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EFFECT OF FREE AND LIPOSOMIZED ALBENDAZOLE
ON THE IMMUNE RESPONSES IN HEALTHY AND TOXOCARA
CAMS-INFECTED MICE

VPLYV VOLNÉHO A LIPOZÓMOVANÉHO ALBENDAZOLU 
NA IMUNITNĚ PREJAVY ZDRAVÝCH A TOXOCARA CANIS 
INFIKOVANÝCH MYŠÍ

Z. Borošková1, E. Dvorožňáková1, P. Dubinsky1, S. Velebný1, O. Tomašovičová1,
B. Machnicka"

1 Parasitological Institute of the Slovak Academy of Sciences, Košice, Slovak Republic 
"Parasitological Institute of the Polish Academy of Sciences, Warszaw, Poland

ABSTRACT: The effect of free and liposomized albendazole on the lymphoproliferative activity was studied in healthy and 
Toxocara ctinís-infected mice. The level of specific circulating antibodies was simultaneously assessed in infected animals. 
A replicated administration of drug-free liposomes to healthy mice considerably reduced the response of T and В cells to 
non-specific polyclonal activators (Concanavalin A, Lipopolysaccharide, Pokeweed mitogen). Liposomes with incorporated 
albendazole, administered at a dose of 10 mg/kg b.w. twice a day for 5 days, also suppressed the same cell population activity 
in healthy mice. On the contrary, free albendazole given to healthy animals stimulated their T- and В-cell activity to polyclonal 
activators. After infection of mice with T. canis, the proliferative activity of both cell populations and the level of specific 
circulating antibodies were enhanced. A therapy of infected mice with liposomized albendazole partially inhibited the lym­
phocyte proliferative activity and the level of specific circulating antibodies fell significantly compared with only infected 
animals. The efficacy of liposomized albendazole against T. canis larvae in the muscles during the myotropo-neurotropic 
phase of their migration was 41.6 to 60.8% and in the brain 52.4 to 60.8%.

mouse; toxocarosis; liposomes; albendazole; immunity

ABSTRAKT: Preskúmal sa vplyv volného a lipozómovaného albendazolu na lymfoproliferačnú aktivitu zdravých a Toxo­
cara cí7/iz5-infikovaných myší. U zvierat po infikovaní sme zároveň sledovali hladinu špecifických cirkulujúcich protilátok. 
Opakované podávanie prázdných lipozómov zdravým myšiam preukazne znížilo odpověď T а В buniek na nešpecifické 
polyklonové aktivátory (Concanavalin A. Lipopolysaccharide. Pokeweed mitogen). Lipozómy s inkorporovaným albendazo­
lom, aplikovaným v dávko 10 mg/kg ž.h. dvakrát denne po dobu piatich dní, aktivitu tých istých buňkových populácií 
u zdravých myší tiež potlačili. Ale naopak, aplikácia volného albendazolu zdravým zvieratám odpověď T а В buniek к po- 
lyklonovým aktivátorom stimulovala. Po infikovaní myší T. canis sa lymfoproliferačná aktivita obidvoch buňkových populácií 
a hladina špecifických cirkulujúcich protilátok zvýšila. Po terapii infikovaných myší lipozómovaným albendazolom došlo 
к čiastočnej inhibícii proliferačnej aktivity lymfocytov a hladina špecifických cirkulujúcich protilátok významné poklesla, 
v porovnaní s len infikovanými zvieratami. Účinnost lipozómovaného albendazolu na larvy T. canis v svalstve v myotrop- 
no-neurotropnej fáze migrácie lariev bola 41,6 až 60,8 % a na larvy v mozgu 52,4 až 68,2 %.

myš; toxokaróza; lipozómy; albendazol; imunita

INTRODUCTION

One of many side effects of benzimidazole derivates 
is the exposure of the host immune system. This ther­
apy entails allergic and autoimmune reactions, stimu­
lates T suppressors in the host organism and affects the

Partially supported by the Scientific Grant Agency - VEGA (Grant

production of immunocomplexes (Astafyev, 1988; 
Cuellar et al., 1990). The adverse effects of treatment 
may also be caused by the immunomodulative proper­
ties of benzimidazoles themselves (Ozeretskov- 
s к a у a, 1980). Depending on the species and strain of 
the animal, the drug dose levels and the application 
time may induce changes in the immunostatus of the

). 2/5012/98).
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infected host (Ozeretskovskaya, 1980; Dvo- 
rožňáková aj., 1997).

One of the possibilities of enhancing the efficacy of 
albendazole is its incorporation into liposomes, which 
influence the pharmacokinetics of drugs, their distribu­
tion in the organism (Fielding, 1991) and have ad­
juvant effect on the host immune responses (Alving. 
1991; Hrčková and Velebný, 1997; Veleb­
ný et al., 1995, 1996).

The aim of this study was to investigate the prolif­
erative response of T and В lymphocytes and the level 
of specific antibodies after the administration of free 
and liposomized albendazole (lipABZ) to healthy and 
Toxocara canis-infected C57BL6 mice. The efficacy of 
lipABZ against T. canis larvae migrating in the host 
muscles and brain was evaluated in the same animals.

MATERIAL AND METHODS

Animals and experimental design

Experiments were conducted on 144 inbred C57BL6 
female mice divided into six groups of 24 animals each. 
The mice were kept under a 12hr light regime (I2hr 
light and 12hr dark) at 19-21 °C and 56% humidity on 
a freely available standard diet (commercial pellets) 
and waler.

Group I consisted of healthy, uninfected and un­
treated mice.

Group 2 was composed of healthy mice given drug­
-free liposomes al a dose of 20 mg phospholipids per 
eg b.w. twice a day for 5 days from day 28 to day 32 
of the experiment.

Group 3 comprised healthy mice treated with free 
albendazole at 10 mg/kg b.w., twice a day for 5 days 
(total dose 100 mg/kg), at the same time as Group 2.

Group 4 of healthy mice was given liposomized al­
bendazole (lipABZ) al 10 mg/kg b.w., twice a day for 
5 days (total dose 100 mg/b.w.), at the same time as 
Group 2.

Group 5 was infected by oral probe with a single 
dose of 1000 T. canis eggs per mouse.

Group 6 was infected with T. canis like Group 5 and 
dehelminthized with lipABZ al 10 mg/kg b.w., twice 
a day for 5 days (total dose 100 mg/kg) al the same 
time as Group 2.

T. canis eggs were isolated from the uteri of fe­
males, recovered after dehelminthization of infected 
puppies, and incubated in 0.IN H2SO4 at room tem­
perature for 28 days to reach infective stage.

Splenic lymphocytes from all six animal groups 
were isolated on day 0 (prior to the experiment) and on 
experimental days 14, 28. 35. 42, 56, 70 and 84. Blood 
samples were also taken on the same days from the tail 
of animals in Groups 5 and 6 to assess the level of 
specific antibodies. Each given day three mice of each 
group were sacrificed and samples from spleen and 
serum we examined separately.

Proliferation of T and В lymphocytes

Cells, isolated from splenic homogenate under ster­
ile conditions, were washed twice with Dulbecco’s PBS 
(pH 7.2) and once with RPMI 1640. Erythrocytes were 
lyzed in 0.84% NH2CI and lymphocytes were diluted 
to a concentration of 5 x IO4 cells per I ml. Concanavalin 
A (ConA), mostly forT cells Lipopolysaccharide (EPS) 
mostly for В cells and Pokeweed mitogen (PWM) for 
both cell populations (all products of SIGMA) were 
used as polyclonal activators of the immunocompetent 
cells. They were used al a concentration of 5 1/ml. The 
lymphocytes and mitogens were placed in 200 pl of 
culture medium (RPMI 1640 with 5%' bovine foetal 
serum and gentamicin at a concentration of I ml per I) 
in Eppendorf lubes and incubated under sterile condi­
tions in CO2 al 37 °C for 72 h. The test-tubes were than 
filled with 20 pl of 3,4-dimclhylthiazole-2.5-diphenyl- 
tetrazolium bromide (SIGMA). The sediment after cen­
trifugation was supplemented with 200 pl of dimethyl­
sulphoxide (SERVA) - Page et al. (1988). DNA 
synthesis was measured spectrophotometrically at E540 
and e680 nm. Cell activation rate was expressed as a 
stimulation index (5/) according to the formula:

t;/ E540- '-680 (stimulated cells)
E540 - E680 (nonsli mu kited cells)

ELISA for detection of specific circulating antibodies

Sera were examined by ELISA (H a v a s i o v á and 
Rei terová et al.. 1995) using E/S antigen prepared 
by the method of de S a v i g n у (1975). T. canis larvae 
(L3) were incubated in RPMI 1640 with addition of 
gentamycin at a concentration of I ml/l in a thermostat 
at 37 °C for 2-3 months under sterile conditions. The 
accumulated metabolites were dialyzed against physi­
ological solution pH 7.2 al 4 °C for 24 hrs. Then they 
were concentrated by means of polyethylenglycocol 
and stored al -20 °C until used. Anti-mouse, peroxi­
dase-labelled IgG (SwAM-Ig-Px; Institute for Sera and 
Vaccines. Prague), diluted I : 2 000. and 0-phenylen- 
diamine with НэО-> were used as a conjugate. The as­
say was evaluated spectrophotometrically at 492 nm. 
The quadruple mean values for pooled negative control 
sera were considered as a cut-off in ELISA. The OD 
values > cut-off were positive and < cut-off negative.

Liposomes and of liposomized albendazole preparation

Albendazole (SmithKline Beecham) was incorpo­
rated into liposomes by the method of В a n g h a m et 
al. (1965). Chloroformo-methanol (2 : I v/v) mixture, 
containing 0.332 mmol phospolipon I OOH (Natter­
mann). 0.0095 mmol cholesterol. 0.047 mmol dicetyl­
phosphate (SERVA) and 0.540 mmol albendazole was 
evaporated under a vacuum. The evaporation residue 
was dehydrated by adding 160 ml buffered saline (pH). 
ABZ-incorporated liposomes were measured on

294 VET. MED. - CZECH. 43. 1998 (10): 293-300



infection

I Proliferative response of T eells to Coneanavalin A after administration of free and liposomized albendazole (lipABZ) to healthy and 
Toxocara cwiiv-infected mice

Group I - healthy mice
Group 2 - healthy mice given drug-free liposomes
Group 3 - healthy mice given free albendazole
Group 4 - healthy mice given liposomized albendazole
Group 5 - mice infected with I ()()() eggs of T. ranis
Group 6 - mice infected with I ()()() eggs of T. ranis and dehelminthized with lipABZ

a Coulter Counter apparatus (man. by Coulter Electron­
ics Ltd). The liposomes ranged between 8.8-5.93 pm 
in diameter. The size of as much as 73.1% of these 
particles ranged between 2.02-4.76 pm. The content of 
drug in liposomes was determined by spectrophotomet­
ric absorption analysis of chloroformo-methanol solu­
tion of liposomized ABZ at 295 nm. Liposomized al­
bendazole contained 0.9 mg of drug/ml.

Isolation of T. cams larvae from organs

The whole brain and all muscles were examined on 
days 10, 24. 38 and 52 after the last dose of the drug. 
Larvae were isolated from tissues (Velebný et al.. 
1992) in artificial digestive solution (1% pepsin 10 000 
U and 0.45% hydrochloric acid), sedimented and 
counted under microscope at a 60-fold magnification.

Statistical evaluation

Probability significance was determined by a two- 
-tailcd Student's test, assuming equal variances. Statis­

tical significance for all comparisons was set at P < 
0.05 or P < 0.01.

RESULTS

Proliferative response of T and В lymphocytes to 
polyclonal activators

The lymphoproliferative activity in Group 1 
(healthy, uninfected and untreated animals) showed al­
most no variation throughout the experiment (Figs. 1-3).

ConA (Fig. I)

SI values in Group 2 (healthy mice, treated with 
drug-free liposomes), after a short moderate increase, 
remained below the SI values for Group I. From day 
24 after liposome application this decrease was statis­
tically significant (P < 0.01). Compared with Group I, 
Group 3 (healthy mice, treated with free ABZ) exhib­
ited an enhanced activity of T cells from day 3, with

VET. MED. - CZECH. 43. 1998 (10): 293-300 295



2. Proliferative response of В cells to lipopolysaccharide after administration of free and liposomized albendazole (HpABZ) to healthy and 
Toxocara cwiiv-infccted mice

Legend: see Fig. I

maximum SI on day 38. From day 10 after drug admi­
nistration until the termination of the experiment the 
response of T eells was significant (P < 0.05: P < 0.01).

In Group 4 (healthy animals, treated with HpABZ) 
the phases of marked decline in SI alternated with their 
moderate increase. Compared with Group I, SI values 
for Group 4 were significantly (P < 0.01 or P < 0.05) 
lower only on days 3, 10 and 38 after treatment with 
HpABZ. In Groups 5 (infected mice) and 6 (infected. 
lipABZ-treatcd mice), the SI values curve followed al­
most the same pattern throughout the entire experi­
ment, with the values for Group 6 being insignificantly 
lower than for Group 5. The different SI values in 
Groups 5 and 6 were not statistically significant except 
for day 3, 10 and 42 after treatment (.P < 0.05).

