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STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLVIII, 1, 2003

ADVANCESIN SOIL ENZYMOLOGY
(PART 1V)

STEFAN KISS

SUMMARY. — In Part IV ofAdvances in Soil Enzymologgw data are
added to our review article on "Enzymology of soils inoculated with
microorganisms" which was published in 1999 [14]. In Part IV as in [14],
the soil enzymological effects of the inoculation of natural microorganisms
and of genetically engineered (modified) microorganisms are dealt with
separately.

Parts I-1ll of Advances in Soil Enzymolofy5s] dealt with Enzymology of
oil-contaminated soils; Enzymology of soils affected by industrial emissions; and
Enzymology of technogenic soils, respectively, updating the review published in
1998 [16]. Part IV contains new data added to our review article on "Enzymology
of soils inoculated with microorganisms" which was published in 1999 [14]. Part
IV follows the structure initially established for the review article [14].

I. ENZYMOLOGY OF SOILS INOCULATED WITH NATURAL MICROORGANISMS

I.1. Soil enzyme activities as affected by inoculation of plant growth-

promoting microor ganisms

The field experiments described by Filippova and Kolotova [6] were
carried aut on a soddy-podzolic soil at the experimental farm "Preural” of the State
University in Perm, in 1966 and 1967. Of the properties of the soil studied we mention
its pH (4.85) and molybdenum content (0.21 mg Mo/kg soil). The test plant was
broadbean (Vicia fabav. Zhemchuzhin). The Nitragin used for inoculation was a
Rhizobium leguminosarunulture isolated initially from the root nodules of broadbean
plants at their bud formation stage. The plants grew on the soil mentioned above.

The expoerimental plots were fertilised with superphosphate (3 g/ha) and
KCI (1.5 g/ha), then sown in four variants using 1. seeds soaked in water; 2. seeds
soaked in 0.03% ammonium molybdate solution; 3. seeds soaked in water and
inoculated with Nitragin; 4. seeds soaked in 0.03% ammonium molybdate solution
and inoculated with Nitragin.

* Babg-Bolyai University, Department of Plant Physiology, Laboratory for Environmental Enzymology
and Microbiology, 3400 Cluj, Romania. E-mail: skiss@bioge.ubbcluj.ro
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At four stages of plant growth the rhizosphere soil was analysed for
determination of seven enzyme activities. The results obtained in 1967 are presented in
Table 1. Similar results were registered in 1966.

Table 1

Enzyme activitiesin the rhizospher e of broadbean plants developed from seedsnot treated
or treated with ammonium molybdate and not inoculated or inoculated with Nitragin [6]

Enzyme Growth Experimental variants
activities* stages** Control Molybdenum| Nitraginl  Molybdenum
+ Nitragin
Invertase A 24.3 22.0 15.0 15.0
B 54.0 39.5 52.5 65.5
C 52.0 66.5 63.0 51.5
D 6.8 1.7 7.5 6.3
Amylase A 315 12.1 26.5 18.5
B 7.7 3.6 4.6 5.0
C 7.2 7.2 5.9 7.3
D 1.8 2.3 2.3 3.2
Urease A 1.50 2.90 1.70 4.40
B 4.35 2.72 1.95 3.40
C 3.60 6.12 5.10 3.74
D 1.00 7.44 1.70 1.39
Catalase A 2.45 3.10 2.20 3.10
B 3.00 4.10 4.50 3.90
C 2.10 2.80 2.20 2.50
D 1.35 1.70 1.65 0.62
Peroxidase A 26.5 81.0 45.0 51.5
B 9.0 23.5 41.3 19.8
C 6.7 18.0 21.0 12.0
D 5.0 2.2 11.7 8.6
Polyphenol A 25.0 45.0 32.0 71.5
oxidase B 14.5 53.7 33.7 57.5
C 21 15.0 2.3 19.2
D 4.6 25 2.8 12.3
Dehydrogenasé A 14.0 34.3 16.6 24.5
B 325 32.0 28.7 30.0
C 6.3 51.0 62.7 69.7
D 60.0 50.0 49.0 62.5

* Expression of enzyme activities: invertase and amylase — mg glucose/g soil/24 hours; urease — mg
NHy/g soil/24 hours; catalase — £M,/g soil/minute; peroxidase and polyphenol oxidase — mg
purpurogallin/g soil/24 hours; dehydrogenase — mg triphenylformazan/g soil/24 hours.

** A — 3-4 — |eaf stage. B — Bud formation stage. C — Flowering stage. D — Milky-waxy maturation stage.
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One can see from Table 1 that the activities, excepting amylase activity,
increased under the influence of Mo and Nitragin. In most cases, the increase was
highest when the treatment with Mo was accompanied by inoculation of Nitragin.
The growth stage, at which the activities were highest varied with the nature of
enzyme, but each activity greatly decreased at the maturation stage.

It should be mentioned that the total amount of free amino acids in the
rhizosphere was also highest in the Mo + Nitragin variant.

In the four experimental variants and in both years, the green biomass and seed
yields of the broadbean plants presented the order: control < Nitragin < Mo < Mo +
Nitragin. In other words, Mo was more efficient than Nitragin and Mo + Nitragin
was the most efficient variant.

In a pot experiment, Apanasenka [2] used samples of a loamy forest soil
(pH in KCI 4.15; humus content 1.45%; total N content 0.08%). The soil (8 kg/
Mitscherlich pot) was sown with seeds of yellow lupine (Lupinus lut®us
Khutkarastuch). The seeds were not or were inoculated with the effegtfisany
strains Nos. 359a and 361a or with the less effectpvixiig strains Nos. 365 and
400 ofRhizobium lupinilnvertase, polyphenol oxidase and dehydrogenase activites of
the rhizosphere soil were measured during and after the growth period.

It could be deduced from the results that inoculation caused only little changes
in the rhizosphere enzyme activities and there was no significant difference between
the effects exerted on the rhizosphere enzyme activities by the efective and the less
effective N-fixing strains. At the same time, only the inoculation of the effective N
fixing strains led to a significant increase in soil N content.

The Nitragin used by Chunderova and Ivanova [3] for inoculation of
red clover (Trifolium pratensev. Sivoritskii 416) seeds was prepared from strain
347a of Rhizobium lupiniand contained 88.2Ccells/g. Field experiments were
carried out at the state farm Belogorka (Leningrad region). The $70ets were
installed on soddy-podzolic loamy soils (pH in KCI 4.4-4.8; humus content 1.5-2.0%;
boron content 0.3-0.5 mg and molybdenum content 0.04 mg/kg soil).

In a 3-year (1967-1969) experiment, in which soil enzyme activities were
also measured, the non-inoculated and Nitragin-inoculated clover as well as barley
(Hordeum vulgare) were the test plants. Before starting the experiment the soil was
limed. During the experiment, each plot was fertilised with superphosphate and KClI at
yearly rates of BKa, PsKao and BiKeo, respectively. In 1968, boric acid (400 g/ha)
and ammonium molybdate (200 g/ha) were also added as micronutrients. The N
fertiliser was ammonium nitrate applied at rates of 0, 20, 40 and 80 kg N/ha.

The analytical data presented in Table 2 are mean values recorded in the
third year of the experiment and refer to the plots not fertilised and fertilised with
ammonium nitrate at the lowest rate (20 kg N/ha).

The data in Table 2 show that the clover soil was more enzyme-active than
the barley soil. The increase was, in general, significant. The effect of the Nitragin-
inoculated clover was stronger, but not significantly, than that of the non-inoculated
clover. Measurement of the nitrification capacity gave similar results.
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Table 2

Effect of non-inoculated and Nitragin-inoculated red clover plants on some enzyme
activites and nitrification capacity of soil [3]

N fertiliser Test plant Enzyme activites* Nitrification
Urease Asparaginase Proteasge capacity**
No Barley 0.26 0.10 0.65 8.8
Clover 0.36 0.17 0.72 13.2
Clover + 0.38 0.17 0.73 12.8
Nitragin
20 kg N/ha| Barley 0.27 0.11 0.67 8.7
Clover 0.42 0.19 0.70 12.1
Clover + 0.44 0.19 0.74 12.0
Nitragin
LSD 0.14 0.04 0.06 3.2
0.95

* Expression of enzyme activites: urease and asparaginase — gy 9024 hours; protease — mg
amino-N/g soil/48 hours.
**mg NO/100 g soil.

The sums of the clover hay yields obtained in the three years in the variants
fertilised with 0, 20, 40 and 80 kg N/ha were the following: 91.7, 93.8, 97.6 and
100.4 g/ha, respectively, with the non-inoculated clover, and 108.1, 115,8, 107.2
and 104.1 g/ha, respectively, with the Nitragin-inoculated clover.

It is evident from these crop yield data ttegt inoculation resulted in
increased yield at each N rat®; the yield of the non-inoculated clover tended to
increase with the N rate) the yield of the inoculated clover was increased by the
lowest N rate and decreased by the higher N rates.

The 3-year experiment (1967-1969) was continued in the 1970-1972
period as a crop rotation experiment. The plants — potato, spring wheat and oats,
respectively -, had increased yields, the soil enzyme activities measured (urease,
asparaginase, protease, invertase, phosphatase, catalase, peroxidase, polyphenol
oxidase, dehydrogenase), with the exception of peroxidase activity, were higher when
in 1969 the crop was clover and not barley. Again, the inoculated clover was more
efficient than the non-inoculated one.

Samoilov et al [39] measured enzyme activities in organic fertilisers
prepared from peat non-inoculated or inoculated Aitbtobactersp. The best results
were obtained with a low moor peat (pH 5.2) after its liming at a rate of 5% CaO
(weight/weight).

It was found in a laboratory experiment that inoculatiododbacterinto
the limed peat led to 46.3% increase in urease activity and to 125.0% increase in
catalase activity.

The limed peat was also amended with phosphorite meal. (The rate of P
addition by the phosphorite amendment is not specified in the paper.) The amended
peat was used for fertilisation of a soddy-podzolic soil (pH 4.0-4.2; mobile P and K
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contents 5 mg s and 11 mg K/100 g soil) under conditions of a pot experiment.
First the soil was fertilised with ammonium nitrate and KCI (0.1 g N and 0.1 g K/kg
soil), then the amended peat was added at a rate of 100 g/9 kg soil. The test plant
was barley.

During the growth period of the barley plants, at their tillering, inspikation
and maturation stages, soil was sampled for determination of its phosphatase activity.
The dry biomass and the grain yields of barley were also recorded.

The mean value of the soil phosphatase activity and the yields were higher
when the soil was fertilised with th&zotobactefinoculated amended peat in
comparison with the effect of the non-inoculated peat. The inoculation-produced
increase was 84% (soil phosphatase activity), 8.5% (dry biomass yield) and 10.4%
(grain yield).

Kucharski and co-workers [18-28] carried out pot experiments, in which
different test plants were used, the soil was or was not inoculated witfixany
bacterium, the plant yields were recorded and, in general, four soil enzyme activites
were measured. Some details and results of the experiments are summarised in Table 3.

It is evident from Table 3 that inoculation did not affect or did increase the
plant yields but its effect on soil enzyme activities was rather equivocal even in the
experiments with the same plant.

Kucharski and co-workers [18-28] also studied the effect of some phyto-
hormones and precursors on plant yields and soil enzyme activites. The compounds
studied were indole-3-acetic acid (heteroauxin), benzyladenine (synthetic cytokinin),
L-tryptophan (auxin precursor), adenine and isopentyl alcohol (cytokinin precursors),
and L-ethionine and L-methionine (ethylene precursors). They were or were not
applied in combination with inoculation &hizobium leguminosarutviovar. viciae
or Azotobactesp. The test plants were the same as those specified in Table 3.

In these experiments the inoculateg-fiXing bacterium was in general
able to enhance the positive effect and to attenuate the negative effect exerted by
some concentrations of phytohormones and precursors on plant yields and sail
dehydrogenase, urease, acid and alkaline phosphatase activites.

Perotti and Pidello [37, 38] performed laboratory experiments using the
associative BHixing bacteriumAzospirillum brasilensstrain 7001 (streptomycin-
resistant derivative dkzospirillum brasilens@&-ATCC 29145) and surface samples of
a heavy-textured grasslange6tuca arundinacgasoil in Casilda, Santa Fe Province,
Argentina.

The air-dried and sieved (1 mm) soil samples were placed in Petri dishes
and wetted with distilled water (non-inoculated control) or with aqueous suspension of
A. brasilensethen incubated at 20 in the dark. During incubation, soil moisture
content was kept constant.

Perotti and Pidello [37] studied soil dehydrogenase activity. The soil was
sampled from the 0-12-cm layer seasonally (namely, in March, May and September).
The number of inoculated. brasilensecells was 2.4.10y dry soil. Dehydrogenase
activity, mineral N content and numberAfbrasilensecells were determined after 3,

10, 18, 25, 41 and 66 days of incubation.
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Table 3

Plant yilds and soil enzyme activities as affected by inoculation of a N-fixing bacterium
(I - Inoculated. N — Non-inoculated. > and < indicate significant differences at p < 0.01)

No-fixing Plant Yield Soil enzyme activities Refer-
bacterium Dehy- | Urease| Acid | Alkaline | ence
drcgenas phosphatase
Rhizobium Faba bean =N| I>N =N N.D. N.D. 18
leguminosarum (Vicia faba) =N| I>N I<N | I=N I>N 26
biovarviciae I>N| =N I<N | I=N =N 28
Azotobacter Faba bean =N| I>N I>N | N.D. N.D. 18
sp. (Vicia faba) ISN| I<N =N | I>N I<N 27
Carrot =N| I<N I<N =N =N 19
(Daucus carota) =N| I=N | I>N | |=N I>N 24
=N| <N [ I<N 5N | I<N 25
Radish I>N| I<N I<N | I<N I<N 20
(Raphanus sativa) =N| I=N I<N | N.D. N.D. 22
Lettuce =N| I=N I=N | I=N =N 21
(Lactuca sativa)
Buckwheat I=N| I>N I<N I>N =N 23
(Fagopyrum esculentun

N.D. — Not determined or determined, but no data published on the activity values.

Mean values of the results obtained in the seasonal determinations showed
that inoculation depressed soil dehydrogenase activity during the first 18 days of
incubation, but enhanced it in the 25-66-day period. There was a significant correlation
between dehydrogenase activity and numbeh.dbrasilensecells. The inoculation-
caused increase in dehydrogenase activity in the 25-66-day period was attributed
not only to the inoculated cells, but also to their stimulating effect on the global
microbial activity in soil.

It was also found that in the inoculated soil dehydrogenase activity did not
correlate with the Ni-N content, while the non-inoculated soil exhibited a significant
negative correlation between dehydrogenase activity ant-Nligontent.

Perotti and Pidello [38] studied soil urease activity. The soil samples
were inoculated with no or with 1@, brasilenseells/g dry soil.

Urease activity was measured after 2-15 days of incubation. During the
incubation urease activity decreased. The decrease in the inoculated soil was less
strong than that in the non-inoculated soil. Urease activity, like dehydrogena
activity, significantly and negatively correlated with the /N content only in the
non-inoculated soil.

Perotti and Pidello [38] measured urease activityiiradiation-sterilised,
thenA. brasilensénoculated and incubated soil samples, too. But these investigations
are not considered in our present review, which is in concordance with the initial review
article [14], in which we did not consider the enzymological investigations dealing
with the inoculation of microorganisms into soil samples sterilised by autoclaving.
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Palmaet al.[36] and de Cairet al.[4] used two cyanobacteridolypothrix
tenuisstrain No. 40d anilicrochaete teneratrain No. 13a for inoculation of a poorly
drained soil with silty clay loam texture. The cyanobacterial strains were from the
culture collection of the Laboratory for Biology of Cyanobacteria, University of
Buenos Aires. The soil was sampled from the 0-10-cm layer at Vieytes, Province
of Buenos Aires.

The air-dried and sieved (2 mm) 120-g soil samples were placed in plastic
boxes, then saturated with distilled water (final weigh60 g). The soil in boxes was
inoculated on the surface with 6 g wet weight ofenuisor M. tenera(corresponding
to 0.044 and 0.13 g dry weight, respectively). The control, non-inoculated soil
received distilled water. Each of the three experimental variants comprised 10
repetitions (10 boxes).

The soil in boxes was incubated under fluorescent light (12-hour photoperiod),
at 25C and constant soil moiture content, for 90 days.

During incubation the cyanobacterial biomass grew producing a film that
covered 60-90% of the surface with mean thickness of 2-3 mm.

After the 90-day incubation, the soil was submitted to enzymological
analyses. The enzymes and mean values of their activities are specified in Table 4.

This table shows that inoculation of both cyanobacteria led to a significant
(p < 0.05) increase in each enzyme activity, with a single excetgiucosidase
activity in theT. tenuisinoculated soil did not differ significantly from that in the
non-inoculated (control) soil. At the same tifietenuis in comparison wittM. tenera
was significantly more efficient in increasing urease, phosphatase and dehydrogenase
activities and insignificantly less efficient in increasing protease and arylsulphatase
activities.

The conclusion was drawn that inoculation of cyanobacteria could be a
promising cultural practice for amelioration of soils.

Table 4
M ean values of enzyme activitiesin soil samplesinoculated or
not inoculated with cyanobacteria [4]
Enzyme activities* Soil inoculated with Non-inoculated

T. tenuis 40d M. teneral3a (control) soll
B - Glucosidase 188.98 b** 197.36 a 190.16 b
Urease 19143 a 180.53 b 165.61c
Protease 119.96 a 129.62 a 68.06 b
Phosphatase 1360.66 a 1274.83 b 1068.13 ¢
Arylsulphatase 75.17 a 80.82 a 30.28 b
Dehydrogenase 6.55 a 5.77b 4.98c

* Expression of enzyme activitigd:glucosidase, phosphatase and arylsulphatage-nitrophenol/g soil/hour;
urease pg urea-N/g soil/hour; proteasgg tyrosine/g soil/hour; dehydrogenageg-triphenylformazan/g
s0il/20 hours.

** Different letters between columns indicate significant differences at p < 0.05.
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Dzhumaniyazova [5] dealt with the soil biological effects of the so-
called bacterial and biological fertilisers. Cultures of phosphate-solubilising bacteria
isolated from heavily P-fertilised soils in Uzbekistan were the bacterial fertilisers.
The biological fertilisers (biofertilisers) were prepared from micro- and macroalgae
and aquatic higher plants. The test plant was sugar beet.

The experiments were carried out in four variants: 1. the soil was fertilised
with ammophos, then sown with sugar beet seeds ((glomerules) not inoculated with
bacterial fertiliser (not bacterised); 2. the soil was fertilised with ammophos, then sown
with bacterised seeds; 3. the soil was farmyard-manured, then sown with bacterised
seeds; 4. the soil was treated with biofertiliser, then sown with bacterised seeds.

During the growth period of sugar beet, namely in June, August and October,
several soil enzyme activities were measured.

Soil phosphatase activity in the four variants increased in the orders: 1 <2 <3 <
4 (in June and October) and 2 < 1 < 4 < 3 (in August). These orders mean that farmyard-
manuring or biofertilisation + bacterisation was more efficient than ammophos without
or with bacterisation.

Bacterisation also resulted in increased soil invertase and urease activities.
The effect of bacterisation on soil polyphenol oxidase activity was negative at the
beginning of the growth period, but later it became positive. Contrarily, the initial
high soil dehydrogenase activity was followed later by decreased activity.

In the soil of bacterised sugar beet, increased numbekgadbbacterand
nitrifying bacterial cells were recorded.

Bacterisation enhanced the emergence of sugar beet seeds (glomerules) and
growth of the young plants and led, finally, to doubling of the sugar beet yield.

Vazquezet al [42] compared the effects of different inoculants on enzyme
activities in the rhizosphere soil of maize plants. Arbuscular mycorrhizal (AM) fungi
(Glomus mosseae, Glomus deserticta natural endophytes from the test soil) and
Azospirillum, Pseudomonasd Trichodermaspecies were studied. The soil enzyme
activities were greatly increased by the AM fungi: the increase was 164% in
phosphatase activity, 167% in chitinase activity and 236% in trehalase activity following
inoculation of natural endophyte§. mosseaeand G. deserticola respectively.

The other inoculants changed the soil enzyme activities to a much lesser extent.

Garciaet al.[8] usedPinus halepensi§Aleppo pine) for afforestation of
an east-facing hillslope area located in the semiarid Mediterranen region, on the
Carrascoy range in Murcia Province (southeast Spain).

The experiment started in October 1992 wRehalepensiseedlings were
planted into holes. The experiment comprised six variants: 1. the seedlings were not
submitted to any mycorrhizal treatment; 2. the seedlings were inoculated with a
suspension of spores of the mycorrhizal fungisolithus arhizus (P. tinctoriQs
(direct mycorrhizal inoculation); 3. a small amount (200 g) of forest soil containing
this mycorrhizal fungus was added into the planting holes of the seedlings (indirect
mycorrhizal inoculation); variants 4, 5 and 6, like variants 1, 2 and 3, were not

10
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inoculated, were directly and indirectly inoculated, respectively, but they were amended
with organic waste. This was prepared from municipal solid waste, contained, among
other components, 253 g organic C, 11.9 g total N, 5.5 g total P, 16.4 g humic C,
49.5 g carbohydrates/kg and was added to the holes, before planting the seedlings,
at a rate of 10 kg/fmsoil. A distance of 3 m or more separated the inoculated and
non-inoculated seedlings. Each variant comprised at least 25 seedlings.

After 3 years, in April when the highest microbial activity could be expected,
soil samples were taken from the planting holes (sampling depth was 0-15 cm) and
submitted to several physical, chemical, microbiological and enzymological analyses.

The enzyme activities measured and the results obtained are summarised in
Table 5.

Table 5
Effects of mycorrhizal inoculation and organic amendment on
enzyme activitiesin a soil afforested with Pinus halepensis [8]
Experimental variants Enzyme activities*
Urease| Protease Phosphatasiatalasg Dehydrogenase
1. No inoculation and ng 1.63 0.21 435 16.0 21.5
amendment (0.039) | (0.008) (2.62) (0.5) (0.7)
2. Direct inoculation, but  2.00 0.35 82.0 18.5 25.0
no amendment (0.12) | (0.028) (9.96) (0.7) (2.2)
3. Indirect inoculation, 2.25 0.51 73.0 18.7 25.0
but no amendment (0.18) (0.06) (6.2) (0.8) (2.2)
4. Amendment, but no 2.95 0.65 122 21.2 36.7
inoculation (0.15) (0.09) (8.1) (0.6) (2.4)
5. Amendment and direct 3.19 1.06 217 23.5 48.7
inoculation (0.9) (0.06) (17.5) (0.7) (2.2)
6. Amendment and 3.22 0.93 252 22.7 35.7
indirect inoculation (0.12) (0.02) (7.5) (1.6) (1.2

* Expression of enzyme activities: ureasévt NHy/g soil/hour; protease on étbenzoyl-L-argininamide pM
NHyg soillhour; phosphatase M p-hitrophenol/g soil/hour; dehydrogenasgug iodonitrotetrazolium
formazan/g soil/20 hours. Standard deviation is given in parenthesis.

The data in Table 5 make it possible to draw the conclusions specified
below.

1. Inoculation of the non-amended soil and amendment of the inoculated
soil led to increases in each enzyme activity.

2. Amendment without inoculation was more efficient in increasing each
enzyme activity than was inoculation without amendment.

3. Combined direct inoculation and amendment resulted in the highest protease,
catalase and dehydrogenase activities, whereas combined indirect inoculation and
amendment led to the highest increase in the urease and phosphatase activites.

Combined use of mycorrhizal inoculation and organic amendment proved
to be the best method also for improving the microbiological, chemical and physical
properties of the soil.
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I. 2. Soil enzyme activities as affected by inoculation of biocontrol

micr oor ganisms

Based on the possibility of controlling the soil-borne phytopathogenic fungi by
amending the soil with chitin and by its inoculation with chitinase-producing
microorganisms, Ueno and Miyashita [41] used the chitinase-proditeamiomyces
sp. strain S-84 for inoculation of a light-coloured andosol (pH@ $12; total C 5.25%;
total N 0.41%) collected at a farm of the University of Tsukuba, Ibaraki, Japan.

The 50-g sieved (2 mm) soil samples were amended with chitin powder
(1%, weight/weight), inoculated at the rate of 6lony-forming units/g dry soil,
moistened to 60% of water-holding capacity and incubated °& &5 41 days.
Activity of chitinolytic soil enzymes was measured weekly. The substrates were 4-
methylumbelliferyl (4-MU) - chitotriose and 4-MU-chitobiose for chitinase and 4-
MU-N-acetylglucosamine for N-acetylglucosaminidase. The activities are expressed
in units, one unit being defined as the amonut of enzyme that liberated 1 mmol 4-MU
from the substrate in 1 minute/g dry soil.

It is evident from Fig. 1 that after 20-28 or 28-34 days of incubation the
enzyme activities were significantly higher in the inoculated than in the non-inoculated
soil, but at the end of incubation (on day 41) the significant increasing effct of inoculation
disappeared.

I. 3. Soil enzyme activities as affected by inoculation of bioremediating

micr oor ganisms

For studying the bioremediation of oil-contaminated soils, Sam o ®bah
[40] carried out a laboratory experiment. Samples of a chernozem soil were treated
with Romashkino crude oil at a rate of 6% (weight/weight). Some samples were
inoculated with an enrichment culture of hydrocarbon-oxidising microorganisms
originating from oil-contaminated soils. The control samples were not inoculated.
During incubation, the moisture content of soil was maintained at 70% of the
water-holding capacity.

After 15 months of incubation, urease and dehydrogenase activities became
much higher in the inoculated than in the control soil: the increase was 1.5-2-fold
and 2-fold, respectively. Degradation of hydrocarbons also increased in the inoculated
samples: 67.2% and 55% of the added oil were degraded in the inoculated and
control soil, respectively. But oil degradation was higher (reaching 75.2%) in soil
samples which, instead of inoculation, were submitted to systematic loosenings
during the incubation or to liming at the beginning of the experiment.

Andresonet al. [1] point out that the Bacispecin preparation studied by
them was a powder easily suspendable in water and containéa@drty-forming
units/g. It was used for remediation of an area on which contamination of soil with
crude oil occurred more than 10 years before. This area is located on the territory of the
enterprise Surgutneftegaz. The soil is a sandy illuvial iron-humus podzol.
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Fig. 1.Chitinase activity for 4-MU-chitotriose and 4-MU-chitobiose and N-acetylglucosaminidase
activity in chitin-amended soil with or without inoculationSifreptomyce sp. S-8441].
Symbols with the same letter at the same incubation time are not significantly
different at p=0.05; the vertical bars show the 5% confidence limit.
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Plots of ni were installed. The podzol of the control plots was an unpolluted
virgin soil. The plots on the contaminated area were submitted to no or to three
different remediating treatments.

