most efficacious.

In the case of Dunaliella sp., all thermomineral water samples inhibited
green alga growth (Table 4).

Tab. 4 — Dunaliella sp. growth in different dilutions of thermomineral water compared with the
control medium

THERMOMINERAL WATER (%) Pb-1/H Mk-1/H Sr-1/H
20% 0.314 0.294 0.318
40% 0.389 0.349 0.308
60% 0.286 0.364 0.339
80% 0.311 0.401 0.618

100% 0.305 0.411 0.406
100% + 5% swine manure 0.319 0.447 0.433

CONTROL („148") 2.680 2.735 2.842
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Generally speaking, Dunaliella sp. biomass quantity (�g chl a/ml) increa-
ses when undiluted water is enriched with swine manure. Much lower quanti-
ties of biomass have been produced in all water samples compared with the
control („148" medium).

The aims of microalgal cultivation in thermomineral waters were both bi-
omass production of microalgae and water purification in order to decrease
mineral concentration, which could cause high levels of eutrofication in water
recipients. Accordingly, Spirulina platensis cultivation in thermomineral water
samples has been followed by significant reduction of total minerals. Signifi-
cant nutrient concentration decrease at the beginning of Spirulina cultivation
followed by biomass increase after the seventh day have been observed during
Spirulina cultivation in Pb-1/H and Sr-1/H undiluted water samples. Until the
fourteenth day, the biomass production and water demineralization lasted un-
perceptible (Figure 1 and Figure 2).

Spirulina platensis biomass growth as well as the mineral concentration
also indicated successful demineralization in Mk-1/H water sample until the
seventh day. Sudden minerals increase and inhibition of biomass production
observed after the seventh day (Figure 3) can be associated with eventual bac-
terial occurrence in algal culture.

In spite of encouraging results with Vojvodina thermomineral waters ex-
ploitation for the production of Spirulina biomass published twelve years ago
( O b r e h t , 1988), there have been no attempts to commercialize the process.
Vietnam is the only country with commercial production of Spirulina platensis
in thermomineral waters (N g u e n h u n T h u o c et al., 1989). The chemical
composition of Vietnamese waters is quite similar to those in Vojvodina. The
cultivation of Spirulina platensis in thermomineral water could produce multi-
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Fig. 1 — Comparison of Spirulina platensis biomass increase and total mineralization decrease
in Pb-1/H water sample
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Fig. 2 — Comparison of Spirulina platensis biomass increase and total mineralization decrease
in Sr-1/H water sample
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Fig. 3 — Comparison of Spirulina platensis biomass increase and total mineralization decrease
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ple benefits (C i f e r r i & T i b o n i , 1985): it can be used in the purification
of thermomineral water, there are no unusable byproducts in the biomass pro-
duction process (like with higher plants), the growth is extremely fast (in wet
or dry climate), Spirulina is not competitive with other microorganisms and fi-
nally, Spirulina is a source of chemical compounds for the pharmaceutical in-
dustry and other industries (high percentages of proteins and vitamins). (D o -
u m e n g e et al., 1993; V o n s h a k , 1997; H e n r i k s o n , 1997).

According to our results, green alga Scenedesmus quadricauda grew only
in diluted water samples, the growth of Dunalliela sp. was inhibited during the
cultivation in thermomineral water, while Spirulina platensis demonstrated sig-
nificant reduction of total minerals and biomass increase after the seventh day
of cultivation, which can be considered as strong points in favor of future Spi-
rulina usage in thermomineral water purification.
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Rezime

Tri vrste mikroalgi, Spirulina platensis, Scenedesmus quadricauda i Dunalli-
ela sp., uzgajane su u uzorcima termomineralne vode uzete iz tri vojvoðanska ge-
otermalana izvora: Pb-1/H, Sr-1/H i Mk-1/H. Nakon 15 dana kultivacije sve tri
mikroalgalne vrste pokazale su specifiåan rast biomase u nerazblaÿenoj ter-
momineralnoj vodi, u uzorcima razliåitog razblaÿewa (20%, 40%, 60%, 80%),
kao i u uzorku obogaãenom sa 5% teånog stajwaka (radi poveãawa koncentracija
azota i fosfora). Za mikroalgu Spirulina platensis (Cyanobacteria) karakteristiå-
no je signifikantno poveãawe biomase u sva tri uzorka vode, pogovu u staj-
wakom obogaãenom uzorku. Zelena alga Scenedesmus quadricauda adaptirala se
samo u razblaÿenim vodenim uzorcima (< 80%), dok je rast mikroalge Dunalliela
sp. bio inhibiran u sva tri uzorka termomineralne vode.

Ispitivan je i efekat kultivacije mikroalgi na demineralizaciju (pre-
åišãavawe) termomineralnih voda. U sluåaju cijanobakterije Spirulina platensis,
drastiåno smawewe ukupne mineralizacije uz znaåajno poveãawe biomase pri-
meãeno je nakon 7 dana kultivacije, što ukazuje na praktiånu moguãnost prime-
ne cijanobakterije Spirulina platensis u preåišãavawu termomineralnih voda.
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ISOLATION OF SALMONELLA ENTERITIDIS FROM
POULTRY FARMS IN VOJVODINA

ABSTRACT: Occurrence of salmonelosis increasingly endanger poultry production,
since isolation the bacteria from poultry material was frequent during the last three years
(1996—1998). During 1996, occurrence of Salmonella positive isolates was 4.9%, 3.9%, in
1996 and 1997, respectively, while Salmonellosis occurred in alarming 15.85% of total bac-
terial findings in 1998. During the three year period Salmonella enteritidis was increasingly
prevailing in population of the bacteria, being isolated in 82%, 90.5% and 94.5% of total
Salmonella isolates, during 1996, 1997. and 1998, respectively.

KEY WORDS: Salmonelosis, Salmonella enteritidis, poultry

INTRODUCTION

Salmonelosis are very important infections that follow poultry production.
Reports by WHO and FAO (1998) describe an alarmingly high occurrence of
Salmonella mostly prevailing Salmonella enteritidis, Salmonella typhimurium
and Salmonella virhow among findings.

It was established that 80% of all Salmonella isolated from animal mate-
rial occurred in poultry samples (P i g u e t and P i r e s - G o m e s , 1989), co-
ming from chicken in 41%, from ducks in 21% and from turkeys in 18% of
Salmonella-positive samples. Salmonella enteritids was established in 82.7%
of total Salmonella-positive findings in poultry. Other reports (M r ð e n et al.,
1997; O r l i ã et al., 1998; R a š i ã and O r l i ã , 1999) also indicate that
frequent Salmonelosis does not only present an important economic problem
in poultry production, but also a threat to human health (P a l i ã and O r l i ã ,
1999). Types of Salmonella were the causative agents in 62.9% of the reported
outbrakes of epidemic food poisoning in Yugoslavia from 1992. to 1996., and
S. enteritidis, S typhimurium and S. infantis were most frequently isolated in
82.7%, 5.9% and 2.2 % of samples, respectively (E r s k i - B i l i ã and I l i ã ,
1999).
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The findings of large number of Salmonella carriers can explane the tran-
smision of the disease via meat and meat products obtainted from infected
chicken and give rise to the importance of constant monitoring of the Salmo-
nella outbrakes and prevalence esspecially S. enteritidis.

The aim of the paper was to prove presence of Salmonella in poultry ma-
terial and determine the type that is mostly represented.

MATERIAL AND METHODS

Samples of livers and yolk material obtained from the transported chic-
ken and juveniles chicken, and also livers of broilers were used for bacteriolo-
gical testing. During a three year period a total of 5869 liver and yolk sam-
ples, 1510 suffocated chicken and 3196 eggs were evaluated.

The samples were examined by standard bacteriological procedures (M i -
h a j l o v i ã 1983). Liver samples were cultivated on semi-liquid culture me-
dia (M r ð e n et al., 1977), in selenite-buyon and after 24 hours of incubation,
samples were transfered on Endo agar, Salmonella-Shigella culture and Brilli-
ant green culture media. Samples obtained from suffocated chicken and eggs
were cultivated on selenite-buyon, incubated for 24 hours and then transfered
on Endo agar, Salmonella-Shigella culture and Brilliant green culture media.
Salmonella-suspective colonies (lactose-negative) were transfered on Kligler's
duble agar. Biochemical properties and serotyping of Salmonella were also
performed (M i h a j l o v i ã , 1983).

RESULTS AND DISCUSSION

During 1996. Salmonella was established in 4.9% of total bacterial infec-
tions (Table 1). There were 3.9% of salmonella-positive findings in 1997,
while an allarming increase of Salmonella occurence was established in 1998.
when 15.8 % of positives, mainly from liver samples, were reported (M r ð e n
et al., 1997; S t o j a n o v and O r l i ã , 1998).

Tab. 1 — The occurrence of Salmonella in poultry material

samples
No. of positives per total examined

1996 % 1997 % 1998 %

livers, yolks 211/3039 6.9 142/2516 5.6 57/313 18.2

suffocates 76/1085 7,0 23/314 7.3 15/111 13.5

eggs 76/1085 0.1 1/1399 0.1 0/30 0

total 189/5891 4.9 166/4229 3.9 72/454 15.8

The most frequently isolated type of Salmonella was S. enteritidis (Table
2.). While S. enteridis was isolated in 82% of all Salmonella findings during
1996. and 1997, in 1998. an increased percentage (94.5%) of the type was
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established (M r ð e n et al., 1997; P a l i ã and O r l i ã , 1999). Similar incre-
ase of S. enteritidis positive isolates was reported by other authors (P i g u e t
and P i r e s - G o m e s , 1989, WHO, 1998). The allarming increase of Salmo-
nella occurence in Yugoslavia can be a result of bad economic conditions in
poultry production, non-systematic profilactic exposure, and non-controled rat
population (R a š i ã and O r l i ã 1999), and by use of suspective fish meal in
poultry food mixtures (R a d a n o v - P e l a g i ã et al., 1998). The favourable
decrease of Salmonella occurence can be achived by systematic controle moni-
toring, epizootiologic screeninig, controle of food components and foodstufs
( R a š i ã and O r l i ã , 1999) and by introduction of profilactic measures aga-
inst S. enteritidis (P a l i ã and O r l i ã , 1999).

The allarming increase of occurence of Salmonelosis from 4.9% to 15.8%
in 1998 gave rize not only to large economic losses in poultry production due
to increased mortality and treatmant cost, but endangeres health of human po-
pulation as well.
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No. of positive per total examined

1996 1997 1998

n % n % n %

S. enteritidis 238/289 82.0 150/166 90.5 68/72 94.5

S. typhimurium 29/289 10.5 5/166 3.0 1/72 1.5

S. virchow 9/289 3.0 1/166 0.5 2/72 2.5

S. infantis 13/289 4.5 10/166 6.0 72/72 100
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IZOLACIJA SALMONELLA ENTERITIDIS SA FARMI ŸIVINE
U VOJVODINI

Dušan B. Orliã, Igor M. Stojanov, Branka M. Vidiã
Nauåni institut za veterinarstvo, Rumenaåki put 6, Novi Sad

Rezime

Salmoneloze sve åešãe ugroÿavaju ÿivinarsku proizvodwu i uzroånici su
bili åesto izolovani iz materijala poreklom od ÿivine, u trogodišwem peri-
odu (1996—1998). Od ukupno ispitanih bakterijskih infekcija u 1996. godini,
salmonele su bile izolovane u 4,9% uzoraka, 1997. godini kod 3,9% uzoraka, dok
je u 1998. godini zabeleÿen znaåajan porast prisustva salmonela u ispitanim
uzorcima ÿivine (15,8%). Od ukupnog broja izolata salmonela, u toku trogo-
dišweg ispitivawa, dominantna je bila Salmonella enteritidis sa 82% u 1996. go-
dini, zatim sledi trend porasta od 90,5% u 1997. godini, kao i u 1998. godini,
kada uåešãe S. enteritidis iznosi 94,5%.
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SYNTHESIS OF
2-ACETYL-3-METHOXY-17-TOSYLOXY-16,17-SECOESTRA-

1,3,5(10)-TRIEN -16-NITRILE

ABSTRACT: The title compound has been obtained in two independent ways starting
from 3-methoxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-trien-16-nitrile (1). Treatment of 1

with HBr in Ac2O gave the 3-acetoxy derivative 2. Action of NaOMe upon compound 2 af-
forded migration of the acetyl function, whereby the acetyl derivative 3 was obtained. Fi-
nally, methylation of 3 gave 2-acetyl-3-methoxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-trien
-16-nitrile (4). On the other hand, compound 4 was obtained by the condensation reaction of
1 with acetyl chloride in presence of AlCl3.

KEY WORDS: Steroids, D-secoestrone derivatives, 2-acetyl-D-secoestrone derivati-
ves, methylation.

INTRODUCTION

In an earlier paper [P e t r o v i c et al., 1992] we have worked out a pro-
cedure for demethylation of 3-methoxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-
-trien-16-nitrile (1, Scheme 1), by the action of concentrated hydrogen bromi-
de in acetic acid. Under mentioned reaction conditions, intermediate acetoxy
derivative 2 was formed, which was saponified to compound 3, using sodium
metoxide in methanol. However, the saponification procedure resulted in for-
mation of a minor product, to which, according to spectral data, structure 3

was prescribed.
The aim of this work was the chemical confirmation of the proposed

structure of compound 3.

EXPERIMENTAL

Melting points (mp) were determined in open capillary tubes on a Büchi
SMP apparatus and are uncorrected. Infrared spectra were recorded in KBr
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pellets on a Perkin-Elmer M 457 spectrophotometer. Nuclear magnetic reso-
nance (NMR) spectra were determined in CDCl3 on a Bruker WP 250 SY
spectrometer and are reported in parts per million downfield from a tetra-
methylsilane internal standard. Mass spectra were recorded on a Finnigan-
-MAT 8230 (E.I. 70 eV) spectrometer.

3-Methoxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-trien-16-nitrile (1)

3-Methoxy-17-hydroxy-16,17-secoestra-1,3,5(10)-trien-16-nitrile (1 g, 3.34
mmol) and tosyl chloride (1 g, 3.34 mmol) were dissolved in absolute pyridine
(30 cm3). The reaction mixture was kept at room temperature for 50 hours and
was then poured into 6N HCl (300 cm3). The precipitate was collected by fil-
tration, washed with water, and air-dried, giving a crude p-toluenesulfonate
ester 1 in a 93% yield. After crystallization from MeOH, 1.06 g (70%) of
pure 3-methoxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-triene-16-nitrile (1), mp
88—91°C, was obtained.

IR spectrum (�max, cm—1): 3.050, 2.225, 1.605, 1.505, 1.375, 1.180; 1H
NMR spectrum (�, ppm): 0.95 (s, C-18 Me), 2.50 (s, Me from tosyloxy gro-
up), 3.50 (q, C-17 protons, J = 21.25 Hz), 6.60 to 7.80 (7 aromatic protons);
mass spectrum (m/z): 453 (M+), 241 (M+-C2H4NO), 212 (M+-CH3CN-CH2-
OTs-CH3). Anal. calculated for C26H31NO4S: C, 68.87; H, 6.84; N, 3.09. Fo-
und: C, 68.99; H, 6.80; N, 3.08.

