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CHANGES IN THE MUCOPOLYSACCHARIDE COMPOSITION

OF MUCUS IN ILEAL MUCOSAL GOBLET CELLS FROM CATTLE
INFECTED WITH MYCOBACTERIUM AVIUM SUBSPECIES
PARATUBERCULOSIS™

ZMENY MUKOPOLYSACHARIDOVEHO SLOZENI HLENU
V POHARKOVITYCH BUNKACH SLIZNICE ILEA SKOTU

INFIKOVANEHO MYCOBACTERIUM AVIUM SUBSPECIES

PARATUBERCULOSIS

O. Fischer, I. Pavlik, A. Horvathov4, J. Bartl, P. Svistovi, Z. Rozsypalova, M. Justova,
0. Matouskova

Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Samples of ileum from 34 Holstein and Jersey cows from 5 herds naturally infected with paratuberculosis were
examined using bacterial cultures and histochemical methods. The mucopolysaccharide composition of mucus formed in
goblet cells of ileal mucosa was determined by staining samples of the mucosa with alcian blue at pH 2.5 and PAS reaction.
This staining allowed us to distinguish neutral mucins and glycoproteins from sialomucins and mixed mucins. In the ileal
goblet cells from 13 cows in which no Mycobacterium avium subspecies paratuberculosis was detected by culture and
histological methods, neutral mucins and glycoproteins formed the major component of mucus. Mixed mucins were present
less frequently and sialomucins least frequently. In 13 cows with subclinical paratuberculosis the number of goblet cells with
neutral mucins and glycoproteins increased and the number of goblet cells with sialomucins and mixed mucins decreased. In
8 cows with clinical paratuberculosis sialomucins were never present, the level of mixed mucins decreased and neutral mucins
and glycoproteins prevailed. Flattening and diminution of the goblet cells of ileal mucosa were observed in cows with clinical
paratuberculosis.

small intestine; mucins; glycoproteins; paratuberculosis; Johne’s disease

ABSTRAKT: Vzorky ilea 34 krav plemene hol3tynského a jerseyského z pé&ti chovii s vyskytem paratuberkulézy byly
vy3etfovany kultivatnimi a histochemickymi metodami. Mukopolysacharidové sloZeni hlenu tvofeného poharkovitymi buii-
kami sliznice ilea bylo zkouméno barvenim alcidnovou modfi pfi pH 2,5 a reakci PAS. Timto barvenim byly rozli¥eny
neutrdlni muciny a glykoproteiny, sialomuciny a smifené muciny. V pohérkovitych buiikdch ilea 13 krav, u nichZ nebyla
kultivacné ani histologicky prokdzana pfitomnost Mycobacterium avium subspecies paratuberculosis, tvofily hlavni sloZku
hlenu neutrdlni muciny a glykoproteiny. Mén& bylo smifenych mucini a nejméné sialomucini. U 13 krav se subklinickou
paratuberkul6zou se zvysil pocet pohdrkovitych bunék s neutrdlnimi muciny a glykoproteiny a ubylo pohérkovitych bun&k
se sialomuciny a smiSenymi muciny. U osmi krav s klinickou paratuberkul6zou zcela vymizely sialomuciny, sniZil se obsah
smiSenych mucinti a pfevlddly neutrdlni muciny a glykoproteiny. U krav s klinickou paratuberkulézou bylo pozorovino
zplosténi a zmenSeni pohdrkovitych bunék sliznice ilea.

tenké stfevo; muciny; glykoproteiny; paratuberkuléza; Johnova choroba

INTRODUCTION (Novotny et al., 1966), influences the acidity of the
intestinal content and acts as a barrier between intesti-

In clinically normal ruminants, small intestine mu-  nal epithelium and infectious agents (Schmidt-Wittig et
cosa is covered with single-layer columnar epithelium  al., 1994). It also protects the mucosa against allergens
interspersed with mucus producing goblet cells. This  and toxins (Corfield et al., 1988). It is known that the
slick mucus covers the surface of the intestinal mucosa  number and composition of mucopolysaccharides of in-

*  Partially supported by the Ministry of Agriculture of the Czech Republic (Grant No. EP0960006087) and the Grant Agency of the Czech Republic
(Grant No. 514/95/1594).
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testinal mucus varies with different types of gastroin-
testinal tract pathology, e.g. enteritis (Gad, 1969) or
formation of tumors (Schmidt-Wittig et al., 1994; Bara
et al., 1995).

These changes can be investigated using histochemi-
cal methods based on different staining of individual
types of mucopolysaccharides with alcian blue (AB)
and PAS (Periodic acid-Schiff) reaction. Methods have
been developed for staining mucus with alcian blue
(Steedman, 1950) at various pH (Spicer, 1960, 1965;
Johnson and Helwig, 1963; Lev and Spicer, 1964;
Mowry and Winkler, 1965). The most frequently used
staining method is alcian blue at pH 2.5 followed by
PAS (AB pH 2.5 — PAS). Alcian blue stains sia-
lomucins (SM) blue at low pH, whereas PAS reaction
stains neutral mucins and glycoproteins (NMG) red.
Mixed mucins (MM) containing both SM and NMG
stain purple. Mucus staining with AB and PAS has
been used, for example, in the study of human esopha-
geal glands (Hopwood et al., 1986), goblet cells of
ovine duodenum (Carvalho et al., 1988) and respiratory
organs in goats (Kahwa and Purton, 1996).

Paratuberculosis is a chronic intestinal infection of
ruminants caused by Mycobacterium avium subspecies
paratuberculosis. Animals with clinical paratubercu-
losis have chronic diarrhea and are emaciated. Ne-
cropsy of animals showing clinical signs reveals mac-
roscopic thickening of small intestine, especially of
ileum, caused by granulomatous inflammation within
the submucosa. Animals with subclinical paratubercu-
losis may show no changes of the intestinal mucosa at
macroscopic examination, may not have diarrhea and
are not emaciated, but are able to shed large quantities
of M. a. paratuberculosis organisms in their feces
(Chiodini et al., 1984; Pavlik et al., 1994). The chronic
inflammation resulting from this infection impairs both
the intestinal structure and function (Buergelt et al.,
1978; Clarke and Little, 1996). Changes in the polysac-
charide composition of intestinal mucus, confirmed by
means of binding of some lectins to intestinal mucosa,
also occur (Massone et al., 1991). The goal of our in-
vestigation was to assess any changes in mucopolysac-
charide composition of intestinal mucus in subclinical
and clinical cases of bovine paratuberculosis using stain-
ing with alcian blue at pH 2.5 followed by the PAS
reaction.

MATERIAL AND METHODS
Examined animals and sampling of ileum

Samples were collected from cows slaughtered from
1989 to 1996. The breed of all animals was confirmed
by the Breeding Service. Thirty-four Holstein and Jer-
sey cows aged 3-6 years originated from 5 herds natu-
rally infected by paratuberculosis as confirmed by cul-
ture method were examined. Fifteen Jersey cows were
from one herd and 19 Holstein cows from 4 herds
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(Tab. I). Twenty-six cows (11 Holstein and 15 Jersey)
were clinically normal (Tab. I, group A and B),
whereas clinical signs of paratuberculosis (emaciation
and chronic diarrhea) were observed in 8 Holstein cows
(Tab. I, group C). Macroscopic changes in the intestine
were assessed immediately after slaughter. Samples for
culture examination of M. a. paratuberculosis and for
histological examination were taken from the same sec-
tion of ileum as examined for goblet cell composition
(approx. 20 cm from the outlet of ileum into the cae-
cum). Samples for histological examination were fixed
immediately after sampling with 10% formalin.

Bacterial cultures and identification of isolated
mycobacterial strains

About 1 g of intestinal mucosa was homogenized
(Lab Blender, Stomacher) and decontamination carried
out overnight in 0.75% hexadecylpyridium chloride —
HPC (Whipple and Merkal, 1985). The sample was
then centrifuged at 3 000 rpm for 10 min, resuspended
in sterile saline and pipetted in a 0.2 ml onto three
Herrold’s egg yolk media with mycobactin J (own
product according Merkal and McCullough, 1982) and
incubated at 37 °C for 14-16 weeks. The isolation of
an average of 1 to 10 colonies on one medium was
assessed as +, isolation of 11-50 colonies as ++, and
isolation of 51 and more colonies as +++. The isolated
mycobacterial strains were identified based on growth
characteristics during subcultivation (dependence test)
and by the PCR method for detection of specific inser-
tion sequence 15900 (Kunze et al., 1992).

Histological examination

Samples of ileum were processed using a standard
paraffin technique. Six um thick sections were pre-
pared from the paraffin blocks. Sections were attached
to the slides with a mixture of glycerol and egg white
and allowed to dry overnight at 37 °C (Vacek, 1972),
and were stained in three different ways.

1. Harris’ haematoxyline and eosin (Vacek, 1972).
2. Ziehl-Neelsen (Vacek, 1972).
3. Alcian blue at pH 2.5 with subsequent staining by

PAS (Lev and Spicer, 1964).

The first two staining methods were performed exactly
according to the methodology of Vacek (1972), but the
third method was partly modified. Sections removed
from paraffin were first stained with a 1% solution of
alcian blue 8GX (Serva) in 3% acetic acid at pH 2.5.
After 30 min of staining at room temperature the sec-
tions were washed with distilled water and stained by
PAS. Instead of using the reduction bath (Vacek, 1972)
sections were rinsed for 10 min. in tap water. The
rinsed preparations were dried for at least 3 h at 37 °C
and 1 h at 56 °C and then mounted into Canada balm.
The preparations were assessed using light microscopy
at a magnification of 79x. The proportion of individual
types of mucus in the goblet cells was assessed in each
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I. Changes in the polysaccharide p

avium subspecies paratuberculosis

of mucus in ileal mucosal goblet cells of 34 cows naturally infected with Mycobacterium

Group 2 > 5 Mucopoly haride p of mucus in ileal
ch;)I;ig:] c:[:rlsu :x:ti their Breed Co:;ui%::lon . C|.|'l!ureo'r l;hsko'lf)gw::_ goblet cells
Shaighter my ia | mycobacteria n NMG (%) | SM (%) | MM (%)
Holstein - - - 112 232 9.8 67.0
Holstein - - - 118 314 542 144
Holstein - - - 217 39.2 7.8 53.0
Holstein - - - 170 50.6 47.6 1.8
A Holstein - - - 213 57.7 52 37.1
13 cows uninfected Jersey - - - 123 18.7 71.5 9.8
with paratuberculosis, | Jersey - - - 214 33.6 45.8 20.6
clinicnlly_normnl, Jersey Ll e _ 159 453 0 54.7
S Jersey k = = 189 55.0 34 1.6
Jersey - - - 156 56.4 0 43.6
Jersey - - - 121 64.5 0 355
Jersey - - - 82 64.6 6.1 29.3
Jersey - - - 111 84.7 0 153
Holstein - +++ - 176 159 1.1 83.0
Holstein - +++ - 135 63.0 0 37.0
Holstein - + - 177 63.3 1.7 35.0
B Holstein - +++ - 120 75.0 0’ 25.0
Holstein - 4+ - 126 929 0 7.1
13 cows with Holstein - +++ - 89 100.0 0 0
subclinieal Jersey d 4 b 245 416 408 17.6
paratuberculosis,
no clinical signs, Jersey - +++ - 172 417 122 40.1
no diarrhoea Jersey =, e = 109 495 4.6 459
Jersey - + - 155 66.5 0 335
Jersey - +H+ - 76 100 0 0
Jersey - +++ - 105 100 0 0
Jersey = +++ - 126 100 0 0
Holstein + +4+ + 138 797 0 203
c Holstein + +4+ + 156 81.4 0 18.6
Holstein + +4+ + 157 91.7 0 83
8 cows with clinical Holstein + +++ + 141 93.6 0 6.4
gt Holstein + - + 176 93.8 0 62
chronic diarrhoea Holstein + +++ + 130 94.6 0 54
Holstein + ++ + 99 949 0 5.1
Holstein + +4++ + 121 98.3 0 1.7
Notes:
n — number of examined goblet cells Culture detection of mycobacteria:
NMG - neutral mucins and glycoproteins - negative culture examination (no colonies)
SM - sialomucins + isolation of 1-10 colonies on | medium
MM - mixed mucins ++ isolation of 11-50 colonies on 1 medium

Corrugation of ileal mucosa: — (no), + (yes)
Histological detection of mycobacteria: — (no), + yes

of the preparations in five to ten randomly selected
intestinal villi.

Statistical evaluation

The results were statistically evaluated by test of
multifactorial analysis of variance and Schefe’s method
of contrasts (Dufek and Stavkovi, 1985) using the pro-
grams STAT Plus and Statgraphics (Matouskova et al.,
1992).

VET. MED. - CZECH, 44, 1999 (9): 253-258

+++ isolation of 51 and more colonies on one medium

RESULTS
Macroscopic changes of ileal mucosa

While ileal mucosa of 26 cows without clinical signs
of paratuberculosis (Tab. I, group A and B) was smooth,
shiny and light rose, in all the 8 cows with signs of
advanced emaciation and diarrhea (Tab. I, group C) the
ileal mucosa was also light rose but distinctly swollen
and corrugated.
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Demonstration of mycobacteria by bacterial culture

In 13 of 26 clinically normal cows (5 Holstein, 8 Jer-
sey) no mycobacterial isolations were made (Tab. I,
group A). In the remaining 13 clinically normal cows
(6 Holstein, 7 Jersey) M. a. paratuberculosis was iso-
lated through bacterial culture of ileal mucosa. Minimal
infection (+) was detected in one Jersey cow and ex-
tensive infection (+++) in 6 Holstein and 6 Jersey cows
(group B). A +++ infection with M. a. paratuberculosis
was detected in 8 Holstein cows showing clinical signs
of diarrhea and emaciation with gross pathology
(group C). None of the animals were categorized as
a grade ++ infection. Growth of all isolated M. a. para-
tuberculosis strains was dependent on Mycobactin J and
contained insertion sequence /5900 as confirmed by PCR.

Histological examination

Staining with Harris’ haematoxylin and eosin

In sections stained with Harris’ haematoxylin and
eosin differences were found in the morphology of in-
testinal mucosa in 26 clinically healthy cows (Tab. I,
group A and B) and 8 cows with clinical signs of para-
tuberculosis (Tab. I, group C). While in clinically
healthy cows ileal villi were slender and goblet cells on
villi and Lieberkiithn’s crypts were regularly oval, in
cows with clinical signs of paratuberculosis the ileal
villi were reduced to one third of the usual lenght and
width. Infiltrates with prevailing mononuclear cells were
observed in the submucosa of cows showing clinical
signs. Multinuclear Langhans’ cells were also sporadi-
cally observed in the submucosa. Goblet ileal cells of
clinically healthy cows and subclinically infected cows
were oval, while goblet ileal cells of cows showing
clinical signs were often more smaller and slender.

Staining by Ziehl-Neelsen

No mycobacteria were detected in samples of ileum
of clinically healthy cows using the Ziehl-Neelsen stain-
ing. Numerous clusters of intensively red mycobacteria
were detected in the submucosa of ileal samples of all
cows with clinical signs of paratuberculosis (Tab. I).

Staining of mucus in goblet cells

Goblet cells containing neutral mucins and glycopro-
teins (NMG) stained red by PAS reaction, whereas goblet
cells containing sialomucins (SM) stained blue by alcian
blue. Goblet cells containing mixed mucins (MM)
stained purple by boths staining methods. No signifi-
cant differences were determined in the proportion of
goblet cells with NMG, SM and MM between the Hol-
stein and Jersey breeds in the groups A and B (Tab. I).

Group A

In uninfected, clinically normal cows (Tab. I, group A)
NMG exceeded SM and MM. No significant difference
(P > 0.05) was found between the numbers of goblet
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cells containing NMG and SM, NMG and MM, and SM
and MM in 5 Holstein cows (group A). In 8 Jersey
cows (group A) significant differences in the numbers
of goblet cells with NMG and SM (P < 0.01) were
observed, but not with NMG and MM, and SM and
MM (P > 0.05).

Group B

In 6 Holstein cows and 7 Jersey cows with subclini-
cal paratuberculosis (Tab. I, group B) the number of
goblet cells with NMG was significantly higher than
those with SM and MM (P < 0.01). The difference
between SM and MM were not significant (P > 0.05)

Group C

In 8 Holstein cows with clinical paratuberculosis
(Tab. I, group C) the goblet cells with SM were miss-
ing. Cells with NMG markedly prevailed over cells
with MM which was confirmed statistically (P < 0.01).

