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LIGHT AND SCANNING ELECTRON MICROSCOPY
OF ENDOMETRIUM OF OVARIECTOMIZED COWS
TREATED WITH OESTRADIOL

SVETELNA A RASTROVACI ELEKTRONOVA MIKROSKOPIE
ENDOMETRIA OVARIEKTOMOVANYCH KRAV PO APLIKACI
ESTRADIOLU

V. Kummer, Z. Zraly, J. Canderle, J. Ma$kova

Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Histomorphological and histochemical investigations showed that a single intramuscular dose of 3 mg or oral
dose of 10 mg oestradiol were sufficient to induce physiological oestrogenization of endometrium in ovariectomized cows.
The first signs of endometrial activation were observed already on post-treatment Day 2. The resumption of secretory activity
of surface epithelium cells and epithelial cells of proximal segments of uterine glands, active hyperaemia, slight oedema of
lamina propria, and infiltration with cells responsible for non-specific resistance of endometrium (lymphocytes, lymphoid
cells, monocytes, macrophages, mast cells) were the typical signs of oestrogenic stimulation. Morphological and activation
signs of the effects of oestradiol persisted up to post-treatment Day 9. High doses of oestradiol (10 mg intramuscularly or
intravenously, 20 mg orally) induced non-physiological hyperoestrogenization of uterine mucosa.

cow; oestradiol; endometrium; histology: histochemistry; scanning clectron microscopy; ovariectomy

ABSTRAKT: U sedmi ovaricktomovanych krav byly sledoviny d¢inky riznych ddvek a zptisobl aplikace estradiolu (estra-
diolpropiondt 3 a 10 mg . m., 10 mg i. v.; estradiolbenzodt 10 a 20 mg p. 0.) na morfologickou a funkéni aktivaci endometria.
Vzorky endometria byly odebirdny biopsii nebo po odporazeni krav v obdobi 2. az 9. dne po aplikaci estradiolu. Prvé zndmky
aktivace endometria pfi aplikaci niz8ich ddvek estradiolu (3 mg i. m. a 10 mg p. 0.) byly zjidtény jiz od 2. dne po oSetfeni.
Typickym obrazem estrogenni stimulace je nirdst vysky a obnoveni sekrecni aktivity bunék povrchového epitelu a epitelu
hornich wsekl déloznich Zldzek, aktivni hyperemic hornich vrstev stratum compactum, lehkd edematizace a v celém rozsahu
lamina propria infiltrace buiikami, které tvoii zdklad nespecifické rezistence endometria. Infiltrdt tvofi prevdzné mononuk-
ledrni buiiky (lymfocyty, lymfoidni buiiky, monocyty), ddle makrofdgy a Zirné bunky, vyskyt polymorfonukledrnich bunék
je nizky. Infiltrujici buriky postupné prostupuji do hornich vrstev endometria a maji sklon k tvorbé nezfetelné ohranic¢enych
lymfoidnich nodult (obr. 1 aZ 3). Projevy estrogenizace endometria vrcholi 4. az 5. den a (G¢inky estradiolu pretrvdvaji az do
9. dne po oSetfeni. Dynamiku sekrece bunék povrchového epitelu ndzorné dokumentuji snimky rastrovaci elektronové mik-
roskopie (obr. 5, 6). Rychlou funkéni responzi endometria na estradiol doklddd vysoky vzestup aktivity nespecifické esterdzy
a alkalické fosfatdzy v povrchovém epitelu a cévnim systému jiz od 2. dne po oSeteni. V celém rozsahu endometria vykazuji
makrofdgy vysokou aktivitu nespecifické esterdzy a kyselé fosfatizy. Vysledky histomorfologického a histochemického vy-
Setfenf prokdzaly, ze k dosaZeni fyziologického stupné estrogenizace endometria je dostate¢nd jednordzova aplikace 3 mg i. m.,
resp. 10 mg p. o. estradiolu. Aplikace vyssich ddavek (10 mg i. m., 10 mg i. v. a 20 mg p. 0.) jiZ vyvoldva stavy hyperestro-
genizace, Které se projevuji vakuoldrni degeneraci bun¢k povrchového epitelu s narusenim jeho integrity, rozsdhlejimi
subepitelidlnimi hemoragiemi, masivni bunécnou infiltraci lamina propria, cystickou dilataci déloZnich Zlizek a hyperplazif
stromatu (obr. 4, 7, 8).

krdva; estradiol; endometrium: histologie; histochemie; rastrovaci elektronovd mikroskopie; ovaricktomie

INTRODUCTION 1957; Véznik et al., 1970) and histochemical

(Skjerven, 1956; Kummer, 1971) studies and

Oestrogens play the key role in the dynamics of
cyclic morphological and activity changes of bovine
uterine mucosa. Their effects on individual cell types
of endometrium during the oestrous cycle have been
outlined in histomorphological (Vollmerhaus,
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completed by electron microscopic investigations
(Marinov and Lovell, 1968; Kojima and Se-
lander, 1970).

Much less attention has been paid to the effects of
exogenous oestrogens in ovariectomized cows (Lar-
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son ctal, 1965; Véznik et al, 1973) and to the
assessment of hyperoestrogenization of uterine mucosa
(Véznik etal, 1979).

Oestrogens stimulate the activity of endometrial
non-specific defense mechanisms (Nicol etal., 1965;
Hussain, 1989), thus enhancing the uterine resis-
tance to natural or experimental infections (Broome
ctal, 1960; Carson et al., 1988).

The effects of the hygienically safe natural oestro-
gens have motivated the efforts to use them in practical
gynaecology, particularly as causal substitutes in fe-
males suffering from oestrogenic deficiencies (Kum -
mer etal, 1991; Zraly etal, 1993 and others). In
such cases, the timing and dosage are the decisive fac-
tors for successful treatment.

The aim of our experiments was o assess the effects
of oestradiol on endometrium of ovariectomized cows
at various dosage levels and ways of administration.

MATERIALS AND METHODS
Animals

The effects of oestradiol on uterine mucosa were
investigated in seven ovariectomized, clinically normal
cows — crosses of the Black Pied Lowland and Czech
Pied breeds in their second to third lactation with mean
liveweight of 580 kg. The cows were monitored for
cyclic ovarian activity and ovariectomies were made
three to five months after parturition. The first treat-
ment with oestradiol was made at least six weeks after
the ovariectomy. An interval of at least thirty days was
observed in repeatedly treated cows.

Hormones and ways of administration

Oestradiol propionate (Agofollin inj. ad us. vet., Bio-
tika) was administered in 10 experiments (5, 3 and
2 experiments with 3 mg and 10 mg intramuscularly
and 10 mg intravenously, respectively).

Oestradiol benzoate (Agofollin coated tablets, LéCiva)
was administered in 8 experiments (5 and 3 experi-
ments with 10 mg orally and 20 mg orally. respec-
tively).

Sampling

Bioptic samples of endometrium were collected
from the middle segment of uterine horns before the
treatment and on post-treatment Days (henceforth only
Day/Days) 2, 3, 4, 7 and 9. The samples for scanning
celectron microscopy were collected from cows slaugh-
tered on Days 2 or 3, except for two orally treated
cows in which the treatment-to-slaughter interval was
9 days.
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Sample processing

The samples for histological examinations were
fixed in Bouin's solution and stained with haema-
toxylin-cosin, or with toluidine blue to set off mast
cells. The samples for histochemical examinations were
fixed in chilled Baker's solution. Alkaline and acid
phosphatases and non-specific esterase were visualized
by the azocopulation and the indigogenous methods,
respectively (Lojda and PapousSek, 1967).

The samples for scanning electron microscopy were
rinsed with water and fixed in 3% glutaraldchyde. The
preparations were dehydrated and dried in the conven-
tional manner, plated with gold (Polaron) and viewed
with the electron microscope Tesla BS 300.

RESULTS

The first signs of the effects of exogenous oestradiol
on cndometrium were demonstrable by histological
examinations already on Day 2. In the cows treated
with the lower doses of oestradiol (3 mg intramuscu-
larly or 10 mg orally), the flat, quiescent monolayer
surface epithelium thickened and here and there trans-
formed into cylindrical epithelium. Dilatation of blood
vessels, slight oedema and in some cases active hyperae-
mia in upper parts of stratum compactum were observed
in lamina propria. Beginning infiltration of stratum com-
pactwm by mononuclear cells (lymphocytes, lymphoid
cells, monocytes) was a typical finding. On the other
hand. polymorphonuclear cells were rather scarce. Ampli-
fication of mast cells and activated histiocytes (macro-
phages) was evident in all endometrial layers.

The first signs of secretory activity of surface epi-
thelium and epithelium of proximal segments of uterine
glands were observed from Day 3. Mobile cells mi-
grated towards the upper parts of uterine mucosa and
cumulated there forming bands in subepithelial layers.
Mononuclear cells showed a tendency to the formation
of noduli. Beginning metachromasia of cytoplasmatic
granules and scarcely degranulation and release of the
cell contents into the adjacent tissues were seen in mast
cells. At this time also hyperaemia and oedema of lami-
na propria culminated (Fig. 1-3).

Secretory activity of cells of surface epithelium, but
not that of the epithelium of proximal segments of uter-
ine glands, was cvident between Days 7 and 9. Hy-
peracmia and oedema of endometrium disappeared
slowly, but increased cellular infiltration of the upper
layers of stratum compactum persisted. Here and there,
round-nucleate cells cumulated massively in the subepi-
thelial space and penectrated into uterine lumen. Lym-
phoid nodules with indistinct demarcation were seen
frequently. The release of granules from mast cells was
more frequent and the number of macrophages decreased.

The basic histological pattern and dynamics of en-
dometrial changes were similar in the cows receiving
the oral dose of 20 mg oestradiol, but signs of
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a stronger oestrogenization were evident particularly in

the surface epithelium (subnuclear vacuolar degenera-
tion, release of cells resulting in partial disintegration
of the surface epithelium). The penetration of mononu-

Vet. Med. — Czech, 40. 1995 (9): 265-271

. Subepithehial cumulation  of
mononuclear cells penctrating spo-
radically through the surface epithe
lium; numerous macrophages and
mast cells. Endometrium of an
ovariectomized cow 3 days after oral
administration of 10 mg oestradiol
(toluidine blue, 250x)

2. Formation of indistinctly demar-
cated lymphoid noduli in stratum
compactum.  Endomcetrium  of an
ovariectomized cow 3 days after oral
administration of 10 mg oestradiol
(toluidine blue, 250x)

3. Numerous mast cells and macro-
phs

ges: ocdema and hyperaemia of
stratum spongioswm. Endometrium
of an ovariectomized cow 3 days
after intramuscular administration of
3 mg oestradiol (toluidine blue,
250x)

clear cells through the epithelium and small subepithelial
haemorrhages were more frequent.

The intramuscular and intravenous treatments of
ovariectomized cows with 10 mg oestradiol induced
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apparent signs of hyperoestrogenization. A high degree
of vacuolar degeneration of surface epithelium cells
their release and the resulting large arcas of disinte-
grated epithelium were scen already on Days 2 to 3
Also frequent were cystic dilatations of glandular lu-
mina and subepithelial hacmorrhages contributing to
the disintegration of surface epithelium. Endometrium
was massively infiltrated by lymphocytes and lym-
phoid cells forming here and there large accumulations
(Fig. 4). Arcas of hyperplasia of connective tissue were
apparent in basal parts of stratum spongiosum
Dynamics of changes in surface epithelium, as seen
in scanning clectron micrographs, confirmed the find-
ings obtained by the conventional histological tech
nique. Formation and accumulation of secretions in

apical parts of cells as signs of activation of surface

-

epithelium were cvident 2 to 3 days after the intramus
cular and oral administrations of 3 and 10 mg oestra
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diol, respectively. The activation started in smaller, ir-
regularly demarcated arcas in which the secreting cells
protruded over the flat, stll quiescent cells (Fig. 5).
The activation was more pronounced in caruncular
areas

Advanced stages of sceretory activity and numerous
post-secretion cells were observed on Day 9 (Fig. 6).
Oral administration of 20 mg oestradiol resulted in hy-
perstimulation of endometrial surface epithelium, cha-
racterized by extensive desquamations in caruncular
arcas (Fig. 7). Intramuscular administration of 10 mg
oestradiol induced conspicuous non-physiological en-
dometrial reactions evident from ruptures and disinte-
gration resulting from enormous afflux, extensive epi-
thehial desquamation, wide dilatation of orifices of
uterine glands, formation of deep crypts, and penetra-
tion of erythrocytes, or even haecmorrhages on the sur-
face of uterine mucosa (Fig. 8).

4. Extensive aggregation of mononu-
clear cells: cystic dilatation of uter
ine glands; marked oedema and hy-
peracmia of stratum spongiosum.
Endometrium of an ovariectomized
cow 2 days after intramuscular ad-
ministration of 10 mg oestradiol
(tolutdine blue, 160x)

Fok I

(T 5y 5. Resumption of ‘.\v.'u\ilyAuI surface
epithelium: cumulation of secretions
in apical parts of cells. Intercaruncu-
lar area of endometrium of an ovariec-
tomized cow 3 days after oral admi-
nistration of 10 mg oestradiol (SEM,
1500x)

Vet. Med. = Czech, 40, 1995 (9): 265-271



The rapid response of endometrium to exogenous
oestradiol was also confirmed by increased enzymatic
activity. A high increase of the non-specific esterase
activity was recorded in surface epithelium and proxi-
mal segments of uterine glands already on Day 2. High
activity was also observed in cells of the endometrial
vascular system and macrophages. An increase of alka-

line phosphatase activity was evident in apical parts of

surface epithelial cells, the capillary network, cells of
Stratum compactum and basal parts of stratum spongio-
sum. On the other hand, the activity of acid phos
phatase was low in all endometrial structures except for
macrophages showing intensive reactions. Within the
used dosage range, the enzymatic activities were appar-
ently dose-independent. A decrease of enzymatic ac-
uvities, particularly in surface and uterine gland epithe-
lium, was observed on Days 7 to 9, but increased
alkaline phosphatase activity persisted in hyperplastic
arcas of endometrial stroma

DISCUSSION

Intramuscular and oral administrations of 3 and 10 mg
oestradiol, respectively, were found to be sufficient to
induce in ovariectomized cows histomorphological and
activity changes in endometrium corresponding to
those resulting from the effects of endogenous oestro
gens during a spontancous ovarian cycle. In addition to
active hyperacmia of endometrial stroma and slight oce-
dema, the treatments induced apparent responses of
surface epithelium cells and cell populations responsi
ble for the non-specific resistance of endometrium

Growth of the flat, quicscent cells of surface epithe-
lium in ovariectomized cows treated with oestradiol
was described earlier by Larson et al. (1965) and
Veéznik et al. (1973)
sumption of the secretory activity of surface epithelium

In our experiments, the re

Vet. Med
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and epithelium of proximal segments of uterine glands
was apparent already on Day 3. The earlier resumption
of the secretory activity in caruncular areas is obvious-
ly associated with the more abundant blood supply.
VeEznik etal (1973), who administered lower doses
of oestradiol (0.5 or 2 mg), observed secretion in sur-
face epithelium cells, obtained by uterine washing or
microabrasion of endometrium, from post-treatment
Day 7. Compared with the conventional histological
technique, scanning electron microscopy of uterine epi-
thelium yielded a more detailed picture, similarly like
reported by Fathalla et al. (1975) and Bollo et
al. (1990).

The rapid activation of surface epithelium was also
cvident from the increase of enzymatic activity already
onDay 2. Larson etal. (1970) and VéZnik et al.
(1973) also described a cumulation of glycogen and
PAS-positive material. The increase of enzymatic ac-
tivity extended also to the epithelium of proximal seg-
ments of uterine glands. It is therefore evident that, at
the lower dosages, oestradiol induced metabolic activa-
tion of cells in an extent and degree corresponding to
those seen in the follicular and oestral stages of the
ovarian cycle in intact cows (Vollmerhaus, 1957,
Hacket and Hafs, 1969; Kummer et al,, 1971
and others). The morphological and functional pattern
of oestrogenic stimulation of epithelial endometrial
cells persisted in the ovariectomized cows up to Day 9.

One of the typical features of the oestrogen-stimu-
lated endometrium 1s the activation of mobile cells as
a component of the ,clearance mechanisms® described
by Grunert (1961) and Schulz (1961). The dy-
namics of the occurrence of the mobile cells in bovine
endometrium during the ovarian cycle was described
already carlier by Skjerven (1956). Polymorphonu-
clear and mast cells and histiocytes dominated in the
cell population during the follicular and oestral stages
ol the ovarian cycle. Contrary to these findings,

6. Surface epithelium cells, mostly
after the release of secretions. Mar-
ginal caruncular area of endometrium
of an ovaricctomized cow 9 days
after oral administration of 10 mg
oestradiol (SEM, 5000x)
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7. Extensive desquamation of surface epithehium. Carunculiar area ol
endometrium of an ovariectomized cow 9 days after oral adnuns
tration of 20 mg oestradiol (SEM, 2000x)

mononuclear cells (lymphocytes, Iymphoid cells and
monocytes), histiocytes and mast cells prevailed m the
infiltrations seen in our experimental cows, while
granulocytes occurred much less frequently. We can
also confirm the high activity of lysosomal enzymes
(acid phosphatase and non-specific esterase) in histio
cytes as described by Hermanns et al. (1987).

Our findings allow us to conclude that the amount
and composition of the cell infiltrate in ovariectomized,
oestrogen-treated cows resembled the pattern of en-
dometrial restoration as seen in cows with undisturbed
puerperium on post-partum Days 15 to 20 (Kummer
et al., 1989). The basal progesterone and elevated
17beta-oestradiol concentrations gencrated a similar
endocrinological background. The increased number of
neutrophil granulocytes in endometrium may have re
sulted from a higher bacterial contamination of the
uterine environment.

