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STUDIA UNTV. BABEJ-BOLYAI, BIOLOGIA, XXXIX, 1, 1994

APRECIEREA GRADULUI DE SAPROBITATE A APEI IN SOMESUL
RECE, TRANSILVANIA, PE BAZA STRUCTURII COMUNITATILOR
DE DIATOMEE

ANA RASIGA», LEONTIN STEFAN PETERFI** ti LAURA MOMEU*

SUMMARY. — Saprobity Evaluation in Somesu Rece River, Transyl-
vania, Based on Diatom Community Structure. The saprobic spectra
and the index of saprobity have been established based on diatom
community structure in the Somesu Rece river (Transylvania) between
Blajoaia and the Somesu Rece village. The authors’ findings indicate the
changing of water quality from oligosaprobic (upstream) towards
3-mesosaprobic (downstream).

Dintre lucrarile consacrate studiului diatomeelor de apa curgatoare
din Transilvania, unele se rezuma la caracterizarea compozitiei floristice
a comunitatior cercetate [7—9]. Tn ultimul timp Tnsd, au fost elaborate
studii mai complexe, abordand si aspecte ale structurii comunitatilor, in-
vestigate eu ajutorul unor metode matematico-statistice [2, 4, 5].

Prezenta lucrare completeaza rezultatele obtinute anterior, privi-
toare la compozitia si structura comunitdtilor de diatomee din Somesul
Rece [6], evidentiind modul in care, pe baza unor astfel de date, se poate
efectua o apreciere satisfacatoare a gradului de saprobitate Tn domeniul'
limnosaprobic [10].

Material ti metode. S-a evaluat gradul de saprobitate al apei in 5 sectiuni
(puncte de recoltare), situate de-a lungul raului Somesu Rece, intre Blajoaia si
Somesul Rece-sat Probele de diatomee au fost recoltate In luna mai, 1993. Tabelul
cuprinzand compozitia floristica si frecventa de aparitie a speciilor identificate a
fost publicat anterior [6].

Aprecierea gradului de saprobitate s-a realizat pe baza compozitiei calitative

si cantitative relative a comunitatilor de diatomee, utilizdnd metoda evaludrii nu-
merice, propusd de Zelinka si Marvan (citati de [10]), dupd formula:

5D hg

tn care:

K = nivelul de saprobitate Tn domeniul limnosaprobic;
h = abundenta (caracterizare numerica);

g = valoarea indicatoare a speciilor individuale (1—5);

X = cuantumul de participare a speciilor individuale la valenta saprobied totald,
pe fiecare nivel de saprobitate.

* institutul de Cercetari Biologice, 3400 Cluj-Napoca, Romania
* Universitatea Babey-Bolyal, Catedra de biologie vegetalda, 3400 Cluj-Napoca, Romania
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De asemenea, pentru fiecare statiune s-a cakulat si indicele de saprobitate
S introdus de Pantle si Buck [3]:

Unde:

S = indice de saprobitate;
h = abundenta (apreciere dupa o scara numericd);
s = valoarea saprobica a speciilor individuale.
Aprecierea caracterului saprobic in functie de ,S", s-a realizat urmatoarea
scara de saprobitate:
0 = xenosaprobitate (x);
1 = oligosaprobitate (0);
2 = beta-mezosaprobitate (P);
3 = alfa-mezosaprobitate («);
4 = polisaprobitate (p).

Rezultate si discutii. Evaluarea numerica a saprobitatii prin metoda
propusd deZelinka si Marvan (citati de [10]) prezintd avantajul
unei aprecieri mai complete (largi) a diferitelor statiuni din acest punct
de vedere. Ea depéaseste inconvenientul metodei lui Pantle si Buck [3]r
in care se presupune ca fiecare specie este indicatoare doar pentru un
singur nivel de saprobitate, fapt care nu poate fi acceptat [10].

Acelasi autor [10] apreciaza ca aceasta metoda a reprezentat un real
progres in evaluarea saprobitatii, fiind adoptatd de catre diferiti cerceta-
tori, mai ales din tarile apartindnd Consiliului de Asistentd Economica
Mutualda (CMEA), in care ea a fost inclusa intre metodele biologice stan-
dard. Printre avantajele pe care le ofera metoda, pot fi enumerate: posi-
rentiata intre comunitati (in cadrul uneia sau intre mai multe statiuni)
si posibilitatea prelucrarii statistice a rezultatelor.

De asemenea, formula de calcul permite diferentierea cuantumului
de participare a speciilor individuale la evaluarea saprobitatii si Tn func-
tie de valoarea lor ca indicatori biologici, valoare stabilitd in mod obiec-
tiv, pe baza curbei de variatie Gauss, de catre Sladecek [10].

Evaluarea se realizeazd pentru fiecare nivel de saprobitate in parte,
rezultatele obtinute putdnd fi reprezentate grafic; se obtine Tn acest fel
0 curbd de distributie sau ,spectru saprobic* [1]. In cadrul acestuia, va-
loarea maximd reprezintd gradul de saprobitate definitoriu pentru sta-
tiunea respectivd, Tn timp ce valorile apropiate indicd tendintele (incli-
natiile) catre un nivel de saprobitate mai ridicat sau mai scazut. Diferen-
tele mici fatd de maxim aratd un caracter saprobic nedeterminat (incert).

in portiunea din Somesul Rece cercetatd de catre noi, valorile sa-
probice obtinute (Fig. 1) evidentiaza caracterul xeno- si oligosaprob al
apei in punctul ,aval Blajoaia®, respectiv xenosaprob in punctul ,,amonte
baraj“. Coborand pe firul apei, caracterul tinde cdtre mezosaprob. Astfel,
in punctul ,,amonte Racatdu“ valorile se situeaza intre oligo- si B-mezo-
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Nivele de scmrobitate

Fig. 1 Spectrele saprobicc in cele 5 statiuni cercetate din Somesul Rece.
1 — Aval Bldjoaia. 2 — Amonte baraj. > — Amonte Hacatau. 4 — l.a uzina. 5 —
Amonte Somesul Rece-sat.

A Indice de saprchitote
— Linia de regresie (y=013x41,07)

Fiy. 2. Evolutia indicelui de saprobi-

tate in statiunile cercetate din Somesul
Rece.
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«aprob, iar Tn ultimele doua statiuni (,la uzind“ si ,amonte Somesu
Jtece-sat”) valorile maxime corespund nivelului R-mezosaprob.

in privinta indicelui de saprobitate ,S“, valorile obtinute indica
aceeasi tendinta de crestere, de la oligosaprob cdtre B-mezosaprob. Linia
de regresie calculata pe baza valorilor lui ,S“ confirma caracterul
legic al acestei tendinte (Fig. 2).

Deoarece rezultatele obtinute la calcularea lui ,,S“ au o precizie de
0,1, aceasta scara poate fi detaliatd, asa cum s-a procedat pentru zoo-
plancton [10], introducand subzone de saprobitate; acest lucru permite
atdt o caracterizare saprobica mai riguroasa, cat si surprinderea tendin-
telor sau a situatiilor de tranzitie Tntre diferitele nivele de saprobitate.

In cazul statiunilor cercetate de catre noi, conform unei astfel de
scari, apele Somesului Rece se incadreaza Tntre oligo- si B-mezosaprob
(foarte aproape de nivelul inferior) in primele trei puncte de recoltare;
la mijlocul intervalului mentionat, in punctul nr. 4, iar la pénctul nr. 5
se situeaza Tn intervalul B-mezosaprob—oligosaprob (mai aproape de
nivelul superior).

Concluzii. Valoarea saprobica si indicele de saprobitate, calculate pe
baza compozitiei calitative si cantitative relative a comunitatilor de dia-
tomee din Somesul Rece (intre Blajoaia si Somesul Rece-sat), indicd evo-
lutia apelor raului de la oligosaprob catre 3-mezosaprob.
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VEGETATIA REGIUNII SOVATA-PRAID-DEALU.
I. FORMATIUNILE SILVESTRE

IOAN POP**ti ZOE BUZ"

SUMMARY. — Vegetation of thé Sovata-Praid-Dealu Area. |. Forest
Formations. The phytosociological study of the Sovata-Praid-Dealu area
revealed diversity of the nemoral vegetation in dependence of altitude,
relief and climate. The analysed present-day vegetation places the So-
vata-Praid-Dealu volcanic plateau on the nemoral storey, at the highest
limit of the hilly storey of oak forests (500—650 m), including the
whale inferior submontane substorey of beech forests (650—950 m) and
tlie medium montane substorey of the mixed forests of beech, spruce
and fir (950—1050 m).

Practically, it has been remarked an alternation between the pre-
vailing forest vegetation and the pratal one with insertions of aquatic
and palustrine formations or ruderal communities.

Thirteen floristic associations have been identified and each is
characterised by a unique floristic combination, a distinctive geogra-
phical range and particular bioclimatic conditions.

Within the Salici cinereae-Sphagnetum recurvi (Zo6lyomi 1931) Soé
1954 association, we have described a new subassociation — calama-
grostio cancscenti-calletosum palustris subass. nova.

I. Consideratii fizico-geografice asupra teritoriului cercetat

Regiunea Sovata-Praid-Dealu, situatd in partea sud-vestica a Mun-
tilor Gurghiu, se Tncadreazd in zona platourilor vulcanogen-sedimentare
pliocene. Limita nordica o constituie raul Sovata, cea sudicd este margi-
nitd de abruptul platoului vulcanic spre Depresiunea Odorhei. La vestr
formatiunile vulcanice intrd in contact cu sedimentarul Bazinului Tran-
silvaniei (asa-zisa Tara Praidului). Limita esticd o constituie contactul
dintre platou si Muntii Gurghiu (Fig. 1) {14].

Platoul vulcanic Sovata-Praid-Dealu are o dispozitie usor N—V —
S—E, ntinzdndu-se pe o lungime de 70 km, latimea variind Tntre
10—20 km. EI totalizeaza o suprafatd de cca 1000 km2 Perimetrul aces-
tei suprafete este marcat in vest de localitatile Sovata, Praid, Ocna de
Sus, Ocna de Jos, Corund, Lupeni, la sud de Dealu, iar la est de Fantana
Brazilor, Sancel, Valea lui Pavel, Becas. Cea mai mare suprafata a acestui
teritoriu se afld pe cuprinsul judetului Harghita, doar partea sa nordica
(Sovata) este situatd in judetul Mures.

Relieful teritoriului cercetat este tipic de podis vulcanic, dezvoltat
pe formatiunile vulcanogen-sedimentare, extinse ca un vast platou la
poalele conurilor vulcanice ale Muntilor Gurghiului. Caracteristica prin-
cipald a reliefului fluvial o constituie fragmentarea platoului Tn in-ter-
fluvii largi, relativ netede, sub actiunea retelei hidrografice. Astfel, au

¢ Universitatea Bobes-Bofyai, Catedra de biologie vegetala, 3400 Chij-Napoca, Romania
** Biblioteca Centralé Universitarii , Ltioion Bloga\ 3400 Cluj-Napoca, Romania
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rezultat in zona diapird Sovata-Praid forme de microrelief specifice —
terase, lunci, doline, mlastini si surpari sau alunecdri de teren, care au
conditionat formarea unor lacuri. Podisul se incadreaza intre altitudinile
800—1050 m, atingdnd o latime medie de 15 km. Structura geologicad a
platoului are un fundament eristalino-mezozoic peste care se situeaza
formatiunea vulcanogen-sedimentard neogena.

Regiunea luatd in studiu se caracterizeaza printr-un climat temperat-
continental de tranzitie intre climatul temperat-oceanic din Europa ves-
tica si cel temperat-continental din Europa estica: Temperatura medie
multianuald a aerului prezinta valori cuprinsa intre + 4°C si + 8°C.

Pe platoul vulcanic cad precipitatii medii anuale cuprinse intre 600—
1200 mm. Regimul eolian se caracterizeaza prin predominarea vanturilor
care se manifestd dih sectorul N—V si V.
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Apele de suprafata apartin la doud bazine hidrografice: Tarnava
Micd (Sovata, Corundui etc.) si Tarnava Mare (Sencedul, Paraul Alb etc.).
Lacurile din acest teritoriu apartin complexului carstosalin Sovata, fiind
in general sarate (Ursu, Alunis, Rosu, Verde etc.), doud sunt dulci (Lacul
Dulce si Lacul Sarpelui) si unul considerat de origine antropica (Lacul
Negru).

Complexul mlastinos cuprinde mlastini eutrofe cu rogozisuri situate
pe valea Paraului Alb (Nyiko Feje) si Paraul Noroios in fazd de tranzitie
catre mezotrofism, 9 mlagtini mezotrofe desfasurate ca un lant pe latura
vesticd a platoului, incepand de la Praid panad la Dealu, si una oligotrofa
— tinovului Rut — de la Féantana Brazilor.

Tipurile de sol zonale de pe cuprinsul teritoriului studiat apartin
solurilor argilo-iluviale podzolice, solurilor brune andice si andosolurilor.
Solurile intrazonale sunt reprezentate de cele hidromorfe humieo-gleice,
turboase si aluviale.

2. Scurt istoric asupra studiilor botanice efectuate n aceastd regiune

Din punct de. vedere botanic, primele informatii floristice dateaza
din anul 1816 apartindnd lui Baumgarten [2] care citeazd plante
din Harghita. Urmatoarele referiri botanice le gasim 1in lucrarile lui
Schur [30], Simonkai [31] si Fuss [12] care semnaleazd plante
chiar de la Praid si Corund.

O monografie a florei Harghitei si a Tmprejurimilor sale a realizat-o
Barth [1]. In prodromul florei Transilvaniel Orientale, Soé [32, 33]
citeaza plante din regiunea mentionatd, Tn care se include si regiunea
cercetata de noi. Alte lucrari botanice privind regiunea Sovata-Praid-
Dealu apartin lui Moesz [16], Gaal [13], Szepesfalvi [34], Bor-
za [3], Keller [15].

Un aport deosebit la completarea cunostintelor floristice referitoare
la aceasta regiune l-a adus Nyarady [17—23] care, cercetind compo-
zitia floristica a unor formatiuni vegetale, printre care si a mlastinilor
din Harghita, ridicd problema relicteior glaciare si schiteazd evolutia ve-
getatiei si din platoul vulcanic Sovata-Praid-Dealu. Referitor la Sovata,
acelasi autor a scris o monografie botanica rdmasa in manuscris, com-
pletatd cu un herbar care se afld la Muzeul Brukenthal [22]. Studiul flo-
ristic cel mai recent este efectuat de noi [6, 9]. P op, semnaland mlas-
tini noi din judetul Harghita, prezinta si o listd de plante din acest tinut
[25—28]. Toate aceste lucrari, Tn care sunt citate si unele specii cu sem-
nificatie fitogeografica deosebitda — Drosera rotundifolia, Vaccinium oxy-
cocos etc. —, surprind si aspecte generale de vegetatie din regiunea cer-
cetatd. Un studiu amanuntit sub aspect fitocenologic al sectorului Sovata-
Praid-Dealu s-a realizat de noi Tn perioada anilor 1982—1986 [6, 8].

3. Distributia vegetatiei forestiere Tn regiunea cercetata

Studiul vegetatiei actuale a acestei regiuni s-a efectuat in scopul
corelarii acesteia cu vegetatia erelor trecute. =~ _
in urma prelucrarii datelor fitocenologiee inregistrate pe teren au
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fost identificate 34 asociatii vegetale, dintre care 13 nemorale, 10 prati-
cole, 2 palustre, 1 de tinoave, 5 de rogozuri montane si 3 ruderale.

i tl;na dintre cele 3 subasociatii analizate s-a dovedit a fi noua pentru
stiinta.

Aspectul general si distributia spatiala a vegetatiei actuale este re-
zultatul conlucrérii factorilor istorico-ecologici sI zoo-antropici din re-
giune, care au determinat atdt compozitia floristicd, cét fi repartitia alti-
tudinald a vegetatiei actuale, incadrata Tn etajul nemoral al padurilor de
foioase cu frunze cédzatoare.

Desi teritoriul Sovata-Praid-Dealu este uniform sub raport geologic
(eruptiv) si monoton din punct de vedere geografic (platou), el poseda o
vegetatie nemorala diversificatd. Principala sa caracteristica este etajarea
in functie de altitudine, relief si climd. Astfel se deosebesc doua etaje
altitudinale: colinar si montan.

Etajul colinar este domeniul padurilor de gorun (500—650 m) aflate
la limita superioard a goruneto-carpinetelor la Sovata, Ocna de Jos si
Dealu. in cadrul etajului montan se disting doud subetaje: subetajul mon-
tan inferior cu paduri de fag (650—950 m) pure sau in combinatie cu car-
penul si subetajul montan mediu (950—1050 m) cu paduri mixte de fag
cu molid si brad, avand la limita inferioara a molidisurilor intercalatii
de fagete si bradete situate pe suprafata platoului de la Praid pana la
Dealu. Vegetatia forestierda predominantd alterneaza cu cea praticola,
care poseda cateva intercalatii de cenoze acvatice si palustre sau rude-
rale reflectate si in studiul aeroplanctonului de la Praid [7].

Asociatiile forestiere analizate au fost Tncadrate conform urmatoru-
lui sistem cenotaxonomic [5, 10, 11, 24, 29]:

I. VACCINIO-PICEETEA Br.-Bl. 1939

Vaccinio-Piceetalia Br.-Bl. 1939 emend. Hadac 1962
Vaccinio-Piceion abietis Brezina et Hadac 1962
1. Vaccinio-Piceetum abietis, Brezina et Hadac 1962
2. Sphagno-Pieeetam abietis Brezina et Hadac 1969
Athyrio-Pieeetalia Hadac 1962
Oxalo-Piceion (Krajina 1933) Brezina et Hadac 1962
3. Oxalo-Piceetum abietis Brezina et Hadac 1962

I1. VACCINIO-PINETEA Pass, et Hoffm. 1968

Vaccinio-Pinetalia Scam, et Pass. 1959
Vacrinio-Pinion (Libb. 1933) Pass, et Hoffm. 1958
4. Poo-Pinetum silvestris Borza 1959
Eriophoro-Pinion Pass, et Hoffm. 1968
5. Eriophoro vaginati-Pinetum silvestris Hueck 1925 emend. Pass,
et Hoffm. 1968

I1l. QUERCO-FAGETEA Br.-Bl. et Vlieger 1937
Fagetalia silvaticae Pawl. 1928
Symphyto-Fagion Vida 1959
6. Pulmonario rubro-Abieti-Fagetum (Knapp 1942) So6 1964
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7. Symphyto cordato-Fagetum silvaticae Vida 1959
8. Festuco drymeiae-Fagetum silvaticae Morariu et al. 1968
9. Carpino-Fagetum silvaticae Pauca 1941
Quercetalia robori-petraeae Tx. 1931
Carpinion betuli (Issler 1931 p.p.) So6 1962
10. Querco petraeae-Carpinetum betuli Borza 1941, So6 et Pdcs
1957
11. Melampyro bihariensi-Carpinetuvn betuli So6 1964

IV. ALNETEA GLUTINOSAE Br.-Bl. et Tx. 1943, emend. Miull«- et
Gors 1958

Alnetalia glutinosae Tx. 1937, emend. Miiller et Gors 1958
Alnion glutinosae (Malcuit 1929) Mejer-Drees 1936, emend. Miller
et GoOrs 1958
12. Dryopteridi-Alnetum glutinosae Klika 1940
Salicetalia auritae Doing 1962, emend. Westh. 1969
Salicion cinereae Miiller et Gors 1958
13. Salici cinereae-Sphagnetum recurvi (Zélyomi 1931) So6 1954
— calamagrostio canescenti-calletosum palustris subass. nov.

Pentru cenotaxonii si unitdtile subordonate, cuprinsi in tabelele cu
asociatiile forestiere, am utilizat urmatoarele prescurtéri: V-Pi «= Vaoci-
nio-Picetea, V-Pn = Vaccinio-Pinetea, Q-F = Querco-Fagetea, Fa= Fage-
talia (ind. S-F = Symphyto-Fagion), Al-P = Alno-Padion, Q.r.p. = Quer-
cetalia robori-petracae (Ca = Carpion), Q.pb.p. = Quercetea pubescenti-
petracae, Al.g. m= Alnetea glutinosae, Sa.p = Salicetea purpureae, Sh =
Sambucetalia, Pr = Prunetalia, Be-Ad = Betulo-Adenostyletea, Ep.a. =
Epilobietea angustifolii, O-Sph. == Oxycocco-Sphagnetea, Mo-Crd. =
Montio-Cardaminetea, Phr. == Phragmitetea, Mg = Magnocaricetalia,
M-Arr. = Molino-Arrhenatheretea, M = Molinietalia, Sch.-C.n. =
Scheuchzerio-Caricetalia nigrac.

Tabel T
1 Vaccinio-Piceetum abietis Brezina et HadaC 1962
2. Sphagno-Piceetum abietis Brezina et Hadac 1969
3. Oxalo-Piceetum abietis Brezina et HadaiS 1962
Cenotax. Asociatia 1 2 3
Altitudinea in wy 960 960 675-1000-
Expozitia NV SV NV, SV
Tnclinarea pantei in grade 5 5-30 30-35
1 2 3 4 5
X
V-Pi Picea abies 5 4—5 4-5
|
V-Pi Vaccinium inyrtillus 2 —

Vaccinium vitis-idaea ™ 1
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label 1 (continuare)

1 2 3 4 5

Q-F Rubus hirtus _ _ 4-
Uaphne mezereum _ +

Ribes uva-crispa — — 4

Be-Ad Ribes petraeum +

N-Pi Luiitla si lvaties. 4- — +

Osaiis acetoselbi 3 + -2 2-4

. Orthvlia secunda - — 4-

o Circaea alpina + m ~T 2-3

" Campanula abietina +

1 Huperzia seiago +
Lycopodium clavatum — +

" llryopteris dilatata — 4-
Uryopteris disjuncta 4- — 4-
Oryopteris linuaeaua — + -1

U-P Lu/.ula luzuloides - ~ 0-

Majanthemum bifolium 4- 4+ 4-
*\Veottia nidus-avis 4-
Lpilobium montanum — 4-
Pragaria adesea -r -i- 4-

\ Viola rivhuana 4

: A.sperula odorata — 4- —|
Pulmouaria rubra — 4-
Symphytum cordatum — fm
Hieracium svlvaticum — 4-

+

Mycelis muralis +

Athyrium felix-feiuina +
Hryopteris carthusiana — — £

Bryopteris filix-mas +

Hryopteris phegopteris —

+

4

Pteridium aquilinum -r 4-
Le, U Polygonatum verticillatuiu — +
f Seuecio nemorensis 4-
tus. Potentilla erecta H
Briofite
V-Pi Sphagnum girgensohui —

|
Sphagnum teres 1
pieurozium schreberi — 4— 3 —
las. Polytrichum commune - 1-2
Specii rar intadlnite: 1 Fagus siilvatica (si 3), Populus tremula, Sorbus
aucupariu, Juniperus communis, Cystopteris fragilis, Anemone nemorosa, A. ranun-
culoicles, Lathraea squamaria, Gleehoma hederacea, Veronica officinalis, Hieracium
biiidum, Polytrichum formosum, Plagiothecium laetu-m, Dicranum scoparium. 2.
Monotropa hvpopitis, Telekia speciosa. 3. lluUeborus purpurascens, Euphorbia amyg-
daioidcs, Mercurialis perennis, Moehringia trinervia, Viola reichenbachiana, Lathy-
rus vernus, Chrysospleniuin alternifolium, Actaea spicata, Cardamine glanduligera,
C, ilexuosa, Rubus idaeus, Geranium robertianum, Urtica dioica, Cruciata g’abra,
Ajuga reptans, Scrophularia nodosa, Campanula persicifolia, Gnaphalium sylvati-
cum, Lycopodium annotinum, Polypodium vulgare, Polytrichum setiferum.
Localitati: 1—2. Tinovul Rut, 3. Valea Corundului, Sancéi, Fantana Bra-
zilor, Valea Paraului Noroios.
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TabH 2

1. Poo-Pinetum silvestris Borza 1959
2. Eriopkoro vjgmati-Pinetwn silvestris ITucck 1925, ew. Pass, et Hoffm. 1968

Cenotax. Asociatia 1 2
Altitudinea in ta 600 950
Expozitia S
inclinarea pantei in grade 45

V-Pn Pinus silvestris
Cuit. Pinus nigra -
V-Pi Picea abies - +

N W
w

V-Pi Vaccinium myrtillus — 1-3
” Vaccinium vitis-idaea — 12
O-Sph. Vaccinium oxycoccos — + -1
Andromeda polyfolia — 1
Empetrum nigrum — 1-2
Q-P Cytisus nigricans 4~ —
Genista tinctoria + -
Crataegus monogyna + -

oP Poa nemoralis
O-Sph. Eriophorum vaginatum
£ v .
Drosera rotundifolia

+ N
[ |
Lol N

1
V-PI Oxalis acetosella +
Huperzia selago +
Brachypodium silvaticum 4~
Epipactis hilleborine +
Silene vulgaris +
Trifolium alpestre +
Calamintha clinopodium +
Galium schultesii +
Myosotis silvatica +
Mycelis muralis +
Jus. Dactylis glomerata 4* —
+
4*
4*
+
+
4*
+
_u

I B

Euzula campestris
Euphorbia cyparissias
Scleranthus annuus
Dianthus carthusianorum
Cardaminopsis arenosa
Galium mollugo
Betonica officinalis
Veronica orchidea

Briofite

V-Pi Pleurozium schreberi — +
'O-Sph. Caliergon stramineum — 4~
Polytrichum strictum — 4—-2

Sphagnum acutifolium — 4
Sphagnum magellanicuiu —
Sphagnum, nemoreum —
¥ Sphagnum recurvum —

L
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Specii rar Tntalnite: 1 Quercus petraea, Helleborus purpurascens,
Rorippa pyrenaica, Sedum maximum, Origanum vulgare, Anthemis tinctoria, Car-
lina intermedia, Hieracium bifidum, H. pllosella, Lapsana communis, Polytrichum
commune. 2. Aulacomnium palustre, Climacium dendroides, Sphagnum cuspidatum”

Sph. teres.
Localitati: 1 Praid. 2. Rut-Fantana Brazilor.