The 0-20-cm soil layer of each plot was sampled and analysed from chemical,
microbiological and enzymological viewpoints.

The experimental variants are specified and some of the results obtained
after 2.5 months of the experiment are summarised in Table 6.

It is evident from this table that crude oil contamination of soil caused, as
expected, a significant increase in the total C content as compared to the total C
content in the unpolluted soil

The most important finding was that inoculation of Bacispecin led to the
greatest diminution of the oil content: in 2.5 months, the residual oil content of 10.31
0/100 g soil was decreased to 4.55 g/100 g soil, which means 55.87% oil degradation.
In the (NPK)go and (NPKJo + Bacispecin variants oil degradation was 30.16 and
52.18%, respectively.

Respiration was most intense and dehydrogenase activity was the highest
in the contaminated soil treated with (NR§) Bacispecin, whereas the soil treated
only with Bacispecin was the most peroxidase-active. Polyphenol oxidase activity was
lacking in the unpolluted soil and was very low in the soil of the other experimental
variants.

Based on the results obtained, the authors hope that use of the hydrocarbon-
oxidising bacterial preparations will be included in the projects and programmes
for remediation of oil-contaminated soils.

Table 6
Effects of the biopreparation Bacispecin and NPK fertilisers on
some properties of a crude oil-contaminated soil [1]
Experimental variants Total C| Residual oil | Respiration? Enzyme activities**
content (%) content Dehydro PeroxidasdPolyphenc
(9/100 g soil) genase oxidase
Unpolluted virgin soil 0.8 - 0.6 0.032 0.022 0
Contaminated soil, not 7.8 10.31 0.7 0.167 0.212 0.009
treated
Contaminated soil, treated 6.0 7.20 0.8 0.097 0.488 0.003
with (NPK)g0
Contaminated soil, treated 3.6 4.55 14 0.091 0.569 0.005
with Bacispecin (500 g/fh
Contaminated soil, treatgd 5.6 4.93 1.6 0.340 0.213 0.004
with (NPK)qo and Baci-
speecin (500 g/f)

* Expression of respiration: mg G&/100 g soil/24 hours.
** Expression of enzyme activites: dehydrogenase — mg triphenylformazan/g soil/24 hours; peroxidase
and polyphenol oxidase — npg-benzoquinone/g soil/hour.

Gabbasoveet al. [7] found that use of Bacispecin resulted in increased
invertase, urease, catalase and dehydrogenase activites in a grey forest soil contaminated
with Arlan crude oil.
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Air-dried, 500-g, soil samples were treated with 0, 5 or 10% oil (weight/weight)
and with 0 or 5 g Bacispecin. The samples were incubated at constant soil moisture
content (60% of water-holding capacity). The enzyme activities were measured after
220 days of incubation.

As expected, degradation of oil in soil samples contaminated with 5% crude
oil was very marked, the residual oil content approached the level of the admissible oil
content. At the same time, oil degradation in soil samples contaminated with 10%
crude oil was unsatisfactory.

The investigations initiated by Kireeva for bioremediation of oil-contaminated
soils were briefly reviewed in [14]. These investigations, using hydrocarbon-oxidising
pure and mixed microbial cultures and biopreparations were continued and the
remediating efficiency of these cultures and biopreparations, including their increasing
effect on soil enzyme activities, could be again established [10-13].

Malachowska-Jutset al. [32] carried out a laboratory experiment, in
which 2-kg samples of an unpolluted acid forest soil (pH 4.1) were contaminated
with 5, 15 and 25% light or heavy oil in three variants: 1. oil only; 2. oil + lime; 3. oil +
lime + Pseudomonasp. ThisPseudomonastrain used for inoculation was initially
isolated from soil collected at the oil refinery Czechowice-Dziedzice (Poland) and
was found to be very active in degradation of both light and heavy oils. The control
soil samples received no treatment.

All samples were incubated at constant soil moisture content of 26% and
analysed anzymologically and chemically after 1, 3, 5, 9 and 12 weeks of incubation.

The results showed that dehydrogenase and protease activities markedly
increased, cellulase activity slightly increased, while amylase activity markedly decreased
in the soil of the oil + lime Pseudomonasgariant. The decrease in amylase activity
was attributed to the pH increase caused by the lime addition, as in the initially acid
forest soil amylase was produced by fungi and the pH optimum of fungal amylase
is acid.

The amount of humic acids formed during the incubation was inversely
proportionate to the rate of oil addition, and was a little greater in the light oil-
contaminated soil samples than in those contaminated with heavy oil. The content of
humic acids was always highest in the soil of the oil + lifseudomonasgariant.

Based on the role played by the extracellular ligninolytic enzymes of white-rot
fungi in the initial transformations during degradation not only of lignin, but also of
polycyclic aromatic hydrocarbons, in der Wiescéteal [9], Lang et al. [29]
and Zadrazilet al.[43] carried aut several laboratory experiments. Two white-rot
fungi: Pleurotussp. (DSM 9618) an®ichomitus squalenDSM 9615) were used
and activites of their ligninolytic (i.edecontaminating) enzymes: laccase and
manganese peroxidase (MnP) were measured.

In one of the experiments [9], a two-compartment system was used: straw
as the lignocellulose substrate was colonised with a white-rot fungus and non-sterile
soil was contaminated withC-labelled benzo[a]pyrené*C-BaP). The system was
incubated and mineralisation B£-BaP and the laccase and MnP activities in soil
were measured weekly.
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With Pleurotussp., 25-26% of“C-BaP was mineralised within 20 weeks.
Activity of MnP greatly increased and was highest during weeks 4 to 8 and then
slowly declined, in correspondance with the mineralisation raft€eBaP.

D. squalensvas not able to grow in non-sterile soil.

The conclusion was drawn that MnP has a key position in the degradation
of BaP in soil by white-rot fungi.

In another experiment [29], the straw in the two-compartment system was
colonised byPleurotussp. and the microbiota of soil had been previously brought
to varying level of metabolic activity which was assessed by respiration and
dehydrogenase activity measurements.

The result indicated that growth Bfeurotussp. was not influenced by the
soil microbiota and the ligninolytic enzymes laccase and MnP remained active,
irrespective of the metabolic activity of the soil microorganisms.

It was also established [43] that both laccase and MnP activities were
strongly diminished at temperatures higher th&i€30

McGrath and Singleton [33] studied the biodegradation of pentachloro-
phenol (PCP) in soil. PCP is a general biocide used for a variety of purposes such
as agriculture and timber preservation. Worldwide use of PCP has led to severe
contamination problems particularly around former timber treatment plants.

A laboratory experiment was carried out in the following variaatssoil
alone (control);b) soil inoculated;c) soil contaminated and inoculated) soil
contaminated. A clay loam soil (pH 6.4) collected from the campus at University
College Dublin was used. In each variant the weight of sieved soil sample (2 mm)
was 40 g. A white-rot fungus was inoculated, nanRignerochaete chrysosporium
CMI 174727 grown on peat (2.5 g peat per 40 g soil). PCP at a rate of 250 mg/kg
soil was the contaminant. The soil samples of all variants were incubatefCat 25
for 6 weeks and maintained at a constant moisture content of 30% (weight/weight).
The samples were analysed before and after 1 week of incubation and subsequently
on a fortnightly basis.

Analysis of PCP showed that after 6 weeks of incubation the PCP content
dropped from the initial 250 mg to 2 mg/kg soil. Degradation of PCP was the result of
the soil microbial activity as it was proved, in a separate experiment, that in sterile
(autoclaved) soil PCP degradation was negligibly low. Inoculation Rvitthrysospo-
rium did not improve PCP degradation over non-inoculated PCP-contaminated soil.

Dehydrogenase activity (Fig. 2) in the control and inoculated non-contaminated
soil samples had the same level before and after 6 weeks of incubation. Contamination
with PCP decreased considerably the dehydrogenase activity in both inoculated and
non-inoculated soil samples. The activity did not recover even though PCP concentration
had dropped to 2 mg/kg soil after 6 weeks of incubation. This finding and a toxicity
test with the common soil bacteriuBacillus megaterium suggest that during
biodegradation of PCP some intermediates formed are more toxic than is PCP.
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mg TPF / kg soil

Time (weeks)

Fig. 2. The effect of fungal inoculation and PCP contamination alone or in combination on dehydrogenase
activity in soil during 6 weeks of incubati{88].
a - Soil alone (controlp - Soil + fungal inoculatiore -Soil + PCP contamination + fungal inoculation.
d -Soil + PCP contamination. TPF - Triphenylformazan.

II. ENZYMOLOGY OF SOILS INOCULATED WITH GENETICALLY MODIFIED
(ENGINEERED) MICROORGANISMS

Inoculation of Pseudomonas fluorescens R2f straffszdroj [17]

studied four R2f strains received from Dr. J.D. van Elsas (Research Institute
for Plant Protection, Wageningen). Strain Rf2(RP4) is a genetically modified
microorganism (GMM), into which the plasmid RP4 was introduced,; it is resistant
to kanamycin and tetracycline. Strain R2fD5 is a GMM by introduction of the
transposon Tn5 into the chromosome; it is resistant to kanamycin and rifampicin.
R2fR is a single chromosomal mutant, resistant to rifampicin. R2fN is a double
chromosomal mutant, resistant to rifampicin and nalidixic acid.

Twenty-g air-dried and sieved (< 2 mm) samples of a sandy loam soil (pH in
H,0 6.5; organic C 12.6%; total N 0.36%) were inoculated with overnight cultures
of the strains at a rate of 6 to & ®lony-forming units/g dry soil. The control soil
samples were not inoculated. All samples were incubated@i2@ing a 16-hour light
period, followed, at 2T, by an 8-hour dark period. The incubation lasted 18-19 days.

After several incubation times, the soil samples were analysed for determination
of their dehydrogenase and urease activities and arginine ammonification capacity.

Fig. 3 illustrates that after the first day of incubation dehydrogenase activity
was similarly high in the control and inoculated soil samples, excepting the R2f(RP4) -
inoculated soil sample in which dehydrogenase activity was a little higher than in
the other samples. The activity significantly declined after 5 days and then stabilised at

a similar level, but after 19 days it was a little higher in the inoculated than in the
control soil samples.
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Fig. 3.Dehydrogenase activity during a 19-day incubation of soil samples not inoculated or inoculated
with differentPseudomonas fluoresceR&f straing17].
Data presented by bars with the lettere significantly different (p < 0.05) from those unmarked
or marked with the lettds. INTF - lodonitrotetrazolium formazan.

Significant differences (at p < 0.05) between urease activities of the control
and inoculated soil samples during the 19-day incubation were not registered with
the exception of a single case: on day 9, urease activity in the R2fR-inoculated soil
sample was significantly higher than in the other samples.

After the first day of incubation, ammonification of arginine was found to be
significantly higher (at p < 0.05) in the inoculated than in the control soil samples, but
later (after 4, 7, 11 and 18 days of incubation) there was no significant difference
between the arginine ammonification capacities of the different soil samples.

It was emphasised in the conclusions that the different R2f strains of the
typical soil bacteriunPseudomonas fluorescedsl not cause any significant and
persistent changes in the microbial activity of the inoculated soil.

Inoculation ofPseudomonas floresce88W25, SBW25 EeZY-6KX, F113
and F113 G22These strains studied by Naseby and Lynch [34] were characterised
as follows: SBW25 is a wild-type strain isolated from the rhizosphere of sugar beet;
strain SBW25 EeZY-6KX, a genetically modified derivative of SBW25, contains
the marker gendacZY (lactose utilisation), kanamycin resistance aytE (catechol
degradation); the wild-type F113 strain produces the antibiotic 2,4-diacetylphloroglucinol
(DAPG) and is marked with lacZY cassette; strain F113 G22, also havingdle&Y
insert, is a DAPG-negative derivate produced from F113 by Tn5 mutagenesis.

The test plant was pea (Pisum sativum var. Montana).

The soil used was a sandy loam (pH 5.4; organic matter content 1.6%). Its
samples were taken from a permanent pasture at Merrist Wood Agricultural College
(Surrey).

Coarsely sieved (6 mm) loose soil samples (250 g) were placed in experimental
microcosms consisting of 21-cm-high acetate cylinders, slotted between the top and
base of plastic 9-cm diameter Petri dishes to create a semi-enclosed system.
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Each bacterial strain was grown on tryptone soya agar, then the bacteria
were suspended in sterile quarter-strength Ringer's solution and used to imbibe pea
seeds for 8 hours, resulting in 2-£.&6lony-forming units per seed. For imbibition of
the control seeds no bacterial strain was added to Ringer's solution.

Each microcosm received 8 imbibed seeds, planted at a depth of ~1 cm
below the soil surface. Thirty ml of water was added to each microcosm before they
were placed in a growth chamber set at a 16-hour photoperiod with a day/night
temperature regime of X1/15°C, respectively.

After 21 days of growth the microcosms were harvested and rhizosphere soil
was collected, sieved (2 mm) and analysed enzymologically and microbiologically.
The shoot and root weights were also determined.

The soil enzyme activites measured and their mean values are presented in
Table 7.

The data in Table 7 show that, of the four strains inoculated, strain F113
producing DAPG caused the most evident changes in soil enzyme activities: it
significantly decrease@-glucosidase and N-acetylglucosaminidase activities and
increased phosphodiesterase and arylsulphatase activitiéssigndicantlydecreased
acid B-galactosidase and acid phosphatase activities and increased alkaline phosphatase
activity. The DAPG-negative F113 G22 strain had a significantly negative effect
only on the alkaline phosphatase activity. No significant differences were registered in
soil enzyme activities between the strains SBW25 and SBW25 EeZY-6KX and
between them and the control.

Table 7

M ean values of enzyme activitiesin the rhizospher e soil of pea plants developed
from seedsinoculated with wild-type and genetically modified
Pseudomonas fluorescens strains[34]

Inoculated strains
Enzyme activity* No (control] SBW25 SBW25 | F113 F113
EeZY-6KX G22

B-Glucosidase 1.019b 1.026 b 0.765a,p 0.624a 1.022b
N-Acetylglucosaminidase 0.321 1 0.334p 0.267pb 0.184a 0.295Db
Acid B-galactosidase 0.515 a,b 0.623 b 0.501afp 0.452a 0.505a,b
Acid phosphatase 7911 a,b 9.282 b 7.857ab 7.058a 8.241ab
Alkaline phosphatase 1.235bjc  0.757ab 0.934/ab 15323c 0.704a
Phosphodiesterase 0.111 a 0.086 a 0.119ap 0.168b 0.087 a
Arylsulphatase 0.091 a 0.094 a 0.117ap 0.161b 0.076a

*Each activity is expressed as mgnitrophenol released/g dry soil.
Significant differences between strains at p=0.05 level are indicated by different letters.

" Strain F113 also caused a significant decrease in the shoot-to-root ratio of pea plants in comparison
to the other strains and control, indicating plant stress.
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Taking into account the results of both enzymological and microbiological
analyses, the conclusions arrived at were the following: the soil enzyme activities
proved to be a sensistive indicator of perturbations caused by the inoculated strains
and provided information as to the nature of perturbations; total microbial populations
were not a sensistive indicator of perturbations; measurement of r and K strategies
(rapid and slower colony formation, respectively) was a more reliable indicator of
perturbation than total populations, but this too is nonfunctional and, unlike soil
enzyme activities, does not give an indication on the effects of the inoculated
strains upon ecosystem function.

A second experiment performed by Naseby and Lynch [35] may be
considered as a variant of their first experiment [34] briefly reviewed above, as the
same soil, the same test plant (pea), the same SBW25 and SBW25 EeZY-6KX strains
were used under the same experimental conditions as in the first experiment, but,
after 7 days of growth, the soil microcosms were amended with 30 ml of 2% lactose or
0.1% kanamycin solution, in place of water.

In the second experiment, as in the first one, the rhizosphere soil was analysed
enzymologically after harvesting the pea plants following their 21-day growth.

In this experiment, besides the 7 enzyme activities measured in the first
experiment, alkalin@-galactosidase activity was also estimated.

Lactose amendment significantly increased (at p < 0.01 or p < 0.001) all
enzyme activites in the rhizosphere of both non-inoculated and inoculated plants. In the
kanamycin-amended non-inoculated soil only alkaline phosphatase and phosphodi-
esterase activities were significantly higher (p < 0.05) than in the non-amended and
non-inoculated soil. The inoculated strains did not significantly change the effects of
lactose and kanamycin amendments on the soil enzyme activities.

A short report on these investigations was also published, by Lynch and
Naseby [31].

Inoculation ofPseudomonas fluoresce@s/9RL In one of the experi-
ments performed by Lin and Crowley [30] for studyiRgfluorescen-79RL
(hereafter referred to as 2-79RL), a suspension of the 2-79RL cells was inoculated
into non-sterile and sterile aqueous extracts of a California loamy sandy soil (pH
7.7, C:N ratio 11:1; total C 0.9%).

The 2-79RL strain contains the ThikCDABE gene cassette frorhotobac-
terium fischerj which is regulated by the ribosomal RNA promateB P.. It also
carries chromosomal antibiotic resistance markers for streptomycin and ampicillin.

The non-sterile and sterile water extracts (50 ml each) were inoculated
with the strain to a final density of 46olony-forming units/ml, then incubated at
24°C up to 35 days.

During incubation of the inoculated non-sterile soil extract, number of the
2-7T9RL cells and dehydrogenase activity strongly decreased, while in the non-
inoculated non-sterile soil extract the total number of heterotrophic bacteria decreased
to a much lesser extent.
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In the sterile soil extract, the inoculated 2-79RL cells were less negatively
affected and their dehydrogenase activity did not decrease.

In the inoculated non-sterile soil extracts there are two sources of dehydro-
genase activity, namely the inoculated 2-79RL cells and the other bacteria. One can
deduce from the results that decrease of dehydrogenase activity in such extracts
should be attributed to a much larger extent to decrease of dehydrogenase activity
in the 2-79RL cells than in the other bacteria. Consequently, the effects exerted by
the soil as a living system on the inoculated microorganisms can easily be assessed
by measuring dehydrogenase activity.

Conclusions. 1. The effects of the inoculation of natural microorganisms
on soil enzyme activities were studied under both laboratory and field conditions.

2. The investigations, in which the effects of the inoculation of genetically
modified (engineered) microorganisms on soil enzyme activities were studied, continued
to be carried out only under laboratory conditions. This means that the investigators
remained precautious in releasing such microorganisms for field experiments.

3. Soil enzyme activities are a sensitive indicator of the biological effects
exerted by the inoculated microorganisms.

4. The sense (increasing or decreasing) and extent (strong or weak) of
these effects depend on the nature of the inoculated microorganisms and the soil
enzyme studied as well as on the biological, chemical and physical soil properties
and experimental conditions.
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SUMMARY . - The paper deals with the phytosociological aspects of some
plots belonging to four forest areas in thg tunty. These forests are: the
Béarnova-Repedea Wooded Massif, the Medeleni Forest (in the Forest Ward of
lasi), as well as the Gheorgbaia and Frumgca Forests (in the Forest Ward

of Podu-lloaiei). Four associations were identified. TheyCarerco robori-
Carpinetum Galio schultesii-FagetupiEuonymo nanae-CarpinetuamdAro
orientalis-Carpinetum all being representative for the Moldavian Central
Plateau and the upper Prut Flood Plain. These stands host some rare species in
Moldavia and are also seed reserves for this geographical sub-unit.

The present work is a survey of species and communities inhabiting some
plots, belonging to four forest areas in thg tounty, following the suggestions of
the Environmental Protection Agency and Forest Ward of thiectaunty. These
forests are: the Barnova-Repedea Wooded Massif and the Medeleni Forest (in the
Forest Ward of Ig), the Gheorghoaia and the Frumgica Forest (in the Forest
Ward of Podu-lloaiei). The owner of the forests is Forestry Department and State
Administration for the Management of Forests (Regia AutagnBomsilva). All of
these plots are in special attention of the Romanian Academy of Sciences, Nature
Heritage Sub-commission §iabranch). These stands are representative for the
Moldavian Central Plateau and the upper Prut Flood Plain. These stands host some
rare species in Moldavia and are also seed reserves for this geographical sub-unit.
The identification of the associations followed some general publications on
vegetation [2, 13] and other papers dealing with the studied area [1, 3, 4, 7, 9-12].

Study area.All forests studied are located in the north-eastern part of our
country. Their features will be specified below****,

The Poieni-Dobrovi¢ forest belongs to the Barnova-Repedea Wooded
Massif, being located in the northern part of the Dofireitlage. The silvic code
of this forest is 6622; it belongs to the Forest Unit Il Poieni and the protected plots
are: UA 67 A, B; 68 A, B; 70 A, B. The density of this stand is between 0.95-1, the
trees are 29-32 m high and 30 - 60 - 110 cm in diameter.

* Botanical Garden of the Al. I. Cuza University;j,|&tr. Dumbrad Rgsie 7-9, 6600 Igi, Romania. E-mail:
a_aoprea@yahoo.co.uk

** University of Agronomy and Veterinary Medicinegi)é&Btr. M. Sadoveanu, 6600siaRomania. E-mail:
culita69@yahoo.com

** Babes-Bolyai University, Faculty of Biology and Geology, Str. Republicii 42, 3400 Cluj-Napoca, Romania.
E-mail: igoia@bioge.ubbcluj.ro

**xAfter the Environmental Protection Agency,sia
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This wood represents a typical beech forest for the Moldavian Central
Plateau, being of local scientific interest.

The investigated stand is situated in the Moldavian Central Plateau, at an
altitude of 230-400 m a.s.l., on various slopes of 12-14 degrees of declivity, with a
flat relief. Its soils are brown-eu-mesobasic, brown-luvic typical or moderately
pseudogleyed soils.

One of the reasons for which this stand was selected is that it represents a
80-100 years old mixed forest with beech, hornbeam and lime, characteristic for
the Moldavian Central Plateau. The occurrencé&axjus orientalisas well ag-.
taurica, besided-. sylvatica mixed withTilia tomentosaand often withQuercus
petraea give a particular specificity within the vegetation cover of our country.

The surface of the protected plots is of 144.7 ha.

As rare specie®rchis purpurea, O. maculata, Cypripedium calceolus, Fagus
orientalis, F. tauricaand UImus laevisshould be mentionedin the neighbourhood
of this forest reserve (in Poiana Schituli®ptentilla alba, Inula conyza, Orchis
morio and Ranunculus polyphyllusccur.

TheMedeleni Forests located on the territory of the Giasti village, along
the Prut River flood plain, at an altitude of 50-70 m a.s.l. The trees are 20-22 m
high and 16-60 cm in diameter.

This wood belongs to the Forest Unit V Medeleni, with the following plots:
UA 22 A, B; 23 A, B; 24 A; 25 A; 26 A, E; 30 B. This is a forest reserve of local
scientific interest, having a surface of 102.6 ha. It is a flood plain forest, the whole
area being under protection, whéi@xinus angustifolisandQuercus pedunculiflora
are frequently found; the other frequent speciesAasr campestre, Ulmus minor
and others. The stand is 50-110 years old, being typical for the river flood plain in
the Moldavia region.

The Gheorghioaia Forestbelongs to the Forest Unit V Gheorglaia,
with the following protected plots: UA 28 A; 29 A; 30 B; 31 A, D, Distr. lll
Sinesti, and UP VI Cengg, with the following plots: UA 1 A, B, C; 24 A, C, D, E;

25 A; 40 D; 43 A; 45 A; 46 A; 47 A. The whole protected forest surface is 202.3
ha. This stand is situated on the territory of thl&tjac village.

This wood is located in the northern part of the Moldavian Central Plateau,
at an altitude of 180-270 m a.s.l., on flat surface or on slopes with 15-20 degrees
of declivity; the soils are brown illuvial clay soils and brown luvic moderately
pseudogleyed soils on the slopes.

This stand is a century-old mixed forest, w@Qmercus robur, Q. petraea,
Carpinus betulus, Tilia tomentosa, Fagus sylvatiaagd other deciduous broad-
leaved species, specific to the Moldavian Central Plateau, and being 120-140 years
old. The basic species are 30-35 m high and 50-70 cm in diameter, with high
quality timber. On the other hand, this wood is a seed reserve, having a density of
stand of 0.9, with trees which are 30-31 m high and 20-80 cm in diameter.

Among the rare species in this forest reserve, one should mEnikmymus
nana, Ulmus laevis, Callitriche cophocarpa, Chaerophyllum aureum, Veronica
bachofeniiand Arum orientale
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TheFrumusica Forestbelongs to the Forest Unit IV Frugica; the protected
plots are as follows: UA 38 A, C, D; 39 A, B, D. This forest reserve is situated on
the territory of the Mdarjac village. The surface of this protected forest area is
97.3 ha. The altitude is 190-260 m a.s.l., on various slopes, with a flat or steep
declivity, with brown-luvic, moderately pseudogleyed soils.

This forest reserve has a local forestry character and is also of a scientific
interest. This stand was proposed to be specially maintained because it is a century-old
mixed forest, withQuercus petraea, Q. robur, Carpinus betulasd other deciduous
broad-leaved species (it is the so-called lime-oak mixed forest), typical to the Moldavian
Central Plateau. Density of this stand is between 0.853u6rcus petracandQ.
robur have ages ranging between 130-140 years, the trees being over 30 m high and
20-80-110 cm in diameter.

In these natural forests, the following plant associations were identified:

Coenotaxonomical conspect

Cl. Querco-Fagetedr.-Bl. et Vlieger 1937
Ord. Fagetalia sylvaticagPawl. in Pawl.,
Sok et Wall. 1928
Al. Symphyto-FagioWida 1959
Subal. Lathyro hallersteinii-Carpinenion | _ | J

Boscaiuet al 1982
1. Ass.Querco robori-Carpinetum Soé e ]
Pdcs (1931) 1957

Subal. Galio schultesii-CarpineniorTauber L

1991/92
2. Ass. Galio schultesii-FagetuniBurduja,
Mihai et Sarbu 1972/73) Chifu étefan , , | M
1994, subassfagetosum tauricagChifu
1995) Chifuet al. 1999
3. Ass.Euonymo nanae-CarpinetufBorza
1937) Seghedin, Filigau et Bgcaiu 1977

Subal.Aro orientalis-Carpinenior{Dobrescu

etKovéacs 1973) Tauber 1991/92
4. Ass.Aro orientalis-CarpinetunfDobrescu
et Kovacs 1973) Tauber 1991/92 §§§§§§§§§§§§§§§

F i g. 1.Dendrogram of the studied phytocoenosis
(percentage difference, minimum variance).

