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A NEW LIPOID ADJUVANT: PREPARATION AND OBSERVATION
OF ITS EFFECTIVENESS

NOVE LIPOIDNE ADJUVANS: PRIPRAVA A SLEDOVANIE UCINNOSTI

J. Siiliova, Z. BeniSek, S. Svréek, R. Ondrejka, A. Durove
University of Veterinary Medicine, Kosice, Slovak Republic

ABSTRACT: Authors prepared an experimental lipoid adjuvant (ELA) of the oil-in-water type. based on metabolisable
isopropylester of palmitic acid (IPP) intended for veterinary use. Poloxamer 105 and Arlacel A were used as detergents to
prepare a high quality stable emulsion. The observation of quality and stability of emulsion enabled to determine the optimum
conditions of preparation and ratio of individual components of the adjuvant: IPP — 20%: detergent — 10% (7% Poloxamer
105 + 3% Arlacel A): water — 70%. Authors tested the potency-increasing effect of ELA on immunogenic and antigenic
activity of inactivated. concentrated and purified rabies vaccine. The immunogenic activity of this vaccine. when used with
ELA (in model experiments on mice), increased approximately twofold. The potentiating effect of ELA on the antigenic
activity of rabies vaccine was observed by the authors on laboratory animals (guinea pigs) and on target animal species
(domestic dogs and cattle). The level of rabies antibodies, determined by the ELISA method. served as a criterion. The results
obtained indicated sufficient potency-increasing capability of ELA which was minimally comparable with that of commercial
products.

adjuvant: emulsion of oil-in-water type: isopropyl palmitate: emulsion stability

ABSTRAKT: Autori pripravili experimentéilne lipoidné adjuvans (ELA) typu olej vo vode na bize metabolizovatelného
izopropylesteru kyseliny palmitovej (IPP). urCené pre veterinirne pouzitie. Ako detergenty pre pripravu kvalitnej a stabilnej
emulzie pouzili Poloxamer 105 a Arlacel A. Sledovanim kvality a stability emulzie stanovili optimélne podmienky pripravy
a pomer jednotlivych zloZiek adjuvans: IPP = 20 %: detergent — 10 % (7 % poloxamer 105 + 3 % Arlacel A): voda = 70 %.
Autori testovali potencujuci aéinok ELA na imunogénnu a antigénnu aktivitu inaktivovanej. koncentrovanej a purilikovanej
antirabickej vakeiny. Imunogénna aktivita tejto vakeiny pri jej pouziti s ELA (v modelovych pokusoch na mySiach) sa zvysila
priblizne dvojndsobne. Potencujici ac¢inok ELA na antigénnu aktivitu antirabickej vakeiny sledovali autori v porovnivacich
pokusoch na laboratérnych zvieratich (morcatich). a tiez na ciefovych druhoch zvierat (psoch domicich a hoviidzom dobyt-
ku). Kritériom bola hladina antirabickych protilitok, stanoveni ELISA metodou. Vysledky ukdzali. ze ELA mi dostatocni
potenénii schopnost. minimalne porovnatelni s komerénymi vyrobkami.

adjuvans; emulzia typu olej vo vode: izopropylpalmitit; stabilita emulzie

INTRODUCTION sions) had played for a long time an important role in

increasing the effectiveness of commercial veterinary

For more than 70 years, adjuvants have been used
to increase the effectiveness of various vaccines or an-
tigens. In 1925 Ramon proved that the immune re-
sponse to diphtheric and tetanus toxins can be stimu-
lated specifically by an addition of some substances to
a vaccine. Tapioca. agar, starch. lecithin and saponin
were the first substances used as adjuvants.

The incorporation of an antigen into the water phase
of water-in-oil emulsion for the purpose of increasing
its immunization effect was first described by Freund
etal. (1937). Freund’s incomplete adjuvant (FIA) (Freund
et al.. 1948) has been widely used for experimental
purposes and the Freund’s complete adjuvant (FCA)
exhibits so far unsurpassed capability to stimulate the
production of antibodies (Edelman, 1980). Oil adju-
vants (water-in-oil — W/O or oil-in-water — O/W emul-
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vaccines. The oil component of emulsions consisted of
mincral oils of varying structure. In essence, they all
caused more or less serious postvaccination reactions
in vaccinated individuals either of local character or
with a total effect (Vanselow, 1987: Krejéi. 1988: To-
man et al., 1992). Some forms of local reactions were
eliminated by using less viscous emulsions (Kimura et
al., 1978: Barteling and De Leeuw, 1980:; Hubik ct al.,
1982) or metabolisable natural oils, e.g. soya (Reynolds
ct al., 1980) or sesame (Kimura et al., 1978). Commer-
cial utilization has been pursued by research activities
aimed at the study of adjuvant activity on non-ionic
block copolymers which. when incorporated into oil
emulsion prepared from natural lipids (e.g. squalane
and squalene), induce strong antibody response and ex-
hibit minimum toxicity (Hunter and Bennett. 1984:
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Hunter et al., 1991; Takayama et al., 1991; Johnson,
1994).

Another possible way of decreasing the reactogenic-
ity of lipoid adjuvants is evidently the use of fatty acid
esters as an oil component of the O/W emulsion (Gall,
1966). They do not induce local chronic inflammation
reactions and are fully metabolized (Bomford. 1981).

We prepared in our laboratory an experimental lipoid
adjuvant (ELA) of the oil-in-water type using isopro-
pyl-ester of palmitic acid (IPP) as an oil component.
We consider this type of adjuvant to be a suitable di-
luent of inactivated lyophilised vaccines for domestic
animals. We observed its potency-increasing effect on
humoral immune response in model experiments on
laboratory animals and on the most important target
animal species — domestic dogs and cattle.

MATERIAL AND METHODS
Composition of ELA

Isopropylpalmitate (isopropylester of palmitic acid)
of commercial name Isopropylpalmitate 7200 (Olefina,
Belgium) was the oil component selected.

The following emulsifiers were used:

a) nontoxic well-resorbable emulsifier Poloxamer 105
(polyethylene-polypropylene glycol) with commer-
cial name Synperonic PE/L35 (manufacturer ICI
England) of HLB = 18.5 (HLB: hydrophile-lipophile
balance);

b) nontoxic and well-resorbable emulsifier Arlacel A
(mannide monooleate — Co4Hy407; producer SER-
VA. Germany) of HLB = 3.3.

All emulsion components (water. oil component,
emulsifiers) were sterilised at 100 °C for | hour.

The quantity of IPP — 20%, optimal for inducing the
adjuvant effect when utilizing the oil-in-water system.
was determined in preliminary experiments in guinea
pigs (not published).

The optimum portion and relative proportions of de-
tergents needed for obtaining a stable emulsion of the
oil-in-water type were determined experimentally. An
emulsifier of HLB value greater than 10 should be used
to prepare O/W emulsion. Therefore we observed the
quality of IPP emulsion with an addition of 2-12% of
emulsifier Poloxamer 105. To attain better stability of
emulsion we used mixtures with different proportions
of both emulsifiers mentioned and evaluated their sta-
bility.

Preparation of IPP emulsions and checking their quality

Homogenization of all IPP emulsions (containing
different ratio of detergents) in water was carried out
in a homogenizer Omni-Mixer (DuPont Instruments,
USA) at 16 000 r.p.m. Optimum homogenization con-
ditions were determined experimentally by observation
of the quality of homogenization as a function of time
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(1-5 min) and temperature (20-60 °C) based on emul-
sion of the following composition: 20% IPP + 10%
emulsifier (7% Poloxamer 105 + 3% Arlacel A) + 70%
walter.

Determination of the amount of free palmitic acid in
cmulsions prepared at various temperatures allowed us
to obtain the information about the measure of hydroly-
sis of isopropylpalmitate in the water medium. Palmitic
acid was determined quantitatively by titration with al-
kali lye using phenolphthalein indicator according to
Jurecek (1950).

The quality of homogenization was determined by
measuring of the diameter of emulsion particles by
means of a measuring eyepicce with a micrometer
screw of the type Meopta 57216 with 600x magnifica-
tion. Because of increasing of inaccuracy of measure-
ment below 0.4 pm, approximate values under this
limit are presented.

In addition to macroscopic observation, stability of
the emulsions prepared was also determined by micro-
scopic observation of changes in the diameter of IPP
oil droplets dispersed in water by the method men-
tioned above. Emulsions were stored at 20 °C and 4 °C
and observed for 4 months.

Dynamic viscosity of adjuvants was determined by
an Oswald viscosimeter at 20 °C.

Verification of the effectiveness of ELA

The adjuvant effect of ELA was tested in experiments
with inactivated purified concentrated rabies vaccine
prepared in our laboratory (Siiliova et al.. 1997;
Benisek et al., 1998). The lyophilised vaccine was re-
suscitated with this adjuvant.

The potentiating capability of adjuvants on immuno-
genic activity of rabies vaccine was tested in model
experiments on mice. This capability was determined
by both the standard method NIH (Seligmann. 1973)
and method NRLR (National Reference Laboratory for
Rabies. Kogice, Slovak Republic) developed in our
laboratory (Svr&ek and Vrtiak, 1980). A vaccine with
no adjuvant added was used as a control.

The adjuvant effect was also evaluated by testing the
increase in antigenic activity of the rabies vaccine with
ELA. This was evaluated first on laboratory animals —
guinea pigs. In addition to that various types of com-
mercial oil adjuvants were compared with the adjuvant
activity of ELA. The level of rabies antibodies. deter-
mined quantitatively by the ELISA method using our
own Kit (Benick et al., 1989; Siiliovad et al., 1994).
served as an indicator.

Additional experiments, carried out on target animal
species — domestic dogs and cattle, consisted of vacci-
nation of half of the experimental animals with a rabies
vaccine potentiated with ELA and vaccination of the
second hall of animals (control group) with a vaccine
with no adjuvant added. The level of rabies antibodies
was also evaluated by means of the ELISA method
mentioned above.

VET. MED. — CZECH, 44. 1999 (4): 93-99



The statistical significancy of the rabies antibodies
differences between the individual groups are evaluated
by Mann-Whitney’s U-test.

RESULTS

Determination of the optimum composition of ELA

The model experiments on guinea pigs allowed us
to determine that 20% IPP emulsion in water should be
used to reach the appropriate adjuvant effect. The in-
crease of IPP proportion in the emulsion failed to fur-
ther increase the adjuvant effectiveness.

The results of determination of the effect of emulsi-
fier quantity on the quality of IPP emulsion are sum-

I. The influence of emulsion composition (ratio of IPP and Poloxa-
mer 105) on its quality (diameter of droplets in pum)

Composition — % ratio Di of droplets
IPP Poloxamer 105 (um)
20 2 2.0
20 3 0.8
20 4 0.4
20 S cca 0.3
20 6 cca 0.3
20 7 cca 0.3
20 8 cca 0.2
20 9 cca 0.2
20 10 cca 0.2
20 11 cca 0.2
20 12 cca 0.2

marised in Tab. I which shows that 8% of the detergent
is the minimum portion which must be ensured in order
to obtain 0.2 pm microparticles in the emulsion.That
is why further experiments were carried out using the
following IPP — detergent — water proportions:
20%-10%-70%.

