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GONADOTROPHIN RELEASING HORMONE TREATMENT
OF HOLSTEIN COWS WITH FOLLICULAR CYSTS MONITORED
BY SKIM MILK PROGESTERONE DETERMINATION

APLIKACE GnRH DOJNICIM HOLSTYNSKEHO PLEMENE
S FOLIKULARNIMI CYSTAMI MONITOROVANYMI
STANOVENIM PROGESTERONU V MLECE

H. M. Eissa, M. S. El-Belely
Theriogenology Department, Faculty of Veterinary Medicine, Cairo University, Giza, Egypt

ABSTRACT: Progesterone was assayed in skim milk fraction of 38 cystic cows. 26 (68.4%) of which had basal (<0.5 ng/ml)
progesterone concentrations and were diagnosed as having follicular cysts. These cows were allotted at random to one of
3 treatments: (1) a shame injection of sterile water in 7 cows as controls; (2) a single injection (1 mg) of GnRH analog in
8 cows; (3) double injections (1 mg) of GnRH analog at 7-day interval in 11 cows. According to rectal palpation confirmed
by skim milk progesterone determination, the double injection group responded well (P < 0.05) compared with the single
injection and control groups (81.8% vs 62.5% vs 42.9%). The interval calving to Ist insemination, interval treatment to
conception and interval calving to conception were significantly (P < 0.01) shorter in the double injection group than in the
other 2 groups. Also, the conception rate to first insemination was significantly (P < 0.05) higher (63.6% vs 37.5% vs 42.9%).
The data provide evidence for reduction in infertility and reproductive disorders in cystic cows given double injections of
GnRH.

cattle: cysts; fertility disorders; progesterone; assays; GnRH application

ABSTRAKT: Ve frakei odstfedéného mléka od 38 dojnic s cystami jsme stanovili obsah progesteronu: 26 z nich (68.4 %)
vykazovalo zikladni koncentrace progesteronu (<0.5 ng/ml) a diagnostikovali jsme u nich folikuldrni cysty. Tyto dojnice jsme
nihodnym vybérem rozdélili a oSetfili jednim z ndsledujicich postupii: 1) injek¢ni ddvka sterilni vody aplikovand sedmi
dojnicim, které slouzily jako kontrola; 2) jedna injekéni davka (1 mg) analogu GnRH aplikovand osmi dojnicim; 3) dvojitd
injek¢ni davka (I mg) analogu GnRH aplikovand 11 dojnicim v intervalu sedmi dni. Rektalni palpaci, kterou potvrdilo
stanoveni progesteronu v odstiedéném mléce bylo stanoveno. Ze reakce skupiny dojnic s dvojitou injekéni divkou byla
uspokojivd (P < 0,05) ve srovndni se skupinou, ktera dostala jednu injek¢ni davku a s kontrolni skupinou (81.8 % resp. 62,5 %
resp. 42,9 %). U skupiny s dvojitou injek¢éni davkou byl ve srovnani s dvéma ostatnimi skupinami vyznamné krat3i (P < 0,01)
interval mezi otelenim a 1. inseminaci, interval mezi oSetfenim a zabfeznutim a interval mezi otelenim a zabfeznutim. Rovnéz
bylo vyznamné vyssi (P < 0,05) procento zabfeznuti po prvni inseminaci (63,6 % resp. 37,5 % resp. 42,9 %). Tyto hodnoty
dokumentuji vhodnost dvojité aplikace GnRH sniZenim poruch plodnosti a reprodukce u dojnic s cystami.

skot; cysty; poruchy plodnosti; stanoveni prgesteronu; aplikace GnRH

INTRODUCTION a single dose of cither HCG (Nessan et al., 1977;
Kesler and Garverick, 1982), PGF,a (Dob-
son etal, 1977; Eddy, 1977; Humblot and Thi-

bier, 1980) or GhRH (Manns and Richardson,

Cystic ovarian degeneration associated with infer-
tility has been reported in cows for more than a century.

Despite considerable efforts by clinicians and re-
searches to discover the etiology and successful me-
thods for treatment, this syndrome is still responsible
for considerable economic loss in dairy herds and the
incidence of this condition may be increased to 47%
(Nessan et al., 1977; Peralta and A x, 1982;
Marcek et al., 1985).

The routine therapy employed for the treatment of
cystic ovarian degeneration consists of the injection of
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1976; Nessan et al, 1977; Kesler et al.,, 1981;
Kesler and Garverick, 1982; Dinsmore et
al., 1987, 1989). The results of these treatments in terms
of fertility were not satisfactory and this may be due
either to the improper regimens used in these treatments
or to the incorrect pre-treatment differentiation between
follicular and luteal cysts by rectal palpation of the ova-
ries (Nakao etal, 1983; Dinsmore etal, 1989).
Therefore, differential diagnosis of the ovarian cysts by



determination of progesterone concentrations in blood
or milk followed by using appropriate method of GnRH
treatment may have an important role in the improve-
ment of fertility of the affected cows.

The purpose of the present investigation was to
evaluate what improvement in terms of fertility would
be brought about if skim milk progesterone values were
monitored before and after GnRH treatment which was
used in a manner different from that previously re-
ported.

MATERIALS AND METHODS
Animals

A total of 38 Holstein cows, maintained at the dairy
barn of Michigan State University, were diagnosed via
rectal palpation as having cysts. Findings were carefully
recorded as to location, size, number and characteristics
of the cysts. Oestrual behaviour of the cows prior to
treatment was also recorded as anoestrus or nym-
phomanic. Age of the 38 cows averaged 6.2 + 1.8 years
and the mean interval between the last calving and the
start of the experiment was 95 + 10.8 days. None of
these animals had been given any treatment for the
ovarian dysfunction. Pre-treatment skim milk proges-
terone concentrations were measured 3 times every
72 hours to differentiate between the different types of
cysts. Twenty-six cows had a base-line (<0.5 ng/ml)
progesterone concentrations and were judged to have
follicular cysts. The other 12 cows had higher
(>1 ng/ml) progesterone concentrations and were con-
sidered to have had luteal cysts. These 12 cows were
not included in this study. The selected 26 cows were
assigned to one of the following treatment regimens:
a) a shame injection of sterile water in 7 cows as con-
trols; b) a single injection (1 mg) of GnRH analog (Re-
ceptal, Hoechst) in 8 cows; ¢) double injections (1 mg)
of GnRH analog at a 7-day interval in 11 cows. Ap-
proximately 10 days after the start of treatment all ani-
mals were re-examined rectally for morphologic
changes in the ovaries confirmed by changes in skim
milk progesterone levels. Animals establishing a nor-
mal post-treatment oestrous cycle were inseminated at
the observed oestrus and pregnancy was verified by
rectal examination 2 mounths later.

Sampling

For the correct judgement of luteinization following
treatment, progesterone values were determined in milk
samples collected daily for 20 days from both GnRH
treatment groups (day of treatment = day 0) and in milk
samples collected for the same interval during the first
spontaneously recovered oestrous cycle of the control
group (day O = day of the observed oestrus).

Stripping samples (samples taken by hand imme-
diately after machine milking) were collected into ste-

rile plastic bags (Whirl-Pak, Nasco) and kept at =15 °C
before transferring to the laboratory within 2 hours. The
samples were cooled in the refrigerator for one hour and
centrifuged at 4 229 ¢ for 10 minutes. The skim milk
was removed and stored at =20 °C until assayed. Three
samples were separated into a flocculent precipitate and
a clear fluid on thawing and were rejected from the
hormonal assay.

Radioimmunoassay of progesterone

Progesterone (P4) was assayed without extraction
from skim milk by using the FAO/IAEA solid-phase
RIA kit (Coat-a-Count. Diagnostic Products Corpora-
tion). The intra-assay coefficients of variation averaged
3.8% at 1.2 ng/ml and 3.4% at 5.3 ng/ml (n = 9). The
inter-assay coefficients of variation averaged 9.6% at
1.2 ng/ml and 5.7% at 5.3 ng/ml (n = 9). The sensitivity,
specificity and accuracy of this method have previously
been described (Eissa et al., 1994).

Statistical analyses

Hormonal variations were tested by least-squares
analysis of variance using the general linear models
procedures of the Statistical Analysis System (SAS,
1990). Differences between groups concerning fertility
data and conception rates were, respectively, measured
by one way analysis of variance and Chi-square analy-
sis (Snedecor and Cochran, 1967). The data
were expressed as mean  SE.

RESULTS
Clinical findings

Oestrous behaviour of the cows prior to treatment
was similar in all cows, with 85% (n = 22) of the cows
being in anoestrus. Thirty-two percent of the cysts were
2.5-3.0 cm in diameter, 57% were 3-4 ¢cm and 11%
were over 4 cm. Single cysts were predominant (74%)
with the highest number occurring on the right ovary.
Multiple cysts were detected with lower frequency and
occasionally, cases were found to involve both ovaries.

Clinical response and post-treatment fertility para-
meters are indicated in Tab. L.

Out of the 19 treated cows, 14 (73.7%) responded
well, as indicated by the increased skim milk progeste-
rone concentrations, within 30 days of GnRH injection
compared with 3 (42.9%) control cows which recovered
spontaneously within 90 days of the treatment.

The mean interval between parturition and 1st in-
semination (st oestrus) as well as between treatment
and conception was 34 and 29 days, respectively,
shorter (P < 0.01) in cows with double GnRH injections
than in those with a single injection. Moreover, the
interval between calving and conception was signifi-
cantly (P < 0.05) shorter (22 days) in the first than in
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. Comparative reproductive performances in cystic cows treated with GnRH analog (single or double injections) or untreated (controls)

No. of cows Interval calving to | Interval treatment to | Interval calving to No. of cows

Treatment g H
¢ responded Ist A. L. (days) conception (days) conception (days) [conceived on Ist A, 1.
P! y P y P! y

fingl;)mjcclwn 5 (62.5%™ 103.4 + 9.5 57.6 + 4.2@ 1043 + 92 3 (37.5%)
n=
([Z"Eh:‘; )"‘J“"‘"“ 9 (81.8%)™ 69.1 +3.2¢ 28.3 £ 1.8 82.6 53" 7 (63.6%)™
Single + double ) "
injections combined 14 (73.7%)" 86.5+ 52" 43.2 +3.3¢ 93.5 £ 64" 10 (52.69%)"
(n=19)
(C""";’)' 3 (42.9%) 108.6 + 8.6 725 + 639 1317 £ 11.3® 3 (42.99%)
n=

a, b: Significant at 5% level
a, ¢: Significant at 1% level

the latter group. The conception rate was significantly
(P < 0.05) higher in the double injection group. On the
whole, the previously mentioned intervals were signifi-
cantly shorter in the treated than in the control animals
and the conception rate was higher (P < 0.05) in the
former group.

Hormonal concentrations

Skim milk progesterone values for the treated and
control cows with ovarian cysts before and after treat-
ment are shown in Fig. 1.

The cows with a single injection showed a slow in-
crease in progesterone concentrations 3 day after treat-
ment and the values did not exceed 3 ng/ml until the
end of sampling period. On the other hand, animals
with double injections showed a significant (P < 0.05)
increase in progesterone concentrations in excess of 3
ng/ml 3-4 days after the second injection. Progesterone
values in the latter group increased progressively there-
after to reach over 5 ng/ml 4-6 days later on and de-
creased significantly (P < 0.01) at the end of sampling
period. Progesterone concentrations of the double injec-
tion group approximated those of the control animals
during the second half of the sampling period.

DISCUSSION

Clinical findings of cows diagnosed as having ovar-
lan cysts in this experiment were similar to previous
studies with regard to size of cysts, occurrence of mul-
tiple cysts and location (Bierschwal et al., 1975;
Marcek etal, 1985; Dinsmore etal., 1989). The
percent of anoestrous cows was slightly higher than
those reported by Bierschwal etal. (1975), Nes-
san etal. (1977), Humblot and Thibier (1980).

Response to treatment with double injections of

GnRH was better than a single injection reported in this
study and those reported by Kesler et al. (1981),
Nakao etal. (1983) and Dinsmore et al. (1987).
Moreover, double GnRH injections resulted in a shorter
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non-pregnant period and 64% of these animals could be
inseminated and diagnosed pregnant to Ist A. 1. before
50 days, compared with only 37% of the single injec-
tion and 43% of the control groups. This way of using
double GnRH injections seemed more efficient than did
that reported by Manns and Richardson (1976),
Humblot and Thibier (1980) and Dinsmore
et al. (1989). who recorded conception rates ranging
from 50-55% following a single GnRH injection.

The higher success rate of double GnRH injection in
this study may be explained after skim milk progeste-
rone monitoring. Five cows (62.5%) of the single injec-
tion group displayed slight increases in progesterone
concentrations and were considered as having follicular
cysts in which luteinization was insufficient and the
cysts remained after treatment. In contrast, complete
luteinization had occurred after the 2nd GnRH injection
in the other group of cows with regression of lutein
tissues after the end of sampling period as did the con-
trol animals.