LPS (Fig. 2)

Like with ConA. the response of T cells to LPS in 
Group 2 was suppressed for most of the experiment, 
with the most conspicuous decline in their mitotic ac­
tivity being observed on day 38 after liposome admi­
nistration <P < 0.01). On the contrary, animals in 
Group 3 compared with Group 1 exhibited a short-term 
elevated activity of T cells. Statistically significant 
(P < 0.05) were only on day 10 after treatment.

A short-term inhibition of the values in Group 4. re­
corded on days 3 and 10 after HpABZ administration 
was significant compared with Group I (P < 0.01 and 
P < 0.05. respectively). A noticeable stimulation of the 
cell activity occurred in Groups 5 and 6. with maxi­
mum SI observed on day 28 p. i., with the only differ­
ence in an insignificantly lower proliferative response 
recorded in Group 6 for the duration of the experiment. 
The differences in values among Groups 5 and 6 were 
not statistically significant.

PWM (Fig. 3)

A considerable inhibition of the proliferative activ­
ity of T and В cells was detected in Group 2 compared 
with Group I. The inhibitory effect of liposomes in 
Group 2 was noticeably manifested from day 24 after 
liposome administration (P < 0.05) until the end of the 
experiment.

On the other hand, the administration of free ABZ 
largely stimulated the response of both cell populations 
to the polyclonal activator and significantly (P < 0.01) 
increased SI values on days 3. 10 and 24 post treatment. 
A significant (P < 0.05: P < 0.01) inhibition of the 
lymphocyte proliferative activity in Group 4. compared 
with Group I. was observed from day 3 to day 24 after

296 VET. MED. - CZECH. 43. 1998 (10): 293-300



3 Proliferative effect of T and В cells to Pokeweed mitogen after administration of free and liposomized albendazole (lipABZ) to healthy 
and Toxocara c<//z/.v-infected mice

Legend: see Fig I

treatment with lipABZ. The 5/ value curve in Groups 
5 and 6 followed the same patern, with the increase 
recorded from day 14 and maximum reached on day 28 
p. i. The lower SI values in Group 6 compared with 
Group 5 were significant (P < 0.05) only on day 3 post 
treatment.

Specific circulating antibodies (Fig. 4)

The cut-off in ELISA was considered OD = 0.400. 
Group 5 had a noticeably increased level of antibodies 
from day 35. with maximum litre values on day 42 p. i. 
In Group 6 the antibodies were only slightly elevated 
with the maximum reached on day 24 after treatment. 
Compared with Group 5. the antibodies in Group 6 had 
significantly (P < 0.05; P < 0.01) lower litres from day 
3 lo day 24 after treatment.

Effect of liposomized albendazole on T. canis larvae 
(Tab. 1)

The larval egg count in the muscles of Group 6 
treated with lipABZ was reduced by 41.5-60.8% com­
pared with Group 5. The greatest reduction was re­
corded on day 84 p.i. The larval count in the brain was 
reduced between 52.4 and 68.2% The lowest reduction

was found on day 42 p.i. and the highest on day 56 p.i. 
The difference between the mean larval count in the 
muscles and the brain was statistically significant (P < 
0.05).

DISCUSSION

Benzimidazole derivatives have been known to exert 
embryotoxic, carcinogenic, neurotoxic and other side 
effects, but little is known about their influence on the 
immune system in helminthic diseases. Moreover, the 
existing data about their effect on the host immune 
reactivity are inconsistent and depend on the kind of 
benzimidazole derivative, its dose level and on a par­
ticular helminthosis (B a r t a el al., 1986; Fallon el 
al.. 1993; Džabarova el al.. 1994; Jacobs el al., 
1996). Il is possible to enhance the efficacy of benzimi­
dazoles by their incorporation into liposomized vesic­
les. and thus to ensure the prolonged transport of the 
drug into the organism (Velebný cl al.. 1997).

Although liposomes have been know for same time 
for their immunoadjuvat effect, little attention has been 
paid lo the direct effect of phospolipids on the immune 
system of the healthy organism. Our findings suggest 
that drug-free liposomes in healthy animals inhibit the

VET. MED. - CZECH. 43. 1998 (10): 293-300 297



4. Dynamics of specific circulating antibodies after administration of liposomized albendazole (lipABZ) to mice infected with Toxocara

Legend:
—e— mice infected with I 000 eggs of T. canis

" •' mice infected with I 000 eggs of T. canis and dehelminthized with lipABZ

I. Effect of liposomized albendazole on Toxocara canis larvae in mice

1

of larvae group

Number of T. canis larvae in 1 g of tissue and their reduction after treatment

day 42 p i. day 56 p.i. day 70 p.i. day 84 p.i.

a ± S.D.
reduction 
of larvae 

(%)
a ± S.D.

reduction 
of larvae 

(%)
a± S.D

reduction 
of larvae 

(%)
a ± S.D

reduction 
of larvae 

(%)

Muscles
group 5

group 6

31.0 ± 3.7

16.6 ± 1.2 46.4

29.4 ± 1.2

17.2 ± 3.4 41.5

27.1 ± 4.0

15.2 ± 3.5 43.9

26.8 ± 3.8

10.5 ± 1.4 60.8

group 5

group 6

491.2 ± 55.3

233.8 ± 29.4 52.4

400.0 ± 12.9

127.3 ± 9.5 68.2

601.0 ± 20.9

209.0 ± 9.5 65.2

568.2 ± 16.7

191.5 ± 2.9 66.3

proliferative response of splenic T- and В-cell popula­
tions for almost the entire experiment since their admi­
nistration. The results show that drug-free lipososmes 
given to healthy animals inhibit the functional activity 
of cells, more that of T cells than of В cells. This 
inhibition concerns mainly the response of T cells to 
ConA to which according to S t o b о (1980), primarily 
the subpopulation of cytotoxic T lymphocytes re­
sponds. It cannot be deducted whether this is the result 
of a slow increase in the absolute number of individual

subpopulations or of the reduced number of surface 
receptors for individual subpopulations.

Contrary to drug-free liposome vesicles, albenda­
zole incorporated into the vesicles and given to healthy 
mice moderately enhanced the proliferative activity of 
T and В lymphocytes, which was the most conspicuous 
in the cell response to ConA and PWM. The enhance­
ment of the lymphoproliferative activity after the admi­
nistration of free ABZ to healthy animals is likely to 
be associated with the stimulative effect of free drug.

298 VET. MED. - CZECH. 43. 1998 (10): 293-300



Our previous study (Boroš ková et al.. 1996) also 
showed that therapy with free ABZ increased the lym­
phoproliferative activity of mice with experimental 
toxocarosis. while the level of specific antibodies re­
mained unchanged.

The strongest lymphoproliferative response to poly­
clonal activators was observed after infection of ani­
mals. After their treatment with lipABZ, however. SI 
values did not reach the level of those in untreated 
infected animals. Liposome vesicules alone are not im­
munogenic and for assertion of their adjuvant effect 
they require the incorporation of antigen (Allison. 
1979; Velebný el al.. 1995). Since in our study not 
antigen but only drug was incorporated into 
liposomized particles, their immunoadjuvant effect was 
unlikely. .

Animals treated with lipABZ had a significantly in­
hibited production of specific circulating antibodies 
throughout the most of the experiment. A weaker hu­
moral response occurred as early as the first week after 
drug administration and on day 35 p.i., i.e. at the time 
when migrating T. can is larvae reach as far as the brain. 
Decreased levels of antibodies after treatment of lambs 
with another benzimidazole (fenbendazoie) were also 
reported by Cabaj el al. (1994). This anthelmintic, 
however, was given in suspension and animals were 
immunized with nonspecific antigens. The reduced lev­
els of circulating antibodies after lipABZ treatment in 
our studies could have been connected with the sup­
pression of the functional activity of В cells, responsi­
ble for their production. Contrary to these results, treat­
ment of experimental larval toxocarosis with another 
benzimidazole derivative (mebendazole) and with 
diethylcarbamazine showed that the temporary de­
crease in the level of antibodies was succeeded by their 
further increase and persistence (K a t о . 1973; Cuel­
lar et al.. 1990).

According to some authors, the influencing of the 
immune system with benzimidazoles may result from 
a release of large numbers of antigens after the destruc­
tion of larvae by drug (Fallon et al.. 1993; 
Džabarova et al.. 1994). We believe that in our 
study the decreased lymphocyte proliferation rate and 
the significant suppression of specific antibody produc­
tion in infected and treated animals may also partially 
be attributed to the inhibited production of E/S antigen 
by T. can is larvae. ES antigens in the case of toxo­
carosis are considered as the most effective immuno­
genes produced by larvae (Lloyd. 1987).

The results obtained suggest that the inhibitory ef­
fect of liposomized drug on the immunocompetent cells 
of healthy and infected animals and the decreased level 
of specific anti-Taroctira antibodies may entail the 
changes in the immunological balance of the healthy 
and the infected host. This impairment could affect the 
result of pharmacotherapy and the susceptibility to in­
fection. as it was observed in the treatment of other 
helminthoscs (D ž a h a r o v a et al.. 1994). In this con­
nection. the immunomodulatory effect of albendazole

could have a relationship to the induction of resistance 
to anthelmintic, which is the subject of studies with 
other antiparasitic drugs (Cox. 1992; Doenhoff 
and Davies, 1992).

Despite the negative effect of drug-free liposomes 
on the selected immune parameters, their role in the 
improvement of drug pharmacokinetics in larval toxo­
carosis is indisputable (Velebný et al., 1997). In 
following the effect of lipABZ on the reduction of lar­
val count, it was observed that the dynamics of T. canis 
larval count reduction in the muscles of mice after 
drug-administration was taking a relatively steady 
course for 38 days since the last dose, i.e. until day 
70 p.i.

A moderate reduction in larval count was recorded 
as late as day 84 p.i. On the contrary the utmost reduc­
tion in the larval count in the brain (68.2%) was ob­
served as early as day 24 after the termination of treat­
ment. i.e. on day 56 p.i. A mean reduction in the larval 
count in the mouse brain was by some 15% higher than 
that in the muscles. This finding leads to the assump­
tion that the biological availability of liposome-incor­
porated albendazole was higher in the brain than in the 
muscles.

Albendazole given as pure substance is known for 
its larvicidal effect on T. canis larvae in the brain 
(Delgado et al.. 1989). This suggests that the drug 
has the properties by which it as able to bypass the 
blood-brain barrier (BBB). With respect to its chemical 
structure, albendazole is classed with base compounds 
that are transported trough the BBB. The more lipo­
philic the base compound, the easier is the transport 
(Terasaki and Tsuji, 1994). The same authors 
believe that the use of a suitable transport system is one 
of the possibilities of increasing the drug permeability 
through the BBB. Our results suggest that liposomes 
contribute to the enhanced transport of albendazole 
through the BBB.

Based on the mentioned findings and on the results 
of this study, we believe that the main reason for the 
enhanced larvicidal efficacy of albendazole against T. 
canis larvae in the brain is the higher lipophilicity of 
liposomes compared with the drug alone.
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OCCURRENCE OF COCCIDIA (CARYOSPORA NEOFALCONIS
AND CARYOSPORA KUTZERI) IN BIRDS OF PREY IN FALCON
BREEDING FACILITY IN MILOTICE IN THE CZECH REPUBLIC

VÝSKYT KOKCIDIÍ (CARYOSPORA NEOFALCONIS A CARYOSPORA 
KUTZERI) U DRAVÝCH PTÁKŮ V ODCHOVNĚ SOKOLOVITÝCH 
DRAVCŮ V MILOTICÍCH V ČESKÉ REPUBLICE

I. Pavlík1, ,1. Černík1, J. Bárta2, J. Kundera*, Z. Pecka3

1 Veterinary Research Institute, Brno, Czech Republic 
"Falcon Breeding Facility, Milotice, Czech Republic
3 Institute of Parasitology, Academy of Sciences of the Czech Republic, České Budějovice, 

Czech Republic

ABSTRACT: Parasitological examinations of 430 faecal samples collected from 91 birds of prey kept in the Falcon Breeding 
Facility in Milotice belonging to 10 species were conducted in 1991-1992. Caryospora neofalconis was first detected in 
4 falcons suffering from diarrhoea and lethargy in 1991. Subsequently oocysts C. neofalconis were found in 68 samples 
collected from 30 birds. The first finding of C. kutzeri was recorded in 1992 in faecal samples from a clinically normal 
gyrfalcon (.Falco rusticolus) imported from Denmark. Subsequent examinations of 327 faecal samples demonstrated oocysts 
of C. kutzeri in I I of the 77 birds examined. Concurrent infection by oocysts of both species was found in one kestrel 
(F. tinnunculus). Repeated examinations demonstrated that C. neofalconis was replaced by C. kutzeri in two hobby falcons 
(F. subbuteo) and two saker falcons (F. cherrug). Of the falcons showing weight loss, lethargy and diarrhoea, seven were 
infected by C. neofalconis and three by C. kutzeri. Treatment of the infected birds with Sulfakombin (Galena, Opava, Czech 
Republic) resulted in full clinical recovery and suppression of oocysts shedding for several weeks. Although oocysts shedding 
resumed later, no clinical signs developed in the prior treated animals.