Tabel $

Pulmonatio rubro-Abieti-Fagetum silvaticae (Knapp 1942) So6 1964
Symphyto cordato-Fagetum silvaticae Vida 1959

Festuco drymeiae-Fagetum silvaticae Morariu et al. 1968

. Carpino-Fagetum silvaticae Panca 1941

PO E

Cenotax. Asociatia 1 2 3 4
Altitudinea Th m 1000 650-900 650-700 580-650"

Expozitia — NV, S NV E, NE,
NV, SV
inclinarea pantei in grade — 30-45 7-10 15-45

1 2 3 4 5 6

V-Pi Abies alba 3-4V

Picea abits 1-3 V
Ea Fagus silvatica 1-2 V
o Carpinus betulus - - - “__.3'
N-E Quercus petraea - - +
Acer campestre - “* _
Acer platanoides - - +
Acer pseudoplatanus — — +
Prunus avium — 4. +

Fa Rubus idaeus + V L
Rubus hirtus +-1V +

¢ Daphne mezereum - .
Hedera helix — _

Q-F Corylus avellana - 4
Cornus sanguinea _ _ _

Q.pb.b  Cornus mas — _
Sb Sambucus nigra — _ -

Fa ; S-F Puhnonaria rubra + 11 +
Symphytum cordatum + V 1

++ 4+ + +

++ 4+ + ++ 4+

" Festuca drymeia
Carex digitata
M Carex pilosa
Carex remota
Carex silvatica +-1 1V +-
Majanthemum bifolium +
Asarum europaeum
ii Mercurialis perennis
n Euphorbia amygdaloides
Actaea spicata
Cardamine bulbifera
Lathyrus vernus : 4- +-1

+ 4+
‘I—‘|H||_
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Tabel 3 (continuare)

*'fi ; S-F  Sanicula europaea _ — 4 -1 T
Circaea lutetiana —
Epilobium montanum + H 4- — ‘-

t, Impatiens nolli-tangere -i- |
Monotropa hypopitis 4L
Myosotis silvatica + 1 4- —
Asperula odorata + 1nr 4- 1-
Lamium galeobdolon -b IV 4-
t, Salvia glutinosa — +

Campanula latifolia 4-
Athyrium filix-femina +-11Iv + 1
Dryopteris filix-mas + 1V 4~
(*.vnmocarpium dryopteris + it --

<0-F Poa nemoralis — 4-
Polygonatum odoratum — +
Cephalanth”~ra longifolia —
Epipactis helleborine -- +
Xeottia nidus-avis 4+ 47
Anemone nemorosa
Stellaria holostea —
Viola reichenbachiana —
Viola riviniana + -1V —
Géranium robertianutn + -1V 4-

+

+
A

|
R

PR | PR

.P

4

B o

Fragaria vesca +in
Geum, urbanum —

e

Lathyrus niger —
Cruciata glabra —
Galium schulte.sti —
Glechoma hideracea 11 —
- Digitalis grandiflora — —
Melampyrum bihariense — 4
Pulmonaria officinalis —
" Campanula pcrsicifolia -
Hieracium sabaudum
Myecelis muralis +
Dryopteris carthusiana 4 - 11V
mQpb.fr  Trifolium medium —
Al-P. Stellaria nemorum + It
Stachys sylvatica + 1
V-Bj Euphorbia carniolica 4~
i Circaea alpina 4
Oxalis acetosella 2-
4
4

&
R e

<
I A
N

[t U

N

4m ‘-

Campanula abietina =
Dryopteris dilatata

Tie-Ad  Polygonatum verticillatum +

. Smecio nemorensis 4-

Ins. Ajuga reptans —

Galeopsis tetrahit foll 4-

Briofite
Q-F Mnium undulatum — - 4-

<
R e

b
+ >
o4+

Specii rar 1ntalnite: 1 Luzula si’vatica, Moehringia trinervia, Car-
famine glanduligera, Chaerophyllum hirsutum. Ajuga gcnevensis, Galeopsis spe-
.eiosa. Equisetum silvaticum. 2. Juniperus communis, Popuius tremu’a, Betula pen-
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dula, Clematis vitaiba, Helleborus purpurascens, Ranunculus cassubicus, Aconitum
moldavicum, Chelidonium majus, Ribes uva-crispa, Calamintha clinopodium, Melit-
tis melisophyllum, Stachys alpina, Scrophularia nodosa, Aposeris foetida, Hiera-
cium bifidum, Paris quadrifolia, Dactylis polygama, Huperzia selago, Dropteris phe-
gopteris, Polytrichum setiferum, 3. Crataegus monogyna, Viburnum opulus, Fraxi-
nus excelsior, Polygonum cuspidatmn, Circeae intermedia, Gentiana asclepiadea,
Glechoma hirsuta, Pulmonaria molL'.issima, Campanula glomerata, C. urticifolia,
4. Quercus robur, Quercus dalechampii, Frangula alnus, Rosa canina, Rubus cae-
sius, Sorbus aucuparia, Ribes petraesum. Anemone ranunculoides, Euphorbia angu-
lata, AFiaria petlolata, Cardamine flexuosa, Astragalus glycyphyllos, Aegopodium
podagraria, Anthriscus silvestris, Chaerophyllum aureum, Impatiens parviflora, Hie-
racium levicaule, Hieracium racemosum, Telekia speciosa, Polygonatum multi-
riorum, Veratrum album, Brachypodium silvaticum, Carex brizoides, C. depressa,
C. spicata, Asplénium trichomanes, Cytopteris fragilis, Pteridium aquilinum, Cli-
macium dendroides. Eurhynchium schwartzii.

Localitdati: 1 Sancéi, 2 Valea Corundului, Sovata, Sancéi, 3. Sovata,
4. Ocna de Jos, Sovata.

Tabel 4

1. Querco petraeae-Carpinetum betuli Borza 1941, So6 et Poes 1957
. Melampyro bihariensi-Caip/nelum betuli So6 1964

0
Cenotax. Asociatia 1
Altitudinea in in 525-600 540
Expozitia S, SY sV
inclinarea pantei Tn grade 15-30 20

1 2 3 4

Q-F ; Or. p. Ouercus petraea 2
" Carpinus betulus 2-
(> Quercus robur 4

Acer eampestre

Acer platanoides -u TH -r

Acer pseudoplatanus 4- 1M —

Pa Pagus silvatica 4. | *r

Q-P;Or. p. Crataegus monogyna
Cornus sanguinea
' Lonicera xylosteum
Q.pb.p Corus mas
Sorbus torminalis
Fa Hedera helix
Al. p. Sambucus nigra
Sa.ti. Rubus caesius
Pr. Ligustrum vulgare

Q-F;Ca Melampyrum bihariense + -1 1V 1-2
O-P ;Qr. p. Brachypodium silvaticum 4--X 11 —
Dactylis polygama + 11

Poa nemoralis 4— 11V —
Polygonatum latifolium + 1

Polygonatum multitlorum + 11 -
Polygonatmn odoratum . A% -
Lilimn martaguou N 11 _

1 —
11 -f-

ES Y NN NN TS
E
|
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Tabel 4 (continuare)

Q-F ;Qr. p. Cephalanthera longifolia
” Cypripedium calceolus
’ Epipactis atrorubens
' Epipactis helleborine
Neottia nidus-avis
Hepatica nobilis
Ranunculus cassubicus
Viola reichenbachiana
Stellaria holostea
Fragaria vesea
» Geum urbanum
Eathyrus niger or \V "n
Pulmonaria officinalis + V -
Cruciata glabra + 11 —
Calamiutha clinopodium + 1]
Glechoma hederacea +-111 —
" Helittis m.dissophyllum + 11 —
Campanula persicifolia +-111 —_—
Mycelis nuralis o
O.pb. p. Euphorbia angulata b1
Trifolium medium + 1V —
Fa ; VS-F Carex silvatica + -1V 2
Paris quadrifolia + 11
'y Asarum europaeum 4- | H'
" Actaea spicata -r 1 “t
Helleborus purpurascens 1 1
Euphorbia amygdaloides -r Vv
1> Mercurialis perennis +- 11V
Lathyrus vernus + -
Aegopodium podagraria +
Chaerophyllum aromaticum +
Sanicula europaea + -1 IV +
Asperula odorata 4-
' Gentiana asclepiadea +
" Athyrium filix-femina -
Al. P. Stachys sylvatica + 111
+
+
+
+

T
e

Be-Ad. Polygonatum verticillatum
Ins. Dactylis gomerata
Ajuga reptans
” Hieraciuin umbellatum

Briofite

Q-F Eurhynchium schrvartzii +
Mnium undulatum + 111 4-
Ins. Climacium dendroides +

Specii rar intalnite: 1 Fagus silvatica, Tilia cordata, T. platyphyllos,
Rhamus cathartica, Viburnum lantana, Daphne mezereum, Aconitum moldavicum»
A. paniculatum, A. vulparia, Anemone nemorosa, A. ranunculoides, Thalictrum
aquilegifolium, Silene vulgaris, Stellaria media, Hypericum macu'.atum, Euphorbia
carniolica, Viola mirabilis, V. riviniana, Epilobium angustifolium, E. montanum,
Fragaria viridis. Alliaria petiolata, Geranium phaeum, Astragalus glycyphyllus,
Cytisus nigricans, Chaerophyllum aureum, Lysimachia nummularia, Gentiana
cruciata, Pulmonaria mollissima, Veronica officinalis, Galeopsis tetrahit. Campa”

2 — Biologia 2/19*4
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"TUila glomerata, Chrysanthemum corymbosum. Lapsana communis, Sonecio nemo-
rensis, S. papposus, Solidago virgaurea. Capex digitata. C. divuisa, Bromus bene-
keni, Festuca gigantea, Melica uniflora. Equisetum telmateja. 2. Euonymus euro-

paeus, Impatiens parviflora.
Localitati: 1, 2. Sovata in jurul lacului Ursu.

1. Dryoptcridi-Alnelum glutinosae Klika 1940
Salic? cinereae-Sphagnetum recurri (Z6élyomi 1931) So<> 1954
— catamagrostio caaescenti-calletosum palustris subass. nov.

Cenotax. Asociatia 1
Altitudinea in tu 1050
Expozitia XV
inclinarea pantei Tn grad : 5
1 0 3
|
Al «. Alnus glutinosa 14
11
Al.g. Salix cinerea 4. N
Sa.p. Salix pururea —
Ep.a. Rubus idaeus + 11
11
Al.g. Dryipteri.s thelipteris 4 11
Dryopteris carthusiana 4--1 111
Dryopteris cristate H— 111
* Plagiothecium ruthei —
O-Sph. Sphagnum recurvum 31
’ Sphagnum majus —
Ins. Acrocladium cuspidatum 4— 4 11
Mnium longirostre —
Al.g. Calamagrostis canescens —
Be-Ad. Calamagrostis villosa —
Hg. Calla palustris 2 11
Al.g. Crépis paludosa RANT
" Carex elongata —
hlo-Crd. Epilobium alsinifolium + 1V
M, Agrostis canina + 1
Agrostis stolonifera + -1 11
* Deschampsia caespitosa 1-4 111
J uncus effusus 42V
Orchis maculata —
> Caltha palustris 4— 2V
" Peucedanum palustre 4- 111
Cirsium palustre 4- IV
Sch-Cn. Carex nigra —

Carex stellulata —
Eriophorum gracile —
Briophorum latifolium —
Phr. Carex acutiformis 4— 3 11

Tabel 5
n
950
SV
5
4
4- 1V
i-
4. T
4 5V
4.-2 11
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Tabel 5 (continuare)

1 2 3 4
Pbr. Carex rostrata +-3 1V H-2V
Scirpus sylvaticus 1-3 111 —
Sparganium erectum +-111 —
e Oenanthe aquatica + 11 —
Oenaathe fistulosa -F 111 —
> Lysimachia vulgaris +-1V + 1
Galium palustre + 111 + 1
\4 Lyeopus europaeus + 1V —
s Mentha arveusis + 11
M-Arr. Lychnis flos-cuculi + 1V —
Be-Ad. Myosotis silvatica + 11
Q-F Impatiens nolli-tangere +-1 111 —
Specii rar 1intalnite: 1 Carex dioica, Juncus articulatus, J. thomasii,

Ranunculus repens, Filipendula ulmaria, Chaerophyllum hirsutum, Valeriana
simplicifolia, Myosotis scorpioides, Mentha aquatica, Scutellaria hastifolia, Succisa
pratensis, Athyrium filix-femina, Mnium punctatum. M. undulatum, Polytrichum-
formosum. 2. Scutellaria galericulata, Veronica scutellata, Calliergon cordifolium,_
C. stramineum.

Localitati: 1 Arinis Saneel; 2. Podul de Hartie, Fantana Brazilor.

4. Analiza padurilor din regiunea cercetata

Padurile reprezintd una din bogatiile de mare interes economic dini
sectorul Sovata-Praid-Dealu. Dupa cum reiese din datele obtinute de
la Ocoalele Silvice Sovata, Praid si Odorhei, vegetatia silvestra in peri-
metrul cercetat ocupa aproximativ 7130 ha [35].

Din totalul formatiunilor silvice, padurile naturale se intind pe o
suprafatd de 5100 ha. in ultimii 300 de ani au fost Tmpadurite 2031 ha,,
dintre care 50% numai cu molid [4].

Raportul procentual dintre diferitele formatiuni forestiere de pe
cuprinsul platoului se prezinta astfel: fagetele detin 61%, molidisurile
29%, bradeturile 3%, pinetele 2,5%, gorunisurile 1,7%, carpenisurile
1,3%, saleisurile, arinisurile si plopisurile 0,9%. Paltinul, frasinul si sal-
camul participa Tn paduri cu 0,6%.

Pe acest platou se constatd predominarea neta a fagetelor incadrate
n asociatiile Festuco drymeae-Fagetum silvaticae, Symphyto cordato-
Fagetum silvaticae, Carpino-Fagetum silvaticae si Pulmonario rubro-
Abieti-Fagetum.

Acoperind aproape 4000 ha, fagetele sunt deseori cantonate la altitu-
dini mai mari decat molidisurile, care coboard pe numeroasele vai reci
si umede ale platoului. Aceasta distribuire mai rar Tntalnitd decurge din
inversiunea termicd, specifica platoului, partile inalte fiind plane si insa-
rite sunt mai calde decat depresiunile umede, umbrite si reci:

Principalele asociatii silvestre sunt specificate mai jos:

4.1. Molidisurile si pinetele

1 Vaccinio-Piceetum abietis Brezina et Hadac 1962 (Syn.: Piceetunr.
subalpinum Br.-Bl. 1930 myrtillosum Borza 1955; Piceetum: myrtillosum.
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subalpinum Leandru 1954; Piceetum earpaticum Sod 1930 vaccinetosum
So6 1930, 1944).

Molidisurile eu afin, situate pe sol acid la 950 m altitudine, incon-
joara tinovul Rut (Fantdna Brazilor-Corund), ocupand o suprafatd de
aproximativ 15 ha. Ele se intind pand la limita superioarda a platoului.
Sunt molidisuri batrdne depasind 100 de ani, cu stratul arborescent al-
catuit aproape exclusiv din molid, cu coronament 0,8—0,9 (Tabel 1,1).

Stratul arbustiv este format din afin, merisor si puieti de molid. Din
analiza indicilor ecologici rezultd cd aceste molidisuri au un caracter me-
zofil (60,7/0), microterm (60,70/0) si acidofil (39,2%).

2. Sphagno-Piceetum abietis Brezina et Hadac 1969.
— vacciniosum Brezina et Hadac 1969.

Molidisurile cu Sphagnum se instaleaza pe un teren lat de aproxi-
mativ 50 m la periferia tinovului Rut, delimitdndu-1 de molidisurile cu
afin, cu care se invecineaza. Stratul arborescent este formatexclusiv din
molid cu Tndltimea de 15—25 m si coronament 09. Stratul arbustiv este
dominat de afin si puieti de molid. Stratul muscinal este foarte bogat
si bine reprezentat (Tabel 1,2).

Preferintele ecologice ale acestor molidisuri sunt ilustrate de domi-
narea mezofitelor (66,6%), microtermelor (75%) si acidofilelor (58,2%),
aldturi de care se remarca si speciile eurionice (33,3%).

3.0xalo-Piceetum abietis Brezina et Hadac 1962.

Molidisul cu mécrisul iepurelui ocupa suprafete ntinse atat pe Va-
lea Corundului, cat si pe Valea Paraului Noroios, intre Fantana Brazilor
(Corund) si Séancel (Dealu) la 675 m si, respeativ 950 m altitudine.

Stratul arborescent, consistent si uniform, are coronamentul 09—1,
cel arbustiv lipseste sau este slab reprezentat, iar stratul ierbos este
foarte sdrac in specii remarcandu-se prin abundentd mai mare Oxalis
acetosella si Circaea alpina (Tabel 1,3).

In molidisurile cu Oxalis predomind plantele mezofile (660/0). micro-
terme (590/0, si acidofile (64,lo/f). In molidisurile situate pe versantii cu
expozitie sud-vestica se remarcd alaturi de microterme si speciile miero-
mezoterme (45,2%).

4. Poo-Pinetum silvestris Borza 1959.

Padurile de pin rosu (uneori in amestec cu pin negru) se intalnesc
frecvent pe versantii sudici ai dealurilor de la Sovata pana la Dealu, intre
altitudinile de 525 m si 1000 m.

Stratul arborescent este dominat de pinul rosu, cu indltimea de
30—40 m. Diametrul trunchiurilor masoara cca 40—50 cm. Trunchiul
unor pini din plantatia veche (oca 300 ani) de la Dealu atinge chiar
1 metru diametru. Pinetele analizate se prezinta ca o padure rard, cu
stratul ierbos bine dezvoltat (Tabel 2,1).

Padurea de pin cu firutd are un caracter xero-mezofil (47,1%) spre
mezofil (34,200, micro-mezoterm (66%) si acid-neutrofil (37%) spre slab
acid-neutrofil (31,5%).
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5. Eriophoro vaginati-Pinetum silvestris Hueck 1925, emend. Pass, et
?ggg)m. 1968 (Syn.: Pinetum silvestris eriophoretosum vaginati Zélyomi

Regiunea centrald a tinovului Rut este tipic oligotrofa, fiind acoperita
cu fitocenoze de pin cu bumbacaritd. Padurea de pe cuprinsul tinovului
Rut este un pinet natural Tnmlastinit. Eiste o padure foarte rard, consti-
tuitd din exemplare de pin imbatrénite, distruse sau slab dezvoltate din
cauza mediului acid, populand toata suprafata tinovului care se intinde
pe aproximativ 12 ha.

Stratul arbustiv si ierbos este sdrac in specii, dar bogat in numar
de indivizi, dezvoltandu-se peste un strat muscinal foarte proeminent
si bombat (Tabel 2,2).

Pinetul cu bumbécari%é este edificat Tn egala masurad de specii mezo-
file (33,3%) si higrofile (33,30/0 cu 0 bund reprezentare si a speciilor am-
fitolerante (22,2%). Dominarea speciilor microterme (55,50/0 si euriterme
(44,4%), precum si a plantelor foarte acidofile (55,5%), acidofile si eurio-
nice (22,2%) reflectda atat clima racoroasd cat si reactia acidd, a substra-
tului datoratd ecotopului turbos die tip oligotrof.

4.2. Fagetele, gorunisurile si carpenisurile

fi. Pulmonario rubro-Abieti-Fagetum (Knapp 1942) Sod 1964.

Bradeto-fagetele ocupa suprafete mai mari, incepand de la Sancel
(DealuJ péna la Varsag la 1000—1050 m altitudine (Tabel 3,1).

Stratul arborescent este edificat de brad si fag, aldturi de care se
remarca si molidul. Stratul arbustiv si ierbos sunt slab dezvoltate, cu
putini? specii. Din punct de vedere ecologic, aceastd asociatie este carac-
terizatd de dominarea speciilor mezofile (67,40/0, mezo-higrofile (23,3%),
micro-mezoterme (51,5%), microterme (45,1%) si acid-neutrofile (39,5%).

7. Symphyto cordato-Fagetum silvaticae Vida 1959.

Fitocenozele acestei asociatii au fost semnalate pe Valea Corundu-
lui, Valiea Paraului Noroios, Tntre Fantana Brazilor, Sancel, Sovata, la
altitudini variind ntre 650—900 m, unde ocupa suprafete mari.

Stratul arborescent este bine inchegat (coronament 08—09), dominat
de fag. Sporadic se mai intalneste molidul, artarul si ciresul sélbatic.

Stratul arbustiv este slab dezvoltat (Tabel 3,2).

Fagetele cu brustur negru sunt prin excelentd pdaduri mezofile
(75,7%), micro-mezoterme (65,7%) spre microterme (30%), acid-neutro-
file (42,8%) péanad la slab acid-neutrofile (22,8%), dezvoltate pe soluri
brune de padure, mai profunde si reavane.

8. Festuco drymeae-Fagetum silvaticaeMorariu et al. 1968.

Fagetele cu paius de padure se Tntalnesc in etajul colinar din Tmpre-
jurimile Sovatei, la 600 m altitudine, ocup&nd versantii dealurilor cu di-
ferite expozitii si inclinatii.

Stratul arborescent, dominat de fag, are coronamentul 09. Stratul
airbustiv este alcatuit din murar, iedera, soc etc., alaturi de numerosi
puieti de fag, carpen, gorun, artar s.a. Stratul ierbos ieste relativ bine
reprezentat (Tabel 3,3).
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Fagetele cu paius de padure sunt paduri mezofile (64,2%), micro-
mezofcerme (82,1%) si acid-neutrofile (48,2%).

9. Carpino-Fagetum silvaticae Pauca 1941.

Fagetele ou carpen au fost identificate atdt la Ocna de Jos, unde
ocupa versantul nord-estic al dealului dinspre Podisul Transilvaniei, cat
si la Sovata, pe dealurile din jurul lacului Ursu, cu altitudinea de 575—
650 m. Pentru aceste cenoze solurile brune de paduae sunt caracteristice.

Aceste paduri sunt evident stratificate. Stratul arborescent este bine
inchegat (coronament 09—09) edificat de fag si carpen. Stratul arbustiv
este alcdtuit din 8 specii, precum si din numerosi puieti de fag, car-
pen etc. Stratul ierbos are o acoperire medie de 40% (Tabel 3,4), format
din 44 specii, remarcandu-se prin abundenta firuta, iarba moale, vinarita,
galbenita, sovarvul etc.

Carpino-fagetele analizate au un caracter mezofil (65,3%), micro-
mezoterm (82%), acido-neutrofil (39,7%) spre slab acid-neutrofil (25,6%).

10. Qirerco petraeae-Carpinetum betuli Borza 1941, So6 et Pécs 1957.

Fitooenozele acestei asociatii forestiere au fost identificate la So-
vata, In jurul lacurilor Verde, Rosu, Ursu, Alunis, Negru. Ele ocupa ver-
santii si platoul Muntelui de Sare, la altitudini variind ntre 525—600 m.
Goruneto-carpenisurile situate pe bordura de la baza masivului de sare
din nordul laculul Ursu ar putea reprezenta ramasite din vechile paduri
de odinioara.

(P&durile de gorun si carpen au o stratificare evidenta. Stratul arbo-
rilor este relativ bine inchegat (coronament 07—08) edificat de gorun si
carpen. Stratul arbustiv este individualizat, Tn el remarcandu-se cu frec-
ventd mai mare paduoelul, sangerul, cornul, sorbul si murul. Stratul ier-
bos este bogat Tn specii, insa cu o acoperire relativ micda, variind Tntre
20—30% (Tabel 4,1).

Gomneto-carpinisurile analizate au un caracter mezofil (65,4%), mi-
cro-mezoterm (77%), acid-neutrofil (33,6%), cantonate pe soluri brune
de padure, adesea podzolite, moderat umede si slab acide.

11. Melampyro bihariensi-Carpinetum betuli Soé 1964.

Pitocenozele asociatiei au fost identificate pe platoul din dreapta;
lacului Ursu, la Sovata, ocupand suprafete mici la altitudini de 535—
550 m. Stratul arborescent este edificat de carpen, cel arbustiv de pa-
duoel, sanger, lemn cainesc, iar in cel ierbos sarac in specii (Tabel 4,2) se

evidentiazda Melampyrum bihariense.

Cérpinisurile cercetate sunt paduri mezofile (57,1%), micro-mezo-
terme (75%) si acid-neutrofile (50%).