Although the mechanisms by which double treat-
ments reestablish ovarian cycles with higher conception
rates have not been fully established, extensive investi-
gation has provided considerable insight regarding the
mechanism of response to GnRH treatment. The higher
skim milk progesterone concentrations secreted by the
luteinized ovarian cysts following the 2nd injection
play a major role in post-treatment concentrations of
LH and oestradiol-17f (Grunert, 1972; Grunert
et al., 1974; Seguin et al, 1976; Kesler et al,
1981). Progesterone appears to have a negative feed-
back on the hypothalamus and pituitary on LH release
(Kesler ctal, 1980; Zaied etal, 1981: Kesler
and Garverick, 1982) and content of progesterone
in ovarian cyst fluid is negatively correlated with
plasma oestradiol-17 levels (Hernandez-
Ledezma et al., 1982). Therefore, the higher skim
milk progesterone concentrations following the second
GnRH injection resulted in the decrease in pulsatile LH
concentration and slow down progressive follicular deve-
lopment as well as oestradiol synthesis with subsequent
normal follicular growth in conjunction with normal ovu-
lation occurring at the post-treatment oestrous cycle.
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1. Skim milk progesterone concentrations (mean + SE) in cystic cows treated with a single (@) and double (M) injections of GnRH or untreated

controls ()
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EVALUATION OF CANINE LYMPHOCYTE BLASTOGENESIS PRIOR
AND AFTER IN VITRO SUPPRESSION BY DOG DEMODICOSIS
SERUM USING ETHIDIUM BROMIDE FLUORESCENCE ASSAY

HODNOTENIE BLASTOGENEZY LYMFOCYTOV PSOV

PRED SUPRESIOU IN VITRO A PO NEJ POMOCOU SERA

OD DEMODIKOZNYCH PSOV PRI POUZITI FLUORESCENCNEHO
TESTU S ETHIDIUM BROMIDOM

i . — 2 .
§. Paulik', J. Mojzisova', V. Bajova', D. Baranova’, 1. Paulikova

lUniversir,\' of Veterinary Medicine, Department of Infectology, Kosice, Slovak Republic
D o = . : i . o .. ,
“University of Veterinary Medicine, Department of Internal Medicine, Kosice, Slovak Republic

ABSTRACT: The mitogen induced blastogenic response of lymphocytes from normal dogs and dogs with generalized
demodicosis (GD) was measured by the ethidium bromide (EB) fluorescence assay. Serum from GD dogs significantly
suppressed the in vitro reactivity to Con A of peripheral blood lymphocytes (PBL) from normal dogs and GD dogs, however
with a different percentage of suppression 40.6 and 81.2%. respectively. As a result, the degree of lymphocyte blastogenesis
suppression in GD dogs did not parallel the immunosuppressive potency of their serum (Tab. 1V). The data indicate that PBL
obtained from GD dogs did not respond to Con A as well in the presence of serum from normal dogs as did PBL from normal
dogs (Tab. IV). In one third of examined GD dogs a similar situation was described also by Hirsh etal. (1975). The basis
for this cellular modified response is unknown. It does not appear that the age or the chronicity of the disease are related to
this observation. Further studies are necessary to elucidate this relation. The GD dogs showed not only a significant depression
of the lymphocyte response to Con A but also enhancement of the ability of unstimulated cells to proliferate was also observed
(Tab. V). Similar observation was reported by others (Barriga et al., 1992). The meaning of this is not clear at present.
This finding is discussed in the light of proposed different effects of the parasite or the host's reactivity to the parasite on
different subsets of lymphocytes. No significant difference of PBL responsiveness to Con A between healthy dogs with respect
to the age (Tab. I11) and the time of examination (compare results in Tabs. I and V) was observed. Autologous serum showed
a better responsiveness of normal canine lymphocytes to Con A than fetal calf serum (FCS). It is suggested that the use of
FCS might lead to an erroneous judgement (Tab. 1). Both lectins, Con A and PHA induced cell proliferation of healthy dogs
in very similar amount (Tab. IT). Our results indicated that EB fluorescence assay is a useful method for detection a respon-
dence of canine lymphocyte blastogenesis.

dogs; demodicosis; lymphocyte blastogenesis: ethidium bromide fluorescence assay; mitogens; serum

ABSTRAKT: Sledovali sme tiroveii mitogénom indukovanej blastogenézy periférnych krvnych lymfocytov (PBL) u klinicky
zdravych psov a psov s generalizovanou demodikozou (GD) fluorescencénou metddou s ethidium bromidom (EB). Sérum od
psov s GD signifikantne supresovalo in vitro blasttransformdaciu PBL ku Con A rozdielne u zdravych psov (40.6 %, P < 0,025)
au psovs GD (81,2 %, P <0,005), v porovnani k odpovedi PBL u zdravych psov pri pouZiti autologného séra. To naznaCuje,
7e droven supresie blastogenézy PBL u GD psov nezodpovedala imunosupresivnej potencii ich séra. Naviac sme zaznamenali,
7e pri pouZili séra od normdlnych psov bola reaktivita PBL ku Con’A signifikantne niZsia (P < 0,05-0,01) u psov s GD neZ
u psov klinicky zdravych. Podstata tejto modifikovanej bune¢nej odpovede u GD psov nie je zatial znama. Nie je pravdepo-
dobné, ze vek alebo chronicita ochorenia u sledovanych zvierat suviseli s tymto pozorovanim. V porovnani s klinicky zdra-
vymi psami bola u GD psov zaznamenanad zvySend proliferdcia nestimulovanych bunick. Nezistili sme rozdiel (P > 0,05)
v reaktivite PBL ku Con A u zdravych psov vzhladom na vek a rozdielnu dobu vySetrovania. Odpovedavost PBL ku Con A
u zdravych psov bola vyrovnanejiia a vyraznejsia (P < 0,025) pri pouZiti autologného séra nez bovinného fetalneho séra (BFS).
To poukazuje na moZnost skresleného posudzovania vysledkov blastogenézy PBL u psov za pouZitia BFS. Urovei blastoge-
nézy PBL bola pri oboch nami pouzitych mitogénoch (Con A a PHA) rovnaka. Na zdklade dosiahnutych vysledkov konita-
tujeme, ze EB fluorescenéna metdda je vhodna k posudzovaniu drovne blasttransformaénej reaktivity lymfocytov u psov.

psy: demodikoza; blastogenéza lymfocytov; fluorescen¢na metoda s ethidium bromidom; mitogény; sérum
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INTRODUCTION

Interest in examining the immunologic aspects of a
host-parasite relationship has increased during the past
2 decades. Among the arthropods, the best known in-
stance of host immunomodulation is the immunosup-
pression attributed to Demodex canis (Wikel, 1984).
Depression of lymphocyte mitogen responsiveness in
dogs with demodicosis (Stott et al., 1974, 1976;
Barriga ctal, 1992) is due to the presence of sup-
pressive factor in serum as observed by using a nonspe-
cific lymphocyte transformation technique (Hirsh et
al.,, 1975; Krawiec and Gaafar, 1980).

Lymphocyte blastogenesis has been widely assayed
by the incorporation of radiolabelled thymidine into
lymphocytes. However, this method has certain disad-
vantages using radioisotope. Therefore, a new accurate
and practical method have been developed for evalu-
ation of lymphocyte blastogenic response, such as
a fluorescence assay with cthidium bromide (Naga-
hata ct al., 1984). Ethidium bromide (EB) fluorescence
assay was applied to examine the blastogenesis of periph-
eral blood lymphocytes from healthy animals (Naga-
hata etal, 1986; Inoue ctal., 1987; Tajima ctal.,
1987) including dogs (Nakanishi et al., 1986).

The pattern of lymphocyte activation response is very
similar whether a specific or nonspecific agent is used
(Singer, 1974). Concanavalin A and phytohemagglu-
tinin are efficient canine T-cell stimulants (Schultz and
Adams, 1978; Krakowka, 1987). The lymphocyte
blastogenesis technique is helpful in the laboratory diag-
nosis of immunosuppressive status in dog (Barta and
Oyekan, 1981; Medleau et al, 1983; Barriga
and Al-Khalidi, 1986).

The present study was undertaken to evaluate the
lymphocyte blastogenic response to Con A for the vari-
ous combinations of cells and serum from normal dogs
and dogs with generalized demodicosis with respect to
determination of the amount of blastogenesis suppres-
sion using EB fluorescence assay. The effect of differ-
ent conditions, such as culture serum, mitogen, age and
time of examination on the canine lymphocyte blasto-
genesis was also investigated.

MATERIAL AND METHODS

Blood sampling

Peripheral blood samples were obtained from eleven
clinically healthy dogs (average age 15.2 months) and
three dogs with generalized demodicosis (GD) (average
age 30.7 months) by v. cephalica puncture and placed
into a tube containing heparin (20 units/ml of blood).

Preparation of lymphocyte culture and mitogen
stimulation

The heparinized blood was diluted with phosphate
buffered saline (PBS) at a ratio | : 3. The lymphocytes

were isolated by the method described by Pro-
chazkova (1979). Separated cells were washed 3
times with RPMI-1640 medium (Sebak GmbH, Ger-
many) and resuspended in culture medium to give | x 10°
cells per ml. RPMI-1640 medium supplemented with
peninicillin — 200 u/ml, streptomycin — 200 pg/ml and
15% dog serum (unless otherwise indicated) was used
as a culture medium for lymphocytes in all investiga-
tions. Viability of the lymphocytes exceeded 95%, as
determined by trypan blue exclusion. The majority
(> 95%) of the isolated cells were defined as mononu-
clear cells. Five hundred microlitres of the lymphocyte
suspension were placed into polyethylene tube and
500 pul of mitogen (diluted in culture medium) was
added. As a control, 500 pl of the culture medium was
added instead of the mitogen. Concanavalin A (Con A;
Sigma Chemical Co., USA) and phytohemagglutinin
(PHA-P; Sigma Chemical Co., USA) at the optimum
concentration 25 pg/ml and 20 pg/ml for dog (Ta-
jima etal., 1990), respectively, were used as stimula-
tors. The cultures were set up in duplicate and incubated
at 37 °C and 5% CO, in humidified air for 96 hours.

Ethidium bromide (EB) fluorescence assay

The measurement of DNA in cultured lymphocytes
was determined according to Nakanishi et al
(1986). Briefly, cells after incubation were washed in
PBS with centrifugation at 1.500 rpm for 10 minutes at
room temperature and cell pellets were solubilized with
2 ml of Sodium dodecyl sulphate (SDS; Aldrich
Chemie, Germany) solution (0.125 mg/dl in PBS). The
samples were kept at room temperature for 30 minutes
with occasional stirring with a vortex mixer o expose
DNA. Afterward. 2 ml of EB (Aldrich Chemie, Ger-
many) solution (7.5 ug/ml in PBS) was added and
mixed thoroughly. Mixtures without lympocytes were
used as control (background FI). Fluorescence intensity
(FI) was measured by a spectrofluorophotometer (Jasco
FP-550, Japan) at Ex = 525 nm and Em = 600 nm.
Results are expressed as FI and stimulation index (SI).
SI was calculated as follows (Nagahata et al,
1986): SI = (A - C)/ (B - C); where A is mean FI with
mitogen; B is mean FI without mitogen; C is back-
ground FI (EB and SDS solutions mixed; FI = 3.6-5.6).

Experimental design

Lymphocyte blastogenic responses to Con A of five
clinically healthy dogs (average age 7.4 months) were
compared using autologous serum (AS) and fetal calf
serum (FCS; Sebak GmbH, Germany). In these dogs,
the blastogenic responses to Con A and PHA of lym-
phocytes cultured in AS were also compared. Effect of
serum from three dogs with GD (GDS) was investigated
on the lymphocyte blastogenesis in six clinically
healthy dogs (average age 1.8 years); i.c. serum from
one GD dog was tested in two normal dogs. GDS were
stored at =20 °C (max. for 5 weceks) until their use. In
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three dogs (8 months, 1.5 and 5.5 years old) with GD
(persisted 1-2 months), the in vitro lymphocyte re-
sponse to Con A after treatment with AS (i.e. GDS) and
pooled homologous serum (i.e. normal dog serum —
NDS) was also examined. Pooled dog serum was de-
rived by mixing sera from three healthy dogs (2-3 years
old). In addition, the lymphocyte blastogenesis of these
cleven healthy dogs was compared when they were di-
vided into two groups according to age or different time
of examination.

Statistics

Data obtained were expressed as mean * standard
deviation and analysed by Student’s t-test. Coefficient
of variation (CV) was also calculated, if necessary.
Only P = 0.05 or smaller was considered statistically
significant.

RESULTS

In examination of serum effect on lymphocyte blas-
togenesis in five healthy dogs, AS and FCS were used
(Tab. I). Maximum FI and SI values were determined
in the culture with addition of AS. There is a great
difference among these values using FCS. CV in both
parameters of blastogenesis of lymphocytes cultured in
the presence of FCS were much higher (0.667 and
0.403) in comparison to CV (0.015 and 0.135) of those
in the presence of AS. Therefore, we used dog serum
only in further experiments. In these five dogs, the blas-
togenic responses to Con A and PHA of lymphocytes
cultured in the presence of AS were examined. The
values of FI and SI were strongly similar, as both mi-
togens were compared (Tab. II).

I Blastogenesis of lymphocytes to Con A cultured with autologous
serum and fetal calf serum in normal dogs

In eleven healthy dogs, the lymphocyte response to
Con A using AS was compared with respect to the age
and the time of examination. The blastogenesis of lym-
phocytes obtained from younger dogs was slighthy
higher, but without significance (Tab. III). Likewise, no
significant difference was observed in the amount of
stimulation elicited by Con A comparing lymphocytes
obtained from two groups of dogs (FI = 10.11 £ 0.15
and SI =8.18 £ 1.11 in Tab. I; FI = 11..58 £+ 2.52 and
SI = 7.83 + 2.24 in Tab. IV) investigated in the two
different periods.