Caryospora neofalconis; Caryospora kutzeri; birds of prey; diagnostics; therapy; prevention

ABSTRAKT: V letech 1991 až 1992 bylo vyšetřeno 430 vzorků trusu 91 dravých ptáků 10 druhů z Odchovny sokolovitých 
dravců v Miloticích. Druh Caryospora neofalconis byl poprvé zjištěn v roce 1991 u čtyř sokolovitých dravců s příznaky 
průjmu a apatie. Celkem byly oocysty tohoto druhu zjištěny postupně v 68 vzorcích trusu 30 sokolovitých dravců. Druh 
Caryospora kutzeri se poprvé vyskytl v roce 1992 v trusu importovaného zdravého sokola loveckého (Falco rusticolus) 
z Dánska. Po jeho uhynutí z důvodu perikarditidy byly zjištěny ojedinělé oocysty v tenkém střevě oproti masivnímu nálezu 
v obsahu tlustého střeva. V následujících vyšetřeních 327 vzorků trusu 77 dravců byly oocysty tohoto druhu postupně 
prokázány u 11 sokolovitých dravců. Současně oba druhy kokcidií byly zjištěny u poštolky obecné (F. tinunculus). U dvou 
ostřížů lesních (F. subbuteo) a dvou rarohů velkých (F. cherrug) se při opakovaném vyšetření vyskytl nejdříve druh C. neo­
falconis a potom druh C. kutzeri. Z 10 sokolovitých dravců s klinickými příznaky hubnutí, apatie a průjmu byly u sedmi 
dravců zjištěny kokcidie druhu C. neofalconis a u tří dravců kokcidie druhu C. kutzeri. Při terapii se osvědčil Sulfakombin, 
který způsobil vymizení klinických příznaků a zastavení vylučování oocyst na několik týdnů. Pozdější průkaz oocyst u léče­
ných dravců již nebyl doprovázen klinickými příznaky.

Caryospora neofalconis; Caryospora kutzeri; draví ptáci; diagnostika; terapie; prevence

INTRODUCTION

Infections of raptors by coccidia of the family 
Eimeriidae, genera Eimeria (Schwalbach, 1959; 
Huber, 1964) and Isospora (S c h о 11 у s e с к . 1954, 
1956) have been described. Also of importance arc coc­
cidia of the genus Caryospora which includes more 
than 30 species and infects particularly birds of prey

and reptiles (Upton et al., 1986). Two species of 
caryosporan coccidia, C. neofalconis and C. kutzeri, 
were described in 1982 (Böer, 1982). Infections by 
C. neofalconis have been diagnosed in the following 
falconid birds in Germany: peregrine falcon (Falco 
pere grin us), lanner falcon (F. biarmicus), hobby falcon 
(F. subbuteo) and prairie falcons (F. mexicanus). 
C. kutzeri has been found in Germany. Austria and ter-
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ritories of the former Soviet Union in the following 
falconid species: prairie falcon (F. mexicanus), kestrel 
(F. tinnunculus), lanner falcon (F. biarmicus), luggar 
falcon (F. jugger), saker falcon (F. cherrug), gyrfalcon 
(F. rusticolus), peregrine falcon (F peregrinus), and 
hobby falcon (F subbuteo). Some of the birds infected 
by eimerian or caryosporan coccidia showed signs of 
intestinal disease including diarrhoea (Wetzel and 
Enigk, 1939; Cooper, 1969; Böer, 1982; Isen­
bügel and Rübel. 1987).

Free-living falcons, particularly peregrines falcons 
(F. peregrinus) and gyrfalcons (F. eher rug), are rare in 
the Czech Republic, therefore active protection is pro­
vided to maintain these populations. The Falcon Breed­
ing Facility (FBF) was established in Milotice in 1979 
for the purpose of artificial breeding and the introduc­
tion of young birds into their natural environment. The 
establishment of a large colony of birds of prey, 
translocations of the birds’ accessions from other colo­

nics and from the birds’ natural environment gave rise 
to a specific and unprecedented epidemiological situ­
ation. Regular comprehensive checks by veterinarians 
revealed caryosporan coccidia as one of the causes of 
health disorders.

The aim of our investigations was to assess, by sys­
tematic health checks in the FBF in 1991-1992, the 
incidence and significance of caryosporan coccidia in 
artificially bred birds reared in captivity.

MATERIAL AND METHODS

Birds

Parasitological examinations of 430 faecal samples 
collected from 91 birds belonging to 10 species as well 
as crosses of peregrine falcons and saker falcons were 
completed (Tab. I). Three faecal samples were col-

I. Parasitological examinations of faecal samples collected in the Falcon Breeding Facility in 1991-1992

No. 
sampled

C. neofalconis C. kutzeri C. neofalconis and C. kutz.eri
Bird species No. 

infected
No. clinically 

affected*
No. 

infected
No. clinically 

affected*
No. 

infected
No. clinically 

affected*

Peregrine falcon

F. peregrinus

94*

25**

14 (14.9)

7 (28.0) 3 (42.9)

10 (10.6)

6 (24.0) 1 (16.7)

0

0 0

Saker falcon

F.eher rug

192

39

38 (19.8)

14 (35.9) 2 (14.3)

3 (1.6)

I (2.6) 1 (100)

2 (1.0)

2 (5.1) 0

Merlin

F.columbarius

6 0

0 0

0

0 0

0

0 0

Kestrel

F. tinnunculus

13 0

0 0

0

0 0

1 (7.7)

1 (50.0) 0

Lanner falcon

F. biarmicus

5

1

0

0 0

0

0 0

0

0 0

Hobby falcon

F. subbuteo

6 0

0 0

0

0 0

6

2(100) 0

Gyrfalcon

F. rusticolus

18 0

0 0

13 (72.2)

2(100) 0

0

0 0

Hybrids* 67

12

14 (20.9)

7 (58.3) 2 (28.6)

8 (11.9)

2(16.7) 1 (50.0)

0

0 0

Goshawk

A. gentiiis

T1

4

Г"(3.7)

1 (25.0) 0

0

0 0

0

0 0

Sparrowhawk

A nisus

1

1

I*** (100)

1 (100) 0

0

0 0

0

0 0

Eagle owl

Bubo bubo

1

1

0

0 0

0

0 0

0

0 0
1 Total samples 430 68 (15.8) 34 (7.9) 9 (2.1)
1 Total birds 91 30 (33.0) 7 (23.3) 11 (12.1) 3 (27.3) 5 (5.5) 0

Legends:
() % C. = Caryospora
* number of sampled samples F. = Falco
** number of sampled birds A. = Accipiter
*** small number of oocysts
+ clinically affected (diarrhoea, reduced feed intake) birds
& hybrids of peregrine falcons (Falco peregrinus) and saker falcons (Falco cherrung)

302 VET. MED. - CZECH. 43. 1998 (10): 301-306



lected at two-day intervals from birds in the colony to 
detect oocysts shedding. Moreover, samples of large 
and small intestinal contents were collected from a dy­
ing gyrfalcon (F. cherrugj Twelve pairs of birds were 
kept in separate aviaries and others were tied to roosts. 
Clinical signs were assessed in all birds by the collec­
tion of the samples.

Parasitological examinations

Faecal and intestinal samples were screened for coc- 
cidia using flotation in Breza’s solution (Breza. 
1959) with specific gravity 1300. A loopful of the sur­
face layer (diameter 5 mm) was put on a slide and 
viewed at the magnification 80x and the finding was 
scored as + (less than 10 oocysts per loop), ++ (less 
than 6 oocysts per 1 viewing field), or +++ (6 or more 
oocysts per 1 viewing field). Samples containing coc- 
cidian oocysts were placed in 2.0% (w/v) potassium 
dichromate in Petri dishes at room temperature till 
oocysts sporulate. Measurements of oocysts were made 
by means of a calibrated ocular micrometre to obtain 
morphologic data of fifty sporulatcd oocysts.

Therapy

Oral Sulfakomhin (50 mg/ml of sulfadimidine and 
12.5 mg/ml of diaveridine, Galena, Opava, Czech Re­
public) was administered (5 ml/kg bodyweight) on 
three successive days in selected birds (clinical ill birds 
and some shedders). The three-day regime was re­
peated after a two-day pause.

RESULTS

Reduced food intake, impairment of physical condi­
tion and less commonly diarrhoea (thin droppings con­
taining mucus and occasionally blood) were observed 
in several birds kept in the FBF at the end of July 1991. 
The isolated coccidia were identified according to mor­
phology as the species C. neojalconis (Böer. 1982), 
which was demonstrated by parasitological examina­
tion in droppings of four birds showing the most severe 
clinical signs.

The parasitological findings in clinically affected 
birds prompted us to make 3 examinations of colony 
birds. A total of 430 samples was collected from 
91 birds. C. neojalconis was detected in 68 samples 
collected from 30 falcons and in 2 samples collected 
from 2 hawks (Tab. I). No coccidia were found in three 
birds: one wounded peregrine falcon (F. peregrinus) 
living in the wild and two saker falcons (F. cherrug^ 
coming from another owner in the Czech Republic in­
troduced into the colony during the first sampling of 
the colony in November 1991.

Oocysts, which were identified according to mor­
phologic data, were identified as C. kutzeri and were 
detected during the second examination of colony birds

in March 1992. The infected bird was a gyrfalcon (F. rus- 
ticolus) imported from Denmark in February 1992.

No oocysts were detectable in droppings of gyrfal­
con (F. rusticolus) 7 days after the onset of treatment 
(Tab. II). However, oocysts of C. kutzeri were found in 
droppings of 1 1 falcons over a period of several subse­
quent months (Tab. I). The imported gyrfalcon (F. rus- 
ticolus') died of heart failure (fibrinous pericarditis and 
hydropericardium) in December 1992. While only spo­
radic oocysts of C. kutzeri were found in the small 
intestine, their number in the large intestine was very 
high.

Both coccidia species (Tab. II), first C. neojalconis 
and later C. kutzeri, were found in droppings of two 
saker falcons (F. cherrugj two lanner falcons (F. biar- 
micus) and a weak concurrent infection by both species 
in a clinically normal kestrel (F. tinnunculusj Oocysts 
of either C. neojalconis or C. kutzeri were found in 
samples collected from 46 birds (50.6 per cent) kept in 
the FBF. Clinical signs (weight loss, lethargy, diar­
rhoea) were observed in seven (23.3 per cent) and three 
(27.3 per cent) birds infected by C. neojalconis and C. 
kutzeri (Tab. I).

Tab. II shows that a majority of birds, in which 
a caryospora infection was confirmed during the first 
examination, developed no clinical signs. Clinical signs 
disappeared and shedding of oocysts was suppressed 
for several weeks in birds treated with the coccidiostat 
Sulfakomhin. Although renewed shedding was observed 
in some birds later, no clinical disease was observed.

DISCUSSION

Caryospora sp. are the most important causes of 
health disorders in falconid birds of prey (Böer, 1982; 
Upton et al., 1990). Our findings of C. neojalconis 
and C. kutzeri in birds of prey have been the first re­
ported cases in the Czech Republic. Although C. neo­
jalconis was first identified in the FBF only as recently 
as in 1991, owners of birds of prey had been noting 
similar oocysts in microscopic examinations of ejacu­
lates of peregrine falcons (F. peregrinus) and saker 
falcons (F. cherrug) for several years. Most probably 
the ejaculates were contaminated in the cloaca at their 
outflow from gonoducts. Thus the source of infection 
and the time of the introduction of this species into the 
bird colony could be determined.

It is evident that C. kutzeri was introduced into the 
FBF by the gyrfalcon (F. rusticolus) imported in Feb­
ruary 1992, because no oocysts of this species were 
found in previous systematic examinations started in 
1991. Feedborne infection is also highly improbable 
because the birds were fed chicks, laboratory mice and 
rats, and quail (inch eggs) coming from sources free of 
the two coccidia species (Böer, 1982).

Treatment with the coccidiostat Sulfakomhin, 
started immediately after C. kutzeri had been demon­
strated, suppressed shedding of oocysts within 7 days.
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П. Demonstration of Caryospora neofalconis and Caryospora kutzeri on repeated examinations of 14 birds in the Falcon Breeding Facility 
in 1991-1992

Date Demonstration of a s ngle coccidia species
Bird No. PI P2 P3 P4 XI X2 G SI S2 X3

30. 7. 91 л+++*& Л+++ ND ND ND ND ND ND ND ND

12. 8. 91 - - ND ND ND ND ND ND ND ND

9. 9. 91 - n+ ND ND ND ND ND ND ND ND

1. 10. 91 - - ND ND „++•» ND ND ND ND ND

29. 10. 91 - л+ ND ND - ND ND ND ND ND

6. 11. 91 n*& - ND - - - ND - - ND

22. 11. 91 - - ND - ND - ND ND ND ND

1. 12. 91 - - ND - ND - ND ND ND ND

5. 3. 92 - n* ND - - Л+ k+* - - -

7. 3. 92 - n++ ND - Л+ - k+ - - -

9. 3. 92 - n* ND n+ - - _& - - -

16. 3. 92 - ND ND - ND - - ND ND ND

11.5. 92 - ND ND - - - - - - -

13. 5. 92 - ND ND - - - - - - -

15. 5. 92 - ND ND - - - k+ - - k*

30. 6. 92 - ND - ND ND - ND ND -

10. 8. 92 - ND - - ND ND k* ND ND -

25. 9. 92 - ND Л+ - - - k+ k** - k*

27. 9. 92 - ND Л++ - - Л + - k+* - k+++

29. 9. 92 - ND Л+ - - - - k*

19. 10. 92 ND ND Л+++ - ND - k+ - U k+++

Tl. 10. 92ND ND n* - ND ND - - - - /:+++

Demonstration of both coccidia species in one bird

Date
Bird No. S3 S4 H К

6. 11. 91 n* Л+ - ND

22. 11.91 - - ND ND

5. 3. 92 - - Л+ ND

7. 3. 92 - - Л++ ND

9. 3. 92 - - Л+++ ND

25. 9. 92 - - k+ -

Tl. 9. 92 - - k+ -

29. 9. 92 A+ - k+++ -

19. 10. 92 - k+ ND л+, k+

27. 10. 92 - k++ ND -

Legends:
* clinical signs (weight loss, diarrhoea)
& beginning of therapy (coccidiostat-Sulfakombin)
PI-P4 peregrine (Falco peregrinus)
XI-X3 hybrids of peregrine (Falco peregrinus) and saker falcons (Falco cherrug)
S1-S4 saker falcons (Falco cherrug')
G gyrfalcon (Falco rusticolus)
H hobby (Falco subbuteo) - pooled sample collected from one couple in one aviary
К kestrel (Falco tinnunculus)
n, к infection of Caryospora neofalconis and/or Caryospora kutzeri (+ to +++)
+ to +++ degree of positivity .
- negative finding
ND not done

However, the environment was already contaminated 
by oocysts to such an extent that coccidia were detected 
subsequently also in other birds kept in the FBF. The

transmission was facilitated by the long patency and 
high tenacity of sporulated oocysts (Böer, 1982). 
A transmission by contaminated ejaculate is not prob-
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able because sporogony requires three days. The inter­
val between ejaculation and artificial insemination is 
a few hours and thus not sufficient for sporogony.

