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STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLVIII, 2, 2003

ADVANCESIN SOIL ENZYMOLOGY (PART V)

STEFAN KISS

SUMMARY. - In Part V of Advances in Soil Enzymologyew data are
added to our review article entitled "Soil enzyme activites as influenced by
earthworms" which was published in 2000 [34]. Comparison of this review
article with Part V convincingly shows that the earthworm-related soil
enzymological investigations were largely developed in the last period.

Parts I-1ll of Advances in Soil Enzymolof5] 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 [37], while in Part IV [36] new data were added to our review article on
"Enzymology of soils inoculated with microorganisms" which was published in
1999 [33].

Part V contains new data added to our review article entitled "Soil enzyme
activities as influenced by earthworms" which was published in 2000 [34] and
follows the structure initially established for the review article [34].

Comparison of enzyme activitiesin earthworm casts and underlying soil

In laboratory experiments performed by Fle géhl.[22], several properties,
including acid and alkaline phosphatase activities in soil and casts of three detritivorous
earthworm specied:umbricus terrestris, L. rubelluand Dendrobaena octaedra
were compared. The soil used is a gleyic luvisol of loamy texture. The soil samples
were taken from the Ap horizon of an arable land near Neuenkirchen (Lower
Saxony, Germany).

The earthworm species were kept in separate microcosms (consisting of
two parallel glass sheets) filled with sieved soil aggregates, on the surface of which
plant materials (as foods for earthworms) were placed. These materials were leaves
of dandelion (Taraxacum officinale), lupine (Lupinus polyphylluge (Secale
cereal§ and alder (Alnus glutinoyand half-year-old leaves from litter layer of
beech (Fagus sylvatigand larch (Larix decidja The leaves were air-dried and
cut into pieces of 1-2 ¢The soil aggregates used were 1-2 mm in diametér. for
terrestrisand 0.5-1 mm fok..rubellusandD.octaedra.

" 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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For each food treatment, 25 specimeng. .oferrestrisandL.rubellusand
56 of D.octaedrawere kept in the microcosms at 18% (weight/weight) soil moisture
content and a constant temperature diCl¥or 4-6 weeks. Then the contents of
microcosms were air-dried and the cast aggregates as well as the unconsumed plant
materials were separated from the soil aggregates.

Of the results obtained in the analysis of cast and soil aggregates, some
will be cited below.

The amount of water-stable aggregates was significantly higher in casts
(40-81%) than in the soil (21%). The increase was highest in caBiocthedra
(81%) andL.rubellus (80%) fed on dandelion leaves, while the lowest increase
(40%) was registered in castsloferrestrisandD.octaedrafed on alder leaves.

Acid phosphatase activity (pH 6.5) correlated very significantly (p=0.007)
and alkaline phosphatase activity (pH 11) correlated significantly (p=0.024) with
the amount of water-stable aggregates in casts.

Within the laboratory experiments briefly described above, Flegel and
Schrader [21] compared organic C and total N contents as well as dehydrogenase,
acid and alkaline phosphatase activities in soil and cadbsootaedrafed on the
six plant materials specified above.

The organic C content in sail (1.79%) was higher than in casts of earthworms
fed on larch, alder, beech and rye leaves (1.56-1.68%), but the total N content in
soil (0.165%) was higher than in the casts only in the case of worms fed on larch
leaves (0.162%). As foods, dandelion caused the highest and larch the lowest
contents of organic C and total N in casts.

The three enzyme activities measured were higher in casts than in the soil.
The only exception was dehydrogenase activity which was lower in casts resulting
from feeding on larch leaves than in the soil.

The correlations between enzyme activities and organic C and total N contents
in casts were significant at p=0.016 (dehydrogenase), p=0.009 (acid phosphatase)
and p=0.004 (alkaline phosphatase). Furthermore, dehydrogenase activity significantly
correlated with acid and alkaline phosphatase activities (at p=0.005 and p=0.03,
respectively) in the casts.

The litter bag experiment described by Mclnerney and Bolger [48] was
carried out under field conditions on a 2-ha stand of Douglas fir (Pseudotsuga
menziesjiin Camolin, Co. Wexford, Ireland.

In all, six litter bag treatments were applied. These were: earthworm casts;
intact oak litter plus soil; shredded oak litter (< 2 mm) plus soil, each placed either
on the surface or buried.

The earthworm used wadsterrestris The oak litter was collected from
Quercus petraearhe gray-brown podzolic soil was sampled from the top 7-15 cm
of a Norway spruce plantation in Kilkea, Co. Kildare, Ireland. This soil is a silt loam
and contains 8.62% organic matter and 0.3% total N; its pH@i$i4.7.

4



ADVANCES IN SOIL ENZYMOLOGY (PART V)

The earthworms were maintained in containers with oak litter and soll
from the spruce plantation. The resulting casts were collected. As the casts had a
mean organic matter content 1.17% greater than the initial soil, in the non-cast
treatments the oak litter was added to soil in such an amount which assured the
same organic matter content in the oak litter-soil mixture as that in the casts,
i.e.8.62 + 1.17% 9.8%.

The bags (10 x 10 cm) were made from polyester mono-filament (mesh
size: 40um) in order to exclude most mesofauna and to reduce the effect of climatic
extremes (desiccation or saturation). The litter bags contained 12 g (dry weight
equivalent) of casts and oak litter + soil mixtures. They were placed on the surface
or buried at 7 cm in the soil of the Douglas fir stand. The experiment began in
April 1995 and ended in May 1997. There were nine sampling dates between June
1995 and May 1997.

The samples were analysed for determination of several physical, chemical
and microbial parameters. The fluorescein-diacetate hydrolysis (FDAH) activity
was also measured.

All parameters exhibited significant changes depending on the sampling
date. Overall, organic matter and total C contents, C:N ratio and bacterial counts
were significantly higher in the cast than in the two non-cast treatments, whereas
there were no significant differences between the treatments for moisture and total N
contents, respiration (GQrroduction), fungal length and FDAH activity. Significant
differences between the surface-placed and buried litter bags were found only for
moisture, organic matter and total N contents, C:N ratio and bacterial counts. No
parameter presented significant difference between the litter bags with intact and
shredded litter, respectively.

In a complex study of the anecic earthwdvfartiodrilus carimaguensis
conducted by Jiméneet al.[29a], acid phosphatase activity in casts and surrounding
soil was also determined. Field and laboratory experiments were performed at the
Carimagua experimental station located in the Eastern Plains of Colombia. The site
is representative of the well-drained isohyperthermic savanna ecosystems. Samplings
were done in a silt-clay Oxisol of low fertility (pH in,8 4.80-4.96; total C 23.5-

24.9 mg/g soil; total N 1.45-1.67 mg/g soil), during the rainy season, more precisely in
the period of May-September 1994.

Two field experiments were carried out on nearby lands, namely on a 2.3-ha
herbaceous native savanna dominatedAhgiropogon bicornisand Trachypogon
vestitusand on an 18-year-old 2-ha introduced (improved) pastuBrasfhiaria
decumbenandPueraria phaseoloidesThe pasture was grazed by 1 cattle/ha during
the dry season and by 2 cattles/ha during the rainy period.

In the laboratory experiments, soil samples taken from the 0-15-cm layer
of the field (native savanna and pasture) plots were introduced into pots (6 kg soil,
air-dried and sieved to 2 mm/pot), then amended or not amended with oven-dried,
finely ground green plant material from the native savanna and pasture plots,
respectively (20 g plant material/kg soil) and inoculated with 12 adult earthworms.
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In both field and laboratory experiments, the surface casts corresponding to
the ages of 1, 4, 8, 16, 32 and 64 days and the surrounding soil (0-15-cm layer)
were submitted to different analyses.

It was found that pH, total C, total P and microbial P contents were significantly
(p<0.001) higher in the casts than in the soil. Acid phosphatase activity (expressed in mg
p-nitrophenol/kg soil/hour) had the following mean values in the 1-day-old casts
and surrounding soil, in the experiments:

field experiment on native savanna - 312 (casts) and 254 (soil);

field experiment on pasture - 249 (casts) and 299 (soil);

laboratory experiment with native savanna soil sample not amended with
green plant material - 120 (casts) and 215 (soil);

laboratory experiment with pasture soil sample not amended with green
plant material - 242 (casts) and 313 (soil).

It is evident from these data that the casts were more phosphatase-active
than the soil only in a single case: in the field experiment on native savanna. For
explaining these observations, one can assume that in the field experiment on
pasture and in the laboratory experiments the acid phosphatase and other enzyme
molecules were partly degraded during gut transit and/or the mobile inorganic
phosphate fraction in the high total P content repressed the biosynthesis of the acid
phosphatase molecules. For verification of these assumptions, activities of other
enzymes should also be determined, beside the acid phosphatase activity.

Studying the occurrence of acetylesterases in different tissues and in casts
of Eisenia fetidaandE.andrej the specimens of which were collected in Norway,
Engelstad and Stenersen [19] applied the method of polyacrylamide gel elec-
trophoresis. Five and four bands (isoenzymes) designated E3-E7 and E4-E7 were
distinguished from tissues &.fetidaandE.andrej respectively. Only two bands
(E3 and E4) were detectable from the casts, namely from casts of only some
specimens. But when present in casts, E3 and E4 were highly active acetylesterases.
It should be mentioned that the E3 and E4 bands are connected to the gut, whereas
the other bands originate from enzymes found in other tissues.

Comparison of enzyme activities in drilosphere (vermisphere) and
matrix soil

Stehouweret al. [64] collectedLumbricus terrestrisourrow lining and
bulk soil samples in the autumn of 1990 from a silt-loam soil at the Agricultural
Research and Development Center in Wooster, Ohio. The site was planted with
soybean in 1990 and had been under no-tillage management for 3 years with a 2-year
maize-soybean rotation.

Three undisturbed soil blocks (30 x 30 x 50 cm deep), each containing 7-8
occupiedL. terrestris burrows were excavated. The burrows (> 5-mm diameter)
contained within the soil blocks were excavated and vertically bisected to expose
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the inner surface. The burrow lining material (drilosphere) was generally 1 to 2 mm
thick. With the aid of 10x magnification lens, the lining material was scraped from
7 depth intervals: 0-5, 5-10, 10-15, 15-20, 20-30, 30-40 and 40-50 cm. Samples of the
bulk soil (matrix soil not affected by earthworm activity) were taken from the same
depths adjacent to the burrows. Then, the lining material and bulk soil samples were
air-dried and sieved (0.42 mm) before determination of their alkaline phosphatase
activity, pH, total and water-soluble organic carbon (TOC and WSOC) and clay
contents. Atrazine sorption on, and desorption from, lining and bulk soil were also
investigated.

Fig. 1 shows that alkaline phosphatase activity in both lining material and
bulk soil decreased with depth, but at the same depth it was much higher in the
lining material than in the bulk soil. Thus, in the upper 15 cm the activity in the
lining material exceeded 2.5 to 6 times that measured in the bulk soil. At 25 to 45
cm, the activity in the lining material was similar to that of the surface bulk soil.

Alkaline phosphatase activity
0 50 100 150 200 250 300 350

Opr———— T T T T
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Fig. 1. Alkaline phosphatase activity of earthworm burrow lining material and bulkezgil
The activity is expressed pnitrophenol/g soil/hour.
The error bars indicate standard deviation.

TOC and WSOC contents, like alkaline phosphatase activity, decreased
with depth, but were higher in the lining material than in the bulk soil throughout
the profile. In the lining material compared to the bulk soil, pH was lower in the
superior part and higher in the inferior part of the profile, and the reverse was true
for the clay content.
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Sorption of atrazine was greater on burrow linings than on bulk soil at
depths from 5 to 45 cm, whereas desorption of atrazine from burrow linings was
less than from bulk soil at depths from 5 to 30 cm. These findings corroborated
with the finding, that alkaline phosphatase activity as an indicator of overall
microbial activity is much higher in the lining material than in the bulk soil,
suggest that biodegradation of herbicides sorbed on burrow lining is greater than in
the soil matrix at similar depths.

A short report on these investigations was referred to on page 11 in [34], too.

Studying nitrogen transformations in earthworm burrows, Parkin and
Berry [54] have examined the drilosphere from burrow&whbricus terrestris
maintained in laboratory and from burrows in no-till plots under continuous, 17-year
monoculture of maize, in Ankeny, lowa. In both laboratory and field experiments,
the soil was the same (a fine loam). Non-drilosphere soil (hot associated with
burrows) served for comparison.

The following chemical, microbial and enzymatic parameters had higher
values in the drilosphere than non-drilosphere soil in both laboratory and field
experiments: pH, soluble organic C and nitrate contents, numbers of ammonium-
oxidising and denitrifying bacteria, rates of nitrification and denitrification, and
denitrification enzyme activity.

In the laboratory experiment, the water contents of drilosphere and non-
drilosphere soil were not different, but in the field experiment, the drilosphere was
significantly wetter than the non-drilosphere soil.

Ammonium content was also higher in the drilosphere than in the non-
drilosphere soil in the laboratory experiment and was not different in the field
experiment. The number of nitrite-oxidising bacteria in the drilosphere in comparison
with that in the non-drilosphere soil was higher in the laboratory experiment and
lower in the field experiment.

Thus, the drilosphere is a microenvironment which supports intense microbial
transformations of nitrogen.

Jégouet al.[29] performed a laboratory experiment for studying the burrow
walls of Lumbricus terrestrisand Aporrectodea giardsampled in Brittany (France).

The soil used was sampled from the upper 30 cm of the uncultivated border of an
experimental field in Brittany. The soil is a silt loam containing 2.17% organic matter.

After air-drying and sieving (< 4 mm), the soil was rewetted to 20% by
weight. It was then artificially compacted into polyvinyl chloride cylinders of 15 cm
diameter and 30 cm height. The bulk density of soil in each cylinder was 1.35 g/cm

The soil in each of four + four cylinders was inoculated with one adult
terrestrisor A. giardi, respectively. A mixture of different grasses from permanent
grassland was dried at’85 ground and sieved (> 1 mm) and, serving as litter, food
for earthworms, it was placed on the soil surface. The cylinders were then kept at
12°C with 12 hours light/day for 70 days. About 50 ml of distilled water was sprayed
on the soil surface after every 10 days. At the end of this 70-day incubation period,
no litter was visible on the soil surface and all the worms were alive.

8
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After incubation, the burrow walls, defined as a mantle of 1 cm diameter
around the burrow lumen, were analysed for determination of their enzyme (acid
and alkaline phosphatase and dehydrogenase) activities and C and N contents. The
surface casts produced during incubation and the surrounding soil (sampled at least
2 cm away from any structures formed by earthworms) were submitted to the same
analyses.

It was found that the three enzyme activities have different patterns in
casts, burrow walls and surrounding soil of the two earthworm species. The activities
may be characterised by the following orders:

- acid phosphatase activity (pH 6.5): castburrow walls= surrounding
soil (both earthworm species);

- alkaline phosphatase activity (pH 11): castsurrow walls > surrounding
soil (L. terrestrid; casts > burrow walls surrounding soil (A. giardi);

- dehydrogenase activity: casts > burrow walls > surrounding soil (both
species).

All activities were higher fokL. terrestristhan forA. giardi. Acid phosphatase
activity in casts, burrow walls and surrounding soil was insignificantly highdr.for
terrestristhan forA. giardi. Alkaline phosphatase activity had significantly (p < 0.01)
higher value only in the burrow walls &f terrestristhan in those of. giardi,
while dehydrogenase activity in both casts and burrow walls was significantly
higher forL. terrestristhan for A. giardi. It is evident from these findings that
dehydrogenase activity indicated most sensitively the differences between the two
earthworm species.

The C and N contents in casts, burrow walls and surrounding soil followed
the pattern of dehydrogenase activity, but only the N content in casts was significantly
(p < 0.05) higher foL.. terrestristhan forA. giardi.

Comparison of enzyme activitiesin earthworm middens and surrounding
bulk soil

Earthworm middens are small mounds consisting of mixed organic litter,
soil and casts; they are formed at the openings of burrows through feeding, burrowing
and casting activities of some species of earthworms.

Subler and Kirsch [78] collected samples of soil from earthworm
middens and surrounding bulk soil in a maize field on four dates: 16 May, 1, 14 and 29
June 1995, when seasonal earthworm activity was expected to be intense. The maize
field was located in Columbus, Ohio, on a silt-loam soil and had been farmed over
the past several years using no-tillage in a continuous maize system with high input
of dairy cow manure. The field had been abandoned the previous year following
the harvest, so it was not replanted to maize during the study period. By the end of
this period, moderate vegetative cover had developed, consisting primarily of common
weeds.
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The earthworm population sampled at the site consisteduntbricus
terrestris, Lumbricus rubelluand Aporrectodeaspp. with(J 40, [0 40 andd 20%
abundance, respectively. There were about 30-50 recognisable midden$, per m
occupying about 15-25% of the total surface area. The diameter of middens ranged
from 5 to 11 cm, having an average of about 8 cm.

On each sampling date, 10 middens were collected from within a 10 x 20 m
study plot in the maize field. Each midden was sampled to a depth of 10 cm. The
samples of bulk soil were taken from the 0-10-cm layer at the same distance (20 cm)
from each midden.

The field-fresh midden and bulk soil samples were sieved through a 2-mm
mesh. Except for the samples taken on 16 May, the coarse organic litter (> 2 mm)
was removed from each sample by hand before sieving, then rinsed free of soll
particles with deionised water, oven-dried %®)) weighed and analysed for C and
N contents.

The sieved soil samples were submitted to several physical, chemical and
microbiological analyses. Their dehydrogenase activity was also determined.

The parameters having significantly (p < 0.05) higher values in the midden
than in the bulk soibn each sampling dateere:

- soil moisture content (g/g soil);

- coarse organic litter (kgAyt;

- s0il C(%) : N (%) ratio;

- microbial biomass-N (mg/kg soil);

- fungal substrate-induced respiration (SIRg CQOY/g soil);

- dehydrogenase activity guriphenylformazan/g soil/hour).

Soil C and N (%), ammonium-N (mg/kg soil), total microbial Sli§ CO./g
soil) and fungal SIR: total SIR ratio were significantly or insignificantly higher in
the midden than in the bulk soil.

Nitrate-N content (mg/kg soil) was the only parameter which had a
significantly lower value in the midden than in the bulk soil, namely in the samples
taken on 1 June; on the other sampling dates, the differences were not significant.

It is evident from Table 1 that dehydrogenase activity as compared to
substrate-induced respiration gave stronger correlations with moisture, total C and
total N contents in both midden and bulk soil, taken separately and pooled. The
only exception was moisture content in the midden soil.

All the results obtained indicate that the middens are favourable microsites
(hot spots) for microbial activity and a reserve of preconditioned food for
earthworms.

" But the C and N contents and C:N ratios in the coarse organic litter did not differ significantly
between midden and bulk soil.
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Table 1
Correlations of dehydrogenase activity and substrate-induced
respiration with moisture, total C and total N contentsin
midden and bulk soil separately and pooled [78]
Dehydrogenase activity Substrate-induced respiration
Content Midden Bulk Midden  Bulk
soil soil Pooled soil soil Pooled
Moisture -0.402* -0.468**  -0.176 -0.497**  -0.296 -0.169
Total C 0.611* 0.608**  0.693* | 0.473** 0.525**  0.593**
Total N 0.618** 0.437** 0.595**  0.514** 0.085 0.386**

Significant correlations are indicated by * (p<0.05) and ** (p<0.01).

Schrader and Seibel [62] studied the hot spot effects. dérrestris
middens on micro- and mesofauna, abiotic parameters and enzyme activities in a
sandy loam soil on an experimental field of the Federal Biological Research Centre
of Agriculture and Forestry in Braunschweig, Germany.

Six plots (24 x 19.5 m) were set up in 1998. Three plots were seeded with
faba bean (Vicia fajaand other three plots with yellow lupineupinus luteu
One of the three plots was unmulched, the second was mulched with wheat straw
(0.2 kg/nf) and the third was cultivated with mustaBin@pis albyas an intermediate
crop during autumn 1997.

Soil was sampled from each plot in 1998, namely before seeding (6 April) and
five times during the growth period of the two crops (between 22 May and 14 August).
On each sampling date, soil cores (surface area 50dapth 0-5 cm) were taken
from tenL. terrestrismiddens (10 cores). Similarly, 10 cores were taken from the
surrounding soil at least 20 cm from the middens. 7 + 7 cores were used for
determination of the abundance of micro- and mesofauna and 3 + 3 cores for
determination of abiotic parameters (pH, moisture, total C and N contents), acid and
alkaline phosphatase and dehydrogenase activities.

The results have shown that, generally, twice as many individuals of soail
micro- and mesofauna were found in the middens than in the surrounding soil.

No significant differences concerning both abiotic parameters and enzyme
activities were established between the bean and lupine plots at all. Generally, the
enzyme activities were more pronounced in middens than in surrounding soil, but
the difference in the same treatment (unmulched or mulched or intermediate crop)
was not significant. Contrarily, some significant differences were registered between
the unmulched, mulched and intermediate crop treatments. Thus, the soil in the
intermediate crop treatment contained significantly (p < 0.05) more total N than in
the unmulched and mulched treatments. Total C content and alkaline phosphatase
activity of both midden and surrounding soil samples were significantly (p < 0.01)
higher in the mulched and intermediate crop treatments than in the unmulched one.
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The conclusion drawn from the results of this field study was that the hot
spot effects of.. terrestrismiddens on enzyme activity and fauna in arable soil are
supported by crop management (addition of organic mulch to the top soil or
cultivation of an intermediate crop).

Comparison of enzyme activitiesin soilsrich and poor in earthworms

Kovalev et al. [38] determined urease activity of the arable soil layer in
two field experiments carried out for increasing soil fertility (hay production). Plots
in the first experiment were set up on a formerly intensely cultivated soddy-
podzolic deeply gleyed soil, whereas the plots in the second experiment were
installed on a soddy-podzolic gleyed soil used for hay production even before the
experiment. The initial soil pH was 6.2 in the first experiment and 6.9 in the second
experiment, while the humus content was 1.97 and 3.95%, respectively.

The plots were fertilised with compost, PK and compost + PK or left
unfertilised.

The soils were analysed in the July-August periods of 1996 and 1997.

Soil urease activity, like hay yield in both years, was higher in plots of the
second experiment than in the corresponding plots of the first experiment. In
concordance with these results, the soil was found to be rich in earthworms in the
second experiment and poor in the first one.

Comparison of enzyme activities in soil with and without addition of
earthworms

Buck et al [14] conducted a laboratory experiment, in whichmbricus
terrestris or Octolasion cyaneurfrepresenting the anecic and endogeic earthworms,
respectively) was added to soil samples previously treated with different mulch
types (leaves and straw of barley and lupine, leaves of maize and sugar beet). The
soil samples were taken from the Ap horizon of an arable soil in the southern
Lower Saxony. The soil is characterised as a gleyic podzoluvisol derived from
loess with a texture of loamy silt. The samples were air-dried and sieved; diameter
of the sieved aggregates was 1-2 mm. The mulch materials were air-dried and cut
into 0.5-1.5-cm fragments.

Microcosms consisting of two parallelly orientated glass sheets were used.
The fragmented mulch (2.5 g) was mixed with soil aggregates remoistened to 19-
21% water content and the mixtures (525)owere introduced into the microcosms.
The bulk density in microcosms ranged from 1.0 to 1.5 §/@tren, 0.2 g of mulch
was littered on the soil suface and two adult earthworms were inoculated. Each
microcosm was kept in a dark climate room &CLfor about 4 weeks. Soil samples
without worms and without worms and mulch were the controls.

After the 04-week period, the soil and casts were analysed for determination
of their nutrient contents (organic C, total N and inorganic P) and acid phosphatase
activity measured at pH 6.5.
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Nutrient contents were in general higher in casts than in soil, and higher in
casts oL. terrestristhan in those o©. cyaneum.

Fig. 2 shows that the acid phosphatase activity exhibited only little changes
in the control soils, but it was in general higher in casts than in soils. The activity
was increased in the casts@f cyaneum compared o terrestrisin the case of
the barley and sugar beet treatments, and the reverse was true in the lupine and
maize treatments.
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Fig. 2. Mean values of acid phosphatase activity in soil and cadts dierrestris [.t.)
andO. cyaneum@.c.) depending on the mulch tyid].
The activity is expressed jrg p-nitrophenol/g soil or casts/hour.

It was also established that the correlation between acid phosphatase activity
and C:N ratio in casts was positive and significantdocyaneunand insignificant
for L. terrestris.

Within this laboratory experiment, Buaodt al. [15] also studied the effect
of soil compaction on the properties of earthworm casts. The uncompacted soil was
compared with the compacted soil having bulk densities of 1 and 1.8. Jbm
higher bulk density was obtained by compressing the soil with a stiff plate. Besides
acid phosphatase activity (pH 6.5), the alkaline phosphatase (pH 11) and dehydrogenase
activities were also measured.

For evaluation of the effect of soil compaction on enzyme activities in casts
and soil aggregates, the analytical data registered in the treatments with different
mulches were pooled.

Acid and alkaline phosphatase activities of soil aggregates were insignificantly
(p > 0.05) higher in the compacted than in the uncompacted soil, while dehydrogenase
activity was similar in the two soils.
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In the uncompacted soil, acid phosphatase and dehydrogenase activities
were insignificantly and alkaline phosphatase activity was significantly (p < 0.05)
higher in casts than in soil aggregates.

In the compacted soil, acid phosphatase activity was insignificantly lower,
alkaline phosphatase activity was significantly higher in casts than in soil aggregates,
whereas dehydrogenase activity was nearly identical in casts and soil.

Significant difference between enzyme activities in casts of the two earthworm
species was registered in a single case: in the uncompacted soil, alkaline phosphatase
activity in casts ofO. cyaneum was significantly higher (p = 0.042) than in the
casts oL. terrestris

The relative dehydrogenase activity (% of the activity in casts in relation to
the soil) increased with the relative water-stable aggregation (% of this aggregation
in casts in relation to the soil) in the castd oferrestrisin the uncompacted soil.

The increase was linear (in the following order of mulch types: sugar beet < maize
< barley < lupine) and significant at p = 0.0381. The relationship between relative
dehydrogenase activity and relative water-stable aggregation was less strong for casts
of O. cyaneum.

There was also a linear relationship (p = 0.084) between relative alkaline
phosphatase activity and relative water-stable aggregation in cadtscgneum
in compacted soil.

Another finding was that the effect of mulch type was very significant
(p < 0.001) on dehydrogenase activity, significant (p < 0.01) on alkaline phosphatase
activity and insignificant (p > 0.05) on acid phosphatase activity.

The conclusion which may be drawn from the investigations of Betcd.

[14, 15] is that the effect of soil compaction is less important than the mulch quality
for the properties of earthworm casts.

Zhanget al. [81] added specimens of the anecic earthwbtataphire
guillelmi to surface samples (0-10 cm) of a silty loamy clay soil taken from the
experimental station of the Agricultural University in Beijing. The soil was air-dried
and sieved (< 2 mm). Four parts (volume/volume) of soil were mixed with one part
of sieved (< 2 mm) wheat straw compost; the mixture was adjusted to 50% of water-
holding capacity and incubated at®@5for at least 10 days before starting the
experiment.

To pots containing 200-g (dry weight equivalent) samples of the incubated
soil-compost mixture, adult earthworms were added at a ratio of 1 g fresh weight
worms to every 5 g (dry weight equivalent) soil. After 24 hours %, 28e earthworms
were withdrawn. Worm-free soil-compost mixtures were the controls. Enzyme
activities in the worm-worked soil (fresh casts) and in the uningested (control) soil
were compared. The results obtained are summarised in Table 2.

It is evident from this table that passage of soil through the dut giillelmi
caused significant decreases in enzyme activities. As the total soil microbial biomass
also decreased during the passage with concomitant increase of available nutrients
(N and P), the conclusion was drawn thatguillelmi used the soil microorganisms
and even the soil enzymes as secondary food resources.
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Table 2
M ean values of enzyme activitiesin soil and fresh casts of
Metaphireguillelmi [81]
Enzyme activities*
Analysed material Phosphatase Brot
Acid (pH 6.5) Alkaline (pH 9.0) rotease

Soil 570 (2.9) 748 (7.3) 295 (1.7)

Casts 327 (26.7) 549 (19.7) 17.8 (2.0)
Significance of the
difference between p <0.001 p <0.001 p<0.01

soil and casts

* Expression of activities: phosphatasgg-p-nitrophenol/g soil’hour; protease — mg tyrosine/g
soil/hour.
Standard errors are given in parenthesis.

We consider that the opinion of Zhaegal.[81] concerning the degradation
of soil phosphatase and protease molecules in the utgfillelmiis very interesting
and deserves further studies, because the uningested soil was a soil + wheat straw
compost mixture and, thus, it contained enzyme molecules present in soil and in
compost. It is well documented in the soil enzymological literature that enzymes
accumulate in soil in form of enzyme-humic and enzyme-humic-clay mineral
complexes in which the enzyme molecules are resistant to proteolytic degradation.
Consequently, one can hypothesise that the less resistant compost enzymes were
degraded in the gut ®fl. guillelmi and the residual enzyme activities in casts were
due to the soil enzymes.

Origin of earthworm cast enzymes

As emphasised in [34], the general opinion is that the enzymes in the
earthworm casts originate from two sources: the microorganisms living in gut and
casts and the earthworm tissues themselves. Table 3 lists literature data, according
to which there are enzymes produced at least partly or not produced at all by
tissues of the earthworm species studied, and represents an addendum to the list
published in [34].

It is well known that the cholinesterase enzymes play an important
physiological role in the animal organisms. Of the studies, in which cholinesterase
activity in earthworms was measured or referred to, we quote those described in [2,
25, 39, 57, 59-61, 65-70, 72, 73, 79, 80].
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Table 3
Production of enzymesin earthworms
Abbreviation for some earthworm genefa:=Allolobophora. D—Dendrobaena.
E.— Eisenia. L. — Lumbricus. O. — Octolasium (Octolasion)

Enzyme Earthworm Examined material Reference

Enzymesin earthworms produced, at least partly, by earthworm tissues
Hydrolases. Hydrolases patrticipating in C-cycle

Invertase, Lampito mauritii, Supernatant of centrifuged 50
amylase, Octochaetona homogenates of the anterior,
cellulase surensis, middle and posterior parts of

Drawida calebi gut cleaned from its contents

Invertase, amylase, cellulase  Dichogaster Supernatant of centrifuged 50

bolaui homogenate of whole worms
Acetylesterases, E.fetida Supernatant of centrifuged 53
carboxylesterases (E.fetida typica), homogenate of whole worms

E.unicolor  and of the anterior and post-
(E.fetida unicolor)clitellate parts of worms

Acetylesterases E.andrei, Supernatant of centrifuged 19
E.fetida, homogenate of whole
E.veneta  worms and tissue samples

Carbohydrases hydrolysing oli- Polypheretima Solution resulting from dialy- 40
gosaccharides (maltose, sucrose, elongata, sis of the centrifuged homoge-
laminaribiose), heterosides ¢ Pontoscolex nate of gut comprising wall
andB-glucosidep-N-acetylglu-  corethrurus,  tissues and gut contents, solu-
cosamine) and polysaccharides  Millsonia  tions from then vitro tissue
(starch, cellulose, laminarin, man- @nomala  cultures of fore-, mid- and

nan, galactomannan, lichenin) hindgut and from the culture
media

The same as above and cello- Hormogaster The same as above 23

biose, gentiobiosey- andp- elisae

galactosidep-mannosidep-
xyloside; pullulan, carboxy-
methylcellulose

Cellulase Metaphire  Supernatant of centrifuged 81
guillelmi homogenate of gut wall and
its contents
Cellulase E.fetida Supernatant of centrifuged 81

homogenate of whole worms

Hydrolases participating in N-cycle
Protease Lampito mauritii, Supernatant of centrifuged 50
Octochaetona homogenates of the ante-
surensis, rior, middle and posterior
Drawida calebi parts of gut cleaned from
its contents
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Table 3 (continued)

Enzyme Earthworm Examined material Reference
Urease Lampito mauritii, The same as above 50
Drawida calebi
Protease, urease Dichogaster Supernatant of centrifuged 50
bolaui homogenate of whole worms

Protease Metaphire ~ Supernatant of centrifug 81

guillelmi homogenate of gut wall and

its contents

Protease E.fetida Supernatant of centrifuged 81

homogenate of whole worms

Hydrolases patrticipating in P-cycle

Acid phosphatase L.terrestris  Midgut 56
Acid phosphatase Metaphire  Supernatant of centrifug: 81
guillelmi homogenate of gut wall and
its contents
Acid phosphatase E.fetida Supernatant of centrifuged 81

homogenate of whole worms

Oxidoreductases

Aldrin epoxidase L.terrestris  Microsomal preparation 52 See als
from different tissues [70]

Catalase L.terrestris  Chloragogenous tissue 20

Superoxide dismutase E.foetida Different tissues 51

Cytochrome P-450 L.terrestris ~ Microsomal preparation 10, 11, 41
from midgut

Cytochrome P-450 D.veneta  The same as above 49

Catalase L.terrestris  Midgut 56

Catalase, glutathione peroxi- L.terrestris  Different tissues 43

dase, superoxide dismutase

Superoxide dismutase L.terrestris  Giant hemoglobin 42

Catalase, superoxide dismutase E.fetida Supernatant of centrifuged 27
E.veneta  homogenate of whole worms
and of anterior, middle and
posterior parts of the worms

Catalase, glutathione E.fetida andrei Supernatant of centrifuged 39
peroxidase homogenate of whole worms

Catalase, glutathione reductaseE.fetida andrei The same as above 58

Catalase, NADH and NADPH E.fetida andrei The same as above 3, 60
cytochrome reductases

Catalase, glutathione reductasek:.fetida andrei The same as above 57,59
NADH and NADPH cytochrome
reductases

Methoxyresorufin-Odeethylas: E.fetida andrei The same as above 3,57, 59, 60
(cytochrome P-450-dependent)
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Table 3 (continued)

Enzyme

Earthworm Examined material Reference

Transfer ases

Glutathione-S-transferase

E.foetida, Supernatant of centrifuged 74
L.terrestris, homogenate of whole worms
L.rubellus,

A.longa,
A.caliginosa,
A.chlorotica

Glutathione-S-transferase

The same a¥he same as above and 76 See als
above and  supernatant of centrifuged [70, 71]
A.rosea, homogenates of different
D.hortensis, organs
O.cyaneum

Glutathione-S-transferase

E.unicolor  Supernatant of centrifuged 75
homogenate of whole worms

Glutathione-S-transferase E.andrei The same as above 77
Glutathione-S-transferase E.andrei, E.venetdhe same as above 12
Glutathione-S-transferase E.fetida The same as above 24
Glutathione-S-transferase E.fetida andrei The same as above 3, 57-60
Lyases

o-Aminolevulinic acid L.terrestris  Different tissues 28
dehydratase

Enzymesin earthworms not produced by earthworm tissues

Hydrolases

Hydrolases patrticipating in C-cycle

Cellulase, mannanase

Pontoscolex Solutions fromthein vitro 40

corethrurus, tissue cultures of fore-, mid-
Millsonia and hindgut and from the
anomala culture media

Cellulase, mannanase Hormogaster The same as above 23
elisae
Chitinase Metaphire  Supernatant of centrifug 81
guillelmi homogenate of gut wall and
its contents
Chitinase E.fetida Supernatant of centrifuged 81

homogenate of whole worms

Hydrolases participating in N-cycle

Urease

Octochaetona Supernatant of centrifuged 50
surensis homogenates of the ante-
rior, middle and posterior
parts of gut cleaned from
its contents
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Enzyme activities and earthwor msin urban soils

Broll and Keplin [13] performed a complex study of soils in the city of
Dorsten (Northwest-Germany). This study, in which besides determination of some
soil chemical parameters and estimation of phytomass, soil urease activity and
abundance and biomass of earthworms were also dealt with, has been referred to on
page 27 in [35].