4.3. Arinisurile si salcisurile

12. Dryopteridi-Alnetum glutinosae Klika 1940.

Arinisuri Tnmldstinite au fost semnalate la Séncel (Dealu). Ele inso-
tesc malurile paraielor sau acopera microdepresiunile inundate la alti-
tudinea dfe 1036 m, situate in partea centrala a platoului. Tn stratul ar-
borescent se remarcd numai arinul, iar in cel arbustiv z&logul si muraruL
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Stratul ierbos este edificat de ferigi si de numeroase cormofite caracte-
ristice ordinului Malinietalia si claser Phragmitetea (Tabel 5,1).

Arinisurile analizate au un caracter mezo-higrofil (44,1%) spre higro-
fil (39,30/0), miero-mezoterm (58,1%) si acido-neutrofil (41,8%) la care
se alaturd cu un ridicat procent (46,50/0 si speciile eurionice.

13. Salici cinereae-Sphagnetum recurvi (Zélyomi 1931) So6 1954.

calamagrostio canescenti-calletosum palustris subass. nova

Fitocenozele acestei asociatii sunt instalate pe terenuri plane, acope-
rite de apa sau in microdepresiunile create de-a lungul paraielor. Se intal-
nesc frecvent pe platou de la Sé&ncéi (Dealu) si in mlastina Podul de
Hartie-Fantana Brazilor (Corund), la 1036 m si respectiv 960 m altitudi-
ne.

Aceste cenoze artustive sunt rare, formate din tufe razlete de zalog
(Salix cinerea). Stratul ierbos si muscinal este sarac in specii dar foarte*
bogat ca numar de indivizi cu acoperire de 1000/0 (Tabel 5,2).

Fitocenozele subasociatiei calamagrostio canescenti-calletosum, palus-
tris au fost identificate Tn centrul mlastinii mezotrofe Podul de Hartie,
situatd de-a lungul unui afluent al Corundului. Se caracterizeaza prin
frecventa si abundenta ridicatd a speciilor diferentiale, precum si prin
prezenta speciilor transgresive din clasele Alnetea glutinosae, Oxycocco-
Sphagnetea si din ordinul Scheuzerio-Caricetalia nigrae (Calamagrostis
canescens si Calla palustris).

Aceastd subasociatie denumitd pe baza celor doud codominante este
instalatd pe un substrat edafic mineral cu un pronuntat caracter acid si
ecu un foarte bogat strat de Sphagnum.

Sunt fitocenoze higrofile (63,1%), miero-mezoterme (63,1%), acido-
neutrofi-le (47,3%) cu multe specii eurionice (21%).
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ANALIZA PALINOLOGICA A MLASTINII RAMURA CORUNDULUI
(JUDETUL HARGHITA)

ZOE BUZ*

SUMMARY. — Paiynological Analysis of the Ramura Corundului Bog
(HarghRa County). The results of the paiynological analysis described
in this paper prove the existence of three postglacial forest phases:
Pinus, Quercetum viixtum-Picea-Corylus and Fagus-Picea-Abies, evi-
denced in the Ramura Corundului bog.

We remark some paiynological sequences in the profound sedi-
ments which, probably, belong to the first wirm interstadial. The
phase of oak forest mixed with spruce and hazel indicates in detail
the episodes Tilia and Alnus from the Atlantic period, specific to the
Sovata—Praid—Dealu volcanic plateau. The beech, spruce and fir
phase found in the superficial horizons reveals the return of the spruce
in this area.

inmldstinirea numitd de localnici Ramura Corundului (Korond Aga)
reprezintd un molidis Tnmlastinit cu sfagnet intrerupt si sedimente mi-
nerale de varsta finiglaciara, situat pe terenul cdtunului Fantana Brazi-
lor (Corund). Se afld la nord-vest de tinovul Rut, de-a lungul unui brat
al Véii Corundului. Mlastina se prezintd ca o fasie sinuoasd, lunga de
2 km si lata de 50—100 m, aflata la altitudinea de 960 m.

Turba apdtoasa si méloasa atinge 0,5—15 m adancime, ilustrand
intdia etapa de formare a unui tinov pa cuprinsul unui molidis. Palcu-
rile de molizi de pe suprafata mlastinii, ca si diseminarile de pe intregul
platou vulcanic Sovata—Praid—Dealu, indicd extinderea de odinioara a
mojidiselor pe acest teritoriu. Flora dominatd de Vaccinium conserva
populatii dense de Calla palustris si Filipendula ulmaria, aldturi de
specii de Juniperus, Salix, Populus [6]. Din aceastd mlastind in anii
1984—1985 s-au ridicat doua profile la intervale echidistante de 5 cm,
pe grosimi de 155 si 55 cm.

Analizdnd palinologic cele 4 probe de sedimente organo-minerale
ale celor doua profile (Tabel 1, Fig. 1- 2), s-a constatat ca spectrele lor
polinice, incepand de la baza pana la suprafatd, au surprins urmatoarele
faze silvestre: faza pinului, faza stejarisului amestecat cu molid si alun,
faza fagului, molidului si bradului.

— Faza pinului (Pinus). Dupa oscilatiile valorilor procentuale ale
polenului de pin si al celorlalte esente insotitoare (molid, tei, ulm, ste-
jar), este dificil s& considerdm aceste sedimente ca apartindnd in totali-
tate Tardiglaeiarului.

_in spectrele polinice ale orizonturilor 155—145 cm constatim va-
lori procentuale ale pinului destul de scazute (29—60«/0); la aceste valori

+ Biblioteca Centrald Universitara , Lucian Blaga"”, 3400 Cluj-Napoca, Romania
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se adauga procentajele foarte ridicate (25—43%) ale polenului de molid
si quercetum mixtum (4—17%), dintre care cu. 14% contribuie numai
polenul de Tilia. Mentiondm ca in aceste spectre, ca si Tn cele de la San-
céi si Rut [3, 4, 7]-am inventariat si polen de fag si carpen (0,6%).

Dupd cunostintele noastre, asemenea complexe sporo-polenice Tn
sedimentele Tardiglaciarului wirmian din tara noastrd au fost foarte
rar surprinse. Boscaiu si colab. [1, 2] realizeazd o trecere n revista
a celor mai importante exemple de acest fel din Europa si in special din
tara noastra, pledand pentru ideea existentei unor refugii glaciare ale
carpenului in special, dar si ale altor elemente termofile in Carpatii ro-
manesti, ou rol deosebit in restaurarea vegetatiei postglaciare din Eu-
ropa centrald.

Desi nu excludem posibilitatea ca aerate sedimente s& fie mult mai
vechi decat cele depuse la inceputul Tardiglaciarului, asa cum sunt cu-
noscute cele din prima etapa de incdlzire a sa, cunoscuta sub numele
de Bolling. Dar sedimentele depuse Tn Bolling au spectrele polinice bo-
gate in polenul molidului, mai putin in cel al elementelor termofile.
Pand la noi confirmari sau infirmari, consideram aceste spectre polinice
ca apartinand unor asociatii silvestre rulate in primul interstadiu wur-
mian. Aceastd vegetatie interstadiala era completatd cu arin (Alnus)
(2,3-4%), salcie (Salix) (3%) si alun (Corylus) (2—8%).

In spectrele polinice descifrate am surprins o abundentd a sporilor
de pteridofite (46,3—113%), precum si putin polen provenit de la anto-
frtele erbacee.

Urmarind in succesiunea lor spectrele polinice ale orizonturilor
140—100 cm, constatdim o afirmare a polenului de pin, care atinge 95%,
in timp ce polenul molidului scade treptat de la 14 la 2%, iar al QM de
la 6 la 0,6%. Asemenea informatii sporo-polinioe reflectd extinderea pa-
durilor de pin in zond ca urmare a indspririi climatului de tip glaciar.

Admitdnd cd sedimentele de la bazd s-au depus intr-un finimter-
glaciar, suntem tentati sa credem cd aceste spectre sporo-polinice ar
apartine unor ecosisteme silvestre ale unui "inceput de stadiu glaciar.

Aceste afirmatii fitoistorice isi au valabilitatea numai Tn cazul 1in
care polenul stejariselor mixte, inventariat din aceste sedimente, apar-
tine cu adevarat acestora si nu apare ca un proces de resedimentare din
sedimentele superioare, unde polenul teiului rate mult si frumos con-
servat.

n cazul in care n. spectrele polinice ale orizonturilor de sub adan-
cimea de 120 cm apare polenul de tei din perioada caldd boreald-atlan-
tica, atunci aceste remanieri au altérait profund istoria vegetatiei din
zona respectivd. Totusi, si in acest caz, sedimentele s-au stratificat n-
tr-un climat rece, caracteristic padurilor de pin, al caror polen domina
?sugra polenului tuturor celorlalti arbori, cu exceptia orizonturilor pro-
unde.

Tn aceasta idee, consideram cd sedimentele apartin Tardiglaciarului
wirmian, dar este dificil sa-1 subdivizdm 7in perioadele sale specifice:
Dryas I, Bolling, Dryas Il, Allerdd si Dryas IlI.
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— Faza stcjarisului umestecat cu molid si alun (QM—Picea—Cory-
lus). Spectrele polinice ale orizonturilor 100-95 cm siint total deosebite
siib aspectul participarii polenului de pin, de stejaris mixt si de molid.
Daca in spectrul polinic al orizontului 100 c¢m, polenul rdméane domi-
nant (78%), in spectrul polinic, al sedimentului 95 cm, ei scade la £ 19%.

Contemporan cu aceasta scadere, polenul cvercetelor mixte creste
de la 2 la 32%, iar al molidului de la 5 la 21%. Asemenea oscilatii
bruste ne determind s& afirmam ca, intre cele doud adancimi apare o
lacuna de sedimentare, Tn zona prospectatd de noi. Aceastd lacund poate
fi cauzatd fie de incetarea depunerii de turba, fie determinatd de un
activ proces er6zionadl de suprafatd, declansat de fincalzirea climatului
postglaciar. Lacuna de sedimentare este de lungd duratd si a eclipsat
atat faza de trecere pin-molid rulatd Tn Preboreal, cét si Tnceputul fazei
stejarisului amestecat cu molid si alun (Boreal).

Ca urmare a acestui fapt am surprins doar partial faza stejarisului
amestecat cu molid si alun. Toate sedimentele stratificate pand la adan-
cimea de 65 cm sunt bogate in polenul teiului, care participa cu valori
die 24 pana la 15%. Contemporan acestor teise, sunt reflectate si moli-
disele, mai Tndepdrtate de regiunea Tn cauza, cu valori ce oscileaza intre
12 si 36%.

Consideram ca valorile ridicate ale polenului celor doud esente men-
tionate sunt un indiciu cd sedimentele s-au depus in episodul de Tilia
cu molid, asa cum este cunoscut la altitudinile mai joase, rulat in Atlan-
tic, iar pe platou prezent si la Podul de Hartie [8, 9].

In timpul acestui episod, polenul alunului participa cu valori relativ
ridicate (30—63%), dar ahmisele isi atinsesera maxima lor rdaspandire
mult Tnainte.

Meritd mentionat, de asemenea, si valoarea procentuald polenicd a
arinului, care oscileazd intre 15 si 22%, in timp ce polenul stejarului
si cel al ulmului au valori polinice modeste (+ 3%).

Afirmarea polenului de arin in Atlantic a mai fost surprinsa si n
alte mlastini din tara noastra [10], la Cotul Carpatilor etc., si considerdam
ca fenomenul poate fi generalizat, avand in vedere cd Tn Atlantic cli-
matul a devenit umed in comparatie cu cel din Boreal. Crescand canti-
tatea precipitatiilor in perioada Atlantica, pe platou sau de-a lungul
vailor care-1 strabat, édafonul a devenit prielnic instalarii zavoaielor de
arin, pe suprafete apreciabile, al caror polen apare suprareprezentat in
ocmparatie cu cel al stejdriselor amestecate.

Ceilalti arbori sunt slab reprezentati sporo-polinic (Pinus = 10%,
Betula + 2%, Salix + 0,6%), in toate spectrele polinice ale acestui epi-
sod, Tn timp ce polenul fagului si bradului lipseste din aceste complexé
microsporo-polinice.

Episodul teiului a fost surprins si Tn profilul al doilea, elementele
fitocenologice fiind asemanatoare celor din diagrama sporo-polinicd a
profilului 1 obtinut din mlastina Ramura Corundului.

Peste episodul teiului, dupad spectrele polinice ale orizonturilor
60—15 cm bogate Tn polenul arinului, care atinge Tn unele orizonturi



32 Z Bz

valori impresionante (+ 80%), apare un nou episod numit de noi epi-
sodul arinului (Alnus), deoarece este de lungd durata.

Considerdam ca acest episod este de varsta atlanticd, deoarece pole-
nul alunului se mentine la valori Incad ridicate, osciland intre 52 si 22%
cu toate cd polenul stejarisurilor mixte nu se ridica decat la 14%, iar
cel produs de molidisuri participd Tn unele spectre polinice doar cu 10«
(orizontul 60 cm, profilul 1).

— Faza fagului, molidului si bradului (Fagus-Picea-Abies) este sur-
prinsd Tn orizonturile de suprafatd (15—0 cm), ale céror spectre polinice
sunt bogate in polenul molidulur (58,6—90%), in timp ce polenul fagu-
lui si al bradului este conservat Tn cantitati mici (+ .8% Fagus, + 3«/9
Abies). Aceste spectre polinice mai contin si polenul stejarului, carpe-
nului, arinului etc., dar valorile lor procentuale raman nesemnificative.

in ambele profile, primii 5 cm de turba au conservat, in cantitati
"crescande (6—20%), polenul pinului, fenomenul fiind asemanator si in
aceste mlastini de pe platou, confirmand de fapt existenta fitocenozelor
de pin din tinovul Rut [4, 5].

Cu sigurantd ca aceste sedimente s-au stratificat in vremurile re-
cente, si subrecente, iar polenul conservat atat cantitativ, cat si calitativ
reflecta revertenta molidisurilor Tn zona.

Nu putem Tincheia interpretarea fitoistorica descifratd polen-anali-
tic in acest complex mlastinos, fara a aminti ca la orizontul 30 cm, pro-
filul 11, am inventariat un spectru polinic alcatuit din 30«/0 polen de
Carpinus, 23,3% polen de molid, 23,3% polen al stejarisurilor mixte etc.
Un asemenea spectru polinic poate sa se fi stratificat doar in timpul
fazei carpenului cu molid (Picea-Carpinus), din care se pare cd s-a sur-
prins numai aceasta secventa.

in concluzie, cele doud profile din mlastina Ramura Corundului,
analizate palinologic, dateaza, primul din faza pinului si al doilea, frag-
mentar, apartine fazei stejarisului mixt cu molid si alun si fazei fagu-
lui, molidului si bradului. Ca particularitdti specifice platoului Sovata—
Praid—Dealu amintim cele doud episoade de Tilia si Alnus foarte bine
reprezentate.

Multumiri. Autoarea exprima multumiri Domnului Profesor Baluta Diaco-
neasa pentru tot ajutorul acordat in realizarea acestei lucrari.
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STUDII OSTEOMETRICE ASUPRA SCHELETULUI CENTURII
SCAPULARE $I A MEMBRELOR LA ULIUL PORUMBAR
(ACCIPITER GENTILIS L., CL. AVES)

ERIKA GALL*, EUGEN KESSLER* si STEFAN KOHL**

SUMMARY'. — Osteometrical Studies of the Pectoral Girdle and Fore-
limb Skeleton of Hawks (Accipiter gentilis L., Cl. Aves). In this paper
tlie authors present the results of their morphological and biometrical
studies of the complete or partial skeletons of 146 hawks. The osteo-
logicei material belongs to the bird collection of the Secondary
School No. 2 in Reghin (Mures county, Romania). Parts of the collec-
tion relevant to other bird species will be described in other papers.

Uliul porumbar (Accipiter gentilis L.) este una dintre pasarile rapi-]
toare de zi dintre cele mai frecvente in Europa, deci si in tara noastra.
Existenta a 146 schelete complete sau partiale Tn colectia Liceului nr. 2
din Reghin (jud. Mures) este o dovada elocventd Tn acest sens. Acest)
material, unic Tn tard, reprezinta obiectul lucrdrii noastre de fata.

Osteologia uliului porumbar a fost studiatd de mai multi autori. Ci-
tdm studiile efectuate de Otto [4] si Schmidt-Blrger [5]. Tn ca-
drul acestor studii au fost examinate un numar de maximum 37 exem-
plare. Datele referitoare la aceste exemplare, percum si alte date din
literaturd au fost incluse, pentru comparare, in tabelele noastre sinop-
tice, alaturi de datele obtinute prin madsurarea pieselor accesibile din
colectiile muzeelor de la Budapesta (Természettudomanyi Mduzeum,
Oslénvtér), Oradea (Muzeul ,Tarii Crisurilor®) si Cluj-Napoca (Catedra
de zoologie, Universitatea ,,Babes-Bolyai*).

Masurarea dimensiunilor la oasele de pasari se face pe baza unor
modele general acceptate, dar noi am urmarit si posibilitatea utilizarii
datelor obtinute la determinarea materialului paleoornitologic si cum
la acesta din urma abunda piesele rupte, fragmentate, avem nevoie de
cat mai multe dimensiuni masurate despre epifize. Din pacate, acest
obiectiv nu s-a aflat in atentia autorilor sus amintiti si, astfel, la multe
tipuri de piese aceste date lipsesc din lucrarile lor. Tn schimb, nu ne vom
ocupa de piese care se pastreaza foarte rar in materiale fosile sau sub-
fosile (craniul, sternul, furcula si bazinul), iar din motive obiective ver-
tebrele si falangele nu formeaza obiectul prezentului studiu. Astfel,
atentia noastra s-a concentrat asupra urmatoarelor oase:

— scapula si coracoid din centura scapulara;

— humerus, ulna (cubitus), radius si carpometacarp din membrul
superior;

— femur, tibiotars si tarsometatars din membrul inferior.

* Universitatea Babes-Bolyai, Catedrei de zoologic, 3400 CUij-Ncipoca, Romania
«* Sir. Aurei yiai.cu nr. 3, 4225 Reghin, jud. Mures, Romania.
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Spre deosebire de majoritatea vertebratelor, marea parte a pieselor
scheletice de pdsari se preteazd la determinarea materialului fosil, pe
baza unor criterii morfologice, respectiv dimensiunale, care se pot utiliza
in urmétoarele conditii:

— criteriul morfologic la grupuri sistematice mai mari (ordine si
familii), pe baza unor caractere anatomice evidente;

— criteriul morfologic si dimensional la delimitarea genurilor din
cadrul aceleiasi familii;

— criteriul dimensional pentru specii de talie mult diferitd Tn ca-
drul genului;

— criteriul proportiilor si al detaliilor anatomice in cazul delimi-
tarii specilor Tnrudite, de talie apropiata.

In cazul péasarilor rdpitoare de zi mai trebuie s& tinem seamad si de
un dimorfism sexual accentuat (femelele au o talie evident mai mare),,
situatie care ne-a obligat sd alcatuim tabele separate pe sexe.

Este de mentionat cd in cazul pasarilor, cresterea oaselor se in-
cheie o datd cu maturitatea sexuald, deci la adulti limitele dimensio-
nale sunt stabile si specifice, pentru fiecare piesd scheleticd, iar piesele
incomplet osificate provin intotdeauna de la formele juvenile.

Terminologia anatomica folosita de noi este cea din tratatul lui
Bau mei si colab. [1], iar caracterele specifice sunt prezentate, alaturi
de modelele de masurare ale oaselor, in Fig. 1—18 (Plansele 1—5).

Catalogul sistematic al colectiei ornitologice a Liceului nr. 2 din
Reghin, incluzand si uliul porumbar, a fost publicat de catre Kohl [2].
Din acest motiv, in lucrarea de fatd nu vom prezenta datele referitoare
la locul si data colectarii exemplarelor studiate.

Printre oasele studiate si masurate existd un numar relativ mic de
cazuri teratologice, care au fost deja publicate [3].

Modelul de masurare al fiecarel piese scheletice este prezentat in
Fig. 1—9 (Plansele 1—3). Am aplicat o codificare uniforma prin literele
A—G, din care A si B indicd lungimea osului, C si F — latimea epifi-
]E_elqr, D si G indicd, de obicei, grosimea epifizelor, iar E — latimea dia-

izei.

Dimensiunile madsurate sunt date in mm, cu precizie de zecimi de
mm si incluse Tn 9 tabele (pe piese scheletice), care cuprind urmatoarele
date: provenienta, varsta, sexul, numarul si limitele dimensionale (mi-
nime si maxime) ale exemplarelor méasurate.

Caracterele osteologice ale uliului porumbar corespund celor ale
familiei, cu unele particularitati morfologice specifice, pe care le vom
prezenta, in cele ce urmeaza, pe cele 9 piese scheletice aflate Tn discutie
(Fig. 10—18; Plansele 3—5).

1 Coracoidul (Fig. 10 si 10a) prezintd o gracilitate deosebitd. Pro-
cessus acrocoracoideus (A) este usor curbat medial, prezentdnd o proe-
minentd distald a tuberculului caudal (B), deasupra tuberculului cra-
nial. Sub tuberositas humeralis (C), sulcus ligamenti acrocoracohume-
ralis (D) este adanc, dar scurt. Processus scapularis (E) este triunghiu-
lar si este lipsit de orificiul (foramen supracoideum) atit de caracte-
ristic familiei. Margo lateralis (F) continud cu un processus lateralis (G)
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proeminent, cu un lateralis (H) care coboard brusc, in treaptd. Tubero-
sitas sternocoracoidalis este situat axial sau median deasupra impres-
sio musculi sternocoracoideus sub form& de linie curbata.

2. Scapula (Fig. 11 si 11a) prezintd un corp (C) arcuit si lat. Fo-
ramen ventrale scapulae (E) este larg si oval, iar facies articularis hu-
meralis (B) este brazdat cu linii paralele. Apex coraeoidalis lipseste, iar
apex aeromialis (A) este inalt si latit. Marginea laterald a capului
scapulei (F) formeaza un unghi de 130° caracteristic speciei.

3. Humerus (Fig. 12 si 12a, b. c) se caracterizeaza printr-o crista
pectoralis triunghiulard, cu un varf ascutit si proeminent (C), care are
o trecere in treaptd spre corp. Tuberculum ventrale (A) prezintd o
margine rotunjitd. Crista biccipitalis (D) este compactd, cu marginea
ingrosatd. Tuberculum dorsale (B) este plan. Fossa musculi brachialis
(E) se inchide proximal intr-un unghi ascutit si nu ajunge cu marginea
ei ventrala la tuberculum epicondyli ulnaris (F), care este o proemi-
nentd micd, situata intr-o adanciturd sub forma de pélnie. Tuberculum
supracondyiicum radialis lipseste.

4. Ulna (Fig. 13) are corpul puternic curbat ventro-medial. Facies
Tigamenti (A) este superficial, dar bine conturat in partea medialda a
oleoeranonului. Impressio musculi brachialis (B) este bine conturata,
iar impressio tendinis (C) este ca o scobitura sferica. Condylus externus
(D) are margini rotunjite, iar trochlea articularis (E) este curbat distal.

5. Radius (Fig. 14 si 14a) are un corp puternic, drept si dorso-ven-
tral turtit. Capitulum radii este oval (Fig. 14a), iar facies articularis
ulnaris este rotund si bine dezvoltat.

6. Carpometacarp (Fig. 15 si l6a, b, c) prezintd un aspect caracte-
ristic familiei, cu urmatoarele particularitdti specifice: processus ex-
tensorius (A) este Tngust si Tnalt, ridicandu-se abrupt. Trochlea carpa-
lis (B) este medial ingrosat deasupra fossa carpalis posterior. Processus
pisiformis (C) este ascutit. Symphysis metacarpica distalis (D) este
foarte Tnalt. Tuberositas metacarpi (E) prezintd o margine distald mo-
derat curbata.

7. Femur (Fig. 16 si 16a, b, c¢) are un corp solid, drept si cilindric.
Collum femoris (A) este aproape drept si foarte putin scobit proximal.
Marginea craniald la trochanter major (B) este ingrosatd. Sulcus pa-
tellaris (C) este larg. Fossa poplitea (D) este bine marcatd, iar condy-
lus medialis (D) este proeminent, cu partea laterald ascutita.

8. Tibiotars (Fig. 17 si 17a, b, c) solid, cu processus cnpmialis (A)
mai putin proeminent proximal ca la Buteo buteo. Crista cnemialis (B)
prezinta Tn partea mediald a capatului distal o impressio muscularis
evidentd si clard. Facies gastrocnemailis (C) este adanc. Corpul tibio-
tarsului (D) este masiv. Fossa extensorius (E) este adancd. Gatul Tntre
epifiza proximala si crista fibularis (F) prezintd o linie curbatd. ~Sub
condylus medialis femoralis (G) se gaseste o adanciturd bine Tngradita.
Margo cnemialis lateralis (H) este paraleld cu marg6é cnemialis media-
lis. Tuberositas retinaculi musculi fibularis (I) se ridicd abrupt medio-
proximal.
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0. Tarsometatars (Fig. 18 si 18a, b, ¢) eu un aspect tipic rapitoa-
relor de zi, cu corpus tarsometatarsi (E) bine dezvoltat si cu sulous fle-
xoris (F) concav. Eminentia intercondylaris (A) este Tnaltd si proemi-
nentd. Foramen vasculare distale (H) este mai larg decat la speciile in-
rudite. Canalis musculi flexoris digitorum pedis profundum () este Tn-
gust si adanc.