The way of administration of the lower doses oes
tradiol (3 mg intramuscularly or 10 mg orally) had no
marked effects on the endometrial response. Oestradiol
concentrations in blood plasma of ovariectomized heit
ers and post-parturient cows treated with low doses
(Zraly et al., 1992) did not significantly exceed the
values normal for the oestrus stage and their dynamics

270

8 Disintegration of surface epithchum and small hacmorrhages re
sulting from enormous aftlux and hyperaemia. Caruncular area of
endometrium of an ovanectomized cow 2 days after intramuscular
wimimstration of 10 mg oestradiol (SEM. 2000x)

was not thus different to induce significantly different
endometrial responses. The treatments of ovariecto-
mized cows with the higher doses of oestradiol (10 mg
intramuscularly or 20 mg orally) induced apparent
signs of endometrial hyperoestrogenization

The results presented here have completed the cur-
rent knowledge ol endometrial responses to the treat-
ment with oestrogens. The effects of various dose le-
vels and ways of administration can serve as criteria for
the application of oestrogens in therapy and prevention

of reproductive disorders
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MUTAGENICITY OF STABLE DUST AND DRINKING WATER
ON SWINE AND CATTLE FARMS'

MUTAGENNI AKTIVITA STAJOVEHO PRACHU A NAPAJECI
VODY V CHOVECH PRASAT A SKOTU

J. Raszyk', Z. Pokorna®, V. Strnadova', V. Gajdigkova', R. Ulrich', A. Jarosov4',
J. SalavaB, J. Palac’

IVeterinar_v Research Institute, Brno, Czech Republic
2Regionul Hygienic Laboratory, Brno, Czech Republic
*District Veterinary Administration, Hodonin, Czech Republic

ABSTRACT: Single pilot examinations of mutagenicity of stable dust and drinking water were made on three swine farms
(D., M., T.) and one cattle farm (N.) in the district of Hodonin in summer 1994. The mutagenicity was examined by the Ames
test using the indicator strains Salmonella typhimuritun TA 98 and TA 100 with (+S9) or without (-89) metabolic activation.
At the same time the contents of selected pesticides (PES) and polychlorinated biphenyls (PCB) in stable dust and drinking
water and that of polycyclic aromatic hydrocarbons in stable dust were determined. Increased mutagenicity was demonstrated
in drinking water (strain TA 98 with metabolic activation; index Rt/Rk 3.6-7.7) and stable dust (strain TA 100 with metabolic
activation; index Rt/Rk 2.2) collected on the swine farm M. High contents of PAH (8.246 mg/kg) and PCB (0.263 mg/kg)
were also found in the dust samples collected on this farm. Only drinking water showed mutagenic activity (strain TA 98
without metabolic activation; index Rt/Rk 2.6) on the swine farm D. On both the farms, the number of revertants was
dose-dependent. Increased content of PAH (2.553 mg/kg) was also demonstrated on the dust samples collected on the farm
D. No significant increase (twofold or higher when compared with negative controls) of mutagenic activity of stable dust or
drinking water was demonstrable on the swine farm T. and the cattle farm N. Substances responsible for the mutagenicity of
drinking water on the farms D. and M. have not yet been identified. Anyway, the increase of mutagenicity of stable dust and
drinking water should be taken as a warning that mutagens that can jeopardise animal and human health have penetrated into
the stable environment.

mutagenicity; Ames test; stable dust; drinking water; poiycyclic aromatic hydrocarbons; polychlorinated biphenyls; pesticides;
swine; cattle; health risks

ABSTRACT: Ve tiech chovech prasat (D., M., T.) a v jednom chovu skotu (N.) na okrese Hodonin bylo v letnim obdobi
roku 1994 provedeno orientacni, jednordzové vySetfeni mutagenni aktivity stdjového prachu a napdjeci vody. Mutagenni
aktivita byla posuzovina Amesovym testem s vyuzitim indikdtorovych kmenta Salmonella typhimurium TA 98 a TA 100
s metabolickou aktivaci (+59) a bez ni (-89). V odebranych vzorcich stdjového prachu a napdjeci vody byly soucasné stanoveny
vybrané pesticidy (PES) a polychlorované bifenyly (PCB). Polycyklické aromatické uhlovodiky (PAH) byly stanoveny pouze
ve stdjovém prachu. V chovu prasat M. byla zjisténa zvySend mutagenni aktivita napdjeci vody (na kmeni TA 98 s metabo-
lickou aktivacf: index Rt/Rk 3,6 — 7,7) a stdjového prachu (na kmeni TA 100 s metabolickou aktivacf, index Rt/Rk 2,2).
Soucasné byla zaznamendna zdvislost po¢tu revertant na ddvce. V chovu prasat M. byly ve stdjovém prachu nalezeny nejvyssi
koncentrace PAH (8,246 mg/kg) a PCB (0,263 mg/kg). V chovu prasat D. byla zjiSténa pouze mutagenni aktivita napdjeci
vody (na kmeni TA 98 bez metabolické aktivace; index RU/Rk 2,6), kterd se soucasné projevila zdvislosti po¢tu revertant na
ddvce. Rovnéz v chovu prasat D. byla zjiSténa ve stdjovém prachu zvy3end koncentrace PAH (2,553 mg/kg). V chovu prasat
T. a v chovu skotu N. nebyla zjisténa zvySend mutagenni aktivita (ve smyslu dvojndsobného a vicendsobného vzestupu poctu
indukovanych revertant vzhledem k negativni kontrole) stdjového prachu a napdjeci vody. Doposud nevime, které litky
(mutageny) jsou zodpovédné za zvySenou mutagenni aktivitu napdjeci vody v chovech prasat D. a M. ZjiSténi zvySené
mutagenni aktivity stdjového prachu ¢i napdjeci vody pro nds predstavuje varovny signdl, Ze do stdjového prostredi pronikly
mutageny, které mohou ohrozovat zdravi zvifat i jejich o3etfovateld.

mutagenni aktivita; Amesuv test; stdjovy prach; napdjeci voda; polycyklické aromatické uhlovodiky; polychlorované bifenyly;
pesticidy; prasata; skot; zdravotni riziko

* The work was financially supported by the Ministry of Agriculture of the Czech Republic (Project No. A 093 95 0048) and the Ministry of
Environment of the Czech Republic (Project GA/1650/93).
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INTRODUCTION

Numerous xenobiotics, such as heavy metals, pesti-
cides, herbicides, polycyclic aromatic hydrocarbons
(PAH), polychlorinated biphenyls (PCB), mycotoxins,
etc., some of which are known as mutagens (Raszyk
et al., 1994), can penetrate into premises of animal
husbandry.

The pollutants may be present in feeds, drinking
water or paint coats, can be introduced into the envi-
ronment of farm animals as drugs (e.g. lindane), disin-
fectants, disinsectants or rodenticides, or produced by
fungi (mycotoxins). Other sources of pollutants are agri-
cultural machines and mechanisms contaminating the
environment with exhaust gases, fuel, lubricants, brake
or hydraulic fluids, etc.

A suitable indicator of environmental pollution is
the sedimented stable dust (Raszyk et al., 1986,
1989). Xenobiotics that have penetrated into stables are
usually demonstrable in the dust.

The presence of mutagens in premises for farm ani-
mals can be demonstrated by cytogenetic tests (Ru-
bes§ etal, 1988, 1992).

Direct evidence of the presence of mutagens in the
environment can be obtained by Ames test (Maron
and Ames, 1983) The test is suitable for the demon-
stration of the general genotoxic effect, but not for the
identification of mutagens which are responsible for it.
A preliminary estimation can be made on the basis of
results obtained with various indicator strains. Thus,
reversions in the strains TA 98 and TA 100 are indicative
of the presence of substances or mixtures thereof inducing
frameshift and substitution mutations, respectively.

Mutagenicity of drinking water in the Czech Repub-
lic has been systematically monitored by Cernd (1986,
1993), Cernd ctal. (1987, 1994).

No systematic investigations of the mutagenicity of
individual components of the environment of farm ani-
mals have been conducted in the Czech Republic so far.

The aim of our investigations was to obtain pilot
data on mutagenicity of stable dust and drinking water
on four farms in the district of Hodonin.

MATERIAL AND METHODS
FARMS

1. The pig fattening farm D housed 17,000 animals in
15 halls. The halls had windows in aluminium mant-
les. Ventilation was controlled by temperature sen-
sors. Dry feed was fed in 13 halls and a liquid diet
(system Schauer) in the remaining 2 halls. Drinking
water came from a public source and the pigs were
watered from small troughs or valve or bowl drin-
kers.

2. The swine farm M. housed 20,500 animals, of which
10,000 were fattened pigs. The construction and
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ventilation of the halls were the same as described
for the farm D. Fattened pigs were fed a liquid diet
(system Schauer) which completely covered the re-
quirement for water. Water used for the preparation
of the liquid feed came from the farm’s own source.
3. The swine farm T. housed 2,000 animals, out of
which 1,600 were fattened pigs. The masonry fatten-
ing houses with windows were ventilated with an
exhaust system. Although the fattened pigs were fed
a liquid diet, they had access to valve-type drinkers.
Drinking water came from a public source.

4. The farm N. housed 340 dairy cows, 30 calves (up

to 20 days old) and 108 breeding heifers. The ani-
mals were housed in loose barns with metal sheet
mantles and only dams in the farrowing house were
tied. The houses were ventilated with a pressure sys-
tem. The dairy cows were fed roughage and concen-
trates according to milk production and watered
from drinking bowls. Drinking water came from
a public source.

SAMPLING

Stable dust samples were collected with a vacuum
cleaner, or, from places with a difficult access, with
a short-handled brush and shovel. The collected dust
was screened through a 0.7 mm mash. The larger par-
ticles were discarded and the smaller ones, making ap-
prox. 85% of the total amount, were used for analyses.
On the swine farms, the samples were collected in fat-
tening houses 10 to 14 days before the end of the fat-
tening period. On the cattle farm, the dust sample was
collected in the farrowing house.

The samples of drinking water were collected from
outlets other than the drinkers, because it was impcs-
sible to connect the sampling sets to the watering sys-
tem. The sampling was made by the standard method
(AHEM, 1989) using a metal sampling set with a se-
parable column filled with a sorbent (Separon). The
pollutants were separated by passing a 200-L volume
through the column connected to a water outlet. The
sampling was continuous lasting 8 to 24 hours depen-
ding on the actual water pressure.

MUTAGENICITY TESTS

Ames test (Maron and Ames, 1983) was used
for the demonstration of mutagenicity of the stable dust
and drinking water. The samples were extracted with
organic solvents and evaporated and the residue was
dissolved in dimethy! sulfoxide (DMSO). Water san-
ples were prepared by separating the mostly organc
particles in a column of Separon (TESSEK, Pragu:)
with particle size of 0.125 to 0.200 pm and extracticn
with acetone (AHEM, 1989). The Ames test uscs
a set of strains of Salmonella typhimurium with various
types of mutation in the histidine operon causing tle
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failure to propagate in histidine-free media. The induc-
ed mutation results in the resumption of histidine pro-
duction by the strain associated with a loss of depen-
dency on endogenous histidine. The Salmonella
typhimurium strains TA 98 (frameshift mutations) and
TA 100 (substitutions) were used for the demonstration
of mutagenicity. The strains (Cat. Nos. CCM 3811 and
3812, respectively) were obtained from the Czech Col-
lection of Microorganisms at the Faculty of Sciences,
Masaryk University, Brno, Czech Republic. The sam-
ples were classified as positive in the number of rever-
tants increased to at least a twofold when compared
with negative controls and was dose-dependent at the
same time. A twofold or higher increase of the number
of induced revertants is regarded as a sign of signifi-
cant genotoxic activity.

CHEMICAL ANALYSES

Chlorinated pesticides, polychlorinated biphenyls (PCB)
and polycyclic aromatic hydrocarbons were chosen as
the typical hazardous contaminants to be determined in
samples of stable dust. The analyses of drinking water
were limited to chlorinated pesticides and PCB.

Chlorinated pesticides and PCB were determined
with the capillary gas chromatograph Varian VISTA
with ©Ni electron capture detector (Gajdiskovd
and Ulrich, 1992) and the analytes were evaluated
with the chromatographic set SCW 1.0 (Apex). The
pollutants were extracted from the samples with orga-
nic solvents (acetone or petroleum aether), co-extracted
substances were separated by absorption chromatogra-
phy in a column of Florisil and the pollutants were
detected by capillary gas chromatography with an elec-
tron capture detector. The content of PCB was expres-
sed as a sum in terms of Delor 103, and Delor 106,
representing the lower-chlorinated and the higher-chlo-
rinated PCB, respectively. The sum of DDT includes
o,p’-DEE, p,p’-DDE, o,p’-DDT, p,p’-DDT, o,p’-DDD,
and p,p’-DDD.

Polycyclic aromatic hydrocarbons were determined
only in dust samples. Prior to analysis, the samples
were dried at 50 "C. Two grams of the dry sample were
extracted with dichloromethane in the apparatus SOX-
TEC. Elementar sulfur in the extract was reduced by
the addition of active copper during one hour of shak-
ing. The condensed extract was purified by adsorption
chromatography in a column of silicagel. Residues of
PAH were eluted with dichloromethane and PAH were
separated by capillary gas chromatography (Varian 3400)
and detected by mass spectrometry (Finnigan MAT,
Model Tracker). The sum of PAH included phenanthre-
ne, anthracene, fluoranthene, pyrene, benzo(a)anthrace-
ne, chrysene, benzo(a)pyrene, and dibenzo(a,h)anthra-
cene. The method for the determination of PAH was
modified and tested within the project A 093 95 0132
of the Ministry of Agriculture of the Czech Republic
(tcam headed by Ing. Véra Gajdskovd, CSc.).
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Conventional methods were used for statistical pro-
cessing of the results. Mutagenic activity was evaluated
by the standard procedure of Ames test (AHEM, 1989).

RESULTS
Mutagenicity tests on the swine farm D.

Only a weak but dose-dependent mutagenic effect
of water on the strain TA 98 without metabolic activa-
tion was demonstrable (index Rt/Rk 2.6).

Stable dust did not induce mutations in any of the
two test strains (TA 98 and TA 100).

Mutagenicity tests on the swine farm M.

Drinking water induced a significant and dose-de-
pendent increase of the number of revertants in the
strain TA 98 with metabolic activation (index Rt/Rk
3.6 to 7.7), indicating a significant genotoxic activity
of the drinking water.

Approx. twofold and dose-dependent increases in
the number of revertants were induced by stable dust
only in the strain TA 100 without metabolic activation
(index Rt/Rk 1,9) or with metabolic activation (index
RURk 2.2). The twofold and higher increases in the
numbers of induced revertants are evidence of signifi-
cant genotoxic effects of the examined stable dust.

Mutagenicity tests on the swine farm T.

Neither drinking water nor stable dust induced mu-
tagenic effects in any of the test strains (TA 98 and
TA 100).

Mutagenicity tests on the cattle farm N.

Drinking water did not induce mutations in any of
the test strains (TA 98 and TA 100). No Rt/Rk values
were calculated for stable dust, because the sample was
contaminated by bacteria and no correct reading of the
number of revertant colonies was possible.

Contents of selected pesticides and PCB in drinking
water

The results are shown in Tab. I. The concentrations
permissible in the Czech Republic (Czech Standard
CSN 75 7111 Drinking Water) were not exceeded in
any of the samples of drinking water. Among the herds
under study, the highest concentrations of DDT (10.3 ng/l)
and PCB (40.9 ng/l) were found on the swine farm T.
and the highest concentration of gamma HCH (48.0 ng/l)
in the cattle farm N.



Contents of selected pesticides, PCB and PAH in stable
dust

The results of analyses are shown in Tab. II. Among
the farms under study, the highest concentrations of
PAH (8.25 mg/kg) and PCB (0.26 mg.kg‘l) were found
on the swine farm M. and increased concentrations of
PAH (2.55 mg/kg) also on the swine farm D. The high-
est concentration of gamma HCH (0.139 mg/kg) was
found on the cattle farm N.

DISCUSSION

Ames test detects primarily organic non-polar or weakly
polar lipophilic compounds including the majority of
mutagens (Cernd, 1986, 1993), such as pesticides
(DDT), polychlorinated biphenyls, polycyclic aromatic
hydrocarbons, ectc. The test yields general information
on mutagenicity without identifying the organic conta-
minants responsible for the effect.

Several dozens of substances with demonstrated mu-
tagenic activity have been detected as contaminants of
drinking water. It is probable, however, that many sig-
nificant mutagens contaminating drinking water have
not yet been identified (Cernd, 1993). In recent years,
considerable attention has been paid to mutagenic sub-
stances resulting from the effects of chlorination of drinking
water on organic substances, such as trihalomethanes,
haloacetonitriles and chlorinated hydroxyfuranones
(Gilli etal, 1991; Cernd, 1993; Koivusalo et
al., 1994). Chlorinated hydroxyfuranones may be res-
ponsible for a considerable part of the mutagenic acti-
vity of drinking water. Much attention has been paid
particularly to the compound MX, which is [3-chloro-
-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone]. MX
was demonstrated in water in Finland, the United Sta-
tes, Great Britain and Japan (Koivusalo et al,
1994) in concentrations varying between 0 and 33 ng/l
(Kinae etal, 1992) and its presence has been linked
with tumours of the urinary and digestive organs.

The mutagenic activity of drinking water may also
result from the presence of phenylalanine, which is one
of its natural components. Mutagenic effects on the
indicator strains TA 98 and TA 100 were demonstrated
in phenylalanine-containing water after UV irradiation
(Moriske et al, 1993) and 22 chlorinated organic
compounds, including chloroform, 3-chlorotoluene,
benzaldehyde, etc.were identified in phenylalanine-
containing water after chlorination (Lahaniatis et
al., 1994).