Differences in the numbers of goblet cells between the
groups A, B and C

Highly significant differences (P < 0.01) were found
in Holstein cows in the numbers of goblet cells with
NMG between the groups A and C and in the numbers
of goblet cells with SM between the groups A and B.
No significant differences (P > 0.05) were found in
Jersey cows in the number of goblet cells with NMG,
SM and MM between the groups A and B.

DISCUSSION

Buergelt et al. (1978), who studied paratuberculosis
in Holstein and Angus breeds found that histological
findings in the small intestine did not differ in individ-
ual breeds affected with paratuberculosis. Similarly, we
did not find any differences in histological findings
between the Holstein and Jersey breeds.

Staining by Ziehl-Neelsen for the detection of myco-
bacteria allows the identification of changes caused by
paratuberculosis in contrast with other chronic intesti-
nal inflammations (Groch and Pivnik, 1989). Chronic
diarrhea in cattle can be caused not only by paratuber-
culosis but also by helminthiases, chronic salmonel-
loses, bovine virus diarrhea-mucosal disease, pyelone-
fritis, renal amyloidosis and lymphosarcomas (Hines et
al., 1987). We observed mycobacteria in macrophages,
as noted by Hines et al. (1987).

Condron et al. (1994) demonstrated histological
changes in 78.2% of 220 animals with subclinical
signs. However, we did not find histology changes in
cows with subclinical signs. Differences in the results
may be explained by the fact that Condron et al. (1994)
examined samples only from animals which had pro-
duced antibody in response to infection (as determined
by ELISA). These animals were likely to have been
close to exhibiting clinical signs and therefore in a rela-
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tively advanced stage of infection, as antibody produc-
tion is a late stage event in this disease. While we did
not assess the infection status of the animals serologi-
cally, we evaluated the body condition and clinical
signs of the cows during sample collection in the slaugh-
terhouse. Absence of mycobacteria in histological in-
testinal sections of cows with subclinical paratubercu-
losis can be explained either by the animals being
uninfected or at an early stage of the disease.

Histological examination can be a less sensitive
method of M. a. paratuberculosis infection than bacte-
rial culture. Chiodini (1989) states that a limit myco-
bacterial detection by for histology examination is 108
per gram of tissue. The probability of finding mycobac-
teria in 6 pum slices and areas of 1-2 cm? is much lower
than in cultures from 1 g of tissue. Tissues fixed in
formalin, in which mycobacteria do not propagate, are
used for histological examinations. Since mycobacteria
propagate within the media used for cultures the prob-
ability of detection is higher.

Pathological and histological changes were found in
all cows with clinical signs of paratuberculosis. Con-
dron et al. (1994) found histological changes only in
80.7% of 62 cows showing clinical signs.

Staining of mucus in ileal goblet cells from cows
with paratuberculosis revealed significant differences
in mucopolysaccharide composition of the mucus. The
variability included a decrease of goblet cells with SM
in infected animals without clinical signs and their com-
plete absence in infected animals with clinical signs.
Nonspecific changes in the mucopolysaccharide com-
position of intestinal mucus has also been observed in
patients with inflammatory bowel disease. The number
of goblet cells with sialomucins and sulfomucins de-
creases in such cases, whereas the number of goblet
cells with neutral mucins and glycoproteins increased
(Gad, 1969). However, in patients with colon tumor the
content of sialomucins is increased (Bara et al., 1995).
Also in rats affected with tumors of the colon the quan-
tity of sialomucins increased after application of di-
methylhydrazine (Schmidt-Wittig et al., 1994).

Study of the changes in mucopolysaccharide compo-
sition of mucus in goblet cells of ileum under paratuber-
culosis conditions is important, because in subclinical pa-
ratuberculosis the changes occur prior to histologically
detected alteration of intestinal morphology.
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LEUKOCYTE COUNTS AND LYMPHOCYTE SUBPOPULATIONS
IN THE PERIPHERAL BLOOD OF PYGMY GOATS FROM HERD
INFECTED WITH MYCOBACTERIUM AVIUM SUBSPECIES
PARATUBERCULOSIS

POCTY LEUKOCYTU A SUBPOPULACE LYMFOCYTU V PERIFERNI
KRVI KOZ KAMERUNSKYCH ZE STADA INFIKOVANEHO
MYCOBACTERIUM AVIUM SUBSPECIES PARATUBERCULOSIS

M. Faldyna, M. Toman, 1. Pavlik

Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: The aim of this paper was to study the total and differential leukocyte counts and lymphocyte subpopulations
in the peripheral blood of pygmy goats. Lymphocyte subpopulations were enumerated by flow cytometry using moncclonal
antibodies against surface antigens of bovine or ovine leukocytes, but not all of these were found to cross-react. Therefore,
only CD2, 5, 8, 11a/18, 18, 14 and B-cells were calculated. Goats were divided into two groups according to age. Three of
them were 4-6 months old and eight were adult (3-6 years). Difference in some parameters between age-rélated groups were
found. The group of adult goats had highly statistically significant (p < 0.01) more neutrophils and less lymphocytes than the
young ones. Adult goats had also statistically highly significant (p < 0.01) more T-lymphocytes and less B-lymphocytes. In
addition, each goat in both groups was identified to be infected with Mycobacterium avium subsp. paratuberculosis, but
without clinical signs of the disease. Results of both goats did not differ from the other animals in the group.

ruminants; age; flow cytometry; cross-reactivity; monoclonal antibody; Johne’s disease

ABSTRAKT: Celkovy pocet leukocytl a diferencidlni rozpodet a subpopulace lymfocyti v periferni krvi byly sledoviny
u jedendcti koz kamerunskych. Subpopulace lymfocyti byly sledovény pomoci pritokové cytometrie za pouZiti monoklonal-
nich protilatek proti povrchovym antigenim leukocyti skotu nebo ovci. Ne viechny pouZité protildtky k¥iZové reagovaly
s vySetfovanymi leukocyty. Proto byla sledovéna exprese antigeni CD2, 5, 8, 11a/18, 18, 14 a zastoupeni B-lymfocyti. Kozy
byly rozdéleny podle véku na dv€ skupiny: tfi kozy ve véku Ctyf aZ Sesti mésicti a osm dospélych koz ve véku tfi aZ Sesti
let. Byly nalezeny rozdily ve sledovaych parametrech u skupin s rozdilngym v&kem. Skupina dosp&lych koz méla statisticky
vysoce vyznamné vice (p < 0,01) neutrofilnich granulocyti a mén& lymfocyti. Dospélé kozy mély déle statisticky vysoce
vyznamné vice (p < 0,01) T-lymfocyti a méné& B-lymfocyti. Navic u jedné kozy v kaZdé skupin& byla kultivain& zjilt&na
infekce Mycobacterium avium subsp. paratuberculosis bez klinickych pfiznaki onemocnéni. Ob& kozy se ve sledovanych
parametrech neodliSovaly od ostatnich zvifat v pfisluiné skuping.

preZvykavci; veék; pritokova cytometrie; kiiZova reaktivita; monoklonélni protildtka; Johnova choroba

INTRODUCTION Determination of cross-reactivity of the defined mono-

clonal antibodies against leukocyte surface antigens is

Pygmy goats are ruminants sometimes used for dif-
ferent experiments and observations. At the beginning
of 1999, according to the Medline-database, there had
been more than 80 papers published since 1966. Pyg-
mies and domestic goats have common phylogenetic
ancestors but different place of domestication. There is
little information about hematological parameters and no
information about the possibility of lymphocyte subpopu-
lations determination.

one of the possiblities to collect large numbers of anti-
bodies for the identification of surface antigens of dif-
ferent animal species. A lot of papers about cross-reac-
tivity in ruminants were published during the past years
(Naessens et al., 1993; Navarro et al., 1996; Sopp and
Howard, 1997).

The aim of our study was to determine the possibil-
ity of lymphocyte subsets enumeration and establish
physiological leukocyte counts in order to investigate

*  Supported by the Grant Agency of the Czech Republic (Grant No. 524/97/0948).
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changes in these parameters during infection with My-
cobacterium avium subsp. paratuberculosis. However,
after the study infection of two goats with M. a. para-
tuberculosis was identified.

MATERIAL AND METHODS
Animals

Eleven clinically healthy pygmy goats (from one ZOO
in the Czech Republic) of both sexes were studied.
Three of them were 4-6 months old and eight were
adults (3-6 years). One goat from the young group and
one from the adult group were diagnosed to be shedder
of M. a. paratuberculosis. Blood was collected from
the jugular vein. No pharmaceutical tranquillizer was ap-
plied. Heparin (15 i.u./ml) was used as an anticoagulant.
The samples were processed on the day of withdrawal.

Total and differential leukocyte counts

Total leukocyte counts were determined using the
Digicell 500 cell counter (Contraves AG, Switzerland).
Differential leukocyte counts were calculated from blood
smears stained with May-Griinwald and Giemsa-Roma-
nowski.

Lymphocyte subsets enumeration

Lymphocyte subsets were enumerated by flow cy-
tometry using the indirect whole-blood-lysis technique
as described previously (Faldyna and Toman, 1998).
As primary were used monoclonal antibodies shown in
Tab. I. As secondary antibody, fluorescein isothio-
cyanate-labelled swine anti-mouse immunoglobulin
(Sevac, Prague, Czech Republic) was used. The enu-
meration was done using the flow cytometer FACSCali-
bur (Becton Dickinson, Mountain View, CA).

1. Monoclonal antibodies to leukocyte antigens used for the experiment

Microbiological methods

Fecal samples were processed as described by Whip-
ple et al. (1991). Approx. 1 g of tissue was homoge-
nized (Lab Blender, Stomacher), treated overnight with
0.75%HPC (hexadecylpyridium chloride), inoculum
(0.2 ml) was applied onto three Herrold’s egg yolk
media with growth stimulant mycobactin J (own product
according Merkal and McCullough, 1982) and incu-
bated at 37 °C for 14-16 weeks. All the isolated strains
of mycobacteria were identified by subculture in media
containing mycobactin J and free of it (dependence
test), by PCR using primers for the detection of /5900
(Kunze et al., 1992), and DNA fingerprinting (Pavlik
et al., 1999).

RESULTS AND DISCUSSION

Hematological parameters in the peripheral blood of
eleven pygmy goats are shown in Tab. II. Goats were
divided into two groups according to their age. Total
and differential leukocyte counts were similar to the
data known generally in goats (Jain, 1993). Age-related
changes in differential counts (increase in neutrophils
and decrease in lymphocytes) have been also described
in pashima goats (Somvanshi et al., 1987).

Our results showed the possibility of lymphocyte
subsets determination in the peripheral blood of pygmy
goats. Lymphocyte subpopulations were enumerated by
flow cytometry using monoclonal antibodies against sur-
face antigens of bovine or ovine leukocytes, but not all
of these were found to cross-react. Therefore, only CD2,
5, 8, 11a/18, 18, 14 and B-cells were calculated (Tab. III).
Our results were in accordance with those of Davis and
Ellis (1991). They used the same mAbs for CD2, CD4,
CD5, and CD8 identification in the peripheral blood of
goats and they received similar percentages of labeled
lymphocytes. Navarro et al. (1996), who used different
mAbs, in their experiment of four goats seven months

mAb Specificity Source Ig isotype Dilution Cross-reactivity
cCc42 CD2 Serotec 1gGl1 1:200 Yes
MMIA CD3 VMRD 1gGl1 1:500 No
CC30 CD4 Serotec 1gGl 1:100 No
CC17 CDS Serotec 1gGl 1:200 Yes
CC63 CD8 Serotec IgG2a 1:100 Yes
BAT75A CDI112/18 VMRD 1gGl 1:50 Yes
MMI0A CDI1b VMRD IgG2a 1:100 No
BAQIS3A CDlle VMRD IgM 1: 100 No
BAQ30A CDI8 VMRD IgGl 1:100 Yes
CCl CD45 Serotec 1gGl1 1:200 No
VPM65 CDl4 Serotec IgGl 1:20 Yes
VPM30 B-cells Serotec IgM 1:20 Yes
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11. Total and differential leukocyte counts in the peripheral blood of pygmy goats with different ages

P Young goats (n = 3) Adult goats (n = 8)
aramett
o~ % 10%/1 % 10%/1
Leukocytes 16.6 + 3.0 145%35
Lymphocytes 80.5£3.2 13.4£29 60.8 +14.0" 92+39
Neutrophils 135+3.7 2203 354+ 134" 48+ 12"
Monocytes 44%13 07%0.2 20£1.0 03+0.2
Eosinophils 1.6+ 0.6 0.3+0.1 20+ 1.2 0.3+0.2
** p < 0.0l
I1I. Lymphocyte subpopulations in the peripheral blood of pygmy goats with different ages
Sub lati Young goats (n = 3) Adult goats (n = 8)
L
i % 10%1 % 1091
cD2 468 £4.7 6.4+2.1 67.9+76"" 63+28
CDs 55.7+3.7 7.4+20 688+71" 6.4£29
CD8 170 3.1 23409 27.1+8.1° 25+13
B-cells 35.0 4.0 47£09 15375 13+08"
** p <001
* p<0.05

old, obtained results which were analogous with the
results of the adult goats in our study. Moreover, we
detected higher number of B-cells. It could be caused
by different mAbs for B-cells identification. Unlike
Navarro et al. (1996), who used antibody against sur-
face IgM, we used mAb VPM30. This antibody was
described to be recognize antigen on B-cell surface
(Naessens and Howard, 1991), more recently was deter-
mined to be bind to antigen on the surface of activated
T-cells as well (Campbell et al., 1998).

The mAbs against CD11a/18 and CD18 reacted with
98.9 + 0.9 and 99.0 + 0.5 percent of lymphocytes, respec-
tively. Monocytes and granulocytes were also labelled
by these antibodies. The mAb against CD14 reacted
with 28.9 + 5.0 percent of monocytes in the young
goats and with 56.1 £ 12.3 in the adult goats.

Both, leukocyte counts and lymphocyte subsets of
the two goats, which were identified to be shedder of
M. a. paratuberculosis of the most common DNA type
B-Cl were comparable with the parameters of the re-
maining goats (data not shown). These results were in
accordance with our previous results, in which we ob-
served changes during infection of cattle with M. a. para-
tuberculosis (Toman et al., 1999). Our observation
showed that changes in both leukocyte counts and lym-
phocyte subsets did not occurr before the onset of clini-
cal signs of the disease. Accordingly, we decided to
include these two goats in our research.

The effect of age on lymphocyte subsets distribution
was documented. Adult goats had statistically highly
significant (p < 0.01) more T-lymphocytes and less
B-lymphocytes than the young ones. The age-related
changes in lymphocyte subsets are also known in other

VET. MED. — CZECH, 44, 1999 (9): 259-262

animal species (Joling et al., 1994; Sellon et al., 1996;
Wilson et al., 1996; Greeley et al., 1996; Faldyna and
Toman, 1998).
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RHYTHMIC CHANGES OF MELATONII\l IN THE CIRCULATION
AND TISSUES OF BROILER CHICKENS

RYTMICKE ZMENY MELATONINU V CIRKULACII A NIEKTORYCH
ORGANOCH BROJLEROVYCH KURCIAT

L Herichovél, M. Zeman'?