3-Acetoxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-trien-16-nitrile (2)

Aqueous solution of HBr (38%, 60 cm3) was added dropwise to cooled
acetic anhydride (300 cm3), maintaining the temperature bellow 150C. To the
solution compound 1 (1g, 2.21 mmol) was added, the reaction mixture kept for
24 hrs at room temperature and then refluxed for 4 hrs. The cooled reaction
mixture was poured into ice-cold water (1000 cm3), the precipitate was filtered
off, washed with water and air-dried. The crude product was chromatographed
on a silica gel column (15g, benzene-ethyl acetate /9:1/),whereby 100 mg
(10%) of starting compound was recovered and 345 mg (36%) of compound 2,
mp. 137—1380C, was obtained.

IR spectrum (�max, cm—1): 2.245, 1.765, 1.360, 1.175, 670 and 560; 1H
NMR spectrum (�, ppm): 0.90 (s, C-18 Me), 2.30 (s, Me from acetate func-
tion), 2.50 (s, Me from tosyloxy group), 3.57—4.00 (q, C-17 protons), 6.80—
7.90 (7 aromatic protons); mass spectrum (m/z): 481 (M+), 453 (M+-CH2 =
CH2), 43 (CH3C = O+). Anal. calculated for C27H31NO5S: C, 67.35; H, 6.49; N,
2.91. Found: C, 67.31; H, 6.60; N, 2.85.

2-Acetyl-3-hydroxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-trien-16-nitrile (3)

To a solution of sodium (0.55 g, 23.9 mmol) in absolute methanol (120
cm3) compound 2 (3.1 g, 2.08 mmol) was added. The reaction mixture was
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kept for 5 min. at room temperature, then poured into water (300 cm3) and
acidified with acetic acid to pH 3. The precipitate was filtered off, washed
with water and air-dried. The crude product (2.9 g, 71.5 %) was chromato-
graphed on a silica gel column (300 g, benzene-ethyl acetate /4:1/), yielding
1.0 g (31.55 %) of compound 3 mp. 151—152°C.

IR spectrum (�max, cm—1): 3.500, 2.940, 2.440, 1.350, 1.175, 970, 670 and
560; 1H NMR spectrum (�, ppm): 0.95 (s, C-18 Me), 2.50 (s, Me from
tosyloxy group), 3.55—4.00 (q, C-17 protons), 4.70 (s, C-3, OH), 6.60—7.90
(7 aromatic protons); mass spectra (m/z): 439 (M+), 156 (M+-CH2 = CH2-
-Me-D-seco ring). Anal. calculated for C27H30NO5S x MeOH: C, 66.24; H,
7.00; N, 2.97. Found: C, 66.11; H, 6.61; N, 2.78.

2-Acetyl-3-methoxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-trien-16-nitrile (4)

a) Anhydrous aluminiumchloride (13 g, 100 mmol) was dissolved in a
mixture of carbon disulfide (10 cm3) and acetyl chloride (2 cm3, 28 mmol) and
a solution of 1 (1 g, 2.38 mmol) in methylene chloride (10 cm3) was added
dropwise. The reaction mixture was stirred for one hour at room temperature,
then poured into ice-cold diluted HCl (1:1, 200 cm3) and extracted with ether
(3x50 cm3). The organic phase was washed with a solution (5 %) of sodium
hydrogencarbonate, followed by water and dried over anhydrous sodium sulfa-
te. After evaporation of solvent, the crude product (0.92 g, 83.6 %) was chro-
matographed on a silica gel column (100 g, benzene-ethyl acetate /9:1/), yield-
ing 0.75 mg (68.2 %) of 2-acetyl-3-methoxy-17-tosyloxy-16,17-secoestra-1,3,5-
(10)-trien-16-nitrile (4), mp. 106—107°C.

b) To a solution of 2-acetyl-3-hydroxy-17-tosyloxy-16,17-secoestra-1,3,5-
(10)-trien-16-nitrile (3, 200 mg, 0.46 mmol) in an 1:1 mixture of freshly distil-
led methanol and acetone (10 cm3) potassium carbonate (200 mg, 1.45 mmol)
and methyl iodide (0.30 cm3; 1.10 g, 7.33 mmol) were added. The reaction
mixture was refluxed for 8 hrs and then diluted with water (50 cm3). The sep-
arated solid was filtered off, washed with water and air-dried. The crude com-
pound 4 (195 mg, 94.7 %) was crystallized from methanol yielding 150 mg
(72.8 %) of pure 2-acetyl-3-methoxy-17-tosyloxy-16,17-secoestra-1,3,5-(10)-
-trien-16-nitrile (4), mp. 105—1070C.

IR spectrum (�max, cm—1): 3.000—2.870, 2.245, 1.730, 1.670, 1.190, 970,
690 and 570; 1H NMR spectrum (�, ppm): 0.75 (s, 3H, C-18 Me), 2.25 (s, 3H,
Me from acetyl group), 2.70 (s, 3H, Me from tosyloxy group), 3.55—3.80 (m,
2H, C-17), 3.65 (s, 3H, Me from methoxy function), 6.50—7.65 (m, 7H, aro-
matic protons).

RESULTS AND DISCUSSION

As mentioned, the aim of this paper was the chemical approval of the
structure of 2-acetyl-3-hydroxy-17-tosyloxy-16,17-secoestra-1,3,5(10)-trien-16-
-nitrile (3) (Scheme 1).
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For this purpose, compound 3, obtained by known procedure [P e t r o -
v i c et al., 1992], was methylated using methyl iodide in presence of potassi-
um carbonate, whereby 2-acetyl-3-methoxy-17-tosyloxy-16,17-secoestra-1,3,5-
(10)-trien-16-nitrile (4) was obtained in a high yield. On the other hand, com-
pound 4 was synthesized starting from 1 [P e t r o v i c et al., 1990], by treat-
ment with acetyl chloride in presence of anhydrous aluminiumchloride as cata-
lyst [N a m b a r a et al., 1970]. Samples obtained by methylation of 3, as well
as by the condensation reaction of 1 with acetyl chloride revealed same spec-
tral data and manifested identical chromatographic behavior.
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SINTEZA 2-ACETIL-3-METOKSI-17-TOZILOKSI-16,17-
SEKOESTRA-1,3,5(10)-TRIEN-16-NITRILA

Julijana A. Petroviã*, Vjera M. Pejanoviã**,
Suzana S. Jovanoviã-Šanta*, Sawa L. Gaborov*

* Institut za hemiju, Prirodno-matematiåki fakultet, Novi Sad
** ICN-Galenika, Institut, Beograd

Rezime

U radu su opisana dva nezavisna puta za dobijawe 2-acetil-3-metoksi-17-
-toziloksi-16,17- sekoestra-1,3,5(10)-trien-16-nitrila (4). Kao polazno jediwe-
we posluÿio je 3-metoksi-17-toziloksi-16,17-sekoestra-1,3,5(10)-trien-16-ni-
tril (1) koji je dejstvom bromovodoniåne kiseline u acetanhidridu dao 3-acetat
2, a ovaj je dejstvom natrijum-metoksida preveden u 2-acetil-derivat 3. Najzad,
metilovawem jediwewa 3 dobijen je proizvod 4. S druge strane, jediwewe 4 je
dobijeno direktno u reakciji kondenzacije jediwewa 1 sa acetil-hloridom u
prisustvu aluminijum-trihlorida.
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DOUBLE BETA DECAY AND THE PROPERTIES
OF THE NEUTRINO

ABSTRACT: Connection between the � decay processes and the properties of the ne-
utrino is presented. It is shown that the present experimental data still do not prove the the-
oretical GUT predictions on the nature of the neutrino and that the Standard Model of Par-
ticles is not violated. The experimental results of the Novi Sad group on the double beta de-
cay are also discussed.

KEY WORDS: neutrino, double decay

INTRODUCTION

Since its prediction by Wolfgang Pauli 70 years ago, the neutrino remai-
ned until recent times one of the most ambiguous particles in physics. Altho-
ugh it is a companion of the very well known � radioactive decay, the neutri-
no is still the only fermion for which we do not know experimentally whether
it is different from its antiparticle (� �� ~), is it a Dirac particle (as predicted by
the Standard Model of Particles) or is it identical to its antiparticle (� �~) and
therefore a Majorana particle. The exeptionally obtained low order of magnitu-
de (10—47 m2) of the cross section for the weak interaction of the neutrino with
matter (which is equivalent of a mean free path of about 300 light years in
water) is of course the main reason why it is so difficult to measure the basic
properties of this particle.

The neutrino was discovered in the experiments of R e i n e s and C o -
w a n , 1959, using high intensity (1013 cm—2 s—1) antineutrino beams from a
nuclear reactor. They succeeded in detecting the reaction
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~� + p � n + �+ (1)

as a definite proof of the neutrino existence. Having in mind that D a v i s ,
1955, failed to detect the inverse �-decay of 37Cl

� + 37Cl � 37Ar + e— (2)

with a similar antineutrino beam, it was concluded that � �� ~.
The discovery of parity nonconservation in � decay (W u et al., 1957)

led to the conclusion that the weak interaction mediating the � decay is purely
left-handed. Therefore the neutrino (antineutrino) created in the � decay of a
neutron has positive helicity (spin parallel to the momentum), while the neutri-
no needed for the inverse � decay must have negative helicity. So even if
� �~, reaction (2) would be forbidden due to helicity mismatch.

These open questions about the properties of the neutrino are today clo-
sely related to the predictions of some grand unified theories (F r i t z s c h and
M i n k o w s k i, 1981). These theories predict not only that the neutrino is a
Majorana particle, but also that it has a non-zero rest mass and slight right-
-handed interactions.

Experimental investigations of the � decay processes may contribute sig-
nificantly to the solution of the presented dilemmas of contemporary physics.

SINGLE � DECAY AND THE NEUTRINO MASS

The nuclear � decay is a spontaneous transformation of the atomic nucle-
us changing its charge by one unit. Today we know that the process is the
consequence of the weak interaction. The weak interaction is mediated by the
virtual vector boson W with the rest mass of about 90GeV/c2. Thus the range
of this interaction is less than 10—3 fm, what means that the decay is a nucleo-
nic process. We distinguish three types of � decay:

n � p + e— + ~�,
�— decay,
p � n + e+ + �,
�+ decay, (3)

e— + p � n + �,
electron capture (E. C.)

According to the Standard Model, the lepton number (� = +1 for e—, �
and � = —1 for e+, ~�) is conserved in � decay, thus � �� ~. Although this pre-
diction was not challenged by � decay investigations, the hypothesis on the ze-
ro rest mass of the neutrino was questioned in a series of experiments. In or-
der to describe these measurements, we will start from the general formula for
the � spectrum derived from the assumption that m� = 0:

N(p)dp = C	Mfi	
2 (E0 — E)2 p2dp, (4)

which states that the number of emitted � particles with the momentum p
N(p), is dependent on the nuclear transition matrix elementMfi, the total transi-
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tion energy E0 and the energy E and momentum p of the � particles. For a ze-
ro-range weak force the transition matrix element can be rewritten as

Mfi = G�M (
n, 
l), (5)

where G� � 10—4 keV fm3 is the � decay coupling constant that gives the order
of magnitude of the transition probability and M is a function of the nucleonic
(
n) and lepton (
l) wave functions. The nuclear matrix element depends on
the initial and final wave functions of the nucleus and cannot be calculated
in a model independent way, but for some � transitions, which are called
'allowed', it is independent on the energy of the � particles. For such transiti-
ons the shape of the � spectrum can be described by the formula

X
N p

Cp
C E E�

( )
( ),

2 0 (6)

which gives a straight-line dependence of X on E (Figure 1, dashed line).
If we assume that mv � 0, then instead of (6) we derive:

X C E E
m c

E E
v� �
�

( ) .0

2

0

2
1

4

1 (7)

Thus the straight line will be distorted near the endpoint energy (Figure
1, solid line).

Such distortions were mostly sought for in the tritium decay (3H � 3He +
e— + ~�) and the most recent results (K a w a k a m i et al., 1989, F r i t s c h i
et al., 1990) yield an upper limit on the neutrino mass m(~�) < 11eV/c2.
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We can mention that some anomalies in the � spectrum of 14C and inner
bremsstrahlung spectrum of 55Fe observed in the experiments of N o r m a n et
al., 1991, were interpreted as evidence for 17 keV/c2 mass neutrinos. This and
some following „discoveries" were based on the assumption that most neutri-
nos emitted in decay have zero mass (mv = 0) and only a small fraction of
them (about 1%) have big, 17 keV/c2, mass. These results are not generally
accepted, so we can conclude that from decay measurements we still do not
positively know that the mass of neutrino is zero; all we can state is that it is
most probably less than 10 keV/c2.

DOUBLE � DECAY

The double � decay is a simultaneous transition of two nucleons (2n þ 2p)
induced by weak interaction. In this decay at least two intermediate bosons are
exchanged, so it is a second order-process. Due to a small value of the weak
coupling constant G� the probability W�� for double � decay (which would be
roughly W�� � W�

2 � G4) becomes extremely small leading to lifetimes with the
order of magnitude of 1020 years. Such a rare process can be detected only if
the single decay is forbidden. Generally the even-even nuclei in the bottom of
the isobaric decay chain have lower masses than their odd-odd Z  1 neigh-
bors and thus their single � decay is energetically not possible. Such nuclei
(generally considered as stable) are the best species for the investigation of ��
decay.

One of the most extensively investigated (A v i g n o n e et al., 1991) ��
decays, the decay of 76Ge is presented in Figure 2.

There are four possible modes of �� decay:

a) Z
A

Z
A

X Y e� ��

�
�

� � ��
�

2 2 2~ double electron emission
b) Z

A
Z

A
X Y e� ��

�
�

� � ��
�

2 2 2 double positron emission

c) e X Y eZ
A EC

Z

A
�

�
�� � � �

,��

�2 8 2 electron — positron conversion

d) e e X YZ
A EC EC

Z

A� �

�� � � �
,

2 2� double electron capture
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In the decays (8) lepton number conservation is assumed. Such decays are
usually denoted as 2��� decays because they assume the emission of two neu-
trinos or antineutrinos according to the Standard Model.

The double � decays can be detected by the geochemical method or by
counting experiments. In the geochemical measurements, the accumulation of
the decay products in a natural mineral of the parent element is measured. The
accuracy of such results depends significantly on the long-term stability of the
minerals in which the amounts of decay products are measured. So far only
the measurements of noble gas isotopes in selenium and tellurium minerals
yielded reliable results (M a n u e l , 1991). Of course, such measurements can-
not make difference between the 2� and 0� decay modes; their results give the
2� + 0� half-lives.

In the counting experiments the spectrum and decay signatures of the
emitted particles are measured by various types of detectors. In order to detect
the very rare �� events, high efficiency and extra low background detection
systems are needed.

As a result of several hundred decay measurements only the lower limits
of the half-lives were mostly established. Only for 5 isotopes (76Ge, 82Se,
100Mo, 116Cd, and 150Nd) is the half-life for the 2����� determined (T r e t y a k
and Z d e s k o , 1995, F i o r i n i , 2000) in the range 1019 — 1021 years. The
first recorded EC, �+ (0� + 2�) half-life value (1.1  0.8) x 1019 years is a re-
sult of the experiment (B i k i t et al., 1995) on 64Zn, which will be described
later. The experimental results on the 2��� decay half-lives are necessary for
the verification of the theoretical values of nuclear matrix elements. As will be
shown later, reliable values of nuclear matrix elements are needed for the eval-
uation of the neutrino mass from the measured 0��� half-lives T1/2.