Studiind datele din cele 9 tabele anexate lucrarii putem constata
atat dimorfismul sexual evident cat si omogenitatea exprimatd elocvent
de dimensiunile apropiate la exemplarele aflate in diferite colectii. Pu-
%ingele exceptii (de ex., E in Tabelul 1) pot fi explicate prin metoda di-
eritd de masurare folosita de [4, 5].

Avand in vedere faptul ca intre speciile genului Accipiter (A. gen-
tilis, respectiv A. nisus si A. brevipes) existd diferente dimensionale
considerabile, iar Tn comparatie cu reprezentantii altor genuri exista
diferente morfologice evidente, nu ne-am propus prezentarea datelor
privind proportiile calculate la cele 9 piese scheletice studiate.

Informatiile cuprinse in prezenta lucrare asigurd valorificarea sti-
intificd a bogatului material al colectiei de la Reghin. Tn viitor vor fi
studiate si restul pieselor apartindnd la un numdr impresionant de
«pecii de pasari.

Nota explicativa pentru prescurtarile folosite n tabele

A — Lungimea maxima a osului. B — Lungimea minima a osului (Fig. 1—9).
C — I atimea epifizei proximale. D — Grosimea epifizei distale (cu exceptia
Fig. i—s). E — Lé&timea diafizei. F — ldtimea epifizei distale. G — Grosimea

epifizei distale.

It — Colectia Liceului Nr. 2 din Reghin. M — Colectia Facultdtii de Medi-
cind veterinard din Mdinchen; date din lucrdrile lui 0110 [4] si Schmidt-
Burger [5]. Bp m» Colectia Muzeului de Istorie Naturald din Budapesta; ma-

surdtorile au fost efectuate de E. Kessler. Cj — Colectia Catedrei de zoologie
a Universitatii ,.Babes-Bolyai“ din Cluj-Napoca; masuratorile au fost efectuate
de E. Kessler.
Prov. — Provenienta piesei. Nr. — Numarul exemplarelor mdsurate. Min.
— | imita minima a parametrului masurat. Max. — Limita maxima a parame-
trului masurat, mase. — Exemplare de sex masculin, fern. — exemplare de sex
feminin.
Tabel 1
Dimensiunii? enracoiiluliil la Accipiter pentills (l,.)

Prov. Varsta Sex Nr. Min.—Max. Sax Nr. Min. —Max.

A R adult mase. 64 43,2-47.4 feni. 61 47,8-54,2

juy 6 43,5-47,1 14 48,5-53,3

total 70 43,2-47.,4 75 47,8-54,2

M adult 20 43,5—475 30 48,3-52,6

L 474



Prov.

Bp

Bp

Bp
G

Bp

Varsta

adult
juv.
total
adult

adult
juv.
total
adult

adult
juv.
total
adult

adult
juv.
total
adult

adult
juv.
total
adult

adult
juv.
total
adult

Sex

mase.

mase.

mase.

mase.

mase.

mase.
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Xr.

64

70

64

70

64

70

64

70

64

70
21

64

70
21

Min.-Max.

39,8-44,0
39.8 -42.6
39,8 -44,0
39,9-43,5
41,8

10,7-12.5
10,0-11,5
10,0-12,5
11,7

7,3-9.4
7,4-8,5
7,3-9,4
75

3,9-5,3
42-4,7
3.9-5,3
5,0

17,0-20,8
15,7-19,9
15,7-20,8
17,5-20,4
14,0

12,7-15,6
12,9-14,6
12,7-15,6
13,2-15,3
14,0

Sex

1f 11

fern.

fern..

fern.

fern.

Nr.

6i

76
30

61
15
76

61

76

61
15
76

61
14
75
30

61

76
30

39

Tabel 1 (continuare)

Min.-Max.

44,8-49,8
44,1-48,8
44,1-49,8
44,8-49,4

46,5

11,8-14,3
11,8-13,6
11,8-14,3

13,0

8,0-11,0
8,0-10,2

8o~ o

12,0

4,4—55
4,3-5,5
43—55

4,5

20,0-22,9
20,6-22,8
20,0-22,9
19,6-23,2

215

14,4-16,9
14,9-17,0
14,4-17,0
15,2-17,2

16,0
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Prov.

Bp
tj

Bp
tj

tj

Bp
tj

Prov.

M
Bp
tj
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Dimensiunile seapuiei a AccljtltcrgenllIH (l.)

Varsta Sex; Xr. Min—Max. Sex
adult mase. O 57,4—63,4 fém.
juv. 5 57,0-62,0
total 66 57,0-63,4
adult mase. 22 57,0-67,2
” 1 60,3
adult mase. ea 11,0-13,5 feni.
juv. 5 11,7-12,6
totat 68 11,0- 135
adult 24 12,6-14,1
" 1 137
adult mase. 63 6,0—7,7 feni.
juv. 5 6,0-7,1
total 88 6.0-7,7
adult
adult. mase. 63 4,355 tetu.
juv. 5 44-55
total 68 4,3-5,5
adult 24 5,3-6,3
" 1 55

Xr. Min.—Max.

61
15
76
25

63,6-71,7
60,0-71,6
60,0-71,7
63,6-71,2

1 682

61 13,5-16,1
13,1-15,4
13,1-16,1

14,6-16,3

76
29

1 157

61 6,8-8,5
6,6—8,5
76 6,6-8,6

1 89

61 4162
15 4,8-6,2
7% 4.1-6,2
29 59- 74

1 61

Dimensiunile huiiieriisului 1a Ve«1piter geun1llls g

Varsta Sex Xr. Min.—Max. S-X.
adult luase. 12 86,0-92,4 fém.
juv.
total 12 86,0-92,4
adult 18 85,7-92,0

1 88,0

Xr. Min.-Max.
9 98,2-103,7
1 104,6

10 98,2-104,6

17 98,1-104,8

1 100,2

Tabel 2

Tabel 3



Prov.

Cj

Bp
Cj

Ci

Bp
Cj

Bp
Cj

Bp
Ci

Varsta

adult
juv.
total
adult

adult
juv.
total
adult

adult
juv.
total
adult

adult
juv.
total
adult

adult
juv.
total

adult

adult
juv.
total
adult
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Sex

mase.

mase.

mase.

mase.

mase.

mase.

12

12

12

12
18

12

12

12

12
17

12

12
17

12

12

Min. —Max.

32,1 37,5

32,1375

19,2-21,0

19,2-21,0

18,4-19,6

20,2

19,3-20,8

19,3-20,8

5,9-8,0

5,9-8,0

7,0-7,6
8,2

14,9-17,5

14,9-17,5

16,0-17,4
17,2

7,2-10,0

7,2-10,0
9,4

Sex

fein.

fern.

fern.

fern.

fern.

fern.

10
18

10
18

10
17

41

Tabel 3 (continuare)-

Min. —Max.

38,6-41,7
41 .8
38,6-41,7
38,2

22,1-23,0
22,9

22,1-23,0
21,0- 23,2

212

21,2-24,9
222
21,2-24,9
21,3

8,2-9,8
8,7

8,2-9,8
7,7-8,9

8,0

18,7-19,8

18,8

18,7-19,8
18,6-20,5

18,6

9,9-11,0
10,9
9,9-11,0

9,5



4.2 E. CALL, E. KESSLER. S. KOHL

Tabel 4
Dimensiunile ciihiDtsuliti la 1 ccl1fller Weunlilis (I')

Piov. Varsta Sex Xr Miit.-Mawm. Sex. Kr. Min. Max.

noit arinlt mase. 2 102,0-104.0 fein. 2 112,5-1141
M 15 942 -102,7 10 107,6-115,0
Bp 1 988
€J 1 1121

B R adult mase. 9 814—9,8 fein. 3 10,9-11,2
M . 14 8,0- 8,5 10 9,2-9,8
ej 1 105

C R acluit mase. 2 10,8-11,1 fern 2 123-12,6
bl 14 10,8-11,5 10 12,3-13,2
Bp . 1 111
ej ’ 1 120

E K adult inasé. O 54-55 fein. 0 5,4—6,0
ej 1 6,

F k adult mase. O 9197 fern. 2 10,4-11,2
Bp 1 98
ej i 106

G E adult mase. +  72-73 fein ® 3193
Bp 1 o1 i
C i 9.8

Tabel 5
Dimensiunile radiusului la N coipllpr Nen lilis o4

Pi'ov. Varsta Sex Nr. Min.—Max. Sex. Kr. Min.—Max.

A K adult mase. O o958 fein. 3 104,0-106,1
M 14 87,5-95,1 12 99,1-109,1
Bp " 1 92,0
ej i 1 1032

C R adult mase. O 57 fein. 3 6,4-6,7
M " 14 55—, 1 12 6,3-6,9

” 1 55

ej ' 1 64

D « adult mase. 2 40 fern. 3 4,7-5,0
M 14 14,7-4,2 12 4,5-5,0
Bp ) 1 40
G 1 47

E R adult mase. <= 3,2-145 fein. 3 3,5-3,8
Bp ) 1 32
ej " 1 3,8

E kK adult mase. 2 7374 fein. 3 8,0-8,2
M 14 7,0-7,5 12 7,9-8,8
Bp 1 72
Ci 1 81 pd-

O R adult luase. 2 4,3- 46 fern. 3 4,8-5,4



STUDII GSTEOMETRICE LA ULIUL PORUMBAR 43

Tabel 6
Dimensiunile earpoinelucarpulul la Jiceipiter prnt 11is (L)
Prov. Varsta Sex Nr. Min.—Max. Sex Nr. Min.—Max.
A R : adult mase. 1 572 fein. 2 60,8-62,1
M a7 15 53,5- 56,5 11 58,8-64,5
Bp Mn 1 554
Ci 1 615
B R adult m,asc. 1 546 feni. 2 55,0-61,0
Bp 1 508
Cj . 1 591
CR adult mase. 1 121 fém. 2 14,6-16,0
M 15 12,1-13,7 10 14,4-15,7
Bp 1 136
Ci 1 150
D R adult mase. 1 90 fein. 2 9,0-95
Gj 1 100
B R adult mase. 1 93 fein. 2 9,6-10,1
M 15 7,0-8,9 1 9,5-10,1
Bp . 1 92
Gj * 1 90
B R adult luase. 1 88 feni. 2 9,3-10,1
M * 15 7,7-8,5 1 9,3-10,1
Bp Jl 1 88
Ci 1 98
G R adult mase. 1 58 feni. 2 6,5—6,9
M 15 4,7-5,8 n 5,7-6,4
Ci 1 60
Tabel 7
Dimensiunile femurului la Accipiter genlilis (L)
Prov. Varsta Sex Nr. Min.—Max. Sex Nr. Min.-Max.
A R adult masc. 54 72,4-79,8 fern. 46 82,3-91,1
juv. 6 74,8-78,6 14 83,5-90,7
total 60 72,4-79,8 60 82,3-91,1
M adult 36 72,5-78,3 37 81,5-89,0

Bp " 1 74,0
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Prov.

« )6

«P
Cj

Bp
Ci

Bp

t'j

Bp
Ci

Varsta

adult
juv.
total
adult

adult
jav.
total
adult

adult
juv.
totul
colalt

lullllt
juv.
total
adult

adult
juv.
total
adult

adult
juv.
total
aduit

Sex

mase.

mase.

mase.

mase.

mase.

uu.se.

R GAU, 5. KESSLER, S. KOHL

54

ti
60
35

54

60

36

54

60
36

54

60
36

54

60
36

Mia.—Max

70.2-77,1
72,4-76.6
70,2- 77,1
70,4-76.3
717

12.9-143
12,5-14,1
12,5-14,3
13.8-14,8
145

8.0-9.9
8,3-10,3
8,0-10,3
7,7—8,0
9,4

6,2-7,4
6,4-7,2
6,2-7,4
6,5—7,0
7,0

14,3-16,2
13,9-15,5
13,9-16,2
14,9-16,3
155

9,9-12,0
13,9-15,5

9,9-15,5
10,0-10,8
10,5

Sex

fei«.

fein.

fein.

feilt.

fern.

fern.

46
14
60
37

46
14
60
37

46
14
60
37

47
14
61
37

47
14
61
37

47
14
61
37

Tabel 7 (coatiauare)

Mia.-Max.

80,2-88,9
81,2-88,6
80,2- 88,9
79,2-85,5

82.3

14,8-17,3
15,5-17.4
14,8-17,4
16,2-17,6

152

9,2-11,8
10,2-12,5
9,2-12.5
9,5-10,5

9,5

6,7-8,5
7,7-8,8
6,7-8,8
7,2-8,3

7,2

16,5-19,3
17,1-18,9
16,5-19,3
18,3-19,3

173

11,7-14,9
17,1-19,3
11,7-19,3
12,0-13,5

12,3
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T»bel S
Dbneasltmlle tlblotaminl la Aeeipltar gentili» (L)
Prov. Varata Sex Nr. Min.—Mas. Sex Nr. Min.—Max.
A R adult mase. 3 99.0-103,9 fern. 2 114,1-115,3
n 20 98,3-104.2 1 110,9-118,3
Bp 1 98,S
Cj 1 113,0
C R adult mase. 3 13,4-13,6 fern. 2 15,4-15,9
M 20 14,3-15,3 12 18,1-18,7
Bp 1 1 13,7
cj _ 1 14,8
D R adult mase. 3 12,2-12,9 fern. 0 13,5-14,0
Bp =] 1 11,0
cj 1 14,0
B R adult mase. 3 6,1-6,3 fern. 2 28
. 20 5,3-5,9 1 6,7-7,3
Bp ., 1 6,4
Cj - 1 7.7
B R adult mase. 3 11,2-11,6 fern. 2 13,3-13,4
. 20 11,1-11,9 1 13,6-14,7
Bp ., 1 12,0
Cj - 1 133
G R adult mase. 3 7,7-8,2 fern. 2 9,2-9,3
. 20 7,7-8,3 u 9,3-10,2
Bp . 1 79
Gi 1 9,5
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Tabel 9
Dimensiunile tarsowietatarsulni la NTc<lpltekj<ntills (T,)
Prov. Varsta Sex Nr. Miri. —Maxi Sex Nr. Miri.—Max. '
A K adult fern. | 84,3-
M 1 mase. 14 71/7-76,5 10 79,7-86,2
«p 1 74,2 i
cj - 1 83,0
CR adult fein. 1 14,5
M mase. 14 11,5-12,2 10 14,2-14,7
bp 1 12,5 Al
Gj 1 13,8
D R adult fem. 1 11,7
M mase. 14 9,5-10,2 10 11,3-12,5
Bp 1 9,8
Ci 1 12,0
E R adult fern. 1 6,0
M mase. 15 4,3-5,1 n 4,5-6,0
Bp 1 55
Gj - 1 6,0
E R adult fein. 1 14,8
M > mase. 15 12,0-12,7 1 15,0-15,9
Bp . 1 13,0
Cj » 1 15,0
G R adult fem. 1 9,6
M mase. 15 7,2-7,8 1 8,5-9,9
Bp * 1 75
1 9,0

Cj



Plansa

1 Fig.
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1 Coracoid. Fig. 2 Scapula. Fig. 3 Hunteriis. Fig. 4 Cu-
bitus.



Plansa 2 Fig, 5 si 5a. Radius. Fig. B Carpom.eta.carp. Fig. 7, 7a si 7b. Fe-
mur. Fig. fi, 8a si 8b. Tibiotars.
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41
15Q

Plansa 3 Fig. 9, 9a si 9b. Tarsometatars. Fig. 10 si 10a. Coracoid — vedere

craniald si caudalda. Fig. 11 si 1la. Scapula — vedere dorsald si craniala.
Fig. 12a si 12b. Humerus, epijiza proximala — vedere laterala si mediala.
Fig. l& si 15a. Carpometacarp, epijiza proximalda — vedere laterald si mediala.

4 — Biologia 2/1964
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Plansa 4. Fig, 13. Cubitus — vedere ventrala. Fig. 14 si 14a. Radius — ve-
dere ventrala si proximalda. Fig. 15b si 15c. Carpometacarp, epifiza distala
vedere mediald si distalda. Fig. 16 si 16a. Femur — vedere craniala si caudala.
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Plansa 5 Fig. 17, 17a, 17b si 170. Tibiotars — vedere plantard si dorsala,

epijiza proximald — vedere mediala si epijiza distala — vedere laterald. Fig. 18,

18a, 18b si 18c. Tarsometatars — vedere plantara si dorsalda, epijiza proximala
— vedere proximala si mediala.
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UNCOUPLING OF OXIDATIVE PHOSPHORYLATION IN RAT AND
GUINEA PIG LIVER MITOCHONDRIA BY DICLOFENAC AND
ASPIRIN

CORNEtIU TARBA* IOAN PETRESCU* and CONSTANTIN CRACIUN«*

SUMMARY. — The effects of diclofenac and aspirin, two non-steroidal
anti-inflammatory drugs (NSAIDs) were tested on isolated rat and guinea
pig hepatic mitochondria. Diclofenac (0.01—0.1 mM) affects oxidative
phosphorylation, membrane potential and the ultrastructure of mito-
chondria. More exactly, it stimulates state-4 respiration and slightly in-
hibits state 3, decreasing the respiratory control ratio (RCR™ and, thus,
the phosphorylation efficiency. It also decreases or collapses (depending
on concentration) the membrane potential generated by respiration
and induces a certain degree of swelling. All these effects are indicative
of an uncoupling phenomenon, promoted by the drug interaction whh
the mithochondriai Inner membrane. The mitochondria of the two
species behave similarly, although the guinea pig ones are generally
more sensitive. The effects can also be detected at the structural level,
rat mitochondria responding by either swelling or ultracondesation.
whereas guinea pig mitochondria mostly by swelling. Aspirin, at
higher concentrations (1—310 mM) has similar functional effects. It
uncouples mitochondria by increasing state 4, even though state 3
is not affected in this case. It is concluded tliat, although the uncou-
pling phenomenon produced by pharmacological doses of the two
drugs does not fit into any proposed mechanism for their artti-in-
flammatory action, the uncoupling effect could have at least an im-
portant toxicological significance.

It has been generally accepted that non-steroidal anti-inflammatory
«drugs (NSAIDs) act by inhibiting prostaglandin biosynthesis. However,
as discussed in our previous paper [14], there are many discrepancies
between the extent of the inhibition of prostaglandin biosynthesis and
:heir anti-inflammatory activity (see details in [1—3] and [21]). Also,
such drugs have been shown to inhibit many non-prostaglandin®depen-
dent reactions [1,4,6,10,13,15], including membrane-dependent processes,
such as calcium distribution in the cell.

Extremely important for us, however, are the observations that such
drugs interfere with the energy metabolism in isolated mitochondria
[11] and hepatocytes [5]. The results were attributed to the uncoupling
of oxidative phosphorylation, also considered a -membrane-dependent
process (see for ex., [12]). In conjunction with our own observations [20]
on the uncoupling properties of Boicil (an alcoholic extract from Helle-
borus sp. used in the Romanian clinics as an analgesic) and of certain
local anesthetics [18, 19], such results prompted us to a rather complex
study of the effects of two NSAIDs (diclofenac and aspirin) on hepatic

~ Babej-Bolyai University, Department of Animal Physiology and ** Laboratory of Electron
Microscopy, 34C0 Cluj-Napoca, Romania
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metabolism, with a particular emphasis on mitochondria. Our previous
article on this subject [14] was dedicated to ;the action of diclofenac and
aspirin on. glucose metabolism in the perfused liver. It concluded that
the most logical explanation of the effects observed (stimulation of
glycogenolysis/glycolysis and inhibition of gluconeogenesis, in parallel
with an increase of oxygen consumption and certain ultrastructural al-
terations) should be the uncoupling” of oxidative phosphorylation.

In the present work, we show by several functional methods and by
electron microscopy that an uncoupling process truely occurs .in well-
prepared rat and guinea pig liver mitochondria submitted to the action
of the two drugs and discuss the possible significance of this pheno-
menon for the mechanism of anti-inflammatory action of NSAIDs.

Material and methods, Chemicals. ADP and rotenone were purchased from
Sigma, Tris from Merck and diS-C2(5) from Eastman-Kodak. Pure diclofenac
and aspirin were obtained from tire Romanian Drug Enterprises (Bucharest). All
other chemicals were of the highest purity commercially available.

Animals. Male albino rats of an inbred Wistar line (200—250 g) and guinea
pigs of a mixed strain (250—300 g) were used throughout this study.

Isolation of mitochondria. Mitochondria were isolated from the livers of
freshly decapitated animals, essentially according to [9]. The isolation medium
consisted of 250 mM sucrose, 10 mM Tris-HCI (pH 7.4) and 0/1 mM EDTA,
while the final washing and suspending medium lacked the chelating agent.

Measurement of the respiratory parameters. Respiration rates were measured
polarographically at 25°C, in a 0.5-ml cell, with a Clark oxygen electrode (Yellow
Springe), in a médium consisting of 175 mM sucrose, 50 mM KC1, 10 mM phos-
phate buffer, 20 mM Tris (pH 7.4), 05 mM EDTA and 2 mM MgSO,. Glutamate
(10 mM) plus malate (5 mM) or succinate (10 mM) (all potassium salts) were used
as respiratory substrates. Mitochondria (1 mg/ml with succinate or 2 mg/ml with
glutamate) were injected through the stopper capillary and the oxygraphic traces
recorded in this way represented the basal respiration (basal state). After 1—2
min., 0.1—0.2 mM ADP was injected, resulting in the so-called state 3 respiration
characterized by a higher rate of oxygen consumption, When ADP was exhausted
(i.e., phosphorylated to ATP), the respiration rate decreased again, resulting in
the so-called state 4 (similar to the basal state). The ratio between state 3 and
the basal state is known as the acceptor control ratio (ACR), whereas the ratio
between state 3 and state 4 as the respiratory control ratio (RCR). They have si-
milar values and significance, both representing important indices of mitochon-
drial integrity and phosphorylation ability.

Diclofenac or aspirin was usually injected on state 4, but in some cases on
state 3 or even on ths basal state, from a buffered stock solution, so as to obtain
the desired final concentration in the oxygraph cell. In fact, all the concentra-
tions mentioned above or which will appear later in this presentation shall refer
to final concentrations in the reaction mixture.

Estimation of membrane potential. Membrane potential generated by succinate
respiration and the kinetic behaviour of this potential following the addition of
ADP and the tested drugs were monitored by spectrophotometric recording of the
absorbance changes (at 660 nm) of the membrane potential sensitive probe diS-
C2(5), in a Specord-M-40 spectrophotometer (Carl Zeiss), based on previously des-
cribed principles [16, 17] and methodology [19]. It should be mentioned, however,
that it was not our intention to measure absolute values of membrane potential
but to use the absorbance changes in a qualitative manner, mainly for kinetic
observations. Specific details of this type of experiments can be found in the
corresponding figure legends.

Mitochondrial swelling. This phenomenon was monitored by following the
absorbance changes at 540 nm with the same spectrophotometer used for mem-
brane potential recordings.
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Electron microscopy. Mitochondrial ultrastructure was studied with a TESLA-
BS-5 electron microscope. For electron-microscopic preparations, a 0.2-ml ali-
quot was taken from the oxygraph cell after 5 min of incubation (with or without
drugs), after the complete consumption of ADP (i.e,, on state 4). The sample was
then injected into a plastic microtube containing approximately 05 ml of a pre-
fixing medium (2.7% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4). After
about 5 min, mitochondria were sedimented by centrifugation at 6000xg, for 10
min. The mitochondrial pellet was then transferred into small tubes containing
the same glutaraldehyde solution as above and kept for 75 min at 4°C. After
washing for 2—3 hrs with a 0.15 M phosphate buffer solution (pH 7.2) and dehydra-
tion in acetone solutions of increasing concentrations, the pellets were embedded
in the polyester resin Vestopal W (Serva) and sectioned with a LKB-IIl ultra-
microtome. The contrasting solutions were uranyl acetate and lead citrate.

_ Results. The effects of diclofenac on respiration. The effects of va-
rious concentrations of diclofenac on the respiratory parameters of rat
liver mitochondria are presented in Fig. 1 and Table 1

Fig. 1 shows several oxygraphic traces recorded in the presence of
lutamate plus malate. In trace a, after about 1 min of basal respiration
?following the injection of mitochondria), the respiration is stimulated
by injection of ADP, attaining 89.9 ng atoms O/min and mg protein
(state 3). After ADP exhaustion, the respiration rate decreases to 18.6

Pig. 1 Effects of the addition of diclofenac on different respiration stales of rat liver mito-

chondria. 1 mg of mitochondrial protein (Mit) is suspended in the 0.5-ml oxygraph cell

under conditions described in ,,Materials and methods” for glutamate respiration. This is

followed by the addition of 0.2 wM ADP and different drugs, as indicated by arrows :

DCF — diclofenac; Oligo — oligomycin ; DNP — 2,4-diniti'ophenol. For other details, see
explanations in text.
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ng atoms O/min (state 4). The ratio between the two states (RCR) is 4.83,
Diclofenac added now on state 4 stimulates the respiration proportio-
nally to its concentration. The highest concentration used (0.2 mM) sti-
mulates the respiration by 166% (49.6/18.6=2.66). When diclofenac is
added on state 3 (trace b), a small inhibition occurs (about 25% at 0.1
mM). If oligomycin (which inhibits the utilisation of ADP/ATP) is ad-
ded on state 3, the low respiration rate resulted can be increased (77%)
by the consecutive addition of 0.1 mM diclofenac (trace c). This pheno-
menon is in general similar to (but less extensive than) that produced
by 0.1 mM dinitrophenol (DNP), a classical uncoupling agent (see trace
d as an illustration of the removal of oligomycin inhibition by DNP).