Tab. IV shows the amount of stimulation of peri-
pheral lymphocytes in response to Con A for the va-
rious combinations of cells and serum from normal
dogs and dogs with GD. When lymphocytes of these
groups of dogs were cultured in the presence of GDS,
the blastogenic response to mitogen was significantly
(P < 0.025-0.005) depressed in comparison to that in
normal dogs using AS. This difference of SI values
represented 40.6% suppression in normal lymphocytes
and 81.2% suppression in lymphocytes from dogs with
GD. Moreover, significant (P < 0.05 for SI and P < 0.01
for FI-SC) difference in blastogenesis between
lymphocytes from dogs with GD using NDS and lym-
phocytes from normal dogs using AS was also ob-
served. In contrast, the response of lymphocytes from
dogs with GD cultured in the presence of NDS was only
little higher (P > 0.05) than the response of those cul-
tured in the presence of AS (i.e. GDS). In addition,
when cultured in the presence of GDS, the blastogene-
sis of lymphocytes obtained from dogs with GD was
more (significantly in the SI value) depressed in com-
parison to that in normal dogs. The GD dogs showed
an increased proliferation of unstimulated lymphocytes,
regardless of the addition of AS or NDS to the culture
medium, as comparing to that of normal dogs.

II. Lymphocyte blastogenic response to Con A and PHA in normal
dogs

Dog Autologous serum Fetal calf serum Mitogens
No. FI-SC | FI-USC SI FI-SC |FI-USC SI Con A PHA
1 10.05 1.45 6.93 10.5 1.75 5.74 FI-SC 10.11 £0.15" 10.15 £ 0.10
2 10.35 1.45 743 3.45 0.85 4.05 § 818+ 1.11 826+ 1.19
3 10.05 115 873 1.55 0.65 238 ' (n=5" (n=5)
4 9.95 1.05 9.47 1125 1.55 7.25 a b 3
mean £ SD; "number of dogs: FI-SC and SI - see Tab. |
5 10.15 1.15 8.82 5.15 1.35 381
Mean | 10.11 1.25 8.18 6.29 1.23 466"
+SD 0.15 0.19 111 4.20 0.47 1.88 111 Influence of different age on lymphocyte blastogenesis to Con A
in normal dogs
Ccv 0.015 0.152 | 0.135| 0.667| 0382 0403
Average age of dogs 5
FI-SC = fluorescence intensity of stimulated cells; FI-USC = FI of 05 26 P<
unstimulated cells: SI = stimulation index; CV = coefficient of va- DnYE i RALE
riation FI-SC 1115 + 1.86" 10.34 2,07 NS
Bk 002 sI 8.59 % 1.55 695+ 1.73 NS
(n=T)" (n=4)
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1V. Lymphocyte blastogenic response to Con A for the various combin
demodicosis

ation of cells and serum from normal dogs and dogs with generalized

Culture from dogs Fluorescence intensity Stimulation index
Cells Serum SC usc

IN A 11.58 = 2.50 1.59 £ 0.59 783 +224
N D 6.06 £2.08 1.45 £ 0.69 4.65 £ 141
D N 401 £2.09 222 1.7 293 +222
‘D D 370+ 2.67 236 % 1.15 1.47 £ 0.44
Significance (P)

Ivs. 2 <0.005 NS <0.025
l'vs 3 <0.01 NS <0.05

| vs 4 <0.01 NS <0.005
2vs. 3 NS NS NS
2vs 4 NS NS <0.025
Ivs. 4 NS NS NS

N (cells) = normal dog (n = 6): N (serum) = mixed serum from three healthy dogs: D (cells) and serum = demodicosis affected dogs
(n = 3): A = autologous; SC = stimulated cells; USC = unstimulated cells; NS = not significant

DISCUSSION

The serums from dogs with GD were shown to sig-
nificantly inhibit the in vitro reactivity to Con A of
lymphocytes from normal dogs. These findings support
the results of other authors (Hirsh etal., 1975; Scott
ctal, 1976; Krawicc and Gaafar, 1980) that se-
rum factors present in active cases of demodicosis are
depressing response of T-lymphocytes to mitogens.
However, when lymphocytes were cultured in the pres-
ence of GDS, there was a higher percentage of suppres-
sion of blastogenesis in GD dogs (81.2%) than that in
normal dogs (40.6%), in comparison to blastogenesis of
lymphocytes from normal dogs with AS added (Tab.
IV). As a result, the degree of in vitro lymphocyte blas-
togenesis suppression in GD dogs did not paralleled the
immunosuppressive potency of their serum. Similar ob-
servation in GD dogs was also reported by Corbett
ctal. (1975). In our experiment, one explanation for this
phenomenon can be that the GDS were stored (-20 °C)
three to five weeks before their use.

Furthermore, lymphocytes from GD dogs responded
to Con A significantly slighter than normal dog lym-
phocytes, when cultured in the presence of NDS or AS,
respectively. Similar observation in one third of inves-
tigated GD dogs was also reported by other authors
(Hirsh et al.. 1975) and they indicated that because
of the extreme variation in responsiveness to mitogen
between the cells of these groups of dogs, differences
may have been masked. The basis for this hyporeacti-
vity is unknown. Whether this was due to the age of the
dog, the discase itself, or both, is not clear (Hirsh et
al., 1975).

It does not appear that the age or the chronicity of
the discase are related to our observation. Moreover,
our dogs before examination were not on steroid the-
rapy. One might possibly conclude from this that, in
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addition to serum factors, there may also be a cellular
modified response to the Con A. These findings require
confirmation with more dogs.

The suppression of blastogenesis of stimulated lym-
phocytes from GD dogs was accompanied by an in-
crease in cell mitogenesis in media without the Con A.
The meaning of this is not clear at present, but depres-
sion of the Con A response in coincidence with en-
hancement of the transformation of unstimulated cells
suggests that the parasite or the host's reactivity to the
parasite can be depressive or stimulating on different
subsets of lymphocytes. Con A and PHA are stimulants
of T-lymphocytes in dogs (Krakowka, 1987). Al-
though the subpopulations of canine blood lymphocytes
which are induced to transformation by those mitogens
are not a strict separated at this time, experimental evi-
dence suggests that the lymphocytes responsive to PHA
exhibit a helper function and those reacting to Con
A appear to be less mature than helper T-cells, have
suppressive and cytotoxic functions (Stobo, 1980).
Barta and Oyekan (1981) reported that some in-
fectious diseases associated with the presence of serum
lymphocyte mitogenesis suppressing factors are accom-
panied by an increase in the cpm of unstimulated cells,
which may indicate recruitment of younger cellular
forms from the depot of the hematopoietic tissue
(Barta. 1981). The increased proliferation of un-
stimulated lymphocytes was observed not only in GD
dogs, but also in dogs with localized demodicosis
(Barriga etal, 1992).

In vitro lymphocyte stimulation is subject to various
factors causing some variability. The test day appeared
to be one of the sources of variation (Buckley,
1976). In swine it was observed using 3H-lhymidinc
incorporation assay (Joling et al., 1993). No signifi-
cant difference in the lymphocyte responsiveness to
Con A in healthy dogs examined in the two different
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periods using EB fluorescence assay was observed. It
1s evident, as a measure of the lymphocyte response to
mitogens, that the EB fluorescence assay was proved to
be less variable than 3H-lhymidinc uptake assay (Na-
gahata etal, 1986). Moreover, Sabbe etal. (1983)
reported that in lymphocyte proliferation intrinsic dif-
ferences in the tested cells were more relevant than
biological differences. According to Barta and
Oyekan (1981), the response of the canine blood
lymphocytes to mitogens is dependent on a number of
regulatory factors, which obviously vary slightly with
time and considerably with infectious discases.

No difference in response of lymphocytes to Con
A was observed between the animals of two different
ages (4-10 months and 1.5-4.0 years old, respectively).
Previous studies showed that lymphocytes from healthy
puppies respond to mitogens normally when they are
three months old (Gerber and Brown, 1974). It
was documented that the lymphocyte response de-
creases with increasing age (Gerber and Brown.
1974) and significant suppression of those in dogs older
than nine years of age was observed (Schultz and
Adams, 1978). If the age is a factor of importance in
mitogen responsiveness of lymphocytes, our data does
not reveal it. A change in the experimental design, such
as extension of the age period. may reveal a possible
cffect of age more clearly.

The effect of cultivation of canine peripheral blood
lymphocytes in the presence of AS and FCS on EB
fluorescence assay was examined. The great difference
in lymphocyte blastogenesis values between the dogs
by using FCS suggested that the use of FCS might lead
to an erroneous judgement. Normal homologous serum
is presumed to make canine lymphocytes show higher
responsiveness than FCS (Barta et al.. 1982: Na-
kanishi et al.,, 1986). In this examination, ASs
showed a better responsiveness of lymphocytes than
FCS and no remarkable differences have been found
between ASs.

Both lectins, Con A and PHA, induced cell proli-
feration in very similar amount. Other authors also
showed that the values of lymphocyte responses to
these mitogens in healthy dogs were in similar ranges,
but according to Barta and Oyekan (1981) and
Barriga et al. (1992) higher with Con A, according
AL-Khalidi and Barriga (1986) higher with
PHA.

The optimum concentration of mitogen for lympho-
cyte blastogenesis is variable according to cach animal
species. There is evidence that the relationship between
the optimum concentration of mitogen which induces
maximal lymphocyte blastogenic response and the re-
ceptor occupancy by mitogen exists in dog (Tajima
et al., 1990). Therefore, not the disparity between pro-
liferation data after Con A and PHA stimulation of
lymphocytes in our study may be reflection by a opti-
mum concentration used.

EB fluorescence assay is thought to be possible to
be used instead of the radioisotope incorporation assay

Vet. Med. - Czech, 41, 1996 (1): 7-12

for evaluation of blastogenic response of lymphocytes
from healthy cows (Nagahata et al., 1986), equine
(Tajima et al., 1987) and swine (Inoue ct al,
1987). The main advantages of this assay are safety,
simplicity and reliability, while results are more easily
reproduced (Nagahata et al, 1986). The results in
this paper have suggested that EB fluorescence assay is
a useful method of detection of a depressed responsive-
ness of canine lymphocyte blastogenesis to mitogens.
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EFFECT OF COPPER ON THE IMMUNE RESPONSES OF GUINEA
PIGS WITH EXPERIMENTAL ASCARIOSIS

VPLYV MEDI NA IMUNITNE PREJAVY MORCIAT PRI
EXPERIMENTALNEJ ASKARIOZE

Z. Boroskova, J. Soltys, M. Benkova

Institute of Parasitology, Slovak Academy of Sciences, KoSice, Slovak Republic

ABSTRACT: A subchronic effect of copper on selected immunological parameters was studied in guinea pigs with experi-
mental ascariosis (Ascaris suum). CuSOy given orally for 28 days moderately increased T and B cells in the animal lymphoid
organs. CH* and AHY complement levels remained unchanged during CuSO, administration. A subsequent infection of
subchronically intoxicated guinea pigs caused a repeated insignificant stimulation of B cell values while the percentage of T
cells was not increased. On the contrary, the complement levels increased significantly in intoxicated infected animals, namely
CH levels from day 5 to day 15 and AH levels from day 1 to day 7 post infection. No statistically significant differences
were observed in comparison with infected non-intoxicated guinea pigs. The lean intensity of infection evoked by A. suum
larvae migrating in the lungs of intoxicated animals was 29% lower than in control.

copper; T and B cells; complement; antibodies; Ascaris suum; guinea pig

ABSTRAKT: Sledoval sa subchronicky vplyv medi na vybrané imunologické parametre pri experimentélnej askarioze (As-
caris suum) mor¢iat. Zistilo sa, ze po 28-diiovom perordlnom aplikovani CuSO, doslo k miernemu zvySeniu hodnot T a B
buniek v lymfoidnych orginoch zvierat. Hladina komplementu CHY a AH® pocas podivania CuSO, ostala nezmenend.
Nasledné infikovanie subchronicky intoxikovanych moréiat sposobilo opédtovni nevyrazni stimuliciu hodnét B buniek, kym
zastipenie T buniek sa nezvySilo. Naproti tomu hodnoty komplementu preukazne vzrastli u intoxikovanych a infikovanych
zvierat, a to pri CH® od 5. do 15. diia a pri AHY od 1. do 7. dita po infikovani, pricom rozdiely, v porovnani s len
infikovanymi morcatami, neboli Statisticky vyznamné. Priemerna intenzita infekcie migrujicimi larvami askarid v plucach

intoxikovanych zvierat bola niZsia 0 29 %, v porovnani s kontrolou.

med; T a B bunky: komplement; protildtky; Ascaris suum; moréa

UvoD

Vyznam medi pre metabolizmus ludi a zvierat je rela-
tivne dobre zndmy. Tento esencidlny prvok je nepostrada-
telnou sucastou viacerych metaloenzymov v organizme,
potrebnych k udrZiavaniu optimélnej homeostizy vnitor-
ného prostredia (Bencko ai., 1991). Na druhej strane
je med aj jednym zo zavaznych polutantov Zivotného
prostredia a prijimana v nadbytku mo6Ze poskodit fyzio-
logické funkcie Zivych organizmov. Zname su zmeny
v metabolizme zvierat po intoxikacii medou a synergic-
ky, ako aj antagonisticky vztah tohto prvku k ostatnym
mikroelementom (Cabadaj a Gdovin, 1970;
Ilussein ai, 1985; Bire§, 1989). Menej presku-
mané je posobenie medi na imunitny systém vo vziahu
k infekcii. Deplécia tohto tazkého kovu v potrave mdze
sposobil poruchu imunologickej rovnovahy a tym zni-
Zenie obranyschopnosti organizmu voci ochoreniam
(Jones a Symons, 1982; Philips ai., 1982).

