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

VPLYV VOLNEHO A LIPOZOMOVANEHO ALBENDAZOLU
NA IMUNITNE PREJAVY ZDRAVYCH A TOXOCARA CANIS
INFIKOVANYCH MYSI

Mo

7. Boroékové', E. l)voroznakové', P. Dubinskj", S. Velebnyl, 0. Toma§oviéové',
B. Machnicka®

IPurasimlngical Institute of the Slovak Academy of Sciences, KoSice, Slovak Republic
2 . . . ~ . - .
“Parasitological Institute of the Polish Academy of Sciences, Warszaw, Poland

ABSTRACT: The eftect of free and liposomized albendazole on the lymphoproliferative activity was studied in healthy and
Toxocara canis-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 B 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 B-cell activity to polyclonal
activators. After infection of mice with 7. cants, 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 hposomized albendazole against T. camis larvae in the muscles during the myotropo-neurotropic
phase of their migration was 41.6 to 60.8% and in the brain 52.4 10 60.8%.

mouse; toxocarosis; liposomes; albendazole; immunity

ABSTRAKT: Preskimal sa vplyv volného a lipozomovancho albendazolu na lymfoproliferalni aktivitu zdravych a Toxo-
cara canis-infikovanych mysi. U zvierat po infikovani sme zdaroven sledovali hladinu $pecifickych cirkulujicich protilatok.
Opakované poddvanie prazdnych lipozomov zdravym mySiam preukazne zniZilo odpoved T a B buniek na nedpecifické
polyklonové aktivitory (Concanavalin A, Lipopolysaccharide, Pokeweed mitogen). Lipozomy s inkorporovanym albendazo-
lom, aplikovanym v divke 10 mg/kg z.h. dvakrat denne po dobu piatich dni, aktivitu tych istych bunkovych populdcii
u zdravych mysi tiez potladili. Ale naopak, aplikdcia volného albendazolu zdravym zvieratim odpoved T a B buniek k po-
lyklonovym aktivitorom stimulovala. Po infikovani my$i 7. cans sa lymfoproliferatna aktivita obidvoch bunkovych populécii
a hladina Specifickych cirkulujicich protilitok zvy3ila. Po terapii infikovanych mysi lipozomovanym albendazolom doslo
k Ciastocnej inhibicti proliferacnej aktivity lymfocytov a hladina $pecifickych cirkulujacich protilitok vyznamne poklesla,
v porovnani s len infikovanymi zvieratami. U¢innost lipozomovaného albendazolu na larvy 7. canis v svalstve v myotrop-
no-neurotropnej fize migracie lariev bola 41,6 az 60,8 % a na larvy v mozgu 52,4 aZ 68,2 %.

my§; toxokaroza: lipozomy: albendazol: imunita

INTRODUCTION production of immunocomplexes (Astafyev, 1988;
Cuellar etal., 1990). The adverse effects of treatment

may also be caused by the immunomodulative proper-

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

ties of benzimidazoles themselves (Ozeretskov-
skaya, 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

* Partially supported by the Scientific Grant Agency - VEGA (Grant No. 2/5012/98).
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infected host (Ozeretskovskaya, 1980; Dvo-
rozndakova 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; Hrékova and Velebny, 1997 Veleb-
ny etal, 1995, 1996).

The aim of this study was to investigate the prolil-
erative response of T and B lymphocytes and the level
of specific antibodies after the administration of free
and liposomized albendazole (1ipABZ) to healthy and
Toxocara canis-infected CS7BL6 mice. The efficacy of
IpABZ against T. canis larvac 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 C57BLO
female mice divided into six groups of 24 animals cach.
The mice were kept under a 12hr light regime (12hr
light and 12hr dark) at 19-21 °C and 56% humidity on
a freely available standard diet (commercial pellets)
and water.

Group | consisted of healthy, uninfected and un-
treated mice.

Group 2 was composed of healthy mice given drug-
-free liposomes at 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) at 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 7. canis eggs per mouse.

Group 6 was infected with 7. canis like Group 5 and
dehelminthized with lipABZ at 10 mg/kg b.ow., twice
a day for 5 days (total dose 100 mg/kg) at 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 H,SO, 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.
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Proliferation of T and B Ilymphocytes

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% NH,Cl and lymphocytes were diluted
10 a concentration of 5 x 10% cells per I ml. Concanavalin
A (ConA), mostly for T cells Lipopolysaccharide (LPS)
mostly for B cells and Pokeweed mitogen (PWM) for
both cell populations (all products ol SIGMA) were
used as polyclonal activators of the immunocompetent
cells. They were used at a concentration of 5 1/ml. The
lymphocytes and mitogens were placed in 200 pl of
culture medium (RPMI 1640 with 5% bovine (oetal
serum and gentamicin at a concentration of 1 ml per I)
in Eppendorf tubes and incubated under sterile condi-
tions in CO, at 37 °C for 72 h. The test-tubes were than
filled with 20 pl of 3.4-dimethylthiazole-2.5-diphenyl-
tetrazolium bromide (SIGMA). The sediment after cen-
trifugation was supplemented with 200 pl of dimethyl-
sulphoxide (SERVA) - Page ct al. (1988). DNA
synthesis was measured spectrophotometrically at Es40
and F680 nm. Cell activation rate was expressed as a
stimulation index (87) according to the formula:

540 — "680 (stimulated cclls)

B "5-1() ~Lox0 (nonstimulated cells)

ELISA for detection of specific circulating antibodies

Sera were examined by ELISA (Havasiova and
Reiterovi etal, 1995) using E/S antigen prepared
by the method of de Savigny (1975). 7. canis larvae
(LL3) were incubated in RPMI 1640 with addition of
gentamycin at a concentration of 1 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 at 4 °C for 24 hrs. Then they
were concentrated by means of polyethylenglycocol
and stored at =20 °C until used. Anti-mouse. peroxi-
dase-labelled 1gG (SwWAM-Ig-Px: Institute for Sera and
Vaccines, Prague). diluted 1 : 2 000, and 0-phenylen-
diamine with H,0O, 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 Bangham et
al. (1965). Chloroformo-methanol (2 : 1 v/v) mixture,
containing 0.332 mmol phospolipon 100H (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

VET. MED. - CZECH. 43, 1998 (10): 293-300
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a Coulter Counter apparatus (man. by Coulter Electron-
ics Lud). The liposomes ranged between 8.8-5.93 pum
in diameter. The size of as much as 73.1% of these
particles ranged between 2.02-4.76 um. 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 7. canis 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 (Velebny 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-
-tatled Student’s test, assuming equal variances. Statis-

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

after administration of free and liposomized albendazole (ipABZ) to healthy and

mice infected with | 000 eggs of 7. canis and dehelminthized with ipABZ

tical significance
0.05 or P < 0.01.

for all comparisons was set at P <

RESULTS

Proliferative response of T and B 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. 1)

SI values in Group 2 (healthy mice, treated with
drug-free liposomes), after a short moderate increase,
remained below the S/ values for Group 1. From day
24 after liposome application this decrease was statis-
tically significant (P < 0.01). Compared with Group 1,
Group 3 (healthy mice. treated with free ABZ) exhib-
ited an enhanced activity of T cells tfrom day 3, with
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maximum S/ on day 38. From day 10 after drug admi
nistration until the termination of the experiment the
response of T cells was significant (P < 0.05: P < 0.01)

In Group 4 (healthy animals, treated with lipABZ)
the phases of marked decline in S7 alternated with their
moderate increase. Compared with Group 1. S/ values
for Group 4 were significantly (P < 0.01 or P < 0.05)
lower only on days 3, 10 and 38 after treatment with
lipABZ. In Groups 5 (infected mice) and 6 (infected,
lipABZ-treated mice). the S7 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 S/ 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 | exhibited a short-term
clevated activity of T cells. Statistically significant
(P < 0.05) were only on day 10 after treatment,
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A short-term inhibition of the values i Group 4. re-
corded on days 3 and 10 alter ipABZ administration
was significant compared with Group | (P < 0.01 and
P < 0.05. respectively). A noticeable stimulation of the
cell acuvity occurred in Groups S and 6. with maxi-
mum S/ 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 B cells was detected in Group 2 compared
with Group 1. The inhibitory effect of liposomes in
Group 2 was noticeably manifested from day 24 after
liposome administration (2 < 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 S7 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 1. was observed from day 3 to day 24 after

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



albendazole
3 liposomes
liposomed albendazole

vy

infection

2,5 4 #

g 2
S
&
3
©
.51'54
= 5 7
o 7 /
Fo B 7
3 % g %
7 Z V] 7
£ Z 7 % %
R Z Z
7 Z 7 7
7 Z 7 7
7 Z Z Z
7 7 7 7
7z Z A Z
| 7 Z
‘ 7 Z Z Z
7 87 % Z
Z Z
5 87 Y % %

Ohealthy

H healthy+ABZ

O healthy+liposomes
healthy+lipABZ
Winfected
Binfected+lipABZ

AR R R R R T T

N

AR NSNS S

RN
RARNANASNNNNNANNANAN

42 70 84

Days of experiment

3 Proliterative effect of T and B cells o Pokeweed mitogen after adnnumistration of free and liposomized albendazole (lipABZ) to healthy

and Toxocara canis-infected mice

Legend see Fig |

treatment with lipABZ. The SI 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. 1. The lower ST 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 titre 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 titres from day
3 1o day 24 after treatment

Effect of liposomized albendazole on 7. canis larvae
(Tab. 1)

The Tarval 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 524 and 68.2% The lowest reduction
CZECH. 43,1998 (10): 293
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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 hittle is known about their influence on the
immune system in helminthic diseases. Morcover. 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 (Barta et al, 1986: Fallon et
al, 1993: DZabarova etal, 1994; Jacobs ctal,
1996). Itis 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 (Velebny et al., 1997).

