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ABSTRACT

This study was intended to establish reference values for; and to
investigate the nature of, relationships among certain electrographic
indices critical for toxicological and clinical studies. Ten Nigerian
local puppies, aged between 3—4 months, were used for this study.
A standard bipolar lead (lead I1) electrocardiogram (ECG) was re-
corded in anaesthetised dogs placed on lateral recumbency. The
mean +SD and the range of the measured electrocardiogram (ECG)
indices were compared to some other dog breeds. The mean value
of the QT' PQ’ RR, QTMAX’ QTMIN’ PQMAX’ PQMIN’ RRMAX’ RRMIN
and the QT, PQ, RR variability indices, all in seconds, were;
0.20+0.01, 0.11+0.02, 0.45+0.07, 0.22+0.016, 0.19+0.019,
0.12+ 0.02, 0.09+0.018, and 1.17+0.11, 1.28+0.12, and 1.54+
0.51, respectively. There was a statistical significant negative correla-
tion between the PQ/RR and the QT/RR relationship at P<0.05.
The curvilinear regression equation for the PQ/RR relationship was
given as PQ=0.32RR-3.69RR?-0.61 and that of the QT/RR as
QT=1/3.70-1/0.30RR. The heart rate was found to be negative-
ly correlated with the level of RR variability (sinus arrhythmia) at
P <0.05. However, we did not find a statistical significant correlation
between the sinus arrhythmia and the QT and PQ variability indices.
This study revealed that the measured ECG indices of the Nigerian
local puppies were comparable to those of other breeds of dogs. We
have also successfully established a formula for correcting the QT
interval for the heart rate in the breed studied.

Key words: dog; electrocardiogram; heart rate, QT interval; si-
nus arrhythmia

INTRODUCTION

Electrocardiography, although it has been in existence for some
time, has not been maximally deployed either in research or veteri-
nary clinical practice in Nigeria. The adoption of the electrocardi-
ography either as a clinical or research technique is still largely ham-
pered by the dearth of baseline reference values of some of the ECG
parameters in our local dogs. Although our previous work (under
review) has attempted to address this perceived inadequacy, we in-
tend to investigate further the relationship between certain indices
of the electrocardiogram and see how this relationship will further
aid our understanding of the cardiac physiology of the Nigerian in-
digenous dogs.

The QT interval of the electrocardiogram represents the period
of ventricular depolarisation and repolarisation (1, 24). It is mea-
sured from the beginning of the Q wave to the end of the T-wave
(20). Prolongation of the QT interval, which could be caused by
some non-cardiac drugs, has been associated with the incidence of
polymorphic ventricular tachycardia known as torsade de pointes
(11, 17, 22). Both European and international regulatory authorities
have independently released documents that recommend a preclini-
cal evaluation of drugs for their pro-arrhythmic activity in dogs (4,
13). In order to accurately interpret drug induced changes in the
QT interval, it is necessary to adjusted for changes in the heart rate,
since the QT interval is known to decrease with an increased heart
rate (18, 20).

To account for the heart rate induced changes in the QT interval,
various correction formulae have been derived to normalise the QT
interval in dogs (9, 12, 23, 25). The Bazett and the Fridericia
formulae (3, 10), although successful in humans, have been invali-
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Table 1. The Mean + SD values and range (minimum — maximum) values
for heart rate, QT, PQ, and RR parameters in Nigerian local dogs

dated in the dog because they tend to overestimate the QT at high
rates and underestimate it at low heart rates (5, 18).
The aim of our study was to examine the nature of the relation-

Heart rate QT PQ RR ship between the PQ, QT and the RR intervals and how variations
(bpm) (sec) (sec) (sec) in these indices affect the heart rate. These ECG indices are impor-
tant markers of electrical dysfunctions of the heart and are useful
Mean+SD  122+26.04 0.2+001  011£022 045£007 for toxicological studies. In the light of the above, an attempt to de-
rive a formula to correct the QT for heart rate and further generate
referen lues n for both clinical and toxicological iesin
Range 87—150 0.18-0.20 0.080.14 0.34-0.56 ete e_ ce v a ges . eeded for both clinical and toxicological studies
the Nigerian indigenous dogs were made.
Table 2. The Mean +S D values of the RR _, QT . PQ ., RR .. QT .andPQ_ and
the range (minimum — maximum) of these values in Nigerian local dogs (in seconds)
RRmax QTmax PQ max RRmin QT min PQ min
Mean + SD 0.65+0.262 0.22 +0.016 0.12 +0.02 0.41 +0.05 019+0.19 0.09 +0.018
Range 0.36—1.08 0.20-0.24 0.10-0.16 0.32—-0.50 0.16-0.22 0.08-0.12

Table 3. The Mean + SD values of QT /QT ., RR _/RR .
and PQ,/PQ . and the range (minimum-maximum) of these ECG

indices in Nigerian local dogs

min

QTmax/QTmin RRmax/RRmin F>(2ma></PQmin
Mean + SD 117 +0.018 154 +051 128+0.12
Range 1.0-137 1.05-2.45 116-1.33

MATERIALS AND METHODS

The protocol for the experiment was approved by the local ethi-
cal committee of the University of Agriculture, Abeokuta. Ten Nige-
rian local puppies of both sexes, weighing 3—4 kg, were used for the
study. The animals were housed individually in fly proof metallic
cages measuring 80x125cm at a temperature of 24°C and relative
humidity of 60+20%. They were fed twice daily on a commercial
dog food (Jojo crunchy).

Only dogs vaccinated against common viral diseases and free
from both heartworm and hemoparasitic diseases qualified for this

Table 4. The regression indices, regression equation, and P value for the QT/RR, PQ/RR
and RR,,./RR,, . and HR relationship in the electrocardiogram of the Nigerian local dogs

Linear Correlation

Dependent Independent
Variable Variable p R R Equation
QT RR 0.03 0.49 0.70 0.138 + 0.155 RR
PQ RR
RRmax HR 0.04 0.42 0.65 RRmax/RRmin = 3.103 — 0.013HR
RR min
Curvilinear Correlation

P R? R Equation
QT RR 0.02 0.52 0.72 1/QT=3.70-1/0.30 RR
PQ RR 0.02 0.65 0.80 PQ = 0.32RR - 3.69RR?- 0.61
RRmax HR 0.03 0.50 0.70 RRmax/RRmin =5.13 — 1/0.12HR
RR min
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study. Dogs were deemed healthy on the basis of a physical exami-
nation, thoracic auscultation and chest radiograph.

Anaesthesia was achieved by administering a combination of
Xylazine (3mg.kg?) and Ketamine (10mg.kg?) intramuscularly to
each dog. During anaesthesia, the respiratory passage was kept pat-
ent by endotracheal intubation and the body temperature was main-
tained at 39°C using blankets.

During ECG recordings, the animals were kept on right lateral
recumbency. The standard bipolar limb leads (lead Il) were record-
ed by placing plate electrodes on the appropriate limbs. Adequate
electrical contact between the electrode and the limb was achieved
by applying electrode gel. At a paper speed of 25mm.sec* and am-
plitude calibration of 1mv=10mm, the electrocardiogram of each
dog was recorded for 20 seconds. The recordings were made on a
four channel Student Oscillograph (Harvard apparatus, U.K).

On each tracing, the PQ, QT, and RR intervals were measured
over a 10 second period. The heart rate (HR) was determined by
counting the number of consecutive RR intervals in 6 seconds and
multiplying by a factor of 10. To determine the variability of the
PQ, QT, and RR intervals, the maximum (PQ,,,., QT RR )
and minimum (PQ,,.. QT RR,,) values of each index were
recorded over a 10 sec period. The ratio of the maximum to the
minimum values is the variability of the parameter. The variability
of the RR interval over a 10 sec period is an index of the level of
sinus arrhythmia.

For each of the measured ECG parameters, like PQ, RR, and
QT interval, the median was calculated and considered as the indi-
vidual value for the tracing. For every parameter, the mean +SD, the
maximum, the minimum, the range and the ratio of the maximum
to the minimum values were measured. The relationship between
the RR interval and the QT, and PQ intervals were mathematically
quantified using linear and nonlinear regression models. The vari-
ability of both the QT and the PQ intervals and the RR interval was
also quantified using both the linear and the curvilinear regression
modes. P<0.05 was considered significant.

RESULTS

The basic results may be seen in Tables, 1, 2, 3, and 4.

RR and QT

The data in Table 4 clearly showed that the association
between the RR and QT can be described by both the lin-
ear and nonlinear regression models. There was a statistical
significant positive correlation between the two variables at
P<0.05. The strength of association between the two vari-
ables was stronger in the nonlinear (R=0.72) compared to
the linear (R=0.70) regression model.

RR and PQ

The relationship between these two variables, as shown in
Table 4, was best described by a curvilinear regression model.
There was a significant positive correlation between the RR
and PQ intervals at P<0.05. The R? value of 0.80 means that
80 % of the variability of PQ can be explained by the variation
in the RR interval.

RR,,,/RR,,,and the heart rate

The level of sinus arrhythmia represented by the RR vari-
ability was found to be negatively correlated with the heart
rate (P<0.05). The association between the two variables
can be modelled by both linear and non-linear regression.
As shown in Table 4, the relationship between the two indi-
ces was best fitted by a non regression model because of its

higher regression indices.

RRMAX/RRI\_/IIN’_QTMAX/QTMIN and PQMAX/PQMIN
The variability of the QT and PQ interval was not corre-

lated with the sinus arrhythmia in either the linear or the non
linear regression model.

DISCUSSION

The mean values and the range of the measured ECG in-
dices as shown in Tables 1, 2 and 3 for the breed studied were
very similar to those of other dog breeds, e.g. the Beagle (12).
The mean QT, PQ, and RR intervals of the Nigerian local
dogs were consistent with those of other breeds like the Bea-
gle (12) and the Doberman (2). Although the mean RR,,
for the Beagle was higher than that of the breed studied, the
RR,, for the breed studied appears to be the same with that
of the Beagle (15). The range of the RR,,, and RR,, as
shown in Table 2, in the breed investigated was consistent
with those of the Beagle. Although, the mean QT,, . for the
Nigerian dog was 0.22+0.016; a value that was higher than
that of the Beagle, which is 0.19+0.016, the mean QT for
the Nigerian dog was 0.19+0.019, a value closely related to
that reported for the Beagle at 0.18+0.016 (12).