Cielom naSej prace bolo preskimat vplyv subchro-
nickej intoxikicie CuSO4 na T a B bunky, hladinu
komplementu a $pecifickych protilatok pri experimen-
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tdlnej askariéze morciat. Zaroven sme u tych istych zvie-
rat preskimali vplyv tejto zluCeniny na priemernu in-
tenzitu infekcie migrujicimi larvami askarid v plicach.

MATERIAL A METODY

Zvierata a rozdelenie experimentov

Pokusy sme robili na 127 moréatich, o hmotnosti
250-300 g (Velkochov laboratérnych zvierat, Praha),
chovanych v laboratérnych podmienkach (23 °C,
60-70 % vlhkosti) a kimenych komerénou zmesou pre
morcata ad libitum.

Sledovanie imunologickych ukazovatel'ov

T a B lymfocyty, aktivitu komplementu a cirkuluji-
ce protilatky v sére, sme sledovali na troch skupinach
morciat, pricom v 1. skupine bolo po 39 a v 2. a 3.
skupine po 44 zvierat.
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Prvej skupine morciat bol podavany CuSO,4 od 1. po
28. defi pokusu, bez experimentilneho infikovania.

V druhej skupine zvieratd dostavali CuSOy4 v rovna-
kej dobe ako morcata v 1. skupine a 24 hodin po pos-
lednom podani zlic¢eniny boli zvierata experimentélne
infikované 3 000 vajickami Ascaris suum na moréa.

Tretia skupina bola experimentdlne infikovana vajic-
kami A. suum v diavke 3 000 vajicok na morca, bez
podavania CuSOy,.

CuSOy bol podavany morCatam per os v Zelatino-
vych tobolkdch v davke 2,080 pg na kg Z. h. jedenkrit
denne od 1. po 28. den experimentu. Uvedena davka
a zlidenina bola ekvivalentna obsahu Cu v priemysel-
nej imisii tazkych kovov a inych prvkov, ziskanej vo
vzdialenosti 5 km od zavodu na vyrobu medi (Boro§-
kova ai., 1993).

Vaji¢ka A. suum izolované z uteru pohlavne zrelych
samiciek, boli kultivované v 0,1 M NaOH pri labora-
tornej teplote. Na nakazenie boli pouzité¢ 28-dnové in-
fekéné vajicka.

Percentualne zastipenie T a B lymfocytov v lymfoid-
nych orgianoch (hepatilne, mediastinilne, mezenteridlne
lymfatické uzliny a slezina), cirkulujice protilatky a akti-
vitu komplementu v sére morciat, sme vyhodnotili pred
prvym podanim CuSQOy (1. den pokusu), na 7., 14., 21.
a 28. defi jeho poddvaniaana 1.,5.,7.,9, 12, 15, 19.
a 22. den po infikovani vo vSetkych troch skupinich mor-
¢iat. Kazdy uvedeny den sme zabili po tri mor¢ata a vzor-
ky jednotlivych lymfoidnych organov a sér sme poolovali.

Vplyv CuSOy4 na intenzitu infekcie sme vyhodnotili
na piatich morcatach 2. skupiny a piatich morcatach
3. skupiny. Na 7. deii po infikovani sme z plic obi-
dvoch skupin morciat ziskali larvy Baermannovou me-
todou (Manual of veterinary parasitological laboratory
techniques, 1986).

E a EAC rozetovd metéda na detekovanie
T a B lymfocytov

T bunky boli detekované rozetovou metédou podla
Winchestera a Rossa (1987). Cista suspenzia
lymfocytov, izolovanych Ficollom Paque (Pharmacia
LKB), v koncentricii 10%0,1 ml bola zmieSana s rovna-
kym objemom bovinného fetilneho séra a s dvojnasob-
nym objemom 0,5% suspenzie kraliCich erytrocytov.

B lymfocyty boli uréené EAC rozetovou metédou
podla Winchestera a Rossa (1987). Suspenzia
lymfoidnych buniek, v koncentracii 10%/0,1 ml, bola
zmie$and s rovnakym objemom 5% suspenzie baranich
erytrocytov, ku ktorym bol pridany vytitrovany ko-
mercny hemolyticky amboceptor proti baranim erytro-
cytom a komplement (Ustav sér a ofkovacich latok,
Praha). E a EAC rozety sme hodnotili mikroskopicky.

Komplement aktivovany klasickou (CH*)

a alternativnou cestou (AHSO)

Hodnoty CH sme stanovili s baranimi erytrocyta-
mi senzibilizovanymi amboceptorom (inaktivované

14

kralicie sérum) a inkubovali s vySetrovanymi sérami
v riedeni 1 : 2 az 1 : 126, pri teplote 37 °C 60 minut
(Star$ia a Stefanovi¢, 1977). Pri stanoveni
hodnét AHY® sme pouzili nesenzibilizované krélicie
erytrocyty vo veronalovom pufre s EGTA, ktoré sme
inkubovali 30 minut pri teplote 37 °C s vySetrovanymi
P P e ; ~1q50 ‘

sérami v riedeni ako pri stanoveni CH™ (Lochman,
1983).

Specifické cirkulujice protilitky

Hladinu $pecifickych protilatok v krvi morciat sme
stanovili metédou ELISA podla Mancala (1986).
Pouzili sme antigén v riedeni 1 : 200, ziskany ultrazvu-
kovou dezintegriciou Ly lariev A. suum.

Statistické hodnotenie experimentov

Statistickt vyznamnos( vysledkov sme hodnotili
Studentovym t-testom.

VYSLEDKY
T bunky

V 1. a 2. skupine morciat doslo po aplikovani
CuSOy len k miernemu signifikantnému ndrastu hodnot
T bunkovej populicie vo vietkych lymfoidnych orga-
noch od 7. do 21. diia experimentu, v porovnani s vy-
chodiskovou hodnotou. Od 21. dna az do ukoncenia
pokusu hodnoty T lymfocytov mierne poklesli. a to
v obidvoch sledovanych skupindach. Po infikovani zvie-
rat v 2. skupine nedoslo k zvySeniu hodndt T buniek
v lymfoidnych organoch a vyraznejsie rozdiely v prie-
behu kriviek 1. a 2. skupiny sme nezaznamenali v ce-
lom priebehu experimentu. U 3. skupiny morc¢iat sa od
1. dia po infikovani hodnoty T lymfocytov vyrazne
zvy§ili, s maximom na 7. defi a prudkym poklesom ku
22. diu po infikovani. Rozdiel v hodnotach 3. skupiny,
v porovnani s 1. a 2. skupinou bol $tatisticky signifikant-
ny (P <0,01) od 5. do 19. dia po infikovani (obr. 1).

B bunky

Aj pri B bunkovej populacii sme zistili obdobny
priebeh kriviek v 1. a 2. skupine pocas aplikovania
CuSOy, s tym rozdielom, Ze v porovnani s vychodisko-
vou hodnotou, boli hodnoty B buniek signifikantne (P <
0,01) vyssie vo vietkych lymfoidnych orgénoch od 7.
do 28. diia experimentu. V 2. skupine p. i. hodnoty
tychto lymfoidnych buniek po infikovani len mierne,
nesignifikantne vzrastli, v porovnani s 1. skupinou. Na-
proti tomu v 3. skupine doslo uZ na 1. dei p. i. k prud-
kému (P < 0,01) narastu hodndt, s maximom na 9. den
a poklesom ku 22. diiu po infikovani (obr. 2).
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CH* Statisticky vyznamné (P < 0,01) zvySenie hladiny

Hladina CH v 1. skupine mor¢iat nepatrne vzrastla
od 7. do 14. diia po podavani CuSO,, v porovnani s vy-
chodiskovou hodnotou. V dalSich diioch mala krivka uve-
deného imunologického ukazovatela kolisavy priebeh.

K miernemu nesignifikantnému zvySeniu aktivity
cH doslo aj v 2. skupine od 7. dia po podavani
CuSOQy. Vyrazny narast hodndt sme zistili po infikovani
zvierat, s maximom na 7. defi. V dalSich diioch odberu
hladina CH*" postupne klesala az k 22. diu po infiko-
vani.

V 3. skupine mor¢iat hladina CHY saz pociatocnej
hodnoty na 1. defi zniZila do 5. diia p. i. V dalSich
diioch hodnoty cHY postupne narastali az do ukonce-
nia pokusu.
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CHY sme zaznamenali v 2. skupine morciat od 1. do
15. dia p. i., v porovnani s 3. skupinou morc¢iat (obr. 3).

AH50

Obdobny priebeh kriviek sme zistili aj pri sledovani
vplyvu CuSO, na AHY s tym rozdielom, Ze v 2. skupine
morciat po infikovani doslo, v porovnani s cH™, k vy-
raznejSiemu zvySeniu hodnét hladiny komplementu uZz na
1. den p. i., s poklesom k 7. diiu po infikovani (obr. 4).

Specifické cirkulujiice protilatky

Po infikovani 2. a 3. skupiny mor¢iat hodnoty proti-
latok od 2. diia postupne vzrastli a dosiahli maximum
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kovani.

V 2. skupine sme zaznamenali o nieco rychlejsi na-
stup protilatkovej aktivity od 7. do 9. dia p. i., v po-
rovnani s 3. skupinou. V dal§om priebehu infekcie hla-
dina protilatok v 2. skupine, v porovnani s 3. skupinou
mierne poklesla.

Vplyv na priemerni intenzitu infekcie
Priemernd intenzita infekcie migrujicimi larvami
A. suum v plicach morciat po exponovani CuSOy a in-

fikovani, bola niZ8ia 0 29 %, v porovnani so skupinou,
ktorej nebola aplikovana zli¢enina medi.
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Doterajsie, i ked ojedinelé poznatky o ucinku medi
na imunitny systém v suvislosti s pasienkovymi hel-
mintézami hospodarskych zvierat naznacujui, Ze tento
esencidlny prvok ma vyznam v imunitnych mechaniz-
moch (Yong a i, 1985; Huckers a Yong,
1986). Podla poznatkov Bremmera a Keitha
(1959) deficit medi v potrave zvieral ma za nasledok
zvySené vyluCovanie vajicok helmintov vo vykaloch
hovidzicho dobytka, ¢o autori davaji do priameho su-
visu $0 zniZenim obranyschopnosti hostitelov. Deplécia
medi v potrave sposobuje u experimentalnych zvierat
zniZenie protilidtkovej aktivity, imunosupresiu a tym
zvySeni vnimavost aj k ochoreniam virusovej etiolégie
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(Lukasewytz a Pohanka, 198]1; Wagner
a Wagnerova, 1988). V malych davkach je tento
nutri¢ny faktor sice efektivnym stimulatorom imunity,
ale vCasny imunostimulacny ucinok je spravidla vy-
striedany potlatenim imunitnej odpovedi (Bruin,
1980; Wagner a Wagnerova, 1988).

Z prezentovanych vysledkov vyplyva, ze 28-dnova
perorélna aplikicia medi len nevyrazne zvysila zastipe-
nie T a B buniek v lymfoidnych organoch mor¢iat. Dal-
§i mierny ndrast B lymfocytov sme zaznamenali po in-
fekcii, kym T bunky na antigénny stimul infikovanim
hostitelov A. suum, nereagovali. Obidve bunkové popu-
lacie (T a B) maja nezastupitelny vyznam najma v re-
gulaénych mechanizmoch imunity nielen pri askariéze,
ale aj pri inych helmintézach (Soulsby, 1987). Vy-
znamnejsie rozdiely v hodnotach tychto imunokompe-
tentnych buniek v jednotlivych sledovanych lymfoid-
nych orgdnoch, ktoré si zahrnuté do lymforetikularnej
osi pocas migracie lariev askarid v hostitelovi, sme ne-
zistili.

Z vysledkov usudzujeme, Ze podavanie CuSO, mor-
¢atam nenarusilo priebeh krivky B lymfocytov priznac-
nej pri priecbechu endogénnej migracic lariev u parate-
nickych hostitelov (Douwres a Tromba, 1971).
I ked davka 3 000 vajicok A. suum pre morca je dosta-
tocne efektivny antigénny stimul, reakcia tejto bunko-
vej populdcie po exponovani CuSO, a infikovani bola
viak vyrazne slabdia, v porovnani s len infikovanymi
zvieratami.

Na detekciu obidvoch druhov imunokompetentnych
buniek sme pouZili rozetové metddy, ktoré stanovuji
niz8ie poc¢ty T a B lymfocytov ako su ich skuto¢né hod-
noty. Predpokladame preto, Ze v experimentoch nemu-
selo dojst len k ich absolitnemu narastu, ale aj k ov-
plyvneniu intenzity expresie CD2 receptorov, resp.
inych faktorov, ktoré priaznivo ovplyvnili metodické
podmienky a zvysili adherenciu krviniek na lymfocyty.