Although liposomes have been know for same time
for their immunoadjuvat effect, little attention has been
paid to 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
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proliferative response of splenic T- and B-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 B cells. This
inhibition concerns mainly the response of T cells to
ConA to which according to Stobo (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

298

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 B 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 stumulative effect of free drug.

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



Our previous study (BoroSkova 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. S/
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; Velebny etal. 1995). Since in our study not
antigen but only drug
liposomized particles, their immunoadjuvant effect was
unlikely.

Animals treated with ipABZ had a significantly in-
hibited production of specific circulating antibodies
throughout the most of the experiment. A weaker hu-
moral response occurred as carly as the first week after
drug administration and on day 35 p.i., i.c. at the time
when migrating 7. canis larvae reach as far as the brain.
Decreased levels of antibodies after treatment ol lambs
with another benzimidazole (fenbendazole) were also
reported by Cabaj et al. (1994). This anthelmintic.
however, was given in suspension and animals were
immunized with nonspecific antigens. The reduced lev-
els of circulating antibodies after pABZ treatment in
our studies could have been connected with the sup-
pression ol the functional activity of B cells, responsi-
ble for their production. Contrary to these results, treat-
ment ol experimental larval toxocarosis with another
benzimidazole derivative (mebendazole) and with
dicthylcarbamazine showed that the temporary de-
crease in the level of antibodies was succeeded by their
further increase and persistence (Kato, 1973; Cuel-
lar etal., 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:
Dzabarova 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. canis larvac. ES antigens in the case of toxo-
carosis are considered as the most effective immuno-
genes produced by larvae (L1oyd, 1987).

The results obtaied 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-Toxocara 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 1t was observed in the treatment of other
helminthoses (DZzabarova etal. 1994). In this con-
nection. the immunomodulatory effect of albendazole

was incorporated into
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could have a relationship to the induction of resistance
to anthelmintic, which is the subject of studies with
other antiparasitic drugs (Cox, 1992: Doenhofft
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 (Velebny et al.. 1997). In
following the effect of lipABZ on the reduction of lar-
val count, it was observed that the dynamics of 7. 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 carly as day 24 after the termination of treat-
ment. i.c. 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.
(Delgado etal. 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 casier 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 7.
canis larvae in the brain is the higher lipophilicity of
liposomes compared with the drug alone.

canis larvae in the brain
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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

VYSKYT KOKCIDII (CARYOSPORA NEOFALCONIS A CARYOSPORA
KUTZERI) U DRAVYCH PTAKU V ODCHOVNE SOKOLOVITYCH
DRAVCU V MILOTICICH V CESKE REPUBLICE

I. Pavlik', J. Cernik', J. Barta’, J. Kundera’, Z. Pecka’

! Veterinary Research Institute, Brno, Czech Republic

% Falcon Breeding Facility, Milotice, Czech Republic

3 Institute of Parasitology, Academy of Sciences of the Czech Republic, Ceské Budéjovice,
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. kurzeri 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 11 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. neofalconts 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: Carvospora kutzert: birds of prey; diagnostics: therapy; prevention

ABSTRAKT: V letech 1991 az 1992 bylo vySetfeno 430 vzorki trusu 91 dravych ptaka 10 druhi z Odchovny sokolovitych
dravet v Miloticich. Druh Caryospora neofalconis byl poprvé zjistén v roce 1991 u &ty sokolovitych draven s priznaky
prujmu a apatic. Celkem byly oocysty tohoto druhu zjistény postupné v 68 vzorcich trusu 30 sokolovitych draved. Druh
Caryospora kutzeri se poprvé vyskytl v roce 1992 v trusu importovaného zdravého sokola loveckého (Falco rusticolus)
z Danska. Po jeho uhynuti z divodu perikarditidy byly zjistény ojedinélé oocysty v tenkém stievé oproti masivnimu nilezu
v obsahu tlustého stfeva. V nasledujicich vySetfenich 327 vzorka trusu 77 draven byly oocysty tohoto druhu postupné
prokdazany u 11 sokolovitych draved. Soucasné oba druhy kokcidii byly zjitény u poStolky obeené (F. tinunculus). U dvou
ostfiza lesnich (F. subbuteo) a dvou rarohli velkych (F. cherrug) se pii opakovaném vySetieni vyskytl nejdfive druh C. neo-
Jalconts a potom druh C. kutzeri. Z 10 sokolovitych draved s klinickymi pfiznaky hubnuti, apatie a prijmu byly u sedmi
draven zjistény kokcidie druhu C. neofalconis a u tii dravet kokcidie druhu C. kutzeri. Pfi terapii se osvéd¢il Sulfakombin,
ktery zplsobil vymizeni Klinickych pfiznaki a zastaveni vylucovini oocyst na nékolik tydni. Pozdé&jsi prikaz oocyst u léce-
nych dravct jiz nebyl doprovizen klinickymi pfiznaky.

Caryvospora neofalconis; Carvospora kutzert: dravi ptaci: diagnostika; terapie: prevence

INTRODUCTION

Infections of raptors by coccidia of the family
Eimertidae, genera Eimeria (Schwalbach, 1959;
Huber. 1964) and Isospora (Scholtyseck. 1954,
1956) have been described. Also of importance are coc-
cidia of the genus Caryospora which includes more
than 30 species and infects particularly birds of prey
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and reptiles (Upton et al, 1986). Two species of
caryosporan coccidia, C. neofalconis and C. kutzeri,
were described in 1982 (Boer, 1982). Infections by
C. neofalconis have been diagnosed in the following
falconid birds in Germany: peregrine falcon (Falco
peregrinus), lanner falcon (F. biarmicus), hobby falcon
(F. subbuteo) and prairic 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; Boer, 1982; Isen-
bigel and Riibel, 1987).

Free-living falcons, particularly peregrines falcons
(F. peregrinus) and gyrfalcons (F. cherrug), 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 m 19911992

C. neofalconis C. kutzeri C. neofalconis and C. kurzeri
Bird species _\-u::;,)icd No No. clinically No. No. clinically No No. clinically
infected affected* nfected affected* infected affected*

Peregrine falcon 94" 14 (149) 10 (10.6) 0
F. peregrinus 25" 7 (28.0) 3 (JZ:JL 6(24.0) 1(16.7) [} 0
Saker falcon 192 R (198) 3(1.6) 2(1L.0)
F.cherrug 39 14 (35.9) 2(14.3) 1(2.6) 1 (100) 2(5.h 0
Merlin o 0 i —() 0
F.columbarius 2 0 0 0 0 0 0
Kestrel 13 0 0 1 (7.7)
F. tinnunculus 2 0 0 0 0 1 (50.0) 0
Lanner falcon 5 0 0 0
F. biarmicuy 1 0 0 0 0 0 0
Hobby falcon 6 0 0 6
F. subbuteo 2 0 0 0 0 2 (100) 0
Gyrfalcon 18 0 13(72.2) 0
F. rusticolus 2 0 0 2 (100) 0 0 0
Hybrids® 67 14 (20.9) 8 (11.9) 0

12 7 (58.3) 2 (28.6) 2(16.7) 1 (50.0) 0 0
Goshawk 27 (G 0 0
A. gentilis 4 1 (25.0) 0 0 0 0 0
Sparrowhawk | 17" (100) 0 0
A. nisus 1 1 (100) 0 0 0 0 0
Eagle owl 1 0 0 0
Bubo bubo | 0 0 0 0 0 0
Total samples 430 68 (15.8) 34 (7.9) 9(2.1)
Total birds 91 30 (33.0) 7(23.3) a2 3(27.3) 5(5.5) 0

Legends:
) % C. = Caryospora

* number of sampled samples

** number of sampled birds

*** small number of oocysts

+ clinically affected (diarrhoea, reduced feed intake) birds

F. = Falco
A. = Accipiter

& hybrids of peregrine falcons (Falco peregrinus) and saker falcons (Falco cherrung)
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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. cherrug). 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 shde and
viewed at the magnification 80x and the finding was
scored as + (less than 10 oocysts per loop), ++ (less
than 6 oocysts per | 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 sporulated oocysts.

Therapy

Oral Sulfakombin (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. neofalconis (Boer, 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. neofalconis 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: onc 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.

Qocysts, which were identified according to mor-
phologic data, were identified as C. kurzeri and were
detected during the second examination of colony birds
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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 11 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. kurzeri were found in the small
intestine, their number in the large intestine was very
high.

Both coccidia species (Tab. 1), first C. neofalconis
and later C. kutzeri, were found in droppings of two
saker falcons (F. cherrug), two lanner falcons (F. biar-
micus) and a weak concurrent infection by both species
in a clinically normal kestrel (F. tinnunculus). Oocysts
of either C. neofalconis 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. neofalconis and C.
kutzert (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
Sulfakombin. 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 (Boer, 1982;
Upton etal, 1990). Our findings of C. neofalconis
and C. kutzeri in birds of prey have been the first re-
ported cases in the Czech Republic. Although C. neo-

falconis 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 cjaculates 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 (incl. eggs) coming from sources free of
the two coccidia species (Boer, 1982).