The influence of HLB of the mixture of emulsifiers
Poloxamer 105 and Arlacel A on the quality and sta-
bility of emulsion is shown in Tab. II. The most suit-
able ratio of Poloxamer 105 and Arlacel A is 7 : 3 and
the resulting value of HLB = 13.94. Tab. III shows the
results of determination of dynamic viscosity of this
mixture during 4 months observation. It is obvious that
no changes in dynamic viscosity were recorded.

Determination of the optimum conditions of emulsion
preparation

Temperature of homogenization

Results of the influence of homogenization tempera-
ture on the quality of emulsion - size of oil droplets in
pum — are presented in Tab. IV. This figure shows that
the temperatures between 50 and 60 °C are suitable for
preparation of fine emulsions.

Determination of the measure of IPP hydrolysis at ele-
vated temperatures

The quantities of free palmitic acid in the emulsion
at homogenization temperatures 20-60 °C are shown in
Tab. V. The hydrolysis of IPP is very low, approxi-
mately 0.4%. An elevated temperature (up to 60 °C)
during the preparation of emulsion causes no further
hydrolysis of isopropyl-palmitate.

II. The influence of detergent HLB on the quality and stability of the emulsion

% 0ol dewepents HLB Dimeteroldiopicts Stability of emulsion
Poloxamer 105 Arlacel A (um)

10.0 0.0 18.50 cca 0.2 creaming after 3 months
9.5 0.5 17.74 0.4 breaking after 2 months
9.0 1.0 16.98 0.8 breaking after 6 weeks
85 1.5 16.22 0.8 breaking after 2 months
8.0 2.0 15.46 0.4 creaming after 2.5 months
75 2.5 470 cca 0.2 stable after 4 months
7.0 3.0 13.94 cca 0.2 stable after 4 months
6.5 3.5 13.18 cca 0.2 stable after 4 months
6.0 4.0 12.42 0.4 breaking after 2 months
5.5 4.5 11.66 0.6 breaking after 2 months
5.0 5.0 10.90 1.0 breaking after 5 days
45 5.5 10.14 2.0 breaking within 48 hours
4.0 6.0 9.38 3.0 breaking within 48 hours
3.0 7.0 7.86 2.0 breaking within 48 hours
2.0 8.0 6.34 4.0 breaking within 24 hours
1.0 9.0 4.82 5.0 breaking within | hour

VET. MED. - CZECH, 44, 1999 (4): 93-99
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11, Dynamic viscosity of the emulsion prepared from 20% 1PP. 10%
detergents (7% Poloxamer 105 + 3% Arlacel A) and 70% water

Time after preparation Dynamic viscosity (¢P)
Immediately 5.245
I month 5.193
2 months 5.296
3 months 5.268
4 munlll.;' 5.305

V. Results of the free palmitic acid titration in emulsion containing
20% 1PP. 10% detergents and 70% water as a function of homoge-
nization temperature

Temperature of Content of palmitic | % of hydrolysed
cemulsion acid (mg) PP
20 °C 1.9 0.40
30 °C 12.0 0.41
40 °C 1.8 0.40
50 °C 12.1 0.41
60 °C 1.9 0.40

The time of homogenization

The optimum time of homogenization was determi-
ned at 50 °C. Several different emulsion compositions
were investigated. Results presented in Tab. VI indicate
that the 3 min homogenization period, used at 50 °C

and 16 000 r.p.m., is sufficient to obtain emulsion of

good quality.

Observation of emulsion stability

The data obtained by macroscopic observation of the
stability of IPP cmulsions of different composition to-
gether with the values of oil droplet size are shown in
Tab. II. The observation of changes in the size of drop-
lets during 4 months revealed that in the case of stable
emulsions the number of “bigger* droplets (above
10 pm) in 20 viewing ficlds of the microscope was not
higher than 25. In emulsions in which “creaming™ oc-
curred this number was equal to 25-45. and in the cases
in which more than 45 “bigger™ oil particles were pre-

VL Inluence of homogenization time on droplet diameter (ptm)

IV. The influence of homogenization temperature on the quality of
emulsion (diameter of droplets in pm): emulsion composition; 20%
IPP + 10% detergents + 70% water

Temperature (°C) Diameter of droplets (um)
20 0.8
25 0.7
30 0.6
35 0.5
40 0.4
45 cea 0.3
50 cea 0.2
55 cea 0.2
60 cea 0.2

sent in 20 microscope viewing fields breaking of emul-
sions could be observed.

Storage of prepared emulsions in plastic containers
is preferred to the storage in glass vessels.

Verification of the effectiveness of ELA

Results of testing the influence of adjuvants on im-
munogenic activity of rabies vaccine using the methods
NIH and NRLR are presented in Tab. VIL. These results
prove that adjuvants increase the effectiveness of rabies
vaccines approximately twolold.

The experiments on guinea pigs compared various
types of commercial oil adjuvants with ELA. Results
presented in Tab. VIII point to sufficient potency-in-
creasing capability of ELA, comparable with that of
commercial products. Oil adjuvants of the water-in-oil
type, i.e. FIA and Al-Span-Oil. show significant better
effects on days 14 and 30 (p < 0.05 = FIA. or p < 0.01 —
Al-Span-0il).

The experiments on cattle (Tab. IX) and domestic
dogs (Tab. X) showed pronounced capability of ELA
to increase the antigenic activity of rabies vaccines
(p < 0.05). As carly as on day 14, the levels of rabies

The time of Ratio IPP/detergent — diameter of droplets (pm)
homogenization in minutes 20/4 20/5 2006 2007 20/10
1.0 0.8 0.6 0.5 0.4 cea 0.3
1.5 0.6 0.6 0.4 cea 0.3 cea 0.3
2.0 0.5 0.5 0.4 cea 0.3 cea 0.3
25 0.5 0.4 cea 0.3 cea 0.3 cea (0.2
3.0 0.4 0.4 cea 0.2 cea 0.2 cea 0.2
35 0.4 0.4 cea (0.2 cea 0.2 cea 0.2
4.0 0.4 cea 0.3 cea (.2 cea 0.2 cea 0.2
4.5 0.4 cea 0.3 cea 0.2 cea 0.2 cea 0.2
5.0 0.4 cea 0.3 cea 0.2 cea 0.2 cea 0.2
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VII. The influence of ELA on immunogenic activity of a rabies vaccine; experiments on mice

Method Animal group EDg, (mm?) U/cm? [U/vaccine dose
— Vaccine 5.794 . 107 2,001 2.001
Vaccine + ELA 3.035. 107 3.818 3.818
Vaccine 5375. 107 2,157 2.157
NRLR
Vaccine + ELA 2.961 . 107 3913 3913
NRLR ~ National Reference Laboratory of Rabies, KoSice, Slovak Republic

EDy, (mm%) - effective vaccine dose (expressed in mm*) providing sufficient protection against subsequent rabies virus challenge to half

s of the animals
IU/em’

. . o . . . 3 o
— vaccine effectiveness cxprcssed in international units in 1 em” vaccine

VIIL. The influence of various adjuvants on the level of rabies antibodies in the serum of guinea pigsl

4 Days after vaccination
Adjuvant
7 14 30
Without adjuvant 14 1.3 8% L8
ELA 1:32 1:64 1:101.6
0il adjuvant (Ivanovice na Hané)? 1:63* 1:50.8 1:128
0il adjuvant (Mevak Nitra)? 1:5:2% 1:403 1726325
Freunds incomplete adjuvant* 1:8 1:256* 1:256
Al-Span-0il (USOL-Praha)* 1:%:12:7 I3 512%™ U ) b e
| = Titres of rabies antibodies were determined by means of the ELISA method. Five animals were examined in cach group. Final values
are 2"; “n* is arithmetical mean from n; in groups, where the titres are expressed 1 : 2% (i = 1-5)

2 = Oil adjuvant (oil-in-water type) produced by Bioveta Ivanovice na Hané (Czech Republic) contains: paraffin oil and lanolin
3 = Oil adjuvant (oil-in-water type) produced by Mevak Nitra (Slovak Republic) contains: Bayol and Tween 80

4 = Adjuvant of the water-in-oil type; x = p < 0.05; xx = p < 0.01
The group ELA was the basic group for comparison

IX. The potentiating effect of ELA on antigenic activity of rabies
vaccine; experiments on cattle; results of antibody titration by means
of the ELISA test

X. The potentiating effect of ELA on antigenic activity of rabies
vaccine; experiments on domestic dogs; results of antibody titration
by means of the ELISA test

Group Days after immunization Group Days after immunization

of animals' 14 28 60 of animals' 14 28 60
Vaccine 1:17.6 1:320 1:256 Vaccine 1:287 1 812 1:203
Vaccine + ELA 1:36.8" 1:986" 1:3:552" Vaccine + ELA 1 : 1024* | : 1448* 1 2512

| = The animals have not been vaccinated against rabies before.
Another explanation see Tab. VIII. The number of animals was eight
in cach group (i = 1-8)

x=p<0.05

antibody titres were on average twice to three times
higher after the application of an adjuvant vaccine in
comparison with the levels in the control group. On day
60 post-vaccination, the difference was less pronounced,
however, in cattle still considerable (p < 0.05).

DISCUSSION

The increase in the effectiveness of inactivated vet-
erinary vaccines requires the use of adjuvants. The ap-
plication of conventional adjuvants that contained min-
eral oils produced a number of anaphylactoid reactions,
mostly in cattle (Krejéi et al., 1988; Toman et al.,

VET. MED. - CZECH, 44, 1999 (4): 93-99

I = The animals have not been vaccinated against rabies before.
Another explanation see Tab. VIII. The number of animals was six
in each group (i = 1-6)

x=p <005

1992). Because of the occurrence of undesirable local
and total reaction, aluminium hydroxide is most fre-
quently used in veterinary vaccines at present. This
substance is however less effective and its subcutane-
ous administration to some recipients (cats) may induce
formation of fibrosarcomas (Hendrick and Brooks, 1994).

Although the adjuvants of the water-in-oil type are
undaubtedly very effective, their utilization for mass
vaccination in practical medicine is limited (Woodard
and Jasman, 1985). Besides inducing the inflammatory
and alergic reactions mentioned above another of their
disadvantages is their high viscosity and therefore lim-
ited applicability. That is why a number of various
types of adjuvants (Cox and Coulter, 1997) is applied

97



at present and frequent use of O/W emulsions has been
recorded (Woodard and Jasman, 1985: Playfair and de
Souza, 1986; Allison and Byars, 1992; Valensi et al.,
1994: Ott et al.. 1995).

The use of metabolisable esters of fatty acids as an
oil component of lipoid adjuvants of the oil-in-water
type was investigated by Bomford (1981). The adju-
vant effect of the substances mentioned on the length
of chain as well as the degree of saturation of the fatty
acid was observed. Of them. the adjuvant effect of iso-

propylpalmitate most closely resembled that of

Freund's incomplete adjuvant. Therefore only aliphatic
hydrocarbon chains with 16 or more carbon atoms ex-
hibit sufficient adjuvant activity (Gall, 1966).