The occurrence in-drinking water for farm animals
of organic pollutants has not been systematically inves-
tigated in the Czech Republic. Five samples of drinking
water were lested for the presence of chlorinated pesti-
cides and PCB in 1993 (Valcl et al.,, 1994). Mutage-
nicity was tested in samples of drinking water for hu-
man consumption collected in the districts of Teplice
and Prachatice within the international project ,/ The
Teplice Programme™. Significant mutagenicity, i.e.
a twofold or higher increase of the number of revertant
colonies of the strain TA 98 (without metabolic activa-
tion) was demonstrated in 64.42 and 15.00% of the
samples collected in the districts of Teplice and Pracha-
tice, respectively (Cernid et al., 1994),

Effects of stable dust on the health of farm animals
have been investigated in the author’s laboratory since
1982. Dust samples collected on farms contained
a number of organic and inorganic pollutants, such as
mercury, cadmium, lead, arsenic, chromium, chlorina-
ted pesticides, herbicides, aflatoxin By and the non-an-
tibiotic growth promotor Nitrovin (Raszyk et al,
1986, 1989). Attention is also paid to the presence in
stable dust of bacterial endotoxin (Dutkiewicz el
al., 1994). Adverse effects of stable dust on the health
of farm animals (Robertson, 1989) and the person-
nel (Larson etal., 1994) were demonstrated. No stu-
dies of mutagenicity of stable dust have been made in
the Czech Republic so far.

Out of the four farms under study, the highest envi-
ronmental mutagenic activity was found on the swine

1. Contents of selected pesticides and polychlorinated biphenyls (ng/l) in drinking water collected on three swine farms (D., M., T.) and one

cattle farm (N.)

Farm HCB a, B HCH y HCH sum DDT sum PCBs
D. 1.130 0.830 4.500 3.430 31.740
M. 0.640 0.320 1.990 1.600 25.900
T. 0.400 1.100 6.600 10.300 40.900
N. 1.800 1.300 48.000 3.400 15.600

11. Contents of selected pesticides, polychlorinated biphenyls and polycyclic aromatic hydrocarbons (mg/kg) in the stable dust collected on

three swine farms (D., M., T.) and one cattle farm (N.)

Farm HCB o, B HCH Y HCH sum DDT sum PCBs sum PAHs
D. 0.001 0.001 0.033 0.013 0.040 2,553
M. 0.001 0.002 0.022 0.023 0.263 8.246
3 0.016 0.008 0.011 0.007 0.019 0.135
N. 0.005 0.003 0.139 0.034 0.078 0.095
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farm M. The activity of drinking water was demonstra-
ted using the test strain TA 98 with metabolic activati-
on (Rt/Rk 3.6 to 7.7) and that of stable dust using the
strain TA 100 with metabolic activation (RURk 2.2).
Also on this farm, the highest concentrations of PAH
(8.25 mg/kg) and PCB (0.26 mg/kg) were found in
stable dust. No significant differences in the contents
of chlorinated pesticides and PCB in drinking water
were found between the four farms. Increased concen-
trations of DDT and PCB and of gamma HCH were
demonstrated only on the swine farm T. and the cattle
farm N., respectively. The farm M. used a private well
for watering of pigs and the water was not treated by
chlorination. Therefore, mutagens resulting from such
treatment should be ruled out. The substances respon-
sible for the mutagenicity of drinking water on the farm
M. have not yet been identified.

Mutagenicity was also demonstrated in drinking wa-
ter on the swine farm D. using the test strain TA 98
without metabolic activation (RU/Rk 2.6). Also on this
farm, the source of the mutagenic activity has remained
unknown. The farm is supplied with water from a pub-
lic source and the water is treated by chlorination. Hen-
ce, mutagenicity induced by this treatment cannot be
ruled out. A high concentration of PAH (2.55 mg/kg)
was found in the stable dust collected on the farm D.
Therefore, their presence in the drinking water will be
investigated in the ongoing monitoring.

No mutagenicity was demonstrable in drinking wa-
ter or stable dust collected on the remaining two farms
T. and N.

Seasonal factors should be considered when evaluat-
ing the mutagenicity of water. Usually, higher mutage-
nicity is recorded in spring and during the subsequent
months; this is probabably due to intensive agricultural
activity associated with rinsing and seepage of pestici-
des through the soil (Cernad et al., 1993). Our inves-
tigations were made in summer — a fact that should be
taken into consideration in the interpretation of our re-
sults.

Similar scasonal variations were also reported for
the contents of extractable substances in drinking wa-
ter. The lowest values are found in winter. Attention
should therefore be paid to the possible relationship
between the contents of the extractable substances in
and mutagenic activity of drinking water (Cernd et
al., 1994).

Water is a complex mixture of substances with va-
riable composition and concentrations of natural and
anthropogenic pollutants. In such a mixture, additive,
synergetic and antagonistic effects between the compo-
nents and formation of new chemical structures resul-
ting from the interactions can be presumed. The overall
genotoxic effect is then a result of mutual reactions of
the components (Cernd, 1993).

The demonstration of mutagenic activity of indivi-
dual components of the environment of farm animals
should be taken as a warning that animal and human
health can be endangered by mutagens. Therefore, the
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pilot investigations should be followed by systematic
chemical analyses of drinking water and stable dust
with the aim to identify substances or groups thercof
which are responsible for the demonstrated mutageni-
city. It should be borne in mind, however, that not all
the significant mutagens, penetrating into the environ-
ment of farm animals, have been identified.
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EMBRYOTOXIC EFFECTS OF THE COMBINATION
OF ZEARALENONE AND VOMITOXIN (4-DEOXYNIVALENOL)
ON CHICK EMBRYO

EMBRYOTOXICKY UCINEK KOMBINACE ZEARALENONU
A VOMITOXINU (4-DEOXYNIVALENOLU) NA KURECI ZARODEK

D. Vesely, D. Vesela

Institute of Experimental Medicine, Academy of Sciences of the Czech Republic, Prague,
Czech Republic

ABSTRACT: Mycotoxins zearalenone and vomitoxin (4-deoxynivalenol) are often joint contaminants of grains infested by
micromycetes of the genus Fusarium. Toxic effects of both mycotoxins on experimental organisms and farm animals are well
known, but we have not found any literary reference to toxic effects of the combination zearalenone and vomitoxin. Embryo-
toxic effects of zearalenone, vomitoxin and combinations of various doses of zearalenone with constant addition of vomitoxin
were studied in a three-day chick embryo. The objective of the study was to determine the coaction of vomitoxin on
zearalenone embryotoxicity. Thermostat-incubated fertile eggs of White Leghorn hens were candled after three-day incuba-
tion, the shell above the embryo was removed, and within the embryotoxicity range zearalenone, vomitoxin and various doses
of zearalenone with constant addition of 2 pg vomitoxin were applied to morphologically normal embryos. The groups of
ten embryos were applied mycotoxins and their combinations in 10 pl of their solutions to amnions using a special glass
micropipette. Control group comprised twenty embryos which were applied 10 pl of solvents used, 1% NaHCO; and 10%
ethanol. The eggs were covered with glass plates and their incubation was going on until the eighth day of their development.
The embryos that died during incubation were discarded. On the eighth day of development, surviving embryos were taken
out from the eggs and malformations of head, orofacial region, body wall, limbs and heart were determined microscopically.
Tab. I shows total numbers of dead and malformed embryos after application of the particular doses of zearalenone, vomitoxin,
their combinations and control solvents. The embryotoxicity range started at a dose of § to 20 pg per embryo. Zearalanone
did not have any teratogenic effects on chick embryos. Applications of high doses of zearalenone (100 and 30 pg) instantly
caused arrhythmia, atrio-ventricular dissociation or even heart stoppage. The beginning of the embryotoxicity range for
vomitoxin was found to be within the narrow range of 1 to 3 pg per embryo. Among malformations, only a defect of the
interventricular septum of the heart was found in 4% of the cases. The combined embryotoxic effects of zearalenone and
vomitoxin were of additive, and mostly embryolethal nature. Among the malformations searched for, only 5% of the embryos
exhibited a defect of the interventricular septum of the heart. Due to the good prediction fitness of chick embryo that has
been proved by estimates of mycotoxin toxicity to mammals it is possible to suppose that toxic effects of the frequently
occurring combinations of zearalenone and vomitoxin in fusarium-infected feeds will also be of additive nature for farm
animals.

embryotoxicity; chick embryo; zearalenone; vomitoxin (4-deoxynivalenol); joint effect

ABSTRAKT: Tridennim kufecim zdrodk(im byly v rozmezi pdsma embryotoxicity poddny intraamnidlné fuzdriové mykoto-
xiny zearalenon, vomitoxin a rGzné ddvky zearalenonu s konstantnim pfidavkem 2 pg vomitoxinu na zdrodek. Zirodky se
ddle inkubovaly a uhynulé vyfazovaly. V osmém dni vyvoje se prezivajici ziarodky vyjmuly z vajec a pod mikroskopem
odecetly malformace hlavy, orofacidlni oblasti, télnf stény, koncetin a srdce. Pocdtek pisma embryotoxicity zearalenonu byl
nalezen v rozmezi S az 30 pg na zdrodek. Zearalenon nemél na kufeci zirodky teratogenni uc¢inky. Pocdtek pasma embryo-
toxicity vomitoxinu byl v izkém pdsmu | aZ 3 pug na zdrodek. Z malformaci se vyskytoval u piezivajicich zdrodkl po podan{
vomitoxinu ve 4 % pouze defekt mezikomorové srdecni prfepdzky. Kombinovany tcinek zearalenonu s vomitoxinem byl
aditivni a 5 % zdrodkt mélo defekt mezikomorové srdecni prepazky. Z predik¢ni schopnosti kufeciho zdrodku pfi stanoveni
toxicity mykotoxinl na savce lze predpoklddat, Ze toxicky tcinek casto se vyskytujici kombinace zearalenonu a vomitoxinu
v zaplisnénych krmivech bude aditivni také pro hospoddfskd zvitata.

embryotoxicita; kufeci zdrodek; zearalenon; vomitoxin (4-deoxynivalenol); spoleény acinek
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UvoDp

Mykotoxiny zearalenon a vomitoxin jsou ¢astymi kon-
taminanty obilovin napadenych mikromycetami rodu
Fusarium. Jeden z nejbéznéjSich zdstupct téchto mi-
kromycet, F. graminearum, miZe syntetizovat oba my-
kotoxiny (Vesecla aj., 1981; Veseld a Véscly,
1983; Gilbert, 1989; Miiller a Schwadorf,
1993). Zearalenon je mozné struéné charakterizovat ja-
ko sloudeninu s velmi nizkou toxicitou pro savce ale
s vyznamnymi estrogennimi G¢inky. Zearalenon zpiso-
buje svymi estrogennimi tcinky ztrity v chovech hos-
podafskych zvitat. Pfi vyS$Sich ddvkdch zearalenonu
v krmivech dochdzi u intoxikovanych zvifat ke snizo-
vani fertility a resorpcim plodu. Teratogenni Gcinck zea-
ralenonu na sav¢i zdrodky nebyl zjisteny. U plodu po-
kusnych zvitat kterym byl poddvdn extrakt z kultur
fuzdrii o znimém obsahu zearalenonu nebo prirozené
kontaminovana krmiva se nékdy projevovaly poruchy
osifikace. Mirné teratogenni G¢inky téchto extraktt fu-
zarii produkujicich zearalenon se pricitaly pfitomnosti
dalsich mykotoxint syntetizovanych fuzarii (Long
a Diekman, 1984; Kuiper-Goodman aj,
1987; Smith aj., 1990). Vomitoxin md drazdivé
ucinky na pokozku a trdvici Gstroji zvitat, spojené se
zvracenim a odmitinim kontaminovaného krmiva. Pii
del$im poddvini zpusobuje poruchy krvetvorby a imu-
nosupresi. Podobné radiomimetické ac¢inky maji i né-
které dalSi trichotheceny, ke kterym se vomitoxin svou
strukturou fadi. Vomitoxin sniZuje uZzitkovost chovu
tim, Ze zvifata odmitaji kontaminovand krmiva. Tera-
togenni efekt vomitoxinu na embryondlni vyvoj savca
nebyl pozoroyin. Po vysokych divkich se projevuji
u pokusnych zvifat poruchy gestace spojené s akutnim
toxickym dc¢inkem vomitoxinu na organismus matky
(Khera aj., 1984; Friend aj., 1983; Morrissey
a Vesonder, 1985).

Embryotoxicitou zearalenonu a vomitoxinu na Kufe-
cim zdrodku jsme se zabyvali v prici Vesely a Ve-
seld (1991). Teratogenni G¢inky obou mykotoxini na
kufeci zarodky uvedeného stifi jsme nepozorovali. Pro-
toZze spolecny vyskyt zearalenonu a vomitoxinu na
ceredliich napadenych fuzdrii je Casty, otestovali jsme
embryotoxické uc¢inky riznych davek zearalenonu s
konstantnim pifidavkem vomitoxinu na tfidennim kufe-
cim zdrodku. Cilem prdce bylo zjistit spoluptsobeni
vomitoxinu na embryotoxicitu zearalenonu.

MATERIAL A METODY

Zearalenon jsme izolovali z kultury F. culmorum,
kultivované na pSenici (Vesela aj., 1981), vomitoxin
z izoldtu F. graminearum kultivovaného na sterilni ryZi
(Veseld a Vesely, 1983). Zikladni roztok zeara-
lenonu o koncentraci 100 pg/10 pl jsme piipravili roz-
pusténim 100 mg zearalenonu v 10 ml sterilniho roztoku
1% NaHCO5. Zdkladni roztok vomitoxinu o koncentra-
ci 10 pg/10 pl rozpusténim 10 mg vomitoxinu v 1 ml
ethanolu a doplnénim redestilovanou vodou na objem
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10 ml. Roztoky mykotoxinti nizSich koncentraci jsme
ziskali fedénim zdkladnich roztokt redestilovanou vo-
dou. Ke studiu spole¢ného acinku obou mykotoxinl
jsme pripravili roztoky o koncentracich 0,3 az 30 pg/10 pl
zearalenonu s konstantnim pridavkem 2 pg vomitoxi-
nu/10 pl.

Skupindm deseti morfologicky normdlnich tfidennich
kurecich zarodkt bilych leghornek z farmy Dobfenice
jsme aplikovali intraamnidlné 10 pl roztoki mykotoxi-
ni o zvolené koncentraci. Kontrolni skupiny tvofilo
20 zdrodkd, kterym jsme aplikovali 10 pl 1% NaHCO4
nebo 10% ethanol. Po aplikaci jsme vejee ddle inkubo-
vali, uhynulé zdrodky prubézné vyrazovali a osmy den
vyvoje jsme piezivajici zarodky vyjmuli z vajec. Pod
mikroskopem jsme odecetli malformace hlavy, orofacia-
Ini” oblasti, t¢Ini stény, koncetin a srdee. Technické prove-
deni je podrobnéji popsdano v praci Vesely aj., (1992).

VYSLEDKY A DISKUSE

Souéty uhynulych a malformovanych zirodkld po
aplikaci jednotlivych davek zearalenonu, vomitoxinu
a jejich kombinaci jsou uvedeny v tab. I. Bezpro-
stiedné po podani vysokych davek zearalenonu (100
a 30 pg) kufecim zdrodkim dochdzelo k arytmii, sifio-
komorové disociact az k zdstavam srdce. Pomérné uzké
rozmezi pocdtku pdsma embryotoxicity 5 az 30 pg od-
povidd vlastnostem slab¢ cytotoxické litky s malym
teratogennim potencidlem. U prezivajicich zarodka
jsme pii vyhodnoceni nenalezli zddné ze sledovanych
malformaci. Zearalenon nemé¢l na tifdenni kufeci za-
rodky teratogenni acinky.

Pii vyhodnocovini malformaci vyvolanych aplikaci
vomitoxinu Kufecim zdarodktim jsme nalezli maly podil
ziarodkl s defektem mezikomorové prepdzky srdce
(4 %). Pocitek padsma embryotoxicity vomitoxinu lezi
v tizkém rozmezi 1 az 3 pg. Ani vomitoxin nemd na
kufeci zdarodky vyznamny teratogenni efekt a silné pie-
vazuje jeho ucinek embryoletdlni.

Spole¢ny tucinek raznych davek zearalenonu s kon-
stantnim piidavkem 2 mg vomitoxinu zndzornény v tab. I
je aditivni. Také spektrum malformaci v porovndni s jed-
notlivymi mykotoxiny zastalo stejné. U 5 % prezivaji-
cich zdrodku v pdsmu po&itku embryotoxicity jsme po-
zorovali defekty mezikomorové prepdzky srdce.