The present study clearly revealed the nature of the as-
sociation between the QT interval and the heart rate in the
population of the local dogs studied. We found that the re-
lationship between these parameters was best fitted by a
non linear model. This finding agreed with an earlier report,
which stated that the relationship between the heart rate and
the QT was non linear (1). The regression equation in Table 4
was thus the best formula for correcting heart rate for the QT
interval for the breed studied. The regression formula derived
for the breed studied was unique and has added to the wide
plethora of equations that have been derived for other breeds
of dogs. This was a further affirmation that the QT/HR rela-
tionship is species, strain and environment dependent (24).
The reason for this type of relationship could be attributable
to the independent nature of the mechanisms which regulate
the QT and the RR function. The Autonomic nervous system
(ANS) has been found to affect the sino-atrial node and the
ventricular myocardium differently (25).

Although Hanton and Rabemampianina (12)
found that the correlation between the variability of the QT
and the sinus arrhythmia represented by the RR variability
was weak, we did not find a significant correlation between
these two ECG indices. This finding is consistent with an
earlier report that showed that the QT interval did not vary
during respiratory arrhythmia in dogs (8). This is because
cholinergic effects on ventricular electrophysiological is min-
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imal and the QT interval appears almost constant indepen-
dently of the great variations in the length of the preceding
RR interval (15).

The PQ interval represents the time between atrial depo-
larisation and ventricular depolarisation. Many workers have
reported a weak but significant negative correlation between
the heart rate and PQ interval (7, 12, 19). The relationship
between these two indices is complex and involves the auto-
nomic nervous system. An increase in the sympathetic activ-
ity on the heart for instance could lead to a shortened PQ
because of the increase AV conduction. It could also increase
the PQ interval as a result of the increased refractoriness of
the AV nodal tissue (26). This complex relationship between
the HR and the PQ interval and the probability of the pres-
ence of a unique family of receptors and ion channel protein
in the AV nodal tissue of the breed studied is probably the
reason for the curvilinear relationship we found in this study.
Sinus arrhythmia, according to the findings of this study, did
not seem to affect the PQ variability probably for the same
reason attributed for the PQ/RR relationship.

In agreement with the earlier findings of Doxey
and Boswood (6), we found a negative correlation be-
tween the heart rate and the sinus arrhythmia. The relation-
ship between the two indices might be more complex than
that speculated on earlier, because as shown in Table 4, a
curvilinear regression model best fitted the relationship. The
implication of this might be that there is a possible dissocia-
tion between the magnitude of respiratory sinus arrhythmia
(RSA) and the vagal control of HR, suggesting separate and
independent regulations for the respiratory modulation of
cardiac vagal tone (14).

CONCLUSION

The similarity in the ECG indices of the Nigerian local
puppies with those of the adult breeds of the Beagle and the
Doberman may be an indication that there may be no differ-
ences in the ECG indices of adult dogs and young puppies.
This study, as with other breeds and strains of dogs previ-
ously investigated (12, 16, 21), has also established a formula
for correcting the QT changes for the heart rate in the Nige-
rian indigenous breed of dogs. Further studies on the cardiac
electrophysiology of the Nigerian local dogs will hopefully
explain the unusual relationship between the PQ and the RR
indices of the electrocardiogram.
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ABSTRACT

The objective of this study was to observe whether there is a
change in zinc levels in the tissues and organs of Japanese quails after
the administration of Wild chamomile (Matricaria chamomilla). The
birds (n=80) were divided into 4 groups of 20 animals each. Group 1
was the control group. Group Fyto was given 1 ml of Wild chamomile
extract in the drinking water, whereas, the group Cd+Fy received
a combination of 0.12mg Cd.day* per quail in the drinking water
and also 1 ml of Wild chamomile extract. The extract contained 1%
apigenin. The experimental group Cd+Zn was administered 0.12mg
Cd and 12mg Zn.day* per quail in the drinking water. The samples of
breast muscle, thigh muscle and liver were analysed for the presence
of zinc using a flame atomic absorption spectrophotometer (Solar
939) and expressed on a wet weight basis. The distribution of Zn in
the breast muscle, thigh muscle and liver was determined on the 35th
and 50th day of administration. The biological trial lasted 58 days.
The antagonistic effect of zinc against cadmium resulted in the in-
creased zinc levels in muscles and liver in the group Cd+Zn on day
50, compared to day 35 of the study. It was assumed that the chamo-
mile extract accumulated metal ions on the peri-hydroxyl groups and
formed less toxic chelated complexes. The results of this trial con-
firmed the protective action of Wild chamomile and zinc against the
negative effects of cadmium.

Key words: atomic absorption spectrophotometer; Japanese quail;
liver; muscle; Wild chamomile; zinc

120

INTRODUCTION

Environmental pollution and the negative impact of heavy met-
als accumulating in living organisms are important current prob-
lems. Contamination with toxic metals in the sequence: water-soil-
plants-animals, is the dominant source of their occurrence in the
food chain. Substantial attention has been focused on plants that
can be used as supplementary nutrition, due to their ability to se-
quester and detoxify non-essential heavy metals. Such plants grow-
ing in a polluted environment accumulate, remove or degrade toxic
metals which could occur at high concentrations and therefore
could pose a real threat to food safety and a possible serious risk
to human health (6, 15). Dietary supplements incorporating plant
extracts may contribute to increased feed intake due to the stimula-
tion of olfactory receptors and taste buds. Supplementation of diets
with plant extracts in poultry may affect egg weight and production,
live weight and feed intake (1, 2).

The active substances in chamomile belong to chemically dif-
ferent structural types. The largest group of important compounds
forming the essential oils includes chamazulene, apigenin, bisbo-
loloxides, and spathulenol. Flavonoids, coumarins, and mucilages
found in the chamomile flowers also have pharmacological effects.
Matricaria chamomilla has been proven to accumulate high amounts
of toxic metals which is related to its ability to produce secondary
metabolites (hypericine, quercetine, apigenin) (6).

Zinc is an essential trace element for all animals. It is vital for
many biological functions with notable effects on the immune and
reproductive systems. Zinc plays a crucial role for several enzymes



in the body. More than 70 enzymes depend on zinc or zinc is re-
quired as their cofactor (3, 12). Beside chickens, Japanese quail
(Coturnix coturnix japanica) is an interesting domestic economic
species for commercial egg and meat production. Quail are often
used for the investigation of physiological processes in birds, as well
as constituting a suitable experimental animal for observing the re-
lationship between essential elements and xenobiotics under in vivo
conditions (7). The aim of our study was to observe the influence
of Matricaria chamomilla on the changes in the zinc tissue levels in
Japanese quails.

MATERIAL AND METHODS

Eighty Japanese quails (40 days old) were included in the ex-
periment. Japanese quails came from a breeding facility in Rozha-
novce, the Slovak Republic. The birds were divided into 4 groups of
20 animals each and they were treated as follows. Group 1 was the
control group. The experimental group Fyto was administered 1 ml
of extract from Wild chamomile in the drinking water, whereas the
group Cd + Fy was given a combination of 0.12mg Cd.day* per quail
in the drinking water and 1 ml of an extract from Wild chamomile.
The experimental group Cd+Zn received 0.12mg Cd and 12.0mg
Zn per day per quail in the drinking water. The extract from Wild
chamomile (manufactured by Calendula, a.s., Nova Luboviia, the
Slovak Republic) contained 1% of the total extract as apigenin.

The soluble salts of ZnSO,.6H,0 and CdCl,.H,O (extra pure)
were purchased from Merck, Germany, and were used without fur-
ther purification to prepare stock solutions in 1 litre of distilled wa-
ter from which the selected doses (1 ml) were given to birds in their
drinking (tap) water.

The birds were fed complete HYD-10 (manufactured by Agro-
farm Product s.r. 0., Slanské& Huta, the Slovak Republic) as a full-val-
ue mixed feed throughout the experiment that lasted 58 days. The
feed mixture and water were provided ad libitum. The composition
of the feed is given in Table 1 and complies with the Regulation of
Government of the Slovak Republic, 440/2006 (13).

The distribution of Zn in the muscle and liver was determined
on days 35 and 50 of its administration. The liver and muscle sam-
ples were collected (for the analysis of zinc) and processed by diges-
tion (5mI HNO, and 1 ml HCI per 1g of the sample) in a Milestone
microwave oven. The determination of zinc followed the official
method recommended in the Slovak Republic using a flame atomic
absorption spectrophotometer (AAS), Unicam Solar 939 (9). The
samples analysed showed no organoleptic changes.

The levels of Zn in the muscle and liver were compared and
analysed statistically using the Student’s test (ANOVA); setting sig-
nificance levels at P<0.05; P<0.01; P<0.001.

The data are presented as the meanststandard deviations;
X max=maximum value.

All experiments were performed observing the ethical require-
ments on animal handling, approved by the University of Veterinary
Medicine and Pharmacy, KoSice, the Slovak Republic (No. 8/2003/
Ethical Commission). The experimental conditions complied with
animal welfare and the proper care of animals.

RESULTS AND DISCUSSION

The mean concentrations of zinc in the breast muscle,
thigh muscle and liver are presented in Table 2.