Among birds of prey, falcons were reported as the 
only hosts of C. neofalconis (Böer. 1982; Schaf­
frath-Böer. 1983). Our examinations revealed in­
fections by this species in one goshawk (Accipiter gen­
ii Us) and one sparrowhawk (A. nissus). Both birds were 
clinically normal and only sporadic oocysts were seen 
in their droppings, suggesting a mild infection, or 
merely intestinal passage. Secondary contamination of 
the samples should have been avoided as the birds 
were tied separately to roosts.

Our data from the FBF and data published by others 
(Böer. 1982: Isenbügel and Rübel. 1991) are 
suggestive of considerable differences in susceptibility 
among birds of prey. Shedding of large numbers of 
oocysts was observed occasionally in clinically normal 
birds. Resistance acquired after the first contact with 
a parasite inducing clinical disease may persist for 
a long time (Böer. 1982). Clinical diseases can also 
develop following exposure to various stresses, such as 
climatic factors (high or low ambient temperatures), 
poor feed quality, intercurrcnt diseases of the intestinal 
tract or other organs, etc.

No deaths occurred in caryospora-infected birds we 
studied, but the observed signs resembled closely those 
described in available literature (Wetzel and 
Enigk. 1939; Cooper. 1969; Böer. 1982; Is­
enbügel and Rübel. 1987). Our results have also 
confirmed Böer’s (1982) and Sc haffrat h- 
-Böer (1983) observation that clinical diseases in­
duced by either of the coccidia were more severe in 
peregrine falcons (F. peregrinus) than in other species 
of birds of prey.

Our results of treatment of infected birds in the FBF 
have confirmed earlier reports by others (Böer. 1982; 
Isenbügel and Rübel. 1987). The administration 
of coccidiostats is followed by a significant improve­
ment of clinical status within a few days. However, it 
is necessary to remark that Böer (1982) used am- 
prolium for the treatment, with a specific effect on coc­
cidia. In our study sulphonamides has been used, which 
most probably improved clinical status of the birds of 
prey due to the effect also on other bacterial en­
theropathogens. A slow recovery (within I to 3 weeks) 
was observed also in untreated birds with mild clinical 
signs. Reduced shedding of oocysts was observed in 
both treated and untreated birds. Oocysts were found 
irregularly in droppings for several weeks or months 
following clinical recovery.

Histological examination of the intestinal tract of the 
gyrfalcon (F. rusticolus) dying of heart failure was not 
possible owing to advanced autolysis. High number of 
coccidia in the large intestine contrasted with the find­
ing of only sporadic oocysts in the small intestine.

Several oocysts were found occasionally in drop­
pings of clinically normal birds in repeated examina­
tions. Il is. therefore, evident that both Caryospora sp.

are circulating in the colony and that, conforming with 
the views of Böer (1982) and Isenbügel and 
Rübel (1991). a complete elimination from the FBF 
will be difficult to achieve.

Repeated parasitological examinations during the 
obligatory quarantine of newly introduced birds is the 
most effective way of protecting against the introduc­
tion of caryosporan coccidia into healthy colonies of 
birds of prey. Control of infections in affected colonies 
consists of regular examinations of all birds repeated at 
least twice a year. Additional steps should be taken to 
isolate and provide protection of young birds which are 
most sensitive to the infection (Cooper. 1969).
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REVIEW ARTICLE PŘEHLED

CHLAMYDIOSIS IN THE FISH

CHLAMYDIÓZA RYB (EPITHELIOCYSTIS)

L. Pospíšil

Veterinary Research Institute, Brno, СгесЬ Republic

ABSTRACT: A review on chlamydiosis in fish, commonly called “epitheliocystis“ (earlier “mucophilosis“), is presented. 
The disease characterized by hypertrophied epithelial cells of gills and skin, is a chronic infection with a mortality rate of 
4-8% induced by chlamydial agents (chlamydia-like agents). Data on etiology, incubation period, diagnostic methods, clinical 
signs, gross and microscopic lesions, mode of transmission, host range, and geographical distribution are reviewed. So far 
the infection has been demonstrated in 32 fish species.

chlamydia organisms; fish; epitheliocystis

ABSTRAKT: Přehledný článek o chlamydióze ryb, pro něž se dosud užívá název („epitheliocystis". dříve ..mucophilosis“). 
Je to chronické onemocnění ryb. způsobené mikroorganismy podobnými chlamydiím. Projevuje se hypertrofií epiteliálních 
buněk, především žábrových, někdy i kožních. V článku jsou popsány zevní příznaky, histopatologický obraz, etiologic, 
přenos nákazy, inkubační doba, hostitelské rybí druhy a geografické rozšíření nákazy. Onemocnění bylo již prokázáno 
u 32 druhů ryb s mortalitou 4 až 8 %.

chlamydie; ryby; epitheliocystis

ÚVOD

Existenci chlamydií - ať už sc jejich pojmenování 
v průběhu let jakkoliv proměňovalo (Myiagawanella, 
Neorickettsia, Pararickettsia, Rakeia, Colessia, Halpro- 
via, Bedsonia. PL virus, PLV virus, Psittacosis-LGV- 
-Trachom agens. OLT skupina (Ornithosa-Lymphogra- 
nuloma-Trachom), TRIC skupina (Trachom-inkluzní 
conjunctivitis) - potvrdili H a I b e r s t a e d t с r a 
Prowazek (1907). Práce pojednávající o patogen­
ním působení chlamydií na člověka a leplokrevné ob­
ratlovce jdou do tisíců. Rovněž na našem pracovišti se 
chlamydiovými infekcemi, jako interdisciplinární prob­
lematikou. po několik období konsekventně zabýváme 
(Pospíšil aj., 1990. 1997, 1998; Pospíšil 
a Pospíšilová. 19 90; Věžník a Pospí­
šil, 1995, 1997; Věžník aj., 1996a, b. 1998). Svým 
choroboplodným potenciálem pro celou živočišnou říši 
jsou chlamydie mezi bakteriemi tak výjimečné, že ne­
mají obdobu. Jejich výjimečnost je dále dána zcela je­
dinečným vývojovým cyklem, probíhajícím výhradně 
nitrobuněčně. Striktní intracelulární parazitismus jejich 
výjimečnost jen podtrhuje. Vzhledem к tak bohatě lite­
ratuře došlo relativně pozdě к poznání, že chlamydie 
mohou infikovat, kromě různých druhů teplokrevných 
obratlovců, i ryby, obojživelníky a ústřice (Newco­
mer aj., 1982; Renault a Cochennec, 1995).

Jelikož sc nám jevil výskyt chlamydií a chlamydióz 
u ryb jako nejméně probádaný z celé živočišné říše, 
jako terra ignota, obrátili jsme svou pozornost v pos­
lední době tímto směrem při akcentaci základních poz­
natků epizoootologických a experimentálně patologic­
kých. Chlamydiové infekce u ryb byly dlouho zahaleny 
nesprávnými názvy „mucophilosis“ a „epitheliocystis“. 
Poslední z těchto dvou názvů přetrvává často v odbor­
né literatuře doposud.

Podle popisů chorobných změn na ulovených rybách 
lze usuzovat, že se u nich chlamydiová infekce vysky­
tovala již v 16. století (Wolf, 1988). Přetrvávající ná­
zev „epitheliocystis“ charakterizuje chronické onemoc­
nění ryb způsobené mikroorganismy podobnými 
chlamydiím, které se projevuje hypertrofií epiteliálních 
buněk, zpravidla žábrových, ale někdy také kožních. 
Bylo zjištěno u řady sladkovodních a mořských ryb. 
Sama epitheliocystis je onemocnění povrchové a benigní. 
Nicméně proces na žábrách může podnítit hyperplazii 
a slepení žaberních lamel. U rozsáhlejšího procesu je 
pak dýchání postižené ryby nedostatečné a výsledkem 
toho je její úhyn.

Závažnost a letalita epitheliocystis může být mno­
hem vyšší u případů smíšené infekce, kdy к základní­
mu onemocnění se přidružuje infekce způsobená někte­
rými prvoky, trematody nebo vibrii (C r u z - e - S i I v a 
aj., 1997; Padros a Crespo, 1995).
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Někteří autoři udávají masivní mortalitu ryb infikova­
ných epitheliocystis, zejména v těch případech, u nichž 
kromě zaber a kůže jsou postiženy destrukčním proce­
sem nozdry a bukální dutina (Venizelos а В e n e - 
ti, 1996). Graff aj. (1996) udávají mortalitu u chov­
ných ryb (vyza bílá) stižených epitheliocystis 4 až 8 %. 
Průběh onemocnění epitheliocystis u chovných ryb ne­
ovlivňuje skladba krmivá (Gonzales aj., 1995).

Historie onemocnění začíná v roce 1920, kdy 
Plehn popsal nové onemocnění žáber kapra obecné­
ho: mnohočetné malé cystičky obklopené proliferova- 
nými epiteliálními buňkami, které, v případě značného 
rozsahu, způsobují nedostatečné dýchání vedoucí 
к úhynu postiženého jedince. Za původce tohoto one­
mocnění označil jednobuněčnou řasu Mucophilus cyp- 
rini a onemocnění nazval „mucophilosis“. Tento, jak se 
později ukázalo, nepřípadný název nicméně byl přebí­
rán i jinými autory až do osmdesátých let přesto, že již 
v roce 1969 Hoffman aj. označili za původce one­
mocnění prvoka a pro onemocnění použili název „epit­
heliocystis“. Prvok se vyskytuje u měsíčníku (druh ame­
rického okouna), a to nejen na žábrách a kůži, ale i na 
ploutvích. Při histologickém vyšetření bylo zjištěno, že 
„cysty“ jsou neobvykle hypertrofické epiteliální buňky 
s granuly. Hoffman aj. (1969) se domnívali, že in- 
tracelulární granula jsou virového původu. Jeden 
z Hoffmanových spolupracovníků však při elektronop- 
tickém vyšetření prokázal přítomnost velkého množství 
buněk podobných kokovitým bakteriím (coccus-like), 
které prohlásil za bedsonic (dnešní název chlamydic).

Epitheliocystis byla v dalších letech prokázána v žáb­
rách okouna pruhovaného z atlantského pobřeží (Mo­
rone saxatilis) a okouna říčního (M. americanus) z bra- 
kických vod severoamerických (Wolke aj. 1970). 
Srovnávacími studiemi přispěl к rozpoznání epithelio­
cystis Wolf (1980). Další případy epitheliocystis 
u okouna pruhovaného popsali Papern a a Zwcrncr 
(1976) z jiné oblasti a přesný elektronoptický obraz podali 
Zachary a P a p e r n a (1977). Protože epitheliocys- 
tické buňky obsahovaly množství kokoidních až tyčinko­
vých mikroorganismů, autoři usoudili, že jde o rickettsie.

Další zpráva o výskytu epitheliocystis, tentokrát u par­
mice nachové (Liz.a ramada) a pražmy mořské (Spants 
aurata) z odchovu, pochází z Izraele (P a p e r n a, 1977). 
Zde se také poprvé objevuje zmínka o značné mortalitě 
mladých infikovaných jedinců svědčící pro skutečnost, 
že epitheliocystis je vážné, často letálně končící one­
mocnění.

Elektronoptická studie ryb s příznaky epitheliocystis 
přinesla mimo jiné také dočasný názor o dvou pravděpo­
dobných původcích onemocnění (Paperna aj., 1978).

Další zpráva o výskytu epitheliocystis pochází 
z Francie, a sice u mořského okouna, Dicentrarchus 
labrax (Papern а а В a u d i n - Laurencin, 
1979). O rok později Papern a a Sabnai (1980) 
pořídili seznam všech do té doby známých rybích hos­
titelů epitheliocystis a potvrdili, že její původce má vý­
vojová stadia stejná jako chlamydic. Přesto však zcela 
nevyloučili etiologickou úlohu rickettsií.