! Department of Animal Physiology and Ethology, Comenius University, Bratislava, Slovak
Republic

2 Institute of Animal Biochemistry and Genetics, Slovak Academy of Sciences, Ivanka pri
Dunaji, Slovak Republic

ABSTRACT: Besides the well known role of melatonin in regulation of daily rhythmicity in birds and seasonal cycles in
photoperiodic mammals, pleiotropic effects of melatonin mediated by interactions with endocrine and immune systems or
through specific receptors in peripheral tissues, were suggested. In the present study we measured melatonin levels in the
pineal gland, plasma and tissues of 5-7-day-old broiler chicks in the middle of the light : dark cycle 12 : 12 and assessed
whether melatonin concentrations exert a daily rhythm. Melatonin levels were measured by radioimmunoassay, directly in
plasma and after solvent extraction with methanol in pineal glands and chloroform in the duodenum, jéjunum, pancreas,
spleen, kidneys and bursa of Fabricius. As expected, melatonin concentrations in the pineal gland and plasma exerted the
distinct daily rhythm with high level during the dark period. Similarly, the clear daily melatonin rhythm was observed in the
duodenum, jejunum, pancreas, spleen and bursa of Fabricius (P < 0.001, t-test). On the contrary, melatonin levels in the
kidneys were low and did not exert rhythmic changes. Daytime melatonin levels in the spleen, kidneys and bursa of Fabricius
were lower than melatonin levels in the gastrointestinal tract and pancreas (34.0-63.0 pg/g of wet tissue versus 116.3-179.3 pg/g
of wet tissue, respectively). Our results demonstrated that rhythmic melatonin synthesis in the pineal gland results in rhythmic
changes of melatonin concentrations in peripheral tissues. Since bright light suppresses melatonin biosynthesis, high light
intensities should be avoided in broiler rearing because they can negatively influence physiological processes and efficiency
of production.

pineal gland; duodenum; jejunum; pancreas; spleen; kidneys; bursa of Fabricius; rhythm

ABSTRAKT: Pleiotropnym u¢inkom melatoninu sa venuje v poslednych rokoch velka pozornost. Bolo dokézané, Ze mela-
tonin mdZe zasahovat do fyziolégie organizmu cez interakcie s endokrinnym a imunitnym systémom, ale pravdepodobne
posobi aj priamo, prostrednictvom 3pecifickych receptorov lokalizovanych v periférnych tkanivach. Preto sme sa zamerali na
spdsob regulicie hladin melatoninu v niektorych tkanivich brojlerovych kur&iat vo veku pit az sedem dni chovanych na
svetelnom reZime svetlo : tma 12L : 12D a zistovali sme, ¢i obsah melatoninu vykazuje rytmické zmeny. Hladiny melatoninu
v epifyze, plazme, dvanistniku, laéniku, pankrease, slezine, obli¢kach a Fabriciovej burze sme merali raidioimunoanalyticky,
v plazme priamo, v epifyze po extrakcii metanolom a v ostatnych tkanivich po extrakcii chloroformom. Obsah melatoninu
v epifyze a plazme vykazoval v silade s ofakdvanim vyrazny denny rytmus. Podobne sme zaznamenali signifikantné rozdiely
aj v dvanastniku, la¢niku, pankrease, slezine a Fabriciovej burze, zatial ¢o hladiny v obli¢kdch boli nizke a nevykazovali
rytmické zmeny. Uvedené vysledky naznalujd, Ze v podmienkach svetelného reZimu, ktory nepotla¢a endogénnu produkciu
melatoninu, mdZe tento indolamin v periférnych tkanivach prispievat k synchronizicii fyziologickych dejov, alebo modulovat
Cinnost uvedenych tkaniv.

epifyza; dvanastnik; tenké Erevo; pankreas; slezina; obli¢ky; Fabriciova burza; rytmus

UvoD puje na regulécii dennych rytmov u vtikov a sezén-
nych rytmov u fotoperiodickych cicavcov, pri€om tieto

Melatonin je dominantny epifyzarny hormén, ktoré-  u&inky su sprostredkované melatoninovymi receptormi
ho syntéza prebieha rytmicky a odrdZa sa na rytme hla- v hypotalame a hypofyze (Vané&&ek a i., 1987; Rivkees
din melatoninu v plazme. Rytmus melatoninu partici-  a i., 1989). Na druhej strane je mélo znime o G&inkoch

* Supported by the Scientific Grant Agency of the Slovak Republic - VEGA (Grant No. 2/5044/98).

VET. MED. — CZECH, 44, 1999 (9): 263-267 263



melatoninu na tdrovni periférnych tkaniv, hoci pleio-
tropnym ucinkom melatoninu sa venuje v poslednych
rokoch velka pozornost.

Melatonin ako lipofilnd molekula ma vysokud pene-
traCni schopnost a kedZe jeho hladiny v plazme vyka-
zuji denny rytmus, je pravdepodobné, Ze sa tieto zme-
ny prenasaju aj na hladiny melatoninu v tkanivach, kde
rytmus hladin melatoninu méZe prispievat k synchroni-
zécii fyziologickych procesov. Navyse bolo dokazané,
Ze melatonin mo6Ze zasahovat do fyziolégie organizmu
cez interakcie s endokrinnym (Binkley, 1988; Zeman
a i, 1993) a imunitnym (Maestroni, 1993) systémom
a aj ked uroveii interakcii nie je znama, je mozZné, Ze
participuje aj na Cinnosti inych systémov, resp. tkaniv.

KedZe primarnym predpokladom pre fyziologické
uéinky je pritomnost aktivnej latky, zamerali sme sa
najmi na sposob regulacie hladin melatoninu v niekto-
rych tkaniviach a zistovali sme, & obsah melatoninu
vykazuje rytmické zmeny.

MATERIAL A METODY

V naSej praci sme radioimunologicky stanovovali
melatonin v plazme, epifyze a tkanivach pit- aZ sedem-
diiovych kurdiat brojlerovej linie hybrida Hybro. Kur-
Catd, ktoré boli dodané ako jedno- aZ dvojdiiové (Uniga-
lex Bratislava, liaheii Cast4) sa odchovavali vo zverinci
so svetelnym reZimom 12L : 12D (svetlo od 24.00 do
12.00) v skupinovych klietkach 650 x 500 x 250 mm,
po 15 aZ 20 zvierat s volnym pristupom k vode a potrave
(kompletna kimna zmes pre brojlerové kurcata BR 1).
Svetlo malo intenzitu 100 az 200 luxov. Teplota vo
zverinci bola poCas prvych piatich dni udrZiavana na
urovni 35 °C a do konca prvého tyZdia na 33 °C. Vzorky
krvi, proximalnej asti dvanastnika, la¢nika, pankreasu,
oblidiek, sleziny a Fabriciovej burzy, ako aj epifyzy
sme odoberali v strede svetlej a tmavej fazy svetelného
rezimu.

Krv bola odobrana hned po dekapitécii do heparinizo-
vanych skimaviek a po scentrifugovani (1 500 G,
10 min) boli vzorky plazmy uloZené pri teplote —18 °C
az do stanovenia koncentracie melatoninu.

Hned po dekapiticii sme extirpovali epifyzy, ktoré
sme skladovali v mikroskimavkéch s uzdverom pri
teplote —18 °C aZ do dal$ieho spracovania. Epifyzy sme
zhomogenizovali v mikrohomogenizatoroch v 3 x 0,1 ml
metanolu. Po odpareni metanolu sme vzorky rekonsti-
tuovali v 0,3 ml tricinového pufru s 0,1% azidom sod-
nym a Zelatinou a uskladnili do stanovenia pri teplote
-18 °C.

Vzorky gastrointestinalneho traktu (asi 400 mg) sme
odoberali ¢o najrychlejsie po dekapitacii, pri¢om odber
trval v priemere tri aZz osem minit. Vzorky Criev sme
po rozstrihnuti oé&istili od traveniny, uloZili do mikro-
skimaviek s uzaverom a skladovali pri teplote —18 °C.

Extrakcia melatoninu z tkaniv bola modifikovana na
podmienky néasho laboratéria (Herichova a i., 1998).
MnoZstvo melatoninu v plazme, epifyze a tkanivich gas-
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trointestindlneho traktu sme merali radioimunologickou
metédou (RIA) (Fraser a i., 1983) modifikovanou na
podmienky néasho laboratéria (Zeman a i., 1992). Po-
uzili sme rédioindikator *H-melatonin (acetyl-5-metho-
xy-tryptamine-N-[2-aminoethyl-2-3H]; vyrobca: Du Pont,
NEN, USA, 3pecificka aktivita: 0,925 az 1,85 TBq/mmol)
a melatoninové antisérum pripravené proti melatoninu
konjugovanému na hovidzi tyreoglobulin (vyrobca:
Stockgrand Ltd., University of Surrey, Velké Britania)
riedenej v pomere 1 : 2 000. Celkovi koncentraciu me-
latoninu vo vzorkdch gastrointestindlneho traktu sme
vypocitali pre kazdu skiimavku osobitne bertiic do tivahy
individualnu G&innost extrakcie. Uginnost bola merana
gomocou interného Standardu (priblizne 2 500 dpm
H-melatoninu na skimavku) a predstavovala v prie-
mere 80 %.
Vyznamnost zistenych rozdielov sa posudzovala ne-
parovym t-testom.

VYSLEDKY

Obsah melatoninu zisteny v epifyze bol v noci
(7 720,9 £ 994,7 pg na epifyzu) viac ako 20-nasobne
vy§3ii v porovnani s hodnotami zistenymi cez def (374,6 *
69,2 pg na epifyzu). Podobne aj koncentricie melato-
ninu zistené v plazme vykazovali zretelny denny ryt-
mus, t.j. 347,9 * 36,3 pg/ml v noci a 29,0 + 3,77 pg/ml
cez dei.

Ako vyplyva z vysledkov znazornenych na obr. 1
a 2, aj vo vi&Sine Studovanych tkaniv sme zaznamenali
rozdiely medzi koncentraciami melatoninu zistenymi
vo svetlej a tmavej Casti fotoperiédy. V tmavej fize
fotoperiédy sme zaznamenali signifikantne vysSie hla-
diny melatoninu ako vo svetlej faze (P < 0,001) vo
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Dvanistnik* Tenké &revo® Pankreas*

1. Hladiny mel indlnom trakte a pankrease broj-
lerovych kurgiat. Kazdy stipec predstavuje aritmeticky priemer + SEM.
Biele stlpce predstavuji hodnoty zistené v strede svetlej fazy fotope-
riédy, tmavé stlpce indikuji odbery v strede tmavej fizy fotoperiody.
t-test: *** P < 0,001 — Melatonin levels in gastrointestinal tract and
P of broiler chick Each col arithmetic
mean £ SEM. White columns are the values found in the mlddlc of
the light phase of photoperiod, dark col di in
the middle of dark phase of photoperiod. r-test: *** P < 0. 001
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vietkych sledovanych &astiach traviaceho traktu a pan-
krease (obr. 1). Podobne aj koncentricie melatoninu
v slezine a Fabriciovej burze boli preukazne vysie po-
Sas tmavej fazy fotoperiédy (P < 0,001; obr. 2). Na
rozdiel od tychto tkaniv, hladiny v obli¢kdch boli nizke
a zistené hladiny melatoninu rytmické zmeny nevyka-
zovali (obr. 2).

Okrem rozdielov medzi koncentrdciami melatoninu,
zistenymi v strede svetlej a tmavej fazy fotoperiédy,
zaznamenali sme aj rozdiely v ramci jednotlivych sve-
telnych faz, ktoré udéva tab. I. Zatial Co sa hladiny
melatoninu v trdviacom trakte a pankrease’ vo svetlej
Casti fotoperiédy pohybovali v rozmedzi od 116,3 do
179,3 pg/g tkaniva, koncentricie melatoninu vo Fabri-
ciovej burze, slezine a obli¢kach boli podstatne niZsie
(od 34,0 do 63,0 pg/g tkaniva). Tieto rozdiely boli po-
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2. Hladiny melatoninu vo Fabriciovej burze, slezine a obli¢kich
brojlerovych kuréiat. Kazdy stlpec predstavuje aritmeticky priemer
+ SEM. Biele stlpce predstavuji hodnoty zistené v strede svetlej
fazy fotoperiody, tmavé stlpce indikuji odbery v strede tmavej fazy
fotoperiody. r-test: *** P < 0,001 — Melatonin levels in bursa of
Fabricius, spleen and kidneys of broiler chickens. Each column rep-
resents arithmetic mean = SEM. White columns are the values found
in the middle of the light phase of photoperiod, dark columns indi-
cate samplings in the middle of dark phase of photoperiod. r-test:
*** P < 0.001

Slezina® Oblicky*

lpg/g of wet tissue, Zbursa of Fabricius, Jspleen. 4kidneys

tvrdené aj analyzou variancie (tab. I), a to aj napriek
malému poétu vzoriek v pripade sleziny, kedZe kvoli
malej hmotnosti tkaniva jedna vzorka pozostivala z troch
slezin.

V tmavej &asti fotoperiédy boli hladiny melatoninu
vo vSetkych tkanivdch podobné, s vynimkou koncen-
tricie zistenej v obli¢kach, resp. analyza variancie ne-
odhalila signifikantné rozdiely. Numericky najvy3Sie
koncentracie pocas svetlej a tmavej fazy diia boli zis-
tené v pankrease.

DISKUSIA

Z naSich vysledkov vyplyva, Ze melatonin je pritom-
ny tak v tkanivéch traviceho traktu, ako aj v pankrease,
obli¢kach, slezine a Fabriciovej burze, pricom s vynim-
kou obli¢iek jeho hladiny vykazuji zreteIné zmeny po-
&as diia. Denny rytmus hladin melatoninu bol dokdzany
aj v dvanéstniku holuba (Vakkuri a i., 1985), trdviacom
trakte zebricky (Vant Hof a Gwinner, 1996) a brojlero-
vych kurgiat (Herichova a i., 1998), pri€om rozsah zis-
tenych koncentracii publikovany inymi autormi je zhodny
s nasim. Naznacuje to, Ze melatonin méZe v periférnych
tkanivach prispievat k synchronizicii fyziologickych
funkcii, Comu nasved&uje aj pritomnost vizobnych miest
2-[125I1j6domelatoninu v trdviacom trakte kur¢iat (Pon-
toire a i., 1993), kacic (Lee a i., 1995), holubov a pre-
pelic japonskych (Poon a i., 1997) ako aj v obli¢kach
(Song a i., 1993), slezine (Yu a i., 1991) a Fabriciove;j
burze (Poon a Pang, 1994).

Je dobre zname, Ze galiformné vtiky chované na
svetelnom reZime prijimaji potravu takmer vylu¢ne po-
&as svetlej fazy diia (fotofaza) (Savory, 1980). Napriek
tomu dokéZu energeticky pokryt aj obdobie tmavej fazy
svetelného reZimu (skotofaza), kedy potravu nekonzu-
muji. Bolo dokazané, Ze prijem potravy u brojlerovych
kuréiat chovanych na svetelnom reZime vykazuje pocas
24 h cyklu dva vrcholy, pri¢om jeden je spojeny s kon-
com a druhy so zac¢iatkom fotofazy (Buyse a i., 1993).

1. Hladiny melatoninu v gastrointestinilnom trakte, pankrease, Fabriciovej burze, slezine a obli¢kdch. Vysledky si uddvané ako aritmeticky
priemer + SEM (pg/g vihkého tkaniva) — Melatonin levels in gastrointestinal tract, bursa of Fabricius, spleen and kidneys of broiler chickens.

Each column represents arithmetic mean £ SEM (pg/g of wet tissue)

Dvanistnik' Tenké Erevo? Pankreas® Fabriciova burza* Slezina® Oblicky®
116,31 131,12 179,31° 40,55 34,03" 63,06™¢
L + 8,84 * 26,70 + 23,04 +5,32 + 5,09 + 10,05
(n=6) (n=6) (n=6) (n=9) (n=3)" (n=6)
479,10° 464,75° 667,26" 433,77* 505,66" 66,31"
D + 58,42 + 87,60 +89,32 +37,04 +8,02 + 11,37
(n = 6) (n=6) (n = 6) (n=5) (n=2)" (n = 6)

Hodnoty s nerovnakym abecednym oznagenim si signifikantne odli¥né (ANOVA; P < 0,05) - Levels with different alphabetic denotation

are significantly different (ANOVA; P < 0.05)

* kvoli malej hmotnosti tkaniva, jedna vzorka obsahovala tri sleziny ~ due to low weight of tissue, one le cc

L = odber pocas svetlej fizy fotoperiédy — sampling during light phase of photoperiod
D = odber potas tmavej fazy fotoperiédy — sampling during dark phase of photoperiod
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Prvy vrchol v konzumdcii sliZi na vytvorenie si zdsoby
krmiva, ktoré sa potom pomaly uvoliiuje a travi po celd
noc. Potas skotofazy dochadza k prediZeniu €asu po-
trebnému na prechod traveniny traviacim traktom. Ra-
fiaji vrchol prijmu potravy je pravdepodobne ddsledkom
postabsorb¢ného stavu na konci noci. Tento cyklus v prij-
me potravy sa odrdZa aj na objeme traveniny v jednot-
livych Gastiach traviaceho traktu. Najvysi objem krmiva
v hrvoli a proventrikule sa nachadza na zaCiatku tma-
vej fazy fotoperiody. V tomto obdobi je najvy3si objem
krmiva aj v hrubom &reve, prifom v uvedenom seg-
mente GIT sa nachadza travenina najmi z ranného vr-
cholu prijmu potravy. NajniZ§i objem krmiva bol vo
vietkych Studovanych Castiach traviaceho traktu na konci
tmavej fazy svetelného rezimu (Buyse a i., 1993).