Table 1 presents the values of the respiratory parameters for all
the concentrations of diclofenac tested. Although the emphasis is placed
on the respiration with glutamate plus malate, where two series of RCR
(1 and 2) are presented, some data on succinate respiration are also gi-
ven. The data in Table 1 confirm and extend the results of Fig. 1. It can
be seen that increasing concentrations of diclofenac produce a propor-
tional decrease of ACR and RCR, mainly based on an increase of state-
4 respiration.

The effects of diclofenac on guinea pig mitochondria are presented
in Fig. 2 and Table 2. In general, these mitochondria seem to be more
sensitive to external factors, as suggested by the lower RCR of the con-
trol and the greater effect of diclofenac (trace a of Fig. 2). This is espe-
cially visible for lower concentrations of diclofenac,, where the effect
is bound to be more specific %see Table 2). The stimulating effect of diclo-
fenac can also te observed it it is added on the basal state (trace b). It
is worth mentioning that for guinea pig mitochondria the inhibition pro-
duced by oligomycin is more difficult to remove and that diclofenac and
DNP have a similar potency in this regard (cf. traces ¢ and d of Fig. 2).
In general, however, the results obtained with guinea pig mitochondria
are similar to those obtained with rat mitochondria and confirm the idea
that diclofenac can act as an uncoupling agent.

Table 1

Eileets ol diclofenac on respiratory parrmiters of rat liver mlthorhondria.
Oxygen consumption is expressed as ng atoms 0/min ini mg mitochondrial

protein
Glutamate (10 mM) -f- Malate (5 mM) Succinate
ACR RCR]j RCR, State 4 State 4
Control 5.08 4.69 5.69 18.36 36.72
Diclofenac 4 pM 5.00 4.47 5.07 - —
10 pM 4.54 4.34 4.93 21.73 45.90
20 fiM 4.01 3.96 4.21 23.26 55.08:
40 pM 3.12 2.94 3.60 28.46 63.40
60 uM 2.70 2.25 3.05 30.60 —
100 uM 2.10 1.88 2.32 42.84 79.56

200 jrM 1.40 1.31 1.47 49.60 91.80
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Fig. 2. Effects of diclofenac on respiration rates of guinea pig liver mitochondria. Suspen-
ding conditions are identical to those described in Fig. 1. See the text for other details.

Table 2

Fiicei- of diclofenac on respiration with glutamate [10 wWwWM)

plus >uuble (5 inM) on guinea pig

liver

mitochondria.

Oxygen

consumption is expressed as ng atoms 0 per min and mg

mitochondrial protein

Control
Diclofenac 4 uM
10 pM
20 (xU
40 p.U
60 jjtM
100 [iM
200 ijiM

ACK

4.01
3.58
3.23
2.83
2.47
1.9«
1.58
121

KCK

3.12
2.69
2.21
1.81
1.56
1 52
1.5!
1.50

State 4

25.10
31.83
33.51
38.54
43.57

The effect of aspirin on respiration. High concentrations of aspirin
(0.1—5 mM) also have uncoupling effects. This is demonstrated for rat
liver mitochondria by the recordings shown in Fig. 3 and the results
presented in Table 3. Trace « of Fig. 3 represents the control. Trace b
in Fig. 3 shows that aspirin added on state 4 stimulates the respiration
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proportionally to its concentration. The respiration is also stimulated if
aspirin (2 mM) is added directly on the basal state (trace c). However,
the same concentration of aspirin has no effect on state 3 (trace d). Ad-
ded after oligomycin, 5 mM aspirin partly removes the inhibition pro-
duced by that drug (trace e). Table 3 shows that both glutamate- and
succinate-dependent respirations are affected.

Table 3
Oxygen consumption (ng aloins 0/miii/in;| milocliondriiil protein)
oi rat liver liiiloeliondria in the presence of variable concen-

trations of aspirin added on state 4

Glutamate (10 mM) -} Succinate

Malate (5 mM) (5 mM)

Control 16.19 32.24
Aspirin 0.2 mM 21.76 -
0.5 mM 24.91 -
1.0 mM 27.40 -

2.0 mM 36.74 59.15

5.0 mM 43.60 -
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3.3 mM Succ.

4
0.05 AQSggQ
2min
4 66.6 uM DCF.
ol 4. Effect of diclofenac on membrane potential developed by succinate respiration in ra

liver mitochondria. The suspending medium (1.5 ml in each cuvette) consists of 100 mH

and 0.6 pH rotemne, 1mg of mitochondrial protein is added in each cuvette and 2. 5uM
ci6 —C2—(5) to the sample, the baseline being controlled by a zero adjusting programme
The additions indicated in the figure are made concomitantly into both cuvettes.

Membrane potential. Since uncouplers affect membrane permeabi-
lity, especially for protons, we expect that diclofenac and aspirin de-
crease membrane potential difference generated by mitochondrial respi-
ration. As can be seen in Fig. 4, this phenomenon indeed occurs. Howe-
ver, the actual concentration of diclofenac necessary for a total collapse
of membrane potential differs from an individual preparation to another.
The trace presented in Fig. 4 results from a sensitive preparation, where
less than 0.1 mM diclofenac collapses the membrane potential. For ano-
ther preparation (not shown here), we had to use approximately 0.25 mM
drug in order to obtain the full collapse of the membrane potential.

Although low concentrations of diclofenac are more effective in
decreasing the membrane potential developed by guinea pig mitochon-
dria (see Fig. 5) than by rat mitochondria (Fig. 4), the full collapse of
this potential is more difficult to attain in the case of the guinea pig.
This is in fact in line with the oxygraphic results for guinea pig mito-
chondria, where RCR is decreased to only 15 by 0.2 mM diclofenac (see
Table 2), and also with the structural results, as we shall see later.

A high concentration of aspirin (at least 5 mM) also produces the
collapse of the membrane potential generated by succinate respiration
in rat liver mitochondria (Fig. 6). As can be seen, however, 3.3 mM as-
pirin is not enough to collapse the membrane potential irreversibly,
a slight tendency of recovery being observed. The results are in total
agreement with those obtained by the oxygraphic method.

Swelling of mitochondria. It is also known that under the given
circumstances the uncouplers can produce swelling, by favouring the
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5. Effect of diclofenac, on membrane potential developed in guinea

pig liver mitochondria. Conditions are identical to those in Pig. 4.

Fig.

3.3 mM Suce.

6. Effect of aspirin on membrane potential developed in rat liver
mitochondria. Conditions axe identical té thoii ta Fig. 4.
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Fig. 7. Swelling of rat liver mitochondria in the presence of diclofenac. Thc

suspending medium is that wused in Fig. 4, except that diS—C,—(5) is not

used. Succinate is added to both cuvettes, diclofenac only to the sample
and recording is made at 540 run.]

uptake of different electrolytes and the consecutive water influx, follo-
wing the increase of membrane permeability induced by such agents.
Fig. 7 and Fig. 8 demonstrate such a swelling phenomenon for rat and
guinea pig mitochondria, respectively. The addition of 0.133 mM di-
clofenac (Fig. 7) produces a moderate swelling, which is transiently
reversed by the addition of succinate, after which a second phase of
swelling occurs. The transient reversal of swelling can be interpreted
as an effect of succinate respiration, which generates a strong proton
electrochemical gradient, whose energy is used for a while to pump
out of mitochondria the excess of ions and water. Soon, however, the
uncoupling effect of diclofenac prevails and a new phase of swelling
ensues.

The upper trace in Fig. 8 shows that the swelling process also
occurs in guinea pig mitochondria. In the presence of rotenone (lower

Fig. 8. Swelling of guinea pig liver mitochondria in the presence
of diclofenac. Conditions are identical to those in Fig. 7, except
that no rotenone is used in the upper trace.
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trace), which inhibits the endogenous NADH-dependent respiration, the
swelling is not evident until after a short lag, consecutive to succinate
addition, suggesting that in this case both phases of swelling are pro-
bably .energy-dependent.

Mitochondrial ultrastructure. The effects of diclofenac at the ultra-
structural level are presented in Figs. 9 and 10. Fig. 9 shows different
aspects of rat liver mitochondria, where Fig. 9a represents the control.
As can be seen, the majority of mitochondria is found in a slightly
contracted (condensed) form called the orthodox state (for terminology,
see [8]), although some are in a supercondensed state. Fig. 9b presents
mitochondria treated with 0.01 mM diclofenac. As can be observed, there
are no significant differences as compared to the control. However, for
mitochondria treated with 0.1 mM diclofenac (Fig. 9c), the superconden-
sation is more evident. Also, some mitochondria are in a swollen state,
with a rarefied matrix.

The ultrastructural aspects of guinea pig mitochondria are presented
in Fig. 10, where Fig. 10a is the control. As compared to rat liver mi-
tochondria, guinea pig mitochondria appear in a worse shape, most of
them being either moderately supercondensed or swollen. The predomi-
nance of such swollen organelles increases as the concentration of diclo-
fenac added increases. At 0.01 mM drug (Fig. 10b), the picture is shared
about equally by supercondesed and swollen mitochondria, whereas at
0.1 mM diclofenac (Fig. 10c) the picture is completely dominated by mo-
derately or even slightly swollen mitochondria, resembling to some
extent the orthodox configuration. This is not characteristic for typical
uncouplers. They produce supercondensation and/or extensive swelling,
depending on concentration, duration and other characteristics of the
drug action. The condensation results from the matrix contraction, which
is also characteristic for intense respiration, in the presence of ADP. In
fact, by stimulating the respiration, the uncouplers maintain a high ratio
of ADP/ATP inside mitochondria, this last feature attained through the
action of the ADP/ATP translocator. Therefore, the particular aspect
of guinea pig mitochondria shown in Fig. 10c may be ex,olamed by assu-
ming that diclofenac does not only uncouple, but also inhibits the
ADP/ATP translocator of the inner membrane of this type of mito-
chondria. This ultrastructural observation and its explanation could very
well serve as a basis for the somewhat different functional behaviour
also observed in the case of guinea pig mitochondria. Since such mito-
chondria are chemically and functionally closer to those of man, this
observation may have important practical implications.

Discussion. Although there are relatively few studies demonstrating

the direct uncoupling effect of NSAIDs on oxidative phosphorylation (for
X., [11]), as we have pointed out in our previous paper [14], there are

several other studies which either conclude that their results can be
most logically explained by an uncoupling process [10] or argue that the
effects of NSAIDs are a consegence of their interaction, with be cellular
membranes and the disruption of certain membrane-dependent processes
(see the reviews [2] and [21]). However, as also discussed in our pre-
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Fig. 9. Ultrastructural aspects of rat liver mitochondria (X 34,000). 9a — Control. 9b — Irt
the presence of 0.01 mil diclofenac. 9c — Supercondensation in the presence of 0.1 mil
diclofenac.
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J?ig. 10. Ultrastruclure of guinea pig liver mitochondria (X 34,000). 10a — Control. 10b
0.01 mM diclofenac, 10c — 0.1 mM diclofenac.
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ceding article [14], most of such processes are not directly energy-depen-
dent, although they have something in common, namely, they are all
calcium-mediated. If NSAIDs affect calcium distribution in the cell, as
discussed [2], then the activity of other calcium-dependent enzymes
in different compartments of the cell and, thus, the whole cell meta-
bolism must be greatly affected. However, calcium fluxes at the level of
the three most important sites of calcium regulation (plasmalemma, sar-
coplasmic reticulum and inner mitochondrial membrane) are themsel-
ves energy-dependent (see [7]). This observation brings us back to mito-
chondria, the place of energy conversion/conservation in the cell and one
of the sites of calcium regulation itself.

In general, the results reported here strongly support the conclusion
that the two non-steroidal anti-inflammatory drugs employed, diclofenac
and aspirin, act on mitochondria mainly by inducing the uncoupling of
the process of oxidative phosphorylation, as a primary functional event.
The principal arguments for such a conclusion are:

— stimulation of the basal state and of state 4 of respiration;

— decrease of the acceptor and of the respiratory control ratios;

— partial removal of the respiratory inhibiton produced by oligo-
mycin;

— decrease and even collapse of the membrane potential;

— supercondensation and/or swelling of mitochondria.

In fact, by their chemical structure, diclofenac, aspirin and other
NSAIDs are usually monocarboxylic acids with one or two aromatic
rings. Such structures are more or less hydrophobic, with different de-
grees of solubility (see [10]), having a structure resembling that of ty-
pical uncoupling agents, i.e., compounds capable of carrying protons or
facilitating the diffusion of other small ions across lipid membranes. By
virtue of this resemblance, the uncoupling effects of NSAIDs are not
only possible but expected. We have observed that even other (more or
less) hydrophobic agents with a smaller degree of similarity, such as
?iffere]nt local anesthetics, are capable of producing uncoupling effects
18, 19].

Considering that the uncoupling process has so many implications in
cell metabolism, it is tempting to believe that it is not completely irre-
levant for the anti-inflammatory action of NSAIDs. Although it is
usually stated that the uncoupling occurs at higher (or, even much hi-
gher) concentrations of NSAIDs than those considered pharmacologically
relevant, our results suggest a different situation. Thus, there is a certain
parallelism between the active concentrations of the two drugs for both
effects and even a certain correspondence between the two types of do-
ses. Moreover, it must be stressed that the uncoupling effects, even tho-
ugh more visibile at higher concentrations, actually begin at concentra-
tions equivalent to (or, even lower than) the pharamacological doses.
Thus, in guinea pig mitochondria, which are metabolically closer to the
human ones, 0.004 mM diclofenac stimulates state 4 by 26.8% and de-
creases RCR by 13.8% (see the absolute figures in Table 2). Also, 0.2 mM
aspirin (Table 3, glutamate + malate) increases state-4 respiration of rat

5 — Biotogia 2LI9M
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liver mitochondria by 2875<>0. In guinea pig mitochondria (not tested with
Aspirin) the effects would have probably been higher. In rat liver mito-
chondria, strong uncoupling effects can be obtained at 5 mM aspirin
(see Fig. 3 and Table 3). According to the data presented in [3], the peak
plasma concentration of aspirin in patients treated for inflammation is
2 mM, whereas the tisue concentration is even higher (12 mM), which
means that aspirin exerts its anti-inflammatory effects at concentrations
at which its uncoupling action is very strong.

Nevertheless, there are two consequences of the uncoupling effect
which can Dbe hardly reconciled with the anti-inflammatory role of
NSAIDs: the release of heat and the increase of cytosolic calcium (as a
result of calcium release from mitochondria). Both phenomena (at least
according to the hypotheses proposed so far) should enhance the inflam-
mation process and not stop it. However, we are aware that the
perfused liver and the isolated liver mitochondria may not be the most
appropriate models for studying the mechanisms of action of NSAIDs and
this could partially attenuate cur dilemma. Also, the relationship be-
tween inflammation and heat (either internally generated or externally
imposed) is not so simple and clear as to use it as an irrefutable argu-
ment in this discussion, while the regulation of cytosolic calcium is it-
self a very complicated process. What can be safely stated so far is that
even if the uncoupling process had no relevance for the anti-inflamma-
tory effects of NSAIDs, it should not be neglected from the toxicological
viewpoint.

Conclusions. 1. The two NSAIDs tested (diclofenac and aspirin) have
rather strong uncoupling effects at concentrations equivalent to those
attained in patients treated for inflammation.

2. These effects have at least a toxicological importance, incomple-
tely revealed so far, although a certain degree of involvement in the
anti-inflammatory process itself cannot be completely excluded.

3. Certain differences, regarding the effects of diclofenac and aspirin
on the liver mitochondria of the two species employed, suggest that
further studies, involving more anti-inflammatory agents, should be con-
ducted on guinea pig mitochondria (metabolically closer to those of man)
and extended to other experimental models.
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THE EFFECTS OF HYDROCORTISONE ACETATE ON THE WHITE
BLOOD CELLS

ROD1CA GIURGEA* IOANA ROMAN?* and CORINA ROSIORU**

SUMMARY. — Hydrocortisone acetate was given to rrature
Wistar rats in acute treatment (357 mg/100 g body weight in the
first day — the attack dose, then 0.36 mg; 100 g body weight daily
for the next 5 days) and the animals were sacrificed in the 7th day.
The results showed a rise of the leukocyte number, a decrease of
the lymphocyte percentage and an increase of all the other elements
in the white series (M, N, E, B). Our data did not evidence any stress
state in the animals.

Endogenous glucocorticoid hormones play an important role in the
normal regulation of the immune system and act as physiological im-
munosuppressants involved in the control of immune and inflamma-
tory hyperactivity during the stress response [6]. The immunosuppres-
sive action of glucocorticoid hormones is mediated through a multi-
tude of effects on many of the stages of the immune response [4]:
«— perturbation of leukocyte traffic, — a dramatic lytic effect on lym-
phocytes, especially in so-called glucocorticoid-sensitive species, such
as mice or rats, and — inhibition of T lymphocyte activation. The ac-
tion of these hormones is dose-dependent, the pharmacological doses
represent one of the therapeutic mainstays in the treatment of a large-
number of inflammatory and immunologically-mediated disorders.

Materials and methods. Experiments started on female Wistar rats weighing
175+5 g. The animals were divided into two groups: control (C) and treated (T>
group. The T group received hydrocortisone acetate (Biofarm S.A., Bucharest)
solved in physiologic saline, in an attack dose of 3.57 mg/100 g body weight in
the first day and in a dose of U36 mg TOO g body weight for the following 5
clays, i.m. The rats in the C group received the same volume of physiologic sa-
line. The animals were sacrificed in the 7th day, after a starvation period of 16
hours. Blood samples were prelevated and the leukocyte count and differential
blood count were performed, using classic methods.

The statistical evaluation of the results was made according to Student’s
ot test. Aberrant individual values were previously eliminated using the Chau-
venet’s criterion. Statistical significance was considered from p=0.05.

Results and discussion. As can be seen in Table 1, the administra-
tion of physiological doses of hydrocortisone acetate in adult rats in-
creased the number of leukocytes, which demonstrates that the admi-
nifitered dose did not net as a stress factor for the animals. Instead,
the tested hormone produced a decrease in the number of lymphocytes
together with a percentage increase of all the other leukocyte catego-
ries, which was statistically significant in the neutrophils. These data

* Biological Research Institute, 3400 Clui-Napoeo., Romania .
** Bubes-Boiyai University, Department ol Animul physiology, 3406 Cluj*Napocu, Ronumia
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Table 1
TW illrol* of hydroeortl.snne aerial* on (he white blood cell*
W hite cells Experimental groups
C T
Eeultocytes/nim5 10285.71 E 966.93 15714.28+1318.44
+ 52.77%
p < 0.01
Eymphocytes (%) 77.87+ 166 57.74+ 4.86
-25.85%
p < 0.01
Monocytes (%) 3.38+0.40 3.92+0.88
+ 15.97%
NS
Neutrophils (%) 16.53+0.93 34.88+3.61
+ 111.01%
p < 0.001
Eosinophils (%) 1.60 +0.50 2.21+0.62
+ 38.12%
NS
Basophils (%) 0.60+0.24 1.22+0.46
+103.33%
NS
Values are means * standard errors. ..+ are percentage differences of the means versus the control mean

values. NS — Not significant.

indicate that lymphocytes are ,target* cells for glucocorticoid hormo-
nes, which results in their death by lymphocytolysis [2, 3, 7]. Some
researchers [5] speak about the existence of an operator-repressor gene
system, which produces, under the influence of glucocorticoids, the
distruetion of the lymphatic cells, by the so-called ,lysis of the genes*.

The effect of the glucocorticoids on blood cells implies the lym-
phatic structures concerned in the formation of these cells. Receptors
for these hormones have been identified in the lymphatic tissues [10].
This fact also explains the inhibition of the T cell response to IL-1 [§]
and IL-2, as an effect on mRNA which becomes less stable [1].

The significant increase of the percentage of neutrophils in the
blood of the hydrocortisone acetate-treated animals was the result of
their regeneration due to an inhibition in the function of the adrenals,
consecutive to the administration of exogenous hormone. The inhibi-
tion of the gland was also supported by a significant increase of the
ascorbic acid concentration in the adrenals (unpublished data). The
rise above normal values of the monocytes, neutrophils, basophils and
eosinophils following the hydrocortisone acetate treatment can explain
the increase of the total number of circulating leukocytes.
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According to [9]1 the effects of the immunosuppressive therapy
consist in the inhibition of that sequence of the immune response which
is pathologically affected; the tendency is to restore the normal im-
mune response.

Conclusion. Hydrocortisone acetate administration in adult female
WVistar rats negatively affected the percentage of lymphocytes, but led
to a rise in the total number of circulating leukocytes, by increasing
the percentage of all the other elements of the white series (M, N.
E, B).
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THYROID — LIVER RELATIONSHIP IN WISTAR RATS

MARTA GABOS', RODICA GIURGEA** and IOANA ROMAN**

SUMMARY. — Adult female Wistar rats were given 15 gg thyro-
xine/100 g body weight daily, for three days. The 13l incorporation
into the thyroid gland was diminished as compared to the control

group, and the determined liver parameters showed a stimulation
of protein metabolism.

The relation between thyroid and liver is a mutual one. The thy-
roid hormones affect liver metabolism [1, 15] and liver degrades the
excess of thyroid hormones [2]. Our previous investigations emphasi-
sed this relationship in chickens [6, 9] and fishes [7], concerning the
carbohydrate and protein metabolism.

In this paper we report some results which demonstrate a*thy-
roid-liver relationship in rats.

Materials and methods. The experiment was performed on adult finale
Wistar rats. The animals were divided into two groups: control group (C) and wvro-
xine-treated group (T4, consisting of 8 individuals each. The rats were main-
tained under standardised zoohygienical conditions, water and fodder being
available ad libituin. Hie animals of the T4 group wore injected i.m., for $¢>days
with thyroxine (Thyrox — Organon, Belge, S.A.) in the daily dose of 15 gg/100g
boldy weight. The animals of the C group received the same volume of sodium
saline.

In the 4th day, the rats were sacrificed; 24 hours before being killed, the
animals were injected i.p. with 13U, in a single dose of 0.1 gCi/rat. The rats
were Kkilled by decapitation, after 16 hours of fasting. The thyroid gland was
immediately removed and used to test 13 incorporation; samples of liver tissue
were also taken and total protein content [10], nucleic acids — RNA and DNA
[14] and concentration of free amino acids [121 were determined.

Statistical processing of the results was made according to Students ,.t“
test. Aberrant individual values were previously eliminated using the Chauve-
net’s criterion. Statistical significance was considered from p = 0.05.

Results and discussion. administration produced in rat females-
an inhibition of the thyroid function, manifested as a 13U incorpora-
tion with 48.790/0 lower than that in the control group (p < 0.01) The
effect of this hypofunction of the thyroid could be found at the level
of liver protein metabolism, where DNA and free amino acid concen-
trations significantly increase (Table 1). It is well-known that cytoplas-
mic, protein-bound thyroid hormones can be found in numerous tissues*
the liver being in the first place. These proteins are considered ,hor-
moné stores”“, acting to regulate free intracellular hormone concentra-
tion [13].

* Babes-Bolyai University, Department o/ .Ji/unw/ Physiology, 3400 Cluj-Napoca, Romania
** Biological Research Institute, 3400 Cluj-Napoca, Romania
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Table 1

The effect of T4treadneul ou some parameters of the protein metabolism in tlie liver of rats

Metabolic parameters Experimental groups
C T,
TP («4ilR) 278.74 + 15,75 (5) 312.02+ 2.80 (5)
+ 11.94%
NS
RNA (mg/g) 0.65+0.04 (5) 0.48+0.08 (5)
-26.82%
NS
UNA (mg/g) 1.14+0.18 (5) 1.90+ 0.14 (5)
+ 66.66%
p < 0.01
«V (%) 27.90+ 1.77 (5) 14.29+2.49 (5)
-48.79%
p < 0.01
JtAA (mg/g) 1.33+0.22 (B) 2.19+0.17 (5)
+ 66.46%
p < 0.02
Body weight (g) 141.00+11.95 (9) 173.25+11.58 (8)
+ 22.87%
NS
Values are means + SE. The number of determinations are given in brackets. * — Percentage
differences of the thyroxine-treated group (Ti) versus the control group (C). p — Statistical significance.
NS — Not significant. TP — Total protein content. RIl — Radioactive iodine incorporation into
the thyroid gland,, FAA — Free amino acid nitrogen.

A low circulatory level of thyroid hormones stimulates amino acid
incorporation into proteins and accelerates amino acid transfer from
tRNA for formation of mitochondrial proteins [11]. It has been found
that triiodothyronine (T administration in a physiological dose sti-
mulates synthesis of both RNA and proteins in rat liver [1, 15]. Our
experimental model (the administered dose of T4 and the duration of
treatment) evidenced the beginning of this process.

The effects induced by the thyroid hormones in liver protein me-
tabolism are related to the presence, at hepatic level, of nuclear hor-
mone receptors, which consist of protein-bound DNA [3, 4].