Enzyme activitiesand earthwormsin mine spoils submitted to recultivation

The investigations conducted by Scullion and Malik [63] on the effects
of earthworms on organic matter, aggregation, microbial and enzyme activity in
soils restored after opencast mining of coal in South Wales were briefly reviewed
on pages 34-35 in [35].

Enzyme activitiesin earthwor m-worked composts

The compost called Biohumus was analysed enzymologically by Kireeva
et al. [31]. As specified on page 32 in [37] and on page 31 in [34], this compost
was prepared from cattle, pig and horse dungs mixed with sawdust and chopped
straw and inoculated with a Californian populationEi$éenia foetidaadapted to
farmyard manure, then subjected to maturation for 6 months.

The enzyme activities reported to 1 g of Biohumus had the following
values: invertase 12.5 mg glucose; urease 22 mg bthlase 18 cirO./minute;
peroxidase and polyphenol oxidase 14.9 and 12.p-benzoquinone, respectively;
dehydrogenase 8.7 mg triphenylformazan. pH of the Biohumus was 6.6.

In a review article by Ceccanéi al.[17] on the activity and role of humic
substances in the environment, changes in enzyme activities during vermicomposting
of different organic residues (especially sewage sludges) were also dealt with.
B-Glucosidase, N-ébenzoyl-L-argininamide-hydrolysing protease (BAA-protease)
and dehydrogenase activities were initially higher than at the end of the vermi-
composting process. The activities significantly (p < 0.05) correlated with each
other and also with the water-soluble C content.

Herreroet al.[26] determined alkaline phosphatase activity in 14 organic
products (9 composts, 1 vermicompost, 2 manures, 1 sewage sludge and 1 product
from green residues). The activity expressagggshitrophenol/g product/hour ranged
from 3430 (compost of urban residues from Ador, Valencia, Spain) to 45 (product
from green residues), whereas the activity of vermicompost was 745, occupying
position 5.

The investigations briefly reviewed on pages 28-29 in [34] were continued
by Benitezet al.[7 - 9].

In one of the experiments, Benitezt al.[7] studied the vermicomposting
process in sewage sludges amended with garden refuse artificially contaminated
with the carbamate insecticide carbaryl.
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The sewage sludges used consisted of a mixture, at 50%, of an anaerobically
digested sewage sludge at the wastewater treatment plant of a paper mill factory
and an aerobically digested municipal sewage sludge. The mixture (1000 g, fresh
weight) was amended, at a ratio of 1:1 (volume/volume), with garden refuse (grass
clippings of Poa sp. andFestucasp.) artificially contaminated with carbaryl
(1-naphthyl methylcarbamate). The initial concentration of carbaryl was 350 mg per kg
organic substrate (sewage sludge mixture amended with garden refuse). The control
organic substrate was not contaminated with carbaryl.

Plastic containers were filled with the contaminated or with the uncontaminated
organic substrate. Then, the top of organic substrate in each container was covered
with a layer of composted sewage sludge (100 g, fresh weight) as a microbial inoculum
and to provide a suitable earthworm habitat. Ten clitell&isénia foetidavere
introduced into this layer. The containers were kept in the darkness at room temperature
(20-28C) and the water content in the organic substrate was maintained at 75-80%
during the vermicomposting period which lasted 10 weeks. After this period, the
earthworms were removed and the compost in each container was left at room
temperature and maintained at 75-80% water content for another, 8-week period to
complete the stabilisation of organic mattex, for maturation of compost.

During the 10 weeks of vermicomposting, the number and weight of earth-
worms were determined weekly. Enzymological and chemical analyses were carried
out also weekly, during 18 weeks. Activities of four hydrolasegl{Bosidase, urease,
BAA-protease, phosphatase) as well as dehydrogenase activity were measured. The
chemical analyses comprised determination of water-soluble carbon (WSE£INNH
NOs-N and PQ* contents.

Carbaryl was found to have a strong negative effect on the growth and
reproduction ok. foetida

Fig. 3 shows that hydrolase activities tended to decrease during the 18 weeks
of the experiment. The effect of carbaryl on fhglucosidase and phosphatase
activities was inhibitory during the whole experimental period, whereas urease
activity was inhibited only during the first 2 weeks and BAA-protease activity was
reduced during the first 4 weeks. Contrarily, dehydrogenase activity in the carbaryl-
contaminated organic substrate increased during the first 4 weeks, then decreased.

WSC, NH,"-N and P@* contents decreased and thesN®content increased
during the composting. The ratio between dehydrogenase activity and WSC content,
which shows the relation between microbial activity and easily metabolisable organic
matter, was higher during the first 4 weeks and lower during the 5-18-week period
in the uncontaminated than in the carbaryl-contaminated organic substrate.

In another experiment, Benitest al. [8] used a 50% mixture of the two
sewage sludges, but no amendment with garden refuse was applied. The conditions
of vermicomposting withe. foetidawere identical to those described by Benietz
al. [7] and briefly reviewed above. Samples were collected weekly during the 10-week
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composting and after 18 weeks and analysed for determination of WSC and
pyrophosphate-extractable C (PEC) contents as well as extracellular urease activity
(activity of the pyrophosphate-extracted humic-urease complexes).
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The extracts of the humic-urease complexes from the sewage sludge mixture
(i.e. before vermicomposting) and from the vermicompost after 18 weeks of the
experiment were characterised by analytical isoelectric focusing.

For extraction of PEC and humic-urease complexes an 0.1 },0Ola
solution (pH 7.1) was used. It was carried out &C3By shaking for 24 hours,
followed by centrifugation at 18,000 rpm, filtering through a Q.22 Millipore
membrane and dialysis against distilled water.

During the 10-week composting, WSC content decreased to a larger extent
than did the PEC content, but the ratio between PEC and WSC showed an increasing
trend which indicates that vermicomposting resulted in an increase in the amount
of stable, humic substances.
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The total extracellular urease activity and the specific urease activity,
reported to 1 g of compost and 1 g of humic-C, respectively, increased during the
18 weeks of the experiment, proving that composting resulted in accumulation of
stable humic-urease complexes (Fig. 4).

Fig. 4.Changes in total (A) and specific (B)
41 activity of humic-urease complexes
04— — h in pyrophosphate extracts during the
18 18-week experiment for vermicompost-
Weeks ing of a mixture of sewage sluddg&p

Expression of urease activity: total

s a - umol NHy/g compost/hour; specific -

pmol NHs/g humic-C/hour.

b b Activity values with the same letter
c c are not significantly different at p < 0.05.

cd

Urease aCtiV‘ity

cd

Ureage activity
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By the isoelectric focusing, 6 urease-active humic bands were evidenced
from the sewage sludge mixture, and only 4 such bands from the vermicompost
after 18 weeks of the experiment. But these 4 bands exhibited a doubling of the
total and a 6-fold increase of the specific urease activity, when the sewage sludge
mixture was compared with the vermicompost. This finding also proves the positive
effect of vermicomposting on the accumulation of humic-urease complexes.

Benitezet al. [9] presented a short report on the vermicomposting of
olive cakes at pilot scale. Olive cakes are by-products (remaining after extraction
of olive oil). Eisenia andreivas used for composting. The olive cakes were applied
alone or in combination with cattle manure or municipal biosolids. Each of these
substrates in an amount of 64 kg (dry weight) was placed in 4 5eds and
inoculated with 300 g earthworms. The composting lasted 6 months, during which
the number and biomass of earthworms and enzyrgtu(fdsidase, urease, BAA-
protease, phosphatase and dehydrogenase) activities were periodically determined.
In all substrates, the biomass of earthworms increased substantially and dynamics
of enzyme activities allowed the monitoring of the vermicomposting process.
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Enzyme activitiesin soilstreated with earthworm-worked manures

The results of a field experiment proving the enhancing effect of Biohumus
on microbial degradation of hydrocarbons in a crude oil-contaminated Bashkirian
grey forest soil and on its invertase, phosphatase, dehydrogenase, catalase, peroxidase
and polyphenol oxidase activities and also on the grain yields of oats and barley, as
mentioned on pages 32-33 in [37] and on pages 31-32 in [34], were reiterated by
Kireevaet al.[30, 31].

The field experiments conducted by Baratal. [4] made it possible to
compare the soil enzymological effects of farmyard manure, sewage sludges and
Biohumus. The sewage sludges were produced from 70% municipal and 30% industrial
wastewaters at the wastewater treatment plant iski@ Poland. The Biohumus was
obtained from these sludges composted with a Californian populat®nfoétida
Sewage sludges from the wastewater treatment plant iziSk@mwere also used.
These sludges originated from 50% municipal and 50% industrial wastewaters.

The soil was a sandy loam. The experiments began in 1993. The manures
were mixed into the upper 25-cm soil layer of the experimental plots. The rate of
farmyard manure application was 30 t/ha, while the sludges and Biohumus were
applied at rates of 1, 2.5, 5, 10 and 20% relative to weight of soil. The control plots
received no manure. The test plant was maize in 1993 and spring barley in 1994.

For determination of enzyme activities the 0-25-cm soil layer was sampled
from each experimental and control plot, after the harvest in both years.

The activities determined and the results obtained are specified in Table 4.

It is evident from this table that each enzyme activity presented significant
variations depending on the year of soil sampling, nature of manure and its rate of
application.

The maximum activity values were registered in the soil of plots manured
with 10% Biohumus (dehydrogenase, in both years), 20% sewage sludge fiskieKo

(protease, in 1993), 20% Biohumus (protease, in 1994), 5% Biohumus (phosphatase,
in 1993) and control (phosphatase, in 1994). Thus, the most activity-increasing
effect was exerted most frequently by Biohumus.

Ceccanti [16] described a laboratory experiment, in which an Italian sandy
soil was mulched with sewage sludge colonise& bfpetida After 8 months of this
"living mulching"”, dehydrogenase activity (expresseduip iodonitrotetrazolium
formazan/g dry soil/hour) was 13, while it was only 8.2 in the untreated soil. It was
also emphasised that mulching required less water (about 30%) than unmulched
soil to keep the soil at 60% of field capacity for 8 months.

In another laboratory experiment, Ceccanti and Masciandaro [18] and
Masciandarocet al. [44] treated a clayey soil with vermicompost. This soil (pH
7.8; total organic C 11 g and total N 3.03 g/kg dry weight) was sampled from the
Ap horizon (0-15 cm depth) at Vicarello, Pisa Province, Italy. The sewage sludge,
used for preparation of vermicompost, was a mixture (1:1:1) of two aerobic municipal
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sludges and one anaerobic sludge from paper industry. The sewage sludge mixture
was inoculated witlE. foetida(5 kg earthworms/frsludge). The composting process
lasted 8-10 months.

Table 4
Enzyme activitiesin alight soil manured with farmyard manure,
sewage sludges and Biochumus [4]
Enzyme activities*
Manure Dehydrogenase | Protease | Phosphatase
Year of soil sampling
1993 1994 1993 1994 1993 1994
No (control) 2.8 7.2 20.5 17.9 48.2 129.8
Farmyard manure 4.1 8.4 20.9 15.7 55)6 118.6
Sewage sludges, %| 1 2.6 8.6 22.5 18.3 51.3 102.9
- Konskie — 25 3.0 7.9 23.6 17.7 52.9 102.8
5 3.0 8.2 26.6 18.3 54.2 94.8
10 3.0 11.7 36.1 44.5 59.3 64.4
20 7.3 9.9 67.2 38.5 69.7 83.8
Biohumus, %1 5.0 5.0 19.2 19.2 118.6 118.6
2b 7.8 7.8 19.8 19.8 110.2 110.2
5 8.7 8.7 20.3 20.3 118.7 118.7
10| 12.8 12.8 21.4 21.4 92.8 92.8
20| 125 12.5 49.1 49.1 99.1 99.1
Sewage sludges, %1 3.1 4.2 23.2 14.2 43.8 75.8
- Skarisko 2.5 3.0 4.0 26.1 11.8 44.7 81.5
5 3.1 4.6 28.0 9.0 46.3 47.9
10 3.5 6.0 26.8 18.1 47.8 81.9
20 3.8 12.6 26.2 17.9 48.5 76.2
LSD (p=0.01)
between years 0.03 0.08 0.17
between manures 0.03 0.08 0.17
between rates 0.08 0.22 0.50

* Expression of enzyme activities: dehydrogenagey-triphenylformazan/g dry soil/24 hours;
protease Hg tyrosine/g dry soil/hour; phosphatasggyp-nitrophenol/g dry soil/hour.

The vermicompost used in the laboratory experiment contained 48% water,
its pH was 7.7 and its dry matter was characterised by 342 g/kg total organic C and
20.2 g/kg total N contents. It was added to 1-kg (dry weight) soil samples (placed
into 21 cm long x 15 cm wide x 5 cm high containers) at a rate of 6% (wet
weight/wet weight), corresponding to 90 t vermicompost dry weight/ha. The height
of the 1 kg soil in container was 3.5 cm.

The experiment comprised four variants.

In variant I, "living mulch with earthworms”, the soil surface was covered
with a 1-cm thick vermicompost layer and BOfoetidawere added.
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In variant Il, "living mulch with grass", the soil surface was covered with a
1-cm thick vermicompost layer, into which 5 g garden cress (Lepidium sativum)
seeds (~400 seeds/g) were incorporated.

In variant lll, the vermicompost was directly incorporated into the soil.

Variant IV was the untreated control.

The incubation was carried out at constant temperature2i@® and soil
humidity (60% of field capacity) and lasted 4 months.

After incubation, the vermicompost layer of variants | and Il was removed.
The soil in variant 11l was mixed. The soil in each variant was then sieved (< 2 mm)
and submitted to physical, chemical and enzymological analyses.

Some of the results are mentioned below.

Total organic C and total N contents in the four variants showed the order:
H>I=1>1Vv.

The order of the three enzyme activities measured was the following (Fig. 5):
dehydrogenase - Il > IV > # |; BAA-protease an@-glucosidase - Il > IV > 1l > |.

22 r a

Enzyme activities
o

0 1 ; .
DHase BAA-prot f=Gluc
(x10)

LlVC+worms @ VC+grass VC in soil DControlJ

Fig. 5.Enzyme activities after a 4-month laboratory incubation of a clayey soil treated with
vermicompost (VC) or not treated (contrpy].
Expression of enzyme activities: dehydrogenase (DHagglodonitrotetrazolium
formazan/g dry soil/hour; BAA-protease (BAA-prot) - mmol d-dry soil/hour;
B-glucosidasef-Gluc) - mmolp-nitrophenol/g dry soil/hour.
For each enzyme activity, the same letters indicate no significant
differences (at p < 0.05) between the experimental variants
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Thus, the soil was most enzyme-active in variant lll, and it was more enzyme-
active in variant Il than in variant I. Although these orders would indicate that direct
incorporation of vermicompost into the soil was more efficient than the two living mulch
systems, and the living mulch with grass was more efficient than that with earthworms, we
should take into consideration that after the 4-month incubation, but before the
enzymological analysis, the vermicompost layer was removed from variants | and Il and,
thus, in these variants the soil alone was analysed and not the soil + vermicompost mixture
as in variant Ill. In concordance with this viewpoint, it was found that before the laboratory
experiment dehydrogenase activity expressaagiiodonitrotetrazolium formazan/g dry
matter/hour was 15.6 in vermicompost and only 1.75 in soil.

The activities significantly (p < 0.001) correlated with each other and with the ratio
of soluble C/soluble N (NF1+ NO;). Dehydrogenase and BAA-protease activities gave
similar correlations with the ratio of total organic C/total N. Correlations were also found
between the enzyme activities and the area occupied on the soil surface by the cracks
having medium dimensions (500-100@n in diameter, corresponding to pores with
intermediate sizes of 50-2Qn), which create favourable conditions for circulation of air,
water and nutrients.

Masciandarcet al. [44] performed this laboratory experiment also with a sandy
loam soil, sampled from the 0-15-cm layer, in Murcia, Spain. This soil (pH 8.8) was poorer
in total organic C (5.8 g/kg dry weight) and total N (0.39 g/kg dry weight) and less
dehydrogenase-active (0.8§2% iodonitrotetrazolium formazan/g dry weight/hour) than the
clayey sail.

The enzyme activities of the sandy loam soil presented, in the four experimental
variants, the orders (Fig. 6): dehydrogenase - Il > Il = [VBAA-protease - Ik Ill > | >
IV; B-glucosidase - lll > Il > £ IV. Thus, the generalised order of activities was again: 1l
>SI>1=1V.

The correlations of enzyme activities with each other and with some other soil
parameters were similar to those found in the clayey soil.

Masciandareet al. [45] compared the effects of vermicompost and fertirrigation
treatments on some soil chemical parameters and enzyme activities. The effect of
fertirrigation on plant growth was also studied.

The vermicompost used was prepared as described in [18, 44] and briefly
characterised above.

The water used for fertirrigation was a partially purified wastewater (from a
municipal sewage plant) amended with humic substances extracted with a neutral
pyrophosphate solution from vermicompost.

The soil studied is a silty-clay loam (pH 8.2; total organic C 9.1 g and total N 2.3
g/kg dry weight; dehydrogenase activity Quf iodonitrotetrazolium formazan/g dry
weight/hour). It was sampled at Matera (Contrada Serra d'Alto, Italy).

Both vermicompost and fertirrigation experiments were carried out at constant
laboratory temperature and soil humidity (60% of water-holding capacity) and lasted
one month. In both experiments, 1-kg soil samples were placed in vegetation pots.
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Fig. 6.Enzyme activities after a 4-month laboratory incubation of a sandy loam soil
treated with vermicompost (VC) or not treated (conti®).
For expression of enzyme activities and significance of differences see Fig. 5.

Vermicompost at a rate of 100 g fresh weight was directly incorporated
into the soil yariant VC).

The humic substances (humic fraction of molecular weight % @@re
added to the partially purified wastewater at a rate of 50 mg humic-C/I. During the
1-month incubation, this water was added to the soil many times in a total amount
of 11/pot (variant IH).

The controls were: soil irrigated with the partially purified wastewater not
amended with humic substancear{ant |); soil irrigated with distilled water
amended with humic substancear{ant DH) or not amended (variant D); soil not
treated with vermicompost and not irrigated (variant O

In the fertirrigation experiments, the soil was seeded with AsEeng sativa
(~ 100 seeds/pot).

Some of the results of analyses performed after the 1-month incubation
will be emphasised below.

Electrical conductivity, CINOs, SQ?2, NH,", total organic C and total N
contents of soil were significantly higher (p < 0.05) in variant VC than in the other
variants. But both dehydrogenase and BAA-protease activities, like shoot, root and
total weights of oat plants, were significantly highest in the soil of variant IH, whereas
B-glucosidase activity exhibited no significant differences among the variants. The
soil of variant DH was the significantly richest soil in water-soluble organic C,
which was not significantly different in soils of variants VC and IH.
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After the 1-month incubation, the soils of all variants were submitted to
testing with garden creskdpidium sativum) to evaluate their nutrient contents and
potential phytotoxicity. It was found that the soil in variant VC, followed by the
soil of variant IH, were the best for germination of seeds and growth of shoots.

The conclusion could be drawn that vermicompost and partially purified
wastewaters amended with humic substances are valuable fertilisers.

Masciandaroet al. [46] dealt with vermicomposting of sewage sludges
directly on the soil (in sifu

The soil (a sandy loam) was collected from Peccioli (Pisa). Soil samples
(equivalent to 1 kg dry weight) were placed into plastic containers (15 x 10 x 6 cm).

The sludges (containing about 40% dry matter) were applied in an amount
of 0.5 kg (wet weight) inoculated with 10 adglt fetidaworms on the soil surface
as an about 3-cm thick layer. The sludges applied consisted of anaerobic and aerobic
sludges, respectively, in the following percent proportions: 0 + 100; 25 + 75; 50 + 50;
75 + 25; 100 + 0.

The incubation, which took place at laboratory temperature (20)25d
at soil water content of 60% of field capacity, lasted 4 months.

After incubation, the sludge layer was removed, the soil was sieved (< 2
mm) and analysed for determination of some physical and chemical parameters.
Dehydrogenase activity was also measured.

We only mention that dehydrogenase activity and its ratio to water-soluble
organic C content decreased with increasing proportion of the anaerobic sludge in
the sludge mixture. However, dehydrogenase activity/water-soluble organic C was
considered high and the growth of garden cress plants, studied after the 4-month
incubation, was promoted when the anaerobic sludge did not exceed 50% in the
sludge mixture.

Masciandaroet al. [47] conducted field experiments to compare the
effect of fertilisers on the kinetic parameters of dehydrogenase activity in a sandy-
clay soil (pH 6.5; total organic C 0.95%; total N 0.085%) located in Castelvecchio
di Compito (Tuscany).

The experiments comprised 4 variants, in which the fertilisers were: I. ver-
micompost (VC); Il. ammonium phosphate (AP) + urea (U); lll. VC + AP + U;
IV. unfertilised control.

The experimental plots were of 10F (10 x 10 m). The test plant was
maize (Zea mays

Rate of fertiliser addition was: 1. 8000 kg VC fresh weight/ha, giving 1240 kg
C and 120 kg N dry weight/ha; Il. AP + U, giving 128 kg N and 92 kg P/ha; lIl. 4000 kg
VC fresh weight/ha, giving 620 kg C and 60 kg N dry weight/ha and AP + U,
giving 64 kg N and 46 kg P/ha.

VC was incorporated into the top 15 cm of soil 4 weeks before sowing,
whereas AP + U were applied to the soil surface 4 weeks after sowing.
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Soil was sampled from the 0-15-cm layer of each plot 32 weeks after maize
harvesting, corresponding to exactly 1 year after sowing. The soil samples were air-
dried and sieved (< 2 mm), then used for determination of kinetic parametgrs (V
and K;) of dehydrogenase activity and also for chemical analyses.

One can deduce from Table 5 that.y which represents the "quantity" of
enzymes, markedly increased in the soil fertilised with VC and VC + AP + U,
indicating that the organic matter in VC caused an increase in dehydrogenase in
active microbial biomass. This is why significant correlations (p < 0.05) were found
between V.x and dehydrogenase activity, dehydrogenase activity/water-soluble
organic C and organic matter content.

Table 5

Kinetic parameters (Vmaxand Ky,) of soil dehydrogenase activity
1 year after fertilisation [47]

Fertiliser V max Km
(nmol INTF/g soil/hour) (mM INT)
No (control) 1.06 c 3.95b
Vermicompost 2.65a 435hb
Vermicompost + ammoniun 1.63 b 8.70 a
phosphate + urea
Ammonium phosphate + urea 0.76 c 790 a

INTF: iodonitrotetrazolium formazan.
INT: 2-(p-iodophenyl)-3-p-nitrophenyl)-5-phenyltetrazolium chloride.
Values followed by the same letter in the same column are not significanty different at p < 0.05.

Km, representing enzyme-substrate affinity and/or different sources of
enzyme, was similar in VC-fertilised and control soil, while it doubled when the
fertilisers were VC + AP + U and AP + U. These results suggest that VC did not
alter the enzyme-substrate affinity, while AP + U reduced this affinity or changed
the composition and activity of soil microbiota.

Benitezet al. [5, 6] used olive cakes, not composted or vermicomposted,
as organic mulches in a greenhouse experiment, in 1-l plastic pots, containing 500 g of
a degraded, calcareous, clayed soil (pH 7.5). The test plant was pepper (Capsicum
annuum).

Six substrates were applied as organic mulches: dry olive cake (C), dry
olive cake and cattle manure mixed at a ratio of 8:1 (CM); dry olive cake and
municipal biosolids (from the municipal wastewater treatment plant in Granada,
Spain) used at a ratio of 8:1 (CB) and these three substrates after their previous
vermicomposting witlEisenia andrefor 160 days (VC, VCM and VCB).

The mulches were spread evenly over the soil (depth 2 cm) at a rate of 30 g
per pot. The control soil was not treated with mulch. Three pregerminated seeds of
pepper were sown in each pot and a thin layer of perlite (1.5 cm) was placed over
the surface.
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The soil was irrigated daily to field capacity with distilled water. The pepper
plants were harvested 80 days after sowing. Rhizosphere soil was then collected
and analysed for determination of urease, phosphatase and dehydrogenase activities.

Urease activity of the rhizosphere was lower in five of the six mulched
variants than in the rhizosphere of control. The decrease was more pronounced in the
three non-vermicomposted mulches than in VC (vermicomposted cake) and VCM
(vermicomposted cake-manure mixture), whereas in VCB (vermicomposted cake-
biosolid mixture) urease activity exceeded, although insignificantly, the activity
measured in the rhizosphere of control.

Phosphatase and dehydrogenase activities had significantly (p < 0.05)
higher values in the rhizosphere soil of each mulched variant than in that of the
control. At the same time, phosphatase activity was significantly higher in the three
vermicomposted variants than in the three non-vermicomposted ones, but dehydro-
genase activity did not show any significant differences between the vermicomposted
and non-vermicomposted variants.

The maximum value of each activity was registered in different variants:
urease activity, as already mentioned, was highest in VCB, phosphatase activity in
VC and dehydrogenase activity in CB.

Leaf area (cr), leaf and stem weights (g dry matter) of pepper plants were
highest, their growth was promoted to the largest extent in variants CB and VCM.
All mulches, vermicomposted or not, increased total P and K concentrations (mg/kg)
in the pepper leaves. In contrast, total N concentration was unaffected.

Based on all findings, it was suggested that dry olive cakes, alone or in
mixtures with other N-rich organic wastes, should be vermicomposted prior to use
in degraded soils as mulches for horticultural plants.

Herreroet al [26] determined alkaline phosphatase activity in 14 organic
products, including one vermicompost (briefly referred to on page 19 of our present
article) and used them as fertilisers in a greenhouse experiment, which lasted 4 months.

Two-kg samples of a sandy loam soil (pH 8.37; organic matter 2.27%) were
placed in 16-cm wide pots and mixed with organic fertilisers applied at rates equivalent
to 25 and 50 t dry weight/ha, then sown with perennial ryegrass (Lolium pgrenne
(50 g seeds/fM There were also experimental variants, in which the soil was fertilised
with ammonium sulphate at rates of 50, 100, 200 and 300 kg N/ha. The control soil
received no fertiliser.

During the experiment, the pots were routinely watered with deionised water.
The ryegrass was first cut 20 days after sowing and then every 12 days. Fresh and dry
weights of plant samples were determined. Soil was sampled at the end of the experiment.

We only specify the results obtained in the control soil and in the two soils
fertilised with the two rates of vermicompost. All values indicate increases in the two
vermicomposted soils. Thus, fresh weight (g plant/pot) increased from 34.8 to 50.2
and 56.0; dry weight (g plant/pot) from 5.32 to 7.35 and 7.92!-NHmg/kg soil) from
8 to 54 and 20; N©&N (mg/kg soil) from 11 to 14 and 44, alkaline phosphatase
activity (ug p-nitrophenol/g soil/hour) from 130 to 161 and 165; dehydrogenase
activity (ug triphenylformazan/g soil) from 69 to 68 and 77.
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Most of the other fertilisers also exerted a positive effect on ryegrass production
and soil parameters.

Albiach et al.[1] conducted a 5-year field experiment (1989 - 1994) on a
sandy silty loam soil (pH 8.18; organic matter 1.25%) at Moncada (Valencia, Spain) to
study the effect of 5 organic residues on 5 soil enzyme activities and microbial
biomass-C content.

The organic residues and their rates of yearly application on 4.8 x 12-m
plots were the following: municipal solid waste compost (24 t/ha); anaerobically
digested sewage sludge (24 t/ha); ovine manure (24 t/ha); commercial vermicompost
(2.4 t/ha) prepared from ovine manure; commercial humic acid solution (100 I/ha).
Mineral fertilisers were also applied yearly to all plots; they were ammonium sulphate
(250 kg N/ha), calcium superphosphate (120 kQsfa) and potassium sulphate
(250 kg KO/ha).

The control plots received no fertiliser.

In the 4th and 5th years of the experiment, soil was sampled from the 0-15-cm
depth for determination of urease, alkaline phosphatase, phosphodiesterase, arylsulphatase
and dehydrogenase activities and microbial biomass-C content.

In both years, each enzyme activity was lower in the control soil and in the
soils fertilised with the commercial products (vermicompost and humic acid solution)
than in the soils fertilised with the other organic residues. The most enzyme-active
soil was that fertilised with the municipal solid waste compost. The lack of activity-
increasing effect of the two commercial products was probably due to the excessively
low rates (only 2.4 t/ha/year and only 100 I/ha/year, respectively) their manufacturers
are obliged to recommend if they want the products to be sold.

The microbial biomass-C content was more variable than were the enzyme
activities, and was not increased by the two commercial products, but increased by
the other organic residues.

Perucciet al. [55] performed a laboratory experiment for studying the
effects of two herbicides and vermicompost on respiration, microbial biomass, acid
and alkaline phosphatase and fluorescein-diacetate hydrolysis (FDAH) activities of
a silty sandy loam soil sampled from the 0-20-cm layer (pH 7.2; organic matter 2.58%;
total N 0.08%).

The herbicides were rimsulfuron and imazethapyr applied at field rate (15 and
50 g/ha, respectively) and at 10-fold field rate. The vermicompost, prepared from
municipal sewage sludge, contained 57.1% organic matter and was applied at a rate
equivalent to 0.25 t organic matter per ha.

Untreated (control) soil samples and samples treated only with herbicides
or vermicompost served for comparison.

The incubation was carried out at’22and lasted 30 days, during which
the soil respiration was determined several times, whereas the microbial biomass-C
and -N contents and the enzyme activities were measured after 7, 14 and 30 days of
incubation.

Some of the results will be pointed out.
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Mean values of soil respiration in the different treatments presented the order:
rimsulfuron at 10-fold field rate < control = rimsulfuron at field rate = imazethapyr at
field rate = imazethapyr at 10-fold field rate < all vermicompost treatments.

The microbial biomass-C and -N contents and acid and alkaline phosphatase
activities were higher in the vermicompost-treated than in the control soil samples,
whereas there was no difference in FDAH activities between the vermicompost-
treated and control samples.

All these microbial and enzymatic parameters in both vermicompost-treated
and non-treated soil samples were affected by the two herbicides studied. Their effects
depended on their nature and rates and also on incubation time, and were, in general,
negative.

Conclusions. Comparison of the present Part V of "Advances in Soil
Enzymology" with our initial review article on "Soil enzyme activities as influenced
by earthworms" published in 2000 [34] convincingly shows that the earthworm-related
soil enzymological investigations, on which the first paper was published in 1957 [32],
have largely developed in the last period.
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ARGUMENTE AVIFAUNISTICE PENTRU EXTINDEREA REZERVA  TIEI
NATURALE ,CHEIA TURZII” JUDE TUL CLUJ, ROMANIA)

ALIN DAVID *

SUMMARY. — Avifaunistical Reasons for Enlargement of the Gorge of

Turda Nature Reserve (Cluj County, Romania).The paper presents the results

of the quantitative and qualitative analysis of the bird fauna on the northern
plateau of the Gorge of Turda. Only a small part of the studied surface (approx.
145 ha) is included within the limits of the protected area, so the bird fauna from
here does not benefit legal protection. We tried to demonstrate that there are
sufficient reasons to enlarge the protected area in order to diminish the strong
anthropic impact.To materialise our goals, we made an extensive study of bird
fauna, especially on the situation of breeding birds and on the legal protective
status of the identified species conferred by the laws 462/2001, 13/1993 (for
Romanian adherance to the Bern Convention) and law 13/1998 (for Romanian
adherance to the Bonn Convention). Also, we relied on the fact that, since 1989,
the Gorge of Turda is included in I. B. A. (Important Bird Areas). We identified

a number of 50 species of birds, belonging to 7 orders and 17 families, 23 of them
being breeding species, 8 are sedentary, and 15 are migrant species. The dominant
breeding species afdauda arvensi§l4.48 breeding pairs/Krand 1.15 kg/km

initial biomass) Emberiza citrinella(12.41 breeding pairs/¥nand 0.49 kg/krA),

Sylvia curruca(11.03 breeding pairs/Krand 0.44 kg /ki) andLanius collurio

(10.34 breeding pairs/kmand 0.66 kg/k’). From the species that are non-
breeding in the studied area, a number of 14 species are sedentary in the Gorge
of Turda and they are breeding here; the situation is similar with the 3 migrant
species; 5 species are winter visitors and other 5 species are occasional. Excepting
the occasional species, for the others the northern plateau is a component part
of their feeding ground. The most representative species from the non-breeding
species arAquila chrysaetqsStrix alucqg Monticola saxatilisandCorvus corax

In conformity with the Bern Convention, a number of 33 species are strictly
protected and 13 species are protected. Law 462/2001 shows that the conservation
of 14 species is necessary in special areas for bird protection, 29 species are
strictly protected and 7 species have community importance, their gathering
from nature is making the object of management measures. We consider that the
extension of Nature Reserve surface is beneficial for birds and for other groups
of animals and also for plants, which make possible the existence of birds.