Uloha svetelného reZimu pri reguldcii prijmu potra-
vy sa potvrdila aj v pokuse, v ktorom sa sledovali via-
ceré fyziologické parametre prepelice japonskej pri
troch odli§nych svetelnych rezimoch (Wilson a McFar-
land, 1969). Autori zistili, Ze hmotnost pecene je naj-
vy33ia na konci fotofazy pri svetelnom reZime 6L : 6D,
12L : 12D ako aj 16L : 8D. Zmeny v obsahu lipidov
v peceni boli paralelné so zmenami hmotnosti pecene
a objem tréveniny v jednotlivych &astiach traviaceho
traktu tieZ uzko koreloval s danym svetelnym reZimom.

Je teda zrejmé, Ze svetelny rezim moze u galiform-
nych vtdkov ovplyvnit prijem potravy, pri¢om prediZe-
nie svetlej fazy svetelného reZimu ma za nasledok zvy-
Senie prijmu a skratenie zase pokles prijmu krmiva. Je
tieZ dobre zndme, Ze svetelny reZim reguluje aj vydaj
melatoninu epifyzou. Melatonin sa podiela na synchro-
nizécii dennych rytmov pohybovej aktivity vtikov
(Gwinner a Benzinger, 1978; Chabot a Menaker, 1992;
Heigl a Gwinner, 1995) a je moZné, Ze participuje aj
na synchronizicii prijimania potravy s uritym svetel-
nym rezimom.

Z doteraz znamych ucinkov melatoninu na aktivitu
GIT moZno spomeniit vplyv melatoninu na &revni peri-
staltiku, aj ked v tychto Stidiach boli ako experimentalny
model pouzité cicavce. Bolo dokazané, Ze melatonin
ma vplyv na spontdnnu aj serotoninom indukovani pe-
ristaltiku Erevného aparitu potkana (Harlow a Weekley,
1986; Bubenik, 1986) a rychlost prechodu traveniny tra-
viacim traktom laboratérnych mysi (Bubenik a Dhanvan-
tari, 1989). Hoci uvedené Stidie popisuju predovset-
kym ucinky exogénne aplikovaného melatoninu,
predpoklada sa, Ze aj endogénny melatonin mdZe pdso-
bit podobne, a to predovSetkym formou parakrinne;j re-
gulacie. Zdroj melatoninu v GIT sice nebol definitivne
identifikovany, ale viaceri autori predpokladaju, Ze me-
latonin v traviacom trakte je tvoreny in situ (Raiklin
a Kvetnoy, 1976; Bubenik a i., 1977; Huether, 1994),
konkrétne v enterochromafinnych bunkich mukézy GIT,
v ktorych prebieha syntéza melatoninového prekurzoru
serotoninu (Espamer a Asero, 1952). V traviacom trakte
sa taktieZ nachadza N-acetyltransferdza (Hong a Pang,
1995), ktora konvertuje serotonin na N-acetylserotonin
a hydroxyindol-O-methyltransferaza (Quay a Ma, 1976),
ktora metyluje N-acetylserotonin na melatonin, ¢o do-
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kazuje, Ze v GIT sa nachadza substrat aj enzymova vy-
bava na produkciu melatoninu.

Okrem priamych tG¢inkov melatoninu na funkcie GIT
je popisany aj vplyv melatoninu na energeticky meta-
bolizmus. Bolo dokédzané, Ze u kuréiat epifyzektémia
(t.j. odstranenie hlavného zdroja melatoninu v organizme)
alebo vystavenie zvierat ostrému svetlu, ktoré potlaca
syntézu melatoninu v epifyze, mé za nasledok pomal3i
rast a pokles hladniny T3 oproti kurfatim chovanym
v tme (Osol a i., 1980), zatial ¢o aplikacia melatoninu
takéto ucinky epifyzektémie alebo ostrého svetla elimi-
novala (Osei a i., 1989). Aplikacia melatoninu prepeli-
ciam japonskym v pitnej vode mala za néasledok vzostup
hladiny T;, pokles plazmatickej koncentricie kortikos-
terénu a zniZenie obsahu abdominélneho tuku oproti
kontrolnym zvieratdm chovanym v podmienkach kon-
Stantného svetla (Zeman a i., 1993). Potvrdzuje to dlohu
melatoninu pri konverzii krmiva pravdepodobne pro-
strednictvom interakcii s endokrinnym systémom, hoci
bol tiez popisany stimulacny vplyv melatoninu na re-
sorpciu glukdzy v traviacom trakte (Osei a i., 1989),
takZe do dvahy prichddzaju interakcie na viacerych urov-
niach.

Nase vysledky potvrdzujui, Ze endogénne hladiny me-
latoninu v cirkuldcii si regulované vonkaj§im svetel-
nym reZimom, pri¢om rytmus generovany epifyzou sa
prenasa na tkanivd, kde moZe participovat na regulacii
viacerych fyziologickych funkcii, ¢i uz priamo, alebo
v interakcii s inymi systémami. KedZe v chove brojle-
rov sa pouZiva velmi dlha fotoperiéda (23L : 1D) alebo
konstantné svetlo, je pravdepodobné, Ze pri pouZiti vys-
$ej intenzity osvetlenia dochddza k potlaceniu syntézy
melatoninu, ¢o mdZe negativne ovplyviovat viaceré fy-
ziologické procesy. Je zaujimavé, Ze najniZSie hladiny
za svetla sme zistili v organoch spojenych s imunitnym
systémom (Fabriciova burza, slezina), ¢o naznaCuje moz-
ni inhibiciu imunitného systému intenzivnym osvetle-
nim. Je potrebné ziskat dalSie udaje o vztahu medzi
intenzitou osvetlenia a produkciou melatoninu u broj-
lerovych kuréiat a regulovat intenzitu osvetlenia tak,
aby negativne neovplyviiovala efektivnost produkcie.
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USTREDNI ZEMEDELSKA A LESNICKA KNIHOVNA,
PRAHA 2, SLEZSKA 7

Ustredni zem&d&lska a lesnickd knihovna v Praze (dile jen UZLK), kter4 je jednou z nejvétSich zem&d&lskych
knihoven na svété, byla zaloZena v roce 1926. JiZ od po&itku $lo o knihovnu vefejnou. Knihovna v sou¢asné dob&
obsahuje vice neZ jeden milion svazki knih, cestovnich zprav, dizertaci, literatury FAO, svézanych ro&nikd &asopisiti
z oblasti zeméde€lstvi, lesnictvi, veterinarni mediciny, ekologie a dalSich oborii. Knihovna odebird 750 tituld domécich
a zahrani¢nich Casopisti. Informa&ni prameny ziskané do fondu jsou v UZLK zpracovévany do systému katalog — je
budovéin jmenny katalog a pfedmétovy katalog jako zdkladni katalogy knihovny a dale rizné specidlni katalogy
a kartotéky. Po&dtkem roku 1994 pfistoupila UZLK k automatizovanému zpracovéni knihovniho fondu v systému
CDS/ISIS.

Pro informaci uZivateld o novych informacnich pramenech ve fondech UZLK zpracovéiva a vyddvéd knihovna
nésledujici publikace: Prehled novinek ve fondu UZLK, Seznam Casopisti objednanych UZLK, Prehled redersi a te-
matickych bibliografii z oboru zeméd€lstvi, lesnictvi a potravinifstvi, AGROFIRM - zpravodaj o pfirtstcich firemni
literatury (je distribuovén na disketdch), AGROVIDEO - katalog videokazet UZLK.

V oblasti mezindrodni vymény publikaci knihovna spolupracuje s 800 partnery ze 45 zemi svéta. Knihovna je
¢lenem IAALD - mezindrodni asociace zem&d&lskych knihovnikl. Od zfi 1991 je élenem mezindrodni sit€ zem&dél-
skych knihoven AGLINET a od 1. 1. 1994 je depozitni knihovnou materidli FAO pro Ceskou republiku.

Knihovna poskytuje svym uZivatelim nasledujici sluzby:

Vypujéni sluzby

Vypijéni sluzby jsou poskytovdny viem uZivatelim po zaplaceni roéniho registraéniho poplatku. MimopraZiti
uZivatelé mohou vyuZit moZnosti meziknihovni vypijéni sluZby. Vzicné publikace a Casopisy se vSak pujuji pouze
prezenéné.

Reprografické sluzby

Knihovna zabezpeluje pro své uZivatele zhotovovani kopii obsahii asopisii a nasledné kopie vybranych Clankd.
Na pockani jsou zhotovoviny kopie na pféani uZivateli. Pro praZské a mimopraZské uZivatele jsou zabezpeCovany tzv.
individuélni reprosluZby.

Sluzby z aut tizov sy firemni literatury

Jsou poskytovany z databaze firemni literatury, kterd obsahuje témé&f 13 000 zdznami 1 700 firem.

Referencni sluzby

Knihovna poskytuje referenéni sluZby z vlastnich databazi kniZnich novinek, odebiranych &asopist, redersi a te-
matickych bibliografii, védeckotechnickych akci, firemni literatury, videotéky, dile z databézi prevzatych — Celostétni
evidence zahrani¢nich Casopist, bibliografickych databazi CAB a Current Contents. Cilem je podat informace nejen
o informa¢nich pramenech ve fondech UZLK, ale i jiné informace zajimajici zem&dglskou vefejnost.

Pajcovani videokazet

V AGROVIDEU UZLK jsou k dispozici videokazety s tematikou zem&d&lstvi, ochrany Zivotniho prostfedi a pfi-
buznych oborl. Videokazety zasili AGROVIDEO mimopraZskym zdjemcim poStou.

Uzivatelim knihovny slouZi dv& studovny — vieobecna studovna a studovna &asopisi. Ob& studovny jsou vybaveny
ptirugkovou literaturou. Ctendfi zde maji volny pfistup k novinkam pfirdstkd knihovniho fondu UZLK.

Adresa knihovny:
Ustiedni zem&d&lsk4 a lesnickéd knihovna
Slezska 7
120 56 Praha 2

Vyptjéni doba:

pondéli, ttery, étvrtek 9.00-16.30
stieda 9.00-18.00
pitek 9.00-13.00
Telefonické informace:
vedouci: 24 25 50 74, e-mail: IHOCH @uzpi.agrec.cz
referenéni sluzby: 24 25 79 39/linka 520
dasopisy: 24 25 66 10
vypujéni sluzby: 24 25 79 39/linka 415
meziknihovni vypujéni sluzby: 24 25 79 39/linka 304
fax: 24 25 39 38

e-mail: UZLK @uzpi.agrec.cz



mailto:IHOCH@uzpi.agrec.cz
mailto:ZLK@uzpi.agrec.cz

METHODS OF LAPAROSCOPIC STERILIZATION OF BITCHES

METODY LAPAROSKOPICKE]J STERILIZACIE U SUK

I. Valock)"’, S. Paiss?, I. Maragek’

! Department of Obstetrics Gynecology and Andrology, University of Veterinary Medicine,
Kosice, Slovak Republic

2 Private Clinic, Givatayim, Israel

3 Institute of Veterinary Medicine, Kosice, Slovak Republic

ABSTRACT: At present the question of sterilisation of bitches with the aim of inducing permanent sterility is paid much
attention. So far preferred techniques have required surgical intervention per laparoscopiam.’In this submitted study we
focused on using laparoscopy at sterilisation of bitches in three ways: by creating mechanical occlusion of oviducts using
endo-stapler technique (n = 3), by forming oviduct occlusion by electrocoagulation with the aid of endo-coagulator (n = 3),
by performing ovariectomy using modified endo-suture technique (n = 2). At the interventions effectiveness, complications
and difficulty were observed. The effect of laparoscopic intervention on reproductive apparatus and condition of the patient
was observed as well. Patients (n = 8) of German shepherd breed aged 2-7 years were included in the evaluation. Interventions
were performed with the aid of two MLW Germany laparoscopic units with 180 degree angle and 0.5-1 ¢m working diameter.
Electrocoagulation was carried out with Eltom, Chirana Slovakia, equipment. Occlusions of oviducts were performed with
endo-stapler titanium clip applicator. Ovariectomy was carried out with the aid of extracorporal Orsilon technique with
non-traumatic units. We have found that it is possible to make a permanent occlusion of oviducts by placing one or two clips
on the left or right oviduct concerned. The intervention lasted 20-30 minutes. By using electro-coagulation of oviduct 1-2 occlusions
were made on each oviduct. The occlusion of oviducts by endo-coagulation took 10 minutes. At ovariectomy two ligatures
were applied cranially to the ovary and a single ligature caudally from the same ovary. The ovary was removed with
endoscissors. The whole endoprocedure in both ovaries took 70 minutes. In comparison with similar laparoscopic interventions
the above described techniques have certain advantages. The result of abdominal cavity perforation is just small wounds
which require 2 deep and 2 superficial sutures at the most. As the interventions are relatively simple, they can be performed
on older patients as well. Small laparoscopic incisions contribute to a considerable decrease of postoperative pain in surgical wound.

female dog; laparoscopy; sterilisation; endoscopic surgical technique; ovary; oviduct

ABSTRAKT: V sucasnosti sa dostdva do popredia otazka sterilizovania sik s cielom navodenia trvalej sterility. Doposial
uprednostiiované techniky si vyZadovali chirurgicki intervenciu per laparoscomiam. V predloZenej praci sme sa zamerali na
pouZitie laparoskopie pri sterilizdcii siik tromi spdsobmi: vytvorenim oklizie vajcovodov mechanicky pouZitim endo-stapler
techniky (n = 3), vytvorenim oklizie vajcovodov elektrokoagulaciou pouZitim endo-koagulétora (n = 3), vykonanim ovarie-
ktémie pouZitim modifikovanej endo-suture techniky (n = 2). Pocas zdkrokov sme sledovali ti¢innost, komplikacie a naro¢nost
laparoskopickych vykonov. TieZz sme sledovali vplyv laparoskopickej intervencie na reproduk&ny aparét a zdravotny stav
pacienta. Do vyhodnotenia boli zaradeni pacienti (n = 8) plemena nemecky ovéiak vo veku dva aZ sedem rokov. Zakroky sme
vykondvali pomocou dvoch laparoskopickych jednotiek MLW Germany so 180° uhlom s pracovnym priemerom od 0,5 do | cm
s prisludenstvom. Elektrokoaguldcia bola vykondvand pomocou pristroja Eltom (Chirana, Slovakia). Okluzie vajcovodov boli
uskutofnené endostaplerom, aplikatorom titdnovych klipov. Ovariektomia bola vykonana extrakorporalnou technikou pouZi-
tim Orsilonovych atraumatickych navlekov. Zistili sme, Ze je moZné vytvorit trvald okliziu vajcovodov naloZenim jedného
alebo dvoch klipov na predmetny vajcovod. Trvanie samotného vykonu predstavovalo 20 aZ 30 minit. Pri pouZiti elektro-
koagulédcie vajcovodov boli vykonané jedna aZ dve oklizie na kaZdom vajcovode. V priemere oklizie vajcovodov endo-
koaguléciou trvali 10 minit. Pri ovariektémii boli naloZené dve ligatiiry kranidlne a jedna kaudélne od vaje¢nika. Ovdrié boli
odfiaté endo-noZnicami. Celkovo zakrok trval 70 minit. V porovnani s obdobnymi laparotomickymi zdkrokmi maji uvedené
metédy urité vyhody. Vysledkom perforacie dutiny brusnej st iba malé rany vyZadujice maximilne dva hlbkové a dva
povrchové stehy. KedZe zikroky sii relativne jednoduché, laparoskopické incizie vedd k vyznamnému zniZeniu postoperacnej
bolesti v opera¢nej rane.

suka; laparoskopia; sterilizicia; endoskopia; vajeénik; vajcovod
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INTRODUCTION

Laparoscopy is one of the few techniques tested first
on humans and later adjusted to the needs of veterinary
medicine. One of the most interesting applications of
laparoscopy in the management of reproduction is doubt-
less sterilisation. In human medicine, the uterine tube
sterilisation is routinely used (Gomel, 1977). Daniel
and Herbert (1984) described the salpingostomy tech-
nique using CO, laser through a laparoscope.

