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STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLIX, 1, 2004

DATA ON THE MICROBIOTA IN THE VADU CRISULUI CAVE

LENUTA RAKOSY-TICAN *, LAURA MOMEU ~
and FRANCISC LORINCZI ™

SUMMARY . - The Vadu Ckului cave, located in thedBurea Craiului
Mountains (Romanian Western Carpathians) intengslted by tourists,
has been investigated from a microfloristic poihtvizw. After a brief
topographic and topoclimatic presentation of theecséhe paper provides
a taxonomic approach to the troglophil and troglobic micromycetes
and algae occurring in the cave. The investigatioraled the presence of 6
strains of micromycetes, a bacterial strain, 5-gheen algagdyanoprokaryoty

4 taxa of xanthophytexénthophyta and 12 green alga€lflorophytg in
the soil, on calcareous cave walls, in condensddrvead limestone pool

water.

Located at an altitude of 304 m a.s.l., on thedafe of the Cgsul Repede
River, between the localiti€gincuis and Vadu Ceului, the Vadu Ckului cave is
the main element of the “Defileul Guilui Repede” (Ckul Repede Strait) Nature
Reserve and one of the most important habitath@funderground fauna in the
Apuseni Mountains. The cave gallery has formedguiaclase and it is penetrated
by an underground water flow, except for an upperitg, i.e. the balcony hall,
which is the only part exhibiting outstanding catmns (Fig. 1). The first siphon
occurs at 655 m from the entrance and may be @dadtonly during dry periods,
while the second siphon located at the end of dive ¢s always closed.

Although the cave is 1000 m long, it is not sulgigdo external meteorological
influences except for the first 100 m. R a ¢ ot\vai[10] described the cave as a
cavity exhibiting permanent bidirectional ventitti This topoclimatic type is in
perfect agreement with the general topography efcive, which is a practically
horizontal one-entrance cavity. This sole openiogcentrating all the aerodynamic
exchanges with the outer world is the site of tivacarrents of opposite directions.
The lower part of the gallery is affected by anemsting current during winter and
a descending one during summer. The limits in tohé¢he two ventilation types
correspond to October and May, so that winter lastseven months and summer
for five.

" Babg-Bolyai University, Department of Experimental Bigy, 400006 Cluj, Romania.
E-mail: Irakosy@hasdeu.ubbcluj.ro
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L. RAKOSY-TICAN, L. MOMEU, F. LORINCZI

The annual ventilation-dependent variations intamperature have two
different characteristics: at floor level the the&malues are directly influenced by
outer temperatures only during winter, while in saentime the mean thermic
value remains constantly around 02 Annual relative humidity ranges between
98 and 100% [10].

The Globe

S

Entrance

TOURISTIC AREA

0 0 100

Fig. 1.The map of the Vadu Grtilui cave
The sampling sites are indicated&ky

Ventilation speed varies according to season; lyetspeed of ascending
winter current resembles that of the descendinghsemone. Evapocondensation is
strictly dependent upon ventilation: condensatiypidally occurs during summer,
while the winter current change brings about ameiasing evaporation intensity
with ventilation speed.

Light intensity in the lower half of the galleryaps sharply along the first
20 m from 3200 lux (outside) to 0.1 lux (October 3280).

Few data have been reported as regarding microbfdtee Vadu Ckului
cave [5]; consequently, the aim of our study wamt@stigate from a taxonomic
point of view the troglophil and troglobiontic mamycetes and algae occurring in
the cave.

Materials and methods. The first studies were carried out in the cave
(October 31, 1980) and comprised temperature, wddeand light intensity meas-
urements (by means of field thermometer, pH-papdrlaxmeter) and underground
microscopic investigation (portable light microseppAs the resulting data were not
conclusive, due to poor magnifying possibilitiesl @tarce occurrence of organisms,
samples were collected for further laboratory itigation (December 8, 1980) either
in sterile test tubes or in tubes with culture raedihe microclimatic measurements
were repeated.

Micromycetes were isolated from samples obtainedhfcave sediments,
limestone pool water and calcareous walls (pelictgasts or spots displaying
different colours and consistency against the hgaicks) and preserved in sterile
test tubes. Sterility of tubes was achieved by teance in drying oven at 106
for 48 h. Czapek medium solidified with agar waedifor inoculation. Incubation
took place in laboratory lockers in the absendegbf at room temperature (19-22).
The cultures were macro- and microscopically exachiafter 14 and 28 days of
incubation.
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Algae were collected from limestone pool water dampnd the underground
water flow, and subsequently transferred in stadkt tubes. These samples were
imediately fixed in 4% formol. Other samples coléxt from limestone pools, soil
and calcareous walls were inoculated on mineraumimedia, such as Knop-
Pringsheim (KP), Benecke (BK) or Watanabe (W) [8¢ubation was carried out in
light at room temperature (19-2€) for about 3 months, until colonies were clearly
visible. The taxonomic identification of algae wasried out by light microscopy.

Results and discussionThe topoclimatic measurements were similar to
those obtained by R a ¢ o ¢ i [10]: the recorded temperature by the end of
October was 10C at the entrance, subjected to relative variatiand 11 C in the
stable meroclimatic part. As mentioned before, tligitensity drops below 1 lux
after the first 20 m. The underground water hashbieeind to be slightly acid
(pH=5) without any variations.

Table 1
Micromycetes and bacteria isolated from the Vadu Gsului cave

Isolated strains Sampling sites
Cladosporium herbarurfPerson) Link Aphotic area, calcareous wall
Scopulariopsis brevicauliBainier var.glabra Thom Aphotic area, condensed water
Torulasp. Aphotic area, calcarensad
Verticillium lateritium Berkeley Aphotic area, calcareous wall
Verticillium lateritiumBerkeley, white mutant phtic area, calcareous wall
Verticillium terrestre(Link) Lindau Aphotic area, condensed water
Unidentified bacterium Aphotic arealceaeous wall

The taxonomic data reveal the presence of bacteriesomycetes and
algae in the cave microflora. The micromycetes (@4 have been assigned to the
Fungi imperfectand most of them were previously isolated fromeottaves of the
Crisul Repede Strait [4, 6, 11]. Most of the taxa igglafrom the Vadu Gyului cave
also occur in the soils of the Apuseni Mountains7p thus revealing their origin
and high adaptability. While this is the first aoob of Torula sp. in the Apuseni
Mountains, the speci€Scopulariopsis brevicauliBainier has been recorded in all
the caves studied in the area [5]. Noteworty ishiigls morphological variability of
the micromycete strains which makes their iderdtfan extremely difficult. For
instance Verticillium lateritium Berkeley, usually developing brownish colonies,
produced a white mutant under laboratory conditiétiamicromycete and bacterium
strains were isolated from the aphotic part ofdévee (Table 1).

The water samples collected in the sterile testsund fixed with formol
were found to contain only the resistant forms. wridentified viable blue-green
alga also occurred. It seems [3] that formol is switable for fixing underground
samples, as it easily destroys the few forms ptdeehis biotope.
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Table 2
Algal species isolated from the Vadu Csului cave

Algal taxa Sampling sites Culture media
CYANOPROKARYOTA
Aphanothece saxicoldaegeli OA Veno KP, BK, W
Gloeocapsa montan@tzing) Hollerbach oVe KP, BK
Gloeocapsap Oe KP
Nostocsp. O Aemo KP, W
Symplocasp. oA Veo KP, BK
XANTHOPHYTA
Monodus dactylococcoidézascher OAen BK
Monodus subterraneBoye-Petersen AC A en KP, BK
Monodus sp. Ao KP
Pleurochloris sp oe BK
CHLOROPHYTA
Chlorella vulgarisBeijerinck oA Veno KP, BK
Chlorella luteo-viridisChodat ne KP
Chlorella zofingiensi®dnz OAen KP, BK
Chlorococcurrsp. cfoAVen KP, BK, W
Chlamydomonas rosdé. et O. Ettl aVe KP
Chlamydomonasp OA Ven KP, BK, W
Gloeotilasp Kitzing Oe BK
Gloeococcus mucosiBaun An W
Hormidium flaccidunBraun Ao KP
Stichococcus bacillarislaegeli coA Veno KP, BK,W
Stichococcus mindlaegeli AVen KP
Tetracystis dissociatBrown et Bold ne KP

A - Calcareous walti — Soil. ¥ - Lignified plant.o - Water from cave pool.
e - Aphotic aream - Entrance area (low lighty. - Photic area (external area).
* For the composition of culture media see [9].

The algae living in the cave (Table 2) were idémdifafter incubating the
sample on mineral media in the light. Being highdgistant, the algae can survive
latently in a cave and recover under adequate amglie.g in light). Such phenomenon
also occurs in electrified caves and leads todhedtion of the so called ,Jamp flora®.
This was the case in the Vadu (itui cave too, where electricity was installed for
a certain period of time.

The algal forms isolated are very similar to thoseorded most often in
underground environment [2, 8]. In the VadusGlui cave the most frequent ones
are the green algae (12 taxa) as compared to tieegbeen onesOyanoprokaryota
— 5 taxa) (Fig. 2). The former ones are supposeaxkisi latently in the aphotic area,
considering their presence in different cave mictolpes as well as in the entrance
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area and outside the cave. Of the 7 outer spestdestéd from the calcareous wall
above the entrance, only two could not be idemntifieside the cave; all the others
were found in different parts of the aphotic areggesting a possible external
source and dissemination through the caxgewater flux (Table 2).

o3 (m

o1
|2
as

m2

Fig. 2.The proportion of different algal groups in the Vda@risului cave
1 —Xanthophyta2 —Chlorophyta 3 —Cyanoprokaryota

Other 10 taxa were identified only in the aphot&aaThese species are usually
present in restricted microbiotopes, being someatirmelated from a single site. This
account for their ability to live in an undergrousitvironment, either by heterotrophy
or by other mechanisms. Of course, these suppusitamuire experimental support.

Conclusions The microbiota, which is considered to play alleg role in
the caves [1], should be thoroughly investigatedafdetter understanding of the
underground hollow genesis and ecology. Therekamewledge of the microbiota
in the Vadu Cugului cave should also be completed by further itigatons.
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ANALIZA FAUNISTICA, ECOLOGICA SI ZOOGEOGRAFIGL A
SUPRAFAMILIEI PENTATOMOIDEAINSECTAHETEROPTERA)
DIN SECTORULINFERIORAL BAZINULUI RAULUI ARIES

PAUL-VASILE BELDEAN *

SUMMARY. - Faunistical, Ecological and Zoogeographic Analysisf the
Suprafamily Pentatomoidea(insea Heteroptera)from
the Inferior Area of the Aries River Basin. The biological material was
collected during 2001, 2002 and 2003. In the stlidiea we have revealed a
number of 565Pentatomoideapelonging to 26 species, 19 genera and
4 family. The majority of the species (20) belotgthe familyPentatomidae.
The researches were made in nine different typesasfystems: mixed forest
(beech and hornbeam), forest of hornbeam, cluktsier, hay field with high
humidity, hay field with medium humidity, rocky lieg, grassland, crop of
alfalfa and roadside vegetation. Most species Ift&)in the hay field with
medium humidity. In the mixed forest 10 speciedehtatomoidedive
(Dolycoris baccarum, Pentatoma rufipgsdPalomena prasinaave the highest
values of numerical and relative abundance). Im#yefield, the highest values
of abundance were shown Byrydema oleraceum, Coptosoma scutellatum
and Aelia acuminataln the crop of alfalféPiezodorus lituratusand in the
roadside vegetatio€optosoma scutellaturand Graphosoma lineatunare
the most abundant species. The highest numbeulti$ ahs recorded in June.
A proportion of 69% of the species is polyphagduem all species 50%
belong to the Palearctic Regid@ciocoris (Sciocoris) deltocephalissa new
record for Transilvania.

Publicaiile anterioare referitoare la fauna Bentatomoidealin Transilvania
au caracter faunistic, cuprinzand liste de speanidiferite zone [3, 5, 9, 11]. Unele
lucrari prezint speciile dePentatomoide&onsiderate @linatoare n diverse culturi
agricole, Tn acest caz @andsi informatii sumare legate de mediul de izl
acestora [6, 7, 10].

Nu se cunosc publigaanterioare referitoare la intreg sectorul inderal
Ariesului, semnalri ale catorva specii din aceagor fiind cuprinse in volumul VI
din Fauna R.S.R. [4]. In perioada 1974-1995 au dokctate din Cheile Turenilor
13 specii dePentatomoideapatinand la trei familii Cydnidae, Scutelleridag
Pentatomidag datele nefiind irispublicate [14].

" Universitatea "Babg-Bolyai”,Catedra de Taxonomig Ecologie, Cluj-Napoca, 400006, Romania.
E-mail: pbeldean@hasdeu.ubbcluj.ro
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Material si metode.Materialul biologic analizat a fost colectat pequasul
anilor 2001, 2002i 2003 in diferite perioade ale anului. Au fostestihte 4 probe
din fiecare ecosistem prin metode specifice tipdieivegetae existent: cu fileul
entomologic din vegetia ierboas (50 cosiri/proB) si prin scuturarea coronamentului
arborilor si arbwtilor Tn plasa umbrél Pentru fiecare praba fost notat datasi
punctul de colectare. Materialul colectat a fostoodh in alcool 70%i pastrat in
alcool cu aceaaconcentrge n tuburi de plastic, separat pe probe.

Tn sectorul inferior al Bazinului Arigilui au fost studiate uritoarele tipuri de
ecosisteme:

I. Fageto-cirpinet in staiuneaMoldovenati situat pe malul stang al Agialui,
cu expoziie sud-estig, intre 350-400 m altitudineAlaturi de Carpinusbetulussi
Fagussylvatica se mai intalnes@cer campestre, Corylus avellana, Betula pendula
Stratul ierbos este bine dezvoltat, mai ales dexgul paraului care trece prigure,
fiind frecvente:Mentha, Medicago, Trifolium pratense, Urtica diojdaquisetum
arvense, Carduus spinosgisCarduus echinatus.

Il. Carpinet situat pe versantul drept al Cheilor Turenilor, expoziie
nordici, Tntre 550-600 m altitudine, in careitaki de carpenQarpinus betulus
este frecvent alunuQorylus avellana

lll. Salicete in staiunile Lunasi Gura Arigului. Suntformate predominant
din specii de salcieS@lix sp), la care se adadgplopi si anini (Populussp. si
Alnus sp.). Stratul ierbos este format ddnonissp, Centaureasp, Typhasp,
Urtica dioica, Coronilla varia, Plantago lanceolattc.

IV. Fanate higrofile in Lunasi Gura Ariesului.

Fanaul studiat la Luna este situat |&ngivoi, pe malul drept al Arigului,
la 300 m altitudine. Adturi de Agrostissi Festucase intilnesdrifolium pratense,
Lotus corniculatusCoronilla varia, Ononis spinosai Plantago lanceolataExist
si portiuni cu Sambucus ebulus

Fanaul de la Gura Arigului este situape malul drept al Arigului, in zord
de lund, la 200 m altitudine. Este puternic higrofilatairi de poacee fiind bine
reprezentate speciile dduncus, Typha, Trifolium, Ononigjnaria, Cirsium si
Polygonum Se intalngte si Caltha palustris

V. Fanate mezofilein Moldovensti si Martinesti. Sunt formate predominant
din specii deAgrostis(Agrostis tenuis, Agrostis albetc.)si Festuca(Festuca rubra,
Festuca pratensistc.) alituri de care, la Moldovest se intalnesdrifolium pratense,
Lotus corniculatus Coronilla varia, Ononis spinosai Plantago lanceolatala
Martinesti stratul ierbos este format predominant diifolium pratense, Trifolium
repens, Coronilla varia, Medicagsp.si Cirsiumsp.

VI. Stancarii in Cheile Turenilor. Vegetia acestor staiadi se incadrez
n asociégile Seslerietum rigidagi Spireetum ulmifoli¢l, 8].

VII. P asuni In Moldoveneti, Martinesti, Cheile Turenilor, Lunai Gura
Ariesului. Predomia speciile deFestucasi Agrostis Pisunea din Moldovengi
este higrofii, boga in vegettie ierboas, fiind intalnite specii ddrifolium, Linaria
si Polygonum

10
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In Martinesti pasunea studiat are expozie sud-vestig, find predominante
Festuca sulcatgi Agrostistenuis. Sporadic se intalnesc tufe Beunus spinosa,
Crataegus monogyrg Rosa canina.

In Cheile Turenilor a fost studiato pisune puternic xerofil si intens
pasunat, fiind incadrai in asocida Festucetum sulcatae calcophilyin8].

n pasunea dinLuna, situat in lunca Arigului si cu un grad relativ szut
de exploatare, aluri de poacee sunt intalnifeifolium pratensesi Althea rosea,
precumsi specii deOnonis, Medicago, Euphorbia Artemisia

La Gura Arigului pasunea studiateste intens exploatatsituati pe malul
drept al Arigului, fiind reprezentatin general de poaceespecii deMedicago,
Euphorbiasi Artemisia Izolat se intalnesc tufe derataegus monogyna, Syringa
vulgaris, Prunus spinosg Rosa canina.

VIII. Cultur i de lucerna situati in staiunea Moldovengi, Tnainte de intrarea
n localitate, la aproximativ 350 m altitudine.

IX. Vegetatie ruderala in 4 st@iuni: Moldovenati, Martinesti, Lunasi Gura
Ariesului. Este formdt predominant dirArtemisiasp., Matricaria sp, Trifolium sp,
Linaria sp, Verbascunsp, Raphanusp, Echium vulgre, Coronilla varigEquisetum
arvenseUrtica dioica, Lycopus europaeuSapsella bursa-pastoris, Mentha longifolia,
Carduus nutansi Carduus acanthoides

Tn staiunea Moldovengi au fost efectuate coleat lunare din mai panin
octombrie, in vederea efestii studiilor de dinamia a populgilor de Pentatomoidea.

Determirarile au fost efectuate n laborator cu ajutorutesiemicroscopului,
folosind diverse surse bibliografice [4, 12, 13Jatérialul determinat a fost ordonat
pe familii, subfamiliisi specii conform sistemului taxonomic actual [212].

Rezultatessi discutii. Analiza taxonomici si faunistici. Tn urma studiilor
efectuate in sectorul inferior al Agidui am colectat 565 indivizi dBentatomoidea
apatinand la 26 de specii, 19 genuii 4 familii. Atat din punct de vedere al
numarului de specii casi al nunarului de indivizi, cel mai bine reprezertatste
familia Pentatomidag481 de indivizi din 20 de specii). Din familicutelleridae
au fost colectd 36 de indivizi din 3 specii, famili@Plataspidaeeste prezeat
printr-o singui specie cu 45 de indivizi, iar famil@ydnidaeeste reprezentaprin
2 specii cu 3 indivizi (Tabel 1).

La nivelul teritoriului Romaniei, din suprafamilRentatomoideael mai bine
reprezentat este familiaPentatomidagurmaiti de familile Cydnidae, Scutelleridae,
Acanthosomidag¢prezeni in fauna Romaniei, dar nesemnalat sectorul inferior
al Ariesului) si Plataspidad4].

Ambele specii d&Cydnidaecolectate sunt incadrate in subfam@iehirinae.
Cele trei specii ale familieBcutelleridaesunt distribuite in dadu subfamilii:
Odontotarsinaecu o singu speciesi Eurygasterinaecu 2 specii. Din familia
Pentatomidaecel mai bine reprezenfagste subfamili#entatominaecu 16 specii, in
timp ce subfamililePodopinaesi Amyotinaesunt prezente fiecare prin cate 2 specii.

11
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Tabel 1
Specilede Pentatomoidea colectatmd
sectorul inferior al Bazinului Arie sului
Familia, subfamilia, specia Nuimul de Staiuni cercetate  NTT.
indivizi S.
T & Q 1 23 4 5
Familia Plataspidae 45 19 26 23 9 8 5
Coptosoma scutellatuGeoffroy, 1785) 45 19 26 23 9 8 5
Familia Cydnidae 3 1 2 1 2
Subfam. Sehirinae 3 1 2 1 2
Tritomegas bicoloLinné, 1758) 2 1 1 1 1
Tritomegas sexmaculat{®ambur, 1842) 1 1 1
Familia Scutelleridae 36 18 18 25 74
Subfam. Odontotarsinae 1 1 1
Odontotarsus purpureolineatRossi, 1790) 1 1 1
Subfam. Eurygasterinae 35 18 17 25 7 3
Eurygaster maurdLinné, 1758) 21 13 8 13 =3
Eurygaster testudinarigGeoffroy, 1785) 14 5 9 12 2
Familia Pentatomidae 481 231 250 2515256 105 17
Subfam. Podopinae 25 13 12 12 54 1 3
Graphosoma lineatur(Linné, 1758) 24 12 12 12 ® 3
Podops inunctgFabricius, 1775) 1 1 1 S.
Subfam. Pentatominae 432 206 226 227 3752 102 14
Sciocoris (Sciocoris) deltocephalBgeber, 1861 1 1 1 NTr.
Sciocoris (Aposciocoris) microphthalmbkr, 1860 2 1 1 2
Aelia acuminatgLinné, 1758) 54 28 26 28 9 8 2
Aelia rostrataBoheman, 1852 2 2 2
Eusarcoris aeneuéScopoli, 1763) 11 6 5 8 3
Stagnomus (Dalleria) pusilluierrich-Schéaffer, 1830) 3 1 2 3 S.
Holcostethus (Holcostehtus) vernali&/olff, 1904) 31 15 16 16 20 3
Carpocoris purpureipennifDe Geer, 1773) 22 10 12 15 &
Carpocoris pudicugPoda, 1761) 10 1 9 3 1 6
Dolycoris baccarunfLinné, 1758) 101 49 52 57 1© 11 3
Palomena prasindLinné, 1761) 11 5 6 9 2
Piezodorus lituratugFabricius, 1794) 41 22 19 39 2
Pentatoma rufipegLinné, 1758) 12 7 5 12
Eurydema ventral&olenati, 1846 2 2 1 1 S.
Eurydema ornatuniLinné, 1758) 3 1 2 2 1
Eurydema oleraceurLinné, 1758) 126 60 66 36 9% 71 6
Subfam. Amyotinae 24 12 12 12 10 2
Picomerus bidenf.inné, 1758) 19 11 8 9 10
Zicrona coerulegLinné, 1758) 5 1 4 3 2
Numirul total de indivizi 565 269 296 3006860 115 22
Numarul total de specii 26 20 1311 12 6

Abrevieri: 1 - Moldovensti. 2 - Martinesti. 3 - Cheile Turenilor. 4 - Luna. 5 - Gura Agigui.
NTr. - Specie semnalatpentru prima datin fauna Transilvaniei. S - Specie
sporadid@ in fauna Romaniei.
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Sciocoris (Sciocoris) deltocephaleste semnalatde noi pentru prima
dati in fauna Transilvaniei, semgdle anterioare fiind din judele Dolj, Giurgiu,
Galai, Constamasi Tulcea. Este specie termafibonto-mediteraneanintalnié pe
diferite plante ierboaseD(gitaria, Eragrostis, Filago, Salviaetc.) in biotopuri
nisipoase [4]. Tn urma studiilor noast8eiocoris (Sciocoris) deltocephalasfost
colectai din staiunea Moldovengi, de pe vegeta ierboa¥ din ecosistemul
reprezentat dedgune situat pe malul stédng al Argeilui, pe substrat nisipos.

Podops inuncta, Stagnomus (Dalleria) pusillis€urydema ventralsunt
considerate sporadice in fauna Romaniei [4].

Distribu tia numarului de specii pe tipuri de ecosistemeDin fageto-
carpinetul studiat au fost colectate 10 specii (Tabelfiind semnalate atat specii
tipice pentru acest tip de ecosisteRralpmena prasina, Pentatoma rufipest si
specii caracteristice vege@t ierboase Eusarcoris aeneus, Piezodorus liturgtus
Numarul cel mai mare de specii (17) a fost colectat daosistemele mezofile
exploatate ca fangTabel 3), caracterizate printr-un nimmare de specii vegetale
ierboase, urmate deguni cu 14 specii (Tabel 4), vegataruderai cu 12 specigi
cultura de lucerih cu 10 specii (Tabel 5). Din celelalte ecosisteramacterizate
prin vegetde lemnoas (cirpinet, salicete) dar cu un nédnde specii vegetale mai
redus comparativ cuadeto-cérpinetul studiat, au fost colectate cate 6 speeii d
PentatomoideaTot 6 specii au fost colectagedin fangele higrofile cu suprata
redug (aproximativ 500 rhfiecare) situate Tn vecitatea culturilor agricole tratate
cu ierbicidesi insecticide, in timp ce din ecosistemul repreaente stanirii au
fost colectate 8 specii (Fig. 1).

17

18+

16+

14

12+

10+

0 1 1 1 1 1 1
| Il 1 \% \ \ i Vil IX

Tipurile de ecosisteme studiate

Fig. 1.Numirul de specii inregistrat in ecosistemele studiate.
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Numarul de specii scade odatu s@derea cantittii de vegetéde ierboas,
reducerea nuamului de plante prezentg cresterea influegelor antropice in eco-
sistemelor studiate.

Analiza ecologid. In fageto-crpinetul din stdunea Moldovengti (Tabel 2),
din punct de vedere al abunggmumericesi relative se remaiéicDolycoris baccarum
(A = 0,5, Ar = 21,87) - specie polifagarg raspandii in Romania,Pentatoma
rufipes(A = 0,43, Ar = 18,75} Palomena prasingA = 0,32, Ar = 14,06) - specii
caracteristice ecosistemelor de tip forestier. Mal@abundetei numericesi relative
inregistrate Tn @&pinetul din stdunea Cheile Turenilor sunt as&mitoare pentru
majoritatea speciilor colectate, arboretul fiindbsinchegagi prezentand numeroase
potecisi luminisuri pasunate. Majoritatea speciilor colectate din salieesituate in
staiunile Lunasi Gura Ariesului prezint valori reduse ale abunden numericesi
relative.

Tabel 2
Abundenta numerica si abundenta relativa a speciilor dePentatomoidea
colectate din ecosistemele lemonase din sectoruienor al Bazinului Arie sului

Familia, specia | 1 11l
1 3 4 5
N A Ar% N A Ar% N A A% N A A%

FamiliaPentatomidea
Graphosoma lineatuifhinné, 1758) 6 021937 3 02515

Aelia acuminatdLinné, 1758) 1 0,08 33,33
Eusarcoris aeney$Scopoli, 1763) 3 011 468 2 0,16 16,65

Stagnomus (Dalleria) pustiifrerrich- 3 02515

Schéffer, 1830)

Holcostethus (Holcostehtus) vernalis 5 0,17 781 5 04125 1 0,08 33,33
(Wolff, 1904)

Carpocoris purpureipenni®e Geer, 177:2 0,07 312 4 0,3320

Carpocoris pudicugPoda, 1761) 2 0,16 16,65

Dolycoris baccarunfLinné, 1758) 14 05 21873 02515 2 0,16 16,65

Palomena prasinéLinné, 1761) 9 0,32 14,06 2 0,16 10

Piezodorus lituratugFabricius, 1794) 3 011 4,68

Pentatoma rufipeiinné, 1758) 12 0,43 18,75

Eurydema oleraceuruinné, 1758) 5 017 781 6 05 50 1 0,08 33,33
Picomerus biden&.inné, 1758) 5 017 7,81

Numiirul total de indivizi/statiune 64 20 12 3

Numairul total de indivizi/ 64 20 15

tip de ecosistem

Numiirul total de specii/staiune 10 6 4 3

Numairul total de specii/ 10 6 6

tip de ecosistem

Abrevieri: | - Figeto-@rpinet. Il - Girpinet. Ill - Salicet. 1 - Moldovené. 3 - Cheile Turenilor.
4 - Luna. 5 - Gura Arigilui. A - Abundera numeri@. Ar - Abundera relatii. N -
Numéarul de indivizi.
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In fanaul higrofil din staiunea LunaEurydema oleraceurprezinti cea

mai mare abunde®h numeri@ pentru acest tip de ecosistem (A= 1,75) (Tabel 3).

Tn ambele fan@ higrofile studiate (Lungi Gura Arigului) este bine reprezentat
Coptosoma scutellatunsingura specie din familidlataspidaesemnalat in fauna
Transilvaniei, dar foarte frecvenin ecosistemele ierboase.
Tabel 3
Abundenta numerici si abundenta relativa a speciilor dePentatomindea
colectate din ecosistemele ierboase cu interd@nantropica moderati
(fanate, stanéirii) din sectorul inferior al Bazinului Arie sului

Familia, specia \Y \% VI
4 5 1 2 3
N A A% N A A% N A A% N A A% N A A%

Familia Plataspidae
Coptosoma scutellatum 6 05 1538 5 0625555 9 0,32 81
(Geoffroy, 1785)

Familia Cydnidae
Tritomegas bicolofLinné, 1758) 1 00309

Familia Scutelleridae

Odontotarsus purpureolineatus 1 0,08 357
(Rossi, 1970)

Eurygaster mauréLinné, 1758) 6 02154 5 031 20 3 0251071
Eurygaster testudinaria 7 025 63 1 006 4

(Geoffroy, 1785)

Familia Pentatomidae

Graphosoma lineatum 6 021 54

(Linné, 1758)

Sciocoris (Aposciocoris) 2 012 8
microphthalmug-lor, 1860

Aelia acuminatgLinné, 1758) 4 0331025 1 0121111 220,78 1982 7 043 28 6 05 2142

Eusarcoris aeneuscopoli, 1763) 5 017 45

Holcostethus (Holcostehtus) 6 021 54 1 006 4 4 0331428
vernalis(Wolff, 1904)

Carpocoris purpureipennis 9 032 81 2 016 714
(De Geer, 1773)

Carpocoris pudicugPoda, 1761) 2 0,165,12 1 003 09

Dolycoris baccarunfLinné, 1758) 4 0,33 1025 1 0,211,111 17 06 1531 5 031 20 9 0,75 3214
Piezodorus lituratus 2 016 512 8 028 7.2

(Fabricius, 1794)

Eurydema ornaturLinné, 1758 2 007 18 1 0,08 357
Eurydema oleraceuthinné, 1758)21 1,75 5384 2 0252222 5 017 45 4 025 16 2 016 7,14
Picomerus biden&.inné, 1758) 4 014 36

Zicrona coeruledLinné, 1758) 3 01 27

Numirul total de indivizi/statiune 39 9 111 25 28
Numiarul total de indivizi/ 48 136 28

tip de ecosistem

Numirul total de specii/staiune 6 4 16 7 8
Numirul total de specii/ 6 17 8

tip de ecosistem

Abrevieri: IV - Fana higrofil. V - Fana mezofil. VI - Stanarii. 1 - Moldovensti. 2 - Martinesti.
3 - Cheile Turenilor. 4 - Luna. 5 - Gura Agidui. A - Abundema numerié. Ar -
Abundena relatid. N - Nundrul de indivizi.
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Aelia acuminataspecie polifag) caracteristig ecosistemelor ierboase nsorite,
a inregistrat valorile cele mai ridicate ale abunpeienumericesi absolute in fanele
mezofile studiate (A = 0,78, Ar = 19,82 intstaea Moldovengi, A = 0,43, Ar = 28 in
staiunea Mirtinesti). Valori ridicate ale acestor indici in fgeke mezofie au inregistrat
si speciile Coptosoma scutellatum, Eurygaster maura, Carpocpugoureipennis
si Dolycoris baccarun{Tabel 3).

Pe standriile din Cheile Turenilor, cel mai bine reprezaatasteDolycoris
baccarum(A = 0,75, Ar = 32,14) urmatde Aelia acuminatgA = 0,5, Ar = 21,42)
si Holcostethus vernali6A = 0,33, Ar = 14,28) (Tabel 3).

In pasunile studiate, valorile cele mai ridicate ale atemei numericesi
relative au fost Tnregistrate d&tre Eurydema oleraceurim staiunea Luna (A = 2,31,
Ar = 80,43) (Tabel 4). Printr-un ndimmare de indivizi au fost prezengiespeciile
Picomerus bidengA = 0,62, Ar = 50 Tn Mrtinesti) - una dintre ptinele specii de
pentatomoidee zoofage, adubaparand in lunile de toandn Dolycoris baccarum
(A =0,58, Ar = 58,33 in Cheile Turenilog) Coptosoma scutellatutf® = 0,5, Ar =
35,29 in Moldovengi).

Din cultura de lucery a fost colectat un nutn mare de indivizi de
Piezodorus lituratugA = 1,16, Ar = 40), specie frecvarin culturile de leguminoase
din Transilvania [6]. Atat din cultura de lucérrcatsi de pe vegeté ruderai au
fost colectate Tn nuiin relativ mareDolycoris baccarunsi Eurydema oleraceum
in vegetsia rudera din staiunea Mirtinesti, valori ridicate ale abundesi numericesi
relative au prezentat Coptosoma scutellatufd = 0,75, Ar = 39,133i Graphosoma
lineatum(A = 0,41, Ar =21,74) (Tabel 5).

Diversitatea cea mai ridicdi s-a inregistrat in fama mezofil din stéunea
Moldovenati urmat de fgeto-crpinetul studiat in acegiestaiunesi de standriile
studiate in Cheile Turenilor. Diversitatea cea swzuti s-a inregistrat inggunile
din Gura Arigului si Luna (Tabel 6).

Dinamica populatiilor. In vederea efectii studiilor de dinamig a populéilor
dePentatomoideain staiunea Moldovengi au fost efectuate colect lunare. Atat
nunarul de indivizi catsi numirul de specii variaz pe parcursul anului (Tabel 7).
Numirul maxim este atins in luna iunie, cand sunt préz¢at indivizi ai unor specii
la care generm iesita din diapauz se merine pald in aceast perioad, catsi
indivizi ai unor specii la care a ot noua genete. n iulie, atat datorit atingerii
unui grad ridicat de exploatare aspnii studiate, cagi datorit cosirii fanaului si
culturii de lucers, nurmirul de speciisi de indivizi a sazut. In luna august, cand
vegetaia ierboa& din ecosistemele antropizate s-aacet patial, numirul de
indivizi si de specii dd’entatomoidea Tnregistrat o wpaf crestere comparativ cu
luna iulie. Valorile Tnregistrate in luna mai (sifa populaiilor la iesirea din diapaus)
sunt aser@natoare cu valorile inregistrate in lunile septembriectombrie (situgia
populgiilor la intrarea n diapauz (Fig. 2).