Treatment with the coccidiostat Sulfakombin,
started immediately after C. kutzeri had been demon-
strated, suppressed shedding of oocysts within 7 days.

w
=
w



1. 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 single coccidia species
Bird No. Pl P2 P3 P4 X1 X2 G N s2 X3
30.7.91 n++"& n+ 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 n+" & ND ND ND ND ND
29.10.91 - n+ 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 - - n+ k++ - - -
T 3:092 - n++ ND - n+ - k+ - - -
9, 3,92 - n+ ND n+ - - & - - -
16. 3. 92 - ND ND - ND - - ND ND ND
11.5.92 B 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 n+ - - - k+ k++ - k+
27.9.92 - ND n++ - n+ k++ - k44
29.9.92 - ND n+ - - - - B - k+
19. 10, 92 ND ND n+++ - ND - k+ - k+ k44
27. 10. 92ND | ND n+ - ND ND - - ket

Demonstration of hull: cu'cc\din species in one bird

6.11.91 n+ n+ = ND
22, 11.91 - - ND ND
5.3.92 - - n+ ND
7.3.92 - - n++ ND
9. 3.92 - - n+4+ ND
25.9.92 - B k+
27.9.92 - - k+ -
29.9.92 k+ - K44+ -
19. 10. 92 - k+ ND n+, k+
27.10. 92 - k++ ND -

Legends:

* clinical signs (weight loss, diarrhoea)

& beginning of therapy (coccidiostat-Sulfakombin)

P1-P4 peregrine (Falco peregrinus)

X1-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
K kestrel (Falco tinnunculus)

n, k infection of Caryospora neofalconis and/or Caryospora kutzeri (+ 10 +++)

+ to +++ degree of positivity

- negative finding

ND not done

However, the environment was already contaminated  transmission was facilitated by the long patency and
by oocysts to such an extent that coccidia were detected  high tenacity of sporulated oocysts (Boer, 1982).
subsequently also in other birds kept in the FBE. The A transmission by contaminated ejaculate is not prob-
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able because sporogony requires three days. The inter-
val between ejaculation and artif
a few hours and thus not sufficient for sporogony.

Among birds of prey. falcons were reported as the
only hosts of C. neofalconis (Boer, 1982; Schaf-
frath-Baoer, 1983). Our examinations revealed in-
fections by this species in one goshawk (Accipiter gen-
tilis) 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
(Boer., 1982: Isenbiigel and Ribel, 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 (B ocer, 1982). Clinical discases can also
develop following exposure to various stresses, such as
climatic factors (high or low ambient temperatures),
poor feed quality, intercurrent diseases of the intestinal
tract or other organs, ete.

No deaths occurred in caryospora-infected birds we
studied. but the observed signs resembled closely those
described inavailable literature (Wetzel and
Enigk. 1939: Cooper. 1969; Boer, 1982: Is-
enbigel and Rubel. 1987). Our results have also
confirmed Bdéer's (1982) and Schaffrath-
-Boer (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 carlier reports by others (Boer. 1982:
Isenbiigel and Rubel, 1987). The administration
of coccidiostats is followed by a significant improve-
ment of clinical status within a few days. However, it
15 necessary to remark that Boer (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 chinical status of the birds of
prey due to the effect also on other bacterial en-
theropathogens. A slow recovery (within I to 3 weceks)
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-
tons. It is. therefore, evident that both Caryvospora sp.

sial insemination is
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are circulating in the colony and that, conforming with
the views of Boer (1982) and Isenbiigel and
Ribel (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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CHLAMYDIOSIS IN THE FISH

CHLAMYDIOZA RYB (EPITHELIOCYSTIS)

L. Pospisil
Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: A review on chlamydiosis in fish. commonly called “epitheliocystis™ (earlier “mucophilosis™), is presented.
The discase 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: Pichledny ¢lanck o chlamydioze ryb., pro néz s¢ dosud uziva nazev (.epitheliocystis™, diive .mucophilosis™).
Je to chronické onemocnéni ryb. zpusobene mikroorganismy podobnymi chlamydiim. Projevuje se hypertrofii epitelidlnich
bunék, predevsim Zdbrovych, nékdy i koznich. V ¢linku jsou popsiny zevni pfiznaky, histopatologicky obraz, etiologie,
pfenos ndakazy. inkubacni doba, hostitelské rybi druhy a geografické rozsifeni nakazy. Onemocnéni bylo jiz prokizino

u 32 druht ryb s mortalitou 4 az 8 %.

chlamydie: ryby: epitheliocystis

UvoD

Existenci chlamydii — at uz se jejich pojmenovani
v prubéhu let jakkoliv proménovalo (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-inkluzni
conjunctivitis) — potvrdili Halberstaedter a
Prowazek (1907). Price pojednivajici o patogen-
nim puasobeni chlamydii na ¢lovéka a teplokrevné ob-
ratlovee jdou do tisict. Rovnéz na nasem pracovist se
chlamydiovymi infekcemi, jako interdisciplinarni prob-
lematikou. po nékolik obdobi konsekventné zabyvame
(Pospisil aj.. 1990, 1997. 1998: Pospisil
a PospiSilova. 1990: VE&inik a Pospi-
S11,1995,1997. VEéznik aj., 1996a, b, 1998). Svym
choroboplodnym potencidlem pro celou zivocisnou Fisi
Jsou chlamydie mezi bakteriemi tak vyjimecné. ze ne-
maji obdobu. Jejich vyjimecnost je dile dina zcela je-
dine¢nym vyvojovym cyklem, probihajicim vyhradné
nitrobunecné. Strikini intracelularni parazitismus jejich
vyjimecnost jen podtrhuje. Vzhledem k tak bohaté lite-
rature doslo relativné pozdé k poznani, ze chlamydie
mohou infikovat, kromé ruznych druhu teplokrevnych
obratloven. 1 ryby. obojzivelniky a astrice (Newco-
mer aj.. 1982: Renault a Cochennec, 1995).
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Jelikoz se nam jevil vyskyt chlamydii a chlamydioz
u ryb jako nejméné probadany z celé ZivocCisné fise,
jako terra ignota, obritili jsme svou pozornost v pos-
ledni dob¢ timto smérem pii akcentaci zdkladnich poz-
natku epizoootologickych a experimentalné patologic-
kych. Chlamydiové infekee u ryb byly dlouho zahaleny
nespravnymi nazvy ,mucophilosis™ a epitheliocystis®.
Posledni z téchto dvou niazva pretrvava casto v odbor-
né literatuie doposud.

Podle popisi chorobnych zmén na ulovenych rybiach
Ize usuzovat, Ze se u nich chlamydiova infekce vysky-
tovala jiz v 16. stoleti (W ol f, 1988). Pretrvavajici na-
zev ,epitheliocystis™ charakterizuje chronické onemoc-
néni ryb zpasobené mikroorganismy podobnymi
chlamydiim, které se projevuje hypertrofii epitelidlnich
bunék, zpravidla Zabrovych, ale nékdy také koZnich.
Bylo zjisténo u fady sladkovodnich a moiskych ryb.
Sama epitheliocystis je onemocnéni povrchové a benigni.
Nicméné proces na zibrich muaze podnitit hyperplazii
a slepeni zabernich lamel. U rozsdhlejSiho procesu je
pak dychani postizené ryby nedostatecné a vysledkem
toho je jeji ahyn.

Zavaznost a letalita epitheliocystis maze byt mno-
hem vyssi u pfipada smiSené infekee, kdy k zdkladni-
mu onemocnéni se pridruzuje infekee zpusobend nékte-
rymi prvoky. trematody nebo vibrii (Cruz-c-Silva
aj.. 1997; Padros a Crespo, 1995).




Nekteri autoit udavaji masivni mortalitu ryb infikova-
nych epitheliocystis, zejména v téch pripadech, u nichz
kromé zaber a ktize jsou postizeny destrukénim proce-
sem nozdry a bukdlni dutina (Venizelos a Bene-
ti,1996). Graff aj. (1996) udavaji mortalitu u chov-
nych ryb (vyza bild) stiZenych epitheliocystis 4 az 8 %.
Prabéh onemocnéni epitheliocystis u chovnych ryb ne-
ovliviiuje skladba krmiva (Gonzales aj., 1995).

Historie onemocnéni zacinda v roce 1920, kdy
Plehn popsal nové onemocnéni Zaber kapra obecné-
ho: mnohocetné malé cysticky obklopené proliferova-
nymi epitelialnimi bunkami, které, v pripadé znacného
rozsahu, zpisobuji nedostate¢né dychani vedouci
k thynu postizen¢ho jedince. Za pivodee tohoto once-
mocnéni oznacil jednobunéénou fasu Mucophilus cvp-
rint a onemocnéni nazval ,mucophilosis™. Tento, jak se
pozdéji ukazalo, nepfipadny nazev nicméné byl prebi-
ran i jinymi autory az do osmdesdtych let presto, Ze jiz
vroce 1969 Hoffman aj. oznacili za pavodce one-
mocnéni prvoka a pro onemocnéni pouzili nazev ,epit-
heliocystis™. Prvok se vyskytuje u mésic¢niku (druh ame-
rického okouna), a to nejen na zabrach a kuzi, ale i na
ploutvich. Pfi histologickém vySetieni bylo zjisténo, zc¢
Wcysty*™ jsou necobvykle hypertrofické epitelialni bunky
s granuly. Hoffman aj. (1969) se domnivali. 7¢ in-
tracelularni granula jsou virového puvodu. Jeden
2 Hoffmanovych spolupracovnika vsak pii elektronop-
tickém vySetfeni prokizal piitomnost velkého mnozstvi
bun¢k podobnych kokovitym bakteriim (coccus-like).
které prohlasil za bedsonie (dnesni nazev chlamydic).