Table 1. Composition of commercial feed supplied to Japanese quails

Composition Level Minerals Level Vitamins Level
C . . Zinc R
rude protein (g.kg?) 153.0 (mg.kg?) 60 A (lUkg?) 8 000
Ener Calcium
o J%l) 15 ok 45 D, (IUkg %) 1600
Ash Phosphorus
Q) 160.0 (g.ig,l) 5.0 E (mg.kg?) 10
Fibre Sodium
(0.kg?) 60.0 (0kg") 25 B, (mg.kg?) 4.0
Lysine Manganese .
(a-kg?) 70 (mo. k3" 0 B (HE ") 10
Methionine + Iron
Cystine 6.0 40
mg. kg*
kg (mg. kg?)
Methionine (g.kg?) 35 Copper 40
' ' (mg. kg*) '
Linoleic acid (g.kg?) 15.0
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Table 2. Levels of Zn in breast and thigh muscles and in the liver of Japanese quails (mg.kg *)

35th day 50th day
Muscle Muscle
Groups

Breast Thigh Liver Breast Thigh Liver

X 11157 14.751 21.440 29.506 40.976 50.607

Control sd 3.457 1.277 3.527 5.575 10.381 11.087
X max 16.456 15.580 26.420 37.360 52.270 61.200
X 35.000° 44.667° 68.067° 52.267° 58.700° 72.533°

Fvio sd 0.529 7.481 5.193 2.108 1.908 3.790
y X max 35.600 53.300 73.600 54.700 60.500 76.900
X 1463320 14.7330¢ 25.067° 14.600%0 22.867° 42.087°

Cd+F sd 3.508 1.966 5.316 1.054 3.153 1137
y X max 18.000 17.000 30.800 15.600 26.300 43.800

X 62.8372 41.975° 60.729* 41.421° 40.287 51.977

Cd+7n sd 9.049 12.106 5.822 5.771 17.228 10.687
X max 72.140 58.125 69.530 49.590 72.770 65.780

The following letters in the superscript indicate statistical significance: a— P < 0.001; b — P <0.01; ¢ — P <0.05

Zinc levels in the breast muscle, thigh muscle
and liver on day 35

In the control group, the mean Zn levels in the breast and
thigh muscles and in the liver (11157, 14.751 and 21.440 mg.kg?,
respectively) did not exceed the limits in muscles (80 mg.kg?)
and internal organs (50mg.kg?) established by the Commission
Regulation EC No. 629/2008 (4).

A significant increase (P<0.001) in the Zn level in the
breast muscle and liver (35.000, 68.067 mg.kg?, respectively)
and in the thigh muscle (P <0.01; 44.667 mg.kg*) was detect-
ed in the group Fyto compared to the control group.

In the experimental group Cd+Fy, the zinc levels were
decreased significantly (P<0.01) in the breast muscles and
liver (14.633, 25.067 mg.kg?, respectively) when compared
to the Fyto treated group and also in the thigh muscles
(P<0.05; 14.733mg.kg") in comparison with the Fyto group.

In the experimental group Cd+Zn, a significant increase
(P<0.001) in Zn level was established in the breast muscles
and liver (62.837, 60.729mg.kg?, respectively) and in the
thigh muscles (P <0.01; 41.975mg.kg') compared to the con-
trol.

Magali et al. (10) observed that the mean concentra-
tion of zinc in the muscles of three domestic ducks ranged
from 67.50 to 77.30mg.kg* and in the liver from 24.60 to
48.70mg.kg™.

Zinc levels in the breast muscle, thigh muscle
and liver on day 50

In the control group, the mean Zn levels in the breast and
thigh muscles and in the liver (29.506, 40.976 and 50.607
mg.kg?, resp.) did not exceed the Zn limits established for
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muscles (80 mg.kg?) and internal organs (50 mg.kg?) accord-
ing to the Commission Regulation EC No. 629/2008 (4).

A significant increase (P<0.01) of the Zn level in the
breast and thigh muscles and in the liver was detected in the
group Fyto compared to the control group. In the experimen-
tal group Cd +Fy, the zinc levels were significantly decreased
(P<0.01) in all of the tissues of experimental birds. Zinc lev-
els in the thigh muscle and liver (40.287, 51.977 mg.kg?, respec-
tively) of the experimental group Cd+Zn were approximately
the same as in the control group, however; the difference in the
breast muscle was significant (P<0.01; 41.421 mg.kg?). In the
Cd+Zn group asignificant increase (P<0.01) in Zn levels was
established in the breast muscle (41.421 mg.kg*) compared to
the Cd+Fy group (14.600mg.kg?).

Several authors showed that Cd, Cr, Zn and Cu accumu-
lated primarily in the internal organs (8, 10, 14). Falandysz
et al. (5) determined the concentrations of Zn in the muscles
and liver of poultry from the northern part of Poland. The
mean levels obtained, related to the Zn per wet weight of
muscles and livers of animals, were found to be 5.7—40 and
20—45mg.kg* Zn, respectively.

The antagonistic effects of cadmium and zinc were also
demonstrated in plants producing secondary metabolites.
The addition of Zinc had a positive effect on the reduction
of cadmium uptake and phytotoxicity. The synergistic or an-
tagonistic effects of Zn and Cd were not only metal-specific
but also concentration dependent (11). Soil zinc supplied
at a rate of 50mg.kg? of soil, decreased the cadmium con-
centration by 10% in the chamomille shoots. An additional
increase in Zn supply at a dose of 300mg Zn.kg? of soil,
resulted in a significant (18%) decrease in the cadmium in



the chamomille shoots (6). The slightly increased levels of
zinc in the breast and thigh muscles were observed on ex-
perimental day 50 in the Cd+Fy group, while liver zinc lev-
els were increased compared to the day 35. Decreased zinc
levels in the tissues, established due to the administration
of Matricaria chamomilla extract to the quails of experimen-
tal group Cd+Fy, could probably be related to phytic acid.
Phytic acid in plants binds zinc in an insoluble complex that
lowers the bioavailability and prevents its intestinal absorp-
tion. Masarovic¢ova et al. (11) indicated the ability of
Matricaria chamomilla to accumulate cadmium ions on the
peri-hydroxyl groups and form less toxic chelated complexes.
Matricaria chamomilla belongs to a group of plants called
hyper accumulators of metals.

CONCLUSIONS

The results of our study confirmed the protective role of
zinc and chamomile against the negative effect of cadmium
in tissues and organs of Japanese quails. The use of herbal
additives in veterinary medicine represents the current direc-
tion of research, since some plants can be classified as metal
accumulators.
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ABSTRACT

This study was carried out to determine the influence of dietary
Matricaria chamomilla L. on Japanese quails exposed to cadmium in
relation to its concentration in the feed. Cadmium was administered
in the drinking water in the amount of 0.002 mg.kg?. The extract of
Matricaria chamomilla L. contained the following active ingredients:
bisabolol, apigenine and chamazulene. The concentration of the active
ingredients in the drinking water was 1.0% of the total apigenines.
The experiments lasted 58 days and tissue samples were collected on
days 35 and 50. Cadmium concentrations were determined in the liver,
breast and leg muscles. The long-term exposure to cadmium through
the diet resulted in its bioaccumulation in the liver which is one of the
major target organs for cadmium storage. Our results confirmed the
highest levels of cadmium were found in the liver. Matricaria chamo-
milla L., as a metal hyperaccumulator, acts beneficially at low dietary
cadmium exposures. Its detoxifying effects were confirmed only in the
breast and leg muscles after prolonged administration.

Key words: cadmium; Japanese quails; Matricaria chamomilla

INTRODUCTION

Heavy metals pollution is a serious environmental issue
throughout the world. Xenobiotics are produced industrially or
are naturally present in the ecosystem with large variations in their
concentrations. Many of them are extremely toxic even at very low
concentrations (3). They are stable and cannot be easily degraded
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or destroyed by chemical or biological transformations; therefore
they tend to accumulate in the ecosystems and living organisms.
The environment and food chains are the media through which the
organisms are exposed to various toxic metals and they can become
causative factors of acute or chronic intoxication (12). Cadmium is
considered the most hazardous trace element with its toxicity de-
pendent upon the antagonistic effects of zinc. Cadmium storage is
greatly increased with zinc deficiency. In addition, dietary exposure
to high amounts of cadmium, results in the displacement of zinc
(3). It has been demonstrated that cadmium accumulates primarily
in soft tissues. Short-term exposure to high cadmium levels causes
lung retention while long-term exposure to low cadmium concentra-
tion results in kidney damage. The liver also plays a significant role
in terms of cadmium retention (1).

Considerable attention has been focused on plants that can be
used as supplementary nutrients due to their ability to sequester and
detoxify non-essential heavy metals. Such plants growing in a pol-
luted environment may accumulate, remove, or degrade toxic met-
als at high concentrations (2). Their detoxifying effect is probably
determined by the production of specific secondary metabolites,
such as hypericine, quercetine or apigenine (7, 10, 16). Matricaria
chamomilla is a widely used medicinal plant resistant to heavy met-
als, such as cadmium (8). Peri-hydroxyl groups found in the sec-
ondary metabolites of Matricaria chamomilla are believed to be
accountable for the cadmium bonding and formation of less toxic
chelating complexes (11).

This study was undertaken to determine the influence of dietary
Matricaria chamomilla on cadmium levels in the tissues of Japanese
quails.



MATERIAL AND METHODS

A total of 60 Japanese quails (Coturnix coturnix japonica),
40 days old, weighing 0.170kg on average, were used in these ex-
periments. They were randomly assigned to three groups of 20 birds
each. The control group (C) was administered no additional ele-
ments, the second experimental group was supplemented with cad-
mium (Cd) and the third group received both cadmium and Matri-
caria chamomilla L. extract (Cd+Fy). Cadmium was administered
orally as an aqueous solution of CdCl,.2H,0 (MERCK, Germany)
at a dose of 0.12mg per quail. The Matricaria chamomilla L. extract
was supplemented every morning at a dose of 1.0ml per quail in
a small amount of drinking water. The Matricaria chamomilla L.
extract, containing the active ingredients bisabolol, apigenine and
chamazulene, was obtained from Calendula a.s., Nova Luboviia,
SR. The quantity of the active ingredients supplied in the drinking
water corresponded to 1.0% of the total apigenines. The drinking
water and the complete feed mixture (HYD-10) were available ad
libitum over the entire experimental period. The mean cadmium lev-
els in the complete mixed feed and drinking water were recorded
at the start of the experiment and did not exceed the maximum
permissible levels (4). The biological experiments lasted 58 days.

Samples of the liver, leg and breast muscles were taken and ex-
amined on days 35 and 50 of the experiments. All tissue samples
were digested employing a Milestone — 1200 MEGA microwave
system and analysed quantitatively for Cd by atomic absorption
spectrophotometry using an Unicam Solar 939. All of the results of
the heavy metal contents were recalculated to mg.kg* of wet weight
tissue. The data were expressed as means + SD.

The results were statistically analysed using one-way Anova
test (Statgraphics and MS-EXCEL 7.0) with significance levels of
P<0.001, P<0.05 and P<0.01.

The research was carried out in accordance with ethical prin-
ciples and animal welfare requirements.