Spectrul trofic. Tn urma analizei spectrului trofic al pentatomeitde semnalate
se remarg speciile polifage (18), acestea reprezentand 69%a fost semnalat
nici o specie monofag Dintre cele 26 de specii colectate 8 sunt oligefal specii
fiind Tntalnite pe graminee, 3 pe crucifere, iaaye leguminoase (Fig. 3).
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Tabel 4
Abundenta numerica si abundenta relativa a speciilor de
Pentatomoidea colectate din ecosistemele ierboase intens
exploatate (gisuni) din sectorul inferior al Bazinului Arie sului
Familia, specia VI
1 2 3 4 5

N A A% N A A% N A A% N A A% NA A%

Familia Plataspidae

Coptosoma scutellatum 12 0,5 35,29 2 012 434
(Geoffroy, 1785)
Familia Cydnidae
Tritomegas bicolor 1 006 217

(Linné, 1758)

Familia Scutdlleridae
Eurygaster testudinaria 4 0,16 11,76 1 0,06 5
(Geoffroy, 1785)

Familia Pentatomidae

Graphosoma lineatum 1 008 833

(Linné, 1758)

Podops inuncta 1 006 217
(Fabricius, 1775)

Sciocoris (Sciocoris) 1 004 294

deltocephalugieber, 1861

Aelia acuminata 2 008 588 1 006 5 1 008 833

(Linné, 1758)

Aelia rostrata 2 012 10

Boheman, 1852

Holcostethus 1 004 294 1 008 833 D25 66,67
(Holcostehtus) vernalis

(Wolff, 1904)

Carpocoris pudicus 1 006 217
(Poda, 1761)

Dolycoris baccarum 10 0412941 5 031 25 7 058 5833 3 018 6,52
(Linné, 1758)

Eurydema ventrale 1 006 217
Kolenati, 1846

Eurydema oleraceum 4 0161176 1 006 5 2 016 16,65 37231 8043 10,12 3333
(Linné, 1758)

Picomerus bidens 10 0,62 50

(Linné, 1758)

Numarul total de indivizi/ 34 20 12 46 3
statiune

Numarul total de indivizi/ 115
tip de ecosistem

Numarul total de specii/ 7 6 5 7 2
statiune

Numarul total de specii/ 14
tip de ecosistem

Abrevieri: VII - Pasune. 1 - Moldovengi. 2 - Martinesti. 3 - Cheile Turenilor. 4 — Luna.
5 - Gura Arigului. A - Abundera numerié. Ar - Abundera relatid. N - Nunarul
de indivizi.
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Tabel 5

Abundenta numerici si abundenta relativa a speciilor dePentatomoidea
colectate din ecosisteme ierboase (cultude lucerri, vegetaie ruderala)
situate in zone puternic antropizate din sectorulriferior al Bazinului Arie sului

Familia, specia

VIl

IX

1 1

2

Z 5

N

A A% N A Ar%

N

A A%

N A A% N A A%

Familia Plataspidae

Coptosoma scutellatum 2
(Geoffroy, 1785)

0,08 2,85

9

0,7539,13

Familia Cydnidae

Tritomegas sexmaculatus
(Rambur, 1842)

1 0,085,556

Familia Scutdlleridae

Eurygaster maura 7
(Linné, 1758)

Eurygaster testudinaria 1
(Geoffroy, 1785)

029 10

0,04 142

Familia Pentatomidae

Graphosoma lineatum
(Linné, 1758)

Aelia acuminata 1
(Linné, 1758)

Eusarcoris aeneus

(Scopoli, 1763)
Holcostethus 3
(Holcostehtus) vernalis
(Wolff, 1904)

Carpocoris purpureipennis 2
(De Geer, 1773)

Carpocoris pudicus 2
(Poda, 1761)

0,04 142 30,12 1428

0,12 428 10,04 4,76

0,08 285 20,08 952

0,08 2,85

1

0,41 21,74 3

0,08 4,35

0,08 4,35

0,08 4,35

0,08 4,35

0,37 42,85
4 0,3322,22

1 0,085,556

1 0,08 556

Dolycoris baccarum
(Linné, 1758)
Piezodorus lituratus
(Fabricius, 1794)
Eurydema ventrale
Kolenati, 1846
Eurydema oleraceum
(Linné, 1758)
Zicrona coerulea
(Linné, 1758)

11 045

28 1,16

13 054

1571 502 238
40
1004 4,76

18,57 9 0,37 42,85

1

4 033 17,39

0,08 4,35

2 0161111 2 0,25 2857

7 0583888 2 0,25 2857

2 0161111

Numiirul de indivizi/
statiune

21

23

18 7

Numiarul de indivizi/
tip de ecosistem

69

Numiarul de specii

10 6

Numirul de specii/
tip de ecosistem

10

12

Abrevieri: VIl - Cultura de lucer#. IX - Vegetaie ruderal. 1 - Moldovengti. 2 - Martinesti.
4 - Luna. 5 - Gura Arigilui. A - Abundeita numerig. Ar - Abunderta relatia. N -
Numarul de indivizi.
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Tabel 6
Diversitateasi echitabilitatea ecosistemelor studiate

in functie de populdiile de Pentatomoidea

Ecosistemelsi staiunile studiate
| 1l Il [\ \ ) VIl VIII IX
1 3 4 5 4 5 1 2 3 1 2 3 4 5 1 1 2 4
H 0,92 0,76 0,53 0,47 0,60 0,49 1 0,760,79 0,69 0,59 0,53 0,35 0,27 0,76 0,65 0,73 0,72 0,46
E 0,920,97 0,89 0,99 0,77 0,82 0,83 0,9 0,870,82 0,76 0,76 0,42 0,91 0,76 0,83 0,80 0,85 0,98

5

Abrevieri: E - Indicele de echitabilitate. H' - Indicele de éligitate Shanon-Wiener. I-1X -

Tipurile de ecosisteme studiate. 1 - Moldogén2 - Martinesti. 3 - Cheile Turenilor.
4 - Luna. 5 - Gura Arigului.

Tabel 7
Dinamica populatiilor de Pentatomoidea in ecosistemele
studiate in zona localititii Moldovenesti
Perioada Fageto-crpinet Fana mezofil Risune Cultui de Vegetaie Numérul
colectrii lucerra ruderali total
nr.ind. nr.sp. nr.ind. nr.sp. nr.ind. nr. sp. nr.ind. nr. sp. nr.ind. nr. sp. ind.  sp.
Mai 3 3 40 11 2 1 13 7 1 1 59 13
lunie 19 6 16 7 15 4 16 4 9 4 75 15
lulie 15 4 11 4 2 2 5 3 4 2 37 9
August 13 4 20 5 5 3 19 5 3 2 60 12
Septembrie 4 2 9 4 8 3 7 3 1 1 29 8
Octombrie 10 3 15 7 2 2 10 4 3 2 40 8
80
75
70+
60 9 60
50 ,
404 37 40
304 9
20+
104 M .
0
\% \ \ll Ml IX X
‘ —e—nr. de ind.—s—nr. de sp‘

F i g. 2.Dinamica suprafamiliePentatomoide@n zona locali#zii Moldovenati.
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4%

M polifage Holigofage (pe graminee)
HEoligofage (pe crucifere) [oligofage (pe leguminoase)

F i g. 3.Spectrul trofic al pentatomoideelor semnalate iyl inferior al Bazinului Arigului.

Analiza zoogeografié. Din punct de vedere al spectrului zoogeografic cel
mai bine reprezentate sunt speciile &gpéndire Palearcid13). Au fost semnalatg
specii cu #ispandire Mediteranean2), Ponto-Mediteranedn(2), Holarctia (3),
Eurosiberiaa (3), Sud Palearctic (1), Sud Europedn Vest Asiati@ si Nord
Africana (1) si Eurasiatia (1) (Fig. 4).

B rasp. Palearctic

[Irasp. Mediteranean

rasp. Ponto-Mediteranean
Elrasp. Holarctia

B 50% o
rasp. Eurosiberian

rasp. Sud-Palearctic

risp. Sud-EuropeanVest-
Asiatica si Nord-Africama

E rasp. Eurasiatic

F i g. 4.Spectrul zoogeografic al pentatomoideelor semealat
n sectorul inferior al Bazinului Arigilui.
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Concluzii. 1. Din sectorul inferior al Bazinului Argelui am colectat 26
specii dePentatomoideapatinand la 19 genusi 4 familii. Atat din punct de vedere
al nunirului de specii, cagi al numirului de indivizi, cel mai bine reprezentat
este familiaPentatomidae

2. SpeciaSciocoris (Sciocoris) deltocephaleste citat pentru prima dat
in fauna Transilvaniei, iar trei specii citate swporadice in fauna Romaniei:
Podops inuncta, Stagnomus (Dalleria) pussgiusurydema ventrale

3. Nunirul cel mai mare de specii s-a Inregistrat in estesiele ierboase
si scade odatcu séderea cantitii de vegetde ierboas, reducerea nuainului de
plante prezentg cresterea influegelor antropice in ecosistemele studiate.

4. Cele mai ridicate valori ale abundeinnumericesi relative au fost
fnregistrate n ecosistemele ierboaseitie speciileCoptosoma scutellatum, Aelia
acuminata, Dolycoris baccarumsi Eurydema oleraceum.

5. Diversitatea cea mai ridigas-a nregistrat in fana mezofil din staunea
Moldovenati, iar cea mai stzuta Tn pasunile din Gura Arigului si Luna.

6. In dinamica poputilor de Pentatomoideas-a inregistrat o vati@ a
nunarului de indivizisi de specii pe parcursul anului, atingdnd maximuliha iunie.

7. Din cele 26 de specii, 69% sunt polifage, ia#34dunt oligofage. Nu a
fost semnalatnici o specie monofag

8. Din punct de vedere zoogeografic, preddmépeciile cu ispandire
Palearctid, urmate de speciile cudigpandire Holarctit si de cele cu #spandire
Eurosiberiaa.
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BREEDING BIOLOGY OF THE GOLDEN EAGLEAQUILA CHRYSAETOS
CHRYSAETOS. 175§ IN THE GORGE OF TURDA NATURE RESERVE

ALIN DAVID" and IOAN COROIU*

SUMMARY. - The paper presents the results of the researeindieg the
biology and ethology of the Golden Eagksqqila chrysaetos chrysaetos)
during the breeding season. The Golden Eagle éxta@mely rare species in
Romania as well as in its whole spreading areataltlee loss of its specific
habitat and excessive hunting. Protecting thisispeequires, apart from the
legislative measures, the knowledge of its biolaigfeatures. The present
study took place between 2000 and 2003 in the Gofgéurda Nature
Reserve and its main objective was to analyse ingpbiblogy of this species.
The observations were carried out in 140 days &§@ th the year 2000, 50
days in 2001 and 10 days in 2002 and in 2003)0002the behaviour of the
adults as well as that of the hatchlings were rocett during the whole
breeding season. In 2001, great attention wastpatbe brooding biology
and in 2002 and 2003, the main objective of thestigations was the breeding
success. In each of these 4 years, two eggs werat [a-day intervals. Both
partners take part in the brooding, but in diffeq@oportions, the main role
belonging to the female (67.53% in 2000 and 70720D1). The incubation
lasted for 42 days. In 2000, in the fledging pertbé male provided food for
the family in the proportion of 85.24%. As a resifiithe competition between
the hatchlings, in three of the four seasons theger hatchling died about one
month after hatching. The duration of fledging perivas 65 days in 2000
and 64 days in 2001. Totally, the breeding sucsessof 62.5%. Knowledge
of the ecological requirements and of the repradaidéeatures of the Golden
Eagle is a very important step for working out kbeg-term conservation
strategies that are so important for the survif/éie species.

The Golden Eagle is the biggdsquila species and has the largest spreading
area among the species of this genus. This areprisa® the whole Holarctic, where
the species is represented by 6 subspecies. ThHaatesquila chrysaetos chrysaetos
(Linnaeus, 1758) is spread in the whole Rearcexcept for the Iberian
Peninsula (where it is replaced By c. hommeyer{S ev ertz o v, 1888), which
also reaches into North Africa, Asia Minor and lramd it reaches, in the East,
well into Siberia and the Altai Mountains. In Tuskan, Manchuria, south-western
China, northern India and Pakistanc. daphnedS e v e rt z o v, 1888) can be found,
and in the western part of Siberia, of the Altaiuvitains and in Kamtchatka the

" Babe-Bolyai University, Department of Taxonomy and Bgg| 400006 Cluj-Napoca, Romania.
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subspecied.. c. kamtchaticdS e vertz ov, 1888) is present. The smatieghe
subspeciedA. c. japonicaS e vertzov, 1888) lives in the Korean Reuia and
the Archipelago of Japan, whike c. canadensi in na e u s, 1758) is present
on the North American continent

The mountainous regions represent the most typiaitat of this species;
it can rarely be found in depressionary forestsianget lowlands. For nestling, it
needs inaccessible places and uses cliffs and abs far this purpose. In Great
Britain, this species was identified brooding betwehe altitudes of 16 and 900 m
[20]. In the Alps, the nestling territories areusited between 1000 and 2460 m,
exceptionally at 3000-m altitude [7] and in the €asus Mountains, nests were
seen at altitudes between 1200 and 2400 m [8].

The trophic range is very varied, the diet of thelden Eagle containing
small and middle-sized mammalgpus, Capreolus, Sus scrafeAlces alceyoungs),
as well as middle-sized and large birdisttao, Lyrurus, Phasianygnd even reptiles
(tortoises). Studies carried out in captivity hammwn that the food requirements
for an adult Golden Eagle is around 309 g of foag/tbr a female and 260 g of
food/day for a male [11]. Such studies have alsnl@one in Scotland, involving
free individuals. These consume, on the averadgegatf food/day, resulting that the
annual necessity is around 84 kg/individual. By sidering the losses too, it has
been estimated that an adult Golden Eagle cap2l#&g of prey each year [5].

So, the Golden Eagle needs a large amount of febdn the efficiency of
prey capturing does not exceed 30% [1]. Any quéaltaand quantitative changes
in the structure of their specific habitat can léadhe decrease of their chance of
survival and breeding success.

In the first seven decades of the last centuryntimaber of individuals of
this species has decreased at an alarming rdte inhole spreading area, mainly due
to anthropic causes, such as habitat loss, exeeskamting and the use of intended
carcasses poisoned with strychnine for the cordgfotarnivorous mammals. In
France, in this period, the number of Golden Ehgle decreased by about 70%, only
60 breeding pairs remaining [31]. A similar sitoatiwas recorded in Germany,
where at the beginning of the seventies only 15spaere still breeding [12] and
also in Great Britain, where in the sixties abo@@® pairs were breeding [9].

As a result, this species was put under protectdrihis moment, due to
the Appendix no. 3 of the Bern Convention, the @al&agle is a strictly protected
species and the Appendix no. 1 of the Birds Diweci{B2] shows that the Golden
Eagle is a priority species for conservation inwhmle Europe. Under these conditions
in some of the countries of Europe, the speciest®fe became stable and even started
to grow. For example, in France, the present nurob&olden Eagle is estimated
to be around 288 breeding pairs, in Germany 50dimgepairs and 422 pairs breed
in Great Britain [15]. The most important effectivare presently in Turkey, where
3000 pairs are breeding, in Spain (1100 breeding)pand in Norway, where the
effective of this species is estimated to be alh@00D pairs [15].

" Linnaeus (1758) and Severtzov (1888) are citeecbaminly on the review published by [7].
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At the beginning of the last century, in Romanie Golden Eagle was a
widespread species. Do m b r o w s ky used tdisdhe Carpathians of Romania
the Golden Eagle is a frequent species” [10], buhe 50’s the situations appeared
to have changed: “the king of the birds and ofske has become such a rare bird
that | would be optimistic to estimate to abouttb® number of breeding pairs of
Golden Eagle on the territory of R.P.R.” [17]. Tivesent data regarding the situation
of this species in Romania are relatively few. g beginning of the 90’s, the whole
effective of this species was estimated to be atduihpairs [6], and 10 years later,
the effective was estimated to be around 30-40dimgepairs [21].

By joining the Bern Convention [33] and by issulrayv no. 462 [34], Romania
made important steps towards the conservation iefgbecies in its wild fauna.
Although the anthropic factors have played andsgitleplaying a decisive role, the
decline of the Golden Eagle can not be explaindg foam this point of view. It is
possible that the bahavioural particularities efs¢pecies combined with these anthropic
factors could have lead to the present situatiam.tke application of protective
measures, it is necessary to know the ecology tmadogy of the species involved.

The Golden Eagle, heraldic symbol of the Romani@teShas not yet been
studied in Romania from a behavioural point of viewostly due to the difficulties
raised by this kind of study. By taking advantagehe specific conditions of the
Gorge of Turda, favourable for this purpose, thespnt study is a first step in this
direction. The data about the presence of the @didgle in this region are sporadic.
Ny arady mentioned it for the first time in30[23]. One year latefench e a
reports once again the Golden Eagle [26], thentk i 1969 [16] and Rsinaru
in 1995 [24]. None of these authors dealt withlibbavioural aspects of the life of
Golden Eagle.

Methods. The observations were carried out in The Gorgeustla Nature
Reserve between the years 2000 and 2003. The dder@®agle Aquila chrysaetos
chrysaetoy pair that living here, was monitored by the direbservation method
using for this goal a Nikon 26X45 field scope.

In 2000, the observations covered the entire bngedeason. They began
on 18 of February and continued weekly until 1w Jtotalling 70 days. In 2001,
the observations began on the 15 of February dimived the same pattern until
28 of May (31 days) focusing upon the broodingdugl Also, during the 19 days,
observations were done upon fledging period andelagionship between hatchlings
until the death of the younger one. In the yea@22dhd 2003, the breeding success
was the main aspect studied.

Results and discussions. The territory. L o r e n t z defined territory as
“the space protected by an individual, into whidher individuals of the same
species are not allowed to enter” [18]. The existenf the territory confers maximal
advantages to the species. The chance for the sergy® meet is reduced to the
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minimum, so that the intraspecific competition eauated, the efficiency of space
usage is increased, the reproductive chance israseased and the energy of the
couple is economised in order to be channeledlgttmvards breeding success.

The surface of the territory varies much amongdifierent species. The
existing trophic resources condition it. Some obstons carried out during 2000
and 2001 allow the estimation of the territory aod of the studied Golden Eagle
pair. Thus, on the day of 19th of April 2000, il foreeding season, the male was
seen in a tree at the skirt of a forest close ¢oviliage of Micesti. Eight days later,
on the 27th of April 2000 the same male was segnglabove the grazing grounds
near the village of Apahida. Characteristic of thigle in the mentioned period was
the lack of the third secondary remige. On the 20thune 2000 the female was seen
on the CiucaHill, near Corngti village (about 12 km downstream on thastate,
towards southeast). The last observation of thigl kvas done on 18th of May
2001 at Ocna-Muge where the male was sighted flying above the namatlof the
Mures, which accounts for a surface of about 306G @ig. 1).
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Fig. 1.Presumptive limits of the Golden Eagle pair ternjtor

Being top predators, the Golden Eagles have veye l@rritories, the surface
of which is between 50 and 200 kand in some regions that are less suitable for
the species like the Apennine Mountains this serfzan exceed 300 Krfil4].
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This kind of territory in which Golden Eagles perfoall their vital activities
is called reproduction territory [3] and it is made of two components: the vital
range and the feeding range and there is contitpeityveen these two components.
The establishment in time of the two componenthize gradually and it is achieved
in the moment when the eggs are laid and the reesinhes the biological centre of
the territory.

Between November and January 2000-2002, the Galagles were missing
from the Gorge of Turda. Fidelity towards the temy is a characteristic feature of
this species. They leave it only when food becomssfficient. Starting from the
middle of February the couple comes back intoehétary. This is the moment when
they have to consolidate their position as ownéth@territory and to decide upon
the nest that they would use.

The most usual way for marking the territory isdzhen optic signals, given
the extraordinary eyesight of the eagles. Thesaksigire represented by the presence
of one or both partners flying above the territory.

In order to investigate the couple’s return to test, observations were
done for a period of 9 days in 2000 and 7 day<0i2 The increasing periods of
time spent by the partners flying above the tawyitwas done gradually (Fig. 2).
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F i g. 2.Dynamics of the presence of Golden Eagle in thg&of Turda before the laying period.

Preparing the nest for laying the egds.the Gorge of Turda, the zone of
minimal altitude in Romania (about 500m) where @&den Eagle breeds, there
are 7 nests, all of which belong to the studied. gave of them are situated on the
“Peretele Vulturilor” and other two on the “Gol cel Lat” (Fig. 3).

Supernumerary nests are a characteristic of theespehe average being
of 5.3-nests/pair [28] and the reported maximum peinis 12-nests/pair [27].

The nests are used in turn. The Golden Eagles dohatch two
consecutive years in the same nest. This is aciaifi adaptation for diminishing
the attack of ecoparasiteMdllophagd, the reproductive cycle of these being
synchronised with emergence of the hatchlings [30].

After the adults return to the territory an extréymienportant first step is
choosing the nest into which the eggs are to lok the decisive role belonging to
the female. This aspect result from the longer tament by the female at the nests

(Fig. 4).
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F i g. 3.Position of the nests of the studied Golden Eagle Pai

2000 2001
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38%, 45% 47%
56%

6% 8%
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F i g. 4.Proportion of the presence of partners at the nbsfsre the laying period.

In each year, before laying the eggs, the cougleailtetwo or three nests
and finally one of them was chosen. Thus, by théiHyear use of the nest, some of
them acquired impressive dimensions. The dimengibnest no. 1, the oldest in the
area, can be estimated to 4 m in height and 2rbdrameter, with a volume of about
7 nt. Nests with a diameter varying between 1.5 and 8nth2 to 4 m in height,
having a volume of up to 6hare reported in the literature [4]. Probably, thase
used in successive generations (the nest no. Iphategraphed by Nyarady
in 1939 [23]).

From the seven existing nests, in the year 2000etimale rebuilt nests no.
1, 2 and 3, finally choosing nest no. 2 and in 2084h vegetal materials (pine and
spruce branches) was seen in nests no. 3 and éggisebeing laid in nest no. 3.
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Laying and brooding biologyin each of the studied four breeding seasons
the female laid two eggs. In the year 2000, thgt figg was laid on the 18th of
March and in 2001 on the 10th of the same montis 8tday delay probably was
due to higher temperatures in 2001 as compare®Q@6.2n 2000, the second egg
was laid on the 21st of March; between the layiofjthe two eggs there was a
delay of about 76 hours. In 2001, the second egglaid on the 13th of March at
an interval of 73 hours after laying of the firgige The laying of the Golden Eagle
is most often composed of two eggs, rarely oneagfonly in exceptional cases,
of three eggs. In Scotland, from 82 studied nek#8p contained one egg, 72%
contained two eggs and only 10% of them contaitiimge eggs [13]. Between the
laying of the first egg and that of the secondédtisra delay of three or even of four
days [2].

Brooding began with the laying of the first egge timcubation period
lasting for about 42 days both in 2000 and in 2@Hservations upon this aspect
have been done for a period of 27 days in 2000f@na period of 24 days in 2001.

Both parents took part in brooding, but in diffar@noportions, the main
role belonging to the female (Figs. 5 and 6).
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Fig. 5.Time spent brooding by the two partners in 2000.
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F i g. 6.Time spent brooding by the two partners in 2001.
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Thus, during the daytime, the female insured bnogd the proportion of
67.53% in 2000 and 70.7% in 2001. The observatimve shown that during the
night only the female spent the night at the nesbdling. The time spent by male
brooding decreased gradually toward the momentatéhing. In 2000, the male
was not seen brooding for about 40 hours beforéalbehing of the first young and
in 2001 for about 35 hours before hatching. Als® male no longer brooded in
the interval between the hatching of the first afdhe second young. During the
whole period of brooding both adults got their fandependently. The participation
of both partners to brooding is common to many gseof eagles and hawks,
including the representatives of the geAggiila [22], but in that case the female’s
contribution to brooding is more significant thaat of the male [2, 20].

The ethogram of the shifts of partners at the ridst. partners shift is done
in a ritual manner and it is a consequence of ytienicity of behavioural acts. In
order to know when the partner who is to be charggdepared to do it, the other
partner provokes an answer on the question: wlkie over the brooding or not. In
getting close to the nest and sitting onto the etigsGolden Eagle makes a series
of characteristic movements (Table 1).

Table 1
Ethogram of the shifts of partnersat the nest
Male Female
1. Appearance closer to the nest. 2. Optically ivece signal, change of posit

form normal to attentive (stretched neck).
3. Flying in the front of the nest and emittj4. | Acts of shifting the surroundings objects. Usyal

the sound signal. branches are taken out from one part of the
and put in another part. Response ® $lounc
signal.
5. Landing on the edge of the nest. 6Cleaning the feathers by means of the b

followed by the repeated shakings of
feathers and stretching of the wings.
Taking off in flight.

©

7. Getting close to the eggs, bowing of
head and pulling it between the shoulders.
9. Rotating the eggs. 10. Flying in large circle$ront of the nest.

11. |Binding of the legs and sitting on the eggs.. [Rying in larger and larger circles and awa
the feeding range.

13. | The normal broodingagition, followeq
or not by sleep.

Note: in the case of changing the male by the femalg@tbeedure is reversed.

The ritual of the shifting of partners at the riest mixt one, a combination
of clock, optical and sound ritual [25]. The maspirtant stimuli that unleash the
ceremony shifting are the optical ones. Being bivilte small chances of obtaining
their food in equal time limits (the smaller sizetloe male confers greater agility
and thus greater chances to capture the prey)rasdart time (usually these last
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for hours, in which smaller or greater distancescavered), they would shift at the
nest only when the partner in search for food, agparound the nest. The clock
ritual, characteristic to grain feeding birds, &ample, cannot be respected due to
these reasons. Nevertheless, the time allocatéldebydividual for brooding (with
few exceptions in unfavorable weather conditiossieiatively well delimited and
respected as it is.

As a result of the observations in 2000 and 20@lawerage of about 3
hours and 10 minutes elapsed until the replacewietite female by the male and
an average of about 1hour 20 minutes was neceasstirthe replacement of the male
by the female. The attempts to replace the broogmmer under the mentioned time
limit, that is, without having spent a certain nwenbf hours, did not have positive
results in replacement of the partner.

These data only account for the rigid mathematiahle of the process. In
reality, there have been situations in which, beeaof the unfavorable weather
conditions, the period allocated to brooding by owdvidual was prolonged to 5
hours, in the case of both partners.

There is also the possibility of replacing the pars at the nest without any
ceremony. This happens when one of the partneayslék arrival with much time
over the average allocated to brooding by its parin favorable weather conditions.
So, the time factor has deeper implications inetimlogy of the Golden Eagle for
the given sequence, probably with more compleximsign the phylogeny of the
Falconiformesorder itself. The acoustic signals seem to beabsdary importance.

The hatchingln 2000, the hatching of the first young took plam the 28th
of April and that of the second on the 1st of Malyan interval of about 72 hours.
The same interval was kept in 2001, when the fiedthling emerged on the 20th
of April and the second on the 23rd of April.

Rotating the eggs stopped completely with aboutdawes before the hatching.
In this period of time the male was not observazbtiing, although this made short
visits to the nest, bringing fresh vegetal matemdlich the female arranged in the
nest. In all the cases in the moment of hatchirg thie female was present to the nest.
It does not have a typical bahaviour during thelat, although the phenomenon
is indicated in its phenology by its almost imp@tifgle rising from the eggs and
the shift stretching of the wings. The hatchlingseesged by themselves, without help
of the female.

In many of the species, the shells of eggs are mmtely removed after
hatching [25], because the intense heat leadstdrfing and intense whitening of
these and, thus, the presence of the nest maydaed. In the animal world, white as
well as red has signaling significance. This betavivas not observed in this case.
The female has consumed most of the shells in aodegstore the calcium level in
blood.
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Roles of the parents during the fledging perimd2000, this period lasted
for 65 days and for 64 days in 2001. Regular ola&ms were done only in 2000
for a period of 34 days (53.30% of the total). Defieg on the conditions the duration
of fledging period can vary between 64 and 70 d2yg, 20].

In this period the roles of the two adults becarsértt, being superposed
only to a small extent. The male provided foodtfar entire family in the proportion
of 85.24%. The female hunted for the first timeddys after hatching, her contribution
to providing food being of 14.76%. Warming and fagadhe hatchlings were provided
only by the female.

Most of the preys were captured and brought tontkst in the first half of
the day and their number varied between one aree threys/day. The maximum
number of preys was brought to the nest in the lmidtthe fledging period (Fig. 7).
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F i g. 7.Number of preys captured by the adults in 2000.

The female participated actively to providing fomay after the hatchling
has achieved the age of 35 days, when the foodghtoloy the male was not
satisfying any more the nutritional requirementsha&f hatchling. In this period the
hatchling had its plumage already formed so it wasnecessary any more to be
warmed by the female. Until this moment, but to sagven later, the female fed
from the prey captured and brought by the male.

The active participation of the female to providiiogd in the second stage
of fledging period also explains the accentuatemhodphism in favour of the
female. The smaller size of the male confers himatgr agility, so that he is
capable of capturing more abundant small-sized. prbg larger size of the female
deprives her of the agility of the male and does aomfer her the possibility of
capturing this type of prey, but she is capabléwiting large-sized prey, which
can provide food to her and hatchling for a longeiod [29].

As for the male, the time not allocated to huntivags used in the proportion
of about 70% for the grooming behaviour.

The active feeding for the hatchlings were excleisivhe duty of female.
They were fed for the first time about seven haiflex hatching. There is a correlation
of inverse proportionality between the number ofydéeedings and the average
duration of one feeding (Fig. 8).
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F i g. 8.Number of daily feedings and the average duratioone feeding.

Thus, in the first phase of fledging period, théchlings were feed many
times (up to 8 feedings/day) and as they grewhgnumber of feedings decreased
(to 1 feeding/day). On the other hand, the averhgation of one feeding was
short (6 minutes) at the beginning of the fledgpariod and it was increasing
gradually (until 40 minutes). Thus, one may coneltitht as the hatchling advanced in
age, the amount of consumed food increased. Tpicasvas valid for both of the
hatchlings until a certain moment. The situatioardied about three weeks after
hatching of the younger chick. This died of hungegn in the period when the male
brought the greatest number of preys to the nésthameans that the principal cause
of its death was the strong competition exercisedsbolder brother. Although the
older hatchling was capable of feeding itself ab80tdays from hatching, the
female continued to feed it until its leaving thesn

The relationship between the brotheRight after the hatching of the
younger chick, an intense competition begins betvibe two brothers, materialised
by aggressive acts of the older one upon its youmg¢her. These manifestations were
observed for the first time in 2000, on the 2ndM&#y, when the older hatchling
had the age of four days and the younger of oneTagy aggressive acts continued
with increased frequency close to the moment ofiteth of the younger hatchling

(Fig. 9).
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Fig. 9.The relationship between number of aggressiveaacttheir average duration in 2000.
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It has been observed that with ageing the oldarhfing manifestations of
aggressivity upon the younger one became more and frequent. The increase
in the number of these manifestations was accoradaoy the increase of their
average duration.

The aggressive acts were observed before as wedllirirsg after feeding.
The reaction of the younger hatchling always cdedignh adopting a state of total
immobility. After finishing the acts of aggressitime older hatchling was always
feed by the female. The younger chick was fed dolyng the sleeping period of the
older one. In many cases its feeding was intercuptea new series of aggressive
manifestation of the older hatchling, which, in erdo celebrate its “victory”,
consumed some more pieces of meat, after whidept again. The female never
intervened in the relationship between the youngs.

Starting with the 21st of May, about six days befthre moment of death of
the younger hatchling (the 27th of May), the nundsewell as the average duration of
the aggressive manifestations decreased. On tlred?@Wlay, the older hatchling
was at the last capable of feeding itself. Althotlg difference of age between the
hatchlings was only three days, the older hatchirag almost double in size.

Although between the years 2001-2003 no more regiservations were
made, the aggressive manifestations of the oldehliveg were present and they lead
to the same final result: the death of the youhgéehling. The exception took place in
2003 when the younger one passed over the cnt@r@bd and managed to survive.

The result of the aggressions upon the youngehliagcwas its gradual
physical exhaustion, which lead to its death. Téatll was caused by starvation, due
to the competition exerted by the older brotherrastcue to lack of food. These results,
evidentiate the reproductive strategy of the Goldagle. This produces two hatchlings
every year only as a measure of safety for thetbasalder hatchling dies from different
reasons (strong attack form various ectoparagitdslling from the nest) [7, 12, 20].

Breeding succestn each of the four years of observations, thel@olEagle
pair produced 2 hatchlings. Due to the fact th&tdf3 both hatchlings survived, the
breeding success was of 62.5%. The survival of batthlings is extremely rare in the
Golden Eagle, few such cases having been citédratlire [19, 30]. In Scotland, between
1964 and 1968, the breeding success was studigd fpairs of Golden Eagles and
an average of 1.22 hatchlings/nest was fund, whieans 61% breeding success.

About 100 days after leaving the nest the hatchlverome fully independent.
After this period no juvenile or sub-adult has beean at the Gorge of Turda.

Conclusions. 1. The breeding season for the Golden Eagle begirtke
end of February by the gradual return of the cotplthe territory, to which they
show a great fidelity, the same couple being stliieeach of the four seasons.

2. The vital space of the couple is located in@Guege of Turda, where the
seven nests have been identified. The total surdadbe territory, including the
two components, was estimated to be about 360 km

3. After the couple’s return to the territory, tmgests were rebuilt in 2000 and
two in 2001. The role of choosing and rebuilding ttests belonged to the female.
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The nests were used in turn; the couple did nabdin two consecutive years in
the same nest.

4. Two eggs were laid in each of the four year2000, between the moment
of laying the first egg and the second one thers av@eriod of 76 hours, and in
2001 a period of 73 hours.

5. Brooding the eggs started with the laying of fhiet egg and was
provided by both partners, but in different propors. In 2000, during the day, the
female did the hatching in the proportion of 67.58A6 in 2001 in the proportion
of 70.7%. At night, the female was always the orfevinatched. The brooding
period has lasted for 42 days in both 2000 and61.2

6. Replacing the partners at the nest is ritualemed it is based mainly on
optical signals. On the average, the female walaceg at brooding after a period
of about 3 hours and 10 minutes and the replacenfdaie male occurred after 1
hour and 20 minutes.

7. The hatching was phased, the young chick hat@2eHours after the
older one. The fledging period lasted for 65 day2000 and 64 days in 2001.

8. During the fledging period the roles of the aslidecame distinct. The
male got involved in providing food for the entiiamily and the female warmed
and fed the hatchlings. The female hunted for iftgt fime only one month after
the hatching. The male was never seen feeding onivg the chicks.

9. In the first stage of the fledging period théchéings were feed often (8
feedings/day) and for short periods (about 6 mgioieal). As they progressed in age,
they were fed more and more seldom (1 meal/day)oioger and longer periods
(up to 40 minutes/meal).

10. Right after hatching of the younger chick, katrenship of competition
developed between the two brothers, materialisealygressive manifestations of
the older chick upon the younger one. These maaifess were seen mainly during
feeding. Their frequency and duration increasditria resulting finally in the death of
the younger hatchling.

11. In three of the four investigated seasons thrdyolder hatchling survived.
In the year 2003 both hatchlings survived. The diree success during the four
seasons was 62.5%.
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PEROXIDASE ACTIVITY, STOMATAL CONDUCTANCE AND
CARBOHYDRATE METABOLISM IN SOYBEAN PLANTS
UNDER HEAVY METAL STRESS

SILVIA ONAC %, VICTORIA CRISTEA %, MARTIN KEUL @
DANA BATHORY ®and MIHAI TRIFU 2

SUMMARY . — The influence of heavy metals from mine sp(iavnic,
Baia Mare mining area, Romania) on the guaiacobxidsse (GPOD)
activity, stomatal conductance and the contentadbahydrates in soybean
leaves was studied. Soybean pla@iy¢ine maxcvs. Agat and Diamant) were
grown under field conditions in the following varia: control (unpolluted soil),
50% spoils+50% unpolluted soil, 100% spoils. Theviacof GPOD increased
in the leaves of both cvs. of soybean plants grownl100% spoils and
decreased in the plants of both cvs. cultivate8@% spoils. Plants grown in
spoil variants showed a decrease in stomatal ctentes The decrease was
higher in plants from 100% spoil variant for bothtigars. For both cvs., the
content of reducing carbohydrates and disacchaiittgeased in plants
cultivated on 50% spoils and decreased in plammn fi00% spoils, as
compared to control, whereas the amount of staramighed in plants from
50% spoil variant and increased in plants from 1@pils, as compared to
control. The results obtained suggest that heawglsnftEom mine spoils can
induce oxidative stress in soybean plants, affgdtie plant metabolism.

Reactive oxygen species (ROS) are generated inatarefi metabolism
and their regulation is a common cellular event, Under stress conditions (high
and low temperatures, high light intensities, Ukdliation, drought and salt stress,
exposure to pollutant gases, herbicides, metakitgximechanical and physical
stress, pathogen attack, senescence) their prodigincreased, resulting in oxidative
damage [8, 21]. Besides exacerbating cellular danR@S can act as signal molecules
during the acclimation of plants to stress, magkfdrmation of tracheary element,
lignification and other cross-linking processesha cell wall [8, 34, 40]. At low
concentrations, ROS induce defence genes and &gaptasponses, but at high
concentrations, cell death is initiated [40].

1 Babg-Bolyai University, Department of Experimental Bigy, University Library “Lucian Blaga”, 400084
Cluj, Romania. E-mail: sonac@bioge.ubbcluj.ro

2Babg-Bolyai University, Department of Experimental Bigy, 400084 Cluj, Romania

2 Babg-Bolyai University, “Alexandru Borza” Botanical Geen, 400015 Cluj, Romania

“Biological Research Institute, 400015 Cluj, Roraani



S.ONAC, V. CRISTEA, M KEUL, D. BATHORY, M. TRIFU

One of the causes of heavy metals toxicity in gléthe production of ROS
[2, 9, 15, 19, 35, 44], which can react with lipiggoteins, pigments and nucleic
acids. ROS are involved in senescence of cellsocagdns such as leaves and the
appearance of chlorosis and necrosis of leavessaal\symptoms of heavy metal
toxicity is often related to elevated levels ofrhéul oxygen species, which inhibit
the export of photosynthates and cause the acctionlaf large amount of starch
and sucrose in leaves [20].

Heavy metals can induce oxidative stress direGly, Fe) by generating ROS
via the Fenton-type reactions or indirectly (Cd) By producing the degradation
of chlorophyll and carotenoids or the inhibitiontb&ir biosynthesis [28], leading to
disturbances in the electron transport rates ofgsigetems and, consequently, to the
generation of ROS [33], or by inducing lipoxygenaskich produces £ by oxidising
NADPH [31].

H.O, is generated in various cellular compartmentsroplasts, mitochondria,
peroxisomes, cytoplasm, at the plasma membrané tevextracellularly in the
apoplast [8, 12, 40]. Unlike other reactive oxygpecies, kKD, is relatively stable
and able to diffuse across cell membranes, allowiegnteraction between different
scavenging systems, even those located in sepagdaelles [10]. The toxicity of
H,0, itself is relatively weak compared with that ohet reactive oxygen species,
but in the presence of superoxidgOsican generate highly reactive hydroxyl radicals
(OH) via the metal-catalysed Haber-Weiss reactiiid. can potentially react with all
biological molecules, and because cells have ngnesitzc mechanism to eliminate it,
its excessive production leads ultimately to ce#itth [40, 43]. Thus, the scavenging of
H,0, in cells is critical to avoid oxidative damage J43

Plants possess a range of antioxidative defengersgsor detoxification
of ROS, including several enzymes and metabol#tegeroxide dismutases, which
catalyse the dismutation of,Oto H,O,, as well as catalases and peroxidases, which
convert HO, to HO and Q, ascorbate, glutathione, tocopherol, carotendi@msnoids
etc. [8, 9, 20, 34, 43].