V roce 1981 došlo к zásadnímu zvratu v objasňová­
ní etiologic epithclocystis, neboť Molnar a Bo­
ros. unifikovali toto označení s názvem „mucophilo­
sis“. Dále byl popsán vývojový cyklus původce 
epitheliocystis na zástupcích všech čtyř čeledí ryb (Pa - 
perná aj., 1981) a domněnka o chlamydiích se zdála 
být potvrzena, zvláště když Wolf (1981) ve své re­
view téměř vyloučil jako etiologické agens rickettsie.

Přesto však ještě v roce 1992 například Ander­
son a Prior vyslovují pochybnosti, zda nalezené 
inkluze u juvenilních bahníků australských s příznaky 
kožní iritace a změn na žábrách jsou chlamydiové nebo 
rickettsiové.

Epitheliocystis přitahovala stále více pozornosti. Po­
stupně byla zjištěna u mořského platýze (Morrison 
a S h u m . 1983), dále jako přičinit úhynu ryb lososo­
vitých (Rourke aj., 1984) a jako benigní, velmi roz­
šířená infekce u sumečků (Zimmer aj., 1984). Rov­
něž bylo definitivně rozhodnuto, že epitheliocystis je 
identická s chorobou dříve zvanou mucophilosis (Pa- 
perna a A 1 v c s - d e - M a tos , 1984).

Zajímavá historie epitheliocystis není stále úplná. Chy­
bí zprávy o úspěšné izolaci agens a o jeho exaktně popsa­
ném vývojovém cyklu v experimentu in vivo a in vitro.

PATOLOGIE

Epitheliocystis je onemocnění různě závažné - od 
benigních lehkých případů až po těžké infekce zasahu­
jící kožní cpitcl. Lehké infekce se také objevují na žáb­
rách. avšak těžké postižení žáber má za následek pro- 
liferativní bujení zmenšující dýchací kapacitu tak. že 
dojde к úhynu infikované ryby. Byla vyslovena do­
mněnka. že u volně žijících ryb se infekce epitheliocys­
tis nerozvine a zůstává ve stavu latentní inaparentní in­
fekce. zatím co u ryb za různých podmínek chovu se 
infekce rozvine do klasických příznaků na kůži a žábrách 
(Crespo aj., 1990; Grau a Crespo, 1991).

Epitheliocystis může být zaměněna s lymphocystis, 
ale tato infekce obyčejně probíhá ve větších buňkách 
a zřídka postihuje žábry. Lymphocystis se nikdy nevys­
kytuje u lososovitých a kaprovitých ryb. které jsou vní­
mavé к epitheliocystis. Kožní těžká forma epithelio­
cystis může být také zaměněna s parazitární infekcí, 
způsobenou prvokem Ichthyobodo necatrix.

Ryba s lehkou formou epitheliocystis se chová nor­
málně. Ryba v terminálním stadiu proliferativní formy 
je letargická, její žábry jsou zbytnělé, zřetelné je zrych­
lené dýchání.

PŘÍZNAKY

Lehká forma epitheliocystis může být inaparentní, 
zatímco těžká infekce je dramaticky zřetelná. Při vyšet­
ření infikovaných žáber jsou již s malým zvětšením patr­
ny buňky epitheliocystis (některými autory také nazý­
vané „cysty“) jako malé, oválné nebo sférické útvary. 
Rozsah postižení kůže může být od několika milimetrů 
li mladých jedinců až po rozsáhlé plochy u ryb dospě-
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lých. Buňky nabývají hnědavé barvy a dojde-li к jejich 
rupture, má vytékající obsah podobu masy složené 
z množství zcela minuciózních kokoidních elementů. 
Specifické vnitřní patologické změny u epitheliocystis 
nejsou popisovány.

HISTOPATOLOGICKÝ OBRAZ

Byly popsány postupné změny infikovaných buněk 
žáber kapra (M o 1 n а г а В o r o s . 1981). Buňky nej­
ranějšího stadia (10 až 15 pm v průměru) mají centrál­
ně uloženou inkluzi obklopenou pěnovitou cytoplaz- 
mou. Jak se buňka postupně zvětšuje (20 až 30 pm), 
zvětšuje se i inkluze. chlamydie jsou zřetelné a pěno- 
vitá cytoplazma se kontrahuje. Cytoplazma se při bar­
vení PAS jeví červená a při clektronoptickém vyšetření 
je zřejmé, že inkluze je obklopena kapičkami mucinu I 
až 3 pm v průměru. Zralé buňky (60 až 70 pm v prů­
měru) si podrží pouze úzký lem cyloplazmy. Vnitřní 
inkluze s obsahem velkého množství chlamydií zaplňu­
je celý vnitřní objem buňky.

V době zralosti jsou epitheliocystické buňky mimo­
řádně zvětšené a obklopené tenkou vrstvičkou hyalin- 
ního pouzdra. Cytoplazma obsahuje velké bazofilní in­
kluze uniformně granulované s vakuolizací nebo bez 
vakuolizace. Tyto variace jsou patrně závislé na stáří 
buňky nebo na způsobu fixace. Nucleus i nucleolus jsou 
několikanásobně zvětšeny. Jádro je lokalizováno typic­
ky excentricky.

Epitheliocystické buňky jsou často obklopeny jed­
nou nebo i více vrstvami normálních epiteliálních bu­
něk s náznaky proliferace. Hypertrofické buňky se ne­
dělí. Tyto změny jsou patrné zejména na žábrách. 
V pokročilém stadiu proliferovaná tkáň může hýl infil­
trována makro I agy a eosinofily a kapiláry bývají ne­
průchodné (Papern a, 1977). Granula v cytoplazmě 
nebo inkluzích dávají pozitivní reakci v barvení dle 
Macchiavello (W о I к c aj.. 1970).

ETIOLOGIE

Za kauzální etiologické agens je současně všeobecně 
považována chlamydie. i když nebyla dosud prokázána 
úspěšnou izolací. Právě od izolace a experimentální in­
fekce je možné očekávat další podrobnosti o etiologii 
epitheliocystis. Pokud etiologické agens nebude izolo­
váno. není možné získat informace o jeho vlastnostech. 
Analogicky, podle jiných známých chlamydií. lze usu­
zovat na jeho citlivost к antibiotikům, například к tet- 
racyklinu, azitromycinu apod. Hoffman aj. (1969) 
snad úspěšně izolovali původce epitheliocystis na tká­
ňové kultuře BF-2, ale další suhkultury se nepodařily. 
Stejně neúspěšné byly izolační pokusy na kuřecích em­
bryích. Rovněž neúspěšné byly izolační pokusy, které 
uskutečnil Wolf (1981) na tkáňových kulturách BF-2 
ozářených kobaltem 60.

V současnosti se zdá nejspolehlivějším identifikač­
ním postupem chlamydií z epitheliocystis elektronop- 
tické vyšetření.

Byla provedena komparativní studie vývojového 
cyklu chlamydiového izolátu od vyšších obratlovců 
s chlamydiálním mikroorganismem izolovaným z ryb 
(Des ser aj., 1988)

PŘENOS A INKUBACE

Epitheliocystis je snadno horizontálně přenosná, 
avšak vstupní brána infekce není ještě přesně známá. 
Pa per na (1977) se domnívá, že v přenosu nákazy 
hrají důležitou úlohu infikované sítě a různá jiná zaří­
zení používaná při chovu ryb. Podařil se experimentál­
ní přenos nákazy infikovanými žábrami na ryby v ak­
váriu. Při teplotě vody 20 až 25 °C se infekce rozvinula 
za 25 dnů. Rovněž hrubá emulze žáber z infikovaného 
okouna, přimíšená do vody akvária se zlatými rybkami 
(Carassius auratus), způsobila u nich epitheliocystis 
žáber do tří až čtyř týdnů (Wolf, 1988).

HOSTITELÉ A GEOGRAFICKÉ ROZŠÍŘENÍ 

EPITHELIOCYSTIS

Infekce je kosmopolitní. Byla zaznamenána v Se­
verní Americe, východní i západní Evropě. Jižní Afri­
ce, na Blízkém Východě, dále v akváriích mezi tropický­
mi mořskými druhy importovanými z Filipín. Vnímavé 
ryby к této nákaze patří к 11 čeledím: Centrarchidae, Cha- 
etodontidae. Cichlidae, Cyprinidae, Hippoglossidae, icta- 
luridae, Moronidae, Mullidae, Salmonidae, Sparidae 
a Zanclidae. Infekce se vyskytuje ve vodě mořské i říční, 
ve vodách severských i tropických. Epitheliocystis byla 
prokázána nejméně u 32 druhů ryb (Lewis aj.. 1992).

К nejzajímavějším zprávám o jejím výskytu patří 
onemocnění mořského koníka (L a n g d o n aj., 1991).
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REVIEW ARTICLE PŘEHLED
ESTROGENIC ACTIVITY OF XENOBIOTICS*

ESTROGENNÍ AKTIVITA CIZORODÝCH LÁTEK

M. Machala1, J. Vondráček

X Veterinary Research Institute, Brno, Czech Republic
"Institute ofBiophysics, Academy of Sciences of the Czech Republic, Brno, Cz.ech Republic

ABSTRACT: Environmental contaminants, drugs and other xenobiotics have been found to affect both reproduction and 
developmental processes in various organisms. Exogenous compounds that mimic or inhibit the effects of endogenous 
hormones are known as endocrine disruptors. Recent studies have been focused mainly on mechanisms of action of estro­
gen-like compounds (xenoestrogens). Some synthetic steroid analogues, phytoestrogens, and many environmental pollutants 
such as metabolites of organochlorine pesticides, degradation products of surfactants, dialkyl phthalates, are considered to be 
the most important of them. The objective of this review has been to summarize the currently known mechanisms of action 
of endocrine disruptors and methods suitable for a detection of their effects. Recent studies show that the effects of xenoes­
trogens include interactions not only with the estrogen receptor (ER) pathway but also with other receptor systems. Beside 
the receptor-mediated effects, various other mechanisms exist that may modulate the endocrine system, including modulations 
of steroidogenesis and drug-metabolizing enzymes. A number of biochemical and cellular methods for the assesment of 
endocrine disruptors, allowing both the identification of individual chemicals as xenoestrogens and evaluation of their 
potential risk in the environment, arc being developed and implemented. A combination of both in vitro and in vivo methods 
(e.g., recombinant reccptor/reporter gene assays and detection of vitellogenin in plasma as well as the determination of 
activities of key steroidogenic and steroid-metabolizing enzymes) seems to be the most appropriate strategy.

endocrine disruption: xenoestrogens; cytochrome P450; steroid synthesis; vitellogenin; reporter gene assay

ABSTRAKT: Řada kontaminantů životního prostředí, léčiv a dalších xenobiotik negativně působí na reprodukci a vývoj 
organismů. Cizorodé látky, které zasahují do biosyntézy, transportu či metabolismu steroidních hormonů nebo ovlivňují vazbu 
steroidů na specifické receptory a následně způsobuji poruchy rovnováh funkcí hormonů, jsou označovány jako endokrinní 
disruptory. Velká většina publikovaných prací v této oblasti se týká xenoeslrogenů. tj. cizorodých látek, které vykazují 
estrogenní aktivitu. Nejvýznamnějšími xenoestrogeny jsou některá syntetická steroidní analoga hormonů, estrogeny rostlin­
ného původu a řada environmentálních kontaminantů, například určité metabolity organochlorových pesticidů, degradační 
produkty surfaktantů, dialkylestery kyseliny fialové a jiné. Tato práce shrnuje známé mechanismy působení endokrinních 
disruptorů. především estrogenů. a metody detekce jejich účinku. Poslední studie ukazují, že xenoestrogeny mohou působit 
nejen přes vazbu na estrogenní receptor, ale i na jiné receptorové systémy. Další mechanismy xenoestrogenní aktivity zahrnují 
například modulace enzymů syntézy a katabolismu steroidů. Druhou oblastí studia endokrinních poruch je rozvoj in vivo 
a in vitro metod detekce xenoestrogenní aktivity, popř. antiestrogenních, androgenních a jiných negativních efektů. Pro 
potřeby toxikologie a pro hodnocení environmentálních rizik je v práci navržen omezený počet testů, včetně využití trans- 
genních buněk s reportérovým genem Un vitro stanovení estrogenní aktivity) a stanovení plazmatických hladin vitelogeninu 
(z/z vivo stanovení estrogenity u samců). Hodnocení rizika estrogenní nebo androgenní aktivity xenobiotik in vivo by mělo 
zahrnovat také stanovení modulací hlavních enzymů steroidogeneze a metabolismu steroidů.

endokrinní poruchy; xenoestrogeny; cytochrom P450; syntéza steroidů; vitelogenin; test s využitím reporterového genu

INTRODUCTION

Environmental contaminants, drugs and other xeno­
biotics have been found to affect both reproduction and

developmental processes in various organisms. Exoge­
nous compounds interfering with the biosynthesis, 
transport, binding, action, or metabolism of endo­
genous hormones are known as endocrine disruptors
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(Kavlock et al., 1996). Recent studies have been 
focused mainly on the mechanisms of action of modu­
lators of steroid hormones. However, only a few stud­
ies have been concerned with the modulations of levels 
of glucocorticosteroids and xcnobiotic-induced dys­
function of steroidogenic cells, such as interrenal cells 
in fish. Impaired cortisol secretion in fish and other 
wildlife species could be a prospective biochemical 
marker of disruption of this endocrine pathway by en­
vironmental pollutants (Ho nie I a ct al., 1997). On 
the other hand, a majority of investigators studied per­
turbations of action of sex steroid hormones, especially 
estrogens (A n к I e у et al., 1998). Much attention has 
been given to 1) the identification of xenobiotics acting 
as endocrine disruptors, 2) the elucidation of mecha­
nisms of action, and 3) the development of methods for 
detecting endocrine disruptors within risk assessment 
of both individual chemicals and environmental mix­
tures of contaminants.