Only in 1985 did Wildt and Fawler describe the
laparoscopic sterilisation of bitches by bipolar highfre-
quency coagulation of a salpinx. Sterilisation of bitches
by the salpinx interruption, however, does not elimi-
nate accompanying signs of oestrus (attractiveness of
female to males, sanguineous vaginal discharge). For
this reason, some owners prefer ovariectomy or ovario-
hysterectomy. Ovariectomy in female dogs by a laparo-
scope was first described by Thiele et al. (1993).
Videocamera with a monitor was used for simplifica-
tion and better making. The extracorporal Roeder’s knots
and the system ethi-endo-ligature (Ethicon) were used
for ligatures. It was not possible to perform a surgical
intervention successfully only in one of 62 female dogs
due.to synechias in the umbilical area.

Development of a laparoscopic surgery in gynecology
of women has enabled operations with a laparoscope
on adnexa (Semm, 1979; Semm and Mettler, 1980) as
well as treatment of extrauterine pregnancy (Shapiro
and Adler, 1973; Wilke and Kuhn, 1992). These inter-
ventions were carried out by direct visualisation using
a laparoscope, which limited possibilities of a surgeon
and his team. The use of videotechnique has widened
a diapason of possibilities of laparoscopic techniques
because also other members of the operation team are
involved in the operation process. This has made it
possible to perform also complicated surgical interven-
tions with a laparoscope such as the first laparoscopic
per vaginam assisted hysterectomy (Reich et al., 1989).
Semm (1991) performed the first pelviscopic hysterec-
tomy. Within a short time, these techniques, causing
relatively only little trauma, have gained a great recog-
nition among the professional personnel and popularity
among the patients (Padial and Stolongo, 1992).

The first laparoscopic ovariohysterectomy in a bitch
was carried out by von Siegel et al. (1994). The opera-
tion did not last more than 60 minutes.

The aim of this research is to discuss three different
methods of spaying:

— mechanical occlusion of oviducts with endostaples,
— forcing occlusion of oviducts with electrocoagulation,
— ovariectomy by using endosuture technique.

During those procedures that were mentioned above,
we followed the effect, complications and difficulties
which accompanied the surgical manipulations. We also
observed the influence upon the reproductive appara-
tus, and the health condition of the patients after treat-
ing them with laparoscope.
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MATERIAL AND METHODS
Animals

For mechanical occlusion of oviducts we operated
3 bitches, for occlusion of oviducts by electrocoagula-
tion 3 bitches were operated, and for ovariectomy pro-
cedure we operated 2 bitches. The age of the patients
was between 2-7 years, bitches were German Shepherd
breed. The animals were kept in clinical kennels and
received on commercial food and were given water ad
libitum. The weight of bitches ranged from 35 to 40 kg.
All the bitches were in the stage of anestrus.

Optic equipment and accessories

Two laparoscope units consisting of laparoscope
MLW Germany, 180 degrees, 1 cm in diameter, source
of light, manual insufflator with regulator and T shaped
pressure gauge connected to CO, tank container. For
endocoagulation we used electrocautering unit, Eltom
Chirana Slovakia.

Invasive and surgical instruments

For pneumoperitoneum we used Veress needle. For
insertion of laparoscope we used a set of trocars and
cannulas in the range of 0.5-1.5 cm with safety protec-
tion for the sharp tip. For manipulation with internal
organs we used rigid metal probe. For grasping and
fixation of internal organs and different parts or various
instruments, we used endo pean forceps. For cutting
and/or coagulation of soft tissue, we used endo scis-
sors. For occlusion of oviducts we used titanium clip
and its applicator (endo-stapler). For internal suturing
we used the extra corporal Orsilon technique with non-
traumatic units and adapter for tightening the internal
surgical knot, plus specially devised internal needle
holder.

Anesthesia and preoperational preparation of the
patients

Within all the animals, the same material and sub-
stances were used. Food was withheld for 24 hours and
water for 6 hrs. before operation. We used tranquiliser:
15 mg diazepam i.m. (Apaurin, Lé&iva Praha) pro toto,
15 minutes before introducing anesthesia. For sedation
we used xylazin 2 mg/kg b.w. i.m. (Rometar, Spofa
Praha) and after 10 min. neuroleptic analgetic ketamin
10 mg/kg b.w. i.m. (Narkamon, Spofa Praha) was in-
jected. The animals were fixed in a recumbent position
with the head down and total body plane laid between
30-40 degrees in relation to the ground. The surface
between the pubic bone and 4 cm cranially to the um-
bilicus was shaved and scrubbed including 10 cm to
each side.
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Formation of pneumoperitoneum

Puncture of abdominal cavity with Veress needle
located 2 cm cranially to pelvic bone and 2 cm laterally
on each side (according to the convenience of surgeon)
of linea alba. To confirm an intact bladder we aspirate
with syringe through the Veress needle. If urine is pre-
sent, the Veress needle is reinserted. The Veress needle
must penetrate through all the abdominal wall layers to
control subcutis, muscle or subperitoneal dislocation.
The volume of insufflated CO, ranged from 20 to 30 mm
Hg, which represented in dependence on the tightness
of the system initial consumption as large as 2.0 1.

Mechanical occlusion of oviducts

Laparoscopic trocar and cannula were penetrated 1 cm
behind the umbilicus, and a second trocar was inserted
for titanium clips applicator Endo clip II ML Auto Su-
ture, USA (endo stapler) 0.5 cm in diameter, 6-10 cm
behind the umbilicus and 2-3 cm laterally from specific
udder unit. A third trocar and cannula for endo pean
were introduced contralaterally. After confirmation of
accurate location, and fixation with endo pean, the site
of occlusion was grasped with the jaws of applicator,
and the endo stapler released onto the oviduct, and the
procedure was repeated 0.5 cm away from the former,
on the same oviduct.

Occlusion of oviducts by coagulation

Laparoscope and cannula were inserted using the
same procedure described in the former chapter , me-
chanical occlusion of oviducts*. After identification of
oviduct, it is fixed by the jaws of endo pean. Electro-
coagulation was carried out with unipolar electrocau-
tering unit (Chiratom 170, Chirana, Slovak Republic)
and coagulation level was set to grade 2. After controll-
ing the location of endo pean, coagulation is performed
for a few seconds (2-3) until complete occlusion is
achieved. This procedure requires a very delicate ma-
nipulation with care in order to prevent touching other
organs with the endo pean, which may cause permanent
damage to them.

Ovariectomy by laparoscopic technique

Trocar for laparoscopic cannula is located 1 cm be-
hind the umbilicus. Two additional trocars with adja-
cent cannulas in diameter of 10 mm are located 5 cm
behind the umbilicus 6-8 cm laterally to each side of
linea alba. Ligamentum proprium is held with endo
pean, and using manipulative movements of pushing
and pulling proximally, tension appears on the ligamen-
tum latum uteri, causing its flattening. The lig. latum
uteri is then sutured by using endo needle and atrau-
matic Orsilon 1 A unit (Spofa, Czech Republic). The
suture is made craniolaterally (in relation to ovary)
around ligamentum suspensorium ovarii. The endo
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needle is then inserted through the cannula and circling
the lig. suspenpensorium, creating a loop around it, and
is led out through the same cannula where an outer
surgical knot is made. The knot is led inside along the
cannula, under a specially designed endo ligature adapter,
and tightened on the desired location. Using this tech-
nique we suture the ovarian artery and vein. Coagula-
tion of those vessels was also performed successfully.
With the second suture we used the same technique, but
the location was caudally to the ovary, through and
arqund lig. proprium. Using endo scissors and endo
coagulation simultaneously, we separate between li-
gamentum suspensorium ovarii caudally to the suture,
and ligamentum ovarii proprium cranially to the knot.
The tissue remnants which are composed of bursa
ovarica, part of ligamentum suspensorium ovarii and
part of ligamentum ovarii proprium, are cleared through
the working cannula. The procedures are repeated con-
tralaterally. Before drawing back the laparoscope and
its accessories, it is necessary to check for blood leaks
from the stumps.

End of laparoscopic surgery and postopérative care

After observation of the place of surgery and its
surroundings, the instruments are collected, and through
the working channel of laparoscope the CO, which cre-
ated the pneumoperitoneum is released, the cannules
are removed and internal plus external sutures are per-
formed. Incisions with 1.5 cm in diameter were sutured
with two deep and two superficial ligatures. We used
a single wide spectrum long acting parenteral antibiotic
injection (Antipen, Werfft-Chemie, Austria or Clamoxyl,
Smith Kline Beecham, UK).

RESULTS

In spaying by using laparoscopy, we used two dif-
ferent methods for occlusion of oviducts (Tab. I, IT) and
a single ovariectomy technique (Tab. III).

During the procedure of mechanical occlusion using
endostapler technique, 1-2 staples were applied to each
oviduct in each of the three bitches. The procedure had
only one single complication; the clip slipped from the
site of application. The released clip was drawn out,
and replaced. The whole procedure lasted 30 min (Tab.
I). In one case, bleeding, which appeared after the can-
nula was removed from the abdominal wall, was treated
with suture. In each of the 3 bitches clips were placed
on both oviducts and their fixity was checked mecha-
nically with endo pean.

By using coagulation of oviducts in three bitches,
1-2 occlusions were performed on each oviduct. Dur-
ing the procedure, bleeding appeared on abdominal wall
in the peritoneal cavity, during the insertion of cannula
for adjacent endo pean. This complication does not put
at risk either the patient or the surgical progress/prog-
nosis. The bleeding was treated at the end of the sur-
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1. Mechanical occlusion of oviducts: endo-stapler technique

No. No. of clips used on oviducts Complication Duration of Duration of Comilication afh
of bitches left right during surgery occlusion (min) surgery (min) omplication aljet Surgery
1 + ++ replacing one clip 25 45 refusing food 24 h
2 + + none 20 40 none
3 ++ ++ none 30 40 bleeding abdominal wall
II. Occlusion of oviducts: endo-coagulation
No. No. of coagulations in oviduct | Complication during Duration of Duration of Complication after
of bitches left right surgery occlusion (min) | surgery (min) surgery
4 ++ ++ none 15 25 none
5 + + bleeding abdominal wall 10 25 refusing food 42 h
6 ++ ++ none 15 25 none
III. Ovarioectomy by using modified endo-suture technique
Number of ligatures on oviduct 4 + Duration eyl
No. g Complication during surgery Durnuon(:)“fi:)c clussiol of surgery Sg::psl:g;"
of bitches left right (min)
caudal | cranial | caudal | cranial left oviduct | right oviduct
7 + ++ + ++ slight bleeding from incision 25 30 65 none
8 + + + + slight bleeding from incision 30 30 70 none

gery, after emptying the gas from the abdominal cavity,
which produced pneumoperitoneum, necessary for easy
access to the internal organs. The occlusion of oviducts
by endo coagulation took 10 minutes, and the whole
surgery 25 min (Tab. II). In each of the three bitches
electrocoagulation was performed on each oviduct and
damage to the tissue was visually checked. §

Ovariectomy by using modified endosuture tech-
nique was carried out successfully on two bitches. Two
ligatures were applied cranially to the ovary, and a single
ligature caudally from the same ovary. The ovary was
removed with endoscissors. This procedure is repeated
on the other ovary as well. The most important critical
step in this stage, which has a direct effect on the pa-
tient’s life, is making sure the ovarian artery was either
ligated with the cranial ligature to the ovary or a sepa-
rate ligature specific to this artery should be done.
However, bleeding appeared at the site of right incision
in both cases. It did not require any treatment. The
whole endoprocedure in both ovaries took 70 min.
(Tab. III).

DISCUSSION

At present, the question of bitch sterilisation to in-
duce permanent sterility is getting in the limelight. Up
to now preferred methods have required a surgical in-
tervention per laparoscopiam. The methods of sterili-
sation were elaborated and they have been widely used
in the human gynecology (Gomel, 1977; Daniell and
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Herbert, 1984). The endo-stapler technique used to form
permanent occlusions of the biliary duct and corre-
sponding blood canal was adapted for formation of sal-
pinx occlusions. It has been found that the permanent
occlusion of salpinx can be formed by putting one or
two clips on the salpinx concerned. The intervention
itself lasted from 20 to 30 minutes. However, it is pos-
sible to shorten this time by gaining skill. The great
advantage appears to be the fact that disposable appli-
cator is available, with a clip cartridge that can last for
several operations. Working canals of the 0.5 cm dia-
meter are necessary at salpinx occlusion by coagula-
tion, however, an electrocauter is also necessary. De-
mand for extreme caution at coagulation alone not to
cause burning of other organs is a disadvantage. The
present electrocauters are protected by several circuits
and so the work with them, under observing the condi-
tions given by the producer, is comfortable and rela-
tively fast, 10-15 minutes. The presented methods have
certain advantages in comparison with similar laparo-
tomy intervention. They require a shorter time interval.
Only small wounds requiring at maximum two deep
and two superficial sutures are the result of the abdomi-
nal cavity perforation. As the intervention is relatively
simple, it may be carried out also in dogs of older age
categories. The advantages of minimally invasive sur-
gery performed laparoscopically are apparent. There-
fore, there is still greater interest in them. They can be
applied in veterinary gynecology of bitches at ovariec-
tomy, even at ovariohysterectomy. Small laparoscopic
incisions lead to a significant decrease in postoperative
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pain. Direct measurements of the pressure in operated
wounds have confirmed this fact (Emmermann, 1992).
So it is true that the smaller the incision, the less the
pain. The laparoscopic procedure may lead in female
dogs to fast postoperative normalisation of their health
status. This is an advantage, above all, in obese animals
and in those with bad wound healing. The owner’s
postoperative care of the patient is much easier then
(Thiele et al., 1993). Not only ovariectomy but also
ovariohysterectomy may be performed safely with ade-
quate equipment of the laparoscopic unit (von Siegl,
1994). This possibility is given by relativelly good ac-
cessibility of all the tissues in question by endo-instru-
ments per laparoscopiam. At present, the stapler tech-
nique endo GIA is very topical. Its only disadvantage,
however, is its high price, but its using ensures for
a surgeon maximum comfort at the intervention.

The use of laparoscopic techniques has its contrain-
dications such as advanced endometritis, progressive
stages of cysts or tumours and suspicion of extended
intra-abdominal adhesions. Using the laparoscopic
methods at ovariectomy and especially ovariohysterec-
tomy remains a domain of specialised clinics due to
high prices of endoscopic unit, special endoinstruments
and videotechnique. As these interventions are rela-
tively long, there is a probability of the failure of cardio-
vascular circulation, or lung collapse, especially due to
Trendelenburg’s position and necessity of pneumoperi-
toneum (Windberg et al., 1993). The inhalation anes-
thesia with assisted breathing through Elvent-unit with
ensuring internal homeostasis by solutions appears to
be optimal. Further development in veterinary gyne-
cology will show the importance of ovariohysterectomy
per laparoscopiam.

CONCLUSION

Technical parameters of the endoscopic optic systems
have underwent considerable quantitative development.
Therefore today, laparoscopes provide an authentic pano-
ramic picture of the cavity observed. In addition, there
is a possibility of some enlargement, which makes visua-
lisation more precise and the picture clearer. At using
the laparoscopic techniques the tissue impairment does
not occur. Since the surgeon can see details of the or-
gan surfaces (structures about 1.0 mm and less), he can
avoid the blood vessels and so prevent unnecessary
bleeding. A great advantage of laparoscopy is an im-
mediate possibility of recording on videosystems, com-

pact disk or photographic film. That is why laparo-
scopic techniques have been adopted not only in human
medicine but also in veterinary medicine.
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IDENTIFICATION OF TOXIGENIC STRAINS OF PASTEURELLA
MULTOCIDA BY PCR AND BIOLOGICAL METHODS

DETEKCE TOXINOGENNICH KMENU PASTEURELLA MULTOCIDA
METODOU PCR A BIOLOGICKYMI METODAMI

P. Satran, M. Barto$, K. Nedbalcov4, I. Rychlik, L. Konstantinova, L. Ulmann

Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Sensitivity and specificity of methods for the identification of toxigenic strains of Pasteurella multocida were
compared. The production of dermonecrotoxin was determined by a skin test in guinea pigs, a cell culture test using bovine
embryonic lung cells, and PCR. The highest sensitivity and specificity were found for PCR that allows the identification of
strains producing only small amounts of the toxin in vitro that are not detectable by biological methods. However, strains
producing structurally different toxins with the same biological effect are not identifiable by this technique owing to its high
specificity. Therefore, biological and particularly cell culture tests are necessary for a comprehensive assessment of toxige-
nicity of individual strains.