Epitheliocystis byla v dalSich letech prokazana v zib-
rach okouna pruhovancho z atlantského pobiezi (Mo-
rone saxatilis) a okouna fi¢niho (M. americanus) z bra-
kickych vod severoamerickych (Wolke aj. 1970),
Srovnavacimi studiemi piispél k rozpoznani epithelio-
cystis  Wolfl (1980). Dalsi pripady epitheliocystis
u okouna pruhovaného popsali Paperna a Zwerner
(1976) 7 jiné oblasti a piesny elektronopticky obraz podah
Zachary a Paperna (1977). Protoze epitheliocys-
tické buiiky obsahovaly mnoZzstvi kokoidnich aZ ty¢inko-
vych mikroorganisma, autofi usoudili, Ze jde o rickettsie.

DalSi zprava o vyskytu epitheliocystis, tentokrat u par-
mice nachové (Liza ramada) a prazmy moiské (Sparus
aurata) z odchovu, pochazi z Izraele (Paperna, 1977).
Zde se také poprvé objevuje zminka o zna¢né mortalité
mladych infikovanych jedincii svédcici pro skutecnost,
Ze epitheliocystis je vazné, Casto letdlné koncici one-
mocnéni.

Elektronopticka studie ryb s pfiznaky epitheliocystis
pfinesla mimo jiné také docasny nazor o dvou pravdépo-
dobnych puvodcich onemocnéni (Paperna aj., 1978).

Dalsi zprava o vyskytu epitheliocystis pochazi
z Francie, a sice u mofského okouna. Dicentrarchus
labrax (Paperna a Baudin-Laurencin,
1979). O rok pozdéji Paperna a Sabnai (1980)
pofidili seznam vSech do t¢ doby znamych rybich hos-
titelt epitheliocystis a potvrdili, Ze jeji pivodce ma vy-
vojova stadia stejna jako chlamydie. Presto vSak zcela
nevyloucili etiologickou ulohu rickettsii.
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V roce 1981 doslo k zisadnimu zvratu v objasiova-
ni ctiologie epithelocystis, nebot Molnar a Bo-
ros. unifikovali toto oznaceni s nazvem ,mucophilo-
sis”. Dale byl popsian vyvojovy cyklus puavodee
epitheliocystis na zastupeich viech ctyf celedi ryb (Pa-
perna aj.. 1981) a domnénka o chlamydiich se zdala
byt potvrzena, zvladté kdyz Wolf (1981) ve své re-
view t¢méf vyloucil jako etiologické agens rickettsie.

Presto vsak jesté v roce 1992 napriklad Ander-
son a Prior vyslovuji pochybnosti, zda nalezené
inkluze u juvenilnich bahnikt australskych s piiznaky
kozni iritace a zmén na zabrach jsou chlamydiové nebo
rickettsiové.

Epitheliocystis pritahovala stile vice pozornosti. Po-
stupné byla zjiSténa u moiského platyze (Morrison
a Shum, 1983), dile jako pricina ahynu ryb lososo-
vitych (Rourke aj.. 1984) a jako benigni, velmi roz-
Sifend infekce u sumeckd (Zimmer aj., 1984). Rov-
néz bylo definitivné rozhodnuto, Ze epitheliocystis je
identickd s chorobou dfive zvanou mucophilosis (Pa -
Alves-de-Matos, 1984).

Zajimava historie epitheliocystis neni stale aplna. Chy-
bi zpravy o aspésSné 1zolact agens a 0 jeho exakiné popsa-
ném vyvojovém cyklu v experimentu in vivo a in vitro.

perna a

PATOLOGIE

Epitheliocystis je onemocenéni rizné zavazné — od
benignich lehkych pripada az po €zké infekee zasahu-
jici kozni epitel. Lehké infekee se také objevuji na zab-
rach, avSak té7ké postizeni zaber ma za nasledek pro-
liferativni bujeni zmensujici dychaci kapacitu tak, 7ze¢
dojde k dthynu infikované ryby. Byla vyslovena do-
mnénka. ze u volné 7

cich ryb se infekce epitheliocys-

tis nerozvine a zastava ve stavu latentni inaparentni in-
fekee, zatim co u ryb za raznych podminek chovu se
infekee rozvine do klasickych priznaki na kazi a zabrach
(Crespo a).. 1990: Grau a Crespo. 1991).

Epitheliocystis muze byt zaménéna s lymphocystis,
ale tato infekce obycejné probihd ve vétSich bunkach
a ziidka postihuje zdabry. Lymphocysus se nikdy nevys-
Kytuje u lososovitych a kaprovitych ryb. které jsou vni-
mavé k epitheliocystis. Kozni t¢zka forma epithelio-
cystis mize byt také zaménéna s parazitarni infekei,
zpusobenou prvokem Ichthyobodo necarrix.

Ryba s lehkou formou epitheliocystis se chova nor-
malné. Ryba v terminalnim stadiu proliferativni formy
je letargicka, jeji zabry jsou zbytnélé, zietelné je zrych-
lené dychani.

PRIZNAKY

Lehkd forma epitheliocystis maze byt inaparentni,
zatimeo tézka infekee je dramaticky zietelna. Pii vyset-
feni infikovanych Zaber jsou jiz s malym zvétSenim patr-
ny bunky epitheliocystis (n¢kterymi autory také nazy-
van¢ ,cysty™) jako malé, ovalné nebo sférické atvary.
Rozsah postizeni kuze muze byt od nékolika milimetru
u mladych jedincu az po rozsahlé plochy u ryb dospé-
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lych. Bunky nabyvaji hnédavé barvy a dojde-li k jejich
ruptuie, ma vytékajici obsah podobu masy slozené
2 mnozstvi zeela minucioznich kokoidnich elementa.
Specifické vnitini patologické zmény u epitheliocystis
nejsou popisoviny.

HISTOPATOLOGICKY OBRAZ

Byly popsiny postupné zmény infikovanych bunck
zaber kapra (Molnar a Boros, 1981). Buiky nej-
ranéjSiho stadia (10 az 15 pm v praméru) maji central-
n¢ uloZzenou inkluzi obklopenou pénovitou cytoplaz-
mou. Jak se buika postupné zvétSuje (20 az 30 pm),
zvéuje se i inkluze, chlamydie jsou zietelné a péno-
vita cytoplazma se kontrahuje. Cytoplazma se pii bar-
veni PAS jevi Cervena a pri elektronoptickém vySetieni
je ziejmé, ze inkluze je obklopena kapickami mucinu |
az 3 pum v praméru. Zralé buiky (60 az 70 pm v pri-
méru) si podrzi pouze uzky lem cytoplazmy. Vnitini
inkluze s obsahem velkého mnozstvi chlamydii zapliu-
je cely vnitini objem bunky.

V dobé¢ zralosti jsou epitheliocystické buiiky mimo-
fadn¢ zvétsené a obklopené tenkou vrstvickou hyalin-
niho pouzdra. Cytoplazma obsahuje velké bazofilni in-
Kluze uniformné granulované s vakuolizaci nebo bez
vakuolizace. Tyto variace jsou patrné zavislé na stari
bunky ncho na zpusobu fixace. Nucleus 1 nucleolus jsou
nékolikandsobné zvétseny. Jadro je lokalizovino typic-
Ky excentricky.

Epithehocysticke bunky jsou casto obklopeny jed
nou nebo 1 vice vrstvami normalnich epitehalnich bu-
nck s naznaky proliferace. Hypertrofické bunky se ne-
déli. Tyto zmény jsou patrné zejména na zibrach.
V pokroc¢ilém stadiu proliferovana tkan muze byt infil-
trovina makrofagy a cosinofily a kapilary byvaji ne-
prachodné (Paperna, 1977). Granula v cytoplazmé
nebo inkluzich davaji pozitivni reakei v barveni dle
Macchiavello (Wolke aj.. 1970).

ETIOLOGIE

Za Kauzalni ctiologické agens je soucasné vieobecné
povazovana chlamydie. i kdyZ nebyla dosud prokazina
uspésnou izolaci. Prave od izolace a experimentdlni in-
fekee je mozné oc¢ekavat dalsi podrobnosti o etiologii
epitheliocystis. Pokud etiologické agens nebude izolo-
vano. neni mozné ziskat informace o jeho vlastnostech.
Analogicky. podle jinych znamych chlamydii. lze usu-
zovat na jeho citlivost k antibiotikum. napfiklad k tet-
racyklinu, azitromycinu apod. Hoffman aj. (1969)
snad aspésné izolovali pavodcee epitheliocystis na tka-
nové kultuie BF-2. ale dalsi subkultury se nepodafily.
Stejné neaspésné byly izolacni pokusy na kufecich em-
bryich. Rovnéz netspésné byly izolacni pokusy, které
uskutecnil Woll (1981) na tkanovych kulturich BE-2
ozarenych kobaltem 60.

V soucasnosti se zdi nejspolehlivéjsim identifikac-
nim postupem chlamydii z epitheliocystis elektronop-
tické vysetieni.
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Byla provedena komparativni studie vyvojového
cyklu chlamydiového izolatu od vysSich obratlovea
s chlamydidlnim mikroorganismem izolovanym z ryb
(Desser aj., 1988)

PRENOS A INKUBACE

Epitheliocystis je snadno horizontalné pienosna,
avSak vstupni brana infekce neni je§té presné znama.
Paperna (1977) se domnivd, 7e v pienosu nikazy
hraji dalezitou alohu infikované sité a razna jina zafi-
zeni pouzivana pii chovu ryb. Podafil se experimental-
ni pienos nikazy infikovanymi Ziabrami na ryby v ak-
variu. Pri teploté vody 20 az 25 °C se infekce rozvinula
za 25 dnu. Rovnéz hruba emulze zaber z infikovaného
okouna. primisend do vody akviria se zlatymi rybkami
(Carassius auratus), zpusobila u nich epitheliocystis
zaber do tif az Ctyi tydna (Wolf, 1988).