Several recent reviews deal with various aspects of 
this subject (Ko rach and McLachlan. 1995; 
Kavlock et al...1996; Ankley et al.. 1998: 
Crisp et al., 1998). This paper has been prepared with 
the aim to summarize briefly the currently known 
mechanisms of action of endocrine disruptors and 
methods suitable for the detection of their effects. 
Complex interrelationships are known to exist between 
different endocrine pathways. Thus, our goal is to em­
phasize the importance of a study of the mechanisms 
of endocrine disruption mediated through alternative 
signal transduction pathways. A limited number ol 
screening tests for endocrine disruptors is suggested for 
toxicological and environmental risk assessment studies.

MAJOR MECHANISMS OF ACTION 
OF ENDOCRINE DISRUPTORS

Endocrine-disrupting chemicals can mimic or inhibit 
effects of endogenous estrogens and other steroid hor­
mones. Various reproductive disorders', such as ahnor- 
m^J sexual development, reproductive failures, and ad­
verse effects on concentrations of steroid hormones 
have been detected in various wildlife and laboratory 
animal species, including invertebrates (Ankley et 
al., 1998; Crisp ct al., 1998). A variety of structur­
ally unrelated industrial chemicals, environmental pol­
lutants, pharmaceutical products, and phytochemicals 
have been demonstrated to be estrogenic. These com­
pounds include o,p’-DDT and its metabolites, some hy­
droxylated polychlorinated biphenyls, alkylphcnols, 
bisphenol A, dialkyl phthalates, phytocstrogens and 
others. Estrogenic activity has been detected in efflu­
ents, sediments, air particulate matter, and animal tis­
sue extracts (Gil les by and Zac h arc w ski. 
1998).

It is believed that although xenobiotics may elicit 
only weak hormonal activity, their lipophilic nature, 
persistence, and accummulation in liver tissues allow

interferences with the steroidal regulation mechanisms 
(Danzo, 1997). This idea is supported by a recent 
observation that mixtures of environmental xenobiotics 
may have synergetic effects (Arnold et al.. 1996). 
However, some results of synergism-oriented studies 
arc controversial. Thus, the synergism of endocrine dis­
ruptors should be confirmed by additional in vivo and 
in vitro studies. The data obtained only from the chemi­
cal monitoring of a limited number of contaminants arc 
not sufficient for risk assessment. Moreover, the chemi­
cal tests might not detect possible cumulative, syner­
getic and/or antagonistic effects of xenobiotics. Thus, 
it is necessary to develop biochemical and biological 
tests of endocrine disruption and include them among 
routine toxicological and environmental risk assess­
ment methods.

ER-related mechanisms of action

Endocrine-disrupting chemicals can either mimic or 
inhibit effects of endogenous steroid hormones 
(Ankley ct al.. 1998; Crisp ct al.. 1998). Xeno- 
estrogens arc defined as chemicals that elicit biological 
responses induced by estrogens. Most of the known 
xenocstrogens arc known to bind to nuclear estrogen 
receptors (ER) in target cells. The xenoeslrogen-recep- 
tor complex is then activated and hinds to specific 
DNA motifs - estrogen responsive elements (EREs). 
Consequently, the expression of specific genes is en­
hanced (Fig. I). Estrogen antagonists (anticstrogcns) 
can bind competitively to ER. hut the binding of (he 
receptor complex to EREs is reduced or completely 
abolished (Kramer and Giesy. 1995). Similar 
mechanisms also underlie androgenic or antiandrogenic 
activities of certain endocrine disruptors that are asso­
ciated with adverse effects observed in males. Thus, it 
has been demonstrated, that the androgen receptor, 
rather than ER. is the site of endocrine modulation by 
environmental pollutants such as p.p'-DDE (Kelce et 
al.. 1995).

ER-independent mechanisms of action

Many of the environmental reproductive toxicants 
arc thought to be estrogen or androgen agonists or an­
tagonists. However, endocrine-disrupting chemicals 
may function through a number of mechanisms. Recent 
studies have shown that the above definitions of endo­
crine disruptors are too narrow. Several sites within the 
endocrine systems present potential targets for xenobi­
otics: the synthesis and release of hormones, binding of 
steroid hormones to their specific receptors in target 
cells, as well as catabolism of steroid hormones. Inter­
actions of xenobiotics with other receptor systems lead­
ing to interplay (“cross-talk“) between signal transduc­
tion pathways, can also disrupt the endocrine response 
(Fig. 1). Therefore, cstrogenic/androgenic action can be 
modulated at least at three different levels by the 
ER-independent mechanisms (Z a c h a r c w s к i. 1997;
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modulation of other 
nuclear receptors 
(PPAR/RXR, RXR/TR)

I . Mechanisms of action of xenoestrogens at the 
cellular level

Abbreviations:
PPAR - peroxisome proliferator-activated receptor
RXR - retinoid X receptor
TR - thyroid receptor
MAPKs - mitogen-activated protein kinases
E2 - 17 beta-estradiol
CYP - cytochrome P450

Danzo, 1997; Gi lieshy and Zach arewski. 
1998):
- alterations in steroid synthesis or metabolism;
- interaction of xenobiotics with plasmatic estrogen- 

and/or androgen-binding proteins (increased bio­
availability of endogenous hormones);

- impairment of estrogenic responses by xenobiotic- 
-induced modulation of signal pathways employing 
other nuclear receptors (down-regulation of the ER 
protein, estrogen-independent activation of the ER. 
ER-independent activation of ERE sequences, and 
inhibition of estrogen-induced protein expression). 
Moreover, reduced reproductive success in several 

wildlife vertebrate species exposed to organochlorinc 
contaminants may he associated with other than estro­
genic effects, such as inhibition of Ca-ATPase or 
modulation of prostaglandin levels (Kramer and 
Gicsy. 1995). Non-specific toxic effects of endo­
crine-disrupting chemicals (on both the steroidogenic 
and target cells), such as an impairment of mitochon­
drial function, may also he of importance.

As mentioned above, alterations in steroid synthesis 
and/or metabolism may strongly affect endocrine ho­
meostasis. Xenobiotic-modulated activities of both the 
steroidogenic and steroid-metabolizing enzymes alter 
steroid hormone concentrations or the estrogen : testo­
sterone ratio. Cytochrome P45011A (CYP I 1A, known 
also as the P450 side chain cleavage enzyme, P450scc), 
is responsible for the first step of steroid biosynthesis. 
Some xenobiotics can alter the CYP1 1A expression 
and thereby increase the steroid production (G i 1 - 
I es by and Zacharewski, 1998). Alternatively, 
inhibition of steroidogenic enzymes may significantly 
affect the concentrations of steroids. Polychlorinated 
biphenyls depress both progesterone and testosterone 
synthesis in steroidogenic tissues (Fuller et al., 
1980; Johansson, 1989). A depression of testicular 
steroidogenesis in rats was found to be a direct conse­
quence of both inhibition of the CYP1 lA-dependent 
conversion of cholesterol to pregnenolone and an im­
pairment of cholesterol mobilization and transport to 
the CYP I IA (located in the inner mitochondrial mem-
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brane) (Kleeman et al., 1990; Moore et al., 
1991). Estrogen biosynthesis can be inhibited also due 
to an exposure to inhibitors of aromatase (i.e. the cyto­
chrome P450 responsible for the conversion of testo­
sterone to estrogens, CYP19) such as the fungicide 
fenarimol (H i r s c h et al., 1987).

Modulation of steroid-metabolizing enzymes by 
xenobiotics is another mechanism of action of endo­
crine-disrupting chemicals. Antiestrogenicity of 2,3,7,8- 
-tetrachlorodibenzo-p-dioxin (TCDD) may be al least 
partially explained by its potent induction of the 
CYP1A enzymes that are involved in 17 bela-estradiol 
metabolism (Spink cl al., 1994). On the other hand, 
mammalian testosterone metabolism is not signifi­
cantly affected by TCDD or TCDD-likc inducers 
(Z i m n i a к and Wax man, 1992). The prevailing 
hepatic steroid monooxygenase activity is cytochrome 
P4503A (CYP3A)-dependent 6ß-hydroxylation. Many 
xenobiotics can induce CYP3A and may act as endo­
crine disruptors. Interestingly, a decrease of CYP3A- 
-dependent testosterone 6ß-hydroxylase activity was 
found in hepatic tissues of fish collected at heavily 
contaminated sites (Machala, unpublished results) 
or after treatment with estradiol, nonylphenol and/or 
p.p'-DDE (A r u к w e et al., 1997a; Machala et al.. 
1998a).

Environmental endocrine disruptors may also affect 
the dissociation of steroid hormones from their binding 
proteins. Il was shown that selected environmental con­
taminants may inhibit the binding of physiological li 
gands not only to estrogen and androgen receptors, but 
also to the androgen-binding protein and the sex hor­
mone-binding globulin (Danzo, 1997).

Recently, some in vitro studies have demonstrated 
that xenobiotics interacting with other members of the 
nuclear receptor superfamily, such as retinoid X recep­
tor (RXR) and peroxisome proliferator-activated recep­
tor (PPAR), could modulate the ER-mediated signal 
transduction pathway (G i 11 e s b у and Z a c h a r e w - 
ski , 1998). Down-regulation of ER protein levels by 
TCDD (Safe et al.. 1991) or the binding of 
PPAR/RXR complex to estrogen responsive elements 
and consequent inhibition of ER-mediated gene tran­
scription (Keller et al.. 1995) are examples of this 
interplay. Signaling cross-talk between distinct xenobi- 
otic-activated nuclear receptors may represent impor­
tant mechanisms of action of peroxisomal proliferators 
or TCDD. However, the only method for elucidation of 
such a mechanism is the detection of integral re­
sponses, such as estrogen-induced synthesis of specific 
proteins (vitellogenin or prolactin, see below).

METHODS FOR DETECTION OF ESTROGENIC 
AND ANDROGENIC ACTIVITIES

Both in vivo and in vitro methods have been devel­
oped to indicate the estrogenic activity of environ­
mental contaminants and other xenobiotics (Ko rach

and McLachlan. 1995; Zacharewski. 1997; 
Gray. 1997; Ankley el al. 1998):
- in vivo mammalian bioassays (such as measurement 

of uterine wet weight changes);
- determination of secretion of specific plasmatic pro- 

tein(s), such as estrogen-induced increase in vitello­
genin and zona radiata protein concentrations (mea­
sured in vivo in males);

- determination of altered plasma steroid concentra­
tions. altered biosynthesis of steroid hormones (sup­
pression of CYPI IA or CYPI9 activities), and mo­
dulations of steroid-metabolizing CYP enzymes;

- competitive binding assays (i.e.. binding of chemi­
cals to the estrogen or androgen binding proteins 
and receptors);

- detection of hormone-specific gene activation (ex­
pression of reporter gene. i.e. chloramphenicol ace­
tyltransferase or luciferase activity as an end point, 
or in vitro secretion of vitellogenin);

- estrogen-induced cell proliferation in specific tissues 
and cells, such as proliferation of MCF-7 breast can­
cer cells.
These methods allow both the identification of indi­

vidual chemicals as xenoestrogens and environmental 
risk assessment.

In vivo tests

In vivo rather than in vitro tests, are currently the 
most defensible methods for the detection of xeno- 
estrogenic effects in wildlife and domestic animals. 
A set of methods, based mostly on a combination of 
determination of plasmatic concentrations of steroids 
with functional assays of the reproductive system, such 
as sperm motility tests, has also been devised for food­
-producing animals. The current methods for the as­
sessment of endocrine disruption in laboratory mam­
mals include the mammalian uterine weight gain assay 
(Ankley et al.. 1998). The utcrotrophic response as­
say is a standardized procedure in which an estrogen­
-induced increase in wet weight is determined 
(К о r a c h and McLachlan. 1995). Early (such as 
increased vascular permeability) and late responses (a 
host of biochemical changes leading to cell division, 
differentiation and uterine growth) can be distinguished 
in the complex pattern of the estrogenic action on the 
uterus. Recently, an acute in vivo mammalian assay, 
based on an increase of uterine vascular permeability, 
was described (Milligan et al., 1998). Other recom­
mended in vivo assays are based on early-stage expo­
sure and determination of morphological abnormalities 
such as the anogenital distance (Gray . 1998).