In anul 1938, Comisia Monumentelor Naturii declara statutul de Reerva
Naturaf a Cheii Turzii. Hafrarea a fost publicain Jurnalul Comisiei de Migtii al
Romaniei nr. 645 din 1938, republigdh Buletinul Comisiei Monumentelor Naturii
nr. 1-2, iunie 1938. Atunci au fost stabilite limitglsuprafaa de 175 ha a Rezetia.

" Universitatea “Babg-Bolyai”, Catedra de Zoologie, 3400 Cluj-Napoca, Romania.
E-mail: adavid@biolog.ubbcluj.ro
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De asemenea, Cheia Turzii a fost Tngictis Tabloul Monumentelor Naturale din
Romaénia decretate péfa data de 31 decembrie 1939. Romanimea |la acea datl4
arii naturale protejate. Statutul actual al Cheii este acela de Rex®&aturai [18],
categoria .U.C.N.: IV [1]. Pe laiagvalorile de peisapi vegetaie deosebit a
Cheii, unul dintre argumentele instituirii Rezereal-a reprezentat biodiversitatea
avifaunistia.

Primele Tnsemiri privind avifauna Cheii Turzii au fost publicate in 1922 [2].
In 1937, Ny ar ady [11] a semnalat, in “Monografia Cheia Turzii”, praze67
specii de psari. Dupa 1937, in diverse periodice au mai fost publicate sporadic date
avifaunistice privind Cheia Turzii [4, 6]. Cel mai amglumai complex studiu privind
avifauna Cheii Turzii [15] a dus la identificarea a nu manpde 111 specii deagari.

Desi pusi oficial sub protege inc din 1938, Cheia Turzii a fosi este
incd agresat de numergi factori: turismul necontrolat, poluarea paraului dite,
exploziile puternice la carierele de piatiin apropiere sauigunatul in interiorul zonei
de protede. In acest context dorimi ducem un argument avifaunistic, pe Eng
numeroasele argumente de natootani@, entomologid, geologid, paleontologis
sau estetitin vederea extinderii suprgderezervdei. Prin includerea sub protée a
celor dod platouri marginale sau cel fiu a platoului nordic, va cgte cu sigurata
atat biodiversitatea catvaloaresgtiintifica a rezervaei.

Utilizat vreme Tndelungatca gsune, platoul nordic este in prezent acoperit
cu fitocenoze apanand asocigei Thymo comosi — Festucetum rupicolasocigie ce
poate fi consideratfca tip “climax”si specifia platourilor calcaroase din Transilvania.

Solul este superficial, de tip rendzjrcu pH in jurul valorii neutrsi cu
frecvente roci la suprafa(calcare jurasice), ceea ce ii coiifen caracter scheletic.

Caracteristig este prezaa arbuytilor care sugereazposibilitatea refacerii
vegetaiei lemnoase, predomindnin urmi cu cateva secole. Acoperirea realizae
aceasta oscileaintre 30si 50%. Tn structura fitocenozelor se constae asemenea,
o dominare a speciilor ierboase xerofile din ordiRektucetalia valesiacade
proveniema secundargi Stipo eriocaulis - Festucetalia palleniaflat in optimul
sau ecologic), iar speciile lemnoase sunt caracteristice ordiRuluietalia spinosae
cu influerte deBerberidion[12].

Material si metode. Suprafaa studiai este de circa 145 ha, limitele ei
fiind alese in funie de configuraa terenuluisi de existera vegetdei lemnoase
arbustive (Fig 1).

Pentru analiza avifaunei am folosit metodi#rggelor [3, 7, 9]. Am stabilit
pe hard (1:5000), limitele suprafei studiate, dup care intreaga suprafaa fost
impartita in patrate. Rtratele au fost numerotate marcate in teren prin semne
usor vizibile. Tn anul 2001 au fost efectuate depiasiptimanale in teren pe t@at
durata pasajului de priwara si a sezonului de reproducere (02.03.2001 —
10.08.2002). De asemenea, am efectuatsili ipe teren in timpul pasajului de
toamrii si alte 4 depla&i iarna, pentru surprinderea tuturor fazelor fenologice.
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Fig. 1.Limitele zonei studiate de pe platoul nordic al Cheii Turzii.

Determinarea gsarilor s-a facut prin observige direct, cu binoclu 10X50
si pe baza cantecului masculilor, notadndu-se tolor in interiorul fiedrui patrat.
Folosind aceastmetodi, a fost posibil caracterizarea cantitafivde detaliu a
avifaunei clocitoare. Am estimat densitatea, biomasiliidominama individuah,
dominana in greutatesi in energie potefala [7], produgia prin reproducersgi
biomasa actual[9].

Rezultate si discutii. Analiza calitativi a avifaunei. Am identificat 50 specii
de @sari, apatinand la 7 ordine, cel mai bine reprezentate fiind paseriformele (68%)
(Fig. 2).

O importama deosebit pentru studiul nostru o au cele 23 specii clocitoare
(46% din total) (Fig. 3), intrucat ele reflectapacitatea actuatie suport avifaunistic a
platoului nordic. Speciile neclocitoare (54%) cud#sc in habitatele Tnvecinate
platoului (gidure de foioase,adure de conifere, stafirie) cu excepa speciilor de
pasajsi a oaspglor de iarri. Pentru ele platoul nordic este parte companent
teritoriului de hraire.
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F i g. 2.Structura pe ordine a avifaunei platoului nordic al Cheii Turzii.

46% E Clocitoare
M Neclocitoare

54%

F i g. 3.Statutul reproductiv al speciilor identificate pe platoul nordic al Cheii Turzii.

Gradul de acoperire realizat de vegiatemnoas face ca platoul nordicis
ofere spéu de nidificare Tn special pentru paseriforme. Astfel, 19 specii clocitoare
(83%) sunt paseriforme, 3 specii (13%) aagaliformelor si o specie (4%)
cuculiformelor (Fig. 4).

Sub aspect fenologic, 22 specii sunt sedentare pentru Cheia Tugziinluat
ansamblu, 18 specii sunt oaspke va#, 5 specii sunt oaspele iarri, alte 5 specii
fiind accidentale (Tabel 1). Déporiginea zoogeografic speciile identificate
aparin la 9 tipuri avifaunistice din totalul de 21 tipuri prezente in Roménia [8].

Dintre speciile sedentare pentru Cheia Turzii, 8 clocesc pe platoul nordic,
celelalte 14 preferand pentru aceastadugle (Accipiter gentilis, Buteo buteo, Picus
sp. etc.), fie staricia (Aquila chrysaetos, Corvus codadificatorii “clocitoriei”
de pe platou sunt oagpele vag, 15 specii din totalul de 18 cuitind aici. Excegie
fac numaiMonticola saxatilissi Falco tinnunculuscare prefer standria si Turdus
torquatus,care cuilireste in @durea Mischiului.
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F i g. 4.Structura pe ordine a avifaunei clocitoare pe platoul nordic al Cheii Turzii.

Tabel 1
Categoria fenologiéi si originea zoogeografié a speciilor
identificate pe platoul nordic al Cheii Turzii

Specia Categoria fenologica Originea zoogeografica
SC SN OVC OVN Ol Ac H P Ar S E ET M Pm Pxm
Ciconia nigra * *
Accipiter gentilis * *
Buteo buteo * *
Buteo lagopus * *
Pernis apivorus * *
Aquila chrysaetos * *
Circus cyaneus ok
Falco tinnunculus * *
Falco columbarius * *
Phasianus colchicus *
Perdix perdix * *
Coturnix coturnix *
Cuculus canorus *
Strix aluco *
Picus canus *
Picus viridis * *
Alauda arvensis *
Galerida cristata * *
Lullula arborea * *
Eremophila alpestris *oox
Motacilla alba * *
Anthus campestris * *
Erithacus rubecula * *
Saxicola rubetra * *
Saxicola torquata * *
Oenanthe oenanthe * *
Monticola saxatilis * *
Turdus merula * *
Turdus torquatus * *
Turdus pilaris * *
Sylvia nisoria * *
Sylvia curruca * *
Aegithalos caudatus * *
Parus coeruleus * *
Parus major * *

E O

*
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Tabel 1 (continuare)

Specia Categoria fenologica Originea zoogeografica
SC SN OovC OVN Ol Ac H P Ar S E ET M Pm Pxm
*

*

Lanius collurio

Lanius minor *

Serinus serinus

Carduelis chloris *

Carduelis carduelis

Acanthis cannabina *

Pyrrhula pyrrhula

Emberiza citrinella *

Emberiza cia *

Miliaria calandra *

Corvus corax

Corvus monedula

Corvus frugilegus

Garulus glandarius

Pica pica *
Total 8 14 15 3 5 5 7 21 1 18 8 1 1 1

SC - sedentar clocitor. SN — sedentar neclocitor. OVC — oaspetei atovinr. OVN — oaspete de viar
neclocitor. Ol — oaspete de iarf\c — accidental. H — holarctic. P — palearctic. Ar — arctic. S — siberian.
E — european. ET — europeo-turkestanic. M — mediteranean. Pm — paleomontan. Pxm — paleoxeromontan.

E

EE N

Din totalul de 9 tipuri avifaunistice identificate, cele palearctice, europene
si europeo-turkestanice sunt clocitoare. Caracteristice pentru platoul nordic sunt
speciile europeo-turkestanice, intrucat 7 specii din 8 identificatéresgibaici.

Analiza trofiei a avifaunei.Oferta trofiéd de baZ a platoului nordic este
reprezentatde insecte [5, 13, 14], majoritatea speciilor identificate (40%) bazandu-se
pe un regim trofic insectivor. Dintre speciile clocitoare, mai mult détpmn (52,17%)
sunt tot insectivore. 12 specii (24%) au un regim trofic vegetarian, in timp ce speciile
carnivoresi cele cu regim tofic mixt sunt reprezentate in prapode cate 18%
fiecare (Tabel 2). Nici o specie carniganu clocgte pe platoul nordic, urmare a
lipsei ofertei de nidificeie. Situaia este ase#@mitoare in cazul speciilor cu regim
trofic mixt, numaiPica picacuikirind pe platoul nordic.

Tabel 2

Regimul trofic al speciilor identificate pe platoul nordic al Cheii Turzii

Regimul trofic Numar de specii % din totalul speciilor
C NC Total specii C NC Total %

Insectivor 12 8 20 52,17 29,62 40
Carnivor 9 9 33,33 18
Vegetarian 10 2 12 43,50 7,43 24
Mixt 1 8 9 4,33 29,62 18

C — clocitor. NC — neclocitor.

Analiza cantitativ a avifaunei.Speciile clocitoareelizeaz o densitate de
168 perechi, respectiv 336 indivizi pe o suptafde 145 ha. Rezultatele au fost
prelucrate la suprafa standard de 1 Kimastfel & densitatea realizatle clocitoare
este de 115 perechi/Kr(iTabel 3).
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Tabel 3
Parametrii cantitativi ai populatiilor de pasari clocitoare
pe platoul nordic al Cheii Turzii
Specia Nr. D/2 B.i. P.r. B.a. D.l. D.G. D.A.
cupluri___(kmp) (kg) (kg) (kg) (%) (%) (%)
Phasianus colchicus 1 0,68 1,56 6,80 8,36 0,58 14,13 5,58
Perdix perdix 1 0,68 0,61 4,59 5,20 0,58 552 2,98
Coturnix coturnix 2 1,36 0,30 1,50 1,80 1,17 2,71 0,23
Cuculus canorus 3 2,06 1,03 2,06 3,09 1,78 9,32 6,11
Alauda arvensis 21 14,48 1,15 2,89 4,04 12,51 10,46 12,67
Galerida cristata 7 4,82 0,43 1,20 1,63 4,16 3,89 4,56
Lullula arborea 11 7,58 0,45 1,13 1,58 6,55 4,07 5,47
Motacilla alba 3 2,06 0,13 0,30 0,43 1,78 1,17 1,31
Anthus campestris 7 4,82 0,26 0,62 0,88 4,16 235 324
Erithacus rubecula 5 3,44 0,11 0,30 0,41 2,97 0,99 1,63
Saxicola rubetra 10 6,89 0,30 0,89 1,19 5,95 2,71 4,04
Saxicola torquata 6 4,13 0,15 0,41 0,56 3,56 1,35 2,04
Oenenthe oenanthe 4 2,75 0,16 0,49 0,65 2,37 1,44 1,98
Sylvia nisoria 12 8,27 0,49 1,24 1,73 7,14 4,43 5,97
Sylvia curruca 16 11,03 0,44 1,10 1,54 9,53 3,98 6,08
Lanius collurio 15 10,34 0,66 1,65 2,31 8,93 5,97 7,79
Lanius minor 3 2,06 0,23 0,56 0,79 1,78 2,08 2,22
Carduelis chloris 3 2,06 0,12 0,37 0,49 1,78 1,08 1,48
Acanthis cannabina 5 3,44 0,13 0,38 0,51 2,97 1,17 1,83
Emberiza citrinella 18 12,41 0,49 1,24 1,73 10,72 4,43 6,84
Emberiza cia 6 4,13 0,16 0,49 0,65 3,56 1,44 2,27
Emberiza calandra 6 4,13 0,45 1,11 1,56 3,56 4,07 4,46
Pica pica 3 2,06 1,23 3,70 4,93 1,78 11,14 6,90
Total 168 115,69 11,04 35,02 46,06 100 100 100

D/2 — densitatea expriniain nunir perechi clocitoare/kimB.i. — biomasa imiali. P.r. — produga prin
reproducere. B.a. — biomasa actudl.l. — dominata individuafi. D.G. — dominaa in greutate. D.A. —
dominana in energie potsiala.

Cele mai mari efective le realizeagopulaiile speciilor sedentare, precum
Alauda arvensig14,48 perechi clocitoar%*si Emberiza citrinella(12,41 perechi
clocitoare/km). Ambele specii au regim trofic vegetarigifsi fac cuibul fie pe sol
(ciocérlia) la adpostul vegetgei ierboase dese, fie pe sol sau in atibla mica
inaltime (presura galb@h Densititi mari realizeaz si populgiile de Sylvia curruca
(11,03 perechi clocitoare/nsi Lanius collurio (10,34 perechi clocitoare/Kn
oaspé de varg ale @ror cerirte de nidificaie sunt ase#imatoare cu ale speciilor
precedente, dar care sunt insectivore.

Biomasa infiala a speciilor clocitoare a fost de 11,04 kg?kriar n urma
unei produdi prin reproducere de 35,02 kg/kps-a ajuns la sféitgl ciclului de
reproducere ca biomasa actusi creasé de mai mult de 4 ori (46,06 kg/Kmin
estimarea proddiei prin reproducere am luat in considerare o singua#ig in
cazul tuturor speciilor ca urmare a pierderilor insemnate ale paseriformelor in ce
priveste odile si puii.

Statutul protectiv actual al avifaunei platoului nordic al Cheii Tutdiimare
fireas@ a declinului in care se afastizi multe dintre speciile de plangeanimale, au
aparut listele rgii, semnale de alarincare ardi pericolul in care se afivituitoarele,
mai ales datoritpresiunii antropice crescande.sDgaradoxal, in Romania nu exisi
lista rosie oficiald a psarilor.
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Un proiect al unei astfel de liste a fostut in anul 1981 [10]. Dintre speciile
clocitoare pe platoul nordic al Cheii Turzii, nurRardix perdixsi Coturnix coturnixse
regisesc pe aceadists, intrucat aceasta cuprinde “speciiaeoc efective sunt decimate
de ga maniei incét exist temeri @ ele vor disprea din faunarii noastre” [10]. Platoul
nordic este irisparte compone#ta teritoriilor de hinire a unor specii clocitoare in
Cheia Turzii, precumAquila chrysaetgsAccipiter nisus Bubo bubosi Monticola
saxatilis a aéror protedie nu se poate face decét prin progebabitatelor lor.

Conform Convetiei de la Berna [16] privind conservareatvisalbaticesi a
habitatelor naturale din Europa, Congeirde la Bonn [17] privind conservarea speciilor
migratoare de animaléilbaticesi Legii 462/2001 [19], toate speciile identificate pe
platoul nordic beneficidgzde statut protectiv (Tabel 4), acesta fiind unul dintre cele
mai importante argumente in vederea punerii zonei sub geotec

Tabel 4
Statutul protectiv al speciilor identificate pe platoul nordic al Cheii Turzii
Specia Convertia Berna Convertia Bonn Legea 462 / 2001
A2 A3 Al A3 A4 A5
* *

Ciconia nigra
Accipiter gentilis
Buteo buteo

Buteo lagopus
Pernis apivorus
Aquila chrysaetos
Circus cyaneus
Falco tinnunculus
Falco columbarius
Phasianus colchicus
Perdix perdix
Coturnix coturnix
Cuculus canorus
Strix aluco * *
Picus canus * *

Picus viridis * *
Alauda arvensis * *
Galerida cristata * *
Lullula arborea * *
Eremophila alpestris
Motacilla alba
Anthus campestris
Erithacus rubecula
Saxicola rubetra
Saxicola torquata
Oenanthe oenanthe
Monticola saxatilis

* *

*

*

* ok k% ok %k %k F
*

EE I
*
*

L
* % X X

Turdus merula * *
Turdus torquatus * *
Turdus pilaris * *

Sylvia nisoria

Sylvia curruca
Aegithalos caudatus
Parus coeruleus
Parus major

Lanius collurio
Lanius minor
Serinus serinus
Carduelis chloris
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Tabel 4 (continuare)

Specia Converia Berna  Convertia Bonn Legea 462 / 2001
A. 2 A.3 A ll A.3 A.4 A.5

Carduelis carduelis * *

Acanthis cannabina * *

Pyrrhula pyrrhula * *

Emberiza citrinella * *

Emberiza cia * *

Miliaria calandra * *

Corvus corax *

Corvus monedula
Corvus frugilegus
Garulus glandarius
Pica pica

EE .

Total 33 13 5 14 29 7

Convertia de la Berna: A.2 — (Anexa nr. 2) specii de astrict protejate; A.3 — (Anexa nr. 3) specii de faun
protejate. Conveia de la Bonn: A.ll — Anexa Il. Legea 462 / 2001: A.3 — (Anexa nr. 3) specii de animale, a
ciror protegie necesit desemnarea ariilor speciale de consenraraviilor de proteie special avifaunistié;

A4 — (Anexa nr. 4) specii de animale care necegirotege strict; A.5 — (Anexa nr. 5) specii de animale de
interes comunitar, d@wr prelevare din natiuface obiectul risurilor de management.

Concluzii. 1. Pe platoul nordic al Cheii Turzii am identificat 50 specii de
pasari, aparinand la 7 ordine, 7 familii sistematigie9 tipuri avifaunistice.

2. Dintre acestea, 23 specii (46%) sunt clocitoare. Pentru alte 22 specii (44%),
platoul nordic reprezititparte componeata teritoriului de hraire.

3. Speciile caracteristice pentru platoul nordic sunt cele de origine europeo-
turkestania, 7 dintre cele 8 specii identificate fiind clocitoare.

4. Sub aspect fenologic, 22 specii sunt sedentare pentru Cheia Tuizii luat
per ansamblu, 18 specii sunt ogspe varj 5 specii sunt oaspale iarri, iar alte
5 specii sunt accidentale. “Clocitoria” de pe platoul nordic este edifinat ales
de oasptii de varg 15 specii din cele 18 identificate cailmd aici.

5. Dup regimul trofic, domi#i speciile insectivore (40% din total). Din cele
23 specii clocitoare, 12 sunt insectivore (52,17%), 10 specii (43,50%) sunt vegetariene,
iar o specie (4,33%) are regim trofic mixt.

6. Densiltile cele mai mari sunt realizate de popiilla speciilor Alauda
arvensis(14,48 perechi clocitoare/Kin Emberiza citrinella(12,41 perechi clocitoare/
km?), Sylvia curruca(11,03 perechi clocitoare/nsi Lanius collurio(10,34 perechi
clocitoare/km).

7. Biomasa iriala a speciilor clocitoare a fost de 11,04 kg?kmrintr-o
produgie prin reproducere estindala 35,02 kg/km s-a ajuns la sféitgl ciclului
de reproducere ca biomasa actsilfie de peste 4 ori mai mare (46,06 kgfknTele
mai mari densiti le realizeaz speciile adaptate la zone deschise deteaju tufirisuri
rare, precunlauda arvensis, Emberiza citrinella, Sylvia curruca, Lanius collurio.

8. Conform Convetiei de la Berna, 33 dintre speciile identificate sunt strict
protejatesi 13 specii sunt protejate. 5 specii benefigide statutul protectiv conferit
de Anexa Il a Conveiei de la Bonn. Conservarea a 14 specii necegsemnarea
ariilor speciale de protge avifaunisti@, 29 specii necegiprotegie strict, iar 7 specii
sunt de interes comunitar, conform Legii 462 / 2001.
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9. Rezultatele noastre evidiazi importana semnificatié a platoului nordic
ca argument al cgterii biodiversittii avifaunistice a Rezertiai Naturale Cheia Turzii.
Ca atare, propunem extinderea rezggvaaturale cu cel pin cele 145 ha investigate
sub aspect avifaunistic. Limitele acestei ariitiadiale ar trebui & fie: Peretele
Séandului (Muruna) spre & NE, pari la Pariul Vapii In zona Fantanelor, spre NE

pari la Drumul Sandului de sub Dealul Alb (marcat cu triunghi albastru), iar de

aici la circa 700 m NV péanla un traseul turistic (marcat cu ddngpsie) care se
intersecteaz cu drumul ce duce de la @all Labirintului spre cariera de piatgi
apoi spre Tureni (dunga albagtrincluderea acestei arii aidinale sub prote® va
contribui la stabilitatea biocenozelgirva mari semnificativ valoareatiintifica si
de patrimoniu a Rezergai Naturale Cheia Turzii.
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CONTINUTUL TNAPIGMEN TI ASIMILATORI AL PLANTULELOR
CRESCUTE IN CONDITII DE ECRANARE A CAMPULUI
MAGNETIC

VICTOR BERCEA'si CRISTINA DOBROTA™

SUMMARY. — The Content of Assimilatory Pigments in Plantlets Grown

under Shielded Magnetic Field Conditions.In order to survey how magnetic
fields affect the synthesis of the assimilatory pigments, as well as the protein
content of the cells, the vegetal material was incubated under low magnetic field
and also in normal geo-magnetic environment. Plantlets of IB¥wsdolus
vulgari9 and sunflower Helianthus annugswere incubated in a magnetic
shield box and in a control box for 24, 48 and 72 hours, respectively. The shielding
level was about 10of the terrestrial magnetic field. As compared to the control,
the chlorophyll, carotenoid and protein biosynthesis was stimulated in bean
plantlets and inhibited in sunflower ones. The results support the idea that the
shielded magnetic environment induces different reactions depending on the
time of exposure and on the plant species.

Paméantul poate fi privit ca un dipol magnetic cu linile de camp ce
formeaz magnetosfera. Campul magnetic este utiliz#ttidlde radigile ionizante
n terapia diferitelor boli, motiv pentru care majoritatea céritet sunt axate n
special pe celula animdalExisé puine cercetri care abordeazaspecte ale @anii
campului magnetic asupra organismelor vegetale.

Din studiile existente este cunoscateagnetismul terestru intert@mneaz
cu organismele vegetale la diferite niveluri de organizare, de exemplu la nivelul unor
biomolecule implicate in sinteze specifice cum ar fi aminoacizii, AD§iluitaminele.
Aminoacizii (cu excefia glicinei) sunt optic activi posedand stereoizomerigi D.
Prin incorporarea lor in proteine neenzimaticenzimatice, aminoacizii dicteaz
proprietitile spaiale si biochimice ale acestora. ADN-ul prezira anizotropie negativ
cu helixul orientat perpendicular pe linille campului magnetic [6]. Recombinarea
radicalilor perechi depinde de orientarea regitarin campul magnetic din cauza
interagiunilor magnetice anizotrope cu radicalii individuali [3]. O serie de enzime
generea, in timpul catalizei, radicali liberi intermediari care pot fi inflteende
campul magnetic extern [5].

“Institutul de Cercetri Biologice, str. Republicii 48, 3400 Cluj-Napoca, Romania.
E-mail:icb@mail.dntcj.ro
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S-a constatat, de asemenea, o intensificare a sintezei glucidice tatfluen
de varigiile magnetismului terestru, respectiv apara numeroase granule de amidon
la nivelul protoplasmei [2].

Au fost Tnregistrate modifigi ale coninutul celular in elemente minerale.
Astfel, se aprecidizci ionul de C&' este implicat in medierea efectelor biologice
datorate campului magnetic [8].

Varigiile cdmpului magnetic se parg afecteaZ procesul primar al fotosintezei.
Centrul de reate de la nivelul fotosistemelor este lipsit de acceptorii secundari, iar
componefii reactivi din centrul de re@ie sunt imobilizé in complexele proteice
hidrofobe [3].

Materiale si metode. Ecranarea campului magnetic s-a realizat cu o #cint
reprezentdt de dod cutii cubice din permalloy (Mu metal). Al treilea strat de
ecranare este reprezentat de un cilindru de folie ectaRarg Met FT-3M, produs
de Hitachi Metals, cu uritoarele caracteristici: grosime 0.2 mm, permeabilitate
magnetid 100,0, densitatea fluxului magnetic 1,23 oferit de Institutul de Gercet
Spaiale si Astronautice —Tokyo. Nivelul de ecranare al incintei este decatp
magnetic terestru.

Experimentele au fost efectuate pe plantule test de fgidtdarea soarelui
obtinute prin germinga seminelor meninute pe substrat de hartie de filtru, la
temperatura de 28 si intuneric 72 de ore, dédpare plantulele au fost transferate
la lumina (radiaie fotosintetic actig=100pumol/n/sec), realizdtde o instalge de
tuburi fluorescente. Dup24 de ore de iluminare, cele mai viguroase plantule au
fost plantate in ghivece pe sol dedjni. Dupa expunerea plantelor timp de 24, 48,
respectiv 72 de ore in cdmp magnetic ecranat, seatidetermiari ale coninutului
de proteine, pigmenclorofilieni si carotenoidici. Pentru extragerea pigniken
asimilatori, materialul vegetal a fost mojarat in prexele CaCQ pentru evitarea
oxidarilor produse de aciditatea sucului celular. Exieapigmenilor fotosintetici
s-a efectuat in acetanldentificarea compongior s-a facut spectrofotometric pe
baza coeficietilor specifici de absotie, utilizadndu-se metoda lui A rn o n [1]
pentru clorofile, iar carotenoidele s-au cuantificat&ddGpo o d w i n [4].

Materialul vegetal supus extragerii pignitar asimilatori a fost hidrolizat
la cald in 0,1 N NaOH timp de o oqrapoi s-a efectuat rege L o w r y [7],
utilizandu-se extractul bazic pentru determinarea proteinelor totale. Rezultatele sunt
exprimate in % f@ de martor, considerand martorul 100% (in tabele), respectiv in
mg/g substatd proasgta (in figuri).

Rezultate si discutii. Modificarile in coninutul pigmenilor asimilatori Tn
urma expunerii plantulelor in conilide ecranare a campului magnetic extern sunt
specifice tipului de plaatstudiatsi sunt dependente de durata de destie a
experimentului.
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La plantulele de fasole (Phaseolus vulgaris) se evideno intensificare a
acumuiirii pigmertilor asimilatori la expunerea in cdmp magnetic ecranat comparativ
cu martorul. Crgte cantitatea de clorofilasi b, precumsi de carotenoide (caroten
si xantofile), mai semnificativ la o expunere de 72 ore. Aceste sdahisilrvenite
in acumularea compongor fotosintetici se oglindessi in valorile raporturilor
dintre acetia (Tabel 1).

Tabel 1
Continutul Tn pigmenti asimilatori (%) la plantulele de Phaseolus vulgaris expuse
in conditii de ecranare a campului magnetic comparativ cu martorul (100%)

Timpul de expunere Valori exprimate Tn % clorofila/ proteine
(ore) clorofilaa clorofilab carotenoide carotenoide (%)
24 110,04 112,70 112,90 2,75 4,99 99,17
48 122,17 114,55 114,97 2,80 5,27 222,20
72 128,20 121,05 121,23 2,67 4,88 91,26

Intre valorile variantelor experimentale expuse in cAmp magnetic egraraator
existi deosebiri importantgi anume: la durata de expunere de 48 ore se nregistreaz
cantititi sporite de clorofila si b.

Relaia dintre evoltia componetilor fotosinteticisi timpul de desfsurare al
experimentului este prezentah Fig. 1. Intre cantitatea de cloroféab, carotenoidai
timpul de expunere In cadmp magnetic ecranat se eiad#ro corelgie negatid
caracterizat printr-un coeficient de regresie (b) negaiiwun coeficient de corefe (r)
sub valoarea de 0,5, ceea ce atestorelagie s@zuti intre componentul fotosintetit
timpul de expunere in conilide ecranare a cAmpului magnetic. Fiazvalorilor faa
de linia de regresie este ndepti, avand la bazun coeficient de determinare)(de
valoare sgzuta. Cu toate & eroarea standard (E.S.) este radpsobabilitatea (P) este
nesemnificatig.

Continutul in proteine celulare totale estéag in compange cu martorul, cu
deosebireaila varianta cu expunere de 48 ore g&eln cantitate superidade proteine.
Relgia dintre acumularea proteinelor n raport cu timpul de expunere la cdmpul magnetic
evideniiazi o corelaie pozitiva caracterizat printr-un coeficient de regresie pozitiv,
un coeficient de corefie (r) situat la valoarea 0,6, dar cu o determingjea(valorilor
scazuta Tn raport cu linia de regresie.

Acumularea compongior fotosintetici la plantulele de floarea soarelui
(Helianthus annuus2xpuse ih cdmp magnetic ecranat este #gédatabelul 2.

Tabel 2
Continutul Tn pigmenti asimilatori (%) la plantulele de Helianthus annuus expuse
in conditii de ecranare a cdmpului magnetic comparativ cu martoru(100%)

Timpul de expunere Valori exprimate in % a/b clorofi/ proteine
(ore) clorofilaa clorofilab carotenoide carotenoide (%)
24 77,27 72,72 81,15 2,94 3,98 70,15
48 96,17 96,49 92,70 2,49 4,16 75,45
72 80,80 89,45 79,21 2,35 4,22 80,30
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F i g. 1 Exprimarea corelaei intre timpul de expunere in coridile ecranare a campului
magneticsi diferizi componern celulari la plantulele dd°haseolus vulgaris.

Continutul Tn pigmefi asimilatori la plantulele de floarea soarelui expuse in
condiii de ecranare a cAmpului magnetic este redus in cofieparanartorul. Cantiti de
clorofile si carotenoide mai apropiate martorului se inregisiréap expunere de 48 ore.
intre variantele experimentale se inregistiezantititi diferite de clorofilesi carotenoide,
remarcandu-se caritile cele mai ridicate la un timp de expunere de 72 ore. Comparativ
cu plantulele de fasole, plantulele de floarea soareluiioe@az intr-un mod diferit la
condtiile experimentale, sugerand o modulare a reaitiivih functie de specie, respectiv
de tipul metabolic preponderent al acesteia.

Relaia intre acumularea pigmgor asimilatori la floarea soarelgi timpul de
expunere in condi de ecranare magnelieste prezentafin Fig. 2. intre cantitatea de
clorofile, carotenoidei timpul de expunere exisb corelgie pozitiva caracterizat printr-un
coeficient de regresie (b) pozitiv, un coeficient de carelg) situat peste valoarea de
0,8si cu o determinare a valorilor in raport cu linia de regre§ieéste valoarea de 0,7,
ceea ce atestorelaia stransdntre cele dolivariabile (componeni durat), corelaie
de natui fungionah.