Our results obtained by comparing the effect of vari-
ous adjuvants on antigenic activity of rabies vaccine in
the experiments in guinea pigs point to good effective-
ness ol IPP. The results of quantification of rabies anti-
bodies in the experiment comparing different adjuvants
show the highest effectiveness of ELA on day 7 post
vaccination: in the subsequent time intervals a stronger
immunological response was achieved by means of FIA
and Al-Span-Oil. Their higher potentiating effect can
be ascribed, however, to the higher content of oil in
them (water-in-oil system). The Titer Max adjuvant
based on squalene, developed by Bennett et al. (1992),
competing with its effect with the Freund's complete
adjuvant belongs to the water-in-oil type, too.

The O/W emulsions contain 0.2 pm microdroplets
of oil in water (Cox and Coulter, 1997). The HLB value
of an emulsifier. ensuring development of high quality
O/W emulsion, should be in general higher than 10
while the stability of emulsion is not directly related to
the HLB value of the emulsifying mixture used (Hunter
ct al.. 1981). Therefore it is necessary to test experi-
mentally the ratio of the two emulsifying components
of different HLB and find the optimum value. In our
case (20% IPP and 10% dctergents in water) — HLB =
13.94 for the mixture of emulsifiers ensured the highest
emulsion stability. Macroscopic examinations supple-
mented with microscopic measurements of the diameter
of oil droplets in the emulsion is one way of evaluation
of the stability (Horie ct al., 1978). The decrease in
surface tension by replacing glass vials by polyethylene
for storage of O/W emulsions can further increase the
shelf life.

Besides a suitable adjuvant effect of the O/W emul-
sion an areactogenicity is another of its advantages.
Experiments proving its arcactogenicity have been car-
ried out and are subject of other our studies (BeniSek
et al., 1999).
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A NEW LIPOID ADJUVANT: HARMLESSNESS AND LOCAL
REACTOGENICITY

NOVE LIPOIDNE ADJUVANS: NESKODNOST A LOKALNA
REAKTOGENITA

Z. Benisek, J. Siiliova, 8. Svréek, T. Pauer, R. Ondrejka, A. Durove
University of Veterinary Medicine, Kosice, Slovak Republic

ABSTRACT: Model experiments on laboratory animals (guinea pigs) were carried out to test the possible allergy reaction
(possibility of senzitization) to the repeated administration of an experimental lipoid adjuvant (ELA) prepared on the basis
of isopropylpalmitate. No significant differences were observed between the animals senzitized-provoked with ELA and the
control animals. In order to evaluate the local tissue reactivity (local reactogenicity). also with regard to the process dynamics,
to the administration of ELA and to carry out comparisons with other types of lipoid adjuvants. as well as aluminium
hydroxide. comparative patho-anatomical and patho-histological examinations of tissues were carried out in the location of
adjuvant administration. The examinations indicated very low local reactogenicity of the experimental lipoid adjuvant prepared
in our laboratory.

lipoid adjuvant: isopropyl palmitate: senzitization: local reactogenicity

ABSTRAKT: V modelovych pokusoch na laboratornych zvieratich (morcatich) bola testovand moznost vzniku alergickej
reakcie (moznost senzibiliz

dcie) na opakované podanie experimentilneho lipoidného adjuvans (ELA) pripravené¢ho na bize
izopropylpalmititu. Neboli zistené signifikantné rozdiely medzi zvieratami senzibilizovane-provokovanymi ELA a zvieratami
kontrolnymi. Pre posiidenie lokilnej tkanivovej reaktivity (lokdlnej reaktogenity) aj v dynamike procesu. na podanic ELA
a pre porovnanie tiez dalSich druhov lipoidnych adjuvans ako aj hydroxidu hlinit¢ho. boli vykonané porovndvacie patologic-
ko-anatomické a patologicko-histologické vySetrenia tkaniv miesta aplikicie adjuvans. Aj na ziklade tohto vysetrenia je

mozné sudil o velmi nizkej lokilnej reaktogenite nami pripraveného experimentilneho lipoidného adjuvans.

lipoidné adjuvans: izopropylpalmitit: senzibilizicia: lokdlna reaktogenita

INTRODUCTION

Up to the present time many adjuvant substances have
been described. capable of modifying immune reactions
in the required direction. The substances mentioned can
potentiate the induction of effective and long lasting
humoral and cell-mediated immunity. Adjuvants can be

of different origin. chemical composition and mode of

action (Vanselow. 1987: Warren and Chedid. 1988:
Johnson, 1994: Cox and Coulter. 1997). However only
some of them are suitable for practical use (mainly for
their potentiating effect on vaccines) either with regard
to suitable administration and toxicity or mainly with
regard to their reactogenicity.

Aluminium hydroxide is the compound most fre-
quently used in veterinary medicine to exert a potentiat-
ing effect on vaccines despite its relatively low promot-
ing effect in comparison with other adjuvants, e.g. oil
adjuvants, and also despite the fact that its subcutane-
ous administration to some recipients (cats) can cause
development of fibrosarcomas (Hendrick and Brooks.
1994 Lester et al.. 1996). There was described creation
of granulomas (which can necrotise or to change to cysts
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or steril abscesses) after subcutaneous application of
aluminium compounds (WHO, 1976: Vansclow. 1987).
The oil adjuvants of the type ol Freund’s incomplete
adjuvant (FIA) (Freund. 1948) find only minimum use
at present despite the common knowledge of their sub-
stantial promoting elfects. This results [rom the occur-
rence ol undesirable postvaccination local reactions —
development ol granulomas. haemorrhagic lesions,
serous infiltrations and long-term persistence of un-
metabolized components of emulsions (oil) at the site
of administration (Piretti et al.. 1982: Bennett. 1992).
Important and frequent are also the total reactions to
the administration of oil adjuvants (Vanselow, 1987:
Krejci et al., 1988), development of metastatic granu-
loma and adjuvant arthritis (Amyx, 1987: Broderson,
1989: Kleinman et al., 1993). Broderson (1989) de-
scribed the occurrence of lesions in the internal organs
after intradermal. subcutaneous and intramuscular admi-
nistration of FIA to rabbits and monkeys. Numerous
subpleural granulomatous foci and pulmonary macro-
phage aggregates were observed in the lungs of the
animals mentioned 4-12 weceks following the injection
of FIA. Kleinman et al. (1993) described the develop-
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ment of FIA-induced paresis in guinca pigs. Paresis
occurred alter the development of granulomatous le-
sions in the spinal cord channel after FIA injection to
paraspinal muscles in guinea pigs. Another disadvan-
tage of mineral oils is that they can be contaminated
with carcinogenic polycyclic aromatic hydrocarbons
and, in addition to that, persist in tissues for a long time
(Piretti et al.. 1982: Vanselow. 1987: Stone and Xie.
1990).

In 1987 and 1988 in the territory of the former
Czechoslovakia total (anaphylactoid) postvaccination
reactions were observed in cattle that was vaccinated
with oil vaccines of Czechoslovak origin. According to
Krejci et al. (1988) the specific or non-specific hy-
persensitivity could result from the use of mineral oil
contaminated with moulds, polycyclic aromatic com-
pounds, short-chain carbohydrates, oxidation products
of the type of peroxides, epoxides or aldehydes. In the
authors™ opinion the addition of emulgator Tween 80,
a considerably toxic and potentially reactogenic sub-
stance, could represent one of the possible causes of
anaphylactoid reactions. This fact was later experimen-
tally confirmed (Toman et al., 1992).

The complications mentioned above can be probably
caused cither by the oil component — mineral oil, most
frequently paraffin oil or its analogues known under
commercial names Bayol, Marcol, and others, or by
emulgators — Tween 80 (Toman ct al., 1992).

The facts mentioned above necessitated the develop-
ment of new types of lipoid adjuvants free of negative
influences exerted by mineral oils. One of the possibili-
ties is the substitution of mineral oil with esters of fatty
acids (Bomford, 1981).

The reactogenicity of lipoid adjuvant containing iso-
propylester of palmitic acid as an oil component, was
tested in laboratory animals (guinea pigs). The experi-
ments were aimed at evaluation of its total reaction (or-
ganic) or local allergic reaction to the repeated admi-
nistration of experimental lipoid adjuvant (ELA) -
experiments A. In addition to that, patho-anatomical
and patho-histological examinations at the site of ad-
ministration were carried out in comparative experi-
ments in guinca pigs to compare the tissue reactivity to
the administration of ELA and other types of adjuvants
in the process dynamics — experiments B.

MATERIAL AND METHODS

A) Study of possible senzitization to the administration
of the experimental lipoid adjuvant (ELA)

An adjuvant of the oil-in-water type was prepared.
The oil component was isopropylpalmitate (iso-
propylester of palmitic acid). commercial name Iso-
propylpalmitate 720 (Olefina, Belgium). Poloxamer
105, commercial name Synperonic PE/L35 (ICI, Eng-
land) and Arlacel A (Serva, Germany) were used as
emulsifiers. Detailed description of the preparation was
presented by Siiliova et al. (1999).
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Experimental animals

Thirty laboratory guinea pigs of average weight 250 g
were used.
Experimental scheme

Experimental animals were divided into 4 groups.
Additional subgroups were formed within groups I and
I1, i.e. altogether 6 groups were formed. consisting of
5 animals in each.

The animals of the group (subgroup) Ia were admi-
nistered ELA im. in the volume of 0.5 cm® and were
provoked on day 14 using a volume of 0.1 cm’. admi-
nistered intradermally (i.d.) into the scapular region.

The group (subgroup) Ib served as a control for ani-
mals of subgroup Ia. The animals of this subgroup were
not sensitized and were administered ELA on day 14
as the animals of subgroup la during their provocation.

The animals of the group (subgroup) Ila received
ELA in the volume of 0.5 cm® i.m.., and were provoked
on day 30 by administration of 0.1 em?, id.

The group (subgroup) IIb was the control for the
subgroup IIa. Animals in this subgroup were not sensi-
tized and received ELA on day 30 as those of the sub-
group Ila at their provocation.

The group III of animals was administered ELA i.m.
into a thigh muscle (sensitization) in a volume of 0.5
em®. and provocation on day 30 was carried out in the
same way as sensitization.

The group IV of animals was sensitized in the same
way as the group I and provoked on days 14 and 30.

The possible sensitization of animals was evaluated
on the basis of animal behaviour — changes in behav-
iour and feed intake. Animals of groups IIT and TV were
examined clinically every day for the period of one
month following the last provocation. Groups (and sub-
groups) I and II were subjected to additional examina-
tions for local allergic reactions carried out by meas-
urement of the thickness of skinfold at the site of
intradermal administration after 3, 24, 48 and 72 hours
and 7 and 14 days. To eliminate the individual differ-
ences between the single animals the changes in the skin-
fold thickness (ST) were determined as multiples (reaction
factor f) of its value before the i.d. administration of ELA:

ST at the given time interval after administration
f=
ST before administration

B) Patho-morphological determination of tissue
reactivity (local reactogenicity) to the administration of
ELA and other types of adjuvants

The types of adjuvants used

a) ELA

b) commercial adjuvant supplied by Bioveta. Ivanovice
na Hané, Czech Republic (paraffin oil. lanolin), oil-
-in-water type. adjuvant I

adjuvant supplied by MEVAK. Nitra, Slovak Re-
public (oil Marcol, Arlacel A, Tween 80). oil-in-wa-
ter type. adjuvant N

]
~
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d) aluminium hydroxide AI(OH);, saturated solution,
adjuvant Al
¢) physiological saline solution F — as a control.