The dendrogram (Fig. 1) confirms the individuality of these four associations.
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Presentation of the associations

1. Ass.Querco robori-Carpinetum So6 et Pocs (1931) 1957 Querceto-
Carpinetum dacicurBorza 1931 n.n. ex Pax 1943uerceto-Carpinetum transsilvanicum
Borza 1941;,Carpino-Quercetum robori8orza 1941,Querco robori-Carpinetum
S60 et Pécs (1931) 1957 subatacicum Schneider-Binder 1973)

- mesotrophic, xero-mesophilous hornbeam-oak grove forest.

This association grows on specially protected plots, in the Ghemaghi
and Frumgica forests.

Habitat conditions. The association is situated along the valleys, at an
altitude of 100-240 m a.s.l., on eastern and north-eastern slopes, with moderate
declivities (1-15 degrees). Soils belong to the clay soil class, brown-luvic, slight to
moderate pseudogleyic, eutrophic, having a medium potential trophicity and a
moderate acidity. The climate is temperate-continental, having the average yearly
temperature of 9.2C and annual precipitations of 570 mm.

Composition and structure The tree layer is continuous, wi@uercus
robur (alsoQ. petraeaandQ. dalechampj)ias a dominant species as concerning its
height and age, having a medium density of 100-350 trees per ha, with a medium
diameter of 30-60 cm [5, 6].

In this association the hornbeam is well represented, with a density of 150-
460 trees per ha, but with smaller diameters (3-24 cm).

Other species aréAcer campestre, A. platanoides, Fraxinus excelsior,
Ulmus minor, U. laevis, Cerasus avium, Sorbus torminalis, Tilia tomergtsa

The floristical composition of this association exhibits some species
characteristic for subalGalio schultesi-Carpinenionas follows: Tilia cordata,
Lathyrus vernus, Ranunculus cassubicus, Stellaria holl@stdathers.

The overground biomass of the tree layer (total) is 428.47 t/ha, with a
yearly productivity between 8.4 and 13.9 t/ha [6].

This is a deflected plant association from the climax oak-tree grove ones
(Table 1).

Because in these two forests one can meet also a few thermophilous species
(for instanceQuercus pedunculflora, Corydalis *marschalliamad others)it is
rather difficult to include these phytocoenoses in @uerco robori-Carpinetum
So06 et Pécs (1931) 1957 association. We decided to keep the association mentioned
above since there is no other coenotaxa comprising this kind of phytocoenoses,
though there are some papers describing the same situation from the whole Moldavian
Region [5, 8].

2. Ass.Galio schultesii-Fagetum (Burduja, Mihai et Sarbu 1972/73) Chifu
et Stefan 1994 (€arpino-Fagetum moldavicum Burduja, Mihai et Sarbu 1972/73;
Carpino-Fagetunauct. mold.)

- hilly beech forest, with mull flora of high productivity.
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Table 1
Ass.Querco robori-Carpinetum So6 et Pécs (1931) 1957
Sampling surface, m 400 400 400 400
Aspect - - - SE
Angle of slope f) - - - 10
Canopy 0.7-0.8 0.7 0.65-0.7 0.8
Tree height (m) 20-22 22 16-18 30
Tree diameter (cm) 16-60 20-60 20-40 10-90
Coverage of shrub layer (%) 30 30 50 30
Coverage of regenerative layer (%) 1 1 2 2
Coverage of herbaceous layer (%) 50 50 5 50
Sample number 1 2 3 4
Quercus robur 3 3 2 4
Carpinus betulus + + + 1
Galio schultesii-Carpinenion
Cerasus avium + - + -
Stellaria holostea + - - +
Alno-Ulmion
Viburnum opulus - - + +
Stachys sylvatica + - + -
Fagetalia
Ajuga reptans + - - +
Asarum europaeum + + + -
Dentaria bulbifera + - - +
Euphorbia amygdaloides + - - +
Galium odoratum - + 2
Ouerco-Fagetea
Acer campestre 1 1 1 +
Fraxinus angustifolia + - - +
Euonymus europaea + + + +
Ulmus minor - - + +
Brachypodium sylvaticum + + + -
Polygonatum latifolium + - - +
Pulmonaria officinalis - + + +
Schrophularia nodosa + + - -
Quercetea pubescenti-petraeae
Acer tataricum + - + -
Quercus pedunculiflora + + + +
Viola hirta + + - -
Artemisietea et Stellarietea
Arctium lappa - + + +
Ballota nigra + + - -
Torilis arvensis 1 + + -
Rhamno-Prunetea
Sambucus nigra + + - +
Crataegus monogyna + + + +
Cornus sanguinea + - + -
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Table 1 (continued)
Ass.Querco robori-Carpinetum So6 et Pocs (1931) 1957
Galio-Urticetea

Aegopodium podagraria + + - 2
Geum urbanum + - + -
Alliaria petiolata + + - -
Galium aparine 1 1 + +
Rubus caesius + + + -
Urtica dioica 2 3 + +

Sampling sites and datel, 2, 3 - Medeleni, 16. V. 2000; 4 - Gheotghia, 17. V. 2000;

Species present in one sampl&anunculus cassubicus +(4), Lathyrus vernus +(4), Campanula trachelium
+(1), Tilia cordata +(2)Malus sylvestris +(1), Lysimachia nummularia +(2), Impatiens noli-tangere +(4),
Glechoma hederacea +(1), Euphorbia serrulata +(1), Aristolochia clematitis +3, Anthriscus silvestris +(4),
Scutellaria altissima +(1), Chaerophyllum aureum +(4), Isopyrum thalictroides +(4), Sanicula europaea
+(4), Salvia glutinosa +(4), Paris quadrifolia +(4), Mercurialis perennis +(4), Maianthemum bifolium +(4),
Geranium robertianum +(4), G. phaeum +(4), Galeobdolon luteum +(3), Cofydadisschalliana +(4),
Cardamine impatiens +(1), Allium ursinum 1(4), Rosa canina +(1), Daphne mezereum +(4), Tilia
platyphyllos +(4), Uimus glabra +(1), Viola reichenbachiana +(1), V. mirabilis +(4), Veronica hederifolia
+(1), Ranunculus ficaria +(4), Prunella vulgaris +(4), Polygonatum multiflorum +(3), Hepatica nobilis +(4),
Glechoma hirsuta +(4), Dryopteris carthusiana +(4), Convallaria majalis +(4), Bilderdykia dumetorum + (1),
Astragalus glycyphyllos +(4), Asparagus tenuifolium +(3), Viburnum lantana +(3), Ligustrum vulgare +(3),
Euonymus verrucosa +(4), Corylus avellana +(4), Pyrus pyraster +(3), Sorbus torminalis +(4), Cornus mas
+(4), Stellaria media +(1), Solanum nigrum +(1), Polygonatum odoratum +(4).

Phytocoenoses of this association build up the fundamental vegetation
cover in the plots proposed to be protected in the Barnova-Repedea forest massif,
near the village of Poieni.

Total surface of this massif is about 13,000 ha.

Habitat conditions. The climate is temperate-continental, with cold winters
(the lowest temperature below %8) and hot summers (with the highest temperatures
of +38’C); precipitations are below 600 mm/year; air humidity is relatively reduced.
The altitude is lower than 400 m a.s.l.

Geology: the substratum is represented by clays, sandy clays, and limestone
horizons of Sarmatian age.

Soils: brown clays, slightly to moderately pseudogleyed and brown luvic
moderately pseudogleyed.

Composition and structure The plots that are typical for this forest
massif show a high stand density (0.9-0.95), high tree diameters (1.3 m), through
the almost total dominance of beech tree (all the tree species). In this plant
association, as well as on the whole massif, one can remark a high frequency of
Fagus tauricaandFagus orientalis which accompany thEagus sylvatica. Fagus
taurica is a thermophilous species and occurs frequently on slopes with low
declivity and strong insolation. In the same habitat, there are other thermophilous
speciesQuercus dalechampii, Convallaria majahsd others.
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Table 2

Ass.Galio schultesii-Fagetum (Burduja, Mihai et Sarbu 1972/73) Chifu et
Stefan 1994 subasstagetosum tauricae (Chifu 1995) Chifu et al. 1999

Sampling surface, § 1000 1000 1000 400 800
Aspect SE E-SE SE SE E-SH
Angle of slope ?) 20 25 25 20 18 |K%
Canopy 0.95-1 0.95-1 0.95 0.95 0.9
Tree height (m) 29 28 28-30 30 30-32
Tree diameter (cm) 30-60 30-60 30-60] 20-6Q0 20-6p
Coverage of regenerative layer (%) 2 3 3 2 2
Coverage of herbaceous layer (%) 5-10 1 1 3 5
Sample number 5 6 7 8 9
Fagus sylvatic 2 1 + 2 3 \%
Galium schultesii - - - - + Il
Dif. subass.
Fagus taurica 4 5 5 4 3 \%
Fagus orientalis - + + - - Il
Galio schultesii - Carpinenion
Cerasus avium + - - - + Il
Carpinus betulus + + - + + \Y
Tilia cordata + - - - + Il
Campanula trachelium - - - + + Il
Symphyto-Fagion
Carex pilosa - - + + + Il
Alno-Ulmion
Equisetum sylvaticum + + + - + v
Stachys sylvatica + - - + + [}
Fagetalia
Acer platanoides + + + + 1 \
Tilia platyphyllos + + - + - Il
Ulmus glabra + - - + - Il
Allium ursinum + + - + + \Y
Asarum europaeum - - - + + Il
Cardamine impatiens - + - + + [}
Carex pendula - + - - + Il
Carex silvatica + + - + - 1]
Dentaria bulbifera - + + + + v
Euphorbia amygdaloides + + - + + \Y
Galium odoratum 1 + + + - v
Listera ovata - - - + + Il
Salvia glutinosa + - - + ]
Sanicula europaea + - + + Il
Ouerco-Fagetea
Acer campestre - - - + + Il
Fraxinus excelsior + + + + + \
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Table 2 (continued)

Ass.Galio schultesii-Fagetum (Burduja, Mihai et Sarbu 1972/73) Chifu et
Stefan 1994 subasstagetosum tauricae (Chifu 1995) Chifuet al. 1999

Cephalanthera damasonium - - -

Cephalanthera longifolia - - -

Convallaria majalis

Cypripedium calceolus

Dryopteris carthusiana

Lapsana communis

Mycelis muralis

Platanthera bifolia

Pulmonaria officinalis

Ranunculus ficaria

Viola reichenbachiana
Quercetea pubescenti-petracae

Viola hirta [ -+ 1 - | - |
Rhamno-Prunetea

Clematis vitalba
Galio-Urticetea

Aegopodium podagraria - - -

Alliaria petiolata

Geum urbanum

Chaerophyllum temulum

Impatiens noli-tangere

Galium aparine

Urtica dioica + -

Sampling sites and datel-5 - Poieni-Dobraoit, 18. V. 2000;

Species present in one sampl®anunculus cassubicus +(5), Stellaria hollostea H{&)us laevis +(5),
Viburnum opulus +(5), Eupatorium cannabinum +(2), Glechoma hederacea +(5), Lysimachia nummularia
+(5), Solanum dulcamara +(B¢er pseudoplatanus +(3), Ajuga reptans +(4), Galeobdolon luteum +(5),
Geranium robertianum +(4), Lilium martagon +(5), Maianthemum bifolium +(5), Mercurialis perennis +(3),
Orchis purpurea +(5), Quercus dalechampii +(5), Cornus sanguinea +(2), Euonymus europaea +(4), Hedera
helix +(1), Viburnum lantana +(5), Brachypodium sylvaticum +(4), Carex digitata +(3), Caraixaei
+(2), Cephalanthera longifolia +(1), Moehringia trinervia +(5), Polygonatum latifolium +(2), Polygonatum
multiflorum +(5), Prunella vulgaris +(2), Schrophularia nodosa +(4), Veronica hederifolia +(5), Vicia sepium
+(5), Viola mirabilis +(5)Polygonatum odoratum +(5), Rumex obtusifolius +(4), Torilis arvensis+(4).
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From a phytogeographical point of view, the higher land is covered by pure
beech groves (with all tree species), or in mixture with other species. The fields
situated under the higher land are covered by oak tree groves, with sporadically
disseminated beech.

The shrub layer is quite undeveloped; the herbs are equally undeveloped
being more expressive during spring time, when one can distinguish various facies
with Anemone ranunculoides, A. nemorosa, Ranunculus ficaria, Isopyrum thalictroides,
Adoxa moschatellina, Scilla bifolend Allium ursinum.

The orientation of the investigated plots is NE, E and SE, with moderate
slopes (5-25 degrees). The beech trees are over 30 m high, showing great diameters
(over 1.2 m) [6].
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The mull flora is represented Balium odoratum, Actaea spicata, Galium
schultesiiand Allium ursinum(Table 2).

3. Ass.Euonymo nanae-Carpinetum (Borza 1937) Seghedin, Filigau et
Boscaiu 1977 (Querceto-Carpinetum bessarabicum Borza 198%lampyro
polonicae-Carpinetum podolico-moldavicum (Szafer 1935) So6 1964)

- Moldavian podzolic hornbeam forest, oligotrophic, on flood plains.

Phytocoenoses of this association were identified in the Ghemaghi
forest, on the flood plain of the Saéovivulet.

Habitat conditions. Soils are alluvial-gleyic, on sands or sandy alluvia,
ordinarily wet, flooded in spring time by waters of the Sacoiwulet, having a
pluvial water supply.

Composition and structure Density of stand is 0.7-0.8, with 32-34 m high
Quercus robutrees. In the tree layer there are other species, to@di@nus betulus,
Acer campestre, Fraxinus excelsior, Tilia platyphydod the rar&Jimus laevis

The shrub layer is faintly represented, while the herb layer shows even a 70%
coverage; among species with a higher AD, theddliisn ursinum, Ranunculus repens,
Impatiens noli-tangere, Aegopodium podagraria, Lycopus europaeus, Iris pseudacorus
andSolanum dulcamarall of these species indicate wet substratum, on which the
phytocoenoses are installed.

Table 3

Ass.Euonymo nanae-Carpinetum (Borza 1937) Seghedin, Filipgcu et Bgcaiu 1977
Sampling surface, § 400 400
Aspect E E
Angle of slope f) 2 3
Canopy 0.7-0.8 0.7-0.8
Tree height (m) 32-34 30-32
Tree diameter (cm) 10-100 20-120
Coverage of scrub layer (%) 10 10
Coverage of herbaceous layer (%) 70 40
Coverage of regenerative layer (%) 5 5
Sample number 10 11
Carpinus betulus + 1
Euonymus nana + +

Galio schultesii-Carpinenion
Cerasus avium + -
Tilia cordata - +
Lathyrus vernus + -
Ranunculus cassubicus + -
Stellaria holostea - 1

Aro orientalis-Carpinenion
Tilia tomentosa + | -

Alno-Ulmion
Ulmus laevis + +
Viburnum opulus +
Anthriscus silvestris + -
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Table 3 (continued)
Ass.Euonymo nanae-Carpinetum (Borza 1937) Seghedin, Filipgcu et Bgcaiu 1977

Carex remota
Lysimachia nummularia
Ranunculus repens
Solanum dulcamara
Stachys sylvatica
Fagetalia
Tilia platyphyllos
Ulmus glabra
Ajuga reptans
Allium ursinum
Asarum europaeum
Cardamine impatiens
Carex sylvatica
Dentaria bulbifera
Galeobdolon luteum
Galium odoratum
Geranium phaeum
Mercurialis perennis
Milium effusum
Paris quadrifolium
Pulmonaria officinalis
Ouerco-Fagetea
Acer campestre
Fraxinus excelsior
Quercus robur
Ulmus minor
Corylus avellana
Euonymus europaea
Carex[Opairaei
Polygonatum multiflorum -
Ranunculus ficaria -
Phragmitetea
Alisma plantago-aquatica -
Iris pseudacorus +
Rhamno-Prunetea
Sambucus nigra +
Crataegus monogyna +
Cornus sanguinea +
Galio-Urticetea
Geum urbanum -
Aegopodium podagraria +
Alliaria petiolata -
Glechoma hederacea
Galium aparine
Rubus caesius
Impatiens noli-tangere
Urtica dioica
Aliae
Cardamine pratensis
Lysimachia vulgaris
Stellaria media + -

Sampling sites and datel, 2 - Gheorghoaia, 17.V.2000
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The characteristic species for this associatioEusnymus nanaa rare
species in the Moldavian flora, and this is why this newly proposed forest reserve
is obviously justified, beside the beautiful landscape existing there (Table 3).

4. Ass. Aro orientalis-Carpinetum (Dobrescu et Kovacs 1973) Tauber
1991/92 (Querco robori-Tilio-Carpinetum Dobrescu et Kovacs 1973)

- Moldavian podzolic hornbeam stands, mesophilous.

This association is somehow rare in our country (in comparison with the
previous associations), but on the basis of its floristic composition and comparative
ecological analyses the association seems to be well definite and clearly individualised.

Table 4
Ass.Aro orientalis-Carpinetum (Dobrescu et Kovacs 1973) Tauber 1991/92
Sampling surface, m 400 400 400 400
Aspect SV SV SV SE
Angle of slope f) 2-3 2-3 2-3 5
Canopy 0.85-0.9 0.9 0.8 0.9
Tree height (m) 30-34 30-32 25-28 30
Tree diameter (cm) 20-110 20-80 20-100 20-80
Coverage of shrub layer (%) 10 2 - 20
Coverage of regenerative layer (%) 2 3 3 2
Coverage of herbaceous layer (%) 70 95 10 50
Sample number 12 13 14 15
Arum orientale + + + +
Carpinus betulus + 1 2 1
Quercus robur 4 2 2 2
Aro orientalis- Carpinenion
CorydalisOmarschalliana + + - +
Lathyro hallersteinii-Carpinenion
Cerasus avium + + - +
Tilia cordata 1 2 1 -
Campanula trachelium + + - -
Lathyrus vernus + + - -
Ranunculus cassubicus - - + -
Stellaria holostea 1 - + -
Alno-Ulmion
Lysimachia nummularia - + -
Ranunculus repens + + -
Stachys sylvatica + - + -
Symphyto-Fagion
Isopyrum thalictroides - + + | -
Fagetalia
Acer platanoides + - +
Fagus sylvatica + - - 1
Tilia platiphyllos + - + +
Ulmus glabra + + - +
Rosa canina - + + -
Ajuga reptans + + - -
Allium ursinum + 5 + 1
Asarum europaeum + + + +
Cardamine impatiens + + + -
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Table 4 (continued)
Ass.Aro orientalis-Carpinetum (Dobrescu et Kovacs 1973) Tauber 1991/92

Carex sylvatica + - + N
Corydalis solida + - + +
Dentaria bulbifera + + + +
Euphorbia amygdaloides + + - +
Galeobdolon luteum + + + +
Galium odoratum 1 + 1 1-2
Geranium robertianum - + + -
Maianthemum bifolium + + +
Mercurialis perennis 1 + - -
Neottia nidus-avis - - + +
Paris quadrifolia + + + -
Sanicula europaea + + + +
Querco-Fagetea
Acer campestre + + + +
Fraxinus excelsior + - +1 -
Corylus avellana + - +
Euonymus europaea + - + -
Brachypodium sylvaticum + - + -
Convallaria majalis + + + +
Dryopteris filix-mas + + +
Fragaria vesca + - + -
Geranium phaeum + + - -
Glechoma hirsuta + + - -
Lapsana communis - + + -
Mycelis muralis - - + +
Platanthera bifolia - + + -
Polygonatum multiflorum + - + +
Pulmonaria officinalis - + - +
Ranunculus ficaria + 1 1 +
Schrophularia nodosa + + + -
Viola reichenbachiana - + + -
Rhamno-Prunetea
Crataegus monogyna + + - -
Cornus sanguinea + - - 1
Galio-Urticetea
Geum urbanum + + + -
Alliaria petiolata + - + -
Impatiens noli-tangere - + + -
Chaerophyllum temulum + - + -
Glechoma hederacea + + - -
Galium aparine + + - +
Urtica dioica + + + -
Artemisietea et Stellarietea
Arctium lappa + + + -
Stellaria media + + -
Taraxacum officinale - + + -
Tussilago farfara - + + -

Sampling sites and date:1, 2, 3 - Frumsica, 11. V. 2000; 4 - Gheorgbaia, 17. V. 2000;

Species present in one samplécer tataricum +(2), Tilia tomentosa +(4), Carex pilosa +(4), Ranunculus cassubicus
+(3), Sambucus nigra +(1), Aegopodium podagraria 3(1), Anthriscus silvestris +(3), Cirsium oleraceum +(1), Cruciata
laevipes +(1), Petasites hybridus +(1), Scopolia carmiolica +(2), Rubus caesius +(3), Lathraea squamaria / Fagus
silvatica +(1), Lilium martagon +(1), Quercus dalechampii +(4), Viburnum lantana +(1), Astragalus glycyphyllus +(1),
Dryopteris carthusiana +(4), Hepatica nobilis +(1), Primula veris +(1), Prunella vulgaris +(3), Ranunculus auricomus
+(2), Veronica hederifolia +(3Lephalanthera damassonium +(3).
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Habitat conditions. It grows on rich, dark and brown-gray humiferous soils,
with typical mull flora, with slightly acid to neutral pH (6.5-7). This is a climatic
association.

Composition and structure. Phytocoenoses of this association are usually
settled down in the lower part of slopes having a faint declivity and, sometimes,
even on some plateaus, between 150-250 m a. s. . Sometimes the phytocoenoses of
this association are interfering with those of the flood plain associgtionymo
nanae-Carpinetum. Characteristic species of this associatioArare orientale
andTilia tomentosa.

In the tree layeQuercus robuandCarpinus betulugre dominant.

The herb layer is well developed, some species being conspicruns:;
orientale, Corydalis cavaubspmarschalliana, Corydalis solidand others (Table 4).

Conclusions. The Moldavian Central Plateau and the upper Prut Flood
Plain are strongly influenced by human activities. As the surface of the forest areas
decreases gradually, their structure becoming more and more vulnerable. The
studied forests fulfill the conditions for possible botanical reservations, considering
their rare species and representative features of the identified associations. Most of
these forests have a high regenerative capacity, that is why they can be considered
valuable seed reserves and natural spreading source of the autochthonous species
on the neighbouring fields.

Our present study is the first part of studies which will be carried out with
the aim to identify and indicate other important areas for conservation of biodiversity
in the Moldavian Region.
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ACCUMULATION OF PHOTOSYNTHETIC PIGMENTSAND
PROTEINSIN THE LEAVESOF SOYBEAN PLANTS
CULTIVATED ON MINE SPOILS

SILVIA ONAC™, VICTOR BERCEA" and MIHAI TRIFU?

SUMMARY. — The influence of heavy metals from mine spoils (Cavnic,
Baia Mare mining area, Romania) on the synthesis and accumulation of
photosynthetic pigments and proteins in soybean leaves was investigated.
Soybean plants@lycine maxcvs. Agat and Diamant) were grown under
field conditions in the following variants: control (unpolluted soil), 50%
spoils+50% unpolluted soil, 100% spoils. The accumulation of photosynthetic
pigments and proteins in the leaves of soybean plants was estimated in
various vegetation stages: the beginning of flowering, the beginning of
pod genesis, and the stage of fruit ripening. The amount of photosynthetic
pigments in leaves of both soybean cultivars grown in spoil variants decreased.
The chlorophylls were more affected than the carotenoid pigments. The
plants cultivated in 100% spoils accumulated a high amount of proteins in
leaves. The Agat cv. plants contained more proteins in leaves than the
Diamant cv. plants, not only for the spoil variants, but for control as well.

One of the most common visible symptoms of the heavy metal toxicity in
plants is chlorosis, as a result of the decreasing content of chlorophylls in leaves,
which may be caused by the inhibition of biosynthesis of these pigments or by their
enzymatic degradation [3, 4]. Chlorosis may be a first indication of an insufficient
detoxification of metals resulting in the impairment of the physiological processes
in plants [8].

The objective of our study was to examine the effects of the heavy metals
from mine spoils on the synthesis of photosynthetic pigments and proteins in the
leaves of soybean plants.

Materials and methods. The plant used in the present study was soybean,
Glycine max(L.) Merrill. The plants of two soybean cultivars, Agat and Diamant,
created by the Agricultural Research Station, Turda, Romania, were cultivated
under field conditions. The experiment was described in a previous paper [18] and
lasted one vegetation cycle.

“IBabg-Bolyai University, Department of Plant Physiology, University Library “Lucian Blaga”, 3400 Cluj,
Romania. E-mail: sonac@bioge.ubbcluj.ro
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The accumulation of photosynthetic pigments and proteins in the leaves of
soybean plants was estimated in different vegetation stagedetiiening of
flowering, S1, the beginning of pod genesis, S2, and the stage of fruit ripening, S3.
For determining the photosynthetic pigments, leaves located on the same level were
used. Disc samples of 1.3 cm in diameter were sectioned from the middle limb of
sampled leaves. The extraction of the pigments was performed in acetone. The leaf
samples were ground with Cagénd glass pearls and then the extract was clarified
by under-pressure filtration. The identification of pigments was performed with a
spectrophotometer (UNICAM SP1800) based on the specific absorption coefficient, at
the following wavelengths: 663 nm (chlorophg)l 645 nm (chlorophylb) and 472
nm (carotenoids). The quantitative expression was based on A r n o n's method [2].
The results were expressed in mg/g fresh matter. For determining the proteins, the
samples used for the extraction of photosynthetic pigments were hydrolysedGt 100
for one hour in 0.1 N NaOH, after which L o w r y [12] reaction was performed using
the basic protein extract. The method consists of reducing the Folin-Ciocalteu reagent
by the amino acids within the proteins. The total amount of proteins was measured
with a spectrophotometer at the wavelength of 690 nm. The results were related to
a standard curve and expressed in mg/g fresh matter.

Results and discussion. The evolution of the content of chlorophylls and
carotenoids in the leaves of soybean plants, Agat cv., is shown in Fig. 1.
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F i g. L.Accumulation of chlorophylls and carotenoids in soybean leaves, Agat cv., in three vegetation
stages: S1the beginning of flowering, S2= the beginning of pod genesis, S3= fruit ripening (N=3).
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The content of pigments decreased in all three cultivation variants by the
end of the vegetation cycle, when the physiological senescence occurred, except for
the carotenoids within the leaves of plants cultivated in 100% spoils, the amount of
which increased in S2 compared to S1. The greatest decrease occurred in the case
of chlorophylla and carotenoids in the plants from the 50% spoil variant: by 60
and 50%, respectively, in S3 compared to S1.