Cantitatea de proteine celulare totale acurawdate sazuti in compargée cu
martorul (Tabel 2) cu meinnea & la varianta cu expunere de 48 ore se acumileaz
mai multe proteine. Refa dintre cantitatea de proteigigtimpul de expunere se bazéaz
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pe o corelie negatid caracterizdt printr-un coeficient de regresie (b) negativ, un
coeficient de coretée (r) marit si o determinare s$izuti a valorilor in raport cu linia de
regresie (Fig. 2).

r=0,84 r>=0,71 y=0,0016x +0,2217 =098 r?=0,97
y=0,0005x +0,7387 o _43 5 =001 P=0,09 E.S.=0,007
0,785 + 0,4 +
. 078+ . ~ 035+
> 0775 § 0,34 /
g o077+ S 0254
© 0,765 + s 027
g o076+ 5 015+
S o
g 0755+ . . o 01+
0,75 + 0,05 +
0,745 . . } | 0 } . . |
0 20 40 60 80 ore 0 20 40 60 80 ore
y =0,0002x + 0,248 r=0,86 r*=0,75 y =-0,3035x + 111,77 r=070 r’=0,49
P=03 ES.=0,003 P=05 ES.=103
0,264 + 120 +
a . *
> 0,262 + 100 + \
=2 s
g 026+ > 804 ¢
3 0258+ 2
‘S - 60 +
g 0,256 2
% 02541 . . g 407
© a
0,252 + 20 ¢
0,25 | | I | 0 | | | |
0 20 40 60 80 ore 0 20 40 60 80 ore

F i g. 2 Exprimarea corelaei intre timpul de expunere in coridde ecranare a campului
magneticsi diferifi componer celulari la plantulele déHelianthus annuus

Concluzii. 1. Coninutul in pigmexi asimilatori este dependent de specie, respectiv
de tipul metabolic preponderent al acesgeide timpul de expunere in cotidde caAmp
magnetic ecranat.

2. La fasole, cantitatea de pigntiinregistral este superioammartorului, mai
semnificativ la varianta de expunere de 72 ore. Sinteza prasie stimuldtla 48 de
ore.

3. La floarea soarelui, atat cantitatea de clorofilecarotenoide (caroten,
xantofile), catsi cea de proteine totale sunt maiage Tnh condiile experimentale
comparativ cu martorul.

4. Corelaiile dintre cele doa variabile (componeii celulari si timpul de
expunere) sunt diferite Tn futie de specisi variazi in fundie de componentul analizat.

Cercetrile au fost finagate Tn cadrul contractului PNCDI Aerosiaé nr. 25/2001.
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ASPECTE STRUCTURALE S| ULTRASTRUCTURALE ALE
HEPATOTOXICIT ATII NUROFENULUI LA SOBOLANUL ALB WISTAR

VICTORIA-DOINA SANDU*, CRISTINA PASCA*,
CONSTANTIN CRACIUN** si ADINA COSTEA TURCU***

SUMMARY. — Structural and Ultrastructural Aspects of the Hepatotoxicity
of Nurofen in White Wistar Rats. Hepatotoxicity represents one of the most
frequently investigated side effects of the drugs because the liver is the most
important organ implicated in the biotransformation, activation and elimination
from the organism of the medicines, including Nurofen - an antiinflammatory
product widely used in the therapy of many human diseases. The investigations
reported here aimed at establishing the structural and ultrastructural changes
induced in the liver of the white Wistar rat by a daily dose of 250 mg Nurofen/kg
body weight, administered for 35 days. Our study showed that Nurofen had a
moderate hepatotoxic effect, which increased progressively during the whole
experimental period, but, fortunately, had no irreversible character, a natural
recovery process being possible after the end of the treatment. By light microscopy
studies, we could notice a fat degeneration of the hepatocytes, an obvious intra-
cellular and intracanalicular stasis of the bile, the appearance of lymphohistiocyte
infiltrations in the Kiernan spaces, and just a very discrete vascular congestion and
blood stasis of the intralobular capillaries. Ultrastructurally, it could be observed
that the hepatocytes were the most affected by the treatment, generally they
having a cytoplasm full of many small lipid drops, or a few large drops of lipids.
Besides, simultaneously, in many cells, a significant amount of glycogen ap-
peared, which was spread in the whole cytoplasm. In some hepatocytes, number
of the lysosomes and peroxisomes increased. The nuclei seemed to be sensitive
to Nurofen, their chromatin appearing markedly condensed on the inner surface of
the nuclear envelope (cortical hyperchromatosis). The mitochondria were moder-
ately swollen, and had vacuolised and rarefied matrix and cristae. The smooth-
surfaced endoplasmic reticulum had an abnormal, vesicular aspect. Also, a few
number of hepatocytes could be noticed in different destructive stages, some of
them being completely destroyed. Concerning the Ito cells, our investigations
demonstrated that unlike hepatocytes they had no lipids in their cytoplasm.

In addition, we could observe a serious perturbation of the bile transit, both
in the cells and in the intralobular canaliculi, and, simultaneously, the microvilli
in the lumina of some canaliculi disappeared. The destructive processes in the
liver were correlated with a discrete increase of the phagocytic activity of the
Kupffer cells, the cytoplasm of which contained a large amount of included
materials. Except for a very discrete collagen proliferation in the Kiernan space,
no other irreversible histopathological modification could be observed at the level
of the liver of the treated white Wistar rats, a fact which explains the natural
recovery of the liver after the end of Nurofen administration, without any
hepatoprotective or hepatoregenerative treatment.

* Universitatea “Babg-Bolyai”, Facultatea de Biologigi Geologie, Catedra de Zoologie, 3400 Cluj-Napoca,
Romania. E-mail: cpasca@biolog.ubbcluj.ro

** Universitatea “Babg-Bolyai”, Facultatea de Biologigi Geologie, Catedra de Fiziologie aniniaB400
Cluj-Napoca, Roméania

** Grupul Scolar Aurel Vlaicu, 3400 Cluj-Napoca, Roméania



V.-D. SANDU, C. PASA, C. CRACIUN, A. COSTEA TURCU

Din categoria antiinflamatoarelor nesteroidiene (AINS) face gaktarofenul
- produs medicamentos larg utilizat Th prezent in terapia antiinflamattzarg, in
tratarea rapilsi eficienti a durerilor de cap, migrenelor, durerilor dentare, durerilor
menstruale, nevralgiilor, durerilor reumatice, durerilor de spate, durerilor musculare,
primelor simptome deiceak sau gri@, strilor febrile, vasospasmelor post-hemoragie
subarahnoidiah anevrismal, osteoartritelor, periartritelor, artrozelor, spondilitei
anchilopoietice, spondilozelor, bolilor acute musculo-scheletice (bursite, tendinite,
tenosinovite, epicondilite, fibrozite, miozite), bolii Alzheimer, fibrozei cistice [4, 6, 9,
15, 17, 19, 22-25]. Mai recent el este folgsin prevenirea cancerului de colon [13].
Aceasl adiune terapeuticextrem de compléxa Nurofenului, din fcate, este asodiat
cu multiple reatii adverse, dintre care unele sunt insuficient investigate sub aspectul
formelor histopatologicg ultrastructurale pe care le imbigcal dinamicii lor.

In prezent, este cunoscut atat efectul terapeutic céit readiile adverse
ale tuturor antiinflamatoarelor nesteroidiene sunt strans corelate cu farmacocinetica lor.
in ceea ce privge Nurofenul, studiile au demonstrat ficatul, mai exact citocromul
P450 hepatic este fundamental in biotransformgréaplicit, in activarea medica-
mentului [2, 12]. Eliminarea din organism a medicamentului se face in principal pe
cale renal (54-64%), atat sub forimmemodificad catsi sub forma unor metabadli
glucuronici conjuga sintetizai la nivel hepatic. Restul de 36-46% de medicament
este excretat prin kilsi finalmente prin fecale. Deci, din cele nt@mate anterior,
deducem & biotransformareai, implicit, activarea Nurofenului este strans corelat
cu activitatea hepaticiar excréia lui, ca atare sau sub forma conjtlgaglucuronici,
este dependenin principal de funga renak, darsi de cea a ficatului [10]. Ag se
explici de ce modificAnd farmacocinetica acestui produs medicamgrgas a
principiilor sale active se poate, pe de o parte, altera eficacitatea sa tetapqeide
alta parte, se pot exacerba efectele sale secundare [9]. Pornind de la aceste premize,
ne-am propus ca prin cerdgte noastre & surprindem o serie de aspecte inedite sau
insuficient investigate legate de dinamjcparticularititile modificarilor histopatologice
si ultrastructurale induse printr-un tratament nu foarte indelungat cu Nurofen,
administrat in doze terapeuticestzbolanul alb Wistar adult.

Material si metodi. Cercelrile s-au efectuat pgbolani albi Wistar, adtil
masculi, cu o greutate medie de 19Q0+grame. Animalele de experigrau fost
intrgtinute in condii optime de laborator, asigurandu-li-se ingrijigearana cores-
punztoaresi apa ad libitum. S-a lucrat pe 8 loturi constituite din cate 8 indivizi:

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

-loturile Ty, T, si T3 - constituite dingobolani @natosi, tratgi zilnic cu o
doz terapeutig de 250 mg Nurofen / kg corp, adminisirger os prin gavaj, in trei
prize (una inainte de mag doui dupi masi); sobolanii au fost sacrifigadupa 10,
20, respectiv, 35 de zile de tratament, pentru realizarea unor inviestigaturale
si ultrastructurale;
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-lotul T, — constituit dinsobolani traté similar loturilor T;-Ts, doar @ dup
cele 35 de zile de tratament a urmat o pet#icdel 10 zile in care nu li s-a mai
administrat nici un medicament, asigurandu-li-se doar otimére si o hranire
corespunitoare.

Sacrificarea animalelor s-adit diminega, la 16 ore de inatie¢, dug o
anestezie profuridcu eter etilic, prin decapitarg exsangvinizare. Imediat dap
sacrificare s-au recoltat fragmente de ficat, care au fost imediat prelucrate conform
tehnicilor uzuale, astfel incét e posibik realizarea in congli optime a investiggilor
de microscopie opticsi electronic [7, 14, 18, 20].

Rezultatesi discutii. Rezultatele investigélor noastre structuralg ultra-
structurale au condus la concluziaNurofenul, Tn condiile experimentului nostru,
exerciti un efect hepatotoxic moderat, care debdteayzid, dug care se accentueaz
n mod progresiwi constant pe parcursul intregii perioade experimentale. Din
fericire, modifiarile nu au un caracter generalizat, ci unul zagabhu Tmbrad
aspecte ireversibile, ceea ce face pdsilefacerea naturglin timp a ficatului dup
intreruperea tratamentului. Cel mai sensibil lduaea acestui antiinflamator se
dovedste a fi parenchimul hepatig mai puin sensibil - sistemul de ducte biliare
intra- si interlobulare, precursi componenta vasculagificatului.

Modificari structurale induse de Nurofen la nivelul ficatului

La microscopul optic, aicinea hepatotoxica Nurofenului a fost decelabil
dup doar 10 zile de tratament candgifde lotul martor cu o structutiistologic
normak, a fost remarcét o discrel perturbare a tranzitului biliar, perturbare
materializai in apariia catorva celule cu colestaalispuse preponderent concentric
spaiului port Kiernan (Fig. 1). Mai mult, pe taasuprafga lobulului au putut fi
semnalate fenomene clare de constituire de trombi in canaliculele biliare intralobulare,
care concurda inducerea unei staze biliare intraductale (Fig. 2).

Dupi 20 de zile de tratament, efectul hepatotoxic al acestui medicament
pare & se accentueze, in sensidlfenomenul de colestaintrahepatocitar@apare
mult mai clar exprimati de aceadtdat cuprinde nu doar hepatocite izolate, ci
grupuri de celule. In plus, se remiag o congestie moderat vaselor sanguine
intra- si interlobularesi procese discrete de degeneregcegnanulo-vacuolargu o
dispunere zonal(Fig. 3). Tn unele spiaporte apar infilirate limfohistiocitare nu foarte
bogat reprezentate, infiltrate care au o dispunere perivassupsaticanaliculara

La finele celor 35 de zile de tratament, fenomenele de cdlasteghepato-
citara si intracanaliculat nu numai & persist, dar sesi intensifici, in timp ce rea@
limfohistiocitara devine mult mai evide#t este masivsi dispug pericanalicular,
Tmbracand aspectele histopatologice tipice ale periangiocolitei limfohistiocitare

(Fig. 4).
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Fig. 1.Cresterea numeri¢ a canaliculilor biliari Fig. 2.Tromboz difuzi in canaliculii
interlobulari;colestaa intrahepatocitas biliari intralobulari (x 1280).
concentri@ spajului Kiernan (x 1280).

F i g. 3.Degeneresceigranulo-vacuola discret;, F ig. 4.Infiltrat limfohistiocitar masiv la nivelul
colestaz intrahepatocita# zonali §i congestie spalui interlobular Kiernan(x 512).
moderat in vasele intrasi interlobulare(x 1280).
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De asemenea, se constel Nurofenul concurda inducerea unor procese
dismetabolice, mai exact a unor distrofii lipidice, traduse morfologic printepari
numeroase hepatocite cudrgare sau supraificare grag Astfel, citoplasma acestor
celule apare invadatde pidcituri lipidice de dimensiuni variate. Cel mai adesea,
nucleul nu pare a fi afectat de acedstircare cu pigturi lipidice, nici topograficsi
nici structural. Zonal, distrofia evolueagitre degenerescei hepatocitele pierzandi-
conturul poligonal, dobandind o fofnsferici, avand citoplasma invadadle picturi
lipidice mari, nucleul lor apare balonizatcu o dispozie usor excentrid. Para in
acest stadiu, distrofigi degenerescéa lipidica reprezird modificari histopatologice
reversibile, celula3strandusi Tnca capacitatea de a reveni la structurdali daé se
nlatura factorii cauzali. In&, punctiform, pe intreaga suprgfa lobulului, se constat
si apariia de hepatocite surprinse in diferite stadii de négaa necrobiciz(citoplasn
invadati de multiple pidturi lipidice, nucleu cu o structugarofund dezorganizat
cu hipercromatazcorticak sau cu o evideattendirta spre picnozare).

La lotul T4 - care dup cele 35 de zile de tratament cu Nurofen a urmat o
perioad de 10 zile in care nu s-a mai intervenit cu nici un fel de mggicaa
constatat o reducere semnificatay proceselor alteratiwe degenerative atét la nivelul
parenchimului hepatic cat al sistemului biliar intrasi interlobular, precunsi al
componentei vasculare sanguine.

Modificari ultrastructurale induse de Nurofen la nivelul ficatului

Procesele distructive evidéte prin investiggile de microscopie opticapar
mult mai clar pe imaginile electronomicroscopice, la nivelnbra pot fi sesizatgi
aspecte noi ale hepatotoxigit Nurofenului, care scapinvestigaiilor de microscopie
optici. Aspectele ultrastructurale nregistrate refleafectarea semnificativa
componentei celulare hepatigemai discred a canaliculelor biliare, precugi a
componentei vasculare intrgi-interlobulare. Dinamica modificilor ultrastructurale
concord cu cea a modifigilor histopatologice, in sensul ele sunt deja decelabile
electronomicroscopic ddpdoar 10 zile de tratament, dar amploagieaxtinderea
maxima o ating abia la finele celor 35 de zile de megicau acest antiinflamator
nesteroidian. Astfel, comparativ cu lotul martor cu un aspect normal al parenchimului
hepatic, la finele tratamentului se constet majoritatea hepatocitelor prezind
incircare gras (distrofie lipidicd) semnificatid. Uneori pidturile lipidice au dimensiuni
reduse (Fig. 5), dar alteori ele conflu#ak constituie pié&turi mari (Fig. 6), care
exercii 0 anumit presiune asupra nucleului pe care 1l deplasedze periferie.
Toate acestea sunt semne precoce ale unei degenergsaee. Din fericire, depunerile
lipidice se limiteaz doar la citoplasma hepatocitelaird a se asocia cu fenomene
de rofeocitoz prin care lipidele sibat membrana nucléasgi ajung Tn nucleoplasin
si chiar in nucleoli.

Subliniem @& distrofia lipidici hepatocitat este coreléatcu abseta lipidelor la
nivelul celulelor Ito, ceea ce pledégzentru o alterare cért tranzitului de lipide din
celulele hepatice.
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F i g. 5.Stadiu incipient de degenerescenya F i g. 6.Stadiu avansat de degenerescensa
gras hepatocitai (x 5250). grashepatocitati (x 8400).

Simultan cu in@rcarea gras in multe celule hepatice se nregistiegizo
acumulare masi#ivde glicogen, care apare dispus sub forma unor plaje, Th mod
uniform Tn intreaga citoplain(Fig. 7).

Nucleul hepatocitelor se dovetie a fi relativ sensibil la tratamentul cu
Nurofen, sensibilitate materializaintr-o discret modificare a formei salg intr-o
condensare destul de accerit@atromatinei pe supragginterri a membranei nucleare.

n ceea ce privge organitele celulare, electronomicroscopic s-a putut constata
o crastere a nuriirului de lizosomisi peroxisomi intrahepatocitari (Fig. 8), in paralel
cu o woara reducere numerica mitocondriilor, care, in plus, apar balonizgte
prezint o matrice rarefidtsi un nundr diminuat de criste (Fig. 9), ceea ce refiect
o alterare semnificatiiva echilibrului energetic al celulei. Reticulul endoplasmic
neted pare a fii el afectat de Nurofen, dobandind un aspect vezicular generalizat.

Modificarile ultrastructurale ale hepatocitelor sunt asociate cu périurb
moderate ale tranzitului biliar, concretizate Tn instalarea colestazei intrahepatocitare
(vizibila si la microscopul optic), materializain apariia a numergi corpi biliari
intracitoplasmatici.

Staza biliaraa fost semnalatnu numai la nivel intrahepatocitar, giin
canaliculele biliare intralobulare, care apar dilagatipsite de microvili, consecia a
unei altefiri zonale a membranei celulelor hepatice caretifumal se va traduce printr-o
perturbare a procesului de reabs@rla substaelor refolosibile, utile (Fig. 8i 10).
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Fig. 7.Acumulare masivde glicogen la F i g. 8.Dilatarea canaliculelor biliare intralobulare
nivelul citoplasmei hepatocitului (x 8400). corglatl alterarea semnificativa bordurii
de microvili intraductali (x 12600).

F i g. 9.Cresterea nurirului de corpi lizosomali F i g. 10.Staz biliara intracanaliculag si distrugerea
peribiliari; scaderea numeri¢ si dezorganizarea zodia bordurii de microvili (x 12600).
structurak a mitocondriilor hepatocitaréx 8400).

59



V.-D. SANDU, C. PASA, C. CRACIUN, A. COSTEA TURCU

Ca urmare a foramii de trombi care obtureazumenul canaliculelor biliare, presiunea
n interiorul acestora cg ih mod semnificativ, fapt pentru care, zonal, se ajunge
la desfacerea joianilor interhepatocitare de tipul desmosomilor in aria adiacent
canaliculelor afectate, ceea ce conduc#rtarea spilor interhepatocitare (Fig. 11).

Unele hepatocite sunt mai drastic afectate de tratamentul cu Nurofen, ele
fiind surprinse n diferite stadii de necéiogau necrobicz

Daa investigaiile microscopo-optice nu ne-au permis observarea unor
modificari la nivelul celulelor Kupffer din capilarele sinusoide, pe imaginile de
microscopie electronicam putut sesiza o intensificare a aciiitior fagocitare
demonstrat de o Tndrcare masi¥ a lor cu material fagocitat surprins in diferite
stadii de digestie (Fig. 12).

F i g. 11.Desfacerea jorfunilor cu largirea Fig. 12.Celuli Kupffer cu inteng
spaiilor interhepatocitaresi cresterea rezervelor activitate fagocitafx 6720).
glicogenice intrahepatocitare (x 8400).

Reagtia de hipersensibilitate imediaindugi prin tratamentul cu Nurofen
la nivel hepatic este clar vizibilla microscopul electronic, care acfit posibik
semnalarea la nivelul multor gpaporte a numeroase infiltrate limfohistiocitare
abundente (decelabikg la microscopul optic), corelate cu prememm numeroase
mastocite acompaniate de relativ numeroase eozinofile atrase la acest nivel de
factorii chemotactici eozinofili elibetiade mastocite (Fig. 13).

Alaturi de parenchimul hepatic se coristab discrell afectare a componentei
vasculare a ficatului concretidntr-o staz sanguifi moderai la nivelul capilarelor
sinusoide, mai accentdatoncentric spaului port, deci la periferia lobulilor hepatici
clasici.
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In prezent, se cungi@ ci n cadrul
unitatii ,medicament-organism” se stabilesc
relgii de reciprocitate, intrucat medicamen-
tele influeneaz organismul pé&nla nivelul
ultrastructurilor celulare, daf organismul la
randul gu are capacitatea de a dirija “soarta”
medicamentului asimilat. Cu foarte tne
excepii, majoritatea medicamentelor sunt
transformate la nivelul organismului prin
reagii biochimice intr-o serie de metabi|i
care uneori se eliminca atare, dar, in majori-
tatea cazurilor, ei sunt conjugaar produ-
sii rezultai reprezing forma principal de
eliminare. Acest aspect este valaiipentru
intreaga familie de produse antiinflamatoare
nesteroidiene.

Desi biotransformarea medicamen-
telor este considerata fiind un proces de
detoxifiere, exist multe cazuri in care mole-

Fig. 13.nfiltrat cu mastocite ¢i cule inactive se transformumai prin meta-
eozinofile ¢i discret¥s proliferare de  bolizare In compgi activi. Aceast situgie este
colagen in spafiul Kiernan (x 722 valabiti i Nurofenului, cunoscut fiind i

citocromul P450 hepatic este “instrumentul” principal implicat in biotransformarea
si, totodat, Tn activarea medicamentului, biotransformare care conduce ldaapari
doi metaboli majori: derivatul hidroxilicsi cel carboxilic al medicamentului [2, 12].

Asa cum deja am méponat, Nurofenul se elimihcomplet din organism
pe parcursul a aproximativ 24 ore de la administrare. Eliminarea se face in principal pe
cale rend (54-64%), dintre care 10-20% sub farmemodificad si 44% sub forma
unor metaboti glucuronici conjuga, sintetizai la nivel hepatic. Restul de 36-46%
care au ,sgpat” filtrului de epurare renal sunt excretate prin fecale unde ajung prin
bila. Doar o mi@ parte a medicamentului se elifinlin organism sub forén
netransformait[10].

Din cele metionate anterior deduceni atat biotransformareg, implicit,
activarea Nurofenului, c&t excreia lui ca atare sau sub forma conjilgaglucuronici
este dependente fungia hepatid [10]. Asa se explig de ce modificAnd farmaco-
cinetica acestui produs medicamenifsau a principiilor sale active se poate, pe de o
parte, altera eficacitatea terapeuticsasi, pe de alt parte, se pot exacerba rgie
sale adverse [9]. Astfel, s-a constatatsfundiile ficatului, Tn principal insuficieta
hepati@ poate conduce la pertdirb importante ale farmacocineticii, potaiului
terapeutigi, nu Tn ultimul rand, ale toxicitii Nurofenului [10].

Intensitatea, durata chiar tipul de agune al medicamentelor antiinfla-
matoare (inclusiv al Nurofenului) depind de gragdwaracteristicile biotransforirilor,
rolul determinant revenind mecanismelor biochimice de metabolizare, |la dvara c
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se afh activitatea enzimelor, factorul cel mai important care regleazlul medi-
camentului in organismi, implicit, efectele farmacologic-terapeutice ale acestuia
[2, 9, 10, 12].

Potrivit cercetrilor in domeniu, produsele medicamentoase antiinflamatoare
nesteroidiene (inclusiv Nurofenul) au, Tn general, un profil toxic sutistadeloc
neglijabil, concentrate, in principal, asupra tractului gastrointestinal, rinichilor,
ficatului, maiduvei hematogeng cordului. Organismele cu risc toxic crescut sunt
cele mai Tn varét cele care au suferit sau sufelé boli cardiace, renale, hepatice,
ulceresi cele predispuse la accidente hemoragipare (16).

Studiile referitoare la toxicitatea Nurofenului la nivelul aparatului digestiv
demonstreazci aceasta se exerxibhu numai asupra tractului digestiv,sciasupra
glandelor sale anexe, in principal asupra ficatului. In acest sens, B e ngl eolab.

[5], W a r dsi colab. [27]si B r o w n esi colab. [8] au constatat experimentél ¢
tratamentele Tndelungate, de 60-90 zile, cu doze terapeutice de Nurofen conduc la o
hepatomegalie accentdaafceasta, potrivit investigdor de microscopie opti; este
consecima atat a unei hipertrofiii hiperplazii a celulelor hepatice, dgira unei
proliferari hepatocelulare. In plus, proliferarea hepatocelutar asociazcu apatia
infiltratelor eozinofilice (semnalatg in cadrul investiggilor noastre)si arareori

cu aspectele histopatologice tipice unei hepatite severe [11].

Rezulatatele histologicg ultrastructurale ofinute in cadrul experimentului
nostru coroborate cu cele ale altor cefiet care au abordat problema hepato-
toxicitatii Nurofenului relev sensibilitatea destul de accenfuatficatului desobolan
la agiunea acestui antiinflamator administrat in @lterapeutig, sensibilitate care
in concega toxicologilor ar reprezenta o intoxieacud [1, 3, 26].

Leziunile hepatice inregistrate de noi la loturile tratate refleotelaia
direci existeni intre doza cumulativde medicament — dependerde durata
tratamentulusi amploarea efectului hepatotoxic. Modifiite alterativesi degenerative
induse de Nurofen sunt de o agresivitate vadapirnindu-se de la o disciettaz
sanguii, colestaz intrahepatocitargi intraductal, usoara balonizare a celulelor
hepaticesi ajungandu-se pénla instalarea unui sindrom distrofic cu evwu
progresiv, a unor fenomene ireversibile de degenerascgrchiar de necrobiaz
si necroz zonatfi, punctiforni a hepatocitelor.

Alterarea sintezei proteice indugprin tratamentul cu Nurofen ar putea
reprezenta factorul determinant al aparidistrofiei grase hepatice, evideia atat
microscopo-optic cagi electronomicroscopic. S-ardiea & sub agunea acestui
antiinflamator nesteroidian este pertugbsinteza proteinei apo-B, care in cagidi
normale are capacitatea de a se cupla cu lipidele VHD (lipide cu densitate foarte mare)
de la nivelul hepatocitelor, impreugu care formedazcomplexe lipoproteice hidro-
solubile, care facilitedzdesércarea lipidelor din celulele hepatice. Blocarea sintezei
acestei proteine induce acumularea progiesilipidelor in hepatocite [21]. Ulterior,
pe nmisuid ce efectul toxic al Nurofenului se reducetigr&limindrii sale treptate din
tesuturi, sinteza acestei proteine transportatparaplicit, “degresarea” hepatocitului
reincepe.
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Modificarile ultrastructurale ale celulelor hepatice interesegmoape toate
componentele celulare: nucleul, citoplasma, anumite organite celulare (lizosomii,
peroxisomii, mitocondriilai reticulul endoplasmic), precugh membrana celulara
si au drept consecifi alterarea semnificativa ntregii activiiti metabolice a
hepatocitelor. Aceasta influgraz in mod negativ atat capacitatea ficatului de
biotransformare, precugi de eliminare din organism a praglor de metabolizare
a Nurofenului, prodgi cu un potetial toxic faa de anumite organe de importan
vitala. Perturbarea funiei metabolicesi de detoxifiere a ficatului va avea drept
consecim o retemie mai indelungatla nivel tisular a prodgior de metabolizare a
acestui antiinflamator nesteroidian (unii dintre ei toxici), ceea ce se traduce printr-o
accentuarai extindere in timp a anumitor rgacadverse la nivelul organismului
supus tratamentului.

Efectul iritativ exercitat deatre Nurofen la nivelul parenchimului hepatic
este clar exprimat prin prezana numeroase infiltrate limfohistiocitare vizibilie
microscopo-optigi electronomicroscopic, precugn prin intensificarea activitii
fagocitare a celulelor Kupffegi apariia a numeroase mastocite acompaniate de
eozinofile, aspecte semnalate doar pe imaginile de microscopie electronic

Rezultatele otinute in cadrul investigalor noastre dendtca desi aspecte
histopatologicesi modificari ultrastructurale clare sunt deja decelabileaddpar 10
Zile de tratament,iculterior, pe intreaga dutatie administrare a medicamentului,
leziunile alterativesi degenerative se intensifigi se extind Tn mod progresii
constant, acestea au doar un caracter tranzitianiw imbrad aspecte ireversibile.

In ansamblul lor, modifirile histologicesi ultrastructurale evideiate prin
investigaiile noastre de microscopie ogitigi electroni@ releva ca Nurofenul, chiasi
in doz terapeutig si administrat o period@dnu foarte indelungat exercii un efect
hepatotoxic moderat cu caracter tranzitoriu. Din fericire, leziunile induse permit
refacerea naturalsi destul de rapidl a structurilor hepatice chiar in lipsa unei
medicaii adjuvante naturale sau de sirites proprieiti hepatopropectoarg/sau
hepatoregeneratoare.

Rezultatele noastre confitngi, totodati, completeaz datele deja existente
n literatud cu privire la efectul toxic al Nurofenului la nivelul ficatului, intrucat s-a
rewit surprinderea mai detaliagi cu mai mare acurage atat a procesului lezional
hepatic (sub aspectul particulasiior structuralesi ultrastructurale pe care le imb#ac
si al dinamicii hepatotoxicitii), catsi a procesului reparator natural, nedirijat, care
se desfagaradup intreruperea adminigtii medicamentului.

Concluzii. 1. Nurofenul, in condile experimentului nostru, exergitin efect
hepatotoxic moderat, care se instaleaze accentueazprogresiv pe intreg parcursul
perioadei de tratament.

2. Modificarile histopatologicei ultrastructurale induse de acest medicament
antiinflamator nesteroidian devin decelabile atat prin investiga microscopie
electroni@, cétsi optica dupi doar 10 zile de tratament, dupare se accentueaz
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in mod constanti progresiv paa la finele celor 35 de zile de administrare a
Nurofenului, pentru ca ulterioise redug semnificativ sub raportul intensii si
extinderii lor.

3. Modificarile histopatologicesi ultrastructurale determinate de Nurofen
sunt de o intensitate variahildepinzand de doza cumuldtia medicamentului,
implicit, de durata tratamentului.

4. Acest antiinflamator nesteroidian afectegeeponderent parenchimul
hepaticsi mai discret sistemul ductelor biliageé componenta vasculaganguif
intralobulara

5. Hepatociteleaspund atacului toxic al Nurofenului in mod variat, pornindu-se
de la o0 yoai balonizare a logi evoluand péai la o distrofie lipidié@ cu caracter
progresiv. Uneori s-a ajuns chiar la instalarea unor fenomene de degengrgscen
chiar necrobioz sau necrazzonah, punctiforma.

6. Ultrastructural, sensibilitatea hepatocitelor la Nurofen se materializeaz
in instalarea unor modifid care vizeaz nucleul (deformare, picnozare), citoplasma
(vacuolizare, Tnircare gra&si cu glicogen), unele organite celulare: lizosomii §teee
numerid), reticulul endoplasmic (vacuolizare), mitocondriile (balonizare cu dezorga-
nizarea matriceii cristelor), precumsi membrana celularidispariia zonak a
bordurii de microvili intraductali).

7. Modificarile ultrastructurale ale celulei hepatice sunt corelate cu perturbarea
metabolismului lor lipidic, proteigi glucidic, tradus printr-o iritcaresi degenerescei
grasi, apariia plajelor de glicogen bine reprezentate intrahepatocitar.

8. Tranzitul biliar, atat cel intrahepatocitar giatel intraductal, este moderat
si tranzitoriu alterat, fapt demonstrat de instalarea colestazei intrahepatgtitare
intracanaliculare, care condaua dilacerarea parenchimului hepatic.

9. Efectul iritant exercitat de Nurofen la nivelul ficatului este clar ilustrat
prin prezera a numeroasg abundente infiltrate limfohistiocitare (preponderent in
spdiile Kiernan), prin apatia a numeroase mastocite acompaniate de eozinofile,
precumsi prin intensificarea activitii fagocitare a celulelor Kupffer din peiie
capilarelor sinusoide.

10. Leziunile alterativgi degenerative induse de Nurofen, atat la nivel structural
céat si ultrastructural, au un caracter zorgltranzitoriu si nu Tmbrad aspecte
ireversibile, perménd desfagrarea unor procese de refacere naiyfa timp a
ficatului, fara intervenia din exterior cu vreun produs natural sau de sinter
potertial hepatoprotector sau hepatoregenerator.
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MODIFICARI STRUCTURALE SI ULTRASTRUCTURALE INDUSE
DE NUROFEN LA NIVELUL COMPONENTELOR MUCOASEI
GASTRICE LA SOBOLANUL ALB WISTAR

CRISTINA PASCA*, CONSTANTIN CRACIUN** si VICTORIA-DOINA SANDU*

SUMMARY. — Sructural and Ultrastructural Modifications Induced by
Nurofen at the Leve of the Components of Gastric Mucosa in White Wigtar

Rats. According to the light and electron microscopy investigations carried out by
us, the dose of 250 mg Nurofen/kg body weight, administered for 35 days, has a
significant toxic effect on the whole gastric mucosa of the white Wistar rats, but
especially upon the body and fundic region of the stomach. Obvious modifications
induced by this nonsteroidial anti- inflammatory drug could be noticed, even after
10 days of treatment, and got worse progressively and continuously until the end
of the experimental period. Nurofen, a drug widely used by people in the whole
world, disturbed significantly both the vascular and cellular components in the
gastric mucosa, especially the mucous surface cells and the gastric gland epithelium
(chief cells, parietal cells, endocrine cells, mucous neck cells and auxiliary cells).
The lamina propria and muscularis mucosae were discretely affected by the treat-
ment with Nurofen.

Ultrastructurally, the alteration of the chief cells affected principally their nuclei,
which appeared pycnotic, retracted, hyperchromatic, with a peculiar disposition of
the chromatin and with a swollen nuclear envelope. The oedema affected the
rough-surfaced endoplasmic reticulum and mitochondria of these cells, too. As a
direct consequence of all structural changes described above, there was a significant
decrease of the pepsinogen secretory activity.