Vitellogenin (VTG) is an estrogen-inducible egg 
protein precursor. The VTG gene is present bul not 
expressed, in males, bul its expression can be elicited 
by the administration of xenoestrogens (L e G u с I I e c 
et al.. 1988). The production of VTG is used as 
2i biomarker of exposure to environmental xenoestro- 
gens in fish (Tyler et al.. 1996; Harries et al..
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1997). Elevated serum VTG concentrations and de­
pressed serum testosterone concentrations were found 
in male carp collected from a river polluted by sewage 
treatment plant effluents (Fol mar et al.. 1996). Zona 
radiata proteins (Zrp) are synthesized in teleost fish 
liver in response to an estrogen signal. The induction 
of these proteins, especialy the Zrp-b form, has been 
found to be a more sensitive parameter than vitello­
genin in male fish and hence could become an alterna­
tive biochemical marker of estrogenicity (A r u к w e et 
al., 1997b).

On the other hand, generally accepted screening 
methods detecting the modulation of steroidogenesis or 
metabolism of steroid hormones have not yet been es­
tablished. Interestingly. CYP1IA. a rate-limiting en­
zyme of steroidogenesis, showed a significantly sup­
pressed activity in testes of rats and hulls chronically 
exposed to polychlorinated biphenyls (Machala et 
al., 1998b). An impairment of mobilization of chole­
sterol to CYPI IA enzyme or modulation of CYP19 
could also play a significant role in the disruption of 
steroid synthesis (J o h a n s s о n , 1989; К I e e m a n et 
al., 1990).

Induction by environmental chemicals of hepatic 
microsomal cytochromes P450 as the major steroid-me- 
tabolizing enzymes was reported in mammals (Zim- 
niak and Wax man. 1992). Increased hepatic hy­
droxylation of testosterone after a chronic intake of 
polychlorinated biphenyls in bulls may represent one 
of the important mechanisms of depression of steroid 
levels (Machala et al.. 1998b). On the other hand, 
fish hepatic hydroxylation of progesterone and testo­
sterone was depressed after short-term exposure to 
nonylphcnol and p.p’-DDE. respectively (A r u к w e et 
al.. 1997b; M ac h a I a et al.. 1998a). Therefore, a po­
tential contribution of modulations of hepatic steroid- 
-metabolizing enzymes to a modulatation of steroid 
levels in fish is to he investigated.

A combination of the measurement of hormone re­
ceptor-mediated responses (such as a vitellogenin con­
centration in male blood plasma), concentrations of 
steroid hormones, and activities of the key steroido­
genic and steroid-metabolizing enzymes (CYPIIA. 
CYPI9, CYP3A) may become a suitable set of bio­
chemical markers of xenoestrogenic and/or androgenic 
effects in vivo. These assays arc sensitive and allow the 
assessment of all mechanisms that can affect this endo­
crine pathway.

hi vitro methods

Screening methods that detect potential estrogenic 
and antiestrogenic chemicals are a matter of great con­
cern (An к ley cl al.. 1998). The currently used in 
vitro methods for the detection of xenoestrogenic activ­
ity include competitive ligand-binding, cell prolifera­
tion, and estrogen receptor transcriptional assays, as 
well as methods based on the measurement of hor­
mone-induced secretion of specific proteins, such as

vitellogenin in primary hepatocyte cultures 
(Zacharcwski, 1997).

Competitive binding assays using radioactive la­
belled natural ligands reveal whether the test compound 
is specifically recognized by a receptor protein, but do 
not distinguish between agonists and antagonists. Cell 
proliferation assays are based on the fact that estrogen 
can elicit the mitotic stimulation of cells and tissues of 
the female genital tract. Similarly, proliferation of es­
trogen-responsive MCF-7 breast cancer cells is a sim­
ple and sensitive marker of estrogenicity (Soto and 
Sonnenschein, 1985). In spite of some discrepan­
cies (e.g., difficult standardization), the test is suitable 
for the assessment of estrogenic activity (Zac ha­
re wski, 1997).

Estrogen-specific induction of several proteins and 
enzymes in various cell types has been also used to 
detect estrogenicity, e.g., expression of vitellogenin as 
a biomarker for environmental Östrogens in primary 
cultures of fish hepatocytes (P e I i s s с г о et al.. 1993). 
The end-points of these assays can be measured in 
terms of enzyme activity or by means of an immunoas­
say. However, the expression of such proteins is re­
stricted to specific cell lines; therefore, the results may 
not be relevant to effects on other tissues or species 
(Zacharcwski, 1997).

The most frequently used in vitro assays are based 
on a reporter gene methodology. Transfected reporter 
gene placed under the transcriptional control of a hor­
mone response element and a minimum promoter are 
introduced into cells using transient or stable transfec­
tion (J о у c u x et al.. 1997); reporter genes encode for 
proteins such as firefly luciferase (Luc), bacterial 
chloramphenicol acetyl transferase (CAT) that are eas­
ily identified and quantified. Various recombinant re- 
ceptor/reporter gene assays, including MCF-7 and yeast 
cells system, have been developed in the last years 
(Chen et al., 1997). This procedures can be standard­
ized and yield results with a relatively high inter-labo­
ratory reproducibility. Although the reporter gene as­
says arc suitable for the examination of ER ligands, 
they are ineffective for endocrine disruptors acting by 
ER-indcpcndent mechanisms. Generally, a battery of 
assays, rather than one universal test is required to fully 
characterize actions of xenoestrogens or other endo­
crine disruptors.

CONCLUSIONS

It can be concluded from the diversity of mecha­
nisms of action of endocrine-disrupting chemicals and 
the significance of a hormone receptor-independent 
mechanisms that the future studies should focus on: 
- xcnobiotic-induccd modulations of both steroidoge­

nic and drug-metabolizing enzymes involved in ste­
roid biosynthesis and inactivation;

- an elucidation of cros-stalk between distinct endo­
crine pathways and other signal transduction mecha-

VET. MED.-CZECH.-/.?, 1998 (10): 311-317 315



nisms. The latter topic should include effects of di­
oxin-like compounds, peroxisomal proliferators, and 
other nuclear receptor ligands on endocrine respon­
ses.
A limited number of biochemical and cellular meth­

ods detecting endocrine disruption mechanisms and po­
tentials, should be included into both toxicological test­
ing of chemicals and environmental risk assessment 
protocols. A combination of the measurement of hor­
mone receptor-mediated responses (such as detection 
of vitellogenin(s) or zona radiata proteins in plasma of 
male fish and wildlife vertebrates), concentrations of 
steroid hormones, and activities of the key steroido­
genic and steroid-metabolizing enzymes (CYP1 1A. 
CYP19, CYP3A) may become a suitable set of bio­
chemical markers of xenoestrogenic and/or androgenic- 
effects in vivo. Together with assays of in vitro expres­
sion of the reporter gene luciferase activity in standard­
ized transgenic cells detecting both estrogen/androgen 
agonists and antagonists, they would form a battery of 
tests covering all the currently-known effects of 
xenoestrogcns.
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BOOK REVIEW RECENZE

VETERINARY CHEMOTHERAPY

B. F. Kania

Fundacja Roíwój SGGW, Warszawa, 1997. 339 pp., 45 Tabs., 47 Figs. ISBN 
83-86980-82-7.

Fourteen years after publishing a comprehensive 
veterinary pharmacology manual (T. Garbulinski 
P-WRiL) Polish readers and other interested foreign 
parties arc provided with a truly multidisciplinary com­
pendium of veterinary chemotherapy, written by 
a well-known European pharmacologist. I must say 
however that he also spent several years out of Europe 
as a pharmacological expert.

This book is composed of 19 well documented chap­
ters, containing systematically arranged, updated, and 
in-depth information about chemotherapy and 
chemotherapeutics used in the treatment of organic dis­
eases and various bacterial, fungal, parasitic and tumor­
ous illnesses.

In the introductory chapter the author describes his 
own definition of chemotherapy, the clinical usage 
(guidance) and the factors related to the effectivenes of 
chemotherapy, as well as the mechanisms of drug ac­
tion, linked to its efficiency. He also deals with prob­
lems related to the types of resistance to chemothera­
peutics of microorganisms. The author applies his own 
knowledge and practical experience.

Consequently while tackling different chapters, the 
author relics on a personal and original lay-out of ma­
terial: drug classification, general properties, action 
mechanisms, microorganism resistance, pharmacoki­
netic properties, clinical uses, adverse and side effects, 
toxicity, interactions, influence upon selected labora­
tory tests, drug withdrawal and milk discard times, dos­

ages, approved Polish pharmaceuticals. E.U.-specifici­
ties and references.

The language used to describe such complicated 
matters is plain and simple and thus easy to understand 
for readers. The autor’s own reflection is in accordance 
with experimental results accepted by pharmacologists. 
It all makes this publication a modern, attractive man­
ual for various readers interested in this subject. More­
over it also provides us with an insight into a complex 
subject, which is necessary for a rational and guided 
understanding of the use of chemotherapeutics, as well 
as the danger for people, animals, and the environment.

This chemotherapeutical publication also includes 
the antidotes required for suppressing toxic symptoms 
and saving life in cases of drug intoxications. It also 
contains some alternative inactivation methods for de­
stroying organophosphates and other dangerous, or poi­
sonous drugs. The value of the basic knowledge and 
practical discoveries in this chemotherapeutical book 
make it a useful publication principally for both veteri­
nary students and large veterinary practices.

However, I must also express my impression that 
many important data in this book may also he useful 
for students and practitioners in other scientific disci­
plines. I am thinking especially of the food-agriculture­
-ecology complex, and pharmacy,natural-science and 
medicine. It can also be used either directly by some 
specialists of Slavic countries, or alter translation by 
specialists of other counries.

Assoc. Prof. V. Su link, D.V.M., Ph.I).
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REVIEW ARTICLE PŘEHLED

ANIMAL BEHAVIOUR AND CZECH VETERINARY CURRICULUM 
IN THE 1920S AND 1930S

CHOVÁNÍ ZVÍŘAT A ČESKÉ ZVĚROLÉKAŘSKÉ STUDIJNÍ PLÁNY 
VE DVACÁTÝCH A TŘICÁTÝCH LETECH

A. Holub, E. Baranyiová

University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic;
Veterinary Research Institute, Brno, Czech Republic

Interest in animal behaviour has deep professional 
roots in Czech veterinary medicine. Professor Antonin 
Hrůza, a talented and unrelenting organizer, was one of 
the first persons systematically engaged in animal hus­
bandry and the protection of animals (Vacek, 1934; 
Nejezchleba, 1971).

However, the true and resolute protagonist in this 
sphere was the physiologist, professor MUDr. et 
MVDr. h.c. Edward Babák, having an integrated per­
ception of life and the world. In his studies of reception 
and regulatory mechanisms he went to the very limits 
of (even beyond) phenomena of life (Babák, I9()5ab, 
1924ab; Rostohar. 1926ab, 1927; Hykeš, 1954; 
Křeček, 195 5, 1971, 197 3; Holub, 197 3, 1997; 
Bravený a Franc, 1997; Holub a Bara­
nyiová, 1997; Linhart a Šindlář, 1997; 
Ošťádal, 1997; Smékal, 1997).

Babák aroused the interest in animal behaviour in 
his students, at the School of Veterinary Medicine. The 
first was Oldřich Vilém Hykeš (Hykeš, 1922, 1924, 
1926), who devoted his studies to the classical themes 
of the beginnings of Czech ethology (Janko, 1982), 
the taxis of lower animals. Soon Tomáš Vacek fol­
lowed with his studies of conditioned reflexes 
(Vacek, 1926. 1937abc). In 1926 Vacek stressed the 
significance of studying animal behaviour and animal 
psychology in veterinary medicine. As early as in 1927, 
elective lectures in animal psychology and experimental 
psychology were included in the veterinary curriculum.

Vacek based his lectures methodologically and 
philosophically on the behaviourism of those days. 
Vacek was also interested in the mechanisms of behav­
iour, and Pavlov’s studies of higher nervous activity 
became not only a regular part of his lectures but its 
interpretation was incorporated in his textbook of com­
parative physiology (Vacek, 1937c). He described 
and explained events that were considered unsuitable

Představa, že by etologická problematika nebyla za­
stoupena ve studijním zvěrolékařském kurikulu, je ne­
myslitelná. Poznatky o chování zvířat v něm od prv-

for scientific study by conservative authorities at that 
time. Vacek combined comparative psychology and 
ethology in a very modern way.

However, Vacek’s cultivation of this area of veteri­
nary sciences had a further dimension. He respected the 
fact that humans had lived closely with animals for 
thousands of years, observing and evaluating behaviour 
of animals, but not being able to interpret it objectively, 
still well-aware of signs of animal pain, fear and other 
attributes of animal psyche. Otherwise, they would not 
he able to lead, direct, and control them. Vacek did not 
exclude these human impressions and observations 
from science, especially because they did not come 
from accredited scientists from laboratories with 
exactly defined conditions, often unsuitable or unnatu­
ral for animals.

Phenomena of behaviour and health care of animals 
are connected in an inseparable way. They have devel­
oped in mutual interactions for decades. Therefore, vet­
erinarians should be specialists who instruct others in 
the art of treating animals. They serve as a go-between 
of the species. They provide interspecies communica­
tion. They should also be able to educate their clients 
to communicate efficiently with their animals, to antici­
pate and control their behaviour. The beginnings of 
Czech veterinary education luckily anticipated this de­
sirable development mainly due to the efforts of Tomáš 
Vacek. The science of animal behaviour, the develop­
ment of which is a history of successful changes, 
doubts and challenges to the status quo of the science, 
was a part of the Czech veterinary curriculum in the 
1920s and 1930s. Fourteen years later, in 1939, it was 
silenced and destroyed by the Nazis. Nevertheless, it 
has been possible to resume the science of animal be­
haviour, especially since modern veterinary medicine 
and the health care of animals is continually more in­
tertwined with ethology.

nich začátků institucionalizace vysokých veterinárních 
učení zahrnuty bývají, ale nesystematicky. Skrývají se 
pod různými názvy ve více oborech, které tvoří jak
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teoretické, lak aplikované základy profese. Jako ucele 
ný soubor vědeckého poznání, tvořících samostatný 
vědní obor, počínají být obecně tradovány teprve v do­
bě nej novější.