O spolupusobeni vomitoxinu a zearalenonu na em-
bryondlni vyvoj jsme nenalezli pfimy literdrni odkaz.
Friend aj. (1983) studovali vliv vomitoxinu na fetdl-
ni vyvoj prasat. Soucdsti diety byla pSenice pfirozené
kontaminovand vomitoxinem a malym mnozstvim zea-
ralenonu. V krmné diet¢ byl obsah zearalenonu deseti
aZ tficetindsobn€ niZsi nez vomitoxinu. Proto se zeara-
lenon vzhledem ke své nizké toxicité v pokuse ani ne-
projevil. Rotter aj. (1991) studovali uc¢inek podani
vomitoxinu se dvéma mykotoxiny trichothecenového
typu na mortalitu kufecich zdrodka. Toxicky ucinck
téchto kombinaci byl aditivni. Arora aj. (1983) na-
opak zjistili inhibi¢ni efekt zearalenonu na teratogenitu
ochratoxinu A u pokusnych mysi.
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1. Toxicita zearalenonu, vomitoxinu a zearalenonu s konstantnim pfidavkem vomitoxinu na tfidenni kufeci zdrodek — The toxicity of
zearalenone, vomitoxin and zearalenone with constant addition of vomitoxin to a three-day chick embryo

| Pocet uhynulych a malformovanych zirodki? (%)
Davka (pg/zdrodek) e ==
zearalenon zearalenon + 2 lg vomitoxinu vomitoxin
100 100 = =
30 90 100 =
20 80 100 =
1S 80 100 -
10 60 90 100
7 10 70 100
5 10 50 100
3 0 40 90
2 0 50 40
1 - 40 10
0.5 = 40 0
0.3 - 40 0
10 pl
1 % NaHCO; 5
10 % ethanol 0

'dose (pg/embryo), 2humber of dead and malformed embryos

O biologickych u¢incich mykotoxinii vyznamnych
z hlediska toxicity a vyskytu existuje rozsahla literatu-
ra. Mechanismus spoluptisobeni dvou nebo vice myko-
toxinli, ktery muze byt inhibicni, aditivni nebo syner-
gicky nelze predem odhadnout. Ackoliv se kombinace
mykotoxinl v pfirozené zaplisnénych substritech mo-
hou bézné vyskytovat, spole¢né toxické ucinky myko-
toxinl nejsou zatim dostate¢né popsané. ProtoZe kufeci
zirodek prokizal dobré predikacni schopnosti pfi sta-
noveni toxicity mykotoxind na sav¢i organismus, pred-
pokladdme Ze toxicky ucinek kombinace zearalenonu
a vomitoxinu na hospodafiskd zvitata bude aditivni.
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ANATOMICAL POSSIBILITIES OF ACCESS TO
AND BLOCKADE OF N. FEMORALIS IN THE DOG

MOZNOSTI PRISTUPU A NASLEDNA BLOKADA
N. FEMORALIS U PSA

D. Mihelié¢, M. Zobundzija, A. Brki¢, V. Gjurcevié-Kantura, A. Slavica, G. Bacic,
Z. Matolek, S. Brozovié

Department of Anatomy, Histology and Embryology, Veterinary Faculty, University
of Zagreb, Republic of Croatia

Clinic of Surgery, Orthopedy and Ophtalmology, Veterinary Faculty, University

of Zagreb, Republic of Croatia

Clinic of Oral Pathology, Dentist Faculty, University of Zagreb, Republic of Croatia

ABSTRACT: The anesthesia (blockade) of canine n. femoralis may be performed either from lumbar or inguinal region. The
insensibility of skin in the medial part of the thigh, tibia and tarsus as well as the akinesia of m. quadriceps femoris are
attained by the anesthesia. The blockade of n. femoralis from the lumbar region often attains n. obturatorius as well. If the
blockade of n. femoralis and n. ischiadicus was performed at the same time, almost all muscles of the hind limb (except m. pectineus,
m. gracilis, m. obturatoris internus and m. adductor) would be inactivateds which may considerably facilitate minor surgical
and postoperative interventions on the canine hind leg. Acces to femoral nerve from lumbar can be recommended because
of better results and easier performance and after the aplication of anesthetic the effect is faster and more efficient. The signs
of the obturator nerve blockade were obtain in some dogs especially in dogs with long legs.

dog; anesthesia; n. femoralis

ABSTRAKT: Anestezii (blokddu) n. femoralis u psa lze provést bud v oblasti lumbdln{ nebo inguindlni. Anestezii docilime
necitlivost kiize v medidlni ¢asti stehna, holené a chodidla jakoz i akineze m. quadriceps femoris. Blokdda n. femoralis
provedend v oblasti lumbdlni ¢asto také zasdhne n. obturatorius. Kdybychom zdroveri provddéli blokddu n. femoralis a n. ischia-
dicus, doslo by ke znehybnéni téméf viech svall zadni konéetiny (s vyjimkou svalG m. pectineus, m. gracilis, m. obturatoris
internus a m. adductor), coz mize do zna¢né miry usnadiovat providéni mensich chirurgickych a pooperacnich zdkrokl na
zadni koncetiné psa. MiZeme doporudit pfistup ke stchennimu nervu v lumbdlni oblasti, protoZe tento zptisob nabizi lep3f
vysledky a snaz§i provedeni zdkroku. Po podini anestetika je jeho ucinek rychlejsi a vy3si. U nékterych pst, zejména u vel-

kych plemen, jsme pozorovali pfiznaky blokddy nervu n. obturatorius.

pes; anestézie; n. femoralis

INTRODUCTION

Canine n. femoralis is formed by junction of ventral
branches of the 4th, Sth and 6th lumbar nerve 1-10 and
others. However, Miller et al. (1964) described the
formation of n. femoralis by junction of ventral
branches of the 4th and 5th lumbar nerve, although it
may include the weak branch of the 3rd lumbar nerve.
Havelka (1975) quotes that n. femoralis was formed
by ventral branches of the 3rd-5th and the 3rd-6th lum-
bar nerve, although the ventral branch of the 4th lumbar
nerve does not always participate in its formation. Betty
(1975) described the formation of the same nerve from
ventral branches of the 4th lumbar nerve, while the
branches of the 3rd and of the 5th nerve were not al-
ways present. According to the branches participating
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in the formation of n. femoralis, Fletcher (1970)
classified such formations as: prefixed (3rd, 4th and 5th
lumbar nerve), medially fixed (4th, Sth and 6th lumbar
nerve) and postfixed (Sth, 6th and 7th lumbar nerve).
These formations appear in the proportion | : 3 : 1.
Canine n. femoralis, formed in a height of the plane
proximal to the junction place of the 6th and 7th lumbar
vertebra bodies, is orientated caudally and laterally
through m. iliopsoas, so that both the muscle and the
nerve come out from the ventral cavity into the lacuna
musculorum. Then the nerve comes out from the mus-
cle forming n. saphenus and splits in two terminal
branches for m. sartorius and m. quadriceps femoris.
The possibility of access and blockade of equine,
bovine and porcine n. ischiadicus in its initial part was
described by Zobundija and Babic¢ (1985),
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Brkic etal (1991a, b, 1992, 1993), Brkic¢ and Mi-
helié¢ (1992). The access to canine, bovine and
equine n. femoralis, namely in view of resections in its
terminal part where the nerve enters in the spatium
femorale, was described by few authors: Worthman
(1957), Voughan (1964), Marolt et al. (1982)
and Constantinescu (1991). No data concerning
the access to n. femoralis, in view of its blockade, could
be found in the available literature. That was the main
reason motivating our investigations of the possibilitics
to approach this nerve from the lumbar and the inguinal
region.

MATERIAL AND METHODS

Before the practical performance, and considering
the possible orientational points, the position of canine
n. femoralis and its anatomic connections were studied
on a compound canine skeleton as well as on dead dogs
in view to reach this nerve. Then the 10% methylenc
blue was applied to the conjectured location of the
nerve on 5 dead dogs. On 5 dogs the origin and location
of femoral nerve was reached by the disscction and
osscous protuberances of exactly site of acces (o the
femoral nerve. The some orientational points of acces
to the femorel nerve were tested on the compound ca-
nine skeleton, too. The location of the nerve and the
place to which the methylene blue had to be applied
were determined by sections so that, finally, the way of
access to the nerve could be precised from lumbal and
inguinal regions. After all, an experimental blockade
of n. femoralis was practised on 12 dogs during 8
weeks by application of 5 ml of 2% xylocain 3 times
a week. All together 288 tests were made. After the
application of 5 ml of 2% xylocain, either from lumbar
or from inguinal region, the appearance and the dura-
tion of anesthesia was controlled as well as the possi-
bility of using the anesthetized limb for standing and
movement.

RESULTS AND DISCUSSION

The access to n. femoralis is possible from the regio
inguinalis (ventral access) and from the regio lumbalis
(dorsal access). In ventral acces to n. femoralis, orien-
tational points were such as: m. pectineus (that can be
well palpated from the medial side of the thigh). m.
iliopsoas (in which the terminal part can be palpated
by the femoral duct), and the femoral duct itself (which
is located cranially from m. pectineus and caudally
from the ending of m. iliopsoas; Fig. 1). The ecasiest
way to find these points is when the dog lies on its back
and if its hind legs are maximally extended, the knee
joint gently flectioned, with a slight abduction of the
hind leg. Following such a procedure, the access to the
regio inguinalis and to the femoral duct is completely
free. The position of nt. pectineus and the beginning of
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the femoral duct being determined by means of palpa-
tion, the beginning of the femoral duct should be cov-
ered by a finger in the place where it can touch the
ventral wall, and then the needle should enter cranio-
laterally along the lateral side of the finger tip about |
c¢m deep reaching the nerve in the place where it comes
out from m. iliopsoas

The first blockade symptoms may be noted 6-8 minu-
tes after the application of S ml of 2% xylocain at the
indicated place. At first a slight knee abduction (Fig. 2)
1s observed and then it progresses, manifesting a com-
bined limping emphasized as the animal supports and
shortens the backward-pace walking with an absolute
insecurity. As to the length of the limb, there are some
differences concerning dog's reactions to the blockade
of n. femoralis. Therefore the dogs were classified as

short-legged, medium-legged and long-legged. The
blockade of n. femoralis from the regio inguinalis was
followed by the most rapid reaction in short-legged
dogs. Such reaction appeared as soon as 6 minutes after
the application of ancsthetics. In these dogs the knee
abduction was more manifest, with a very short phase
in which the dogs did not strain the anesthetized leg
(Fig. 3), and in 15 minutes they were able to lift the

anesthetized leg by means of the crupper musculature

1. Orientational points of acces to the femoral nerve from the ingui-

s

nal area. | — needle-position of m. pectineus, 2 — needle-position of

canalis femoralis, 3 - needle-position of femoral nerve

2. Blockade of n. femoralis simster. Abduction of the knee articulate
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so that they could walk on three legs (Fig. 4). The
canine breeds with medium-long legs reacted slowlier
to the application of anesthetics, and the lifting of the
leg was observed rather late. Long-legged dogs dragged
their limbs as they paced, although sometimes the pas
sive bringing of a leg was not evident, the limping be-
ing emphasized while walking ahead. While sitting the
dogs strained their unancsthetized leg, rather turning

inside out the knee joint and tucking the distal parts of

the anesthetized limb under their body. After standing
up the animals were not able to use the anesthetized
limb. By means of palpation it was stated that, even
35 minutes later, m. quadriceps femoris still conserved
some tonus, the skin being unsensible in the medial part
of the thigh in its proximal and distal half, which was
stated by slightly pricking the skin with a needle.
Blockade symptoms of n. femoralis were slowly disap-
pearing and, 130 minutes after the application of anes-
thetics, the animals could walk with no signs of limp-
ing.

In dorsal access to n. femoralis, 1. ¢. from the flank
region, orientational points were such as: processus spi-
nosus of the 7th lumbar and of the st sacral vertebra
(that can be well palpated in dorsal median plane), cra-

nial edge of the crista iliaca, and processus transversus

3. Unsteadiness in the moving and impossibility of loading leg after
blockade of n. femaoralis

4. Impossibility of loading and lifting left leg after n. femoralis

blockade
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of the 7th lumbar vertebra (Fig. 5). In this way of
application the dog has to lie on its opposite flank. The
processus spinosus of the 7th lumbar and of the Ist
sacral vertebra as well as the crista iliaca may be pal-
pated. An 8 c¢cm long needle penetrates cranio-latero-
ventrally a finger wide medially from the crista iliaca
through the skin, m. longissimus lumborum and m. ilio-
costalis lumborum, reaching the processus transversus
of the 7th lumbar vertebra; then, along its caudal edge
through the ligamentum iliolumbale, from the dorsal
side, it enters into m. iliopsoas a little bit more crania-
lly from the place where n. femoralis is coming out;
and there the anesthetics should be applied.

After the application of anesthetics as described
(1. ¢. 5-8 c¢m deep, which depends on the tallness and
obesity of the animal), the first blockade symptoms of
n. femoralis may be noted 2-3 minutes later as the dog
shows some troubles while pacing and straining the
knee joint. In 6-8 minutes some considerable troubles
in pacing and straining on the anesthetized limb appear
as the animal turns inside out the knee joint and the
upper leg; finally, the animal almost drags the leg
which is rather abductioned and so as if it were ,,escap-
ing" outward (Fig. 6). Such symptoms are particularly
manifest in long-legged dogs (Fig. 6), other symptoms
being the same as in the case of ventral access. In
short-legged dogs straining and pacing troubles appear
rather late, after 6-8 minutes, the blockade symptoms
of n. femoralis being less manifest. Although some pa-
cing troubles and straining on the leg in which the
nerve blockade was performed are equally evident in
short-legged canine breeds, it seems that such breeds
are able to compensate this handicap. The abduction of
knee joint is well manifest although the limb is less
abducted and it does not ,,escape" so laterally as in long-
-legged dogs. In this access, like in the previous one,
the symptoms gradually disappear so that, 130 minutes
after the application of 5 ml of 2% xylocain, the ani-
mals are able to walk with no signs of limping.

When n. femoralis was reached from the flank re-
gion at the level of the 6th and 7th lumbar vertebra,
about 5 cm deep, 5 minutes after the application of
anesthetics some troubles in pacing and in straining of
the treated leg appeared indicating certain weakness of
the knee joint, and soon they were manifesting a com-
bined limping emphasized while walking ahead. A total
impossibility of using the limb for standing and move-
ment appeared some 8 minutes after the application of
anesthetics, and very so on the animal was not able to
use neither the limb on the opposite side of the body.
The symptoms were such as if the blockade were
doubly applied to both n. femoralis (Fig. 7). About
10 minutes after the application of anesthetics, the ani-
mal was unable to control its hind legs, its tail muscles
being without tonus and the anus was opened as in the
case of epidural anesthesia.

When n. femoralis was reached from the inguinal
region, dogs reacted slowlier to anesthetics. Short-le-
gged dogs could compensate their limping by lifting
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5. Orientational points of acces to the femoral nerve from the lumbar
arca. | — needle-proceessus spinosus of 7th lumbal vertebra, 2

needle-proceessus spinosus Ist sacral vertebra, 3 — needle-cramal

margin of crista iliaca, 4 - needle-acces to the femoral nerve

6. Blockade of n. femoralis simster from lumbar region. Impediment

in stepping forward and loading leg with very outstanding abduction

7. Impossibility of using back legs after too medial and superficial

approach to the n. femoralis sinister

the limb by means of its thigh and crupper muscles, so
they walked on three legs. Medium-legged canine breeds
present rather late the blockade symptoms of n. femora
lis, at the same time as they lift their leg. Long-legged
canine breeds often drag the limb emphasizing their
limping while walking ahead, because for a while their
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thigh and crupper muscles are not probably strong
enough to lift and sustain a big mass of their leg in this
position. This can be explained by the length of their
legs and. consequently. by an elevated gravity centre.
In short-legged canine breeds the gravity centre is near
the ground, so that for them it i1s more casy to compen-
sate a temporary loss of one of their supports. On the
contrary, in long-legged canine breeds the gravity cen
tre being higher, therefore their walk is not sure, so that
the swerving of the rear part of their body is more
pronounced (Cermak ctal, 1972 and Getty, 1975).

The tonus ol m. quadriceps femoris was perceptible
even 35 minutes after the application of anesthetics
We suppose that it is due to the construction and the
position of this muscle, because m. quadriceps femoris
pertains to a group of statodynamic muscles that,
owing to the inserted connective tissue, never lose
completely their tonus (Klimov. 1947).

In the access to n. femoralis from the flank region,
the insensibility of skin and the limping that are due to
anesthetics appear carlier and more intensively in long-
-legged than in short-legged dogs. Namely, the access
from the nguinal region cannot count with any fixed
orientational point on the basis of which one might
know for sure whether n. femoralis is actually reached.
So, if the anesthetic 1s applied rather far from the nerve,
the anesthetic needs more time to reach n. femoralis
through m. iliopsoas in which it is enveloped.

A stronger abduction, 1. e. the turning inside out of
the knee joint and of a hind leg, after the application
of anesthetics through the lumbar region, especially in

long-legged canine breeds, is probably due to the fact

that n. obturatorius might be partly reached as well. N.
obturatorius is formed by ventral branches of the same
lumbar nerves as n. femoralis, being dominant the ven-
tral branch of the 6th lumbar nerve. We think that some
fibres from the cranial part of plexus (4th and 5th lum-
bar nerves) which participate in the forming of n. ob-
turatorins may be alfected by anesthetics, namely be
cause in long-legged canine breeds ventral roots are
more oblique and they are orientated ventro-caudally.

while in short-legged breeds they are vertical so that n

femoralis is formed more cranially within m. iliopsoas.

Such a conclusion is indicated by some symptoms ob-
served in a bitch of Labrador breed that, after the ap-
plication of anesthetics, presented signs of blockade of
her n. femoralis and n. obturatorius. After the euthana-
sia, the dissection showed that n. obturatorius was
formed by the ventral roots of the 4th, 5th and 6th
lumbar nerve more cranially and more ventrally than in
other dissected L]U;_'\

We observed that, in lumbar access, out of function
actually remain all muscles enervated by n. obturato-
rius as well as the regions enervated by n. saphenus,
i. ¢. a superficial branch of the femoral nerve setting
apart distally from the place in which n. femoralis can
be reached.

During the effect of the anesthetic, the symptoms

were very similar to those described after the resection
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of bovine, equine and canine n. femoralis and n.
saphenus (Worthman, 1957; Voughan, 1964;
Marolt et al, 1982). The symptoms partly concord
with the descriptions of the authors that have per-
formed the blockade of n. saphenus (Westhues and
Fritsch, 1960; Magda, 1960; De Lahunta and
Habel, 1986).