The actions of thyroid hormones upon the hepatic metabolism are
dependent on many factors: the ontogenetic stage [2, 8], the dose of the
hormone and the duration of treatment [2, 9], and the nutritional status
of the animals [5].

Conclusion. In our experimental model, acute thyroxine admini-
stration induced in Wistar rats thyroidian hypofunction and a slight
stimulation of liver protein metabolism.



10.

11
12.
13.

14.

15.

THYROID — LIVER RELATIONSHIP IN WISTAR RATS 75

REFERENCES

. Bernal, Y., Coleoni, A H, De Groot, L. J, Triiodothyronine stimu-

lation of nuclear pdotein synthesis, ,,Endocrinology®, 102, 1978, 452—459.

.Darras, V. M, Visser, T. J, Berghman, R L., Kihn, E. R, Onto-

geny of type | and type Il deiodinase activities in embryonic and posthatch
chicks: relationship ivith changes in plasma triiodothyronine and growth
hormone levels, ,,Comp. Biochem. Physiol.*. 103 A (1), 1992, 131—136.

.De Nayer, P, Thyroid hormone action at the cellular level, ,Hormone

Res.”, 26, 1987, 48—57.

.De Nayer, P., The thyroid hormone receptors: molecular basis of thyroid

hormone resistance, ,,Hormone Res.“ 38, 1992, 57—61.

. Etheridge, K. Thyroxine-induced changes in metabolic rate and cyto-

chrome oxidase activity in Thamnopis sirtalis: effects of nutritional status,
,»Gen. Comp. Endocrinol.”, 91, 1993, 66— 73.

. Gabos, M, Giurgea, R. Demeter, I, Tiroida si metabolismul hepato-

muscular la puiul dc gaina, ,,Stud. Cercet. Biol., Ser. Biol. Anim.“ 44 (2),.
1992, 117—120.

. Gadbos, M. Giurgea, R, Kiss, Sz,Actiunea insulinei, adrenalinéi si a

tiroxinei asupra glicemiei si glicogenului din ficat, muschiul alb si muschiul
rosu la crap (Ciprinus carpio), ,,Stud. Cercet. Biol.,, Ser. Biol. Anim.“ 46 (1),
1944, 21—24.

. Gavrilova, N. J, Setchenska, M S, Dimitrova, M. Effect of

triiodothyronine on cAMP-dependent and cAMP-independent protein kinase

activities in developing chick embryo liver, ,Comp. Biochem. Physiol.”,
102 A (2), 1992, 245—248.

. Giurgea. R, Gabos, M, Moys, M, Csata, Z., Age-dependent rela-

tionship of bursa Fabricii and thymus with thyroid in chickens, ,,Arch. Exp.
Vet. Med.“, 40. 1986, 496—500.
Gornall, A G, Bard awill, C J.David, M. M., Determination of

serum proteins by means of the biuretreaction, ,J. Biol. Chem.”, 78, 1949,
751—766.

Negoescu, I, Constantinescu, A, Heltianu, C., Biochimia hor-
monilor tiroidieni, Ed. Acad. Romi., Bucuresti, 1971.
Rac, 1., Determination of total free amino acids by ninhydrine, ,,Casop.

Likan. Cesk.“, 94 (4), 1999, 120—123.

Rousset, B, Moine x, R. The thyroid hormone secretory pathway —
current dogmas and alternative hypotheses, ,,Mol. Cellul. Endocrinol.”, 78,
1991, C89—C93.

Spirin, A, Spektrofotometricheskoc opredelenie summarnogo kolichestva
nukleinovykh kislot, ,,Biokhimiya“, 23, 1958, 656—662.

Tata, J. R, Regulation of protein synthesis by growth and developmental
hormones, in Litwack, G. (Ed.), Biochemical Actions of Hormones, Voi. 1,
pp. 89—134, Acad. Press, New York, 1970.






STUDIA UNIV. BABES-BOLYAI BIOLOGIA, XXXIX. 2, MM

THE EFFECTS OF SOME CONIFEROUS RESIN EXTRACTS
ON HEPATOCYTE METABOLISM IN WISTAR RAT

VIORICA VINTILA*. RODICA GIURGEA** and IOANA ROMAN**

SUMMARY. — The coniferous resin fractions induced important mo-
difications in the in vitro metabolism of hepatocytes from adult fe-
male Wistar rats. All fractions increased the oxygen consumption
of hepatocytes, after one hour of incubation. Some parameters of
protein metabolism were also affected, in a way dependent on the
nature of the utilised resin fraction.

It was proved that tjsrpenes, which are present in the coniferous
resins, have hepatostimulative and hepatopratective effects [2]. Our
previous studies concerning the action of several coniferous resin frac-
tions demonstrated that they have important effects on different or-
gans in mammals [6]. On the other hand, they produce significant mo-
difications in isolated thymocytes [7]. As in a previous experiment
carded out on rats (unpublished data) we noticed stressed hepatic mo-
difications under the action of resin extracts in vitro, we investigated
the effieots of three coniferous resin fractions on isolated rat hepato-
cytes.

Materials 'and methods. Isolated hepatocytes were obtained from adult fe-
male Wistar rats, weighing 200+5 g. The animal*, were sacrificed by decapita-
tion, after a previous fasting period of 16 hours. The liver was immediately re-
moved and weighed on a torsion balance. One g of liver has been cut to small
pieces and then pottered in Krebs-Ringer phosphate buffer, pH = 7.4, containing
10 mM glucose. The obtained hepatocytes were counted on Thoma mount, using
TCrck solution, and their number expressed per cell of cell suspension. The hé-
patocyte suspension was introduced in Warburg cups and the appropriate quan-
tity of resin fraction was added, so calculated as to correspond to a concentra-
tion of 1/10 from the previously established LD,o [8]. So we obtained 4 experi-
mental groups: F4 F* and F7 (named according to the utilised resin fraction)
and C (the control group, with no added resin).

Tile samples were incubated in a Warburg apparatus for one hour at 38°C,
the oxygen consumption being recorded every 15 min. At the end of the incu-
bation period, the hepatocytes were used to determine the total protein con-
tent [3], the RNA and DNA concentrations [5], and the free amino acid nitro-
gen [4].

Statistical processing of the results was made according to Student’s ,t*
test. Aberrant individual values were eliminated using the Chauvenet’s criterion.
Statistical significance was considered from p = 0.05.

Results and discussion. All the tested resin fractions produced a
significant increase of oxygen consumption in the incubated hepato-
cytes, the F7 fraction being the most reactive (Table 1). F7 and F4 frac-

Central Biologioal Reteaich Institute, Bucharest, Romania
Biological Research Institute, 3400 Cluj-Napoca, Romania
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Table 1

Oxygen consumption, total protein eontent, HNA and LWl A and free amino aeld nitrogen
in rat hepatoeytes treated' with eonlferous resin extracts

Metabolic parameters Experimental groups
C P4 F5 F7

OOr 0.31+0.025 2.67+0.11 5.47+0.72 ; 8.41+0.32

+ 761.29% + 1664.51% ' + 2619.20%

p < 0.001 p < 0.001 p < 0.001
TP 6.06+0.31 0.96+0.06 4.06+0.67 5.61+0.70

-84.16% -33.01% -7.43%

p < 0.001 p < 0.001 NS
RNA 0.70+0.06 1.41+0.12 0.82+0.06 1.67+0.18

+101.42% + 17.14% +138.97%

p < 0.001 NS p < 0.001
DNA 0.43+0.10 0.33+0.05 0.83+0.32 0.43+0.05

-23.26% + 93.02%

NS NS NS

FAA 2.50+0.08 3.67+0.27 0.22+0.05 0.72+0.15

+ 46.80% -91.20% -71.20%

p < 0.001 p < 0.001 p < 0.001

Values are means = SE of 7 individual determinations. Oxygen consumption (QOr) is expressed

as mm1l Os/lO7 ceils. Total protein content (TP), RNA, DNA and free amino acid nitrogen (FAA) are
expressed as mg/10T cells. + ¢+ — Percentage differences of resin-treated groups versus the control
group, p — Statical significance. NS — Not significant.

lions (but not F3 also caused a rise of the RNA content in the hepa-
toeytes. On the other hand, in F4 and F5 groups the total protein con-
tent was significantly lowered. The free amino acid nitrogen content
was modified by all the resin fractions: F4 increased it with almost
50%, but F: and F7 strongly depressed it. Al these modifications can be
due to the structure and properties of the coniferous resin fractions,
as it is known that their aromatic component represents an energy re-
serve, an important ,.circulating information“. These fractions are rich
in terpenes, which have a negative or positive polarity that confers
them special properties This can explain the tonic effects of resins
on animal organisms and generally on biological systems. Biological
transformations that appear at molecular level are dependent on the
electromagnetic fields [1]. Such fields have been evidenced in the elec-
tronographic studies of these resin fractions (unpublished data) and
their presence can explain the actions of resins on animal cells. The
different sense of modifications induced in some parameters of protein,
metabolism can be due to the different nature of the terpenes in the
three resin fractions.

It is interesting to remark that these fractions had similar effects
on the oxygen consumption in rat thymocytes, but not on the para-
meters of thymocyte protein metabolism [7].
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Conclusion. All the tested coniferous resin fractions increased the

oxygen consumption of the hepatocytes and modified the parameters
of protein metabolism in a manner dependent on the chemical nature
of the fraction.

NP
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STUDIUL TOXICOLOGIC AL FUNGICIDULUI ERIFUNG

NICOLAE BUCUR*, AUGUSTIN ZERIU* si CONSTANTIN PUICA*

SUMMARY. *— Toxicological Study of the Fungicide Erifung. The
authors have determined the acute toxicity, DL5), the effect on
micronucleation and the embryotoxicity of Erifung. The tests were
made on white Wistar rats. Acute toxicity of Erifung was found to
be 6.337 mg/kg body weight, which means that this fungicide should
be included into the category of substances with low toxicity. When
administered in a daily dose of 5% DL%0 for 30 days, Erifung did not
affect the number and structure of chromosomes and the process of
micronucleation. It was also found that Erifung exhibited no toxic
effect on rat embryos.

Introducerea Tn agricultura modernd a unor substante chimice noi,,
cum sunt pesticidele, atrage dupa sine efectuarea unor cercetari privind
efectul acestora asupra plantelor, animalelor si omului.

Studiile pe care trebuie sa se efectueze sunt cele ce privesc efectele
toxicologice, genetice, embriotoxice, teratogene etc.

Erifungul este un pesticid produs de Institutul de Cercetari pentru
Pesticide, Bucuresti. Substante echivalente cu acest produs romanesc
sunt: Bupirimate si Nimrddul. Primul este un fungicid care prezinta o
toxicitate redusa pentru mamifere. Acest produs combate ciupercile care
produc fainarea la multe specii de plante, cum ar fi: marul, piersicul,,
castravetii, agrisul etc. Bupirimate se dezagregd rapid in sol si in apa.
in solutii apoase, la lumina solard se descompune dupd 3 ore. in sol
nisipos se descompune 500/0 dupa 6—7 saptamani.

Nu sunt mentionate efectele genetice embriotoxice si teratoge-
ne ale acestor produse, efecte pe care noi ni le propunem sa le cercetam
in cazul Erifungului. Acestea cu precadere in conditiile actuale cénd
s-a stabilit cd elementul care pericliteazd cel mai mult sanatatea omului
este utilizarea irationalda a pesticidelor. Tn lume sunt utilizate peste
100.000 de tipuri de pesticide oare sunt produse pornind de la 900 de
compusi organici si anorganici dintre care multi cu potential muta-
gen [2].

Toxioogenetica, 0 noud ramura a geneticii are ca obiectiv evaluarea
deteriorarilor pe care le poate suferi fondul genetic, precum si abor-
darea cercetarilor fundamentale asupra mecanismului mutatiei si a pro-
cesului de carcinogeneza. Deteriorarile mai sus mentionate se referd
atat la plante cat si la animale [2].

Material si metode. Determinarea toxicitatii acute DLw Testul toxicitatii
acute este primul care se recomanda a se face Tn cadrul selectiei substantelor
noi, oare se folosesc Tn agricultura ca pesticide si care pot ajunge Tn contact cu
animalele si cu omul.

« Institutul de Cercetari Biologice, 3400 Cluj-Napoca, Romania
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Erifungul a fost administrat prin sonda gastrica cu ajutorul unei seringi,
in doza unica pentru fiecare animal, in functie de greutatea acestuia. Au fost
utilizati sobolani femele din rasa Wistar alb, in greutate medie de 150 g.

Substanta, fiind insolubila in apd, a fost administratd sub forma de sus-
pensie Tn ulei comestibil de floarea soarelui. Administrarea dozei unice s-a efec-
tuat dimineata, la prima ora, animalele fiind ,,& jeun“. Au fost utilizate 126 ani-
male, astfel ca numarul lor, la o doza, a fost cuprins intre 10 si 20. Dupa admi-
nistrarea dozei, animalele au fost urmarite timp de 14 zile.

Testul de toxicitate a fost Tnceput cu dozele de 2.000, 3.000 si 4.000 mg/kg
corp, la care procentul de mortalitate a fost zero. 1n dozele de 5.000, 6.000, 6.500,
7.000, 7.500 si 8.000 mg kg corp, mortalitatea a fost diferitd in functie de doza
(Tabel 1)

Pentru determinarea DLH) datele obtinute au fost calculate dupd metoda
probitelor, utilizAnd procedeul grafic si numeric descris de Weber [12] si Si-
mionovici si colab. [8J

Metoda citogenetica. Timp de 30 de zile sobolanilor li s-a administrat o doza
zilnica, prin gavaj, de 5% din DI,M (315 mg/kg corp), Erifugul fiind suspendat
n ulei de floarea soarelui. Animalele au fost sacrificate prin dislocare cervicald,
dupa ce, In prealabil, cu o orda si jumatate Tnainte de sacrificare, acestea au fost
tratate cu o solutie de colchicina 0,02% — injectie intraperitoneald, cate 1,5 ml/ani-
mal. Observatiile citogenetice au fost efectuate pe populatii de celule din maduva
liematogena care a fost extrasa din femurul izolat. Extragerea maduvei s-a efec-
Tuat prin suflare cu o seringa, pentru testul micronuclear, si prin aspirare cu
mediu de culturd IC 65, pentru observatii asupra cariotipului.

Preparatele microscopice au fost efectuate dupa metoda ,air drying [3]. Ma-
duva a fost hipotonizatda Tn solutie de citrat de Na 0,8% timp de 20 de minute
ia 37°C, Tn eprubete de centrifugda, dupa oare materialul a fost centrifugat la
1.200 rotatii/minut timp de 10 minute si fixat apoi in alcool metilic: acid acetic.
Materialul astfel fixat, de 3 ori, a fost picurat pe lame microscopice racite la
frigider. Prin aceasta se provoacd spargerea celulelor si obtinerea unor metafaze
bine etalate care au fost apoi uscate la aer cald. Colorarea preparatelor s-a facut
cu solutie Giemsa.

Pentru urmarirea procesului de micronucleatie s-au efectuat preparate mi-
croscopice de la animalele necolchicinizate, prin Tntinderea maduvei pe lama mi-
croscopica Tn ser de vitel, dupa o tehnicd utilizatd doar in laboratorul nostru, care
usureaza mult citirile la microscop. Preparatele au fost colorate cu solutie May-
<irlnwald-Giemsa, dupa care au fost uscate la aer cald.

Existd o corelatie Tntre frecventa micronucleelor si cea a aberatiilor croirio-
zomiale la acelasi factor mutagen si varianta de tratament. Cu ajutorul testului
micronuclear (MT), semnalat pentru prima oarda de Schmid si Heddle [7}, se
pot face studii comparative Tntre acesta si metodele conventionale citogenetice.
Materialul genetic afectat de tratament la prima mitoza este reprezentat Tn cea
de a doua, ca pierdere de material genetic prin micronucleele provenite din frag-
mentele de cromozomi acentrici. Acesti corpusculi, denumiti n citologie corpusculi
Howell-Jolly, au fost urmariti in eritrociti tineri din maduva hematogena, dupa
momentul Tn care nucleul principal este expulzat. Acesti corpusculi sunt structuri
caracteristice, usor de evaluat. Ei sunt prezenti si Tn alte linii celulare, dar sunt
mai greu de observat, putdnd fi confundati cu alte structuri celulare. Pentru
analiza cariotipului la 4—5 animale, au fost observate cate 100 metafaze (C-mitoze)
de la fiecare animal. Pentru studiul procesului de micronucleatie au fost analizate
cate 3 X I8 eritrociti policromatici de la fiecare animal. Datoritd coloratiei spe-
cifice si diferentiate, eritrocitii tineri se coloreaza in albastru spre deosebire de
cei adulti care se coloreaza Tn rosu [t1].

mDeterminarea efectelorl embriotoxice si teratogene. Pentru studiul embriotoxic
s-au utilizat femele nulipare Tn varsta de 8 saptamani avand greutatea de 160 g
care au fost grupate in doua loturi experimentale:

— lotul martor (M) in numar de 8 animale si ) ) )
— lotul tratat cu Erifung (E) in numar tot de 8 animale. Tmperechierea ani-

malelor s-a facut in proportie de 2 :1 (un mascul la doua femele), iar dupa 24 ore
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masculii au fost separati. Administrarea substantei, sub forma de suspensie in
ulei de floarea soarelui, s-a efectuat zilnic prin gavaj intragastric in doza de
5% din DL5s0. La sfarsitul perioadei de tratament (ziua a 20-a de gestatie), ani-
malele au fost sacrificate prin dislocare cervicald, recoltdndu-se fetusi care au fost
cantariti si madasurati. Pentru determinarea eventualelor implantatii morbide (re-
sorbtii embrionare, embrioni opriti in crestere) la nivelul coarnelor uterine s-a
utilizat metoda Salewsky citata de [9].

fn urma rezultatelor obtinute dupd@ masurarea lungimii si greutatii embrio-
nilor, s-a efectuat calculul statistic folosindu-se testul ,t“ al lui Student. A fost
calculata eroarea standard, valoarea medie si ,,t“ul.

Rezultatele obtinute de la cele doud loturi (martor si tratat) au fost analizate
comparativ, semnificatia statisticd fiind considerata de la p = 0,05.

Rezultate si discutii. Tn cadrul cercetdrilor pentru determinarea toxi-
citdtii acute DL® la Erifung am Tnceput experimentdrile cu doze semi-
letale pentru substante asemé&natoare ca de exemplu Bupirimaite care
prezintd o toxicitate acuta la iepuri intre 2.000—4.000 mg/kg corp, iar
la sobolani 4.000 mg/kg corp. in cazul Erifungului la 2.000, 3.000 si
4.000 mg/kg corp, mortalitatea a fost 0. Din Tabelul 1 rezultd ca la
doza de 5,000 mg mortalitatea a fost de 12,5%, la 6.000 mg — 37,5%,
la 6.500 mg — 50%, la 7.000 mg — 75%, la 7.500 mg — 90%, iar la
8.000 si 10.000 mg/kg corp a fost de 100%.

Tabel 1

Determinarea toxicitatii acute, DL60, a fungicidului ErHung
Doza Logaritm Numar Animale moarte Probit Pondere
(mg/kg) doza  ani- (valori empiric

male abso-

x) (n) lute) (%) ) (W) n.w n.w.x. n.w.x*
4.000 3.602 10 0 0 — — — - -
5.000 3,698 16 2 12,5 3,85 0,38 6,08 22,48 82,78
6.000 3,778 16 6 37,5 4,68 0,61 9,78 36,87 139,30
6.500 3,812 18 9 50,0 5,00 0,64 11,52 43,92 167,40
7.000 3,845 20 15 75,0 5,67 0,54 10,80 4152 159,66
7.500 3,875 20 18 90,0 6,28 0,33 6,60 25,57 99.10
8.000 3,903 10 10 100,0 — — - — —

Suma = 44,78 170,36 648,24

Dlyie = 6.337 mg/kg greutate corporald, cu o limitd de securitate, la p = 0,05, cuprinsa intre 6.626 si 6.060 mg/kg
corp.

Din prelucrarea acestor date cu metodele mentionate s-a calculat
DLY) ca fiind 6.337 mg/kg greutate corporald, cu o limita de siguranta
cuprinsa Tntre valorile de 6.060 si 6.625 mg/kg corp.

Din analiza a 400 C-metafaze rezulta ca integritatea cariotipului la
sobolanii din rasa Wistar alb (2n= 42) nu a fost afectatd de Erifung ca
si indicele mitotic care are valori foarte apropiate die cele ale martorilor
(Tabel 2).
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Tabel 2
Indleele mitotie (IM) ti mllozMe aberante
IM c- Metaiaze Mitoze aberante
Normale Aberante (%)
Martor 13,0 400 — 0
Tratat 13,2 399 | 0,25

Procentajul mic al eritrocitilor poiicromatici cu mieronuclee (Ta-
bel 3) indicd nivelul scazut al micronuctoatiei. Acest lucru dovedeste cd
structurile genetice nu au fost afectate. Din literatura dj? sprecialitate [6]
si din cercetarile noastre de laborator rezultd ca existd un nivel scazut,
admis die 0,5% celule cu mieronuclee chiar si la martori, in cazul mai
multor specii de animale mici de laborator care se folosesc la experi-

mentari (Tabel 3).

Tabel 3
Celule policromaHee la 12. #00 celule analizate
Celule policromatice analizate Celule cu mieronuclee
Martor Tratat
3.000 15 16
3.000 14 13
3.000 16 17
3.000 13 12
12.000 58 58
@ 0,40 0,40

In cazul de fata nivelul micronucleatiei de 0,40% ne asigura de lipsa
de mutagenitate a Erifungului sintetizat de céatre Institutul de Cerce-
tari pentru Pesticide, Bucuresti.

Se cunoaste ca maduva hematogena este o ,tintd“ (target) Tn care
substantele chimice si radiatiile ionizante pot produce leziuni in mate-
rialul genetic, care Tn experimentul de fatd nu a fost afectat.

Efecte de embriotoxicitate si teratogeneza. intre lotul tratat, cuprin-
zand un numar de 62 de fetusi si lotul martor, cuprinzand 68 de fetusi
nu existd diferente statistic semnificative. Nici in ceea ce priveste lun-
girlnez; si greutatea embrionilor nu apar diferente semnificative (Ta-

el 4).

Examenul microscopic al coarnelor uterine pentru determinarea
implantatiilor morbide nu a relevat prezenta acestora la lotul tratat
cu Erifung in comparatie cu lotul martor.
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Tabel 4

Dimensiunile corporale la lotusii sobolaneelor martor sl ai
celor tratate eu Krlluag

Lotul Numarul de Greutate Lungime
fetusi (@ (mm)
Martor 68 5,12+0,14 42,0+0,20
Tratat 62 4,98+0,88 40,5+0,50
Diferenta % 94,1% 96,4%
t 1,53 1,98
P NS NS

Analiza comparativd a rezultatelor obtinute in urma tratarii feme-
lelor gestante cu acest fungicid a relevat faptul cd Erifungul (in dozele
administrate de noi) nu prezintd efecte embriotoxice si teratogene, re-
zultatele fiind concordante cu unele date din literatura de specialitate
54, 10], care confirmd toxicitatea redusa la mamifere a unor fungicide
e sinteza.

Concluzii, 1 Toxicitatea acutd DL este de 6.337 mg kg corp, cu
limita de sigurantd cuprinsa intre 6.060 si 6.626 mg/kg corp. Cu acest
DL produsul se situeaza n categoria substantelor usor toxice dupa
Gosselin si colab. [1].

2. Din analiza cariotipului la sobolani din rasa Wistar rezulta ca
la doza de 5% din DL3 (315 mg/kg corp) administratd zilnic, timp de
30 de zile, Erifungul nu afecteazd numarul si structura cromozomilor.

3. In urana tratamentului, procesul de micronucleatie este scazut
fiind situat sub limita de 0,5% celule policromatice cu mioromiolee —
indicatd ca prag minim admis [5], la speciile de animale mici folosite
in experientele de laborator.

4. Prin prisma rezultatelor obtinute, experimentul ne-a dovedit c&
Erifungul, in dozele folosite de noi, nu prezintda toxicitate asupra em-
brionilor de sobolani.
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UV-INDUZIERTE VERLANGERUNG DER G,-PHASE IM ZELLZYKLUS
DES WURZELMERISTEMS VON WEIZENKEIMPFLANZEN
(TRITICUM AESTIVUM L)

GEORGETA LAZAR-KEUL*, MARTIN KEUL* und ROZALIA VTNTILA*

SUMMARY. — UV-Induced G,-Phase Prolongation in the Cell Cycle
of Wheat (Triticum aestivum L.) Root Meristem. The effect
of UV-irradiation (lamp HBO-200, about 60 kJ.'rn- polychromatic UV-A
and UV-B radiation applied for 30 min) on the cell cycle of wheat
root meristem was analysed by means of Feulgen-cytophotometric
determination of the relative nuclear DNA content at 3, 6, 24 and 48
hours after application. The results show a progressive increase in the
frequencies of f~-nuclei as a consequence of an UV-induced cell
cycle delay within the root meristem. The pronounced Gj-phase fre-
quency increase was induced at 24 hours following the UV-treatment.
while after 48 hours recovery processes occurred. The kinetics of
the GI/S, S/G2 and G2/G1 ratios indicate that the prolongation of
the Grphase is started shortly after UV-irradiation, before the S-phase
entry, as an expression of the radiation-induced cell division delay.