HOSTITELE A GEOGRAFICKE ROZSIRENT
EPITHELIOCYSTIS

Infekee je kosmopolitni. Byla zaznamenana v Se-
verni Americe, vychodni i zapadni Evrope. Jizni Afri-
ce, na Blizkém Vychodé, dale v akvariich mezi tropicky-
mi morskymi druhy importovanymi z Filipin. Vnimavé
ryby k této nikaze patii k 11 ¢eledim: Centrarchidae, Cha-
ctodontidae, Cichlidae. Cyprinidae, Hippoglossidae, Icta-
luridae, Moronidae, Mullidae, Salmonidae, Sparidae
a Zanclidae. Infekee se vyskytuje ve vodé moiské i ficni,
ve vodach severskych 1 tropickych. Epitheliocystis byla
prokazana nejméné u 32 druht ryb (Lewis aj., 1992).

K nejzajimavéjSim zpravam o jejim vyskytu patii
onemocnéni moiského konika (Langdon aj., 1991).
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ARTICLE PREHLED

ESTROGENIC ACTIVITY OF XENOBIOTICS

ESTROGENNI AKTIVITA CIZORODYCH LATEK

M. Machala', J. Vondracek '~

lVeterinar_\' Research Institute, Brno, Czech Republic
“Institute of Biophysics, Academy of Sciences of the Czech Republic, Brno, Czech 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, are being developed and implemented. A combination of both in vitre and in vive methods
(e.g., recombinant receptor/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: Rada kontaminanti Zivotniho prostiedi. 1é¢iv a dalSich xenobiotik negativné pusobi na reprodukci a vyvoj
organismui. Cizorod¢ litky. které zasahuji do biosyntézy. transportu ¢i metabolismu steroidnich hormonti nebo ovliviluji vazbu
steroidl na specifické receptory a nisledné zpsobuji poruchy rovnovih funkei hormond, jsou oznacoviny jako endokrinni
disruptory. Velka vé

Sina publikovanych praci v této oblasti se tyka xenoestrogenu. tj. cizorodych litek, které vykazuji
estrogenni aktivitu. NejvyznamnéjSimi xenoestrogeny jsou nékterd syntetickd steroidni analoga hormoni. estrogeny rostlin-
né¢ho plivodu a fada environmentilnich kontaminant, napfiklad urc¢ité metabolity organochlorovych pesticidi, degradacni
produkty surfaktanti, dialkylestery kyseliny ftalové a jiné. Tato price shrnuje znimé mechanismy pasobeni endokrinnich
disruptoru, predeviim estrogent, a metody detekce jejich uc¢inku. Posledni studie ukazuji. Ze xenoestrogeny mohou pusobit
nejen pres vazbu na estrogenni receptor, ale i na jiné receptorové systémy. DalSi mechanismy xenoestrogenni aktivity zahrnuji
napfiklad modulace enzymi syntézy a katabolismu steroidi. Druhou oblasti studia endokrinnich poruch je rozvoj in vivo
ain viro metod detekee xenoestrogenni aktivity. popi. antiestrogennich. androgennich a jinych negativnich efekti. Pro
potieby toxikologic a pro hodnoceni environmentilnich rizik je v prici navrzen omezeny pocet testl, véetné vyuziti trans-
gennich bunck s reporterovym genem (in vitro stanoveni estrogenni aktivity) a stanoveni plazmatickych hladin vitelogeninu
(in vivo stanoveni estrogenily u sameu). Hodnoceni rizika estrogenni nebo androgenni aktivity xenobiotik in vivo by mélo
zahrnovat také stanoveni modulaci hlavnich enzymu steroidogeneze a metabolismu steroidi.

endokrinni poruchy: xenoestrogeny: cytochrom P450; syntéza steroidi; vitelogenin; test s vyuzitim reporterového genu
INTRODUCTION developmental processes in various organisms. Exoge-
nous compounds interfering with the biosynthesis,

Environmental contaminants, drugs and other xeno-  transport, binding, action, or metabolism of endo-
biotics have been found to affect both reproduction and  genous hormones are known as endocrine disruptors

“ Supported by the Grant Agency of the Czech Republic (Grant No. $25/98/1266) and by the Ministry of Environment (Grant No. VaV 340/1/96).
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(Kav!lock 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 xenobiotic-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 (Hontela et al., 1997). On
the other hand, a majority of investigators studied per-
turbations of action of sex steroid hormones, especially
estrogens (Ankley 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 (Korach and McLachlan., 1995:
Kavlock et al...1996; Ankley ct al.. 1998:
Crisp ctal, 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 of
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 abnor-
mal sexual development. reproductive failures. and ad-
verse cffects on concentrations of steroid hormones
have been detected in various wildlife and laboratory
animal species, including invertebrates (Ankley et
al., 1998; Crisp et al, 1998). A varicty 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, alkylphenols,
bisphenol A, dialkyl phthalates, phytoestrogens and
others. Estrogenic activity has been detected in efflu-
ents, sediments, air particulate matter, and animal tis-
suc extracts (Gillesby and ZacharcwsKki.
1998).

It is believed that although xenobiotics may elicit
only weak hormonal activity, their lipophilic nature,
persistence, and accummulation in liver tissues allow
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interferences with the steroidal regulation mechanisms
(Danzo, 1997). This idea is supported by a recent
observation that mixtures ol environmental xenobiotics
may have synergetic effects (Arnold et al, 1996).
However, some results of synergism-oriented studies
are controversial. Thus, the synergism of endocrine dis-
ruptors should be confirmed by additional in vivo and
i vitro studies. The data obtained only from the chemi-
cal monttoring of a limited number of contaminants are
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 1s 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 ctal, 1998: Crisp ct al.. 1998). Xeno-
estrogens are defined as chemicals that elicit biological
responses induced by estrogens. Most ol the known
xenoestrogens are known o bind to nuclear estrogen
receptors (ER) in target cells. The xenoestrogen-recep-
tor complex is then activated and binds to specific
DNA motifs — estrogen responsive elements (EREs).
Consequently. the expression of specific genes is en-
hanced (Fig. 1). Estrogen antagonists (antiestrogens)
can bind competitively to ER, but the binding of the
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
are 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 100 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. ). Therefore. estrogenic/androgenic action can be
modulated at least at three different levels by the
ER-independent mechanisms (Zacharewski. 1997;
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1. Mechamsms of action of xenoestrogens at the
cellular level

effects at the cellular, tissue, organ,
organism, and/or population level

Danzo, 1997; Gillesby and Zacharewski,

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 organochlorine

contaminants may be 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 be of importance.

VET. MED. - CZECH. 43, 1998 (10): 311-317

Abbreviations:

PPAR - peroxisome proliferator-activated receptor
RXR - retinoid X receptor

TR ~ thyroid receptor

MAPKs — mitogen-activated protein Kinases

E, - 17 beta-estradiol

CYP - ¢cytochrome P450

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 (CYPI1A, known
also as the P450 side chain cleavage enzyme, P450scc),
is responsible for the first step of steroid biosynthesis.
Some xenobiotics can alter the CYPIIA expression
and thereby increase the steroid production (Gil-
lesby 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 CYPI1A-dependent
conversion of cholesterol to pregnenolone and an im-
pairment of cholesterol mobilization and transport to
the CYPI11A (located in the inner mitochondrial mem-
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brane) (Kleeman et al,, 1990; Moore ct 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, CYPI19) such as the fungicide
fenarimol (Hirsch etal., 1987).

Modulation of steroid-metabolizing enzymes by
xenobiotics 1s another mechanism of action of endo-
crine-disrupting chemicals. Antiestrogenicity of 2.3.7.8-
-tetrachlorodibenzo-p-dioxin (TCDD) may be at least
partially ¢xplained by its potent induction of the
CYPIA enzymes that are involved in 17 beta-estradiol
metabolism (Spink et al., 1994). On the other hand,
mammalian testosterone metabolism is not signifi-
cantly affected by TCDD or TCDD-like inducers
(Zimniak and Waxman, 1992). The prevailing
hepatic steroid monooxygenase activity is cytochrome
P4503A (CYP3A)-dependent 6f3-hydroxylation. Many
xenobiotics can induce CYP3A and may act as endo-
crine disruptors. Interestingly, a decrease of CYP3A-
-dependent testosterone 6B-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 (Arukwe etal, 1997a; Machala ctal.,
1998a).

Environmental endocrine disruptors may also aftect
the dissociation of steroid hormones from their binding
proteins. It was shown that selected environmental con-
taminants may inhibit the binding of physiological h
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 supertamily, such as retinoid X recep-
tor (RXR) and peroxisome proliferator-activated recep-
tor (PPAR), could modulate the ER-mediated signal
transduction pathway (Gillesby and Zacharew-
ski, 1998). Down-regulation of ER protein levels by
TCDD (Safe et al.,
PPAR/RXR complex to estrogen responsive elements
and consequent inhibition of ER-mediated gene tran-
sceription (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 vive and in vitro methods have been devel-

oped to indicate the estrogenic activity of environ-
mental contaminants and other xenobiotics (Korach
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1991) or the binding of

and McLachlan, 1995; Zacharewski. 1997:

Gray, 1997; Ankley ctal, 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 CYPITA or CYPI19 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 i 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 ol methods. based mostly on a combination of
determination of plasmatic concentrations of steroids
1ys 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 etal. 1998). The uterotrophic response as-
say is a standardized procedure in which an estrogen-
-induced increase in wet weight is determined
(Korach 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 etal, 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 but not
expressed. in males. but its expression can be elicited
by the administration of xenoestrogens (LeGuellec
ct al., 1988). The production of VTG is used as
a biomarker of exposure to environmental xenoestro-
gens i fish (Tyler et al. 1996; Harries et al.,

with functional as
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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 (Folmar etal., 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. h
found to be a more sensitive parameter than vitello-
genin in male fish and hence could become an alterna-
tive biochemical marker of estrogenicity (Aruk we et
al., 1997h).