In one case, in which we were not able to determine
exactly the orientational points, the access to n. femo-
ralis from the lumbar region presented the symptoms
that were alike to those that may appear when an
epidural anesthesia is applied; however, n. femoralis
was approached more cranially and more medially and,
what is even more important, the reach within m. iliop-
soas was too shallow. According to our opinion the
acces from lumbar area is simpler and more secure
because of the osscous orientational points and faster
beginning of anesthesia then from the inguinal area.
Acces from inguinal area is more difficult since all the
orientational points are made of soft tissue and become
of that the needle could go to the wrong direction and
miss the nerve.
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USTREDNI ZEMEDELSKA A LESNICKA KNIHOVNA,
PRAHA 2, SLEZSKA 7

Ustiedni zeméd@lska a lesnickd knihovna v Praze (ddle jen UZLK), kierd je jednou z nejvétsich zemédélskych
knihoven na svété, byla zaloZena v roce 1926. Jiz od pocitku §lo o knihovnu vefejnou. Knihovna v soucasné dobé
obsahuje vice nez jeden milion svazki knih, cestovnich zprav, dizertaci, literatury FAO, svizanych rocnikd Casopisi
z oblasti zemédélstvi, lesnictvi, veterindrni mediciny, ekologie a dalSich oborii. V letoSnim roce knihovna odebird
750 tituli domidcich a zahranicnich casopisti. Informaéni prameny ziskané do fondu jsou v UZLK zpracoviviny do
systému katalogi — je budovdn jmenny katalog a predmétovy katalog jako zdkladni katalogy knihovny a ddle rizné
specidlni katalogy a kartotéky. Pocitkem roku 1994 piistoupila UZLK k automatizovanému zpracovini knihovniho
fondu v systému CDS/ISIS.

Pro informaci uZivateli o novych informaénich pramenech ve fondech UZLK zpracovivi a vydivi knihovna nésle-
dujici publikace: Piehled novinek ve fondu UZLK, Seznam Casopisti objednanych UZLK, Piehled resersi a tematickych
bibliografii z oboru zemédélstvi, lesnictvi a potravinaistvi, AGROFIRM — zpravodaj o piirtsteich firemni literatury (je
distribuovédn na disketach).

V oblasti mezindrodni vymény publikaci knihovna spolupracuje s 1 200 partnery ze 60 zemi svéta. Knihovna je
¢lenem TAALD - mezindrodni asociace zemédélskych knihovniki. Od zdii 1991 je ¢lenem mezindrodni sité zemédél-
skych knihoven AGLINET a od 1. 1. 1994 je depozitni knihovnou materidli FAO pro Ceskou republiku

Knihovna poskytuje svym uZivatelim nésledujici sluzby:

Vypujéni sluzby

Vypujéni sluzby jsou poskytovany viem uzivatelim po zaplaceni roc¢niho registracniho poplatku. Mimoprazsti
uZivatelé mohou vyuZit moznosti meziknihovni vypujéni sluzby. Vzicné publikace a casopisy se vSak pljéuji pouze
prezenéné.

Reprografické sluzby

Knihovna zabezpecuje pro své uzivatele zhotovovini kopit obsaht casopisii a nisledné kopie vybranych ¢lanki. Na
poc¢kdni jsou zhotovovény kopie na pfani uZzivateli. Pro prazské a mimoprazské uzivatele jsou zabezpecovdny tzv.
individudlni reprosluzby.

Sluzby 7 automatizovaného systému firemni literatury

Jsou poskytoviny z databdze firemni literatury, kterd obsahuje téméf 13 000 ziznamt 1 700 firem.

Referenéni sluzby

Knihovna poskytuje referenéni sluzby vlastnich databazi kniznich novinek. odebiranych casopist, reSersi a tematic-
kych bibliografif, védeckotechnickych akcf, firemnf literatury, videotéky, ddle z databdzi prevzatych — Celostdtni evi-
dence zahrani¢nich casopist, bibliografickych databizi CAB a Current Contents. Cilem je podat informace nejen
o informacnich pramenech ve fondech UZLK, ale i jiné informace zajimajici zemédélskou vefejnost.

Puajcovani videokazet

V AGROVIDEU UZLK jsou k dispozici videokazety s tematikou zemédélstvi, ochrany Zivotniho prostiedi a pfi-
buznych obori. Videokazety zasili AGROVIDEO mimoprazskym zdjemciim postou.

Uzivatelim knihovny slouZi dvé studovny — vieobecni studovna a studovna ¢asopisti. Obé studovny jsou vybaveny
pfiruckovou literaturou. Ctenafi zde maji volny piistup k novinkdm piiristkd knihovniho fondu UZLK.

Adresa knihovny:
Ustiedni zemédélska a lesnickd knihovna
Slezskd 7
120 56 Praha 2

Vypijéni doba:
pondéli, ttery, ¢tvrtek: 9.00-16.30
stieda 9.00-18.00
pitek 9.00-13.00
Telefonické informace:
vedouci: 252392
referenéni sluzby: 25 90 96, 25 75 41/linka 520
Casopisy: 253225
vypujcni sluzby: 2575 41/linka 415
meziknihovni vypujéni sluzby: 25 75 41/linka 304
Fax: 2570 90

E-mail: THOCH @uzpi.agric.cz
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IMPORTANCE OF FLIES (DIPTERA - BRACHYCERA)
IN THE DISTRIBUTION OF HELMINTH EGGS
FROM MUNICIPAL SEWAGE TREATMENT PLANTS

VYZNAM MUCH (DIPTERA — BRACHYCERA) PRI SIRENI VAJICOK
HELMINTOV Z CISTIARENSKYCH KALOV*

P. Juris, L. Vilagiova, P. Plachy
Parasitological Institute of the Slovak Academy of Sciences, KoSice, Slovak Republic

ABSTRACT: Screenings were carried out in four mechanico-biological municipal wastewater treatment plants in two clima-
tico-geographic regions of Slovakia (submontane region: Levoca, Poprad and Tatranskd Lomnica, lowland region: Michalov-
ce). Ovoscopical studies traced the occurrence of helminth eggs in stabilized sludges in sludge beds. The flies (Diptera -
Brachycera) are considered as potencial biological vectors of helminth eggs. The stabilized sludges in sludge beds showed
the presence of a wide range of helminth eggs Ascaris sp. 0-184 spec. Hymenolepis sp. 0-5 spec. Toxocara sp. 0-17 spec.
Taenia sp. 0-2 spec. Trichuris sp. 0-17 spec. a Capillaria sp. 0-4 spec./100 g of sample dry matter. In the areas of four
sewage treatment plants 461 fly specimens (358 females, 103 males) were captured, belonging to 31 species. On three
specimens of Protophormia terracnovae cctoparasites (mites) were detected. No eggs were found on the body surface of the
flies.

helminth eggs; flies (Diptera — Brachycera); epidemiology; municipal wastewater plants

ABSTRAKT: V ramci depistdznych vySetreni sme na Styroch mechanicko-biologickych isti¢kdch komundlnych odpadovych vaod
(COV) z dvoch klimaticko-geografickych oblasti Slovenska (podhorsk4 oblast: Levoca, Poprad a Tatranskd Lomnica; niZinnd
oblast: Michalovee) ovoskopicky zistovali vyskyt vajicok helmintov v stabilizovanych kaloch na kalovych poliach a vyskyt
mich (Diptera — Brachycera) ako potencidlnych prendSacov vaji¢ok helmintov. V stabilizovanych kaloch z kalovych poli
sme zistovali Siroku Skdlu vajicok helmintov (Ascaris sp. 0-184 ex., Hymenolepis sp. 0-5 ex., Toxocara sp. 0-17 ex., Taenia
sp. 0=2 ex., Trichuris sp. 017 ex. a Capillaria sp. 0-4 ex. v 100 g sudiny vzorky). V aredloch Styroch COV sme odchytili
461 jedincov mich (358 samiciek, 103 samcekov) patriacich k 31 druhom. Na troch jedincoch Protophormia terraenovae
sme nasli ektoparazitov (roztoce). Vyskyt vajicok helmintov na povrchu tela odchytenych mich sme nezaznamenali.

vajitka helmintov; muchy (Diptera — Brachycera); epizootolégia; komundlne Cisticky; odpadové vody

UvVoD

Zvyseny hygienicko-epidemiologeky zdujem o dvoj-
kridly hmyz vyplyva zo zndmeho faktu, Ze muchy si
biologickymi vektormi povodcov mnohych infekénych
ochoreni ¢loveka i domdcich zvierat (Daniel a i,
1989; Sramovi ai., 1992).

Je vSeobecne zname, Ze na organicky znecistenych
miestach, ako sd kanalizdcie, latriny, sklidky domové-
ho odpadu, hnojiskd, okolie fariem hospodarskych zvie-
rat, mastalné priestory, kafilérie, okolie Cisti¢ick odpa-
dovych vad ap. je spravidla vysoky vyskyt mich. Tu
sa siCasne vyskytuje mnozstvo roznych pdvodcov in-
fekénych ochoreni. Na zna¢nid mikrobidlnu a parazitdr-
nu kontamindciu komundlnych odpadovych vad, kalo-
vych poli, ale aj pevnych resp. tekutych odpadov
z fariem hospodirskych zvierat, ako obligdtnych stano-

vi§t mich, sme spolu s inymi autormi poukdzali vo
viacerych publikdcidch (Juri§ ai., 1991; Hordk,
1992; Venglovsky ai., 1992; Plachy a Ju-
ri§, 1994; Ondrasovic ai, 1994; Novdk ai,
1994 a inf).

Nas vyskum sme sustredili na problematiku epide-
miologického vyznamu mich (Diptera — Brachycera)
pri prenose vajiCok parazitickych ¢ervov z kalovych po-
Ii pri komundlnych Cistiarniach odpadovych vad.

MATERIAL A METODY

Cistiarenské kaly o hmotnosti 100 g (priemernd vzor-
ka z kalového pola — 1 000 g) sme vySetrovali metédou
podla Cerepanova (1982), ktord je modifikdciou
motédy podfa Romanenka (1968). Metéda je za-
loZend na principe sedimentdcie a flotdcie nasytenym

* Vysledky boli ziskané pri rieSeni grantu 2/2078/95 Grantovej agentiry pre vedu.
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roztokom sacharézy mernej hmotnosti 1,30. Vyflotova-
né vajicka helmintov sme zachytdvali na sklenu plat-
ni¢ku s rozmermi 5 x 5 ¢cm a diagnostikovali pomocou
svetelného mikroskopu.

Odchyt dvojkridlovcov v aredloch komundlnych ¢is-
tiarni odpadovych vod sme vykondvali za slne¢ného
pocasia a bezvetria v ¢ase ich maximdlneho vyskytu
v mesiacoch jul a august. Odchyt sme vykondvali dvo-
jakym spdsobom, na ndvnady a do entomologickych
sieti. Muchy boli usmrcované éterom, kazdy jedinec
bol deterimnovany pod mikroskopom a prehliadnuty na
pritomnost’ vajicok helmintov na povrchu tela.

VYSLEDKY

Vysledky vySetreni kontamindcie kalovych poli va-
jickami helmintov su uvedené v obr. 1. Vo vySetrova-
nych vzorkdach sa vyskytovali vajicka nasledovnych
rodov resp. druhov: Ascaris sp., Toxocara sp., Hyme-
nolepis sp., a Trichuris sp. v intenzite od 0-184 ex.
v 100 g susiny kalu.

V okoli kalovych poli pri komundlnych Cistiarniach
odpadovych vod sme odchytili 461 jedincov (358 sa-
mic¢iek a 103 samcekov) dvojkridlovecov (Diptera — Bra-
chycera) patriacich do 10 celadi a 31 druhov. Ich kva-
litativne a kvantitativne zastipenie je uvedené v tab. 1.

V odchytenom sibore much si dominatne zastipené
jedince z celade Muscidae, Calliphoridae a Sarcopha-
gidae. Vyskytli sa tu aj zdstupcovia patriaci do syste-
maticky nizsich Celadi, ako si Psychodidae, Syrphidae,

Priemerny pofet v 100 g suSiny kalu
Average number per 100 g of dried sludge

Ulidiidae a Anthomyiidae. Z. celade Muscidae sa vyskytli
okrem cusynantropnej Musca domestica aj dalSic dve
pastviskové synbovilné druhy (M. autumnalis, M. osi-
ris). Zastupcovia rodu Muscina sa vyskytuji volne
v prirode. Druh Muscina stabulas je vSak eusynantrop-
ny, zaletujici az do Tudskych obydli. Ostatné dva druhy
(M. levida, M. prolapsa) si hemisynantropné. Do Celade
Muscidae patri aj rod Hydrotaea, Ktory bol v naSom su-
bore zastipeny druhmi H. dentipes, H. floccosa, H. me-
teorica. Z. Celade Sarcophagidae reprezentovanej piatimi
druhmi je najzndmejSia Sarcophaga carnaria (misiarka
obyc¢ajnd). V odchytenom stibore mich mal z aspektu hy-
gieny a epidemioldgie najvicsi vyznam druh Lucilia seri-
cata, ktory sa tu vyskytol aj v najviacsom pocte.

U troch jedincov druhu Protophormia terraenovae
sme na ich povrchu (v oblasti abdomena) zistili rozto-
e. I8lo o nymfy — Sestnohé vyvinové §tadid roztocov,
ktoré vyhladdvaji muchy. Tie im zabezpecuji daflSie
rozsirovanie sa v prirode. Vyskyt roztoCov na synan-
tropnych muchdch nie je ¢astym javom, ddva sa vSak
do savislosti s ich synantropizdciou. Vajicka helmitov,
ktoré¢ sme pravidelne diagnostikovali vo vzorkich sta-
bilizovanych kalov z kalovych poli, sa na povrchu tela
odchytenych mich nezitili.

DISKUSIA
Ulohou vyskumu bolo zistit stupedi kontamindcie ka-

lovych poli vajickami helmintov a ur€it zloZenie popu-
licie mich v aredloch sledovanych COV, v suvislosti

: : — Ascaris spp.

W/ — Hymenolepis spp.
— Tt a spp.

— Taenia spp.

— Trichuris spp.

) . : ¢ : % — — Capillaria spp.
Mi Pp Le TL

MIi Michalovoe.
Pp Poprad, Le Levoca, TL T.Lomnlica

1. Vajicka helmintov v stabilizovanych kaloch — Helminth eggs in stabilized sludges

290

Vel. Med. = Czech, 40, 1995 (9): 289-292



I. Kvalitativne a kvantitativne zastipenie Diprera — Brachycera
v odchytenom sibore mich - Qualitative and quantitative represen-
tation of Diptera — Brachycera in a group of captured flies

Druhy mich! Pl
samicky’ [ sameeky?

Psychodidae 7 4

Syrphidae

Eristalis tenax (Linné, 1758) |

Eumeris sp. 1

Ulidiidae

Phystophora demandata (Fallén, 1817) 22

Biophilidae

Parapiophila vulgaris (Fallén, 1820) 2

Anthomyiidae

Delia sp. 3

Anthomyiidae spp. 12 2

Fanniidae

Fannia canicularis (Linné, 1761) 10

Fannia manicata (Meigen, 1826) 6

Muscidae

Musca domestica (Linné, 1758) 24 7

Musca autumnalis (Le Geer, 1776) 6

Musca osiris (Wiedermann, 1830) |

Muscina stabulans (Fallén, 1817) 7

Muscina prolapsa (Harris, 1780) 2

Muscina levida (Harris, 1780) |

Hydrotaea ignava (Harris, 1780) 3

Hydrotaea dentipes (Fabricius, 1805) 13

Hydrotaea meteorica (Linné, 1758) 17 2

Hydrotaea floccosa (Macquart, 1835) 20

Calliphoridace

Lucilia sericata (Meigen, 1826) 140 41

Lucilia caesar (Linné, 1758) 16 13

Lucilia silvarum (Meigen, 1826) |

Calliphora vicina (Robineau-Désvoidy, | 4

1830)

Cynomia mortuorum (Linné, 1761) 1

Pollenia rudis (Fabricius, 1794) 17

Phormia regina (Meigen, 1826) 2

Pmmp'hnnniu terraenovae (Robineau- 21 |

Désvoidy, 1830)

Sarcophagidae

Helicophagella melanura (Meigen, %

1826)

Helicophagella sp. 1

Parasarcophaga albiceps (Meigen, |

1826)

Sarcophaga carnaria (Linné, 1758) 3

Sarcophaginae gen. sp. 10 6

Tachinidae S

Spolu® 358 103

w g I 5
]ﬂy species, “number, “females, "mulcs. “total
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s ich epidemiologickym vyznamom pri Sireni helmin-
16z v Zivotnom prostredi. Pri zostavovani vysSie uve-
deného ciela price sme vychddzali z viacerych literdr-
nych ddajov. Zaujimavé st informdcie Rosického
ai. (1994) o dlohe synantropnych mich v epidemiolo-
gii. Autori uvddzju, Ze na prenose salmonel z hnojisk,
fekdlif a roznych organickych odpadov sa podielaji
exofilné, fakultativne endofiiné a obligitne endofilné
formy synantropnych mich. Sdcasne vSak upozoriuje
na problém nizkej populagnej hustoty synantropnych
mich a na otdzku schopnosti transportu dostato¢ného
mnoZzstva salmonel, ktoré je potrebné k vyvolaniu in-
fekcie. Na nutnost vykonania tohto prieskumu nds
okrem inych informacnych zdrojov upozornila citicia
vyssie uvedenych autorov. Uvadza sa tu tiez, ze synan-
tropné muchy prendSaji pévodcov infekénych, ale aj
parazitdrnych ochoreni.

Z ndsho prieskumu vyplynulo, Ze v siibore 461 je-
dincov miich z aredlov COV sme na ich povrchu nezis-
tili vyskyt vajicok helmintov. Najmi hrubostenné va-
ji¢ka parazitickych nematédoV, ktoré sme v kalovych
poliach pravidelne diagnostikovali (Ascaris sp., Toxo-
cara sp. a pod.) maji schopnost prichytdvat sa svojim
bielkovinovym obalom. N4S$ negativny ndlez vSak ne-
vyluéuje moznost mechanického prenosu vajicok geo-
helmintov pomocou biologickych vektorov. Odchyty
miuch sa vykondvali v letnom obdobi, kedy vplyvom
vysokych teplot dochdadzalo k rychlemu vysuSovaniu
kalovych poli. Na ich povrchu sa potom vytvirala kora,
ktora zabranovala mechanickému prenosu vajicok.
Dal$im z faktorov prenosu je stupeni kontamindcie ka-
lového pola vajickami helmintov.