Vet. Med. - Czech, 47, 1996 (1): 13-18

Po dobu expozicie zvierat Cu nedoslo k ovplyvneniu
hladiny komplementu. Po infikovani morciat sa v pr-
vom rade zvysila hladina AH. Tito sa zvySuje obvyk-
le okamzite po antigénnej stimulacii. Narast aktivity
CHY sa prejavil neskor — zrejme po vizbe antigénov
A. suum so vzniknutymi protilatkami. Mierny prechod-
ny utlm hladiny komplementu u zvierat len infikova-
nych mozno vysvetlit relativne vysokou infek¢nou dav-
kou vajicok A. suum a tym neimernou zdlaZou tejto
zlozky imunity v prvej faze infekcie. Narast hodn6t
komplementu v dalSom priebehu migrécie lariev A. suum
je vyznamny z hladiska efektorovej funkcie tohto imu-
nologického parametra okrem askariozy aj pri inych
helmintézach, kde sa pévodca dostava do dzkeho kon-
taktu s tkanivom hostitela (Gerasimova, 1991).

Po exponovani zvierat CuSOy a infikovani sme za-
znamenali rychly nastup Specifickych cirkulujiacich
protilatok, ¢o mohlo byt désledkom znameho adjuvant-
ného ucinku Cu na antigény a tym zvySenia ich efek-
tivnosti (Bruin, 1980). VyraznejSie ovplyvnenie hla-
diny protilatok intoxikdciou sme nezistili. Ndilez
nizSieho poctu lariev u medou zatazenych morciat mo-
hol viak sivisiet aj s aktiviciou inych zloZick imunity
(napr. fagocytov), ktoré sme v danej praci neskimali.

Med, podobne ako iné tazké kovy (ortut, kadmium),
ma priamy negativny ucinok na patogenitu, virulenciu
ako aj na fyziologické funkcie inych helmintov (Jana
a Ghosh, 1987; Evans, 1982). Predpokladame, Ze
aj tento nepriaznivy vplyv Cu priamo na povodcu nasej
modelovej helmintézy sa pravdepodobne mohol podie-
lat (okrem stimulacie prevaznej vicsiny sledovanych
imunologickych parametrov) na pomerne vyraznom
zniZeni priemernej intenzity infekcie A. suum.

Z nasich predchadzajicich pokusov (Boroskova
a i, 1993) vyplyva, ze subchronicka intoxikacia mor-
¢iat priemyselnou imisiou s dominanciou medi a ortuti,
pri tej istej modelovej helmintdze, vyrazne redukovala
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zastipenie T a B bunkovej populécie, fagocytarnej ak-
tivity makrofagov a v mensej miere potlacila aj aktivitu
komplementu. Priemernd intenzita infekcie A. suum sa
pritom zvysila u morciat o 15 %. Podobny inhibi¢ny
vplyv na imunitu sme zaznamenali aj po experimental-
nej intoxikacii HgCly, Co sa tieZ prejavilo zvySenim
intenzity infekcie A. suum u morciat (Boroskova
a 1., 1995). Na rozdiel od uvedenych poznatkov CuSO,
v davke, ktora korelovala s obsahom Cu v priemyselnej
imisii, nealterovala sledované imunologické parametre,
ale mala u viacSiny z nich imunostimulacny Géinok.

Kedze skumany tazky kov je Castou zlozkou priemy-
selnych imisii, bude vyznamné preskimat jeho uc¢inok
na imunitné prejavy a infekciu zvierat, a to v sivislosti
s jeho znamymi interakénymi vztahmi s inymi prvkami
(As, Fe, Hg, Pb, Se, Zn) v praSnych spadoch.
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IDENTIFICATION OF AEROBIC AND FACULTATIVELY
ANAEROBIC SPORULATING BACTERIA ISOLATED FROM
OPERATIONS OF MILK PRIMARY PRODUCTION

IDENTIFIKACE AEROBNICH A FAKULTATIVNE ANAEROBNICH
SPORULUJICICH BAKTERII IZOLOVANYCH Z PRVOVYROBY MLEKA

Z. Pacova', J. Vyhnalkova®, J. LukasovaZ, J. Holec?

"' Czech Collection of Microorganisms, Faculty of Science, Masaryk University, Brno,
Czech Republic
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“ Veterinary and Pharmaceutical University, Brno, Czech Republic

ABSTRACT: Aerobic and/or facultatively anaerobic sporulating Gram-positive bacteria of the genus Bacillus influence
nutritive and sensory properties of pasteurized milk by their proteolytic and lipolytic activity. Since particularly raw milk is
a source of pasteurized milk contamination by spore-producing bacteria, our investigations were focused on identification of
bacilli from operations of milk agricultural primary production. The species B. licheniformis and B. cereus (Cricelly et al.,
1994) are the most frequently isolated ones in the process of milk production. While B. licheniformis as well as B. subtilis
and B. pumilus are mesophilic species, B. cereus is rather psychrotrophic, and as to their health impacts they cause discases
from foods (Griffiths, 1990; Christiansson, 1992; Becker et al., 1994). Sixty-six strains were isolated and
identified from operations of milk agricultural primary production (Tab. I). B. licheniformis occurrence (58 strains) was most
frequent in the set of samples, followed by B. subtilis (5 strains), B. pumilus (one strain) and B. cereus (one strain), i.c. these
are species classified to morphological group I (oval, cell-nonswelling spores). Only one strain Paenibacillus amylolyticus
(formerly Bacillus amylolyticus) was isolated from morphological group II (oval. cell-swelling spores). Species representation
of isolated strains is in agreement with literary data (Phillips and Griffiths, 1986; Sutherland and Murdock,
1994; Crielly et al, 1994). Our results did not confirm the seasonal occurrence (winter — summer) of mesophilic and
psychrotrophic bacilli species as reported in literature (McKinnon and Pettipher, 1983: Sutherland and Mur-
dock, 1994; Crielly et al, 1994). Biochemical and physiological characteristics of 66 isolates (Tab. I) are in agreement
with literary data (Gordon etal., 1973; Parry ctal, 1983: Pricst etal, 1988; Ash etal., 1993). Strong proteolytic.
amylolytic or lipolytic activities of the tested strains could influence the nutritive value of milk as a raw material. Taking into
account the dominant representation of bacilli of morphological group I in raw and pasteurized milk (Sutherland and
Murdock, 1994; Crielly etal., 1994) their review with basic phenotypic characteristics is shown in Tab. I1. As follows
from our results, mesophilic species from so called B. subtilis group™ (96.9%) were isolated from agricultural primary
production of milk most frequently. This is the reason why in addition to B. cereus it is also necessary to identity these species:
seven tests shown in Tab. Il are recommended for their rapid differentiation.

Gram-positive sporulating bacteria; mesophilic and psychrotrophic bacilli; seasonal occurrence; identification; raw and paste-
urized milk

ABSTRAKT: Bylo identifikovano 66 kmenl sporulujicich acrobnich a fakultativné anacrobnich bakterii, izolovanych ze
zemédélské prvovyroby mléka. 65 kment bylo zafazeno do I. morfologické skupiny a identifikovino jako Bacillus licheni-
formis (58 kmenu), B. subtilis (5 kmen(), B. pumilus (1 kmen). Do II. morfologické skupiny byl zafazen jeden kmen
a identifikovin jako Paenibacillus amylolyticus. Nebyly zjistény zmény v druhovém zastoupeni mesofilnich bacili vzhledem
k sezonnimu odbéru vzorki (leden, ¢erven).

grampozitivni sporulujici bakterie; mezofilni a psychrotrofni bacily: sezonnost vyskytu; identifikace: syrové a pasterované
mléko

UvVOoD rické vlastnosti pasterovaného mléka. Zdrojem konta-
minace pasterovaného mléka sporotvornymi bakteriemi

Aerobni, popi. fakultativné anaerobni sporulujici  je pfedeviim syrové mléko, pocet aerobnich sporuluji-
grampozitivni bakterie rodu Bacillus ovliviwji svou  cich bakterii se v prib&hu technologického procesu pfi
proteolytickou a lipolytickou aktivitou nutri¢ni a senzo-  vyrobé mléka jiZ vyrazné neméni. Proto vybér kvalitni
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suroviny, technologie a dodrzovani spravné hygieny pri
jeho zpracoviani zasadné ovliviiuji kvalitu pasterované-
ho mléka.

Nejcastéji izolovanymi druhy rodu Bacillus pfi pro-
cesu vyroby mléka jsou druhy B. licheniformis a B. ce-
reus (Crielly aj., 1994). Zatimco B. licheniformis
patii spolu s B. subtilis a B. pumilus k pievladajicim
mezofilnim druhtim, B. cereus je spiSe psychrotrofni
druh, ktery se mize mnoZit v mlé¢nych vyrobcich i pfi
chladnickové teploté a zpisobovat onemocnéni z potra-
vin (Holmes aj., 1981; Christiansson aj.,
1989; Griffiths, 1990; Christiansson, 1992).
Schopnost tvofit endospory, které jsou vysoce rezistent-
ni k vys§im teplotim, suSeni apod., vede k preZivani
bacili po pasterizaci mléka, a proto jsou piedevsim tyto
druhy kontaminantami détské vyZivy, zalozené na bazi
suSeného mléka (Singh aj., 1980; Anderton,
1986; Becker aj., 1994).

Vzhledem ke zdravotnimu riziku vySe uvedenych
druha bacild a jejich vlivu na kvalitu pasterovaného
mléka, zaméfili jsme se na zjiSténi druhového spektra
bacilt izolovanych ze zemédélské prvovyroby mléka
jako mozného zdroje kontaminace mléka a mlécnych
vyrobki.

MATERIAL A METODY

V prici bylo testovano 66 kmeni bacila izolovanych
v zimnim (kmeny 1-17) a letnim obdobi (18-66) v ro-
ce 1992 ve Skolnim zemédélském podniku Novy Dvr.
Zdrojem izolace bylo syrové mléko pfed a po ukonéeni
dojeni a dale stéry z vemene a kiZe dojnic, faeces, sla-
ma a krmna silaz. Izolace kmenu byla provedena na
masopeptonovém agaru pii teploté 30 °C po predchozi
devitalizaci vzorku pfi teploté 85 °C po 10 minutéch.

Morfologicki charakteristika

Produkce spor byla zjiStovdna po dobu kultivace 1-7
dna pfi teploté 30 °C na masopeptonovém agaru s 10,0
mg MnSO,4.H,0/1 1.

Biochemicka a fyziologicka charakteristika

Fenotypické vlastnosti byly testovany konvencnimi
rastovymi testy (Gordon aj., 1973), arginin dihydro-
liza (Brooks a Sodeman, 1974), ONPG (Lo-
we, 1962), produkce fosfatazy (Pa¢ova a Kocur,
1978). Z komer¢nich testa byly pouzity: Simmons’ cit-
rit (Oxoid, CM155), B. cereus agar (HiMedia M833)
pro egg-yolk reakci, médium pro anaerobni rust (BBL
No. 10926).

VYSLEDKY

Biochemicki a fyziologické charakteristika 66 izolo-
vanych kmeni je uvedena v tab. I. Nejcastéji se v sou-
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boru vzorku z prvovyroby mléka vyskytoval druh B.
licheniformis (58 kmen), dile B. subrilis (5 kmeni),
B. pumilus (1 kmen) a B. cereus (1 kmen). Tyto druhy
patfi do I. morfologické skupiny rodu Bacillus, tzn., Ze
tvoii ovalné spory nezdufujici buiku. Pouze jeden
kmen patfil do II. morfologické skupiny (ovalné spory
zdufujici buiiku) a byl identifikovan jako Paenibacillus
amylolyticus. VSechny identifikované kmeny byly kata-
ldza pozitivni, 60 kment bylo fakultativné anaerobnich.
Proteolytickda a amylolyticka aktivita kmena byla rov-
néz velmi vysokd, 65 kment hydrolyzovalo Zelatinu,
kazein a $krob. Lecitindzu produkoval pouze jeden
kmen B. cereus. Voges-Proskauer test a Simmons’ cit-
rit byl pozitivni u viech 66 kment I. morfologické sku-
piny. Oba tyto testy byly naopak negativni u Paeniba-
cillus amylolyticus. Nitraty redukovalo 65 kmen,
negativni byl jeden kmen B. pumilus. Kyselinu z glu-
kézy produkovaly vSechny testované kmeny, z manito-
lu a xylozy 65 kmenua. Negativni mél tyto dva cukry
druh B. cereus. V 7% NaCl rostly viechny kmeny
I. morfologické skupiny, pfi teploté 55 °C rostly pouze
kmeny druhu B. licheniformis.