Experimental animals

Sixty conventional guinca pigs of body weight 250 ¢
were used. Each of the adjuvants mentioned as well as
physiological saline solution were administered o
groups consisting of 12 guinea pigs. intramuscularly to

the left thigh using a medial approach. The volume of

inoculum was 0.5 ¢cm? for all animals.
Examination ol guinca pigs

After 24 h and subsequently after 7. 21 and 35 days
after the administration of adjuvants. three animals

from each group were killed with ether and the site of

administration was subjected to patho-anatomical ex-
amination, A sample of muscular tissue of dimensions
0.5 x 0.5 x 0.5 cm was taken from the site ol adminis-
tration and examined histologically.

The patho-anatomical examination consisted in macro-
scopical examination of local changes in tissues and

changes in corresponding lymph nodes. The samples of
tissues (excisions) {rom the sites of administration of

adjuvants or saline solution and of corresponding in-
guinal lymph nodes, obtained for patho-histological ex-
amination. were fixed in cold formalin. embedded in
paraffin and the sections were stained with haema-
toxylin-eosin or van Gieson method. respectively.

Samples of tissues and lymph nodes taken from the
right thigh of the respective animals served as a con-
trol.

RESULTS

Experiment A

The possible sensitization to the administration of

the experimental lipoid adjuvant was tested in model
tests on guinea pigs. Some differences in the skinfold
thickness were observed between the animals sensi-

tized and provoked on day 14 or 30 and the unsensi-
tized animals that received the respective dose of the
adjuvant at the time when the provocation was carried
out. The differences were however insignificant. This
was evident not only [rom the results at provocation
(reaction factor “f**) three hours following the adminis-
tration but also on day 7 and 14 post-administration of
adjuvants. The reaction factor was identical in the cases
mentioned or even higher in the unsensitized animals.
Results of skin reactivity are presented in Tab. L.

No changes in behaviour or [eed intake were ob-
served in experimental animals ol groups III and TV
during the entire experimental period.

xperiment B
Comparative tests in model guinea pigs were used

to test the local tissue reactivity (local reactogenicity)
to the administration of ELA. two oil commercial ad-

juvants N and I, adjuvant Al and solution F. They were

evaluated on the basis of results of patho-anatomical
and patho-histological lindings in the process dynamics.

Patho-anatomical examination

Slightly oedematous subcutancous and intramuscu-
lar tissue around the site of injection was observed in
24 hours following the injection of ELA. The superfi-
cial inguinal lymph nodes were slightly enlarged and
grayish-pink in colour. Similar findings were observed
also in animals administered adjuvants N and 1. No
changes were observed in animals administered the Al
adjuvant or control injection of physiological saline so-
lution F.

After 7 days, the animals administered the lipoid
adjuvant exhibited more intensive reaction at the site
of administration. The least intensive reaction was ob-
served in the case ol administration ol ELA: no
changes were observed [or the Al adjuvant.

Aflter 21 and 35 days. the animals administered
cither ELA or Al exhibited no microscopical changes

I. Changes in the skinfold thickness at the site of intradermal application of ELA: expressed as multiples of the thickness before the

application (f)

Guinea pig groups
Time of evaluation
after challenge la L I
a multiple of skinfold thickness
3 hours 2,10 £ 0.23 2,12+£0.19 201 £0.10 1.95 = 0.15
24 hours 1.84 £ 0.09 181 £0.17 181 £0.16 1.70 £ 0.20
48 hours 1.74 £ 0.10 1.67 = 0.10 L7 £ 012 1.62 £ 0.14
72 hours 1.63 £ 0.13 1.59 £ 0.12 1.52 £ 0.10 1.50 % 0.08
7 days 1.52 40,07 1.49 + 0.09 1.22 £ 0.10 1.21 £ 0.10
14 days 1.25 £ 0.08 1.26 £ 0.0 114 £ 0.07 1.09 £ 0.09

Guinea pig groups (5 animals in cach group)
Ta group — sensitization: 0.5 cm” ..
provocation: on l4th day. (.1 em’ i,

Ib group — sensitization none

provocation: on l4th day. 0.1 em’id.

VET. MED. - CZECH. 44. 1999 (4): 101-108

la group - sensitization: 0.5 em® i,
provocation: on 30th day. 0.1 em' id.
1Ib group - sensitization: none

provocation: on 30th day. 0.1 em’id.
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at the site of their administration. The animals treated
with N and I adjuvants exhibited proliferation of inter-
muscular tissue in the time intervals mentioned. How-
ever, no enlargement of the corresponding lymph nodes
was observed.
Patho-histological examination

Observations carried out 24 h following the ELA
administration showed marked dilatation of vessels and
oedematous changes in the connective tissue at the site

of injection (Fig. 1). Inflammation-cellular infiltration of

oedematous connective tissues with predominance of po-
lymorphonuclear leukocytes and admixture of eosinophils
appeared in the foreground. This infiltrate penetrated as
narrow bands between muscular fibre bundles. Inguinal
lymph nodes showed slight hyperplasia although retain-
ing their original structure. Similar changes were ob-
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served following the administration of N and I adju-
vants. As a result of oedema, the bundles of muscular
fibres were separated and muscular cells exhibited ho-
mogenization and the loss of striation. Necrotic decom-
position of tissue was observed at some places (Fig. 2).
The inguinal lymph nodes exhibited hyperplasticity
with extended subcapsular and intermediary sinuses.

The histopathological findings after administration
of Al were similar but not intensive.

Seven days after the administration of adjuvants, the
oedematous and regressive changes in muscular cells
were alleviated considerably. The polymorphonuclear in-
filtrate was reduced and replaced by mononuclear cells.
The connective tissues of animals treated with N and
I adjuvants contained many optically empty vacuoles
around which neutrophil leukocytes tended to concen-

1. Cell infiltration with polymor-
phonuclear leukocytes. oedema and
extravasation in intermuscular connec-
tive tissue. Adjuvant ELA after 24
hours. Staining: haematoxylin-eosin;

magnification: 63 times

2. Dystrophy changes in muscular tis-
sue. oedematisation and cellular infil-
tration between muscular bundles. Ad-
juvant N after 24 hours. Staining: hae-
matoxylin-eosin: magnification: 63 ti-

mes
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trate. The vacuoles formed as residua after the oil com-
ponents of the adjuvants administered (Figs. 3. 4 and
5). Such a picture was not observed in the ELA treated
animals.

After the elapse of 21 and 35 days. considerable
consolidation of reactions could be observed. The more
pronounced mononuclear infiltration also regressed.
Some granular tissue was formed and the considerable
number of fibroblasts suggested that fibrotization had
occurred. particularly in the time interval of 35 days
following the administration of adjuvants. The extent
of changes in the group ol animals weated with ELA
was smaller (Fig. 6). However. more pronounced for-
mation ol collagen fibres. oriented parallelly to the
muscular fibres

The process ol consolidation was observed also in
the lymph nodes.

was observed.
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3. Reduction of polymorphonuclear
cells in intermuscular tissue. moderate
oedematisation, Adjuvant ELA alter
7 days. Staining: haematoxylin-cosin:
magnilication: 63 times

4. Creation of the granular tissue in the
intramuscular connective tissue with
oil residua in vacuoles. Adjuvant | al-
ter 7 days. Staining: haematoxylin-co-
sin: magnification: 63 times

DISCUSSION

The occurrence of undesirable postvaccinal reac-
tions (local and total) after administration of lipoid ad-
juvants in animals led us to develope a new type of
arcactogenic lipoid adjuvant. The isopropylpalmitate
was used as the oil componenent. The use ol Tween 80
as emulsifier was avoided.

The experimental lipoid adjuvant (ELA) was sub-
mitted to tests of harmlessness and areactogenicity. The
study of the possible senzitization and local tissue re-
activity (reactogenicity) to administration of ELA and
other types of adjuvants was carried out in extremely
sensitive model animal species. the guinca pig.

The differences in the skinfold thickness (reactive
factor) between sensitized and subsequently provoked
animals and those which were not sensitized but pro-
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voked in the respective time intervals were insignifi-
cant. This points to the areactogenicity of the main
component of the experimental lipoid adjuvant, iso-
propylpalmitate, and of the emulgators. Poloxamer 105
and Arlacel A. used at an optimum ratio. The possibili-
ties of sensitization (and subsequent provocation) in the
case of repeated use of the adjuvant mentioned were
taken into consideration.

Patho-anatomical and patho-histological examinations

documented relatively low local tissue reactogenicity of

ELA in comparison with “conventional* oil adjuvants
represented by N and I adjuvants. used in experiments.
Important was the observation of the absence of ELA
residua at the site ol administration as carly as after 7
days and rapid consolidation of changes in the tissues.
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5. Dilatation of subcapsular and inter-
mediary sinuses and follicular hyper-
plasia of inguinal lymph node. Adju-
vant N after 7 days. Staining: hacma-
toxylin-cosin: magnification: 20 times

6. Dilferentiation of granular tissue
with creation of collagenous [ibres.
Adjuvant ELA after 35 days. St
van Gieson: magnification: 252 time:

The administration of aluminium hydroxide did not
cause a rise of macroscopical changes in the site of the
application. It is responsible to low intensive [inding at
the pathological-histological examination. The. forma-
tion of a small granuloma is inevitable with alum-pre-
cipitated vaccines and is considered as a necessary re-
quirement for effective adjuvant action (WHO, 1976).
Our result is in accordance with the lacts published in
the world literature (Ramanthan et al.. 1979: Edelman,
1980).

The experimental lipoid adjuvant is an emulsion of
the oil-in-water type. From the point of view of practi-
cal application (as a diluent for lyophilised veterinary
vaccines), the smaller viscosity of this type of emulsion
in comparison with water-in-oil (e.g. Freund incom-
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plete adjuvant FIA: Freund. 1948) emulsions appears
as an advantage.

Several replacements of mineral oils can be used in
the preparation of effective and harmless lipoid adju-
vants hesides of esters of fatty acids (Bomford. 1981).
We can mention, for example. terpene oils, squalane
and squalene. which are used predominantly in water-in-
-oil emulsions (Stone and Xie, /990). They can be
combined with other immunopotentiating substances,
e.g. sulphopolysaccharides (Hilgers et al.. 1994a. b) or
block copolymers (Bennett et al.. 1992). The local re-
action to the administration of compounds mentioned
above had mostly character of a mild inflammation,
which prevailed a different long time. The reduced in-
cidence and duration of muscle lesion from the terpene
oil vaccines used in trials probably reflects their natural
compatibility with tissues. because they are normal
components of skin and other tissues. On 25th day after
injection (squalene) wasn’t detected any signs of in-
flammation in the site of adjuvant application (Stone
and Xie, 1990).