Prenos vajicok helmintov v Zivotnom prostredi
prostrednictvom miich sa méZe uskuto&iiovat aj po vy-
skladneni organickych zvySkov kalového pola. Pla-
chy a Juri§ (1995) uvadzajui, Ze niektoré vajicka
helmintov sa vyznacuji vysokou tenacitou (Ascaris sp.)
aj v prostredi kalovych poli. Aj po 320 diioch tu preZi-
va viac ako 36 % vajicok. Hygienicko-epidemiologic-
ky problém moZe vzniknit vtedy, ak sa organickd hmo-
ta kalovych poli kontaminovand vajickami helmintov
pouziva v polnohospodarskej krajine k hnojnym tce-
lom uZ po kritkom case (asi $est mesiacov).

Vysledky nasho vyskumu nevylucuji moznost me-
chanického prenosu vajicok geohelmintov muchami.
Sucasne vSak nepredpokladime, Ze by synantropné mu-
chy hrali vyznamnii dlohu pri §ireni geohelmintéz v Zi-
votnom prostredi. Z aspektu parazitologického niektoré
druhy mich zistené i v naSom sibore (Musca autum-
nalis, M. osiris) maji dolezity vyznam pri Sireni bio-
helmintézy — telaziézy u hovidzieho dobytka (Thelazia
rhodest, T. gulosa, T. skrjabini) (Vilagiova, 1969;
Corba, 1969, 1970).

V odchytnom sibore miich boli zastipené aj menej
vyznamné, druhy z pohladu hygieny a epidemioldgie.
Napriklad druhy Hydrotaea dentipes, H. floccosa, H.
meteorica sa podla nadich zisteni vyskytuji na pastvis-
kdch, kde vyhladdvaju hovidzi dobytok, ale nemaju
VAcsi epizootologicky vyznam.
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Z hladiska schopnosti prenzi§al"palogénne mikroby
si velmi nebezpecné najma druhy Lucilia sericata, L.
ceasar, Musca domestica, Calliphora vicina, Fannia
canicularis a Muscina stabulans. Z nich boli izolované
rdzne patogénne resp. podmienecne patogénne mikréby
ako napr. E. coli, salmonely, stafylokoky, streptokoky.
pneumokoky a pod. (Gregor a Povolny, 1961).

Pod’akovanie

Dakujeme Ing. Dr. Frantiskovi Gregorovi, CSc.
za determindciu niektorych druhov mdch.
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EFFECT OF FATTY ACID COMPOSITION, CADMIUM
AND VITAMIN E INTAKE ON PROOXIDATIVE-ANTIOXIDATIVE
STATE OF RAT LIVER

VPLYV ZLOZENIA MASTNYCH KYSELIN, PRIJMU KADMIA
A VITAMINU E NA PROOXIDACNO-ANTIOXIDACNY STAV PECENE
POTKANOV

M. Krajcovicova-Kudlackova, L. Ozdin
Research Institute of Nutrition, Bratislava, Slovak Republic

ABSTRACT: The effect of cadmium intake (100 pg/kg body weight/day as cadmium chloride over a period of three months)
on the prooxidative-antioxidative state of liver was studied in 30 days old weaned male rats. Animals were fed a nutritionally
balanced lacto-vegetable diet containing high-quality amino acid mixture (casein + gluten 1 : 1), lipids in form of either pork
fat PF (% of polyunsaturated fatty acids PUFA = 11.9; unsaturation index Ul = 72), margarine MA (% PUFA = 21.9; Ul =
98), or soybean oil SO (% PUFA = 61.2; Ul = 156) and vitamin E at amount of 60 mg/kg of food (groups PF, PF + Cd,
MA, MA + Cd, SO, SO + Cd) or 600 mg (groups PF + Cd + E, MA + Cd + E, SO + Cd + E) in form of a-tocopheryl acetate.
The following parameters were measured: conjugated dienes of fatty acids (CD), activities of superoxide dismutase (SOD),
catalase (CAT) (as relative generation of H,0,) and glutathione peroxidase (GSH-Px). A direct relation between lipoperoxi-
dation values and unsaturation index of lipids was found both in spontaneous (PF, MA, SO - control) and cadmium-induced
generation of free oxygen radicals. Cadmium intake resulted in a disbalance in prooxidative-antioxidative processes which
was manifested in a significant increase of CD in all fat sources (the degree of increase was directly proportional to Ul and
PUFA), in similar values of relative H,O, generation and in a nonsignificant increase of GSH-Px in animals with most
developed lipoperoxidation (SO). A tenfold increase in the administered dose of vitamin E restored a prooxidative-antioxi-
dative equilibrium disturbed by cadmium intake in the liver of rats fed the diet with animal fat (PF + Cd + E) and margarine
(MA + Cd + E) (reduction of CD to the level of control groups, decrease of relative generation of H,0, - significant in MA).
In animals fed with soybean oil, a vitamin E — induced reduction of CD was significantly over the control level simultancously
with significant stimulation of GSH-Px activity. No changes in H,0, generation together with CD levels and GSH-Px activity
indicated that a synergic effect of several antioxidants is essential in the case of high lipoperoxidation. Presented results are important
with respect to possible control or regulation of the equilibrium between prooxidative and antioxidative processes by nutrition.

cadmium; vitamin E; pork fat; margarine; soybean oil; young rats; liver; conjugated dienes of fatty acids; superoxide
dismutase; catalase; glutathione peroxidase

ABSTRAKT: Na odstavenych potkanoch, samcoch, veku 30 dni sa Studoval 3-mesacny vplyv prijmu kadmia (100 pg/kg
telesnej hmotnosti/den; ako chlorid kademnaty) na prooxidacno-antioxida¢éné parametre v peceni. V podmienkach na Ziviny
vyvédzenej mlie¢no-rastlinnej potravy s kvalitnou aminokyselinovou zmesou (kazein + glutén | : 1), so zdrojom tukov
bravcovd mast PF (% polynenasytenych mastnych kyselin PUFA = 11,9; index nenasytenosti Ul = 72), margarin MA (%
PUFA = 21,9; UI = 98), s6jovy olej SO (% PUFA = 61,2; Ul = 156) a prijmom vitaminu E 60 mg/kg potravy (skupiny PF,
PF + Cd, MA, MA + Cd, SO, SO + Cd) a 600 mg E (vo forme a-tokoferolacetdtu)/kg (skupiny PF + Cd + E, MA + Cd +
E, SO + Cd + E). Boli merané: konjugovavané diény mastnych kyselin CD, aktivita superoxiddismutdzy SOD, kataldzy CAT
(relativna tvorba H,0,) a glutatiénperoxidizy GSH-Px. Zistila sa priama zdvislost hodnét lipoperoxidécie na indexe nenasy-
tenosti tukov u spontinnej (PF, MA, SO) aj kadmiom indukovanej tvorby volnych kyslikovych radikdlov. Prijem kadmia mal
za ndsledok vznik nerovnovihy v prooxidac¢no-antioxida¢nych pochodoch v zmysle vyznamného zvySenia CD u vietkych
tukovych zdrojov (miera zvy3enia priamo timernd Ul a PUFA), rovnakych hodndt relativnej tvorby H,O, a nevyznamného
ndrastu aktivity GSH-Px u najviac rozvinutej lipoperoxiddcie (SO). Desatndsobny prijem vitaminu E upravil vplyvom kadmia
naruent prooxida¢no-antioxida¢ni rovnovihu v peceni potkanov kimenych Zivo¢isnym (PF + Cd + E) a stuZenym (MA +
Cd + E) tukom (pokles CD na troveii kontroly, pokles relativnej tvorby H,O, — u MA vyznamny). U zvierat na s6jovom
oleji bol pokles CD vplyvom poddvaného vitaminu E vyznamne nad drover kontroly pri vyznamne zvysenej aktivite GSH-Px.
Nezmenend relativna tvorba H,0, poukazuje spolu s hodnotami CD a GSH-Px, Ze u vysokej miery lipoperoxidicic je
potrebné synergické posobeme viacerych antioxidantov. Vysledky st vyznamné z hladiska moZnosti nutricného ovplyvnenia
resp. reguldcie rovnovidhy prooxida¢no-antioxidaénych pochodov.

kadmium; vitamin E; bravcovd mast; margarin; sGjovy olej: rastice potkany; pecef; konjugované diény mastnych kyselin;
superoxiddismutiza; kataldza; glutationperoxidiza
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INTRODUCTION

Vegetarian nutrition can eventually impose certain
health risk related to cadmium intake. Cadmium accu-
mulates in outer grain layers. By consuming products
consisting of coarse-ground flour, vegetarians can be
exposed to a risk of ingestion of deleterious amounts
of this metal ion (Dwyer, 1988). Cadmium is one of
the factors involved in generation of free oxygen radi-
cals (Halliwell and Gutteridge, 1984; Mis-
ra et al., 1990).

Reactive products of oxygen metabolism and toxic
products of lipoperoxidation generated by their activity
play a role in the ctiology of several age-related disor-
ders and diseases, like cardiovascular diseases (Gey,
1989, 1992, 1993), oncological diseases (Sun, 1990;
Stiahelin et al., 1989), diabetes and others (Sies,
1991). Vegetarian nutrition is characterized by higher
intake of polyunsaturated fatty acids resulting in higher
plasma levels (Krajéovicdovd-Kudlic¢kova et
al., 1994a, 1995a) and these substances are particularly
sensitive to an attack by free oxygen radicals.

The control over the levels of toxic intermediates of
oxygen metabolism is provided by protective mecha-
nisms that include antioxidant enzymes, non-essential
endogenous antioxidants and essential radical scaven-
gers (Sun, 1990; Sies, 1991). The group of essential
antioxidants consists of vitamin E, B-carotene, vitamin
A and vitamin C (Frei, 1991; di Macio et al,
1991).

In the study presented here we investigated a pro-
oxidative-antioxidative state of rat liver. Cadmium in-
take and lipid content in a balanced lacto-vegetable fo-
od with diverse unsaturation index and different
content of polyunsaturated fatty acids is analogous to
the situation in vegetarian nutrition. Increased intake of
an antioxidant (10-fold increase of vitamin E over the
control group) is also similar to the situation of vege-
tarians (Krajc¢ovicovd-Kudlickova ct al,
1994b). Conjugated dienes of fatty acids (the first pro-
duct of lipoperoxidation) were estimated as the prooxi-
dative parameter and relative generation of H,0, (ac-
tivity of superoxide dismutase SOD/activity of catalase
CAT) and the activity of glutathione peroxidase GSH-
Px were chosen as indicators of the antioxidant enzyme
status.

MATERIAL AND METHODS

The experiment was started on male rats (Wistar
strain, breeding station Velaz, Praha) of the initial age
30 days and body weight 66 + 6 g. Animals were fed
for 90 days a diet with optimal nutrient composition
(Krajcovicovda-Kudldac¢kovd, 1990). A com-
bination of vegetable and animal (milk) nutrition was
provided by a 1 : | mixture of animal milk protein
concentrate (casein) and wheat proteins (gluten) in an
optimal protein dosage (NR C, 1978; standard labora-
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tory diet). Calculation of the optimal dosage of gluten
relative to cascin was described by Krajcovico -
vi-Kudlackova and Ozdin (1993). Amino acid
mixture in gluten and casein (1 : 1) had a high biolo-
gical value (BVp = 83) and a high amino acid score of
the limiting amino acid AS (Met + Cys/2) =69 (Kraj -
¢ovicovi-Kudldic¢kovda and Bobek, 1994).
Following ingredients were used as fat sources: pork
fat PF (unsaturation index UI =72, content of polyun-
saturated fatty acids PUFA = 11.9), margarine MA (Ul
= 98, PUFA = 21.9) and soybean oil SO (UI = 156,
PUFA = 61.2) — Tab. I. Saccharose and wheat starch
(1 :6.2) were used as carbohydrate sources. Composi-
tion of the diet was as follows (in g/kg): casein 60,
gluten 90, fat 120, saccharides 500, mincral salt mixture
40, agar 190. A standard vitamin mixture was added to
the diet just before the daily administration to the ani-
mals.

Each experimental group consisted of 8 animals.
The control groups were fed a diet with PF, MA or SO
as a lipid source and were labelled as PF, MA, SO.
Other groups (PF + Cd, MA + Cd, SO + Cd) received
daily 100 pg of cadmium per kg of body weight in form
of cadmium chloride dissolved in a small volume of

I. Composition of dictary fats

| g/loog PF MA SO
Total lipids w7 | s20 99.9
Triacylglycerols 99.2 814 99.2
Phospholipids 0.33 - -
B-sitosterol - 0.04 0.30
Cholesterol 0.10 - -
Fatty acids 95.8 78.1 949
% of total fatty acids
10:0 0.1 traces -
12:0 0.6 traces
14:0 1.4 0.4 traces
16 : 0 253 12.1 10.6
18:0 13.0 9.2 4.0
20:0 0.8 1.4 0.6
22:0 - 0.3 0.5
16 : 1 2.6 1.2 0.2
18:1 434 51.9 21.2
20: 1 - 1.3 0.6
22% 1 - traces -
18:2 10.0 20.7 53.6
18:3 1.4 - 7.6
2042 - 1.2 1.8
20: 4 0.5 - -
Saturated 41.2 234 15.7
Monounsaturated 46.0 54.4 22.0
Polyunsaturated 11.9 21.9 61.2
Polyunsaturated/saturated 0.26 0.94 3.90
Unsaturation index 72 98 156

PF = pork fat, MA = margarine, SO = soybean oil
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drinking water. Drinking water was filled up when cad-
mium solution was consumed. The third group (PF +
Cd + E, MA + Cd + E, SO + Cd + E) received in the
diet a higher dose of vitamin E in addition to cadmium
(100 pg/kg of body weight). Normal dose of vitamin E
for the control and cadmium groups was 60 mg (in
form of a-tocopheryl acetate) per kg of diet with each
fat source; groups with higher vitamin E intake were
fed a diet fortified with 600 mg of vitamin E/kg (Mur -
ray, 1991).

Animals were kept individually in cages with mesh
floor. All regulations for animal breeding were follo-
wed. Consumption of food was controlled daily and
body weight was determined every week. Food and
waler were administered ad libitum, except of the last
day of experiment when the animals were fasted for
16 hours before decapitation.

After decapitation of animals, liver was withdrawn,
chilled quickly and samples were taken for the estima-
tion of lipoperoxidation and of the antioxidant enzyme
activities. Conjugated dienes of fatty acids CD were
measured according to Recknagel and Glende
(1984). Activity of superoxide dismutase SOD
(E.C.1.15.1.1) was estimated with a commercial kit
(Randox Lab. Ltd.) and catalase activity CAT
(E.C.1.11.1.6) by the method of Cavarocchi etal
(1986). Activity of glutathione peroxidase GSH-Px
(E.C.1.11.1.9) was measured according to Paglia
and Valentine (1967).

RESULTS

Characteristics of the used fat sources are shown in
Tab. 1. Pork fat (PF) as an animal fat has a high content
of saturated fatty acids and is poor in polyunsaturated
fatty acids. Therefore its unsaturation index is low.
Margarine (MA) has an increased content of polyunsa-
turated fatty acids when compared to pork fat, it does
not contain any linolenic acid C 18 : 3 (fat hardening)
and has the highest content of oleic acid C 18 : 1 (main-
ly from rapeseed oil, low in erucic acid C 20 : 1).
Compared to pork fat, margarine has a double content
of linoleic acid C 18 : 2, total content of saturated fatty
acids reduced to a half and a threefold higher ratio of
polyunsaturated to saturated fatty acids. Similarly, the
unsaturation index is increased. Soybean oil (SO) as
a typical plant oil has a high content of polyunsaturated
fatty acids, with 53.6% of total fatty acids being lino-
leic acid and 7.6% linolenic acid. The content of mo-
noene and saturated fatty acids is the lowest of all fat
sources used. Soybean oil has a high unsaturation index
and high ratio of polyunsaturated to saturated fatty
acids — increased by a factor of 15 and 4 when compa-
red to pork fat and margarine, respectively.

Tab. II presents the values of the first product of
lipoperoxidation in the liver — conjugated dienes (CD)
of fatty acids. CD in the control groups fed individual
fat sources (PF, MA, SO) reflected the corresponding
content of polyunsaturated fatty acids. Compared to PF

I1. Content of conjugated dienes of fatty acids (CD) in the liver of rats

Generation of free oxygen radicals

spontaneous (control) cadmium induced cadmium induced + vitamin E
groups CD (D/g) groups CD (D/g) groups CD (D/g)
PF 6.53 £ 0.36 PF + Cd 8.63 + 0.32 PF+Cd +E 6.27 + 0.25%
MA 769 +021% MA + Cd 14.72  0.65° MA + Cd + E 8.65 +0.33"%
SO 9.81 + 0.46° SO + Cd 26.16 % 1.26° SO+ Cd+E 14.13 + 0.92%

,B, C
o253

>PX->H

II1. Activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) in rat liver

= standard error of the mean
= in control groups (MA, SO vs. PF)

3 = cadmium induced groups and cadmium induced + vitamin E groups vs. control groups
Y, Z = cadmium induced + vitamin E groups vs. cadimium induced groups
! =P<005:2=P<001:C,3,Z=P<000l

SOD CAT SOD/CAT GSH-Px

(U/g) (Ulg) (U/g)
PF + Cd 1 386 + 48 735 + 40 1.88 +0.07 282+ 1.8
PF+Cd +E 1299 £ 36 743 £ 22 1.74 £0.05 263+ 1.3
MA + Cd 1 428 + 42 732 £28 1.95 + 0.06 273120
MA + Cd + E 1346 + 51 764 + 32 1.76 + 0.06% 31.0+ 1.7
SO + Cd 1 345 £ 38 687 + 17 1.96 + 0.06 36.2+3.2
SO+Cd+E 1411 + 41 702 + 30 201 £0.08 453+ 247

+ Cd

cadmium induced generation of free oxygen radicals

+ Cd + E = cadmium induced generation of free oxygen radicals + vitamin E
X,Y,Z =+ Cd+ E groups vs. + Cd groups
X =P <005 Y=P<0.0l
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group, the increase in MA was on the limit of signifi-
cance and the increase in SO was significant. Cadmium
intake caused a significant increase in the content of
conjugated dienes in all three types of fats (PF + Cd,
MA + Cd, SO + Cd) and a direct correlation with the
content of polyunsaturated fatty acids in the diet was
observed. A tenfold increase in the dose of vitamin E,
applied simultaneously with cadmium, caused a signi-
ficant reduction in CD compared to groups with the
low vitamin E dose. However, control levels were rea-
ched only in the group fed with pork fat. The reduction
of CD was sligthly above the control for margarine
(P < 0.05) and highly significant over the control group
for soybean oil (P < 0.001).