When compared to the control (Fig. 2), the content of photosynthetic pigments
(with the exception mentioned above) in the plants cultivated in spoil variants
decreased in all three vegetation stages. In S1 the content of chlomjiyhe
leaves of plants from 50% spoils decreased by 29% of control, while in S2 and S3 this
reduction is much marked, up to 55% in S3. In plants from 100% spoils the content
of chlorophylla also decreased as compared to control, but in a lower percentage
(Fig. 2, A).

A. Chlorophyll a B. Chlorophyll b
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Fig. 2.The influence of heavy metals from spoils on the accumulation of chlorophylls and
carotenoids (% of control) in the leaves of soybean plants, Agat cv., in three vegetation
stages (S1, S2, S3 — for explanations see Fig. 1; n=3).

The content of chlorophyb decreased in a similar way in the plants of
both spoil variants, more in S1 and S3, and less in S2 (Fig. 2, B). As for the content
of carotenoids (Fig. 2, C), it decreased progressively in plants from 50% spoils, by
15, 24, and 37% of control, in S1, S2, and S3, respectively, but in the plants from
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100% spoils it diminished by 29% of control in S1, after which it increased by 12%
in S2, and decreased again by 29% in S3.

Of the studied pigments, the greatest decrease was recorded for the
chlorophylla within the leaves of plants grown in 50% spoils, by hakaftrol in
S2 and S3. These results were in accordance with the morphological observations,
since the leaves of Agat cv. plants cultivated in 50% spoils became chiovedicds
the end of June and many of them started to fall by the middle of August.

These modifications in the content of photosynthetic pigments were also
reflected in their ratio (Table 1), the lowest values being recorded for the chlorophyll
a/bratio in the plants from 50% spoils in S2 and S3.

Table 1
Theratio between photosynthetic pigmentsin soybean leaves, Agat cv.

Vegetation stages

Variants S1 S2 S3

Chl.a/b  Chls./Car. Chla/b Chls./Car. Chl.a/b Chls./Car.
Control 3.15 3.27 3.61 4.08 2.82 3.28
50% Spoils  3.00 2.83 2.18 3.30 1.75 2.78
100% Spoils 2.68 3.18 3.40 2.64 2.70 3.15

The evolution of the content of photosynthetic pigments in the leaves of
soybean plants, Diamant cv., in the three vegetation stages, is shown in Fig. 3. In
all cultivation variants the content of pigments decreased in S2 and S3 compared to
S1 and slightly increased in S3 compared to S2, except for the 50% spoil variant,
where the amount of chlorophylls remained almost at the same level in S2 and S3.
Similarly to the plants of Agat cv., the content of chloroplyédind carotenoids in
the plants of Diamant cv. cultivated in the 50% spoil variant decreased mostly:
47% in S3 compared to S1 and 47% in S2 compared to S1, respectively.

The chlorophylla/b and chlorophylis/carotenoids ratios in the case of
Diamant cv. plants varied to a small extent (Table 2).

Table 2
Theratio between photosynthetic pigmentsin soybean leaves, Diamant cv.

Vegetation stages

Variants S1 S2 S3

Chl.a/b  Chls./Car. Chl.a/b Chls./Car. Chl.a/b Chls./Car.
Control 3.50 3.47 3.16 3.35 3.10 3.49
50% Spoils 3.32 3.29 3.20 3.47 3.12 2.97
100% Spoils 3.63 3.13 3.23 3.04 2.91 3.29

In both cultivation variants with spoils the content of pigments decreased
as compared to the control, in all three vegetation stages (Fig. 4). The amount of
pigments in plants grown in 50% spoil variant decreased progressively from S1 to
S3 (excepting the carotenoids), while in plants cultivated in 100% spoil variant it
decreased in a higher percentage in S1 and in a smaller percentage in S2 and S3,
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suggesting that after the first shock caused by an hostile environment, the plants
managed to adapt and survive in this environment.
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F i g. 3.Accumulation of chlorophylls and carotenoids in soybean leaves, Diamant cv., in
three vegetation stages (S1, S2, S3 — for explanations see Fig. 1; n=3).

Leaf chlorosis, visible in plants cultivated in heavy metal polluted soils, may
be the result of direct inhibition of chlorophyll synthesis by heavy metals or may be
caused by the interaction between metals, such as Cd and Fe. Thus, Cd inhibits both
the induction and function of root Fe(lll) reductase responsible for reducing Fe(lll)
to Fe(ll), the form in which roots absorb Fe [19, 23]. This leads to Fe deficiency, with
many implications on plant physiology and metabolism, considerably affecting, among
others, the photosynthetic apparatus by decreasing chlorophyll biosynthesis, disorgan-
izing the chloroplast structure and even reducing Rubisco content in chloroplasts. The
most probable major target of Cd/Fe interaction effects is the Calvin cycle [23].

Cu and Zn can displace Fe from chelate complexes which are important both
inside the plant and in the soil [22]. Copper toxicity may induce iron deficiency.
Excess concentration of Cu and Cd affects the chloroplast ultrastructure and inhibits
the electron transport in both photosystem | and photosystem IlI. The inhibition of
photosystems induces the production of toxic active oxygen species, causing lipid
peroxidation, which results in the destruction of chlorophylls, carotenoids, and finally
the chloroplast membranes [3, 7, 15]. Degradation of the inner structure of chloroplasts
is similar to senescence response, Cd and Cu producing the destruction of acyl lipids in
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thylakoid membranes [4, 14]. Cd, even when present in low concentrations, induces
the production of ethylene, the typical senescence phytohormone [19].
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F i g. 4.The influence of heavy metals from spoils on the accumulation of chlorophylls and
carotenoids (% of control) in the leaves of soybean plants, Diamant cv., in three
vegetation stages (S1, S2, S3 — for explanations see Fig. 1; n=3).

Zinc toxicity manifests itself also by inhibition of photosynthesis. It decreases
Rubisco activity presumably because of the competition with magnesium and inhibits
photosystem Il activity by replacement of Mn in the water-splitting complex. Zinc
toxicity leads to chlorosis, which may be an induced deficiency of Mg or Fe, as a
consequence of the similar ion radius of these elements [15].

For both soybean cultivars the content of the analysed pigments (excepting
the chlorophyllb in Agat cv. plants) in the leaves of plants cultivated in 50% spoils
decreased as compared to the control, less than the content in the leaves of plants
grown in 100% spoils in S1, after which it decreased progressively, so that by the
end of August the decrease was more intense in plants from 50% spoils than in
those from 100% spoils (Figs. 2 and 4).

Only one category of pigments in plants from spoil variants exceeded the
control, namely the carotenoids in leaves of Agat cv. plants cultivated in 100%
spoils, in S2, when their level was 12% higher than in the control (Fig. 2, C). Other
authors reported that heavy metals caused the decrease of pigment contents, this
effect being more pronounced on the chlorophylls than on the carotenoids [10, 11, 13].
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Skoérzynska—Poletal.[24] noticed an accumulation of carotenoids in all
growth stages of the plant leaves treated with Cd, as a protection response of plants
against the oxidative stress caused by heavy metals.

The content of proteins in leaves is a sensitive parameter in appreciating
the physiological and metabolic state of plants under stress conditions [5].Proteins
are one of the final products of photosynthesis and soybean leaves contain a high
amount of proteins, which migrate to the seeds as plants reach maturity [17].

In all the cultivation variants, the content of proteins in leaves of both soybean
cultivars was illustrated by low values in S1. These values reached a maximum in
S2 and decreased in S3, as a consequence of protein translocation to seeds (Fig. 5).

Agat N Control Diam ant N Control
900 - 050% Spoils 500 - 0 50%Spoils
800 1 T E100% Spoils T [@100%Spoils

700 - 400 A
300 -
200 -

100 -

S3 stage S3  stage

F i g. 5.Accumulation of proteins in soybean leaves, Agat and Diamant cvs., in three
vegetation stages (S1, S2, S3 — for explanations see Fig. 1; n=3).

For Agat cv., the content of proteins in all the three vegetation stages was
higher in the leaves of plants cultivated in spoil variants as compared to the control.
High values were recorded in plants of 100% spoil variant, especially in S2.

In the case of Diamant cv., a progressive accumulation of proteins in the
leaves was recorded in plants of 100% spoil variant as compared to the control. As
for the 50% spoil variant, the content of proteins in leaves increased in S1 comparing
to the control, but it decreased by the end of the vegetation period, so that in S3 it
was lower than in the control. Unlike the Agat cv., the difference between the
amount of proteins in the leaves of Diamant cv. plants from 100% spoil variant and
that of control was much lower.

The increased amount of proteins in leaves of soybean plants cultivated in
spoil variants could be caused by the action of heavy metals from spoils. Heavy
metals induce in plants the synthesis of cysteine-rich peptides called phytochelatins,
Cd being the strongest inducer and Zn the weakest [25]. Phytochelatins bind metals,
keeping the intracellular availability of essentmétals within certain limits and
reducing the availability of nonessential metals [26]. The Agat cv. plants contained
more proteins in leaves than the Diamant cv. plants, not only for the spoil variants,
but for control as well.
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The increase of protein or amino acid content in plants under the influence
of heavy metals was reported by many authors [1, 9]. Heavy metals in excess cause
the accumulation of proline in plants [6]. This amino acid was found to be present
in the cell wall structural proteins, too [21]. The accumulation of proline is caused
by the water deficit induced by heavy metals and it could contribute to the
maintenance of water balance and possibly to the scavenging of hydroxyl radicals
and metal chelation in the cytoplasm [6, 16, 20]. Also, heavy metals induce the
synthesis of stress proteins, which might limit and repair the damages caused by
metals to cell proteins and exert protective effects on membranes [19].

The high amount of proteins in the leaves of soybean plants before harvesting,
when the plants are close to the end of developmental cycle, could indicate a low
translocation to seeds.

Conclusions. 1. The amount of photosynthetic pigments in leaves of both
soybean cultivars, Agat and Diamant, grown in spoil variants decreased considerably
as compared to the control. In plants cultivated in 100% spoils the decrease was
higher in younger stages of growth, while in plants from 50% spoils it was higher by
the end of vegetation cycle. The chlorophylls were more affected than the carotenoid
pigments.

2. The soybean plants, Agat and Diamant cvs., cultivated in 100% spoils
accumulated a higher amount of proteins as compared to the control, possibly because
of phytochelatin synthesis, as a defence response of plants against the stress caused
by heavy metals from spoils. The high content of proteins in soybean leaves before
harvesting could indicate a low translocation to seeds.
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HEPATOTOXICITATEA VENINULUI DE ALBINE.
STUDIU HISTOLOGIC §  ULTRASTRUCTURAL

ADRIAN FLOREA*, CONSTANTIN CRACIUN**, CONSTANTIN PUICA***,
PANTE GHERGHEL**si MARIUS C. OPREA*

SUMMARY. — Hepatotoxicity of the Honey Bee Venom. Histological and
Ultrastructural Study . The honey beeApis mellifera venom, a very potent
anti-inflammatory and analgesic drug, has been used for a long time to cure
certain arthritic affections and, in addition, nowadays its main ingredients are
further tested as possible drugs for some other diseases. In order to investigate
the possible hepatotoxicity of the bee venom, aqueous solutions made from pure,
dry venom (collected by ourselves) were used for performing the treatments.
Our results, including those from previous studies, show that rat envenomation
with bee venom, under different experimental conditions, is followed, in a dose-
dependent manner, by structural and ultrastructural changes in liver. While the
low, 30 day-administered doses of bee venom, caused a lot of important —
possibly reversible — changes in liver, including the activation of the mechanisms
involved in the organism defense and the cellular detoxification, the higher
(lethal) doses determined more severe — irreversible alterations. All those
alterations produced in the liver of animals tested for the higher doses of the bee
venom (hepatocellular necrosis, disseminated intravascular coagulation etc.),
together with structural modifications and functional failure of other different
tissues and organs, led to the death of some of the animals in a short time.

Veninul sintetizat de albineApis melliferg este un amestec complex de
cel puin 18 substage organicesi anorganice: peptide, proteine, aminoacizi,
glucide, lipide, acizi [2, 5, 7, 17, 21, 22, 41, 43], majoritatea acestora au@unkac
biochimia sau farmacologic[9, 21, 22, 35, 44]. B&omul modern ajunge tot mai
rar in contact cu acest produs natural, nu trebuie uitat fapterinul de albine
este cunoscuii utilizat, in stare purdau sub forma diverselor preparate aidin
antichitate, in ameliorarea unei game largi detafei; in special articulare [27, 29,
36], dar nu numai [4, 10]. Unul din primele efecte consemnate ale veninului de
albine este capacitatea sa de permeabilizare a membranelor cgililapicit
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producerea hemolizei [1, 3, 6, 15, 16], dar numeroasele inv@stdectuate
asupra agunii sale [4, 5, 14, 18, 22, 51] au condus ceitoeii Spre experimentarea
recend, cu succes, a componentelor veninului de albine ca antibiotice [11, 23, 39],
ageni antitumorali [25, 28, 35, 45] etc., existand deja de mult timp p@& pia
numir mare de medicamente pe bae venin de albine [8].

Principala proprietate pentru care veninul de albine este utilizat in terapie o
reprezink capacitatea sa de stimulare a sistemului nervos [34], endoammnitar,
manifestandu-se ca un puternic antiinflamatdotodati analgezic [29, 45]; produce
dilatarea vaselor de sangemplicit stimularea metabolismului celular eliminarea
accelerat a prodyilor nocivi. Important estei faptul cGi veninul de albine nu
determira apariia de efecte secundare, birteles cu exceja cunoscut a persoanelor
hipersensibile la substgate din compozia sa [19, 20, 30, 33, 46, 52].

Rezultatele pozitive la tratamentele cu venin de albine apar in timp, ca
urmare a administri repetete a unor doze mici de venin, atent calcyladeunui
tratament de o mai luagdurati. Exisé insi si situgii Tn care veninul de albine nu
ajunge in organismul uman sau animal in doze calculate. Accidental, Th organism
ajung uneori cantiti mari sau foarte mari din acest produs biologic, iar impactul
este semnificativ [4, 18]. Tn aceste siiijgpe langi durerea produs[21, 22, 31,

40, 53], veninul manifestsi un pronunat efect toxic [9, 21, 22, 32, 40, 50].

Scopul studiului realizat de noi a fost de a evideaventuale modifii
structuralesi ultrastructurale produse la nivelul ficatului, organ bine vascularizat,
susceptibil la atunea veninuluki, Tn acelai timp, responsabil pentru detoxifierea
organismului, in urma administiiexperimentale, repetate, de venin de albine, in
doze relativ mici, pe o dutate 30 zile, respectiv modifidle produse de doze foarte
mari. Continuand alte ceréetefectuate de noi anterior [16], am d@nihde asemenea
si estimam gradul de toxicitate a acestui compus in c@ieetau doza primit.

Materiale si metode.Animale.Experimentele s-au realizat in mai multe etape
pe loturi desobolani albi Wistar(in total 36 animale), cresguin biobaza U.M.F.
“luliu Hatieganu”, Cluj-Napoca, respectiv in biobaza Fadulde Biologie, U.B.B.,
Cluj-Napoca, f#a restrigii in ce private hrana sau apa.

Veninul de albineAm utilizat venin de albine pur cristalizat, recoltat de
noi prin metoda stimétii abinelor cu impulsuri electrice [38]. In vederea injeict
veninul a fost resuspendat intr-o g@uzotora (150 mM NacCl, 5,5 mM glucaz
5 mM HEPES, la pH 7,4)i pastrat la frigider, ferit de aimnea luminii. in cazul
tratamentului subcronic sala injectabii s-a preparat in cate 3 etape, de fiecare
dati doar pentru céate 10 zile, pentru a preveni eventuala alterare a veninului.

Tratament Animalelor li s-a injectat dorso-lateral posterior, subcutan veninul
de albine n dilti diferite. Dol loturi desobolani — Ski S2 (6, respectiv 12 animale),
au fost tratate subcronic, timp de 30 de zile cu aidilnicd, echivalert unei
intepituri de albira, comparabil cu doza terapeutiqgpentru om (40Qug/kg corp/zi).
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La sfargtul perioadei de tratament s-au recoltat orgagietea realizat prelucrarea
lor corespunitor tehnicilor histologice (pentru primul log) pentru microscopia
electroni@ de transmisie (animalele din #alt lot). Animalele din alte dculoturi —

L1 si L2 (3, respectiv 3 animale), au fost injectate cu oadmare de venin de
albine (LD;o— letak pentru 50% din subiég, echivaleni cu cantitatea eliberata

un nundr de 100 Trepaturi de albine (62 mg/kg corp), probele @sut recoltate
fiind prelucrate atat pentru realizarea de preparate histologigigoe@itru microscopie
electroni@. Doza letal a fost stabili Tn jurul valorii de 60 mg venin/kg corp pe
baza datelor din literatinf21, 22]. Pentru evideierea eventualelor efecte, in paralel
s-au recoltagi prelucrat probele hepatice de la loturi martor (MS1, MS2, ML1, ML2
— cate 3obolani), corespuritor fiecirui lot de animale tratate.

In timpul desfagrarii tratamentului au fost observate modificde com-
portament in cazul loturilor S S2, la examinarea preparatelor observanduzse c
doza mai sizuta de venin de albine a provocat modifi¢c insa nu comparative cu
cele observate laobolanii din loturile tratate cu doza mare. Pentru sacrificare,
animalele au fost in prealabil anesteziate in atmoshercloroform. Metionam ca
dintre animalele tratate cu doza mare,adaw supraviglit doar aproximativ o @r la
examinarea preparatelor, dupecoltarea rapitla probelor deesut, observandu-se
modificari severe.

Histologie Pentru realizarea preparatelor histologice, probele hepatice
recoltate au fost fixate Tn fixator Bouin, deshidratate, incluse in pargfispoi
segionate la microtom. Dupetalarea pe lamg deparafinare, colorarea s#tit prin
metoda Hurduc (pe baze orange G, albastru de metil, xili@lgh acid acetic glacial).
Examinarea s-a realizat la un microscop Olympus BX51.

Microscopie electroni¢ de transmisie.Probele hepatice recoltate in
vederea studierii la microscopul electronic de transmisie au fost prefixate fie solu
de glutaraldehi@l2,7%, postfixate in acid osmic 2%jlspe si deshidratate in acetadn
apoi incluse in Epon 818 seaionate la un ultramicrotom LKB-IIl. S@anile
preluate pe grile electrolitice au fost contrastate cu acetat de girapdi cu citrat
de plumb [37]. Examinarea s-a realizat la un microscop electronic de transmisie
Tesla BS500.

Rezultate si discutii. Pentru loturile martor (Fig.1.-MS1, Fig.3-6.-MS2,
Fig.11.-ML1, Fig.13-16.-ML2), examinarea microscadpicelectronomicroscopic
a relevat o structamormali, caracteristi€ a parenchimului hepatic, respectiv aspecte
specifice ale organirii subcelulare a hepatocitului [12, 24, 26, 42, 47, 49, 50].
La examinarea histologiq(Fig.2.-S1), sunt evidegiate modificri morfo-
patologice ale parenchimului hepatic, caracterizate prin distrofia genei,atizait
si granularahepatocitaraprecumsi prin balonizarea unor hepatocigea celulelor
endoteliale Kupffer. Unele hepatocite sunt intens hipertrofiate, avand tinuton
cioplasmatic redus sau complet lipsite detiowt celular, nucleii picnotici fiind
situai excentric. Se mai remarenici focare de necréz hepatocitele fiind delimitate
de infiltrate limfo-macrofagice.
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F i g. 1.Aspecte histologice ale ficatului, lotul M&ib.40x).

F i g. 2.Aspecte histologice ale ficatului, lotul §ib.40x).
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F i g. 3.Apecte ultrastructurale ale hepatocitului, lotul MEB80x).
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F i g. 5.Apecte ultrastructurale ale hepatocitului, lotul M@2520x).

F i g. 6.Apecte ultrastructurale ale hepatocitului, lotul M@3750x).
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Pe imaginile electronomicroscopice (Fig.7-10.-S2) se poate de asemenea
observa rarefierea citoplasmei; se co#istabdificarea formei nucleilor, care apar
ovoidali, cu contur gor neregulat, accentuarea polimaifizmitocondriilor, dilatarea
reticulului endoplasmic rugos, proliferargalilatarea reticulului endoplasmic neted,
alterarea microvililorsi cresterea nurarului de trombocite in capilarele sinusoide.
Mai este evidetiata 0 usoara congestie vascularfar pe unele sg¢icni s-a observat
distrugerea endoteliului capilai extravazarea hematiilor, mai ales in zonele cu
hepatocite distruse. In urma admiristrdozelor mici de venin de albine, apar leziuni
in endoteliul capilar, conducand la discontifiiiprin care veninul administrat n
dozele ulterioare ajunge in contact direct cu hepatocitele, astfel explicandu-se focarele
de necroz zonale. Acest fapt deterndinnfiltrarea macrofagelor, atrase in vederea
Tndegrtarii detritusurilor celulare. Mobilizarea celulelor albe poatg & conseciti
a prezetei constante in organismul animalelor, pentru o pefiozal mare de timp,

a componentelor veninului de albine, unele fiind recunoscute pentru activitatea
antigeni@. Modificarile intracelulare observate defofi o afectare a activtii
metabolice a hepatocitelor, sugérnatin usoara alterare a nucleulgiia unor organite,
proliferareasi activitatea crescéta reticulului endoplasmic neted nefiind capabile s
faca fata chiar la dozele mici de venin de albine dar repetate o p&noadlung: de

timp. O posibii cale de evitare a acestor probleme, in cazul adminiigtrapeutice

a veninului de albine la subi@amani, ar putea fi realizarea unui tratament subcronic,
avand ns intercalate perioade de pauz

Pe segiunile efectuate prin ficatul animalelor din loturile tratate cu dozailetal
se obser¥la microscopul optic (Fig.12.-L1}idratamentul acut cu veninul de albine
a indus modifigri morfologice ale arhitecturii parenchimului hepatic, caracterizate,
in general, printr-ogoai hipertrofie hepatocitéar asociat cu aspecte de intumese¢en
distrofici granulaii hepatocitar discres. Modificarile cele mai evidente sunt repre-
zentate prin congestia semnificatia capilarelor sinusoide, localiZandeosebi in
aria de veciatate a venei centrolobulare. Vena paste dilatat iar in jurul capilarelor
sinusoide apar focare hemoragice asociate cu infiltrate inflamatorii. Se maigobserv
mici focare de necré@zcelulad zonafi, centrolobulat, dispuse la periferia lobulilor,
unde parenchimul hepatic apare fin disecat.

La examinarea electronomicroscapia sedunilor oktinute din probele
prelevate de la lotul L2 (Fig.17-20) se ob&eowdilatare accentuat capilarelogi
congestie vasculdrare loc mobilizarea in nuimmare a leucocitelor — macrofagele
sunt foarte indrcate cu lizosomgi detritusuri celulare — precugna trombocitelor.

Se obsery, de asemenea, endoteliul capilarelor distrus ih zonele de coggakiéeri
zonale ale hepatocitelor — ruperea plasmaleiadiberarea organitelor; un procent
mare de microvili sunt distsis In spaiul Disse endoteliul este distrus, practic ligise
acest sp@u. Hepatocitele au citoplasma rarefiatu puin glicogensi lipide; se
obsend reducerea reticulului endoplasmic, dar totddadariia de mici vezicule —
ca urmare a fragmeirti acestui organit, iar mitocondriile au matricea raréfiat
crestele dilatatgi, pe alocuri, distruse. Aceste aspecte infiptul G distrugerea
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F i g. 8.Apecte ultrastructurale ale hepatocitului, lotul @B00x).
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F i g. 10.Apecte ultrastructurale, vas sanguin, lotul 8250x).
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F i g. 11.Aspecte histologice ale ficatului, lotul MI(ab.40x).

F i g. 12.Aspecte histologice ale ficatului, lotul (db.40x).
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F i g. 13.Apecte ultrastructurale ale hepatocitului, lotul M(2420x).

F i g. 14.Apecte ultrastructurale ale hepatocitului, lotul M(2250x).
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F i g. 15.Apecte ultrastructurale ale hepatocitului, lotul M(2250x).

F i g. 16.Apecte ultrastructurale ale hepatocitului, lotul M(&880x).
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F i g. 18.Apecte ultrastructurale ale hepatocitului, lotul (&570x).
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F i g. 19.Apecte ultrastructurale ale hepatocitului, lotul (300x).

F i g. 20.Apecte ultrastructurale ale hepatocitului, lotul (2800x).
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pe arii mai extinse a endoteliului capilar a permis veninului de alBiagiag: in
concentrgi mai mari la hepatocite, determinand liza acestora. In celulelasa
intacte, efectul veninului este evidien la nivelul organitelor cu activitate metabdlic
intendi, in special a mitocondriilor, iar cantitatea redae reticul endoplasmic
neted poate fi explicatprin distrugerea sa sub efectul litic combinat al melitghei
fosfolipazei A continute de venin. Moartea animalelor de expgtieoca urmare a
administrgii dozelor mari de venin de albine — dgra oamenilor expi unui
numir mare de itepaturi de albine [18] — survine iaglatorié efectului conjugat al
componentelor veninului de albine asupra mai multor orgiagisteme. Astfel, au
mai fost notatehemoliza intravasculay rabdomioliza, edemul pulmonar, disftinc
renalesi neurologice; o cantitate mare de venin de albine djimsrganism poate
provoca paralizia myehilor din sistemul respirator [44].

Testele biochimice aratcresterea nivelului seric al creatin-kinazei, lactat-
dehidrogenazei, aspartat-aminotransferazei, angirdeplaie plachetara Hiper-
potasemiasi nivelurile ridicate de uregi creatiniri confirma disfungiile renale
acute, de obicei provocate prin necroza tutayky: Victima intepaturilor Tsi pierde
viata Tn general datotitdisfundiilor renalesi complicaiilor cardiace [53].

Concluzii. Se poate afirmaicveninul de albine, administrat in doze relativ
mici si repetate, produce modifid importante la nivelul ficatului, dar este foarte
probabil ca acestea au afecteze ireversibil ficatul, organ recunoscut pentru capa-
citatea sa de regenerare. Astfel, in urma tratamentului apargesecsemnificatiy a
permeabiliiti membranelor celularg au fost, de asemenea, stimulate tidade
detoxifieresi raspunsul imun. Rezisten acestui organ la @gnea veninului de
albinein vivo si in vitro, precumsi aciunea hepatoprotectoare a unor sulistan
constituie obiectul unui alt studiu aflat in derulare.