Peroxidases are oxidoreductases that catalyseithation of a diverse group
of organic compounds using hydrogen peroxide asltimate electron acceptor [32].
They are widely distributed in the plant kingdonghty specific for HO, as electron
acceptor and less specific for the donors, whichbmascorbate, pyrogallol, guaiacol
etc. [24]. Peroxidases are generally considerdsbtthe most sensitive indicators of
pollutants in the absence of visible injury. Thesthcommonly observed response
of peroxidases to pollution is an increase of thetivity [14].

Heavy metals can affect stomatal behaviour, thatrals both transpiration
and photosynthesis in plants, indirectly by genegaROS, which are involved in
the regulation of stomatal movement [17, 21, 33, dbdirectly by the action of
toxic metals at the guard cell level [30].

The purpose of this study was to investigate tfecef of the heavy metals
from mine spoils on the peroxidase activity, stahabnductance and the content
of carbohydrates in the leaves of soybean plants.
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Materials and methods.The plant used in the present study was soybean,
Glycine max(L.) Merrill. The plants of two soybean cultiva’sgat and Diamant,
were cultivated under field conditions. The expenminwas described in a previous
paper [29]. The activity of guaiacol peroxidase (&P was determined according
to Bouc h e tetal [3]. The extraction of peroxidase was carriedlmugrounding
500 mg of fresh leaves with quartz sand, in thegmee of K-phosphate buffer (pH
6.1). The extract was centrifuged for 30 minute$@20 rpm. For the enzymatic
determinations, the supernatant was used. The tiom tetraguaiacol was monitored
spectrophotometrically (UNICAM SP1800), at 420 nnd &5 seconds after the
initiation of reaction. The activity of GPOD waspegssed agg g* fresh weight.
The stomatal conductance was measured with a ptepo(@d>4 Delta T, Cambridge)
and expressed as mmol water vapoifs mCarbohydrates were determined spectro-
photometrically (UNICAM SP1800), at 660 nm [26, 3Rleducing carbohydrates
were determined from an aqueous extract and disgsidels were determined by
the hydrolysis of this extract with HCI 2% for Smies at 68-70°C. Starch content
was obtained by the hydrolysis of dried vegetalamat with HCI 1N for one hour
at 100°C. The results were expressed as g Tabygweight.

Results and discussionThe results presented in Fig. 1 show that thigiyct
of guaiacol peroxidase (GPOD) increased in thedsaf soybean plants grown on
100% spoils by 18 and 68% of control in cv. Agad 8lamant, respectively, whereas
in the plants of both cvs. cultivated on 50% spitildecreased by 16 and 48% of
control in cv. Agat and Diamant, respectively.
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F i g. 1.Guaiacol peroxidase activity in leaves of two s@ybevs., Agat and Diamant,
as influenced by the heavy metals from spailsan valueg SD, n=3).
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With reference to an increase or a decline in thizity of GPOD in plants
treated with heavy metals, variable responses baea reported [6, 19, 33, 38],
likely due to the experimental conditions, whicltosgly differ from one to another.
WeckxandClijste r[d41] found that the activity of peroxidase was erte as
a result of Cu toxicity, with a parallel decreasethie HO, level in the leaves of
Phaseolus vulgarisZ a ¢ ¢ h'i n iet al [44] reported an increase of peroxidase
activity in maize callus treated with lead,®3 can induce defence or stress-related
genes [10] and may play a signalling role durirgydhclimation of plants to stress [8,
25, 40]. The stimulation of peroxidase capacitysdaybean plants grown on 100%
spoils indicates increased levels ofdd generated by heavy metal toxicity and an
attempt of plants to protect themselves againstative stress. However, the cellular
antioxidative system of these plants might not haegen completely successful
since their growth and production of pods and seexte reduced [27].

The increased activity of GPOD in plants cultivatad100% spoils could
be an indication of enhanced senescence causeedwy metals [18, 33]. The
decreased activity of GPOD in plants grown on 5@%ils might suggest not a weak
antioxidative system, but the production of smatloaint of HO, in these plants,
because their growth was stimulated compared tqliets cultivated on 100%
spoils and even to control [27]. However, thisridyaa speculation, since the amount
of H,O, was not determined in our present study.

The peroxidase activity is higher in the leaveswfDiamant on 100% spoils
as compared to cv. Agat and this could represemipanopriate protection against
overproduction of peroxides [22] caused by the drigitcumulation of heavy metals
[29]. As in the case of other studied parameters, [&v. Diamant appeared to be
more tolerant to heavy metal toxicity and/or nuttideficiency from mine spoils.

Yamasakiand Gra ce [42] suggested thiadres like Zn, Al and Cd
could promote oxidative damage due to stabilizatbphenoxyl radicals, which
are formed by peroxidase-catalysed reaction betybenolics and kD, [37] and
are toxic to living systems.

Heavy metals affect the stomatal physiology. Plgnbsvn in spoil variants
showed a decrease in stomatal conductance (Figh@)decrease was higher in plants
from 100% spoil variant for both cultivars. Thefleanductance in plants of Diamant
cv. was lower as compared to that of cv. Agat iithed cultivation variants.

Sandalietal [33] found that Cd stimulated stomata to clogenttal
conductance may be decreased by a direct intenacfidhe toxic metals at the
guard cell level [30]. Perfus-Barbebet al[30] reported that Cd reduced
stomatal conductance, leading to the decrease gptigt@ke, and did not significantly
affect the photosynthetic apparatus, suggestingQtaperturbed stomatal regulation
and limited photosynthesis by G@iffusion at low leaf conductance resulting from
stomatal closure. The same authors concludedhbatomatal closure induced by Cd
was independent of the abscisic acid (ABA)-relgieatess and Cd did not block
the K channels in guard cells, but the?Cehannels in the plasma membrane of the
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guard cells are highly permeable to Cd, suggestiagCd could enter guard cells
through C&" channels, resulting in a perturbation of the icetllar calcium level
and calcium signalling, a key element in guard asthoregulation.

200 ~ 100

OAgat
180 4 .
'|' 95% @Diamant
160 4 T
~ 140 1 J_ 100 < 71%
f\.ﬂm 120 A T T
1S
E 100 + 62 J_
E 80 T
v 41
(2] 60 |
40 -
20 -
0
Control 50% Spoils 100% Spoils

F i g. 2.Stomatal conductance in leaves of two soybean A&gat,and Diamant,
as influenced by the heavy metals from spailsan valueg SD, n=3).

Stomatal closure may be a consequence of toxictsftd heavy metals in
various plant tissues, leading to decreased watglahility in leaves and, finally, to
decreased stomatal regulation [30]. Heavy metaibitrthe water transport to shoots,
causing a water deficit in plants [7]. Under watieess conditions, ABA accumulates
in leaf tissues, generating a net loss of guatdurgiour that leads to stomatal closure,
thus reducing water loss through transpiration.[Z3h a n get al. [45] reported that
H,0, was involved in the stomatal closure induced tbscadic acid. The findings in
our study, namely the increased activity of gudipenoxidase, indicating a high
amount of HO,, and the decrease of stomatal conductance inspdgotvn on 100%
spoils, suggest that ABA, the production of whishnicreased in plant tissues during
heavy metal exposure [11], could have induced tin@atal closure in the leaves of
soybean plants.

An increase in ABA content alters the metabolismnaiole-3-acetic acid
(IAA) and greatly decreases the content and praponf free I1AA, leading to a
decrease in cell wall extension [20]. Guaiacol gefase is inactivated by 1AA [1].
Enhanced synthesis and higher levels of ABA inscand shoots are a typical
response to water deficiency and also to nitrogeh@hosphorus deficiency [20].
In our study, the activity of GPOD increased inndagrown on 100% spoils and
also P [29] and N (data not shown) levels in 10@%ils were very low, suggesting
that ABA might be involved in decreasing the stamhabnductance and also in the
reduction of leaf expansion.

41



S.ONAC, V. CRISTEA, M KEUL, D. BATHORY, M. TRIFU

McAinshetal [21] and Z h a n gt al [45] reported that pD, inhibited
stomatal opening and promoted stomatal closugeconcentration-dependent manner.
At low concentrations, ¥D, induced changes in stomatal aperture that weer siole
and due to increases in cytosolic freé*@em guard cells induced by the oxidative
stress. At high concentrations, the changes in a@naperture were irreversible,
indicating a reduction in membrane integrity anduglucell viability. An increase
in cytosolic free CH concentrations depolarises the plasma membraoeeating
membrane potential and enhancinge{flux, thus leading to loss in turgour of the
guard cells and stomatal closure [20].

Stomatal closure is associated withéfflux across the plasma membrane,
which is preceded by an increase in cytosolic €€ and cytosolic alkalinisation in
the guard cells, which occur in response to ABA.[Hgavy metals and peroxide induce
K" leakage which may occur through éhannels or through nonspecific lesions in the
cell membrane caused by lipid peroxidation [23, #Hidwever, K 6 h | e et al [17]
reported that KD, and ABA activated the same Lahannel and in a similar manner,
increasing the cytosolic free calcium, butH inhibited the outward-rectifying K
channels, while ABA activated them, suggesting A& and HO, pathways diverge
further downstream in their actions on thedkannels and, thus, on stomatal control.

Stomatal closure inhibits the ability of plantsdarry out photosynthesis;
therefore a tolerance of plants to water stressbeaan important factor affecting
growth. The reduction in stomatal conductance agaoned by decreased levels of
chlorophyll content in soybean leaves grown on 10§9%ils [28] could cause a
reduction of leaf photosynthesis and, consequeattiecrease in plant growth [27].

Heavy metals could also affect carbohydrate meistnoin plants. Carbo-
hydrates are the primary products of biosynthasisgsses in plants, out of which all
the other substances are synthetised. They reptbsesource of energy and carbon
needed for adaptative and/or defensive responsefanfs to stresses. Sucrose is
the main form in which the carbohydrates are traried in most species of vascular
plants. It has an important role in protectings#ibm water stress, participating in
osmoregulation or protecting the macromoleculemembranes [4, 5, 39].

The content of carbohydrates in the leaves of soybtants (Fig. 3) presented
a similar evolution in both cvs., having close ador all the variants, except for
the starch in plants of 50% spoil variant, the ledfewhich decreased in a higher
percentage in cv. Agat as compared to cv. Dianfamt.both cvs. the content of
reducing carbohydrates and disaccharides incremsetants cultivated on 50%
spoils and decreased in plants from 100% spoilspagpared to control, whereas
the amount of starch diminished in plants from 5§86ils and increased in plants
from 100% spoils, as compared to control.

The increase of the amount of disaccharides (sefindeaves of soybean
plants grown on 50% spoils could be ascribed tcoatteptation tendency of carbo-
hydrate metabolism to the stress caused by heatgisyresent in the cultivation
substratum. Plants on 50% spoils tried to cope itk stress by compensatory,
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energy-consuming mechanisms, the increase of tpgresl energy inducing the
synthesis of sucrose. Plants grown on 100% spailsahdecreased content in soluble
sugars as compared to the control, being unakdeldpt to the unfavourable growth
medium. The results regarding the carbohydratebroligan are in accordance with the
morphological observations. The growth of soybekamts from 100% spoils was
strongly inhibited, whereas the growth of plants1r50% spoils was stimulated [27].
As for other studied parameters [27], the higheacitiharide content in the leaves of
Diamant cv. plants grown on 50% and 100% spoilspagpared to cv. Agat, indicates
a better resistance of this cultivar to the strepsesented by heavy metals.
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of soybean plants, Agat and Diamant cvs., growmie spoil§mean values SD, n=3).
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High levels of toxic oxygen species cause premalesé senescence by
inhibiting the export of photosynthates, leadingh® accumulation of large amounts
of starch and sucrose in the source leaves [20].

Reduction of root growth strongly reduces shootwgnoby limiting the
leaf expansion and lateral stem formation. Simeltarsly, carbohydrates (starch in
particular) accumulate in the leaves and the cathtian efficiency of photosynthesis
decreases [20]. This could be one of the explangtfior the high levels of starch in
the leaves of soybean plants grown on 100% spelisre the elongation of roots
was reduced by half when compared to the conti@l 4&d the leaf expansion was
decreased (data not shown). The content of phogphierl00% spoils is also very
low [29] and one of the typical features of phospkaleficiency is the accumulation
of large amounts of starch in the chloroplasts.[20]

Conclusions 1. The activity of guaiacol peroxidase increaisethe leaves
of soybean plants, Agat and Diamant cvs., growd @06 spoils and decreased in
the plants of both cvs. cultivated on 50% spoils.

2. Soybean plants grown in spoil variants showetkeease in stomatal
conductance. The decrease was higher in plants $@0fo spoil variant for both
cultivars.

3. Heavy metals from mine spoils affect carbohydmgetabolism in soybean
plants, causing an increase in the content of reduwarbohydrates and disaccharides
in plants cultivated on 50% spoils and a decreagadnts from 100% spoils, as
compared to control, whereas the amount of stamdimdhed in plants from 50%
spoil variant and increased in plants from 100%lspas compared to control.

4. By mixing the mine spoils with soil in equal pentages, the noxious
action of heavy metals on soybean plants was daméatl.

5. The Diamant cv. plants appeared to be moretagsido the stress
represented by heavy metals from spoils, when coedpa the Agat cv. plants.
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UPTAKE OF HEAVY METALS BY MAIZE (ZEA MAY$PLANTS
CULTIVATED ON MINE SPOILS

DORINA PODAR’, CRISTINA DOBROTA* and MIHAI TRIFU*

SUMMARY. — The uptake of heavy metals (Cd, Cu, Pb and Zmhaige
(Zea mayp plants cultivated, under field conditions, on enigpoils from
Cavnic (Baia Mare) was studied. The experimentsisting of 4 treatments:
control (agricultural soil) and 3 mixtures of agitaral soil with contaminated
spoils from Cavnic, in the following proportion®),20 and 30% spoils, was
repeated for three years. The concentration ofnCithé maize organs was
under the detection limit of the Atomic AbsorptiBpectrometry (AAS). The
accumulation of Zn and Cu in stems and leaves ofewaas in the range of
normal values: 20-150 mg Zn'kgl. wt. and 5-20 mg Cu Kgd. wt., whereas
the concentrations of Pb in the leaves of plasted with 20 and 30% spoils
were between 1.2 to 2.2 fold higher than the uppenal limit: 6-8 mg Pb Kyd.
wt. Lead accumulated mainly in roots, whereas Zn anddCumulated both
in roots and leaves. In all treatments, the coratiorts of Cd, Cu, Pb and Zn in
grains of maize were in the range of normal vallies.above-ground “green”
biomass of maize plants was not severely reducetebfieavy metals from
spoils, but the grain yield was significantly dimafred, especially in treatments
with 20 and 30% spoils. The climatic factors ase able to modify the influence
of heavy metals from spoils on the growth and yiélchaize plants.

Heavy metals present in the edible seeds may palfgrenter the human
food chain. These elements retained in the stezage$ and other parts of the crops
are either used as fodder or recycled when thehledrop residues are returned to
the soil. The mobilisation of heavy metals fronrate sites in the vegetative organs
and their transfer to deposition sites in the rdpobive organs (seeds) during plant
maturation have been intensively studied [9, 1%hc& the heavy metals rise a
serious health risk to living organisms, much resedas been centred on how to
clean up the heavy metals from the soil and hoelitoinate the threat.

The aim of our present study was to investigatethenemaize, cultivated on
soils contaminated with heavy metals, is capablactumulate metallic elements
under the conditions of maintaining the producfivitnd reducing the toxicity
index to a level that is not affecting the healtineman and/or animal consumers.

For this study, mine spoils from Cavnic were s@dc#t Cavnic, there is a
large centre of extraction and processing of th&lfieeore, which is a very important
source of pollution of the environment, includirad, course, the soil, too, due to
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the storing process of the mine spoils in the dtéaleaching of heavy metals
from the spoils and from the polluted soils inte ground water by rainfall makes
the contaminants available for being incorporatéd the human food chain. In the
Cavnic area, such studies are also important dubedact that people use the
spoils for planting vegetables on rocky substra®esit is important to establish the
amount of heavy metals that the plant species aslates and the way in which
the phytoremediation of the polluted soils may beieved. Using the plants in the
phytoextraction-like activities represents a veoypvenient way to phytoremediate
the soils, especially when the plants have alsecanomic importance, and the heavy
metals do not accumulate in toxic quantities indtible organs.

Materials and methods. The experiment was carried out using maize
plants Zea may4.. c.v. Turda 200), because of its ability to aoclate relatively
high levels of toxic metals [11, 12, 14, 19] andoabecause it has a large biomass
and it is one of the maost important crops usechfonan and animal consumption
in Romania. The intention was to establish the @&mrd under which maize can
be used as a productive plant and as a plant m®ivied in the phytoremediation
process of the soil.

The experiment was carried out in Turda and ctakisf 4 treatments: control
(agricultural soil) and 3 mixtures of agricultursdil with spoils in the following
proportions: 10, 20 and 30%. These percentagepaifssin the substrates were
chosen based on a preliminary laboratory experiméith had shown that they do
not significantly affect the above-ground biomagsaize and, therefore, the total
uptake of heavy metals from soil would not be reduoecause of a low biomass. A
treatment with 100% spoils was not performed fig $tudy, because the preliminary
experiment showed a 60% inhibition of plant groatia very high heavy metal content
in maize organs, which would reduce the phytoreated potential and/or the
possibility of using the above-ground organs fanha and/or animal consumption.

The spoils from Cavnic were collected from 0-50 dapth. The mixed
treatments were prepared by removing the agri@llail to 30 cm depth and mixing
it with the appropriate quantity of spoils. Afttlotough mixing in a cement blender,
the mixture obtained was placed back into the fi#dch treatment plot was
established on 2 and. The same experiment was repeated for trearsy2000,
2001 and 2002. The pH of the soil was measurechtem(1:2.5), each year, at the
beginning of the experiment (Table 1). The tota\emetal concentrations in the
agricultural soil and in the mixed treatments arecied in Table 2. Length of shoots
of plants was measured at 20, 30, 45, 60 and 7% afégr germination. Two plants
per treatment were harvested each month for heat®l wontent determination. The
plants were separated into roots, shoots, leawdg@ins. A composite sample was
taken after thorough mixing of each organ from tiie plants collected for each
treatment. Before drying, roots were carefully veabktvith deionised water to remove
any soil adhering to their surface.
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Table 1
pH of the substrates, measured in each year at the beginning
of the experiment (meant SE, n = 3)
Treatment pH
Control (agricultural soil) 7.2% 0.05
10% Spoils 7.6& 0.05
20% Spoils 7.62 0.05
30% Spoils 7.78 0.05
Table 2

Concentrations of heavy metals (Zn, Pb, Cu and Cd) (mg kg* d. wt.)
in the substrates compared to the reference values [18]

M Measured values Alert Intervention
e (mg kgd. wt.) Normal value value
t  Treatment 2000 2001+ SD 2002+ SD values Standard Standard
a (ICP-AES) (AAS) (AAS) land-use land-use
' n=1 n=4 n=4 AT BY A7 BY
Control 92.32  gpe5t 3.90 89.43t 547
s 10%Spoils  208.43 278 19t 893 239.56% 14.42 100 300 700 €00 1500
20% Spoils  314.90 327 8ot 7.12 335.28% 24.56
30% Spoils  400.10 41570+ 6.53 418.20+ 7.93
Control 2073 2272+ 235 2383 1.97
pp 10%Spoils 8834 g345+ 931  8lL46E 6.67 20 0 250 100 1000
20% Spoils  181.70 172 62+ 4.94 17452t 521
30% Spoils  289.60 26550+ 6.76 279.40t 6.56
Control 2224 382t 240 26.82F 4.24
cy 10%Spoils 3685 3717+ 333  34.67t 368 20100 250 200 500
20% Spoils  58.13 5318+ 518 51.44t 5.97
30% Spoils  71.59 ggost 4.97 68.21k 3.67
Control 050 p.a49+ 0.13 047t 0.17
cq L0% Spoils 127 131+ 0.05 1.3t 0.03 1 3 5 5 10

20% Spoils 172 180+ 0.07 1.8t 0.04
30% Spoils 244 539+ 0.12 236t 0.11

A? — Residential with plant uptake and/or allotmemtd-use.
BY— Commercial/industrial land-use.

On each plot, fifty seeds of maize were sown o taws. After germination,
the seedlings were thinned to 24 on each plot.edilifers, pesticides or additional
water were added. In each year, the plants wevengrothe field, from May to October
for an entire vegetative cycle.

49



D. PODAR, C. DOBRORK, M. TRIFU

Samples of soil and plant material were oven-daiefBC to constant weight
and then were ground in a stainless steel mill. ddrecentrations of heavy metals
were measured by inductively coupled plasma atemission spectrometry (ICP-AES)
in 2000 and by flame atomic absorption spectrom@&AS — AAnalyst Perkin Elmer
100) in 2001 and 2002. For ICP-AES, the soil armhipsamples were digested with
concentrated nitric acid and hydrogen peroxide fandAAS, their digestion was
carried out with concentrated nitric and perchlegils [23]. Duplicate analysis, reagent
blanks and certified reference materials (U.S. dveti Institute of Standards and
Technology- NIST SRM (Standard Reference Mate?ia)9, 2710 and 2711 — for sail,
and spinach leaves — NIST SRM 1570a for plant na}fevere used for analytical
quality. Analytical bias and precision for Cu, Pldl@n were estimated as being <10%.

Tukey tests were used to compare the differencegele@ mean values.

Results and discussion. The concentrations of heavy metals (Zn, Pb and Cu)
in roots, shoots and leaves of maize plants argepted in Table 3. Concentration
of Cd was also measured but it was under the dmidanit of the AAS - 0.015 mg
Cd kg® d. wt. The concentrations of heavy metals in maizgns increased with
the increase of the level of elements in the sabestr(Table 3). The concentrations
of metals in the organs of plants cultivated onssiatbe containing 30% spoils were
higher than in those of the control plants. Thecemtrations were between 1.2-2.7
fold higher at 20 days and between 1.2-3.8 foldhéicat the end of the experiment
for Zn, between 1.4-13 fold higher at 20 days aativben 3-9 fold higher at the
end of the vegetative cycle for Pb and between2152old higher at 20 days and
between 1.3-3.4 fold higher at the end of the \atget cycle for Cu (Table 3).

Normal concentrations of metals in plants showrgdavariation between
plant species, cultivars, plant tissues and agdaofts. However, levels of 20-150
mg kg' d. wt. for Zn [6, 13, 20], 5-20 mg Kgl. wt. for Cu [1, 17, 19], 0.05-2 mg kg
d. wt. for Cd [8] and 0.2-8 mg Kgd. wt. for Pb [8, 9, 13] are considered normal.
According to these values, the concentrations dhlmaneasured in our study, in
the vegetative organs of maize, were all in thgeaof normal values for Zn and
for Cu, except for the roots of plants cultivatedsoibstrate with 30% spoils (Table 3).
With regard to Pb, although this element is coneiddess bioavailable than other
heavy metals (Cd, Zn), its concentrations in tlwsrof plants cultivated on substrates
containing spoils were up to 4.5 fold higher thia@ tipper limit considered normal.
Moreover, the concentrations of Pb in the leaveglafits from treatments with 20
and 30% spoils were up to 2.2 fold larger thanrtbemal values during 2001 and
2002 (Table 3). These results disagree with thb§ear | s o ret al [4], who found
that the amount of Pb in leaves of sunflower and treated with up to 500 mg'lPb,
as lead chloride, averaged 4 m§ Pb and was not statistically different from the Pb
concentration in the control (untreated) plantse Télative high concentrations of
Pb found in the leaves of maize plants corrobawitefindings of Huan gt al [11,
12], who concluded that maize could be used fotquhynediation of Pb-contaminated
soils.
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Table 3

Heavy metal concentrations (mg kg* d. wt)in the vegetative or gans of maize
plants cultivated on substrates containing different per centages of mine spoils

M Age Treatment

e of  Year Control 10% Spoils 20% Spoils 30% Spoils
t plants

a (days) R S L R S L R S L R S L
|

20 2000 30 54 30 44 100 39 59 92 46 78 107 47
2001 36 62 36 48 61 39 57 55 40 73 53 43
2002 48 42 35 86 51 37 114 58 43 130 89 51
40 2000 24 32 28 29 36 29 35 38 29 41 43 29
2001 19 63 31 30 69 36 32 71 37 40 78 38
2002 20 24 31 29 28 33 33 32 38 43 39 38
70 2000 23 16 30 55 17 32 57 26 36 87 33 39

Zn 2001 17 11 26 24 9 40 27 19 42 32 50 47
2002 20 11 23 23 15 23 32 27 23 52 32 25
100 2000 - - - - - - - - - - -

2001 18 8.0 11 28 14 18 37 36 29 48 40 33
2002 20 80 23 31 10 25 32 12 31 45 165 38
130 2000 - - - - - - - - - - - -
2001 16 10 28 22 11 29 30 11 31 31 15 31
2002 17 80 28 25 11 37 42 13 40 46 24 56
20 2000 09 00 OO 65 14 06 88 19 12 11 29 35
2001 43 33 6.3 17 44 70 18 55 83 22 75 9.0
2002 46 16 21 22 26 27 25 28 57 35 43 6.0
40 2000 1.3 00 00O 50 11 11 82 13 17 14 14 21
2001 5.0 3.0 44 12 27 52 15 39 56 23 50 71
2002 4.3 1.6 5.0 9.6 2.5 2.3 12 3.8 4.8 21 50 5.0
70 2000 2.6 0 0 11 18 24 14 20 29 16 30 31

Pb 2001 47 11 28 14 15 40 15 15 47 19 17 44
2002 46 19 25 62 20 28 14 30 30 23 36 3.1
100 2000 - - - - - - - - - - -

2001 44 04 40 16 38 6.1 23 4.1 13 37 58 14
2002 57 16 6.8 18 24 72 17 28 81 29 31 12
130 2000 - - - - - - - - - - - -
2001 46 10 29 15 42 5.2 21 48 88 28 51 96
2002 3.5 0 20 82 08 6.6 12 0.9 14 26 1.0 18
20 2000 54 47 49 75 51 54 82 59 54 9.7 60 70
2001 9.7 68 95 15 7.5 11 19 9.2 11 20 11 15
2002 88 50 7.0 18 70 93 19 80 93 23 85 11
40 2000 63 36 56 66 37 56 89 44 82 10 56 10
2001 9.0 6.6 11 15 7.0 11 19 94 131 20 11 16
2002 8.7 3.8 11 10 39 105 12 46 148 16 52 17
70 2000 45 23 97 10 2.4 13 14 2.8 13 15 42 14

Cu 2001 7.4 37 14 14 59 14 14 79 17 18 10 18
2002 76 23 62 85 24 62 93 57 63 12 70 67
100 2000 - - - - - - - - - - - -

2001 12 4.2 12 16 7.3 13 20 9.6 16 25 11 19
2002 64 22 60 98 24 74 12 2.5 11 16 35 11
130 2000 - - - - - - - - - - - -
2001 8.2 5.7 10 12 6.6 12 16 6.2 15 16 74 17
2002 13 18 7.7 17 1.9 15 20 2.8 17 21 3.8 19

R — Roots. S — Shoots. L — Leaves.
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Depending on the metal, year-to-year variatiorthénaccumulation of heavy
metals in the maize parts were registered. Thesatisas from one year to another
were probably caused by the climatic factors, as#me soil, treatments, plant species
and location of the experiment were used durind) gaar. Year-to-year variations,
due to climate variations, were also found by Bw a et al [3] for lettuce. In our
experiment, the concentration of Zn in roots armubsh of maize tended to decrease
to the end of the vegetative cycle; the most evtideorease was, in general, registered
between day 20 and 40 of the experiment (TablehB®) tfend was observed previously
for maize [25] and was probably due to the dilutdfigct of the enlargement of plant
biomass. In our study, it could also be due toetkgansion of the roots down, in
the uncontaminated agricultural soil, situated latim¢he 30-cm layer of substrate
containing spoils.

The decrease in the Zn concentration with the aggef plant age was on
average by a factor of 2 and 3 for roots, in 208d 2002 and by a factor of 3.0,
5.0 and 4.5 for shoots, in 2000, 2001 and 2003 ews/ely (Table 3). However,
the concentration of Zn in maize leaves, althoudbliowed some ups and downs
during the vegetative cycle, was similar at the @tie vegetative cycle comparing to
that of 20 days old seedlings and, moreover, it siadlar in the three years of the
experiment. For Cu and Pb, although their conc#atrs in the maize parts also
tended to decrease between day 20 and 40, buoteea extent than for Zn, they, in
general, increased again after day 70 of the expeti(Table 3).

The results showed that Pb, a non-essential elem&d accumulated
mainly in roots, whereas Zn and Cu, essential reieraents, were accumulated in
both roots and leaves (Tables 3 and 4). Previopererents showed that most
plants appear to have natural barriers to transtot®f lead from root into stem,
leaves and edible fruiting parts [4, 9, 24]. Leaténtion within the roots of plants
was also observed in our experiment, in which ntbasm 50% of the Pb taken up
by maize was found at root level. With regard tq the percentage of this element
in roots increased, whereas in leaves it decreatskidjher amounts of spoils in the
substrates. The increase of the percentage of ioia (up to 21, 9 and 12% in year
2000, 2001 and 2002, respectively) was equival@httive decrease of its percentage
in leaves (up to 20, 9 and 9% in 2000, 2001 an® 288spectively), showing that
in highly contaminated soils, the plants tend totget themselves by retaining the
metals in the roots system [15], the xylem trarefiony occurring at a small degree
(Table 4). The results of our study showed thatv@s relatively equally distributed in
both roots and leaves of maize plants, which agwibsthe results of Chlopecka
[G]land Mantovketal [17], who also found that this element was iniezlg
translocated from the roots to the above-groursiiéis. Depending probably on the
climatic factors, the percentage of Cu found irvésawas either not significantly
different or it was slightly higher than the pertzage of Cu found in the roots
(Table 4).
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Table 4

Heavy metal concentrations (% of the total amount taken up by plants)
in the vegetative organs of maize plants cultivated on substrates

containing different percentages of mine spoils

M Age of Treatment
e plants Year Control 10% Spoils 20% Spoils 30% Spoil
t (days)
a R S L R S L R S L R S L
|
20 2000 26 48 26 25 53 22 30 47 23 34 46 20
2001 27 46 27 33 41 26 38 36 26 44 31 25
2002 39 33 28 50 29 21 53 27 20 48 33 19
40 2000 28 39 33 31 38 31 34 37 29 36 38 26
2001 16 56 28 22 51 27 23 50 27 26 50 24
2002 27 32 41 32 31 37 32 31 37 36 32 32
70 2000 33 23 44 53 16 31 48 21 31 54 21 25
Zn 2001 31 20 49 33 12 55 31 22 47 25 38 37
2002 37 20 43 38 24 38 39 33 28 48 29 23
100 2000 - - - - - - - - - - - -
2001 48 22 30 46 24 30 36 35 29 40 33 27
2002 39 16 45 47 15 38 43 16 41 46 16 38
130 2000 - - - - - - - - - - - -
2001 30 18 52 35 18 47 41 16 43 39 19 42
2002 32 14 54 34 15 51 44 14 42 36 19 45
20 2000 100 0 0 76 16 7 74 16 10 64 16 20
2001 46 19 35 60 15 25 57 17 26 57 20 23
2002 55 20 25 80 10 10 75 8 17 84 7 9
40 2000 100 0 0 68 16 16 73 12 15 80 8 12
2001 41 24 35 60 14 24 61 16 23 66 14 20
2002 52 20 28 60 15 25 59 18 23 68 16 16
70 2000 100 0 0 73 12 15 74 11 15 72 14 14
Pb 2001 56 13 32 72 8 20 71 7 22 76 7 17
2002 52 21 27 57 18 25 70 15 15 77 12 11
100 2000 - - - - - - - - - - - -
2001 51 4 45 63 14 23 58 10 32 63 13 24
2002 41 11 48 65 9 26 61 10 29 67 7 26
130 2000 - - - - - - - - - - - -
2001 55 11 34 61 17 22 61 14 25 66 22 22
2002 64 0 36 53 5 42 45 3 52 58 2 40
20 2000 36 31 33 42 28 30 39 29 32 43 27 31
2001 37 26 37 46 23 32 48 23 29 44 24 32
2002 42 24 34 52 21 27 52 22 26 54 20 26
40 2000 41 23 36 37 20 43 42 20 38 39 22 39
2001 34 25 41 43 21 36 46 23 31 43 23 34
2002 38 16 46 38 14 48 39 14 47 42 14 44
70 2000 27 14 59 40 10 50 46 10 44 46 13 42
Cu 2001 30 15 55 40 17 43 36 21 43 38 22 40
2002 47 14 39 50 14 36 44 26 30 47 27 26
100 2000 - - - - - - - - - - - -
2001 44 15 41 44 20 36 45 21 34 45 20 35
2002 44 15 41 50 12 38 48 10 42 54 12 34
130 2000 - - - - - - - - - - - -
2001 34 24 42 39 22 39 43 17 40 40 18 42
2002 56 9 35 49 6 45 50 7 43 48 9 43

R — Roots. S — Shoots. L — Leaves.
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Highly significant correlation coefficients weretamed between the total
concentration of metals (Zn, Pb and Cu) in soil #meir concentration in roots
(Table 5). For shoots, no significant correlatibvetween the metal concentrations
in plants and soil were found, for any of Zn, PbGur, except for Cu in 2002.
Similar significant positive correlation betweetatdCu in soil and its concentration in
maize shoots was found by C h | o p e ¢ k a [5Hdibagreement with the data of
Chlopecka 5], we found significant positicorrelation between the total
concentration of Pb in substrate and in the leafiesaize plants (Table 5). However,
this positive correlation for Pb might have beefsdly significant because the
concentrations of Pb in leaves were under the tetetimit for control, 10 and
20% spoils (Table 6). The concentrations of metalgrains were positively
correlated with their total concentration in sait #n and Cu, but not for Pb, which
agrees with previous observations on maize [5] 8ildne vulgaris[7]. Other
authors found that effects of soils on the conetiatins of Cd, Cu, Pb and Zn were
more evident in the leaves than in the grains [WBlereas in a study performed
with rice, H e r a w a tét al [10] observed no correlation between the conbént
Cd, Cu and Zn in plant tissues and the amountaddimetals found in soil.

Table 5
Correlations between the metal concentrations (mg kg* d. wt.)in maize organs

and in soil at the end of the vegetative cycle

Plant parts Zn Pb Cu
2000 2001 2002 2000 2001 2002 2000 2001 2002
Roots 0.98* 0.96* 0.98* 0.97* 0.95* 0.95*
Shoots 0.89 0.90 0.82 0.82 0.87 0.99*
Leaves 0.91 0.93 0.96* 0.99* 0.99*0.87

Grains 0.97* 0.97* 0.98* noPb 0.81 0.97* @B 0.99* 0.98*

* and ** indicate that the correlation coefficierstee significant at P < 0.05 and 0.01, respectively

Table 6
Concentrations of Cu, Pb and Zn in grains of maize plants (mg kg* d. wt.)

at the end of the vegetative cycle

Treatment Zn Pb Cu
2000 2001 2002 2000 2001 2002 2000 2001 2002
Control 23.5 26.1 22.4 0.0 0.0 0.0 1.6 1.5 1.6

10% Spoils 28.7 317 27.8 0.0 0.0 0.0 2.1 1.9 2.0
20% Spoils 29.4 335 28.7 0.0 0.0 0.1 2.6 2.9 2.3
30% Spoils 33.6 35.6 32.9 0.0 0.4 0.2 3.0 3.3 2.8

Distribution of Cd, Cu, Pb and Zn in the seeds attter above-ground
parts of crops is of nutritional importance to hmsiarhe grains of crops represent the
part most likely to be eaten. The apparent eadewliich Zn moves into the grains

and the apparently restricted movement of Cd andnRbseeds could both be
important to human health [15].
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Grain and seed crops serve as natural barriene tmbvement of potentially
toxic heavy metals, such as Cd and Pb, into thealfiuman food chain, minimising
their transfer from soils, while conserving Zn #&hallevels in the edible parts of these
crops (Ku b ot et al [15], working on maize, wheat and soybean). Tmoer content
of maize grains was below the lowest limit for ceppontents in plants (5-20 mgkg
d. wt., which is considered the critical value jpant growth [2, 17, 19]).

The presence of spoails in the substrates had tmvpasiluence on the germination
of maize seeds (Fig. 1), slightly stimulating tpi®cess. Similar results were also
obtained for maize [13] and soybean [21].