Activities of antioxidant enzymes in groups recei-
ving cadmium # vitamin E are shown in Tab. IIl. Im-
portant information is provided by the evaluation of
activities using the relative generation of H,0, (SOD/
/CAT). This parameter was at the same level in all
groups supplemented by cadmium and normal vitamin
E dose. Increased vitamin E intake caused a reduction
of H,0, generation in groups fed PF and MA (signifi-
cant in the latter case). The value of SOD/CAT in soy-
bean oil was the same for groups SO+Cd and SO + Cd
+ E. The activity of GSH-Px did not change significant-
ly in PF and MA groups (with only slight increase in
MA). On the contrary, for SO fed animals the activity
of this enzyme increased significantly in group SO +
Cd + E compared to SO + Cd.

DISCUSSION

Disturbed equilibrium between the generation of re-
active oxygen products and their neutralization by the
processes of detoxification results in oxidative damage
of membranes and in defects of the integrity of subcel-
lular organelles (Bowles et al., 1991). Aggressive
oxygen radicals can cause damage to all biochemical
components of the cell (DNA, RNA, proteins, saccha-
rides, unsaturated lipids, micronutrients). Peroxidation
of unsaturated fatty acids is initiated by the effect of
reactive radical that tears off hydrogen atom from me-
thylene groups in carbon chains. Carbonyl radical is
stabilized by shifts in double bond pattern producing
conjugated diene as the first product of lipoperoxida-
tion. Peroxidation results in the depletion of unsatura-
ted fatty acids in membranes which causes loss of their
integrity and dysfunction of receptors. Toxic products
of lipoperoxidation inhibit proteosynthesis and enzyme
activities. They are responsible for the induction of se-
veral disorders and diseases, including processes of at-
herogenesis and carcinogenesis, as already mentioned
in the section Introduction.

A daily dose of 100 pg of cadmium per kg of body
weight induces cadmium intoxication in rats after
6 months (Veranjan ctal., 1989). Low protein con-
tent in the diet increases the toxicity of cadmium after
oral administration while a balanced diet reduces both
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cadmium absorption and toxicity. In our experiment,
animals were fed a lacto-vegetable diet balanced in nu-
trients with a content of limiting amino acid that was
favourable with respect to the intensity of proteosyn-
thesis (Krajcovicovia-Kudlackova and Bo-
bek, 1994). This diet was analogous to the proper
lacto-vegetarian diet also in the content of fat, with the
predominance of polyunsaturated fatty acids. To esti-
mate the dependence of spontancous and exogenously
stimulated lipoperoxidation on the intake of fats diffe-
ring in variable unsaturation index, we included a diet
containing animal fat in addition to the diets with mar-
garine and soybean oil, respectively (analogous to lac-
to-vegetarian nutrition). A direct relation between lipo-
peroxidation values and the content of polyunsaturated
fatty acids was found in spontancous and cadmium-in-
duced lipoperoxidation.Compared to animals fed with
pork fat, the increase in conjugated dienes produced by
spontancous lipoperoxidation was enhanced 1.2 times
in the liver of animals receiving margarine and 1.5
times in animals receiving soybean oil. When the ge-
neration of free oxygen radicals was stimulated by cad-
mium intake, the level of lipoperoxidation increased in
the liver of animals fed margarine 1.7 times and in
animals fed soybean oil 3.1 times. This finding is sig-
nificant with respect to potentially increased intake of
cadmium in vegetarian nutrition. During our investiga-
tion of the nutritional and health status of the vegetarian
population (n = 257) we did not register any increase
in lipoperoxidation. This could be probably explained
by favourable antioxidative parameters in vegetarians -
significantly higher plasma levels of vitamin C, B-ca-
rotene, vitamin E, vitamin A, and of selenium - com-
pared to the population with normal nutrition (Kraj-
covicova-Kudlackova etal., 1994d, 1995a).
Cadmium-stimulated relative generation of H,0,
was similar for all three fat sources. This indicates that
the process of lipoperoxidation depends predominantly
on the availability of substrates, i. e. on the content of
polyunsaturated fatty acids, and not on the amount of
free radicals. Similarly, Rojas et al. (1993) and
Salvati ctal (1993) considered the unsaturation in-
dex and the content of polyunsaturated fatty acids as
major factors contributing to the sensitivity to lipid pe-
roxidation. Glutathione peroxidase is specific both for
H,0, and lipid hydroperoxides (Himeno et al,
1993). Consequently, we found the increase of its acti-
vity in the liver of animals maintained on the soybean
oil diet, where the level of lipoperoxidation was high.
Vitamin E is one of essential radical scavengers. It
is characterized as a chain-breaking antioxidant in li-
pid-soluble phase (Di Macio etal, 1991). The most
important attribute of vitamin E is its ability to react
with lipid peroxyradicals thus inhibiting peroxidation
before generation of conjugated dienes (Fuzukawa
et al.,, 1985; Tiidus et al,, 1993). High biological
activity of a-tocopherol is determined by its ability to
quench singlet oxygen. High cytotoxicity of single:
oxygen can be attributed to its behaviour as an aggres-
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sive oxidant of unsaturated lipids, proteins, amino
acids, cholesterol and of other biologically important
substrates (Gey, 1993).

Undesirable prooxidative-antioxidative parameters
in the liver of rats treated with cadmium were restored
by the 10-fold elevated intake of vitamin E. Complete
restoration of the equilibrium between generation of
toxic products of oxygen metabolism and processes lead-
ing to their detoxification was achieved in groups fed
diets with pork fat and margarine, respectively (reduc-
tion of conjugated dienes to the control level for animal
fat and close to the limit of significance (P < 0.05) for
hardened fat, reduced relative generation of H,0,
which was statistically significant for margarine toge-
ther with an insignificant increase of GSH-Px activity).
In animals fed the diet with soybean oil the equilibrium
between prooxidative and antioxidative processes in
the liver was not achieved (decrease in conjugated die-
nes significantly above the control level — P < 0.001,
no change in relative generation of H,0,, significantly
higher activity of GSH-Px). Increased activity of GSH-
Px was not sufficient for a significant reduction of li-
poperoxidation. Higher intake of vitamin E could not
restore the prooxidative-antioxidative equilibrium in
the case of highly developed peroxidation induced by
the composition of soybean oil. These results are in
agreement with those presented by Nardini et al.
(1993), who found increased lipoperoxidation of liver
microsomes in animals fed for 6 weeks a diet with soy-
bean oil compared to animals fed olive oil (Ul = 94.5)
and coconut o1l (Ul = 14.4) at the same dose of vitamin
E in diets. Microsomes of animals fed olive oil and
coconut oil revealed higher protection against lipid pe-
roxidation. A limitation to soybean oil only in the diet
would be an extreme situation in human vegetarian nut-
rition. In addition, the effect of vegetarian nutrition
involves both the intake and higher plasma levels of all
antioxidant compounds compared to non-vegetarians
(Krajéovicova-Kudlackova etal, 1995b).

CONCLUSIONS

We have found a direct correlation between lipope-
roxidation values (conjugated dienes of fatty acids CD)
in rat liver and the degree of unsaturation of dietary fat
in the case of both spontaneous lipoperoxidation and
lipoperoxidation induced by cadmium intake. Increase
in CD caused by cadmium was more pronounced. Re-
lative generation of H,O, in exogenous stimulation of
free oxygen radical generation was the same for pork
fat PF, margarine MA and soybean oil SO as fat sour-
ces, with just an insignificant increase of GSH-Px ac-
tivity in the case of SO. A 10-fold increase of vitamin
E intake (together with cadmium intake) restored the
equilibrium of prooxidative-antioxidative parameters in
animals fed PF and MA (decrease in relative generation
of H,0,, CD reduced to control levels). Cadmium-in-
duced high lipoperoxidation in the liver of animals fed
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a diet with soybean oil (PUFA = 61.2% vs 11.9 and
21.9% in PF and MA, respectively) was only slightly
affected by vitamin E (CD significantly higher than in
the control group in spite of a significantly higher ac-
tivity of GSH-Px). No change in the relative generation
of H,0; in a SO diet together with other results shown
here indicates a synergic effect of several antioxidants.
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PREHLED

NEUROSURGICAL TREATMENT OF INTERVERTEBRAL
DISC DISEASE IN THE DOG

NEUROCHIRURGICKA LECBA ONEMOCNENI
MEZIOBRATLOVYCH PLOTENEK U PSU

A. Necas

University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic

ABSTRACT: Intervertebral disc degeneration and protrusion or extrusion of disc material into the vertebral canal cause focal
compressive myelopathy and radiculopathy, the most common neurological syndrome in dogs. Clinical findings are variable
depending on duration and location of the lesion, volume of the mass and dynamic considerations (peracute massive extrusion,
chronic partial extrusion, chronic progressive extrusion). Aim of this article is to provide compendium of at-the-present-time
recommended methods of surgical treatment of intervertebral disc disease in the dog. In the case of compression of spinal
cord is performed decompressive surgery (ventral cervical decompression, hemilaminectomy, minihemilaminectomy, dorsal
laminectomy and foramenotomy). Fenestration is the only method of prophylaxis.

dog; spinal cord; intervertebral disc; fenestration; hemilaminectomy; dorsal laminectomy; foramenotomy

ABSTRAKT: Degenerace meziobratlovych plotének a protruze nebo extruze hmot disku do patefniho kandlu je pfi¢inou
fokdlni kompresni myelopatie a radikulopatie, nejcastéjsiho neurologického syndromu u pst. Klinické projevy se lisi v z4-
vislosti na délce trvini a lokalizaci Iéze, objemu vyhfezlych hmot disku a dynamice vyhfezu (tj. perakutni masivni extruze,
chronickd parcidlni extruze, chronickd progresivni protruze). Smyslem tohoto ¢ldnku je podat pfehled v soucasné dobé
doporucovanych chirurgickych metod 1é¢by onemocnéni diskli u psti v jednotlivych tsecich patefe. Komprese michy se fesi
dekompresnimi operacemi (ventrdlni kréni dekomprese, hemilaminektomie, minihemilaminektomie, dorzdlni laminektomie

a foraminotomic). Casto diskutovand fenestrace diskii neni metodou lé&ebnou, ale profylaktickou.

pes; micha; meziobratlovd ploténka; fenestrace: hemilaminektomie; dorzdlni laminektomie; foraminotomie

UVOD
KRCNI PATER
Fenestrace krénich diska

Kandidadty pro fenestraci jsou psi s mineralizaci, pfi-
padné protruzi disku, projevujici se ndvratnou bolesti-
vosti krku a svalovymi spasmy. Cilem tohoto chirurgic-
kého zdkroku je prevence mozné herniace diska.
Rutinné se fenestruji disky v meziobratlovych prosto-
rech C2-C3 a7z C6-C7 (Toombs, 1992). Fenestrace
se neprovadi u zvitat s pfiznaky komprese michy (kom-
presni myelopatie). Neurologické komplikace spojené
s fenestraci krénich diskd vznikaji jen zfidka. V tuvahu
prichdzi tetraparéza vznikld sekunddrné po iatrogenni
extruzi hmot disku do pdtefniho kandlu.

Operacni technika

Pii fenestraci krénich diskt se vyuZivi ventrdlni pii-
stup ke krénim obratlim (Tomlinson a Schwink,
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1993). Pacienta v inhala¢ni anestézii umistime do hibet-
ni polohy s hrudnimi koncetinami nataZzenymi dozadu
podél téla. Krk podlozime tak, aby kréni pdtef byla
v extenzi. KiZi a podkoZi incidujeme ve ventrélni stied-
ni linii v rozsahu od hrtanu po manubrium sterni. Tim
obnaZime parovy m. sternomastoideus a m. sternohyo-
ideus. Separaci téchto svall v medidnni linii obnaZime
prudusnici. V preparaci pokraujeme po jeji pravé stra-
né, pficemZ nesmime porusit a. carotis a n. laryngeus
recurrens. Odtazenim prudusnice na levou stranu chra-
nime jicen a zdroven zpristupnime pdrovy m. longus
colli, upinajici se na ventrdlni plochu obratli. Orientag-
nimi body pro identifikaci obratld a meziobratlovych
prostord jsou kiidla atlasu a velké pfi¢né vybézky Ses-
tého kréniho obratle. Meziobratlova ploténka lezi vidy
tésné kauddlné od tuberculum ventrale kazdého obratle.
Tupou preparaci obnaZime ligamentum longitudinale
ventrale a anulus fibrosus. Hrotnatym skalpelem vyfiz-
neme ve ventrdlni ¢4sti anulu pravoihlé okénko (obr. 1)
a srpkem nebo malou ostrou 1Zi¢kou vyjmeme co nej-
VEtSi mnoZstvi nucleus pulposus.

Jednotlivymi stehy vstiebatelnym materidlem sesije-
me m. sternohyoideus a m. sternomastoideus a pokra-
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¢ovacim stehem podkozi. Kazi Sijeme jednotlivymi ste-
hy nevstiebatelnym materidlem. Stehy vyjimame za 14
dnti.

Ventrilni kréni dekomprese

Indikaci pro ventrialni dekompresi jsou extrudované
masy uvnitf patefniho kandlu, které zptsobuji kompresi
michy s piiznaky tetraparézy az tetraplegic. V piipadé
lateralizované léze se objevuji priznaky poSkozeni mis-
ntho kofene na jedné hrudni koncetiné. Rozsahla mani
pulace s michou béhem operace mize byt pricinou fa-
talni zastavy dechu, hypotenze a bradykardie (Toombs.
1992). Proto je pii provadéni ventrdini kr¢ni dekom
prese nezbytné peclivé predoperacni vySetfeni a moni-

torovani srdecni ¢innosti béhem operace.

Operacni technika

Poloha pacienta a operaéni pristup jsou podobné
jako pri fenestraci krénich diskd (Tomlinson
a Schwink. 1993). Po vypalpovini ventrilnich vy
bézkd obratll tupé odpreparujeme m. longus colli od
ventralni plochy téla obratle kranidlné a kaudilné od
postizeného disku. Kostnimi kleSté¢mi odStipneme ven
tralni vybéZzek a vysokootickovou frézou vyfrézujeme
pravodhlou longitudindlni drizku v mist¢ meziobratlo
vé ploténky a prilehlé ¢asti tél obratli. Délka drizky by
neméla presahnout jednu tietinu délky kazdcho z ob-
ratlli a jeji Sitka by neméla byt vEét&i, nez je polovina
Sitky obratle. Hloubku frézovini kontrolujeme podle
charakteru kosti. Nejdiive je vidét bild vrstva vnéjsi
kortikalis, poté siln¢jSi ¢ervenohnédd spongiézni vrstva
a nakonec tenkd vnitini vrstva bilé kortikalni kosti, kte
rd priléhd k ligamentum longitudinale dorsale. Stiidavé
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lavdze a odsdvani v pribéhu [rézovani brani spdlent
kosti a zlepSuji piehlednost opera¢niho pole. Krvdceni
z obnazené spongiozy mizeme zastavit vtlacenim ma-
I¢ho mnozstvi kostniho vosku do krvacejici kosti
1993). K odstranéni prvnich
dvou vrstev kosti se obvykle pouzivd ovdlna frézka.

(Toombs a Bauer,

Tenkou vnitini vrstvu Kosti odstraiiujeme pomoci malé
kulaté¢ frézky. Zbytky dorzdlni ¢asti annulus fibrosus

a ligamentum longitudinale dorsale je tfeba s nejvySsi
opatrnosti odstranit moskytem a hrotnatym skalpelem

nebo malymi kostnimi klistkami. Je tieba se vyvarovat

poruseni vertebralnich venéznich sinti. Hmotu extrudo-
vancho disku vyjmeme tupym hackem nebo tupou neu-
rochirurgickou sondou nejprve z centrdlni a poté z la-
terdlni Casti pdtefniho kandlu
dekomprese je takovd, kdy po vyjmuti hmot disku a tkd-

Spravné provedend

fioveho detritu pres brazdu zceela jasné vidime duru ma-
ter. Po dekompresi je mozno fenestrovat zbyvajici kr¢-
ni disky.

Chronické extruze diska doprovazi vyskyt zanétli-
vych reakei a adhezi na dufe a vendznich sinech. Od-
strancéni ulpélych mas casto zplsobi znacné krvéceni
z venoznich sinu. Pro zastavu krvdceni je obvykle nut-
né vyplnit brizdu na nékolik minut tukem a uvolnit tlak
na juguldrni vény. V dobé, kdy ¢ekidme nez se zastavi
Krvdceni. mtzeme fenestrovat okolni disky. Po dokon-
ceni dekomprese vyplnime dekompresni brizdu tuko
vym Stépem, abychom predesh mozné kompresi michy
fibrézni tkini, kterda v prab¢hu hojeni pfemosti defekt
v kosti. Rinu uzavieme podobné jako po ventrdlni fe-
nestraci krénich disku

Dorzalni kréni dekomprese

Laterdlni nebo intraforamindini extruze disku vyZa-
duje dekomprest laminektomii, pFipadné hemilami-

| Excize ventralni ¢asti anulus
ftbrosus pi1 fenestract krénihe
disku — Excision of ventral par
of anulus fibrosus during cervi-

cal dise fenestration
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nektomii, I kdyz je dorzdlni pfistup (Tomlinson
a Schwink, 1993) technicky naro¢néjsi, je jedinou
cestou jak se dostat k extrudovanému disku.