RESULTS AND DISCUSSION

The mean levels of cadmium in Japanese quails are pre-
sented in Table.1

In the control group, the mean Cd levels in tissues on
days 35 and 50 of the experiments did not exceed the estab-
lished limit. The results obtained were comparable with the
maximum permissible levels for Cd in muscles (0.05 mg.kg?)
and internal organs (0.5 mg.kg?) according to Codex Alimen-
tarius of the Slovak Republic (5).

Significant increases in the Cd levels in the breast mus-
cles and the liver (P < 0.001) and in leg muscles (P < 0.01)
were found on day 35 of the experiment in the group treated
with Cd when compared with the control group. On day 50
of the experiment the supplemental cadmium was reflected
in increased level (P < 0.01) of this element in the breast and
leg muscles. Increased cadmium levels were also observed in
the liver compared to the control group. Toman etal. (15)
observed that cadmium accumulates gradually and progres-
sively in the tissues as the animals age. The mean levels of
cadmium in the tissues of older animals were higher than
in younger animals. Our results demonstrated higher levels
of Cd on day 50 than on day 35. The prolonged exposure to
dietary cadmium resulted in its bioaccumulation in critical
organs (6, 9). The liver is one of the target organs for cad-
mium storage (13, 14). Our results showed the highest levels
of cadmium in the liver.

Significant increases in the Cd values (P < 0.001) were
detected in breast, leg muscles and liver on day 35 and in the
liver, breast and leg muscles (P < 0.01; P £.05) on day 50 in
the Cd+Fy group compared to the control group.

On day 35, the Cd mean levels in the liver in the experi-
mental group Cd+Fy, exceeded the values found in the Cd
group, while the levels of Cd in the muscles were comparable.

The cadmium mean levels were decreased (P < 0.05) on
day 50 of the experiment in breast and leg muslces in the
Cd+Fy group, whereas the liver Cd was comparable with that
in the experimental group Cd. Our results from the breast
and leg muscles confirmed the protective role of Matricaria
chamomilla supplementation to animal rations at low dietary
exposure to cadmium only after prolonged administration.
The detoxifying effects of Matricaria chamomilla could be as-
cribed to the production of specific secondary metabolites,
containing peri-hydroxyls groups, that are accountable for

Table 1. Mean levels of cadmium (mg.kg")
in quail tissues on days 35 and 50 of the experiment

35th day 50th day
Group Breast muscle Leg muscle Liver Breast muscle Leg muscle Liver
C 0.003 + 0.001 0.007 £ 0.005 0.035 + 0.009 0.021 + 0.007 0.016 + 0.003 0.026 + 0.008
Cd 0.018*+ 0.004 0.016°+ 0.004 01192+ 0.021 0.048°+ 0.015 0.043°+ 0.014 0.247° £ 0.034
Cd+Fy 0.020° £ 0.002 0.025%+ 0.006 0.2712+ 0.071 0.033¢+ 0.009 0.022°+ 0.004 0.245" + 0.090

Significant differences are marked with letters:
a (P<0.001), b (P<0.01),c(P<0.05)
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the cadmium bonding and formation of less toxic chelating
complexes (11). The effect of Matricaria chamomilla L. was
not observed in the liver, probably due to the high levels of
cadmium in this organ.

CONCLUSIONS

The data presented in this study confirmed the protective
role of Matricaria chamomilla supplementation to animals
presented with low dietary cadmium exposure. Its detoxify-
ing effect was confirmed only in breast and leg muscles after
prolonged administration. The decreased cadmium levels un-
der the simultaneous intake of Matricaria chamomilla suggest
its use not only for medicinal purposes, but also as a feed
additive. It should be noted that the maximum permissible
levels of cadmium were not exceed in all observed tissues, de-
spite its intake by an organism. It was probably caused by suf-
ficient levels of antagonistically acting micronutrient zinc, or
the presence of compounds accountable for cadmium bond-
ing and forming less toxic chelating complexes.
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ABSTRACT

Probiotics represent a potential possibility for the replacement
of antibiotic use in prevention as well as in the therapy of different
diseases, but the knowledge regarding their using in invertebrates is
poorly developed. This study evaluated the microbiota isolated from
the intestines, stomachs and rectal sacks of healthy adult honey bees.
From this microflora, lactobacilli were isolated and then they were
further selected for probiotic use in the prevention of Paenibacillus
larvae, a causative agent of American foulbrood. In the tested honey
bees, the physiological composition of the digestive microflora was
found. Forty isolated colonies of Lactobacillus species were selected
for potential probiotic use, based on their ability: to survive long-term
storage; possess antibacterial activity against Paenibacillus larvae;
demonstrate adequate growth properties; and the production of or-
ganic acids. Forty-five percent were able to survive five months, and
40% of the isolates, even after five years of freezing storage. The
most effective Paenibacillus larvae inhibiting isolates were character-
ized as L. brevis and L. plantarum. Both strains showed good growth
properties with auto-aggregation ability in MRS broth. Homofer-
mentative L. plantarum produced high concentrations of lactic acid
(269.2 +v14.30mmol.I*) and heterofermentative L. brevis produced
the highest concentrations of acetic acid (73.9+5.87 mmol.I?), lactic
acid (42.9+3.29 mmol.I*), and acetoaceticacid (27.2+ 1.69 mmol.I*).
All these properties are good prerequisites for the use of both strains
for the prevention of Paenibacillus larvae infection in honey bees.

Key words: American foulbrood; honey bee; Lactobacillus; pro-
biotic

INTRODUCTION

American foulbrood (AFB) is amongst the most dangerous dis-
eases of the bee-family and every year it affects many honey bee
colonies throughout the world. In most of the countries, based on
veterinary legislation, the bee colonies that test positive to AFB are
eradicated which causes high financial losses. However, the highest
financial loss consists in the indirect loss of agricultural productiv-
ity through decreased plant pollination (18).

AFB is a contagious disease caused by the sporulating Gram-
positive bacterium Paenibacillus larvae. Bee larvae, that have died
due to American foulbrood disease, exhibit a ropey condition and
can be drawn out to a long thread that may snap back if pulled too
far. In this stage we can find only spores (20).

In the current world situation, American foulbrood is fought
radically or by the application of antibiotics and sulphonamides;
however, the administration of medicaments, is only slightly effi-
cacious. The result is mainly, an obscuring of clinical symptoms
and thus, a risk of the accumulation of residues of medicaments in
honeybee products. The administration of antibiotics and/or other
factors exposing bees to stress, may affect the intestine micro-floral
balance. In the EU (European Union), during 2003 and at the be-
ginning of 2008, the State Veterinary Administrations banned the
introduction of 203 samples of honey to the EU because residues of
tylosin, oxytetracycline, chloramphenicol, streptomycin, nitrofuran
and sulphonamides were detected in the honey samples (19).

One of the most progressive possible methods to fight the oc-
currence of the disease without drug administration is the use of
probiotics or other natural substances to prevent this disease. These
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methods have been used successfully with other domestic animals,
for many years. Their beneficial biological influence is connected
with the fact that they usually have no adverse side effects on the or-
ganism and/or possess little or no environmental risks (5, 13). The
use of probiotics in the prevention and therapy of AFB has received
little attention in the past; this includes the use of autochthonous
strains isolated from honey bees.

The main aims of this study were: A) to evaluate the composi-
tion of the gut microflora in the collected honey bees; B) to isolate
selected lactobacilli from this microflora; and C) to further select
some of the lactobacilli for potential probiotic use for the preven-
tion of Paenibacillus larvae infection.

MATERIAL AND METHODS

Experimental honey bees

Approximately 100 healthy adult honey bees (a handfull) were
taken from each of the three full sized colonies, which belonged
to the University of Veterinary Medicine in KoSice, Slovakia. The
samples were collected in May 1999. The honey bees were killed by
ether vapours. The intestine, stomach and rectal sack were used for
the evaluation of the microflora composition.

Cultivation of bacteria

For the cultivation we used forty unimpaired digestive tracts
(intestine, stomach and rectal sack) from each colony, which were
homogenized in 10ml of sterile physiological solution with 0.5%
cysteine. The samples for further microbiological analyses were
also diluted in the physiological solution with 0.5% cysteine. VL
(Veillon) agar (Imuna Sarisské Michalany, Slovakia) with 10% of
defibrinated sheep’s blood was used for the counting of the total
aerobes and anaerobes. The bacteria were incubated for 48h at
37°C; aerobes under aerobic conditions and anaerobes in 80%
CO, and 20% N, atmosphere. Lactic acid bacteria (Lactobacillus
and Bifidobacteria) were cultured in TPY agar (Trypticase Peptone
10g, soya peptone 5g, Yeast extract 2.5g, Tween 80 1 ml, cysteine
0.5g9, K,HPO, 29, MgCl, 0.5 g, ZnSO, 0.25g, CaCl, 0.15g, FeCl,
0.0273g, agar 18g.I*, pH 6.5) for 48h at 37°C in 80% CO, and
20% N, atmosphere. The lactobacilli were isolated in MRS (deMan,
Rogosa and Sharpe) broth or agar (Oxoid, Basingstoke, UK) for 24
and 48h or at 37°C in 80% CO, and 20% N, atmosphere. Endo
agar (Oxoid, Basingstoke, UK), was used for the cultivation of En-
terobacteriaceae. Mc Conkey agar (BBL, Becton Dickinson, Cock-
eysville, USA) was used for E. coli, and Dextrose-casein-peptone
agar (Merck, Darmstadt, BRD) for Bacillus species.

Enterobacteriaceae, E. coli and bacilli were incubated for 24 h
at 37°C. Streptococci were cultured in Streptococcus agar (Imuna,
Sarisské Michalany, Slovakia) for 48 h at 37°C. The identification
of Enterobacteriaceae was performed with the help of Enterotest |
and Il (Lachema, Brno, Czech Republic). The characterization of
Bacillus and Staphylococcus species was carried out on the basis of
their biochemical properties.

Paenibacillus larvae were isolated from the infected honeycombs
from an apiary in KoZany, Slovakia. It was grown in MYPGP broth
or agar (yeast extract 159, K,HPO, 3¢, sodium pyruvate 1g, D (+)
glucose 2g.I%, or agar 20g.I*, pH 7.2) for 48 h at 37°C.
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Selection of probiotic lactobacilli

Lactobacilli isolated from the digestive tract of honey bees were
selected for probiotic use based on their ability: to survive long term
storage; possess antibacterial activity against Paenibacillus larvae;
demonstrate good growth properties, and produce organic acids.