Deeb et al. (1992) describe only mild multifocal
garanulomatous myositis in the application site of RIBI
adjuvant (mixture of monophosphoryl lipid A. treha-
lose dimycolate, mycobacterium cell wall skeleton and
Tween 80, with squalene — oil-in-water emulsion) in
contrast to FIA which caused marked multifocal granu-
lomatous myositis.

Robuccio et al. (1995) comparised the adjuvant ef-
fect and local reactogenicity of five lipoid adjuvants (in
different doses) — FIA, Freund’s complete adjuvant
(FCA), RIBI. Titer Max (mixture of block copolymer
CRL-89-41 and squalene) and Syntex adjuvant (it con-
tains MDP. squalenc. block copolymer and pluronic
acid). They found out that Freund’s adjuvants at high
and low doses and RIBI adjuvant at high dose caused
significantly greater swelling at the inoculation site
than control (saline). Titer Max adjuvant at high and
low doses caused minor swelling at the inoculation site,
but it was not significantly different from the swelling
caused by control. Syntex adjuvant at high and low
doses. RIBI at low dose caused no swelling after inocu-
lation. Histologically Freund’s adjuvants caused granu-
lomatous myositis, Syntex — histiocytic lymphocytic
myositis, RIBI — pyogranulomatous myositis (in high
dose) and Titer Max necrotizing pyogranulomatous
myositis (also in high dose).

Bomford (1981) investigated the local reaction at
the site of injection of classical adjuvant (FIA) and
some fatty acid esters. The same degree of local reac-
tion (footpad swelling) was caused by emulsions of
ethyl caprate alone or mixed with 10% butyl stearate.
The reaction to the esters was more severe than to FIA
up to 14 days after injection but afterwords disappeared
more quickly.

Our experiences with IPP are not fully (absolutely)
identical to experiences of Bomford. The local reaction
to isopropylester of palmitic acid was less severe than
that to “classical® adjuvant prepared from mineral oil.
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and the rapidity of the changes consolidation in the
tissues was also greater.

With regard to the above mentioned considerations
and results obtained by testing the supportive elfect of
isopropylpalmitate as well as results of tests presented
in this study, we can unambiguously recommend the
use of this metabolisable adjuvant for the purpose of
potentiating the effect ol lyophilised veterinary vac-
cines without the risk ol development of postvaccina-
tion complications in target animal species.
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HISTOCHEMICAL STUDY OF MASTITIC MAMMARY GLAND
IN LACTATING COWS"

HISTOCHEMICKE STUDIUM ZAPALOVO ZMENENEJ MLIECNE]
ZI.AZY LAKTUJUCICH DOJNIC

L. Lenhardt', E. Svicky', E. Dudrikova', §. Mozes?

IUniversity of Veterinary Medicine, KoSice, Slovak Republic
Institute of Animal Physiology, Slovak Academy of Sciences, Kosice, Slovak Republic

ABSTRACT: The activity of alkaline phosphatase, adenosine triphosphatase, acid phosphatase, and succinate dehydrogenase
in the epithelial cells of the chronic, inflammatory, mammary gland in the lactating cows was determined by a densitometric
analysis. In comparison with the intact mammary gland, the inflammatory disease led to expressive changes in all the enzyme
activities. Significantly increased activity (p < 0.001) of alkaline phosphatase, adenosine triphosphatase, acid phosphatase,
and succinate dehydrogenase was detected in the epithelial cells. The results of the experiment refer to a narrow relathionship
between the enzymatic activity and inflammatory process in the mammary gland during the lactation period.

alkaline phosphatase; adenosine triphosphatase; acid phosphatase; succinate dehydrogenase; histoenzymatic study; mammary
gland; cows |

ABSTRAKT: Denzitometrickou analyzou bola stanovend aktivita alkalickej fosfatazy, adenozintrifosfatizy, kyslej fosfatizy
a sukcindtdehydrogendzy v epitelovych bunkdch mlie¢nej Zlazy dojnic s chronickym zdpalom mlie¢nej Zlazy. Pri porovnani
s intaktnou mlie¢nou Zlazou, zipalové ochorenie viedlo k signifikantnému zvySeniu aktivity (p < 0.001) vietkych sledovanych
enzymov v epitelovych bunkdch. Vysledky experimentu poukazuji na tizky vztah medzi enzymatickou aktivitou a zipalovym
procesom mlie¢nej Zlazy pocas laktacie.

alkalickd fosfatiza; adenozintrifosfatiza; kysld fosfatiza; sukcindtdehydrogendza; histochemické Stidium; mlie¢na Zlaza;

dojnice

INTRODUCTION

Nowadays, mastitis is still the most relevant and
most costly infectious disease of dairy cows. The princi-
pal microorganisms (Streptococcus agalactiae, Staphylo-
cocecus aureus, Streptococcus uberis, Streptococcus
dysgalactiae, Escherichia coli) cause expressive clini-
cal and morphological changes (Philpot and Pankey,
1978) which can be determined biochemically and his-
tochemically. Up to the present, research has been di-
rected at the detection of clinical and morphological
changes in the inflamed mammary gland (Vasil, 1994).
Still, there is little data about the influence of infection
on the enzyme activity in the cells of mammary gland.
For the possibility of using a histochemical method, the
work of Lenhardt et al. (1994) should be consulted. In
this paper the alkaline phosphatase (AP), adenosine
triphosphatase (ATP-ase), acid phosphatase (AcP), and
succinate dehydrogenase (SDH) activities were detected
in the healthy mammary glands of lactating cows.

*  Supported by the Slovak Academy of Sciences (Grant No. 2/3005/97).
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The objective of this study was to determine the
influence of chronic mastitis on the activity of alkaline
phosphatase, adenosine triphosphatase, acid phos-
phatase, and succinate dehydrogenase in the paren-
chyma of mammary gland.

MATERIAL AND METHODS

Sixty lactating cows slaughtered at the slaughterhouses
in KoSice were used in the experiment. Material for
histochemical evaluation was obtained from the paren-
chyma of 25 cows with clinically healthy mammary
glands and from 35 cows with mastitis, with positive
findings in bacteriological examination (Staphylococcus
aureus, Streptococcus dysgalactiae, and Streptococcus
uberis) detected in the parenchyma of mammary gland.

Samples sized | x | x 0.5 cm, were taken from the
pars glandularis sinus lactiferis of the mammary gland.
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Samples were taken within 10 minutes of slaughter,
frozen, and kept in a liquid nitrogen until processed.

On the day of experiment. a segment of the frozen
tissue was cut (7 pum) in the cryostat at =21 °C and the
tissue slices were transferred to glass slides and air-
-dried. From each tissue segmenl, seven seclions were
cut for different enzyme assays.

Demonstration of alkaline phosphatase activity was
performed by using a modified simultancous azo-
-coupling method (Lojda et al., 1979). The incubation
medium contained naphthol-AS-MX-phosphate (Fluka,
Germany). and stable diazonium salt Fast Blue BB
(Sigma. USA). veronal acetate buflfer (pH 9.2). The
incubation was performed at 37 °C for 30 min.

Adenosine triphosphatase activity was demonstrated
by the lead salt method according to Lojda et al.
(1979). The incubation medium contained adenosine
triphosphate-sodium salt (Sigma, Germany). lead ni-
trate and magnesium sulphate (Aldrich, Germany), tris-
-maleate buffer (pH 7.2). The sections were incubated
for 20 min at 37 °C.

Determination of acid phosphatase activity was per-
formed according to Lojda et al. (1979). The incubation
medium contained naphthol-AS-Bl-phosphate (Fluka,
Germany), hexazotized new fuchsin (Serva. Germany),
veronal acetate buffer (pH 6.0). The incubation lasted
for 10 hours at 37 °C.

Succinate dehydrogenase activity was performed ac-
cording to Lojda et al. (1979). The medium consisted
ol succinate-disodium salt (Fluka, Germany), nitro BT,
tris-HCI buffer (pH 7.2). The incubation lasted for 30
min at 37 °C. After incubation, sections were washed
with distilled water to remove the incubation medium
and to stop any reactions. Postlixation of the sections
was performed in a solution of 4% (v/v) formaldehyde
for 10 h at 20 °C. The sections were rinsed in distilled
water and mounted in glycerin jelly.

110

Enzyme activity of the epithelial cells was cyto-
photometrically analysed with a Vickers-M-86 mi-
crodensitometer. The measurements were performed
using a x 40 objective and effective scanning area of
28.3 ;un2 and scanning spot 0.5 pm. The integrating
absorbance was measured at a wavelength of 480 nm
for alkaline phosphatase and succinate dehydrogenase.
590 nm for adenosine triphosphatase. 520 nm for acid
phosphatase.

The enzyme activity was evaluated as the absor-
bance values recorded by the instrument/ min/um3 epi-
thelial cells £ SD. The density of enzymes investigated
was determined in six sections of each sample at 10
sites corresponding to the epithelial cells in the mam-
mary gland. Statistical analyses were done by r-test.

RESULTS

Tab. I summarizes the measurements of enzyme ac-
tivities in the epithelial cells of healthy and diseased
mammary glands of lactating cows. In comparison with
intact mammary glands, mastitis led to a significant
increase in the activity of all the enzymes investigated;

I. Densitometric analysis of alkaline phospatase. adenosine triphos-
phatase. acid phosphatase. and succinate dehydrogenase in the epi-
thelial cells of healthy and diseased bovine mammary glands

Bovine mammary gland

Enzyme healthy
(x+ SD)

15.66 £ 1.14

38.87 £ 3,407
44.07 £ 1.19*
50.60 £ 2.68"
33.64 £ 2.99¢

Alkaline phosphatase
Adenosine triphosphatase 1570 £ 1.02
Acid phosphatase 2327 £ 1.85

Succinate dehydrogenase 12.10 £ 0.94

“significantly different from control p < 0.001

1. A histochemical picture ol uniformly
noticeable activity of alkaline phos-
phatase in the epithelial cells. lower ac-
tivity in myoepithelial cells and in the
endothelial cells of the capillaries in
mastitic mammary gland sections of
lactating cows (obj. 6.3: eyepiece 6.3)
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ranging from 1.0 (AcP) to 3.0 times (SDH) higher than
with intact glands.
Differences in the enzyme activities in other structures

of the mammary gland (myoepithelial cells and endothe-
lial cells of the capillaries) are presented in Figs. 1-4.

Against the very noticeable activity of alkaline
phosphatase in the epithelial cells, the activity of this
enzyme was lower in the other structures investigated
(Fig. 1).

Fig. 2 shows the presence of the reaction product of
the membrane adenosine triphosphatase in the epi-
thelial cells. Similarly. the vigorous activity of this en-
zyme was observed in the myoepithelial cells. and in
the endothelial cells of capillaries.