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, CYPITA, a rate-limiting en-
zyme of steroidogenesis, showed a significantly sup-
pressed activity in testes of rats and bulls chronically
exposed to polychlorinated biphenyls (Machala et
al., 1998b). An impairment of mobilization of chole-
sterol to CYPIIA enzyme or modulation of CYPI9

been

could also play a significant role in the disruption of

steroid synthesis (Johansson, 1989 Kleeman 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 Waxman, 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
nonylphenol and p.p’-DDE. respectively (Aruk we et
al., 1997b: Machala ctal.. 1998a). Therefore. a po-
tential contribution of modulations of hepatic steroid-
-metabolizing enzymes (o a modulatation of steroid
levels in fish is to be 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 (CYPI A,
CYP19. CYP3A) may become a suitable set of bio-
chemical markers of xenoestrogenic and/or androgenic
effects in vivo. These assays are sensitive and allow the
assessment of all mechanisms that can affect this endo-
crine pathway.

In vitro methods

Screening methods that detect potential estrogenic
and antiestrogenic chemicals are a matter of great con-
cern (Ankley et 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

VET. MED. - CZECH. 43, 1998 (10): 311-317

vitellogenin in  primary hepatocyte cultures
(Zacharewski, 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 (Zacha-
rewski, 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 éstrogens in primary
cultures of fish hepatocytes (Pelissero etal., 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
(Zacharewski, 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 (Joyeux etal., 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 etal, 1997). This procedures can be standard-
ized and yield results with a relatively high inter-labo-
ratory reproducibility. Although the reporter gene as-
says are suitable for the examination of ER ligands.,
they are incffective for endocrine disruptors acting by
ER-independent 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:

— xenobiotic-induced modulations of both steroidoge-
nic and drug-metabolizing enzymes involved in ste-
roid biosynthesis and inactivation:

- an clucidation of cros-stalk between distinct endo-
crine pathways and other signal transduction mecha-
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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 (CYPIIA,
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
Xenoestrogens.
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BOOK REVIE

VETERINARY CHEMOTHERAPY

B. F. Kania

Fundacja Rozwoj SGGW, Warszawa, 1997. 339 pp., 45 Tabs., 47 Figs. ISBN

83-86980-82-7.

Fourteen ycars after publishing a comprehensive
veterinary  pharmacology manual (T. Garbulinski
P-WRIL) Polish readers and other interested foreign
parties are 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-
cas

:s 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 relies 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 pharmaccuticals, E.U.-specifici-
ties and references.

The language used to describe such complicated
matters 1s plain and simple and thus easy o 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 msight into a complex
subject, which is necessary for a ratonal 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 hfe 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, T must also express my impression that
many important data in this book may also be 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 cither directly by some
specialists of Slavic countries. or after translation by
specialists of other counries.

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

PREHLED

ANIMAL BEHAVIOUR AND CZECH VETERINARY CURRICULUM

IN THE 1920S AND 1930S

CHOVANI ZVIRAT A CESKE ZVEROLEKARSKE STUDIINI PLANY
VE DVACATYCH A TRICATYCH LETECH

A. Holub, E. Baranyiova

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
Hruza, 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 Babak, 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 (Babak., 1905ab,
1924ab; Rostohar, 1926ab, 1927; Hyke§, 1954;
Kiecek, 1955 1971, 1973; Holub, 1973, 1997;
Braveny a Franc, 1997 Holub a Bara-
nyiova, 1997; Linhart a Sindlaf, 1997;
Os§tadal, 1997; Smékal, 1997).

Babak aroused the interest in animal behaviour in
his students, at the School of Veterinary Medicine. The
first was Oldfich Vilém Hykes (Hyke$, 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 Toma§ 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, 1937¢). He described
and explained events that were considered unsuitable

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
be 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 Tomas
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.

Predstava. Ze by etologicka problematika nebyla za-
stoupena ve studijnim zvérolékafském kurikulu, je ne-
myslitelna. Poznatky o chovani zvifat v ném od prv-
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nich zacatkua institucionalizace vysokych veterinarnich
uceni zahrnuty byvaji, ale nesystematicky. Skryvaji se
pod riiznymi nazvy ve vice oborech, které tvofi jak
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teoretické, tak aplikované zaklady profese. Jako ucele
ny soubor védeckého poznani. tvoficich samostatny
védni obor, pocinaji byt obecné tradovany teprve v do-
bé nejnove)

Moznost kavat informace o zdravotnim stavu je-
dince pouZivané v mediciné humanni jsou totiz u pa-
cientl jinych Zivocisnych druhd znalné omezené.
Anamnestické informace majiteld ¢i oSetfovatelu
o chovani jim svéfenych tvoru jsou az prilis casto
zlomkovit¢, netplné, nepiesné a antropomortni. A tak
je klicovym momentem poznavaciho procesu, zvIasie
v klinické veterinarni mediciné, pfima interakce zivo-
Cichlt a zvérolékaru, kiefi postupuji na ziklad¢ speci-
fickych, desitky a desitky let propracovavanych postu-
pu, sleduji, pozoruji- polohy, postoje a pohyby
pacientu. Na etologickych znalostech, na komunikacich
mezidruhovych, na presnosti a spolehlivosti nalezi. na
naleZitosti jejich interpretaci zdvisi urovefi péce o zdra-
vi zvitat. Zvérol¢kaii jsou na nich existenéné zavisli,

U nds ma zijem o chovani zvirat hluboké profesio-
nalni kofeny. Jako jeden z prvnich jej cilené projevoval
profesor Antonin Hriza, talentovany a nednavny orga-
nizator chovu a ochrany zvitat. Ve své dobé¢ pfiznatné
psal o duSevnu zvifat, zvIasté psi (Vacek, 1934
Nejezchleba. 1971).

Mezi protagonisty této oblasti ceského zvérolékar-
stvi nelze opomijet profesora MUDr. et MVDr. h.c.
Edwarda Babaka, ktery m¢l k problematice psychic-
kych jevi hluboky vztah. Bylo mu vlastni celostni po-
jeti organisma. Byl nadan integrativnim a integrujicim
vidénim Zivota 1 svéta. Ke studiu recepénich a regulad-
nich mechanismu, v némz zachazel az na samy okra)
(nevahal jej 1 prekracovat) jevi, jimiz se zabyvaji védy
o zivotg, mel blizko. Opakované se k nim vracel (B a-
bak. 1905ab. 1924ab: Rostohar. 1926ah. 1927:
HykeS. 1954; Kiecek, 1955, 1971, 1973; Ho-
lub, 1973, 1997; Braveny a Franc,1997: Ho-
lub a Baranyiova, 1997; Linhart a Sin-
dlar, 1997; Os§tadal, 1997; Smékal, 1997). Do
biologic a fyziologic svébytné vnaSel nejen prostor
a Cas, prvky ckologické i historické (evolucni, fyloge-
netické i ontogenetické), ale jevil i hluboky zijem
o mechanismy, Které tyto proménné integruji. Bylo
v ném hluboce zakotveno védomi souvislosti.

Po dlouhé hodiny vydrzel pozorovat a zazname-
ndvat Zivotni projevy tvoru, jimiz se s laskou obklopo-
val (Braveny a Franc, 1997). Jeho pocinani
a mysleni bylo prostoupeno prvky. které bychom dnes
oznacili za ctologické. Byl presvédcen, Ze dokonalé po-
zorovani na celém neoperovaném zvireti muaze dat plat-
n¢)si a skutecnosti vice odpovidajici vysledky nez na-
kladny pokus se sloZitou aparaturou (Holub. 1973).
Béhem svého brnénského plsobeni realizoval toto za-
méfeni, a to nejen organizacné, predeviim na I¢kaiske
a filozofické fakult¢ univerzity (Babak. 1924ab:;
Holub, 1994: Braveny a Franc, 1997).

PIné je vSak projevil na brnénské vysoké Skole zve-
rolékarské. K zijmu o chovini zvitat tam privedl i své
ziky. Prvnim byl Oldtich Vilém HykeS (Hyke{.
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1922, 1924, 1926) vénujici s¢ Klasické problematice
zacatku ceské ctologie (Janko, 1982), taxim nizsich
zivocicht. Brzy nasledoval Tomas Vacek zabyvajici se
podminénymi reflexy (Vacek. 1926. 1937abc). Ten
Jiz ve své habilitacni prednasce zdaraznil vyznam stu-
dia chovani a psychologie zvifat pro veterinarni medi-

cinu. Brzy nato, v roce 1926. pozidal komisi Skoly pro
reformu zvérolékaiského studia, aby byly prednasky
o psychologii zvirat a experimentalni psychologii zara-
zeny do brnénského kurikula. a to pro posluchace pa-
t¢ho ¢i nékterého 7 vysSich semestrii. Byl vyslySen. Od
letniho semestru roku 1927 se v seznamu prendsek br-
nénského vysokc¢ho uceni zvérolékarského pravidelné
objevovaly i Vackovy nepovinné prednasky | Zaklady
psychologice zvifat”, Prednasival hodinu, v atery odpo-
ledne, od 15 do 16 hodin. Vyuka byla jiz po roce roz-
§ifena na semestry dva. zimni i letni. Jeji skute¢ny roz-
sah v jednotlivych letech viak dosti kolisal, od
pouhych 4. 6 a 7 hodin (v roce 1931-32, 1936-37
a 1937-38) az do 21 a I8 hodin (v roce 1933-34
a 1934-35). V roce 1931 prednasky doplnil, jak si za-
psal na zkousku, dvouhodinovym cvic¢enim.
Postupoval tak. ze po ivodu a stru¢ném vykladu his-
torie psychologic zvirat jako vedy, byla vénovana po-
sornost vedomi, podvédomi a reflexum. a to 1 podmi-
nénym. Prevazna cast kurzu pak pripadala vykladu
o instinktech, ¢idlech a smyslech, Ktery byval doprovi-
zen obrazy a demonstracemi, napf. chovani akvarijnich
rybek, axolotli, mysi. ale take ukazkami ¢innosti ¢idel
a jejich korelaw v centralnim nervovém s
Dnes je velmi nesnadné analyzovat Vackovu filozo-
i psychologie zvifal. Nepochybné je, ze se zaméroval
piedeviim na jejich vnéjs
chovini. méné na jevy vnitini. Pohyboval se tedy pre-
vizne v poli tehdejsiho behaviorismu a neobehavioris-
mu, Ktery se na zacatku dvacatého stoleti vynoril
v USA. jako mechanisticka reakce na introspektivni
psychologii. Nasvédcuje tomu i skutecnost. ze hojné
Cerpal z dé¢l predstaviteli a pfiznived behaviorismu.