Surviving of frozen samples

Forty isolates of Lactobacillus species were tested for their ability
to survive storage at —20 °C for five months or five years. Eight point
one ml of night culture of Lactobacillus species (5—8.108cfu.ml?)
was mixed with 5.4 ml of a freezing medium compound of glycerine
and physiological solution at a rate of 1:1. After thawing, the lac-
tobacilli were cultured in MRS broth for 48 h at 37°C in 80% CO,
and 20% N, atmosphere.

Inhibition of Paenibacillus larvae

The inhibition of Paenibacillus larvae by selected lactobacilli
was tested by paper disc assay. Petri dishes (9 cm diameter) contain-
ing 20ml of blood agar with 10% of defibrinated sheep blood and
2% of D (+) glucose (pH 7) were prepared and were inoculated with
0.1 ml of the night culture of Paenibacillus larvae in a concentration
of 4108 CFU.ml*. After 15 minutes, sterile paper discs (6 mm diam-
eter; BBL Microbiology Systems, Becton Dickinson, Cockeysville,
USA) were placed onto the surface of each plate and 40l of a 24h
culture of lactobacilli was spotted onto the disc. The plates were in-
cubated for 48 h at 37 °C in 80% CO, and 20% N, atmosphere. After
the incubation, the diameters of the inhibition zones around the
discs were measured. For each strain of Lactobacillus, an arithmetic
mean of the zone diameters from 3 measurements was calculated.
Based on the calculated arithmetic means, the tested strains were
divided into the non-inhibiting to weak inhibiting (<10 mm), mid-
dle inhibiting (10 mm<zone<16 mm) and strong inhibiting strains
(>16mm).

Growth properties

The strains which had survived the long-term storage were test-
ed for their ability to auto-aggregate in MRS broth.

The growth curves were performed only for the most promising
Paenibacillus larvae inhibiting strains. The growth dynamic of these 2
strains were studied in PYG broth (Peptone bacteriological, 5g; tryp-
ticase peptone, 5¢; Yeast extract, 10g; D (+) Glucose, 109.1000 ml*,
pH 7) in a shaking water bath (Julabo SW 20C, Labor Technik
GmbH Selbach, Germany), at 37 °C and 150rev.min? for 24h. Ab-
sorbencies of the samples were measured by a spectrophotometer
(SP-870 plus, Metertech Inc., Taiwan) at 640 nm and a decrease in
pH was also monitored (ION Activity Meter MS20, Laboratorni
pFistroje, Prague, Czech Republic). The numbers of lactobacilli
were checked after 0, 6, 12 and 24 h of growth by the plate method.

Production of organic acids

The concentration of the organic acids in the bacterial cultures
was determined by capillary isotachophoresis (ITP ZKI-01, SpiSské
Nova Ves, Slovak Republic). As conducting or finishing electrolytes,
0.001 mmol.I* hydrochloric capronic acid +0.1% methylhydroxyeth-
ylcellulosic acid (MHEC) or 5mmol.I* capronic acid were used.



Species identification

The identification and biochemical properties of the selected
lactobacilli were performed at the Faculty of Science, Masaryk
University, Brno, Czech Republic. The identification of species was
confirmed by the rep-PCR method (6).

Statistical analysis

All analyses were performed using the statistical program of
GraphPad PRISM version 3.00. Tukey’s and Dunnett’s tests (after
analysis of variance, ANOVA) were used to identify the differences
between the groups.

RESULTS

Composition of gut microflora

The numbers of total aerobes and anaerobes, lactic acid
bacteria, Lactobacillus species, Enterobacteriaceae and E. coli
are presented in Table 1.

Sixty-three colonies of Enterobacteriaceae were further iden-
tified as Klebsiella oxytoca (44.4%), Providentia rettgeri (19%),

E.coli (14.3%), Klebsiella pneumoniae (9.5%) and the rest was
composed of Proteus vulgaris, Enterobacter cloacae, Enterobac-
ter aglomerans, Seratia species, and Citrobacter species. The fol-
lowing species were also found in the digestive tract of the hon-
ey bees: Bacillus megaterium, Bacillus subtilis, Bacillus cereus,
Staphylococcus epidermidis, Staphylococcus aureus, Staphylococ-
cus hominis, Staphylococcus saprophyticus, Enterococcus faecalis,
Lactobacillus species and Bifidobacterium species.

Selection of probiotic lactobacilli

Forty different colonies were isolated from MRS agar.
From twenty isolates (stored at —20°C for five months) we
were able to grow nine isolates (45%) and from twenty iso-
lates (stored at —20°C for five years) we were able to grow
eight isolates (40%). All surviving isolates (17) were able to
auto-aggregate in MRS broth. From 17 tested isolates, two
isolates were not able to inhibit the growth of Paenibacillus
larvae and the inhibition activity of five other strains was
only weak. The inhibition activity of the next ten isolates is
shown in Table 2. Isolates 22/C, 50/C and 12/C were identi-
fied as the best inhibiting strains.

Table 1. Number of bacteria in the digestive tracts of honeybees expressed
as log,, CFU per one digestive tract (n = 40)

Bacteria 1st colony 2nd colony 3rd colony Mean + SD
Total aerobes 6.30 6.18 5.48 5.99 +0.36
Total anaerobes 7.00 7.30 6.70 7.00+0.24
Lactic acid bacteria 4.30 6.30 5.30 5.30 £0.82
Lactobacillus sp. 3.30 3.00 2.30 2.87+£0.42
Enterobacteriaceae 5.30 6.00 5.30 553+0.33
E. coli 5.30 6.00 5.00 5.43+0.42
08 — 70
Numbers of lactobacilli (logiocfu/ml)
0.7 |time L. brevis L. plantarum S 6,5 1
06 |0h 571 579
6h 7.70 743 0,0
05 112n 873 828 .
55
50 1
* p<0.001
4.5
40 ‘ ‘ ‘

Oh 2h 4h 6h &h 10h 12h 24h

—o— L. brevis —8— L. plantarum

Fig. 1. The growth dynamics and numbers of L. brevis and L. plantarum
cultured in PYG broth (determinations were done in triplicate)

0h 2h 4 6h 8 10h 12h 24h

——L brevis —8—1L, plantarum

Fig. 2. The decrease of pH of the growing media during the growth of
L. brevis and L. plantarum (determinations were done in triplicate)
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Table 2. Inhibition activity of Lactobacillus sp. isolates against Paenibacillus
larvae on the basis of diameters of inhibition zones

Table 3. Characterization of L. brevis and L. plantarum isolated

from the digestive tracts of honeybees

L Inhibition zones (mm)
Lactobacillus isolates

Mean + SD
27/A 11.3+£1.89
32/A 11.3+0.94
3/A 12.0 £ 0.00
1/B 12.0 £ 1.63
2/B 10.0+1.63
11/C 14.0 £ 1.63
12/C 16.7 + 1.89*
24/C 16.0 £ 1.63
22/C 17.3 + 3.40*
50/C 16.7 £ 4.11*

Means +SD were calculated from triplicate determinations
* — significantly different from 2/B (P < 0.05)

Isolates 22/C and 12/C were characterized as one single
entity (the same strain of Lactobacillus brevis) and isolate
50/C was identified as Lactobacillus plantarum. Their prop-
erties are presented in Table 3.

The growth dynamics of both strains were similar and
no significant differences were found (Fig.1). The decrease
in pH was significantly faster in L.plantarum from the 8th
to 24th hour of growth (Fig.2; P<0.001), in comparison
to L.brevis, which was in accordance with the significantly
higher production of lactic acid by L.plantarum (Table 4).
The production of organic acids by L.brevis was typical for
the heterofermentative species of lactobacilli, while L.plan-
tarum belongs to the homofermentative species which has a
characteristic high production of lactic acid.

DISCUSSION

Studies by many authors on the composition of gut inhab-
iting microbial communities in honey bees have confirmed
that the results depended on many factors, such as the sea-
son of sampling, cultivation media, preparation of samples,
etc. Despite this, it seems that some micro-organisms (e.g.
Enterobacteriaceae, Bacillus species, Lactobacillus species, Bi-
fidobacterium species, yeast and moulds) are a stable part of
the honey bee’s intestinal microflora (4, 7, 9, 14, 15). A high-
er number of total anaerobes in comparison to total aerobes
were found in our study which is in agreement with previous
reports (7, 15). The isolation and identification of Enterobac-
teriaceae are in agreement with the results of Dugali¢-Vrn-
di¢ (4). However, this author determined that Klebsiella
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Table 4. Production of organic acids by L. brevis and L. plantarum

O{r%i:];??;m L. plantarum L. brevis
Lactic acid 269.2 £ 14.30 429+3.29
Acetic acid 781 +4.83 73.9+5.87
Acetoacetic acid 234+2.08 272 £1.69
Propionic acid 17.9 + 7.05 14.7 £ 1.57
Succinic acid 43+228 3.6 £0.62
Valeric acid 3.4+0.67 3.3+1.30
Butyric acid 10.8 +4.23 9.2+152

Means+SD were calculated from quadruplicate determinations

pneumoniae, Enterobacter aglomerans, and Enterobacter cloa-
cae were the dominant species of enterobacteria. In our trial,
Klebsiella oxytoca, Providentia rettgeri, E.coli, and Klebsiella
pneumoniae were predominate. Gilliam et al. (8) noted,
2—4.10°CFU of lactic acid bacteria per one digestive tract of
honey bee, which corresponds with our findings.

Probiotics represent one of the more promising possi-
bilities for the replacement of antibiotics in the prevention
and therapy of many diseases in animals and humans. Mi-
cro-organisms selected for probiotic use must fulfil several
“selection” criteria. These criteria especially depend on the
aim and method of application (per os, on the surface, in
genitourinary tract, etc.). Generally, probiotic strains should
be: genetically stable; species specific; free of transferable
antibiotic resistance; rapidly growing; and stable during the
technological processing. If probiatics are designated for oral
application, they must have the ability: to inhibit the targeted
pathogens; to tolerate the conditions of the gastrointestinal
tract; and to colonize the gut (12, 13, 17). One of the most
important selection criterion is the species specificity of the
strain. The best colonization ability is usually noted in the
strains isolated from the same species of intended use (12,
13). All of our Lactobacillus species strains were isolated
from the digestive tracts of the honey bees.