Modificarile drastice in structura functiile ficatului se instaleaz doar
odat cu craterea consideratila dozei. Tn doze mari, veninul de albine distruge
membranele celulare, iar capacitatea de detoxifiere estgtdepeadiile determinate
de componentele veninului ducand rapid la moartea animalului. Rezultatele experi-
mentelor noastre sunt in concordiacu datele din literatura de specialitate referitoare
la raspunsul ficatului la difeti ageni chimici [12, 13, 47, 48], respectiv la veninul
de albine [4, 16, 18] indica o corelare intre doza de venin adminigtgaefectele
determinate. De asemenea, existcorelare stradiscu modificirile observate de
noi la nivelul altoresuturisi organe (date ricnepublicate).
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ATENUAREA MODIFICARILOR STRUCTURALE SI METABOLICE
INDUSE DE EXCESUL GLUCOCORTICOIDIC PRIN
ADMINISTRAREA DE PROPRANOLOL

ERIKA KIS™ si CONSTANTIN CRACIUN™

SUMMARY. — Attenuation of the Glucocorticoid Excess|nduced
Structural and Metabolic Disorders by Propranolol. It has been
established that topical glucocorticosteroids, widely used for dermatological
treatments, have a high rate of transcutaneous penetration and once
absorbed into systemic circulation they produce unwanted secondary
systemic side effects. As resulted from our preliminary experiments, a
short-term epicutaneous treatment with Fluocinolone-acetonid N in
various age groups of young rats induces structural and ultrastructural
modifications of hypothalamo-pituitary-adrenal (HPA) axis. Alteration of
HPA axis functions was accompanied by metabolic disorders, characteristic
for steroid-diabetogenic state. Some of the structural modifications of
HPA axis, according to our recent observations, are reducikite \dyo
B-adrenoreceptor blockage with Propranolol.

Starting from the above findings, we investigated, in parallel with the
HPA axis reactions, the modifications of some metabolic parameters in
prepubertal and pubertal rats, after a short-term epicutaneous treatment
with Fluocinolone-acetonid N ointment, applied alone or associated with
Propranolol.

Fungiile organismului sunt reglate prin doumari sisteme de control:
sistemul nervos, prin intermediuiraia are loc o transmitere rapid mesajelosi
sistemul endocrin, prin care mesajele ajung mai lent, dar manifasefect de
durat. Intre aceste sisteme de reglare fundamentale existlaii morfofunaionale,
sistemul nervos controledzactivitatea sistemului endocrin, care la randul lui
influenteazi dezvoltareasi activitatea sistemului nervos. Controlat de sistemul
nervos centradi la randul du influerntdnd activitatea nervoasuperioari sistemul
endocrin exercit multiple si complexe fungi care contribuie la meimerea homeo-
staziei mediului intern, necedapentru buna funonare a proceselor biochimice
celulare.

" Universitatea "BabgBolyai", Catedra de Zoologie, 3400 Cluj-Napoca, Romania.
E-mail: ekis@hasdeu.ubbcluj.ro
Universitatea "BabgBolyai', Catedra de Fiziologie Animal3400 Cluj-Napoca, Romania
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Mentinerea homeostaziei organismului anigialman necesito adaptare
comportamentd| vegetatid si endocrird continli pentru contracararea cat mai
eficient a efectelor negative ale factorilor extegninterni, care tind & modifice
permanent echilibrul organismuluiagpunsul major al organismuluitiade aciunea
factorilor de stres este activarea axului hipotalamo-hipofizo-corticosuprarenalian (HHC),
care congt in eliberarea rapid de corticoliberii, respectiv adrenocorticotrofin
(ACTH), urmat imediat de crgerea concenttii plasmatice de glucocorticoizi.
Alterarea morfofungonak a axului HHC determindereglarea echilibrului hormonal,
datorit faptului &, prin intermediul hipotalamusulyi al hipofizei, glucocorticoizii
pot influena si activitatea altor glande endocrine periferice, nu humai a suprarenalei.
Acest dezechilibru hormonal, la randul lui, deterinmnodificarea metabolismului
intermediar, ceea ce duce la defiedlinctionale ale intregului organism.

Excesul de cortizol la om deterraiafecte catabolice (hipotrofia musculaturii
proximale a membrelor, stibrea tegumentardragilitate vascularaosteoporog),
gluconeogeneticgi antiinsulinice (hiperglicemie, 8derea toleratei la glucoz
sau diabet zaharat secundar) de inhibare asupra eilibgraciunii periferice a
hormonului de crgere. Produce, de asemenea inhibarea éfibele gonadotropi,
psihoze maniaco-depresiyigmunosupresie.

Dermocorticoizii sunt larg utilizain tratamentele dermatologice datrit
propriettilor lor antiinflamatoarei antiproliferative. Efectele topice benefice sunt
bine cunoscute, dar efectele secundare logiakistemice de risc, cauzate prin
absorliia transcutaina acestora, sunt maitpuelucidate, ceea ce limiteaatilizarea
lor si constituie un argument pentru continuarea céritet.

Fluocinolon crera si unguent, respectiv Fluocinolon-acetonid N ciiegn
unguent, sunt larg utilizate Ttara noastradatori& agiunilor antiinflamatoare,
antipruritice si antialergice. Cu toateacnormalizeaZz procesul de keratinizare,
exist date experimentale care d@rati utilizat un timp mai indelungat, chiarin
cantititi minime, produce efecte secundare locale. Chiar prospectele cagesinso
medicamentele contraindiaitilizarea acestor produse la gravide saua tiaicsi se
utilizeaz, apare indicga s fie aplicate pe o suprafade mid@ intindere, in
cantitate nu prea masepe o durat limitata.

Din studiile noastre anterioare [8, 9], efectuateqi@lani tineri de varste
diferite, rezuli ci blocarea receptorilop-adrenergici cu Propranolol atenugaz
agiunile nocive ale excesului glucocorticoidic endogen asupra morfologiei axului
HHC, realizat prin tratamentul cu dermocorticoizi.

Cu toate & aaiunea permisi¥ a glucocorticoizilor in efectele endocrino-
metabolice diabetogene ale adrenalinei endogene este clarificaimai multe
puncte de vedere Igobolanul alb, se cungi@ foarte ptin in ceea ce prite
implicatiile activarii receptorilor -adrenergici de are adrenalina circulaitin
procesele endocrino-metabolice induse de excesul glucocorticoidic de origine éndogen
sau exogen

Pornind de la aceste consideregitde la observéle noastre recente [2-5, 7,
10, 11, 13, 14], confornmamra absortia transcutaia unor glucocorticoizi superpoten
halogené sau nehalogemiadetermiri apariia unor efecte sistemice secundare
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adverse, de risc, in lucrarea deifam investigat influeta blodrii receptorilor
B-adrenergici cu Propranolol asupra mecanismului darecendocrino-metabolic
a unguentului Fluocinolon-acetonid N.

Material si metode. Experienele au fost efectuate pmbolani Wistar
prepuberi (30 de zilegi puberi (60 de zile) care au fost tiatimp de 3 zile
consecutive cu unguentul Fluocinolon-acetonid N pe fondulabiaeceptorilor
B-adrenergici. Doza zilnicde 50 mg unguent/100 g g.c. a fost apligain ungerea
pielii in zona inguinal pe o suprafé de 1,5 crh Blocarea receptoril-adrenergici
s-a efectuat cu o sale farmaceutig de Propranolol, administéasubcutan in daz
zilnica de 50ug/100 g g.c., concomitent cu tratamentul fluocinolonic.

Animalele de experief au fost repartizate in utitoarele loturi:

lotul M;—animale prepubere netratate-martor;

lotul M, —animale pubere netratate-martor;

lotul FC—animale prepubere tratate cu Fluocinolon-acetonid N;

lotul FC—animale pubere tratate cu Fluocinolon-acetonid N;

lotul PR+FG—animale prepubere tratate cu Fluocinolon-acetonid N pe fondul
administrgii de Propranolol;

lotul PR+FG—animale pubere tratate cu Fluocinolon-acetonid N pe fondul
administrgii de Propranolol.

La 24 de ore dupsistarea tratamentului de mai susn urma unei inaii
de 16-18 ore, animalele au fost sacrificate prin decapitasesanguinare.

Fragmentele de hipotalamus, adenohigofizcorticosuprarendlprelevate
au fost prelucrate in vederea efé@dtustudiilor histologice. Evidetierea neuronilor
secretori din hipotalamus s-a efectuat cu metoda de colorare Kluver-Barerra [15],
celulele adenohipofizare au fost identificate cu metoda de colorare Hurgd u c
colab., redditin [15], corticosuprarenala a fost coldraii hematoxilii-eozirg [15].

Cantitatea de glucasanguia a fost determinatenzimatic cu God-Perid-
Glucose Kit. Colesterolul seric a fost dozat cu micrometoda fotocolorifhetiia
Zlatkissicolab. [16], cantitatea acizilor giidiberi (AGL) din serul sanguin a
fost determinat cu ajutorul metodei luiC hernicdgt Novak/[1], trigliceridele
totalesi lipidele totale serice au fost dozate cu Kit-Boehringer. Fosfataza dlealin
fost determindtcu ajutorul metodei luiBessey—L owry, rédat6]. Fosfataza
acici s-a determinat prin metoda B er g m ey e r, #€ad6]. Transaminazele au
fost determinate colorimetric [6].

Rezultate si discutii. Studiu structural al axului HHGExaminarea activitii
neurosecretorie a nucleului paraventricular (NPV) la lotylsiM, a relevat un
aspect normal al neuronilor atat Tn zona parvoceluwatsi in cea magnocelulara
Neuronii se afl in diferite faze ale activtii secretorii, granulele de neurosatze
fiind moderat &ispandite in pericarionul neuronal, precsirde-a lungul prelungirilor
neuronale (Fig. 1).
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La lotul FG si FC,, atat neuronii parvocelulari cét cei magnocelulari
apar modifica. Tn primul rand, se obseio wsoaricrestere a nurirului neuronilor
activi din zona parvocelukarAcsstia prezind o Thd@rcare mai puternica pericarionului
cu granule de seaie (Fig. 2).

F i g. 1.Nucleul paraventricular la lotul F i g. 2.Nucleul paraventricular la lotul
martor (x 400). tratat cu Fluocinolon-acetonid N (x 400).

La lotul PR+FG si PR+FG, NPV prezini un aspect apropiat lotului martor.
Neuronii secretori se &flin diferite faze ale activitii secretorii. Nurgirul neuronilor
activi este mai mare comparativ cu martorii, dar mai redus comparativ cu loturile
tratate cu Fluocinolon-acetonid N (Fig. 3).

Adenohipofiza la lotuM;si M, (Fig. 4) prezinti aspectul citoarhitectonic
normal caracteristic glandei, principalele tipuri celulare - respectiv celulele acidofile
sunt colorate in diferite nugsnde rgu-ciramiziu, celulele bazofile preziathuane
de albastru sau albastru-violaceu, celulele gama sunt de culoare albastru-azur, iar
celulele cromofobe sunt incolore. La animalele normale &xist raport specific
intre celulele adenohipofizare, constant intr-o ariufaifi a dezvolirii ontogenetice
sau in diferite faze ale acti&iti diurne sau sezoniere.
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F i g. 3.Nucleul paraventricular la lotul F i g. 4.Adenohipofiza la lotul martor (x 200).
tratat cu Fluocinolon-acetonid N pe fondul
administiirii de Propranolol (x 400).

Examenul histologic al adenohipofizei la loturile;KOFC, releva modificari
structurale atat ale celulelor acidofile Gétale celor bazofile, in compaia cu
loturile de control. Apare un ndimmare de celule bazofile balonizate, citoplasma lor
avand o structurspumoas, puternic vacuolizat caracteristig celulelor Crooke
(Fig. 5). Celulele acidofile, mai ales celulele somatotrope pgeznstructura
modifica, (rosu-caramiziu), fiind usor hipertrofiate.

Adenohipofiza la loturile PR+RCsi PRHC, prezint un aspect apropiat
loturilor martor, dispar celulele Crooke (Fig. 6), ceea ceiacatagentul-blocant
atenueax efectul excesului glucocorticoidic provocat prin administrare de dermo-
corticoizi. Cu toate acestea, se obSarwsoarabazofilie.

Corticosuprarenala la lotul Mi M, prezinti aspectul normal caracteristic
glandei (Fig. 7).

La loturile FG si FC,, suprarenala prezinto corticai mult redug in
compargie cu loturile martor. In zona glomeruiaapar celule hiperplazice, iar
zona fasciculat prezint o structuracompaci, mult mai accentuatcomparativ cu
loturile martor. Ea este mai ingash comparge cu martorul, sgéle intercelulare
lipsesc. Spongiocitele caracteristice acestei zone lipsesc (Fig. 8), ceea ce sugereaz
o inhibare complata procesului de sintg@a glucocorticoizilor.
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F i g. 5.Adenohipofiza la lotul tratat cu F i g. 6.Adenohipofiza la lotul tratat cu
Fluocinolon-acetonid N (x 200). Fluocinolon-acetonid N pe fondul adminis-
trarii de Propranolol(x 200).

La loturile PR+FG si PR+FG, suprarenalgrezint un aspect apropiat
de cel inregistrat la loturile martor. Tn zona fascicutatnt prezente spongiocitele
(Fig. 9).

Rezultatele studiului biochimi®ezultatele noastre, in consens cu cele din
literatura [2-5, 7-14], arat ca dermocorticoizii absorhi transcutan, Isgobolani,
produc un exces glucocorticoidic caracteristizistie diabet steroidic, manifestat
prin cregterea glicemiei, a lipemiei, respectiv a colesterolemiei. Aceste mardific
metabolice au la bazmodificari endocrine profunde datorate altéirfunctionarii
axului HHC.

Din analiza statistic a datelor obtnute la sobolanii Wistar masculi
prepuberisi puberi (Tabel 1) rezultca tratamentul topic cu dermocorticoidul
Fluocinolon-acetonid N deterrmiiro hiperglicemie semnificativatat lasobolanii
prepuberi catsi la cei puberi. Lasobolanii prepuberi (Fg glicemia crete cu
31,94%, la puberi (F§ cu 117,46 %. Blocarea receptorilfradrenergici cu
Propranolol atenueazsemnificativ efectul hiperglicemiant steroid-diabetogen al
tratamentului cu Fluocinolon-acetonid N, reducand considerabil nivelul glicemiei
cu 14,74 % la prepuberi, respectiv cu 19,71% la puberi.
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Fig. 7.Corticosuprarenala la lotul F i g. 8.Corticosuprarenala la lotul tratat
martor (x 200). cu Fluocinolon-acetonid N (x 200).

F i g. 9.Corticosuprarenala la lotul

tratat cu Fluocinolon-acetonid N pe

fondul administrdii de Propranolol
(x 200).
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Hiperglicemia indus de tratamentul topic cu Fluocinolon-acetonid N la
sobolanii albi este rezultanta hiperprodac hepatice de glucéz a intensifi@rii
gluconeogenezsai glicogenezei hepatice, a rezisiinmusculare f& de atiunea
insulinei [12-14].

Cresterea glicemiei refledto insulinorezistefa tisulara puterni@, indugi de
excesul glucocorticoidic de natuexoge#, efect ce este atenuat de tratamentul cu

Propranolol (Fig. 10).

Tabel 1
Glicemia la loturile martor si tratate
Loturi Glicemie
(mg%)
M, 72 +£2,10
FC, 95+2,04
a 31,94
PR+ FG 81+1,35
a 12,50%
b -14,74%*
M, 63 +2,10
FGC, 137 £ 2,37
a 117,46%*
PR+FG 110+ 1,09
a 74,60%*
C -19,71%*

a—Valori raportate la loturile martor.

b—Moadificari ale lotului PR+ FGraportate la lotul FC
c—Modificari ale lotului PR+ FGraportate la lotul F&
« Asteriscul reprezitvalori semnificative (P<0,001).

140 -
120 |
100 |

60 -
40 |
20 -

EFC
OPR+FC

0
prepuberi

puberi

F i g . 10Histograma modifigrii procentuale a glicemiei la loturile tratate fade martori.
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Analizand Tabelul 2i, respectiv, Fig. 11 se obseérgi tratamentul dermocor-
ticoidic determid o hipercolesterolemie semnificativLa prepuberi (Fg, creste
nivelul colesterolului seric cu 26,47 %, iar la puberi {FEu aproximativ 28%.
Administrarea Propranololului reduce considerabil concgiralesterolului sanguin,
cu 18,02 %si cu 17, 2 %, fa de loturile tratate cu Fluocinolon-acetonid N.

Tabel 2

Cantitatea colesterolului total seric, acizilor grasi liberi, trigliceridelor si
lipidelor totale serice la loturile martor si tratate

Loturi Indici metabolici
Colesterol AGL Trigliceride serice Lipide totale serice
mg/100 ml ser  pEq/l ser mM/lIser mg%
M, 136 £ 2,20 554 + 34,90 0,69 + 0,03 450 + 18,70
FC, 172+ 4,15 1233 £ 70,50 3,96 + 0,04 912 +41,30
a 26,47%** 122,56%** 473,91%** 102,66%**
PR+FG 141+2,30 805 + 31,50 1,82+£0,18 580 + 18,70
a 3,67% 45,31%** 163,77%** 28,89%**
b -18,02%** -34,71%** -54,04%** -36,40%**
M, 218 + 3,89 379 +£16,30 0,65+ 0,04 356 + 15,83
FC, 279 +8,19 801 + 15,20 2,20+0,13 562 + 19,75
a 27,98%** 111,87%** 276,78%** 57,86%**
PR+FG 231 +4,15 510+£12,80 1,12 + 20,10 405 £ 13,50
a 5,96% 34,56%** 72,30%** 13,76%*
c -17,20%** -36,48%** -49,09%** 27,93%**
a—Valori raportate la loturile martor.
b—Moadificari ale lotului PR+ F@raportate la lotul FC
c—Moadificari ale lotului PR+ FGraportate la lotul F&
*  Valori semnificative (P<0,05).
** Valori foarte semnificative (P<0,001).
500 -
450 - ]
400 -
350 -
300 4 mFC1
mPR+FC1
% 250 -
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200 1 OPR+FC2
150 -
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TRG L

F i g. 11 Histograma varigei procentuale a concenttiai serice de colesterol (C), acizi gra
liberi (AGL), trigliceride (TRGYi lipide totale (L) la loturile tratate f& de loturile martor
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Cresterea colesterolului seric este asac@t crgterea concenttei acizilor
grasi liberi (AGL), a trigliceridelor, precurgi a lipidelor totale serice (Tabel 2, Fig.11).
La prepuberi, AGL crge cu 122,56%, trigliceridele cu 473,91%, lipidele totale cu
102,66%. La puberi, AGL o= cu 111,87%, trigliceridele cu 276,78%, iar lipidele
totale cu 57,86% fa de martori. Sub efectul blagi receptorilorp-adrenergici cu
Propranolol se reduce semnificativ conceistrAGL, cu 34,71% la prepubeyii cu
36,48% la puberi f& de valorile okinute la loturile tratate cu Fluocinolon-acetonid N.

Simultan cu reducerea nivelului crescut al AGL sesarigaz semnificativ
concentrda sanguia a trigliceridelorsi a lipidelor totale. Sub @anea tratamentului
cu Propranolol, concentia trigliceridelor scade cu 54,04% cu 49,09%, iar a
lipidelor totale cu 36,40%i, respectiv, cu 27,93% tfade valorile okinute la loturile
supuse tratamentului cu Fluocinolon-acetonid N.

Nivelul crescut al AGL seric este un factor important de patena
insulinorezistetei perifericesi, in special, a mychiului striat, la nivelul gruia
consumul preferaial de AGL fga de glucoz intensifici gradul hiperglicemiei,
caracteristic diabetului noninsulinodependent [13].

Conform datelor din literatar3, 5,11], concomitent cu intensificarea degra-
darii rezervelor lipidicesi cresterea lipemiei, excesul glucocorticoidic provocat de
tratamentul fluocinolonic determniiro cratere a cantitii de lipide in timus.

Din rezultatele sinoptice (Tabel 3) reiegestb agunea tratamentului
fluocinolonic se intensifit degradarea proteinelor, obsgigasugerat de crgterea
activitatii transaminazelor serice, precuina fosfatazelor. La prepuberi ASAT
ALAT cresc cu 12,32%i, respectiv, cu 9,85 %. La puberi, activitatea acestor enzime
este mai puternic(Fig. 12), ceea ce expiigi modificarile structurale intense de la
acest lot. In timp ce la prepuberi doar la ASAT am inregistrat o0 modificare sem-
nificativa, la puberi am inregistrat o gtere semnificati¥ atat a activiiti ASAT
catsi a activiiti ALAT. ASAT creste cu 24,41 %, ALAT cu 94,10 %. De asemenea,
intensa activitate a acestor enzime exphic procesele de atrofiere observate la
suprarenale, timug splina [2-5,11, 12].

Tabel 3

Activitatea transaminazelor si fosfatazelor la loturile martor si tratate

Loturi Enzime (mU/ml ser)

ASAT ALAT Fosfataza acid Fosfataza alcalin
M, 284 + 10,60 19,18 £+1,91 33,74 +1,39 296 + 16,21
FC, 312,12 + 3,40 21,07 +1,26 65,72 +1,23 427 +11,50
a 12,32%* 9,85% 94,78%** 44 ,26%**
PR+FG 234,87 +7,34 15+1,09 36,24 +1,32 351+0,14
a -17,29%* -21,79% 7,40% 18,58%*
b -26,64%** -28,80%* -44,86%** -17,80%**
M, 172,09 + 11,50 15,75+ 0,83 47,14 £ 2,03 111 + 6,37
FC, 214,06 + 4,75 30,57 +1,53 78,50 + 1,65 235+5,45
a 24,41%* 94,10%* 66,53%** 111,72%**
PR+FG 195,33 + 9,47 18,55 + 2,50 45,06 + 2,08 105 + 3,70
a 13,16% 17,77% -4,41% -5,40%
c -8,72% -39,31%** -42,60%** -55,32%**
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* Valori semnificative (P<0,05).

** Valori foarte semnificative (P<0,001).

a—Valori raportate la loturile martor.

b—Modificiri ale lotului PR+ FGraportate la lotul FC
c— Modificari ale lotului PR+ FGraportate la lotul F&

Sub adunea tratamentului cu Propranolol (Tabel 3) se reduce hiper-
activitatea transaminazelor ASAT ALAT, ASAT cu 26, 64% la prepubesi cu
8,72% la puberi, ALAT cu 28,80 % la prepubgyirespectiv, cu 39,31% la puberi.

120
100 +

80 ~

mFC1
@8 PR+FC1
oFC2
B PR+FC2

%

N

o
Il

Pac Pal

-20 -

-40 -

F i g. 12 Histograma activiffii enzimelor ASAT, ALAT, fosfataza aci@Pac), fosfataza
alcaling(Pal) la loturile tratate fai de martori.

Paralel cu aceste modi#it am Tnregistrat la loturile tratate cu Fluocinolon-
acetonid N intensificarea acti#iii fosfatazelor. Fosfataza agidreste la prepuberi
cu 94,78%, la puberi cu 66,53 %. Fosfataza algalisste la prepuberi cu 44,26 %,
la puberi cu 111, 72%.

Intensificarea activitii fosfatazelor explig si fenomenele de degeneresgen
observate la celulele ST§l GTH [7], precumsi la celulele din zona fasciculaf4].
Atat n hipofiz cétsi Tn corticosuprarenalapar zone intense dedigi vacuolizare
a organitelor cu rol in elaborargieeliberarea granulelor de setiee

Sub efectul blawii receptorilor-adrenergici cu Propranolol, hiperactivitatea
fosfatazei acide serice indude Fluocinolon-acetonid N se reduce cu 44,86% la
prepuberisi cu 42,6% la puberi, iar a fosfatazei alcaline serice sgongaz cu
17,80% la prepubesi, respectiv, cu 55,32% la puberi,tfale valorile oinute la
loturile tratate cu Fluocinolon-acetonid N (Fig. 12).
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Concluzii. 1. Excesul glucocorticoidic indus experimental deteérmmodi-
ficari morfofiziologice ale axului HHC care interferéiagu activitatea receptorilor
B-adrenergici.

2. Propranololul reduce semnificativ modifide structuralesi metabolice
induse de Fluocinolon-acetonid N.

3. Pe fondul blogrii receptorilorB-adrenergici cu Propranolol kobolanii
masculi Wistar de 3@ 60 de zile, efectul hiperglicemiagithiperlipidic al tratamentului
epicutan cu Fluocinolon-acetonid N unguent se reduce stibstadependent de
varsta indivizilor.

4. Propranololul reduce hiperactivitatea transaminazelor, fosfatazelor alkgalin
acidi din serul sanguin, cauzatle absorta transcutai a unguentului Fluocinolon-
acetonid N.

5. Activarea receptorilof-adrenergici de atre adrenalina circulaimteste un
factor permisiv de poteare in agiunile sistemice adverse diabetogghendocrino-
metabolice de risc cauzate de tratamentul cu Fluocinolon-acetonid N.
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NEFROTOXICITATEA NUROFENULUI SURPRIN& LA NIVEL
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SUMMARY. — Nephrotoxicity of Nurofen as Assessed at Structural and
Ultrastructural Levels in White Wistar Rats. Nurofen, an antiinflammatory

drug widely used in the therapy of many diseases in humans, has a lot of side
effects which, often, are so grave that the health of the treated person can be
seriously disturbed. Unfortunately, these side effects are not completely known.
Our investigations demonstrated that Nurofen, administered in a dose of 250
mg/kg body weight for 35 days, has a significant nephrotoxicity, which could be
clearly noticed after 10 days of treatment and which got worse constantly and
progressively during the whole experimantal period. All the histopathological
and ultrastructural alterations induced by this drug had not an irreversible
character, a natural recovery phenomenon of the kidney being possible after the
end of the treatment.

By light microscopy studies, we could distinguish many histological modi-
fications: an obvious glomerular stasis which affected wide areas and which was
correlated with a swelling of the mesangial structures, the appearance of many
lobulated glomerules in which we notice the presence of a rich PAS+ material
placed at the level of the mesangium and Bowman space, a zonal interstitial
nephritis. Besides, a few of altered glomerules were affected by caryopycnosis,
atrophy and sclerosis processes. Zonally, both in cortex and medulla, an obvious
disseminated intravascular coagulation phenomenon could be observed.