Operacni technika

Psa umistime do hrudni polohy a krk podloZime tak,
aby kréni dsek patefe byl ve flexi. Kizi incidujeme
v dorzdlni stiedni linii v rozsahu od protuberantia oc-
cipitalis po processus spinosus prvniho hrudniho obrat-
le. Incizi prohloubime az k ligamentum nuchae. Po jed-
né strané od ligamentum nuchae incidujeme dorzalni
kréni svaly az do drovné trnovych vybézku a poté svaly
uvolnime od trnovych vybézki a obloukil obratli. Si-
jovy vaz s pripojenymi svaly odtdhneme laterdlné. Ob-
louky obratlti obnazime laterdlnim smérem az do drov-
n¢ piislusného processus articularis. Odstranujeme-li
jen jednu stranu oblouku obratle, jednd se o hemilami-
nektomii, resekujeme-li cely oblouk, véetné trnového
vybéZzku, mluvime o dorzdlni laminektomii. Z ndstro-
jového vybaveni je k tomuto dcelu nejvhodnéjsi kostni
fréza, pouzit mizeme i Kerrisonovy kostni klesté. Ex-
trudovany disk vyjmeme moskytem nebo tupym hac-
kem. K pfipadné durotomii slouzi pravouhlé kardiovas-
kuldrni ntzky.

Soudisti uzavéru chirurgické rany je vlozeni volné-
ho tukového $tépu do lamincktomického defektu z du-
vodu prevence tvorby jizvovité tkané. Dorzdlni kréni
svaly pfisijeme k medidnnimu vazivovému septu a K /i
gamentum nuchae, pak scsijeme podkozni fascii, pod-
kozi a kuzi.

TORAKOLUMBALNI PATER

Dorzolateralni fenestrace torakolumbélnich diskt

Pacienty vhodnymi pro tento operaéni zdkrok jsou
psi s ndvratnou bolestivosti v torakolumbélnim dseku
pdtefe a psi s mirnou ataxii, ktefi neodpovidaji na 1é¢bu
konzervativni. Pri rtg vySetieni se zjisti kalcifikovany
disk (disky) bez kompresni Iéze uvnitf pateiniho kand-
lu. Fenestraci se muaze predejit budouci mozné herniaci
disku. Pfi fenestraci diskl v rozsahu od T10-T11 po
L4-L5 je mozné zvolit pfistup separace dorzolaterdl-
nich svald (Tomlinson a Schwink, 1993). Vy-
hodou tohoto pfistupu, oproti pfistupu dorzdlnimu, je
zkrdceni doby operace a omezeni traumatizace tkdni
(Walker a Betts, 1985). Ke komplikacim dochd-
zi jen zfidka. Patii mezi né pneumotorax (b&hem fenes-
trace hrudnich diska) a paralyza ventrdlnich bfisnich
svalll (zptisobend poSkozenim miSniho nervu).

Operaéni technika

Psa umistime do bfisni polohy a kaZzi incidujeme
té€sné laterdln¢ od stiedni linie v rozsahu od stfedu hrud-
niku po lumbosakrdlni spojeni. PodkoZi a tuk odprepa-
rujeme laterdlng, a tim obnazime v kaudalni ¢asti incize
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hlubokou vn&jsi povézku trupu a v kranidlni ¢dsti incize
m. spinalis et semispinalis. Hlubokou povizku protne-
me ve vzddlenosti pul aZ jednoho centimetru laterdlné
od stredni linie, paralelné s trnovymi vybézky lumbal-
nich obratli, a poté incizi v jejim kranidlnim konci
v oblasti m. spinalis et semispinalis vedeme blize
k medidnni linii. Oddélime m. multifidus (medidlng)
a m. longissimus (laterdln¢), ¢imZz obnazime Slachy
m. longissimus, upinajici se na processus accessorii
obratli. Raspatoriem nebo moskyto-peanem jemné od-
tdhneme svaly, povdzku a miSni nerv tak, Ze obnazime
prostor disku, ktery je vZdy ventrilné od dponu m. lon-
gissimus. Abychom neposkodili miSni nerv a cévu, od-
tihneme je neurologickym hdckem kranidlné. Hrotnatym
skalpelem vyfizneme do anulu okénko a malou ostrou 1zic-
kou nebo zahnutym srpkem vybavime nukleus.

Uzdvér opera¢ni riany spociva v sediti okraji poviz-
ky jednotlivymi stehy vstiebatelnym materidlem a v ru-
tinni sutufe podkozi a kuze.

Ventrdlni fenestrace torakolumbdlnich diskd

Tento zpusob fenestrace vyZaduje torakotomii v 10.
meziZzebernim prostoru v kombinaci s parakostdlni la-
parotomii. Pro komplikace spojené s torakotomii a ret-
roperitonedlni preparaci tento pfistup na na§em praco-
Visti nepouzivdame.

Hemilaminektomie

Hemilaminektomic piedstavuje jednostranné odstra-
néni oblouku obratle. Je indikovina u pst s kompresni
myelopatii a radikulopatii, projevujici se perzistentni
torakolumbalni bolestivosti, parézou nebo paralyzou pa-
nevnich koncetin a abnormalni funkei mocového ustroji.
Vyhodou této operaéni techniky, ve srovnini s dorzdlni
laminektomii, je mensi traumatizace tkdni, mensi pravdé-
podobnost tvorby jizvy v misté dekomprese, zachovan{
dostate¢né biomechanické stability obratlt, lepsi pfi-
stupnost pro soucasnou fenestraci diski (McKee,
1992) a moznost Setrného odstranéni ventrdlné nebo
ventrolaterdlné od michy extrudovanych hmot disku.

Operacni technika

Pacienta ulozime do hrudni polohy. Knecht (1987)
nedoporucuje podklddat bficho polStéfi, protoze se tim
omezi ndvrat venézni krve pies v. cava caudalis, zvysi
se pritok krve pies vertebrdlni venézni plexus a tim
i krvdceni v operaénim poli. KiZi incidujeme tésné la-
teralné od dorzdlni stfedni linie. Incize by méla zasa-
hovat 5-10 cm kranidlné a kauddlné od postizeného
meziobratlového prostoru. Protneme podkoZzi aZ k liga-
mentum supraspinatum a hluboké povdzce. Kolem tr-
novych vyb&zki incidujeme ligamentum supraspinatum.
Raspatoriem uvolnime na jedné strané od trnovych vy-
bézki a od obloukd obratla m. multifidus lumborum,
ato laterdlné aZ k processus accessorius. Opatrné, aby-
chom se vyhnuli krvdceni, odpreparujeme svalové apo-
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neurézy na kazdém processus mammilaris a processus
accessorius. Jakmile svaly uvolnime z jejich tipont na Kost,
rozevieme je pomoci autofixii. Misto postizenti, identi
fikované na nativnim rtg snimku — myelogramu (B ar -
ber aj., 1987), musime presné lokalizovat i b&éhem
operace. Orientaénim bodem pro vyhledani spravného me-
ziobratlového prostoru je 13. (nebo posledni) zebro

Jakmile identifikujeme dany meziobratlovy prostor,
odStipneme kostnimi klestemi prislusny processus arti-
cularis. Opatrné odfrézujeme kortikdlni kost a spongio
zu z laterdlni ¢dsti laminy (obr. 2), a to v rozsahu od
mista, kde se napojuje na t¢lo obratle a dorzdln¢ az
k bdzi processus spinosus, kranidlné a kauddlné az k bizi
processus articularis, pred a za mistem hemilaminck-
tomie. Vnitini kortikalis odStipeme malymi kostnimi
klestémi. Je-li to nezbytné, mizeme otvor prodlouZit
pies tfi meziobratlové prostory. U malych pst lze celou
hemilaminektomii provést pouze Kostnimi kleStémi
(Swaim, 1987). Je tfeba zvldStni opatrnosti, abychom
se vyvarovali jakéhokoli kontaktu klesti nebo hrotu fré-
zy s michou. Dalsi trauma, jiz i tak poskozen¢ michy,
muze zpusobit prodlouzeni doby rekonvalescence ne-
bo mlze dokonce navodit trvalé neurologické deficity.
K dodrZzeni atraumatické chirurgické techniky prispivi
pecliva hemostaze.

Extrudované hmoty disku (obr
niho kandlu tupym ncurologickym hidckem tak. aby-

3) vyjmeme z patef

chom neposkodili misni kofeny a vertebrdlni siny.
Drobn¢ ¢dstecky vyhiezl¢ho disku mizeme jemné vy
plichnout fyziologickym roztokem. Pro zlepSeni pro-
gnozy u pacientt s dubidézni hlubokou bolestivosti mu-
Zeme provést durotomii. Po dokonceni dekomprese michy
(obr. 4) prekryjeme hemilaminektomicky defekt tuko
vym Stépem, abychom zabrinili vzniku adhezi.
Jednotlivymi stehy vstiebatelnym materidlem sesije

me torakolumbadlni fascii v misté dorzdlni stiedni linie.
Rutinnim zptisobem uzavieme podkozi a kuzi

302

Minihemilaminektomie

Je modifikaci klasické hemilaminektomie. Spociva
v odstranéni laterdlni ¢iasti laminy v miste foramen in-
tervertebrale. Processus articulares zustavaji nedotée-
ny. proto pooperacni instabilita obratlt je minimalni
1988)
v pripadech stranovych extruzi a snadnéji se provadi
a Sharp, 1994)

(Jeffery, Minihemilaminektomie je vhodna

u malych plemen psu (Wheelet

Dorzilni laminektomie

Lamincktomie je v dscku torakolumbdlnim chirur-
gickou metodou volby otevieni pdtefniho kanalu. Pred-
stavuje odstranéni dorzdlnich trnovych vybézku, dorzalni
laminy a v rizném rozsahu i processi articulares a pedi-
kult prinejmensim dvou za sebou lezicich obratl.

Lamincktomic typu A podle Funkquistoveé (cit.
Hoerlein, 1971) spocivd v odstranéni jak kranidlni-
ho, tak Kauddlniho processus articularis a v ¢aste¢ném
odstranéni pedikulii. Ackoli poskytuje snadné obnazenf
michy, je podle Funkquistové nejvice nachylnd na
vznik Konstrikeni fibrézy

Pii typu B lamincktomie podle Funkquistové
(cit. Hoerlein, 1971) se zachovavaji celé processus
articulares craniales, vé&si ¢ast kauddlnich kloubnich
vyb&zki a pedikult. Pi této dzké laminektomii neni
problémem konstrikent fibrdza, ale piistup do patefni-
ho kandlu je omezeny. Pokusy o odstranéni ventrdlné
neho ventrolaterdné lezicich kompresnich mas timto
UI'I!L'/\‘H}[H IYH\[II;'\'HI Ill(l'l\‘ll vest Ir\ Iil“'(l:_'\'”llll'llll P("
Skozent michy

V piipadé modifikované dorzdlni lamincktomie
(Trotter, 1990) se odstranuje processus articularis
caudalis, ale ponechdva se intakini vetsi ¢ast kazdého
processus articularis cranialis. Odfrézovanim medidlni
plochy pedikuli Ize dosihnout lep§iho obnaZeni patef-

2 Hemilaminektomie od
stranéni vné)3i korukahs
a spongiozy kostni frézou

Hemilaminectomy: removal of
outer cortical layer and cancel-

lous bone with a drill and bur
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niho kandlu, nez u laminektomic typu B bez zvySencho
rizika pooperacni konstrikéni fibrdzy
Zadna z popsanych technik dorzdlni laminektomie

neumozZiuje piimy pristup k ventrdlni plose pitefniho
kandlu. Ve vétsiné piipadu je pritom tento pristup zi-
kladnim piedpokladem uspéchu operace. Z toho divo
du davame v torakolumbalnim dseku patere prednost
hemilaminektomii.

LUMBOSAKRALNI SPOJENI

Extruze (protruze) disku v meziobratlovém prostoru
L7-S1 muze byt jednou z pii¢in syndromu cauda equi
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3. Komprese michy zpusobend
extrudovanym diskem (Sipka) —
The spinal cord compression
caused by extruded disc (arrow)

4. Micha po dekompresi a vy-
jmuti hmot disku - The spinal
cord after decompression and
mass removal

na. V tomto tseku pitere se k dekompresi pouziva dor-
zalni lamincktomie, kterd se v piipadé komprese v misté
meziobratlového otvoru dopliuje foraminotomit (rozsife-

ni foramen intervertebrale).
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POKYNY PRO AUTORY

Casopis uvefejiiuje plvodni védecké prace, kritkd sdéleni a vybe-
rové i prehledné referdty, tzn. price, jejichz podkladem je studium
literatury a které shrnuji nejnovéjsi poznatky v dan¢ oblasti. Price
jsou uvefejiiovany v edting, slovenstiné nebo anglictiné. Rukopisy
musi byt doplnény kritkym a rozsifenym souhrnem. Casopis zvefej-
fiuje i ndzory, postichy a pfipominky Gtendfi ve formé kurzivy, glosy,
dopisu redakci, diskusniho pfispévku, kritiky zdsadniho ¢linku apod.,
ale i zkuSenosti z cest do zahranici, z porad a konferenci.

Autofi jsou pIné odpovédni za pilivodnost price a za jeji vécnou
i formélni spravnost. K prici musi byt priloZeno prohldSeni o tom, Ze
price nebyla publikovina jinde.

O uvefejnéni price rozhoduje redakéni rada Casopisu, a to se zfe-
telem k lektorskym posudkim, védeckému vyznamu a pfinosu a kva-
lit¢ prdce. Redakce pfijimd price imprimované vedoucim pracovisté
nebo priice s prohldSenim viech autoril, Ze se zvefejnénim souhlasi.

Rozsah piivodnich praci nemd presdhnout 10 stran psanych na stro-
ji véetné tabulek, obrdzki a grafii. V prici je nutné pouZivat jednotky
odpovidajici soustavé mérovych jednotek SI (CSN 01 1300).

Vlastni tiprava price rukopisu md odpovidat stitni normé CSN
88 0220 (formdt A4, 30 fddek na stranku, 60 thozi na fidku, mezi
fadky dvojité mezery). K rukopisu je vhodné priloZit disketu s praci
pofizenou na PC v nékterém textovém editoru, nejlépe v T602. Tabul-
ky, grafy a fotografie se dodivaji zvIast, nepodlepuji se. Na viechny
piilohy musi byt odkazy v textu.

Pokud autor pouzivd v préci zkratek jakéhokoliv druhu, je nutné,
aby byly alespoii jednou vysvétleny (vypsiny), aby se predeslo omy-
lim. V nédzvu price a v souhrnu je vhodné zkratek nepouzivat.

Nizev price (titul) nemd presdhnout 85 hozi a musf dit pfesnou
predstavu o obsahu price. Jsou vylouceny podtitulky ¢lankd.

Kritky souhrn (Abstrakt) musi vyjddfit viechno podstatné, co je
obsaZeno v prici, a md obsahovat zdkladni ¢iselné tdaje véetné sta-
tistickych hodnot. Nemd prekroéit rozsah 170 slov. Je tieba, aby byl
napsdn celymi vétami, nikoliv heslovité.

Roz3ifeny souhrn praci v ¢estiné nebo slovensting je uvefejiiovin
v angli¢tiné, mély by v ném byt v rozsahu cca 1-2 strojopisnych stran
komentoviny vysledky price a uvedeny odkazy na tabulky a obrdzky,
popf. na nejdaleZitéjsi literdrni citace. Je vhodné jej (véetné ndzvu
price a kli¢ovych slov) dodat v angli¢tiné, popf. v ¢estiné ¢i sloven-
Stiné jako podklad pro pieklad do anglictiny.

Literarni prehled md byt kritky, je tieba uvadét pouze citace
majici izky vztah k problému. Tato dvodni ¢ist prindi také informa-
ci, pro¢ byla price provedena.

Metoda se popisuje pouze tehdy, je-li plvodni, jinak postacuje
citovat autora metody a uvddét jen pfipadné odchylky. Ve stejné ka-
pitole se popisuje také pokusny materidl a zplsob hodnoceni vysled-
k.

Vysledky tvoii hlavni ¢ast price a pfi jejich popisu se k vyjddieni
kvantitativnich hodnot ddvi prednost grafim pfed tabulkami. V tabul-
kdch je tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
Gist by neméla obsahovat teoretické zdvéry ani dedukcee, ale pouze
faktické ndlezy.

Diskuse obsahuje zhodnocenf prdce, diskutuje se o moznych nedo-
statcich a vysledky se konfrontuji s tdaji publikovanymi (poZaduje se
citovat jen ty autory, jejichZ price maji k publikované prdci blizsf
vztah). Je piipustné spojeni v jednu kapitolu spolu s vysledky.

Literatura musi odpovidat stitni normé CSN 01 0197. Citace se
fadi abecedné podle jména prvnich autorii. Odkazy na literaturu v tex-
tu uvddéji jméno autora a rok vyddni. Do seznamu se zafadi jen price
citované v textu. Na price v seznamu literatury musi byt odkaz v tex-
tu,

Kli¢ové slova maji umoZznit vyhledini price podle sledovanych
druhii zvifat, charakteristik jejich zdravotniho stavu, podminek jejich
chovu, ldtek pouZitych k jejich ovlivnéni apod. Jako klicovad slova
neni vhodné pouZivat terminy uvedené v nadpisu price.

Na zvlastnim listé uvadi autor pIné jméno (i spoluautorii), akade-
mické, védecké a pedagogické tituly a podrobnou adresu pracovisté
s PSC, ¢&islo telefonu a faxu, popf. c-mail.
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