DISKUSE

Vzhledem k tomu, ze k nutri¢nim 1 senzorickym
zménam pasterovaného mléka pfispivaji i druhy rodu
Bacillus, jejichZ prvotnim zdrojem muizZe byt i syrové
mléko, zaméfili jsme se na identifikaci 66 izolata bacila
ze zemédélské prvovyroby mléka. Identifikované kme-
ny tvorily homogenni skupinu mezofilnich druha, ktera
je nékdy oznacovana jako ,,B. subtilis skupina®. Patfi
sem druhy B. subtilis, B. licheniformis, B. pumilus a
B. amyloliquefaciens. 1zolace mezofilnich druht ze sy-
rového mléka odpovida literarnim dadajam (Martin,
1981; Cousins a Bramley, 1981; Phillips
a Griffiths, 1986; Sutherland a Mur-
dock, 1994). Zatimco Sutherland a Mur-
dock (1994) uvadéji ptiblizné stejné mnozstvi izolo-
vanych kmend u druht B. pumilus, B. licheniformis
a B. subtilis, Phillips a Griffiths (1986)
a Crielly aj. (1994) uvadéji nejfrekventovanéjsi
vyskyt druhu B. licheniformis, coz je v souladu s naSi-
mi ddaji (tab. I).

Z psychotrofnich druhd jsou izolovany predevsim
druhy B. cereus, B. mycoides a B. circulans (Phil-
lips a Griffiths, 1986; Griffiths a Phil-
lips, 1990; van Heddeghem a Vlae-
mynck, 1992; Sutherland a Murdock,
1994; Crielly aj., 1994). Dle literarnich udaju pie-
vazna Cast kment B. cereus izolovanych z pasterované-
ho mléka nepochazi vSak ze zemédélské prvovyroby
mléka. Zatimco vétdina autord poukazuje na sezonnost
vyskytu mezofilnich a psychotrofnich bacilt v syrovém
a pasterovaném mléce (Ridway, 1954; McKinnon
a Pettipher, 1983; Sutherland a Mur-
dock, 1994; Crielly aj.. 1994), nalc vysledky jsou
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1. Biochemicka a fyziologicka charakteristika 66 kmena rodu Bacillus izolovanych z provovyroby mléka — Biochemical and physiological
characteristics of 66 strains of the genus Bacillus isolated from operations of milk primary production

B. licheniformis B. subrilis B. pumilus B. cereus Z::"'";:l’;:’:lil:::
Testy — Tests
(58 kmenu - (5 kmenu - (1 kmen - (1 kmen - (1 kmcn.—
strains) strains) strain) strain) strain)

Anaerobni rist — anaerobic growth + - = + +
Egg-yolk reakce - egg-yolk reaction - - - + =
Voges-Proskauer test — Voges-Proskauer test + + + + =
Si ' citrdt - Si citrate + + + + =
Redukee nitritd - nitrate reduction + + - + +
Arginin dihydrolaza - arginine dihydrolase + - - = =
Tvorba indolu - indole production - - = = =
Katalaza - catalase + + + % +
Fosfataza — phosphatase + - - + -
Ureaza - urease —*x - - - -
Hemolyza — hemolysis - —xxx - + -
Hydrolyza — hydrolysis of

kazeinu - casein + + + + -

Zelatiny — gelatin + + - + =

Skrobu - starch + + = + +
Produkce kyseliny z - acid production from

glukozy - glucose + + + + +

manitolu — mannitol + + + = +

xylézy — xylose + + + - +
Rust - growth

pfi 55 °C-at 55 °C + - - - -

v 7% NaCl - in 7% NaCl + + + + =

Vysvétlivky — Explanatory notes:
+ = pozitivni — positive; — = negativni - negative

* = pozitivni laktoza, hydrolyza eskulinu a ONPG, neroste pfi 50 °C, netvofi ,pohyblivé” mikrokolonie — positive lactose, esculin hydrolysis
and ONPG, no growth at 50 °C, no formation of ,.moving™ colonies, ** = tfi kmeny pozitivni — three positive strains, *** = jeden kmen

pozitivni — one positive strain

spiSe v souladu s autory Muir aj. (1978) a Phil-
lips a Griffiths (1986), ktefi uvadéji pouze ne-
patrné zmény v celkovém poctu mezofilnich bacilia
v syrovém mléce v zévislosti na ro¢nim obdobi. Na
antagonisticky efekt druht B. licheniformis a B. subtilis
na psychotrofni izolaty B. cereus a B. pumilus upozor-
fiuji Sutherland a Murdock (1994). Tim si lze
snad i Caste¢né vysvétlit velmi nizky pocet nami izolo-
vanych kment B. cereus a B. pumilus (tab. I).

Z literarnich udajo  vyplyva (Sutherland
a Murdock, 1994), Ze nejcastéji izolovanymi druhy
II. morfologické skupiny jsou predev§im B. pantothen-
ticus, B. stearothermophilus a B. circulans. Z celkové-
ho poctu izolovanych kmenu v3ak zastupci této morfo-
logické skupiny tvofili pouze 5,7 %. Ternstrom aj.
(1993) uvadéji velmi Castou izolaci druhu B. polymyxa,
aviak pouze z pasterovaného mléka. Vzhledem k izo-
latnimu rezimu (30 °C) jsme nemohli zachytit striktné
termofilni kmeny druhu B. stearothermophilus, které
pri této teploté nerostou. Kmen identifikovany jako Pa-
enibacillus amylolyticus (dfive B. amylolyticus, I1. mor-
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fologicka skupina) patfi spolu s B. lautus, B. pabuli a B.
validus (Nakamura, 1984) k druhim, které byly dfi-
ve ur¢ovany jako B. circulans. Ash aj. (1993), piefa-
dili tyto druhy do nového rodu Paenibacillus, zatimco
B. circulans (sensu stricto) zastava v rodé Bacillus.

Biochemicka a fyziologické charakteristika 66 izola-
ta, uvedend v tab. I je v souladu s literarnimi udaji
(Gordon aj., 1973; Parry aj., 1983; Nakamu-
ra, 1984; Priest aj., 1988; Ash aj., 1993). JelikoZ
se dle literarnich udajd (Sutherland a Mur-
dock, 1994; Crielly aj., 1994) v syrovém mléce
vyskytuji predevsim bacily I. morfologické skupiny, je
v tab. I uveden jejich pfehled se zdkladnimi fenotypic-
kymi znaky (Gordon aj., 1973; Parry aj., 1983;
Nakamura, 1987; Priest aj., 1988). Jak vyplyva
z naSich vysledki, nejcastéji byly ze zemédélské prvo-
vyroby mléka izolovany mezofilni druhy B. subtilis
skupiny™ (96,9 %), proto je nutné jejich identifikaci,
vedle B. cereus, vénovat naleZitou pozornost. K rychlé
diferenciaci téchto druha ve veterinarni praxi doporu-
Cujeme sedm testa uvedenych v tab. IIL.
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I11. Biochemicka a fyziologicka charakteristika druhi rodu Bacillus vyskytujicich se v mléce a mlé¢nych vyrobeich (1. morfologicka
skupina) - Biochemical and physiological characteristics of species of the genus Bacillus occurring in milk and dairy products (Morpho-
logical group 1)

2
$
Testy — Tests o § § % e %- 5 ) " é %
o5 o B = £ = B = £ £ B

Egg-yolk reakce — egg-yolk reaction + d - - = = = i 2 =
Rhizoidni kolonie — rhizoid colonies - + - - = = - - = =
Anaerobni rust — anaerobic growth + - - “ - - = = g +
Si " eitrdt - Si ' citrate + + - + + + + - S d d
Voges-Proskauer test — Voges-Proskauer test + + - + + + + - = + =
Redukce nitrata - nitrate reduction + + d + + + - + d d -
Hydrolyza - hydrolysis of

kazeinu - casein + + + + + + + + d = -

Zelatiny - gelatin + + + + + + + + d - o5

Tweenu 80 — Tween 80 d d d + + - + + + - NT

§krobu - starch + + + + + + - + + + d

eskulinu — esculin + - - - + + + - + + d
Fosfatdza — phosphatase + d - + d + - - = d NT
Hemolyza — hemolysis + + NT NT NT NT NT NT NT NT NT
Ureaza — urease d d d d - - i = = i
Arginin dihydrolaza — arginine dihydrolase d d - + - NT - - == = 5
Rast — growth

v 7% NaCl - in 7% NaCl + + + + + + + + + + -

pii 50 °C - at 50 °C - - - + d + d s - + ¥

pii 55 °C - at 55 °C - - - + = - = - = + 3
Kyselina z — acid production from

glukoézy - glucose + + + + + + + % + P +

manitolu — mannitol - - + + + + + + + d d

xylozy - xylose - - + + + - + - d d d

laktozy - lactose - - d d - + d = = + =

Vysvétlivky pro tab. I a 1l - Explanatory notes to Tabs. II and I1I:
+ = pozitivni reakce — positive reaction; — = negativni reakce — negative reaction: d = variabilni reakce - variable reaction; NT = netestovino —

not tested

M1, Rychla diferenciace druht B. licheniformis, B. subtilis, B. amyloliquefaciens a B. pumilus — Rapid differentiation of the species B. liche-
niformis, B. subtilis and B. pumilus

Testy — Tests B. licheniformis B. subtilis B. amyloliquefaciens B. pumilus
Anaerobni rist - anaerobic growth + - - -
Rust pfi 55 °C - growth at 55 °C + - = =
Arginin dihydroldza - arginine dihydrolase + - NT =
Redukee nitrata — nitrate reduction + + + -
Fosfataza — phosphatase + d + ~
Produkce kyseliny z — acid production from

xylozy - xylose + + _ i

laktézy - lactose d - + d
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EFFECTS OF ACIDIFICATION ON SALMONELLA ENTERITIDIS
IN A DEFINED MEDIUM

VLIV OKYSELOVANI NA SALMONELLA ENTERITIDIS
V DEFINOVANEM MEDIU

V. Ruazickova-
Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Effects of five acids on three highly virulent strains of Salmonella enteritidis in a defined medium were
investigated at various inoculum sizes. The following minimal inhibition concentrations (MIC) were found for the acids: citric
and tartaric — 0.2%, pH 4.0 and 3.8, respectively: acetic and propionic — 0.1%. pH 4.5 and 4.6, respectively: hydrochloric -
0.05%, pH 3.6. Bactericidal effect was evident in the organic acids at the concentration 0.4% within the pH range 3.3-3.9.
and in the hydrochloric acid at the concentration 0.025%, pH 2.5 (Fig. 2, Tab. I). As to the intensity of inhibition at MIC for
Salmonella suspensions with cell densities 7 to 8 logs per ml, the acids were arranged into the following ascending order:
citric < tartaric < propionic < acetic < hydrochloric. The respective order for the cell densities 6 to 7 log per ml was: propionic <
tartaric < hydrochloric < citric < acetic. The mean difference between the initial and the final count of salmonellae was —1.3
to —1.8 log and -2.5 (o -4.6 log for the weakest and the strongest acids, respectively (Tab. II). Differences not only between
the acids, but also between the strains, depending on inoculum sizes, were found at the nearest-to-MIC lower concentrations
(subMIC). The weakest effects at subMIC were found in propionic (0.05%; pH 5.0) and citric (0.1%; pH 4.5) acids. Tartaric
acid (0.1%; pH 4.5) did not stop the growth of salmonellae at cell densities 1.7 to 2.6 log per ml, but, unlike the former two,
inhibited strain II (food isolate) and strain III (egg isolate) at cell densities 0.5 and 0.6 log per ml, respectively. The strains
survived the acidification with acetic acid at cell densities 4.6 to 4.9 log per ml, but the densities decreased by 1.3 to 1.7 log.
Hydrochloric acid (0.025%; pH 4.6) inhibited strains 11 and 111 already at 2.3 to 3.0 log per ml, whereas strain 1 (human carrier
isolate) was relatively acidfast even at 1.7 log per ml. Limiting factors in the acid inhibition of salmonellae include not only
the type, concentration and dissociation rate of the acid, but also the amount of the exposed Salmonella cells.

Salmonella enteritidis; minimal inhibition concentration; acetic, citric, hydrochloric, propionic and tartaric acids

ABSTRAKT: Byly sledoviny tcinky péti vybranych kyselin na tfi vysoce virulentni kmeny Salmonella enteritidis v defino-
vaném laboratornim médiu ve vztahu k velikosti inokula. Konven¢ni zkumavkovou metodou byly pro salmonely stanoveny
nasledujici minimdlni inhibi¢ni koncentrace (MIK) kyselin: citronovi a vinna 0.2 % (pH 4,0 a 3,8), octova a propionovi 0,1 %
(pH 4,5 a 4,6) a chlorovodikova 0,05 % (pH 3.6). Baktericidni uc¢inek vykazaly organické kyseliny v koncentraci 0.4 %
a v rozpéti pH od 3,3 do 3,9 a kone¢né 0,025% kyselina chlorovodikova s pH 2,5. Pokud se tyka intenzity inhibice v MIK,
kyseliny pasobily na salmonely v poftu 7 aZ 8 fadu v nasledujicim vzestupném pofadi: citronovd < vinna < propionovi <
octovd < chlorovodikova. Kultury salmonel v poctu 6 az 7 fada byly inhibovany kyselinami v nasledujicim vzestupném pofadi:
propionovi < vinna < chlorovodikova < citronovi < octovi. V nejbliZe nizsi koncentraci k MIK, tj. v subMIK, mély nejslabsi
ucinky kyseliny propionovi (0,05 %; pH 5,0) a citronova (0,1 %; pH 4,6). Kyselina vinna (0,1 %; pH 4,5) nezastavila rust
salmonel v poctech 1,7 az 2,6 fadu. Kyselina chlorovodikovi (0,025 %; pH 4.6) inhibovala kmeny II a III jiz v poctech 2,3
az 3,0 fady, zatimco kmen I (izolat z pacienta) vykazoval relativni acidorezistenci k této kyseliné je$t¢ v hustoté bunék
1,7 fadu. Nejacinnéjsi v subMIK byla kyselina octovd. Jeji psobeni pieZily kmeny s poctem 4,6 az 4,9 fadu, aviak se ztratou
1.3 az 1,7 fadu. Z hlediska prevence salmoneloz je vyznamné zjisténi, Ze limitujicimi faktory v okyselovani salmonel jsou
nejenom druh kyseliny, jeji koncentrace a stupefi disociace, ale i mnoZstvi exponovanych bunék salmonel.