Pasteurella multocida; dermonecrotoxin; PCR; toxA gene; atrophic rhinitis

ABSTRAKT: Byla porovnina citlivost a specifita metod ke stanoveni toxinogennich kment Pasteurella multocida. Produkce
dermonekrotoxinu byla stanovovina pomoci koZniho testu na moratech, testem na linii embryondlnich bovinnich plicnich
bunék a PCR. Nejvys3i citlivost a specifita pro ur€eni schopnosti produkce dermonekrotoxinu byla zji§téna u vySetfeni PCR.
S jeho pomoci je moZné diagnostikovat kmeny v in vitro podminkach, produkujici nizké mnoZstvi toxinu nedetekovatelné
biologickymi metodami. Z divodi vysoké specifity PCR neni moZné odhalit kmeny, které produkuji strukturdlné odlisné
toxiny se stejnym biologickym u&inkem. Z tohoto divodu zustédvaji biologické metody, pfedeviim pak test na bun&&né linii,

duleZité pro komplexni posouzeni toxigenity jednotlivych kment Pasteurella multocida.

Pasteurella multocida; dermonekrotoxin; PCR; toxA gen; sipavka

INTRODUCTION

Pasteurella multocida is a common inhabitant of the
upper respiratory tract of farm animals. Dermonecro-
toxin (DNT), produced by some strains, is the causative
agent of atrophic rhinitis of swine (Diemen et al., 1994)
and causes also specific skin lesions and damage to
bovine embryonic pulmonary cells (EBL) already at
very low concentrations (Kamp et al., 1987).

Toxigenic strains of P. multocida (TPM) present on
the nasal mucosa and in tonsillar crypts release DNT
which is absorbed into blood and induces generalized
toxaemia leading to a specific dysbalance of osteoblast
and osteoclast differentiation affecting particularly the os-
sification of the nasal septum and turbinates in swine
(Gwaltney et al., 1997). The result of the DNT effect is
not only rhinitis, deviation of the nasal septum and atro-
phy of turbinates, but also a considerable decrease of per-
formance in the affected herds (Ackermann et al., 1996).

Direct diagnostic methods for atrophic rhinitis are
based on the demonstration of TPM and, in particular,
production of DNT. The earliest diagnostic methods
included the lethality test in mice and the skin test in
guinea pigs (De Jong et al., 1980), as well as several
tests of DNT demonstration in cell cultures (Pennings
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and Storm, 1984). Most suitable for DNT detection are
EBL cells that have been tested in various modifications
(Rutter and Luther, 1984; Chanter et al., 1986). The recent
techniques for DNT detection include ELISA using
monoclonal antibody to DNT, and demonstration by PCR
of the toxA gene coding the production of DNT (Foged
etal., 1988; Bocowersock et al., 1992; Nagai et al., 1994).
Currently, several modifications of PCR, each detecting
a specific fragment of the toxA gene of TPM isolates, are
used (Kamp et al., 1996; Hotzel et al., 1997).

The high sensitivity and specificity of PCR allows
a direct demonstration of DNT in nasal and tonsillar
swabs avoiding the necessity to isolate the causative
agent (Lichtensteiger et al., 1996). The objective of our
experiments was to test the identification of TPM by
PCR and to assess the correlation of results of PCR and
of the two biological methods, i.e. skin test in guinea
pigs and test in an EBL cell culture.

MATERIAL AND METHODS

Strains

Field strains collected with swabs (Copan-Bovezo)
from the caudal part of nasal cavity of swine were
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tested. Solid culture media were used for bacteriologi-
cal examinations. The material from the swabs was inocu-
lated on selective blood agar containing 2.5 mg neomycin
and 0.2 L.U. bacitracin per 1 ml and the plates were
incubated at 37 °C overnight. On the subsequent day,
the bacterial colonies were re-inoculated onto anti-
biotic-free blood agar. The isolated strains were main-
tained on the slant Dorset egg medium.

Skin test

The isolated strains of P. multocida were incubated
in stationary cultures in the liquid medium BHI at 37 °C
for 24 h, centrifuged at 10 000 g for 10 min and tested
for the presence of DNT by intradermal inoculation of
0.2 ml of the supernatant in the shaved dorsal region
of albinotic guinea pigs of 300 to 400 g live weight.
Four to six samples were tested in each animal.

The guinea pigs were sacrificed 72 h after the inocu-
lation and inflammatory reactions were assessed. The
reaction was classified as positive if local inflammation
with or without central necrosis developed at the inocu-
lation site. The severity of the reaction was classified
as + to ++++.

Cell culture test

The tests in a culture of embryonic bovine lung cells
were done using the method described by Rutter and
Luther (1984) in two modifications differing in the prepa-
ration of the tested cultures. Either stationary cultures
grown in the liquid medium BHI at 37 °C for 24 h or
a suspension in PBS (pH 7.4) of colonies grown on
blood agar were used.

An EBL cell culture was grown in MEM supple-
mented with 8% bovine foetal serum and 100 pg strep-
tomycin, 50 pg gentamycin, and 100 IU penicillin per
100 ml.

DNT was detected in microplates (Gama comp.).
The supernatants of the cultures were diluted 1 : 10
with MEM and 50 pl were pipetted into each well.
Then all the wells were completed with 75 pl of the
EBL cell suspension with a density of approx. 3 x 10°
cells per 1 ml. Positive and negative controls were run
with each set of the tested samples. The microplates
were incubated at 37 °C and 3% CO, for four days.
After rinsing, the cells were fixed with 8% formalde-
hyde and stained with 1% crystal violet, and CPE was
assessed macroscopically or microscopically.

PCR

PCR was run in 20 pl of the reaction mixture contain-
ing 2 pl tenfold concentrated reaction buffer, 200 pM
sNTP;, 10 pmol each primer, 0.5 U Taq DNA poly-
merase (Promega), and 2 pl DNA (tested sample), and
the volume was completed with deionized water (Mil-
lipore). Positive and negative controls were run with
each set of samples.
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The following primers were used:

Gene accession Z28388, FEBS Lett. 277(1-2), 59-64
(1990) was selected for proposal of the primers.
PM1: 5’AGA ACA GAA GAA GAT ATT CC 3’
PM2: S’ACT TCA CTT ACT AAA GAACC 3’

These oligonucleotide primers amplify a 266 bp
fragment.

PCR sensitivity

Sensitivity of PCR was determined by a diluting se-
ries of toxicogenic P. multocida culture propagated for
16 h in BHI and subsequent inoculation of 100 pl of
the diluted culture from BHI onto blood agar.

Specificity of the primers

Specificity of the primers was tested by examina-
tions of 15 toxigenic and 15 nontoxigenic strains. Pos-
sibility of cross reaction with the following bacterial
species: M. intracelullare, Str. intestinalis, M. avium,
A. pyogenes, Str. suis, P. aeruginosa, E. coli, H. parasuis,
K. pneumonie, A. suis, S. choleraesuis, E. rhuseopa-
thiae, Y. pseudotuberculosis, Str. pneumoniae, B. bron-
chiseptica, A. pleuropneumoniae was also assessed.

DNA isolation

A colony of P. multocida was resuspended in 50 pl
deionized water (Millipore) and boiled for 10 min. Cell
debris was removed by centrifugation at 10 000 g for
2 min and 2 pl of the supernatant was collected as
a DNA sample.

Amplification

The initial temperature of 95 °C for 3 min was fol-
lowed by 30 cycles of 45-s periods of 92 °C, 55 °C and
72 °C, and the amplification was completed at 72 °C for
3 min (Nagai et al., 1994). The amplification product
of 266 bp was detected by electrophoresis in 2%
agarose gel containing 0.5 pg ethidium bromide per 1 ml
at 5 V per 1 cm and visualized in UV light using
a transilluminator.

RESULTS

The sensitivity of PCR was determined to be 2.6. 10*
CFU/ml, which is necessary for obtaining 266 bp of the
amplification product. Examination of 15 reference
toxicogenic strains yielded positive results and exami-
nation of 15 negative reference strains yielded negative
results. Negative results were also obtained in other
tested bacterial species.

PCR and skin tests were used to test a set of 286 strains
of P. multocida for the production of dermonecrotoxin
(Tab. I). Identical results by both methods were ob-
tained in 217 strains (75.9%), of which 155 (54.2%),
were non-toxigenic. Positive skin test and negative PCR
were found in 55 strains (19.2%), of which 80% eli-
cited skin reactions with scores + or ++. Positive by
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PCR and negative by skin test were 14 strains (4.9%).
Positive by both methods were 62 strains (21.7%).
The results of toxigenicity tests using PCR and the
EBL cell culture method were compared in 550 strains of
P. multocida (Tab. II). The cell culture tests were per-
formed in 281 strains grown in the BHI medium and
269 strains were processed by resuspension in PBS.
Identical results by both methods were obtained in
517 strains (94%) of which 341 (62%) were non-toxi-
genic. Negative results of the cell culture test and posi-
tive results of PCR were obtained in 19 strains (3.5%).
Positive results of the cell culture test with BHI me-
dium and negative results of PCR were obtained in
9 strains (3.2%). Resuspension of the strains in PBS
showed 5 strains (1.9%) positive in cell culture and
negative in PCR. Processing of the isolated strains of
P. multocida for toxigenicity examination showed besides
the mentioned lower correlation also a less pronounce
cytopathic effect. Four dubious findings were recorded,
which gave negative results at repeated examinations.
Results of cell culture tests, PCR and skin tests were
compared in 261 strains of P. multocida (Tab. III).
A certain type of discrepancy was found in 72 strains
(27.6%). 37 strains of the total of 261(14.2%) were

positive only by skin test and in 33 strains (12.6%), the
scores of the skin reactions were + or ++. Five strains
(1.9%) were positive by PCR only, and five strains
(1.9%) were PCR negative but positive in skin test and
cell culture.

DISCUSSION

PCR is a rapid, accurate and highly sensitive method
for the identification of TPM strains (Kamp et al.,
1996; Hotzel et al., 1997). Simultaneous use of PCR
and skin test for toxigenicity of P. multocida isolates
revealed discrepant results in 69 strains (24.1%). In
most of the samples negative by PCR and positive by skin
test, the scores of the skin reactions were + or ++. Skin
tests yielded a high number of dubious results and the
overall accordance between the results of the two methods
was lower than that reported by Nagai et al. (1994).

Simultaneous use of PCR and skin and cell culture
tests revealed 55 strains negative by PCR and positive by
skin test, and 14 strains negative by PCR and positive by
cell culture test. Negative PCR and positive results of skin
and cell culture tests were obtained only in 5 strains.

1. Comparison of results of skin tests in guinea pigs (ST) and PCR for toxigenicity of the strains of Pasteurella multocida

A t of the ST positive"
ST negative ST positive SR positive
+ ++ +++ ++++
PCR negative 155 55 28 16 8 3
PCR positive 14 62 9 16 24 13

* 4+ to ++++ = classification of inflammatory reactions after intradermal administration of supernatant of the tested culture P. multocida

number of the strains tested = 286

I1. Comparison of results of PCR and test in EBL cells (TBL) for toxigenicity of P. multocida strains

Total TBL Total TBL TBL-A TBL-A TBL-B TBL-B

negative positive negative positive negative positive
PCR negative 341 14 198 9 143 5
PCR positive 19 176 13 6l 6 115

TBL-A - samples prepared of cultures grown in the liquid BHI medium
TBL-B - samples prepared of colonies grown on blood agar plates and resuspended in PBS

number of the strains tested = 550

III. Comparison of results of PCR, test in EBL cells (TBL) and skin tests (ST) in guinea pigs for toxigenicity of P. multocida strains

Total | Percentage of total | Percentage of A of the ST positive”
number discrepancies 3 ++ T+ FERy
TBL- PCR+ KT+ 9 35 125 3 4 1 1
TBL- PCR- KT+ 37 14.2 514 21 12 2 2
TBL+ PCR- KT+ 5 1.9 6.9 1 | 2 |
TBL~- PCR+ KT- 5 1.9 6.9 - - - -
TBL+ PCR+ KT- 10 38 13.9 - - - -
TBL+ PCR- KT- 6 23 8.4 - - - -
TBL+ PCR+ KT+ 47 18.0 - 2 10 24 11
TBL- PCR- KT- 142 54.4 - - - - -

* + to ++++ = classification of inflammatory reactions after intradermal administration of supernatant of the tested culture P. multocida

number of the strains tested = 261
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Due to high sensitivity and specificity of PCR, di-
rect detection of DNT is an important complementary
method. Cases of negative PCR and positive skin and/or
cell culture tests can be interpreted as a consequence of
too high specificity of PCR. A change in the structure
of the toxA gene can make the production of DNT
undetectable by PCR although no qualitative alterations
in its biological activity are found. This assumption is
supported by the finding of 3 strains that were negative
by PCR but induced CPE in cell culture tests and their
scores in skin tests were +++ to ++++. The same scores
were obtained for four strains that were negative by
PCR and cell culture tests. A similar hypothesis was
suggested by Alexa et al. (1997) who investigated strains
of Escherichia coli. It must be noted, however, that no
TPM strains with an altered structure of the toxA gene
have been isolated so far (Hoskins and Lax, 1996).

Correlation between serotype and production of
DNT was not investigated because the structures of
toxA genes of the serotypes A and D are almost iden-
tical (Nagai et al., 1994). Nonspecific positive reactions
in skin and cell culture tests might be due to a subjec-
tive assessment of the results. With regard to the factors
like preparation of the application field, way of appli-
cation, animal’s individuality, housing etc, the reac-
tions with the scores + to ++ are difficult to assess
objectively whether the changes are caused by DNT or
a nonspecific skin reaction following application. Of
the total of 51 discrepacies in the skin test, 42 (82.3%)
were assessed as + to ++. For these reasons the skin
test does not appear very suitable for TPM detection.

Negative results of skin and/or cell culture tests in
strains positive by PCR can be interpreted rather as
weak than as missing production of DNT during in
vitro examinations because, as stated by Lichtensteiger
et al. (1996), all toxA-positive isolates express toxin.

As a conclusion we can state, that examinations of
P. multocida strains by PCR offer a rapid and accurate
assessment of toxigenicity of the strains isolated from
nasal swabs, which can be used for the diagnosis and
prevention of TPM transmission. Nagai et al. (1994)
suggest that PCR can be used as a rapid and feasible
examination method for the detection of TPM even
from the rinsed cultures of nasal and tonsillar swabs.
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RADIOPROTECTIVE EFFECT OF BRONCHO-VAXOM
ON THE DEVELOPMENT OF LATENT INJURY IN RAT LIVER

RADIOPROTEKTIVNY UCINOK BRONCHO-VAXOMU NA ROZVOJ
LATENTNEHO POSKODENIA PECENE POTKANOV

K. Kropacova, E. Misirova
Faculty of Sciences, P. J. Safarik University, KoSice, Slovak Republic

ABSTRACT: The influence of immunomodulator Broncho-Vaxom on the rise and restoration of latent radiation injury in
rat liver was studied. Broncho-Vaxom was administered intraperitoneally at the dose of 1.5 mg/rat or 3 mg/rat 24 h before
whole body irradiation with the doses of 3, 6 and 9 Gy of gamma radiation. Animals in all groups were partially hepatecto-
mized (2/3 of liver mass removed) within 30 min or on the 6th and 13th day after irradiation and examined on the 30th h
after the operation, i.e. on the Ist, 7th and 14th day after irradiation. We have found that i.p. administration of 1.5 mg/rat
resp. 3 mg/rat of Broncho-Vaxom 24 h before whole body irradiation with the doses of 3, 6 and 9 Gy of gamma radiation
resulted in an alleviation of latent injury. The alleviation has been manifested by smaller range of radiation-induced changes
during regeneration of liver 30 h after partial hepatectomy. It is indicated by increasing of mitotic index (Fig. 1, Tab. I) and
decreasing of chromosome aberrations (Fig. 2, Tab. II) in comparison with irradiated nonprotected animals. The range of
radioprotective effect of investigated immunomodulatory agent has partially depended on the dose of Broncho-Vaxom and
radiation. It follows from our results that the Broncho-Vaxom has not only radioprotective effect but favourable influence
the processes of compensational regeneration as well. Administration of 1.5 mg/rat and particulary 3 mg/rat of Broncho-Va-
xom 24 h before partial hepatectomy markedly stimulated proliferation also in regenerative liver of non-irradiated animals
(Fig. 1, Tab. I). We suggest that stimulation of regenerative process of liver after administration of immunomodulators
Broncho-Vaxom including is not propably realised directly but via mediators released from stimulated liver macrophages —
Kuppfer cells (Simek et al., 1986; Beyer et al., 1990; Nagata et al., 1994).