NEUTRINOLESS DOUBLE BETA DECAY

The neutrinoless double beta decay (0���) is a decay mode where the ne-
utrino emitted in the first vertex is reabsorbed in the second one (Figure 3).
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This process obviously violates the lepton number conservation law of
the Standard Model. The first condition that enables this decay is that the neu-
trino is a Majorana particle (� �~) so that the lepton conservation law becomes
meaningless and all our descriptions of the � decay and weak interaction must
be changed. But even if � �~ the process will be still forbidden due to helicity
mismatch in the first and second vertex. In order to allow the change of the
neutrino helicity it is necessary to assume that the neutrino has a finite mass
(and thus no definite helicity) and/or that the weak interaction has a right-han-
ded component. In left-right symmetric models, the weak interaction is media-
ted by W1

 and W2
 bosons that are mixtures of left (WL

 ) and right-handed
(WR

 ) bosons:

W W W

W W W
L R

L R

1

2

  

  

�

� �

cos sin

sin cos

� �

� �
(9)

where � is the mixing angle.
According to this theory we see mainly left-handed bosons with the mass

ML = 90 GeV because the mass of the right-handed boson MH is much bigger.
The transition probability for the 0��� decay is (F a e s s l e r , 1991) is

W
n

T
M m M tg M M Mm M L H( ) ,

/

0
1 2

1 2

2 2 2
��� � � �� � (10)

where Mm, M�, and MM are nuclear matrix elements and (mv) is the effective
neutrino mass. In the 0��� process we have only two emitted particles (instead
of four in the 2��� decay) and the phase space will increase by a factor of 106

relative to the 2��� decay. Thus the nuclear matrix elements M (which include
the phase space factor) for the 0��� decay will have at least the same order of
magnitude as for the 2��� process. If we further suppose that the mass of the
heavy boson MH > 1 TeV, the last term in (12) will be negligible, which for
the low values of the effective mixing angle (tg�) < 10—8 allows the direct
evaluation of the neutrino mass from the measured half life.

For the 0��� decay mode the neutrino and antineutrino terms in (8) sho-
uld be omitted. Thus the sum of the energies of the two e— and two e+ in (8a)
and (8b) will be monoenergetic as well as the energy of the e+ in (8c). This
fact enables the experimental recognition of the 0��� decay mode. As can be
seen from (8d), no particle is emitted in the (0�, EC, EC) decay. After the cap-
ture of two electrons (mainly from 1s orbits) the parent nucleus Z

A X transforms
to the daughter Z

A Y�2 in an excited state (V e r g a d o s , 1983). The energy of
this state is determined by the parent-daughter mass difference and the binding
energy of the electrons and it is not equal to the energy of any eigenstate of
Z
A Y�2 . Thus the energy of the � ray deexciting this state is different from the
known � ray energies, which enables the unique detection of this process.

Today the most sensitive method (K l a p d o r - K l e i n g r o t h a u s and
S t a u d t , 1995, B a u d i s , 1999) for the investigation of the 0� mode is the
measurement of the 0����� decay of 76Ge by large mass (� 10 kg) HPGe spec-
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trometers enriched with more than 80% 76Ge. The 100% efficiency for the
electrons emitted in the sensitive volume of the detector, deep underground
positioning, and heavy shielding enabled to reach a lower limit for the half life
T1/2 > 5.6 x 1024 years, which is equivalent to the mass limit (mv) < 0.65eV.
Although the 0��� process is still not detected, the performed measurements
established the most stringent limit of the neutrino mass.

DOUBLE BETA DECAY MEASUREMENTS IN NOVI SAD

The Novi Sad low-level gamma spectroscopy laboratory is an on-ground
located facility equipped with a massive 25 cm wall thickness, 1 m3 useful vo-
lume, pre WWII cast iron shield. Thus in the laboratory only � ray events from
���� can be measured and the background can be reduced by coincidence met-
hods.

Coincidence detection of positrons

In the cases of (����) and (EC+, �+) two or one positron are emitted, re-
spectively. These positrons annihilate in the voluminous sample material emit-
ting simultaneously two � rays with the energy of 511 keV in opposite directi-
ons. The coincidence counting of these � rays enables the determination of the
double � decay half-life. In order to extend the detection limits towards the
1020 y half-life region, large quantities of sample material and efficient and
good resolution detectors must be used. Although the coincidence method sig-
nificantly reduces the background, passive and active shielding is necessary. In
order to reduce the number of chance coincidences a fast-slow coincidence
system is required.

The setup built in the low-level laboratory in Novi Sad is schematically
presented in Figure 4.

The cylindrical sample is sandwiched between a 3" x 3" NaI(Tl) and a
25% nominal efficiency HPGe detector. The signals from the detectors are
split. Through the constant fraction discriminator (CFD) and the amplitude and
rise time compensated discriminator (ARC) fast timing signals are obtained
and led to the time to amplitude converter (TAC). The fast time spectrum
is through the analog to digital converter (ADC3) collected in the third section
of the multichannel analyzer memory. The true coincidence signals from the
single channel (SCA) section of the TAC are coincidenced with the 511 keV
part of the HPGe spectrum derived from the timing single channel analyzer
(TSCA). The signal from the slow coincidence unit (COINC) gates the ADC1
which processes the spectrum from the NaI(Tl) detector. Thus the intensity of
511 part of the coincidence spectrum from ADC1 measures the number of po-
sitrons from the sample. In order to suppress the contribution of annihilation
events from environmental rays and cosmic rays the two detectors are placed
in the hole of a 9" x 9" annular NaI(Tl) detector (ANNULUS). The signals
from this detector are used for anticoincident gating of the TAC and all ADCs.
In this way most of the events generated by rays not coming from the sample
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are electronically rejected. The whole detector assembly was operated in the
iron passive shield.

As shown in B i k i t et al., 1999, one of the significant contributions to
the background of the system is the NaI(Tl) detector itself. Natural radionucli-
des especially from the 232Th series and from 40K elevate the background of
the HPGe detector.

Despite the passive and active shielding, 511—511 keV background coin-
cidence events are still generated at the sample position and in the detectors.
The measurement of this background is not simple. Three types of background
measurements were performed: one with no material between the detectors and
two with blank samples (Fe and Cu). No statistically significant difference be-
tween these results was obtained. The average value of all these measure-
ments, derived for 6700 ks counting, was 71(6) x 10—3 c/ks.

The coincidence efficiency of the system � = Rc/A (Rc — true coincidence
count rate, A — calibrated 22Na source activity) was � = 1.9%. This value was
corrected for different samples by Monte Carlo methods.

The 50Cr �
50Ti decay

The double � decay of 50Cr is presented in Figure 5. The mass difference
between the nuclei 50Cr and 50Ti is �mc2 = 1183.3 (1.2) keV. This energy is
besides the (EC, EC) decay sufficient for an (EC, �+) process with the transi-
tion energy of 144 keV. This energy is far from the 1554 keV energy of the
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first excited state of 50Ti, so the (EC, �+) decay can lead only to the 50Ti gro-
und state. The decay might be enhanced due to the fact that the daughter is a
Z magic one. The 4.34% abundance of 50Cr in natural Cr offers modest detec-
tion limit for the measurement of the (0� + 2�) half-life with natural Cr.

The � = 70 mm and h = 25 mm thick p. a. grade Cr2O3 sample contained
4.7 g of 50Cr. The spectrum of this sample measured for 2562 ks is presented
in Figure 6. The integration of the 511 keV area confirms what can be visually
concluded: there is no statistically significant difference between the sample
and the background count rate. So from the parameters of the experiment only
a lower limit of the half-life could be determined (B i k i t et al., 2000):

T (0� + 2�) � 1.03 x 1018 y (68% confidence level)

This is currently the best limit for the 50Cr (EC, �+) decay.
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The 64Zn �
64Ni decay

The mass difference between the parent and the daughter in this decay is
�mc2 = 1.0965 MeV. This energy besides the (EC, EC) mode allows for the
(EC, �+) electron-positron conversion process with the lepton energy of only
66 keV. The tiny energy reduces the phase space, thus increasing the half-life.
The small lepton energy suppresses also the contribution of right-handed am-
plitude to the probability of the (0�) decay mode (V e r g a d o s 1983).

On the other hand, the high abundance (49%) of 64Zn in natural Zn and
the favorable spin sequence of the ground states involved (0+ � 1+ � 0+) mo-
tivated us to set up the experiment.

The � = 70 mm and h = 25 mm cylindrical sample of p. a. grade Zn had
the mass of 350 g. The coincident spectrum of this sample measured for 1720
ks is presented in Figure 8. As can be seen in the 511 keV region, the sample
spectrum has a bigger area than the background one. By integration of the net
Zn spectrum an area of 0.06(4) counts/ks was found. For the conditions of our
experiment this area is equivalent to the half-life (B i k i t et al., 1997).

T1/2 (0� + 2�) = (1.1  0.9) x 1019 y (99.7% confidence level).

This value is the first reported positive result for the half-life of the (EC,
�+) double decay process. The unexpectedly low value of the half-life is
still not explained theoretically. The enhancement of the transition probability
might be sought from the fact that the daughter nucleus is a Z magic one.
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The 54Fe �
54Mn decay

The mass difference for this decay (Figure 9) of �mc2 = 680.1.  0.6 keV
allows only for the (EC, EC) process. The neutrinoless mode of this decay lea-
ves the daughter nucleus with excitation energies 668.1  0.1 keV (K, K —
decay), 673.4  0.1 keV (K, L — decay) and 678.1  0.1 keV (L, L — de-
cay). These energies are not the energies of an eigenstate of 54Mn; they are
less than the energy of the first excited 2+ state of 54Mn. The detection of such
„wrong" energies from iron sample would confirm the 0� decay process.

Making use of our passive cubic shaped iron shield as iron sample/source
with the HPGe detector in the center, we could set up a very sensitive experi-
ment for this decay. The 22 t iron shield contains 5.4% 54Fe. Taking into acco-
unt the self-absorption in iron and the geometry of the measurement, the de-
tection efficiency was estimated. According to this calculation we see with
unit efficiency 32 g of 54Fe.

The 670 keV region of the Fe spectrum measured for 281 days is presen-
ted in Figure 10. As can be seen the KK line lies on the tail of the 214Bi back-
ground line, while the spectrum is flat in the KL and LL line regions. In none
of these regions a total absorption peak is registered, so only upper limits on
the line intensities could be set. The limiting intensity led to the result (B i -
k i t et al., 1998)

T1/2 (0�, K, K) > 4.4 x 1020 y (68% confidence level)

Our value is two orders of magnitude more stringent than the reported
values for the (0� ) 196Hg decay, but still it is far from the theoretically predic-
ted half-life of 1.5 x 1027.

87

Fig. 8. — The 54Fe � 54Mn decay scheme



CONCLUSION

Despite the significant efforts of the nuclear physics community world-
wide the fundamental properties of the neutrino are still not known. So many
fundamental problems of contemporary physics as the solar neutrino problem,
the neutrino oscillation problem and the problem of missing mass in the uni-
verse are still unsolved. Significant progress is expected from future experi-
ments (F i o r i n i , 2000).
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Rezime

U ovom radu predstavqena je veza izmeðu procesa beta raspada i osobina
neutrina. Pokazano je da sadašwi eksperimentalni podaci još uvek ne potvr-
ðuju predviðawa teorija velikog ujediwewa o prirodi neutrina, kao ni da nije
narušen standardni model åestica. Prodiskutovani su i eksperimentalni re-
zultati novosadske grupe u vezi sa dvostrukim beta raspadom.
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THE MECHANISM OF OSCILLATORY ION TRANSPORT
AND BIOPOTENTIAL ACROSS THE EXCITED

CELL MEMBRANE

ABSTRACT: This paper presents results obtained in studies on oscillations of the
membrane potential in several model-objects: Nitelle cells and maize (Zea mays L.) root
cells. The possibility to induce different classes of oscillations, single and local impulses of
the membrane potential in dependence on effects of stimuli that cause membrane excitation
is also presented. The author explains the phenomenon of membrane potential oscillating by
inducing the excited state of cell membrane, and then he presents some parameters that cha-
racterise such a membrane state. It is stated that oscillating of the membrane potential is ca-
used by oscillatory ion transport processes across the excited cell membrane. Possible mec-
hanisms of oscillatory transport processes and membrane potential oscillations across the
excited cell membrane are also presented.

KEY WORDS: plant cell, root tissue, cell membrane, excited state, transport proces-
ses, ions, oscillations, impulses, membrane potential.

INTRODUCTION

It is a generally known fact that phenomena and movements of oscilla-
tory and rhythmic nature occur under within almost all fields of physics and
physical chemistry. Oscillations are such movements and processes at which,
magnitudes of physical quantities determining them, occur at exactly or ap-
proximately equal periods of time. Hence, any system disturbed from equilib-
rium starts to oscillate under certain conditions. Systems with one or two de-
grees of freedom are the basis for the analysis of oscillations. Regardless of
different types of oscillatory processes, each oscillatory system can be descri-
bed by a physical quantity whose displacement from its equilibratory value de-
pends on coordinates and time.

The unique mathematical model is used in description of all oscillatory
processes, but, homogenous differential equations of the second order with
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constant coefficients are mainly applied for discrete systems, while partial dif-
ferential equations with variable coordinates and time are applied for continuo-
us systems [A n d r o n o v et al., 1966; C r a w f o r d , 1984; T i h o n o v et
al., 1972].

On the other hand, oscillations and rhythms are one of principal characte-
ristics of living organisms. Rhythm, as a type of regularity, with a patterned
increase and decrease of certain parameters in the curse of time, has been de-
tected at all levels of organisation: molecules, cells, tissues, organs, organisms
and the population [B j u n n i n g , 1964; B i o t e u x et al., 1977]. Overall bi-
oelectric studies on plant models contributed to a discovery of the phenome-
non of membrane potential oscillating. Today, the occurrence of membrane
potential oscillating (
, mV) in plants is more systematically studied and ana-
lysed and therefore it is a very actual and contemporary scientific topic. This
statement is supported by facts presented in numerous monographic papers
[ K o l s et al., 1993; K r a n y s k y and Z h a b o t i n s k y , 1981; S w e e -
n e y , 1969; Ÿ a b o t i n s k i j , 1974], as well as in several scientific confer-
ences on both, general and scientifically orientated issues on oscillatory, rhyth-
mic, wave and auto-wave phenomena. Scientific conferences elaborated a mat-
hematical and physical basis of oscillatory processes [B h a t n a g r , 1979;
F r a n k et al., 1996; S e l j k o v et al., 1971; V o r o b i e v et al., 1968;
Ÿ a b o t i n s k i j , 1967] initiating, in such a way, many issues on the theoreti-
cal base of oscillatory, wave and rhythmic processes and thereby indicating
the nature of their occurrence, propagation and programmed inducements.