Epithelial cells showed a marked activity of acid
phosphatase. The reaction product of this enzyme was
also observed in the myoepithelial cells: hardly any

VET. MED. - CZECH. 44. 1999 (4): 109-113

2. Marked activity of adenosine tri-
phospatase in the epithelial cells. and
moderate activity of this enzyme in the
myoepithelial alveoli cells. A very vig-
orous activity is observed in the endo-
thelial cells of capillaries in mastitic
mammary gland sections of lactating
cows (obj. 6.3: eyepiece 6.3)

3. A histochemical picture of the acid
phosphatase activity in discased mam-
mary glands of mastitic cows. Anspi-
cous activity in the epithelial cells, and
moderate activity in the myoepithelial
cells. The endothelial cells of capillar-
ies did not react (obj. 6.3: eyepiece 6.3)

final reaction was found in the endothelial cells of cap-
illaries (Fig. 3).

When tissue slices were incubated to demonstrate
succinate dehydrogenase. an increased amount of the
reaction product was detected in the epithelial cells in
comparison with myoepithelial and endothelial cells
(Fig. 4).

DISCUSSION

The results of our experiment showed the close re-
lathionship between enzyme activities and chronic
mastitis in the cow’s mammary gland during lactation.
Alkaline phosphatase is found primarily in the cell
membranes of the cow’s mammary gland where the
active transport processes take place. In agreement with
this, we detected the presence of AP in all the structures
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investigated both in the mastitic mammary gland as
well as in the healthy udder (Lenhardt et al., 1994).
Similar results were obtained by Korfmeier (1976): he
detected positive reactions to alkaline phosphatase in
the epithelial cells of the mammary gland in mice. He
related the level of this enzyme activity to the coherent
functioning of the mammary gland. The higher levels
of alkaline phosphatase detected in our experiment dur-
ing mastitis suggest a changed dysfunctioning of the
mammary gland. Similarly, an increased activity of alka-
line phosphatase in the proliferated fibroblasts around
carcinomas was observed by Packdaman and Stain
(1963).

Cell membrane adenosine triphosphatase is respon-
sible for the physiological degradation of adenosine
triphosphate and takes place in the transport of potas-
sium and sodium across membranes. In healthy cows
the enzymatic activity of membrane-bound ATP-ase
was high in the epithelial cells (Tab. I). In agreement
with this Korfmeier (1976) described a marked activity
of ATP-asc in all structures of murine mammary gland
investigated during the lactation period. Like in the
case of AP, mastitis led to a noticeable increase in the
ATP-ase activity in the investigated structures.

In the mammary gland of healthy cows, the acid
phosphatase showed a marked activity in the epithelial
cells and a moderate activity in the myoepithelial cells.
Hardly any final reaction product was found in the endo-
thelial cells of capillaries. Similar results were obtained
by Michel (1979b), Longauer and Bil&ik (1980, 1993).
Lenhardt et al. (1994). In the discased mammary gland
in our experiment. a significant increase of AcP was
found in the epithelial cells. The increased level of AcP
probably reflects the raised lysosomal activity during
chronic mastitis. This is in agreement with the obser-
vation of Kotz et al. (1978), who described a signifi-
cant increase of AcP in the epithelial cells during acute
mastitis and recommended the use of this reaction for
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4. A histochemical picture of the pro-
nounced activity ol succinate dehydro-
genase in epithelial cells, and moderate
activity both in the myoepithelial and
endothelial cells of capillaries in
mastitic mammary glands of lactating
cows (obj. 6.3; eyepicee 6.3)

the identification of mastitis intensity in the mammary
gland.

In comparison with clinically healthy mammary
glands. where a low activity of succinate dehydro-
genase in all cellular structures was detected (Longauer
and Bil¢ik, 1980; Lenhardt et al., 1994) in our experi-
ment the most noticeable increase of this enzyme was
found in the epithelial cells. In other structures. a lower
activity of SDH was detected. This is in agreement with
the results of Michel (1979a). where the activity of
SDH detected in myoepithelial cells of the alveoli.
stroma, and capillaries in the mastitic changed mam-
mary gland was very low.

In conclusion. the densitometric quantification of
the enzymatic activity between healthy and chronic
mastitis in the mammary gland showed marked changes
in the enzymatic activity of the epithelial cells. The use
of this histochemical method should be one of the tools
for the precise histochemical examination ol acute and
chronic mastitis as well as the picture of the functional
status ol the mammary gland.
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RESISTANCE TO ANTIBIOTICS IN STAPHYLOCOCCUS AUREUS
ISOLATED FROM DAIRY COW MASTITIS, MILK, UDDER SMEARS,
AND MILKING INSTALLATION

REZISTENCIA K ANTIBIOTIKAM U STAPHYLOCOCCUS AUREUS
IZOLOVANEHO Z MASTITID DOJNIC, MLIEKA, STEROV VEMENA
A DOJACIEHO ZARIADENIA

M. Vasil
Research Institute of Veterinary Medicine, Kosice, Slovak Republik

ABSTRACT: During the period from 1993 to 1997, the sensitivity to 8 antibiotics in 320 strains of Staphylococcus aurcus
was studied by means of disc diffuse method. The S. amrens strains had been isolated from both clinical and latent dairy cow
mastitis. milked milk, smears taken from the skin of dairy cow udder. milking installation. and environment. The occurrence
of resistant S. aureus strains was as follows: 22.5% with penicillin. 6.9% with ampicillin. 1.9% with oxacillin. 7.2% with
tetracycline. 2.2% with chloramphenicol. 14.7% with streptomycin. 1.6% with neomycin. and 0.6% with erythromycin. A total
of 63.4% ol S. aurcus strains were sensitive to the antibiotics observed. 24.7% of strains. however, were resistant only to
one antibiotic, 5.6% of strains were resistant to two antibiotics at the same time. 4.1% of strains to three. 1.6% to four, and
0.3% of strains were resistant to five and six antibiotics at the same time.

resistance and sensitivity to antibiotics: Staphvlococcus aurens: penicillin: ampicillin: oxacilling tetracycline: chloramphenicol:
streptomycin: neomycin: erythromycin

ABSTRAKT: V prichchu rokov 1993 aZ 1997 bola diskovou difiznou metodou sledovani citlivost k osmi antibiotikam pri
320 kmenoch Staphylococcus aureus izolovanych z klinickych a latentnych mastitid dojnic. nadojeného mlicka. sterov odob-
ratych z koze vemena dojnic. dojacicho zariadenia a prostredia. Vyskyt rezistentnych kmenov S. aurens bol nasledovny:
22,5 % pri peniciline, 6.9 % pri ampiciline. 1,9 % pri oxaciline, 7.2 % pri tetracykline. 2.2 % pri chloramfenikole. 14,7 %
pri streptomycine. 1,6 % pri neomycine a 0.6 % pri erytomycine. Celkove bolo 63.4 % kmefov S. aureus citlivych k sledo-
vanym antibiotikim, ale 24.7 % kmeiiov bolo rezistentnych iba k jednému antibiotiku., 5.6 % kmefiov vykdzalo sicasne
rezistenciu k dvom antibiotikam. 4.1 % kmefov k trom. 1.6% k Styrom a 0.3 % kmenov bolo rezistentnych stacasne voci
piatim a Siestim antibiotikam.

rezistencia a citlivost k antibiotikam: Staphylococcus aureus: penicilin: ampicilin: oxacilin: tetracyklin: chloramfenikol: strep-
tomycin: neomycin; erytromycin ¢

UvoD tohoto patogéna nadobudal rezistenciu voci antibioti-

kam, ktori si zvycajne aj dlhi dobu udrZi (Thorasberry

Staphylococcus aureus patri k vyznamnym patogé-
nom, tak v humdnnej, ako aj veterinirnej medicine.
Podstatou patogenity tohoto patogéna je jednan invizia
do makroorganizmu (zdpalové ochorenia, lézie, absce-
sy, sepsy apod.), resp. neziaduce posobenie v potravi-
niach v désledku produkovanych toxinov, hlavne ente-
rotoxinov (Benda a Vyletélovi, 1995).

Roz§irené pouzivanie antibiotik pre liecbu bovin-
nych mastitid a realizaciu programov kontroly mastitid
vyzyva k obozretnosti pri terapii mastitid. V stacasnosti
primarne miesto v antibiotickej terapii mastitid dojnic
zaberaju Staphylococcus aureus a environmentilni
povodcovia, hlavne koliformné zarodky. Mastitidy doj-
nic sposobené S. aurcus su velmi Casto terapeuticky
tazko zvladnutelné, a to hlavne pre vyrazni schopnost
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a i, 1997). Z viacero priac vyplyva, ze v oblasti anti-
mikrobidlnej terapie je potrebné venovat zvySeni po-
zornost sledovaniu a charakterizacii vyvoja rezistencie
k antibiotikim u ochorenie vyvolavajaceho bakterial-
ncho povodeu, pricom obzvIast doleZité je to u kmeiov
S. aureus (McDonald a Anderson, 1981; Schultze. 1983;
Kotovski, 1991: Ayliffe. 1997). Ak sa vriatime do his-
torie uz Christie a i. (1974) upozoriuji, Ze v Anglicku
zavedenie Sirokého pouZivania antibiotik v lie¢be mas-
titid dojnic viedlo ku skutocnosti. ze v priebehu Styroch
rokov stipol vyskyt rezistentnych kmeiov S. aureus zo
6.0 % (v roku 1969) na 45,4 % (v roku 1972). V oblasti
humannej mediciny na Slovensku Kréméry a i. (1975)
upozoriiujd, ze pri vySetreniach v rokoch 1973 az 1975
bol vyskyt rezistentnych kmenov S. aureus ku penicilinu
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824 %, k ampicilinu 40,6 %. k streptomycinu 27,6 %,
k tetracyklinu 35.6 % a k erytomycinu 25,7 %. pricom
tito situdcia s istymi obmenami pretrviva dodnes. Pozd-
nejSie Federi¢ a i. (1980) upozorfiuji na nepriaznivi
situdciu vo veterindrnej medicine. ked' zo sledovanych
136 kmeniov S. aureus nebol ani jeden kmei citlivy ku
vietkym Osmim testovanym antibiotikim. pricom na
pretrvavanie nepriaznivého stavu vo vyvoji rezistencic
k antibiotikdm pri kmetioch S. aureus upozoriuji au-
tori aj v roku 1988 (Fedri¢ a i., 1988). Malinowski a i.
(1992) upozoriuji na nepriazniva situdciu v citlivosti
k antibiotikdm u kmefiov S. aureus pri penicilinu (48,6%
rezistencia) v Polsku. Vasil (1994) opisuje vyskyt re-
zistencie nielen pri tomto patogénovi za roky 1986 az
1992. pricom upozoriiuje na potrebu neprestal v zosta-
vovani prehladov citlivosti povodcov mastitid k antibio-
tikdm za vicSie lokality a regiény. Simko a Bartko (1996)
upozoriiuji na nepriaznivy vyvoj rezistencie k antibioti-
kam pri kmefioch S. awreus izolovanych z klinickych
a latentnych mastitid oviec ku penicilinu. Malinowski
ai. (1997) upozoriiuji na pretrvivanie nepriaznivej si-
tudcie vo vyvoji rezistencie k penicilinu pri Staphylo-
coccus sp. zo zaciatku 90. rokov. Vasil (1998) popisuje
vyskyt rezistencie k antibiotikdm pri bakteridlnych
povodeoch izolovanych z mastitid dojnic v ohdobi ro-
kov 1995 az 1997 na vychodnom Slovensku a uddva,
Ze testované kmene S. aureus boli dobre citlivé k oxa-
cilinu v 96,9 %. pricom v 95.3 % boli citlivé k chlo-
ramfenikolu. erytromycinu a k oxytetracyklinu, avsak
vysoko rezistentné k penicilinu (31,3 %). Myllys a i.
(1998) porovndvaji vyvoj, tak prevalencie mastitid do-
jnic, ako aj rezistencie k antibiotikim pri S. aureus
a koaguldzo-negativnych stafylokokoch (CNS) na zad-
klade vysledkov dvoch reprezentativnych stiborov vo
Finsku. KonStatuja, Ze prevalencia mastitid dojnic kles-
la z0 47,8 % v roku 1988 (4 495 vySetrenych dojnic)
na 378 % v roku 1995 (2 648 vysetrenych dojnic).
Zarodky Sraphylococcus sp. tvorili vicSiu skupinu izolo-
vanych patogénov, aviak proporciondlne vyskyt v roku
1995 pri S. aureus poklesol na dkor vzostupu izolicie
CNS. Vyskyt kmeiov S. aureus, ktoré boli rezistentné
aspoii k jednému zo sledovanych antibiotik, stipol
2 36.9 % (v roku 1988) na 63.6 % (v roku 1995). pri-
¢om podobne tomu bolo aj pri CNS — vzostup z 26,6 %
na 49.7 %. Na ndraste sa najcastej$ie podielali kmene
S. aurens produkujice betalaktamazu. Autori udavaji
aj vzostup multirezistentnych kmenov S. aureus a CNS.
ktory viak bol proporciondlny narastu celkového poctu
kmenov rezistentnych k antibiotikam.