ému.

i projevy, na pozorovatelné

veetné casopist, Které tento smér studia zvirat repre-
zentovaly The Journal ol Animal Behavior” a , Beha-
vior™, Zajimal se viak 1 0o mechanismy chovani zvifat.
o podminéné reflexy (Vacek. 1926, 1937ab). Pavio-
vovo uceni o vySSi nervove ¢innosti se stalo nejen stai-

lou soucdsti jeho prednasek psychologickych a fyziolo-
gickych, ale jeho vyklad zaclenil 1 do své ucebnice
srovnavaci fyziologie (Vacek. 1937¢).

Jeho pojeti piednisek o psychologii zviiat bylo tedy
metodologicky 1 filozoficky do zna¢né miry behavio-
ristické. Popisovalo a vysvétlovalo jevy. které konzer-
vativni autority t¢ doby pokladaly za védeckému zkou-
mani nepiistupné (Burghardt. 1997). Spojovalo na
svou dobu velmi moderné srovnivaci psychologii
s ctologii. Bylo vzdaleno 1 nékterym vizim jeho ucitele
Babaka. Nemélo tedy daleko ke korenam. z nich7 dnes-
ni nauka o choviani zvirat vyrasti.

Vackovo rozvijeni této oblasti zvérolékaiskych véd
vsak mélo 1 dalSi rozmér. Respektoval, 7e lidé spolu
71ji. soutézi a spolupracuji se zviraty efektivné po tisi-
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cileti. Pozoruji a hodnoti jejich chovani, ale nebyvaji
s to o ném referovat objektivné. Neuméji je vysvétlo-
vat. Pocinaji si antropomorfné a jejich pfedstavy mnoh-
dy maji az anekdoticky charakter. Jsou viak dobie znali
zivociSnych projevu bolesti, strachu a dalSich atributa
jejich psychiky. Jinak by byli zranitelni. Nebyli by s to
je vést, fidit a kontrolovat. V dobé Vackova plisobeni.
ve dvacatych a tiicatych letech, néktefi védei experi-
mentujici v laboratornich podminkach tyto poznatky
a zkuSenosti ignorovali. Pristupovali k psychologii zvi-
fat agnosticky. Postichy. udaje a snad 1 interpretace od-
borné neerudovanych pomijeli a vylucovali z védy jen
proto, ze nebyly ziskany akreditovanymi védci v labo-
ratofich, mnohdy v podminkéch sice definovatelnych,
ale pro zvifata nevhodnych az nepiirozenych. Ne tak
Vacek. Této zpozdilosti byl vzdalen. I my bychom méli
byt pii hodnoceni interpretaci a teorii graduovanych
ucenct skepticti a striktni, ale méli bychom byt demo-
krati¢ti v akceptovani laickych pozorovani, dat a udaji
(Rollin. 1997).

Fenomeny choviani a péce o zdravi zvirat jsou spolu
neoddélitelné spojeny. Po desctileti se vyvijely ve vza-
jemnych interakcich. Veterinfi by proto méli byt od-
borniky, ktefi jin¢ v uméni zachazet se zviraty instruu-
Ji. Jsou prostiedniky mezi druhy. Méli by byt s to
vychovivat i své klienty tak, aby mohli efektivné se
svymi svéfenci komunikovat, jejich chovani predvidat
afidit (Caporacl a Heyes, 1997).

Zacalky ceského zvérolékarskeho vzdelavani tento
Zadouci vyvoj predevsim zisluhou Antonina Hruzy,
Edwarda Babdka, Oldficha Viléma HykeSe, ale hlavne
Tomase Vacka, Stastné anticipovaly. Nauka o chovani
zvitat, jejiz vyvoj je historii uspésnych zmén, pochyb-
nosti a vyzev danému status quo védy. byla jiz ve dva-
catych a tficatych letech soucasti brnénského zvérolé-
karského studijniho kurikula. V roce 1939, po ¢trnacti
letech, byla ¢eska nauka o chovani zvirat nacisty
umlcena a zhubena. Nadéje do ni vkladané byly zmar-
nény. TiebaZze byl jeji rozvoj brutalné pfervan, je moz-
né na ni navazovat. Je toho tieba o to vic, Ze se moderni
veterinarni medicina s etologii stale vic prorusta. Péce
o zdravi zvitat se etologizuje (Holub a Baranyi-
ovia, 1997).

Podékovani

Za acinnou pomoc pfi studiu archivnich materidli
dékujeme PhDr. Jifimu Sindlafovi z Veterinarni a far-
maceutické univerzity v Brné.
PRAMENY
Archiv Ustavu humanitnich disciplin a jazyka Veter-

inarni a farmaceutické univerzity v Brné.
Archiv Antonina Holuba.

VET. MED. - CZECH. 43, 1998 (10): 319-322

LITERATURA

BABAK. E. (1905a): O pribuzenském vztahu ¢lovéka k Zi-
vocichim. Pichled 4. 8-10.

BABAK, E. (1905b): Psychologicki ucebnice Dra F. Krejci-
ho po strince biologické. Cas. Lék. Ceskoslov., 44, 987-988,
1011-1013, 1036-1038, 1060-1062, 1086-1088.

BABAK. E. (1924a): Pokusni psychologie. Piiroda, 17, 169-
175.

BABAK, E. (1924b): Filosofické dusledky novodobé biolo-
gie. Inauguracni rektorska pfednaska. Brno, 15 s.
BRAVENY, P. - FRANC, Z. (1997): Zivot a dilo. In: Ed-
ward Babdk. Brno, s. 9-70.

BURGHARDT, G. M. (1997): Amending Tinbergen: A fifth
aim for ethology. In: Anthropomorphism, Anecdotes, and
Animals. Albany, s. 254-276.

CAPORAEL, L. R. - HEYES, C. M. (1997): Why anthropo-
morphise? Folk psychology and other stories. In: Anthropo-
morphism. Anecdotes, and Animals. Albany. s. 59-73.
HOLUB. A. (1973): Babdkovo dilo a soucasnd fysiologie.
Cs. Fysiol.. 22, 501-504.

HOLUB. A. (1994): Prof. MUDr. Edward Babik a PhDr. h.c.
Leos Janacek. Vlastivéd. Vést. Mor., 46, 51-53.

HOLUB, A. (1997): Prof. MUDr. et MVDr. h.c. Edward
Babdk. Vet. Med. — Czech, 42, 149-153.

HOLUB. A. - BARANYIOVA, E. (1997): Vyuka ctologie
v Ceské veterinarni mediciné. In: 24. etologicka konference.
Program a abstrakty. Mikulov, s. 31.

HYKES. O. V. (1922): Piispévek ke stercotaxi bahennich
Cerva. Biol. Listy. 8. 216-222.

HYKES, O. V. (1924): Mechanismus spolecnych tahii hou-
senck bource toulavého, Thanmatopoea (Conethocampus)
processionis. Biol. Listy, 10, 281-284.

HYKES, O. V. (1926): Profesor Babik a zvifata. Pfiroda. 19,
19-20.

HYKES, O. V. (1954): Edward Babik. Cs. Fysiol., 3, 4-8.
JANKO, J. (1982): Vznik experimentdlni biologie v Cechich
(1882-1918). Studie CSAV 8. Praha, 132 s.

KRECEK, J. (1955): Babakovy price o fysiologii vyvijejici-
ho se organismu. Cs. Fysiol., 4, 253-259.

KRECEK, J. (1971): The theory of critical development pe-
riods and postnatal development of endocrine functions. In:
The biopsychology of development. New York. s. 233-248.
KRECEK. J. (1973): O kritickych vyvojovych periodich. Cs.
Fysiol., 22, 505-520.

LINHART, K. - SINDLAR. J. (1997): K filozofickym nizo-
rim Edwarda Babika. In: Edward Babdk. Brno, s. 106-114.
NEJEZCHLEBA, J. (1971): Profesor Antonin Hriza — budo-
vatel Vysoké Skoly veterindrni v Brné. Acta Vet. Brno, 40,
369-373.

OSTADAL, B. (1997): Babdk a vyvojovd medicina. In: Ed-
ward Babdk. Brno. s. 115-117.

ROLLIN, B. E. (1997): Anecdote, anthropomorphism, and
animal behavior. In: Anthropomorphism, Anecdotes, and
Animals. Albany, s. 125-133.