Die allgemein schédigende Wirkung ultravioletter Strahlung auf
Lebewesen ist seit langem bekannt und bisher eingehender an relativ
einfachen biologischen Systemen (Viren, einzellige Organismen, biolo-
gisch relevante chemische Komponenten) untersucht worden (10, 22].

Die UV-Strahlung wird heute konventionell in die Spektralbereiche
UV-C (unter 280 nm), UV-B (280—320 ran) und UV-A (320—400 rnn)
eingeteilt. Vom gesamten UV-Bereich der extraterrestrischen Sonnen-
strahlung wird nur ein relativ geringer Anteil im UV-B (0,3»/0) und
UV-A (5,l0/Q auf die Erdoberflache eingestrahlt [26], wahrend die ener-
giereichen und biologisch extrem schadlichen kirzeren Wellenldangen
im UV-C durch die Fllterwirkung der Ozon-Schiaht in der Stratosphére
effizient irlickgehalten werden [11]. Die SchadigungsWirkung kinst-
licher Bestrahlungen im UV-C ist jedoch in Verbindung mit dem in die-
sem Bereich liegenden Absorptionsmaximum der Nukleinsduren (bei
etwa 260 nm) eingehender untersucht worden und daher am 'besten be-
kannt [5, 22, 26]. Mit der in den letzten zwei Jahrzehnten nachgewie-
senen Verringerung der Ozon-Schicht und der dadurch bedingten spezi-
fischen Intensitatserh6hung der Sonneneinstrahlung im UV-B [1], wur-
den umfangreiche Untersuchungen Uber die potentiellen Auswirkungen
verdnderter UV-Strahlungsverhaltnisse auf die Biosphdre eingeleitet
[1, 2, 28, 29, 31].

Ortsfeste Pflanzen sind wohl am imeisten einer erhéhten UV-Strah-
lung ausgesetzt. Bisherige Untersuchungen konnten mannigfaltige bio-
chemische, cytologische, morpho-physiologische und 6kologische UV-Ef-

« Institut Tur Biologische Forschungen, 3400 Cluj, Ruménien
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fekte auf hohere Pflanzen belegen [1, 3, 12—14, 28, 29, 31]. Diese
Wirkungen sind sehr komplex und in ihrem Ausmal noch ungenlgend
bekannt, da neben direkten photochemischen DNA-Schadigungen [3, 5,
22, 24] verschiedene andere physiologische und biochemische Prozesse
uber noch nicht néher definierte Photonezeptoren betroffen sein kdnnen
[1, 26, 28, 29].

Besonders auffallende Symptome der UV-Wirkung auf hohere Pflan-
zen sind induzierte Wachstumshemmungen [1, 5, 14, 29, 31]. Diese Ef-
fekte konnen teilweise mit der nachgewiesenen Beeintrachtigung ver-
schiedener physiologischer und biochemischer Kompartimente (Photo-
synthese, Hormonstoffwechsel, Proteinsynthese, Enzymaktivitidten) kor-
miiért werden [1, 28, 29], wobei aber auch mit der direkten Hemmwir-
kung auf die Zellteilung und oder die Zellelongation [4, 13, 14, 311 als
grundlegende Mechanismen des Pflanzenwachstums [8, 21] gerechnet
werden mul. Wahrend die UV-induzierte Hemmung der Zellteilung und
Zellvermehrung bei einzelligen Organismen als unmittelbare Folge ver-
ursachter DNA-Schéden eindeutig nachgewiesen ist [7, 10, 15, 17, 22, 27],
gibt es bei vielzelligen Pflanzen nur spérliche experimentelle Befunde
hinsichtlich der Veranderung dieser Zellparameter durch die UV-Strah-
lung [13, 31]. Nach einigen Autoren sind direkte UV-Wirkungen auf die
Zellproliferation in Embryonalgeweben wegen der Filter- und Schutz-
wirkung der sie umgebenden Geweben sogar unwahrscheinlich [28].

In einer friheren Arbeit [13] wurde Uber die UV-Wirkung auf den
relativen DNA-Gehalt der Zellkerne im Wurzelmeristem von Weizen-
keimlingen berichtet, wobei wie bei anderen Zellsystemen [15] eine
Verzogerung im Ablauf des Zellzyklus durch ein Auflaufen in der
Gj-Phase festgestellt wurde. Vorliegende Arbeit bringt weitere Angaben
zur Unterstitzung dieser SchlufRfolgerungen und untersucht insbeson-
dere die Kinetik der UV-Nachwirkungen auf den Zellzyklus.

Material und Arbeitsmethoden. Winterweizen-Karyopsen (Triticum aestivum
L.. cv. Ariesan) wurden 48 Stunden in Einhardt-Schalen auf Fiterpapierunterlagen
mit Leitungswasser bei 22 + 1°C vorgekeimt. Die Keimlinge mit etwa 1 cm langen
Embryonalwurzeln wurden aus einer Entfernung von ca. 30 cm mit einer Queck-
silberdampf-Héchstdrucklampe HBO-200 (Narva) 30 Minuten lang bestrahlt.

Die Lampe hat ein breites Emissionsspektrum im ultravioletten und sicht-
baren Spektralbereich mit Schwerpunkten um die Quecksilber-Kennlinien bei 254,
313, 334, 366, 404, 436, 546 und 576 nm [10]. Zur Ausfilterung der kalorischen
Strahlung wurde eine 5%ige CuS04L0dsung in einer Quarzkivette von 25 mm-
Schichtdické und ein KG 2 2-Filter verwendet. Die optische Transmission der
Filterkombination liegt zwischen etwa 280 und 600 nm [9, 30]. Die einfallende
Strahlung umfaBte demnach insbesondere die Spektralbereiche UV-B (280—320 nm),
1JV-A (320—400 nm) und einen Teil des sichtbaren Spektrums (400—600 nm).

Die Globalintensitat der Strahlung wurde in 30 cm Entfernung mit einer
Thermosaule CA-1 (Kipp-Zonen)l gemessen und betrug etwa 135 W-m—2 wovon der
Anteil der UV-Strahlung ca. 25% (etwa 35 W-m—2) ausmachte. Die Gesamtfluenz
der applizierten polychromatischen UV-Strahlung betrug etwa 60 kJmm—2

Die Untersuchung der UV-Wirkung auf den Zellzyklus im Weizenwurzelme-
ristem wurde durch die Feulgen-cytophotometrische Bestimmung der relativen
Kern-DNA-Gehalte in Abstdnden von 3, 6, 24 und 48 Stunden nach der Bestrah-

flichtet Fiur die Geratespende sind wir der Alexander von Humboldt-Stiftung zu besonderem Dank ver-
pflichtet.
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lung vorgenommen. Die Wurzelspitzen UV-behandelter Pflanzen wurden parallel
mit Wurzelspitzen entsprechender Kontrollpflanzen in einem Gemisch von abso-
lutem Athylalkohol und Eisessig (3:1) 2 Stunden lang fixiert, in 5N HCI bei 28°C
(thermoregulierbarer Heiztisch, Leitz)3 30 Minuten lang hydrolysiert und 2 Stun-
den im Schiffschen Reagenz angefarbt. Die cytophotometrischen Messungen (Or-
tholux-Mikroskop mit Photometer-Aufsatz MPE und Geradsicht-Spiegelmonochro-
mator, Leitz) wurden an Quetsch-Praparaten nach der Zwei-Wellenlangen-Methode
(16, 23, 25] bei 528 und 494 nm vorgenommen; die Arbeits-Wellenlangen wurden
aufgrund der cytophotometrischen Aufnahme des Absorptionsspektrums an 10
Prophasen-Kemen ausgewahlt. Die DNA-Gehalte wurden an mindestens 100 In-
terphasen-Kernen je Variante in Arbeitseinheiten (AE) bestimmt. Fir die diploi-
den (2C) und tetraploiden (4C) Referenzwerte wurden je 25 Telo- bzw. Pro- und
Metaphasen pro Praparat gemessen. Anhand dieser Werte wurde der prozentuale
Anteil der Zellzyklusphasen (G,, S, G2 unter Anwendung statistischer Berech-
nungsverfahren [18) geschatzt.

Ergebnisse und Diskussion. Wurzeln hoherer Pflanzen sind natur-
gemal nicht der unmittelbaren Einwirkung von UV-Strahlen ausgesetzt.
Trotzdem wurden fir die vorliegenden Untersuchungen Wurzelspitzen-
Meristeme verwendet, die relativ einheitlich organisierte mehrzellige
Systeme darstellen und daher bevorzugt zur Untersuchung der verschie-
densten Einflisse auf die Zellproliferation herangezogen werden [4, 8,
19—21J.

In unseren friheren Untersuchungen konnte gezeigt werden, dal
die Zellkerne der Wurzelmeristeme dank ihres hohen DNA-Gehaltes
empfindlich auf UV-Bestrahlungen reagieren fl2], wobei die Zellzyklus-
abldufe durch eine Verzogerung in der G,-Phase verandert werden {13].
Diesde Befunde konnten durch verliegende Untersuchungen bestatigt
werden.

In Abb. 1 sind die Nachwirkungen der UV-Bestrahlung auf die
Haufigkeitsverteilung der relativen Kern-DNA-Gehalte im Wurzelmeri-
stem nach 3—6, 24 und 48 Studen im Vergleich zur Kontrolié darge-
stellt. Die parallel mit den UV-behandelten Meristemen analysierten
Kontrollen weisen untereinander zwar leichte, wohl durch Tagesschwan-
kungen der Zellproliferation 1201 bedingte Unterschiede auf, doch wur-
den diese Differenzen bei der Interpretation der Ergebnisse vemach-
laBigt und eine mittlere Haufigkeitsverteilung fir alle Kontrollen be-
rechnet. Aufgrund &hnlicher Uberlegungen wurden auch die Werte der
Varianten fur 3 und 6 Stunden nach der UV-Bestrahlung in einer einzi-
gen Haufigkeitsverteilung zusammengefalit.

In zellteilungsaktiven Geweben, wie z.B. den hier verwendeten
Waurze'imeristemen, ist der DNA-Gehalt der einzelnen Interphasenkeme
eng mit dem Ablauf charakteristischer Zellzyklusphasen (GI S, G2
korreliert und wvariiert zwischen diploiden (2C, G,-Phase) und tetra-
ploiden (4C, G2Phase) Werten, wéahrend intermedidre DNA-Gehalte
(2C 4C) die S-Phase der Reduplikations-Synthese kennzeichnen [16].
Aus dem nicht synchronisierten Ablauf der Mitoseaktivitat innerhalb der
meristematischen Zellpopulation resultiert eine heterogene DNA-H&u-
iigkeitsverteilung, die qualitative Hinweise Uber den Ablauf der Zell-
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Abb. 1. Die Nachwirkung der UV-Bestrahlung
auf die Haufigkeits-Verteilung der relativen
DNA-Gehalte der Interphasenkerne im Weizen-
wurzelmeristem. Die Pfeile markieren die
mitleren diploiden (2C) und tetraploiden (4C)
Referenzwerte fir die Ci— bzw. die G>—Phase.

proliferation  durch die
Schatzung der Anteile der
einzelnen  Zellzyklusphasen
ermoglicht [6, 13, 16, 19].

Die Haufigkeitsverteilung
der Kontrollmeristeme (Abb.
1) widerspiegelt eine norma-
le Proliferationsaktivitat, in
der die am Zellzyklus teil-
nehmenden Interphasen-
kerne die aufeinanderfolgen-
den Phasen nicht synchro-
nisiert  durchlaufen. Die
UV-Bestrahlung induziert je
nach der Dauer der Nach-
wirkung mehr oder vyeni-
ger betonte Abweichungen
gegeniiber der DNA-Hau-
figkeitsverteilung der
Kontrolle. Diese Verénde-
rungen machen sich nach
einer Latenzzeit von ca. 6
Stunden nach der UV-Be-
strahlung durch eine starke
Zunahme der Frequenz der
Interphasenkerne mit diploi-
den (2C) DNA-Gehalten im
Bereich der Referenzwerte
fur die Gj-Phase bemerkbar
Und sind am starksten nach
24 Stunden ausgepréagt.

In Abb. 2 sind die ku-
mulierten Hé&ufigkeitsvertei-
lungen der Kontrolle im
Vergleich zur UV-behéndel-
ten Variante 24 Stunden nach
der Bestrahlung veranschau-
licht. Anhand der gemesse-
nen DNA-Gehalte kénnen
die relativen Anteile der
Zellzyklusphasen an den bei-

den Ordinaten in Verbindung mit den berechneten Konfidenzintervallen
fir die Gj und G2Refierenzwerte unmittelbar  abgelesen werden. Die
Summenprozentkurven zeigen, daB der Anteil der G,-Phase nach der
Bestrahlung gegenuber der Kontrolle stark zu-, der der G,-Phase hinge-

gen betont abnimmt.

Da keine autoradiographischen Messungen der DNA-Synthese
durchgefuhrt werden konnten und die S-Phase in Feulgen-cytophoto-
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Nbb. 2. Kumulierte Haufigkeitsverteilungen der DNA-Gehalte im Weizenwur-
zclmeristem 24 Stunden nach der UV-Bestrahlung im Vergleich zur Kontrolle
(weitere Erklarungen im Text).

metrischen Bestimmungen zugunsten der G,- und G2Phase unterbe-
wertet wird, wurden die Anteile der einzelnen Zellzyklusphasen nach
den von Land ré fI8| empfohlenen Uberlegungen durch die Berech-
nung der Abweichungen zwischen den Summenprozenten der DNA-
Klassenhaufigkeiten fur die Gt- und G2Phase aus Abb. 1 und den
Summenprozenten der Klassenwerte der entsprechenden 2C- und 4C-
Referenzwerte korrigiert. Dadurch wird der Anteil der S-Phase etwas
angehoben. Die auf diese Weise geschatzten relativen Anteile der Zell-
zyklusphasen der Versuchsvarianten sind in Abb. 3 und die entsprechen-
den Kinetiken in Abb. 4 vergleichend dargestellt. Es ist ersichtlich, daR
die betontesten Verdnderungen in den relativen Anteilen der G,- und
G,-Phase vor sich gehen und gegenldufig verlaufen, wdahrend die Pro-
zentwerte der S-Phase nur leicht ansteigen. Wie die Ergebnisse zeigen,
wird durch die UV-Bestrahlung eine fortschreitende Zunahme der An-
zahl der Gt-Phasen-Kerne im Wurzelmeristem mit der stérksten Nach-
wirkung nach 24-Stunden verursacht, wahrend die #iGo-Phase korrelativ
abnimmt. Nach 48 Stunden ist eine Tendenz zur Wiederherstellung nor-
maler Phasenwerte festzustellen, die auf Erholungsprozesse schliefien
laRt.

Die vorliegenden Feulgen-cytophotometrischen Bestimmungen er-
lauben wegen fehlender Messungen zur Bestimmung der S-Phase nur
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Abb. 3 Die Nachwir-
kungen der UV-Bestrah-
lung auf die relativen
Anteile der Zellzylclus-
phasen im Weizenwur-
zelmeristem.

Zeit noch UV-Bestrahlung

Abb. 4. Die Veranderung der relativen Anteile der G,-,
.S und Gr Phasenkeme im Weizenwurzelmeristem in Ab-
hangigkeit von der Dauer nach der UV-Bestrahlung.
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Abb. 5 Die Kinetiken der Zellzyklus-Phasenraten fiir die Transi-
tion GI1/S, G2/G1 und S/G2 unter dem EinfluR der UV-Nach-
wirkung

eine grobe Schétzung der Verdnderungen, die durch die UV-Bestrahlung
im Zellzyklusablauf des Wurzelmeristems verursacht werden. Trotz die-
ser Einschrankungen scheint die festgestellte UV-induzierte Erhdhung
der G,-Phasen-Anteile eine charakteristische Wirkung auf den Zellzy-
klus darzustellen, die sowohl in unseren eigenen [13], z.T. noch unverof-
fentlichen Untersuchungen an verschiedenen hoheren Pflanzen, als auch
bei Hefe-Zellen beobachtet wurde [15]. Die Erhdhung der Gi-Anteile
weist darauf hin, dal der Ablauf des Zellzyklus in dieser Phase vor
dem Eintritt in die DNA-Synthese-Phase gehemmt und dadurch der
gesamte Zellzyklusablauf verzégert wird, eine Wirkung, die mit Repa-
raturprozessen der UV-induzierten DNA-Sch&den im Zusammenhang
steht [15, 22, 24].

Einige weitere Hinweise zur UV-Wirkung auf die Meristemaktivi-
tat ergeben sich aus der Kinetik der Raten zwischen den einzelnen
Zellzyklusphasen (Abb 5), wobei von den in Abb. 4 dargestellten Werten
ausgegangen wurde. Die Kinetik gibt Aufschlul Gber die durch die
UV-Bestrahlung induzierten Veranderungen in der Transition von einer
Zellzyklusphase zur nachfolgenden.

Wie die Kinetik der G, S-Raten zeigt, tritt die Verzdgerung der
G,-Phase schon kurz nach der UV-Bestrahlung ein und ist nach 6 Stun-
den am starksten ausgepragt. Die nachfolgende Abnahme der Ratenwerte
ist trotz weiterer Zunahme der G,-Phasenanteile durch den leicht er-
héhten Prozentsatz der S-Phasenkerne zu erkldren. Aus dieser Kinetik
ist zu schlieRen, dal die frihe Verzdgerung in der Gj-Phase mit der
Hemmung der Progression der G,-Phasenkerne in die S-Phase korreliert
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ist [6]. Daraus, folgt, dal die nachfolgenden Ubergédnge von S/G, und
G2G, (nach 24 Stunden in Abb. 5) im neuen Zellzyklus ebenfalls ge-
hemmt werden, wodurch der gesamte Mitoseablauf gestdrt wird. Der
reduzierte Anteil der GaPhasenkerne und die entsprechend kleineren
Werte der Gs G,-Transition 24 Stunden hach der UV-Bestrahlung sind
maoglicherweise ein Ausdruck fiir die Abnahme der am Zellzyklus direkt
teilnehmenden Zellen [16] Daraus ist zu schlieBen, dall ein Teil der
Gr Phasenkerne vortbergehend nicht an der Zellproliferation teil-
nimmt. 1

Die Verhdltnisse sind wegen dem nicht synchronisierten Mitose-
ablauf innerhalb der embryonalen Zellpopulation und der unterschied-
lichen UV-Empfindlichkeit der einzelnen Zellzyklusphasen komplizier-
ter. Die hdchste Empfindlichkeit ist wéhrend der G,-Phase vor der
DNA-Reduplikationsphase und in der frihen S-Phase festgestellt wor-
den [7]. Die in der G,- und in der frihen S-Phase bestrahlten Zel-
len werden wahrscheinlich infolge gehemmter DNA-Reduplikation und
-Transkription [22] schon in diesem Stadium blockiert, wahrend die
Zellen in der fortgeschrittenen S-Phase, der G& und Mitose-Phase den
Zellzyklus weiter durchfuhren und in der G,-Phase des nachfolgenden
Teilungszyklus steckenbleiben. Die UV-induzierte Blockierung der Pro-
liferation in der G,-Phase wird mit der Hemmung der Synthese spe-
zifischer, fir die Regulation der Zellzyklusabldufe notwendiger Pro-
teine erklédrt [8, 22]. Die G,-Phase besitzt die wirksamste Reparatur-
kapazitdt zur Ausschaltung der auch bei héheren Pflanzen nachgewie-
senen DNA-Schdden, die in der Bildung UV-induzierter Pyrimidin-
Dimeren und anderer Photoprodukte [3, 24] bestehen. Die Verlange-
rung der G,-Phase wird als ein wichtiger Mechanismus fur die opti-
male Reparatur dieser Schaden vor dem Eintritt in die DNA-Redupli-
kationsphase angesehen [15, 22]. Die auch durch verschiedene andere
Stressfaktoren induzierte Verlangerung der G,-Phase wird allgemein
mit einer erhéhten Resistenz pflanzlicher Zellen gegenuber ungin-
stigen Bedingungen korreliert [6].

Die erzielten Ergebnisse zeigen, dall die UV-Bestrahlung die Zell-
zyklusabldufe im Weizenwurzelmeristem durch die vorlbergehende
Verlangerung der Gr Phase und die Hemmung der Progression in die S-Pha-
se stort. Dadurch wird die Produktion des im Pflanzenwachstum bendtigten
Zellmaterials reduziert, wodurch die Wachstumsprozesse gehemmt wer-
den [14]. Dabei sind neben Einflissen auf die Meristemaktivitat sicher
auch verschiedene anderere Wirkungen mitbeteiligt, wie z.B. direkte
Wirkungen auf die Zellstreckung oder Beeintrachtigungen des Hormon-
stoffwechsels  [31], wobei die letztgenannten und andere UV-induzierte
Verédnderungen biochemischer Prozesse [1, 3, 22, 29, 31] auch mit der
Meristemaktivitat interferieren [8, 31]. Zwischen der UV-Wirkung auf
das Wurzelwachstum [14] und den hier festgestellten Effekten auf die
Meristemaktivitdt von Weizenkeimpflanzen gibt es jedoch auffallende
Parallelen im zeitlichen Ablauf der Hemmwirkung und der nachfol-
genden Erholung, die mdglicherweise auf die Bedeutung gestorter Me-
ristemaktivitaten zur Erklarung UV-induzierter Wachstumshemmun-
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gen hinweisen. SchlieBlich sei noch vermerkt, daB, soweit diese Hem-
mungen mit UV-induzierten DNA-Schéden Zusammenhéngen, die fest-
gestellten Erholungsprozesse eventuell schon wahrend der polychro-
matischen Bestrahlung eingeleitet werden, da Photoreparatur-Mecha-
nismen auch bei hoéheren Pflanzen nachgewiesen worden sind [3, 21,
23].
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CONTRIBUTIONS TO STUDY OT PHYLLOSPHERE MICROFLORA

JUDIT PATTANTYUS* and STEFAN KISS*

SUMMARY. *— Microflora of the upper and lower leaf surfaces of
red clover and of three Thuja species was studied. Malt extract-leaf
extract agar and malt .extract agar were used as nutrient media.
The leaves placed on the surface of media were incubated under
aerobic conditions. It was found that the colony-forming microor-
ganisms belong to 5 groups ‘“(rod-shaped Gram-negative bacteria,
nonsporogenous Gram-positive bacteria, endospore-forming Gram-
positive bacteria, yeasts and filamentous fungi). The malt extract-
leaf extract agar, made it possible to evidence a more frequent
occurrence of aerobic endospore-forming phyllosphere bacteria than
that expectable based on -literature data. These phyllosphere bacteria
occurred more frequently on polluted places than on unpolluted
ones. Our results suggest that the phyllosphere microflora of Thuja
orientalis may serve as a sensitive indicator of environmental pollu-
tion: occurrence of Bacillus species on the upper leaf surface indi-
cates environmental pollution, and inversely, if on the malt ex-
tract-leaf extract agar no Bacillus species is cultivable from the
upper surface of Thuja orientalis leaves, this is a sign of the un-
pollutedness.

Phyllosphere is the particular habitat constituted by the surface
of leaves. The term phyllosphere Was introduced by Last in 1955
[cf. 2, 4]; it is the analogue of the term rhizosphere created by Hilt-
ner in 1904 [3]. The phyllosphere of healthy green leaves is colonized
by a microflora consisting of different saprophytic microorganisms. The
leaf surface as a habitat was named phylloplane by Kerl in g in 1958
[cf. 2]. The phylloplane microflora is considered to comprise those phyl-
losphere microorganisms which strongly adhere to the leaf surface.

Thé most numerous microorganisms in the phyllosphere are rod-
shaped Gram-negative bacteria as well as yeasts. Pigmented bacteria
and yeasts are frequently encountered on the surface of leaves.