Cielom prace bolo stanovenic citlivosti voci dsmim
antibiotikdm u 320 kmenov S. aureus izolovanych z la-
tentnych a klinicky zjavnych foriem mastitid dojnic,
mlieka. sterov odobratych z koze vemena. distalnych
Casti ceckov, dojacieho zariadenia a prostredia.

MATERIAL A METODA

V prici bolo celkom testovanych 320 kmeniov S. au-
reus izolovanych v priebehu rokov 1993 az 1997 z la-
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tentnych a klinicky zjavnych foriem mastitid dojnic (sub-
akdtnych, akdtnych a chronickych), nadojeného mlieka.
sterov odobratych tak z koze vemena, ako aj distalnych
casti ceckov, dojacieho zariadenia a prostredia. Odber
a spracovanie vzoriek mlieka boli vykonané podla plat-
nych metodik (Bulletin IDF, 1981). Agar-diltizny test
citlivosti k 6smim antibiotikim bol vykonany podla
Bauer-Kirbyovej metody (Bauer, 1966) na Miller-Hin-
tonovom (MH) agare (Imuna. S. Michalany) v Petriho
miskdch o priemere 90 az 100 mm a hribke agaru 4 mm.
Inokulum pre sledovanie citlivosti testovanych kmefiov
patogénnych zarodkov k antibiotikaim bolo pripravené
podla Urbaskovej a i. (1985) tak, aby vysledny zakal
zodpovedal hustote 0,5 McFarlandovej zdkalovej stup-
nice. Inokuldcia bola vykonand rozterom za pomoci
upravenych sterilnych vatovych tamponov. Odcitanie
vysledkov testov sa vykonalo po 18hodinovej inkubécii
platni v termostate pri teplote 37 °C.

Kontrola kvality pouZivanych pod a testaénych dis-
kov bola vykonana podla Urbaskovej a i. (1985) refe-
rencnym kmeiom Staphylococcus aureus ATCC
25923. Hodnotenie inhibi¢nych zén sledovanych anti-
biotik u jednotlivych kmeiiov bolo vykonané podla Ur-
baskovej a i. (1985). Sledovanie citlivosti bolo vyko-
nané u osem antibiotik. Boli pouZité testacné
antibiotické disky Lachema Brno (tab. I).

VYSLEDKY

Sthrnné vysledky sledovania rezistencie voci jednotli-
vym testovanym antibiotikam u 320 kmenov S. aureus
izolovanych z latentnych a klinicky zjavnych foriem
mastitid dojnic. mlieka, sterov odobratych z mliecnej
Zlazy dojnic a dojacicho zriadenia st uvedené v tab. IL.

Rezistencia voci penicilinu bola vysoka a predstavo-
vala 22,5 %. pricom medzi vyskytom penicilin-rezis-
tentnych kmenov v rimei kmenov sledovanych v Sty-
roch skupindch nie markantného rozdielu.

Rezistencia voci ampicilinu bola vykazovana 6,9 %
vietkych testovanych kmenov, pricom medzi vyskytom
ampicilin-rezistentnych kmefiov v ramcei sledovanych
skupin boli pozorované rozdiely. Najmenej rezistent-
nych kmenov (3,0 %) bolo u kmefiov izolovanych z la-
tentnych mastitid. pricom u kmenov pochadzajicich
z klinickych foriem mastitid bol vyskyt rezistentnych
kmenov viac ako dvojnidsobny (6,3 %). Najvyssi pocet
rezistentnych kmetiov bol v skupindch nadojené mlie-
ko (11,4 %) a sterov odobratych z tela dojnic a pros-
tredia (8,6 %).

Rezistencia vodi oxacilinu sa v rimcei vietkych vy-
Setrovanych kmefiov vyskytovala v 1,9% frekvencii.
ked' vietky kmene izolované z latentnych a klinickych
foriem mastitid boli citlivé, ale kmene izolované zo
sterov odobratych z tela dojnic a prostredia vykazovali
5.7% rezistenciu a kmene izolované z nadojeného mlicka
boli necitlivé k oxacilinu v 2.5 %.

Rezistencia voéi tertracyklinu sa vyskytovala celko-
ve u 7.2 % testovanych kmeiov. Najvyssi podiel tetra-
cyklin-rezistentnych kmenov vykazali kmene izolova-
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L. Interpreticia priemeroyv inhibi¢nych zon — Interpretation of the averages of inhibition zones

Antibiotikum! Skratka? Ohsql\ .l’lélinnej' litky Hodnotenie testu (priemer inhibicnej zony v mm)*
vidisku” (ug: 1U) rezistentny® citlivy®
Penicilin PNC 107 <28 >29
Ampicilin AMP 10 R 2y
Oxacilin OXA 1 12 13
Tetracyklin TET 30 14 18
Chloramfenikol CHF 30 12 18
Streptomycin STR 30 15 20
Neomycin NEO 30 20 26
Erytromycin ERY 15 20 206

° = obsah G¢innej litky je uddivany v medzindrodnych jednotkich — content of active ingredient is given in 1U

! - 3 A 3 - 4 = , B o o o
antibiotic. ~abbreviation. “content of active ingredient in disc. “test evaluation (average of inhibition zone in mm). “resistant, “sensitive

11. Rezistencia vodi jednotlivym antibiotikdm a chemoterapeutikam 320 kmenov Staphylococeus aureus - Resistance to particular antibiotics

of 320 Staphylococcus aureus strains

3 - Celkovy pocet Pocet kmeiov (v %) rezistentnyeh vodi*

Kmene izolované z Eratioe?

JHETUN PNC | AMP | OXAC | TET CHF STR NEO ERY
Klinickych mastitid* 80 22.6 6.3 0.0 8.8 38 16.3 “1.3 0
Latentnych infekeii® 100 21.0 3.0 0.0 6.0 0.0 13.0 2.0 1.0
Mlicka® 70 243 1.4 2.5 6.3 29 1.3 14 0.0
Sterov z tela dojnic a prostredia’ 70 29 8.6 57 6.3 29 17.1 1.4 1.4
Spolu® 320 225 6.9 1.9 7.2 2.2 14.7 1.6 0.6

1 g 3 5 2 5 2 3 x y o s § A, s 50
strains isolated from. “total number of strains. “number of strains (in %) resistant to. “clinical mastitis.

> § ¥
from daily cow body and environment. “total

s s . fHo. 7
latent infections. "milk. “smears

1. Typovost rezistencie voci antibiotikdam u 320 kmeiov Staphyvlococcus aureus — Type of resistance to antibiotics in 320 Sraphyvlococcus

aureus strains

Celkovy pocet kimefiov Pocet kmeiov rezistentnych vodi
Kmene izolované 2! citlivych _vt_n‘,i‘h::x'm‘vnnYm jednému 2 l 3 I 4 l s I 6
antibiotikim- antibiotiku? antibiotikam®
Klinickych mastitid® 47 23 7 2 | 0 0
Latentnych infekcii’ 03 3 3 3 0 0 0
Mlicka® 46 14 2 5 3 0 0
Sterov z tela dajnic a prostredia’ 47 I () 3 | | |
Spolu'? 203 79 18 13 5 [ [

[ PSR 2 o s sie e A 1 PR, T TR
strains isolated from. “total number of strains sensitive to tested antibiotics. “number strains resistant to, “one antibiotic. “antibiotics. “clinical

sae . . ( 9 -
mastitis. “latent infections. *milk, "smears from dairy cc

né z klinickych foriem mastitid (8.8 %). pricom v os-
tatnych skupinich bol vyskyt rezistentnych kmenov
v rozpiiti 6.0 az 6.3 %.

Rezistencia voci streptomycinu sa v ramei vietkych
testovanych antibiotik vyskytovala ako druhd najcastejSia.
Celkove 14.7 % testovanych kmeiiov bolo rezistentnych
ku streptomycinu. Najvys§ie percento zastipenia rezis-
tentnych kmeiiov ku streptomycinu bolo u kmenov izo-
lovanych zo sterov odobratych z tela dojnic a prostre-
dia (17.1 %), potom u kmeiiov pochddzajicich
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g g 10
wody and environment. total

z klinickych foriem mastitid (16.3 %), dalej u kmefov
izolovanych z latentnych mastitid (13.0 %). pricom
17.1 % rezistentnych kmefiov pochadzalo z nadojeného
mlicka.

V ramei 320 testovanych kmenov bolo ku chloram-
fenikolu rezistentnych 2.2 %. ku neomycinu 1.6 %
ak erytromycinu len 0,6 %, o svedci o dobrej citli-
vosti S. anreus k tymto antibiotikam.

Typovosl rezistencie voci antibiotikam u testova-
nych kmenov S. aureus je uvedena v tab. 111
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IV. Vyskyt jednotlivych vzorcov antibiotiko-rezistencie u 320 kmenov Staphylococeus anreus — The occurrence of particular formulae of

antibiotic resistance in 320 Sraphylococcus aureus sirains

s I"()(:cl antibiotiko- , Typovost antibiotiko-rezistence u sledovanych kmeiiov?
-rezistentnych kmefiov= mono- bi- tri- tetra- penta- hexa-

PY PA 3 PAT | PATN | 0 0
Klinicky zjavnych 13 S8 PS 3 PTS |
mastitid dojnic* e cH 3 TS

T3

P15 PA 2 PNS 2 0 0 0
Latentnych infekcii® 37 S 10 PS 1 PAE 1

TO6

P9 PO | PAT 2 PAST 2 0 0
Mlicka® 24 $3 PS | PAS 2 ATSN |

CH?2 PAO |

Po6 PA 2 PAS | PATS | PATON | | PAOTSE |
Sterov z |x;lu dojnic 27 9 ,
a prostredia’ o2 83 Ps 2 POS 2

CH 2 TS 2

Legend: P - penicilling A — ampicillin, O = oxacillin. T - tetracycline. CH — chloramphenicol. S = streptomycin. N = ncomycin. E -

erythromycin

strains isolated from. “number of antibiotic resistant strains. “type of antibiotic resistances in strains observed. 4cl|mcully apparent dairy
i, '8 g 3 6. 7 5 s
cow mastitis. “latent infections. “milk. "smears from dairy cow body and environment

Z celkového poctu 320 kmeiov sa citlivostou voci
vietkym 6smi antibiotikim vyznaCovalo 203 kmenov
(Co ¢ini 63.44 %).