The phenomenon of membrane potential oscillating on the plasmalemma
and tonoplast of intact plant cells was discovered in 1965, but was somewhat
later announced in a scientific journal [R a d e n o v i ã et al., 1968] and since
then we have been working on the following: (a) improvement of existing and
development of new bioelectric and chemical measurement methods of the
membrane potential, (b) observing effects of different stimuli on occurrence of
membrane potential oscillating, (c) registering new and different classes of the
membrane potential oscillations, (d) determination of dependence between oc-
currence of membrane potential oscillating and oscillatory transport processes
across the excited cell membrane. Furthermore, it has been worked on the as-
certainment of elements, parameters and functions that could be unique in the
description and analysis of oscillatory mechanisms in physics and biology,
i.e. biophysics. Such an approach, if successful, could provide solutions that
can enable our better understanding of the diverse nature of all oscillatory
and rhythmic phenomena, and creation of a unique image, which might pro-
vide rational modes of studying these phenomena through parameters of their
analogy.

Results, presented in this paper, obtained in our both, previous and pres-
ent, studies impose some actual issues of interests for further experiments and
theoretical considerations of the mechanism of oscillatory ion transport across
the excited cell membrane.
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MATERIAL AND METHODS

Nitelle cells and maize (Zea mays L.) root tissue were used as plant ob-
jects in the experiments. Growing conditions, preparation of the objects, their
treatment and maintenance prior to and in the course of measuring had already
been described in our studies [R a d e n o v i ã et al., 1968; R a d e n o v i ã
and P e n å i ã, 1970; R a d e n o v i ã , 1974; R a d e n o v i ã et al., 1977].

Bioelectric signals: single impulses and oscillations of the membrane bio-
potential (
, mV) were registered after the method, which was also described,
in principle and details, in our previously published papers [R a d e n o v i ã et
al., 1968; R a d e n o v i ã and P e n å i ã , 1970; R a d e n o v i ã , 1 9 7 4 ;
R a d e n o v i ã and V u å i n i ã , 1976; R a d e n o v i ã e t al., 1977; R a -
d e n o v i ã et al., 1980].

RESULTS

Single impulses and oscillations of the membrane potential induced
by mechanical excitement of the cell membrane

All initial measurements of bioelectric occurrences, and thereby, single
impulses, i.e. their sequences in the form of the membrane potential oscillati-
ons, were performed on the objects (plant cell, tissue segments or plant or-
gans) kept in a standard solution consisting of 1.0 mM KCl + 10.0 mM NaCl.
A rhythmic bioelectric response (single impulses or the membrane potential
oscillations) was obtained under stated conditions and in the beginning of the
experiment in over 15% of all performed bioelectric experiments.

Fig. 1A, B and C, presents bioelectric signals in the form of oscillations
of the membrane potential caused by a mechanical stimulus (excitement of the
cell membrane) by cell impalement by microelectrode. The base level of oscil-
lations of the membrane potential (
, mV) induced in such a way tend to-
wards the establishment of the stationary level of —150 mV (Fig. 1A), i.e. a
somewhat lower level of —135 mV (Fig. 1B) and sometimes even a lower le-
vel of about —115 mV (Fig. 1C), which correspond to the limits of a plant
physiological state [V o r o b j e v et al., 1968]. The establishment of the stati-
onary level of the membrane potential oscillations is performed by a gradual
increase in the course of time between the two successive impulses (Fig. 1A,
B and C). This incidence is very often accompanied by an occurrence of local
impulses (Fig. 1A and C). Local impulses, within membrane potential oscilla-
tions, often occur at the initial part of the oscillation (Fig. 1A, B and C), but
they can also be detected in other parts of the membrane potential oscillations,
sometimes even in a form of bursts, whereby they establish a certain relation
towards normal impulses (Fig. 1A). Rhythmic bioelectric signals: impulses,
normal and local, sequences of these impulses (Fig. 1A, B and C), are classi-
fied into typical examples of the membrane potential oscillations induced by
membrane excitation by means of the mechanical impalement.
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Single impulses and oscillations of the membrane
potential occurring „spontaneously"

Single impulses, their small sequences and sometimes even a longer os-
cillation of the membrane potential could occur all at once, almost „spontaneo-
usly" — induced by nothing in the moment of electro-physiological measure-
ments under conditions deferring from the physiological state. As an illustra-
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Fig. 1A, B, C — Oscillating pattern of the membrane potential induced by a mechanic
excitation of the cell membrane and external solution: 1.0 mM KCl + 10.0 mM NaCl



tion of the stated three patterns of the membrane potential oscillations are pre-
sented in the Fig. 2A, B and C. These patterns show some similarities, but al-
so differences and as such, could be classified into a group of the membrane
potential oscillations that occur „spontaneously". The membrane potential os-
cillations (Fig. 2A), were formed to the smallest extent, occurred only by
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Fig. 2A, B, C — Occurrence of sequences of single impulses in a form of a special
membrane potential oscillations generated „sponteously" and with an external solution:

1.0 mM KCl + 10.0 mM NaCl



„spontaneous" changes. Its occurrence was most probably influenced by mem-
brane injuries, concentration „shock" and a phenomenon of spontaneity; its ba-
se level increases firstly, then sharply decreases and ends in a form of a dam-
ped oscillation. Moreover, the membrane potential oscillation can occur after
a shorter stationary state (Fig. 2B). Although its occurrence ensues almost
„spontaneously", it ends by establishing normal stationary state with a base le-
vel of about —120 mV. The most typical pattern of the membrane potential
oscillations with a status of spontaneity is presented in the Fig. 2C. A modi-
fied sequence of single impulses, that passes into a sequence of local impulses
is also observable in the Fig. 2C. This oscillating of the membrane potential
occurred at a somewhat lower level of the membrane potential.

Damped oscillations of the membrane potential induced
by concentrations of chosen cations

The stationary level of the membrane potential can be established even
without oscillation occurrences. As above stated, the establishment of the stati-
onary level of the membrane potential is often accompanied with single impul-
ses (Fig. 3A) that occur in smaller sequences and then cease. If the stationary
level of the membrane potential is affected by a higher concentration of KCl
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(b: 10.0 mM KCl) under such conditions (Fig. 3A), the damped oscillation of
the membrane potential will appear. Naturally, there are other cases (Fig. 3B),
whereby oscillations of the membrane potential occur on the beginning of the
experiment, when only the standard solution is applied. Its impulses become
more infrequent and at the end they cease and the membrane potential reaches
the stationary level that complies with physiological standards (Fig. 3B). Un-
der conditions when the stationary level of the membrane potential is exposed
to a higher KCl concentration (b: 10.0 mM KCl) (Fig. 3B) a smaller sequence
of impulses of a damping nature occurs in the region of the membrane poten-
tial polarisation (Fig. 3B). At last, the damped oscillation of the membrane po-
tential can occur at the regular substitution of solutions differing in their con-
centrations (Fig. 3C). The above mentioned examples with damped oscillations
of the membrane potential were induced by potassium ions.

Naturally, the occurrence of oscillations of the membrane potential can be
induced by other biogenous cations, first of all, nitrogen ion (Fig. 4A and B).
Namely, when the stationary level of the membrane potential is established at
the standard physiological level, then a standard solution is substituted in the
external medium with a solution of 10.0 mM NaCl, and subsequently, single
impulses occur, become denser and pass in the membrane potential oscillation
with the damping trend (Fig. 4A). A somewhat different character of the mem-
brane potential oscillation, also induced by sodium (10.0 mM NaCl), is pre-
sented in Fig. 4B. In the beginning, the oscillation amplitude gradually rises
with increasingly greater time between oscillation impulses. Such a condition
is changed in the middle of the membrane potential oscillation (Fig. 4B). Na-
mely, symmetrical changes pertaining to the time between impulses and the
magnitude of amplitudes (Fig. 4B).
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Fig. 3A, B, C — Occurrence of damped oscillations of the membrane potential induced
by a substitution of concentrations in the object external medium, with potassium:

Photo A: standard solution (�: 1.0 mM KCl + 10.0 mM NaCl) solution KCl (b: 10.0 mM KCl)
Photo B: standard solution (�: 1.0 mM KCl + 10.0 mM NaCl) solution KCl (b: 10.0 mM KCl)
Photo C: standard solution (�: 1.0 mM KCl + 10.0 mM NaCl) solution KCl (b: 10.0 mM KCl)



Single impulses and oscillations of the membrane potential
in maize root tissue

Bioelectric-chemical approaches in experiments with maize root tissue
could lead to results on the membrane potential. Such results have been often
encountered for the last ten years. However, oscillations of the membrane po-
tential on plant tissue, in our case, on maize root tissue is much more difficult
to induce [R a d e n o v i ã et al., 1980]. Figure 5a, b, c, c and e presents five
mutually different oscillations of the membrane potential registered on maize
root tissue. These oscillations were recorded under the equal conditions regar-
ding external solution, tissue and other technical properties. The position of a
measuring microelectrode was unlike, i.e. less certain. Namely, since root tis-
sue is still a matter of dispute, a microscope is used and it is difficult to be su-
re about the position of the working part of the microelectrode in relation to
the membrane. As it can be assumed, several positions of the microelectrode
are possible, hence, no wonder, the following impulses occur: single impulses
and associated local impulses (Fig. 5a), associated single impulses and se-
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Fig. 4A, B — Occurrence of damped oscillations of the membrane potential induced
by sodium: � 10.0 mM NaCl



quences of local impulses (Fig. 5b), irregular oscillations of the membrane po-
tential (Fig. 5c), then completely regular oscillations of the membrane poten-
tial (Fig. 5d), then regular oscillations of the membrane potential very similar,
first of all, in respect to the frequency, to oscillations in chemical reactions
(Fig. 5e).
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Fig. 5a, b, c, d, e — Formation of different single and local impulses, as well as,
membrane potential oscillations on the maize root tissue subjected to a nutritive solution:

0.1 mN KH2PO4 + 1.0 mN NaHCO3 + 0.4 mN CaCl2 + 0.2 mN Mg(NO3)2



DISCUSSION

Results obtained on rhythmic bioelectric signals (single impulses, local
impulses, sequences of single and local impulses, membrane potential oscillati-
ons), presented in this study are only a smaller part of our long-term program-
me on membrane potential oscillations in plants. Although presented compres-
sedly, these results offer an opportunity to analyse many issues not sufficiently
known yet.

Some parameters of membrane potential oscillations had already been
presented in our previous papers [R a d e n o v i ã et al., 1977; R a d e n o -
viã, 1983; R a d e n o v i ã and V u å i n i ã , 1985]. However, this occasion
should be used to point to these parameters with regard to determination of el-
ements of analogy between oscillations in biology and physics [V u k s a n o -
v i ã et al., 1998]. These parameters encompass: base level of membrane po-
tential oscillations, impulse spike potential (a level up to which the membrane
depolarises when single or successive impulses are generated), amplitudes of
single or successive impulses generated at the membrane potential oscillation,
amplitude ratio of one impulse to a subsequent or a preceding impulse in the
chosen the membrane potential oscillation, impulse interval (duration between
two succeeding impulses), the number of impulses in the membrane potential
oscillation, the frequency of the membrane potential oscillation and duration of
the membrane potential oscillation formation. Stated parameters can be easily
observed in the presented results (Fig. 1—5).

In addition, attention should be given to issues such as kinetics of single
impulses and kinetics of the overall membrane potential oscillation, as well as,
to the nature of appearance and behaviour of rhythms of bioelectrical signals
[ D a m j a n o v i ã and R a d e n o v i ã , 1971; R a d e n o v i ã and P e n -
åiã, 1970; R a d e n o v i ã and V u å i n i ã , 1976]. Furthermore, attention
should be paid to effects of ion concentrations on generating of membrane po-
tential oscillations [R a d e n o v i ã , 1985b; V o l k o v and M i s j u k , 1968;
V o r o b i e v et al., 1967, 1968; V u å i n i ã et al., 1998; V u l e t i ã et al.,
1987]. The above stated issues and parameters, characterising membrane po-
tential oscillations, are directly related to transport processes occurring in the
excited cell membrane [R a d e n o v i ã , 1998].

As already mentioned, systems with one or two degrees of freedom are
the basis for the analysis of the oscillatory mechanism. Besides, different char-
acters of movements of lipids, proteins, pigments and other complex-bound
structures contribute to mechanisms of the total transport processes across the
excited cell membrane [R a d e n o v i ã , 1998]. These characters of move-
ments could be: lateral movement (typical for lipids and proteins), rotary mo-
vement (typical for proteins specialised for ion transport) and flip-flop move-
ment (typical for lipids and proteins regulating transport processes from one to
other side of the excited membrane). When the degree of cell membrane exci-
tation is higher, the mentioned characters of movements (of lipids, proteins
and other molecules) are significant in respect of intensity, dynamics and di-
versity, reflecting on total transport processes [K o l s et al., 1993; R a d e -
n o v i ã , 1998].
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As it is already known, ion transport across the excited cell membrane is
characterised by passive and active processes. Diffusion is considered to be a
dominant bearer of passive processes and is often expressed as simple, limited
and facilitated diffusion. Simple diffusion consists of ion transport processes
through the lipid two-layer, pores in both proteins and the lipid two-layer. Li-
mited diffusion occurs in a form of ion transport processes through pores with
charged groups on proteins. At last, facilitated diffusion occurs in a form of
ion transport processes with a mobile carrier, a fixed carrier and exchange dif-
fusion. It is obvious that there are at least two initiators of occurrence of the
stated ion transport processes with passive characteristics. A concentration gra-
dient and a membrane potential gradient are these initiators. Naturally, when
these two gradients are coupled, then ion transport processes can take place
from spots of a lower to spots of a higher concentration [R a d e n o v i ã ,
1998], what is one of properties characteristic for active ion transport proces-
ses across the excited cell membrane. Besides, these processes, also, occur
against chemical and electrochemical gradient. These processes can take place
only with a certain energy consumption. These processes do not occur inde-
pendently, but always alongside with the hydrolysis processes of ATP, i.e. on
the account of consumption of energy accumulated in macroenergetic ATP
bonds, i.e. by ATPase.

Gained results, presented in this study, indicate that membrane potential
oscillations occur under particular conditions (Fig. 1—5). Moreover, the well-
-known dependence of membrane potential and ion transport processes across
the excited cell membrane is already presented in this study. Different possibi-
lities of ion transport processes across the excited cell membrane are set out as
well. Considering all stated, there are still some unavoidable questions, such
as: When and why do membrane potential oscillations occur? What is a direct
cause for their occurrence? What is their physiological role?

Based on the presented results and discussion, as well as, on our overall
information, we advance the following hypothesis:

— Membrane potential oscillations occur when the cell membrane is ex-
cited. The state of excited membrane is usually accompanied by the activities
of ions (K+, Na+, Cl—) that are not constant in the cell phases: vacuole, cyto-
plasm and cell wall.

— The usual ion transport processes are disturbed: first of all, diffusion
(concentration gradient is altered), then electrodiffusion (electrochemical po-
tential gradient is changed), biocurrents (electric potential gradient is altered),
fluid flow (hydrostatic pressure gradient is modified). These states determine
the cell membrane excitation. Hence, when the cell membrane is excited, then
membrane potential oscillations and single impulses occur. These oscillations
occur in a form of particular classes [R a d e n o v i ã , 1985a]. At the same ti-
me under such conditions, oscillating of proteins starts in the cell membrane,
and they rhythmically perform oscillatory ion transport processes across the
excited cell membrane. Ion transport processes adopt a co-operative character,
which induce conformational changes of active ion channels that stretch and
contract and in such a way rhythmically modify a transport capability of the
excited cell membrane for ions.
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— Oscillatory changes occur in supplying energies (electric, osmotic and
chemical) to plant cells, tissues and organs.