@ 2000002001 @ 2002

100

Germinated seeds (%)

0 10 20 30
Per centage of spoils in substrates (% )

F ig. 1.Germination capacity of maize seeds sown on sust@ntaining
different percentages of mine spoils.

The results of our study are in agreement withipusvfindings which showed
a reduced biomass of plants cultivated on polyregataminated substrate [5, 16,
22]. However, the reduction in the length of theats of maize plants grown on
contaminated substrates compared to control pldepended largely on the climatic
conditions. Thus, during 2000, the driest and tla@mest among the three years
(data not shown), the length of shoots was sigmifily smaller in all treatments
containing spoils compared to control plants, waeiduring 2001, the coolest and the
wettest year, there was no difference in the graditmaize plants. Moreover, length
of shoots in 2001 was significantly higher thar2@00 and 2002 (Fig. 2). This was
due to lower-normal temperatures and to a “normedime of rainfalls during 2001,
compared to 2000 and 2002. In 2000, stunted grbetlame obvious in the case of
30 days old plants and it heightened with increagiant age, whereas in 2002, the
differences in the length of shoots were signifiaamy at the end of the vegetative
growth period (Fig. 2). In 2000, the length of siso@as reduced by a factor of 1.12
for plants grown on 10 and 20% spoils and by afauft1.25 for plants on 30% spoils
as compared to control plants, whilst in 2002, ldregth of shoots of plants from
treatments with 20 and 30% spoils was by 1.15 $atdller than that of the control
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Year 2000 2001 2002

Age of

plants 20 20 a
15 15 4 a,b ab b

20 days 10 | 10 |
54 5 4 H
0+ 0 T T T 1

0 10 20 30 0 10 20 30

b .
30days 607 & * b ap 60
40 | 40 |

100
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50 -

Length of shoots of maizeplants (cm)
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o
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0
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150
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F i g. 2.Length of shoots of maize plants(§mgant SE, n = 15). Bars with different letters are
significantly different (confirmed by Tukey testukey test was performed separately for each
graph; therefore, letters from different graphsatecomparable. When no letters are

attached, the means are not significantly diffesf@mfirmed by Tukey test).

plants. The statistically significant reductiongsbwth of maize plants registered in

our study was, however, much lower than in oth@edrments, probably because of
the capacity of maize to tolerate relatively higihhaentrations of heavy metals [11, 12,
14]. Shoot length of alfalfaMedicago sativd.. c.v. Mesa) grown on soil contaminated
with 50 mg of each Cd, Cu, Ni and Zn'kd. wt. was on average 2 fold lower than
that of the control plants [22]. The authors codellithat the low growth of plants was

due to the combined stress caused by the mixtuneafy metals, because the alfalfa
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plants have demonstrated the ability to grow wekails individually contaminated
with more than 50 mg Kgd. wt. of heavy metals [22]. Similar results welsained
by Chlopecka [5], who showed that Cd, Ch,dAd Zn added jointly as
carbonates, at a rate of 50, 500, 500 and 1500gthd.kt., respectively, reduced the
biomass of shoots and leaves of maize by a fa€®rand the grain yield by a factor
of 25.Luoand Rimm e r [16] also obtainedaamrage of 10% decrease in the
shoot biomass of barley when grown in substratdadoing all four metals (Cd,
Cu, Pb and zn) than in treatments with only on®, twthree of these metals.

Despite the fact that the growth of shoots wasseserely inhibited and
that the concentrations of heavy metals in the enparts were in general in the
range of normal values, the grain yield of maizes wignificantly affected in each
year of the experiment. Similarly to the lengthtteé shoots, the grain yield was also
influenced by the climatic factors, being more selyereduced under drier and
hotter weather (Fig. 3). The reduction in the gngield in 2000, 2001 and 2002,
respectively, expressed as a percentage of theotonas 9.3, 4.9 and 3.8% for the
treatment with 10% spoils, 39.3, 10.4 and 16.7%lHertreatment with 20% spoils
and 65.5, 32.1 and 50.1% for the treatment with 3Qils. Outstandingly, the
concentrations of heavy metals in grains of maieeewin the range or even below
the normal values (Table 6). Due to the complesitthe soil composition and of the
climatic conditions, it was difficult to establishe factors that influenced the grain
yield the most. Probably, the high pH of soil ahd tomplex interactions between
elements in soil and in plants affected the uptdkaacro- and micronutrients, which
might have been the cause for the low yield obthiioe the treatments containing
spoils.

[@ 200012001 (12002
12000 a
a,b b
© 10000 BT g o=l Cdg
(@]
< 8000 - = f
g g
‘g 6000 h
(S .
%5 4000 - i
©
T 2000 A
>
O L T T T
0 10 20 30
Per centage of spoilsin substrates (% )

F i g. 3.Grainyield of maize plants (kg H(mean+ SE, n=7).
Bars with different letters are significantly diféat (confirmed by Tukey test).
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Conclusions. 1. The accumulations of Zn and Cu in stems aauee of
maize grown, under field conditions, on mixturesagficultural soil with 10, 20
and 30% of spoils from Cavnic, were in the rangeasfmal values: 20-150 mg Zn kg
d. wt. and 5-20 mg Cu Kgd. wt. Despite this, the above-ground organs ozena
plants could not be used to feed the animals becdugsconcentration of Pb in the
leaves of treated plants was between 1.2 to 2dHigher than the upper normal
limit: 6-8 mg Pb kg d. wt.

2. The concentrations of Cd, Cu, Pb and Zn in tiang of maize were in
the range of normal values in all treatments usenlir study. Therefore, the grains
of maize could be used for animal and/or human wopsgion.

3. Lead, a non-essential element, accumulated ynainbots, whereas Zn
and Cu, essential microelements, accumulated imfioots and leaves.

4. Mixtures of agricultural soil with 10, 20 and%Gspoils from Cavnic did
not severely reduce the above-ground “green” bisnmdsmaize plants, but they
significantly diminished the grain yield, espegiaih the treatments with 20 and
30% spoils. The influence of heavy metals founthmspoils on the above-ground
biomass and grain yield of maize was modified lipatic factors, tooi(e. by high
temperatures and low humidity in soil).

5. Maize can be used for phytoremediation of potair@ntaminated soils,
but its phytoremediating efficiency is relativetw, because of the reduced uptake
and translocation of heavy metals from soil toaheve-ground organs. Caution should
be taken if the above-ground maize material isstoided for animal consumption.
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ASPECTE HISTOLOGICESI ULTRASTRUCTURALE ALE TIMUSULUI
IN INTOXICATIA ACUTA CU VENIN DE ALBINE

ADRIAN FLOREA*, CONSTANTIN CR ACIUN **
si CONSTANTIN PUIC A ***

SUMMARY. — Histological and Ultrastructural Aspects of the Thymus

in the Acute Intoxication with Honey Bee Venom.In this study the
histological and ultrastructural modifications ihet rat thymus were
investigated after the experimental administrabbrwery high doses of the
bee venom water-soluble fraction. We have takem awcount this organ
since the honey begtis mellifera L. venom is well known to be a powerful
immuno-stimulating agertirst of all,a massive lymphocyte migration in the
blood flow was recorded after two hours of the etretatment. The presence of
a high amount of exogenous, toxic substances, lhaswhe severe alterations
occurred in the structure of the most organs a&sdédis are mainly responsible
for this effect. On the other hand, we have alsorded ultrastructural alterations
in all cell populations, many cells being totallgsttoyed; the number of
apoptotic cells is increased and the number oftimitells is decreased. At the
subcellular level, in most of the cells the nuclksarelope was deeply affected
and vacuolisations of endoplasmic reticulum werseoked. Mitochondria
also respond strongly to the bee venom: they appéate swollen and with a
rarefied matrix. These results indicate both aiipeesponse of the thymus
against the action of bee venom molecules, andeatdunspecific effect of
the venom upon all cell membranes leading to théhdsf many cells.

Timusul este un organ limfoid, de origine epitdliadfiltrat cu limfocitesi
alte celule mezenchimale. El indepliteeun rol esegial in dezvoltarea aparatului
imun, darsi Tn dobandireasi Intretinerea imunitii organismului prin formarea,
diferertiereasi maturarea limfocitelor T la acest nivel. fDproducerea limfocitelor T
este specifig si zonelor periferice ale nodulilor splenici sau diibe organe limfo-
poietice, timusul reprezifitprincipala surs pentru acest tip de celule, fiind deci
principalul factor responsabil pentruaagrea organismului. Scopul studiului nostru
a fost de a uranri reagiile provocate la nivel structural ultrastructural in acest
tesut la administrarea experimeatalveninului de albine in doze foarte mari, fiind
bine cunoscut capacitatea acestui produs biologic de a dezuiltarse reat
imunologice [2, 8, 17].
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Materiale si metode. Animale.Experimentele s-au realizat Tn dioetape
pe 4 loturi desobolani albi Wistar(cate 3 animale in fiecare lot), cresén biobaza
U.M.F. “luliu Hatieganu”, fira restrigii in ce privete hrana, apa sau gnarea.

Veninul de albineAm utilizat venin de albine pur cristalizat, rétab de
noi prin metoda stimatii abinelor cu impulsuri electrice [15, 33]. Cu @k inainte de
administrarea experimenialeninul a fost resuspendat intr-o selizotor (150 mM
NacCl, 5,5 mM glucoz, 5 mM HEPES, la pH 7,4) pastrat la frigider, ferit de aiunea
luminii.

Tratament Animalelor din dod loturi — TL1si TL2 — li s-a injectat subcutan,
dorso-lateral posterior o dbznici, foarte mare de venin de albine {k letak
pentru 50% din subi¢, echivaleni cu cantitatea eliberata un nunmir de 100
intepituri de albine (62 mg/kg corp). Probeletdsut recoltate au fost prelucrate pentru
realizarea de preparate histologicetgl TL1), respectiv pentru microscopia electré@nic
de transmisiel(otul TL2. Doza semiletéla fost stabili Tn jurul valorii de 60 mg
venin/kg corp pe baza datelor din liter&t{t6, 19]. Pentru evideierea eventualelor
efecte, in paralel s-au recolgaprelucrat fragmente de timus de la animale diot@ri
martor —-ML1 si ML2 — corespuritor fiecirui lot de animale tratate.

Histologie Pentru realizarea preparatelor histologice, [@dselogice recoltate
au fost fixate n fixator Bouin, deshidratate, irsg in parafilhsi apoi sedonate la
microtom. Dug etalarea pe lamg deparafinare, colorarea sagtit prin metoda Hurduc
(pe baz de orange G, albastru de metil, xili@ligh acid acetic glacial) [27]. Examinarea
s-a realizat la un microscop Olympus BX51.

Microscopie electronit de transmisieProbele de timus recoltate in vederea
studierii la microscopul electronic de transmisief@st prefixate in sotie de glutar-
aldehidi 2,7%, postfixate Tn acid osmic 2% ikyesi deshidratate in acetdnapoi
incluse in Epon 81% segionate la un ultramicrotom LKB-IIl. Sé@anile preluate pe
grile electrolitice au fost contrastate cu acetaticnilsi apoi cu citrat de plumb [32].
Examinarea s-a realizat la un microscop electaittansmisie Jeol JEM 1010.

Rezultate.Examinarea la microscopul optic (Fig. 1), respeetimnicroscopul
electronic (Fig. 3) a probelor de timus de la lidumartor a relevat structura norraal
a lobulilor timici, aspectul caracteristic al tini@dor (limfocite T)si al altor tipuri
celulare prezente: polimorfonucleare, macrofage, monocite, n cortical respectiv
plasmocite, macrofage, fioe eozinofile, numeroase celule reticulgireorpusculii
Hassal in zona medufafl, 5, 14, 25, 26, 28, 34-37].

Capilarele sanguine sunt concentrate in specialul medularei, fiind rar
observate in cortical Perivascular se poate intalni untep#n care ocazional se afl
fibre de colagen; vasele de sénge nu sunt in ¢antditnocitele, intre aceste elemente
structurale fiind interpusso barieé formaé din celulele reticulare [7, 25, 35].

La examinarea probelor prelevate déokal TL1, s-a remarcat histologic o
reactivitate puternica glandei, manifestaprin dispariia totak a delimitrii intre
zonele cortical si medulai. Aceste do& componente ale timusului se intigpnd
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si conflueaz. Aspectul morfologic cel mai pregnant il reprezinipoplazia marcata
limfocitelor timice din parenchimul timic, atat diregiunea corticél catsi din cea
medulaii. Se remartprezea a numeroase gp&lare, acelulare, de diferite dimensiuni,
rezultate ca urmare a migi timocitelor din aceste zone ale timusului. Toaceste
modificari contribuie la apatia aspectului de ,cer instelat” al timusului (F&).
care este caracteristic riglie de stres acut sau in unele infieale organismului.
In medulara lobulilor timici se obsero usoari hiperplazie a corpusculilor Hassal
de forma rotundi sau ovoidal.
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Fig. 3.Timocite dens |mpachetate grupate n ,,cwburl”oHJI ML2

Electronomicroscopic, studiul gamilor ultrafine, prin timusul animalelor
din lotul TL2, evideniaz si in acest caz o densitateasati a timocitelorsi vacuolizri
citoplasmatice de amploare ce privesc in primud p@iul perinuclear, dasi profilele
reticulului endoplasmic (Fig. 4-7). Pe deaglarte, exist in numeroase zone celule
n care afectarea citoplasmei este #iotahici celulele apatifa cortinut citoplasmatic
perinuclear (Fig. 4, 6, 7). Acest aspect este ghsgrin cazul unor celule surprinse n
timpul mitozei (Fig. 4), sau chiar in cazul unolube apoptotice (Fig. 4i 7).

Fig. 4. Mlgrarea timocitelor evidefiazi retlcuIOC|teIe rareflate rareflerel liza
in timocitele aflate in diverse etape ale cicludalular— lotul TL2
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Tn timocitele ce prezigtun grad de afectare mai redus, otaitocondriile
au matricea rarefiat(Fig. 4-6). In condiile prezenei acute a veninului in cantitate
mare, apare un numsporit de timocite surprinse in diferite etape @loceselor de

apoptoz comparativ cu loturile martor (Fig. 4-7). In agelémp, nurirul mitozelor
nregistrate este mai&aut.

Fig. 6. Vacuoliziri in toate celulele; sp#ul perinuclear dilatat;
mitocondrii cu matricea rarefiat— Lotul TL2
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e

Fig. 7. Paiul perinuclear dilatat; reticulocite electronotraparente — Lotul TL2

Discutii. Efectele produse asupra timusului in urma admimistreninului
de albine in doze mari indidaptul & Tn aceadi variant experimental raspunsul
acestui organ este, in principal, unul imunologdistfel, timusul gspunde acut la
prezema si agiunea substaalor stiine care atacstructurile altoresuturi, Tn primul
rand prin punerea masia limfocitelor in circulae. Complementar cu acest mecanism,
migrarea timocitelor din intreaga structar timusului este modukagi indirect.

Pe de o parte, Lundin [citat in 29] @rall exist o strans interrelaie intre
activitatea timusulugi cea a adenohipofizei, iar pe deigitrte, s-a demonstrai ¢
eliberarea timocitelor este stimulai ca urmare a prezesi unei cantiti crescute
de glucocorticoizi circulamn (raspunsul neuro-endocrin clasic la stres), organele
limfopoietice fiind deosebit de sensibile la sterdR1]. S-a raportataaaiunea
acestor hormoni (de exemplu a cortizonului) poiie multe situdéi raspunztoare
de depopularesi involutia rapidi a timusului [25].

Tn acelai context, Oancea Cojocea [29] au descris experimente efectuate
de mai muii cerceiitori care au dtat ca extirparea experimentah suprarenalelor
a fost urmat de crgterea n greutate a timusului, cu accentuarea atiegiactivititii
limfocitoproliferative timice. Din con#i; administrarea de prednisolon a indus o
crestere imediat a nunarului de limfocite eliberate de timus, pentru caiajn scurt
timp, nundrul acestorassfie din ce in ce mai §zut, asociat cu dderea in greutate a
timusului [29]. Aceagt situgie este similar cu efectul obnut in experimentul nostru,
cand, la administrarea agute venin de albine se inregistrda un interval de dau
ore de la administrare, oaslere a limfocitelor circulante cu 30%&ale martor (date
preliminare Tna nepublicate).

66



TIMUSUL TN INTOXICATIA ACUTA CU VENIN DE ALBINE

Rezultatele noastre sunt aggitoare cu cele descrise de Hermeneaian
colaboratorii [20], care au nregistrat o reduceopulgilor de timocite din zona
corticak in urma administirii pe o perioad scurti a unor doze mari dintr-o alt
substari cu efect citotoxic pronuat (ciclofosfamid). De altfel, acestea se corel@az
si cu modificirile observate la nivelul splinei dii@dministrarea acelgiasubstarge
intr-o singuii doz terapeuti&, cand s-a observat o indigca fenomenelor apoptotice
la nivelul limfocitelor [31].

Al doilea efect important al veninului de albinddantiat prin experimentul
nostru este cel timotoxic. Acesta este, de aseméoede pronutat fiind exercitat
direct asupra tuturor categoriilor celulare dirustura organului. Veninul a ajuns
in cantititi mari Tn proximitatea celulelor ca urmare a difdor de amploare ale
capilarelor, proces ingib de diminuarea fluxului sanguin, respectiv degatxea
sangelui Tn aceste zone. A urmat rapid traverssagain unele sitti distrugerea
pereilor capilarelor, ceea ce a permis moleculeloraimpoziia veninului de albine
sa se infiltreze pe calea gjibor intercelulare spre toate tipurile de celup&ra in
profunzimea organului, respectii-g exercite efectul citolitic la nivelul structu-
rilor timusului. Modificarile structuralesi ultrastructurale observate de noi au fost
determinate, prin aitinea direct a componentelor veninului, mai ales a melitinei
si fosfolipazei A asupra tuturor categoriilor de membrane celularé,[18, 19, 22-24,
30, 38]. Vacuolizrile citoplasmatice afecteaintreaga poputee celulai; observarea
lor si la nivelul celulelor endoteliale reticulare sugez ideea & aceste altéri au
contribuit decisiv la saerea coeziunii timocitelati au favorizat migrarea lor.

Modificarile survenite la nivel ultrastructural sunt deespecificesi extinse,
de aceeq natui cu cele nregistrate in altesuturi investigate de noi in cotidi
similare [9-11]. Leziunile multiple produse in tismau sunt insla fel de amplai
generalizate ca cele observate in cazul adminiséxperimentale a veninului de
albine pentru o perioddnai indelungdtde timp [12].

Rezultatele prezentate de noi sunt in conca#dem cele raportate detial
cercefitori care au abordat studiul efectelor veninuluiadlgine, prin alte metode
sau tehnici de investigare [3, 6, 16]. De asemeamzaltatele noastre experimentale
concord cu cele raportate in cazul unor accidente soldataultiple Tnepaturi de
albine Tn urma drora s-au efectuat variate investigalinice, inclusiv examinarea
unor preparate prin microscopie electrarde transmisie [13, 30].

Concluzii. In urma analizei rezultatelor gbute, putem afirmaicdozele
foarte mari de venin de albine influeaz semnificativ structurai ultrastructura
timusului. Pe de o parte, efectele produse la wiivetregului organism au contribuit
la depopularea brus@ timusului, care incear@stfel & faca fata invaziei acute a
moleculelor bioactive stne. Alterarile profunde survenite la nivelul diferitelor
tesuturi, inclusiv al sangelui sunt deciele reflectate, in morfologigi fiziologia
timusului, fiind, Tn ansablul lor responsabile wantolapsul organismului. Pe deaalt
parte, componentele veninului au provocat, priluaea lor direct asupra timusului,
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leziuni majore la nivelul tuturor categoriilor delgle, dar in primul rand la nivelul
limfocitelor T. Casi Tn cazul altotesuturi studiate de noi, consecutive admigigtr
experimentale de venin de albine, efectele veninaloivelul timusului sunt direct
dependente de daz
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ASPECTE HISTOPATOLOGICE ALE TOXICIATII PANCREATICE
A UNUI AGENT ALCHILANT ANTITUMORAL (CISPLATIN)
LA SOBOLANII ALBI WISTAR DE VARSTE DIFERITE

CRISTINA PASCA’ si VICTORIA-DOINA SANDU*

SUMMARY. - Histopathological Aspects of the Toxicity of an Antitumour
Alkylating Agent (Cisplatin) on the Pancreas of White Wistar Rats of Different
Ages. Cisplatin is an anticancer drug, more exactly leylating agent belonging to
the family of platinum-containing products, widelyed in the chemotherapy of many
types of malignant diseases in humans. Unfortunaselcording to the previous
studies concerning its side effects, this drugameantitumour activity correlated with
a significant toxicity on different vital organgresisting of the appearance of many
and serious structural and functional alteratiarigch, sometimes, can endanger the
life of the patient. Cisplatin has a significantitity on the whole digestive system
(digestive tube and glands), which, so far, has lpest tangentially investigated.
Therefore, our researches intended to evaluatehistelogical and functional
alterations induced by a single therapeutic dos€igplatin on the pancreas in
puberal and mature white Wistar rats.

Our results demonstrated that this antitumour drugiyonochemotherapy,
has a moderate toxic effect on the rat pancrepsnding on the age of the rats, the
most sensitive being the puberal individuals, inciwithe destructive processes
appeared and got worse more quickly, and affecte seriously the structure of
the pancreas. The toxic effect consisted of theeagmce of certain histological
modifications which affected both the cellular avescular components of the
organ. But, the histopathological alterations, tmtttthe level of the exocrine and
endocrine secretory units, seem to be due (indanddaggravated owing) to the
grave circulatory disturbances (blood stasis, cstigg oedemas, intravascular
coagulation phenomena) and thrombocytopenia, whietermined a deficient
supply with oxygen and nutritive substances, anéd@umulation of some toxic
metabolic products.

The exocrine units (or acini) seem to be more seashan the islets of
Langerhans. They appeared affected by an obviffuselioedema correlated with a
serious perturbance of the intraacinar and inttafitr@nsit of the pancreatic fluid.
Besides, many and abundant lymphocyte and granelanfiltrations could be
observed, especially perivascularly, around thengatic acini.

The endocrine units of the pancreas (islets of edrans) were a little
more resistant, the toxic action of Cisplatin deteing only a transitory and discrete
oedema and intravascular coagulation phenomerelated with a moderate granulo-
vacuolar dystrophy, and zonal necrosis processasldition, the destructive processes
at the level of the islets of Langerhans were ssbeiated with serious perturbation
of the secretions of insulin and/or glucagon ahds the level of glucose in the
blood was not significantly affected.

Fortunately, both in the puberal and mature ragshtstological alterations
induced by this dose of Cisplatin, administeredrianochemotherapy, although
perturbed both the exocrine and endocrine uniteepancreas, had no irreversible
character, as at the end of the experimental pemndthout any protective or
regenerative treatment, an obvious natural recquegess could be observed.

" Universitatea “Babg-Bolyai”, Catedra de Biologie Experimentgl400006 Cluj-Napoca, Romania.
E-mail: cpasca@biolog.ubbcluj.ro



C. PASCA, V.-D. SANDU

Extinderea chimioterapiei antineoplazice din ultiami, precunsi folosirea
citostaticelor ca imunosupresoare in p@tiEga organismelor pentru realizarea
transplantelor de gref@ organe impun cu necesitate studieseaunogterea cat
mai complei a agiunii acestor medicamente nu numai asupra strdetutimorale
(carora le sunt in principal destinate), disasupraesuturilorsi organelor 8natoase, la
nivelul cirora ele exercit anumite efecte secundare datordgiunii selective
extrem de reduse pe care o au.

In plus, literatura de specialitate denolar faptul @ mecanismul de gicne
al citostaticelor in general, implicit, si al Cisplatinului se bazeaze capacitatea
acestor medicamente de a formaatag ireversibile cu ADN-uki de a interfera cu
sinteza ARN-uluii a proteinelor [6, 8, 10]. In conseginadministrarea de citostatice
blocheaz atat diviziunea celuldr catsi sinteza proteit, ambele eseiale pentru
conservarea structurii tisulare, pentru buna @eshre a activitii tesuturilor,
organelorsi, In ultimd instana, a intregului organism. Datatiicestui mecanism de
aaiune al citostaticelor, structurile cel mai drastfectate in condi de chimioterapie
vor fi acelea, la nivelularora indicele mitotic este ridicat/sau acelea care sunt
implicate in desfsurarea unor procese de siriigroteicd mai intense.

Toate aceste considerente jusiifite deplin cercétile noastre, cargi-au
propus depistarea unor aspecte inedite ale tadigiancreatice exercitate la nivel
structural, lasobolanii albi Wistar de varstdiferita, de atre Cisplatin (citostatic
frecvent utilizat in terapia antineoplazig intr-o oarecare #suii si in transplantul
de grefesi organe), cunoscut fiindicacesta este un organ vital, cu o activitate de
sintez proteic constart si extrem de interis In urma parcurgerii unui material
bibliografic destul de bogat, am putut constataaeste aspecte sunt doar tanigési,
implicit, insuficient abordate la ora actagle plan mondial.

Material si metoda. Cercelrile s-au efectuat pgwbolani albi Wistar, masculi,
juvenili (cu o greutate medie de 1008 g)si aduli (cu o greutate medie de 19Q0+
grame). Animalele de experigirau fost intrgnute Tn condii optime de laborator,
asigurandu-li-se ingrijiregi hrana corespuimaresi apa ad libitum S-a lucrat pe
doui serii experimentale (una constitudin juvenilisi alta din adui), fiecare serie
incluzand céate 8 loturi a cate 8 indivizi fiecare:

-loturile martor M-M, — constituite dingobolani @natosi, netratai cu
medicament;

-loturile G-C, - constituite dinsobolani énatosi, tratgi cu o doz terapeutié
unici de 13 mg Cisplatin/kg corp, adminisir&itravenos n vena codaji sacrificgi
la 24 ore, 4, 13i, respectiv, 18 zile de la tratament Tn vederadiziii unor dozri
biochimice sanguingi a unor investiga structurale.

Sacrificarea animalelor s-adut dimineaa, la 16 ore de inaie, dug o
anestezie profuridcu eter etilic, prin decapitarg exsangvinizare. Imediat dap
sacrificare s-au recoltat probe de sagigitagmente de ficat, care au fost imediat
prelucrate conform tehnicilor uzuale, astfel iraséfie posibik dozarea glicemissi
realizarea in condi optime a investiggilor de microscopie optic[11, 13].
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Rezultate si discutii. Cu toate & in cadrul experimentului nostru am admi-
nistrat doar o singardoz terapeuti& de Cisplatin, in condi de monochimioterapie,
rezultatele investigalor structuralesi biochimice reflect cu certitudine faptulx
acest citostatic exerditun anumit efect toxic asupra pancreasulusawmlan, atat
asupra componentei exocrine, gigndocrine. Gravitatea, amploargaxtinderea
proceselor tisulare distructive par a fi strAnsetaie cu varsta organismului supus
tratamentului, precumi cu intervalul de timp scurs de la administrargastaticului.

Cele mai pregnantg extinse modifiéri histopatologice au fost inregistrate la
juvenili, la care efectul toxic se instaléaapid du@ administratea medicamentului,
se accentueazrogresivsi semnificativ in prima juritate a perioadei experimentale,
dupi care incepeisscad atat ca intensitate, cditca extindere. La finele celor 18 zile
ale experimentului se ajunge la o refacere stralitawvansat a ambelor componente
pancreatice, d& zonal, se mai §streaz inca amprenta aanii toxice exercitate
de acest xenobiotic.

Astfel, comparativ cu lotul de control, cu o stwrdthistologi@ normaé a
pancreasului (Fig.1), am constatdt grimele aspecte histopatologice sunt deja
decelabile microscopo-optic la do24 orede la tratamendi se materializeazin
prezera unor acini pancreatici tumediacu celule acinoase suprairzate cu prodgi
de secrge concentra apical, care concarla deplasarea nucleului mult inspre polul
bazal al celulelor. In plus, apageun edem difuz intraacinai diminuarea paila
dispariie a lumenului adenomerului (Fig. 2).

F i g. 1Aspectul histologic al F i g. 2.Acini pancreatici gwor tumefiai, cu
pancreasului la lotul martor (x 1280). celdupraingrcate cu prodsi de secrge (x 1280).
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Componenta endoctireste moderat afecliatia nivelul ei inregistrandu-se o
staz usoal a reelei vasculare corefatu procese evidente de coagulare intravascular
diseminai si un edem 1n insulele Langerhans (Fig. 3).

Dupa 4 zile de la tratament, stazé edemul acinar nregistread wsora
intensificare, aspectul tumefiat al acinilor accémdu-se. Totodat in canalele
pancreatice intragi interlobulare se constaprezema unei sectd abundente de
material oxifil, granular. Deci, caracteristic pentomponenta exociina acestui
lot este perturbarea actisii secretorii acinare, cu stagnarea produsuluieeese
atat intracelular, cafi intraductal. Tn plus, la nivel intergifil se constatprezema
unui bogat infiltrat limfogranulocitar (Fig. 4).

&

i g. 4.Infiltrat limfogranulocitar
de coagulare intravasculdrdiseminad, edem intergial abundenix 1280).
accentuat in insulele Langerhafs1280).

Insulele Langerhans contiég prezinte tulburi vasculare de tipul pertur-
barilor de permeabilitate a peretelui vascular, gaséfica edemul moderat existent la
acest nivel. De asemenea, peiisisprocesele de coagulare intravasculiiseminai,
ele fiind ceva mai accentuate decét la 24 ore. Hiiiensiuneai nici densitatea
celulai a majorititii insulelor Langerhans nu par a fi modificate cargiiv cu
lotul de control (Fig. 5). Tris unele insule apar mai puternic alterate, in dexisele se
remar@ printr-o staZ sangui mai pronumati, prin distrofia granulo-vacuolasi
chiar necrozarea unor celule endocrine (Fig. 6).
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F i g. 5.Congestie vascular staz Fig. 6.Distrofie granulo-vacuolaf si chiar necroza
sanguir@ si edem moderat in insulele unor celule ale insurlébngerhangx 1280).
Langerhanéx 512).

La 11 zile acinii pancreatici manifesb tendina de normalizare sub aspectul
dimensiuniisi structurii lor. Staza sanguirsi edemul, degi persistentai destul de
extinse, sunt mai reduse, la f@lstaza intraceluldrsi intracanaliculad (Fig. 7).
Infiltratul limfogranulocitar interstial (cu preponderea eozinofilelor) poate fi fric
sesizat, ceea ce dehah citostaticul continel Si exercite un efect iritativ pancreatic
semnificativ (Fig. 8).

Componenta endocinpancreati@ aparesi ea mai pun afectal, staza
vasculai fiind mai woa#, iar edemul mai discret, in timp ce fenomeneleatgyulare
intravasculat diseminai, desi prezente, au doar un caracter zonal (Fig. 9).

La 18 zile de la administrarea citostaticului, aspectele opiztologice
Tnregistrate la 11 zile sunt mai discrgitese mai jstreaz doar intr-un nurir redus
de zone pancreatice, in timp ce fenomenele de taagntravasculardiseminai
nu mai sunt deloc semnalate. Pe ansamblu, atatamenpa exocrify, catsi cea
endocria pancreatig au o structur oarecum comparahilcu cea inregistratla
lotul martor (Fig. 10).

Comparativ cu juveniliigdulsii se remarg printr-o mai mare rezistenla
atacul pancreaticotoxic al Cisplatinului, Tn senguimodificirile histopatologice,
care sunt similare cu cele Tnregistrate la juvedgvin decelabile microscopo-optic
abia la 4 zile de la tratament, ating un maximlazile, duja care aproapeaadispar
citre finele perioadei experimentale. dngrebuie subliniat & toate perturirile
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structurale (staza sanggjrtongestia vasculrcoagularea intravasculagdiseminag,
edemele, staza pancredtiotraacinaZ si intraductal) au fost mult mai discretg
nu au avut un caracter generalizat ca la juveitipar unul zonaji moderat. In plus,
nu au fost deloc semnalate fenomene necroticedduhinsulelor Langerhans, in timp
ce distrofia granulo-vacuokaa fost extrem de disciegi de foarte scustdurat.

F i g. 7Staz sanguia pancreati@ F i g. 8.Infiltrat limfogranulocitar interstiial
generalizai si edeme intersiele (x 1280).  masiv cu preponderareozinofilelor(x 1280).

Subliniem @, dssi atat la adul, cat mai ales la juvenili au fost inregistrate
modificari structurale la nivelul insulelor Langerhans, ele au fost corelate cu
perturlari functionale ale acestora, deci cu alterarea gecee insulira si glucagon,
ceea ce justific mertinerea glicemiei in limite normale pe tbaterioada degfurarii
experimentului.

Investigaiile histologicesi biochimice realizate in cadrul experimentului
nostru demonstreaza Cisplatinul administrat chiai intr-o singui doz terapeutia
si Tn_ monochimioterapie poate conduce la instalarear modificri structurale
semnificative la nivelul pancreasulgpbolanului alb Wistar, care prin gravitatea,
amploareai evolutia lor in timp pot altera, intr-o oarecarésun, fundgiile acestui
organ vitalsi, implicit, pot compromite calitatea \ieacestor organisme. Cergdte
noastre au demonstrai agiunea pancreaticotoxXica acestui citostatic cu plaiin
pare a fi strans corekahtat cu varsta organismului supus tratamentufitisiccu
intervalul de timp scurs din momentul admirdsgirmedicamentului.
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1g: 1t

Fig. 9.Staz Fig. 10.Pancreas cu un aspect histologic
nivelul insulelor Langerhans 512). foarte apropiat de cel al lotului martor 1280).

Astfel, cele mai pregnantg extinse modifidri histopatologice au fost
inregistrate Iguvenili, la care efectul pancreaticotoxic devine decelabidloar 24 de
ore de la administratea medicamentului, se accantyegogresivsi semnificativ Tn
prima jundtate a perioadei experimentale, dlgare incepeasscad atat ca intensitate,
catsi ca extindere. La finele celor 18 zile ale expemtului se ajunge la o refacere
structurad avansdt a ambelor componente pancreaticgj, d®nal, se mai §streaz
Tncd amprenta gwnii toxice exercitate de acest xenobiotic.

Comparativ cu juveniliiadukii se remarg printr-o mai mare rezistenta
atacul pancreaticotoxic al Cisplatinuluisghse explig de ce modifigrile histopato-
logice, care sunt similare cu cele Tnregistrajavanili, au fost semnalate microscopo-
optic mai tarziu (abia dap4 zile de la administrare), ating un maxim la 1#&,z
dupa care scad rapid sub raportul amploageextinderii lor, pentru ca la finele
experimentului & dispad aproape complet, structura histoldgia pancreasului
fiind comparabi cu cea a lotului de control.

La ambele serii experimentale, dar mai pregnaruveanili, efectul toxic
pancreatic s-a concretizat in agiariunor modifi@ri structurale moderate atéat la
nivelul componentei vasculare (congestie, Stsanguid, fenomene de coagulare
intravasculat diseminai), cat mai ales la nivelul componentei celulare licgpe
in Tndeplinirea fungei exocrinesi endocrira a acestei glande.

Mai afectat pare a fiancreasul exocrinjnde s-a Tnregistrat instalarea stazei
sanguinsi congestiei vasculare, care corcla apariia unui edem difuz la nivelul
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acinilor. Tn plus, efectul iritativ exercitat deest medicament justificprezema a
numeroase infiltrate limfohistiocitarg limfogranulocitare interdiale, cu dispozie
preponderent perivascular

Tranzitul secrgei pancreatice estg el perturbat, fapt materializat prin
stagnarea produsului secretor atat intracelularsicéttraductal. Aa se justifid
hipertrofia acinatr generalizdi si dilatarea canaliculelor secretorii. Posibil caasi
alterare a fluxului de suc pancreatic fie corelai cu modificarile semnificative
inregistrate la nivel intestinal, mai excact cutyperarea sintezeji/sau actividtii
enzimelor marginii in perie implicate in activareazimelor sucului pancreatic
(potrivit unor aspecte semnalate de noi, dai republicate). Deci, acest citostatic
cu platiri pare & afecteze atat procesul secretor, gatranzitul produsului de
secrgie pancreatit.

Componenta endocin(insulele Langerhanse dovedge a fi mai rezisteiit
la agiunea toxid a medicamentului, carg,in acest caz, intereséaatat componenta
vasculaf (congestie, stazsanguifi si procese tranzitorii de coagulare intravascilar
diseminal), catsi pe cea celular Tulburrile de hemodinamicde tipul congestiei
vascularesi stazei, In condiile alteratrii permeabilititii peretelui vascular, par a fi
creat condii propice apatiei unui edem difuz insular. Alterarea aportulueadat
de substae nutritivesi O,, corela# cu stagnarea locah prodyilor de catabolism
cu un anumit potaial toxic, justifica apariia in unele insule a unei distrofii granulo-
vacuolare discretg tranzitorii si a catorva celule necrozate. Aceste aspecte histo-
patologice semnalate in cadrul experimentului mostmt in concordal cu datele
furnizate de divei histopatologi, care stia ca diferiti factori toxici, infegiosi si
radigiile pot cauza tulbuiri circulatorii de intensitti diferite, care pot fi generatoare
de fenomene distroficg chiar necrotice insulare, care uneori interesesenunar
semnificativ de celule de tip B, ajungandu-se &dtarea unui diabet aloxanic [1].