Ultrastructurally, we could observe that the modifications induced by the
treatment with Nurofen affected especially the cells at the level of proximal
convoluted tubule. Thus, most nuclei of these nephrocytes had an abnormal
shape and appeared pycnotic, retracted, hyperchromatic, with a peculiar disposi-
tion of the chromatin. The cytoplasm was seriously altered, more exactly it was
intensely vacuolised, having wide lysis areas which were disposed apically.
Among the cellular organelles the most sensitive in this treatment seemed to be
the lysosomes - which were identified in an increased number, and the mito-
chondria — which, in most cases, became spherical, being swollen and greatly
alterated, vacuolised, having a matrix and cristae seriously disturbed. Zonally, the
nephrocytes had an obvious tendency to get a cuboidal or even squamous, flat
shape, simultaneously losing their brush border or getting some polymorphous,
swollen and seriously vacuolised microvill. As a consequence of these grave
alterations, in a few areas the apical pole of the nephrocytes appeared completely
destroyed, the cytoplasm, nucleus and organelles being eliminated inside the
lumina of the proximal convoluted tubule.
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N Romania. E-mail: cpasca@biolog.ubbcluj.ro
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Nurofenul (lbuprofenul, Padudenul, Brufenul, Motrinul, Rufenul) este un
medicament antiinflamator nesteroidian care tapaclasei derivdlor acidului propionic.
Substara activi a acestui produs medicamentos este ibuprofenul (acidul izobutilfenil-
propionic), care a fost sintetizat in anul 1969 aeeccercettorii companiei ,Boots"
din Anglia [7].

Initial, Nurofenul a fost sintetizat ca rezultat al unei neggs#fringente
generate de multiplele probleme asociate tratamentului cu corticosteroizi, tratament
indicat in cazul artritei reumatismae pentru evitarea iritgei gastro-intestinalsi
intolerabilititii generale tipice medicamentelor antiinflamatoare existente p& lgia
momentul respectiv. Ddpohtinerea lui, acest medicament a fost rapid accegptat
asimilat pe piga farmaceutit internaionak, deoarece, spre deosebire de produsele
medicamentoase omoloage, efectul &#rapeutic s-a dovedit a fi mult mai putersiic
n plus, este asociat cu réaadverse mai moderate. #ea astfel posibilitatea Tnlocuirii
eficiente a aspirinei cu un produs cu o valoare teragesititlari, dar fira dezavantajele
majore ale acesteia [7].

Nurofenul este un produs medicamentos ciwre rapid si eficient impotriva:
durerilor de cap, migrenelor, durerilor dentare, durerilor menstruale, nevralgiilor, durerilor
reumatice, durerilor de spate, durerilor musculare, primelor simptonieedd sau grig,
starilor febrile, vasospasmelor post-hemoragie subarahnaidizvrismal, osteoartritelor,
periartritelor, artrozelor, spondilitei anchilopoietice, spondilozelor, bolilor acute musculo-
scheletice (bursite, tendinite, tenosinovite, epicondilite, fibrozite, miozite), bolii Alzheimer,
fibrozei cistice [3, 4, 19, 21, 23, 25, 27, 29, 30]. Mai recent, el este folosiprevenirea
cancerului de colon [14].

Din pacate, potrivit datelor din literatér cu toate progresele inregistrate in
domeniul terapiei cu produse medicamentoase antiinflamatoare (fie ele steroidiene sau
nesteroidiene), administrarea lor in doze terapeutice estdrisgita de multiplesi
semnificative insuccese datorate efectelor secundare exercitate asupra organismului
gazdi, efecte materializate in ap@ai unor leziuni reversibile sau chiar ireversibile la
nivelul unor organe vitale, care pot compromiteitatea individului supus tratamentului.
Aceste considerente exgliinteresul deosebit manifestat la ora adétymd plan mondial
pentru cercetarea vast reagdilor adverse ale terapiei cu medicamente antiinflamatoare cu
un spectru terapeutic extrem de lairdiversificat.

Material si metoda. Cercelrile s-au efectuat pgobolani albi Wistar, adtil
masculi, cu o greutate medie de 190 grame. Animalele de experig@au fost intrénute
in condiii optime de laborator, asigurandu-li-se ingrijirgdrana corespumaresi
apa ad libitum S-a lucrat pe 8 loturi constituite din cate 8 indivizi:

-loturile martor M-M 4~ constituite dirgobolani dnatosi, netraté cu medicament;

-loturile Ty, T, si T3- constituite dingobolani s#atosi, tratai zilnic cu o doz
terapeutié de 250 mg Nurofen / kg corp, adminisirger os prin gavaj, in trei prize (una
fnainte de massi doud dup mas3; sobolanii au fost sacrifigadupa 10, 20, respectiv,
35 de zile de tratament, pentru realizarea unor invesstraicturalesi ultrastructurale;

-lotul T4 — constituit dingobolani traté similar loturilor T;-Ts, doar @ dupa
cele 35 de zile de tratament a urmat o pefiaed10 zile in care nu li s-a mai administrat
nici un medicament, asigurandu-li-se doar o fintegesi 0 hranire corespunitoare.
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Sacrificarea animalelor s-aciit diminega, la 16 ore de inaie, duf o anestezie
profundi cu eter etilic, prin decapitagé exsangvinizare. Imediat dagacrificare s-au
recoltat fragmente de rinichi, care au fost imediat prelucrate conform tehnicilor uzuale,
astfel incéat sdie posibik realizarea in congi optime a investiggilor de microscopie
optica si electronia [5, 16, 22, 24].

Rezultatesi discutii. Investigaiile structuralesi ultrastructurale intreprinse de
noi au condus la concluzia dlurofenul, Tn condiile experimentului nostru, exergio
aaiune toxi@a destul de pregnantsupra rinichiulusobolanului alb Wistar, concentéat
preponderent asupra componentei celulare renale, dar, intr-o riainisies, si asupra
celei vasculare. Modifirile induse de acest antiinflamator nesteroidian sunt deja clar
decelabile dupprimele 10 zile de tratament, dupare se accentuesain mod progresiv,
constant, atingand un maximum de amploare la finele celor 35 de zile de tratament.
Insa, trebuie subliniat £ aspectele alterativg degenerative evidgiate atat la nivel
structural casgi ultrastructural au extindere limitatzonal, nu interesedizrinichiul Tn
intregul 4u si nu imbrad aspecte ireversibileadand posibil desfisurarea unor procese
naturale de refacere in timp a organului Th adgifedintreruperii administrii Nurofenului
chiarsi Tn absera unei medicid adjuvante protectoare sau regeneratoare la nivel renal.

Modificari structurale induse de Nurofen la nivelul rinichiului

Faa de lotul martor, cu un aspect histologic renal normal, la latdkacrificat
dupa doar 10 zile de tratament), s-au putut observa la microscopul optic o serie de
modificari care afecteazpreponderent structurile corticalgi mai puin pe cele ale
medularei renale. Unii dintre corpusculii renali se remamntr-o staz sanguii
glomerula#l asociat cu prezeta catorva celule inflamatorii in ansele capilare, precum
si cu un edem mesangigil apartia de structuri proteice la nivelul gpdui capsular
Bowman (Fig. 1). Semnificativ afe¢iae dovedesc a fi nu doar glomerulii,sctubii
uriniferi, mai ales n poiunea lor contoit proximakh, ale @ror celule prezirit semne
evidente de distrofie granulo-vacudlatara, care in unii tubi este asodatu o tubulo-
nefrozi cu edensi tumefierea celulelosi chiar cu procese de citclizle intensitate
variabili, care concur zonal la detgarea urmdi de deversarea in lumenul tubului a
celulelor epiteliului tubular. Toate aceste procese distructive corauaparia n
interiorul unor tubi a unui Tnsemnat material granular proteic (Fig. 2). In meagdular
modificarile sunt mult mai discrete, mai evidéfiiind o staz urinai moderai zonal.

Daci la lotul T; modificarile histopatologice aveau o disptieizonai, la lotul
T, — sacrificat dup 20 de zile de tratament cu Nurofen, se Tnregisireagxtinderesi
totodat 0 amplificare a acestora, mai exact apare o etier@anesangialaccentudi,

0 staz glomerulali generalizat corelali si cu o staz intersttiala, care concur la
conferirea unui aspect lobulat al majatiit corpusculilor renali (Fig. 3). Staza este
asocial cu semne clare de coagulare intravasguiseminat (Fig. 4), vizibik si Tn
vasele mici ale medularei renale (Fig. 5).

Edemul mesangial este confirngatle reaga PAS care, in plus, evidéw si 0
ingrasare a membranei bazale glomerulare, mai alege f@irietale a capsulei Bowman.
Integritatea marginii in perie, care dupO zile de tratament nuirea a fi afectat la
acest lot apare serios altérdh numerei tubi ea fiind complet distruszonal. In plus,

Tn anumite regiuni, se constatpariia de infiltrate inflamatorii abundente.
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Fig. 1.Staz glomerulae si edem mesangial F i g. 2.Tubulonefroz cu edemgereasi tumefierea
discret; staz si prezema catorva formauni celulelor epiteliale ale tubilor uriniferi; citolizzonad:
proteice Th spéul capsular Bowmagx 1280). si prezema de structuri proteice Tn lumenul tubilor (x 1280).

F i g. 3.Material proteic abundent in lumenul Fig. 4.Staz sangui@ si fenomene de coagulare
tubilor uriniferi (x 1280). intravasculaii diseminai Tn ansele glomerulare ale nefronului (x 1280).
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Dupa 35 de zile de tratament (lotuk)] agiunea nefrotoxid a Nurofenului
pare a fi mult accentugtfapt demonstrat de gterea ca amploaggextindere a aspectelor
histopatologice Tnregistrate la lotul sacrificat anterior. Astfel, corpusculii renali cu
aspect lobulat cresc sub raport numgiritn plus, se constati unii corpusculi prezirito
marcani atrofie de compresiung fenomene de cariopicndzajungandu-se chiar la
sclerozarea zonala unor glomeruli renali cu deformarea conturuluisiodobéndirea
unui aspect vestigial (Fig. 6). Totodase constatfenomene scleroticg la nivelul
arteriolei aferentei o nefrita interstiiala limfohistiocitai Tn focar.

Fig. 5.Coagulare intravascular diseminat  F i g. 6.Material PAS+ prezent la nivelul mesangiului
n vasele mici din medulara re@alx 1280). unor glomeruli atroffa cu aspect vestigial; margine in
perie semnificativ alterat(x 1280).

Tubii uriniferi, preponderent cei din cortidalcontind sa prezinte o serie de
aspecte histopatologice tipice tubulonefrozei de tip fibrinoid (Fig. 7), distrofiei gragulare
chiar necroarii punctiforme a nefrocitelor. In lumenul unor tubi uriniferi se reraarc
apartia unui material hialin ce incorpotezelulele epiteliului tubular, degate de pe
membrana bazal

La lotul Ty, la care dup cele 35 de zile de tratament cu Nurofen a urmat o
perioad de 10 zile ra tratament, se consiai refacere semnificativa structurii rinichiului.
Mai exact, staza sangdinlin ansele glomerulare scade, lasietddemul mesangial; nu
se mai inregistrézfenomene de coagulare intravasculdiseminai nici in cortical si
nici Tn medula, nurrirul de corpusculi renali cu material proteic extravazat ifitdpa
capsular Bowman scade, la f¢lcantitatea acestui material. Epiteliul tubilor uriniferi
este in buiparte refcutsi doar zonal prezidtsemne ale unei distrofii granulare, in timp ce
staza urindrsi nefrita interstiiala limfohistiocita& dispar. In ansmblu, aspectul histologic
se apropie de cel al lotului martor.
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Modificari ultrastructurale induse de Nurofen la nivelul rinichiului

Rezultatele studiilor electrono-microscopice contau aspectele histopatologice
inregistrate prin investigia de microscopie optic S-a putut constatai,cin condiiile
experimentului nostru, Nurofenul exeiciin efect toxic renal moderat, concretizat atat
in alterarea componentelor aparatului de ultrafiltrare gloméyualarsi a tubilor uriniferi,
in principal in paiunea lor contoit proximak, care, dup cum sestie, sunt profund
implicati in procesele de reabgertubulai. Modificérile ultrastructurale sunt deja decelabile
dupi doar 10 zile de tratament, dupare se accentugagrogresiv in urritoarele 25 de
zile de administrare a medicamentului.

Actiunea nefrotoxig a acestui antiinflamator nesteroidian paringareseze in
principal componenta celukasi mai discret pe cea vascularenah. Toate aceste
modificari le raportim la lotul martor la care am constatat un aspect histologic normal
al tuturor componentelor nefronului (corpusculul resn&libul urinifer).

La nivelul corpusculilor renali, acest medicament induce o hipertrofiere sem-
nificativa consecutiet, pe de o parte, stazei sanguine din ansele capilare glomaiulare
pe de aft parte, edemgerii mesangiale (Fig. 8). Cele mai drastice modiifialtrastructurale
au fost semnalate la nivelul nefrocitelor tubilor cotitproximali, modificiri care
intereseaz majoritatea componentelor celulare: nucleul, citoplasma, anumite organite
celulare, precurgi membrana celular

Fig. 7.Usoara staz in ansele glomerulare, edem F i g. 8.Staz vasculat: la nivelul corticalei

mesangial moderat cu septarea glomerulyglui renalesi mitocondrii polimorfe, cu
tubulonefroz de tip fibrinoid in unii tubi uriniferi matricei criste rarefiate(x 6720).
(x 12600).
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Astfel, sensibilitatea nucleului s-a materializat intr-o tefiditad de deformare a
sa, el dobandind un contur neregulat (Fig. 9-11), avand o cranaimdensat si
dispusaanormal, in timp ce sgal nuclear intermembranar apare edgatgFig. 12).
Unii nuclei devin hipercromji manifest o tendina clai de picnozare (Fig. 10).

Fig. 9.Nucleu cu contur neregulat, gterea F i g. 10.Nucleu hipercrom cu tendinta de
numirului de lizosomji vezicularea reticulului picnozagiespaju intermembranar
endoplasmic din unele nefrocite (x 12600). nuclear edatr(#z12600).

Citoplasma nefrocitelor mai drastic afectate apare intens vacéalatatriti in
principal vezicudrii reticulului endoplasmatic rugos (Fig. 9, 12, $3)n plus, se remaific
apartia unor mari zone de Bzintracelulai dispuse cu predil¢gie apical (Fig. 14). Tot
in citoplasma apicala nefrocitelor din numesgo tubi proximali apar conceriri de
lipide.

Dintre organitele celulare sensibile latiaoea Nurofenului @turi de RER
despre care am amintit Tn cele de mai sus, s-a congtatatrestere a nurirului de
lizosomi (Fig. 9)si o modificare a structurii mitocondriilor care devin sferice, iar n
unele nefrocite se balonizagauternicsi prezint o matricesi criste rarefiate, dezorganizate,
manifestand o tendif clard de vacuolizare (Fig.11, 15).

Membrana celuldrnu scap nici ea agunii toxice a tratamentului cu Nurofen,
in sensul & se constat instalarea unor procese degenerative diferite ca amploare,
gravitatesi extindere, pornindu-se de la o dilatare agieamicrovililor, care dobandesc un
aspect polimorf pe fondul unei vacudlizcitoplasmatice (Fig. 12, 16) evoluand péila
distrugerea péela sau chiar totdla marginii in perie, corelatu aplatizarea nefrocitelor,
cu distrugerea polului lor apical, cu migrarea nuclegiloiganitelor celulare dinspre polul
bazal étre cel apical, urmatde deversarea constittiar celulari in lumenul tubilor, unde
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materialul deversat se acumul&arogresiwi se organizedizsub forma unor conglomerate
care obturedizlumenul tubular, perturband astfel tranzitul urinar (Fig. 17). Se rémarc
modificari nu doar Tn zona apicalci si Tn cea bazala unor nefrocite, Th sensui ¢
pliurile parabazale, in care suntipdstite mitocondriile apar dilatate, edeiate.

F i g. 11.Mitocondrii balonizate, polimorfe, cu F i g. 12.Microvili ai bordurii Tn perie balonizay
matriceayi cristele rarefiatesi nucleu cu contur Cu vacuadid si cu un aspect polimorf, vezicularea
neregulat (x 12600). reticulului endoplasmiiedemaierea spaiului inter-
membranar nuclear (x 12600).

La ora actual este cunoscutig in general, medicamentele antiinflamatoare
nonsteroidice sunt potial nefrotoxice. Avand capacitatea de a inhiba ciclooxigenazele, ele
blocheai sinteza prostaglandinelgiria nivel renal. Toate antiinflamatoarele nesteroidiene
pot produce insuficiga renah acut, in principal la organismele cu conceritraerice
crescute de angiotensil, noradrenalia, ADH, prin inhibiia sintezei de prostaglandine
vasodilatatoare (PGEPGD;,, PGI2). Astfel de situ# se ntalnesc in insuficiem cardiag
congestid, ciroza hepatit cu ascii, depleia volemic indusaprin diuretice, restrita
sodia, sindromul nefrotic. Sunt predispuse la insufigieenal si organismele in varst
cu boli reno-vasculare, lupus eritematos disemina, [G.0f.

Nurofenul se elimia complet din organism pe parcursul a aproximativ 24 ore
de la administrare. Eliminarea se face in pringggatale renal (54-64%), dintre care
10-20% sub form& nemodifiéagi 44% sub forma unor metabplglucuronici conjuga.
Restul de 36-46% de medicament care adipat filtrului de epurare renal sunt
excretate prin fecale (B)l Doar o mié parte a medicamentului se elifhidin organism
sub forna netransformat [9].
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Fig. 13.Vacuolizarea citoplasmei nefrocitelor, nucléti g. 14.Zone extinse de diantracitoplasmatia
cu contur neregular, cu hipercromatozorticali i la nivelul unor nefrocite (x 6930).
cu edemaerea spaiului intermembranar nuclear

(x 16800).

F i g. 15.Mitocondrii sferice, balonizate, cu  F i g. 16.Dezorganizarea bordurii in perie a
matriceasi cristele rarefiatesi tendinsa spre nefrocitelor, microvili balonidacu vacuolizri
vacuolizaréx 8400). si cu un aspect polimorf (x 16800).
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Din cele merionate anterior deducem ca
biotransformareai, implicit, activarea Nurofenului
este corelatd cu activitatea hepatiar excrga lui
ca atare sau sub forma conijtipet glucuronici
este strict dependente fungia renak [9]. Modi-
ficand farmacocinetica acestui produs medica-
mentossi/sau a principiilor sale active se poate,
pe de o parte, altera eficacitatea sa terapegitic
pe de alf parte, se pot exacerba efectele sale
secundare [6]. Astfel, s-a constatatateciunile
hepatice, precunyi cele renale (in principal fi-
broza cistid@) pot conduce la pertuih importante
ale farmacocineticii Nurofenului [9].

Se pare £ bolile renale influeteaz puter-
nic excreia si, implicit, aaiunea Nurofenului, de
un mare interes fiind deterndirle clearance-ului
glomerular (cu insulif, creatir si tiosulfat), care
pot semnala existemsi gradul unei posibile al-
terdri functionale renale. Totodattrebuie avut in
F i g. 17.Balonizarea ¢j alterarea ultrastruc- VEderesi faptul i proteinele plasmatice in condi-
turiimitocondrillor, distrugerea marginii 1 tiil normale nu traverseaza bariera ultrafiltiagko-
perie, dezorganizarea polului apical al nefromerulai si, prin urmare, prin urifva fi eliminat
citelor urmat¥s de deversarea constitu@3i qoar fragiunea libeli, nelegat a medicamentului.
celulari in lumenul tubului urinifer (x 4630). Astfel, s-a constatatida persoanele cu afgeni
renale preexistente adeseori pot surveni ischemii renale pe fondulriingiltezei de
prostaglandine, cunoscut fiind faptul acestea jodicun rol esetial in meninerea
homeostaziei prin echilibrarea bafeinvasoconstrige-vasodilatde ih organism [11,
20]. Rareori se poate instala chjaoliguria [32].

Nurofenul agoneaz ca un inhibitor preferaial al ciclooxigenazei 1, ceea ce
explici apariia unor reatii adverse renale mai go drastice decéat in cazul produselor
medicamentoase inhibitoare ale ciclooxigenazei 2 (de exemplu etodolacul). Rezultatele
ohtinute n cazul unor studii experimentale de laborator coroborate cu ¢iletebin
clinica au afitat & Nurofenul nu afectedazoarte puternic hemodinamica refjaxcreia
net de electroli sau de albumih Acest medicament nu modifimivelul arginin-
vasopresinei, Tnsgonduce la o reducere a concetigigplasmatice a reninei, ceea ce
sugereax ci ciclooxigenaza 1 este impliéiain eliberarea reninei. In plus, s-a constatat
cd Nurofenul scade exdia de litiu prin crgterea reabsotlei sale tubulargi perturti
semnificativ recuperarea sodiulliapei la nivelul tubilor proximali. El poate determigia
o hiperkaliemie. De asemenea, Nurofenul reduce gxale a-glutation- S-transferaz
enzimi implicati in formarea complexelor cu glutationul — un tripeptid cu cisteiezent
in majoritatea celulelor mamiferelgircare contribuie la de&furarea mecanismelor de
protecie fatd de efectul toxic exercitat de radicalii liberi ai oxigenului [11, 27, 28].

In cerceirile lor, Mannsi colab. [18] au constata mefrotoxicitatea Nurofenului
este dependentle doza administriaki de varsta organismului supus tratamentului, cei
mai sensibili fiind copiiisi varstnicii, la care pot sépa# destul de frecvent atat alier
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functionale, catsi structurale renale acute, cu un caracter tranzitoriu, de tipul nefritei
intersttiale acute, necrozei papilare, sindromului nefrotic, insufieierenale cronice
corelate cu perturbarea proceselor de filtrare asapégctroltilor si cu apatiia edemelor.
Durata tratamentului cu Nurofen pare gifea strans corelatcu gradul de toxicitate
renak exercital de acest medicament. Astfel, tratamentele cesdsp&-4 satdmani
conduc la o diminuare semnificatia activititi ATP-azelor Na- si K™-dependente de

la nivelul corticalei renale, la o atere a cotinutului fosfolipidic din aceeg zom,
precumsi la o crgtere a gredtii rinichilor, toate acestea corelandu-se cu sporirea
marcant a creatinei ureei serice [12, 18, 31].

Aspectele structuralg ultrastructurale semnalate in cadrul invesiiga noastre
sunt in deplidi concordari cu datele din literatér Ele refleci clar g Nurofenul,
administrat zilnic, Tn doze terapeutice, timp de 35 de zile (parimadoarte indelungat
pentru un tratament cu o medieaantiinflamatoare), exerdito aciune nefrotoxié
moderai. Aceasta este decelabiatat microscopo-optic cdt electronomicroscopic
nca dupa primele 10 zile de tratamegitse accentuedzrogresiv pe intreaga duiate
administrare a medicamentului. Din fericire, procesele alterstidegenerative, ge
semnificative, nu ating nici o amploage nici o extindere care saiba un caracter
ireversibil, permi@énd desfsurarea pe parcursul a 10 zile, ddpcetarea tratamentului cu
Nurofen, a unor fenomene regenerative naturale in @beddirei medicdii protectoare
si/sau regeneratoare renale.

Asa cum deja am m@onat in cele de mai sus, modffite histopatologicei
ultrastructurale inregistrate in cadrul experimentului nostru cahcordele semnalate in
literatuli de détre diferti cerceditori care au abordat tangeh sau direct nefrotoxicitatea
antiinflamatoarelor nesteroidiene. dnsinele aspecte renale semnalate de noi au caracter
de element de noutate, nefiind #site Tn materialul bibliografic destul de bogat consultat
de noi.

Potrivit rezultatelor noastre, Nurofenul afectegrofund atataparatul de
ultrafiltrare glomerulag: (unde se constainstalarea: stazei sanguine, cotetat fenomene
de coagulare intravasculatiseminat, in ansele capilare glomerulare, sclérbarteriolei
aferente, Tngrgrii membranei bazale a felor capsulei Bowmasi edemaerii mesangiale
intra- si extraglomerulare), dagi tubii uriniferi (preponderent in pgunea lor contokt
proximak), materializat in dezorganizarea structurale intensitate difetita nefrocitelor
din epiteliul tubular (alterarea péfa picnozare a nucleului, vacuolizarea citoplasmatic
preponderent apical, apgai zonak a unor bogate depozite lipidice intracitoplasmatice,
cresterea nuriirului de lizosomi, balonizarea mitocondriilor cu rarefierea matgcei
cristelor, dilatarea apicala microvililor si chiar distrugerea paala sau chiar totéla
bordurii Tn perie cu deversarea constitilen celulari Tn lumenul tubului urinifer pe
care 1l obtureag dilatarea pliurilor parabazale ale nefrocitelor c&padtesc mitocondrii
cu o structut profund alterdt). Toate aceste procese alteragivdegenerative au impligia
profunde asupra proceselor de reabgetobulai, care, in mod fiziologic, sunt extrem
de intense in tubii cont@proximali si eseniale in formarea urinii.

Conform datelor din literatdr intre cauzele distrofiilor renale se enuiner
serie de gii toxice, cauzate de substarcu cale de eliminare predominant rénaa
cum estai cazul Nurofenului. S-a constatét i fungie de capacitatea de selectivitate
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a absorbei toxicului, nefronul va fi afectat in mod diferit. Dintre aceste sulgstan
enumedm: nitritii, sarurile de mercur sau uraniu, cantarina, iodurile, alcaloizii, unele
pesticide etc. Acestea pot produce hipergnaihiar hemoragii glomerulare. De asemenea,
se pot induce distrofii granulo-gragenecroze tubulare in cazul intoxiikor cu sauri

de crom sau mercur. In generaltiacea toxicelor este generatoare de distrgifii
necrobioze sau necroze tubulare [2].

Aspectul distrofiei granulo-grase (semnakifi@ cadrul experimentului nostru) se
materializeaz n prezera de piéturi lipidice sau a unei citoplasme granulare. n cazul
in care sunt extrem de numeroaseatpitdle lipidice pot sistrabat polul apical al
nefrocituluisi sa constituie Tn cele din urinla nivelul lumenului, nite cilindri adipgi
(acstia nu au fost obsertiape sedunile renale investigate de noi). aagiunea
nefrotoxia este brutal si/sau persistedt leziunile devin ireversibile apand necrobiozai
necrozarea ulteriodm unor extinse supratede epiteliu tubular [2, 15].

Se pare &tratamentul cu Nurofen induce o dismetabolie de tip glico-protidic,
mai exact hialinoza. Localizarea materialului hialin este de obicei la nivelul nefrocitelor
sub forma unor granule sferice,tial bazofile, apoi, pe #sufi ce evoluea®, ele devin
oxifile si pot dobandi dimensiuni de ordinul catorva micromefrigranulele hialine
pot evada prin polul apical contribuind la constituirea unor cilindri hialini [ Gum
s-a constatadi Tn cazul medicgei cu Nurofen).