At the level of parietal cells we could observe the appearance of some intra-
cytoplasmic lysis phenomena, correlated with a progressive necrosis process. The
most sensitive organelles seemed to be the mitochondria, which appeared swollen
and greatly alterated, having the matrix and cristae seriously affected. Besides, the
secretion of HCI by these cells decreased significantly.

Among the endocrine cells of the gastric mucosa, only a few types of them
seemed to be affected by Nurofen. These cells presented an obvious vacuolised
cytoplasm, pycnotic nuclei, swollen mitochondria, and just a small number of
secretion drops. Possibly, the cells altered by this drug were those responsible for
the synthesis of serotonine. That could justify the serious alteration of the vascular
component in stomachal mucosa and submucosa (vascular congestion, blood stasis
and numerous microhaemorrhages), which could induce and maintain the necrosis
processes.

Both the auxiliary and mucous neck cells in gastric mucosa seemed to be
resistant to the treatment with this antiinflammatory medicine.

Fortunately, our investigations demonstrated that the neighbouring gastric
glands had a polymorphous histological and ultrastructural aspect, demonstrating
that Nurofen had no identical effect on their structure and function. In addition,
generally, the alterations induced by this drug had no irreversible character, a recov-
ery process of the gastric mucosa after the end of the treatment being thus possible.

* Universitatea ,Babe-Bolyai”, Catedra de Zoologie, 3400 Cluj-Napoca, Romania.
E-mail: cpasca@biolog.ubbcluj.ro
** Universitatea ,Babg-Bolyai”, Catedra de Fiziologie anim&l 3400 Cluj-Napoca, Roménia
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Inflamaia este o reaie complex, neurotrop, vascularasi metaboli@,
declagati de pitrunderea unor agénpatogeni strihi sau prodsi de degradare
proprii in tesuturile &nitoase ale unui organism. Este o teade apraresi are
unele mecanisme comune cu infacsi cu alergia. Inflamga este un proces
dinamic, care condtin apariia unor modifi@ri locale si generale, expresii ale
tulburarilor provocate de agentul patogen, glale reagilor de restabilire a furtélor
alterate. Prin aceste modifit organismul tinde & inactiveze agentul cauzal s
inlature produsele de degradare existente in focarul inflargiasdrrefac tesuturile
lezate. In unele cazuri procesul inflamator se finalizeazvindecareai restabilirea
fundiilor organismului. Alteori fenomenele inflamatorii devin o Epalke cronicizear
si se stabilgte un ciclu continuu: inflamee — distruge tisulag — inflamaie. Cauzele
inflamaiei pot fi de natut microbiologié (bacterii, virusuri), imunologic (produi
implicati in reagii antigen-anticorp), fizig (traume, corpi stiai, radigii), chimica
(substare acide sau alcaline iritante) [4].

Medicamentele folosite pentru tratarea bolilor inflamatoare, din punct de
vedere terapeutic, se grupgaa: antiinflamatoare cu efect imediat, antiinflamatoare
de bai, alte antiinflamatoarg produse medicamentoase adjuvante.

Antiinflamatoarele cu efect imediat se mai numgsfast acting antirheumatic
drugs” si se caracterizeazprintr-un efect terapeutic prompt, dar de scuwitras,
disparand rapid dup intreruperea administifilor. Ele au o alune simptomatig,
diminuand sau chiar i#turand unele simptomg semne ale inflameei in bolile
reumatice cronice sau dezitaturg dar nu modifié evoluia procesului patologic.
Aceste medicamente se grupetz dou categorii: antiinflamatoare steroidiene (AIS)
si antiinflamatoare nesteroidiene (AINS). Din ac&asdtimi categorie face partg
Nurofenul - produs medicamentos larg utilizat in prezent in terapia antiinflamatoare,
care are o compléxagiune terapeutit; asociat, din picate,si cu multiple reati
adverse, dintre care unele insuficient investigate sub aspectul formelor histopatologice
pe care le imbragci al dinamicii lor Tn timp.

Cu toate progresele inregistrate Tn domeniul terapiei antireumatismale,
administrarea unor doze eficiente de produse medicamentoase antiinflamatoare
steroidienesi nesteroidiene este #dénsaita de multiplesi semnificative insuccese
datorate efectelor secundare exercitate asupra organismului. gazestea se
materializeaZ in apariia unor leziuni reversibile sau chiar ireversibile la nivelul
unor organe vitale, care pot compromitgaimdividului supus tratamentului. Aceste
considerente explidnteresul deosebit manifestat la ora aétpal plan mondial pentru
cercetarea vash reagilor adverse ale terapiei cu medicamente antiinflamatoare, care
au un spectru terapeutic extrem de kargjversificat.

In acest context se Incadr&aizcercetdrile noastre, care au uint depistarea
unor aspecte inedite referitoare la intensitatea, graviigbeaticularititie modificarilor
structuralesi ultrastructurale induse de Nurofen (antiinflamator nesteroidian larg
utilizat intr-o gam foarte larg de afeguni cu o mare incidg# la ora actua) la
nivelul mucoasei gastrice $abolanul alb Wistar.
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Material si metoda. Cercelrile s-au efectuat pgbolani albi Wistar, adtil
masculi, cu o greutate medie de 19D4grame. Animalele de experigrau fost
ntrginute Th condii optime de laborator, asigurandu-li-se Tngrijiselrana corespun-
Zitoaresi apa ad libitum. S-a lucrat pe 6 loturi constituite din cate 8 indivizi:

-loturile martor M-M3; — constituite dinsobolani @natosi, netratai cu
medicament;

-loturile Ty, T, si T3 - constituite dingobolani &natosi, tratgi zilnic cu o
doz terapeutig de 250 mg Nurofen/kg corp, adminiséraer os prin gavaj, in trei
prize (una Tnainte de mag doua dupa magi); sobolanii au fost sacrifigadupa 10,
20, respectiv, 35 de zile de tratament, pentru realizarea unor inviestigeturale
si ultrastructurale.

Sacrificarea animalelor s-adit diminega, la 16 ore de inatie¢, dug o
anestezie profuridcu eter etilic, prin decapitarg exsangvinizare. Imediat dap
sacrificare s-au recoltat fragmente de stomac din regiunea: furdmorpului, a
antrumuluisi a canalului piloric. Fragmentele recoltate au fost imediat prelucrate
corespunator, conform tehnicilor uzuale, astfel incét f&e posibik realizarea in
condiii optime a investiggilor de microscopie opticsi electronié [2, 10, 16, 19].

Rezultate si discutii. Investigaiile de microscopie opticsi electronié au
condus la concluziaacacest antiinflamator, in conilie experimentului nostru,
exerciti 0 agiune toxié@ semnificatid asupra ntregii mucoase gastrice, ea fiind
nsi ceva mai accentuain regiunea funduluii corpului stomacal.

Modificari structurale induse de Nurofen la nivelul mucoasei gastrice.
Studiile histologice refledtca Nurofenul cauzedzleziuni histopatologice vizibile
la microscopul optic deja dapdoar 10 zile de tratament, candtafae lotul de
control cu un perete stomacal cu o strdchormal, au putut fi semnalate: gaara
staz sanguii si un edem discret in zona superfigial mucoasei gastrice riainsi
ca acestaasfie corelat cu alterarea integitii epiteliului superficial.

Dupa 20 zile de tratament, alterarea componentei vasculare gastrice pare a
fi marcat accentuatsi se materialized@zin prezemm unei staze sanguigea unei
congestii clare, ce intereséaaproape intreaga grosime a mucoasei gastrice, dar mai
puternic junitatea superioara acesteia. Pe fondul acestor pedtiite hemodinamic
se remarsi prezema unui edem extins in t@agrosimea mucoasei, care se asaciaz
cu descua#ri celulare punctiforme, ce intereséaatat epiteliul de supratacatsi
epiteliul glandular.

in regiunea fundulugi corpului stomacului, edemul moderat al mucoasei
gastricesi necroza zondl a epiteliului superficial sunt ceva mai accentugte
corelate cu o stazusoaf la nivelul glandelor gastrice. In plus, apare semnificativ
perturbai nu doar componenta vasculaanucoasei, gji cea a submucoasei, n
sensul & la acest nivel, multe vase apar in mod vizibil congestionate.
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La finele celor 35 de zile ale experimentului nostru, inveskgale
microscopie opti€ denod ca efectul gastrotoxic al Nurofenului s-a accentuat atéat
sub raportul extinderii cafi al gravittii leziunilor histopatologice induse. Astfel,
necroza zondla celulelor de la supratamucoasei corelatcu denudarea focal
are un caracter generalizaintereseaz grupuri de celulgi nu doar celule izolate.
Aceste fenomene distructive la nivelul antrumului piloric se asddanalsi cu
apartia unor microhemoragii pe fondul unei congestii vasculare in capilarele din
zona superficial a mucoasei. Celulele epiteliului gastric data de pe membrana
bazal impreura cu sdngele mai mult sau maitipuproasyit extravazat din capilare
concurala constituirea in interiorul lumenului stomacal a unui detritus destul de
bine reprezentat cantitativ. Multe dintre hematii au un aspect nermalnifest o
afinitate pentru coloranasenanitoare cu hematiile neextravazate, aflateiinc
lumenul vascular, ceea ce sugeieez microhemoragiile au fost recente sau chiar
sunt surprinse n plin proces de desfaye.

Modificari ultrastructurale induse de Nurofen la nivelul mucoasei gastrice.
Procesele degeneratiyiealterative ale mucoasei gastrice evitige prin studii de
microscopie optig aparsi mai evidente pe imaginile de microscopie electrinic
Acestea refledtclar faptul @ leziunile interesedizatadt componenta vascularétsi
pe cea celularadar in principal pe aceasta din dnfiind posibil ca tulburdle
hemodinamice induse de Nurofencentribuie la declayarea, metinereasi agravarea
progresid a modifidrilor structurale semnalate la nivelul stomaculoibolanului
alb Wistar.

Aciunea Nurofenului la nivelul componentei celulare a mucoasei gastrice.
Cerceirile electronomicroscopice ale componentei celulare a mucoasei gastrice au
reflectat clar & Nurofenul afectedzstructura majoritii celulelor atat ale epiteliului
glandular casi celui superficial, mai exact a celulelor: principale, parietale, endocrine
si mucoase.

Celulele principale (adelomorfe, bazofile, zimogengjezente preponderent
n regiunea terminala glandelor, dasi in corpul acestora, intercalate printre
celulele parietale, la lotul de control se coris@t au un aspect normal: fodm
nedefinii, citoplasma bogatin ribosomi, ergastoplagimincluziuni riboproteice,
sporadicsi incluziuni de glicogersi granule de sectie deplin formate sau in curs
de formaresi un nucleu &rac in cromatia [13] (Fig. 1si 2).

In condtiile unui tratament indelungat cu Nurofen, celulele principale par
a fi profund afectate, in sensul T absolut toate celulele RER apare dilatat, in
principal sub forma unor cisterne (mai ales n criptgatul glandei). Mitocondriile
prezin& un wor polimorfismsi sunt moderat balonizate avand o matgceriste
rarefiatesi zonal apar aprope complet lipsite de criste (Fig.4.

In citoplasma multor celule adelomorfe se cosstgiariia unor figuri
mielinice care sunt gtie lizosomi tegiari formai in urma unor fenomene de autofagie
intracelularaa unor organite celulare sau poni de citoplasra (Fig. 5).
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Fig. 1.Aspectul ultrastructural al celulelor F i g. 2.Aspectul ultrastructural al celulelor
principale la lotul martor, cu numeroase granule  principale la lotul martor, cu numeroase granule
de secrge deplin formate (x 12600). de s@erén curs de formare (x 7770).

Fig. 3.Dilatarea RER, edem@rea spaiului  F i g. 4.Dezorganizarea structurala RER,
intermembranar nucleagi usor polimorfism  mitocondriilosi edemaerea spaului inermem-
mitocondrial in celulele principale (x 8400). branar nuclear la celulele principale (x 12600).
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Nucleul celulelor principale pare a fi extrem de sensibil faiaea acestui
medicament antiinflamator. Tn multe celule conturul nuclear este neregular, nucleul
devine hipercrom, avand o structumai dens (o rgea de cromatihdezorganizat,
heterocromatina mai bine reprezehtntitativsi 0 nucleoplasri mai dens) (Fig. 3
si 6). In toate celulele principale spd intermembranar nuclear apare puternic
edemaat, dilatat (Fig. 3i 7). Uneori nucleii devin chiar picnotici.

F i g. 5.Figuri mielinice multiple in citoplasma  F i g. 6.Dezorganizarea ultrastructurala
celulelor principale (x 16800). nucleului celulelor principale (x 12600).

Consecim a tuturor acestor alt@i ultrastructurale, elaborarea granulelor
de zimogen este diminudiaintr-o mai mare sau mai niienasura (Fig. 8si 9).

De asemenea, se constgito dilatare progresiy gradai a spadilor inter-
celulare, in principal la limita dintre celulele principale, gantre celulele principale
si cele parietale, contactul intercelulatsfrandu-se doar la nivelul desmosomilor.
Datoriti edemderii mai accentuate sau mai discrete gigprintercelulare, paren-
chimul glandular cafia un aspect dilacerat generalizat (FigsiLD1).

Zonal, ntre celulele zimogenecele parietale se constadpariia unor mici
infiltrate de colagen té&n, dovad a instadrii unor procese distructive cu caracter
ireversibil, dar punctiforme.

Celulele parietale (bordante, delomorfe, marginale, oxifile, oxintice, acido-
file) prezente preponderent in finea mijlocie (corpul) glandei, la lotul martor au un
aspect normal, sunt mari, poligonal@rezint o citoplasn boga# in mitocondrii,
REN, glicogen, mucopolizaharide acigiéipide si au un nucleu sferic [13] (Fig. 12).
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F i g. 7.Edemgierea spaului intermembanar F i g. 8.Activitate secretorie diminuata

nuclearsi dilatarea RER (x 12600). celulelor principale (x 5250).
Fig. 9.Activitate secretorie diminuata Fig. 10.Spatu intercelular edemaat la
celulelor principale (x 8400). nivelul glandei gastrice (x 8400).
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Fig. 11.Spaju intercelular edemaat la Fig. 12.Aspectul electronomicroscopic al
nivelul glandei gastrice — detaliu (x 21000). celulelor parietale de la lotul martor (x 8400).

Faa de martor, la lotul tratat celulele secretoare de HCI apar profund dez-
organizate, la nivelul lor fiind semnalate desf@yea unor procese dedimtra-
citoplasmati@ cu necrozarea progresia lor. Ca rezultat al alteifor intracito-
plasmatice apar multiple formani reziduale lizosomale, in ndimrelativ mare,
prezente in intreaga celudar concentrate mai ales perinuclear. Extrem de evident
este polimorfismul mitocondrial indus prin tratamentul cu Nurofen, cut@parultor
forme aberante. Aceste organite apar balonizaiie matriceai cristele rarefiate; zonal,
in mitocondriile puternic balonizate, cristele sunt complet distruse. Aceste aspecte
sunt inregistrate in majoritatea celulelor parietale, dar mai ales in cele din regiunea
fundica a glandelor.

Nucleul pare a f§i el afectat de Nurofen, dar maitppudecat mitocondriile, el
modificAndusi adesea conturyl manifestand clar tendia de a deveni hipercromatic
(Fig. 13-15).

Deci, la nivel celulelor parietale acest medicament induce certe nioidific
ultrastructurale, corelate cu alterarea figicde producere a acidului clorhidric,
alterare caresi va pune ulterior amprenta asupra capécitle digestie a sucului
gastric produs de aceste animale aflate sub tratament antiinflamator.

Celulele cromargentafine (endocrineamplasate intre plasmalema bazal
a celulelor principale sau parietaiemembrana bazala epiteliului glandular, au
un aspect tipic, normal la lotul de control (Fig. 16).
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F i g. 13.Contur nuclear modificat, polimorfismF i g. 14.Contur nuclear modificat, polimorfism
mitocondrialsi prezepa de formauni reziduale  mitocondrigi prezema de formguni reziduale
lizosomale n celulele parietale (x 8400). lizosomale in celulele parietale (x 8400).

F i g. 15.Contur nuclear modificat, polimorfism F i g. 16.Ultrastructura unui tip de celul
mitocondrialsi prezema de formguni reziduale  cromargentafirde la lotul martor (x 12600).
lizosomale in celulele parietale (x 16800).
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Raportandu-ne la martor, la loturile tratate, dar nurita¢ dinele perioadei
experimentale, se congtati un anume tip de celule endocrine prezimtcitoplasm
incircati cu granule de segie de dimensiuni variate, ceea ce ar putea fi ori congecin
unei stimudri a procesului secretor, ori a inducerii unei staze intracelulare aggordu
de secrge (Fig. 17).

Alte tipuri de celule endocrine, Wygar a fi blocate sub aspectul actitiit
secretoare, lor lipsindu-le complet granulele de secrbn plus, se remaicsi 0
hipercromatox corticak, o rarefiere a matricei citoplasmatig® “saracire” in organite
celulare, toate acestea pledand pentru o inducere a unei higiogeofende sau
chiar stoparea procesului secretor (Fig. 18).

Un alt tip de celule endocrinesfund la tratamentul cu Nurofen printr-o
vacuolizare, cu dezorganizarea praaéim citoplasmei, prin balonizargiavacuolizarea
mitocondriilor, prin picnozarea nucleului pe fondul lipsei granulelor detgecieate
acestea atesdesfagrarea unor procese de blocare a adtivitle sintez, urmate
de atrofiereai, finalmente, de necrozarea acestor celule endocrine (Fg209.

Celulele mucoaseprezente la suprgiamucoasei gastrice, nu “s@amici
ele atacului Nurofenului, prezentand adesea o vacuolizare citoplasentent,
corelati cu existemn unui RER cu aspect veziculgrnu canalicular normal, iar
uneori nucleul preziito cromatii dezorganizat Unele celule mucigene par a fi
stimulate, avand o activitate secretorie intensiicat

Un aspect interesant de semnalat ar fi ac&lglandele gastrice vecine
prezin& un aspecti o structuraa celulelor constitutive diferite, ceea ce ne duce cu
gandul la inducerea deitee tratamentul cronic cu Nurofen a unui polimorfism
functional al acestora.

Celulele auxiliare (de Tnlocuire, mucopeptidicé)n regiunea gatului glandelor
gastrice nu par a fi alterate structural prin administrarea acestui medicament, n
condtiile experimentului nostru neputédndu-se remarca ptazanor modifiéri
decelabile prin investigia electronomicroscopice. Ele apar mici, au un nucleu turtit,
citoplasma indrcati cu numergi ribosomi, RERsi complex Golgi bine dezvoltat
si multiple incluziuni de glicogen, mucopolizaharigieriboproteine. Conservarea
structurad a lor constituie un mare avantaj, cunoscut fiind faptupcin diviziune
si metaplaziere, ele inlocuiesc celulele #tnénite sau distruse atat ale epiteliului
glandular casi ale celui superficial. In conglle tratamentului cu acest medicament
antiinflamator cand ambele componente epiteliale sunt alterate sub raportuliitegrit
lor, conservarea capaitii de refacere are o insetttate deosehitsi chiar vitak.

n plus, un alt mare avantaj ar fi acelase @streaz secréia lor mucoas, care,
prin absorlie, fixeaz enzimele proteolitice, impiedicandtiamea lor distructi.

Componenta vasculara mucoasei gastric®in literaturaeste cunoscutic
unele celule endocrine ale epiteliului gastric au catferginteza serotoninei cu
agiune vasoconstrictoare la nivelul mucoageiubmucoasei stomacale. Posibil ca
acest tip celularasfie inhibat prin administrarea thdelungatNurofenului, fapt care ar
justifica congestia vasculasi staza sanguintipica tuturor capilarelor mucoasei
stomacale decelabile atat prin invediigade microscopie electroriicatsi optica.
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Fig. 17.Aspectul ultrastructural al unui tip F i g. 18.Diminuarea actividifii secretorii a
de celut cromargentafina consecutiv unui tip de cglatomargentafinag (x 7140).
administirii de Nurofen (x 12600).

Fig. 19.Dezorganizarea ultrastructural  Fig. 20.Necrozarea unui tip de celule endocrine
avansai a unui tip de celule endocrine din din mucoasa gas{pd6300).
mucoasa gastric (x 16800).
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Rezultatele investigélor noastre sunt in deplinconcordati cu datele din
literatura potrivit carora toate antiinflamatoarele nesteroidiene, inclusiv Nurofenul,
au multiple efecte adverse gastrointestinaletugirevarsituri, epigastralgii, gasttit
hemoragia, ulcer gastroduodenal, uneori cu periesaulcer esofagian, ulceiiaale
mucoasei bucale, diaree, toate acestad@ag cu o frecvad mai mare la varstnici [4].

Se pare &tratamentul de mai lueigluraii cu Nurofen cauzeazeadii adverse
digestive concretizate cel mai adesea in dpauurerilorsi arsurilor stomacale,
crampelor abdominale moderaidranzitorii, greurilor, indigestieisi constipaiei.
Uneori, toxicitatea gastrointestifiade poate materializa in apariia unor ulcergi
la nivelul mucoasei digestive, a infarctelor, necrozei, atrofiei grase, necrozei musculare
profunde, hemoragiilor, perfaii#or si obstrugiilor mucoasei [1, 5, 8, 15, 23]. Partea
proximak a tractului gastrointestinal (stomasgutluodenul) pare a fi mult mai sensibil
la agiunea Nurofenului comparativ cu restul tubului digestiv [5, 7, 14, 20, 22].

Hemoragiile digestive explicapariia destul de frecvelta melenei — adic
prezema in fecale a sangelui digerat [1, 9, 14, 18]. Invasteyandoscopice au aat
ca Nurofenul determif destul de frecvent apéd unor eroziuni de gradulsi Il
ale mucoasei gastrice, chigrin condtiile unui tratament nu foarte indelungat, de
aproximativ 14 zile [7, 9, 18]. Investigide intreprinse Tn cadrul experimentului
nostru reflect clar & Nurofenul cauzedzeroziuni semnificative ale mucoasei
gastrice (in principal la nivelul epiteliului superficialmai discret la nivelul celui
glandular), eroziuni corelate cu aparunor microhemoragii zonagepunctiforme.

Este exclus din start posibilitatea ca leziunile gastrice semnalateitie c
noi & fie influenate de calea de administrare alg@er osprin gavaj), intrucat studii
ntreprinse in acest domeniu [3, 11] au demonsir&idcitatea gastrointestiriah
Nurofenului este independérde calea de administrare a medicamentului, toxicitatea
digestivd a acestuia fiind o conseg¢ina agiunii sistemicesi nu a agunii locale,
asa cum se intamplin cazul altor antiinflamatoare (de tipul aspirinei).

S-ar farea @ toxicitatea gastrointestiriah acestui medicament este cogetat
perturbarea producerii de prostaglandinegidaunor mecanisme celulare independente
de sinteza acestora [3, 6, 17, 21]. Cum sinteza prostaglandinelor este in foaite strans
legatura cu activitatea ciclooxigenazelor, asocierea Nurofenului cusilivéribitori ai
ciclooxigenazelor poate contribui in mod semnificativ la reducerea #tikidigestive
a acestui medicament [5, 23].

Potrivit studiilor anterioare [3, 12], gastrotoxicitatea ibuprofenului — sutastan
activa din Nurofen, este datotaintr-o mai mi@ masura agiunii iritative directe
exercitate asupra mucoasei stomacale, cat mai alasiiaindirecte, sistemice, prin
inhibarea sintezei de prostaglandine la acest nivadlesea pH-ului gastric, ca de altfel
si scaderea temperaturii s-aénga @ au un efect stimulator asupra actitiitcelulelor
parietale din structura glandelor gastgceansfornirii metabolice a medicamentului
administrat oral [3]. Potrivit unor studii anterioare, sg@arpepsinogenului deitre
celulele principale ale glandelor gastrice nu pare a fi modifidatétre Nurofen
nici chiar in condiile unui tratament de mai luaglurat [12].
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Coroborand datele ghute de noi cu cele deja existente in literatura stiidiat
putem concluzionaicatat aspectele histopatologice, dar mai ales cele ultrastructurale
Tnregistrate in cadrul experimentului nostru ditempleteze informale existente cu
privire la formelesi dinamica alterilor induse de Nurofen la nivelul mucoasei
gastrice lgobolanul alb Wistar.

Concluzii. 1. Nurofenul, in condile experimentului nostru, exergib agiune
toxica moderai asupra intregii mucoase gastricgobolanului alb Wistar.

2. Modificarile induse de acest medicament antiinflamator nesteroidian au
putut fi semnalate iricde la 10 zile de tratament, dupare s-au accentuat in mod
progresivsi constant péhla finele perioadei experimentale.

3. Acest produs medicamentos alteieat&t componenta vasculadar n
principal pe cea celukaia epiteliului gastric glandular superficial (celulele principale,
parietale, auxiliargi mucoase}i intr-o extrem de micmasuii corionulsi musculara
mucoasei stomacale.

4. Alterarea ultrastructugah celulelor principale interesédn principal nucleul
(care apare hipercromatic, cu un contur neregiutat spaiul intermembranar edeniat),

RER (care este dilatat), mitocondriilggu balonizate, cu matricgacristele rarefiate).

5. Consecitd a modificrilor ultrastructurale, activitatea secretorie a celulelor
principale este semnificativ dimindat

6. Nurofenul induce fenomene dealimtracitoplasmati& cu necrozarea
progresiv a celulelor parietale. Cele mai sensibile organite ale lor par a fi mitocondriile
care sunt puternic polimorfg cu o matricssi criste profund dezorganizate.

7. Perturbarea ultrastructurad celulelor parietale este corélatl reducerea
secrgiei de acid clorhidrigi, implicit, a potemialului digestiv al sucului gastric.

8. Dintre celulele cromargentafine, doar unele par a fi sensibileilemea
toxica a Nurofenului, ele prezentand o citoplagputernic vacuolizat mitocondrii
balonizatesi nuclei picnotici, pe fondul unui nuinextrem de sizut de granule de
secrgie.

9. Posibil ca printre celulele endocrine afectédteesnumersi cele rispun-
zitoare de secti serotoninei, cu efect vasoconstrictor local, ceea ce ar justifica
alterarea componentei vasculare a mucoasei gastrice, consecutiv tratamentului cu
acest antiinflamator nesteroidian.

10. Celulele mucoase din intreg epiteliul mucoasei stomacale par a fi destul
de rezistente la #anea Nurofenului.

11. Celulele auxiliare glandulare sunt insensibile la tratamentul cu acest
medicament, ceea ce reprezimh mare avantaj in conide in care ele sunt responsabile
de meminerea integrittii sructurale a intregului epiteliu al mucoasei gastrice.

12. Glandele gastrice vecine preiinin aspecti o structuraa celulelor
constitutive diferite, ceea ce ne conduce la idagaatamentul cu Nurofen induce
un polimorfism fungonal al acestora.
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13. Alterarea componentei vasculare interesaapilarele din intreaga

grosime a mucoasgii chiar submucoasei stomacsise materializedizprin instalarea:
congestiei vasculare, stazei sanggirze@nal chiar a unor microhemoragii punctiforme.

14. Modificirile histopatologicei ultrastructurale induse de Nurofen nu imbBrac

un caracter ireversibil (cu exagpunor prolifedri punctiformesi discrete de colagen),
permiand refacerea integtiii structuralesi, implicit, fungionale a mucoasei gastrice.

10.
11.

12.

13.
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ATENUAREA MODIFIC ARILOR GRAVIMETRICE INDUSE DE
TRATAMENTUL CU FLUOCINOLON-ACETONID N PRIN
ADMINISTRAREA DE PROPRANOLOL

ERIKA KIS* si CONSTANTIN CRACIUN**

SUMMARY . — Attenuation of the Fluocinolone-acetonid N-Induced
Gravimetric Disorders by Propranolol. Our results, in compliance with those
from the literature, show that the epicutaneously absorbed dermocorticoids in
rats cause a glucocorticoid excess, specific to the state of steroid-diabetes,
manifested by hyperglycemia, hepatic and thymic glucose overproduction,
elevated serum lipids. All these metabolic disorders are based on endocrine
maodifications due to the alteration of the functioning of hypothalamo-pituitary-
adrenal (HPA) axis. Some of these endocrino-metabolic disorders and HPA
structural alterations, according to our recent observations, are reducible by
vivo B-adrenoreceptor blockage with Propranolol. Experimental data point to the
fact that the action of dermocorticoids is facilitated by the preserfzadre-
noreceptors in epidermis, in keratocytes and Langerhans cells of its basic layer.

B-Adrenoreceptors stimulate the epicutaneous absorption of glucocorticoids
as well as their accumulation in organism, which explains the appearance of
systemic secondary side-effects. The alterations inferred by the epicutaneous
absorption of dermocorticoids are more obvious in the young organism, due to
the fact that the epidermis is thinner, thus facilitating the absorption of gluco-
corticoids. The epicutaneous treatment with Fluocinolone-acetonid N determines,
under conditions of our experiments, thymolysis, adrenal and spleen atrophy,
associated with a reduced growth rate of the individuals. When daily dermocorti-
costeroid treatment for three days was associated with Propranolol administra-
tion (50 pg s.c./100 g b.w/day) in rats, the above-mentioned alteration in
gravimetric parameters were significantly attenuated, as compared to the cor-
responding dermocorticosteroid-treated group. It is conclude@-#urenore-
ceptor stimulation significantly participates in glucocorticoid excess-induced
metabolic and gravimetric alterations.

Dermocorticoizii sunt larg utiliza Tn tratamentele dermatologice datbrit
proprietitilor lor antiinflamatoarei antiproliferative. Efectele topice benefice sunt bine
cunoscute, dar efectele secundare logalsistemice de risc cauzate de absgarb
transcutald a acestora sunt mai tiu elucidate, ceea ce limiteaatilizarea lorsi
constituie un argument pentru continuarea céritet

Atat rezultatele noastre anterioare [6], cat si cele din liteérg®yr4, 10-14]
arafi ca dermocorticoidul Fluocinolon-acetonid N absorbit transcutan produce la
sobolani un exces glucocorticoidic caracteristigristde diabet steroidic, manifestat
prin cregterea glicemiei, a lipemiaii, respectiv, a colesterolemiei. Aceste modific
metabolice au la bazmodificiri endocrine accentuate, datorate atiestructuralesi
functionale a axului hipotalamo-hipofizo-corticosuprarenalian (HHC).

* Universitatea “Babeg-Bolyai’, Catedra de Zoologie, 3400 Cluj-Napoca, Romania.
E-mail: ekis@hasdeu.ubbcluj.ro

** Universitatea “Babeg-Bolyai’, Catedra de Fiziologie Animal3400 Cluj-Napoca, Roménia.
E-mail: ccraciun@hasdeu.ubbcluj.ro
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Excesul glucocorticoidic de origine exogeparalel cu modifigrile structuralesi
metabolice, determila animalele prepubesepubere modifigri gravimetrice accentuate,
manifestate prin @cerea ritmului de cgteresi dezvoltare al organismului. Sterea
ritmului de crgtere are la bazintensificarea catabolismului proteic. Rezultatele noastre
anterioare [7] demonstreaza excesul glucocorticoidic afecteagrav structurgi ultra-
structura celulelor somatotropegonadotrope, celule cu rol deosebit de important in
crestereasi dezvoltarea organismului tén Aceste observi privind alterarea ultra-
structurii celulelor hipofizare, sunt in concorgiacu obsendile lui O z a w asi colab. [15]
care ardi ca excesul glucocorticoidic, provocat de administrarea de glucocorticoizi, reduce
semnificativ concentte@ sangviéi a hormonilor adenohipofizari: somatotrop (STgi)
gonadotrop (GTP).

Pornind de la aceste date, predtirde la rezultatele cerceilor noastre recente
[6, 8, 9], conform &rora asocierea tratamentului fluocinolonic cu propranolol reduce
semnificativ modifi@rile morfologicesi metabolice induse de excesul glucocorticoidic,

n lucrarea de fa ne-am propus investigarea efectului tratamentului cu propranolol asupra
modificarilor gravimetrice, provocate de tratamentul fluocinolonic. In agdastare
am urndrit comparativ: greutatea relalia timusului, suprarenalelgr splinei, precum
si ritmul de cratere Tn greutate corpobah indivizilor. Am utilizat loturi desobolani de
varste diferite Th urittoarele condii, normalesi de tratament: cu Fluocinolon-acetoniciN
cu Fluocinolon-acetonid N pe fondul biwic receptorilorf-adrenergici cu propranolol.

Material si metode.Experienele au fost efectuate pebolani Wistar prepuberi
(30 de zile)si puberi (60 de zile) care au fost tratimp de 3 zile consecutive cu
unguentul Fluocinolon-acetonid N pe fondul kidicreceptorilorB-adrenergici. Doza
zilnica de 50 mg unguent/100 g g.c. a fost apiigatn ungerea pielii in zona inguiraal
pe o suprafia de 1,5 cri Blocarea receptorilo-adrenergici s-a efectuat cu o g@u
farmaceuti@ de propranolol, administtasubcutan Tn ddizzilnica de 50ug/100 g g.c.,
concomitent cu tratamentul fluocinolonic.

Animalele de experief au fost repartizate in ugtoarele 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
administérii de propranolol;

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

Animalele au fost sacrificate la 24 ore de la sistarea tratamentulud, @dat
martorii corespun#ori, dug o inantie de 16-18 ore.

De la fiecare animal s-au prelevat atoarele organe: timus, suprarenglsplina
— care au fost céfrite rapid cu o balaa de torsiune. S-a determinat apoi greutatea
relativa a timusului, suprarenalgi splinei, care a fost exprimain mg/100 g animal.