Salmonella enteritidis; minimalni inhibi¢ni koncentrace; kyselina citronova, octovd, vinna, propionovi a chlorovodikova

UvoD a stejné i v zemich evropského, amerického a afrického
kontinentu (Gerigk, 1992; Pegues a Miller,
Salmoneldzy jsou v soucasné dob& nejznaméj§im  1994; Sramovéa a Bene§, 1994; Morse aj.,

a nejcastéjsim onemocnénim lidi z potravin. Piiblizng  1994).
od roku 1985 vzrostl vyskyt onemocnéni vyvolanych Vzhledem ke skutecnosti, ze salmoneldzy mohou
sérovarem Salmonella enteritidis v Ceské republice  vzniknout jen po poZiti potraviny obsahujici Zivé bak-
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terialni bunky, technologie zpracovani potravin a vyro-
ba hotovych pokrmi pouZivaji postupy, které vedou
k dplnému zni¢eni salmonel. Mezi nejbéznéji pouZiva-
nymi procesy jsou lepelné opracovani a okyselovani
(Matyag, 1990, 1993; Rosicky aj., 1994).

Salmonely jsou relativné citlivé na pfitomnost kyse-
lin a na dosaZeni urcité hodnoty pH, které urCuje stupen
jejich disociace. Literarni prameny obecné uvadéji roz-
sah pH umoziujici rast salmonel mezi 4,1 az 9,0 s op-
timem pH od 6,5 do 7,5 (napi. EI-Gazzar a Mar-
rth, 1992; Matyds, 1993). Antibakteridlni cinky pii
okyselovani pokrmu uzce souvisi s druhem pouzité ky-
seliny, jejimi fyzikalné-chemickymi vlastnostmi, jako
je napf. délka retézce, rozpustnost, stupei nasyceni, li-
pofilie a s jeji vyslednou koncentraci, pri které se do-
sdahne limitni inhibi¢ni hodnoty pH. Hlavné vSak zavisi
na koncentraci nedisociovanych molekul kyseliny, ne-
bol nedisociované formy kyselin snaze pronikaji do-
vniti buiiky a uvolnénymi protony okyseluji jeji obsah
(Ingram aj., 1956; Hunter a Segel, 1973;
Macris, 1975; EI-Gazzar aj., 1987).

Cilem této prace bylo sledovat pisobeni péti vybra-
nych kyselin na tii vysoce virulentni kmeny S. enteriti-
dis a objasnit vztah mezi koncentraci kyselin a poctem
exponovanych bunék v definovaném laboratornim mé-
diu.

MATERIAL A METODY

V pokusech byly pouZity nasledujici kmeny S. ente-
ritidis: kmen I (izoldt z pacienta), kmen II (izolat z cuk-
rafskych vyrobku, které zapricinily salmonelozu), kmen
11T (izolat z vajecné blany; fagotyp 4).

K okysclovini salmonel byly pouZity nésledujici ky-
seliny (viechny p. a.): kyselina citronova, kyselina oc-
tova, kyselina vinna, kyselina propionova a kyselina
chlorovodikova.

Pro stanoveni minimalni inhibi¢ni (MIK) a bakteri-
cidni (MBK) koncentrace byla pouzita dilu¢ni zkumav-
kova metoda podle Urbaskové aj. (1985). Koncen-
tracni fada kyselin v rozpéti od 0,025 do 0,8 % byla
pripravena dvojnasobnym redénim zasobniho 1,6% roz-
toku kyseliny v peptonové vodé (CSN 56 0100). Po
inokulaci a za 20 h pri teploté 37 °C byla stanovena
jako minimalni inhibi¢ni koncentrace ta, pii které zustalo
testaéni médium po inkubaci nezkaleno. Baktericidni
ucinek byl zjiStovan zpétnou kultivaci z testovacich
zkumavek na agaru s fenolovou Cerveni a brilantovou
zeleni (CSN 56 0088).

Hodnoty pH roztoki kyselin v peptonové vodé byly
méfeny na pH-metru Radiometer, Copenhagen. Tabelo-
vané hodnoty pH jsou pramérné hodnoty ze tfi méfeni.

Pfi sledovani vlivu vybranych kyselin na tfi kmeny
S. enteritidis ve vztahu k po¢tu exponovanych bunék
byly jednodenni kultury salmonel narostlé v masopep-
tonovém bujonu (zdklad ¢. 2; Imuna, Sari§ské Michala-
ny) desetindsobné fedény ve fyziologickém roztoku tak,
aby vznikla fada suspenzi s po¢tem bunék v rozmezi od
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10% do 10" v 1 ml. Z kazdé suspenze bylo dvakrat ode-
bran¢ inokulum po 0.1 ml. Jedna davka inokula byla
pfidana do 1 ml roztoku kyselin v peptonové vodé
o ruzné koncentraci a druha davka byla pfidana do stej-
ného objemu fyziologického roztoku, ve kterém se zjis-
til celkovy pocet bunék. Inkubace probihala pfi teploté
37 °C atrvala 20 hodin. Pocty salmonel byly zjistovany
plotnovou metodou na agaru s fenolovou Cerveni a bri-
lantovou zeleni dle CSN 56 0088. Tabelované vysledky
jsou pramérné hodnoty ze ti'i stanoveni. Statistické vy-
hodnoceni a porovnani vysledka bylo provedeno metodou
analyzy rozptylu jednoduchého tfidéni na PC pomoci
programu STAT Plus verze 1.01 (Matoudkova aj.,
1992).

VYSLEDKY

Dosazené vysledky minimélnich inhibi¢nich (MIK)
a baktericidnich (MBK) koncentraci Kyseliny citronové,
octové, vinné, propionové a chlorovodikové a jejich pH
v peptonové vodé jsou demonstroviany v obr. 1 a 2
a v tab. I. Bylo zji§téno, Ze organické kyseliny inhibo-
valy salmonely v koncentracnim rozpéti MIK od 0,1 do
0,2 %, zatimco kyselina chlorovodikova puasobila inhi-
bi¢né jiz pfi koncentraci 0,05 %. Salmonely nepiezily
pusobeni 0,4 % roztokd organickych kyselin a 0,1%
kyseliny chlorovodikové v peptonové vodé (obr. 2).

Hodnoty pH naméfené u testovanych kyselin se na-
vzdjem lisily nejen podle koncentrace, ale hlavné podle
toho, zda se jednalo o organickou nebo anorganickou
kyselinu (tab. I). Inhibi¢ni vliv kyselin charakterizo-
vany MIK se projevil v rozmezi hodnot pH 3.6 az 4.6.
Zadny z kmena S. enteritidis neprezil okyselovini
v rozpéti hodnot pH od 2,5 do 3.5. Diference mezi bak-
teriostatickym a germicidnim G¢inkem pH cinila u or-
ganickych kyselin 0,5 az 0,7, zatimco u kyseliny chlo-
rovodikové 1,1.

Chovani tfi kment S. enteritidis pfi ptsobeni kyse-
liny citronové, octové, propionové, vinné a chlorovodi-
kové v MIK je demonstroviano pocty prezivajicich
v tab. II. Pri denzité salmonel od 7,7 do 8,2 log fadu
byl zaznamenan antibakterialni ucinek kyselin (vyjad-
feny log poctu usmrcenych bakterii) v nasledujicim
vzestupném pofadi: citronova (-1,6 az -1,9), vinna
(=1,8 az =2,1), propionovi (=1,6 az -2,2), octova (-2,1
a7 —3,2) a chlorovodikova (-4,6 az —-4.7).

Inhibi¢ni vliv kyselin na salmonely o denzité od 6,6
do 7.0 fadu lze stejnymi parametry vyjadiit vzestupné
nasledovné: propionova (-0.7 az -2.3) vinna (-3.4 az
-3,7) a chlorovodikova (-3,7 az -3.,9), citronova (-3,7
az 3.9) a octova (-2.9 az -4.3).

Pfi denzité salmonel od 5.6 do 5.9 fadu byl zazna-
mendn prekvapivé nejnizsi uc¢inek u kyseliny chlorovo-
dikové, ktera zredukovala vychozi pocet 0 2,7 az 2.8
fadu. Nasledovala kyselina propionova s redukei poctu
salmonel o 4,1 aZz 4,7 fadu. Ostatni kyseliny, tj. citro-
nova, octova a vinna mély na salmonely o stejné den-
zit¢ a za stejnych podminek letalni acinky.
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ridis — Minimal inhibition concentrations
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S. enteritidis

Pro obr. I a 2 - For Figs | and 2:

Vigee Rhoiozzs. 3 ;o4 i 8
citric, “acetic, “tartaric, “propionic, “hydro-
chloric acid

2. Minimilni baktericidni koncentrace
(MBK) v % a pH vybranych kyselin pro S.
enteritidis — Minimal bactericidal concentra-
tions (MBK) in % and pH values of some
acids for S. enteritidis

vinnd
[ MBK

pH

Mezi kmeny S. enteritidis nebyl statisticky prokazan
rozdil pfi pusobeni kyselin v MIK. K nejsilnéjsi orga-
nické kyseliné octové byl relativné nejcitlivé)jsi
kmen I (izoldt od pacienta) a ke kyseliné chlorovodiko-
vé kmen III (izolat z vejce).

Vysledky pusobeni viech péti kyselin v nejblize niz-
§i koncentraci k MIK, tj. v tzv. subMIK ve vztahu
k poctu exponovanych bunék salmonel, charakterizuji
tdaje v tab. III. Bylo zji§téno, Ze viechny kyseliny
v subMIK a v rozpéti pH od 4,5 do 5,0 neovlivnily riist
a mnozeni salmonel, jestlize bylo jejich vychozi mnoz-
stvi 5,6, 7 a 8 fada v 1 ml.

Pii vychozi denzité¢ okyselovanych salmonel niZzsi
nez 5 fadu nebyl po dobu 20 h pfi teploté 37 °C patrny

propionova‘ chlorovodikova’

zakal. Variabilita v ucincich kyselin se projevila vyraz-
néji az ve ¢tvrtém az sedmém fedéni, tj. pfi vychozich
poctech salmonel od 4,9 do 2,5 fadu. V3echny tii kme-
ny S. enteritidis snadno prezivaly pusobeni 0,05% ky-
seliny propionové (pH 5,0) a 0,1% kyseliny citronové
(pH 4.6) v mnozstvi bunék 0,5 a 1,3 log fadu. Pfi tep-
loté pro rist optimélni reagovaly zvySenim vychoziho
poctu u kyseliny citronové o 1,5 az 2,1 fadu a u kyse-
liny propionové o 1,5 az 4,4 fadu.

Ztab. III vyplyva, Ze kmeny S. enteritidis se chovaly
odli$né pri pisobeni kyseliny vinné a chlorovodikové
v subMIK, tj. v 0,1 a 0,025% koncentraci. V obou pfi-
padech vykézal relativni odolnost vuc¢i okyselovani
kmen 1. Snadno prezil jednodenni expozici 0,1% kyse-

1. Hodnoty pH kyselin v zavislosti na koncentraci (%) - pH values of acids in dependence upon concentrations (%)

. Koncentrace” (%)
Kyselina
0.8 0.4 0.2 0,1 0,05 0,025

Citronovi? 3.1 35 4,0* 4.6 52 ND**
Octovi? 37 3.9 4.2 4,5% 5.0 ND**
Vinna! 29 33 3.8* 4,5 5.3 6.5
Propionova® 37 39 4,2 4,6* 5.0 6.3
Chlorovodikova® 1,1 1.3 1,7 25 3,6% 4,6

* zvyraznéné hodnoty pH pro MIK jednotlivych kyselin — highlighted pH values for MIC of the particular acids

** nedetekovino — not detected

Vi Fostosen Bhacone. Bemnsmim: Bz ot 6 g ;
acid, “citric. “acetic, “tartaric, “propionic, "hydrochloric, 'concentration
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I1. Vliv kyselin na S. enteritidis v minimalni inhibi¢ni koncentraci (%) ve vztahu k po¢tu bunk — The effect of acids on S. enteritidis at
minimal inhibition concentration (%) in relation to cell counts