Another highly important selection criterion is the pres-
ervation of the high viability of the strains during the tech-
nological procedure and storage. Despite surviving long term
storage (5 years and 5 months) in the glycerine freezing me-
dium, our Lactobacillus strains (40 or. 45%) was comparable
to 58.5+27.2% of the surviving lactobacilli (20 species, 84
strains) up to a week after freeze-drying. In this study, we con-
firmed that the survival of lactobacilli during storage depends
not only on the freezing conditions and on the storage tem-
perature, but also on: the cell wall structure; the presence of
extracellular polysaccharides; teichoic acids; and lipopolysac-
charides. Based on these properties, L. brevis and L. plantarum
were classified as middle freeze-dried resistant species (11).

The main aim of this selection process was to find lac-
tobacilli with antagonistic activity against Paenibacillus lar-
vae, but also to determine the inhibition activity of storage-
survived isolates which was another very important selection
criterion. Canganella and Balsamo (2) isolated bac-
teria from bees, brood, honey, pollen and wax by the help
of different cultivating media. Only isolates from MRS agar
(lactic acid bacteria) were able to inhibit the growth of Pae-
nibacillus larvae.

It is well known that the auto-aggregation ability of pro-
biotic bacteria correlates with their ability to interact closely
with the pathogens and thereby prevent the adhesion of the
pathogens to the gut surfaces. Auto-aggregation of lactoba-
cilli is also a prerequisite for the colonization of the gastro-
intestinal tract (3, 16). All of our isolated strains of Lactoba-
cillus species showed good auto-aggregation ability in MRS
broth. However, Kmet and Lucchini (10) reported only
10—20% aggregation ability in different species and strains
of lactobacilli. Both of our selected strains also showed very
good growth dynamics, when they reached 108 CFU.ml* be-
tween the 6thand 12th hour of growth.

The production of organic acids is one of the mechanisms
by which lactobacilli can inhibit the growth of pathogens.
The inhibitive effect of organic acids is based on the reduc-
tion of the pH to values where the growth of unfavourable
microflora is depressed or stopped (5, 12). In addition to lac-
tic acid, which is produced in the highest concentrations by
homofermentative lactobacilli such as L.plantarum, hetero-
fermentative lactobacilli (e.g. L. brevis), produces other types
of organic acids (primarily acetic and acetoacetic acid). Our
strain of L.plantarum produces very high concentrations of
lactic acid (269.2+14.30mmol.I*), and relatively high con-
centrations of acetic acid (78.1+4.83mmol.I*). Adamsand
Hall (1) have confirmed the synergistic effect of lactate and
acetate in the inhibition of pathogens. Lactic acid caused de-
crease in pH as a result of which the toxicity of the undissoci-
ated form of acetate increased.

CONCLUSIONS

We isolated two honey bee autochthonous lactobacilli
(with the capacity to inhibit the growth of Paenibacillus lar-
vae under in vitro conditions) which showed: good growth
properties; auto-aggregation ability; high resistance to long-
term storage; and high production of organic acids. All these
properties are good prerequisites for the efficacy of probiotic
strains, but similar in vivo tests are necessary to confirm it.
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Fig. 1. Vascular corrosion cast of the rabbit aortic arch displaying the origin of Fig. 2. Vascular corrosion cast of the rabbit aortic arch displaying the origin

the truncus brachiocephalicus and the arteria subclavia sinistra from the arcus of the truncus brachiocephalicus, the arteria subclavia sinistra and the arteria
aortae in 94 % of cases (47 animals). a. Arteria. Ventral view. carotis communis sinistra from the arcus aortae in 4% (2 animals). a. Arteria.
Macroscopic image Ventral view. Macroscopic image
Fig. 3. Vascular corrosion cast of the rabbit aortic arch displaying the origin Fig. 4. Vascular corrosion cast of the rabbit aortic arch displaying the ori-
of arteriae vertebrales from arteriae subclaviae in 86 % of cases (43 animals). gin of the arteria vertebralis sinistra from the arcus aortae in 10 % of cases
a. Arteria. Ventral view. Macroscopic image (5 animals). a. Arteria. Dorsal view. Macroscopic image.

Fig. 5. Vascular corrosion cast of the rat aortic arch displaying the origin of Fig. 6. Vascular corrosion cast of the rat aortic arch displaying the origin of

the truncus brachiocephalicus, the arteria subclavia sinistra and the arteria the arteria vertebralis dextra from the arteria subclavia dextra in 88 % of cases

carotis communis sinistra from the arcus aortae in all of cases. a. Arteria. (44 animals). a. Arteria. Dorsolateral view. Macroscopic image
Ventrolateral view. Macroscopic image
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second major artery participating in the cerebral blood supply is the
arteria vertebralis, which is a branch of arteria subclavia (8, 11). The
arteria vertebralis emerges from the thoracic cavity through the aper-
tura thoracis cranialis. It then passes through foramen transversarium
of the sixth cervical vertebra into the canalis transversarius of cervi-
cal vertebrae, in which it continues in the cranial direction. Its rami
spinales supply the cervical part of the spinal cord. Bilateral arteriae
vertebrales enter into the vertebral canal via foramen vertebrale later-
ale atlantis. The vertebral arteries unite into arteria basilaris on the
ventral margin of the foramen magnum. Arteria basilaris participates
in forming the circulus arteriosus cerebri (11).

MATERIAL AND METHODS

The study was carried out on 50 adult rabbits (age 140 days)
and 50 adult rats (age 150 days). We used New Zealand white rab-
bits (breed HY+) of both sexes (female n=25; male n=25) with
an average weight of 2.5-3kg and Wistar rats of both sexes (fe-
male n=25; male n=25) with an average weight 500—700¢g in an
accredited experimental laboratory at University of Veterinary
Medicine and Pharmacy in Kosice. The animals were kept in cages
under standard conditions (temperature 15—20°C, relative humid-
ity 45%, 12 h light period), and fed with a granular feed mixture (O-
10 NORM TYP; Rat nature). The drinking water was available for
all animals ad libitum. The animals were euthanised by prolonged
inhalation anaesthesia with ether. Immediately after euthanasia, the
vascular network was perfused with a physiological solution. Dur-
ing manual injection through the ascending aorta, the right atrium
of the heart was opened in order to lower pressure in the vessels to
ensure a good injection. Spofacryl (polymethylmetacrylate, Spofa-
Dental, Czech Republic) in quantities of 35ml (rabbit) and 15ml
(rat) was used as the casting medium. The maceration was car-
ried out in 2—4% KOH solution for a period of 5 days at 60—70°C
(15). This study was carried out under the authority of the decision
No.2647/07-221/5.

RESULTS

Rabbit

In 94% of cases (47 animals), the truncus brachiocepha-
licus and the arteria subclavia sinistra originated from the ar-
cus aortae (Fig. 1). The truncus brachiocephalicus, the arteria
subclavia sinistra and the arteria carotis communis sinistra
originated from arcus aortae in 4% (2 animals; Fig. 2). In 2%
(1 animal) of the cases, the truncus bicaroticus, the arteria
subclavia dextra and the arteria subclavia sinistra originated
from the arcus aortae. In 86% of the cases (43 animals) the
arteria vertebralis sinistra originated directly from the arte-
ria subclavia sinistra (Fig. 3); in 10% of cases (5 animals) it
originated from the arcus aortae as an independent branch
(Fig. 4); and in 4% of cases (2 animals), it arose from the
arcus aortae as a common trunk with the arteria scapularis
descendens. The arteria vertebralis dextra originated from the
arteria subclavia dextra in 100% of cases (50 animals). In
summary, the origin of arteries supplying the brain varied in
20% of the cases (10 animals).

Rat

In all studied specimens, the truncus brachiocephalicus,
arteria carotis communis sinistra and arteria subclavia sinistra
were found to be independent arterial branches originating
from the arcus aortae (Fig. 5). The arteria vertebralis dextra
originated from the arteria subclavia dextra in 88% of cases
(44 animals; Fig. 6) and in 12% of the cases (6 animals) from
the truncus costocervicalis dexter. In 86% of cases (43 ani-
mals) the arteria vertebralis sinistra originated directly from
arteria subclavia sinistra and in 14% of cases (7 animals) it
arose from the truncus costocervicalis sinister. In summary,
the origin of the arteries supplying the brain varied in 26 % of
the cases (13 animals).

DISCUSSION

Various authors have presented several variations of the
origin of the arteries arising from the arcus aortae. In spite of
the fact that experiments dealing with central nervous system
ischemia are performed on different animal models (13, 14),
by utilization of various techniques and surgical approaches,
we decided to use New Zealand white rabbits and Wistar
rats. Rabbits and rats are the most commonly used species of
laboratory animals in experiments, so we focused the study
of variations in these two species.

Rabbit

Arteria subclavia dextra and the arteria subclavia sinistra
were described as branches of the arcus aortae (9). Origin
of the arteria subclavia dextra in 1.5% of cases and the ori-
gin of the arteria carotis communis sinistra in 4% of cases
were found from the arcus aortae (2). The truncus brachioce-
phalicus, the arteria carotis communis sinistra and the arteria
subclavia dextra have been described as branches of the ar-
cus aortae (8). After studying 700 rabbits, only one case was
found where the arteria carotis communis dextra et sinistra
and the arteria subclavia dextra et sinistra were independent
branches of the arcus aortae (16).

Rat

Popesko et al. (11), described the direct origin of the
major branches of the arcus aortae: arteria subclavia dextra et
sinistra and arteria carotis communis dextra et sinistra. Accord-
ing to Green (3), the arteria vertebralis dextra originated as
a branch of the arteria cervicalis superficialis dextra and the
arteria vertebralis sinistra as a branch of the arteria cervicalis
superficialis sinistra.