Možnosti získávat informace o zdravotním stavu je­
dince používané v medicíně humánní jsou totiž u pa­
cientů jiných živočišných druhů značně omezené. 
Anamnestické informace majitelů či ošetřovatelů 
o chování jim svěřených tvorů jsou až příliš často 
zlomkovitě, neúplné, nepřesné a antropomorfní. A tak 
je klíčovým momentem poznávacího procesu, zvláště 
v klinické veterinární medicíně, přímá interakce živo­
čichů a zvěrolékařů, kteří postupují na základě speci­
fických, desítky a desítky let propracovávaných postu­
pů, sledují, pozorují polohy, postoje a pohyby 
pacientů. Na etologických znalostech, na komunikacích 
mezidruhových, na přesnosti a spolehlivosti nálezů, na 
náležitosti jejich interpretací závisí úroveň péče o zdra­
ví zvířat. Zvěrolékaři jsou na nich existenčně závislí.

U nás má zájem o chování zvířat hluboké profesio­
nální kořeny. Jako jeden z prvních jej cíleně projevoval 
profesor Antonín Hrůza, talentovaný a neúnavný orga­
nizátor chovu a ochrany zvířat. Ve své době příznačně 
psal o duševnu zvířat, zvláště psů (Vacek. 1934; 
Nejezchleba, 1971).

Mezi protagonisty této oblasti českého zvěrolékař- 
ství nelze opomíjet profesora MUDr. et MVDr. h.c. 
Edwarda Babáka, který měl к problematice psychic­
kých jevů hluboký vztah. Bylo mu vlastní celostní po­
jetí organismů. Byl nadán integrativním a integrujícím 
viděním života i světa. Ke studiu recepčních a regulač­
ních mechanismů, v němž zacházel až na samý okraj 
(neváhal jej i překračovat) jevů, jimiž se zabývají vědy 
o životě, měl blízko. Opakovaně se к nim vracel (B a- 
bák. 1905ab, 1924ab; Rostohar, I926ab, 1927: 
Hykeš, 1954; Křeček. 1955. 1971. 1973; Ho­
lub. 1973, 1997; Bravený a Franc, 1997; Ho­
lub a Baranyiová, 1997; Linhart a S i n - 
diář, 1997; Ošťádal, 1997; Smékal, 1997). Do 
biologie a fyziologie svébytně vnášel nejen prostor 
a čas, prvky ekologické i historické (evoluční, fyloge- 
nctické i ontogenetické), ale jevil i hluboký zájem 
o mechanismy, které tyto proměnné integrují. Bylo 
v něm hluboce zakotveno vědomí souvislostí.

Po dlouhé hodiny vydržel pozoroval a zazname­
nával životní projevy tvorů, jimiž se s láskou obklopo­
val (Bravený a Franc, 1997). Jeho počínání 
a myšlení bylo prostoupeno prvky, které bychom dnes 
označili za etologické. Byl přesvědčen, že dokonalé po­
zorování na celém neoperovaném zvířeti může dál plat­
nější a skutečnosti více odpovídající výsledky než ná­
kladný pokus se složitou aparaturou (Holub. 1973). 
Během svého brněnského působení realizoval loto za­
měření, a to nejen organizačně, především na lékařské 
a filozofické fakultě univerzity (Babák, I924ab; 
Holub, 1994; Bravený a Franc, 1997).

Plně je však projevil na brněnské vysoké škole zvě- 
rolékařské. К zájmu o chování zvířat tam přivedl i své 
žáky. Prvním byl Oldřich Vilém Hykeš (Hykeš,

1922, 1924. 1926) věnující se klasické problematice 
začátků české etologie (Janko. 1982). laxím nižších 
živočichů. Brzy následoval Tomáš Vacek zabývající se 
podmíněnými reflexy (Vacek. 1926. I937abc). Ten 
již ve své habilitační přednášce zdůraznil význam stu­
dia chování a psychologie zvířat pro veterinární medi­
cínu. Brzy na to, v roce 1926, požádal komisi školy pro 
reformu zvěrolékařského studia, aby byly přednášky 
o psychologii zvířat a experimentální psychologii zařa­
zeny do brněnského kurikula, a to pro posluchače pá­
tého či některého z vyšších semestrů. Byl vyslyšen. Od 
letního semestru roku 1927 se v seznamu přenášek br­
něnského vysokého učení zvěrolékařského pravidelně 
objevovaly i Vackovy nepovinné přednášky ..Základy 
psychologie zvířat“. Přednáší val hodinu, v úterý odpo­
ledne, od 15 do 16 hodin. Výuka byla již po roce roz­
šířena na semestry dva. zimní i letní. Její skutečný roz­
sah v jednotlivých letech však dosti kolísal, od 
pouhých 4. 6 a 7 hodin (v roce 1931-32. 1936-37 
a 1937-38) až do 21 a 18 hodin (v roce 1933-34 
a 1934-35). V roce 1931 přednášky doplnil, jak si za­
psal na zkoušku, dvouhodinovým cvičením.

Postupoval lak. že po úvodu a stručném výkladu his­
torie psychologie zvířat jako vědy, byla věnována po­
zornost vědomí, podvědomí a reflexům, a to i podmí­
něným. Převážná část kurzu pak připadala výkladu 
o instinktech, čidlech a smyslech, který býval doprová­
zen obrazy a demonstracemi, např. chování akvarijních 
rybek, axolotlů, myší, ale také ukázkami činnosti čidel 
a jejich korclálů v centrálním nervovém systému.

Dnes je velmi nesnadné analyzovat Vackovu filozo­
fii psychologie zvířat. Nepochybné je, že se zaměřoval 
především na jejich vnější projevy, na pozorovatelné 
chování, méně na jevy vnitřní. Pohyboval se tedy pře­
vážně v poli tehdejšího behaviorismu a neobehavioris- 
mu, který se na začátku dvacátého století vynořil 
v USA, jako mechanistická reakce na introspektivní 
psychologii. Nasvědčuje lomu i skutečnost, že hojně 
čerpal z děl představitelů a příznivců behaviorismu. 
včetně časopisů, které tento směr studia zvířat repre­
zentovaly „The Journal of Animal Behavior“ a ..Beha­
vior“. Zajímal se však i o mechanismy chování zvířat, 
o podmíněné reflexy (Vacek. 1926. I937ab). Pavlo- 
vovo učení o vyšší nervové činnosti se stalo nejen stá­
lou součástí jeho přednášek psychologických a fyziolo­
gických. ale jeho výklad začlenil i do své učebnice 
srovnávací fyziologie (Vacek. 1937c).

Jeho pojetí přednášek o psychologii zvířat bylo tedy 
metodologicky i filozoficky do značné míry behavio- 
ristické. Popisovalo a vysvětlovalo jevy, které konzer­
vativní autority té doby pokládaly za vědeckému zkou­
mání nepřístupné (Burghardt. 1997). Spojovalo na 
svou dobu velmi moderně srovnávací psychologii 
s etologií. Bylo vzdáleno i některým vizím jeho učitele 
Babáka. Nemělo ledy daleko ke kořenům, z nichž dneš­
ní nauka o chování zvířat vyrůstá.

Vackovo rozvíjení léto oblasti zvěrolékařských véd 
však mělo i další rozměr. Respektoval, že lidé spolu 
žijí, soutěží a spolupracují se zvířaty efektivně po tisí-
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ciletí. Pozorují a hodnotí jejich chování, ale nebývají 
s to o něm referovat objektivně. Neumějí je vysvětlo­
vat. Počínají si antropomorfně a jejich představy mnoh­
dy mají až anekdotický charakter. Jsou však dobře znalí 
živočišných projevů bolesti, strachu a dalších atributů 
jejich psychiky. Jinak by byli zranitelní. Nebyli by s to 
je vést, řídit a kontrolovat. V době Vackova působení, 
ve dvacátých a třicátých letech, někteří vědci experi­
mentující v laboratorních podmínkách tyto poznatky 
a zkušenosti ignorovali. Přistupovali к psychologii zví­
řat agnosticky. Postřehy, údaje a snad i interpretace od­
borně neerudovaných pomíjeli a vylučovali z vědy jen 
proto, že nebyly získány akreditovanými vědci v labo­
ratořích. mnohdy v podmínkách sice definovatelných, 
ale pro zvířata nevhodných až nepřirozených. Ne tak 
Vacek. Této zpozdilosti byl vzdálen. I my bychom měli 
být při hodnocení interpretací a teorií graduovaných 
učenců skeptičtí a striktní, ale měli bychom být demo­
kratičtí v akceptování laických pozorování, dat a údajů 
(Rollin, 1997).

Fenomény chování a péče o zdraví zvířat jsou spolu 
neoddělitelně spojeny. Po desetiletí se vyvíjely ve vzá­
jemných interakcích. Veterináři by proto měli být od­
borníky, kteří jiné v umění zacházet se zvířaty instruu­
jí. Jsou prostředníky mezi druhy. Měli by být s to 
vychovávat i své klienty tak, aby mohli efektivně se 
svými svěřenci komunikovat, jejich choviiní předvídat 
a řídil (С apo rae 1 a Heyes, 1997).

Začátky českého zvčrolékařského vzdělávání tento 
žádoucí vývoj především zásluhou Antonína Hrůzy, 
Edwarda Babáka. Oldřicha Viléma Hykešc, ale hlavně 
Tomáše Vacka, šťastně anticipovaly. Nauka o chování 
zvířat, jejíž vývoj je historií úspěšných změn, pochyb­
ností a výzev danému status quo vědy, byla již ve dva­
cátých a třicátých letech součástí brněnského zvčrolé­
kařského studijního kurikula. V roce 1939, po čtrnácti 
letech, byla česká nauka o chování zvířat nacisty 
umlčena a zhubena. Naděje do ní vkládané byly zmar­
něny. Třebaže byl její rozvoj brutálně přerván, je mož­
né na ni navazovat. Je toho třeba o to víc, že se moderní 
veterinární medicína s etologií stále víc prorůstá. Péče 
o zdraví zvířat sc etologizujc (H о I u b a Baranyi- 
ová, 1997).

Poděkování

Za účinnou pomoc při studiu archivních materiálů 
děkujeme PhDr. Jiřímu Šindlářovi z Veterinární a far­
maceutické univerzity v Brně.

PRAMENY

Archiv Ústavu humanitních disciplin a jazyků Veter­
inární a farmaceutické univerzity v Brně.
Archiv Antonína Holuba.
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BOOK REVIEW RECENZE

SELECTED PROBLEMS OF VETERINARY PHARMACOLOGY

B. F. Kania

Fundacja Rozwój SGGW Warszawa, 1996. 294 pp., 22 Tabs., 36 Figs. ISBN 
83-86980-30-3.

The dynamic development of biological sciences has 
also had a positive influence on the current knowledge 
of the activating mechanisms, especially in the case of 
human and animal organisms. This is not only the case 
at he level of particular systems or parts of the body, 
but also at the cellular or subcellular level. The cellular 
mechanisms for activating ligands and specific drugs,as 
well as some other data have been presented in 
22 chapters of this book (e.g.neuromuscular blocking 
agents and immobilizing drugs, local anaesthetics, ad­
renergic agonists and antagonists, cholinergic agonists 
and antagonists, tranquillizers, anxiolytic drugs, anal­
gesics, sedatives, hypnotics, general anaesthetics, 
analeptics, autacoids, antiinflammatory drugs, respira­
tory drugs, digestives, diuretics, cardiovascular drugs, 
antianaemics, haemostatics and haemathopoetic drugs, 
anaphylactoidal drugs, hormones, and somatotropic 
drug. etc.).

The book also includes the latest knowledge about 
drugs, such as their origin, chemical structure, their 
functional receptors, guidance on usage, dosage for dif­
ferent species, interactions, adverse effects, contraindi­
cations as far as the veterinary practice is concerned.

This information makes the book very useful for vet­
erinary students and veterinary practitioners, as well as 
pharmacologists and physicians involved in experimen­
tal pharmacology or in the veterinary pharmaceutical 
sector. In this field the important educational aspects of 
this publication are emphasized as well as its usefulness 
in the teaching process and rational therapy. The diffi­
cult aspects regarding the action and role of the nervous 
system and related drugs are presented by the author in 
a logical comprehensive,and clear way. He therefore 
introduces highly specialized fields (the role of recep­
tors, messengers, kinins, endogenous opioid peptides, 
and neurotransmitters in biopharmaco-biochemical 
processes) even for those who are not very well ac­
quainted with these matters. The book can thus be very 
useful again also for students and practitioners in the 
food - agriculture - ecology complex, furthermore for 
students and practitioners of pharmacy, natural science, 
and medicine.

Finally I must say that I am sure that also this book 
will be well used by some specialists in Slavic coun­
tries and after translation into world languages by other 
students and experts.

Assoc. Prof. V. Sutiak, D.V.M., Ph.D.
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