Asa cum reiese din cele prezentate mai sus, fenomet®lcoagulare
intravasculat diseminai intereseaz atat vasele sanguine tributare componentei
exocrine, cagi endocrine. Conform datelor din literafycoagularea intravascular
diseminai este un proces patologic destul de complex, agpkci participarea
sistemului de coagulare sangsiiformarea de trombi in multe vase mici, cu ingeda
unor altediri ischemice consecutive in diferite organe. Prezeardoanelor de fibrin
n vasele sanguine mici cauzeéateformaressi lezarea hematiilor la trecerea lor
prin rgeaua de fibrié intravasculat si, astfel, la organismele cu fenomene de
coagulare intravasculadiseminat, apare, implicitsi 0 anemie hemoliticcorelat cu
prezema unor eritrocite anormale sub aspect morfologioat exact apare ceea ca
se numgte anemie hemoliticmicro-angiopatig [14].

De altfel, in prezent este cunosciuGisplatinul provoatdestul de frecvent o
anemie hemolitit cu caracter progresiv, care deseori impune reafizanor transfuzii
cu mad eritrocitaé [9]. Una dintre cauzele majore ale codgiulintravasculare
diseminate o reprezinhperturlirile hematologicai, Tn special, trombocitopenia [4, 14].
Aceasta explit amploarea deosebid coagulrii intravasculare diseminate Tnregis#rat
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la sobolanii trata cu Cisplatin in cadrul investigdor noastre, acest citostatic fiind
cunoscut ca un mielodepresiv foarte puternic, fattdimitant al dozei fiind
trombocitopenia, maxitla 3 siptimani de la tratament, revenirea la normal avand
loc abia dup 4 siptamani [2, 3, 5, 7, 12, 15]. Putem concluziofiaeste posibil ca
trombocitopenia inddisde acest agent alchilant cu platsi declageze fenomene
de coagulare intravasculadiseminat, care, grae cheagurilor de fibrih constituite,
creeaz condiii propice instadrii unor tulbutiri ischemice in diferite organg a
unei anemii hemolitice.

Subliniem @, pe baza literaturii de specialitate destul dealiogonsultai
de dtre noi, instalarea unor astfel de fenomene deutaggintravasculédrdiseminai
la nivel pancreatic, ddpchimioterapie cu Cisplatin, este un aspect higtdpgic
nou, care nu a mai fost semnalat.

Referitor la intensitategl dinamica modifidrilor histopatologice induse de
Cisplatin la cele dauserii experimentale trebuie subliniatle adufi staza sanguin
congestia vascularcoagularea intravascuiadiseminal, edemele, staza pancreatic
intraacinall si intraductai au fost mult mai discretgi nu au avut un caracter
generalizat ca la juvenili, ci doar unul zogamoderat. In plus, nu au fost deloc
semnalate fenomene necrotice la nivelul insulelmmderhans, in timp ce distrofia
granulo-vacuoldr a fost discretsi de foarte scudtdurat.

Subliniemsi faptul @, la nici una dintre cele dawserii experimentale, altaile
structurale nregistrate la nivelul insulelor Larfggns nu au condus la instalarea
unui diabet aloxanic (indus prin distrofiinecroze ale celulelor B pancreatice), ceea
ce expli@ mertinerea glicemiei in limite normale pe parcursukégti perioade
experimentale.

Cu toate & unele aspecte histopatologice pancreatice nratgsatat la
nivelul componentei exocrine, cgitendocrine au fost destul de puternice, extinse
si de durai (in principal la juvenili), ele au avut un caraateversibil, tranzitoriu,
facand posibi refacerea natur@ain timp a tuturor structurilor afectate.

Concluzii. 1. Cisplatinul, administrat intr-o dbzerapeutié unica de 13 mg/
kg corp, in condii de monochimioterapie, conduce la instalarea unodificari
structurale semnificative atat la nivelul pancrassgéat mai ales la nivelul ficatului
sobolanului alb Wistar, care prin gravitatea, amp#aa evoluia lor in timp pot altera
intr-o oarecare asuri fundiile acestor organe vitalg, implicit, pot compromite
calitatea vigi acestor organisme.

2. Cercetrile noastre au demonstrat agiunea pancreaticotoxica Cispla-
tinului pare a fi strans corefatat cu varsta organismului supus tratamentudti, ¢
si cu intervalul de timp scurs din momentul admiriisk medicamentului.

3. Cele mai pregnanteextinse modifidri histopatologice au fost inregistrate
la juvenili, la care efectul pancreaticotoxic devine decelabdoar 24 de ore de la
administratea medicamentului, se accentiigapgresivsi semnificativ in prima
jumatate a perioadei experimentale, dugare incepeasscad atat ca intensitate,
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catsi ca extindere. La finele celor 18 zile ale expeanirtului se ajunge la o refacere
structurad avansdt a ambelor componente pancreaticaj, d®nal, se mai §streaz
nca amprenta guunii toxice exercitate de acest xenobiotic.

4. Comparativ cu juveniliiadulii se remart printr-o mai mare rezistent
la atacul pancreaticotoxic al Cisplatinuluisa se explis de ce maodifigrile
histopatologice, care sunt similare cu cele integfis la juvenili, au fost semnalate
microscopo-optic mai tarziu (abia dug zile de la administrare), ating un maxim
la 11 zile, dup care scad rapid sub raportul amploareixtinderii lor, pentru ca la
finele experimentuluisdispai aproape complet, structura histol@gic pancreasului
fiind comparabtii cu cea a lotului de control.

5. La ambele serii experimentale, dar mai preglapivenili, efectul toxic
pancreatic s-a concretizat in agariunor modifié@ri structurale moderate atat la
nivelul componentei vasculare (congestie, &isamguid, fenomene de coagulare
intravascular diseminai), cat mai ales la nivelul componentei celulare liogte
in indeplinirea fungei exocrinesi endocrine a acestei glande.

6. Tulbugrile hemodinamice pancreatice induse de Cispldéntipul stazei,
congestieisi edemului, prin inducerea unui deficit de subgtanutritivesi O, si
prin blocarea indeyptarii produsilor de catabolism cu potéal toxic, este posibils
se afle la baza fenomenelor distructive ce intexzaseelulele acinilorsi insulelor
Langerhans.

7. Mai sensibil la atunea Cisplatinului pare a fiancreasul exocrirunde
s-a nregistrat instalarea stazei sangyineongestiei vasculare, care concla
apartia unui edem difuz la nivelul acinilgr a numeroase infiltrate limfohistiocitage
limfogranulocitare interdfiale, cu dispozie preponderent perivascuar

8. Tranzitul secn@i pancreatice estg el perturbat (tranzitoriu), fapt mate-
rializat prin instalarea stazei produsului secratét intracelular, cai intraductal.

9. Componenta endoctr{insulele Langerhans) pare a fi mai rezistdat
agiunea toxi@ a medicamentului, constatandu-se doar prtezenui edem difuzi
a unor procese tranzitorii de coagulare intravasgtuliseminai pe fondul unei
distrofii granulo-vacuolare discregetranzitorii.

10. Lanici una dintre cele dauserii experimentale, altale structurale
fnregistrate la nivelul insulelor Langerhans nuaat corelate cu modifiei semni-
ficative ale glicemiei pe parcursul perioadei expentale.

11. La adui, staza sanguii) congestia vasculgrcoagularea intravascular
diseminai, edemele, staza pancreatiotraacinak si intraductad au fost mult mai
discretesi nu au avut un caracter generalizat ca la juveaildoar unul zonaji
moderat. In plus, nu au fost deloc semnalate fenemecrotice la nivelul insulelor
Langerhans, in timp ce distrofia granulo-vacuokafost discreisi de foarte scuit
durat.

12. Cu toate £unele modifiéri histopatologice pancreatice nregistrate la
nivelul componentei vasculase celulare (exocringi endocrine) au fost destul de
puternice, extinsgi de durai (in principal la juvenili), toate au avut un casac
tranzitoriu, fiind posibi refacerea naturain timp a tuturor structurilor afectate.
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FUNCTIONAL CORRELATIONS BETWEEN THE PERMEABILITY
TRANSITION, MEMBRANE POTENTIAL COLLAPSE AND CALCIUM
RELEASE BY LIVER MITOCHONDRIA OF ETHANOL-FED RATS

CORNELIU TARBA “ and FELICIA SUARASAN’

SUMMARY. —Male white Wistar rats were maintained in our anifaeility for
14-18 weeks and the evolution of their body weighs assessed periodically.
One group of the rats, kept on a normal diet, seagecontrol (C), while in another
group (A) each rat was supplemented individualhi5 ml of 48% ethanol/100 g
body weight daily. At the end of the period, ths rgere sacrificed and their liver
used for the preparation of mitochondria. For memérpotential AY), calcium
(C&") and swelling measurements, 1 mg of mitochongriadein/ml was usually
incubated directly in the spectrophotometer cusetieroom temperature (around
24°C), in different media, usually containing 5 mM Hepuffer (pH 7.37), 1 mM
KP; and various concentrations of mannitol, sucrog,ald MgC}. 8 uM rotenone
was always added to the mitochondrial suspenstowel as the appropriate probe
for eitherAY (2.5 uM diS-C~(5)) or C&" (30 uM arsenazo Ill). The respiration
and all the associated phenomena monitored byx#sC&" fluxes and swelling)
were usually triggered by the addition of succir§até mM). Different amounts of
CaCl}, or other modulating factors were either addedugidor in one pulse, up to
the desired final concentration. Recordings okett¥’ or calcium fluxes in parallel
with the matrix swelling were performed by a diateay spectrophotometer. In
addition, for quantitative measurements of theresiten of swelling, special runs
were also performed in which mitochondrial proteias used as the triggering
factor. From the comparison of the spectrophotéorettordings, one can observe a
strong correlation between the concentration aiiwa added to the mitochondrial
suspension, the moment of th& collapse, of the swelling and of the calcium
release (massive calcium efflux). As expected,ethEenomena occur faster (at
shorter times and/or lower calcium concentrationgnic media, especially in those
that lack magnesium. However, important differensese also noticed between
the mitochondria of the control (C) rats and thafsthe animals treated with ethyl
alcohol (A) regarding the degree (amplitude) ared Kimetics of the absorbance
changes associated with the generation/collaps®,oE&" movements and swelling.
In general, mitochondria from ethanol-treated &its more sensitive to calcium.
Even though the amplitude of membrane potentiad doté seem to be affected, it
collapses at much lower concentrations of addegiical Even though, in general,
the extension of swelling does not differ stat@ljcsignificant, this sensitivity is
also valid for the matrix swelling and the releaéealcium. We have quantified
this relationship by considering the number of icatcpulses (of 12.4M each)
added to the cuvette before massive calcium efifelgase) and¥ collapse occur.
As expected, this number is lower in ionic medi&h\the lowest in the swelling
medium), but for the same medium it is also lowertifie ethanol-fed rats and the
differences are in general statistically very digant (p<0.01) in all media tested.

"Babe-Bolyai University, Department of Experimental Bigy, 400006 Cluj-Napoca, Romania.
E-mail: cntarba@biochem.ubbcluj.ro
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Chronic ethanol consumption (in humans) or adrriaii®n (to laboratory
mammals) has been generally associated with spéeifiatic structural and functional
alterations known under the name of alcoholic lidsease (ALD). Despite many
studies, the exact mechanism by which ethanol iesldlce disease is not entirely
known. Whether ALD is determined by the nutritiod@fects induced by alcohol
or by its direct hepatotoxic effect is still a neaitof debate [17, 25, 40, 41]. For
decades, alcoholic liver disease has been attdbugtenecrotic events associated,
among others, with the production of proinflammgatytokines, such as interleukin-1
(IL-1) and tumour necrosis factar{TNF-u) [11, 44, 68]. However, relatively recent
data indicate that under certain circumstances tithacute and chronic ethanol
administration is associated with a process of Bymptosis [1, 12, 26, 36, 46], which,
paradoxically, can facilitate latter necrotic ewelg#ading to ALD [1, 12, 13, 29, 45,
68]. On the other hand, progresses made durindaitedecade in the study of
apoptosis (physiologic or programmed cell deatkiehm@aced mitochondria in a central
position in controlling this very complicated pres€3, 5, 27, 32-34, 42, 49, 52-
54, 56, 57].

Excessive alcohol consumption has been known &sbeciated with a series
of intracellular stresses, particularly detrimemtamitochondria [7, 9, 15, 35, 62, 68].
One of the possible ways of alcohol attack mayhpeugh distorting the oxidant/
antioxidant balance of the cell. Oxidative stremssociated with chronic ethanol
consumption, leads to the depletion of mitochondghutathione, decreased
synthesis of the respiratory chain components aetbllehyde adduct formation
[2, 3, 11, 18, 25, 45, 71]. The result is an insesm the concentration of reactive
oxygen species (ROS), such as superoxide aniorrpkyidand peroxyl radicals
[15, 19, 20, 29, 35, 36, 39], which are considgetde among the main causes of
triggering a drastic change in mitochondrial membrpermeability, known as the
mitochondrial permeability transition (MPT), assded with the opening of a
permeability transition pore (PTP). This perme#pithange seems to be a central
event in different types of cell death, either apsfs or necrosis [9, 24, 27, 32, 38,
42, 45, 50, 62, 68]. What exactly determines tipetpf cell death (apoptosis or
necrosis) is not perfectly understood, althougbe#ms to be related finally to the
amount of ATP produced by mitochondria, as desdrédseewhere [37, 47, 62].

Without getting into the details of the structaned function of the pore,
we mention that PTP is probably formed at the dled¢anembrane contact sites by
the association of several proteins belonging &ttio mitochondrial membranes
and the intermembrane space, thus penetrating hiogevinsulating system of the
mitochondrial matrix. The opening of this poreds@mpanied by membrane potential
(AY) collapse, uptake of electrolytes and water, matnielling and ruptures of the
mitochondrial outer membrane. As a consequencesrakefactors present in the
intermembrane space, among which cytochrome c dgyare liberated into the
cytosol. There is, however, an alternative pointiefv, which holds that cyt ¢ can
be released without a permeability transition anttomembrane breaking, due to
certain pores created into the outer membrane bgrak proapoptotic factors
(proteins), such as Bax and Bid [14, 31, 43, 68Jekd, the implication of Bax and
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Bid in apoptosis can not be negated, but many tigadsrs consider that these
proteins only interact with the PTP componentdyaiihg or regulating the opening
of the PT pores, a fact which could explain certaimtradictory observations
regarding the dependence/independence of cyt aselenAY collapse [22, 70].
The groups of Martinou [14] and Orrenius [21] destoated in fact that there
are two distinct mechanisms by which cyt ¢ canitberdted: a Ca-dependent one,
which takes place apparently by matrix swelling anter membrane rupture, and
a C&'-independent mechanism, in which the oligomerienfaf Bax mediates or
regulates the release of cyt ¢, without permeagbifinsition. On the other hand,
the implication of calcium itself in the cell death general, is also well documented
[8, 21, 23, 24, 48, 51, 55, 58, 67].

In trying to clarify some aspects of such contreia problems of mitochon-
drial involvement in apoptosis (specifically in div apoptosis), especially the
relationship between cyt ¢ release and membramagadility, we selected chronic
ethanol feeding as a natural model of producingatie@poptosis in combination
with the use of suspending media of different iavatent and addition of different
concentrations of calcium, while monitoring speptrotometrically, in parallel,
membrane potential, calcium release and matrixlswelLiver slices and aliquots
of both supernantant and mitochondrial sedimergriaat specific moments of
incubation, were prepared or saved for later aiglygcluding electron microscopy.
The present article describes and discusses oalgpbctrophotometric results of
our study. A preliminary report has already bearspnted [65].

Material and methods. Animals, treatment protocols and preparation of
mitochondria.Male white Wistar rats were kept under normal étmas in our
animal facility for 14-18 weeks, starting from areeage weight of 120 g/individual,
while the evolution of their weight was assessatibpeally. The rats were kept on
a normal diet (a premix containing all the ingrexdéeof the Larsen diet), with free
access to water. One group served as control (@l w another group (A) each rat
was supplemented daily with 1.5 ml of 48% ethai@@l/g body weight, administered
in the morning, on a little piece of bread, befgedting access to the food. At the
end of the period, the rats were fasted for 24ahissacrificed by decapitation after
a slight anaesthesia. Small pieces of liver wekertan some cases and prepared
for electron microscopy, while the rest of the tiweas used for preparation of
mitochondria, essentially according to Johnson draddy [30], in a medium
containing 200 mM mannitol, 70 mM sucrose, 5 mM eeEKOH (pH 7.37) and
0.5 mM Na-EDTA. The washing and preserving mediwokéd the chelating
agent (EDTA).

Spectrophotometric measurememtsdiode-array spectrophotometer (Specord
S 100B, Analytik Jena, Germany), which permits @mnitant measurements at
different wavelengths, was used for measurementaarhbrane potential and/or
calcium in parallel with the matrix swelling, whitee extension of swelling was
quantitatively measured (at 540 nm) on separatedigs initiated by the addition of
mitochondria to a medium containing succinate esspiratory substrate. In parallel
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recordings, membrane potential was estimated #$eacthce between 670 and 700
nm, by the use of 2.pM diS-C,-(5) as a potential sensitive probe [59, 60], while
calcium was measured by the use ouBDasenazo-Ill (650-700 nm) as a calcium
specific dye. The change in absorbance at 700 rritljwepresents a quasi-isobestic
point for both dyes) was used for assessing thenexamplitude) of swelling. For
measurements, 1 mg of mitochondrial protein/ml wsisally incubated directly in
the spectrophotometer cuvettes, at room temperganoeind 24C), in different
media, all containing 5 mM Hepes buffer (pH 7.37iM KR and various concentra-
tions of mannitol, sucrose, KCI and MgChs specified below. The respiration and
the associated phenomena monitored byA¥, (C&* fluxes and swelling) were
triggered by the addition of succinate (2.5 mM}he presence of 8M rotenone.
Different amounts of Cagliwere either added gradually, in several pulsesnor
one pulse, up to the desired final concentratidme $uspending media used are
designated as follows: MS (210 mM mannitol, 70 mirese, 1.5 mM MgG);
MSK (110 mM mannitol, 40 mM sucrose, 65 mM KCI, b1 MgCl,); MSK-Mg
(the same as MSK, but without Mg). In addition, gedal swelling medium
(KSW) was also used. It contained 100 mM KCI, 50 ralitrose, 10 mM Hepes
and 5 mM KR Although we made some attempts at obtaining peecalues of
membrane potential amplitude and calcium conceatrat(as decribed elsewhere
[65]), the most important quantitative result wésained by counting the number
of calcium pulses (of 12.6M each) necessary to be added to the mitochondrial
suspension for producing the calcium release, wikielways more-or-less associated
with the permeability transition (as monitored bgitrix swelling) andAW collapse.
The statistical significance of the differencesnsen different groups or subgroups
was computed by the Studdnest.

Results and discussiorMitochondria of the control ratsThe behaviour of
the control mitochondria (C) in the 4 media used g$aspension (incubation),
regarding the kinetics of calcium fluxes, membraogential and swelling, under
stress conditions induced by calcium, are present&igs. 1-8. One of the curves
in these figures (usually, the upper trace or tlhhe aotedA), represents the
variation of absorbance difference between 650 innthe case of calcium fluxes)
or 670 nm (in the case af¥) and 700 nm, whereas the second trace represents t
absorbance change at 700 nm (the quasi-isobestitgidhe two dyes), associated
with the matrix swelling. Whereas the first is antiouous curve, lacking any
electronic accidents (due to the differential waywhich it was recorded), the
“spikes” on the second trace reflect the electromise associated with the additions
made into cuvettes. Although this noise is in gainegry visible (hence, the moments
of addition are well marked), it must be mentiorledt in some of the additions
(see, for example, Figs. 1 and 6) the noise islypqrerceivable. The 8 figures in
this group should be considered in pairs (1-2, 3-8,and 7-8), each pair reflecting
the behaviour of mitochondria in one of the 4 medi&s, MKS, MKS—-Mg and
KSW, respectively.
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From the analysis of the illustrations presentedhiese figures, one can
notice the “saw tooth” behaviour in the upper teaoéthe odd number figures (1,
3, 5, 7), recorded by sequential additions of l1ibealcium pulses. The number
of teeth varies from 7-9 in the MS medium to 2-3ha KSW medium, after which
the absorbance increases gradually in a hyperbaslion, indicating the massive
calcium efflux (release) associated with the pefida transition, as indicated by
the strong absorbance decrease in the lower caribd€ one noted B) of the same
figure. The behaviour of membrane potential issiitated in the upper traces of the
even number figures (2, 4, 6, 8), also in parali¢h the absorbance decrease (lower
trace) associated with the extensive swelling duthé permeability transition. As
expected, the permeability transitiol¥ collapse and calcium release occur at a
lower and lower calcium loads as we pass from aunedlmost devoid of ions (MS)
to an almost completely ionic medium (KSW), whidmnebnstrates the involvement
in these events of ion transport phenomena atethed bf the inner mitochondrial
membrane. In addition, the lack of Mg enhances ewere this behaviour, a fact
which is in accord with what is known from the taeure with regard to the
regulating role of M§' in the calcium fluxes [4, 64, 72].
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Fig.1.Calcium fluxegupper curvepnd mitochondrial swelling
(lower curve)in the MS medium

In all figures, the first spike is associated witie injection of succinate
(2.5 mM), the rest being associated with Gatiilses of 12.51M each, except
those added after €arelease (0AY collapse).
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Fig.2.Membrane potentiglupper curveand mitochondrial swellindlower curve)
in the MS mediurmNote the relatively close association betweenrift&ation of
AY collapse (absorbance increase on the upper camnedf mitochondrial

swelling (absorbance decrease on the lower curve).

FA

0.2

-6

T T T T T T
100 200 s00 700

B50.46 - 700,53 v

Fig.3.Calcium fluxegupper curveand mitochondrial swellinglower curve)
in the MSK mediurNote the fewer pulses of €gthan in the MS medium)
to which the mitochondria resist.
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Fig.4.Membrane potentigupper curvepndmitochondrial swellindlower curveln the
MSK mediumNote that the swelling begins sooner than thétion of AY collapse.
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Fig.5.Calcium fluxegupper curveandmitochondrial swellinglower curvejn the MSK—Mg
medium The massive calcium efflux (release) occurs et in the presence of Rig
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Fig.6.Membrane potentiglupper curveandmitochondrial swellindlower curve)
in the MSK—Mg mediunCalcium pulses 3 (140 s) and 4 (160 s)
are accompanied by very small electronic noises.
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Fig.7.Calcium fluxegupper curvegpnd mitochondrial swellinglower curve)n the KSW
medium Note that the swelling begins sooner than the seled C&'".
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Fig .8 .Membrane potentiglipper curveandmitochondrial swellinglower curve)n the KSW
medium Note the difference between the beginning oflswgehnd of theAW collapse.

Despite a rather evident parallelism, at a cl@s®lysis, one can observe
that the swelling slightly precedes the other tin@rqmena. Thus, in Fig. 1, one
can see that the swelling begins after the 6thicalpulse while calcium release
occurs after the 8th pulse. In Fig. 2, the swelliwgurs after the 7th calcium pulse
whereasAY collapse begins only after the 8th pulse. FromsFig-6 one can
observe that the swelling begins after the secamdepwhile A¥Y collapse and
calcium release only after the 4th pulse. Therenany discussions in the literature
with regard to the succession of these events. Sesearchers claim that the
permeability transition (PT) may occur afte¥ collapse while others that¥ can
be preserved or restored after PT and cyt c reldaaging space for different
scenarios regarding the exact relationship (comlitg) among these events (see
[6, 14, 21, 31, 69, 70]). Our work proves that unééatively physiological conditions
the first phenomenon to be triggered is the swegllinllowed shortly byAY collapse
and calcium release, which proceed apparently malleh with the moment of
maximum rate of swelling (hence, PT), and theradsrecovery. One should not
forget, however, that the phenomena recorded bgpresent a statistical result of
a relatively variable behaviour of a mitochondpajpulationin vitro. Therefore, we
can not exclude that undier situ physiological conditions some of the mitochondria,
that have suffered less, may recover. This podsilgitobably depends also on the
intensity and duration of the stress factor. Asardg the relationship betwea¥
and calcium fluxes, this is more complicated aredriatively slow response of our
instrument does not allow a clear-cut conclusioriatt, we think that the problem has
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already been solved more than two decades ago byd&di and Azzone [2],
which showed that the massive calcium efflux begihen A¥Y decreases below
130 mV.

Mitochondria of ethanol-fed rat&efore presenting the spectrophotometric
recordings, we have to make the observation thahef8 treated animals only 6
behaved in a consistent manner, characteristi@alimhol-fed rats, while two of
them had a totally different behaviour. The quatitte measurements that we are
going to present later in this article will provieat the two (sub)groups differ
significantly from a statistic point of view. Whikae group of 6 (designated, 4§
showed a higher sensitivity to the calcium stréss,other group (designated
demonstrated a behaviour somewhat similar to thtiteocontrol group (C), one of
the rats even displaying a higher resistance tcah@um stress. The behaviour of
mitochondria obtained from both subgroups of al¢ded rats is illustrated in
Figs. 9-16.
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Fig.9.Calcium fluxegupper curvepnd matrix swelling(lower curve),jn mitochondria
of an alcoholic rat with typical behaviour {#), recorded in the MS medium

Figs. 9-12 present illustrations taken from thgs Aubgroup. The most
striking observation is the increased sensitivitynotochondria to calcium. For
example, in the MS medium, where the resistantieeihighest, PT occurs after the
third calcium pulse (Figs. 9-10) while in the C gpothis happens after 6-7 pulses.
The same is true for calcium release (Fig. 9) Afccollapse (Fig. 10). The situation
is worse in the ionic media. Thus, in the KSW maedithe phenomena discussed
occur after a single pulse of calcium (Fig. 11).rétver, as can be seen from Fig. 12,
if the addition of calcium is a little delayed, BRdAY collapse occur spontaneously.
This demonstrates that the chronic ethanol feedadya rather grave effect on the
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liver of the animals, despite the fact that theerage body weight was slightly higher
than in the control animals, although not statidliicsignificant. These results point to

the fact that the mitochondrial membranes of theolablic rats are extremely

fragile, with a high degree of ion permeabilityadg to give up to slight metabolic

stresses and release the components of the intdmarenspace and probably even
of the matrix, despite the apparent well-beinghef @animals.
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Fig.10.Membrane potentigturve A)andmatrix swelling(curve B),in mitochondria of an
alcoholic rat with typical behaviour ¢4), recorded in the MS medium
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Fig.11.Calcium fluxegupper curveandmatrix swelling(lower curve)jn the KSW
mediumjn mitochondria of an alcoholic rat with typical teviour (A.e).
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Fig.12.Spontaneous dissipation of membrane poteftialve A)and matrix swelling
(curve B),in the KSW mediurim mitochondria of an alcoholic rat with typical lviour (A.e).

As regards the behaviour of mitochondria from &gl alcoholic rats
(A7g), itis illustrated in Figs. 13-16. One can obsetivat in the basically nonionic
medium (MS), the release of calcium an® collapse occur after 8 pulses of
calcium and the swelling begins after 6 pulsesqFig-14), while in ionic media
devoid of Md* these phenomena occur after 3-4 pulses of cal¢Rrigs. 15-16),
similar to what we have seen in the control grdigking into consideration the inter-
individual variability in regard to the enzymes @aanzyme induction capacity)
involved in the degradation of ethanol and acetalde (the metabolite basically
responsible for alcohol intolerance), such a behavis not totally unexpected. In
fact, the phenomenon is known under the name ajhalctolerance (see, for
example, [16]).

Quantitative comparison regarding the sensitivitynitochondria to calcium.

As mentioned before, if we take into consideratioa number of calcium pulses
(12.5uM each or 12.5 nmols/mg protein) necessary to iadiadcium release, the
sensitivity of mitochondria can readily be quasetifiusing relatively small integers
or fractions equal to 0.5 and computing meansc¢hatbe compared by the use of
the Student test or other more sophisticated tests. Thedwstparison of this kind
that is presented in Table 1 proves that the almogmup (A) did not respond in a
homogeneous manner to ethanol treatment and @z éne statistically significant
differences between the Aand A g subgroups.
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Fig.13.Calcium fluxegupper curvepnd matrix swelling(lower curve)jn mitochondria
of an alcoholic rat with atypical behaviour {4, recorded in MS medium
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Fig.14 .Membrane potentidupper curveandmatrix swelling(lower curve)jn mitochondria
of an alcoholic rat with atypical behaviour {4, recorded in MS medium
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Fig.15.Calcium fluxegupper curvepnd matrix swelling(lower curve),in mitochondria
of an alcoholic rat with atypical behaviour {4, recorded in KSW medium
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Fig.16.Membrane potentidupper curveandmatrix swelling(lower curve)jn mitochondria
of an alcoholic rat with atypical behaviour {4, recorded in MSK—Mg medium
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Table 1
Comparison of mitochondrial sensitivity in different groups of alcohol-fed rats

Statistical parameter X+ SEM t n=m+mn-2 p

Suspendi Group
medium ﬁg\ Ave Are

MS 4.750+0.750  10.000 +1.000  4.200 2 >0.05

MSK 2.333+0.105 5.500+0.881  10.408 6 <0.001
MSK-Mg 2.000 +0.129 5.000+1.000  5.692 6 < 0.002
KSW 1.000 + 0.000 3.500+0.500 6.708 3 <0.01

The fact that for the MS medium the differencéiboagh very large, are only
at the limit of significance can be explained bg #mall number of measurements
performed in this medium. For the rest of the mdutavever, the differences between
means are from very to highly significant. Undesséa circumstances it is recommended
to consider the two subgroups as distinct and topawe them to the control. By
doing this, we established that there is no stegilstlifference betweenA and C.

In turn, between A and C, with one exception, all the differencesstadistically
highly significant (p < 0.001), as can be seen fiable 2. The exception is again
due to the small number of measurements performéteiMS medium.

Table 2
Mitochondrial sensitivity in typical alcohol-fed rats in comparison to the control

Statistical parameter X + SEM t N=m+mn-2 p
Suspending._ Group

medium \g\ ¢ Ass

MS 7.750 + 0.250 4.750 + 0.750 3.795 2 >0.05
MSK 5.214 £0.343 2.333 £0.105 7.487 11 <0.001
MSK-Mg 3.286 £0.184 2.000 £ 0.129 5.520 11 < 0.002
KSW 3.143 +0.143 1.000 + 0.000 9.488 8 <0.01

These quantitative data confirm the conclusiomasvdrfrom comparing the

spectrophotometric kinetic recording,, the alcoholic rats are characterised by a
high sensitivity to metabolic stress, specificaity that exerted by an increased
calcium concentration. Even if the comparison islenaith the entire alcoholic
group (A), there is a very significant differenge< 0.01) in the case of the most
relevant medium (MSK), where the number of recagdiis the largest.

We have also tried to see whether the extensioswedling at different
calcium loads is also different for different greupnd subgroups, because in a
previous work [63] we observed a higher tendencgwielling for mitochondria of
alcoholic rats, especially at high calcium loade-250 uM) and long incubation
times (20-30 min). The conclusion is that althoughlre are certain differences
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they are in most cases not significant and notyavirathe expected direction. On the
contrary, the amplitude of swelling is usually sk@ain alcoholic rats, even though
the differences are statistically significant otya few cases, a fact that can be
seen from Table 3, where our data are presentpdrasnt of absorbance decrease
with reference to the maximum absorbancg),(Asually attained immediately after
the addition of mitochondria to the complete indidramedium. We shall try an
explanation of this apparent discrepancy with ortevipus observations in an
accompanying paper [66].

Table 3
Amplitude of mitochondrial swelling (mean valuesat different calcium
loads and times(SEM = standard error of mean; n = number of alsrested;
*p <0.05; * p<0.01)

Time (min) 1 5 10 20 30
Group |[Ca"] | —AAJAQ (%) —AA/AQ(%) —AA/AG(%) —AAJAG (%) —AAIA, (%)
(mM) +#SEM (n)  #SEM (n) +SEM (n)  +SEM (n)  #SEM (n)

0 [257+0.59 (8) 4.83+0.46 (8) 6.55x1.12 (8) 21.67¥38) 45.15+2.82 (6)
C 25 [2.91+0.45(8) 19.43+4.51(8) 43.98+2.42 (8) B&R78(8) 60.39+0.90 (5)
200 [27.39+2.62 (7) 46.61+7.03 (7) 52.73+2.31 (7).28%2.04 (7) 61.89+0.30 (2)
0 ]1.80+0.39 (6) 2.97+0.58 (6)* 3.66x0.87 (6) 17.328 (6) 45.75+4.16 (4)
Avg 25 [4.65£1.90 (6) 22.84+6.65 (6) 40.33x4.01 (6) 29234 (6)* —

200 |26.3621.87 (6) 41.57+2.16 (6) 46.30+2.34 (6).0812.53 (6) 52.54%4.07 (4)
0 ]1.80+0.29 (8) 3.25+0.46 (8)* 3.92+0.66 (8) 17.Z6M (8) 41.53%4.46 (6)
A 25 |3.99+1.46 (8) 18.2645.71(8) 32.84%5.80 (8) 481507(8)** 55.36+0.95(2)*
200 |26.49+1.67 (8) 42.19+1.63 (8) 47.15+1.84 (8).1522.00 (8) 54.84+2.98 (6)

As regards the aim of the present study, trying to clarify the succession
of the phenomena responsible for (or at least &sacwith) the release of the
apoptotic factors from mitochondria, in the firdage that of cyt ¢, necessary for
establishing a correct causal relationship in tiberpretation of the apoptotic process,
we have succeeded in identifying indubitably thdérimawelling as the event that
precedes botA¥ collapse and calcium release and establishedhbdatter events
are triggered as the swelling approaches the mawinate,i.e., they are caused by
the permeability transition and not vice-versac@irse, one should not forget that
our recordings are an expression of the statistiedlaviour of a mitochondrial
population, these phenomena stimulating each alsemore and more mitochondria
suffer the permeability transition. The sigmoid exdpof the swelling curve is in
fact suggestive of co-operative phenomena. Alsmalvith the loss of membrane
potential there is a loss of mitochondrial abitilyperform oxidative phosphorylation
(see [10, 28, 61] and the references therein). &presitly, the lack of energy (under
the form of ATP) enhances the metabolic stressamentuates the permeability
transition and all the associated phenomena, esiag hble to change the type of cell
death, from apoptosis to necrosis (see, for exarf§ie47]). The mutual conditioning
of these phenomena is proved also by the factviii@n the metabolic stress is
very intense, the association between the 3 phemasiedied by us is so tight that
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the limited time resolution of our spectrophotometees not allow their temporal
dissociation. We observed this situation with vieigh concentrations of calcium,
added in one pulse, or in the presence of othengtapoptotic inducers [65].