ROSTOHAR. S. (1926a): Vzpominky na profesora Babika.
Cas. Lék. Ceskoslov.. 65, 977-978.

ROSTOHAR. S. (1926b): Babdkovy filosofické a psycholo-
gické ndzory. Biol. Listy, 72, 203-205.

321



ROSTOHAR. S. (1927): Babdk psycholog. In: Sbornik pa-
mitce Edwarda Babdka. Brno, s. 25-54.

SMEKAL, V. (1997): Babakav piinos psychologii. In: Ed-
ward Babak. Brno. s. 100-105.

VACEK, T. (1926): O podminénych reflexech u morcete.
Biol. Listy, /2, 438-443.

VACEK, T. (1934): Prof. Ant. Hrliza sedmdesatnikem. Zvé-
rolék. Obzor, 27, 461-465.

VACEK. T
298-305.
VACEK. T. (1937b): Tti mladenci v peci ohnivé. Véda a Zi-
vot. 3, 451-457. )

VACEK. T. (1937¢): Srovnavaci tysiologie domicich zvirat

a ostatnich obratlovea. Brno, 686 s

(1937a): Podminéné retlexy. Véda a zivot, 3,

Received: 98-05-07
Accepted: 98-05-11

Kontakini adresa:
Antonin Holub, Koli§té 9. 602 00 Brno, Ceska republika

s roz§ifenymi souhrny v CeStiné.

165 21 Praha 6-Suchdol

Oznamujeme Ctenaiim a autoram naseho ¢asopisu,

Ze v ndvaznosti na Casopis Scientia agriculturae bohemoslovaca, ktery az do roku 1992 vychazel
v Ustavu védeckotechnickych informaci Praha, vydava od roku 1994

Ceska zemédélska univerzita v Praze

Casopis

SCIENTIA AGRICULTURAE BOHEMICA

Casopis si zachovava plvodni koncepci reprezentace nasi védy (zemédélstvi, lesnictvi, potra-
vindfstvi) v zahrani¢i a jeho obsahem jsou puvodni védecké price uvefejnované v anglictiné

Casopis je otevien nejsirsi védecké vefejnosti a redakéni rada nabizi moznost publikace pra-
covnikiim vysokych 3kol, vyzkumnych tstavii a dalSich instituci védecké zakladny.

Prispévky do casopisu (v anglicting, popr. v CeStiné i slovensting) posilejte na adresu:

Ceska zemédélska univerzita v Praze
Redakce casopisu Scientia agriculturae bohemica
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BOOK REVIEW

RECENZE

SELECTED PROBLEMS OF VETERINARY PHARMACOLOGY

B. F. Kania

Fundacja Rozwoj 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,
antianacmics, haecmostatics and haemathopoetic drugs.
anaphylactoidal drugs, hormones, and somatotropic
drug. clc.).

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 velerinary practice 1s concerned.

VET. MED. - CZECH. 43. 1998 (10): 323

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
uscful 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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R SRR,

poskytuje automatizovany systém

Current Contents

na disketach

Ustiedni zemédélska a lesnicka knihovna odebira ¢asopis ,Current Contents* fadu
»Agriculture, Biology and Environmental Sciences" a rfadu ,Life Sciences" na disketach.
Rada ,Agriculture, Biology and Environmental Sciences" je od roku 1994 k dispozici i s abstrakty.
Obé tyto rady vychazeji 52krat rocné a zahrnuji vSechny vyznamné casopisy a pokracovaci
sborniky z uvedenych obord.

sluzby z prakticky nejéerstvéjsich literarnich prament, nebot baze dat je doplhiovana kazdy
tyden a neprodlené expedovana odbératelim. V systému si Ize nejen prohlizet jednotliva
Cisla Current Contents, ale po presném nadefinovani sledovaného profilu je mozné adresné
vyhleddvat informace, tisknout je nebo kopirovat na disketu s moznosti dalsiho zpracovani
na vlastnim pocitaci. Systém umozniuje i tisk Zadanek o separat apod. Kumulované vyhleda-
vani v Sesti ¢islech Current Contents najednou velice urychluje resersni praci.

Pfistup k informacim Current Contents je umoznén dvojim zplsobem:
1) Zakazkovy pristup — po vypinéni prislusného zakazkoveého listu (objednavky) je vhodny
predevsim pro mimoprazské zajemce.
Finan¢ni podminky: — pouziti PC — 15 K¢ za kazdou zapocatou pulhodinu
— odborna obsluha — 10 K¢ za 10 minut prace
— vytisténi reSerse - 1 KC za 1 stranu A4
— zédanky o separat — 1 K¢ za 1 kus
— postovné + rezijni poplatek 15 %
2) ,Self-service* — samoobsluzna prace na osobnim pocitaéi v UZLK.
Finanéni podminky jsou obdobné. Vzhledem k tomu, Ze si uzivatel zpracovava resersi
sam, je to maximalné usporné. (Do kalkulace cen nezapocitavame cenu programu a da-
tabaze Current Contents.)

V pfipadé Vaseho zdjmu o tyto sluzby se obratte na adresu:

Ustredni zemédélska a lesnicka knihovna

Dr. BartoSova

Slezska 7

120 56 Praha 2

Tel.: 02/24 25 79 39, |. 520, fax: 02/24 25 39 38

Na této adrese obdrzite blizsi informace a ziskate formulare pro objednavku zakazkove
sluzby. V pfipadé ,self-servisu” je vhodné se predem telefonicky objednat. V pfipadé zajmu
je mozné si objednat i priibé&zné sledovani profilu (cena se podle sloZitosti zadani pohybuje
Ctvrtletné kolem 100 az 150 K&).
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POKYNY PRO AUTORY

Casopis uvefejiiuje piivodni védecké price, kritkd sdéleni a vybé-
rové i prehledné referity, tzn. price, jejichZz podkladem je studium
literatury a které shrnuji nejnovéjsi poznatky v dané oblasti. Price
jsou uvefejiovany v Cesting, slovenstiné nebo anglictiné. Rukopisy
musi byt doplnény kritkym a rozsifenym souhrnem. Casopis zvefej-
fiuje i nazory, postiehy a pripominky étendfi ve formé kurzivy, glosy,
dopisu redakci, diskusniho pfispévku, kritiky zisadniho ¢linku apod.,
ale i zku3enosti z cest do zahraniéi, z porad a konferenci.

Autofi jsou plné odpovédni za pivodnost price a za jeji vécnou
i formalni spravnost. K praci musi byt pfiloZeno prohlaeni o tom, Ze
price nebyla publikovéna jinde.

O uvefejnéni price rozhoduje redakéni rada Casopisu, a to se zfe-
telem k lektorskym posudkim, védeckému vyznamu a pfinosu a kva-
lité price. Redakce pfijimid price imprimované vedoucim pracovisté
nebo price s prohlaSenim v3ech autori, Ze se zvefejnénim souhlasi.

Rozsah pivodnich praci nema pfesahnout 10 stran psanych na stro-
ji véetné tabulek, obrazka a grafd. V prici je nutné pouZivat jednotky
odpovidajici soustavé mérovych jednotek SI.

Rukopis ma byt napsin na papife formatu A4 (30 fadek na stranku,
60 hozi na fadku, mezi fadky dvojité mezery). K rukopisu je vhodné
priloZit disketu s textem préce, popf. s grafickou dokumentaci pofize-
nou na PC s uvedenim pouZitého programu. Tabulky, grafy a fotogra-
fie se doddvaji zvlas(, nepodlepuji se. Na viechny pfilohy musi byt
odkazy v textu.

Pokud autor pouZiva v praci zkratek jakéhokoliv druhu, je nutné,
aby byly alespon jednou vysvétleny (vypsiny), aby se pfedeslo omy-
lam. V ndzvu price a v souhrnu je vhodné zkratek nepouZivat.

Nizev price (titul) nema presihnout 85 hozi a musi dit pfesnou
pfedstavu o obsahu price. Jsou vylouceny podtitulky ¢lanki.

Kritky souhrn (Abstrakt) musi vyjadfit viechno podstatné, co je
obsazeno v prici, a ma obsahovat zikladni Ciselné udaje vcetné sta-
tistickych hodnot. Nema prekrocit rozsah 170 slov. Je tieba, aby byl
napsin celymi vétami, nikoliv heslovité.

Roz3ifeny souhrn praci v &eitiné nebo slovensting je uvefejiiovan
v angliétiné, mély by v ném byt v rozsahu cca [-2 strojopisnych stran
komentoviny vysledky price a uvedeny odkazy na tabulky a obrazky,
popf. na nejdulezitéjsi literarni citace. Je vhodné jej (véetné ndzvu
price a klicovych slov) dodat v anglicting, popf. v cesting i sloven-
5tin€ jako podklad pro preklad do anglictiny.

Literdrni piehled ma byt kritky, je tfeba uvddét pouze citace
majici uzky vztah k problému. Tato dvodni Eist pfinasi také informa-
ci, pro¢ byla price provedena.

Metoda se popisuje pouze tehdy, je-li pavodni, jinak postacuje
citovat autora metody a uviadét jen pripadné odchylky. Ve stejné ka-
pitole se popisuje také pokusny materidl a zpisob hodnoceni vysled-
ka.

Vysledky tvofi hlavni ¢ast prace a pfi jejich popisu se k vyjadieni
kvantitativnich hodnot dava prednost grafim pfed tabulkami. V tabul-
kich je tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢ast by neméla obsahovat teoretické zavéry ani dedukce, ale pouze
faktické nalezy.

Diskuse obsahuje zhodnoceni price, diskutuje se o moZnych nedo-
statcich a vysledky se konfrontuji s ddaji publikovanymi (poZaduje se
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