Broncho-Vaxom; gamma irradiation; mitotic index; chromosomal aberrations

ABSTRAKT: Vysetrovali sme vplyv imunomodulaéného preparitu Broncho-Vaxomu na vznik a upravu latentného radia¢-
ného poskodenia pecene potkanov. Broncho-Vaxom sme aplikovali intraperitonedlne vo forme suspenzie vo fyziologickom
roztoku (PBS; pH 7,4) v ddvke 1,5 mg na potkana a 24 h pred celotelovym oZiarenim jednorazovymi davkami 3, 6 a 9 Gy
gama Ziarenia (0,348 Gy/min), alebo v ddvke 3 mg potkana 24 h pred celotelovym oZiarenim jednorazovou dévkou 6 Gy.
Vietky skupiny zvierat boli podrobené 2/3 parciélnej hepatektomii (PHE) do 30 min po ukonleni Ziarenia a na 6. a 13. deil
po oZiareni a vy3etrené na 30. h po opericii. Podanie Broncho-Vaxomu zmiernilo vznik latentného radiaéného poskodenia
v peceni, o Com sved¢i vzrast mitotického indexu v porovnani s oZiarenymi, nechranenymi zvieratami. Rédioprotektivny
G¢inok vySetrovaného prepardtu sa prejavil aj v zniZeni frekvencie chromozémovych aberécii indukovanych Ziarenim.

Broncho-Vaxom; gama Ziarenie; mitoticky index; chromozémové abericie

UYOD Cene v prvych hodinich po PHE sa vyznamne podiela-

ji mnohé hormény a rastové faktory, najmi inzulin,

Vicsina parenchymatickych buniek pefene dospe-
lych zvierat sa nachddza reverzibilne v G §tadiu bun-
kového cyklu a udrzuje si schopnost syntetizovat DNA
a delif sa, ak su k deleniu stimulované. V pokusoch si
bunky pefene najcastej¥ie stimulované parcialnou he-
patektomiou (2/3 PHE), po ktorej je zvySok pelefiové-
ho tkaniva vystaveny znaénej funkénej a metabolickej
zétaZi. Predpoklada sa, Ze po resekcii sa v reziduélnej
peceni néhle zvysi pritok krvi v. portae, ktorou si pri-
védzané latky rozneho pdvodu, ktoré stimuluji regene-
ratny proces. Na aktivicii regeneraéného procesu pe-
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glukagon, somatotropny hormén, prostaglandiny, HGF
(hepatocyte growth factor), EGF (epidermal growth
factor), TGF (transforming growth factor) a hepatopo-
etin (Chamuleau a Bosman, 1988; Simek a i., 1989;
Michalopoulos, 1990; Bucher, 1991; Zarnegar, 1992;
Andus a Holstege, 1994).

Urcitd dlohu maji aj komitogény peéefiovych rasto-
vych faktorov, ku ktorym patria pravdepodobne aj nie-
ktoré cytokiny: tumor necrosis factor (TNF), interleukin-1
(IL,), produkované pedefiovymi makrofigmi — Kuppfe-
rovymi bunkami (Beyer a i., 1990; Nagata a i., 1994).
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Po 2/3 PHE sa vo zvy¥ku pedene za&ina velmi inten-
zivne rozvijat regeneraény proces uZ v priebehu prvého
pooperaéného dila. V prvych hodinéch si aktivované pro-
toonkogény, ktoré sa tieZ zicastiiuji na regulacii rastu
buniek, ktory vrcholi delenim (napr. produkt protoon-
kogénu c-met je receptorom pre HGF) (Chamuleau
a Bosman, 1988; Zarnegar, 1992). Na regeneratnom
procese sa podielaji vSetky bunky pecene, ale nie rov-
nakou rychlostou a rozsahom. Néstup a rozvoj regene-
récie, ktora sa uskutociiuje kompenzacnou hypertrofiou
a hyperplaziou prejavujicou sa zvySenou mitotickou
aktivitou buniek, ktori pozorujeme najskor v hepatocy-
toch (Michalopoulos, 1990). Na 4. hodinu po PHE
vstupuje velka Cast hepatocytov (azZ 90 %) synchrénne
z G Stadia do presyntetickej G; fazy (Chamuleau
a Bosman, 1988) nasledovanej dal§imi fazami interki-
nézy a mitdzy. V regenerujicom zvySku pecene prud-
ko vzrastd syntéza DNA a mitotickd aktivita hepatocytov
s maximom na 20. aZ 24. hodinu, resp. 28. az 30. hodinu
po operécii (Simek a i., 1986; Keppler, 1987; Michalo-
poulos, 1990; Bucher, 1991). Synteticka a proliferativna
aktivita neparenchymatickych buniek, ako st Kuppferove
bunky, endotelidlne bunky a Itoove bunky vystielajice
pegeiiové sinusoidy, nastupuje spravidla neskor, asi s jed-
nodiiovym oneskorenim (Michalopoulos, 1990; Bucher,
1991).

Ionizujice Ziarenia a niektoré chemické latky, (na-
priklad cyklofosfamid) vyvoldvaji v mdloproliferuji-
com tkanive intaktnej pecene latentné poskodenie, kto-
ré zasahuje najma geneticky aparat bunky. Takéto
poskodenie sa prejavi po stimuldcii buniek k deleniu
réznymi biochemickymi zmenami, vritane inhibicie
syntézy DNA a mitozy a cytogenetickymi alteraciami
v regenerujicom zvy$ku pefene (Barbason a i., 1983;
Kropéidova a Mistrové, 1981, 1988). Rozsah inhibicie
mitdzy a tvorby chromozémovych aberécii po jednora-
zovom oZiareni zavisia od velkosti davky (Kropacova
a Misdrov4, 1981). Pri kontinudlnom oZarovani zvierat
dochadza ku kumuldcii latentného poSkodenia (Kropé-
Cova a Misdrova, 1988).

Rozvoj latentného poskodenia vyvolaného ionizuji-
cim Ziarenim moZno zmiernit podanim radioprotektiv-
nych latok, napriklad cysteaminu, adeturonu alebo ga-
mafosu v uréitd dobu pred oZiarenim (Kropacova
a Migurova, 1990). Niektoré hepatoprotektivne prepa-
raty, napriklad Flavobion, Thioctacid a Essentiale
priaznivo ovplyviiuji metabolizmus peceiiovych bu-
niek a tym stimuluji reparaéné procesy pecene (Kropé-
¢ova a Mistrova, 1992, 1995).

Doteraz je malo preskimand iloha lymfatickych
tkaniv a imunomodulatorov na proces regenericie.
Lymfoidné bunky ziskané po PHE zo sleziny stimulo-
vali u neoperovanych recipientov mitotickd aktivitu
hepatocytov a retikuloendotelialnych buniek (Babajeva
a i., 1969). Aj niektoré bakteridlne lipopolysacharidy
(endotoxin Escherichia coli, prodigiosan) urychluji na-
stup a intenzitu syntézy DNA a mitézy v regenerujicej
peeni (Babajeva a i., 1969; Majanskij, 1981; Simek
ai., 1986; Beyer a i., 1990).
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Bakteridlne komponenty pdsobia imunostimula¢ne
predovietkym prostrednictvom aktivicie makrofigov.

Broncho-Vaxom je lyofilizovany bakteridlny lyzat
pouZivany ako polyvalentny imunobioterapeuticky
prepardt najmi v lieSbe infekcii respiraéného traktu
(Mauel a i., 1989). Stimuluje produkciu sérovych imu-
noglobulinov (Puigdollers a i., 1980) a sekréciu cyto-
kinov — IL;, TNF a prostaglandinov z makrofigov
(Neta a i., 1986; Walden, 1987; Bottex a i., 1988), kto-
ré maji aj radioprotektivny ucinok. Radioprotektivny
uc¢inok Broncho-Vaxomu podaného my$iam 24 hodin
pred jednorazovym oZiarenim davkou 9,5 Gy sa preja-
vil vyraznym zvySenim preZivania zvierat (Fedorocko
a i., 1992). Broncho-Vaxom akceleroval dpravu poctu
kmefiovych krvotvornych buniek v kostnej dreni
(CFU-S, GM-CFC) aj tpravu poctu buniek v periférnej
krvi. U neoZiarenych zvierat 24 hodin po podani Bron-
cho-Vaxomu vzrastlo v kostnej dreni percentudlne za-
stipenie CFU-S a GM-CFC v S faze (Fedorocko,
1994).

Podanie Broncho-Vaxomu v ddvke 1,5 mg na pot-
kana pred celotelovym oZiarenim davkami 3, 6 a 9 Gy
zmiernilo postradia¢né zmeny koncentracie a obsahu
histénov (KoZurkova a FedoroCko, 1998) a hlavne DNA
v regenerujiicej peceni a slezine (Hakova a i., 1997).

V tejto préici sme vySetrovali vplyv imunomodulac-
nej latky Broncho-Vaxomu na vznik a Gpravu latentné-
ho radiaéneho po¥kodenia pefene potkanov. U&inok
Broncho-Vaxomu sme hodnotili na ziklade zmien mi-
totickej aktivity a chromozémovych aberacii v regene-
rujiicej peceni (po parcialnej hepatektomii) chranenych
a nechranenych potkanov oZiarenych réznymi davkami
gama Ziarenia.

MATERIAL A METODY

Vysetrenia sme robili na dospelych samcoch bielych
potkanov kmefia Wistar (SPF) z velkochovu Velaz
(Praha, Cesk4 republika) s priemernou telesnou hmot-
nostou 290 £ 20 g na zadiatku pokusu. Zvieratd boli
chované v §tandardnych podmienkach, kimené labora-
térnou potravou a napajané pitnou vodou ad libitum.

Podl'a kombinacie ddvky Broncho-Vaxomu a Ziare-
nia boli potkany rozdelené do 6smich skupin po piatich
az $iestich zvierat. Spolu s pokusnymi zvieratami boli
vy3etrené aj kontroly. VySetrenia sme robili v troch ¢a-
sovych intervaloch, na prvy, siedmy a 14. defi po oZi-
areni.

Aplikédcia Broncho-Vaxomu

Broncho-Vaxom (Biogal Pharmaceutical Works,
Debrecen, Hungary, vyrobeny v licencii OM Laborato-
ries, Geneva, Switzerland) je lyofilizovany bakteridlny
lyzit z 6smich bakteridlnych kmefiov: Haemophilus influ-
enzae, Diplococcus pneumoniae, Klebsiella pneumoniae,
Klebsiella ozaenae, Staphylococcus aureus, Staphylo-
coccus pyogenes, Streptococcus viridans, Neisseria ca-
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tarrhalis. Preparat sme podavali intraperitoneédlne vo
forme suspenzie vo fyziologickom roztoku (PBS; pH
7,4) v ddvke 1,5 mg na potkana v objeme 1,2 ml 24 ho-
din pred celotelovym oZiarenim jednorazovymi ddvka-
mi 3, 6 a 9 Gy, alebo v davke 3 mg na potkana 24 hodin
pred celotelovym oZiarenim jednorazovou davkou 6 Gy.
Kontrolnym zvieratim sme podali v rovnakom Case
pred PHE fyziologicky roztok v objeme 1,2 ml.

Podmienky ozarovania

Zvierata boli celotelove oZiarené jednorazovymi
davkami 3, 6 a 9 Gy gama Ziarenia (0,348 Gy/min)
24 hodin po aplikéacii Broncho-Vaxomu. Ako zdroj Zia-
renia bol pouZity %0Co (Chisostat, Ceska republika).

Parcidlna hepatektémia (PHE)

Vsetky skupiny potkanov boli podrobené 2/3 par-
cidlnej hepatektémii (odstrdneny bol stredny lalok —
lobus medialis a lavy laterdlny lalok — lobus sinister
lateralis) podla Standardného postupu do 30 minit po
ukonéeni oZiarenia, resp. na 6. a 13. deifl po oZiareni.
Zvierata sme operovali v celkovej éterovej narkéze
vzdy v rannych hodinach (8.00 az 10.00) a vySetrili na
30. hodinu po operiécii, t.j. v ase maxima proliferativ-
nej aktivity indukovanej parcidlnou hepatektémiou.

Metédy

Z tkaniva regenerujiiceho zvySku petene sme zhoto-
vili roztlakové preparity farbené Feulgenovou met6-
dou. Pri vyhodnoteni priblizne 50 000 buniek v kaZdej
vySetrovanej skupine sme zaznamenali vSetky mitotic-
ké figiry a chromozémové aberacie (mostiky a acen-
trické fragmenty) v postmetafiaze. Na zaklade tychto
tidajov sme vypoéitali mitoticky index (MI), ktory udé-
va po&et mitotickych figir pripadajicich na registrova-
nych 1 000 buniek a percento chromozémovych abera-
cii z celkového poétu postmetafdzovych figdr
nijdenych medzi uvedenym poétom vyhodnotenych
buniek.

Statistickd vyznamnost sme hodnotili Peritzovym
F-testom (Harper, 1984).

VYSLEDKY

Mitoticky index (MI) v regenerujiicej peeni kon-
trolnych zvierat (K) v ¢ase maxima, t.j. na 30. hodinu
po PHE, dosiahol hodnotu 27,14 + 0,51 %o (obr. 1,
tab. I). Podanie Broncho-Vaxomu (BV) vyrazne stimu-
lovalo proces regenericie peene neoZiarenych zvierat.
Hodnoty MI v regenerujicej pe&eni neoZiarenych zvie-
rat, ktorym bol 24 hodin pred operéciou podany Broncho-
-Vaxom, boli v porovnani s prislu§nymi kontrolami (K)
Statisticky vyznamne zvySené v prvy defi po davke 1,5 mg
(BV - 1,5 mg) a najmi po davke 3 mg (BV — 3 mg)
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a udrZiavali sa priblizne na rovnakej trovni pocas
14diiového vySetrovaného obdobia (tab. IA, B, C,
resp. D).

Jednorazové oZiarenie davkami 3, 6 a 9 Gy spdso-
bilo vyrazni inhibiciu mitotickej aktivity, ktoré sa pre-
javila redukciou poétu mitotickych figir v porovnani
s prislusnymi kontrolami v priebehu celého vySetrova-
ného obdobia. Rozsah inhibicie mitotickej aktivity zé-
visel od velkosti davky. Po jednorazovom oZiareni dav-
kou 3 Gy (O - 3 Gy) pocet mitotickych figur klesol na
hodnotu 15,11 * 0,32 %o, t.j. bol takmer dvojnasobne
niZ8i ako v regenerujiicej peeni kontrolnych zvierat (K)
(obr. 1A, tab. TA). OZiarenie davkami 6 Gy (O - 6 Gy)
a9 Gy (O -9 Gy) spdsobilo inhibiciu mitotickej akti-
vity, ktord sa prejavila priblizne $tvorndsobnym, resp.
devitnasobnym zniZenim poétu mitéz v porovnani
s prisluSnymi neoZiarenymi kontrolnymi zvieratami
(obr. 1B, C, tab. IB, C).

Inhibicia mitotickej aktivity indukovand Ziarenim
bola zmiernena podanim Broncho-Vaxomu. Aplikacia
tohto imunomodulétora (1,5 mg) zvieratam oZiarenym
divkou 3 Gy (BV - 1,5 mg + O - 3 Gy) sa prejavila
signifikantnym zvy$enim hodndt MI na prvy a siedmy
deii vySetrenia v porovnani s nechranenymi oZiarenymi
zvieratami (O — 3 Gy) (obr. 1A, tab. IA). Mierny pro-
tektivny G¢inok Broncho-Vaxomu na zmeny MI spdsobe-
né oZiarenim davkami 6 Gy (BV - 1,5 mg + O - 6 Gy)
a9 Gy (BV - 1,5 mg + O — 9 Gy) sa prejavil pocas
celého vy3etrovaného obdobia (obr. 1B, C, tab. IB, C).
Utinok imunomodulaénej latky aplikovanej v davke
3 mg na potkana sa prejavil u zvierat oZiarenych dav-
kou 6 Gy Statisticky signifikantnym zmiernenim zmien
MI v pribliZne rovnakom rozsahu ako po divke 1,5 mg
(obr. 1D, tab. ID).

Aberantné postmetafdzy v regenerujicej peéeni
kontrolnych zvierat (K) a zvierat, ktorym bol 24 hodin
pred operaciou podany Broncho-Vaxom (BV - 1,5 mg)
a (BV - 3 mg), sme zaznamenali v 1,5 aZ 2,5 % post-
metafazovych buniek v priebehu celého vySetrovaného
obdobia (obr. 2, tab. II).