In conclusion our present results are a promising preliminaep,swhich,
hopefully, in corroboration with the electron miscopy and biochemical assays
that we are going to perform on the material takérdifferent points in our
experiments, will allow us to clarify other contesgial problems of apoptosis, or
at least of the cell death induced by alcohid, of the general relationship
between apoptosis and necrosis in the alcoholir tiNsease.
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EFFECT OF ACUTE ENDOTOXIN ADMINISTRATION TO RATS ON
MEMBRANE PERMEABILITY AND RELATED FUNCTIONAL
PARAMETERS OF LIVER MITOCHONDRIA

CORNELIU TARBA “ and FELICIA SUARASAN’

SUMMARY. — Male white Wistar rats were maintained in our amima
facility for 14-18 weeks and the evolution of thieddy weight was assessed
periodically. 24 hrs before sacrificing, part ok tleontrol animals were
injected with either 0.5 or 2 mg bacterial endattkg body weight. Another
group of rats was chronically fed ethanol (1.5 fd&% alcohol/100 g body
weight, daily) and some of these alcoholic rate aéceived 0.5 or 2 mg
endotoxin/kg body weight 24 hrs prior to sacrifi¢de liver of the animals
was used for mitochondrial preparations and in socases also for samples
of electron microscopy. Mitochondrial membrane peability was assessed
indirectly from the matrix swelling in the preserafadifferent concentrations
of calcium. In addition, membrane potential) and calcium fluxes were
also monitored spectrophotometrically, as describedur previous paper
(Tarba and Sirasan [46]). The capacity of mitochondria to resistlifferent
calcium loads was estimated qualitatively from ssgrectrophotometric
recordings and also quantified by counting the remalh calcium pulses (of
12.5uM each) needed for the triggering of the permegtilansition, A¥
collapse and calcium release. Predictably, allpghenomena tested occur
faster (at shorter times and/or lower calcium cotvedions) in ionic media,
especially in those that lack magnesium. Howevatistcally, no significant
differences were observed between the resultsnalotaiith the two doses of
endotoxin. Also, a certain degree of similarity Iddoe observed between the
ethanol-fed and the endotoxin-treated rats. Omtier hand, very significant
differences were observed between the mitochonfltize endotoxin-treated
rats (as a single group) and of the control ratsisT mitochondria from
endotoxin-treated animals are more sensitive tiutalloads than those of the
(non-alcoholic) control, they approaching the béhavof the mitochondria
from alcohol-fed rats, although the sensitivitycadcium is somewhat lower.
This lower sensitivity can be seen in ionic medipecially in the swelling
medium (KSW), where the differences are highly ificamt (p<0.001). The
mitochondria of double-treated animals (endotorjedted alcohol-fed rats)
show a more complex behaviour and less homogeridisir sensitivity to
metabolic stress is in general higher than th#tt@simply endotoxin-treated
animals, but comparable to that of the simply ethéed rats, although in
ionic suspending media membrane permeability dgtteaids to be lower, a
fact that must be attributed to the endotoxin tnesit. A certain degree of
dissociation of th¥ collapse from the matrix swelling and calcium aske
was also observed. The fact th&t collapse occurs apparently at a later time
than the matrix swelling and calcium release igrpreted by us as an
indication of a differential sensitivity of diffanetypes of hepatic mitochondria
to the metabolic stress factors, such as chron@net feeding and acute LPS
administration.

"Babe-Bolyai University, Department of Experimental Bigy, 400006 Cluj-Napoca, Romania.
E-mail: cntarba@biochem.ubbcluj.ro
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As discussed in a more extensive way in previatisles [44, 46], chronic
ethanol administration has been generally assdciatin specific hepatic structural
and functional alterations known as the alcohadlierldisease (ALD). However, the
exact mechanism of this disease is not entirelysmnd-or decades, ALD has been
attributed to necrotic events associated, amoner attings, with the production of
proinflammatory cytokines, such as interleukin-1-{) and tumour necrosis
factora (TNF-o) [6, 10, 25, 47]. However, relatively recent didicate that under
certain circumstances both the acute and chrohanet administration is associated
with a process of liver apoptosis [1, 7, 14, 20, 38] which, paradoxically, can
facilitate latter necrotic events leading to ALD, [1, 8, 16, 26, 33, 47]. What
exactly determines the type of cell death (apopt@si necrosis) is not entirely
understood, although it seems to be related firtallhe amount of ATP produced
by mitochondria, as described elsewhere [21, 2R,[3fferent properties, such as
the rate and the intensity of the triggering agessswvell as the presence/absence of
certain factors having sensitising, modulating\areprotective effects determine the
final outcome. Among other factors, for example #xcessive alcohol consumption
increases the absorption from the gut of bactemnaotoxin or lipopolysaccharide
(LPS) [3, 27, 32, 37], a toxin produced by Gramatizg bacteria, which is associated
with the stimulation of the cytokine secreting sefthe hepatic macrophages or
Kupffer cells) [5, 8, 16, 25, 26]. LPS seems toreie effects mainly through TNF-
related events [6, 8, 13, 16, 25, 47], althoughtraalictory results are sometimes
reported by different authors (see [23, 28, 33]). te other hand, as anticipated
above, progresses made during the last decade stuty of apoptosis have placed
mitochondria in a central position in controllingst very complicated process [1, 2,
10, 16, 18, 19, 39]. It seems that the main everthé control of apoptosis by
mitochondria is the formation of the so-called peatnility transition pore (PTP),
which represents the structural basis for a drastamge in membrane permeability
associated with the release of the apoptogeniori&adncluding cytochrome c [4, 14,
18, 19, 24, 35, 36, 39]. Many studies have trig¢elyato link alcohol consumption
and/or endotoxicosis to changes in mitochondriahbrane permeability, suggesting
an increased permeability [14, 20, 26, 33, 34], bubur opinion, the results are
controversial [38, 43-46].

The present article is part of a larger study dirmeestablishing the order
of events leading to the release of the apoptodaciors from the mitochondrial
intermembrane space and uses alcohol and enda@sxiretabolic stress factors for
the induction of apoptosis and/or necrosis in atémkept under more natural
conditions (sedMaterial and Methodsthan usually reported in the literature. In a
previous article [46] we dealt mainly with the effef alcohol, whereas the present
study is dedicated to the effect of acute endot@xiministration, both in control
(i.e., non-alcoholic) and alcoholic rats. Two prelintipaeports on our results have
also appeared [38, 45].
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Material and methods.Animal treatments and preparation of mitochondria.
Male white Wistar rats were kept under normal ctiads in our animal facility for
14-18 weeks, starting from an average weight ofd/2@lividual, while the evolution
of their weight was assessed periodically. The wage kept on a normal diet (a
premix containing all the ingredients of the Lardet), with free access to water. One
group served as control (C), while in another gr@peach rat was supplemented
daily with 1.5 ml of 48% ethanol/100 g body weiglimt.both groups, 24 hrs before
the sacrifice, part of rats were injected with eftB.5 or 2 mg LPS/kg body weight
(b.w.), administered in the caudal vein. All thésrevere fasted for the last 24 hrs
and sacrificed by decapitation after a slight atiessa. Small pieces of liver were
taken in some cases and prepared for electron sgigpy, while the rest of the
liver was used for preparation of mitochondria,eesislly according to Johnson
and Lardy [17], in a medium containing 200 mM maaolni70 mM sucrose, 5
mM Hepes-KOH (pH 7.37) and 0.5 mM Na-EDTA. The waghmedium (which
also served as a preserving medium) lacked thathglagent (EDTA).

Spectrophotometric measuremeritising the principles and methodology
described in our previous paper [46], a diode-aspgctrophotometer (Specord
S 100B, Analytik Jena, Germany) was employed foasneements of membrane
potential and/or calcium fluxes in parallel withettmatrix swelling, while the
extension (amplitude) of swelling was quantitaiivassessed on separate recordings,
where the reaction was triggered by the additionrmabchondrial protein itself.
The suspending media used for incubations are risig) as follows: MS (210 mM
mannitol, 70 mM sucrose, 1.5 mM Mg IMSK (110 mM mannitol, 40 mM sucrose,
65 mM KCI, 1.5 mM MgC)); MSK—-Mg (the same as MSK, but without Mg). All
these media also contained 5 mM Hepes (pH 7.37lani1 KR. Mg (as MgC))
and phosphate were usually added directly to thettes. In addition, a special
swelling medium (KSW) was also used. It contain@d@ @M KCI, 50 mM sucrose,
10 mM Hepes and 5 mM KMifferent amounts of CagWwere either added gradually
to the spectrophotometer cuvettes, where the iticubi@ok place, or in one pulse, up
to the desired final concentration. Since succif@te mM) was used as a respiratory
substrate, &M rotenone was also present in the cuvettes. Ajhove made some
attempts at obtaining precise values of membramengal amplitude and calcium
concentrations (as described elsewhere [44]), thst meliable quantitative result
was reached by counting the number of calcium pysfel2.5uM each) necessary to
be added to the mitochondrial suspension in oménduce the calcium release, a
phenomenon which is always more-or-less assoctadhe permeability transition
(as monitored by matrix swelling) aidV collapse. The statistical significance of
the differences between groups was computed bgtident test.

Results and discussionMitochondria of non-alcoholic LPS-injected rats.
Based on previous experiments in which we obseavddse-dependent response to
acute LPS administration [43], we selected twoedifit concentrations of endotoxin
to be tested: 0.5 mg LPS/kg body weight (b.w.) 2nay LPS/kg b.wAlthough there
are clear differences in comparison with the namwfablic group (control, C), the
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differences between the two LPS-injected subgroanesin general small. The
spectrophotometric results obtained in several aemith the two subgroups
(designated as 0.5-LPS and 2-LPS, respectively3@rpared in Figs. 1-10.

From Figs. 1 and 2 we can compare the behaviomitothondria belonging
to the two subgroups, as regards the calcium fluxbsreas from Figs. 3 and 4 the
corresponding aspects of the membrane potentiabeatompared. It can be seen
that not only the number of calcium pulses takerbypmitochondria before the
beginning of calcium release and’ collapse are very close (if not identical), but
the general aspects of the recordings are sinmilelyding the lower curves which
represent the matrix swelling. At the same timewé& compare these recordings
with those of the control rats (see our previousepd46]), a higher sensitivity to
calcium can be observed in the present experiment.

In general, the similarity of behaviour of the tw®S subgroups is also
preserved in media with a higher ionic content §Fi&-10), where the number of
calcium pulses taken up by mitochondria is smabei, certain subtle differences
also become apparent, as can be best seen fromakogpigs. 7 and 8. An obvious
dissociation between the initiation of the permiitgitiransition (absorbance decrease
on the lower curve) and the beginning/oF collapse (absorbance increase on the
upper curve) can be observed in Fig. 8. This typeetvaviour is in general more
evident for mitochondria of the 2-LPS subgroup eesgly in media lacking M
(i.e., MSK-Mg and KSW). Figs. 9 and 10 show the similagf behaviour of the
two subgroups with respect to calcium fluxes.

o0
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ES0.4E - Y0053 wm

Fig.1.Calcium fluxegupper curvepnd mitochondrial swellindlower curve)in the MS
medium, in a preparation belonging to a rat frore thh5-LPS subgroupn all figures, the
first spike is associated with the injection of gnate (2.5 mM), the rest being associated
with CaCl pulses of 12.5iM each, except those added aftef'Galease (oAY collapse).
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Fig.2.Calcium fluxegupper curveand mitochondrial swellindlower curve)in the MS
mediumjn a preparation belonging to a rat from the 2-LR&group.
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Fig.3.Membrane potentiaupper curveandmitochondrial swellinglower curve)n the MS
medium, in a preparation belonging to a rat from h5-LPS subgrouplote the relatively
close association between the initiatior\®f collapse (absorbance increase on the upper
curve) and of the mitochondrial swelling (absorleathecrease on the lower curve).
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Fig.4.Membrane potentiglupper curvepnd mitochondrial swellindlower curve)in
the MS mediun a preparation belonging to a rat from the 2-LR&group.
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Fig.5.Calcium fluxegupper curveand mitochondrial swellinglower curve)in the
MSK mediumin a preparation belonging to a rat from the 0.5-L&#group.
Note the smaller number of calcium pulses (thathénMS medium) to which

mitochondria can resist (cf. Fig. 1).
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Fig.6.Calcium fluxegupper curvepnd mitochondrial swellinglower curve)in the

MSK mediumin a preparation belonging to a rat from the 2-LRfgroup.
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Fig.7.Membrane potentiglupper curvepnd mitochondrial swellindlower curve)in
the MSK mediunin a preparation belonging to a rat from the 0.5-L&i®group.
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Fig.8.Membrane potentiglupper curvepnd mitochondrial swellindlower curve)in
the MS mediuin a preparation belonging to a rat from the 2-LRfgroup.Note the
dissociation between the initiation of swelling @hd beginning oAY collapse.
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Fig.9.Calcium fluxegupper curvepnd mitochondrial swellinglower curve)in the
MSK-Mg mediumin a preparation belonging to a rat from the 0.5-L&®group.
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Fig.10.Calcium fluxegupper curvepndmitochondrial swellinglower curve)in the
MSK-Mg mediumin a preparation belonging to a rat from the 2-LRfgroup.

If a strictly quantitative comparison is made,témms of the number of
calcium pulses to which mitochondria resist befigating to swell, the differences
between the two LPS subgroups are not statisticgiipificant. Therefore, for
comparisons with other groups, we pooled together twvo LPS subgroups.
Statistically, very significant differences are @ibed in this way if the comparison
is made with the control group (C), as can be ofeskefrom Table 1, whereas if the
comparison is made with the alcoholic group (A) tlikerences are smaller and
significant only in MSK and KSW media, as can berséom Table 2. It must be
stressed, however, that the differences are negaticomparison with the control
and positive in comparison to the alcohol-fed rateaning that the effect of the
acute LPS administration, even though obviousgess Istrong than that of the
chronic ethanol feeding.

Table 1
Mitochondrial sensitivity of the LPS-treated groupas compared to the control
Statistical parameter X + SEM T nN=m+m-2 p
Suspendi Group
medium ﬁg\ c LPS
MS 7.750 £ 0.250 5.250 £ 0.339 3.981 6 <0.01
MSK 5.214 +0.343 3.125 £ 0.190 7.567 19 <0.001
MSK-Mg 3.286 £0.184 2.300 = 0.200 3.567 10 <0.01
KSW 3.143 £ 0.143 2.083 £ 0.091 6.122 11 < 0.001
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Table 2
Mitochondrial sensitivity of the LPS-treated groupas compared
to the alcohol-fed group

Statistical parameter X + SEM T N=mn+n-—2 p
Suspendiny,  Grou

medFi)um \g\ i Avs LPS

MS 4.750 + 0.750 5.250 + 0.339 0.750 6 >> 0.1
MSK 2.333+0.105 3.125 +0.190 4.683 18 < 0.001
MSK-Mg 2.000 +0.129 2.300 +0.200 1.303 9 >0.1
KSW 1.000 £+ 0.000 2.083 +0.091 8.878 7 <0.001

Approximately the same conclusions can be drawthéf amplitude of
swelling (calculated as percent of absorbance deereelative to the maximum
absorbance) is compared at different times, esibpetia higher calcium loads (25
and 200uM). From Table 3, one can see significant diffeemnin comparison to
the control (C), whereas the differences are ireggmot significant if comparison
is made with the ethanol-fed group (not presented).

Table 3
Amplitude of mitochondrial swelling (mean valuesat different calcium
loads and times(SEM = standard error of mean; n = number of alima
tested; * p < 0.05; ** p < 0.01)

Time (min) 1 5 10 20 30
Group |[C&" | —AAIAG (%) —AAIAG (%) —AAAG (%) —AAIAG (%) —AA/A, (%)
(mM) +SEM (n) +SEM (n) +SEM (n) +SEM (n) +SEM (n)

0 2.57+0.59 (8) 4.83+0.46 (8) 6.55+1.12 (8) 21.62+3.77 (8) 45.15+2.82 (6)
C 25 | 2.91+0.45 (8)19.43+4.51 (8) 43.98+2.42 (8) 56.34+1.78 (8) 60.39+0.90 (5)
200 | 27.39+2.62 (7)46.61+7.03 (7)52.73+2.31 (7) 57.22+2.04 (7) 61.89+0.30 (2)

0 2.23+0.22 (14)3.44+0.50 (14) 5.81+1.41 (14) 26.25+2.46 (14)41.83+2.99 (6)
LPS 25 |2.83+0.47 (1320.63+4.20(13)34.53+3.69(13)45.10+2.79(11)*56.60+1.29(4)*
200 |22.28+2.07(1439.02+2.10(14)3.64+2.38(14)*48.77+2.27(14)*54.84+2.98 (6)

Mitochondria of alcohol-fed LPS-injected rat¥he spectrophotometric
results with this type of mitochondria are presdnteFigs. 11-22. The alcoholic
rats injected with 0.5 mg LPS/kg b.w. and 2 mg W@Sh.w. are designhated as
A+0.5LPS and A+2LPS, respectively. Although there @ertain small differences
between the two subgroups, they turned out to h#&sstally not significant.
However, as in the case of simply alcohol-fed (at® [46]), we observed (in both
subgroups injected with LPS) the presence of raith \atypical responses.
Therefore, this time, the figures are so arrangetbanake obvious the differences
between the rats with typical (A+LR3)nd atypical (A+LPS)responses, for each
subgroup. Differences can be observed in all thdianand for all the parameters
monitored or measured.
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lllustrations from the typical and atypical (A+DFSS) subgroups are presented
in Figs. 11-16. Figs. 11-12 and 13-14 present dspafcthe calcium fluxes and
membrane potential, respectively, each associatédtiae matrix swelling, in the
MSK medium, while Figs. 15-16 present aspects efdhlcium fluxes and matrix
swelling of the same subgroups in KSW medium. it ba seen that the calcium
load tolerated by the mitochondria of the atypisabgroup is higher than that
tolerated by the typical subgroup. In additioneat@in degree of dissociation can
be observed between the moments of initiation dfisnawelling andAY¥ collapse,
especially in ionic media, for mitochondria of thgypical subgroup (see Fig. 14).
There is also a difference in the extent of madriselling at relatively low calcium
loads, as can be seen from Figs. 15-16, the ardplitidi swelling being larger in
mitochondria of the atypical subgroup.

Figs. 17-22 present illustrations taken from the {A+2LPS) subgroups.
From Figs. 17-20, one can see the really largeewdiffces, recorded in the MS
medium, existing between the typical and atypiaghbsoups, regarding the number of
calcium pulses that mitochondria are able to tgkebefore the triggering of the
matrix swelling,A¥ collapse and calcium release. Figs. 21-22 denutesthat
such differences are also evident in ionic medisitkof Mgz", such as MSK-Mg,
although they are not so impressive as in a bagicah-ionic medium (MS).
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Fig.11.Calcium fluxegupper curvepnd mitochondrial swellindlower curve)in the
MSK mediumin a preparation belonging to a rat from the (A+0F5%) subgroup.
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Fig.12.Calcium fluxegupper curvepndmitochondrial swellinglower curve)in the
MSK mediumin a preparation belonging to a rat from the (A+0F%), subgroup.
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Fig.13.Membrane potentiglcurve A)andmitochondrial swellindcurve B)in the MSK
mediumin a preparation belonging to a rat from the (A+0B%) subgroup.
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Fig.14 .Membrane potentigupper curvepndmitochondrial swellinglower curve)in the
MSK mediumin a preparation belonging to a rat from the (A+0P&), subgroup Note
the dissociation between the initiation of swellargd the beginning ¥ collapse.
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Fig.15.Calcium fluxegupper curvepnd mitochondrial swellinglower curve)in KSW
mediumin a preparation belonging to a rat from the (A+DE5) subgroupNote the small
number of C& pulses to which the mitochondria resist and adrbpi shallow swelling,

until further C&"is added.
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Fig.16 .Calcium fluxegupper curvepnd mitochondrial swellindlower curve)in KSW
mediumin a preparation belonging to a rat from the (A+0B&), subgroup.
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Fig.17.Calcium fluxegupper curveand mitochondrial swellindlower curve)in the
MS mediumin a preparation belonging to a rat from the (A+2LPS&)bgroup.
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Fig.18.Calcium fluxegupper curvepndmitochondrial swellinglower curve)in the
MS mediumin a preparation belonging to a rat from the (A+2LRS)bgroupNote the

high resistance of mitochondria to calcium loading.
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Fig.19.Membrane potentigupper curvepnd mitochondrial swellinglower curve)in
the MS mediugmn a preparation belonging to a rat from the (A+2LP&)bgroup.
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Fig.20.Membrane potentiglupper curveandmitochondrial swellinglower curve)in
the MS mediunin a preparation belonging to a rat from the (A+2LBRS)bgroup.
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Fig.21.Calcium fluxequpper curveland mitochondrial swellinglower curve)in the
MSK-Mg mediuryin a preparation belonging to a rat from the (A+2LPS&)bgroup.
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Fig.22 .Calcium fluxegupper curvepndmitochondrial swellingdlower curve)in the
MSK-Mg mediunin a preparation belonging to a rat from the (A+2LRS)bgroup.

Quantitative comparisons regarding the numbealzfum pulses (of 12.hM
each), taken up by mitochondria before the indifatf calcium release, are presented
for the (A+0.5LPS) and (A+2LPS) subgroups in Tadlemnd 5, respectively. As can
be seen, the differences between the typical arpical subgroups are statistically
significant or even very significant in all the neetested. On the other hand, despite
apparent small differences, no significant statétdifferences could be established
between the typical subgroups themselves (or thgicatl subgroups). Therefore,
in further comparisons, the typical subgroups viEeled together in one group.

Table 4

Comparison between the typical and atypical A+0.5LB groups
Statistical parameter X + SEM t nNn=m+m-2 p
ii%?j;d'rm\GrOUD (A+0.5LPS)  (A+0.5LPS),
MS 3.750+0.250  5.500 £ 0.500  3.615 4 <0.05
MSK 2.313+0.237  4.250+0.250  5.012 4 <0.01
MSK-Mg 2.000 +0.000  3.000 +0.000 — 3 — 0
KSW 1.750 £ 0.250  3.000 + 0.000  3.333 4 <0.05
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Table 5
Comparison between the typical and atypical A+2LP$§roups

Statistical parameter X + SEM t

Suspendi Grou
e h‘g\ P (a+2LPs)

nN=m+n-2  p

(A+2LPS),
MS 3.833+0.183 _ 7.500 +0.500  5.389 3 <0.02
MSK 2.833+0.167 _ 5.000 +0.000  1.073 3 <0.01
MSK—-Mg 2.000 £ 0.000  3.250+0.354  4.743 3 <0.02
KSW 2.000 +0.000  3.000 + 0.000 — o 3 -0

In order to establish in a more precise way th&rdaution of each of the
two stress factors used in this experiment (chretii@nol feeding and acute LPS
injection), we compared the typical A+LPS grougum with the typical alcoholic
group (A.¢ and with the (non-alcoholic) LPS-injected grotipe results are presented
in Tables 6 and 7, respectively. As can be seen Trable 6, with one exception (the
KSW medium), there are no significant statisticéledences between the typical
A+LPS group and the typical alcoholic group. On tiker hand, also with one
exception (the MSK-Mg medium), there are very digant differences between
the typical A+LPS group and the one treated WRIS only, as shown in Table 7.

Table 6
Comparison of the typical A+LPS group with the alcdol-fed group

Statistical parameter X + SEM t nNn=m+mn-2 p

Suspending_  Group

Nl \g\ Ave (A+LPS)

MS 4.750 £ 0.750 3.786 £ 0.214 1.820 7 >0.1

MSK 2.333£0.105 2.536 £0.176 0.946 11 >0.1

MSK-Mg 2.000 £0.129 2.000£0.000 — 0 10 >>> 0.1

KSW 1.000 + 0.000 1.857 £ 0.091 3.794 8 <0.01

Table 7

Comparison of the typical A+LPS group with the LPStreated group

Statistical parameter X + SEM t N=m+mnp-2 p

Suspendiny, Group

bl \ LPS (A+LPS)

MS 5.250 + 0.339 3.786 £0.214  4.965 11 <0.001

MSK 3.125 £ 0.190 2.536 £0.176 3.134 19 <0.01

MSK-Mg 2.300 + 0.200 2.000 + 0.000 1.662 9 >0.1

KSW 2.083 £ 0.091 1.857 + 0.091 2.274 11 <0.02
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This observation tells us that of the two stres$ois used in our experiments, the
chronic ethanol feeding is by far the most impartame. This does not mean that
the effect of LPS is not visible. In fact, the shve amplitude (in KSW medium)
of the mitochondria obtained from double-treatets$ iia significantly smaller at
almost all times and for all calcium loads, whergashe case of either (simply)
alcoholic or LPS-injected animals this is true ofdy a few selected combinations
of incubation time-calcium load (see Table 3 in][d6d the present work).

General discussiorin accord with previous results obtained with tapt
under tightly controlled conditions and fed a lidjaiet [12, 43], we find that the
acute LPS administration in small doses also affdot membrane permeability
and related parameters of liver mitochondria frorimels raised under the present
conditions and that it modulates the response tonit ethanol feeding, by
decreasing the membrane permeability, even thougleffect is not so obvious as
before. In fact, it is very likely that the chrordthanol feeding for such a long time
(4 months) is associated with a constant penetraifd_PS through the intestinal
wall of the rats, as shown in the literature fanitar circumstances [3, 32, 37].
Under these conditions, it is expected that thecefdf alcohol should be modulated
by the endogenous LPS and that the rats have glggaded a certain tolerance to
endotoxin. This might explain also why the LPS ddsependent effects reported
previously [43] are not so obvious in the preseqtegiments. It must be stressed,
however, that in our previous experiment we moeioonly the matrix swelling in
KSW medium, while the present work deals with mpezameters and several
different incubating media, for which we do not baa comparing possibility.
Nevertheless, there is one study that can be pastipborated with ours, showing
an increased mitochondrial respiratory capacitgragndotoxin pretreatmeit vivo
[12] and several other reports demonstrating ptisie@gainst oxygen toxicity and
an increased synthesis of superoxide dismutaseblgdal insuflation of endotoxin
or other similar treatments [9, 11, 29, 40]. Thelsservations and others lend support
to the idea that LPS partly counteracts the effettethanol by controlling the
production of the so-called reactive oxygen spe¢R®S), which have been
demonstrated to be involved in ALD [1, 15, 16, 20).

The problem with our alcohol-fed rats, howeveems to be complicated
by the presence of animals with (what we call) afglpresponsei.e., rats with
very low sensitivity to alcohol, that can be obseheven after the LPS treatment
of ethanol-fed animals. We found that about 30%hefrats can be included in this
category. Of course, considering our model of ethadministration, one could
suspect that the rats insensitive to alcohol (aeded as atypical) were in fact rats
that somehow managed to avoid taking their shaethainol. This can be ruled out,
however, by the fact that atypical animals were discovered among the double-
treated (alcohol-fed, LPS-injected) animals, whema such animals were identified
among the non-alcoholic (control) rats injectedhwlifPS. If the effect is due to
alcohol avoidance, the mitochondria of such ratasighhave a similar behaviour to
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that of the LPS-injected control. However, thigenerally not the case, since the
mitochondria of atypical double-treated rats shess Isensitivity to metabolic stress
than those of the LPS-injected rats.

Another problem that should be addressed is ig;a@nd explanation of the
partial dissociation between the initiation of thatrix swelling and the beginning of
AY collapse in mitochondria of either alcohol-fed ®S-injected rats, but especially
in mitochondria of double-treated rats. Is thisl i@ais it an artefact? And, if it is
real, what is its significance? Since this diss@migphenomenon is not so obvious for
the calcium release, which normally should accorpa¥ collapse, an artefact
seems a likely candidate. However, if one undedstdime response mechanism of the
potential-sensitive probe, alternative explanaticars be put forward. The mechanism
of response of the cyanine dye used in the presgmriments was unravelled many
years ago [41, 42]. The most important featurehef dye is its moderate hydro-
phobicity, which makes it membrane permeant, buthatsame time membrane
bound. When a membrane potential difference ig logi] the cationic dye, which
is initially symmetrically distributed, simply coentrates on the negative face of
the membrane. This surface concentration changs teaa concentration-dependent
dimerisation associated with a change in the alisorgpectrum. We assume that
our preparation is a heterogeneous population @bamdndria, in which some
organelles are more sensitive than others to diffareatments (ethanol and/or LPS),
either by their different origin and/or by theirfférent position in the liver. If this
is true, then some of the mitochondria will staepdlarising and releasing calcium
sooner than others. Since the probe is in a limaradunt (2.5.M), the dye of the
inert mitochondria (those that have suffered themgability transition) can now
redistribute among the still active mitochondridnieta can concentrate and dimerise
or polymerise it, thus keeping the absorbanceivelgtunchanged until the majority
of mitochondria suffer depolarisation. The calciprobe, on the other hand, is in
much higher concentration (3®1) and, being much more polar, it also has a diffier
mechanism of response. Therefore, the releasdaficabecomes apparent sooner
after the triggering of the matrix swelling. In oypinion, the apparent dissociation
of the membrane potential collapse from the otler phenomena studied, is a
strong indication that mitochondria from differdiner cells and/or different places
have a differential sensitivity to apoptotic/neaitress factors (in our case ethanol
and LPS). We hope that our electron microscopy kgt least to some extent, will
confirm our supposition. However, in order to haweear-cut response, it is necessary
to prepare mitochondria from different liver ceffsarenchymal, Kupffer, stellate
cells etc.) and find more subtle ways to moniter dltivity of these cells situ.

Conclusions.From the results obtained in the present work artypfrom
those reported in our accompanying paper [46],amedcaw four groups of conclusions.

1. For all the experimental groups of rats (herfioe all the treatments),
from the three membrane-associated phenomena dfutle one that is triggered
first is the matrix swelling. Calcium release aki#l collapse occur more or less in
parallel, as a consequence of the permeabilitysiiian and not vice-versa.
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2. In general, in all media used for incubatidrg thronic alcohol-feeding
increases the sensitivity of mitochondria to aattess factors (such as LPS and
calcium), although the reactivity of the animalsyyaome of them displaying alcohol
tolerance.

3. The acute administration of bacterial endotdkiRS) to control rats, in
sublethal doses, has an effect similar to, but ¢gase than, that of the chronic
ethanol-feeding. A certain degree of dissociatibn'¥ collapse from the other two
phenomena studied can be observed.

4. LPS administration to alcoholic rats leads moitensification of the
dissociation phenomenon mentioned above, a faathwhiay point to a differential
sensitivity of different types of hepatic mitochoiad At the same time, a decrease
in mitochondrial membrane permeability can be olesin the swelling medium,
when moderate concentrations of calcium are usedgesting that LPS may
contribute to the phenomenon of alcohol tolerance.
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UTILIZAREA INDICATORULUI ENZIMATIC AL CALIT ATII
NAMOLULUI IN SCOPUL VALORIFICARII SI PROTECTIEI
LACURILOR SALINE

MIHAIL DR AGAN-BULARDA *, CATALIN EMIL GRIGORE ~
si DANIEL TURA*

SUMMARY. — Utilisation of the Enzymatic Indicator of Mud Quality
for Exploitation and Protection of Salt Lakes.We have determined six
enzymatic activities (phosphatase, urease, prateataase, actual dehy-
drogenase, potential dehydrogenase) and threezyonatic catalytic activities
(HO, splitting in autoclaved samples, TTC-[2,3,5-triphktetrazolium
chloride] reduction in autoclaved samples, wittmutvith glucose addition)
in the muds of the salt lakes Techirghiol, Nyn&nd Costingti, during
four seasons (summer and autumn 2002, winter anigsp003, respec-
tively). The enzymatic and the nonenzymatic catalgctivities varied
depending on the season, lake and the collectina.zbhe highest values
were obtained in the mud of the Techirghiol lakanfdollowed by the
Costingti and the Nuntg lakes. Generally, no evident seasonal variations
were registered.. Based on the enzymatic indicdtaonud quality (EIMQ),
we could determine the quality of the mud in thee¢hanalysed lakes.
The mud of the Techirghiol lake is a very active dhe, EIQM values
being between 0.5 and 0.59. The mud of the Castilaée had an EIQM
between 0.4 and 0.6, while the mud of the Ngiréke had the EIQM of
0.3-0.45. Taking into consideration the biologictdbdlity of the mud
through the variability coefficients, we were atdeestablish that the muds of
the Nuntai and Costingti lakes indicate an evolution towards high quality
muds. By means of the EIQM we could estimate tlwution of the mud
in the three lakes, in comparison to the situategistered 20 years ago.
In the case of Techirghiol lake the value of EIQidreased with 0.4 units, in
the case of Costige lake it increased with 0.2 units and in the Nt
lake with 0.1 units. The EIQM may be used for datring the quality of the
muds, in order to use them in balneotherapy oreictidg of their some
negative modifications — having this way the padbilto protect the lakes.

Este bine cunoscuticin sedimentele acvatice, procesele microbieng sta
la baza mineralizii materiei organice, precursi la baza degradii poluartilor
organici.

" Universitatea “Babg-Bolyai”, Catedra de Biologie Experimentgl400084 Cluj-Napoca, Romania.
_ E-mail: draganb@bioge.ubbcluj.ro
InspectoratulScolar Judgean lalomia, Slobozia, Romania



M. DRAGAN-BULARDA, C.E. GRIGORE, DTURA

Cataliza enzimatig sub controlul direct sau indirect al microorgamaor,
mediaz acest proces complex ce asigutesfisurarea ciclurilor biologice ale
elementelor C, N, B S.

Determinarea activitilor enzimatice in sedimentele acvatice, de attfali in
sol, constituie un instrument de cercetare peneuadua diversitatea futionak a
microbiotei, cu alte cuvinte a proceselor biochamilin aceste medii naturaiepentru
gasirea unor indicatori ai caditi solului [11], respectiv ai calitii sedimentelor
acvatice [10].

Namolul din lacurile saline este produsul procesehicrobiologice ce au
loc intr-un ecosistem acvatic in strArmonexiune cu congile de mediu [15].
Potenialul enzimatic al amolului refleck Tn mod direct sau indirect activitatea
microbiotei, influema difertilor factori fizici, chimici, antropogeni asupra enobiotei,
precumsi asupra procesului de acumulare a enzimglochiar a intensitii
activitatilor enzimatice. Funtnarea unui ecosistem nu poate fielead fara
participarea activa proceselor enzimatice [11].

Primele cercéati care au abordat determinarea aciiiienzimatice a unui
sediment acvatic au fost cele realizate de L eanrild [8, 9] la sedimentele unor
rauri din Africa de Sud, ca mai tarziu cetridé si se extind si la sedimentele
unor lacuri saline, apreciindu-se patalul enzimatic al @amolului printr-un indicator
enzimatic al calittii obtinut pe baza determini mai multor activititi enzimatice
si catalitice neenzimatice [1-3, 5-7, 10, 12-14]inkx clasificare a lacurilor saline
din tara noastr pe baza activitilor enzimaticesi catalitice neenzimatice alémolului
terapeutic a fost publicain 1986 de dtre K i s ssi colab. [6], fiind comparate
valorile indicatorului enzimatic al caliti namolului din 37 lacuri saline, iar apoi s-a
efectuat o a doua clasificare a 56 lacuri salineatlte M u n t e a gi colab. in 1996
[10], datele obinute ulterior fiind comparate cu acest din @rsistem de clasificare
a lacurilor saline.

In lucrarea de fa ne-am propusasurmarim valorile indicatorului enzimatic
al caliatii namolului la trei lacuri saline din zona litoralultoméanesc, determinate
n anii 2002si 2003, in vederea aprecierii catit namolului, ca factor de bazn
valorificarea acestuia in balneoterapie, respéntixederea stabilirii unor fsuri de
protecie a lacurilor in cazul cand apar influerantropogene nedorite.

Materiale si metode.Au fost studiate sedimentele a 3 lacuri salinezgina
litoralului romanesgi anume Techirghiol, Nungasi Costinati. Prelevarea probelor
de rimol s-a realizat in varg toamna anului 2002, respectiv in iagngrimavara
anului 2003. In cazul lacului Techirghiol, probeie rimol s-au recoltat din 3 puncte
(Debarcader, Coada laculuigii reci), din lacul Nuntg colectarea s-a realizat din
4 puncte (Camping, Istria 1, Istria 2, E-laculig), din lacul Costingi din 3 puncte
(Debarcader, Zona Obelisc, Camping).

Au fost determinate urfitoarele 9 activilti enzimaticesi catalitice neenzi-
matice: fosfatazi; ureazié, proteazid, catalazia, catalitia neenzimatig, reducerea
TTC in probe de #amol neautoclavate,ifi glucoz (activitate dehidrogenazic
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actuad), respectiv cu gluc@zactivitate dehidrogenazipoteniald), reducerea TTC in
probe de amol autoclavate afa glucoz, respectiv cu adaos de gludoin vederea
determirdrii activitatilor catalitice neenzimatice,apgi din probele de #mol s-au
autoclavat la 12°C, timp de o af, in trei zile consecutive.

Activitatea fosfatazit s-a determinat prin metoda luiK radmgErdeii
[4], in amestecuri de re@e ce au constat din 2,5 g sediment + 2 ml tol@anagent
antiseptic) + 10 ml substrat enzimatic (fenilfosdégodic, soltie 0,5 %) sau 10 ml
apa distilati. Activitatea ureazit s-a determinat prin metoda S u m n e r [4], in
amestecuri de rege constand din 2,5 g sediment + 2 ml toluen + Sohkie tampon
fosfat (pH 6,7) + 5 ml sotie de uree 3%. Activitatea proteazs-a determinat prin
metoda B e c k [4], in amestecuri de fisaconinand 2,5 g sediment + 2 ml toluen +
20 ml soldie de gelatia 2%. O tehnig bazal pe metoda lui K a p p e n [4] a fost
aplicat pentru determinarea actisii catalazice, in amestecuri de rgacu 1,5 g
sediment + 2 ml kD, 3% + 10 ml ap distilati. Aceeai tehnia a fost utilizai si
pentru determinarea actigfii catalitice neenzimatice, dar probele denol au fost
inactivate termic prin autoclavare. Reducerea Tl @robe de #Imol neautoclavate
(activitatea dehidrogenazicsi in probe de #mol autoclavate s-a determinat
conform metodei lui C a s i dsacolab. [4]. Compozia amestecurilor de rege a
fost urmatoarea: 0,5 gamol + 1 ml ag distilati sau 1 ml soltie de glucoz 3% +
0,5 ml soldie de clorui de 2,3,5-trifeniltetrazoliu (TTC) sau 0,5 mlaagtistilat.