Dinamica ritmului de rgere in greutate corpoa indivizilor a fost evaluét
procentual (in g%) pe baza modifii fatda de intial (prima zi de tratament) a grétit
corporale inregistrate la 24 de ore @lgjstarea tratamentelor cu FC, respectiv cu PR+FC.
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Rezultatesi discutii. Dinamica greuitii relative a suprarenalelor, timusublii
splinei (Tabel 1) demonstreazi excesul glucocorticoidic realizat prin abs@ttranscutai
a Fluocinolon-acetonid N, la loturile de animale prepukepeibere determihscderea
semnificativi a greuitii relative a organelor luate in studiu. La prepuberi greutatea gelativ
a timusului scade cu 64,4%, iar la puberi cu 47,3 1%d@ martori.
Tabel 1

Greutatea relativa a timusului (GRT), suprarenalelor (GRSR)si splinei (GRS)
la sobolanii prepuberi si puberi in conditii normale si de tratament

Loturi GRT mg% GRSR mg% GRS mg%
M, 346,05 + 11,70 29,10 £1,09 459,1 + 16,89
FC, 123,17+ 4,48 20,63 +1,04 280,78 + 12,60
a - 64,40%** -29,11%** -38,83%**
PR+FG 186,00 + 9,86 36,87 1,71 442,10 £ 14,73
a - 46,24%** 26,70%* -3,70%

b 51,88%** 78,72%** 57,46%**
M, 186,09 + 3,16 23,51 +1,50 562,9 + 28,02
FC, 98,02 + 5,40 15,75+ 1,01 366,8 * 36,63
a -47,31%** -33,01%** -34,84%**
PR+FG 124,69 + 3,99 19,94 £+ 0,32 458,4 + 35,15
a -33,31%** -15,18%* -18,58%*

c 27,21%* * 26,60%* 24,95%

a—Valori raportate la loturile martor.

b—Modificari ale lotului PR+ FGraportate la lotul FC
c—Modificari ale lotului PR+ FGraportate la lotul F&
*  Valori semnificative (P<0,05).

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

Din aceste rezultate reiese sc@derea marcafta greuidtii relative a timusului la
sobolanii prepuber§i puberi demonstreézpotena timolitica ridicati a acestui dermo-
corticoid, indicand, in acefiatimp, s&derea capaditii imunologice a organismului tén
timusul fiind organizatorul multor regidmune specificai nespecifice. Rezultatele noastre
n consens cu cele din literaiJd, 2, 4, 5,10-13] aratca timusul este un orgainta al
excesului glucocorticoidic endogehnexogen. Atrofia timié Tn condiiile experimentului
nostru poate fi conside#atin indiciu al excesului glucocorticoidic. Rezultatele cérdet
experimentale arata atrofierea timusului este asodiau s@derea nurdrului de timocite
atat la prepuberi, cat la puberi [1, 2, 4, 5]. Obseniide structuralesi ultrastructurale la
nivelul timusului reled ca marea majoritate a timocitelor prezimitoplasni hipertrofiat
asociai cu rarefierea ribozomilor. Un ndimmare de timocite suf@p vacuolizare intensa
Paralel cu aceste fenomene de degenengisseiobsery apariia macrofagelor, precugi
0 acumulare a lipidelor in timocitele existente.

Asocierea tratamentului fluocinolonic cu propranolol reduce semnificativ efectul
timolitic al unguentului, la prepuberi cu 51,88%a puberi cu 27,21% (Fig. 1).

Atrofierea suprarenalei la prepuberi este in prapate 29,11%, iar la puberi
de 33% faa de martori. De asemenea, am inregistratidese semnificati¥ a greuitii
splinei atat la prepuberi, céitla puberi, astfel Tn primul caz se obseo/reducere de
38,83%, iar in al doilea caz de 34,84%.

85



E. KIS, C. CRACIUN

40

20

OFC1
O PR+FC1
FFC2
= PR+FC2

mg% -20 -

-40 -

-60 -

-80 -
GRT GRSR GRS

F i g. 1.Histograma varigiei procentuale a gredtii relative a timusului,
suprarenalelorsi splinei in condii normalesi de tratament.

Sciderea dependentde varst a greudtii relative a suprarenalelor este in
conformitate cu rezultatele noastre anterioare [3], car& eratxcesul glucocorticoidic
determird reducerea volumului zonei fasciculate a corticosuprarenalei, ceea cetiaziden
de asemenea prezarunui exces glucocorticoidic de origine exagerare direct sau
indirect inhiki biosinteza corticosteronului, blocand simultan sécrde STHsi a
hormonului hipotalamic de eliberare a somatotropului. In acest context este titenaten
cd insulinasi STH adioneaz anabolizant asupra biosintezei de proteine, iar excesul
glucocorticoidic prin efecte direcieindirecte antiinsulinicgi antisomatotrope mobilize&z
proteinele celulare stimuland gluconeogeneza heppéicseama aminoacizilor gluco-
formatori. Aceste aspecte sunt in deptioncordati cu observgile noastre referitoare la
intarzierea procesului de gtere asobolanilor prepubesi puberi, precurgi cu structura
profund alterat a celulelor STH, GTH, evidéiata prin studii ultrastructurale [7].

Efectul atrofiant al excesului glucocorticoid asupra suprarenalei, n tidlendi
experimentului nostru, este redus semnificativ de tratamentul concomitent cu propranolol,
Cu 78,72% la prepubegi cu 26,60% la puberi. Splenorediacindus de Fluocinolon-
acetonid N prin tratamentul cu propranolol sesmieaz cu 57,46% la prepubegi cu
24,50% la puberi (Fig. 1).

Ritmul de cretere n greutate corpotiah indivizilor (Tabel 2) arétca tratamentul
cu Fluocinolon-acetonid N reduce subggrsporul greuttii corporale. In cazul animalelor
martor de 30 de zile, sporul grétiit corporale faa de valoarea itiald (prima zi de
tratament) este de 11,27%; sub efectul tratamentului fluocinolonic valoarea acestui parametru
se reduce cu 3,53%tfade valoarea iiala din prima zi de tratament.

Sub adunea propranololului greutatea corpdrak reduce cu 2,51%. La lotul
martor de 60 de zile, sporul grétitcorporale a indivizilor fega de valoarea iiala din
prima zi de tratament este de 0,90%. Sub efectul tratamentului valoarea acestuia scade
semnificativ cu 14,56%, in timp ce sub efectul propranololului staginiad cu 5,03%
sub nivelul inregistrat la Tnceputul tratamentului.

Rezultatele noastre gravimetrice sunt in concagédeun rezultatele din literatar
[1-5, 10-14] care demonstreaza excesul glucocorticoidic determinat fie ddiacea
factorilor de stres, fie de tratamentele cu glucocorticoizi sintetici prava@ofierea
timusului, suprarenalelaf, respectiv, a splinei.
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Tabel 2
Dinamica greutatii corporale in conditii normale si de tratament
Loturi Greutatea corpaidh) a indivizilor
a 1 2 3 4
M, 57,1+1,2 60,3+1,4 63,8 +1,6 63,6 £1,6
b 5,58% 11,71% 11,27%**
FC, 56,6 +1 57,1+0,9 56,6 +1 546+1,1
b 0,79% 0% -3,53%
PR+FG 59,7 +0,9 60,6 £0,9 60,9+0,8 58,2+0,9
b 1,45% 1,87% -2,51%
M, 181,7+ 3,8 187,5+ 3,9 188,6 + 3,5 183,3+ 3,9
b 3,17% 3,82% 0,90%
FC, 148,3 +4,5 145,1 +4,1 137,8+4,1 126,7 +4,9
b -2,15% -7,09% -14,56%*
PR+FG 190 + 6,31 201,5+6,5 195,7+5,8 189,5+5,8
b -1,28% -1,62% -5,03%

a— Perioada de tratament.

b—Sporul gredittii corporale faa de prima zi de tratament.
* Valori semnificative (P<0,01).

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

Sciderea gredtii relative a suprarenalgi timusului se poate explicd prin
faptul & glucocorticoizii, avand aicine catabolig puterni@ asupra proteinelor, deterriin
accelerarea degradi lor in aminoacizi. Intensificarea actigiti enzimelor ASAT i
ALAT serice, dependeite varsta indivizilor, paralel cu exacerbarea astivitepatice a
acestor enzime [6, 14] sub influartratamentului fluocinolonic, demonstréa excesul
GC indus prin absotia transcutaa dermocorticoidului Fluocinolon-acetonid N la nivelul
ficatului, activeaz sintezade novaa enzimelor participante la procesele de transaminare a
aminoacizilor glucoformatori mobilizadin tesuturisi de transformare a acestora in
rezerve glucidice disponibile pentru protiadepatié de glucoz prin stimularea activitii
G-6-P-azei hepatice [14].

Concluzii. 1. Atrofierea organelor luate in studiu, precsinscaderea ritmului
de cratere a organismului animal subtiaoea tratamentului cu Fluocinolon-acetonid
N sugereaz efectul antisomatotrop al excesului glucocorticoidic.

2. Propranololul reduce semnificativ efectul antisomatotrop al excesului
glucocorticoidic.

3. In reducerea #@anii adverse sistemice a dermocorticoidului Fluocinolon-
acetonid N deatre propranolol, varstgobolanilor joad un rol condiionant major.
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EFECTE STRUCTURALE S$I ULTRASTRUCTURALE DETERMINATE
DE VENINUL DE ALBINE IN MIOCARD
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SUMMARY. — Structural and Ultrastructural Effects Produced by the

Honey Bee Venom in Myocardium The honey bee&\pis mellifera L). venom

has been reported to cause very powerful effects on the heart muscle. Even
when it is subcutaneously injected, the bee venom is able to cross (or to break)
the vascular endothelium and to get, through the systemic circulation, in the
heart. We investigated the histological and ultrastructural modifications induced
in the rat myocardium after experimental administrations of the water-soluble
fraction of the crystallised bee venom. The results indicate severe and dose-
dependent alterations in the structure of the cardiac tissue, with oedema and
haemorrhages and zonal necrosis. Alterations also occur in the fine ultrastructure
of the blood vessels and, most importantly, of the myocardium cells. The nucleus,
mitochondria and the sarcoplasmic reticulum strongly respond to the bee venom
and important disturbances could also be noted in the pattern of sarcomeres.

Tintele predilecte asuprarora ationeaz veninul de albine sunt pielga
apoi aparatul cardiovascular, prin intermedigiu@a ajunge la toate organege
tesuturile. Tn literatura de specialitate sunt descrise madifimportante, n
special fiziologice, induse de veninul de albine la nivelul inimii, lipsind Tn mare
masura descrierea substratului structural al acestor efecte. Scopul studiului nostru a
fost de a evidaia unele corélri intre aceste datg eventuale alteri structuralesi
ultrastructurale produse de administrarea veninului de albine in diferiteticondi
experimentale.

Materiale si metode. Animale.Experimentele s-au realizat Tn mai multe
etape pe loturi dgobolani albi Wistar(in total 36 animale), crestin biobaza U.M.F.
“luliu Hatieganu”, Cluj-Napoca, respectiv in biobaza Fadulde Biologie, U.B.B.,
Cluj-Napoca, f&i restrigii in ce privete hrana sau apa.
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Veninul de albineAm utilizat venin de albine pur cristalizat, recoltat de
noi prin metoda stimatii abinelor cu impulsuri electrice [14, 27]. In vederea irjgct
veninul a fost resuspendat intr-o seluzotord (150 mM NacCl, 5,5 mM glucéz5 mM
HEPES, la pH 7,4)i pastrat la frigider, ferit de aianea luminii. Tn cazul tratamentului
subcronic soltia injectabil s-a preparat in cate 3 etape, de fiecaredizdr pentru
céate 10 zile, pentru a preveni eventuala alterare a veninului.

Tratament Animalelor li s-a injectat dorso-lateral posterior, subcutan veninul
de albine in dilui diferite. Douwa loturi desobolani — TS1si TS2 (6, respectiv 12
animale), au fost tratate subcronic, timp de 30 de zile cu dailloica, echivalent
unei irtepaturi de albird, comparabil cu doza terapeuticpentru om (40Qug/kg
corp/zi). La sfargul perioadei de tratament s-au recoltat orgagele-a realizat
prelucrarea lor corespuitar tehnicilor histologice (pentru primul lotj pentru
microscopia electronicde transmisie (animalele din #hllt lot). Animalele din
alte dod loturi — TL1si TL2 (cate 3 animale fiecare), au fost injectate cu @ doare
de venin de albine (Dh— letak pentru 50% din subigg, echivalent cu cantitatea
eliberati la un nuriir de 100 Tepaturi de albine (62 mg/kg corp), probele @sut
recoltate fiind prelucrate atat pentru realizarea de preparate histolog§ceediru
microscopie electronic Doza letal a fost stabilik Tn jurul valorii de 60 mg venin/kg
corp pe baza datelor din literaii7, 18]. Pentru evideierea eventualelor efecte,
n paralel s-au recoltat prelucrat probele hepatice de la loturi martor (MS1, MS2,
ML1, ML2 — céate Jobolani), corespurator fiecarui lot de animale tratate.

Histologie Pentru realizarea preparatelor histologice, probele hepatice recoltate
au fost fixate n fixator Bouin, deshidratate, incluse in patafiapoi sedonate la
microtom. Duj etalarea pe lamg deparafinare, colorarea s-&ctit prin metoda
Hurduc (pe bazde orange G, albastru de metil, xilidigi acid acetic glacial) [19].
Examinarea s-a realizat la un microscop Olympus BX51.

Microscopie electronit de transmisieProbele hepatice recoltate in vederea
studierii la microscopul electronic de transmisie au fost prefixate Ttiesdii glutar-
aldehidi 2,7%, postfixate Tn acid osmic 2% jkyesi deshidratate in acetdnapoi
incluse in Epon 818 secionate la un ultramicrotom LKB-IIl. Seanile preluate pe
grile electrolitice au fost contrastate cu acetat de wiaayiloi cu citrat de plumb [26].
Examinarea s-a realizat la un microscop electronic de transmisie Jeol JEM 1010.

Rezultate. Examinarea microscopigi electronomicroscopica miocardului
la loturile martor a relevat structura nortnakesutului contractil, dagi a endoteliului
capilar ce delimiteazvasele sanguine mici [4, 6, 28, 29, 33].

Administrarea subcronica veninului de albine lbotul TS1a determinat
modificari structurale manifestate prin zone de tumefigrdegenerare a fibrelor
musculare, cu pierderea in parte atiitog ceea ce a dus la un aspect de omogenizare
a structurilor (Fig. 1). Se mai remarngn fenomen de degeneresgegranulad, toate
acestea fiind asociate cu fragmentonale ale fibrelor mychiului cardiac. Interstiul
este sediul unui edem cu proliferare fibrobldstiare locsi o dilatare a capilarelor,
fiind evidertiate infiltrate cu elemente sanguine.
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Examinarea seanilor ultrafine
arat la lotul TS2apariia de modifi@ri
importante ale celulelor miocardului, ja
caror intensitate maxitmheste observat
n special In apropierea zonei vasculafre.
In majoritatea celulelor se obsgw dila-
tare pronutati a reticulului endoplas-
mic netedsi rarefierea matricei mitocon
driale. Nucleii apar avand contur putef
nic neregulat, cu o cantitatgar cres-
cuti de heterocromatin(Fig. 2).

In unele situdi este eviderit si
o tendina de pierdere a coeziunii intr
miofibrile, care culmineag in anumite
zone, cu dezorganizarea completaces-
tor structuri (Fig. 3). Consegano consti-
tuie, desigur, alterarea furanarii mio-
cardului, cu afectarea ritmului cardia¢.
Capilarele sanguine sufegiiele modi-
ficari importante, care merg de la sub-
tierea endoteliulugi alterarea transpor - -
tului de vezicule prin acesta (Fig. 2), © 19 1.Miocard —lotul TSXob. 20x).
pari la distrugerea zonalsau total a endoteliului, asociatcu extravazarea
hematiilor (Fig. 4), respectiv cu afectarea sarcolegnai structurilor miofibrilare
din imediata apropiere. Un aspect frecvent intalnit il repgedisocierea mitocon-
driilor, cu dispersarea lor in zonele de balonizare a sarcolemei (Fig. 4) sau chiar in
spaiul intercelular, in urma distrugerii complete a unor celule musculare.

11

Fig. 2.Miocard — lotul TS2
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Fig. 3-4.Miocard — lotul TS2
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La lotul TL1 modificarile
morfostructurale aleesutului mus-
cular cardiac se caracterizéain
special, prin dildiri pronurtate ale
vaselor de sange (Fig. 5). Degene-
rarea fibrelor musculare se accen-
tueaz comparativ cu cea eviden-
tiata la lotul TS1, fiind Tnsgta de
dispariia aproape totadla aspec-
tului striat caracteristic.

La examinareaegiunilor
ultrafine efectuate prin probele de
miocard recoltate de latul TL2
se obser¥ ca, pe lang dilatarile
vaselor de sange, apar congestii
datorate leziunilor unor capilare,
fapt ce are drept consetingi
acumularea masivde elemente
figurate ale sangelui in zonele
intersttiale — edem perivascular
(Fig. 6). Imaginile de ansamblu
ale celulelor musculare cardiace
. - (Fig. 7) arat un aspect particular

Fig. 5.Miocard —lotul TL1(ob. 20x). al miofibrilelor, caracterizat prin
dispariia, aproape in intregime a stiil@r sarcomerice. Totodati mitocondriille
sunt modificate sub #@anea dozei mari de venin de albine, prezentand forme
sferice sau apropiate matricea puternic rarefiatFig. 6). Pe alocuri membranele
unor mitocondrii apar distruse, iar structura crestelor, profund altémaputeri de
marire superioare se poate observa alterarea structurii sarcomerelor (Fig. 8, 9), cu
distrugerea in multe regiuni a filamentelor de midzinactini. Aceste aspecte nu
sunt ind caracteristice ntregultgsut, putand fi observate regiuni in care miofibrilele
apar normale. Lumenul reticulului endoplasmic neted agiaie aceste condi
experimentale puternic dilatat. In multe cazuri se poate observa structura aparent
neafectat a discului intercalar, prezentand doarsoara crestare a spgului inter-
membranar, ceea ce insedanm dispariia aspectului striat se datoréan parte
dezorganizrii sarcomerelor, dar este posibil ca cialauz complementdr si fie
reprezentdt de hipercontrg@ indus de venin, in special de fosfolipazg 4
melitina [21]. Dozele mari de venin de albine au produs madifeemnificativesi
la nivelul endoteliului capilarelor, care constau in reducerea in grosime a acestuia,
anularea n unele vase a transportului de vezicule prin trarisctmz distrugerea
n intregime a structurii peretelui endotelial, cu eliberarea de detritusuri celulare in
lumensi extravazarea elementelor figurate. Existituaii (Fig. 9) in care distrugerea
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F i g. 6-7.Miocard — lotul TL2
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F i g. 8-9.Miocard — lotul TL2
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membranei celulelor endoteliale este uirde eliberarea veziculelor surprinse in
citoplasma (in momentul agunii veninului) Tn spaul intercelular, sau chiar in
lumenul capilar. Tn regiunile miocardului In care aceste capilare sunt profund
afectate, se consliati alterdri importante ale celulelor contractile. Astfel, plasmalema
acestora apare fragmeritatar matricea sarcoplasmatidin imediata veciftate,

mult rarefiali; mitocondriile se desprind de miofibri§e pot ajunge chiar in sgal
intercelular, iar in cazurile in care intreaga éeadte distrus (Fig. 6, 10, 11), pot

fi observai chiarsi nucleii elibera printre hematiile din acest sfaintercelular.

Discutii. In urma injecirii veninului, acesta ajunge in sange difuzand prin
tesut (activitate promovae hialuronidaza ceimuta), trecand rapid in capilarele
fine ale hipodermulusi ale structurilor subiacente. Administrat subcronic, in doze
zZilnice, aproximativ in acegaregiune, sau in doza letalveninul de albine produce
unele modifiéri la nivelul capilarelor din zona de injectare, concretizate prigtanea
permeabilisitii lor pentru venin [2]si, astfel, cantiiti importante din acesta ajung
apoi in venulsi venele mari. Dup ce intrain inima, are capacitatea de a ajunge,
prin fluxul sanguin, la toate celelalte orgagigesuturi, unde va produce diverse
manifesiri.

In mod evident, administrarea experimentaleninului de albine Igobolanii
de laborator a fost urmiatde efecte morfologice structuraie ultrastructurale
semnificative la nivelul miocardului. In sittit&e experimentale descrise de noi,
efectul veninului nu a fost exercitat dnim mod direct, pentru a ajunge in miocard
atacand endocardul, ci acesta s-a manifestat doar ca urmargiiackgalarelor
miocardice, unde concentiaveninului este totil mult sazuti. Oricum, nu putem
exclude ipoteza (neconfirndaexperimental in cazul detf ca veninul a resit
totusi sa straba#i in unele zone endocardyilsa se infiltreze pe calea sgibor inter-
celulare paa in profunzimea miocardului. Aceaspotez este bazatpe rezultatele
examirdrii efectelor veninului de albine la nivelul aortei (date in curs de publicare),
putandu-se considera eeninul de albine poatetana similarsi la nivelul inimii.

La administrarea subcrosii@par modifidri generalizate in miocard, fapt ce
sugereax ci repetarea adminigtii dozelor relativ mari, pentru o pericachai lundi
de timp, f&a pauze, dejpeste capacitatea de @jare a organismului. Modificile
instalate ca urmare a tamii veninului privesc ansambluksutului — dovedind
infiltrarea treptat a componentelor veninului, de la endoteliul capilarelo#raic
barieraeste de@sita, prin lichidul interstiial, para la nivelul celulelor. Poate fi luat
in considerargi un efect de avalga, caracteristic proceselor de necrasularg
n care activitatea toxi¢ direct a hialuronidazei, fosfolipazeifsau a melitinei,
este instita de agunea enzimelor eliberate din lizosomii celulelo&eoc integritate a
fost compromis. Efectele fiziologice raportate Th urma admidigtrdozelor mari de
venin se datoredan partesi perturkirii functionarii normale a mitocondriilor. Astfel,
n experimentul nostru, unul dintre efectele importante ale veninului se matafest
nivelul membranelor mitocondriale. Subiagea componentelor veninului, membranele
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Fig. 11

Fig. 10-11Miocard — lotul TL2
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mitocondriale §i pierd capacitatea de bariegii respectiv, de transport selectiv al
substarelor, intrAnd astfel o cantitate mare dé Bpmatricea acestor organite [5, 34].
Rezultatul 1l constiuie umflarea matricgj in unele situgi, ruperea membranelor
mitocondriale. Constatarea, in caiildi noastre experimentale, a unor niveluri serice
crescute ale ASAT [11] reprezintonfirmarea biochimica acestor leziuni. La efectul
direct al veninului se mai poateaadasi efectul unei goare hipoxii [15] Tnregistrat
in urma sé&derii nunarului de hematiisi a cantititi de hemoglobia [11], darsi
acela al activittii enzimelor lizosomale eliberate. Acest fenomen descris la nivelul
mitocondriilor nu este particular, specific numai pentru miocard, ci a fost ingialnit
la altetesuturi studiate de noi [9, 10], principala consgcgonstituind-o alterarea
sintezei de ATP, cu toate impligée ce decurg din aceasgain special disfungi
ale Nd-K*ATP-azei (care conduc la acumularea d& fapcelule). Bri a cunoste
mecanismul molecular implicat, Virchow a descris pentru primaatast fenomen,
ca rapuns al celulelor la stresul toxic; ulterior au fost raportatetsisiailare —
inclusiv umflarea/vezicularea mitocondriilor in diverse sityatologice [15] sau, mai
recent, la administrarea experimeatalunor medicamente [24, 25].

Tratamentul subcronic cu venin de albine a afectat in maseimorfologia
si functiile inimii, ca urmare a pertu#ibii structurale a miofibrilelor cardice, dar
a leziunilor grave suferite de multe dintre celulele contractile. Un rol cheie in
dezvoltarea acestor efecte itide endoteliul capilarelor, care in multe cazuri nu a
rezistat agunii veninului, agrand distrus, alterdndu-se astfel schimburile normale
dintre celulele muscularg sange. Chiasi acolo unde endoteliul apare #niotact,
totusi el este mult redus ca dimensiuni, iar transportul de vezicule prin tradsestiez
compromis Si dilatarile pronunate ale capilarelor (in special in cazul adminigtra
dozei letale), asociate cu fenomenele de extravazare, pot fi implicate in aprovizionarea
deficitaraatesuturilor, unul dintre rezultate fiind in final reducerea metabolismului
energetic pe ansamblul organismului, ceea ce este ikisteaevoldia descresttoare
a masei animalelor Tn timpul tratamentului subcronic (date in curs de publicare).

Dozele foarte mari de venin de albine, administrate in cgalaliant
experimental descrid, manifesi n principal un efect citolitic la nivelul miocardului,
veninul ajungand in candii mari in proximitatea celulelor contractile ca urmare a
dilatarilor de amploare ale capilarelor, proces fge diminuarea fluxului sanguin,
respectiv de stagnarea sangelui Tn aceste zone. Importante sunt, mai ales, efectele
distructive exercitate asupra ultrastructurii sarcomerice, implicate direct in disfunc
nalitatile cardiace, care, impreuieu modificirile produse n alte organe vitale [8-10,
13], pot duce la moartea organismului. Efecte citolitice similare, manifestate prin
apariia de focare de necrdzsubendocardia) au fost descrisgi Th urma unor
observdi clinice de @atre Francaet al [13], in special in apexul cardiac, fiind
totodati asociate cu infiltri de neutrofile.Si Ownby et al [21] descriu unele
modificiri similare produse Tn urma injécii veninului intramuscular, Tn mghii
scheletici la animale de laborator. Deterfnie histoenzimatice demonstreaz
inactivarea enzimelor respiratorii, precynmiperactivitatea monoamin-oxidazei in
zonele perilezionalg a fosfatazei acide din leucocite [3, 7].
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Devierile traseelor eclectrocardiogramelor in diferite adinelkperimentale,
raportate de numegbautori [1, 2, 7, 8, 17, 20], au deci un substrat structural
important Tn leziunile induse de venin la nivel celglaaubcelular. Pe de alparte,
este Tng posibil ca veninul de albiné gxercite influere asupra activitii cardiace
si prin intermediul centrilor automatismului cardiac [16]. Important de tioeat
estesi faptul ¢ daa veninul este administrat intern, activitatea inimii este puternic
disturbai, spre deosebire de cazul administrintradermice (cazul nostru), cand
modificarile sunt totygi de 0 amploare mai nic

Dssi literatura de specialitatei mai ales adep metodelor naturiste in
terapie recomaradutilizarea veninulul de albine Th numeroase §it{2, 22, 23, 30,

31, 32], aceasta trebuigfiti insi cu mare ateie si numai sub stricta supraveghere a
unui specialist. Repetarea timp indelungat a unor doze relativ mari prefgote
adverse importante, producand modiiistructurale la nivelul miocardului. Acestea
vor conduce la disfunionalitati Tn activitatea cardidcsi, implicit, in neasigurarea
unui flux sanguin la parametri optimi, fenomen titste modificiri Tn irigarea cu
séange a intregului organism (ce presupune aprovizionarehetianinarea prodsilor

de catabolism). Pe de alparte, dozele foarte mari de venin care pot ajunge
accidental in organism — in general in urma atacuriloritte an nundr mare de
albine sunt ins mult mai periculoase datatiteziunilor profunde pe care le pot
produce. Modifidrile importante, dependente de #logurvenite la nivelul Tntregului
sistem cardiovascular, inclusiv al sangelui [11] se vor reflgcile, pe lang
agiunea direct a veninului, in morfologiai fiziologia celorlaltetesuturi, fiind, in
unele situdi, responsabile pentru colapsul organismului.

Concluzii. In urma analizei rezultatelor gbute, putem afirmazadiunea
veninului de albine influgraz semnificativ structurai ultrastructura miocardului,
leziunile majore provocate de componentele acestuia la nivelul celulelor contractile
reprezentand substratul material al distior@litatilor cardiace. Casi in cazul
altor tesuturi studiate de noi, consecutive admiiigtexperimentale de venin de
albine, efectele veninului la nivelul miocardului sunt direct dependente de doz

Rezultatele prezentate de noi sunt in conca#deun cele raportate detial
cerceiitori care au abordat studiul efectelor veninului de albine, prin alte metode
sau tehnici de investigare [1, 2, 3, 16]. De asemenea, rezultatele noastre experimentale
concord cu cele raportate in cazul unor accidente soldate cu multiplaturi de
albine in urma @ora s-au efectuat variate investigalinice, inclusiv examinarea
unor preparate prin microscopie electrande transmisie [13, 20, 21, 24, 25, 33].
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SI TOXICITATEA ACESTUIA
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SUMMARY. — Reactions of the Organism to the Honey Bee Venom and

Its Toxicity . Despite the fact that it has been used from ancient times in the
folk medicine and, in the last few decades, many important applications in the
modern medicine were reported, the venom still remains, over millions of
years, an efficient, basic and very potent defensive weapon of bees. In different
organisms which come in contact — in different circumstances — with the bee
venom, a series of modifications can occur. The magnitude of these modifications
depends, of course, on the dose and the frequency of stings (or on the
therapeutical/experimental administration). However, the reactions may range
from the local, painful and irritating reactions, to systemic, severe toxic
reactions. In special cases, when the immune system does not respond properly
in the presence of the venom, the allergy or even the anaphylactic shock may
evolve. Because of its importance, both as a medicine and basic research tool,
the bee venom became recently a subject for extensive studies which include,
among other topics, the determination of toxicity levels of the venom and also
of each of its major constituents.

Veninul de albine este o eficiénarma, care servwge la afirarea albinei,
dar mai ales la protga familiei. Eficiena sa rezuit din compozia complex, dar
mai ales din reaile pe care veninul le produce; deoarece prowodareresi
iritatie, scopul utilizrii sale in naturégste atins prin utilizarea unor caftifoarte
mici. Existi Tnsi si situgii extreme, rare, in care veninul de albine poate ajunge n
organismul omului sau animalelor in caittitapreciabile (de exemplu Tn cazul
atacurilor efectuate de albine Tn nirmfoarte mare, sau in unele couidi
experimentale). O persaarcare ajunge in contact cu veninul de albine poate
dezvolta o rege considerdt normaf sau una anormal- alergia. Unii oameni —
un mic procent — sunt total imuni la veninul de albine. Tn cazul celor dftttao
masura mai mare sau mai nmic manifesirile observate sunt rezultatul tamii
simultanesi complementare a tuturor componentelor veninului.

*Universitatea de Medicinsi Farmacie “luliu Hasieganu”, Facultatea de Medicif) Catedra de Biologie
Celularaz si Moleculari, 3400 Cluj-Napoca, Roménia. E-mail: aflorea@personal.ro

** Universitatea “Babg-Bolyai”, Facultatea de Biologigi Geologie, Catedra de Fiziologie Aniraal
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Reaaia normala apare duf un nunir mic de inepaturi si este de obicei
locaki. Expresia dermatologdictipica a veninului de albine Tn urmat@épaturilor
albinei variaz in fungie de cantitatea de venin, calitatea veninului (depeadknt
varsta albinei, rasa resursele de hranmod de recoltare etc.), zona dejaresi, nu
in ultimul rand, de sensibilitatea organismulutepiturile albinelor sunt in general
diagnosticate prin prezemacului detgat care rinane n raf para la indegrtare.

Persoanele care nu sunt hipersensibile la veninul albinelor pot tolera de la
una la 20-25 fepituri odati. Acestea sunt urmate de simptome locale minime,
care apar la cateva secunde in urritaupderii veninului de albine Tn organism:
apariia pe pielssi cresterea in diametru a unei pete albe gdaraproximativ 10 mm),
avand Tn centru un punctsto Se metine pentru circa 20 minute, pielearrdnand
nsi si dupa aceea iritat Mai apar edemul cusaara Tndrire a zoneisi pruritul.
Aceste manifedti sunt inofensive, cu excep situaiei in care umflturile se
produc in regiuni in care pot crea difidtilimecanice [6, 44]. Simptomele, In special
edemul, sunt mult mai prontate cand itepitura a fost in zona fei sau gatului.

Pe de alt parte, da& veninul de albine este introdus Tn organism in apropierea
unor nervi periferici, rezultpierderea temporara sensibiliitii [2, 30]. Tntepitura
albinei este intotdeauna durerha®prezentand de fapt un factor descurajant pentru
pradatori. Chiar dag anumite persoane au dezvoltat o rezistenveninul de albine,
totusi durerea Trepiturii este resinita imediat. Durerea intefisinitiala, dureaz doar
cateva zeci de secunde pentru Zdisparatreptat, transforméndu-se in sefizae
caldura — agiruta ca urmare a vasodilaiei periferice — ce persistirca o o# [16, 22],

fiind Tnlocuita treptat de senda de méanarime. Probabil £n acest fel, prin stimularea
reflexului de sérpinare este favorizatraspandirea veninului Tn organism. Dar in
acelai timp, prin apatia de fisuri mai mari sau mai mici ih epiderma zonelor
sensibilizate, este favorizaintrarea bacteriilor in organisghdezvoltarea ulterioara
infectiilor. Tn caz & aceasta nu se Intarapmajoritatea simptomelor dispar dup

zi, umflatura retrggdndu-se in Intregime n cateva zile [24, 37, 38].8Dupdelul
propus de Matzinger [27], aceste efecte sunt rezultagglurisului sistemului
imunitar al organismului atacat, nu atat la veninul propriu-zis, cat mai ales la leziunile
provocate de componentele acestuia. Deteinitén imunologice au evideiat
cresterea nivelului interleukinei 10 (IL-10), care are rol inhibitor al fidacalergice —
induce o sadere pe termen lung &punsului alergen-specific al limfocitelor T CD4+,
determiri scderea nurirului mastocitelogi inhiba proliferarea eozinofilelor [20].