— The bonds between membrane transport processes and metabolism are
disturbed, i.e. weaken. This is particularly related to self-regulation of a mate-
rial within the cell, organ and organism.
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MEHANIZAM OSCILATORNOG TRANSPORTA JONA I
BIOPOTENCIJALA KROZ POBUÐENU ÃELIJSKU MEMBRANU

Åedomir N. Radenoviã
Institut za kukuruz „Zemun Poqe", Biofiziåka laboratorija

Slobodana Bajiãa 1, 11080 Beograd—Zemun, Jugoslavija

Rezime

U ovom radu daju se rezultati višegodišwih prouåavawa bioelektriånih

oscilacija membranskog potencijala na nekoliko model-objekata: pobuðene mem-

brane Nitelle i tkiva korena kukuruza (Zea maays L.).
Pokazani su moguãnost i uslovi izazivawa razliåitih klasa oscilacija,

pojedinaånih i lokalnih impulsa membranskog potencijala u zavisnosti od

delovawa razliåitih stimulusa: mehaniåko pobuðivawe ãelijskih membrana,

pobuðivawe membrane koncentracionim šokom (veãe koncentracije: K+, Na+ i

Cl— i wihove smeše).
Autor objašwava pojavu oscilovawa membranskog potencijala uz prethodno

dovoðewe ãelijskih membrana u pobuðeno stawe, a zatim navodi neke od parame-

tara koji takvo stawe ãelijske membrane karakterišu.
Posebno se tvrdi da je oscilovawe membranskog potencijala uslovqeno

oscilatornim transportnim procesima jona kroz pobuðenu ãelijsku membranu.
Objašweni su moguãi mehanizmi oscilatornog naåina transportnih pro-

cesa kroz pobuðenu ãelijsku membranu.
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ABSTRACT: There are many resorts with therapeutical muds in Serbia. They are lo-
cated in various parts of Serbia and are characterized by different geological settings. Mine-
ral composition of the therapeutical mud from Gamzigradska Banja is: quartz, feldspar, cal-
cite and clay minerals (illite, smectite, kaolinite). The therapeutical mud from Soko Banja
contains calcite, quartz, feldspar and clay minerals (mostly smectite, illite and kaolinite are
less abundant). Mud from Bujanovaåka Banja consists of feldspars, quartz, calcite and clay
minerals (mostly smectite). All muds are used as coatings in treatment of rheumatism.

There are some therapeutical clays on the Serbian market. Mineral composition of
clay for internal use is the following: kaolinite, illite and illite-smectite. Clay for external
use contains illite, kaolinite, and smectite. Another clay from the Belgrade area (clay of Mi-
ocene age) is used in external and internal manner. It consists of almost pure smectite. Me-
dical paste made from clay is composed of illite, kaolinite, quartz and feldspars.

Chemical composition of therapeutical muds and clays from Serbia is in accordance
with their mineral composition. All studied samples are characterized by prevailing of triva-
lent iron and calcium in relation to divalent iron and magnesium. The highest concentrations
of Cr and Ni were found in clay from Mirijevo, and of Zn, Pb and Cu in therapeutical mud
from Gamzigradska Banja.

KEY WORDS: therapeutical mud, clay, clay minerals, trace elements, Serbia.

INTRODUCTION

There is a long tradition in using of peloids (common name for therapeu-
tical muds and clays) in Serbia. Such folk tradition has noticed in some songs,
beliefs and rituals. In some ethnological records can be found a brief descrip-
tion of the clay type: dry, not swelling, white colored (bolus alba = white
clay), brick or ceramic clay, etc. Ethnologists often explain using of muds and
clays by their absorbing properties. In many cases peloids improve digestion
(internal use) or relieve rheumatic pain (external use). Therefore, using of
muds and clays can be assigned as a type of empirical ethnomedicine. On the
other hand, there are many beliefs on therapeutical influence of soils and clays
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in treatment of snake sting and bee sting (Ð a p o v i ã , 1995). There is still no
rational explanation for such application. In older tradition can be found anot-
her belief that soil of graves of some saints is also therapeutical soil.

Geophagy or geophagia (eating of earth or soil or clay) is much more
studied from ethnological, chemical, medical, and pharmaceutical point of
view (H a l s t e d , 1968; R ö m e r , 1975). Beside rational or empirical causes
of this phenomenon, scientists have also found some superstition elements, i.e.
magical aspects in the eating of soil or clay. Historical account of geophagia
with a review of literature was given by C o o p e r (1957), and therapeutical
clays by V e n i a l e (1996). A symposium devoted to therapeutical clays
from different point of view was held in 1996 in Italy (papers are published
mostly in Italian).

Muds are in therapeutical use in some resorts in Serbia. They are usually
mixed with mineral water and applied by coating of certain body parts.

MATERIALS AND METHODS

Samples of therapeutical muds from Soko Banja, Gamzigradska Banja
and Bujanovaåka Banja were taken. Therapeutical clays from the Timok river
(bottom sediments), Mirijevo (a part of Belgrade) and two clays (for external
and internal use) for sale in pharmacy (original source probably in the vicinity
of Valjevo, central Serbia) were also studied. Medical paste made from clay,
known under the name Tedonal, was investigated. Non-treated samples were
investigated after overnight drying at 50°C. Size fractions were obtained by
wet sieving (sandy fraction 50—2000 �m) and decantation (silt 2—50 �m and
clay fractions < 2 �m).

Mineral composition of muds and clays was studied by XRD (Philips
PW1710, Cu irradiation) of bulk samples, oriented samples, treated with glyc-
erol and heated at 450°C for 2 hours. Chemical composition is obtained by
wet analysis (major elements) and by atomic absorption spectrophotometry
(trace elements). Values of pH and Eh were measured after mixing of 15 g
sample with 45 ml deionized water for 2 hours. Content of carbon and humus
is determined by using 0.1N KMnO4, and cation exchange capacity by 1N am-
monium acetate.

RESULTS AND DISCUSSION

Mineral composition

Gamzigradska Banja

Gamzigradska Banja is located in eastern Serbia and as a resort is known
probably from Roman period. There are several mineral springs with tempera-
ture 32—42°C. Water is rich in Ca, Na, Mg, K, Fe, HCO3, Cl and SO4 and
uses for drinking and bathing (M a r k o v i ã , 1980). Therapeutical mud is of
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greyish color with temperature of 35.5°C. After mixing with mineral water it
uses for coating of body parts in treatment of rheumatism, sciatica and some
skin diseases.

According to granulometric composition this mud can be defined as
clayey sand (Table 1). Values of pH and Eh are shown in Table 2. The con-
tent of carbon is 1.49% (humus 2.56%), and cation exchange capacity is 25.78
me/100g.

Tab. 1 — Granulometric composition (wt.%) of therapeutical muds and clays from Serbia

Location Sand Silt Clay

Gamzigradska Banja 80.74 2.46 16.80

Soko Banja 7.82 35.99 56.19

Bujanovaåka Banja 56.71 37.13 6.16

Timok river 2.42 44.18 53.40

Mineral composition of the sandy fraction (50—2000 �m) of therapeuti-
cal mud is the following: quartz, calcite, feldspars and small amount of clay
minerals. Silt fraction (2—50 �m) shows similar composition: quartz is domi-
nant, and calcite and feldspars are less abundant. X-ray diffraction (XRD)
study of oriented samples of clay fraction (< 2 �m) gave the following compo-
sition: kaolinite, illite, smectite, and small amount of interstratified illite-smec-
tite (Fig. 1).
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Soko Banja

Soko Banja is located in a very nice landscape of eastern Serbia. There
are many mineral springs with different temperature (40—46.5°C). Mineral
water is characterized by higher content of Ca, Na, Mg, K, HCO3 and SO4, as
well as by high radioactivity. Therapeutical mud is prepared by mixing of yel-
lowish clay from the vicinity with mineral water. It uses for treatment of rheu-
matism.

According to granulometric composition this mud can be defined as aleu-
ritic clay (Table 1). Values of pH and Eh are shown in Table 2. The content
of carbon is 0.39% (humus 0.67%), and cation exchange capacity is 19.88
me/100g.

Tab. 2 — Values pH and Eh (mV) of therapeutical muds and clays from Serbia

Location pH Eh

Gamzigradska Banja 8.05 154

Soko Banja 8.11 167

Bujanovaåka Banja 7.96 166

Timok (outer zone) 8.05 161

Timok (inner zone) 7.65 123

Mirijevo 8.02 188

„Tedonal" 7.63 175

Mineral composition of sandy and silty fractions of therapeutical mud is
similar: calcite, quartz, feldspars and clay minerals. Calcite is dominant mine-
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ral, while quartz and especially feldspars are little abundant. Clay minerals
were studied by XRD using standard procedure. Smectite is the most abundant
mineral (very broad reflection between 4 and 7 °2�). Illite and kaolinite are
present in small amounts (Fig. 2).

Bujanovaåka Banja

Bujanovaåka Banja is situated in southern Serbia and probably used in
Roman and the Middle Ages. Temperature of mineral water is 42°C, and it
contains a high amount of Na, K, Ca, Mg, HCO3, SO4 and Cl. Therapeutical
mud is of black color, and in Turkish period the place is known as Black
Mud. This resort is very popular for treatment of chronic rheumatism and cer-
tain skin diseases.

According to granulometric composition this mud can be defined as aleu-
ritic clay (Table 1). Values of pH and Eh are shown in Table 2. The content
of carbon is 0.35% (humus 0.60%), and cation exchange capacity is 39.88
me/100g.

Mineral composition of bulk sample of mud is the following: feldspars,
quartz, calcite, clay minerals and pyrite. Smectite is almost only clay mineral
in the mud, and small amount of kaolinite is probably present (Fig. 3).

Timok River (near Zvezdan)

Small occurrence of therapeutical clay is known in the Timok riverbed
near village of Zvezdan (eastern Serbia). It is greyish and plastic clay which
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local people use for coating of rheumatic body parts. Sample is divided into
two subsamples: the first one is analyzed immediately after taking, but the se-
cond one is studied after one year (sample was stayed in clean air atmo-
sphere).

According to granulometric composition this mud can be defined as aleu-
ritic clay (Table 1). Values of pH and Eh are shown in Table 2. The content
of carbon is 0.84% (humus 1.44%), and cation exchange capacity is 55.18
me/100 g.

Mineral composition of both subsamples is identical: quartz, feldspars,
calcite, smectite, illite and kaolinite. After standard procedure for oriented
samples it was established that smectite is dominant clay mineral (very broad
reflection), while kaolinite and illite are very less abundant (Fig. 4).

Mirijevo (Belgrade)

Therapeutical clay in Mirijevo (a part of Belgrade) represents a poorly li-
tified Sarmatian (Miocene) sediment. It occurs in bed of 30—40 cm thickness
and characterized by greyish-yellowish color (G r u b i n et al., 1995). This
clay is locally used for coating of rheumatic body parts and also for internal
diseases (by drinking of suspension in water).

Values of pH and Eh are shown in Table 2. The content of carbon is
0.13% (humus 0.22%), and cation exchange capacity is 27.73 me/100g.

Mineral composition of bulk sample is: smectite, illite, quartz, calcite and
feldspars. In clay fraction smectite is dominant mineral, but illite is present in
very small amount.
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Clays on pharmaceutical market in Serbia

There are three clays for sale on Serbian market. The first two clays (for
external and internal use) come to the market from private producer. They are
similar in color, mineral and chemical composition. „External" clay consists of
smectite, illite, kaolinite, and hydrobiotite (Fig. 5). Chemical composition is
the following: SiO2 68.05%, Al2O3 25.15%, CaO 0.62%, Fe2O3 1.70%, K2O
3.12%, MgO 0.68% and TiO2 1.09% (after certificate in package). „Internal"
clay contains illite, kaolinite and interstratified illite-smectite. Its chemical
composition is: SiO2 60.90%, Al2O3 22.52%, CaO 0.30%, Fe2O3 1.79%, K2O
3.00%, MgO 0.86% and TiO2 0.92% (after certificate in package). According
to all data it is not clear why there is a difference in their use.

The third clay is actually medical paste („Tedonal") produced from clay
and additional pharmaceutical compounds (methyl salycilate and other). Valu-
es of pH and Eh are shown in Table 2. The content of carbon is 0.86% (hu-
mus 1.48%), and cation exchange capacity is 12.38 me/100g. Its mineral com-
position is: illite, kaolinite, quartz, feldspars, and probably admixtures of talc
and illite-smectite (?).

Chemical composition of therapeutical muds and clays

Chemical composition of the studied therapeutical muds and clays is pre-
sented in Table 3. Content of silica varies in a broad range (21.81—62.78%)
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depending on the content of calcite. All samples are characterized by prevail-
ing of Fe3+ and Ca in relation to Fe2+ and Mg. Mud from Soko Banja is rich in
calcite and the content of CaO is very high. Analysis of two subsamples of
therapeutical clay from the Timok river show some differences. After one year
clay is changed in color (from greyish to reddish) indicating oxidation of Fe2+

to Fe3+.

Tab. 3. — Chemical composition of some therapeutical peloids and clays from Serbia

1 2 3 4 5 6

SiO2 48.58 21.81 43.34 62.78 40.50 40.54

TiO2 0.44 0.32 0.94 0.94 0.84 0.84

Al2O3 14.43 7.59 17.42 12.01 17.40 17.32

Fe2O3 5.75 4.40 6.51 5.09 6.20 5.87

FeO 0.75 0.49 0.73 0.61 1.96 1.47

MnO — — — — — —

MgO 3.24 5.06 3.66 1.75 3.13 4.07

CaO 6.55 28.02 7.30 5.02 9.25 9.90

Na2O 1.10 0.48 1.93 2.10 0.50 0.48

K2O 1.58 1.70 2.35 1.40 1.90 1.10

P2O5 0.24 — 0.15 0.60 0.15 0.25

H2O+ 14.70 28.40 10.11 5.46 10.76 12.22

H2O– 2.22 2.13 4.82 1.50 7.92 6.88

99.56% 100.40% 99.26% 99.26% 100.51% 100.94%

1 — mud, Gamzigradska Banja; 2 — mud, Soko Banja; 3 — mud, Bujanovaåka Banja; 4 —
clay, Mirijevo; 5 — clay, Timok River; 6 — clay, Timok River (after 1 year)

Trace element content is presented in Table 4. Nickel shows small varia-
tions — from 52 to 75 �g/g, and only sample from Mirijevo is rich in this ele-
ment (145 �g/g). The average nickel content in clays is 55 �g/g (T u r e k i a n
and W e d e p o h l , 1961). The content of chromium is similar (60—90 g/g)
and only clay from Mirijevo is characterized by high content (240 �g/g). The
average chromium content in clays is 90 �g/g (T u r e k i a n and W e d e -
p o h l , 1961). The high content of Ni and Cr in clay from Mirijevo can be ex-
plained by the presence of ultramafic and mafic rocks in the vicinity. These
rocks are enriched in Ni, Cr, Co, Cu and other elements.