Afectarea aparatului de ultrafiltrare glomerdlamtensifica apariia la nivelul
tubilor uriniferi a cilindrilor fibrinoizi de natur proteic. Proteinuria masiv astfel
instalati se Tnceaft a fi contracardt la nivelul tubilor contai proximali printr-o
intensificare a reabsatibi de proteine. Astfel se expliexistena a numeroase vacuole
apicale, imediat sub bordura de microvili a celulelor epiteliului tubular, cunoscut fiind
faptul cG proteinele ce resg@sc satread prin baried filtrantd glomerula# si ajunse n
urina prima# ulterior gitrund Tn ngte cripte localizate printre baza microvililor,
formand la acest nivel invagin tubulare apicale cu aspect veziculos, care apoi
pitrund din ce Tn ce mai profund in citoplasma celulelor epiteknlfuzioneas,
formand vacuole mai mari ca dimensiuni. Apoi, Tn mod normal, vacuolele fuzioneaz
cu lizosomiisi sub agiunuea enzimelor acestora proteinelettorie vor fi degradate
pari la stadiul de aminoacizi, sub care fararmeai a fi trecute In lumenul capilarelor
peritubulare [17]. Din frate, in condile tratamentului cu Nurofen se paré groteinuria
seved care apare ca urmare a perurlultrafiltr arii glomerulare nu poate fi saionag
printr-o simph intensificare a reabsaibi proteinelor in zona proximala tubilor
uriniferi, desi aspectul ultrastructural al polului apical al celulelor epiteliale reflent
efort intens dedkurat in aceastdireaie, Intrucét la acelgacelule, se poate observa
apartia unor modifiéri la nivelul polului bazal, materializate intr-o dilatare a pliurilor
parabazale concomitent cu balonizaggalezorganizarea mitocondriilor ubstite.
Aceasta sugereainducerea unei staze intracelulare prin perturbarea circuitului normal
catre capilarele peritubulare al proteinelor care au fost recuperate din urinaaprimar

Patologia nefronului inddgrin tratamentul cu Nurofen este posibifie corelat
cu o nefriti interstiiala limfohistiocita@ tranzitorie clar decelaliilprin investigdgile de
microscopie optit intreprinse Tn cadrul experimentului nostru. Aceasffriti afecteaz
nefronul Tn mod indirecti induce declagarea unor procese de atrofiere, de distrgfie
chiar de necrazzonale.
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Procesele de necrbzpiteliak tubulai constatate in cadrul experimentului
nostru afectedz cu preponderaa tubii contoti proximali din corticala renal si
cuprind un nuriir moderat de tubi. Acolo unde se degkam®, ele evolueazprogresiv,
cu apatiia la un moment dat a fenomenelor de #tadnali si obturarea lumenului
tubilor cu trombi hialini rezultén urma proceselor de necioepiteliak, care tind sa
ocupe intreg lumenul. In zona meddlase nregistredzinstalarea unei staze urinare
avansate la nivelul ppunii drepte a tubilor distali, cu compresiaatrofia epiteliului
tubular, procese care au o dispunere in focar. in plus, pot fi semnalate fenomene
evidente de coagulare intravascildiseminai.

Alaturi de componenta celufarenak (care se dovedte a fi cea mai sensibil
la agiunea acestui antiinflamator), o sensibilitate modesat remarz si la nivelul
componentei vasculare, atat in zona coiticefitsi in meduladi, sensibilitate care se
concretizeaz Tn instalarea unor tulbin de flux sanguin de tipul stazgi congestiei
capilare, precungi a unor fenomene de coagulare intravasdutiseminai. Acestea
au un caracter generalizat, fiind sesizate atat la nivelul glomerulului renal, laat
nivelul reelei capilare care irigtubul urinifer. Conform datelor din literatircoagularea
intravasculat diseminai este un proces patologic destul de complex care implic
participarea sistemului de coagulare sanguformarea de trombi Th multe vase mici,

Ccu instalarea unor altet ischemice consecutive Th diferite organe. Prgzenrdoanelor

de fibrina in vasele sanguine mici cauzaaleformaregi lezarea hematiilor la trecerea

lor prin rgeaua de fibriéa intravasculat si, astfel, la organismele cu fenomene de
coagulare intravascukadiseminai, apare, implicitsi 0 anemie hemolitic corelat cu
prezena unor eritrocite anormale sub aspect morfologic — mai exact apare ceea ca se
numeste anemie hemoliticmicro-angiopatig [8, 33].

De altfel, cercetile intreprinse deatre StobbgiHuge[26iGloviczKki
si colab. [13] au aitat & acest medicament, ca de altfel intreaga familie de produse
farmaceutice dreia ii apatine, administrat in doze mari, induce leziuni structurale
hematopoietice concentrate in principal asupra celulelor stem, ele avand un caracter
ireversibil si prognoze nefavorabile. Hematotoxicitatea ibuprofenului din Nurofen se
manifesi Th principal printr-o sidere a nurirului de trombocite, slere coreldtcu o
crestere a timpului de s&ngerase coagularesi cu apariia destul de frecvelitpe
parcursul tratamentului a echimozelor tranzitorii. Ibuprofenul din Nurofen inéagn
sintezasi activitatea trombocitelor prin ganea sa asupra metabolismului acidului
arahidonic (inhib ciclooxigenazasi blochea tromboxan-sintetaza). Tratamentul cu
Nurofen inhifa activarea trombocitelor (adezivitatea, agregarea, disponibilitatea factorului
3 plachetar, eliberarea factorului 4 plachstgi-tromboglobulinei)si tinde saprevira
formarea trombului Tn contact cu suptafe stéine organismulugi, in condiii patologice,
la nivelul vaselor sanguine. Efectul trombocitopenic al medicamentului, asociat cu
iritatia gastrointestinél poate determina hemoragii digestive destul de severe uneori,
ca urmare a pertuiidi proceselor hemostazei. In asociere cu cathtihari de alcool
sau cu anticoagulantele orafieheparina, riscul de séngerare steein mod deosebit
[10]. De asemenea, se cusgtead tulbutirile sanguine induse de Nurofen se mai pot
materializagi Tn apariia unei anemii aplastice sau a anemiei imunohemolitice asociate
trombocitopeniei [10, 26].
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Potrivit cercetrilor in domeniu, exigt variaii considerabile in ceea ce prite
gradul in care coagularea intravasculdiseminat afecteaz diferitele organe. Ea poate
avea un caracter destul de difuz, Tosfimai adesea afectéiaa maxini severitate un
anumit organ, de obicei rinichiul, dar catedadsit plamanul, creierul sau glandele
suprarenale. Altdrile renale induse de coagularea intravaséuldiseminai sunt
consecipa obstrudei arteriolelorsi anselor capilare glomerulare cu trombi hialini.
Totodat, fibrina circulani nepolimerizat, precumsi prodwii de degradare ai fibrinei
trec prin fenestrele capilarelor glomerulaiese agregd subendotelial, pe membrana
bazak si pe mesangiu, condiied la Tngrgarea membranei bazalg hiperplazia
mesangial. Arteriolele aferente pot fii ele penetrate de fibrinfacilitand dezvoltarea
unei necroze fibrinoide ce se poate extinde in Tntreg glomerulul vascular, dinapari
unor modificri focale proliferativesi necrotice [1, 8, 33]. Subliniemacasemenea
aspecte histopatologice de ingae a membranei bazale, de hiperplazie mesandial
alterare structurala glomerulului vascular renal arteriolei aferente, pe fondul unor
fenomene destul de extinse de coagulare intravasalitgaminat, in special in corticala
renak, darsi Tn medula#, au fost sesizatgl in condiiile tratamentului cu Nurofen
realizat de noi,dra ca ele s#i fost semnalate Th materialul bibliografic destul de bogat
care a fost consultat in prealabil dgsfarii acestui experiment. Ele confiiigi sublineaz
efectele destul de grave ale codgulntravasculare diseminate indude Nurofen la
nivel renal.

Concluzii. 1. Rezultatele investigélor structuralesi ultrastructurale realizate
n cadrul experimentului nostru sunt in deplooncordarti si, totodati, completeaz
datele din literatur, confirmand & Nurofenul, administrat in doze terapeutice, zilnic,
timp de 35 de zile, exerdib agiune nefrotoxid moderai.

2. Efectul toxic renal devine deja decelabil atat electronomicroscopig céat
microscopo-optic dupprimele 10 zile de tratament, dugare se accentugiagrogresivsi
constant pe intrega dufiate administrare a medicamentului.

3. Actiunea toxi@ a Nurofenului se concentreapreponderent asupra tubilor
uriniferi, Tn principal Th paiunea lor conto# proximah, materializat in dezorganizarea
structurai de intensitate difetita celulelor epiteliului tubular (alterarea pda picnozare a
nucleului, vacuolizarea citoplasmatipreponderent apical, ap#izonad a unor bogate
depozite lipidice, crgerea nurirului de lizosomi, balonizareg dezorganizarea structurii
mitocondriilor, dilatarea apicala microvililor asocidt zonal cu distrugerea pafa sau
chiar totad a bordurii in perie, dilatarea pliurilor parabazale de la nivelul nefrocitelor).

4. Maodificarile induse la nivelul tubilor uriniferi au impligaprofunde asupra
proceselor de reabs@ tubulaé extrem de intense in pamea contott si fundamen-
tale pentru indeplinirea futiei renale, cu posibile impligiaasupra farmacocineticii,
implicit, asupra toxicittii generale a Nurofenului.

5. Aparatul de ultrafiltrare glomerufanu scap atacului toxic al tratamentului
cu acest antiinflamator, atac concretizat in inducerea unei staze sanguine la nivelul anselor
capilare glomerurale, a sclerozei zonale a arteriolei aferente, gifiignembranei bazale
a foitelor capsulei Bowmasi a edemgerii mesangiale intrasi extraglomerulare.
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6. Patologia nefronului indusde Nurofen se materializeazi in apariia
zonak a unor fenomene distrofigechiar necrotice, posibil corelate cu nefrita inteiesii
limfohistiocitai tranzitorie, clar decelakilprin investigdile de microscopie optic
Tntreprinse in cadrul experimentului nostru.

7. Nu doar componenta celularci si cea vasculdrrenah se dovedge a fi
sensibié la aceast medicaie antiinflamatorie nesteroidianEfectul toxic se exerdit
mai ales in zona cortical dar este decelabilsi in medulaii si se concretize@zin
instalarea unor tulbéri ale fluxului sanguin de tipul stazgi congestiei vasculare,
precumsi a unor fenomene de coagulare intravaséulgseminai cu implicadii extrem
de profunde.

8. Procesele alterative degenerative induse de Nurofengideemnificative,
nu ating nici o amploarei nici o extindere care simbrace un caracter ireversibil,
permiand desfsurarea unor procese regenerative renale naturale (intabsennei
medicaii protectoaresi/sau regeneratoare), fapt clar demonstrat de aspectul structural
si ultrastructural apropiat de cel al martorului nregistrat la lojul T
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COMPARISON OF THE PHYLLOSPHERE MICROFLORA OF
NARROW-LEAVED CATTAIL (TYPHA ANGUSTIFOLIAPLANTS
GROWN ON UNPOLLUTED AND POLLUTED SITES

JUDIT PAPP"

SUMMARY. — Microflora of leaf surfaces of narrow-leaved cattail plants
grown in unpolluted and polluted habitats was studied. Total numbers of
microorganisms were determined, the colonies were studied morphologically
and the purified strains were identified using molecular biological techniques.
There was a reduction in the number of microorganisms on polluted leaves in
comparison to those collected from unpolluted site. The colony-forming
microorganisms belong to different groups: yeasts, Gram-negative bacilli and
coccobacilli, Gram-positive nonsporogenous and endospore-forming rod-shaped
bacteria, actinomycetes and cocci. The species composition of microflora was
very different in the phyllosphere of plants grown on unpolluted and polluted
sites. The percentage of Gram-negative bacteria was higher in the case of
unpolluted leaves, while on the leaf surfaces of polluted plants the predominant
group was represented by Gram-positive bacilli and cocci.

The leaf surfaces of the healthy plants are colonised by a specific epiphytic
microflora, composed mainly of bacteria, yeasts and filamentous fungi. The phyl-
losphere microflora plays various biological roles. The phyllosphere microorganisms
fix atmospheric nitrogen, produce plant growth regulators and can control the plant
parasites either by stimulating plants to synthesise phytoalexins or by producing
antibacterial or antifungal compounds. Some phyllosphere bacteria, rRaiely
domonasand Erwinia species, cause at low temperatures the frost injury of the
plants, others degrade the cuticular waxes and determine the premature senescence
of the plants [ 3, 4, 7, 8, 10, 12].

In some cases the phyllosphere microorganisms can synthesise different air
contaminants, but they also have a major role in the metabilisation, transformation
and neutralisation of various polluting agents.

The composition and diversity of the microbial populations colonising the
leaf surfaces depend on different environmental factors, such as temperature,
humidity and UV light, and also on the nature and amount of the nutrients leached
on the foliar surfaces, plant species, age and physiological status of the host plant
[7, 12, 13]. The presence of different pollutants in the environment also affects the
structure and activity of the microbial communities. Therefore, any modification
appeared in the microbial populations permits the evaluation of the pollution degree of
the environment. The phyllosphere microorganisms could be utilised as bioindicators
of the pollution with organic compounds as well as with heavy metals [1-5, 9].

UBabe-Bolyai University, Department of Plant Biology, 3400 Cluj, Romania. E-mail: jpatta@bioge.ubbcluj.ro
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The aim of our study was to investigate the effect of the contaminants on
the composition, diversity and abundance of foliar communities of narrow-leaved
cattail (Typha angustifol}aby comparison of the phyllosphere microflora of plants
grown in unpolluted and polluted habitats, respectively.

Materials and methods. Leaves ofTypha angustifoliavere collected from
plants grown on unpolluted and polluted sites. A foliar surface of 1G0weas
washed in 50 ml phosphate buffer and dilutions series fromta010’ were
prepared. The dilutions were inoculated in 15 replicates on different culture media:
Tryptic Soy Agar (TSA), Potato Dextrose Agar (PDA) and an oligotrophic medium
(R2A). The inoculated culture media were incubated &€ Z8r 10 days and the
developed colonies were counted. The characteristic colonies were isolated in pure
cultures on nutrient agar and were examined macroscopically and microscopically
after Gram staining. After the morphological characterisation, representative strains
from each morphological group were analysed for identification by molecular
biological techniques.

Extraction of DNA from pure bacterial cultureSells from agar media (1-2
loopsful) were resuspended in 400f sterile saline EDTA solution (150 mM NaCl —

10 mM EDTA, pH 8.0). Following addition of 14l lysozyme solution (10 mg/ml),
tubes were incubated at’&7for 30 minutes. In a second stepll®f proteinase K

(20 mg/ml) and 1Qul sodium dodecylsulphate (25 weight/volume %) were added,
followed by incubation at 6C for 30 minutes. DNA was extracted with 40D
TrislEDTA-phenol and 40@l chloroform, using centrifugation at 14000 rpm and
4°C for 10 minutes [11]. The extracted DNA was purified using the Prep-A-Gene
kit (Biorad, Hercules Co. ). Purified DNA was eluted intBtHHPLC water.

Amplification of 16S rDNAAmplified 16S rDNA was obtained by PCR,
using the following primers: 27 F (5 — AGAGTTTGATCCCTGGCTCAG - 3))
and 1525 R (5" — AGAAAGGAGGTGAGCCAGCC - 3'). Two different reaction
mixtures and programmes were used for the DNA amplification. For the reaction
mixture containing?.4 ul purified DNA, 8ul dNTP (1.25 mM), il buffer solution,

0.5l primer 1: 27 F, 0.5l primer 2: 1525 R, 1l Pfu polymerase, 326 HPLC
water, the following cycling programme was used: initial denaturation’gt 96r

3 minutes, 36 rounds of denaturation at®#or 30 seconds, annealing af6For

30 seconds, extension a@Zor 1 minute and a final extension af@Zor 7 minutes.
For the other reaction mixture, composed ofi2gurified DNA, 10ul dNTP (1 mM),
10yl buffer solution, 3ul MgCl;, (15 mM), 0.5ul primer 1: 27 F, 0.5l primer 2:
1525 R, 1yl Taq polymerase, 26,8 HPLC water, the cycling programme was as
follows: initial denaturation at 88 for 3 minutes, 36 rounds of denaturation 8294
for 30 seconds, annealing at’62for 30 seconds, extension a@Xor 1 minute
and a final extension at %2 for 7 minutes.

The purification of PCR products was carried out using a Fermentas Kkit.
The presence of the PCR products was monitored by 1% (weight/volume) agarose
gel electrophoresis in TAE buffer at 100 V for 20 minutes. The PCR products were
visualised under UV light and were stored at%20

98



PHYLLOSPHERE MICROFLORA OF NARROW-LEAVED CATTAIL

Amplified rDNA restriction analysis (ARDRAwo restriction enzymes (Taq
| and Hin 61) were selected for the restriction digestion of the amplified 16S rDNA.
The reaction mixtures contain 2.6 buffer solution, 0.3ul enzym, 7ul purified
PCR product and 152 HPLC water. The incubation of tubes was carried out at
37°C in case of Hin 61 and 85 in case of Tagfor 3 hours. The restricted fragment
length analysis was performed by 1.5 % agarose gel electrophoresis in TBE buffer
at 80 V for 110 minutes. The ARDRA patterns were analysed under UV light.

Partial sequencing of DNASequencing of amplified 16S rDNA was
performed with automated laser fluorescent DNA sequencer. The sequencing
reaction mixtures contain @ ready reaction mix, 3l buffer solution (5x), 1yl
primer 531 R and gl HPLC water.

For the identification of bacterial strains the obtained sequences were
compared to the 16S rDNA entries available in public databases using the BLAST
program (www.ncbi.nlm.nih.gov/BLAST)

Results and discussion. The three culture media used permitted the devel-
opment of different groups of bacteria and yeasts. On each culture medium the total
number of microorganisms was higher in the phyllosphere of plants grown on
unpolluted site than in that of plants grown on polluted site. The highest value in
the case of unpolluted plants and the lowest value in the case of polluted plants
were registered on the PDA medium (Fig. 1).

cfu x 16/cn?
7-

TSA PDA R2A )
Culture media

B Unpolluted site O Polluted site
Fig. 1.Total number of microorganisms in the phyllospher&.afngustifolia.
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From the phyllosphere of plants grown in unpolluted and polluted habitats
51 and 34 strains, respectively, were isolated (Fig. 2). The most favourable medium
for the isolation of microorganisms was found to be the TSA medium in the case of
unpolluted leaves, but the oligotrophic R2A medium was better for the isolation of
microorganisms colonising the polluted leaves.

The morphological and molecular characterisation of the isolated strains
shows that these microorganisms belong to yeasts, Gram-negative bacilli and
coccobacilli, Gram-positive nonsporogenous and endospore-forming rod-shaped
bacteria, actinomycetes and cocci. The species composition of microflora is very
different in the phyllosphere of plants grown on unpolluted and polluted sites,
respectively (Table 1).

No. of strains

305
257
204
157
101

5

0A

TSA PDA R2A
Culture media

B Unpolluted sited Polluted site

Fig. 2.Number of microbial strains isolated from the phyllospherE. @hgustifolia.

The yeasts belonging ©ryptococcaceaare present in the phyllosphere
microflora in a percentage of 21.56 in case of plants grown on unpolluted place and
in 3.22 % when the leaves were taken from plants growing on polluted place.

The percentage of Gram-negative bacteria is higher (54.89) in the phyl-
losphere of plants from unpolluted habitat, than on leaves originating from polluted
place (45.14%), where the Gram-positive bacteria are the dominant microbial
group, reaching 51.59%.

Bacteria belonging to thBseudomonaspecies are predominant on both,
unpolluted and polluted leaves. Some bacterial species (Sphingoriatasia
rhizophila, Staphylococcus epidermidisd Curtobacterium flaccumfaciensvere
detected only in the phyllosphere of the plants growing on unpolluted site, while
Psychrobactewas isolated only from the foliar surfaces of plants from polluted place.

The nocardioform actinomycetes and the endospore-forming rod-shaped
bacteria were detected in the foliar surfaces of polluted plants, whereas other
actinomycetes were isolated only from the phyllosphere of unpolluted plants. The
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Exiguobacteriumspecies and the cocci were much better represented in the
phyllosphere of the plants growing in polluted habitat, than in the phyllosphere of
unpolluted plants.

Table 1

Distribution of microorganismsin the phyllosphere of plants grown on
unpolluted and polluted places (%)

Microorganisms Unpolluted plants Polluted plants
Yeasts (Cryptococcacepe 21.56 3.22
Gram-negative bacteria 54.89 45.14
Pseudomonasp. 45.09 32.25
Sphingomonasp. 3.92 -
Psychrobactesp. - 3.22
Gram-negative bacilli 5.88 6.45
Gram-negative coccobacilli - 3.22
Gram-positive bacteria 23.52 51.59
Kocuria rhizophila 1.96 -
Staphylococcus epidermidis 1.96 -
Exiguobacteriunsp. 1.96 19.35
Curtobacterium flaccumfaciens 9.80 -
Nocardioform actinomycetes - 3.22
Other actinomycetes 1.96 -
Gram-positive endosporogenous bacilli - 3.22
Gram-positive nonsporogenous bacilli 3.92 3.22
Gram-positive cocci 1.96 22.58

Our investigations showed that the environmental pollution influences the
phyllospheric microflora in terms of total microbial number and diversity. The
lower values of the total number of microorganisms, the reduction of the number of
yeasts and the changes appeared in the species composition could be the
consequence of the environmental pollution [4]. The increases occurred in the
number of some Gram-positive bacteria, especially in that of cocci; the presence of
endospore-forming bacteria could be explained by their capacity to tolerate the
unfavourable environmental conditions [4, 6, 9]. This finding is consistent with
other reports that suggest the use of phyllosphere microorganisms as indicators of
environmental pollution [1, 4, 5].

Conclusions. 1. The phyllosphere microflora @fypha angustifoliacomprised
yeasts, Gram-negative bacilli and coccobacilli, Gram-positive nonsporogenous and
endospore-forming rod-shaped bacteria, actinomycetes and cocci.

2. There is a reduction in the total number of microorganisms on the
polluted leaves in comparison with unpolluted ones.
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3. The species composition is different in the phyllosphere of plants grown
on unpolluted and polluted sites, respectively.

4. In the phyllosphere of unpolluted plants the predominant group belongs
to the Gram-negative bacteria, while the Gram-positive bacteria are predominant
on the leaf surfaces of the plants growing on polluted place.

5. In the microflora of polluted leaves, the reduction in the percentage of
yeasts is associated with increases in the number of cocci and endospore-forming
bacteria.
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STUDII ASUPRA UNOR GRUPE ECOLOGICE DE BACTERII DIN
LACUL DE ACUMULARE GILAU - JUDETUL CLUJ

*

MANUELA-CLAUDIA LUMPERDEANU ~ si MIHAIL DR AGAN-BULARDA ~

SUMMARY. - Studies on Some Ecological Groups of Bacteria from the
Gilau Dam Lake — Cluj County. The Giku dam lake, the main role of
which is to supply with drinking water the city of Cluj-Napoca and the nearby
villages, belongs to the dam system of waterfalls located in the upper basin of
the Somegul Mic river.

Based on the well-known key role played by the aquatic microorganisms
in the mineralisation of organic residues and in transformation of some
inorganic substances, we initiated studies on ten ecological groups of bacteria
by analysing water and sediment samples taken from this dam lake. We
determined the numbers of the following bacteria: ammonifying, nitrifying
(nitrite— and nitrate—producing), denitrifying, aerobic and anaerobic sulphur-
reducing, sulphur-oxidising, sulphate-reducing, iron-reducing and amylolytic
bacteria. The samples (ten water and seven sediment ones) were taken from
different places and depths seasonally (in April, June and October 2002).

Results of the analyses indicated that the number of bacteria from each
ecological group varied depending on the sampling sites and season.

For a general characterisation of the bacteria living in the sediment, we
estimated the bacterial indicator of sediment quality (BISQ). The highest
BISQ values were obtained in samples collected in the peripheral and tail
zones of the dam lake.

Lacul de acumulare Gill, avand ca rol principal asigurarea cé pptabik
a municipiului Cluj-Napocsi a altor localiiti din jur, face parte din sistemul
cascad de acumuiri amplasate in bazinul superior al raului Seuhélic [10].
Microorganismele acvatice au un rol g&@nin conversia substgtor
vegetalesi animale Th materie anorgaajgrin procesele de mineralizare, care restituie
organismelor fotosintetizante nutrigreseniali pentru continuarea actiwiii lor.
Pe scarglobak, acati produi fac parte din ciclurile biogeochimice, care asigura
transforniarile si recircularea elementelor biogene (C, N, S, P, Fe, Mn) inari&tus].
Studiul const in determinarea nuirului a 10 grupe ecofiziologice de
bacterii implicate in recircularea diferitelor resturi organice, respectiv in transformarea
unor substae minerale.

* Administraia Naionali “Apele Roméane”, Direga Apelor SomgTisa, Str.Vardtorului nr.17, 3400 Cluj-
Napoca, Roménia. e-mail: manuela_claudia@yahoo.com

** Universitatea "Babg-Bolyai”, Facultatea de Biologigi Geologie, Catedra de Biologie Vegetabtr. M.
Kogzlniceanu nr.1,3400 Cluj-Napoca, Romania. e-mail: draganb@bioge.ubbcluj.ro
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Materiale si metode.In cursul anului 2002, s-au realizat 3 campanii sezo-
niere de recoltare (aprilie, iungeoctombrie), in cadrul figteia fiind prelevate 10
probe de apsi 7 probe de sediment.

Probele de aps-au prelevat de la supréfssi de la diferite adancimi,
punctele de recoltare fiind uatoarele: SomgRece—amonte lac, Sogn€ald—amonte
lac, Baraj-0 m, Baraj—3 m, Baraj—6 m, Baraj—adancime nigXifijloc lac-0 m,
Mijloc lac—adancime maxii) Coad lac—0 msi Coadi lac—adancime maxifin

Probele de sediment au fost prelevate da la adancimea de 0-10 cm, din
urmatoarele puncte de recoltare: Baraj—mijloc, Baraj—mal drept, Baraj—mal stang,
Mijloc lac—mijloc, Mijloc lac—mal drept, Mijloc lac—mal stargCoadi lac—mijloc.