Kyselina Cislo Cas® Log poctu salmonel v | ml (diference)”
(%) fedéni’ (h) Kmen 1' Kmen 11" Kmen 1112
0 0 7.73 7.76 775
0 24 5.93 (-1.80) 5.85 (-1.91) 6.15 (~1.60)
Citronovi’ 1 0 6,67 6.64 6.69
02 1 24 2,84 (-3.83) 2,94 (-3.70) 2,76 (-3.93)
2 0 5,73 5.80 572
2 24 0 0 0
0 0 8.18 8.23 8.04
0 24 4,98 (-3.20) 5.91 (-2.32) 5.98 (~2.06)
Octova? [ 0 691 7,18 6,84
5 1 24 2,81 (-4,1) 2,93 (-4.25) 391 (-2.93)
2 0 593 5.83 575
2 24 0 0 0
0 0 7.73 7.81 7.96
0 24 598 (-1.75) 6,00 (~1,81) 5.83 (-2.13)
Vinna! 1 0 6,96 6,97 6,88
04 1 24 3.28 (-3.68) 3,26 (-3.71) 3,46 (-3.42)
2 0 5,89 5.86 5.87
2 24 0 0 0
0 0 8.15 7.72 7.83
L0 24 6,18 (-1,97) 6,15 (-1,57) 5.59 (-2.24)
1 0 6,74 6,59 6.70
:’(;"IP)“’"°"="S 1 24 446 (-2.28) 5.85 (-0.74) 571 (<0.99)
2 0 5.69 5.81 578
2 24 1,62 (-4,07) 1,32 (-4.49) 1,72 (-4.06)
3 0 4,52 473 4,69
3 24 1,08 (<3.44) 0,95 (-3.78) 1,04 (=3.65)
4 0 363 3.83 373
4 24 0,78 (-2.85) 0,70 (-3,13) 1.78 (~1.95)
5 0 2,62 2.70 2,65
5 24 0,0 (-2,62) 0,30 (-2,40) 0,48 (-2,17)
6 0 1.78 1.83 1.83
6 24 0 0 0
0 0 7,97 8.00 8.04
0 24 3,40 (-4.57) 3.43 (-4.57) 3.34 (-4.70)
1 0 6.91 6.89 6.97
(C()'f(')‘;f)ﬂvodiko"ﬁ" I 2% 318 (-3.73) 3.23 (-3.66) 3,09 (-3.88)
2 0 5.62 575 5.67
2 24 2.87 (-2.75) 2,96 (-2.79) 2,93 (-2.74)
3 0 470 4,83 472
3 24 0 0 0

10

For 1-6 see Tab. I; "dilution no., *time, 9log of salmonella counts in | ml (difference), '"strain 1. "'strain 11, Zstrain 111

liny vinné (pH 4,5) a z vychoziho poCtu niZz§iho nez  od kmene I neprezily okyselovani v mnozstvi 0,5 az 0,6
jeden fad dosahl denzity kultury Sest fada. Kmeny II  fadu.

a III pfi pusobeni kyseliny vinné zvySily vychozi potty Kyselina chlorovodikovéd inhibovala za stejnych
bunék 1,7 az 2,6 fadu 0 4,9 az 5,5 fadu. AvSak narozdil  podminek kmeny II a III intenzivnéji nez kyselina vin-
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111, Vliv kyselin na 8. enteritidis v subMIK koncentraci (%) ve vztahu k poctu bunék — The effect of acids on S. enteritidis at subMIC

concentration (%) in relation to cell counts

Kyselina Cislo Cas® Log poétu salmonel v 1 ml (diference)”
(%) fedéni? (h) Kmen 1'" Kmen 11" Kmen 111'?
s 0 2,78 2,87 2.59
. 5 24 4,76 (+1,98) 4,93 (+2,06) 4,46 (+1.87)
(C()ifl“)’"‘”’ﬂ‘ 6 0 199 2,15 193
pH 4.6 6 24 371 (+1.72) 3.84 (+1.69) 3.65 (+1.72)
7 0 1.26 1.26 1.0
7 24 2,94 (+1.68) 2,77 (+1,51) 2,72 (+1,72)
3 0 4.62 4,94 4.56
. 3 24 3,28 (~1.34) 3,28 (~1,66) 3.23 (-1.33)
%({):‘;J 4 0 3,49 371 341
pH 5.0 4 24 2,66 (-0.83) 2,57 (-1.14) 0
5 0 275 277 NT'
5 24 0 0 NT
5 0 2,53 2,62 2.45
P 5 24 7.86 (+5.33) 7.92 (+5.30) 7.98 (+5,53)
o.1) 6 0 1.68 1.81 1.71
pH 4.5 6 24 6.79 (+5.11) 6.73 (+4.92) 6.65 (+4.94)
7 0 0.30 0,60 0,48
7 24 6,04 (+5.74) 0 0
5 0 2,62 2,70 2,65
) P 5 24 5.95 (+3.33) 5.96 (+3.26) 5.53 (+2.88)
i 6 0 178 1.83 1.83
pH 5.0 6 24 5.04 (+3,26) 5,62 (+3,79) 3,28 (+1.45)
7 0 0,48 0,48 0,60
7 24 4.87 (+4.39) 3.28 (+2.80) 2,99 (+2.39)
5 0 2.30 3.04 2.30
5 24 311 (+0.81) 2,04 (-1,0) 1,30 (-1.0)
Chlorovodikova®
(0.025) 6 0 1.70 2.04 1.48
pH 4.6 6 24 2,99 (+1,29) 0,70 (=1.34) 1,40 (-0.08)
7 0 0,50 1,30 0,60
7 24 0 0.48 (-0.82) 0

* netestoviano — not tested
For 1-6 see Tab. I; for 7-12 see Tab. 11

na, nebot zredukovala vychozi poéty 2,3 az 3,0 fady
kultur obou kment o jeden fad. VSechny tii kmeny byly
vyrazné inhibovany 0,05% kyselinou octovou. Inhibice
se projevila redukci vychoziho poctu salmonel 4,6 az
4,9 tadu po okyseleni o 1,3 az 1,7 fadu. Na rozdil od
ostatnich, kyselina octova v subMIK pusobila germi-
cidné na kmeny S. enteritidis v denzité bunék 2,8 aZ
3.4 fadu.

DISKUSE
Citlivost salmonel k raznym kyselinim je riznd. Za
optimalnich podminek se mohou salmonely mnozit i pfi

pH 4,05, coz je hrani¢ni hodnota pfi pouZiti kyseliny

Vet. Med. - Czech, 41, 1996 (1): 25-31

chlorovodikové, kterd plni funkci antimikrobialniho
faktoru v zaludku ¢lovéka. Organické kyseliny maji
hranici pH pro rust bakterii vyssi, napi. kyselina mlééna
4.4, kyselina glutarova 4,7, kyselina octova 5.4 a kyse-
lina propionova 55 (Chung a Goepfert, 1970).

V nadi praci jsme se formou modelové studie zamé-
fili na detailngj8i analyzu vztahu mezi ucinky vybra-
nych Ctyf organickych a jedné anorganické kyseliny
a poctem okyselovanych bunék salmonel v laborator-
nim médiu. Cilem prace bylo objasnit shodu resp. va-
riabilitu vzniklou pfi okyselovani tii kmenu S. enteriti-
dis v zavislosti na druhu kyselin, na koncentraci, tj.
MIK a subMIK, ale zejména na poctu bunék.

V nalich pokusech bylo zjiSténo, Ze kmeny S. ente-
ritidis v poCtech 6 az 8 fadu byly inhibovany organic-
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kymi kyselinami v koncentra¢nim rozpéti MIK od 0,1
do 0,2 % s rozpétim pH od 3.8 do 4,6. Kyselina chlo-
rovodikova, ktera plni funkci gastrické bariéry proti in-
fekci, zastavila mnoZeni salmonel jiz pii MIK 0,05 %
(pH 3,6). Germicidni ucinek na salmonely v poctu 8 fa-
du nastal pii pusobeni 0,4% roztoki organickych kyse-
lin s rozpétim pH od 3.3 do 3,9 a 0.1 % kyseliny chlo-
rovodikové (pH 2,5).

Pokud se tyka intenzity pasobeni kyselin v minimal-
ni inhibi¢ni koncentraci na nefedéné kultury S. enteri-
tidis, \j. 7 az 8 Fada, charakterizované poctem usmrce-
nych bunék salmonel lze demonstrovat jejich poradi
ndsledovné: citronovd < vinna < propionova < octovi <
chlorovodikova.

Inhibice kultur s denzitou 6 az 7 fada probihala
v nasledujicim poradi kyselin: propionova < vinna <
chlorovodikové < citronové < octova.

Souhrné lze konstatovat, ze z organickych kyselin
pusobila v MIK na S. enteritidis nejintenzivnéji kyseli-
na octova. Jesté intenzivnéji vSak redukovala kultury
salmonel v poctu 6 az 8 fadu kyselina chlorovodikova.
Zajimava skutecCnost nastala pri okyselovani salmonel
s denzitou 5 a7 6 fadu. Zatimco organickymi kyselina-
mi byly buiiky dplné devitalizovdny (s vyjimkou nej-
slabsi kyseliny propionové), expozici anorganické ky-
seliny chlorovodikové prezilo jesté bezmala tisic bunék.

Mezi jednotlivymi kmeny S. enteritidis nebyly sta-
tisticky prokazany rozdily béhem puasobeni kyselin
v MIK. Ke kyseliné octové vykazoval relativné nejvétsi
citlivost kmen 1, ktery byl izolovan z pacienta.

Pfi sledovani chovani kment S. enteritidis v pritom-
nosti kyselin v subMIK koncentracich bylo zjisténo, 7e
mnozeni salmonel nebylo vibec zastaveno u kultur
s denzitou 5, 6, 7 a 8 radu.

Kyseliny propionova a citronova nezabranily mno-
zeni salmonel v poctu od 0,5 do 1,3 fadu. Pfi okyselo-
vani 0.1% kyselinou vinnou doSlo ke stejné situaci
u kultur v mnoZstvi 1,7 az 2,6 fadu, aviak pfi nafedéni
na 0,3 az 0,6 fadu prezil kmen I, zatimco kmeny IT a ITI
uhynuly.

Inhibi¢ni dicinky v subMIK byly zaznamendny pou-
ze u kyseliny octové, ktera pusobila retardacné na
viechny kmeny s denzitou mensi nebo rovnou 4,9 fadu,
nejvice vak na kmen III (izolat z vejce). Kyseliné chlo-
rovodikové odolaval relativné nejvice kmen I, u které-
ho inhibice nastala az tehdy, jestlize byla kultura nafe-
déna na hodnotu 0,5 fadu. Naproti tomu kmeny II a III
byly kyselinou chlorovodikovou inhibovany v poctech
vysSich nez 3 fady.

V uvedené ekologické studii byla ovéfena ucinnost
okyselovani tii kment virulentniho sérovaru S. enteri-
tidis pomoci péti vybranych kyselin. Vysledky této pra-
ce, kterd podava detailnéjsi analyzu vztahu mezi okyse-
lovadlem a poctem exponovanych bunék patogenniho
agens jsou obtizné srovnatelné s literarnimi udaji, nebot
nejsou dostupné odborné prace se stejnym nebo podob-
nym cilem. DosaZené poznatky podporuji koncept
Chunga a Goepferta (1970) o tom, Ze minimal-
ni hodnotu pH, pfi které mohou salmonely rast a po-
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mnoZzit se neni mozno piesné definovat vzhledem k vli-
vu ckologickych faktort jako jsou teplota inkubace, slo-
zeni rastového média (potraviny) nebo druh sérovaru.

Vysledky této studie jsou v dobré korelaci s nékte-
rymi dfivéjsimi udaji, pokud se tykaji vysoké antibak-
terialni u¢innosti kyseliny octové v laboratornim médiu
(napi. EI-Gazzar a Marth, 1992) nebo v majo-
néze, ve kter¢ tato kyselina v koncentraci 0,2 az 0,4 %
zpusobila rychlé odumirani S. enteritidis v poctu vice
nez 5 fadu po 4 h pii teploté 21 °C (Razickova,
1994).

Z hlediska prevence salmonel6z je vyznamné zjisté-
ni, Zc cfektivnost okyselovini zavisi nejen na typu ky-
selin a jejich stupni disociace, ale na velikosti inokula.
Tato skutecnost je vysoce aktualni obzvlasté v soucasné
dobé, kdy dosud prijimany koncept, ze > 10° salmonel
je tieba k vyvoldani klinickych pfiznaka salmonelézy
nema kone¢nou platnost a na zakladé novych rozbora
spéje k revizi.

Zavérem je tieba zduraznit a podtrhnout, Ze 7z hledis-
ka zamezeni pomnoZeni salmonel v potravinach okyse-
lovanim je nezbytné, aby kyselost pusobila po urcitou
dobu a rovnomérné v celém obsahu potraviny.
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POKYNY PRO AUTORY

Casopis uvefejiiuje piivodni védecké price. kritkd sdéleni a vybé-
rové i prehledné referdty, tzn. price. jejichz podkladem je studium
literatury a které shrnuji nejnovéjsi poznatky v dané oblasti. Price
jsou uvefejiiovdny v Ceitiné, slovenstiné nebo anglictiné. Rukopisy
musi byt doplnény krdtkym a rozdifenym souhrnem. Casopis zvefej-
fluje i ndzory. postfehy a pfipominky &tendfl ve formé kurzivy, glosy.
dopisu redakci. diskusniho piisp&vku, kritiky zdsadniho ¢ldnku apod..
ale i zkuSenosti z cest do zahraniéi. z porad a konferenci.

Autofi jsou piné odpovédni za plivodnost price a za jeji vécnou
i formdlni spravnost. K prici musi byt priloZeno prohld3eni 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-
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