Tab. 4. — Trace element content (�g/g) in some therapeutical muds and clays from Serbia

Location Ni Cr Pb Li Zn Cu

Gamzigradska Banja 75 90 66 80 179 234

Soko Banja 65 75 23 35 79 36

Bujanovaåka Banja 70 80 23 24 86 71

Timok 70 60 23 36 115 125

Mirijevo 145 240 33 60 143 123

„Tedonal" 52 85 28 49
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The average content of lead in clays is 23 �g/g (W e d e p o h l , 1978).
The studied samples show the range 23—33 �g/g, and only peloid from Gam-
zigradska Banja is enriched in this element (66 �g/g). It may be originated
from lead tubes for water transport or from the presence of illite where K can
be easily replaced by Pb. Lithium occurs in a broad range — from 24 to 80
�g/g, as well as zinc (79—179 �g/g). Higher content of Zn in the Gamzigrad-
ska Banja sample can be explained by the volcanic activity in that area in the
geologic past (Upper Cretaceous volcanic rocks). The average content of cop-
per in clays is 45 �g/g (T u r e k i a n and W e d e p o h l , 1961). The studied
samples contain 36—234 �g/g Cu. High content of Cu in Gamzigradska Banja
is expected, because that area belongs to the Carpathian-Balkan copper geoc-
hemical and metallogenic province enriched in this element. Geological setting
of the area of Soko Banja (limestone and other sedimentary rocks) influenced
the low Cu content (36 �g/g).

CONCLUSIONS

Therapeutical muds from Serbia are characterized by different mineral
composition. Smectite is dominant clay mineral, while other clay minerals are
less abundant. Other minerals (quartz, feldspars, calcite) are usually present in
sand and silt fractions. Their abundance depends on geological setting: calcite
is dominant mineral when there is limestone in the vicinity of resort (e.g. Soko
Banja). Quartz and feldspars occur in those parts of Serbia where magmatic
and metamorphic rocks are prevailing. Therapeutical muds are mainly used as
coatings in treatment of rheumatism.

Therapeutical clays vary in mineral composition. There is no clear differ-
ence in composition of clay for external and internal use. Two types of clays
can be derived: the first one is composed from almost pure smectite, and the
second one is mixture of many clay minerals: kaolinite, illite, smectite and in-
terstratified minerals. It seems that clays for internal use rich in smectites can
cause certain health problems after the long term use due to high sorbing and
exchange capacity of smectites.

Chemical composition of therapeutical muds and clays from Serbia varies
depending on their mineral composition. All studied samples are characterized
by prevailing of trivalent iron and calcium in relation to divalent iron and
magnesium. The highest concentrations of Cr and Ni were found in clay from
Mirijevo, and of Zn, Pb and Cu in therapeutical mud from Gamzigradska Ba-
nja. Trace elements content is very important for the internal use of clays.
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GEOHEMIJA I MINERALOGIJA NEKIH LEKOVITIH BLATA
I GLINA SRBIJE

Vidojko Joviã, Stevan Ðuriã, Gordana Grujiã
Rudarsko-geološki fakultet, Ðušina 7, 11000 Beograd, Jugoslavija

Rezime

U Srbiji ima više bawa sa lekovitim blatom. One se nalaze u razliåitim
delovima Srbije i odlikuju se razliåitom geološkom graðom. Mineralni sa-
stav lekovitog blata iz Gamzigradske bawe je: kvarc, feldspat, kalcit i glino-
viti minerali (ilit, smektit, kaolinit). Lekovito blato iz Sokobawe sadrÿi
kalcit, kvarc, feldspat i glinovite minerale (uglavnom smektit, ilit i kao-
linit su mawe zastupqeni). Blato iz Bujanovaåke bawe sastoji se od feldspata,
kvarca, kalcita i glinovitih minerala (uglavnom smektita). Ta blata se kori-
ste za leåewe reumatizma. Nekoliko lekovitih glina se nalazi na trÿištu u
Srbiji. Mineralni sastav gline za unutrašwu upotrebu je sledeãi: kaolinit,
ilit i ilit-smektit. Glina za spoqašwu upotrebu sadrÿi ilit, kaolinit i
smektit. Glina iz Mirijeva (Beograd) za spoqašwu i unutrašwu upotrebu sa-
stoji se skoro od åistog smektita. Medicinska pasta od gline sadrÿi ilit, ka-
olinit, kvarc i feldspat. Hemijski sastav lekovitih blata i glina u skladu je
sa wihovim mineralnim sastavom. Odlikuju se prevlaðivawem trovalentnog
gvoÿða i kalcijuma u odnosu na dvovalentno gvoÿðe i magnezijum. Najveãe kon-
centracije nikla i hroma ima glina iz Mirijeva, a cinka, olova i bakra — le-
kovito blato iz Gamzigradske Bawe.
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MINERALOGY AND AGROCHEMISTRY OF MAGNESIUM
IN SOILS OF VOJVODINA, ŠUMADIJA

AND NORTHERN POMORAVLJE

ABSTRACT: Magnesium is an important major constituent element of biosphere,
hydrosphere and lithosphere. In biosphere it is an essential macronutrient in plants, for ani-
mals and for men. Magnesium deficiency in humans could be linked to pathogenesis of can-
cer or might be related to sudden cardiac deaths in areas with soft water.

The total content of Mg and Ca was determined in HClO4 + HF digests by AAS met-
hod in the selected soil samples, whilst the 1M NH4OAc extraction was carried out to as-
sess the Mg and Ca bioavailability to plants from different soils. The mineralogy of bulk
soil samples was obtained by XRD analysis by using SIMENS 2 kW diffractometer in Co
K� radiation. The DRX Win 1.4c (1996) computer package was used to identify and
quantify soil mineralogy. All data obtained were statistically analyzed by computer package
STATISTICA for Windows 4.3b (1993). The raster maps showing the distribution of Mg
were drawn by computer using UNIRAS subroutine.

This investigation has shown that the soils investigated have available Mg content
between 10 and 93 mg/100g, with an average of 40.8 mg/100g and could be considered as
Mg sufficient for plant production. Available Mg is primarily associated with carbonate
fraction (dolomite) and to a lesser extent with exchangeable (clay minerals) and silicate
forms (chlorite, mica, amphibole). Total content of Mg varies between 0.20 and 1.26%, with
an average of 0.603%. The Ca/Mg ratio has shown a large scale variation between 2.5:1 and
78.8:1. Only 10% of soils have Ca/Mg ratio lower then 5:1 or optimal ratio for plant nutri-
tion, whilst 90% of soils were found to have the ratio above 5:1 which, in case of extremely
high values, might be a limiting factor in plant growth and influence an adequate supply of
Mg to animals and men. This investigation have pointed out a necessity of wider research in
soil mineralogy and chemistry of our soils, which are considered as one sufficient in availa-
ble magnesium.

KEY WORDS: soil mineralogy, magnesium, calcium, Ca/Mg ratio, distribution maps.
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1. INTRODUCTION

Magnesium is one of the most prevalent element in the earth's crust. It is
the eighth most abundant of the elements and estimates of its content have
ranged from 2.0% to 2.5%. It is an important major constituent of biosphere,
hydrosphere and nearly all rock types of the lithosphere. According to R a n -
k a m a and S a h a m a (1950), in the upper lithosphere it is a lithophile ele-
ment with a biophile tendencies. Average concentrations of magnesium in the
earth's crust, selected rock types, water and soils are listed (L o w t o n , 1955;
V i n o g r a d o v , 1959; M e n g e l , 1979. and U r e , 1982) in Table 1.

Tab. 1. — Abundance of Magnesium in Various Natural Environments (104 mg/kg)

Lithosphere 2.5 Sandstone 0.9

Ultrabasic rocks 20.4 Marl and clay 2.1

Basic rocks 4.6 Carbonates 4.7

Granites 0.6 Soils 0.6

Shale 1.9 Sea water 0.13

The highest magnesium contents are recorded in the earliest rocks to
crystallise, particularly ultrabasic and basic rocks, peridotites, gabbros and bas-
alts, whilst more acid rocks such as granites, granodiorites, trachytes and
rhyolites contain only very small amounts of magnesium. Shales and marls
contain similar amounts of magnesium to those found in igneous rocks, whilst
sandstones and residual sediments in general contain less magnesium. Accord-
ing to R a n k a m a and S a h a m a (1950) and G o l d s c h m i d t (1950),
the content of magnesium in sedimentary rocks varies from a traces in some
sandstones to 3800 mg/kg in limestone, 11000 mg/kg in clays and up to 13%
in dolomites.

In the igneous silicate rocks, magnesium is present in the divalent state
associated largely with the ferromagnesian and accessory minerals. In the pro-
cess of weathering progressive leaching occurs. It is removed from the zone of
weathering as bicarbonate. The solubility and mobility of Mg is relatively
high, irrelevant of pH and Eh conditions. The precipitation of dissolved mag-
nesium in the form of carbonates is controlled by pH and Eh of solution and
follows the precipitation of calcium. In geochemistry of surface processes of
leaching, gleying and surface organic matter accumulation, together with soil
properties such as reaction — pH and redox potential — Eh, affect the distri-
bution, the form and the mobility of magnesium and calcium in soil.

According to M e n g e l and K i r k b y (1979), in areas with humid cli-
mate, average magnesium content in sandy soils is usually 0.05%, while
clayey soils contain up to 0.5%. Magnesium is a constituent of more than 180
minerals although only sixty can be classed as magnesium-bearing ores. The
most common naturally occurring sources of magnesium are the minerals: oli-
vine, pyroxene, serpentine, magnesite, dolomite, brucite, as well as biotite and
hornblende. It is also constituent of clay minerals such as: vermiculite, illite,
montmorillonite and chlorite. In some soils it is present as magnesite —
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MgCO3 or dolomite CaCO3. MgCO3 while some soils from arid and semiarid
regions could contain significant amounts of epsomite MgSO4 7H2O.

Magnesium in soils could occur in water soluble, exchangeable and
non-exchangeable forms. There is a constant balance between these three
forms. The greatest part of magnesium is found in residual, non-exchangeable
form, bound to primary or clay minerals. The other two water soluble and ex-
changeable forms, are the major source of available magnesium to plants. The
availability of soil magnesium to plants is controlled by the following factors:
amount of available Mg, soil reaction (pH), CEC, soil texture, type of soil col-
lides and ratio of magnesium to the other elements e.g. Ca and K in soil solu-
tion, H a b y (1990).

In biosphere it is naturally a major essential macronutrient and is vital to
both plant and for animal life (M e n g e l and K i r k b y , 1979). Chlorophyll
pigment in plants is a Mg-porphyrin complex, and all enzymatic reactions in
animals and man that are catalyzed by ATP require Mg as a co-factor. Oxida-
tive phosphorylation, DNA transcription, RNA function, protein synthesis and
critical cell membrane functions are all dependent upon optimal Mg concentra-
tions, T h o r t o n (Ed.) (1983).

Magnesium deficiency in humans has been receiving increasing attention.
Several reports indicate that Ca and Mg concentrations in human tissues vary
with the hardness of municipal water supplies (M c M i l l a n , 1978). These
suggest an important geochemical influence. Since cardiac arhytmias are serio-
us manifestation of Mg deficiency, a hypothesis of sudden cardiac deaths in
geographic areas with soft water (low in Mg content) might be related. Mag-
nesium deficiency has been linked to pathogenesis of cancer both experimen-
tally in animals and epidemiologically in man. Also, there is evidence that Mg
may relate to formation of kidney stones. According to B l o n d e l l (1980),
there are some evidence that geochemical availability may relate to human tis-
sue Mg levels, which is essential to the hypothesis that the geochemistry of
Mg might relate to human disease.

MATERIAL AND METHODS

During large scale sample collection, for the project financed by the Min-
istry of Science and Technology, an orthogonal regular 10 x 10 km grid was
used to avoid bias in site location. From the set of about 5000 samples a col-
lection of samples from Vojvodina, Šumadija and Northern Pomoravlje was
taken to represent the most important soils. Selection was restricted to the
samples from the arable layer with 0—25 cm depth.

After collection, samples were air-dried and sieved to pass through a
2 mm sieve. A 50 g subsample of soil was obtained by conning-and-quartering
and then ground, to less then 150 mesh, in an all-agate planetary ball-mill. To-
tal concentration of Mg and Ca in HClO4 + HF digests were determined by
AAS analysis. The 1M ammonium acetate extraction was carried out to assess
the magnesium and calcium bioavailability to plants from different soils.

117



The mineralogy of bulk soil samples was obtained by X-ray diffraction
analysis (XRD) of random-packed powder mounts, after they were ground and
freeze-dried. XRD patterns were obtained by using SIMENS 2 kW diffracto-
meter, with iron filtered Co K radiation. DRX Win 1.4c (1996) computer pac-
kage was used to identify and quantify soil mineralogy. Characterization of
minerals in soils were carried out according to the method described in
B r i n d l y and B r o w n (Ed.) (1980) and K l u t e (Ed.) (1986). All data ob-
tained were statistically analyzed by computer package STATISTICA for Win-
dows 4.3b (1993).

The classes used to represent the data on the map were chosen from the
box and wiskers analysis. Thus, the map has the 5 classes and a raster map
showing the distribution of magnesium was drawn by computer using UNI-
RAS subroutine.

RESULTS AND DISCUSSION

Mineralogy of the soils

The mineralogical composition of the bulk samples of the soils investiga-
ted is complex and it is presented in the table 2. The predominance of quartz,
mica, associated with altered feldspars (plagioclase and orthoclase), carbonate
(calcite and dolomite), and minor to trace amounts of chlorite, clay minerals,
hornblende and rare goethite and talc may indicate the mineralogy and variety
of parent rocks e.g.: loess, schists, flisch sediments and sandstones. Magnetite,
ilmenite and other accessory minerals (garnets, epidote, apatite, pyroxene) are
found in heavy mineral fractions. Variation in quartz content might reflect
weathering processes that have developed during pedogenesis. The soils with
stronger weathering processes (distric cambisols and luvisols) contain higher
quartz content in comparison to less weathered soils such as fluvisols, rankes
and regosols, on the same and similar parent rocks.

It is evident that soils from Vojvodina (chernozem, halomorphic soils, se-
migleys, humogleys and eugleys) have more abundant micas and chlorite com-
pared to the southern soils of Šumadija and Pomoravlje, where eutric and dis-
tric cambisols and luvisols occur, which contain less mica and chlorite. Further
comparison of the northern to southern areas has shown that northern areas or
Vojvodina soils (chernozems and semigleys) comprise up to twice higher car-
bonate contents then southern areas or Šumadija soils (distric cambisols, luvi-
sols and pseudogleys). In northern areas dolomite dominates over calcite in se-
migleys and cernozems, whilst calcite is more abundant then dolomite in fluvi-
sols, humo- and eugleys. In the southern areas in some eutric cambisols and
some luvisols calcite is only mineral present in the bulk soil, whilst in other
soil carbonates are absent due to complete leaching as in more acidic distric
cambisols. This trend could be only explained by preferencial leaching of car-
bonates, particularly dolomite, in the areas with higher annual precipitation.

The major weathering process in the soil in a wet, slightly acidic environ-
ment involved the disappearance of micas and chlorite from the surface hori-
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zons, and their conversion to expandible minerals such as vermiculite and
smectite. The degree of micas and chlorite alteration has correlated with the
development of brownised and humous varieties of the soils.