Activitatile au fost exprimate astfel: activitatea fosfatazn mg fenol/ 2,5 g
sediment uscat/ 24 ore, 1a°87 activitatea ureazicin mg NH'/ 2,5 g sediment
uscat/24 ore, la 8C; activitatea proteazidn mg NH-N/2,5 g sediment uscat/24 ore,
la 37°C; activitatea catalazicsi catalitici neenzimatia in mg HO./1,5 g sediment
uscat/1 of, la 20C; activititile de reducere a TTC in mg trifenilformazan/0,5 g
sediment uscat/24 ore, la’87 Pentru fiecare activitate enzimatigi catalitici
neenzimatig a fost calculat coeficientul de vati@[4].

Rezultatesi discutii. Rezultatele otinute sunt prezentate in Tabelele 1-5,
respectiv in Fig. 1-5.

Tabelul 1 preziritdatele privind activitile enzimaticei catalitice neenzimatice
ale probelor de @amol colectate in vara anului 2002 din cele 3 latitmiale studiate
(Techirghiol, Nuntai si Costinati). Se poate constata, din analiza rezultateldr, ¢
au fost evidetiate toate cele 6 actiwit enzimatice (fosfatazic ureazié@, proteazid,
catalazi@, dehidrogenazicactual, dehidrogenazicpoteniala) si cele 3 activilti
catalitice neenzimatice (scindarea cataiicHO,, reducerea neenzimatia TTC
in probe #ra glucoz, reducerea neenzimatia TTC Tn probe cu glucay

Valorile activititilor determinate au oscilat in furede lacul studiat, respectiv
in funaie de locul de colectare. Lacul Techirghiol, unin @dei mai importati
produdtori de raimol sapropelic din Europa, se situggee primul loc n priviga
potenialului enzimatic al amolului, valorile activisitilor enzimatice, in special, fiind
cele mai ridicate, comparativ cu cele determinatedlelalte dodilacuri (Nuntai si
Costinati). In privinta locului de colectare, cele mai ridicate valoausinregistrat
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in zona Bile reci, la toate cele 6 acti#it enzimatice, urmate de zonele Debarcader
Coada lacului. In ceea ce prite activigtile catalitice neenzimatice, nu se constat
deosebiri marcante intre cele 3 zone de colectaleri usor mai ridicate fiind
oltinute n zona Debarcader, respectiv in cea de d&&tacului. Subliniemaclacul
Techirghiol are unamol negru onctuos, cu un grad ridicat de peloidizeare posed
un potemial enzimatic ridicat.

Din analiza Tabelului 1 reiese, de asemeriedyd lacul Techirghiol, valorile
activitatilor enzimatice sunt destul de insemngitén namolul din lacul Costingi,
dar mai reduse comparativ cu cele intalnite laetaainele lacului Techirghiol.
Lacul Costingti, se cunoste, are o salinitate mai &ufi, iar biocenozele sunt mai
sarace, fapt ce se reflecgi in potenialul enzimatic. Nmolul este tot unul negru,
dar cu un grad mai szut de onctuozitate. In cazul acestui laamolul din zona
Obelisc este cel mai activ pe plan enzimatic, preaed valorile cele mai ridicate
atat la activiitile enzimatice céi la cele neenzimatice.

Namolul din lacul Nuntgi prezin& cele mai s&zute valori ale activitilor
enzimatice, chiagi ale activititilor catalitice neenzimatice, cu exceepscindirii
H,0O,, unde la toate punctele de prelevafienalul a prezentat valori mai ridicate
decét probele colectate din celelalte @ddacuri. Intre cele 4 zone de colectare,
existi deosebiri in funge de activitatea enzimatialeterminat, dar ramolul din
punctele Istria ki Istria 2 s-a dovedit a fi cel mai activ pe plarizienatic. Subliniem
ca lacul Nuntai are un @mol cengiu, usor onctuos sau lipsit de onctuozitate, cu
un grad mai mic de peloidizare, care s-a demorstaaesai un poteriual enzimatic
mai sézut. Lacul Nuntgi prezin& o salinitate mai mig probabilsi biocenozele
sunt de alt tip, ceea ce ssfrangesi asupra procesului de peloidogehazspectiv
asupra potegalului biologic (enzimatic) al @molului.

In Fig.1 se preziitevoluia potenialului enzimatic al @amolului din cele 3
lacuri litorale, Tn perioada de vadin toate punctele de colectare, pe baza indidato
enzimatic al calitti namolului (IECN). Se poate constata mai pregnantrelifeerea
intre cele 3 lacuri litorale, precughintre punctele de colectare de la fiecare lac n
parte. Se confirthfaptul G pe baza acestui indicator global al actiitenzimatice,
lacurile Techirghiolsi Costineti se situeax in categoria lacurilor cu sedimente
active din punct de vedere enzimatic, avand valerlECN cuprinse intre Ogb 1, pe
cand lacul Nuntgd are rimol de calitate mai redaglin punct de vedere enzimatic,
valorile IECN fiind cuprinse intre 0,8 0,5. De asemenea, este evidddiferertierea
si intre punctele de colectare, fiecare lac prezehthzol cu rimol mai activ din
punctul de vedere al pot@ului enzimatic.

Dupa cum se poate vedea, in cazul lacului Techirgldib&rertierile intre
cele 3 zone sunt mai pregnante, in sensuboa de la Coada lacului se diseaa
la o diferema de 0,2 uniiti, de zona Bile reci, pe cand la celelalte dolacuri
namolul este mai omogen, diferanintre punctele de colectare fiind doar de circa
0,1 unitti.
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namol prelevate vara din lacurile litorale studiate

Tabel 1

Lacul Locul de Activitatea Activitatea Activitatea  Activitatea Reducerea TTC
prelevare fosfatazid ureazié proteazid  catalitici
Enzi- Neenzi- Namol Namol .
matici matici  neautoclavat autoclavat  'ECN
Fara Cu Fara Cu
glucoz glucoz glucoz glucoz
Techirghiol Debarcader 5,925 1,450 1,925 41,56@4,680 4,500 5,825 0,920 0,985 0,635
Coada 4,116 1,160 2,524 48,44@2,450 4,025 4940 1,100 1,200 0,715
lacului
Bailereci 7,220 2,350 3,286 46,20@1,600 5,116 6,200 1,090 1,195 0,868
Nuntgi  Camping 0,900 0,490 0526 27,223,670 2,160 2905 0526 0,520 0,364
Istria 1 1,270 0,600 0,724 28,3228953 2,612 3,100 0,620 0,700 0,435
Istria 2 1,925 0,702 0,803 29,9689,440 2928 3,625 0,725 0,800 0,488
E-lacului 0,830 0,395 0,640 31,4480,166 1900 2,400 0,832 0,790 0431
Costingti Debarcader 3,250 0,936 0,983 32,16@3,100 3,100 4,100 0,940 1,030 0,555
Zona 4,500 1,025 1,124 39,26@4,525 3,900 4,600 1,095 1,200 0,652
Obelisc
Camping 3,800 0,986 1,090 35,168,900 3,125 4,250 0,990 1,050 0,586
*IECN - Indicatorul enzimatic al cafitii namolului.
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Fig . 1.Indicatorul enzimatic al calitzii namolului — vara.
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In Tabelul 2 sunt trecute rezultateletiobte la determitrile activitatilor
enzimaticesi catalitice neenzimatice la probele danol colectate Tn toamna anului
2002. Se poate observé exist deosebiri, dar nu de ordin global, ci mai mult
oscilgii ale valorilor ohinute la diferite activitti enzimatice. Se meime poziia
lacurilor din punctul de vedere al pofiatului enzimatic, cu specificared @robele
din lacul Techirghiol prezigtchiar activititi usor mai ridicate, pe candimolurile
din lacurile Nuntai si Costinati au furnizat valori cu ceva mai &ute decéat n
perioada de vér ceea ce se poate remagcpe baza analizei Fig. 2. Se constat
se mefine si pozitia locurilor de colectare, cu o singuexcepie, in cazul lacului
Techirghiol, unde s-au nregistrat valori mai crgecla rimolul din zona Coada
lacului, acestea fiind foarte apropiate de valaslignute la cel din zona Debarcader.
Se poate afirmaacin mediul acvatic nu se semnalg@aarigii sezoniere decéat de
mica intensitate, la toate cele 3 lacuri litorale luetetudiu.

Tabel 2

Valorile activit atilor enzimatice si catalitice neenzimatice ale probelor de
namol prelevate toamna din lacurile litorale studiate

Lacul Locul de Activitatea Activitatea Activitatea  Activitatea Reducerea TTC
prelevare  fosfatazié ureazié proteazié catalitica
Enzi- Neenzi- Namol Namol

%
matici maticai neautoclavat  autoclavat IECN

Fara Cu Fara Cu
glucoz glucoz glucoz glucoz
TechirghiolDebarcader 6,240 1,829 2,146 46,626,096 6,379 9,200 1,725 1,6500,707
Coada lacului 4,600 1,700 2,788 45,3030,366 5,925 8,311 1,402 1,4950,708

Baile reci 8,200 2,688 3,929 43,20@3,725 6,800 9,025 1,200 1,2900,822
Nuntgi  Camping 1,320 0,700 0,680 29,7@%,600 2,400 3,100 0,400 0,5250,388
Istria 1 1,425 0,925 0,932 28,604,425 2,800 3,600 0,325 0,6130,359
Istria 2 1,640 0,990 0,998 31,408,306 3,100 4,000 0,788 0,7800,428
E-lacului 1,304 0,650 0,720 29,9823,405 2,900 3,300 0,902 0,8440,387

Costingti Debarcader 3,996 1,126 1,090 34,5p%,705 3,820 4,222 0,980 1,0100,494
Zona Obelisc 5,200 1,300 1,485 25,90@5,900 4,129 4,900 0,991 1,1150,546
Camping 4,326 1,250 1,325 26,1@%,100 4,016 4,725 0,940 0,9750,537

*IECN - Indicatorul enzimatic al cafitii namolului.

Rezultatele ofinute la determifrile efectuate asupra probelor d&mmol
colectate n iarna anului 2003 sunt cuprinse rell&t3, respectiv in Fig. 3. Se poate
observa &, practic, oscilgile valorilor activititilor enzimaticesi ale activititilor
catalitice neenzimatice sunt foarte restranse tim&mdu-se constatarea influenta
sezoniei este mi@ in cazul lacului Techirghioji foarte mi& in cazul lacurilor
Nuntai si Costingti (lacuri cu adancimi mai mici, comparativ cu lagdechirghiol).
Este de semnalati ¢éa nimolurile din lacurile Nuntg si Costingti chiar s-au ofinut
valori ale IECN mai ridicate in perioada de tdecéat in perioada de toafinia
toate punctele de colectare, ceea caréste afirmaia ca in sedimentele acvatice
ale lacurilor saline se face maitpusimtita influenta sezoniet, datorai in primul
rand factorilor climaterici.
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F ig . 2.Indicatorul enzimatic al calitzii namolului — toamna.

Tabel 3

Valorile activit atilor enzimatice si catalitice neenzimatice ale probelor de
namol prelevate iarna din lacurile litorale studiate

Lacul Loculde Activitatea Activitatea Activitatez ~ Activitatea Reducerea TTC
prelevare fosfatazi@ ureazi@ proteazid — cataliticd
Enzi- Neenzi- Namol Namol IECNF

matici matici  neautoclavat autoclavat

Fara Cu Fara Cu

glucoz glucoz glucoz glucoz
Techirghiol Debarcader 3,200 0,995 1,100 38,00@5,506 2,125 2,800 0,560 0,6100,583
Coada 2,100 0,800 1,500 36,3024,425 3,000 3,926 0,912 0,9800,728

lacului
Baile reci 3,800 1,326 2,100 40,126,100 3,600 3,728 0,990 1,0120,878

Nuntgi Camping 0,840 0,330 0,310 22,44%,516 1,740 2,305 0,415 0,4180,393
Istria 1 0,990 0,460 0,450 25,5587,412 1,925 2,604 0,306 0,3500,420
Istria 2 1,100 0,520 0,560 28,3129,500 2,010 2,925 0,525 0,6000,503
E-lacului 0,930 0,280 0,380 26,4081,040 1,500 2,040 0,280 0,3000,389

Costinati Debarcader 2,115 0,720 0,700 30,8024,940 2,117 3,116 0,726 0,8000,590
Zona 3,090 0,940 0,910 32,515,518 2,924 3,041 0,980 0,990 0,714
Obelisc
Camping 2,240 0,880 0,830 33,420,416 2,200 2,900 0,800 0,860 0,620

*IECN - Indicatorul enzimatic al cafitii namolului.
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F i g . 3.Indicatorul enzimatic al calitzii namolului — iarna.

Determirdrile efectuate in perioada de p#ivara 2003, la Bmolurile din cele
3 lacuri studiate, sunt trecute ih Tabelul 4, retpén Fig. 4. Acestea au confirmat
concluzia noaslrca schimtarile sezoniere in sedimentele celor 3 lacuri ansdiz
sunt de mig importana, comparativ cu sedimentele acvatice din apeleatoage
si In contrast cu cele semnalate de tmcércetitori in cazul solurilor din zonele
temperate. Mai mult, la lacurile Nustai Costinati, chiar se inregistreazalori mai

mici ale IECN 1n perioada de privara, comparativ cu cele calculate in celelalte 3

anotimpuri.

Tabel 4
Valorile activit atilor enzimatice si catalitice neenzimatice ale probelor de
namol prelevate primavara din lacurile litorale studiate

Lacul Locul de Activitatea ActivitatecActivitatee  Activitatea Reducerea TTC IECN*
prelevare fosfatazi& ureaziéd proteazid  catalitici
Enzi- Neenzi- Namol Namol
matici matici neautoclavat autoclavat
Fara Cu Fara Cu
glucoz glucoz glucoziglucoz
Techirghiol Debarcader 8,659 1,955 2,800 48,3630,345 6,328 9,306 2,900 2,980 0,795
Coada 5,275 1,624 3,112 40,2002,284 5,210 6,800 1,480 1,600 0,609
lacului
Biile reci 7,935 2,985 3,560 46,1224,386 7,251 10,245 2,100 2,300 0,824
Nuntagi Camping 2,112 0,825 0,805 30,9@®%,300 2,700 3,400 0,500 0,504 0,335
Istria 1 2,614 0,991 1,220 29,3@6,525 3,112 3,700 0,380 0,400 0,359
Istria 2 2,912 1,200 1,405 31,2257,627 3,345 4,114 0,804 0,860 0,420
E-lacului 2,557 0,850 0,980 30,0124,428 3,091 3,900 0,900 0,990 0,377
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Tabel 4 (continued)

Lacul Locul de Activitatea ActivitatecActivitatee Activitatea Reducerea TTC IECN*
prelevare fosfatazi& ureazié proteazid  catalitici
Enzi- Neenzi- Namol Namol

matici matici neautoclavat autoclavat

Fara Cu Fara Cu

glucoz glucoz glucozglucoz
Costinati  Debarcader 4,925 1,400 1,800 37,50@5,624 3,990 4,466 0,900 0,906 0,484
Zona 6,129 1,890 1,925 42,8296,120 4,500 5,290 1,050 1,012 0,555

Obelisc
Camping 5,300 1,750 1,550 41,928,928 4,346 5,016 0,968 0,900 0,512

*|[ECN - Indicatorul enzimatic al catitii namolului.
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Fig . 4.Indicatorul enzimatic al calitzii namolului — primivara.

Trebuie § subliniem & Tn determidrile noastre, 4 dintre actidifle enzimatice
se datoresc enzimelor acumulate (fosttarea, proteai, catalai) care sunt in
mai mici masuf influentate de factorii climaterici in mediul acvatic, coangtiv
cu activiéitile enzimatice datorate microbiotei proliferantel{dirogenaza actual
si cea potetiald), care pot suferi osciiaiin fundgie de dezvoltarea microbiotei, dard
a modifica semnificativ valoarea IECN. De asememé@i, activititile catalitice
neenzimatice nu sunt influgate in mod vizibil de influaele sezoniere, ceea ce a
dus la olgnerea unor valori ale IECN destul de apropiatdijferent de anotimpul
in care s-au colectat probele denol pentru analiz (Fig. 5).

Datele din Tabelul 5 ne furnizeainformaii despre stabilitatea biolodic
a ramolurilor din cele 3 lacuri, pe baza coefidigor de variabilitate calcuta
Se inregistreazdifererte in privirta valorilor coeficierilor, in funaie de activitatea
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Tabel 5

Coeficiertii de variabilitate sezoniefa si anuala ai activitatilor enzimatice si
catalitice neenzimatice n imolul lacurilor litorale studiate (%)

Lacul Sezonul  ActivitateaActivitatea Activitatea  Activitatea Reducerea TTC
fosfatazi@ ureazi@ proteazié catalitici
Enzi- Neenzi- Namol Namol

matici matic neautoclavat autoclavat
Fara Cu Fara Cu
glucozi glucoz glucoz glucoz
Techirghiol Primivara 24,400 32,400 11,700 7,600 9,000 16,3@D,000 32,900 30,000
Vara 27,100 37,500 26,400 7,700 6,900 12,000,400 9,700 9,900
Toamna 28,400 25,900 30,500 3,800 8,100 6,800 5,108,300 12,200
larna 28,400 25,500 32,100 5,000 3,300 25,500,900 25,700 14,600
Anual 24,075 30,320 18,580 6,020 6,500 15,138,350 21,650 16,450
Nuntasi Primavara 12,900 17,700 30,200 2,700 2,300 8,700 6,100 38,800(100
Vara 31,100 24,300 17,100 6,400 6,000 19,106,800 19,500 18,400
Toamna 10,800 11,800 39,300 4,700 8,500 10,500,100 46,100 22,300
larna 11,300 28,000 23,500 9,500 7,100 12,608,400 31,400 29,200
Anual 16,520 20,450 27,520 5.820 5,970 12,72@,100 33.750 27,570
Costingti  Primivara 10,600 15,000 10,800 6,900 2,300 6,100 9,200 7,76(r00
Vara 16,200 4,500 6,900 7,100 2,900 13,4900 7,700 7,500
Toamna 13,800 7,300 15,200 9,500 2,900 3,900 7,7@0700 4,200
larna 19,000 13,400 13,600 4,000 6,700 18,3®600 10,900 15,000
Anual 14,900 10,050 11,620 6,870 3,700 10,4600 7,250 8,350

0,8
0,7 + E
N E [Vvara
> 05 1] E E El Toamna
EJ) 04 1 E § Olarna
- 0,3 1+ E E Primavara
0,2 1+ E E El Media anuala
o1 H|[E =
0 = —
Techirghiol Nuntagi Costinesti Lacul

F i g . 5.Indicatorul enzimatic global.
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enzimati@ determinat, de data coleétii probelorsi de provenieta lor in funcie
de lacul studiat. Valori mai ridicate ale acestigaot stabilitate biologig mai mic si
invers. Comparand lacurile intre ele, din acestcpde vedere, putem constata c
namolul din lacul Costingi prezin cea mai buh stabilitate biologig, urmat de
namolul din lacul Nuntsi si apoi de cel din lacul Techirghiol. Aceste rezidtae
permit & afirmam ci namolul din cele 3 lacuri preziito buri stabilitate biologig,
ceea ce dendevoldia acestora spreimoluri cu potefial microbiologic (enzimatic)
ridicat, intrdnd Tn categoriaamolurilor valoroase pentru balneoterapie. Determgiaa
activitatilor descrise mai sus, la perioade mai scurte d,tivor putea sesiza
modificirile apirute Tn potetialul biologic al mmolului, impunandu-se asuri de
protegie.

Concluzii. 1. In rimolurile colectate din lacurile litorale Techirghibluntasi
si Costinagti au fost evidetiate 6 activiiti enzimatice (fosfatazic ureazidé, proteazia,
catalazié, dehidrogenazicactuad, dehidrogenazicpoteniald) si 3 activitati catalitice
neenzimatice (scindarea catalitia HO, reducerea neenzimaii@a TTC in probe
fara glucoz, respectiv reducerea neenzimaticTTC in probe cu glucéy, in toate
cele 4 anotimpuri (varg toamna anului 2002, respectiv iagharimavara anului 2003).

2. Activitatile enzimaticesi cele catalitice neenzimatice au oscilat in fisnde
anotimp, de lagi de zona de colectare. Cele mai ridicate valcei adtivigtilor
enzimatice determinate s-au inregistratamalul lacului Techirghiol, urmat de cel
din lacul Costingti si apoi de cel din lacul Nunga La toate lacurile nu s-au semnalat
varigii sezoniere, decéat de niiintensitate, ceea ce ne-a condus la constatérea c
in mediul acvatic, in special in lacurile salimg|uenta factorilor climaterici asupra
activitatii microbiologice a sedimentului este de mai drilmportana.

3. Pe baza indicatorului enzimatic al calitnamolului (IECN) s-a putut
aprecia valoareaamolului din cele 3 lacuri, pe primul loc situandeicel din lacul
Techirghiol, urmat de cel din lacul Costjtiesi apoi de cel din lacul Nunga Lacul
Techirghiol dispune de unimol foarte activ din punct de vedere enzimaticuou
potenial microbiologic ridicat (IECN cuprins intre 0% 0,9), incadrat pe baza
datelor oltinute intre cele mai activeamoluri terapeutice de la noi diara. Cel
din lacul Costingti se incadredzin categoria #molurilor active (IECN cuprins
intre 0,4si 0,6), iar cel din lacul Nungain categoria amolurilor mai puin active
(IECN cuprins intre 0,8i 0,45).

4. Pe baza coeficiglor de variabilitate calcutas-a putut aprecia stabilitatea
biologica a sedimentului, care s-a dovedit a fi mai blanimolurile din lacurile
Costinati si Nuntasi, permitand evoltia acestora spre udmol de calitate superioar

5. Cu ajutorul IECN s-a putut aprecia ev@uamolului din cele 3 lacuri,
cel din lacul Techirghiol crescand cu 0,4 afijtfata de perioada 1988, iaamolul
din celelalte lacuri, cu o ramai mid. Pe baza valorilor IECN se poate monitoriza
evoluia unui ramol terapeutic, ludndu-seasuri de protege, in anumite situd,
respectiv se poate aprecia valoarea acestuia paiiliizarea lui in balneoterapie.
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CONTRIBUTII LA STUDIEREA DROJDIILOR INDUSTRIALE

LETITIA OPREAN"

SUMMARY. - Contributions to the Study of Industrial Yeasts. Twenty
yeast strains have recently been isolated in pulteres from industrial
sources and identified based mainly on the morgjicdb properties of their
cells and cultures on solid and liquid nutrient imelllajority of the strains (15)
are alcohologenic belonging to the geBascharomyceand comprising two
brewer’s (beer) yeast strainS. (carlsbergensis S. uvarumA and B), two
baker’s yeast strain§( cerevisia€€A and CP), one spirit yeast stral. (
cerevisiaeCF) and ten wine yeast straiiss Cerevisiaear. ellipsoideusl, 3,
4, 6, 8 and 9S. bayanuwar. oiiformis2, 5 and 7; an&. uvaruml0). The
other, 5 yeast strains belong to different spekile&ckera apiculata, Candida
mycoderma (Mycoderma vini), Pichia membranaefaciRhsdotorula glutinis
andTorulopsis holmiirespectively.

Examinarea caracterelor morfologice celulgireulturale ale tulpinilor de
drojdii izolate in culturi pure prezito importami deosebit in caracterizareai
identificarea acestora [1, 2, 4].

In lucrarea de fi& au fost examinate caracterele morfologice aleiriiiy
de drojdii izolate in culturi pure prin examen noigcopic, caracterul culturilor pe
mediu solidsi lichid, capacitatea de formare a sporgobaspectul coloniilor gigant.

Materiale si metode. Am intreprins un studiu asupra caracterelor nhagfoe
ale unui nurar de 20 tulpini de drojdii, majoritatea cu apficen industria fermentatiy
dintre care 15 tulpini de drojdii alcooligene ajpgitoare genuluSaccharomycesloui
de bere$. carlsbergensié si B), doud de panificgie (S. cerevisia€€A si CP), una de
spirt (S. cerevisiae€CF),10 de vin $. cerevisia&ar. ellipsoideusl, 3, 4, 6, &i 9,
S. bayanusar. oviformis2, 5si 7 si S. uvarunlO)si 3 tulpini de drojdii de contaminare
(Candida mycodermaPichia membranaefaciens Rhodotorula glutiniy au fost
izolate sub forriade culturi pure, identificatg selegionate in cadrul Laboratorului de
microbiologie al Catedrei de Biotehnologii alimeetaUniversitatea “Lucian Blaga”
Sibiu. Am supus tulpinile de drojdii, izolate Tnltcui pure, unei examiiri biologice
complexe, determinand caracterele lor morfologatalaresi culturale prin examenul
microscopic al celulei vegetative de drojgli@ sporilor (in cazul drojdiilor ascosporo-
gene), prin examenul caracterelor culturilor pe imelid si lichid si a aspectului
coloniilor gigant [1, 3].

Pe preparate umedefrotiuri colorate Gram am examinat la microscop (
grosisment 900X%i, respectiv, 450X) forma marimea celulelor, formarea mugurilor,
locul apatriiei lor pe celula ma#) formarea de pseudomiceliu (abundente ramifjca
Dimensiunile celulelor au fostdsurate cu un ocular sau cu o famicrometrié [3].

“Universitatea “Lucian Blaga”, Catedra de Biotehngldalimentare, 2400 Sibiu, Romania.
E-mail: letitia_oprean@yahoo.com
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Sporularea a fost udrita prin cultivarea tulpinilor de drojdii pe mediul
Gorodkova sau acetat-agar. Examinarea caractezglturale (macroscopice) ale
tulpinilor de drojdii izolate in culturi purg dezvoltate in/pe medii lichidg solide
specifice a permis caracterizakgdaliferertierea lor. Obsentdle s-au efectuat duip3
si 7 zile de incubare n termostat 1a°€5i dupi 30 zile de metinere la 17C.

Dezvoltarea tulpinilor de drojdii pe medii solidepermis caracterizarea
coloniilor oltinute dug forma, dimensiuni, profil, aspect, consisgegi culoare. Sunt
evideniate si caracterele coloniei gigant pe mediul adecvat. étitizat urnitorul
procedeu care a dat rezultate foarte bune. Curajutoei pipete Pasteur arisht
sa cadi o picitura din cultura de drojdie n centrul unefigl Petri cu mediul adecvat.
Incubarea s-a efectuat in termostat 7 zile 182& 30 de zile la 17C. Am ohinut
si culturi in strii pe mediul Inclinat adecvat [3].

In cazul drojdiilor de vin s-a studigitaspectul coloniilor pe must de struguri
gelificat, precunsi puterea de lichefiere a gelatinei (protedjizUltimul caracter
reprezind un criteriu de difererere a celor dautulpini de drojdii predominante in
mustul de fermentee (S. cerevisia@ar. ellipsoideu$ si vin tanir (S. bayanusar.
oviformig [3].

Rezultate. Caracterele morfologice (macroscopicaicroscopice) ale tulpinilor
de drojdii izolatesi obtinute sub forra de culturi pure in laborator sunt prezentate in
continuare.

Tulpinile de drojdiiSaccharomyces carlsbergensis (sin.: S. uvarum) A, B
(bere)si 10 (vin) formeaz pe mediul must de bere-geiozupi 3 zile de incubare
la 25'C, colonii de tip S (smooth), cu diametrul de 25 @m, cu aspect netgdmat,
de culoare alb-crem, cu perimetrul circular, unéaat triangular, cu profil bombat
sau lenticulasi consistera cremoas. Dupa 7 zile, coloniile ajung la diametrul de
3,5 — 8 mni Tsi mentin caracterele morfologice. Da30 zile, coloniile gigant se
coloreaz de la alb-crem la crem inchis sau maraiprezing un perimetru lobat
cu suprafea neted sau pliad, verucoas, restrans sau impistiata, profil plat sau
bombatsi margini ondulate, festonate sau lobiforme. Petrauggelatira, coloniile
nu lichefiaz gelatina.

Culturile Tn strii laS. uvaruniO (vin), pe must de bere sau extract detmal
geloz, sunt mate cu supraéaneted, de consistai cremoas, de culoare bej, uniforme
si fara relief; laS. carlsbergensié si B (bere), culturile in strii sunt albe lucioase,
mai puin stralucitoare in centru.

Culturile de drojdii in mediul lichid (must de le&rdug 24 ore de incubare la
25°C, produc o tulburealopad, dend, la suprafti formeaz o spuni slab persisteit
iar dup 3 zile un sediment compact aderent (depozit flosinDup 7 zile, aceste
drojdii nu formeai pelicuk la suprafga mediului.S. uvaruni0(vin), ih mustul de bere,
dup 7 zile, formeak la suprafg, ocazional, un inel incomplet, care sstpeai si
dup 30 zile.

Microscopic, dup 3 zile de termostatare laZ5 in must de bere, celulele
au forni ovak sau sferig, globoad, cu dimensiuni: (3-7) x (4-1Q)m si dispuse
singular sau n perechi, uneori intiam scurte sau ciorchini mici. S-au obseryiat

142



STUDIEREA DROJDIILOR INDUSTRIALE

celule inmugurite cu muguri disppolar. Tn mustul de struguri, celulele sunt oyale
putin alungite, cu dimensiuni mari: (4-8) x (5-12). Pe mediul Gorodkova sau acetat-
agar, se formedzl - 4 ascospori intr-un asc (de obicei 2 sau), gartenogeneiz
sau copulare.

Tulpinile de drojdiiSaccharomyces cerevisae CA si CP (panificgie) si CF
(spirt) formeaz pe must de bere-gelazdupi 3 zile de incubare la 26, colonii de
tip S, cu diametrul de 1 - 2 mm, cu perimetrul Wiac, uneori lobat triangular, profil
convex, consistefl cremoas, aspect neted, lucigsde culoare alb-cren$( cerevisiae
CF) sau alb-ceniu (S. cerevisia€A si CP). Dupa 7 zile, coloniile ajung la diametrul
de 2,5 - 5 mnsi isi mertin caracterele morfologice. Da30 zile, coloniile gigant
devin plate, gor bombate, de culoare cregnmaroniu inchis, cu suprataneted
sau pliai, zbarcit.

Culturile in strii pe must de bere-gelamau extract de mahgar sunt lucioase
de culoare albbej (S. cerevisia€F) sau alb-ceniu (S. cerevisia€A si CP), uniforme,
fara relief.

Culturile de drojdii in mediul lichid (must de lb@rduga 24 ore de incubare la
25°C, produc tulburea) iar la supraf@ formeaz o spuni find, cu aspect mat.
Dupa 3 zile, se formedzun sediment compact, aderent (depozit flocuneBace
demonstreazca drojdiile de panificéie si de spirt, cai cele de bere, sunt drojdii
floculante. Ocazional, unele tulpir® (cerevisia€F) formea si un inel incomplet la
suprafga mediului. Nu se formeazpelicuk nici n culturile latrane (peste 30 zile).

Microscopic, dup 3 zile, celulele crescute pe must de strugurioaond, Tn
general, eliptig, cu dimensiuni: (5-9) x (4-8)m, unele fiind mai alungite, altele
mai rotunjite. Ele sunt dispuse izolat, in pereszi lamuri. S-au observag celule
cu muguri dispsi multipolar. Uneori, dup incubare prelungitpe extract de mal
agar, precundi pe mediul Gorodkova, s-au format ascospori. As@ivin din celule
vegetative, cand sporii s-au format prin partenegerin asc cotine, de cele mai
multe ori, 3 - 4 ascospori sferici sau ovali cursiiga neted .

Tulpinile de drojdiiSaccharomyces cerevisiae var. ellipsoideus 1, 3, 4, 6,
8 si 9 formeaa pe must de struguri-gekbzdup 3 zile, colonii de tip S, cu diametrul
de 2-4 mm cu perimetru circular, slab lobat, unéiaingular, cu profil convex, de
consisters umedi, cremoas, mai pdin netede sau granuloase, lucioase de culoare
albd sau alb-ceryiu. Dupa 7 zile, coloniile ajung la diametrul de 4-6 mmelancolonii
devin proeminentguguiate, iar restul caracterelor morfologice se tinetonstante.
Dupa 30 zile, coloniile gigant preziiin fungie de tulpini aspecte multiple. Sunt bine
dezvoltate, mai plate sagan bombate, de culoare crem-maroniu, cu sugaafated
sau plial, cu margini bine dezvoltate ondulate, larg festena

Culturile Tn strii pe must de majeloz sau must de struguri-gefosunt
lucioase, de culoare albuneori alb-glbui, uniforme, fra relief. Pe must cu gelatin
coloniile sunt mate sau sicitoare, de dimensiuni mari (3-5 mm diametruy@&meral
destul de groase, deseori proemineniguiate. Preziatproprietatea de a lichefia
gelatina.

143



L. OPREAN

Culturile in mediul lichid (mustul de struguri)uph 24 ore de incubare la
25°C, produc tulburea) o spuni fina, cu aspect mat, iar dafy2 ore, formeaizun
sediment granular, aderent (depozit flocunos), aeedemonstredzca si aceste
tulpini sunt drojdii floculante. Separarea rapid sfagitul fermentaiei prin floculare
reprezini o proprietate tehnologiémportans, dug care sunt sel@ionate Tn laborator
drojdiile de vin. Caracterele de sedimentare sanabile de la o tulpinla alta. Pe
culturile mai in varst (dup 30 zile), nu se rematco pelicub la suprafei, dar
poate #méane pe eprub&tun inel format de drojdiile ridicate de sp@ifim timpul
fermentaiei active.

Microscopic, dup 3 zile de cultivare la 2&, in must de struguri, celulele au o
forma elipsoidad, globoad sau elipsoidal alungit cu dimensiuni de (5-8) x (4-8)m,
dispuse singular, in perechi sautlein S-au observai celule inmugurite, cu muguri
dispui, de obicei, polagi care audmas alipii de celula mam Pe mediul Gorodkova
sau acetat-agafy. cerevisiaevar. ellipsoideussporuleaz usor. Dug o lurd s-au
observat asce ce aim 1-4 ascospori rotunzi sagar ovali. Formarea sporilor este
precedat de copulare.

Tulpinile de drojdiiSaccharomyces bayanus var . oviformis 2, 5 si 7 formeaz
pe mediul must de bere-gefozau must de struguri-gelgzlup 3 zile de incubare
la 25°C, colonii de tip S, cu diametrul de 2-3,5 mm, auntar circular sau lobat
triangular, cu profil bombat lenticular, de corsigt cremoas, cu suprafea neted,
lucioagi si de culoare absau alb-cenie (se asealima cu coloniile deS. cerevisiae
var. ellipsoideus Dupa 7 zile, colonia ajunge la diametrul de 2,5-5 mmela colonii
devin tuguiate, iar restul caracterelor morfologice se tnela fel. Dug 30 zile,
coloniile gigant preziritaspecte variate: se aseghsi se confund cu cele ale lui
S. cerevisiagar. ellipsoideusUnele colonii devin mai plate, altele cu supeatebarci,
cutati, cu margini ondulatgi festonate de culoare mai inch{snaroniu).

Culturile in strii pe must de madeloz si must de struguri-gelézsunt destul
de abundentei compacte uneori netede lucioase, de culoare dbCultivate pe
must cu gelati, aceste drojdii nu lichefidazyelatina (nu produc proteaciiz

Culturile de drojdii Tn mediul lichid (must dewfuri), dug 24 ore de incubare
la 25°C, produc o slabopalesceta si rareori o spura find cu aspect mat, iar dap
3 zile, se formedizun sediment pulverulent, granular, neaderegat; de Tndeprtat.
Dupa 7 zile, se poate forma o peligdua suprafea vinurilor, uneori se formeaan
inel superficial.

Microscopic, celulele d8. bayanusar. oviformiscrescute in must de struguri,
dupi 3 zile, au form ovah, eliptici, sunt uneori aproape rotunde, cu dimensiuni de
(4-7) x (5-9)um, dispuse singular, in perechi saudan Pe must de struguri-geknz
celulele sunt mai alungite, uneori foarte alungite.unele celule se obsgmuguri
dispui polar, care in majoritatéman alipii de celula mam Pe must-gelaz celulele
sunt mai ptin Tngustesi mai alungite in mediu solid: (3-6) x (59N, cu cateva celule
foarte alungite. Pe mediul Gorodkova sau acetat-agaste drojdii formeazcelule
mai alungitesi sporuleaZ mai greu deca®. cerevisiaar. ellipsoideus formeaz
2 - 3 spori rotunzi intr-un asc.