In unele cazuri s-au observat histologic zone de n&ccozumscrise
locului Tntepiturii, datorate coagdltii si, implicit, sistrii irigatiei cu sange; de
asemenea, pot agea infiltrari granulocitare sau limfocitare [16].

Subiedii sensibilizai in urma unor itepituri anterioare pot prezenta réac
locale mai extinse, inclusiv unifuri edematoase de 10-50 cm, hipersensibile, ce
se formeaz la un interval de 4-12 ore dujnteparesi pot persista 3-4 zile. Multe
victime consideraceste simptome ca semne ale alergiei, dar trgbuteci sunt
doar reatii locale, tipice, de rdpuns la atunea veninului de albine. Ocazional pot
aparea nd reagii similare extinsesi in alte zone neadiacente locului deepare.
Acestea sunt Tiisconsiderate mai degrabeagii sistemice decét locale [44].
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Intrucat persoanele care vin cel mai adesea in contact cu veninul de albine
sunt apicultorii, s-a Tncercat estimarea ponderii efectelor veninului asupra acestora,
ludndu-se n studiu un nd@mde 191 apicultori din Finlanda [1]. Dintre atie, 73
(un procent de 38%) au prezentat cefirpo dat reagii locale extinse la veninul
de albine, iar un nuén de 50 (26%) au prezentat r@asistemice. Este interesant
de memionat G subie¢ii din cea de-a doua categorie au fost mai tineri decéat
ceilaki apicultori luai in studiusi au practicat crgerea albinelor o perio&dmai
scurt de timp.

Alergia la veninul de albine.Socul anafilactic. La unele persoane veninul
de albine poate avea efecte toxice puternicguisul organismului fiind mult mai
complex, ludnd forma a ceea ce este cunoscut sub numederdge (hiper-
sensibilitate). Termenul de alergie a fost introdus la inceputul secolului XX de
catre von Pirquet, care definea prin acestatiaarganismului fe&i de o substaa
straind specifié, ce nu duce la cgterea rezistari, ci dimpotrivi, determid lezarea
propriilor structuri [14]. Apare in cazul in care mecanismele di@apale organismului
nu fungioneaz in mod fiziologic normal, respectiv apare o hiperexprimare a
fundiilor sistemului imun. Activitatea excegiva sistemului imun in cazulspunsului
la diferiti alergeni, inclusiv la veninul de albine este de tip cantitativ, ceea ce
inseama ca se produc in exces anticogpcelule imune, defgind necesitile unei
apirari obisnuite, cu producerea de altgrale propriilor structuri. Este important
si localizarea zonei de contact cu substastrana, intrucat diferiteletesuturi au
receptori pentru difegiimediatori.

Aceasi formi de reafie este cunoscaitdin antichitate: cea mai veche
consemnare 1l reprezinpe faraonul egiptean Menes care a murit in anul 2640 1.Ch. Tn
urma unei Trepaturi de insect, Hipocratsi Galen au descris acest fenomen complex
de rspuns la diferi factori din mediul extern. In prezent se estimieaz procent
de 1-2% din populée ca fiind hipersensikilla intepiturile albinelor [24, 38]. Tn
practia este foarte improbabil ca o persddrpersensibil si fie intepatl de albine,
dar aceasta se poate produce accidental. Din nefericiré,uhuprim contact cu
alergenul, nu intotdeauna apare teadadé aceasta se intanapinsi, victima va
dezvolta o reai alergi@ ce culmineaz cu socul anafilactic. Tn cazul acestor
persoane, cu céat intervalul de timp dintre primele contacte cu alergenul este mai scurt
cu atasansele pentru a dezvolta simptomgleului anafilactic sunt mai mari [30, 32].

Dupa cum s-a prezentat anterior, preemnei reai intense la locul
intepiturii, cu tumefierea zonei, durere, mémee si caldura, exting pe o suprafié
mare, uneori pe un intreg segment de membru, nu are semmificazerei
alergiei la veninul de albine. Persoanele la care se mardisst| de reat prezint
sanse mai reduse de a dezvglta anafilactic la itepiturile ulterioare.

In cazul alergiei la veninul de albine, la scurt timp @dimpepare, pe lang
reagia locak — de intensitate varialii- mai apagi umflaturi (angioedemyi/sau
urticarie in regiuni indejptate de locul Tteparii. Aceste reafii pot fi explicate n
mod sumar pe baza mecanismelor imunologice specificate mai jos [39-41].
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. Dupa un prim contact cu alergenul, gte semnificativ produ@ de
anticorpi — imunoglobuline E (IgE) care se lgagy mare afinitate de
receptori afld pe mastocite (localizate pe diverse epitgiiipazofile (aflate
n circulgie).

. La urmitoarea expunere, IgE vor intéoma cu antigenul (componente ale
veninului — fosfolipaza A melitina), ceea ce determimnnele modifidri ale
membranei mastocitelor sau bazofilelor. Ca urmare, ele vor elibera
mediatori chimici (histamify alti ageni proinflamatori — inclusiv IL12 etc.),
raspunztori de leziunile provocate ulterior.

. Limfocitele T ucigae, stimulate de nivelul crescut al IL 12 [18] &@tac
celulele ce au pe membiarantigenul incriminat; complexele antigen-
anticorp de pe suprataepiteliilor atrag elementele sistemului complement
si leucocitele polimorfonucleare, avand ca rezultat lezarea acestor epitelii.

 Createrea fluxului de fluide Tnesut este urmatde creterea drefirii limfatice si
transportul antigenului spre ganglionii limfatici unde vor fi stimulate noi limfocite.

La simptomele amintite se mai pot asogiatranutul in salve, iritai ale
esofagului, palatului, buzelati ochilor, licrimare, scurgere naZahpoas, tuse,
dificultati la respiraie, vomi. In unele cazuri se resimi o nevoie acut de a
defeca sau urina [6, 29]. EXisti posibilitatea apatiei socului anafilactic, Tns
acesta se manifastioar in primele 10-15 minute [25].

Rezultatele altor studii statistice efectuate in fadin care au fost Itidn
considerare 222 apicultori — [31]), respectiv in Turcia (pe 212 persoane alese randomic
— [19]), aral ca practicarea apiculturii poate avea ca rezultat o in¢idesiativ
mare a readlor alergice, dar cu tendia de ameliorare rapida simptomelosi o
incidenta scizuti a reagilor severe, iar pe de alpartesi in randul populgei cu alte
ocupaii sunt relativ frecvente compligde sistemice afirute in urma itepaturilor
albinelor.

Socul anafilactic (din gr.ana— fara, lipsa si phylaxis— protedie) este cea
mai gravdi manifestare a alergiei pentrd amenina viata pacientului. Este de tip
sistemic, adig priveste intreg organismul. Simptomele se instaidazmajoritatea
cazurilor bruscsi brutal: Tn cateva zeci de secunde de la contactul cu alergenul,
apare inrgirea corpuluisi in special a fei, asociat cu erupie urticariaf, prurit,
puls rapid, agitée psihic si motorie, febra anxietate, senge de sufocare, dade
insuficierta respiratorie, cu modificarea vocii. Patapa# si crampe abdominale
sau diaree. Ulterior subiectul devine palid — datositiderii brwste a presiunii
sangelui, preziatfrisoanesi transpiraii reci, abundentegi generalizate, ameste si
chiar %i pierde costienta, iar buzelsi unghiile se cianoze#Z30, 37-39]. In 75%
dintre cazuri moartea survine in primele 4 oreadugntactul cu alergenul [30].

Mecanismul gocului anafilactic este urratorul: cuplarea alergenului cu Ig E
duce la eliberarea histaminei din mastogiitkazofile [43]; aceasta va produce efecte
diverse in funge de tipultesutuluisi, respectiv, a receptorilor de care se va lega.
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Consecima ledirii histaminei la receptorii din peievaselor sanguine (H2)
din toate organele, inclusiv din piele, este relaxarea musculaturii lor netede, demat
dilatarea acestor vase. Datdritresterii bruste a diametrului, respectiv a capatgit
tuturor vaselor din organism, cantitatea de sange din ele va deveni ingufissfel,
dupa faza de rgega generalizat produd prin dilatarea vaselor, tensiunea artérial
scade brusc. Un alt efect imediat al agfivreceptorilor prin legarea histaminei 1l
constituie retragga celulelor endoteliale. Aceasta, asatiat lezarea unor capilare
determiri scurgeri plasmatice ce produc uffki sub piele sau sub mucoase —
angioedem sau edem glotic cu sufocarei feoprirea respitéei [30] si contribuiesi
la caderea tensiunii arteriale.

Legarea histaminei la receptorii de pe celulele musculare netede din tractul
gastrointestinal (H1) cauzeazontragii si spasme (exacerbate prin eliberarea
simultari a serotoninei), manifestate prin setieae voni, apariia de crampe sau
nevoia de a defeca.

Tn plamani se producg contractarea musculaturii respiratorii (bsme) si
spasme ale acesteia, determinand ggaranifesirilor respiratorii de astm; gbrund
fluide Tn alveolesi pot fi obstrucionate dile respiratorii, ceea ce duce la o resjéra
scurt si dificil 4 si chiar la asfixiere.

Pentru piele, dupcum s-a metionat, sunt caracteristice pruritul, eritemele
(nrosirea), angioedemelg urticaria.

Toate simptomele méonate se desf@ari foarte repede, in pae cazuri
existand posibilitatea acandi unui prim-ajutor eficient. Uneori evolia spre deces
este la fel de rapid Moartea survine de cele mai multe ori ca rezultat al colapsului
respiratorsi circulator. Victimele sunt in general persoane peste 40 gapdte de
albine in zona capului sau gatului, arterioscleroza putand fi un factor agravant [44].
De obicei In§ pacientul supravieieste, revenindui singur sau cu tratament
medical intensiv, in decurs de cateva minute sau ore [45]. Demn de remarcat este
faptul @ Ch. Mraz — citat de Cherbuliez [6] — unul dintre pionierii utiiiz
veninului de albine n tratamentul sclerozei multiple in SUA, in 65 de ani de
experiema Tn acest domeniu nu a inregistrat nici un cagpdeanafilactic. Aceasta vine
s confirme frecveta s@zuti a acestei manifest, sau poate supagia ca persoanele
afectate de diferitele tipuri de artrite au un sistem imun modificat care nu gecan
socul anafilactic.

Primul ajutor. Pentru ca aceste evenimeniens se produg in primul
rand este indicatasse incerce evitarea contactului cu acest tip de alergen. Cand
totusi contactul s-a produs, se recomaraktragerea urgehta acului albinei din
epiderna. Aceasi operaie este recomandatie unii autori a se efectua de preferin
cu ajutorul unei lame de tiupentru a preveni def@carea unei caniifi suplimentare
de venin in piele [37], dar pe baza studierii structurii morfologji@funaionarii
aparatului vulnerant, @l autori [46] apreciaz ca metoda de indéptare nu
conteaz, ci doar intervalul panla realizarea ei — care este direct prapaogl cu
cantitatea de venin injectatDeoarece n unele sitiiastarea pacientului poate
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evolua rapid spre deces (care poate surverd duga 30 minute), trebuie asigutat

de urgem astistera de specialitate. Tn drum spre spital se vatauranasi se va

aplica un garou deasupra loculuigpiturii pentru evitareagspandirii veninului in
organism. Extractul d€alendula officinalida care se adaad,15 mg anestezin
combate durerea prin neutralizarea histaminei. Se recamarabseta altor mijloace

si frictionarea local cu aet, NaCl, ceap sau frunze de grunjel, cu adune

antiinflamatorie, astringefitsi analgezid. Este importarat linistirea pacientului Tn

vederea evifrii panicii care accentueaproblemele respiratorii. Este neceseaét
mai rapid asistarea ventii@i si administrarea unui ser antivenin — principalul
mijloc pentru neutralizarea efectului veninului ajuns n cinbellgs].

Datorita incidertei relativ mari a accidentelor ce au ca punct de plecare
intepiturile de albine, au fost dezvoltate unele medicamentettunacspecifid in
acest sens. In Romania a fost progiutestat cu succes un astfel de medicament
care, actualmente se comercializeaab denumirea de Antiven. Acest produs este
0 soluie analgezig destinai uzului extern, realizétpe baz de acetat de calcia
un antihistaminic (fenilamina). La acestea s#uaf benzocaina sau lidocaina, ca
anestezice locale. Ca utilizare terapayse aplig in cazul Tirepiturilor de insecte, ca
analgezic, antiinflamator, anestezic local, In caz de urticarié, gmutrit etc. In ce
priveste modul de intrebuiare, se aplic extern, tamponandsar zona ifepat, cu
un tampon de vatmedicinad imbibat cu soltia respecti¥. Se recomaridmertinerea
timp de 1-2 minute a tamponului pe locukgaturii [5]. Tn cazul persoanelor alergice
este necesasri aplicarea unor doze repetate de spray antiastmatic. In cazul opririi
respiraiei se recurge la efectuarea de regj@rartificiala asociai cu masaj cardiac.

Tratmentul de specialitate parcurge trei stadii [24, 30]:

+ tratamentul imediat pentru anafilaxie este adrenalina (vasocons{ritianho-
dilatator; previne degranularea mastocitgldsazofilelor, impiedicand eliberarea
histaminei), administratprin injectare intramuscular sau adanc subcutan;

+ al doilea pas include un agent simpatomimetic — intravenos, antihistaminice
administrate intramuscular (ce blocheagtivitatea unor componente ale veninului,
respectiv limiteaz efectele produse de histamina elib&rat corticosteroizi
(stabilizeaz limfocitele si reduc eliberarea de comgiwasoactivi); dag este
cazul, se reface hidratarea pacientului, se adminigtteazsfuzii sau chiar se
va face hemodializa;

+ tratamentul de lugdurati presupune hiposensibilizarea organismului.

Pentru aceasta, se recomaerfectuarea testului pentru hipersensibilitate la
veninul de albine [4, 38]. Testul este relativ simplu, dar se eféctaanai sub
supravegherea medicului. In fuirecde reaga pielii si de nivelul anticorpilor IgE
din sange va fi recomandat cel mai potrivit tratament de hiposensibilizare dpeeific
va stimula sistemul imurigprotejeze organismul la eventualesfuturi ulterioare.

Hiposensibilizarea, desciipentru prima détde Noonsi Freeman in 1911, se
face prin administrarea subcuiam unor canttti mici de soltii injectabile ohinute
din veninul integral sau din componente ale acestuia, gradat, Tn dozZgcaesdn
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mod progresiv, pancand se ajunge la echivalentul camiiitde venin eliberdt in
urma a 1-2 irepaturi, fara ca pacientulsprezinte read hipersensibile [4, 38, 41].
Rezultatul desensibilizii prin utilizarea veninului pur este pozitiv la circa 95% dintre
subiedii tratati. Tratamentul poate fi asockitcu administrarea de antihistaminice [15]
sau alte substam active [34] pentru a limita amploarea néibr. S-a incercasi
hiposensibilizarea cu extract din corpul albinelor, dar s-a doveditunoterapia cu
venin este radical superioatglei cu extract [28]. La fel ca in timpul d&sfrarii
evenimentelor in cazul regitor normale localesi in cursul tratamentelor de hipo-
sensibilizare cu venin de albine s-au determinat valori crescute ale feddiec
IL-10 [42]. Aceasi citokini este produsde limfocitele T din sangele periferic in
canti@iti din ce Tn ce mai mari pe parcursul imuimizsi va avea un important rol in
contracararea sintezei de IL12 [18]. Un alt fapt observat este adidfal@nticorpilor
dozai prin metoda ELISA este cel mai ridicat duB0 de zile de tratament,
rezultatele fiindsi Tn acest caz mai bune Tn urma tratamentului cu venin decét cu
extract [12].

Deoarece, chiagi in timpul sedintelor de hiposensibilizare — mai ales n
perioada de debut — asistate de spagigdbt $i aparasimptome alergice sau ale
anafilaxiei, cercetorii din domeniu Tnceaicsi giseasa noi metode de reducere a
frecvenei acestor manifest neplcute sau chiar periculoase. Se testegadar
raspunsul sistemului imunitar la diferite frami (sub fornd de extracte) ale
veninului [21], la molecule asemitoare cu alergenii sau derivate, sau chiar la
moleculele respective, dar avand structuraiasgrtmodificai — toate acestea,
incadrate in categoriasanumiilor alergoizi [18]; sunt lug in consideraresi
inhibitori specifici pentru componentele veninului [7]. Oaathetodi testak cu
succes, dat fiindacmajoritatea alergenilor sunt proteine, o reprézidéntificarea
genelor pentru acestea, urthalterior de sintezai integrarea lor in vectori (plasmide,
virusuri recombinate etc.) care permit transferul lor in celulele gazdei, prin
administrarea de inj@c intramusculare, intradermice sau pe alié tmunizarea
bazai pe utilizarea ADN va duce la inhibarea sintezei de anticorpi IgE, implicit a
sensibiliitii de tip anafilactic [20, 40].

Tn unele situgi s-a observatzpersoane care in mod normal nu prezentau
reagii la veninul de albine, chiar apicultori gbuiti cu ntepaturile, dug ce au urmat
un tratament cu medicamente antiinflamatoare nesteroidice, au devenit hipersensibile.
Dupa intreruperea tratamentului respectiv, sistemul ilgurevine, putand area
doar eventuale rediclocale ca urmare a unor noit@maturi [37, 38].

Multi indivizi care prezint reagii locale severe la tepiturile albinelor, pe
care un apiterapeut le-ar considera ca efecte pozitive, sunt incorect cansalera
fiind alergici [35]. In cazul acestor persoane, télacnu sunt mediate de IgE, Ci
sunt produse prin activarea complementului; ca urmare se giegaasa-numitul
soc anafilactoid, Tn care caz hiposensibilizarea este ineficgedeci inutili. Deci,
in cazul persoanelor alergice trebuie determinat cu precizie mecanismtilide at
sistemului imun. De asemenea, este indicat ca persoanele recunoscute ca hipersensibile
sa aikd la indemaa tot timpul un chit antialergic care la nevoie le poate salva via
si mai ales 8 evite contactul cu albinele.
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Toxicitatea veninului de albine

Toxicitatea veninului de albine poate fi evidiati cel mai bine in cazurile
n care o cantitate foarte mare de vernitiymde Tn organism. Astfel, daounirul
de Tntepaturi primite este de la 50 la 100, apare efectul toxic al veninului de albine.
Edificatoare in acest sens sunt obsgiteeclinice si rezultatele primelor analize in
cazul unor pacighatacai de un nurir mare de albine [3, 13]. Acestea atitalr i
veninul injectat cauzeazianoza pielii, produce spasme muscufaE@mptome de
paralizie temporara aritmie respiratorie ingita uneori de intreruperea temparar
respiraiei, hipertensiungi aritmie cardiag cu accelerarea pulsului etc. Un rirm
de 200 de fepituri sau mai multe pot avea ca rezultat paralizigamilor din
sistemul respirator [38]. Pe lahgceste simptome au mai fost observate o puternic
hemoliz intravasculat si rabdomioliza cu mioglobinemig mioglobinurie. Cantitatea
mare de venin provoacde asemenea, sangeredem pulmonar, disfutichepatice,
renalesi neurologice, stare dgoc, cona. Efectele mefionate sunt produse prin
agiunea concomitetita melitineisi fosfolipazelor (distrug membranele celulare),
hialuronidazei (duce la&irea adeziunii intercelulare), apaminei (efect stimulator
excesiv la nivelul sistemului nervos), peptidului MCD (Mast Cell Degranulating;
elibereaz histamina din mastocite), histaminei etc. Hiperpotasemigvelurile
ridicate ale uresji creatininei confirni disfungiile renale acute, de obicei provocate
prin necroza tubular§3]. Victima Tntepaturilor Tsi pierde viaa in general datotit
disfundiilor renalesi complicgiilor cardiacesi respiratorii [45]. La pacigi deceda
din aceastcauz s-au observat zone extinse de necinzesuturile analizate (necrdz
hepatocelularanecroZ nefrotubulara necro2 subendocardial— pot fi explicate
prin efectul direct al componentelor veninului, gaica urmare a acumiri de
resturi celulare transportate de fluxul sanguin la nivelul capilarelor fine din aceste
organe, cu blocarea lor, respectiv impiedicarea oXiijegh aprovizioririi celulelor
etc.)si coagulare intravasculadiseminai. Park [30] arat intr-un studiu statistic
ca cele mai multe cazuri de deces datoratetiiEadoxice la veninul de albine apar
la extremele de vaistdatoria rezisterei reduse a organismului, in vreme ce
inciderta deceselor cauzate de aparocului anafilactic la veninul de albine este
maxima Tn randul categoriei de vaistupring intre 35-45 ani. Paci@ncare ingd
supraviguiesc se vor reface treptat in timp.

Unele persoane pot tolera mai mult de 1000 depituri. Este metionat
n literatura de specialitate cazul unui pacient care a primit 2.243egstimi si a
supraviguit. O estimare aproximatiarati ca doza letal medie (Dlsg) pentru oamenii
aduli este reprezentgtdug unii autori, de veninul eliberat in urma a circa 1000-1100
ntepaturi [38] — 100-110 mg venin cristalizat/kg corp —, iar dapi, a 500-1500 de
ntepaturi [44] — 50-150 mg/kg corp. Pentru un copil de 10 ani 90 ggdituri sunt
fatale.

Pe de alt parte s-au raportai decese survenite daidl00, paa la 300
intepaturi de albine. Ca urmare, foarte importaaste indefrtarea rapid a acului
din rard, limitandu-se astfel cantitatea de venin intradus
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Oricum, cele mai multe cazuri de decese provocate de veninul de albine au
fost Tnregistrate in randul persoanelor hipersensibile, Tn urma unei singgpEUin
[37, 38] datorii readiilor alergice, disfungonalititilor cardiace sau sufagi produse
de edemele @pute In zona gurii sau gatului. Dar statistic, Aurhaccidentelor produse
datoriti veninului de albine reprezihdoar 5% din nuidrul celor determinate de
intepaturile sau mecaturile insectelor [35].

Existi si variaii interspecifice ale compagti chimice a veninului, respectiv
ale toxicititii acestuia: s-a raportat pentru veninul provenit d&. leeranao toxicitate
dubk fata de cel provenit de la spedda mellifera[23].

A fost determindt toxicitatea veninului de albing pentru animalele de
laborator. Astfel, Dk, la soarecii injecta intravenos este situaintre 4si 8 mg/kg
corp. Animalele testate au prezentat caracteristicile hemolizei interne: edeme
hemoragice la nivelul pinanilor, eliminarea de hemogloBirprin urira etc. n
urma unui experiment simplu, Marsc [26] trage concluZianecanismele prin
care organismul realizeaprelucrarea moleculelor, respectiv detoxificarea servesc
si la aprarea Tmpotriva veninului de albine. El a obserdaagoarecii de laborator,
infometai, injectgi cu o do2 mare de venin de albine, supravieea este de 100%,
iar administrarea acelgiadoze de venin, pe aceeaale, lasoareci alimentacu o
ratie bogad in proteine, sau cu ulei de arahide Tnainte de injectare, duce la o
mortalitate de p&n100%. In primul caz, capacitatea de abgerin celulesi de
inactivare a componentelor veninului este mare, ceea ce duce la rezgterand
in cel de-al doilea caz, imposibilitatea preluigtrtoxinelor veninului favorizeazo
activitate mai indelungat acestora la diferite niveluri, avand in final efectul letal.

DL, a fost stabild de asemeneg pentru unele componente purificate ale
veninului de albine. Pentru melitina adminigtrettravenos, Dk, este de 3,5 mg/kg,
intraperitoneal, de 5 mg/kg, intracerebral, de 0,8 mg/kg [16]. Pentru ahaloza
letak la soarece este de 3,8 mg/kg corp la injectarea intrav&rer@malele murind ca
urmare a convulsiilor generalizate, Tn urma unei perioade gignmneintrerupte,
necoordonate [47]. Animalele care au supnanteacestei doze au prezentat
hiperexcitabilitate pe o perioadle peste 60 ore, mai accenfuiatsoareciitinuti in
grup [17]. Fosfolipaza Ainjectati intravenos lgoarece produce moartea la o #loz
de 7 mg/kg corp [16]. Peptidul MCD, injectat intravenos este practic netoxig (DL
fiind situati in jurul valorii de 40 mg/kg corp) [17]. Wénjectat intracerebroventricular,
doza letal pentru peptidul MCD este karece de 1,pg/kg corp, iar laobolan de
6,8 ug/kg. Minimina testdt pe larve debrosophilaa prezentat o Djgde circa 0,005
Hg, larvele care au supraié incetand Hinireasi cresterea, evoluand Th muscicu
dimensiuni de circa 1/4 fade normal. Pentru histamina izalatin venin, Dls, la
injectarea intravenoada soarece a fost de 192-445 mg/kg corp [17]. Pentru acidul
formic, DLso la administrare oralla sobolan este de 730-1830 mg/kg corp [33].

In cazul administirii experimentale a veninului de albine la animale gestante,
s-a observat o extindere a efectelor acestiganivelul embrionilor. Shkenderogi
Todorov [36] sunt cei care au &afi capacitatea veninului de albine de a traversa
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placenta. Astfel, dupinjectarea unor doze zilnice de venin la femelelgadlan
aflate In gest#e, la embrionii care au atins varsta de 20 de zile s-a observat o
reducere a gre@iii corporalesi totodati modificarea unor parametri biochimici
(scaderea activittii lactatdehidrogenazsi izocitratdehidrogenazei din omogenatul
hepatic). Au existagi cazuri de autoliz si embrioni mort in uterul animalelor
tratate (efect embriotoxic).

Unele din rezultatele studiilor privind toxicitatganinului de albine au fost
confirmate de noi prin investigahistologicesi electrono-microscopice originale,
nsdite si de determiari biochimicesi hematologice Th urma adminigii experimentale
a veninului de albine in diferite doze [8-11].
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MICROBIOTA UNOR APE MINERALE DIN ZONA L APUSULUI
(JUD. MARAMURE $)

MIHAIL DR AGAN-BULARDA" si CLAUDIU IU SAN™

SUMMARY. — Microbiota of Some Mineral Waters from the Lipus Zone
(Maramures County). The microbiota of mineral waters is closely related to
the environmental, physical-chemical and hydro-geological conditions of the
deposit. Our research is the first complex analysis of the mineral waters in the
Lapus zone (Maramukecounty) from a microbiological point of view. We
studied 9 springs of mineral water, at four places in dpesLValley (Stoiceni,
Rogoz, Borcut and Bfureni). We determined the numbers of the following
bacteria: heterotrophic aerobic, ammonifying, nitrite— and nitrate-producing,
denitrifying, sulphate-reducing, iron-reducing and proved the presence of the
sulphur-oxidizing bacteria in the water samples taken aseptically in October 2002.
We also determined four hygienic-bacteriological indicators: the mesophilic
heterotrophic bacteria, the total coliform bacteria, the faecal coliform bacteria
and the faecal enterococci , in the water samples collected aseptically in April
2003. Our data show that all the bacteria in the seven physiological groups were
present in a low or very low number in the studied springs, the mineral waters
being oligotrophic, containing a very low amount of organic substance. Some
differences were observed between the mineral water springs based on their
bacterial content. Occurrence of sulphur-oxidizing bacteria was demonstrated in
water samples from all springs by using three elective media. On the basis of the
average pH value modification and of the microscopic examination, it was
established that these bacteria belong tdtiebacillusgenus. Mesophilic het-
erotrophic bacteria were found in all water samples but in a small number. The
numbers recorded for the total coliform bacteria were low in all mineral water
samples. Faecal coliform bacteria were present in 6 of the 9 springs (their number
was small), but the faecal enterococci were missing in all analysed water samples.
These data confirm a good hygienic-sanitary state of the springs and installations.

Analiza microbiologié a apelor minerale este absolut necgsar primul
rand pentru stabilirea indicilor calitativi igienico-sanitari [9], dampentru a se
putea stabili compoda si stabilitatea acestora, ten¢ande modificare a acestora ca
urmare a predomings unor grupe ecologice de bacterii, in fi@ale originea
apeisi a unor constituenchimici ai acesteia [4].

Cerceliri cu privire la analiza microbiologica apelor minerale din Romania
au vizat izvoarele minerale de laiBB Herculane, @limanesti-Ciaciulata, Ofinesti [4],
respectiv Bizgwa-Ba [8], precumsi alte izvoare, acestea contribuind la explicarea
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genezei apelor minerale, a fainn H,S, diferitele izvoare prezentand particuliit
specificesi Tn fungie de prezeta si activitatile fiziologice ale diferitelor grupe de
bacterii [4, 8].

Izvoarele minerale luate in studiu sunt situate Tn zapasului, Tn judeul
Maramurg, la baza masivului vulcanatra, in apropiere de grd Targu Lipus.

Datorita structurii geologice deosebit de complexe a teritoriului [5], apele
izvoarelor prezirt o mineralizae bogat moderat(9,2 g /), un cotinut de CQ
liber de 1,7 g/l (izvoarele de la Stoicegiip compoziie chimic complex, fapt ce
le confed proprietiti terapeutice deosebite, fiind folosite atat in @@t ale aparatului
digestiv, casi ale aparatului circulator [6, 15, 16].

Analiza chimi@ a demonstraticaceste izvoare au o@parbogazoas(2,6 g/l),
bicarbonat (3,7 g HCQ/l), clorurat (2,6 g/l), calcié (0,3 g/l), magnezian(0,2 g /1),
sodia (1,7 g/l), un cofinut ridicat de acid metaboric (0,1ly sulfuroad, hipotora
[11, 12].

Nu dispunem de date referitoare la analiza microbiologi@cestor ape
minerale. In cerceétile noastre am uranit evideriereasi determinarea nuanului de
bacterii din 7 grupe fiziologice (heterotrofe aerobe mezofile, amonificatoare, nitri-
ficatoare (nitritsi nitrat-bacterii), denitrificatoare, sulfat-reditiware, fier-reduitoare),
evidenierea celor sulf-oxidante, precugn a parametrilor igienico-bacteriologici
(bacterii mezofile aerobe, coliformi totali, coliformi fecali, enterococi fecali).

Materiale si metode Recoltarea probelorPentru analiza microbiologic
a apelor minerale au fost prelevate, in condseptice, probe provenite de la 9
izvoare din urratoarele 4 localitti din zona lapusului, jud.Maramurg (Stoiceni,
Rogoz, Borcuti Magureni), la doa date caledaristice: 16 octombrie 2002 (pentru
grupele fiziologice}i 10 aprilie 2003 (pentru indicatorii igienico-bacteriologici).

Medii de cultuti. Au fost utilizate medii elective pentru grupele fiziologice
luate in studiu [1, 3, 7].

Mediu pentru bacterii heterotrofe aeroldmulion nutritiv agarizat. Sterilizare
la 12PC, 30 de minute [7].

Mediu pentru bacterii amonificatoar@pm peptonat (pH 7,9). Sterilizare
la 12°C, 30 de minute [7].

Medii pentru bacteriile sulfoxidant&. Mediul F[8] cu urnatoarea compozge:
NaS,03 5 g, NaHCQ 1 g, NaHP(Q, 0,2 g, NHCI 0,1 g, MgC} 0,1, aji de robinet
1000 ml, pH 7Mediul S[1] compus din: Ng5,03 10 g, (NH).SO, 3 g, KHPQO, 3 g,
CaCl 2 g, MgSQ 0,25 g, soltie de microelemente 1 ml, @agistila& 1000 ml, pH 7,5.
Mediul R[1] contindnd: NHCI 0,5 g, NaHC®@1 g, KNG 2 g, MgC} 0,5 g, kHPO,

2 g, NaS,0; 5 g, soltie de microelemente | ml, aplistilat 1000 ml, pH 7. Solia de

microelemente a avut uitbarea compotie: EDTA 5 g, ZnSQ2,2 g, NaCl 0,5 g,
MnCl, 0,5 g, FeS©0,4 g, (NH)sM0;0,4 0,11 g, CuS®0,157 g, CaGl0,161 g, ap

distilati 100 ml, pH 6. Toate mediile s-au sterilizat 1a%®(@n autoclavul nekurubat),

30 minute, in 3 zile consecutive.
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Medii pentru bacteriile sulfat-reddtoare A. MediulvanD elde n [3]
alcituit din: asparagih?2 g, KkHPO, 1 g, MgSQ 1,5 g, CaSQ1g, lactat de Na 5 g,
FeSQ 0,02 g, ap distilati 1000 ml, pH 7. Sterilizare: 1685, 30 minute in 3 zile
consecutive. B. Bulion nutritiv cu benzi de (§3DO)Pb [7].

Mediul pentru bacteriile fier-redutoare [10] alcatuit din: K;HPO, 3 g,
KH,PO, 0,8 g, MgSQ@ 0,2 g, KCI 0,2 g, glucaz20 g, peptoin 5 g, FgO; 0,5 g,
MnSQ, 0,1 g, ap distilati 1000 ml. Sterilizare: 166, 60 minute, in 3 zile consecutive.

Mediul pentru bacteriile nitrificatoar¢7] a cuprinsa. mediul pentru nitrit-
bacterii compus din: (NPESO, 0,05 g, CaC@O0,1 g, soltie saliri Vinogradski 5 ml,
am distilati 95 ml; sterilizare: 119, 20 de minuteb. mediul pentru nitratbacterii
alcatuit din: NaNQ 0,1 g, CaC@0,1 g, soltie saliri Vinogradski 5 ml, ap distilat
95 m; sterilizare: 11%T, 20 de minute. Sdia saliri Vinogradski este compaslin:
K-HPQ, 3 g, MgSQ 2,5 g, NaCl 2,5 g, B6Qy); 0,05 g, MNnSQ0,05 g, ap distilati
1000 ml. Sterilizare: 12C, 30 de minute.