Celotelové oZiarenie zvierat vyvolalo prudky vzrast
poétu chromozémovych abericii v regenerujticej pede-
ni v zavislosti od velkosti davky do vysky 6 Gy. Po
jednorazovej davke 3 Gy (O — 3 Gy) sme na prvy deil
vySetrenia zaznamenali 52,44 + 1,72 % chromozémovych
aberécii (obr. 2A, tab. IIA). Po davke 6 Gy (O - 6 Gy)
vzrastlo percento aberécii na 98,15 * 1,75 % a po dév-
ke 9 Gy (O - 9 Gy) aZ na 100 % (obr. 2B, resp. 2C,
tab. IIB, resp. IIC).. PoCas dalSich vySetrovanych inter-
valov, t.j. na siedmy a 14. defi po oZiareni davkami 3
a 6 Gy sme zaznamenali mierny pokles percenta chro-
mozémovych abericii.

Podanie Broncho-Vaxomu v davke 1,5 mg 24 hodin
pred oZiarenim 3 a 6 Gy (BV - 1,5 mg + O - 3 Gy
a BV 1,5 mg + O — 6 Gy) zmiernilo vzrast frekvencie
chromozémovych aberdcii v porovnani s oZiarenymi
nechranenymi zvieratami pocas celého vySetrovaného
obdobia (obr. 2A, B, tab. IIA, B).
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1. Mitoticky index (%o) v regenerujiicej peceni potkanov po oZiareni réznymi jednorizovymi ddvkami gama Ziarenia (O) a aplikécii Bron-
cho-Vaxomu (BV); priemerné hodnoty S.E.M. - Mitotic index in regeneration rat liver after irradiation by different single doses of gamma
radiation (O) and administration of Broncho-Vaxom (BV); means + S.E.M.

Skugisa! Dni po oZiareni*
1. deii?® 7. deit® 14. dei®
K 27,11 £ 0,51 27,68 = 0,43 26,84 £ 0,56
A BV - 1,5 mg 31,06 + 0,75* 30,23 + 0,76* 32,64 + 0,48
0 -3 Gy 14,80 + 0,31** 14,16 + 0,52** 15,74 + 0,28
BV -1,5mg + O -3 Gy 17,24 £ 0,27 ¢ 16,48 £ 0,38%* © 15,24 + 0,32®*
K 27,11 £ 0,51 27,68 £ 0,43 26,84 £ 0,56
B BV - 1,5 mg 31,06 £ 0,75 30,23 £ 0,76* 32,64 + 0,48**
0 -6 Gy 7,08 £ 0,31* 6,88 + 0,24** 7,24 + 0,64™
BV -1,5mg+0-6Gy 7,78 £ 0,32%* 8,05 £ 0,74% © 8,55 + 0,82**
K 28,64 + 0,58 27,01 £0,91 27,92 + 0,85
c BV - 1,5 mg 32,84 £ 0,24 31,05 + 0,50* 32,64 £ 0,32%*
0-9Gy 3,28 £ 0,27 3,02 £ 0,27 3,98 £ 0,43
BV - 1,5mg+ O -3 Gy 4,58 + 0,33* 4,98 + 0,36 © 4,88 * 0,44**
K 28,64 + 0,56 27,01 £091 27,92 £ 0,85
D BV -3 mg 34,24 + 0,98 34,27 £ 0,81% 32,98 + 0,44
0 -6 Gy 6,72 £ 0,24* 7,44 £ 0,84** 6,88 + 0,32%
BV -3 mg+0-6Gy 8,84 +0,72%% 9,24 £ 0,34* © 8,29 + 0,64** ©

x =P <0,05; xx = P £ 0,001 v porovnani s kontrolami — x = P £ 0.05; xx = P £ 0.001 in comparison with controls
o= P < 0,05 v porovnani s oZiarenymi nechrinenymi zvieratami — o = P < 0.05 in comparison with irradiated nonprotected animals
K = kontrola ~ control

lgroup. 2s:lays after irradiation, 3day 1, 4dny 7, 5dny 14
I1. Chromozémové aberécie (%) v regenerujiicej peceni potkanov po oZiareni roznymi jednorizovymi divkami gama Ziarenia (O) a aplikdcii

Broncho-Vaxomu (BV); priemerné hodnoty S.E.M. — Chromosome aberrations (%) in regenerating rat liver after irradiation by different
single doses of gamma radiation (O) and administration of Broncho-Vaxom (BV); means £ S.E.M.

# el Dni po oZiareni?
upina
¢ 1. dei’ 7. deir? 14, deii®
K 1,33 1,08 2,27 + 1,05 1,78 + 1,24
& BV - 1.5 mg 1,85 + 1,04 1,55 + 0,89 2,04 + 1,54
0-3Gy 52,44 + 1,72 53,78 + 2,83% 50,56 + 2,40%
BV - 1,5 mg + O -3 Gy 48,52 + 1,56 49,72 + 2,84*% 47,05 + 2,50%
K 1,33 £ 1,08 2,27 + 1,05 1,78 + 1,24
A BV - 1,5 mg 1,85 £ 1,04 1,55 + 0,89 2,04 + 1,54
0 -6 Gy 98,15 + 1,85 94,56 + 0,89** 92,68 + 1,85%*
BV - 1,5 mg + O - 6 Gy 94,28 + 2,49™ 88,94 + 1,94** 85,75 + 2,85* ©
K 1,84 + 1,02 2,33 +2,04 2,05 + 1,84
¢ BV - 1,5mg 1,04 £ 0,95 1,94 + 0,98 1,75 + 1,06
0 -9 Gy 100,00 + 0,00™ 97,22 + 2,08** 98,98 + 2,09
BV - 1,5mg + O -3 Gy 98,70 + 2,06™ 97,02 + 2,82** 96,54 + 2,36™
K 1,084 + 1,02 2,33 +2,04 2,05+ 1,84
- BV -3 mg 0,94 + 0,45 1,05 0,52 1,52 £ 0,82
0 -6 Gy 94,44 + 2,09 96,85 + 1,82 92,34 + 1,65%
BV -3 mg+0-6Gy 86,54 + 2,15 ° 90,45 + 2,85% © 88,44 + 2,28

x = P £0,05; xx = P < 0,001 v porovnani s kontrolami — X = P < 0.05; xx = P < 0.001 in comparison with controls

o= P < 0,05 v porovnani s oZiarenymi nechrdnenymi zvieratami — o = P < 0.05 in parison with ir d nonpr d animals
K = kontrola - control

'group, 2days after irradiation, *day 1, *day 7, *day 14
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Utinok imunomodula&nej latky aplikovanej v ddvke
3 mg bol podobny ako po davke 1,5 mg (obr. 2D,
tab. IID).

DISKUSIA

Skimanie radioprotektivnych ic€inkov niektorych
fyzikdlnych zédsahov, chemickych alebo imunostimu-
lagnych preparatov je zaloZené vicSinou na sledovani
Zivotne ddleZitych ukazovatelov poSkodenia ako je
mortalita zvierat alebo stav krvotvorby (Fedoro¢ko a i.,
1992, 1994; Nagata a i., 1994). Z teoretického i prak-
tického hladiska pokladdme za potrebné poznat moZ-
nosti ochrany aj pred latentnym po$kodenim, ktoré sa
neprejavi bezprostredne, ale moZe sa manifestovat pri
urditych zataZovych situaciach alebo patologickych sta-
voch organizmu (napriklad po rozsiahlych poraneniach
alebo parciélnej resekcii proliferatne milo aktivnych
organov).

Pedeni dospelych zvierat sa vyznatuje malou proli-
ferativnou aktivitou, s ¢im sivisi jej relativne nizka ra-
diosenzitivita. Histologické a cytologické zmeny si
priamo zistiteIné aZ pri letdlnych davkach ionizujiceho
Ziarenia. OZiarenie rdznymi (i malymi) davkami vSak
vyvolava aj cytogenetické poskodenie, ktoré pretrvava
v latentnej forme dlhd dobu a prejavi sa aZ v priebehu
regenericie pecene (napriklad po PHE) zvySenym vy-
skytom chromozémovych aberdcii, inhibiciou syntézy
DNA a mitézy, zmenou kinetiky bunkového cyklu a nie-
ktorymi inymi zmenami (KropaCova a Misirova, 1988,
1995).

V nasej praci sme sledovali moZnost zmiernenia Zia-
renim indukovaného latentného poskodenia pedene po-
davanim imunomodulaéného preparitu Broncho-Vaxo-
mu. Preparat sme podavali v Case, kedy ma optimdlny
protektivny G&inok na preZivanie zvierat a krvotvorbu
(Simek a i., 1986; Fedorotko a i., 1994), t.j. 24 hodin
pred oZiarenim.

Zistili sme, Ze aplikdcia Broncho-Vaxomu v dévke
1,5 mg na potkana, resp. 3 mg na potkana i.p. 24 hodin
pred celotelovym oZiarenim pouZitymi davkami 3, 6
a 9 Gy gama Ziarenia, mala za nésledok zmiernenie
latentného poskodenia, ¢o sa prejavilo v priebehu rege-
nericie pecene na 30. hodinu po PHE men$im rozsa-
hom Ziarenim indukovanych zmien, Gomu nasvedéuje
zvySenie mitotickej aktivity a zniZenie vyskytu chro-
mozomovych abericii v porovnani s oZiarenymi ne-
chranenymi zvieratami.

Rozsah radioprotektivneho acinku Ciastoéne zavisel
od velkosti davky Broncho-Vaxomu a divky Ziarenia.

Ak bol Broncho-Vaxom aplikovany v dévke 3 mg
pred oZiarenim subletdlnou davkou 6 Gy, bol jeho ra-
dioprotektivny efekt na rozvoj latentného radiaéného
poskodenia peCene iba o malo vyraznejsi ako po apli-
kécii polovi¢nej davky. Stupei radioprotektivneho
G¢inku hodnoteny poétom kmefiovych krvotvornych
buniek v kostnej dreni (CFU-S a GM-CFC) bol zavisly
nielen od velkosti podanej davky Broncho-Vaxomu,
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ale aj od jeho aplikicie pred, resp. po oZiareni suble-
talnou davkou (Fedorocko a i., 1992).

NaSe nalezy potvrdzuju udaje autorov Hakové a i.
(1997), sved¢iace o beneficidlnom ucinku Broncho-
-Vaxomu (1,5 mg na potkana i.p. 24 hodin pred oZia-
renim davkami 3, 6 a 9 Gy), ktory sa prejavil pocas
celého vySetrovaného obdobia zmiernenim postiradiac-
nych zmien RNA a DNA v regenerujiicej peceni i sle-
zine potkanov. Podanie Broncho-Vaxomu zmiernilo aj
zmeny koncentracie a obsahu histénov v regenerujicej
peceni potkanov (KoZurkovi a i., 1998).

Mechanizmus radioprotektivneho acinku Broncho-
-Vaxomu nie je presne znimy. Experimentélne $tidie
naznaduji, Ze Broncho-Vaxom zvy$uje celuldrnu a hu-
moralnu imunitnd odpoved (Bosch a i., 1983; Emerich
a i., 1990). Zvy3uje pocet a fagocytarnu aktivitu mak-
rofagov, stimuluje sekréciu cytokinov a mediatorov,
napriklad interfer6nov, interleukinov, faktorov stimulu-
jucich kolénie hematopoetickych buniek (CSF) a fak-
tora nekrotizujiceho nadory (TNF) (Podleski, 1985;
Bottex a i., 1988; Mauel a i., 1989; Fedorocko a i.,
1992). ’

Viacero biologickych u¢inkov tohto bakteridlneho
extraktu umoZiiuje predpokladat aj viacero radioprotek-
tivnych mechanizmov. Jeden z moZnych mechanizmov
radioprotektivneho t¢inku je teda Broncho-Vaxomom
stimulovana sekrécia IL; a prostaglandinov, ktorych
radioprotektivny efekt bol sledovany v podmienkach in
vivo (Neta a i., 1986; Schwartz a i., 1989) aj in vitro
(Walden a i., 1987; Galicchio a i., 1989).

Z vysledkov naSich pokusov vyplyva, Ze Broncho-
-Vaxom nema len riadioprotektivny u¢inok, ale pozitiv-
ne ovplyviiuje aj procesy kompenzacnej regenericie,
pretoZe jeho podanie v davke 1,5 mg na potkana, a na-
jmid 3 mg na potkana 24 hodin pred PHE, vyrazne sti-
mulovalo proliferativnu aktivitu aj v regenerujicej pe-
Ceni neoZiarenych zvierat. Domnievame sa, Ze
regenerdciu peCene moZe podporovat sekrécia prosta-
glandinov z aktivovanych makrofidgov tym, Ze stimulu-
ja prechod hepatocytov z interkinetickej G do G, fazy
bunkového cyklu (Kanzaki, 1979).

Imunomodulaéné latky, medzi ktoré patri aj Bron-
cho-Vaxom, pdsobia stimula¢ne predovsetkym pro-
strednictvom aktivicie makrofagov, ktoré si zname
v peceni ako Kuppferove bunky. Z celkového pottu
buniek vystielajicich peéefiové sinusoidy pripadd aZ
40 % na Kuppferove bunky. Zabezpeduji spojenie
medzi parenchymom pecene a kostnou drefiou, kde sa
tvoria monocyty.

Tkanivové makrofiagy peene — Kuppferove bunky
st najddleZitejSou zlozkou mononukledrneho fagocy-
tarneho systému. Ak je tento systém poskodeny, na-
priklad tetrachlérmetdnom, mdZu sa rozvinit rézne in-
fekéné ochorenia alebo organové zmeny. Od funk&nej
aktivity Kuppferovych buniek zavisi teda nielen proces
reparaCnej regeneracie pecene po PHE, ale aj obnova
pecefiovych funkcii poSkodenych réznymi patogénny-
mi noxami (Majanskij, 1981; Nagata a i., 1994).

285



Kuppferove bunky si zasobariiou lyzozémovych en-
zymov. Po stimulacii Kuppferovych buniek bakterial-
nym polysacharidom vzrasta fagocytirna aktivita tychto
tkanivovych makrofagov a sekrécia a aktivita lyzoz6-
movych enzymov. Lyzozémové enzymy mdZu byt
uvolfiované z aktivovanych makrofigov do prostredia
a mdZu sa podielat na regulacii syntézy DNA a proli-
ferativnej aktivity hepatocytov po parcialnej hepatekto-
mii. Mitogénne vlastnosti maji napriklad lyzozémové
protedzy (Majanskij, 1981). Aktivicia pecefiovych
makrofagov mdZe mat vplyv aj na migraciu lymfocytov
do regenerujicej pecene, Co prispieva k stimulacii pro-
liferativnej aktivity hepatocytov (Babajeva a i., 1969).
V aktivovanych makrofdgoch vzrastd aj sekrécia cyto-
kinov, ktoré ovplyviiuju bunkovy rast, diferenciiciu
a aktivdciu imunokompetentnych buniek organizmu
(Andus a Holstege, 1994). Medzi cytokiny produkova-
né aktivovanymi makrofagmi patri aj faktor nekrotizu-
juci nadory (TNF), ktory stimuluje syntézu DNA a mi-
toticki aktivitu hepatocytov v intaktnej i regenerujice;j
peceni (Beyer a i., 1990).

Niektoré baktérie ¢revnej mikroflory tiez produkuji
lipopolysacharid, ktory patri k najicinnej§im aktivato-
rom makrofagov stimulujicich regenerdciu pecene aj
u oziarenych zvierat (Majanskij, 1981).

Ak boli Kuppferove bunky stimulované endotoxi-
nom Escherichia coli alebo prodigiosanom (polysacha-
rid zo Serratia marcenses) 24 hodin pred PHE, néastup
a rozvoj regeneracného procesu bol intenzivnejsi v po-
rovnani s nestimulovanymi potkanmi. Ked bol endoto-
xin injikovany tri hodiny po PHE, syntéza DNA bola
&iastotne inhibovana (Simek a i., 1986). Ak bola akti-
vita Kuppferovych buniek potlacend aj proces regene-
ricie pe¢ene po PHE bol zabrzdeny priblizne o 10 ho-
din (Majanskij, 1981).

Z uvedenych informdcii vidno, Ze zmeny aktivity
Kuppferovych buniek maji vplyv na proliferativnu ak-
tivitu hepatocytov. Stimuldcia procesu regenericie pe-
¢ene po podani imunomoduldtorov vritane Broncho-
-Vaxomu nie je pravdepodobne spdsobend priamo, ale
prostrednictvom mediatorov uvolnenych zo stimulova-
nych makrofagov.
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