144



STUDIEREA DROJDIILOR INDUSTRIALE

Kloeckera apiculata formeaz pe must de struguri-geldzsau pe must de
malk-geloz, dugi 3 zile la 25C, colonii de tip S cu diametrul de 1,5-2,5 mm,ozpe
semisferice, slab lobate, cu margini circulareeaspetedi lucios, de culoare alb-
crem. Dup 7 zile, coloniile ajung la diametrul de 3-6 mm.eile prezentand un
aspect rugos, pin increit; restul caracterelor morfologice se nianDupa 30 zile,
majoritatea coloniilor gigant devin gri sau de @i dgilbui spre crem. Coloniile
sunt de obicei catifelate, lucioase, uneori ititg¥ecu marginea intreédgpari la
neregulat. Majoritatea coloniilor au o regiune cenfrgdadi si fine strigii radiale,
ocazional observandu-secratere mici.

Culturile Tn strii pe must de mageloz sunt lucioase, stibi, de culoare crem,
uniforme, fira relief. Pe must-gelati coloniile lichefiaz gelatina.

Cultura de drojdie in mediul lichid (must de sty dugg 3 zile de incubare,
nu produce tulbureal Lichidul este limpede, cu urme de inele supeafici Nu se
formeaa pelicuk la suprafega mediului.

Microscopic, celulele dK. apiculata,crescute pe must de struguri, si&wile
la 25°C, au forni fie elipsoidad, suhiri, mici: (3-1,5)um sau groase, mai mari: (5-6) x
(3-4) um, fie apiculai cu dimensiuni de (3-6) x (7-1Qjm, datorii mugurilor terminali
bipolari. Pe malgeloz, celulele sunt foarte migi de aceeg forma. Pe mediul
Gorodkova, nu formeézpori .

Candida mycoderma (Mycoderma vini) crescut pe must de struguri-gelz
formeaz, dupi 3 zile, colonii de tip S/R cu un perimetru slabdt neregulat cu o
proeminem in partea central margini ondulatei cu diametrul de 2,5-5,8 mm.
Suprafaa coloniei are un aspect mat, neted lucios sau detauloare alb-cegiu,
uneori alb-crem. Dup? zile, coloniile ajung la diametrul de 4,5-7 rgniisi mertin
caracterele morfologice. D&80 zile, coloniile gigant devin mai plagepreziné o
suprafg zbarcit sau incréta cu perimetru lobagi neregulat. In mediu cu gelafinnu
lichefiazi gelatina.

Culturile Tn strii pe must de majeloz sunt mate, uniformeara relief, de
culoare alb-crem.

Cultura in mediu lichid (Rieder) formeamlburead, iar in scurt timp o
pelicuki alba sau galbehla suprafega mediilor slab-alcoolicgi sultire ce devine
uscad si increita dup 3-4 zile. Cu timpul se ingre@si o parte din ea se destrag
se depune pe fundul vasului sub farde sediment pulverulent. Formarea peliculei
reprezind un criteriu taxonomic important in identificareaojdiilor oxidative
(peliculare).

Microscopic, celulele d€. mycodermarescute pe must de struguri-géloz
timp de 3 zile, sunt de foirelipsoidad, alungit, cilindrica, cu extremitile rotunjite
sau slab asgite si cu dimensiuni cuprinse intre (2-4) x (6-18h. Prezini una sau
doua granulaii refringente. S-au observsgitcelule cu muguri disptii multipolar. Tn
culturile mai vechi (14 zile), aceaddrojdie formeaZ pseudomiceliu cu blastospori
(muguri grupé sub fornd de ciorchine ceaman alipite de celula main Formarea de
pseudomiceliu reprezinun criteriu taxonomic de bain identificarea acestei drojdi.
In must de struguri, celulele de la suptafsunt mai alungite, decét cele care cad la
fund. Pe mediul Gorodkova, nu se formesgori.
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Pichia membranaefaciens formeaz pe mediu must de bere-geipzup 3
zile, colonii de tip S/R cu diametrul de 2,5-4 noua,perimetrul slab lobat sau chiar
neregulat, margini ondulate sau lobiforme, aspeat, meted, catifelat sau zbarcit,
rugos, de culoare dlsau alb-cengie. Dup 7 zile, coloniile ajung la diametrul de
4-5,5 mmgi isi mentin caracterele morfologice. D&30 zile, colonia gigant este alb
gilbuie spre maro-dbui, moale, catifeld patial sau total zbarcit Insimartati
pe mediul cu &ina de porumbsi cartof, celulele formedzpseudomiceliu bine
dezvoltat cu aspect de capac sau poate fi absent .

Culturile in strii pe must de bere-gelogunt mate, @foase, de culoare
alba, uniforme, fira relief. In anumite cazuri, coloniile pe must giekit au lichefiat
gelatina.

In mustul de struguri dap3 zile, se formeaztulburead, iar la supraf@
mediului apare o peliciilgroad, plisati, de culoare alb#puie, mai, relativ friabik,
care se depune producand un sediment pulverulenmdfea peliculei reprezint
un criteriu taxonomic important carei $a baza clasifigrii acestei drojdii, deoarece
prezint un metabolism predominant oxidativ.

Microscopic, celulele d®. membranaefaciensrescute Th must de struguri,
sunt ovale alungite, cu capetek®uasctite sau rotunjite, cu dimensiuni de (3-10) x
(2-4) um si dispuse in lafuri mai mult sau mai gin lungi sau ramificate. S-au
observatsi celule cu muguri dispii pe toall suprafga celulei. Formedzin culturile
mai vechi (30 zile) pseudomicelii cu blastospoziufeti prin inmugurire multilateral
sau hife adetrate (cu pori in septum). Pe mediul solid (musindé-geloz), celulele
sunt mai rotunijite, izolate sau cate gloBe mediul Gorodkova, se formeéagpori de
dimensiuni variabile cu forme diferite: sferici dagmisferici, saturn sau délgrie,
cu suprafga neted sau rugoas care se elibereazusor din asce. Intr-un asc se
gasesc 1 - 4 spori, uneori 8. Pregennui nunir mare de sporidculturii culoare
maro.

Rhodotorula glutinis formea pe mediul extract de ntadau must de bere-
geloz, dum 3 zile, colonii de tip S/R, cu diametrul de 1,8 mm, cu perimetrul
circular, margini drepte, profil convex, cu aspaseted lucios sau consistgmucoas,
de culoare rgu pastelat. Prezem pigmefilor carotenoizi de culoare rag rosu este
foarte caracteristicgenuluiRhodotorulasi reprezini un criteriu taxonomic delimitativ
al acestui gen de drojdii. Dag zile, coloniile ajung la diametrul de 3,5-7 mim
isi mertin caracterele morfologice. DaB0 zile, coloniile gigant devin roz spre
portocaliu. Suprafa coloniei variak de la catifelat, adesea cu gfrifine transversale,
péari la zbarcit si cu aspectul foarte lucios sau semilucios. Comgistvariaz de la
mucoas pari la wor dug. Profilul este plat spre larg convex cu margineeegulai
spre intrea@y Uneori Tn culturile vechi (30 zile), se difetiazi si un pseudomiceliu.
In culturile crescute pe mediul ciirfa de porumb, pseudomiceliul, in general, lipgee
sau este rudimentar. In ocazii rare, se pot forssugohife bine dezvoltate sau hife
adevrate. Uneori se produc clamidospori mari pigmgmaternic.
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Culturile in strii pe extract de maau must de bere-gefogunt lucioase,
de culoare roz-rghe, uniforme, #ira relief.

In mustul de struguri, drojdia nu ferment&aupa 30 zile, mediul ¥mane
limpedesi se depune un sediment fin, iar la supgage formeaz o pelicul sultire
(drojdie strict oxidatii).

Microscopic, celulele d&. glutinis crescute pe mediul extract de tnal
timp de 3 zile, sunt globulare, puternic vacuolaispuse izolat sau in perechi cu
dimensiuni medii: (4-5,5) x (3-3,p)m. S-au observat muguri pe intreaga supraiaa
celulei. Unele celule au fodralungit. Se pot dezvolta pe mediul Czapek, formand
celule globulare cu dimensiuni de (2,3-5) x (12-{18)si uneori pseudomiceliu; deci
pot folosi azotdi ca surd de azot, dar nu se dezvofie extract de mghgar + 0,5 %
acid acetic. Pe mediul Gorodkova, nu se forraesgori.

Torulopsis holmii formeaz pe must de mgbeloz, dug 3 zile de cultivare
la 25°C, colonii de tip S cu diametrul de 3-5 mm, de atdoalli, perimetru circular,
profil slab convex, aplatizate cu margini drepie soprafga lucioad. Dupa 7 zile,
coloniile ajung la diametrul de 4-7,5 mgnisi menin caracterele morfologice.
Dupi 30 zile, coloniile gigant sunt colorate crem-cg@muau forna circulai, uneori
neregulat, margini lobate, aplatizate, lucioase .

Culturile Tn strii pe must de majeloz sunt lucioase, netede, de culoare
alba, uniforme, fira relief.

In mustul de struguri, dag zile de cultivare, se obsére tulburead si un
sediment fin.

Microscopic, celulele crescute pe must detigeloz, timp de 30 zile, sunt
mici, elipsoidale, cu dimensiuni de (2-4) x (34o)n, izolate sau n laari sau
gramajoare. Pe unele celule se obsemuguri dispwi lateral. Pe mediul Gorodkova,
nu se formeakspori .

Concluzii. 1. Examinarea caracterelor morfologice celulaee talpinilor
de drojdii izolate a permis difergaerea lor dup marimea si forma celulelor
(Saccharomyces, Pichia, Candida, Rhodotorula, Kleescéi Torulopsis.

2. Dupi capacitatea de formare a sporilor s-au dif@etulpinile de drojdii
sporogene ap@inatoare genuriloSaccharomycesg Pichia.

3. Examinarea caracterelor culturale (macroscopiecjulpinilor de drojdii a
evideniat deosebiri in aspectul coloniilor gigant dezatgtpe medii adecvate solide,
functie de care pot fi difereiate aceste tulpini de drojdii.

4. Prezeta pigmetilor carotenoizi de culoare roz sauswola drojdiile
apatinatoare genuluRhodotorulaa permis identificarea drojdiei de contaminare
izolate,Rhodotorula glutinis.

5. Proprietatea drojdiilor peliculare (oxidativeg ch forma pelicula la
suprafaa mediilor lichide alcooligene este utilizadrept criteriu de identificare a
drojdiilor de contaminare izolat€éndida mycodermg Pichia membranaefaciehs
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6. Proprietatea drojdiilor de vin izolate de a #fia gelatina (proteoli®
este utilizai drept criteriu de diferairere a celor dau tulpini de drojdii de vin
predominante in mustul de fermegigaSaccharomyces cerevisiaar. ellipsoideus
si Saccharomyces bayanuar. oviformis S. bayanuvar. oviformisnu lichefiaz
gelatina, ialS. cerevisia@ar. ellipsoideugrezinti acest caracter.
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ADDITIONAL BIBLIOGRAPHY ON ENZYMOLOGY OF DISTURBEDSOILS

STEFANKISS, MIHAIL DRAGAN-BULARDA* and DANIELA PASCA™

This additional bibliography comprises the papersreferred to in any of
the three Parts of the booErizymology of Disturbed SoilgXIV + 336 pages),
which was elaborated by S. Kiss, Ds€aand M. Digan-Bularda and published
by Elsevier Science, Amsterdam, in 1998. In Pdthkzymology of Oil-Contaminated
Soils, Part 1. Enzymology of Soils Affected by Lrstrial Emissions and Part IIl.
Enzymology of Technogenic Soils 74, 149 and 237epgprespectively, were
referred to.

The additional bibliography consists of three safmlists,.e. a separate
bibliographical list will be added to each of tieete Parts of the book. The papers
in each bibliographical list are presented based tlom system applied in
Enzymology of Disturbed Soild.a paper covers topics belonging to two Parts of
the book, it is cited only once, namely in the &iddal bibliographical list of the
first of the two Parts. Similarly, the additionablgraphical list of Part | comprises
the papers dealing with topics of all Parts.

The soil enzymological investigations describedhim 64, 74 and 61 papers
cited in the three additional bibliographical listere carried out in the following
countries: Australia, Austria, Azerbaijan, Byelaias Canada, Czech Republic, Denmark,
Finland, France, Germany, Hungary, Ireland, ltdywait, The Netherlands, New
Zealand, Poland, Romania, Russian Federation (RuBashkiria, Komi Republic,
Tataria), Spain, Switzerland, Turkey, Ukraine, dditKingdom, United States of
America, Uzbekistan, Venezuela.

It should be mentioned that of the 64, 74 and &leps forming the three
additional bibliographical lists, 22, 38 and 19 graprespectively, were cited in a review
article, too [S. Kiss (2001) Advances in soil enpyogy (Parts I-111).Stud. Univ. Babe
Bolyai, Biol.,46 (1), 3-48].

PART |. ENZYMOLOGY OF OIL-CONTAMINATED SOILS

Akhundova, L.Kh. and Maslovetskaya, G.Yu. (1980jy#&hie nefteproduktov na
fermentativhye protsessy v pochve (Effect of petnol products on the
enzymatic processes in soil). Nauchnye Osnovy Gigieny Okruzhayushchei
Sredy i Infektsionnoi Patologipp.29-33. Baku.

Alekhin, V.G., Emtsev, V.T., Rogozina, E.A. and Rakdinov, A.l. (1998)
Biologicheskaya aktivnost’ i mikrobiologicheskayakul'tivatsiya pochv,
zagryaznennykh nefteproduktami (Biological activapd microbiological
recultivation of soils polluted with petroleum prmtis).Biologicheskie Resursy
i Prirodopol’zovanieNo. 2, 95-105.
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INMEMORIAM

Prof. Univ. dr. TRAIAN CEUCA
(18 ianuarie 1921 — 12 octombrie 2003 )

Profesorulsi diplopodologul Traian Ceuca
s-a riscut la 18 ianuarie 1921, in localitatea Salva,
judetul Bistrita-Nasaud, Roméania. A urmat una dintre
cele mai prestigioasgcoli din tard, Liceul ,,George
Caosbuc” din Nasaud. In perioada 1940-1942 a urmat
cursurile Faculttii de Stiinte la Timkoara, unde s-a
refugiat Universitatea clujearin urma Dictatului de
la Viena. Duj o intrerupere dator@atazboiului (sfar-
situl acestuia gsindu-I pe frontul din Cehoslovacia),
si-a definitivat studiile la Cluj. Profilugtiintific, moral si
civic al profesorului Ceuca a fost puternic mardat
personalitatea unor prestigialaséli, precum Vasile
Gh. Radu, Emil Pogi Victor Pop. Din1946, dug revenirea Universitii la Cluj,
si-a continuat studiile Tntrerupte cu 4 ani, fiindgajat in acekh timp ca desenator
la Catedra de Zoologie, conduge prof. V. Gh. Radu. Cailiile de fin observatogi
remarcabil desenator |-aéiclit, ca imediat dupterminarea studiilor universitarej s
fie refinut la catedt ca preparator, iar in decursul celor 40 de ardgatesti, a urcat
toate gradele didactice pim 1974, cand a devenit profesor universitar.

Studiul diplopodelor a fost inceput ndin anul 1949, sub Tndrumarea
direct a prof. dr. V.Gh. Radu, studiu care s-a transforimi@-o veritabifi pasiune
de o viai si a cuprins mai multe etape. Studiul faunei deapplde din Europa — ca
cercetare de baza inclus in primul rAnd inventarierea caiec,,Biospeologica”,
aflati la Institutul de Speologie ,,Emil Racgwidin Cluj-Napoca. incepandin 1950,
prin deplasrile facute pe teren, a colectat peste 10.000 de inddiziaproape 500
de localititi din cele mai diferite regiursi biotopuri dintard. Prima lucrarstiintifica a
aparut Tn 1951, referitoare la cateva speciildachisphera (Gervaisla Aprofundand
studiul acestui grup faunistic, a publicat &rcsi despre reprezentanaltor grupe
de diplopode din faungrii noastre, atat forme epigee, gsatavernicole, completand
n acelai timp aceste ludri, cu excegonale desene. De asemenea, a avut caldabor
cu specialiti straini, precumsi studii si comuniari facute pe material colectat din
Italia, Spania, Germania, Fran Austria, Polonia, fosta lugoslavie, Rusia, S.lJ.A
Anglia, Brazilia, Tunisia, Turcia, Grecia, Bulgartaomalia, nordul Africii, Ungaria.
Lucrarea de doctorat, cu titlul ,,Studiul sistemati ecologic al diplopodelor
proterandrice din fauna Romaniei” a fost gt in 1968.




IN MEMORIAM

Profesorul Traian Ceuca a descris @tani taxoni noi pentrustiinta: o
familie: Hungarosomidage3 genuri:Romanosoma, Paraporatia, Napocodesmus
subgenuri:Pseudomastuchus, Heteranthroleucosoma, Moldavihiehpelaeoiulus,
22 specii:Polydesmus triacantos, P. brachydesmoides, Entaizridigetica, E.
varvarai, Napocodesmus endogeus, Romanosoma ce®&niR. oltenica, R.
birtei, R. odici, Hungarosoma inexpectata, Parapiaraacovitzai, Karpatophyllon
dacicus, K. banaticum, K. carpaticum, Mastigophdrglon hingrescui, M. aberatum,
M. carpaticus, Anthroleucosoma spelaea, StenopmmyBemenicensis, Typhloiulus
serbani, T. unilineatusi Glomeris pachitelopoddDe asemenea, au mai fost citate
7 forme noi pentru fauna diferitelgiri: Franta, Tunisia, Bulgaria, Ungaria, Turcia.
Intreaga coletie de diplopode a profesorului Ceuca are valoarpademoniusi a
fost depus la Muzeul Zoologic al Univerditii ,,Babe-Bolyai” din Cluj-Napoca.

In afaéi de pasiunea pentru studiul diplopodelor, in dalitte zoolog, s-a
preocupati de studiul vertebratelor. Luinile publicate in acest domeniu ¢ion
date despre: modul de re¢epare al sunetelor deitce serpi, referine la cele trei
exemplare dé\rchaeopterixstudii de anatomie compa&atle unor resturi de oase
incinerate dintr-un mormant dacic, precsinconcluzii legate de nuiirul animalelor
si al oamenilor pe care 1l conea acesta, originea evoluia vertebratelor, originea
primatelor (cu referiri & upaidag, originea mamiferelor etc.

Cu toate vicisitudinilesi ingradirile din perioada in cargi-a desfisurat
activitatea, profesorul Ceuca s-a impus ca un afpiscde varf pe plan european;
astfel, a participat cu lugni la cele mai prestigioase congrese intdomale de
miriapodologie: Paris, 1968, cu lucrarea ,,Peuparier de périodomorphose en
absence de certains caractéres secondaires”, Budl. d’Hist. Nat. T. 41. Paris,
1969; Innsbruck, 1990, cu lucrarea ,,Quelques aspec la taxonomie, I'écologie,
et zoogéografie des Diplopodes de la région Bajcariisi Paris, 1993, cu lucrarea
,,Mastigophorophyllor{Verh. 1897) eKarpatophyllon(Jawl. 1928), genres carpatiques
(Diplopoda Chordeumidd.

A publicat 73 de ludiri, dintre care 19 dpute Tn stiinatate. Dar din pcate,
lucrarea sa de refexify ,,Les Diplopodes de la Faune de Roumanie”, nu tatpu
vedea lumina tiparului in timpul ieautorului. Actualmente se fac eforturi ca acgast
lucrare & apa la ,,Danicel”—Edition de I' Association Francoe®maine, France.

Profesorul Traian Ceuca a fasun erudit dasi, care a format numeroase
genergi de naturaljti biologi. In cei 40 de ani de carfeuniversitasi a predat un
numar mare de cursuri universitare: zoologia vertelboateanatomia comparaia
vertebratelor, anatomia omului, zoogeografie, Zgialoevertebratelor, tehnica prejir
si consendrii materialului biologic.

A fost membru al Comitetului Intertianal de Miriapodologie (C.I.M.), cu
sediul la Parigi membru al Sociéti Germane de Zoologie (Deutsche Zoologische
Gesellschaft), cu sediul la Minchen.

Valoarea profesorului Traian Ceuca poate fi rezérvatspusele unui fost
student de-alai, actual cadru didactic al facitit noastre: ,,Nu-I plangeca a murit,
bucurai-va ca a trait”.

DELIA CEUCA si IOAN COROIU
170



STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLIX, 1, 2004

RECENZII-BOOK REVIEWS

Universitat Trier. Abteilung scribed in details. The economic value of the
Bodenkund e (Trier University. Soil recultivated soils was also dealt with.
Science Departmentgkript zur Rekulti- The book of ,Scripta on Recultivation”
vierung (Scripta on Recultivation Uber-  consists of 66 papers (62 in German and 4 in
arbeitete Version, Herbst, 1999 (RevisedEnglish), each in form of a reprint or a photo-
Version, autumn 1999), VII + 301 pages. stat copy. Most of the papers (61) were pub-
lished in the 1984-1999 period and 5 papers
The book of ,Scripta on Recultivation” is were under press in the autumn of 1999. At
dedicated to description of the investigationspresent, these five papers should also be taken
performed, since the 80’ by the Trier Univer- as published. The 66 papers, comprising 473
sity through its Soil Science Departmentprinted pages with 171 figures and 131 tables
headed by Professor Dietmar Schroder, alongn the text, were elaborated by 38 investiga-
the following four lines: 1. spoils from numer- tors. As individuals 22 of them (not listed
ous strip brown coal mines, most of which arebelow) contributed to a single paper, whereas
located within the Rhine and Wetterau Re-16 of them (listed below) are contributors to 2
gions, in the Leipzig and Lausitz (Lusatia) Ba-or to more papers: W. Bartel, L. Hankes, J.
sins and recultivation of these spoils into ar-Katzur, M. Kraatz, H. Kutsch and G. Weber
able or grass- or forestal lands; 2. pumice ston€ papers); M. Haubold and U. Sehy (3 pa-
mine spoils in the Neuwid Basin and their pers); M. Haubold-Rosar and B. Schumacher
recultivation into agricultural soils; 3. harbour (4 papers); N. Wermbter (6 papers); C. Em-
muds from the Emden harbour and from themerling, H. Schneider and M. Weyers (7 pa-
estuary of the Ems River and transformation ofpers); R. Schneider (27 papers) and D. Schréder
these muds into agricultural soils and 4. soilg54 papers).
heavily contaminated with carcinogenic poly- The papers, according to their contents,
cyclic aromatic hydrocarbons (PAHs) on thecan be grouped into five categories: original
territory of a former coking and gas works in papers in journals (47 papers); original papers in
Saarbriicken and of a former iron works inproceedings of scientific meetings (5); review
Saarbriicken-Burbach and rehabilitation ofpapers in edited works (9); dissertation abstracts

these contaminated soils. (4) and excursion guide (1). Most of the original
Both laboratory and field investigations papers, namely 31 plus 7 papers appeared in
were carried out. two journals: Mitteilungen der Deutschen

The spoils, soils and harbour muds wereBodenkundlichen Gesellschaft and Landwirt-
submitted to mechanical, physical, micromor-schattliche Zeitschrift (Rheinland), respectively.
phological, chemical, biochemical (including The book of ,Scripta on Recultivation”
enzymological), microbiological and zoologi- can be considered a handbook as all the in-
cal analyses. Redoxase and hydrolase enzymestigations described in it can serve as mod-
activities were measured. Dehydrogenase, inells for the experts and decision makers inter-
vertase and alkaline phosphatase activities wetested in initiation or development of investi-
preferably determined. Substrate-induced respigations aiming at the agri- or sylvicultural
ration, microbial biomass and cellulose decom+ecultivation of mine spoils, transformation of
position were the most frequently examinedharbour muds into agricultural soils and reha-
microbial parameters. Among the animals spebilitation of soils contaminated with PAHSs.
cial attention was always paid to the earth-
worms. The results were presented in details MIHAIL DR AGAN-BULARDA
based on their statistical evaluation. The recul- and STEFAN KISS
tivation technologies applied were also de-
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Tibor Szili-Kovéc s (Editor), 5. M.T. Pereyra de la Iglesia, J. Domenech,

Proceedings of the Workshop on Managing B. Ramos, F.J. Gutierrez Mafiero (Spain):

Soil Quality — Using Microbial Resources Screening for diesel-degrading rhizobacteria

(12-13 September 2002, Budapest, Hungary)associated td? iptatherum miliaceum

published in form of compact disk (CD) by rhizosphere in a polluted soil.

the Research Institute for Soil Science and Agri- 6. B. Stres, J.M. Tiedje (USA), I. Mahne,

cultural Chemistry of the Hungarian Academy G. Avgustin (SloveniaDiversity ofnosZgene

of Sciences, Budapest, in 2003, on IV + 94in two agricultural soils.

pages including 51 figures and 17 tables in 7.K. Yrjala, P.E. Galand, H. Fritze

the text. (Finland):Diversity of methanogens in the light
of ribosomal 16S- and functional MCR-gene

occurrence in Finnish oligotrophic fen.
The workshop took place as a part of the 8. . Ignatiadis, C. Michel, F. Battaglia-

&le-{f.(flgsge%g—h(gggagg? g‘eéheea::c'gld :é Brunet, M.Bruschi, P. Bianco, E. Lojou, C.
=cientr — 9! ) Tran Minh (France)Development of an en-

tion 831. Biotechnology of Soil: Monitoring, zymatic amperometric biosensor using cyto-

Cons_ﬁ]né ag?gczg%iseénggﬁt'zgé WO reViewschromes efor the fast quantification of chro-
9 P mate bioavailability in the environment.

?hnd Z%iv?rigiirr]n?/l pgpetriShBOtEdrf%’ie"tﬁ de‘\i/lli‘t’;’]iit: 9. A. Anton, P. Mathé, G. Fleky (Hun-
e activity (investigations a eetings) gary): The effect of phosphorus fertilizer on

the COST Action 831, in the period betweeny phosphomonoesterase activity ®fa p -

October 1997 and September 2002. The flrstS icum annuum tizosphere.

one-page review was elaborated by the Editor 10. C. Trasar-Cepeda, M.C. Leir6s, F. Gil-

and Dr. Oliver Dilly (Germany), vicechairman S . e o :
. otres (Spain)Sensitivity of soil biochemical
of the COST Action 831, whereas the Secondproperties to contamination with heavy metals.

4-page review was written by Professor Anna 11. K. S
X ) . K. Svensson (Swedenfhe substrate-
2§Q§g%t§1(ltaly)’ chairwoman of the COST induced microbial biomass as a soil quality
The names and countries of the 79 au_and fertility indicator in arable land.

. - 12. N. Riddech, S. Klammer, H. Insam
thors and coauthors and titles of the 21 ongl—( Austria), C. Mondini (Italy)Comparison of
nal papers are listed below.

the ability of GN and Eco microplates to dis-
1. O. Dilly (Germany):Microbial respi-  criminate microbial communities of different
ratory quotient as an indicator of nutritional composting ages.
conditions in agricultural and forest soils. 13. J.L. Niqui-Arroyo, M. Bueno-Montes,
2.D. Paca, S. Kiss, M. Digan-Bularda, J.J. Ortega-Calvo (SpairBiological and phys-
R. Crian, V. Muntean (Romaniadinzymologi-  ico-chemical mechanisms involved in the bio-
cal evaluation of therapeutic mud analoguesavailability of polycyclic aromatic hydro-
obtained during incubation of peat mixed with carbons in polluted soils.
a clay mineral or zeolitic tuff and inoculated ~ 14. T. Szili-Kovacs, K. Torok, M. Halassy,
with microorganisms from salt lakes. R. Szab6 (Hungary), D. Elhottova (Czechia):
3. M. Pesaro, H. Birgmann, F. Widmer, Monitoring of restoration of sand grassland
J. Zeyer (SwitzerlandBoil DNA content —a communities in abandoned fields under the
novel quantitative bulk parameter for descrip- manipulation of soil N availability.
tion of microbiological soil characteristics. 15. T. Takéacs, I. Vorés (HungaryPc-
4. J.A. Pascal, C. Garcia, T. Hernandezcurrence of indigenous AM fungi in calcare-
J.L. Moreno, M Ros (Spain)the future of ous sandy and chernozem soils and their ef-
composts as biopesticides. fect on nutrient uptake of maize.
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16. A. Viterbo, O. Ramot, I. Chet (Israel): 21. G. Mathé-Géspar, P. Mathé, A. Anton
Synergistic antifungal activity between two (Hungary):Factors affecting the phosphomono-
chitinases from the biocontrol agefit a s -  esterase activity of lignite mine spoils.
perellumT-203. o based onl the it

17. A. Prirgi¢, I. Mahne (Slovenia)Re- Ne can suppose based only on the tties

gy . . of these 21 papers and convincingly establish
sponses of nitrifying bacteria to selective pressu:lpase d on their full texts that thReoceedings

of the changing environments — What we kno . : 2
and what we need (o know. king Microbial ReSouceae & very weefl
18. S.O Petersen, K. Henriksen, G.K. 9 - . ry
source of information for all students and

Mortensen, P.H. Krogh, KK. Brandt, J. experts whose professional activity is related
Sgrensen, T. Madsen, J. Petersen, C. Grmf(p P ty

(Derman]Recycing of sewage Sucge a1 2P0y o ol iyt o
household compost to arable land: Fate of or- ' 9 Y 9

ganic contaminants, and impact on soil fertility. gogt%ic'zfg melllr(atrs n prgblen][s oft.son dfe%ra—
19. JK. Friedel, C. Kobel, M. Stemmer, poflution and restoration of de-
W.J. Fitz, B. Freyer, W.W. Wenzel (Austria): graded and polluted soils.
Advances in estimating soil microbial biomass
and enzymatic activities in the rhizosphere.
20. A. Halbritter, T. Mogyoréssy (Hun-
gary): Rhizosphere effect in a peat soil de-
monstrated via phospholipid fatty acid (PLFA)
indication.

DANIELA PASCA,
STEFAN KISS and
MIHAIL DR AGAN-BULARDA

Istvan Kis sAz erodalt talajok  Kirghizia (1974); 8. Azerbaijan (1975); 9. Uzbe-
enzimolégidja (Enzymology of Eroded Soijls) kistan (1975); 10. France (1976); 11. Belgium
Scientia Kiadd, Kolozsvar — Scientia Publisher,(1977); 12. Austria (1978); 13. Czech Republic
Cluj-Napoca, 2003, 160 pages with 34 tableg1978); 14. Georgia (Gruzia) (1980); 15. Bul-
in the text. garia (1980); 16. Japan (1980); 17. Spain
(1982); 18. India (1983); 19. Egypt (1984);
The book is a review of the enzymologi- 20. Moldavian Republic (1985); 21. Lithuania
cal investigations on eroded soils and also or§1985); 22. Poland (1986); 23. Kazakhstan
slope and riparian soils very exposed to ero{1986); 24. New Zealand (1986); 25. Slo-
sion. These investigations, originally describedvakia (1989); 26. U.S.A. (1991); 27. Costa
in 231 papers, had been carried out in 33 courRica (1991); 28. Israel (1992); 29. Denmark
tries and, consequently, the book comprise$1993); 30. Canada (1994); 31. Peru (1994);
33 chapters. The order of countries was estal82. China (1995); 33. United Kingdom
lished based on the year in which the first(1996).
paper on enzyme activities in eroded, slope or  The chapters comprise at least one of the
riparian soils has appeared. According to thissubchapters entitled as follows: Soils eroded
year, the 33 countries (and chapters) presertb different extent; Prevention of soil erosion;
the following order: 1. Germany (1954); 2. Ar- Improvement (rehabilitation) of eroded soils;
menia (1965); 3. Romania (1966); 4. RussiarSoils of pastures overgrazed and eroded to
Federation — Federal and Autonomous Repubdifferent extent; Improvement of overgrazed
lics: Russia (1970); Bashkiria (1979); Buryatiaand eroded pastures; Slope soils; Soils of
(1980); Udmurtia (1986); Evenkia (1999); plateaus and depressions of regions having
5. Byelorussia (1970); 6. Ukraine (1972); 7.ondulating relief; Riparian soils.
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The results of the investigations reviewedmicrobiologists and technologists, but also for
in the present book made it possible to drawdecision makers in problems of soil erosion.
the general conclusion that enzyme activites  As this book on enzymology of eroded
are sensitive indicators of the extent of soilsoils is such a comprehensive and updated
erosion, of the efficiency of the methods appliedreview which constitutes a novelty in the
for prevention of soil erosion and for the im- universal soil enzymological literature, we
provement (rehabilitation) of the eroded soils. warmly recommend its translation into and

The present book is a valuable source opublication in a world-wide spoken language.
information not only for soil biochemists,

KATALIN BARTOK

Don Brad s h awertebrate Ecophysi- In the first Chapter, the factors that influ-
ology. An Introduction to Its Principles and ~ ence the state of internal environment are
Applications, Cambridge Univ. Press, 2003, presented along with the regulating role of the
287 pages. endocrine and nervous system. At the very
beginning of this Chapter, a special consid-
The work is a manual, an introduction to eration for their contribution to the grounding
the study of vertebrate ecophysiology. ItsOf the concept dfiomeostasiss given to “the
author is a Professor at the University ofgenius of the American physiologist” Walter
Western Australia, with an oustanding activ- Cannon, who invented the tefnomeostasis
ity of over 30 years in the investigation of iN 1929 and to the "great French physiolo-
ecophysiology. This allows him to have an9ist” Claude Berard, who in 1878 intro-
extremely complex functional image aboutduced the notion dhternal environmentHe
animals, which is impressively reflected in Was the first to suggest that animals regulate
the pages of this book. The vertebrates prec_onstantl_y their internal environment. As a
sented in the book live in habitats with ex- Sign of high esteem for the French physiolo-
treme environmental conditions, anthropo-dist, the French expressiamilieu intérieuris
morphically inhospitable: deserts or cold cli- used throughout the book instead of the Eng-
mates (arctic, antarctic). The information islish internal environmentit is worth noting
exposed as case studies which present tHbe author’s remark th_at.the mternal environ-
working techniques and methods, the result§nent r_;\ctua!ly varies within rather wide limits,
of the research and their interpretation. especially in the passage phases from the
Many of the case studies refer to er1dan;yvenlle_to t_he adult state or in the reproduc-
gered animals in situations under which theirfive period in the case of the females (after
internal environment is disturbed, and therethe embryo’s implantation). Some pathologi-
fore the author structures his book in accoral states, as for instance fever, presuppose a
dance with this fact. Thus, the book containsdifferent homeostatic régime, which “resets”
8 chapters: 1Homeostasis: a fundamental the upper and lower set-points. _
organising paradigm in ecophysiolagg. The problem of animal stress in the
Stress: the concept and the realit§. Basic natural habitat is treated mainly in Chapters 2
methods used in ecophysiological studids a_lnd 5, but the idea of stress crosses as a red
Turnover methodology: theory and practice liné most pages of the book. Having pointed
5. Case studies of stress: incidence and intent© the basic contribution of Hans Selye to the

sity; 6. Survival in deserts 7. Torpor and  Study of stress (in a nutshell: he identified
hibernation in cold climates8. Marine birds three signs of the state of stress: adrenocorti-

and mammals cal enlargement, atrophy of the thymus and
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lymphoid tissues and ulceration of the diges-morphological, physiological and behavioural
tive tract, and distinguished three stages in thadaptations to desert environment of frogs,
evolution of the state of stress: the stage ofizards, tortoises, rodents, jackrabbits, island
“alarm”, “adaptation” and “exhaustion”), Don wallabies, birds and camels, while Chapter 7
Bradshaw attempts at an operational definipresents examples of mammals which take up
tion of stress, being concerned with the iden-adaptive states which allow them to survive
tification and measurement of its intensity: ~ under conditions of food shortage of low
the physiological resultant of demands thattemperature.
exceed an organism’s regulatory capacities The last chapter offers information about
This resultant comes from a significant de-the ecophysiology of albatrosses, penguins,
viation of the internal environment from the seals and whales. It should be mentioned that
state considered optimal, and which impliesthe author of the book demonstrates not only
the surpassing of regulating responses, although high professional competence, but also a
they have been maximally activated. great sensitivity towards the animal world and
Chapters 3 and 4 describe the most imiowards nature in general. The book is recom-
portant methods used in ecophysiologicalmended for advanced undergraduate and post-
research. These chapters are completed by graduate students, for researchers in ecology,
Appendices at the end of the book introduc-biodiversity and conservation. It is equally
ing the steps of an ecophysiological investi-useful for university professors teaching eco-
gation. Out of the issues presented, we menphysiology and even for high school teachers.
tion the ethical aspects that must be taken into
consideration when experimenting with ani- PANTE GHERGHEL
mals. In Chapter 6 one is acquainted with

175



	00Contents_1_2
	01RAKOSY_etall_3_8
	02BELDEAN_9_22
	03DAVID&COROIU_23_36
	04ONAC_etall_37_46
	05PODAR_etall_47_60
	06FLOREA_etall_61_70
	07PASCA&SANDU_71_82
	08TARBA&SUARASAN_83_104
	09TARBA&SUARASAN_105_128
	10DRAGAN_etall_129_140
	11OPREAN_141_148
	12KISS_etall_149_168
	13InMemoriam_169_170
	14BookRev_171_175