Tab. 2 — Average mineral composition (%) of the bulk samples of the soils investigated
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Chernozem 53.8 8.7 0.7 6.0 19.0 0.9 0.3 1.0 4.5 4.9 0.2

Halomorphic soils 57.3 10.4 0.7 4.7 20.6 0.5 0.4 1.1 1.2 2.3 0.2

Semigley 52.5 8.5 0.6 5.4 19.8 1.8 0.2 1.5 4.3 5.1 0.2

Humo- + Eugley 52.9 11.2 0.7 5.3 21.7 2.6 0.3 1.7 1.7 1.5 0.3

Fluvisol 51.2 10.4 0.6 5.7 22.4 3.3 0.2 2.2 2.3 1.7 0.2

Pseudogley 67.6 6.4 0.5 4.6 16.5 1.3 1.3 1.1 0.1 0.1 0.1

Eutric Cambisol 63.5 8.9 0.8 3.7 16.5 2.3 0.2 2.3 0.8 0.2 0.3

Vertisol 70.3 8.8 1.4 2.5 10.8 4.0 0.3 1.1 0.2 0.0 0.3

Distric Cambisol
+ Luvisol 69.1 7.4 0.8 4.7 13.5 2.3 0.3 1.3 0.3 0.0 0.4

Regosol + Ranker 58.9 6.9 0.8 4.7 18.9 2.5 0.4 1.9 2.5 2.1 0.4

All soils 57.6 8.8 0.7 5.0 18.7 2.0 0.3 1.6 2.5 2.6 0.2

The results of the X-ray diffraction analyses of the clay fraction are pre-
sented in the Table 2. It has revealed abundant illite associated with smectites
and mixed layer silicates (MSS) of the illite/smectite (10—14) and chlori-
te/vermiculite (14—14) types. They are accompanied by minor amounts of
vermiculite, kaolinite, chlorite, quartz, feldspars and rare calcite, dolomite and
goethite. A small amount of talc was detected only in several specimens from
luvisols and rankers developed on Paleozoic schists in Šumadija. The persis-
tence of talc in fine clay throughout some luvisol profiles could also suggest a
high stability of this mineral within soils in strongly leaching and weathering
conditions.

Illite as a weathering product of micas is following their spatial distribu-
tion. It is more abundant in less weathered soils such as chernozem and semi-
gleys, whilst it is up to twice less abundant in the distric cambisols and luvi-
sols, where strong weathering have occurred during pedogenesis. On the other
side smectites could be inherited from parent rocks as in vertisols formed on
lacustrine sediments in Šumadija or geochemically developed in highly moist,
temporarily flooded or water logged soils such as: semi-, humo- and eugleys
and fluvisols in Vojvodina. Vermiculite occurs as an illite and/or chlorite tran-
sformation product in soils with slightly acid weathering conditions such as
distric cambisols, luvisols and pseudogleys. Interstratified minerals of the
(10—14) and (14—14) types are abundant in the soils (halomorphic soils and
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pseudogleys), where particular weathering occurs, indicating initial stages of
illite and chlorite transformations to either smectite or vermiculite. Kaolinite
occurs either as inherited as an alteration product of feldspar in rankers and re-
gosols or it occurs as direct weathering product of feldspars in the soils with
strong leaching conditions such as distric cambisols and luvisols.

Agrochemical results

The results of 1M ammonium acetate soluble magnesium extracted from
the soils (A horizon) and within soils are presented on Table 3 and Graph 1.
Spatial distribution of available magnesium content over area investigated is
presented on agrochemical map in Figure 1.
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This investigation has shown that the soils investigated have available
magnesium content between 10 and 93 mg/100 g, with an average of 40.8
mg/100 g. All investigated soils are well-supplied with available magnesium
and could be considered as magnesium sufficient for plant production. It appe-
ars that available magnesium is primarily associated with carbonate fraction
(dolomite) and to a lesser extent with exchangeable (clay minerals) and silicate
forms (mica, chlorite, amphibole).

On the agrochemical map generally two areas could be distinguished, the
first is where soils are formed on recent loess and alluvial sediments, as in
Vojvodina and Pomoravlje, and the second where soils are developed on Me-
sozoic and Neogene sediments consisting of mudstones, sandstones, flisch and
limestones that run throughout the most of Šumadija.

Tab. 3 — Statistical summary for available magnesium (mg/100g) classified according to soil type

Soil types Number
of samples

Intervals Average

Mg

St.
Dev.min max

Ranker, regosol and rendzina 6 3 38 22,8 8.83

Distric Cambisol and Luvisol 5 23 40 32.4 8.46

Vertisol 5 15 38 26.8 9.36

Cambisol 14 23 70 37.3 12.96

Halomorphic soils 5 25 53 36.8 11.19

Pseudogley 5 10 45 32,8 13.74

Chernozem 20 28 65 41.7 10.00

Semigley 20 20 75 43.4 14.00

Fluvisol 8 22 80 48.0 20.90

Eugley and Humogley 12 23 93 57.8 20.62

All analysed soils 100 10 93 40.81 16.12

Initial soils (rankers and regosols), soils developed on Neogene sediments
as vertisols, some eutric and distric cambisols and pseudogleys contain less
than the average amount of available magnesium (10—40 mg/100 g). On the
other side soils formed on loess and alluvial sediments (chernozem, semigley,
fluvisol and humo- and eugleys) are comparatively rich (40—93 mg/100 g) in
available magnesium.

The results of AAS analysis of total magnesium in the soils (A horizon)
are presented on table 4. Spatial distribution of total magnesium content over
area and within soils investigated is presented on geochemical map in Figu-
re 2.

Total content of magnesium varies between 0.20 and 1.26%, with an ave-
rage of 0.603%. Ratio of available to total magnesium content in soils has in-
dicated that the greater part (80 to 98%) of magnesium was present in residual
forms bound to lithogenic fraction. It appears that total magnesium content is
primarily associated with carbonate fraction (dolomite) as in soils developed
on recent alluvial sediments and loess in Vojvodina and to a lesser extent with
and silicate forms (mica, chlorite, clay minerals, amphibole) as in soils formed
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on Neogene and Mesozoic sediments that run throughout the most of Šumadi-
ja, with an exception of regosol and rendzina which are formed on parent
rocks rich in carbonates.

The Ca/Mg ratio of available forms has shown a large scale variation be-
tween 2.5:1 and 78.8:1. Only 10% of soils have Ca/Mg ratio lower then 5:1 or
optimal ratio for plant nutrition, whilst 90% of soils were found to have the
ratio above 5:1 which might be a limiting factor in growth of some plants and
cause some problems in agricultural production and influence an adequate sup-
ply of magnesium to animals and men.

From statistical correlation analyses it is evident that total magnesium
content is closely correlated to mica+illite (r = 0.87) and chlorite (r = 0.74)
contents as well as to the carbonate — dolomite (r = 0.72) content of the soils
investigated. Available magnesium is also positively correlated to micas + illi-
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te (r = 0.70) and chlorite (r = 0.60) but to a lesser extent to smectite + vermic-
ulite (r = 0.33) and dolomite (r = 0.33).

The correlation of total and available magnesium contents to minerals in
the clay fraction has shown slight difference to that for bulk soil mineralogy.
Total magnesium content has revealed a high positive correlation to fine dolo-
mite particles in the clay fraction (r = 0.72), whilst available magnesium has
shown a slight positive correlation with smectite (r = 0.39) and dolomite (r =
0.38) in all soils investigated.

Analysis of correlation data for specific soils has pointed out semigley as
the only soil with a positive correlation of both total and available magnesium
with dolomite in the bulk soil, whilst in the clay fraction they are correlated to
clay chlorite. The weathering processes may effect soil mineralogy in the soils
as well as soil mineral correlation to total and available magnesium contents.
Fluvisols, chernozem and eutric cambisols have shown positive correlation be-
tween magnesium and micas + illite and chlorite in the bulk soils, whilst in
the clay fractions magnesium correlates with interstratified minerals, smectite
and vermiculite, respectively. Magnesium is correlated to smectite in both bulk
and clay fraction in luvisols, distric cambisols and pseudogleys. Vertisols, hu-
mo- and eugleys have shown in bulk samples magnesium correlation to chlori-
te, amphiboles and interstratified minerals of (14—14) types, whilst in clay
fraction magnesium has positive correlation to illite and interstratified illite/
smectite.

CONCLUSIONS

Magnesium is an important major constituent element of biosphere, hy-
drosphere and lithosphere. It makes up to 2.5% by weight of the Earth's crust
and is invariably present in all soils. The greatest part of magnesium occurs in
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Tab. 4 — Statistical summary for total magnesium content (%) classified according to soil type

Soil types Number
of samples

Intervals Average St.

min max (%) Mg Dev.

Vertisol 5 0.20 0.52 0.352 0.133

Distric Cambisol and Luvisol 5 0.32 0.43 0.346 0.052

Pseudogley 5 0.25 0.57 0.422 0.116

Cambisol 14 0.36 0.68 0.476 0.115

Halomorphic soils 5 0.35 0.85 0.568 0.193

Eugley and Humogley 12 0.20 1.00 0.614 0.206

Ranker, regosol and rendzina 6 0.39 1.25 0.655 0.333

Chernozem 20 0.25 1.00 0.666 0.176

Fluvisol 8 0.24 1.00 0.740 0.268

Semigley 20 0.26 1.26 0.744 0.264

All analysed soils 100 0.20 1.26 0.603 0.235



the crystal lattices of numerous minerals, which are the main source of magne-
sium in nature.

In biosphere it is an essential macronutrient in plants, for animals and for
men. Magnesium deficiency in humans could be linked to pathogenesis of
cancer, or might be related to sudden cardiac deaths in areas with soft water,
M c M i l l a n (1978).

This paper is concerned with the magnesium content in the most impor-
tant soil types of Vojvodina, Šumadija and Northern Pomoravlje.

The available magnesium in soils investigated is primarily associated
with carbonate fraction e.g. mineral dolomite (CaCO3. MgCO3), and to a lesser
extent with exchangeable (clay minerals) and silicate forms (mica, chlorite,
amphibole). The greatest part (80 to 98%) of magnesium was present in resid-
ual forms bound to lithogenic fraction.

This investigation has shown that soils in Serbia contain between 0.20 up
to 1.26% Mg, with an average content of 0.603%. The available magnesium
content varies between 10 and 93 mg/100 g, with an average content of 40.8
mg/100 g Mg.

Taking in account both total and available magnesium contents it could
be concluded that the soil investigated contain enough magnesium for proper
plant nutrition. However, great importance on magnesium availability have ra-
tios between available cations Ca and K with Mg.

The Ca/Mg ratio of available forms has shown a large scale variation be-
tween 2.5:1 and 78.8:1. Only 10% of soils have Ca/Mg ratio lower then 5:1 or
optimal ratio for plant nutrition. The K/Mg ratio of available forms is on aver-
age 1.1:1, and would not affect magnesium uptake, whilst the ratio higher than
4:1 could be considered as a limiting factor in available magnesium uptake
and utilisation by plants.

About 90% of soils were found to have the ratio above 5:1 which might
be a limiting factor in growth of some plants. This could become a problem in
the case of a wide Ca/Mg ratios and when available magnesium content is ne-
ar the limit of deficit (< 10 mg/100 g), as well as to the plants sensitive to
available magnesium content in soils.

This paper has shown a need for the wider investigation of chemistry and
mineralogy of soils in Serbia, which are considered in general as well supplied
with magnesium. However, in the case of deficit of available magnesium in
soils with high ratios of Ca/Mg and K/Mg, it could a limiting factor in plant
physiology, particularly to the plants with higher demand for magnesium as
well as favourable ratios of available cations such as: Ca, K, Na, H and Mg.
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Rezime

U radu su analizirani sadrÿaji i distribucija ukupnog i pristupaånog
magnezijuma u zemqištima Vojvodine, Šumadije i severnog Pomoravqa.

Magnezijum je vrlo vaÿan element u graði biosfere, hidrosfere i skoro
svih stena litosfere, gde izgraðuje mnogobrojne minerale, koji su osnovni iz-
vor magnezijuma u prirodi. U biosferi magnezijum je neophodan makrohranqivi
elemenat za biqke, ÿivotiwe i qude. Nedostatku magnezijuma u ishrani qudi
posveãuje se sve veãa paÿwa, jer moÿe da se poveÿe sa patologijom raka i bole-
sti srca u podruåjima sa mekom vodom — M c M i l l a n (1978).

Osnovni izvor pristupaånog magnezijuma u našim zemqištima je prven-
stveno mineral dolomit, a u mawoj meri minerali glina i drugi alumosilika-
ti: hloriti, liskuni i amfiboli. Najveãi deo (80—90%) magnezijuma u ispiti-
vanim zemqištima je vezan za litogenu — silikatnu frakciju.

Ovo istraÿivawe je pokazalo da zemqišta u Srbiji sadrÿe ukupni magne-
zijum od 0.20 do 1.26% sa prosekom od 0.603%, dok sadrÿaj pristupaånog magne-
zijuma varira izmeðu 10 i 93 mg/100 g sa sredwim sadrÿajem od 40.8 mg/100 g.
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Ako se uzmu u obzir sadrÿaji ukupnog i pristupaånog magnezijuma, moÿe se sma-
trati da su naša zemqišta ovim elementom obezbeðena sasvim dovoqno za pra-
vilnu ishranu biqaka. Meðutim, veliku vaÿnost za pristupaånost magnezijuma
imaju i odnosi pristupaånih katjona kalcijuma, kalijuma i magnezijuma.

Odnos pristupaånog Ca/Mg varira u širokim granicama izmeðu 2.5:1 i
78.8:1. Meðutim, samo 10% ispitivanih zemqišta ima Ca/Mg odnos niÿi od
5:1, t.j. optimalan odnos za ishranu biqaka. Odnos K/Mg je proseåno iznosio
1,1:1, što ukazuje da ovaj odnos neãe negativno uticati na usvajawe Mg. Samo
odnosi veãi od 4:1 uz deficit pristupaånog magnezijuma smatraju se negativni
za usvajewe Mg.

Oko 90% zemqišta ima povišen odnos, iznad 5:1, što moÿe biti ogra-
niåavajuãi åinilac za rast biqaka i prouzrokovati neke probleme u poqo-
privrednoj proizvodwi i da tako utiåe na snabdevawe qudi i ÿivotiwa neop-
hodnim magnezijumom. Ovi problemi nastaju pri suviše širokim odnosima
(Ca/Mg) i kada je sadrÿaj pristupaånog Mg blizu granice deficitarnosti (< 10
mg/100 g Mg).

Ovo istraÿivawe ukazalo je na potrebu šireg prouåavawa hemije i mine-
ralogije naših zemqišta, za koja je dosad smatrano da su dobro snabdevana mag-
nezijumom, jer u mawem broju sluåajeva moÿe da doðe do poremeãaja u usvajawu
Mg (pri mawoj pristupaånosti Mg, uz poveãawe odnosa Ca/Mg i K/Mg).
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INSTRUCTIONS FOR AUTHORS

1. General
1.1. Proceedings for Natural Sciences accepts original works, review pa-

pers, and short communications on all subjects implied by the journal's title.
Review papers are published only at the invitation of the board of Editors. Pa-
pers already published or under consideration elsewhere cannot be accepted.

1.2. Manuscripts are accepted in English. They must be correct in terms
of grammar and style. Authors are requested to submit manuscripts in triplica-
te (original plus two copies). Authors whose native tongue is not English sho-
uld also submit a copy of the paper in the original language.