The phyllosphere microflora plays various biological roles. Some
phyllosphere bacteria fix atmospheric N,.and a part of the fixed nitro-
gen is used by the plant. The phyllosphere microorganisms produce
plant growth regulating substances. They compete with plant parasi-
tes, synthesize antibiotics and stimulate plants to produce phytoale-
xins. They degrade the outermost wax layer of the cuticle covering the
lenrf epidermal celf waft and, consequently, increase leaf permeability
possibly -to disadvantage: of r-the planL In some, instances* nonparasitic
phyllosphere' bacteria Cah aggravate the attack' by plant pathogens.

i-ar*;* BQbpZrBolyniMQJyeréUYiiltépir.tf$erit oJyRIRqt 34QQ Clufa florn#n/ja
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dolieéted ffttfft'" feaSfj qtlttfogd! - jalddKMNaii 1f "2(L<m'thSfénoé"” frem ;thé
t)Lgh\yay,, .Yeasts
surface ol’Jcaves.M)IkHA(«U at 20,rn distance, and wr,the 10wer surface
of leaves sampleebat 5nft distance-from thellrighwaypv. .rigs>u>mm e«; <13 r-
m ‘Table™ summarises the-resUhb TCfefrtng-t*"lhe'pKy*HoS|Miére 'micro-
organisms euHtirtkl frém rLU ‘Aoyer 'p134|3 "growing pn.a mea™\V In
the Bistrita area. In this experiment, the malt éxtract-ieaf extract agar
(MELEA) medium “Was compared/With that-prepared front mtftt/citract

agar plus distilled waten (MEA)V st ->=>;I> s SHAPR bluo=mr -
w! -rr.nt-.n/ , Ldf.ri “:rv--i4:-
\H’. "Table 2
Microorjjunisius liillurrd from (bft pliiliéspberé of red' plover plants gronlug !'n a Wadow
htmlri) betn'eeu Mw* highway und rallwuy ttirr In the- Bistrita arpa
Lru.P. bl; -X
r.o. - i oWy a SR my “ {Tpjx~r USaE+1: Lftwer leaf
lentniedFiilit  *** Samplmg placeh [ ] ' surfnee surfai-e
1 Vg » ok g .. nm of leaves
C VTR "N I 'C IV it* A-BfC 1> >l
T2 iyl
M att - L1 *Highway side “Hi i *4IKi* 4%
estract - leaf .. .. .,Middle pi meadow
extract fsjy. n .. Railway.line side. Vo
no-y-* VAR . r
Malt'.. . Highway side (
extract 'agar. m Midiile of meadow
disf.Avattr 1 ‘e’ 1 *d Railway-tiné side '
A -—9%Wt Tafole i. - K-

On MELEA, endospore-forming bacteria were always cultivable
from the upper leaf surface irrespective of the sampling place (highway
WU lemb e aiicdY ». g»11«a”. lina®sidph Qn ASiTOsdium ifiriBpn*-
tous fungi also gre rorabothepfNar*>surface* olMteave3> collected on the
railway line side. The lower leaf surfaoe harboured endospore-forming
bacteria'and* filamentous fungi (leaveslsampled on_-the highway®side),
only filamentous fungi/(leaves taften from the middI&'df d/head6W) 0¥ ho
microorganisms cultivable on MELEA (leaves sampled on the railway
line side). It should be emphasized that on MELEA no Grarp-negative,
nonsporogenous Gram-positive bacteria and yeasts grew from either
the upper or the lower leaf surface. ]

The MEA medium was less favourable for endospore-foftning bac-
teria, but was better for Gram-negativp bacterla and yeasts, in compa-
rison with the MELEA medium.

On MEA, microorganisms (endospore-forming bacterla yeasts and
filamentous fungl) grew only from the upper surface of leaves sampled
in the middle of meadowr nd microbial colonies developed from the
upper surface of leaves' collected on more polluted places'(/>., the sides
of .highway and railway line),. The loicer leaf surface was colonized .by
endospore-forming and mGram-negative :bacteria 4n>the. case of leaves
collected from the highway side, aiYd cUitiVablé microorganisms were
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lacking when the leaves orlglnated from the other two places in the
Wr*t > il 1F «il ! mii T gty deore P RMIUTT CHE limjill, 1T
Table 3 comprises the restfltk"'reglstered in the phyilosphere of
Thuja oriental i} trees growing in the Bistrita area. One can see from-
this, ,fat)le that on, .the upper leaf surface, there were only pndospore-
forming bacteria and yeasts when the leaves were taken from trees
growing bn polluted places, and there were only yeasts in the case of
leaves originating from the unpolluted place. Microflora of the lower
leaf surface was richer in the unpolluted place than in the polluted ones.

Teble 3
Y irr<M>rtlaiilsms etiHiired from Hie j»liylliis|ihere «if T htija orfentalis trees flrouliig in
the Itistrita arewun
X I-pjK*r leaf Lower leaf:1ef
Sampling place Sampling level on tree surface surface
of leaves height alxive soil (in)
nme n k"M « C 1) K
Highway 21 ----------- b - bt b -
SIe w00 e T R % praeig
Central 1 | e +
sqyare . 0 I R
Cemetery I
2 e + S — +

A —E — see Table 1. . 1

Thus, the lower surface of leaves .taken from 1-m and, respectivelyj
2-m heights of a tree growing in the central square of the city contained
only filamentous fungi and no cultivable microorganisms, respectively.
At the same time, there were Gram-negative and endospore-ferming»
bacteria, yeasts and filamentous fungi on the lower surface of leaves
collected from the 1-m or 2-m height of the tree growing on the un-
polluted place.

These results suggest that changes in the phyilosphere imicroflora
of Thuja oriefitalis Way Serve as an indicator of envwonmental p0|Iu- -
tton. " “miUme & w " 1

The;results Obtained with Thuja occidentalis in the Blstrn;a area
are’included in Table 4. They show that, irrespective of the pollution
degree of the sampling places, the phyilosphere of this Thuja species
contained endospore-forming bacteria and filamentous fungi.and, less
frequently, yeastfr. There was a single exception:,no microorganisms
were cultivable from the upper and lower surfaces of leaves collected
from the 2-m height of Thuja occidentalis growing on the highway side.

According to the data of Table 5, only filamentous fungi were cul-
tured from the upper leaf surface of Thuja orienialis arid'Tli. 6Cclden-
taBs growing in the CIUj Botanical Garden, whereas on their lo\ver
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INHIBITION OF PHOSPHATASE ACTIVITY IN A SALT LAKE
SEDIMENT, A LEACHED CHERNOZEM AND A BROWN LUVIC SOIL

£on vasilemuntean*'s ma /" a-

"Vii-xliSWMWABY.v — The.!-inhibitory ejdectof the -final yeactipn product,,
i, -|norgan|c phosphate pn- the phosphatase,,,actlwty in a- salt lake . so-

mfui,. The pleterlnlnatlenu have, been differentially carried out, for a0|d
, ;<(pH,5.5), .neptrai ,(pH,Ah: and alkaline (pH 1,0)..phosphatase, .ap;i in,,. "
reaction mixtures without added”buffer, The existence pf *benix»-., - ,,
»r.oiii ibitWX, effect ,of PP <en <thp phosphatase, activity in alL.t"e cases.
without significant differences between the 4 types of activities,. tjaij ;
been ascertained. The inhibitory effect was obvious at 0.2 and espe-
., ,cially at 2 mg PO,3 —P/ml concentration. The inhibition was most
JFIK intense in the salt lake sediment. A significant negative correlation
coefficient has been established between the concentration of added
inorganic phosphate and tne*irftensi{yfof,f!fiosphatase activity.

m, lvnVv I /'S Hese 1 y

The rffaxn P form utilised by autotrophic organisrxié is the P04~ ion.

so that mechanisms by which it can be released from organic phosphorus
compound”ttave a great importfttjge. for the equilibrium, of the ebdjiys-
tems. In economy, the enzyn”tjc hydrolysis is practically the only
way to release the biologically active orthophosphate fisom these organic
compounds! -The process, intensivelylstudied, is accomplished by phos-
phatases. “filase enzymes are a very useful key for the Study and inter-
pretation of the complex mechanisms which are the background of the

3,1,3),, currently, named.phosphatases.

~.Accpjydiflg tp then- op(t\cpum/(pH, ,thg,phps.ph; Uasp|5 sr’\’\]kalwe )|fu-
4ran.,andH*pidy 1)Ut th tsk,- fil?zymg.s.ar;¢rSathi-'X..pnspgQiiic. both. f.Ch the or-
.phpyphatp,ii.4lisiraté, grid Q. pH/L?]. ) R S R |

1" MrWifcriai' aHd AAetlidd«;'The’ph'o~ihatsse aetKftty’ im the* s»dimetit'hf ftheukait
lake Ursu (Sovata) (plf Ti). -adeaclml. chprnpzem from tho Lxpe™noxf-nhd edd*-
jpiQlogimIpStstiiQn~Alui. (pH,,7),,,and ]1n,.3,, brown..Idyic .sojl. frqm ,tbe locality
Frp,ta YCluj county) (pH 52) has been studied. In each sam le, the acid (pH 5.5),
neut™at (pH 7), and’ alkalme (pH 10) phosphatase activities avelbeen 'detefntinCd.
'Tlie phtisphatase activity 'at’ the natural’ pH; of the sedimdnlr and sloils, respecti-

(VeTy, id reaction niixtdres iwith distilled- water,- without buffer;,.has also, been
studied. L

. N We used Tris universal, buffer [7]. The stock solution has ;he following com-
po.siiioh:

Irr . Tris (hydroxymethyl) dminomethane. .. . . . .... . . . 3Q%5¢g
j,w Maleic acid , . o L e e ———————— 29 ¢
.,, Citric acid ... , .. . ..... A .. .., .35¢g,

* Institute ol Biological Research, 3400 Cluj, Romania
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Fig. 3 Inhibition of phosphatase activity by added inorganic phosphate in a
brown luvie soil.

neutral phosphatase r= -0.736, and for the alkaline phosphatase
correlation gr = —0.999) for its phosphatase activity in reaction mixtures
without bufter.

The inhibitory effect became manifest especially at the high con-
centrations of 0.2 and 2 mg PCV-—P/ml. The level of the inhibition
of the phosphatase activity in the case of the two highest inorganic phos-
phate concentrations is presented in Table 2 It isevident from this table
that the inhibition was more intense in the sediment that in the two
soils. Phosphatase activity decreased by approximately 50% in the va-
riant with 0.2 mg PO043—P/ml. As an exception, acid phosphatase
activity decreased only by 27.260/0 In the same variant, decrease in
phosphatase activity was 8.25% (without buffer) and 31.98% (neutral)
in the case of the chernozem, and 10.61% (alkaline) and 29.960/0 (acid)
in the case of the brown luvic soil.

In the variant with 2 mg P043-—P/ml, phosphatase activity de-
creased by over 80% in;the sediment (maximum 95.21% in reaction
mixture without buffer), by over 30% in chernozem (maximum 66.0lo/,,
in the reaction mixture without buffer) and by over 30% in the brown

luvic soil (maximum 79.38%, acid phosphatase).
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LI B . Table 2

F«it«ntagr InhtMt|0| of phosphatase activity by inorganic phosphate added to the reaction
BV a mixtares s s

Decrease Tn phosphatase activity vs control (Y&

Analysed - P added
sam%le Variant (mg/ml) Acid Neutral Alkaline Vt\)/lijtfr]lg?t
Sédiment r 4 - 0.2 m 27.2« 44,53 4939 =m 46.53
5 2 W; 80.ee 85.42 89.25 95.21
Reached 40" 0.2 11.16 1 31.98 22.27 8.25
chernozem --0f = ¢ 30:80 46.84 43.63 66.01
Brown luvic ! 4] 2996 14.06 10.61 14.90
soil 5 v2 79.38 54.52 71,83 33.77

Tho gradual decrease of phosphatase activity with the inorganic
phosphate concentration is illustrated in Figs. 1—3. As we can see, at
an added inorganic phosphate concentration of 0.2 mg PO043~—P/ml
the inhibition was ver%/ intense in the sediment, and at a concentration
of 2mg PO3- —P/ml the decrease of the phosphatase activity was abrupt.

A roughly linear activity decrease was also maintained in soils, but
the significant leap was registered only at the 2 mg PCj~—P/ml
concentration, excepting the neutral and alkaline phosphatase activities
in chernozem, and acid phosphatase in the brown luvic soil, where the
inhibition was quite obvious at the 0.02 mg P04 —P/ml concentra-
tion.

The low level of phosphatase activity measured in reaction mixture
without buffer in the brown luvic soil should be remarked, because the
other types of activity in this soil had the highest intensity compared to
the chernozem and the sediment.

The significant inhibition of the phosphatase activity by the added
inorganic phosphate appeared in our experiment at higher phosphate
concentrations compared to the data reported by other researchers.
Juma and Tabat abai [4] found that 13 fig P04~ —P/ml reac-
tion mixture brought about 21—42% inhibitions in the acid phosphatase
activity, and 17—51% ones in the alkaline phosphatase activity of
6 surface soils. Spiers and McGill [8 found the decrease to be
one half of the acid phosphatase activity at a concentration of 0.170 mg
POf-—P/ml in a chernozem, or even at a concentration of 0.017 mg
PO|~—P/ml in a 'grey illuvie soil. In our experiment such a decrease
appeared only at a concentration of 2 mg POf"—P/iml and it was
more intense in the brown luvic soil. , .

Our results/obtained in the salt lake sediment are rather compa-
rable with the cited authors’ data. In the sediment, excepting the acid
phosphatase., the. 0.2 mg. PQU - P/ml concentration, decreased, at appro-,
jXimately half the intensity of the enzyme” aotivitya: -§M| ,-,EI,.
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' ENZYMATIC POTENTIAL' OP SOME ARTIFICIAL
ORGANO-MINERAL SYSTEMS ANALOGOUS TO
THERAPEUTIC MUD t

°m shy

DANIELA PASCA*, RADU CRISAN* STEFAN KISS*, VASILE MUNTEAN*
and MIHAIL DRAGAN-BULARDA«*

SUMMARY. — Fot preparation of artificial organo-mineral systems'
analogous to therapeutic mud. zeolite or kaolin, brown coal or peat
as well as urea and KH2P04 were used in 18 experimental variants/ «;
The mixtures were inoculated With salt lake mud (as a source of 4
halophilic :microorganisms) and suspended in salt lake water, them' 4
mncubated at rodin temperature under anaerobic or aerobicéoridP* - &
trims, in the/dark-or by* daylight for 306 days and ff years. Following'--
incubation, :the centrifuged sediment Of each variant was analysed™
enzymologically. The measured;activity values were used for calci-'.
lation of the indicator of sediment quality (EISQ). — .
The results have shown that after both incubation times the,
highest EfSQs were: registered in, the anaerobically incubated variants,
add the lowest EISQs in the aérobically incubated ones. In general*
Zeo'ite as "an adsorbing‘surface was as good as kaolin during boffif
inCubatiOri times. The enzymatic" potential developed more rapidly ihv., /

sgfne‘ brown coafrcpntaiping variants than iti. those containing peal.- . -«
‘ But degradation "OF this® potential was also more rapid in the brown
coal-contaihing than in "the peat-centammg variants. *

S ‘W | 4 At if i
__ mb'c)feSing joj:gangi-»rninei:al Systems analogous fto therapeutic
mad,:,..18 experimental variants were prepared from zeolitic vdlcanic
tuff or kaolin, powdered "brown: coal or air-driéd peat, urea’;land
KHZ04 The mixtures were inoculated with halophilie microorga-
nisms-in forrrt of salb lake! mud,’then suspended in: salt lake water, and
incubated at. room temperature phder anaerobic pr aerobic “conditions,
in the dark or by daylight for 306 days, then submitted to enzymolo-
gical analyses. The results’have shown [1, 5] that the sediments of some
experimentai variants manifested an enzymatic potential similar...to
that registered in the highly enzyme-active therapeutic muds from the
salt lakes in Ocna Sibiulgi, Si.anic-prdbova and Techirghiol [4].
The present paper -describes the results obtained in enzymological
analyses of the sediments from experimental variants after their 8-year
incubation at room temperature:

Materials and methods. The experimental variants were prepared on April
10, 1986, in glass columns. Their compositien, as described in [5], is presented
in Table 1, in which the incubation conditions are also specified. Zeolite and
kaolin served as adsorbing surfaces for enzyme molecules and microorganismes.
The brown coal containing humic substances and the air-dried peat containing
different organic compounds were used as carbon and energy source for micro-
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tivity was measurable in each variant. Phosphatase activitywas -ex-
tremely low. In some variants catalase activity gave higher values than
nonenzymatic catalytic activity, and the reverse was true for the other
variants. Potential dehydrogenase activity in. most Variants was more
pronounced than the actual or.a The variants in which the highest ac-
tivities were registered, namely 5-AnL (phosphatase), 1-AnD (catalase)
and 1-AnL (actual and potential dehydrogenase), each contained zeolite.
The highest nonenzymatic catalytic activity was found an variant
4-AnD containing kaolin \Y/ .

As one can see from Table 3, referring to variants 7—12 con-
taining peat and incubated under anaerobic conditions in the dark the
dry matter content was about 19 -20%wu (variants with zeolite) and Va-
ried between 1642 and 23.19bo (variants with kaolin). The activities
were present in each variant. Phosphatase activity increased with the
amount of peat. Catalase activity was always higher than nonenzymatic
catalytic activity, and potential dehydrogenase activity always excee-
ded the actual one. Both activities tended to decrease with, the amount
of peat The zeolite-containing variant, 7-AnD,exhibited the highest ca-
talase and actual and potential dehydrogenase- activities, whereas the
maximum values of phosphatase and nonenzymatic catalytic activities
were registered in the kaolin-containing variants 12-AnD and 8-AnD,
respectively.

Table 3

Enzymatic activities measured In sediments ot peat“containinji experimental variants ineobated
under anaerobic conditions In the dark (or Il years

Experimen- Dry matter Phosphatase Catalytic activity Dehydrogenase activity
tal variant (%) activity g nzymatic Noneiinczyma Actual Potential
7-AnD 20.07 0.448 73.265 14.222 9.204 12.768
8-AnD 23.19 2,990 32.278 19.613 3.388 5.371
9-AnD 19.08 14.489 19.189 9.841 1.300 2.422
10-AnD 16.42 28.760 54.089 17.198 4 893 5.168
11-AnD 19.20 30.157 18.502 11.813 1.078 1.839
12-AnD 16.84 56.560 27.489 8.660 0.083 0.222

Table 4 includes the results obtained in variants 13—18, containing
brown coal and incubated under aerobic conditions in the dark or by
daylight. The dry matter content was very variable (18.19—63.630/0 in
variants with zeolite and 15.68—60.04°/0 in variants with kaolin). Phos-
phatase, catalase and nonenzymatic catalytic activities were present in
each variant. Contrarily, both actual and potential dehydrogenase acti-
vities were lacking with the exception of a single variant. In genera),
phosphatase activity was. very weak. In most variants catalase activity
Avas lower than nonenzymatic catalytic activity. The zeolite-containing-
variants 13-AD and 13-AL were the most phosphatase-active and. ea-*
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Table 4

}:ii7.)iiyi0o(- ,s<;tlvUtes measured ,in sediments of broua conl-iuunOiiiMH e 4>«TiumnLdjvariants
iiicahuled. under aerobic coadltioiis lu the,dark er by daylijjw- Sur 8.j* e Menat*

Experimen- Drv matter Phosphatase m Catalytic activity Dehydrogenase activity
tal variant (%> activity Enzymatic Nonetnizcyma- Actual Potential
13—AT> 49.49 4.536 12.687 11.277 0 0
13—Ab 18.19 0.329 15.089 55.722 0.309 0.549
14—AD 52.18 0.028 4.720 21.580 0 0
14—Al« 15.68 0.382 13.459 62.812 0 0
15—AI> 59.55 1.611 1.181 23.045 0 0
15-Al« 63.63 0.400 1.659 23.779 0 0
16—AD 55.82 4.338 1.272 16.539 0 0
16-Al, 60.04 1.374 . 4.102 22.272 0 0
17-Al) 52.50 3.057 2.010 18.097 0 0
17—AT/ 58.55 0.076 7.807 21.034 0 0
18—AD 56.13 2.859 4.388 16.928 0 0
18—AT, 58.63 0.102 6.601 15.004 0 0

talase-active, respectively, and 13-AL was the only variant manifest-
ing actual and potential dehydrogenase activities.

The brown coal-containing and separately the peat-containing va-
riants, according to their enzymatic indicator of sediment quality
(EISQ) occupy the positions specified in Tables 5 and 6, respectively.

Table 5 shows that the first three positions (which mean the
highest EISQs) are occupied by variants 1-AnL, 2-AnD and 1-AnD,
containing brown coal and zeolite or kaolin, inoculated with the grea-
test amount (250 ml) of salt lake mud and incubated under anaerobic
conditions by daylight or in the dark. The last three positions (i.e. the
loudest EISQs) could be attributed to variants 15-AL, 14-AD and 18-AL
incubated under aerobic conditions.

It is evident from Table 6 that, of the peat-containing variants,
the first position (due to the highest EISQ) is occupied by variant
7-AnD. Beside peat, this variant contained zeolite and was inoculated
with the greatest amount of salt lake mud and incubated under anae-
robic conditions in the dark.

mHierarchy of all variants, according to their EISQs, is given in
Table 7. The variants can be grouped into three categories.

The first category comprises the variants on positions 1—9 with
EISQs ranging from 322.61 to 122.79, All were incubated under anae-
robic conditions and, excepting variant 1-AnL, in the dark. The first
three best variants were: 7-AnD containing peat (at the lowest rate,
500 g), zeolite (250 g) and inoculated with the greatest amount <250 ml)
of salt lake mud; 10-AnD containing peat (at medium rate, 600 g), kao-
lin (250 g) and inoculated with the medium amount (150 ml) of salt
lake mud; and 2-AnD containing brown coal (at the lowest rate, 500 g),
kaolin (250 g) and inoculated with the greatest amount (250 ml) of salt
Jlake mud.
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o After 306-day incubation, the first 5 positions, due to high EISQs,
were occupied by brown coal-co,ntaining variants,, whereas after ,8
years grrrfidrintay MM Litniffit.<rfe-Qi<pnlppsafeCiS 3 and
4, positions 1, 2 and 5 being occupled by peat-containing variants.
Irrespective of the inqubatiop”tjpje,., tfig,,aerobieally incubated brown
eoai-Contaihiilg variants are placedj on ,the last positions. ' '

These findings suggest that the enzymatic potential developed
more rapidly in some organo-tmitieral systems containing brown coal
than in'these containing peat. degradation of this potential was
also rridve rapid in brown coal-ojiijgp in peat-containing systems.

Conclusions. 1 Artificial “*o-mineral systems, ‘analogous to
therapeutic mud, exhibited enflygae activities after theiir 306-day and
8-year incubation at room temperature. K

2: Affér both incubation Jirtftes, the most enzyme-aptive variants
were inciibaicd under anaerobig, (fcipditions, and the least *nzyme-active
ones under aerobic conditions.

3.dbi general, zeolite as an «adsorbing surface was as good as kaolin
during;Mtlr incubation times.  »St»

4, '.'Tjhe.enzymatic potential”|j/eloped more rapidly iitl some brown
coal-c”afaiijing variants than i%GCpose containing peat. B$jt degradation
of thisupotential was also moreotragoid in brown coal-containing than in
peat-containing variants. S** W
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STUDY OF SOME PHYSICOCHEMICAL AND ENZYMOLOGIGAL
PROPERTIES OF J1 BURIED SOIL (Part 1)¢ , [ 1]

ELENA MANOLACIIE*, MARINELA SIMIHAIAN**, TIBERIU PICIU**
8' and STEFAN KISS* -

SUMMARY'. — A 325-m deep buried soil profile excavated for build-
ing construction was studied. The soil was sampled at 15-cm inter-
vals. In same of the soil layers fragments of ceramics from the
Roman epoch and the Neolithic era were found. Most soil layers
:were clay loams, loamy clays or. clays. The pH was slighthy acid or
siighthy alkaline. Each layer contained CaC03 The cation-exchange
capacity and base saturation were nearly the same in all layers. The
available P content was extremely low or lacking. Each layer con-
tained exchangeable K. but in very low amounts.

Actual dehydrogenase activity, after either 24 or 72 hours of
incubation, was very low or not detectable at ,all. Potential dehy-
drogenase activity was measurable only when the reaction mixtures
to which glucose had been added were incubated for 72 hours. This
activity decreased with increasing soil depth. These; findings sug-,
gest that the buried soil studied contained rather dormant microor-
ganisms, the reactivation of which was a slow process.

A part of the phosphatase and catalase molecules ,,survived*
in soil during the time elapsed from the Roman epoch and even
from the Neolithic era.

Gould et al. [2, 3] have determined ,some physicochemical ,and
biological properties of two soil profiles under shortgraas pfairie located
at Pawnee Site near Nunii, Colorado. The two profiles are 35 m apart.
One of the profiles contained a buried paleosol, the A horizon of which
Was 25 cm thick and at a depth of 40—65 cm in the profile. The other
profile not containing the paleosol served for comparison. The iadiO-
Oarbon age of the unhydrolysable humic acid material from thé:biriéd
A horizon was found to be 7,980+ 100 years before the prissent (B.P.).
The clay, moisture, organic matter and total N contents in the A hori-
zonlof the buried soil were greater than in the same depths (40- 65 cm)
Of the control profile: Urease, acid and alkaline phosphatase activities
were highest in the 0 40-cm surface layer of both profiles, but the A
Horizon of the buried soil 'was more enzyme-active Ihan the 40—8S-cm
layer of the controf profilé. In deeper (65—150 cm) layers of both pro-
files, the enzymatic activities decreased or became undetectable. One
can deduce from these investigations that the etizyfries accumulated in
soil can ,survive* a long period of time (at ieakt, about 8KXDO years).

"We have studied a much deeper buried soil:jprpfile,'Tn the présent
paper, descriptiori of‘thislsoil profile and results of thé ‘ahalysis" ti
some of its physicochemical arid'enzymoiogical propertiéi aré'speCilfied.

" * Babfe$*BoTy<ii K'n&érsityr Department of Pbant I/I|ttbgy HoU Cfiij; Rbtttanlu i t-w-w
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------------- Potential dehydrogenase activity; incubation time 72
hours.
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VsPhosphatase- ttclivily

It is evident from Fig. 3that catalase activity, like phosphatase acti-
vity, was present in each soil layer and tended to decrease with depth
of soil layers Nonenzymatic catalytic activity was higher thanl the
enzymatic one and remained nearly the same in most of the soil "layers.

Our findings that the potential dehydrogenase activity,-reflecting
the global biological activity Of soil microorganisms;was measurable
only after a 72-hour incubation, whereas activities of enzymes-{phos-
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