The most suitable method of the induction of the total
cerebral ischemia is still controversial. This is most often
carried out by ligation of the major vessels, e.g. truncus bra-
chiocephalicus and arteria subclavia sinistra, at their place of
origin (6, 7, 10). Harukuni and Bhardwaj (4) reported
the ligation of the truncus brachiocephalicus and the arteria
subclavia sinistra as one of the ways how to induce total cere-
bral ischemia. However, this method is capable of inducing
only partial cerebral ischemia, and this could lead to distort-
ed results, as we found atypical origins of the arteries supply-
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ing blood to the brain in 20% of the rabbits and 26 % of the
rats in our study. This indicates that ligation should occur be-
fore the terminal entry of the major vessel or vessels into the
brain. Another approach is to ensure detailed preparation of
the afore-mentioned vessels in order to exclude abnormalities
in their origin when the ligation is done in the place of origin.

CONCLUSIONS

Although, the overall incidence of variations in the ori-
gins of the blood vessels supplying the brain in rats is higher
than the rabbits, this arrangement does not play a significant
role in the induction of stroke. The origin of the truncus costo-
cervicalis in the rat is from the arteria subclavia, so the stroke
is properly induced by ligation of the major branches of the
arcus aortae. Based on our results, we can conclude that the
rat is a more appropriate animal for the experimental study
of stroke compared to the rabbit.

The results of this study indicate the need for more de-
tailed knowledge of the blood supply in laboratory animals.
This would allow more objective results to be gained from
fewer experimental animals.
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ABSTRACT

The sensitivity of Gram-negative microbiota from Slovak hors-
es to the antimicrobials such as, antibiotics, enterocins and phyto-
additives was examined because to the best of our knowledge, this
information is not currently available in the literature. Faecal sam-
ples from 122 horses on farms in Slovakia were analysed. The total
counts of Gram-negative isolates were on average 10° CFU.g*. The
following microbial species were identified; Shingomonas paucimobi-
lis, Pantoea agglomerans, Enterobacter asburiae, Enterobacter sp.,
Cedecea lapagei, Aeromonas caviae, Klebsiella pneumoniae, Yersinia
enterocolitica and Escherichia coli. The strains were mostly sensitive
to antibiotics. P. agglomerans were sensitive to all tested enterocins.
Ent 9296 was the only enterocin which inhibited the growth of all
Gram-negative isolates, with activity up to 400 Arbitrary Units per
millilitre (AU.mI%). All strains were sensitive to oregano (inhibitory
zones 23 up to 35mm). Sage was the second most active phyto-addi-
tive. Chamomile inhibited the growth of the strains of P. agglomerans
and Y. enterocolitica YE 19B/1. EL senticosus inhibited the growth of
P. agglomerans. The Gram-negative isolates from horses were mostly
sensitive to the antimicrobials tested. This report constitutes new in-
formation about bacteriocin and phyto-additives studies as well as the
microbiota of horses.

Key words: antibiotics; enterocins; Gram-negative bacteria; hors-
es; sensitivity; phyto-additives

INTRODUCTION

Inflammation of the gastrointestinal system constitutes a major
problem in horses. As a consequence, additional systemic involve-
ment may be caused by endotoxin absorption (from microbiota
such as clostridia, salmonellae and others) resulting in metabolic
imbalances (20). Infectious agents are important not only for their
pathogenic activity but also because of their rapidly transmissible
nature. Infectious pathogens may be carried and shed into the envi-
ronment by asymptomatic horses. Garret etal. (6) reported faecal
bacterial counts of rods and cocci in horses, from 108-°CFU.g%, up
to 10°°CFU.g%

The frequent disorders due to pathogenic bacteria in horses in-
volve; ehrlichiosis, salmonelosis or clostridiosis (9, 10, 45). Equine
gastrointestinal parasites are also frequently detected (11). The most
frequent prevention and/or therapy includes the use of antibiotics
or anti-parasitics and anti-helmintics; however, this may lead to an
increase in the development of resistance (especially to antibiotic
treatments) (42, 43). Nowadays, the general direction is to limit the
use of antibiotics for prevention; the use of natural substances be-
ing preferred. Among those natural products which have been used
over centuries, especially in pharmacy, are; oregano (Origanum
vulgare L., Lamiacae), sage (Salvia officinalis L., Labiatae), chamo-
mile (Matricaria recutita L.) and Siberian ginseng-Eleutherococcus
senticosus (2, 3, 22). Essential oils from medicinal plants, herbs and
even from spices have been shown to possess antimicrobial activ-
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ity against pathogens. Moreover, their antiviral, antifungal, anti-
oxidant, anti-inflammatory, as well as, immuno-modulating effects,
have been reported (3, 21). Recently, the anti-bacterial effect of the
phyto-additives against bacteria from different sources was noted
under both, in vivo, as well as in vitro conditions (8, 16, 31, 33, 40).
On the other hand, some bacteria originating from horses can pro-
duce active enterocins (17). Even the reduction of Eimeria oocysts
has been found using natural microbial substances (33, 38 40, 44).

Taking into account our previous results in the study of the use
of oregano, sage and chamomile substances in animals (rabbits: 8,
31, 40), and following experiences with El. senticosus dry extract in
poultry (30) and in rabbits (33), we decided to extend our investi-
gations to examine the sensitivity of Gram-negative isolates from
horses to the antimicrobials. Also, studies concerning the sensitivity
of the microbiota from the equine gastrointestinal tract to the anti-
microbials appear to have been neglected in the past.

MATERIALS AND METHODS

Sampling and microbial analysis

Faecal samples from 122 horses (males and females) of all
breeds and ages from farms in Slovakia were analysed in order to
obtain the Gram-negative bacteria counts and to make selections of
isolates for sensitivity testing. The samples were collected from each
animal directly per rectum. The samples were transported to the lab-
oratory and treated by the standard microbiological dilution method
and the appropriate dilutions in saline solution (0.85% NaCl). They
were plated onto the following respective media according to 1SO
to select the Gram-negative species: Mac Conkey agar; CLED agar
(Imuna, Sarisské Michalany, Slovakia); Yersinia selective CIN agar
with supplement (Becton and Dickinson, Cockeysville, USA); Cet-
rimide agar (Biomark, India); and Aeromonas (Ryan) agar (Oxoid,
Ltd, Basingstoke, Hampshire, England). The counts of the colonies
were expressed in Colony Forming Units per gram (CFU.g'£SD).
The randomly picked colonies were checked for their purity; Gram
staining was provided and they were phenotyped using commercial
BBL Crystal™ Identification systems Enteric-Nonfermenter 1D kit
(Becton and Dickinson, Cockeysville, USA). After phenotyping, 17
strains were tested for their sensitivity to commercially used antibi-
otics, phyto-additives and enterocins (bacteriocins produced mostly
by the representant of the genus Enterococcus, especially by the
species Enterococcus faecium). For storage, the stock cultures of the
isolates were prepared by freeze-drying using MicroModulyo-freeze
dryer (Thermo electronic corporation, Asheville, NC 28004, USA).

Sensitivity to antibiotics

The isolates were tested for their sensitivity to antibiotics on
Trypticase soy agar (Becton and Dickinson) by the standard agar
disk diffusion method NCCLS (26). The antibiotic disks (Becton
and Dickinson) included; novobiocin (NB, 5pg), ampicillin, amoxi-
cillin, amdinocillin, gentamicin, tobramycin (AMP, AMC, AMD
GEN, NN, 10 pg), erythromycin (ERY 15ug), tetracycline, kanamy-
cin, chloramphenicol (TCT, KAN, C, 30pug), and streptomycin (S,
50ug). The inhibitory zones, including the control strain, were as-
sessed according to the manufacturers’ instructions and expressed
in mm.
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Sensitivity to phyto-additives and enterocins

To test the sensitivity of the identified strains to oregano, sage,
chamomile essential substances, and to dry extract of Eleuthero-
coccus senticosus (10 pl of extracts), as well as, to partially purified
bacteriocins-enterocins (Ents; 10 ul of each), the agar spot method
of critical dilution was used according to De Vuyst et al. (4) and
Trypticase soy agar (1.5 and 0.7%; Becton and Dickinson). Sal-
via officinalis (24 % thujone, 18% borneol, 15% cineol); Origanum
vulgare (55% carvacrol, both from Calendula a.s., Nova Lubovia,
Slovakia); chamomile Chamomila-Matricaria recutita (L., alfa-bisab-
olol, 34.2%, chamazulene 11.3%) Rauschert substances and El. sen-
ticosus (Rupr. and Maxim.) dry root extract, dry matter 95+ 1%, ash
7.3+0.5%, dissolved in water), were kindly provided by Dr. Salamon
and Dr.Poracova (University of PreSov, Slovakia).

The partially purified enterocins (Ents) were produced by Entero-
coccus faecium strains isolated in our Laboratory of Animal Microbiol-
ogy (Institute of Animal Physiology SAS, KoSice, Slovakia). The sensi-
tivity of the strains to phyto-additives was evaluated on the basis of the
inhibitory zones measured and expressed in mm. The Ents were pre-
pared according to previously reported protocols (13, 24). Ent A (P)
is produced by E. faecium EK13 (CCM 7419) and E. faecium AL41 is
the producer of Ent M; both environmental isolates (15, 25). For Ent
9296 produced by E. faecium EF9296, silage isolate (23), and for Ent
2019 produced by E. faecium EF2019 (rabbit isolate-CCM7420; 28),
as well as, for Ent 55 produced by E. faecium EF55 (chicken isolate
EF55; 37), the same protocol as for Ent A (P) was used.

The antimicrobial activity of Ents was defined as the recipro-
cal of the highest two-fold dilution demonstrating complete inhibi-
tory activity of the indicator and was expressed in Arbitrary Units
per millilitre (AU.mI?) of culture medium. E. avium EA5 (our iso-
late from a piglet) was a bacteriocin-sensitive indicator strain (in
amount of 200l of an 18 hours culture of each indicator strain)
to determine bacteriocin activity levels; the bacteriocin activity of
tested Ents was 1600—12 800 AU.ml* (Table 2).