1.3. Upon receipt of a manuscript, the author will be sent the file number
of the paper. This number should be quoted in all correspondence. The Editors
will try to inform the author about the status of the paper within three months.
Each paper will be reviewed by at least two reviewers. If a paper is not accep-
ted, the manuscript will not be returned to the author.

1.4. Manuscripts submitted for publication should be sent to the Editorial
Office of Proccedings for Natural Sciences, 21000 Novi Sad, Ul. Matice srp-
ske 1, Yugoslavia.

2. Preparation of manuscript
2.1. The maunscript must be typed double space throughout (including

references, table, etc.), on A4 paper, and all margins should be kept wide (2.5
cm).

2.2. Manuscripts should be divided into sections, viz. Abstract, Key
words, Introduction, Material and/or Methods, Results, Discussion, References,
Abstract in Serbo-Croatian, Acknowledgements.

2.3. The title of the paper should contain as many relevant terms as pos-
sible, but should be limited to about 10 words.

2.4. The key words should indicate the scope of the paper. They should
be given in alphabetical order and separated by commas. Key words should
not exceed 100 characters.

2.5. The names, family names and middle names, of all authors with at
least one first name should be spelled out for each author. The affiliation of
the authors (without abbreviations) and where the contribution originated, in-
cluding complete postal addresses, should be specified.
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2.6. The abstract should be given in two languages, English and Ser-
bo-Croatian. It should be as informative as possible, and it should summarize
the contents of the paper. The former should not exceed 5% and the latter not
10% of the length of the entire manuscript. The abstract in Serbo-Croatian
should include the title of the paper, the name(s) of the author(s), and his/their
affiliation.

2.7. Acknowlegdements of financial support, advice, or other kinds of as-
sistance should be made at the end of the paper, under the heading ,,Acknowl-
edgements".

2.8. Papers should not exceed 12 typewritten pages, including references,
tables, legends, and figures.

3. References
3.1. References should be limited to those that are absolutely necessary.
3.2. References to literature should be arranged alphabetically; cite ex-

actly as follows:

a. Journal articles
Author CD, Author DC (1990) Title of article. Plant and Soil 135:

102—134.

b. Book articles
Author ED, Author SI, Author BB (1991) Title of article. In: A Blom, B.

Lindau, Eds., Title of book, Ed 3, Vol 2, Publisher, City, pp 242—255.

c. Doctoral theses, M. A. Theses and Habilitations
Author VA (1989) Title of thesis. PhD Thesis. University, City.

d. Books
Author AE (1987) Title of the book. Publishers, City, pp 237.

e. No authors or editors
Title of booklet, pamphlet, etc. (1989) Publisher of company, City.

f. Unpublished works
Cite an article as „in press" only if accepted for publication; cite the jour-

nal in which it will appear.
3.3. Journal names should be abbreviated in conformity with the Biblio-

graphic Guide for Authors and Editors (BIOSIS, Chemical Abstracts Service
and Engineering Index, Inc., 1974).

3.4. References to literature in the text should be made by mentioning the
last name of the author and the year of publication. In the case of two authors,
both should be mentioned, but with three or more only the name of the first
author plus „et al." should be given.

3.5. If an author is cited who published several papers in the same year,
add a, b, c, etc, to the year of publication, both in the text and references.

4. Illustrations
4.1. Figures are of two kinds: black-and-white photographs and drawings.

Photographs must have good contrast; line drawings must be neatly drawn,
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boldly in black ink on good quality white tracing paper. In addition to the
usual line-drawn graphs, also treat metabolic schemes, complicated formulas,
and large or complex tables as figures.

4.2. All letters, numbers, and symbols must be large enough in the origi-
nal to be at least 1.5 mm high after reduction. The lettering of figures should
also be drawn in black ink.

4.3. Figures should be added separately, i.e., not inserted in the typed
text. Legends should, if possible, be inserted in the figures.

4.4. The position of figures should be indicated at the left margine. Figu-
res are to be numbered with Arabic numerals.

4.5. Every figure must be accompanied by a caption. The caption must
explain the contents of the figure. Captions are not to be typed under the figu-
res, but should be compiled on a separate page.

5. Tables
5.1. Tables are to be typed on extra pages (one page per table), at the end

of the manuscript.
5.2. Tables are to be numbered with Arabic numerals.
5.3. Each table must begin with a caption. The caption must explain the

contents of the table.
5.4. Footnotes to a table should be typed directly under the table.
5.5. The position of tables should be indicated at the left margin.

6. Units, names, formulas, and abbreviations.
6.1. Only SI quantities and units are to be used (SI = Systeme Internatio-

nal d'Unit's); in exceptional cases, other officially accepted units may be used.
6.2. For molar concentration, an italicized M (underlined) should be used.
6.3. Biological names in Latin should be italicized (underlined).
6.4. Chemical structural formulas and equations should be drawn (not

written or typed), ready for photographic reproduction.
6.5. Only standard abbreviations should be used. Where specialized ab-

breviations are used, the term should be given initially in full with the abbre-
viation indicated in parentheses.

6.6. Mathematical expressions should be written in such a way as to use
the minimal number of lines, while retaining their clarity, for example: 2/3 in-
stead of 2:3, exp (-ab) instead of e—ab, etc.

7. Short Communications
7.1. Proceedings for Natural Sciences offers an opportunity to publish

short communications on all aspects that are implied by the journal's title.
7.2. Short communications are limited to 4 typewritten pages including

all illustrations.
7.3. The presentation and format of the short communications are similar

to those of a normal paper, except for the list of references, in which the titles
of the papers should be omitted.
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8. Information of authors
8.1. When the manuscript has been accepted, the author will be informed

of the approximate time of publication.
8.2. Corrections of the proofs should be restricted to printer's errors only.

Other than these, substantial alterations will be charged to the author. Proofs
should be handled promptly and returned to the Editorial Office.

8.3. Fifty offprints are supplied free of charge. Copies in addition to these
may be ordered and paid for through the Editorial Office.

9. DISKETTES: After acceptance, the final revision should be submitted
on disk. Include text, tables and figures on a double-density or high-density
3.5-inch diskette. An accompanying printout is needed to facilitate the incor-
poration of electronic tables and figures. Word for Windows (any version) is
the preferred word-processing program. When copying the paper on disk, it is
important to follow this procedure: File>Save as>Options>Embed True Type
fonts>ok>Save.
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UPUTSTVO ZA AUTORE

1. Opšte napomene
1.1. Zbornik za prirodne nauke prima originalne radove i pre-

gledne ålanke kao i kratka saopštewa iz svih nauånih oblasti koje ob-
uhvata naziv åasopisa. Pregledni radovi se objavquju samo na poziv re-
dakcije. Radovi koji su veã objavqeni ili su poslani za objavqivawe u
drugom åasopisu ne mogu biti prihvaãeni.

1.2. Prihvataju se rukopisi pisani na engleskom jeziku. Jezik mora
biti ispravan u pogledu gramatike i stila. Autori treba da predaju ru-
kopis u tri primerka (original i dve kopije). Autori åiji materwi je-
zik nije engleski takoðe treba da priloÿe i kopiju rada na izvornom
jeziku.

1.3. Po primawu rukopisa, autori ãe dobiti redni broj svoga rada.
Taj broj treba navoditi u daqoj prepisci. Redakcija ãe obavestiti auto-
re o prispeãu rukopisa i mišqewu recenzenata u roku od tri meseca
od prijema. Svaki rad recenziraju najmawe dva recenzenta. Ako rad ne
bude prihvaãen, rukopis se ne vraãa autoru.

1.4. Rukopise za objavqivawe treba slati na adresu redakcije Zbor-
nika za prirodne nauke, 21000 Novi Sad, Ul. Matice srpske 1, Jugosla-
vija.

2. Priprema rukopisa
2.1. Rukopisi se kucaju sa dvostrukim proredom u svim delovima

teksta (ukquåujuãi literaturu, tabele itd.), na papiru formata A4. Sve
margine treba da budu široke 2,5 santimetra.

2.2. Rukopis treba podeliti na: Saÿetak, Kquåne reåi, Uvod, Ma-
terijal i/ili metode, Rezultati ispitivawa, Rasprava, Literatura, Sa-
ÿetak na srpsko-hrvatskom jeziku, Zahvalnost.

2.3. Naziv rada treba da bude informativan, ali ne duÿi od deset
reåi.

2.4. Kquåne reåi treba da ukazuju na celokupnu problematiku is-
traÿivawa. Treba ih navesti abecednim redom i odvojiti zarezima.
Kquåne reåi ne treba da preðu sto slovnih znakova.

2.5. Treba navesti prezimena, sredwe slovo i imena autora rada
kao i naziv ustanove (bez skraãenica) u kojoj je rad nastao, zajedno sa
punom poštanskom adresom.
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2.6. Saÿetak, na engleskom i srpskom, treba da bude informativan
i da rezimira sadrÿaj rada. Duÿina engleskog saÿetka treba da bude do
5%, a srpskog do 10% duÿine ukupnog teksta. Srpski saÿetak treba da
sadrÿi naslov rada, prezimena i imena autora i naziv ustanove u koji-
ma su autori zaposleni.

2.7. Podatke o finansijskoj pomoãi, savetima i drugim vrstama
pomoãi treba navesti na kraju rada, pod naslovom Zahvalnost.

2.8. Radovi ne smeju biti duÿi od 12 kucanih strana, ukquåujuãi
literaturu, tabele, legende i slike.

3. Literatura
3.1. Literaturu treba ograniåiti na neophodan broj navoda.
3.2. Literaturne navode treba sloÿiti abecednim redom, na slede-

ãi naåin:

a. Ålanci iz åasopisa Autor CD, Autor DC (1990) Naziv rada. Ime
åasopisa 135: 102—134.

b. Ålanci iz kwiga
Autor ED, Autor SI, Autor VV (1991) Naziv citiranog dela kwige.

U: A. Blom, B. Lindau, Eds., Naziv kwige, Ed 3, Vol 2, Izdavaå, Grad,
242—255.

v. Disertacije
Autor VA (1989) Naziv teze. Doktorska disertacija. Univerzitet,

Grad.

g. Kwige
Autor AE (1987) Naziv kwige, Izdavaåi, Grad, 237.

d. Publikacije bez autora ili urednika
Naziv kwige, brošure, itd. (1989) Izdavaå ili ustanova, Grad.

ð. Neobjavqeni radovi
Navod „u štampi" treba da se odnosi samo na prihvaãene radove;

navesti ime åasopisa u kojem ãe rad biti objavqen.
3.3. Imena åasopisa treba skraãivati prema „Bibliographic Guide for

Authors and Editors" (BIOSIS, Chemical Abstracts Service and Engineerings
Index, Inc., 1974).

3.4. Reference u tekstu treba da ukquåe prezime autora i godinu
izdawa. Ako ima dva autora, treba navesti obojicu, a u sluåaju tri ili
više autora treba navesti prvog autora i naznaåiti „et al.".

3.5. Ako se navode dva ili više radova istog autora, objavqenih u
istoj godini, potrebno je u tekstu i spisku literature staviti a, b, c
itd. iza godine objavqivawa.

4. Ilustracije
4.1. Za ilustracije mogu se koristiti crno bele fotografije i cr-

teÿi. Fotografije treba da imaju dobar kontrast a crteÿi treba da budu
crtani tušem, na papiru dobrog kvaliteta. Osim grafikona, metabo-
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liåke šeme, komplikovane formule i velike ili komplikovane tabele
takoðe treba tretirati kao slike.

4.2. Sva slova, brojke i simboli treba da budu dovoqno veliki u
originalu, tako da posle smawivawa ne budu mawi od 1,5 mm. Tekst na
slikama i grafikonima takoðe treba ispisati tušem.

4.3. Ilustracije treba priloÿiti uz rad a ne umetnute u tekst. Po
moguãnosti, legende treba naznaåiti na ilustracijama.

4.4. Mesta ilustracija treba oznaåiti na levoj margini, arapskim
brojevima.

4.5. Svaka ilustracija treba da ima tekst koji objašwava sadrÿaj
priloga. Tekst za ilustracije treba kucati na posebnoj strani.

5. Tabele
5.1. Tabele treba kucati na odvojenim stranama (jedna tabela po

strani) i priloÿiti ih na kraju rada.
5.2. Tabele se oznaåavaju arapskim brojevima.
5.3. Svaka tabela treba da poåne naslovom koji objašwava wen sa-

drÿaj.
5.4. Napomene treba kucati odmah ispod same tabele.
5.5. Mesta tabela u tekstu treba oznaåiti na levoj margini.

6. Jedinice, imena, formule i skraãenice
6.1. Treba koristiti SI oznake koliåina i jedinica (SI Systeme In-

ternational d'Unit's), izuzetno se mogu koristiti i druge zvaniåno pri-
hvaãene jedinice.

6.2. Molarnu koncentraciju treba oznaåiti sa M i podvuãi.
6.3. Biološka imena na latinskom treba podvuãi.
6.4. Hemijske strukturne formule i jednaåine treba nacrtati (ne

ispisivati ili kucati) i pripremiti za fotografsku reprodukciju.
6.5. Prihvataju se samo standardne skraãenice. Pri korišãewu

specijalnih skraãenica, pun termin treba navesti prilikom prvog spo-
miwawa, a skraãenicu dodati pod navodnim znacima.

6.6. Matematiåki izrazi treba da budu napisani tako da se koristi
najmawi broj redova, ali da se saåuva åitqivost, npr. 2/3 umesto 2:3,
exp (-ab) umesto a-ab, itd.

7. Kratka saopštewa
7.1. Zbornik za prirodne nauke nudi moguãnost objavqivawa krat-

kih saopštewa o svim nauånim oblastima obuhvaãenim nazivom åaso-
pisa.

7.2. Veliåina kratkog saopštewa je ograniåena na 4 kucane strane,
ukquåujuãi sve ilustracije.

7.3. Kratko saopštewe se piše po uputstvima za pripremu rada
normalne duÿine, sem što u literaturi treba izostaviti naslove rada.

8. Obaveštavawe autora
8.1. Kada rukopis bude prihvaãen, autor ãe o pribliÿnom vremenu

objavqivawa biti obavešten u pisanoj formi.
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8.3. Ispravqawe teksta pripremqenog za štampu treba ograniåiti
na štamparske greške. Znaåajne promene teksta ãe se naplaãivati. Ko-
rigovani tekst treba vratiti uredništvu u najkraãem moguãem roku.

8.3. Autori dobijaju 50 besplatnih primeraka separata. Ako autor
ÿeli veãi broj separata moÿe ih naruåiti kod izdavaåa uz nadoknadu.

9. KOPIJA RADA NA DISKETI
Posle prihvatawa rada potrebno je dostaviti disketu sa konaånom

verzijom rada. Disketa treba da sadrÿi tekst rada, tabele i slike (pri-
loge) na DD ili HD disketi od 3,5 inåa. Priloÿite i jednu kopiju od-
štampanog rada radi lakše obrade tabela i slika. Molimo da obradu
teksta vršite programom Word for Windows (bilo koja verzija). Prili-
kom kopirawa rada na disketu, pridrÿavajte se sledeãe procedure: File>
Save as>Options>Embed True Type fonts>ok>Save.
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