Pentru determinarea ndralui bacteriilor din cele 10 grupe ecofiziologice
(bacterii amonificatoare, nitrificatoare, denitrificatoare, sulf-réthare aerobe,
sulf-oxidante, sulf-reduitoare anaerobe, sulfat-redt@are anaerobe, fier-reditoare
si amilolitice) atat din apa c&i din sedimentul lacului de acumulare &ils-au
utilizat medii nutritive elective si metodele de lucru descrise de Cau[4] si
Dragan-Bulard {b].

In vederea ofinerii numirului celui mai probabil de bacterii am utilizat
metoda tuburilor multiple, in cadrufireia am efectuat ditii pana la ordinul 10°
(pentru probele de apsi 107 (pentru probele de sediment). @ezea culturilor s-a
obtinut prin inocularea mediului de cultucai 1 ml dildie de ap, respectiv cu 1 ml
dilutie de sediment. Incubarea s-a efectuat la termostat la temperaturdCde 22
pentru toate grupele de bacterii studiate.

Datorita faptului & diferite categorii de sediment pot avea un ticwt
variabil de ap, care ar influeta exprimarea friccarii microbiene raportate la
greutatea sedimentului, s-a procedat la determinarea &timifidécarei probe de
sediment in paralel cu pr&gea lor pentru analiz[4].

Calcularea indicatorului bacterian al caiitsedimentului (IBCS) s-a efectuat
dupi M untean [9], utilizAdnd uritoarea formu:

1
IBCS =—=.X logig N,
n

unde: IBCS = indicatorul bacterian al cait sedimentului; n = nugrul grupelor
ecofiziologice; N = nurirul de bacterii apanand fied@rui grup ecofiziologic.

Rezultate si discutii. Datele privind distribia cantitatid a bacteriilor
studiate sunt prezentate Tn Tabelekt 2, respectiv in Fig. 1-8.

Activitatea bacteriilor amonificatoaréMateria organi& provenit prin moartea
organismelor este pat degradat in masa apei (structurilgar asimilabile), cele
mai intense procese dagirandu-se in sedimente. In urma proteolizei ré&zult
peptidesi aminoacizi cu masmoleculaii mai mid, care prin dezaminare, realizat
de atre bacteriile amonificatoare, eliberéaanoniac. La acest proces partiaipicro-
organisme din microbiota constauat apelosi sedimentelorBacillus, Pseudomonas,
actinobacterii). Amoniacul urmeazalea oxidrilor bacteriene, efectuate de grupul
nitrit- si nitrat-bacterii, In procesul de nitrificare [4].
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Tabel 1
Numarul bacteriilor din apa lacului de acumulare Gilau
(numar cel mai probabil/ml af
Locul prelevirii
_L—) ‘= CDO T QO > b b
, o =
28 g% g2 §E E £ £ E g sf g &F
o Q = = = 1 [ | C @© © X ¥ ©
O e €5 €5 ® T T® ZE 8o 8E go ge
$& 35 & & & § = 3§ 6 OF
Bacteri  Apriie 780 680 400 450 910 1000 600 1100 780 1400
amonifi- lunie 1100 910 600 780 920 1200 800 1400 910 1600

catoare  Octombrie 2300 1700 1000012000 21000 38000 8200 22000 9200 17000
Aprilie 6400 5800 2200017000 7000 5500 14000 8400 21008500
Nitrit-bacterii  lunie 9500 7600 2800®2000 11000 7400 21000 1200018000 11000
Octombrie 6100 4000 2000015000 14000 1800 8200 400 100004000
Aprilie 8400 7600 2800022000 9500 9200 18000 1100@5000 12000
lunie 12000 9500 3600028000 14000 11000 25000 1500025000 18000
Octombrie 8200 6100 2000017000 17000 1800 8100 200 120004000
Bacterii Aprilie 2100 980 2400 2600 3800 5200 1200 3300 1100 2800

Nitrat—
bacterii

denitrifi- lunie 3900 1700 4700 9500 15006000 4500 14000 3900 17000
catoare  Octombrie 3300 1400 4000 7000 120021000 1700 11000 2700 22000
Bacterii sulf-  Aprilie 0 0 0 0 0 0 0 0 0 0
reducitoare  |unie 0 0 0 0 0 2100 0 3300 0 4900
aerobe  Qctombrie 0 0 0 0 0 0 0 0 0 0
Bacterii sul-  Aprilie 0 0 0 0 0 0 0 0 0 0
oxidante-  |unie 0 0 0 0 0 1700 0 2700 0 3300
Thiobacillus  Octombrie 0 0 0 0 0 0 0 0 0 0
Bacterii sulf-  Aprilie 0 0 0 0 0 0 0 0 0 0
reducatoare  |unie 0 0 0 0 0 0 0 0 0 0
anaerobe Qctombrie 0 0 0 0 0 0 0 0 0 0
Bacterii sulfat-  Aprilie 0 0 0 0 0 0 0 0 0 0
reducitoare  |unie 0 0 0 0 0 0 0 0 0 0
anaerobe Qctombrie 0 0 0 0 0 0 0 0 0 0

Aprilie 130000 110000 23000 49000 70000 130000 47000 17000040000 350000

'fggir;'tg':rre lunie  17000022000003300007000001100002700000540000 2200008700005400000

Octombrie220000 170000 49000 110000L3000(220000 62000 35000064000 160000
Bocterii | APTie O 4 15 11 18 8 12 33 8 18
amlopice lunie 20 14 21 22 28 91 19 44 24 34

Octombrie 15 9 15 16 23 85 17 38 13 28

Tn profilul vertical al apei, nustul bacteriilor amonificatoare a crescut, in
general, de la suprafiaspre adancimeamanand la limita de zeci de mii de bacterii.
Acest fapt este explicat prin ,ploaia biologjiqramasitele organismelor moarte) din
straturile trofogenice spre zonele de adancime ale lacului [3, 7], ceea ce dem#nstreaz
existena unor cantitti mari de substrat particulat azotat [6].
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Tabel 2
Numarul bacteriilor din sedimentul lacului de acumulare Gilau
(numar cel mai probabil/g sediment uscat)
Locul prelevirii
(8] =
—_ = = 4 ()] = [o)) Q
=g 55 wg wf w8 fg g fs gg
58 0o s = c° s o= 8% 82 {|=
o S [l mn © = & = © = © o £
£ E = SE =& O
Bacterii Apri!ie 48 227 182 68 210 144 203
amonificatoare lunie _ 74 274 216 87 242 202 238
Octombrie 74 5439 1725 257 4142 1498 1802
Aprilie 117 249 225 157 273 216 182
Nitrit—bacterii lunie 151 661 335 122 341 176 192
Octombrie 89 150 132 99 153 129 159
Aprilie 149 324 225 123 326 268 182
Nitrat—bacterii lunie 187 867 465 156 396 329 238
Octombrie 100 230 134 88 229 150 138
Bacterii Apri!ie 212 756 524 191 336 268 417
denitrificatoare lunie _ 3564 41040 23760 4329 23100 14820340
Octombrie 2916 32200 18870 3531 19620 11714840
Bacterii Aprilie 466 7560 5243 426 6720 4738 10165
sulf-reducitoare lunie 529 7980 5292 366 3080 2544 12430
aerobe Octombrie 756 12650 7770 214 3488 2996 97520
Bacterii Aprilie 678 7560 5243 493 3675 3605 25680
sulf-oxidante- lunie 756 12540 7560 555 3520 2968 103960
Thiobacillus Octombrie 1026 16100 12210 428 3924 3852 169600
Bacterii Aprilie 72 291 118 102 220 175 139
sulf-reducatoare lunie 151 445 227 156 352 276 192
anaerobe Octombrie 1060 3800 1890 1290 2830 2250 1380
Bacterii Aprilie 104 357 289 157 273 175 257
sulfat-reducatoare lunie 151 513 421 222 429 244 351
anaerobe Octombrie 1300 4490 3670 1819 3488 2247 2968
Bacterii Apri!ie 3498 99360 37450 5488 96600 24720770
fier-reducitoare lunie _ 5292 182400 58320 7770 176000 37106820
Octombrie 75600 1840000 1021200 13910¥44000577800190800
Aprilie 9791 11772 10070 9240 8663 8910 10754
Bacterii amilolitice lunie 16632 25251 16956 1665021945 15794 18080
Octombrie 10800 18975 10900 9523 15097 9898 11554

in sediment, aceste bacterii au Tnregistrat valori de ordinul miilor de bacterii,
cele mai ridicate valori inregistrandu-se intsegle de la periferigi de la coada
lacului. Se apreciazca in zonele de la periferia lacului exissurse care pot
contribui la poluarea lacului cu subsgarganicei nitrati.

O caracteristit general a acestui grup o prezintdezvoltarea explozivin
sezonul de toanan

Activitatea bacteriilor nitrificatoareCresteri mai semnificative ale bacteriilor
nitrificatoare (nitrit-si nitrat-bacterii) s-au inregistrat in semile de la suprafa
apeisi in sediment.
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Nitrificarea, prin care amoniacul sau alte forme reduse de azot sunt oxidate
la nitrat, este produsul actigiti bacteriilor aerobe, chemolitotrofe specifigiese
realizeaz in 2 etape: nitritarea (oxidarea amoniacului la thitproces instabil
efectuat de nitrit-bacterii de tigitrosomonasNitrococcu$ si nitratarea. In ecosistemele
acvatice in care abuadubstarele organice, oxidarea azotului nu se mai realizeaz
pe cale autotrofaci heterotrofi(excesul de substg@norgani@ este toxic pentru
bacteriile nitrificatoare autotrofe). Azgiaezultai sunt prelué de dtre plante [4].

Activitatea bacteriilor denitrificatoarePe baza analizelor efectuate, s-a
constatat & procesul de denitrificare a avut o ew@usezoniericu maxime varai
toamna, mai ales in sediment. Bacteriile denitrificatoare, fiind anaerobe, au o activitate
mai intend la nivelul bentosului [6]. Nugrul lor atinge valori mai ridicate toamna,
fapt datorat depunerilor detritice. In sediment, cele mai mari valori s-au inregistrat
n zonele perifericei la coada lacului.

30000
25000 -
20000 -
15000 ~
10000 ~

5000 ~

Nr. bacterii / ml apa

0 A ‘
S.Rece- Baraj-0 Baraj-6 Mijloc-0 Coada-0
am.lac m m m m

Locul prelevarii
O amonificatoare m nitrit-bacterii & nitrat-bacterii O denitrificatoare

Fig. 1.Reprezentarea bacteriilor implicate Tn circuitul azotului in apa lacului de acumulaie. Gil

Valorile medii reprezentate Th Fig. 1 sugedeazssterea nurirului de bacterii
amonificatoare odatcu adancimea. In ceea ce psiee bacteriile nitrificatoare
(nitrit— si nitrat—bacterii) valori maxime s-au inregistrat inteetle de la suprafa
apei, iar bacteriile denitrificatoare, fiind anaerobe, au avut o activitate maiantens
in special in sewnile de adancime a apei.

Denitrificarea este procesul de reducere dezasimilatorie aageialcare
bacteriile denitrificatoare reduc nitiigpina la N, NO,” sau NH. O sporire a cantitii
de NQ produg prin temporizarea etapelor denitrifié (blocarea enzimatk) ar
putea crea contili nefavorabile ecosistemelor, prin acumularea de NsXic [4].

107



M.-C. LUMPERDEANU, M. DRAGAN-BULARDA

In Fig. 2 se obse#vci bacteriile denitrificatoare, fiind anaerobe, au o activitate
mai intend in sediment—comparativ cu bacteriile amonificatganeitrificatoare,
valoriile medii fiind maxime in zonele periferigela coada lacului.

30000 -
25000 -| _
20000 -|

15000 +

10000 -
5000 - J
o O mtl il | | |

Baraj- Baraj- Baraj- Mijloc Mijloc- Mijloc- Coada
mijloc mal mal lac- mal mal lac-
drept  stdng  mijloc drept stdng  mijloc

Nr. bacterii / g s.u.

Locul prelevarii

O amonificatoare @ nitrit-bacterii 0 nitrat-bacterii O denitrificatoare

F i g. 2.Reprezentarea bacteriilor implicate n circuitul azotului in sedimentul lacului de
acumulare Gitu (g s.u. = gram sediment uscat).

Activitatea bacteriilor sulf-reduttoare aerobesi anaerobe.Aceste bacterii
descompun proteinekk aminoacizii cu sulf (metionify cisteird), eliberand hidrogen
sulfurat pe cale aeréhi anaeroB. Marea parte a acestui circuit este sedimaidér

In urma analizelor efectuate s-a obserdatumai bacteriile sulf-redétoare
aerobe au putut fi evidgate din ap, In sedunile prelevate de la adancime. n
sediment, cele dautipuri de bacterii sunt mai bine dezvoltate, prezentand valori
mari in zonele perifericg la coada lacului.

Activitatea bacteriilor sulf-oxidante—ThiobacilluAceste bacterii au fost
identificate numai In probele de @prelevate de la adancime. In sediment, s-au
fnregistrat valori mai mari mai ales in zonele de la perifede la coada lacului.

Bacteriile sulf-oxidante oxidea1,S n sulfa, permiand refolosirea sulfului
de dtre produdtori. Ultima faz a ciclului sulfului este n intregime sedimentara
Ea implic precipitarea acestui element, in coindinaerobe, in prezem fierului,
sub forma de sulfurade fier, de culoare neagréaracteristig, ducand in final la
acumuiiri lentesi continue de sulf Tn sedimentele profunde. De altfel, sedimentele
reprezind principala rezerv de sulf din biosfer. Acumukrile de substae sulfuroase

108



GRUPE ECOLOGICE DE BACTERII IN LACUL DE ACUMULARE GHAU

din sedimente pot constitui un pericol pentryaviarganismelor aerobe din ecosistemele
acvatice, in condile in care predomin procesele de descompunere anaemb
degaijiri mari de BHS (fermenidri anaerobeai fenomene de putrefae) [4].

Activitatea bacteriilor sulfat-redutoare anaerobe—Desulfovibritn profilul
vertical al apei nu s-a observat preaecestor bacterii. In sediment, valori maxime s-au
inregistrat in zonele de la perifegiede la coada lacului [1, 3, 7].

Aceasi categorie de bacterii anaerobe, heterotrofe, din deesuilfovibrio
elibereaz H,S din sulfai pe care 1i utilizeaz ca acceptori de hidrogen, pentru
activitatile lor metabolice. Straturile negre intalnite in coindiaturale pe fundul
unor nari, lacuri sau in urma podui antropice, sunt bogate in microorganisme
sulfat-reduétoare, capabileassupravigeuiasé in condiii total anaerobe [4].

Bacteriile sulfat-reduitoare sunt larg gpandite in majoritatea mediilor
terestresi acvatice anaerobe in care au loc descompuneri microbiene ale glbstan
organice de naturiegetai si animak (soluri saturate cu &pmlastini, sedimente,
namol, lacuri salinsi hipersaline). Reducerea masia sulfailor in naturarezulé
totdeauna din activitatea bacteriilor sulfat-reitaaresi este eviderit in stadiul
penultim al poldrii organice masive a mediului.
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Baraj- Baraj- Baraj- Mijloc Mijloc- Mijloc- Coada
mijloc mal mal lac- mal mal lac-

drept stdng mijloc  drept stdng  mijloc
Locul prelevarii
[ sulf-reducatoare aerobe O sulf-oxidante

O sulf-reducatoare anaerobe B sulfat-reducatoare anaerobe

F i g. 3.Reprezentarea bacteriilor implicate in ciclul sulfului in sedimentul
lacului de acumulare Gilu.

Pe baza valoriilor medii reprezentate in Fig. 3 se obsedezvoltare mai
accentudt a bacteriilor sulf-redutoare aerobei sulf-oxidante, care au inregistrat
valori maxime in zonele periferigela coada lacului.
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Dezvoltarea masiva acestor bacterii in aceste medii devenite anaerobe este
asociai cu o mortalitate a gélor si a altor organisme acvatice dat@rtcumudrii
n concentréi mari a HS, gaz cu efecte toxice asupra diferitelor organisme acvatice
[11].

Activitatea bacteriilor fier—redug@toare. Bacteriile fier-redudtoare sunt
responsabile pentru reducerea fierujuicrearea unui poteial oxido-reduétor
sczut Tn mediu [2].

in profilul vertical al apei se obseno evoluie cresétoare a bacteriilor
fier-reduditoare odat cu adancimea, mai ales vara.
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am.lac am.lac ad.max. ad.max. ad.max.

Nr. bacterii / ml

Locul prelevarii

O aprilie @iunie O octombrie

F i g. 4.Reprezentarea bacteriilor fier-red@oare din apa lacului de acumulare @ii.

In sediment, bacteriile fier-reditoare sunt foarte bine reprezentate Tnregistrand
valori maxime n zonele de la perifegiede la coada lacului.
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F i g. 5.Reprezentarea bacteriilor fier-reditoare din sedimentul lacului de acumulared@il

Activitatea bacteriilor amilolitice Bacteriile amilolitice hidrolizegzamidonul,
compus gor degradabil, la dextrine, cu ajutorul enzimei extracelulare amilaza [11].
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Dinamica crescita bacteriilor amilolitice se datatte atat faptului £ un nunar de
microorganisme posédmilaza, casi permanentei surse de producere a amidonului:
alge planctonice cu succesiuni rapide, macrofite submerse [4].
In Fig. 6 se poate observain masa apei, valorile inregistrate au fost mici
si au crescut odatcu adancimea.
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Locul prelevarii

O aprilie @iunie O octombrie

F i g. 6.Reprezentarea bacteriilor amilolitice din apa lacului de acumularéusil

Prezema acestor germeni in apa lacului este direct deteriniteaéxisteta
substratului specific produs de activitatea fitoplanctonului [3, 7]. Marea majoritate
a germenilor amilolitici sunt puternic implican circuitul carbonului in ecosistemul
acvatic [1].

in sediment, valoriile medii inregistrate au fost mai mari, in special in zonele
perifericesi de la coada lacului.
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Fig. 7.Reprezentarea bacteriilor amilolitice din sedimentul lacului de acumulamGil

Pentru estimarea cdiiii biologice a sedimentului lacului de acumulareaGil
s-a calculat indicatorul bacterian al calitsedimentului (IBCS) [9]. S-a constatat
cid indicatorul bacterian al caliti sedimentului a prezentat valori maxime in zonele de
la periferiesi de la coada lacului.
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Valorile indicatorilor bacterieni ai caliii apreciaz cu sigurari abundera
bacteria#i si potertialul microbian al apeji sedimentului din lac.
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F i g. 8.Reprezentarea indicatorului bacterian al catfit sedimentului lacului de
acumulare Gidu.

Concluzii. 1. Este eviderit o cretere a densitii numerice a bacteriilor
amonificatoaretoamna, in sewnile de adancime a apgiin sediment in zonele
perifericesi la coada lacului, in funie de accesibilitatea la materialul organic azotos.
Aceste crgteri s-ar putea datora acuriil de material detritic de provenign
vegetai sau animal (sau de polughorganici rezulté din deverari).

2. Crateri mai semnificative ale bacteriilanitrificatoare (nitrit- si nitrat-
bacterii) s-au observat mai ales piirarasi vara, valori maxime inregistrandu-se
in sediunile de la suprafa apeisi in sediment.

3. Procesul de denitrificare a avut o evigsezoniericu maxime vargi
toamna, mai ales in sediment. Bacterillenitrificatoare fiind anaerobe, au o
activitate mai interisla nivelul bentosului.

4. Bacteriile aerobe implicate in circuitul sulfului (sulf-redtoare aerobei
sulf-oxidantg au fost prezente in sediment, iar i apmai in probele prelevate de
la adancime. Bacteriile anaerobe implicate in circuitul sulfldulf{educitoare
anaerobesi sulfat-redu@toare anaerobgau fost evidetiate numai in sediment.

5. Cantitativ, bacteriildier-reducitoare au fost bine reprezentate atat in apa
catsi in sedimentul lacului de acumulare &&ij mai ales toamna.
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6. Limitele largi de varige a bacteriilommilolitice au fost in raport cu dezvoltarea

exploziva a algelor n perioada de ¥ai a celorlalte componente vegetale, care sunt
furnizorii unor cantiti importante de substamamidonate.

7. Indicatorul bacterian al caliti sedimentului a prezentat valori maxime in

zonele de la periferigi de la coada lacului. Explida pentru crgterea evoltiei
potentialului microbian in sezonul cald co&sh contribdia substatiala a materiei
organice sedimentate vagidoamna, ca un rezultat al dezvoikt biotei specifice in

lac. Materia organicstimuleaz dezvoltarea microbiotei bentice, Tn special a bacteriilor
heterotrofe aerobe implicate in mineralizare.

9.
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RECENZII - BOOK REVIEWS

Leonida CalanceaNitrati, nitriti si Part IV: Effects of Nitrates, Nitrites
nitrosamine. Protedia mediului si saina-  and Nitrosamines on the Health of Hu-
tatea (Nitrates, Nitrites and Nitrosamines. mans and Animals. Chapter 12: Implica-
Environemntal Protection and Health), tions of nitrates and nitrites in the health
Casa Grtii de Stiinta, Cluj-Napoca, 2002, of humans and animals. Chapter 13: He-
236 pages with 61 tables and 42 figureamoglobin and methemoglobin. Chapter
in the text. 14: Nitrosamines and health. Chapter 15:
Content of nitrosamines in vegetal and
animal products.

The book is structured into four Even this list of part and chapter ti-
parts, comprising 15 chapters. First of all,tles indicates that Professor Leonida
we specify their titles. Calancea’'s book presents much interest

Part I: Origin and Dynamics of Ni- for a broad circle of readers, including
trates in the NatureChapter 1: The ni- students and experts in chemistry, biol-
trogen cycle. Chapter 2: Biological fixa- ogy, agriculture, environmental technol-
tion of the molecular nitrogen. Chapter 3:0gy, and also for decision makers in
Ammonification. Chapter 4: Nitrifica- problems of environmental protection.
tion. Chapter 5: Factors influencing the The book is a useful source of informa-
dynamics of nitrification. Chapter 6: tion also for manufacturers of nitrogen
Factors influencing the mobility and fertilisers.
leaching of nitrates. Chapter 7: Denitrifi- Last but not least, the book was
cation. Chapter 8: Influence of the inten-elaborated based on a very rich literature
sification of agriculture on the regime of (456 books, reviews, original papers and
soil nitrates. patents cited). At the same time, this

Part 1I: Monitoring of the Nitrifica- book may be considered a valuable con-
tion Process.Chapter 9: Chemical con- tribution to further enrichment of the
trol of nitrification. world literature on agrochemistry, biol-

Part 1ll: The Nitrates and the Plant. ogy and ecology of nitrogen.

Chapter 10: Structure and functions of

the cell. Uptake of nitrates and of other

nutrients. Photosynthesis and interactions

between C and N in plants. Chapter 11:

Content of nitrates and nitrites in vegetal STEFAN KISS
and animal products.



RECENZII

lustinian Petrescu (EditorMediul —
Cercetare, Protetie si Gestiune (Environ-

muri stiintifice, toate avand insiangera
cu mediul ambiant. De la lufi cu tema-

ment — Research, Protection and Managetica de poluare, prin metale grele, ape rezi-

ment) Editura Presa UniversitaClujeara,

duale, luciri de forare pentru gaz metan,

Coledia Environment and Progress, Cluj- la cele de ecologisi protegia mediului,
Napoca, 2003, 567 pagini, inclusiv 137 respectiv de impact asupra mediului, toate

tabelesi 241 figuri.

Volumul, agrut sub Tngrijirea Profe-

prezint interesstiintific major, starnind
atentia cerceitorului versatsi ancorat n
cunoaterea multiplelor aspecte legate de
acest domeniu complex al mediului. Se

sorului univ. dr. lustinian Petrescu de laaduc multe inform@ valoroase in leg

Departamentul de Geologie al Fastiltde

tura cu impactul procesii materiilor prime

Biologie si Geologie, din Universitatea asupra mediului, referitoare la refacerea

“Babes-Bolyai”, cuprinde lucirile prezen-

ecologié a solurilor poluate, la bioreme-

tate la Simpozionul ce a avut loc in 25-26dierea solurilor rezultate Tn urma activit

octombrie 2003i reprezing cu adegirat
o realizare de prestigiu Tn véstiintifica
a Universittii clujene, Intrunind specia-
listi din diferite domenii algtiintei avand
cel puin In parte preocuji legate de me-
diul Tnconjuitor. Tematica simpozionului
destisurat conform urritoarelor seguni:
I. Cercetarea, protga si gestiunea mediu-
lui industrial; 1l. Agriculturasi modificarile
mediului; lll. Cercetareai protejarea bio-
sistemelor terestrg acvatice; V. Dreptul

si economia mediului. Politici de mediu.

Administrgia public si mediul; V. Mediul
si sanatatea publig; VI. Arii protejate.
Paleomedii; VII. Mediuki educaia. Meto-

tilor miniere, la poluarea industriadi pre-
venirea acesteia, la monitorizarea faoiu
unor rauri, la revalorificarea unor materiale
din steril ca materii prime, precugnmulte
altele ce nu pot fi cuprinse Th acesttgpa
Nu se poate a nu fi amintite cermétum

ar fi impactul construdglor asupra mediu-
lui, protegia mediuluisi dreptul, imple-
mentirile sistemelor de management de
mediu Tnh organizile roméanati, auditul
de mediusi rolul acestuia, politica comuni-
tara europeah privind mediul, caresi fac
tot mai sinmita prezeta in literaturatiin-
tifica actuadi privind mediul Tnconjuttor.

In ansamblul si volumul se constituie ca

dologii. Miscellanea, a suscitat interes dinun material prgos la indeméana oricui

partea speciafilor biologi, geografi, geo-
logi, chimiti, fizicieni, ingineri, darsi eco-
nomisti, juristi, toti deopotriva fiind ani-
mai de dorina de asi aduce contribtia
la aceast problematid vast legat de
mediul in care #im, cu lucéri de un spe-
cific propriu domeniului in care activeaz
Cele 105 lucri stiintifice cuprinse
n volum, din care 5 ale ceré@irilor din
stidintate, aduc informdé din multe ra-
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specialist ce are ca scop praig@anediu-

lui, respectiv a cititorului instruit (jurnalist,
politician etc.), devenind o carte de vizit
pentru preocujfrile programatice ale noii
facultiti de Stiinta mediului cesi deschide

pottile in 2003, la Universitatea “Bafe

Bolyai”.

MIHAIL DR AGAN-BULARDA
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