Mediul pentru bacteriile denitrificatoarg] este alstuit din: KNGO 2 g, glucoz
10 g, CaC@5 g, soltie salirk Vinogradski 50 ml, apdistilati 950 ml, pH 7,2.
Sterilizare: 112C, 20 minute, in 3 zile consecutive.

Mediul pentru coliformi totalilaurilsulfat de Na (simplgi dublu concentrat)
si Geam-Levin [14].

Mediul pentru coliformi fecali: mediul MacConkey [14].

Mediul pentru enterococi fecali: mediu cu axzide Na simplusi dublu
concentrat, respectiv mediu cu azgdpurpur crezol [14].

Prepararea diluiilor. S-au preparat ditit de ape minerale, cuprinse intre
10" si 10°, pentru diluare folosindu-se sdkide NaCl 0,85 %, steriliza(121°C,

30 minute).

Inocularea dilyiilor . Din dilutiile preparate s-au inoculat cate dawtii Petri,
contindnd mediul pentru cultivarea bacteriilor heterotrofe aegbbate 5 eprubete,
contindnd mediile pentru cultivarea bacteriilor din celelalte grupe fiziologice. Volumul
inoculului a fost, intotdeauna, 1 ml. Pentru indicatorii igienico-bacteriologici s-a
procedat conform metodei STAS pentru apa de farjtad].

Incubareaa avut loc la 2% si a durat 7 zile, in cazul grupelor fiziologice,
respectiv la 3%C, 24 ore, pentru indicatorii igienico-bacteriologici.

Examinarea culturilor Culturile au fost examinate macroscopic gatimic.

Pentru determinarea néralui bacteriilor heterotrofe aerobe s-a citit riwoi
coloniilor din fiecare cutie Petri.

Culturile bacteriilor amonificatoare au fost analizate, utilizdndu-se reactivul
Nessler pentru evidéerea amoniului produs de aceste bacterii. La 1 ml cufiaera
adaugat 1 ml reactiv Nessler. Apgaa unei colordi galbene-portocalii Tn mediul
inoculatsi absema ei in mediul martor (neinoculat) indiamonificarea.

Culturile bacteriilor sulf-oxidante au fost examinate pentru stabilirea unei
opalescete, respectiv pentru modificarea pH-ului, comparativ cu proba martor. Din
culturi s-au efectuat preparate microscopice colorate prin metoda Gram [7].
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Culturile nitritbacteriilor au fost examinate pentru eviienea NQ care
se formeaiz din amoniu sub ainea acestor bacterii. La 1 ml cultiss@a adugat
0,1 ml reactiv Griessdi 0,05 ml acid acetic glacial. Da@d5 minute, s-au adgat
0,1 ml reactiv Griess Il. Apaia unei coloréi roz indica prezeia nitritilor.

Culturile nitratbacteriilor au fost examinate pentru evidesa NQ produs
din NG, de dtre aceste bacterii. Pentru a elimina tieadati de nitrtii reziduali s-a
folosit ureea, apoi s-a efectuat némcu difenilamid. In fiecare eprubgéts-au adugat
1 ml H,SO, concentragi 1 ml reactiv cu difenilamif In prezera nitrgilor apare o
colorgie albastra

Pentru evidetierea HS produs de bacteriile desulfoficatoare Th urma reducerii
SO2, s-au folosit benzi de hartie de filtru Tmbibate ntr-o tfolde acetat de Pb 10%.
Din culturdas-au transpus 1-3 ml, in tuburi mici, dugare s-au adigat 2-3 pigturi
de HCI concentrat. Gura tubului s-a acoperit cu banda de hartie Tanivtsaluia
de acetat de Pb. Camutul tubului s-a Tndlzit. Aparitia unei pete brune sau negre
(PbS) pe hartie dovegte reducerea SO de ditre culturi.

lonii de Fé*, prodyi de bacteriile fier-redutoare in urma reducerii Fe(lll)
din FeO; s-au evidetiat prin adiugarea la cei 7 ml de cultuei 1 ml reactiv cu
a,a-dipiridil. Coloraia roz sau rgie indici prezema Fé".

Numirul bacteriilor heterotrofe aerobe s-a stabilit pe baza valorii medii a
numarului de colonii care s-au dezvoltat in urma in@dulilutiilor, Tnmultindu-se
numarul de colonii cu valoarea invers diluiei. La celelalte culturi de la grupele
fiziologice, s-a stabilit, pentru fiecare dileiin parte , nudrul eprubetelor pozitive
din totalul de 5 eprubete. Ndnul cel mai probabil al bacteriilor raportat la 1 ml
api minerak s-a calculat pe baza tabelului statistic publicat de Alexander [2],
luandu-se n consider@a cele 3 diltii. Pentru indicatorii igienico-bacteriologici s-au
utilizat tabelele preizute de metoda STAS [14].

Rezultate si discutii. Datele referitoare la prezensi numarul bacteriilor
din diferitele grupe fiziologice sunt redate in Tabelul 1. Se poate constaiate
cele 7 grupe fiziologice au fost evidiate n cele 9 izvoare de ape minerale analizate,
numarul lor osciland in funge de grupul fiziologic (ecologic), respectiv de izvorul
mineral studiat. Valorile cele mai ridicate s-au dovedit a fi in cazul bacteriilor heterotrofe
aerobe, acestea osciland intre 1200 celule Tn cazul izvorului de la StoR®000
celule la izvorul de la lgureni I. Se poate aprecid @n general, acest grup ecologic,
cel mai numeros de altfel in ape (atat in apa pdtaiatsi in cea a raurilogi lacurilor),
este slab reprezentat, demonstrand prezeubstarei organice in cantitate foarte
redud, apele izvoarelor studiate fiind oligotrofe. De asemenea, acest rezultat mai
scoate n evided lipsa unei surse de poluare organic

Bacteriile amonificatoare au fost evidiate in toate cele 9 izvoare, analizele
furnizand valori sg&zute de cateva zeci de celule/ml la 4 izvoare (Stoiceni, Rogoz I,
Rogoz llsi Borcut Il), respectiv sute de celule la damvoare (Rogoz llki Borcut 1)
sau de cateva mii la 3 izvoare gureni |, Magureni Il si Magureni 1ll). Materia
organié ce a constituit substratul dezit acestor bacterii este reprezeitde
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bacteriile moarte, in principal, degradate cu eliberare de amoniu. Rrexastor
bacterii Tn nurar ridicat constituie un indiciu al palti apelor cu substae organice

din surse externe. Dace are in vedere valorile calculate la bacteriile heterotrofe
aerobesi la cele amonificatoare se poate constatéadzvoarele de la Byureni s-au
fnregistrat cele mai ridicate cifre, ceea ce ar putea constitui o evieinfilaiatie a
apelor din sol cu unele cartitmici de substate organice.

Tabel 1
Numarul bacteriilor din diferite grupe fiziologice Tn apele minerale studiate
. Bacterii  Bacterii i . Bacteri  Bacterii Bacterii
i?;i?aie zfp D;\?;Z}:fa heterotrofe amonifi- lg\la:téltte-rii E‘g:‘éa denitrifi-  desulfofi- fie[- redu-
aerobe  catoare catoare  catoare  citoare
Stoiceni La cas 1200 28 6 7 110 22 14
Rogoz | Rau 2100 45 11 10 95 32 62
Rogoz Il Peste rau 16000 54 9 7 24 160 350
Rogoz Il La fantaa 29000 350 14 12 39 160 45
Borcut | Lang vale 17000 920 14 13 39 72 350
Borcut Il Pe gsune 11000 54 9 11 39 140 32
Magureni | Valea Babei 95000 16000 20 22 140 64 38
Magureni Il Valea Babei-Bazin 21000 16000 27 28 33 280 64
Magureni lll  Fantana de piatr 9000 31000 290 350 40 350 60

Bacteriile nitrificatoare (nitritsi nitrat-bacteriile) au furnizat valori szute,
ele fiind strans legate de prerammoniului, rezultat in urma actistii bacteriilor
amonificatoare. Acest substrat energetic este oxidat Iganitriti de ctre nitrit-
bacterii (Nitrosomonas, Nitrosococcysppoi pas la nitrai de ctre nitrat-bacterii
(Nitrobacter, Nitrococcus)Se poate afirmaicoxidarea a fost realizatie bacteriile
autotrofe, din cele daufaze ale nitrifidrii, intrucat cominutul in substage organice al
acestor ape este foarte redus.

Grupul bacteriilor denitrificatoare, strans legat de celelaltei dpupe
fiziologice din ciclul azotului (bacterii amonificatoagienitrificatoare) a fost prezent in
toate izvoarele, fiind calculate valoriazote ale nurdrului acestora, in general de
ordinul zecilor de celule, cu dawexcepii (Stoiceni, cu 110 celule/ml, respectiv
Magureni I, cu 140 celule/ml &p Pe baza valorilor almute la cele 3 grupe
fiziologice implicate n circuitul azotului se poate apreci@xist relaii ecologice
stranse intre acestea, fiecare grup furnizand substratul metabolic sau energetic pentru
un alt grup, fapt reflectai de valorile absolute Tnregistrate in cazul et grup, la
cele 9 izvoare minerale. La toate aceste 3 grupe fiziologice valorile celeimaescau
gasit la izvorul de la Stoiceni, iar cele mai ridicate valori la izvoarele deagaiidni.

Bacteriile sulfat-reduttoaresi cele fier-reduatoare, cu implicgi n circuitul
sulfului, respectiv al fierului, au fost determinate intr-un &uwhestul de redus,
oktindndu-se cifre de ordinul zecilor de celule sau a sutelor de celule la 1 nil.de ap
Rezultate asefimatoare s-au semnalat la apele minerale de la BigarBii, din
judetul Salaj [8]. In urma acestor rezultate, se poate formula consatargaugele
fiziologice pot caracteriza coniie ecologice ale unuizzaméant de ape minerale.
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In Tabelul 2 sunt prezentate rezultateleiralie la evidetierea bacteriilor
sulf-oxidante n izvoarele minerale din zongUsului.

Tabel 2
Date privind evidentierea bacteriilor sulf-oxidante in
probele de ape minerale studiate
Sursa de api Denumirea Mediul nutritiv pH pH Cresterea
minerah izvorului folosit initial final  bacteriilor
Stoiceni La cas R 7,5 7,5 -
Stoiceni La cas S 7,5 6,0 ++
Stoiceni La cas F 7,0 55 +++
Rogoz | Rau R 7,5 7,5 -
Rogoz | Rau S 7,5 7,5-
Rogoz | Rau F 7,0 6,5 +
Rogoz Il Peste rau R 7,5 6,5 ++
Rogoz Il Peste rau S 7,5 7,0 +
Rogoz Il Peste rau F 7,0 7,0 -
Rogoz IlI La fantana R 7,5 6,5 +
Rogoz IlI La fantana S 7,5 7,5 -
Rogoz lli La fantana F 7,0 7,0 -
Borcut | Langavale R 7,5 6,5 ++
Borcut | Langavale S 7,5 7,5 -
Borcut | Langavale F 7,0 7,0 -
Borcut Il Pe pagne R 7,5 7,0 +
Borcut Il Pe pagine S 7,5 7,5 -
Borcut 11 Pe pagne F 7,0 7,0 -
Magureni | Valea Babei R 7,5 6,5 ++
Magureni | Valea Babei S 7,5 6,5 ++
Magureni | Valea Babei F 7,0 5,5 +++
Magureni Il Valea Babei-bazin R 7,5 5,5 +++
Magureni Il Valea Babei-bazin S 7,5 6,5 ++
Magureni Il Valea Babei-bazin F 7,0 6,5 +
Magureni lll  Fantana de pidtr R 7,5 7,0 +
Magureni lll  Fantana de pidtr S 7,5 7,0 +
Magureni lll  Fantana de piditr F 7,0 6,5 +

- absera craterii; + cretere slabi++ crgtere buni+++ cratrere foarte buna

In general, evidegierea acestui grup este mai difigintrucat tipul de mediu
electiv utilizat influeeaz intr-o misu insemnaéi rezultatul determirii. S-a avut in
vedere in primul rand modificarea pH-ului, apoisteesa bacteriilor prin apaia
unei opalescen si nu in ultimul rand evideierea microscopica celulelor colorate
prin metoda Gram. Din analiza tabelului rezuti exisé o relgie direct ntre
cresterea bacteriilor (apai unei opalescee) si modificarea pH-ului (sierea lui,
datorit apariiei acidului sulfuric). Se poate constafiacele mai importante modifid
de pH s-au dinut pe mediul R, la 6 izvoare (Rogoz Il, Rogoz Ill, Borcut Egdreni
I, Magureni Il, Magureni Ill), apoi pe mediul F la 5 izvoare (Stoiceni, Rogoz |,
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Magureni |, Magureni Il, Magureni Ill) si pe mediul S tot la 5 izvoare (Stoiceni,
Rogoz II, Magureni |, Magureni 1l, Magureni |ll). Este de subliniatac in urma
folosirii celor 3 tipuri de medii nutritive elective, la fiecare izvor studiat s-a etiaten
acest grup ecologic. Aceste bacterii implicate Th mod Tnsegnimathimismul apei
s-au dovedit a ap@me, pe baza studiilor microscopigea modificirilor de pH, genului
Thiobacillus(Th.thiooxidansi Th.thioparu$ [13].

In Tabelul 3 sunt prezentate rezultatele noastre privind parametrii igienico-
bacteriologici pentru testarea igienico-saaitaacestor izvoare. Pe baza datelginake
se constat prezema bacteriilor mezofile heterotrofe intr-un nimscizut, in toate
izvoarele studiate, indicAnd abgeminei poléri organice. Nurarul de bacterii coli-
forme totale este redus, fiind admis de STAS [14]. Bacteriile coliforme fecale, care
indica o poluare fecaligenrecend, lipsesc la primele 3 izvoage sunt prezente in
numir mic la celelalte 6, fa a indica un semnal de contaminare cu ape menajere.
Enterococii fecali au lipsit Tn toate probele dei @malizate, confirmand starea
igienicd corespuni#toare a instaldlor, apele minerale putand fi consumateifa
prezenta vreun pericol epidemiologic.

Tabel 3
Parametrii igienico-bacteriologici din apele minerale studiate
< . Bacterii mezo-  Bacterii coli- Bacterii coli- Enterococi
Sl_Jrsa de apaDenumirea file heterotrof f total f fecal fecall
minerak izvorului ile heterotrofe ~ forme totale orme fecale ecali
nr./ 100 ml nr./100 ml nr./100 ml nr./100 ml
Stoiceni La casa 12000 2 - -
Rogoz | Rau 21000 3 - -
Rogoz Il Peste rau 130000 1 - -
Rogoz Il La fantana 120000 2 1 -
Borcut | Langavale 150000 3 4 -
Borcut Il Pe pagine 120000 6 3 -
Magureni |  Valea Babei 500000 10 7 -
Magurenill  Valea Babei -bazin 240000 10 5 -
Magureni [l Fantana de piditr 90000 11 3 -

Concluzii. 1. Apele minerale de la cele 9 izvoare existente in Zépasllui
prezink o microbiot variag, fiind evideniate bacterii din 7 grupe fiziologice
(heterotrofe aerobe, amonificatoare, nitrificatoare, denitrificatoare, desulfufoficatoare,
fier-reductoare, sulf-oxidante), prezente intr-un rimrmic, diferind in funde de
izvorul de unde s-a recoltat proba dé.ap

2. Valorile cele mai ridicate ale bacteriilor din grupele fiziologice studiate
s-au nregistrat la cele heterotrofe aergilagpoi la cele amonificatoare, iar cele mai
sczute la nitrificatoare (nitritsi nitrat-bacterii).

3. Dintre cele 9 izvoare luate Tn studiu, cele din localitategukéni
(izvorul 1, 1l si lll) au avut microbiota cea mai insemiyatirmate de izvorul Il din
localitatea Rogoz, iar izvorul de la Stoiceni s-a dovedit a avea microbiota cea mai
redus (este cel mai bine amenagatel mai cunoscut, de peste 100 de ani).
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4. Bacteriile sulf-oxidante au fost evidiete Tn toate probele dezapnalizate,
prelevate din cele 9 izvoare, pregelor find demonstratpe cel ptn unul din cele 3
medii elective testate. Pe baza modifior de pH, precungi in urma examigrilor
microscopice s-a stabilii@cestea apantgenuluiThiobacillus(Th. thiooxidansi
Th. thioparus.

5. Indicatorii igienico-bacteriologici, in special germenii coliformi totali,
coliformi fecalisi enterococi fecali au fost prezein nunar mic sau au fost absgn
confirmand starea igienico-saniiarorespunitoare a acestor ape mineralgifa
prezenta un pericol epidemiologic.
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INVESTIGAREA CARACTERELOR FENOTIPICE ASOCIATE CU
POTENTIALUL ENTEROTOXIGEN LA TULPINIDE ~AEROMONAS
IZOLATE DIN SURSE INDIVIDUALE DE AP A POTABIL A NETRATAT A

BRINDUSA BOCOS, DANIELA MOGA" si STEFAN TIGAN™

SUMMARY. —Investigation of Some Phenotypic Characteristics, Associated

with the Enterotoxigenic Potential in Strains of Aerom o n a s Isolated

from Individual Untrated Drinking Water Supplies. In this study we investi-

gated the presence Aéromonaspecies in 27 individual untrated drinking water
supplies, in which the water quality was found to be poor. Identification of 104
Aeromonasstrains at species level showed that 85 strains (81.73% ) Awkye
drophilaHG1 and 6 strains (5.77%) wekecaviaeHG5a. Other 13eromonas
strains (12.5%) could not be included in any of the 14 hybridisation groups
currently recognised by their phenotype only. All the 104 isolatésmaimonas
species were tested for their enterotoxigenic potential. Our results showed that
48.1% of theAeromonasstrains investigated exhibited enterotoxigenicity -
associated phenotype, due to their positive responses for the biochemical
characteristics known to be strongly associated with enterotoxigenicity of
aeromonadsfpfhaemolysis, acetoin production, lysine decarboxylation and
sorbitol fermentation).

Aeromonadele sunt microorganisme ubicvitare in mediile acvatice naturale,
dar sunt, de asemenea, intalnite in produse alimentare (de originei aniragetad)
si Tn intestinul uman, la subigcu diaresesi la subied aparent snatosi [1,10,13].

Se vorbgte tot mai des despre circtidatulpinilor deAeromonadntre omsi factorii

de mediu [1], dar dovezile despre originea higrite pildi, a infegiilor umanesi a
contamirdrii alimentelor cu aeromonade, sunt controversate [14]. Faptateste
bacterii pot reprezenta cauza aparimultor infegii la om (bacteremii, meningite,
infectii ale phgilor, infegii pulmonare) este neindoielnic [11], in timp ce rolul lor
etiologic in boala diareicumara raimane ing neclarificat, chiar dacunii autori
raporteaz asocieri semnificative [1].

Mecanismul enteropatogeiitii aeromonadelor nu este elucidat pe deplin,
desi capacitatea acestor organisme de a produce enterotoxine, hemolizine, citotoxine,
asociate cu patogenitatea este binecund§61i8]. Sunt metionate corelgi pozitive
intre producerea de enterotaki citotoxina si anumite capaditi biochimice, cum ar
fi hemoliza eritrocitelor de iepure, producerea de ace(ogadia Voges-Proskauer),
decarboxilarea lizinaii fermentarea sorbitolului [3,4,8,12,20].

" Institutul de Stigtate Publi@ "Prof. Dr. luliu Moldovan®, Str. L. Pasteur nr. 6, 3400 Cluj-Napoca,
Roméania. E-mail: inst@ispcj.ro
" Catedra de Informatiz Medicati, UMF 3400 Cluj-Napoca, Romania



B. BOCOS D. MOGA, . TIGAN

Obiectivele propuse in studiul detfaau fost: (i) izolaregi identificarea
aeromonadelor prezente in surse individuale degafabik netratat si (ii) investigarea
caracterelor fenotipice care sunt asociate cu giatahlor enterotoxigen.

Materiale si metode. Prezema bacteriilor din genuAeromonasa fost
determinat in 27 de probe de aprecoltate din tot atatea surse individuale de ap
potabik netratad (fantani), necorespudtoare din punct de vedere bacteriologic.
Au fost izolatesi retinute pentru analiz104 colonii cu aspect caracteristic coloniilor
de Aeromonagpe diferite medii de cultarutilizate in cursul determinilor privind
calitatea igienico-sanitara respectivelor surse deag2]. Pentru filtrarea probelor
de aj au fost utilizate membrane Millipore cu diametrul porilor de 0,45 um, iar
mediile de culturgi reactivii au fost de provenighOxoid, Mercksi Sanofi.

Identificarea tulpinilor izolate s-a ¢t prin utilizarea criteriilor propuse de
P o p o ff[19]. Tulpinile izolate identificate ca fiind aeromonade au fost examinate
pentru cateva dintre caracteristicile biochimice care sunt asociate cu producerea de
enterotoxif/citotoxing, conform datelor din literaturg3,4,8,12,20]. Acestea sunt:
B-hemoliza, producerea de acetoireadia VVoges-Proskauer), decarboxilarea lizinei
si fermentarea sorbitolului.

Rezultatesi discutii. Toate cele 104 tulpini bacteriene izolate in studiul nostru
au fost identificate ca specii mobile afr@énd genuluiAeromonas Capaciitile
biochimice observate la 13 tulpini (12,5%) au eviggrinsyiri ce se regsesc doar
patial in caracterizarea fenotipurilor din cadrul acestui gen [13}1déntificarea clat
a speciilor la care apar sau a grupurilor de hibridare (HGs), in lipsa detefinior
genetice, nu a fost posibilin cazul celorlalte 91 de tulpini (87,5%), incadrarea in
specie, prin utilizarea criteriilor biochimice, a putut fi realizat wurinta.

Distributia aeromonadelor in cele 27 de surse de iapestigate a fost
urmatoarea: in probele de @pgare au provenit din 20 de fantani, au fost decelate
tulpini apatinnd la céte o singuspecie dé\eromonasprobele recoltate din celelalte
7 fantani au caimut dou, trei sau mai multe specii de aeromonade.

In privinta distribuiei pe specii a tulpinilor dAeromonaszolate in studiul
nostru, rezultatele auaat & 81,73% dintre acestea (85 de tulpini) au Aostydrophila
HG1, 5,77% (6 tulpini) au fosA. caviaeHGb5a, iar 12,5% au fost aeromonade
neidentificate la nivel de specie (Tabel 1).

Tabel 1
Speciile deA er o mon asprezente in probele analizate

Mediul de izolare Nr. de tulpini  Nr. de tulpini de Nr. de tulpinide  Nr. de tulpini

izolate A.hydrophila A.caviae neidentificate
RYAN 67 53 5 9
TCBS 25 20 1 4
GEAM 12 12 0 0
TOTAL 104 85 6 13
(%) (100) (81,73) (5,77) (12,5)

* — Tulpini neidentificate, la nivel de specie, pe baza caracterelor biochimice.
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Este de meionat & toate tulpinile izolate de pe mediul GEAM, din colonii
lactozo-negative (colonii lipsite de interes din perspectiva evahacteriologice
curente a calitii apelor potabile, tratatei netratate — in etapa de confirmare a
coliformilor totali, care constituie totodiattapa de prezuia inh determinarea nivelului
coliformilor fecali [21]), au fost identificate cA. hydrophilaHG1 — aeromonade
aflate pe primul loc in “top-Upatogenilor importanai genului. Aceagtobservée se
constituie intr-un argument suplimentar, datai era nevoie, in sprijinul Tndoielii pe
care o exprir unii specialti, cu privire la eficiega utilizarii bacteriilor coliforme
ca parametri bacteriologici cuteni calititii apei [5,16]. Ati autori sunt de grere @,
deoarece apa deiltt netratat a fost deja identificatca factor semnificativ de risc,
in bolile asociate cu aeromonadele [15], prezémacteriilor din acest gen ar trebui
considerat indicator de condi nesatisftatoare, in special in caracterizarea apei
provenite din fantani individuale, netratate sistematic prin metoda aiofit].

Bacteriile apainand specief. hydrophilaHG1 au fost prezente in 23 (85,2%)
dintre cele 27 probe de @@analizate Tn acest studiu, fiind singurele aeromonade
izolate Tn cazul a 17 dintre acestea. Tulpini identificaté&.ceaviaeHG5a au fost
izolate din 4 probe (14,8%), dintre care Tn 2 probe au constituit singurii reprazentan
ai genului, iar aeromonadele neidentificate la nivel de specie au provenit din 7 probe
de af (25,9%), in care au fost prezente singular (in 2 prota)riade A. hydrophila
(in 4 probe), sau simultan éunydrophilasi A. caviae(intr-o singui proli de aj).

In urma examidrii caracteristicilor biochimice asociate cu enterotoxicitatea,
la cele 104 tulpini d&eromonaszolate in studiul nostru (Tabel 2), s-a obserdat ¢
procentele mari deispunsuri pozitive, la testele cele mai semnificatsagmoliza,
reagia VP, decarboxilarea lizingi fermentarea sorbitolului), au fost determinate
mai ales de tulpinile incadrate in spe&ichydrophilaHG1.

Tabel 2
Caracteristici biochimice asociate cu enterotoxicitatea,
studiate la tulpinile deAerom o n asizolate
Caracteristicile Tulpini izolate care au dat regapozitive:
biochimice asociate cu Total (104) A.hydrophila (85) A.caviae (6) Neidentificate (13)
enterotoxigenitatea  nr. % nr. % nr. % nr. %
B —Hemoliz™ 90 86,5 79 92,9 0 0 11 84,6
Voges-Proskauer 82 78,8 74 87 0 0 8 61,5
Lizin-decarboxilaz 98 94,2 85 100 0 0 13 100
Acid din sorbitol 59 56,7 52 61,2 0 0 7 53,8

* — Tulpini neidentificate, la nivel de specie, pe baza caracterelor biochimice.
** — Pe mediul agar-sange cu eritrocite de oaie.

Unii autori sunt de Jrere @ se poate vorbi despre o cotigozitivi strang
intre citotoxicitatea tulpinilor déeromonas hydrophilai reagia VP pozitiva [3,7].
Alti autori au corelat toxigenitatea tulpinilor Aeromonascu activitatea lizin-decar-
boxilazeisi cu fermentarea sorbitolului [7,8]. Tn s§éir dupa B u r k esi colab. [4],
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97% dintre tulpinile citotoxice daeromonagot fi clasificate ca atareirfi rezend, in
functie de activitatea lor hemolitic Precizm ca, in cazul tulpinilor deAeromonas
hydrophilaizolate din ap potabik, corelaia gisiti de Han d fi e | di colab. [9]
intre Tnsyirile hemoliticesi citotoxicitatea acestor tulpini fade linia HT- 29 de
celule intestinale umane a fost mai putetrdecat in cazul aeromonadelor izolate
din alimente.
In lumina acestor informi dintre cele 104 tulpini d&eromonasnvestigate
in studiul de f&, 48,1% (n=50) au dovedit proptigtfenotipice asociate cu potgul
enterotoxigen al aeromonadelor, fiind capalilpredu@ acetoita (reagia VP pozitia),
si determingB-hemoliz pe agar-sange cu eritrocite de oadegdacarboxileze lizina
si sa fermenteze sorbitolul. Dintre acestea, 47 de tulpini au fost identificate ca fiind
A. hydrophilaHGL, iar 3 tulpini audcut parte din grupul celor pentru care Tncadrarea
in specie, dupprofilul biochimic, nu a fost posikil Toate tulpinile identificate ca
fiind A. caviaeHG5a au avut gpunsuri negative la cele patru teste tiograte mai
sus (Tabel 3).
Tabel 3
Tulpinide Aeromonak care a fost pus in eviderta prezenta simultana a patru
dintre Tnsusirile fenotipice asociate puternic cu enterotoxigenitatea acestor bacterii

Tulpini izolate Total (%) A(%) B (%) C(%)

A. hydrophila 85 (100) 71 (83,5) 52 (61,2) 47 (55,3)
A. caviae 6 (100) 0 (0) 0 (0) 0 (0)
Neidentificaté 13 (100) 7 (53,8) 7 (53,8) 3(23,1)
Total 104 (100) 78 (75) 59 (56,7) 50 (48,1)

* — Tulpini neidentificate, la nivel de specie, pe baza caracterelor biochimice. Aar diitlpini
pozitive pentru reaia VP si pentru f-hemoliz. B — Nunir de tulpini pozitive pentru
decarboxilarea lizingji pentru fermentarea sorbitolului. C — Nimale tulpini pozitive pentru
caracteristicile biochimice mgonate la categoriile Ai B.

Concluzii. 1. Prezeta bacteriilor din genuheromonas fost pusin eviderma
in toate cele 27 de surse individuale dé pptabili netratai investigate, surse
despre care analiza curgmte potabilitate a demonstrat icu sunt corespugitpare
din punct de vedere bacteriologic

2. Grupurile de hibridare la care ararmeromonadele identificate in studiul
nostru sunfieromonas hydrophiledG1 si Aeromonas caviaklG5a. Frecve@ cea mai
mare de izolare a fost obsetvat cazul bacteriilor ap@nand grupuluiA. hydrophila
HG1, atat din punctul de vedere al rinoiui de tulpini izolate (81,7% din total),
catsi din cel al nunarului de probe in care a fost decelptezema lor (85,2%).

3. Insyirile asociate cu poteialul enterotoxigen la bacteriile din genul
Aeromonasau fost puse in evidenla 48,1% din totalul tulpinilor izolate, marea
lor majoritate fiind organisme incadrate in spéciydrophila Toate cele 6 tulpini de
A. caviaeizolate Tn acest studiu au avuspiinsuri negative la testele asociate cu
enteropatogenitatea aeromonadelor.
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RECENZII - BOOK REVIEWS

Ethiopian Rift Valley Lakes, edited by University, Canada). The book also includes
C.Tudorancea and W.D. Taylor,a subject index and an index of taxa. Each
Backhuys Publishers, Leiden, the Netherlandsof the eleven chapters contains a substantial
2002, 289 pages with 27 tables and 35and updated bibliography.
figures in the text. In the following we present the author(s)
and titles of the chapters: Chapter 1: C. Tudo-
rancea and W.D. Tayldmtroduction; Chapter
The book is included in “Biology of Inland 2: G. Wolde GabrielThe Main Ethiopian Rift
Waters” series, initiated by Dr. K. Martens System: an overview on volcanic, tectonic,
(The Royal Belgian Institute of Natural Sci- rifting and sedimentation processes, Chapter 3:
ences, Freshwater Biology, Brussels). The topid.M. Baxter,Lake morphology and chemistry;
of this book represents one of the prioritiesChapter 4: Elizabeth Kebedehytoplankton
of biological research, dealing with biodiver- distribution in lakes of the Ethiopian Rift
sity of several Ethiopian Rift Valley lakes. Valley; Chapter 5: W.D. TaylorElizabeth
All issues are considered within the frameworkKebede and Zinabu Gebre-MariaRrjmary
of sustainable development. and secondary production in the pelagic zone
Due to its content, the book fulfils several of Ethiopian Rift Valley lakes, Chapter 6:
actual requirements of the limnological field. C. TudoranceaZoobenthic and weed-bed
Thus, it completes the studies made in thdaunas, Chapter 7: Eyualem Abeb&ree-
Ethiopian Rift Valley, providing new data living aquatic nematodes of the Ethiopian Rift
on the Northern lakes, less studied in previoud/alley; Chapter 8: A.D. HarrisorA general
papers. This study was possible due to someiew on the communities of the Chironomidae
major research projects that took placeadults in the Ethiopian Rift Valley lakes;
between 1980 and 1997, coordinated by theChapter 9: K. MartensQstracoda in the
universities in Waterloo, Ontario, Canada andzZiway-Shala-Awasa Basins, Chapter 10:
Addis Abeba, Ethiopia. Several researchersA.S. Golubtsov, Yu.Yu. Dgebuadze and M.V.
specialists in different fields, coming from Mina, Fishes of the Ethiopian Rift Valley;
three continents (Europe, North America andChapter 11: Zinabu Gebre-Mariaiiine Ethio-
Africa) were involved in this study. pian Rift Valley lakes mgjor threats and
The editors, Professor C. Tudoranceastrategiesfor conservation.
(Department of Ecology-Genetics, Faculty of  The authors followed the two main
Biology and Geology, Babes-Bolyai Univer- objectives of sustainable development: the
sity) and Professor W.D. Taylor, both arestudy of aquatic community structure and
world-wide known limnologists. They made functions, correlated to ecological factors
a huge effort to synthesise the results, inn the considered lakes. This study had a
spite of the fact that the specific subjects ofdouble purpose: on the one hand, protection
the chapters were presented by differentand conservation of the lakes, and on the
authors or group of authors. other hand, the use of some natural reserves
The book consists of eleven chapters,by local populations. Other important aspects
accompanied by the foreword written by thewere also considered, for example the main
honoured Professor H.B.N. Hynes (Waterloohuman impacts on aquatic environments.
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They were caused by fast increases in inhabipopulations’ education for a better understand-
tants’ number from the study area, togetheiing of the existing environmental problems.
with accelerated urbanisation and the devel- Because of the issues discussed, the book
opment of industry and agriculture. The lackrepresents a useful tool not only for specialists,
not only of integrated monitoring programs, but also for teachers and students. The book
but also of clear strategies concerning thealso provides valuable information for scien-
management of water resources enhancetists that work in the integrated management
human impacts on the study area. Wateof water resources, as well as for those who
resources have an extraordinary importanceglaborate and improve the environmental
being vital not only to the local populations, legislation and the strategies of natural re-
but also to the wild life. Thus, problems re- sources, sustainable use of the aquatic ecosys-
lated to the management of water resourcetems. The subjects of the book represent a
are also taken into consideration, in accorvaluable basis for future limnological studies
dance with environmental legislation and itsof lakes in Africa or in any part of the world.
gaps. Another important issue was the local

LAURA MOMEU
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