Rezistenciu len voci jednému antibiotiku vykazova-
lo 79 kmetov (24,69 %):

Rezistenciu sucasne voci dvom antibiotikdm vyka-
zovalo 18 kmeiiov (5.63 %):

Rezistenciu sicasne voci trom antibiotikim vykazo-
valo 13 kmenov (4.06 %).

Vyskyt rezistencic sucasne voci Styrom antibiotikdm
mozno oznaCil za vzacny — touto charakteristikou sa
vyznacovali Styri kmene (1,56 %).

Vyskyl kmeiiov rezistentnych voci piatim a Siestim
antibiotikam sacasne treba oznaCil za vynimocny —
v oboch pripadoch sa jednalo len o jediny kmen
(0.31 %). Oba kmene vyznacujice sa tymito Sirokymi
vzorcami antibiotikorezistencie boli izolované zo ste-
rov odobratych z dojacicho zariadenia.

Konkrétny rozpis jednotlivych vzorcov antibiotiko-
rezistencie u 320 kmefov S. aureus je uvedeny v tab. IV.

V rdmci kmeiov rezistentnych len k jednému anti-
biotiku dominuji kmene rezistentné ku penicilinu (cel-
kom 39). menej Casto sa vyskytuji kmene rezistentné
voci streptomycinu (24 kmenov), dalej voci tetracyklinu
(deviit kmefiov) a voci chloramfenikolu (sedem kmeiiov).

V ramci kmeiov rezistentnych stcasne voci dvom
antibiotikam sa najcastejSie vyskytuju kmene rezistent-
né vodi penicilinu a streptomycinu (sedem kmenov),
ale aj penicilinu a ampicilinu (sedem kmenov), mencj
Casto siasne vodi tetracyklinu a streptomyceinu (tri kme-
ne) a penicilinu a oxacilinu (jeden kmen).

Medzi kmenmi rezistentnymi sic¢asne voci trom an-
tibiotikdm sa najcastej8ie vyskytovali kmene rezistent-
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né sucasne voci penicilinu, ampicilinu a tetracyklinu
(tri kmene) a penicilinu, ampicilinu a streptomycinu
(tri kmene). menej kmene rezistentné sucasne voci pe-
nicilinu, oxacilinu a streptomycinu (dva kmene), kym
vyskyl rezistencie sicasne voci penicilinu, ampicilinu
a oxacilinu (jeden kmeii) a rezistencie sticasne voci pe-
nicilinu. ampicilinu a erytromycinu (jeden kmen), ako
aj rezistencic sucasne voci penicilinu, streptomycinu
a tetracyklinu (jeden kmen) bol ojedinely.

Z celkového poctu piatich kmeniov vykazujicich rezis-
tenciu sticasne voci Styrom antibiotikam tri kmene boli
rezistentné sucasne voci penicilinu, ampicilinu. strepto-
mycinu a tertracyklinu, jeden kmen bol rezistentny sicas-
ne vodi penicilinu, ampicilinu, tetracyklinu a neomycinu
a tak isto jeden kmen vykazoval rezistenciu sicasne voci
ampicilinu. tetracyklinu. streptomycinu a neomycinu.

Kmei vykazujici rezistenciu sacasne voci piatim
antibiotikam mal vo svojom vzorci antibiotiko-rezistencie
penicilin. ampicilin, oxacilin. tetracyklin, neomycin
a kmen vykazujici rezistenciu voci Siestim antibioti-
kam mal nasledujici vzorec antibiotiko-rezistencie —
penicilin, ampicilin. oxacilin, tetracyklin, streptomycin
a erytromycin.

DISKUSIA

Ako vyplyva z vysledkov 22.5% vysky! rezistencie
u kmenov S. aureus k penicilinu i napriek poklesu
oproti predchadzajicim rokom (Vasil, 1994) je vysoky,
podobne ako aj 14.7% vyskyt rezistentnych kmenov
tohoto patogéna pri streptomycine. Druhou prezentova-
nou skuto¢nostou je pomerne Casty vyskyt kmenov re-
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zistentnych k viacerym antibiotikam sicasne, ktord je
sprievodnym javom nereSpektovania takych zasad pri
terapii mastitid, ako je volba antibiotického intrama-
marneho pripravku v sidlade s dlhodobymi prehladmi
citlivosti S. aureus k antibiotikam, priestupnost poZité-
ho antibiotika do loZiska zapalu. dodrzanie poZadova-
nej dizky liecby pri udrzani pozadovanych hladin po-
uzitého antibiotika v mieste zapalu atd. Pouzivanic
kombindcie antibiotik v jednom intramammarnom prepa-
rate je do istej miery odrazom typovosti vzorcov antibio-
tiko-rezistencie pri jednotlivych sledovanych kmenoch S.
aureus. NepouZzivanie chloramfenikolu v poslednych ro-
koch v lietbe mastitid sa zjavne odrazilo v poklese vys-
kytu rezistentnych kmenov k tomuto antibiotiku. Vy-
sledky doklidaja, Ze jednym z najddlezitejSich
faktorov pri nadobudani rezistencie u kmenov Sraphy-
lococcus sp. je s najvic¢Sou pravdepodobnostou nedosi-
ahnutie pozadovanych terapeutickych hladin poZivané-
ho antibiotika v mieste lieceného zipalu pocas
nevyhnutne nutného Casu pre liecbu.

Watts a i. (1995) sledovali MIC pouZivanych a no-
vozavadzanych antibiotik urCenych k liecbe mastitid.
Zo 135 kmenov S. aureus izolovanych zo sekrétu mliec-
nej zlazy 90,0 % kmenov vykazovalo nasledovné MIC:
penicilin 13,0 pg/ml: kloxacilin 0.5 pg/ml: cephapirin
1,0 pg/ml: ceftiofur 0.5 pg/ml: novobiocin 0,5 pg/ml;
enrofloxacin 0.5 pg/ml; erytromycin 0.5 pg/ml: pirli-
mycin 0,5 pg/ml. V ramei 1 225 kmeiov S. aureus sp.
boli MIC nasledovné: penicilin 1,0 pg/ml: kloxacilin
1.0 pg/ml; cephapirin 0.5 pg/ml; ceftiofur 1.0 pg/ml;
novobiocin 0.5 pg/ml: enrofloxacin 0.5 pg/ml: erytro-
mycin 1,0 pg/ml: pirlimycin 0.5 pg/ml. Pereira a Siqui-
re (1995) testovali 46 kmenov S. aureus na vyskyt re-
zistencie k 21 antimikrobialnym cinidlam. NajCastjse
bola rezistencia zaznamenana ku streptomycinu. letra-
cyklinu, erytomycinu, kanamycinu, neomycinu, ale aj
ku kadmiu a arzénu. VSetky testované kmene boli citlivé
k chloramfenikolu. doxycyklinu, gentamycinu. methicili-
nu, minocyklinu, novobiocinu, rifamycinu. tylozinu,
vankomycinu, ale aj k etidium bromidu, cetrimidinu,
benzalkonim chloridu. Iba Ses( testovanych kmeiiov
bolo citlivych k vietkym testovanym ¢inidlam. Autori
uddvaji. ze po oSetreni rezistenciu vykazujicich kme-
fiov etidium bromidom bola eliminovana rezistencia
k penicilinu, tetracyklinu, streptomycinu, erytomycinu
a kadmiu, ktord s najvii¢Sou pravdepodobnostou bola
viazana plazmidicky. Ayliffe (1997) popisuje 10 skupin
fagotypov meticilin-rezistentnych kmeiov S. anreus,
pricom fagotyp 84 vykazal siéasne rezistenciu k peni-
cilinu, tetracyklinu, erytromycinu, kanamycinu. genta-
mycinu a bacitracinu. Fagotyp S. aureus 28/83C/a32
bol rezistentny stcasne ku penicilinu. tetracyklinu. fu-
sidic acidu, kanamycinu. gentamicinu. bacitracinu a fa-
gotyp S. aureus 29/52/75/83A/83C vykazoval resistenciu
voci penicilinu, erytromycinu, kanamycinu, gentamyci-
nu. ciprofloxacinu. Zarovei upozoriiuje. Ze v Anglicku
v roku 1970 bol 9% vyskyt methicilin rezistentnych
kmeiov S. aureus, ktory v roku 1980 poklesol aZ na
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| %, ale nepriaznivy vyvoj v antibiotickej politike zna-
menal, Ze v roku 1993 vyskyt presahoval uz 14% Grovei.

Simko a Bartko (1996) sledovali difdznou diskovou
metodou rezistenciu ku 14 antibiotikim a k jednému
chemoterapeutiku u kmeiiov S. aureus izolovanych
2z klinickych a latentnych mastitid oviec. ovéicho mlie-
ka a vyrobkov z neho. Najvy§§i stupen rezistencie bol
zaznamenany pri kmenoch izolovanych z klinickych
foriem mastitid. ktory sa pohyboval v rozpiiti od 10 %
(pri kanamycine) do 68 % (pri peniciline) az 69 % (pri
tetracykline). U kmefiov S. anreus izolovanych z latent-
nych mastitid bol stupen vyskytu rezistentnych kmeiov
k antibiotikdm v porovnani s kmefimi izolovanymi z kli-
nickych foriem niz&i u 13 sledovanych antibiotik a po-
hyboval sa v rozpiiti od 3 % (pri spiramycine) do 30 %
(pri peniciline), pricom vyskyt rezistentnych kmefiov
ku kanamycinu stipol na 13 %.

Vyskyl rezistencie u kmefov S. aurens aj v budic-
nosti bude zdvisiet od mnohych faktorov. pricom ale
zviiCSa je sprevadzany nespravnymi navykmi pri lieCbe
mastitid dojnic. Uspesné zvladnutie intramamarnych
infekeii sposobenych S. aurens bude podmienené racio-
ndlnym pouzivanim antibiotik zohladiujic pritom po-
zadovani MIC antibiotika pre vyvolivajiceho povodeu,
pricom volba antibiotika pre liecbu hlavne akdtnych
mastitid. kde sa vyZaduje rychlost zasahu. musi vychad-
zal z dlhodobych prehladoy citlivosti jednotlivych
kmeiiov za danud lokalitu, Co urCite obmedzi aj Casty
vyskyt rezistentnych kmefiov.
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