RESULTS

The total counts of Gram-negative bacteria varied from
10® to 10" CFU.g* with an average of 10° CFU.g™. The iso-
lates were phenotyped and belonged to the following species:
Shingomonas paucimobilis SP 19A/3; Pantoea agglomerans, 4
strains (PA20B/2, PA 23A/2, PA 62A/1, PA37A/1); Entero-
bacter asburiae EAS 19B/2; Enterobacter sp. 19A/4; Cedecea
lapagei, 2 strains (CL 36A/2, CL 64A/1); Aeromonas caviae
AE 6B/3; Klebsiella pneumoniae KB 29A/2; Yersinia entero-
colitica, 5 strains (YE 45B/3, YE 9B/2, YE 19B/3, YE 19B/1,
YE 54B/2); and Escherichia coli 6A/1. The strains were most-
ly sensitive to commercial antibiotics, although some strains
were also resistant (Table 1). The strains Pantoea agglomer-
ans and E. coli were resistant to amdinocillin and kanamycin
as well as some of them to gentamicin. Yersiniae and Ent.
ashuriae were resistant to novobiocin.

P. agglomerans strains were sensitive to all Ents (Table 2),
although the highest activity was detected using Ent A (P); up
to 3200 AU.ml* On the other hand, the strains Aeromonas
caviae AE6B/3, KI. pmeumoniae 29A/2 and Yersinia enteroco-
litica were not sensitive to Ent A (P) and Ent M. But almost



Table 1. Sensitivity of Gram-negative faecal isolates from horses to antibiotics

Strains NB AMP AMC AMD C

GEN NN ERY TCT KAN S

SP 19A/3 +20 +22 nt nt nt

nt nt +22 +23 nt nt

Pantoea agglomerans

PA 20B/2 +13 +12 +27 R +22
PA23A/2 +14 +10 +29 R +24
PA62A/1 +13 +11 +25 R +25
PA37A/1 +12 +15 +22 R +23

+10 +29 +19 +20 R +17
+10 +30 +18 +21 R +15
+10 +29 +17 +21 R +14

R +29 +15 +23 R +10

Cedecea lapagei

CL36A/2 +26 +34 nt nt nt

nt nt +20 +20 +15 nt

Klebsiella pneumonieae

KB29A/2 +15 +20 nt nt nt

nt nt +12 +12 +15 nt

Yersinia enterocolitica-like

YE45B/3 R +17 +25 +17 +30
YE9B/2 R +17 +18 +16 +30
YE19B/3 R +17 +15 +15 +35
YE19B/1 R +25 +24 +32 +29
YE54B/2 R R +20 +21 +35

+25 +25 +14 +22 +25 +25
+25 +22 +14 +22 +25 +25
+30 +25 +17 +30 +30 +35
+32 +25 +17 +20 +30 +35
+25 +22 +15 +25 +27 +25

Enterobacter asburiae

EAS19B/2 R +20 +15 +30 +12 +30 +25 +17 +30 +30 +35
Enterobacter sp.
Ent. 19A/4 +20 +20 nt nt nt nt nt +24 +20 +18 nt

Escherichia coli

EC6A/1 +11 +25 +21 R +22

R +40 +19 +24 R +14

Novobiocin (NB, 5ug); ampicillin, amoxicillin, amdinocillin, gentamicin, tobramycin (AMP, AMC, AMD GEN, NN, 10 g); erythromycin (ERY 15 ug); tetra-
cycline, kanamycin, chloramphenicol (TCT, KAN, C, 30g); streptomycin (S, 50 ug). The inhibitory zones were read according to manufacturers’ guide and
expressed in mm. SP 19A/3-Sphingomonas paucimobilis, PA20B/2, PA23A/2, PA37A/1-Pantoea agglomerans, CL36A/2-Cedecea lapagei, KB29A/2-Klebsiella
pneumoniae, YE9B/2, YE45B/3, YE19B/3, YE19B/1, YE54B/2-Yersinia enterocolitica, EAS19B/2-Enterobacter asburiae, EC6A/1-Escherichia coli, Ent 19A/
4-Enterobacter sp. isolates CL 64A/1-Cedecea lapagei, AE6B/3-Aeromonas caviae were not tested for antibiotics suscpetibility; nt — not tested; R — resistant

all those bacteria mentioned were sensitive to Ent 9296, Ent
55 and Ent 2019. Ent 9296 was the only one which inhibited
the growth of all tested Gram-negative isolates, although with
low activity (up to 400 AU.ml%).

All tested strains were sensitive to oregano with the in-
hibitory zones from 23 up to 35 mm. Sage was found as the
second most active phyto-additive. The strains P. agglomerans
and Yersinia enterocolitica YE 19B/1 were sensitive to chamo-

mile and P. agglomerans strains were also sensitive to an ex-
tract of Eleutherococcus senticosus (Table 3).

DISCUSSION

The counts of Gram-negative bacteria from 122 horses
detected in our samples correspond with those counts pre-
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Table 2. Sensitivity of Gram-negative isolates from horses to enterocins (expressed in AU.ml* )

Enterocins
Strains Ent A(P) Ent M Ent 9296 Ent EF55 Ent 2019
Shingomonas paucimobilis
SP 19A/3 100 - 200 800 100
Pantoea agglomerans
PA 20B/2 3200 100 400 800 -
PA 23A/2 1600 100 400 800 1 00
PA 62A/1 3200 100 400 1600 -
Cedecea lapagei
CL 36A/2 800 - 200 800 800
CL 64A/1 800 - 400 800 800
Aeromonas caviae
AE 6B/3 - - 100 - 100
Klebsiella pneumoniae
29A/2 - - 100 - -
Yersinia enterocolitica-like
YE 45B/3 - - 100 100 100
YE 9B/2 - - 100 - 100
YE 19B/3 - - - 100 _
YE 19 B/1 - - 100 - 100
YE 54 B/2 - - 100 100 100
Escherichia coli
6A/1 100 - 100 100 100

Enterobacter ashuriae EAS 19 B/2, Pantoea agglomerans PA 37A/1 and Enterobacter sp. 19A/4 were not tested. The activity of enterocins against the principal indi-
cator Enterococcus avium EAS5 at the time of testing was as follows: Ent A(P), Ent 55 = 12 800 AU.ml*, Ent M = 1600 AU.ml%, Ent 9296, Ent 2019 = 3200 AU.ml*

viously reported by Garret et al. (6). The species of E. coli
and Kl. pneumoniae from healthy mares has also been re-
ported by Fraga etal. (5). Pantoea agglomerans can be
found in animal faeces, although it is more frequently isolat-
ed from fruits or plants. Similarly, Sh. paucimobilis is a soil
bacterium, often detected also in water (46). Basically, our
principal interest was to test bacterial sensitivity to differ-
ent types of antimicrobials. The majority of the strains were
sensitive to ampicillin and/or gentamicin. These antibiot-
ics have been used in the Netherlands successfully for anti-
salmonelosis therapy (41). Pogany Simonova et al. (29)
reported antibiotic resistance among Pseudomonas spp. iso-
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lated from rabbits; on the other hand, their sensitivity to the
majority of the enterocins was evident. The same authors
(29), also showed a higher activity of oregano against Pseu-
domonas spp. compared to sage. Not so many bacteriocins
from the class 11 category of the general bacteriocin clas-
sification have obligatory activity against Gram-negatives.
However, there are among this class 11, some enterocins,
such as Ent A (P), produced by E. faecium EK13, Ent 9296,
Ent 55 or Ent 2019, which possessed inhibitory activity
against Salmonella spp., E. coli or other enterobacteriae and
Yersinia spp. under in vivo, as well as, in vitro conditions (1,
12, 19, 32, 39, 40).



Table 3. Sensitivity of Gram-negative faecal isolates from horses
to phyto-additives (the inhibitory zones in mm)

Strains Origanum Sage Chamomile Eleuthero-
coccus

Pantoea agglomerans

PA20B/2 +29 +7 +8 R

PA23A/2 +23 +7 +7 R

PA62A/1 +35 +20 +13 +17

PA37A/1 +27 +10 +7 +7

Yersinia enterocolitica like

YE45B/3 +35 +11 R +14

YE9B/2 +34 +10 R R

YE19B/3 +35 +24 R R

YE19B/1 +32 +12 +7 R

YE54B/2 +34 +9 R R
Enterobacter asburiae

EAS19B/2 +30 +10 R R

10 pl of extract was used; R — resistant; the strains Shingomonas paucimobi-
lis SP19A/3, Cedecea lapagei CL36A/2, CL64A/1, E. coli EC6A/1 and K.
pneumoniae KB29A/2, Enterobacter sp. Ent 19A/4 were not tested

The results indicated that the inhibitory activity of en-
terocins is most probably not dependent on dosage or the
concentration/activity units used; however, it depends on the
sensitivity of the indicator strains and/or on their mode of ac-
tion. In general, Gram-negative bacteria are less sensitive to
enterocins because of their cell membrane. The sensitivity of
bacteria can be increased or the activity of bacteriocins can
be improved by stimulating their effect, for example, by neu-
tral emulsifiers (7). The inhibitory activity due to enterocins
against Gram-negative bacteria has been reported previously
by several authors (1, 12, 14).

Although the antimicrobial effects of oregano have been
reported before, usually the Gram-negative species involved
were not isolated directly from animals, but from food prod-
ucts (27, 34, 35). In our previous studies, oregano showed an
inhibitory effect against Gram-negative isolates from rabbits
(39). Eleutherococcus senticosus is not known to have antimi-
crobial potential; it is mostly known to influence phagocytic
activity. In spite of this information, our previous studies de-
tected its partial inhibitory effect in rabbits (33). However, El.
senticosus possess mostly imunomodulatory effects (18, 36).
The antimicrobial activity of El. senticosus, to the best of our
knowledge, has never been studied before. Thus our results
related to El. senticosus and its antimicrobial effect is new.

CONCLUSION

In this study, Gram-negative isolates were mostly sensi-
tive to the antimicrobials used. The most important finding
was that the isolates were mostly sensitive to the natural sub-
stances, such as phyto-additives and/or bacteriocins-entero-
cins; this had not been studied in horses before. Therefore
this is the most important contribution of this study.
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ABSTRACT

This paper presents the results of the examinations of 160 sheep
from flocks of eastern Slovakia for the presence of Toxoplasma gon-
dii antibodies by the complement fixation test and subsequently, the
PCR analysis. Fifty (40.32%) of the sera were positive at dilutions of
1:64—1:256. Thirty eight were positive at a cut-off dilution of 1: 64;
10 sera at a cut-off dilution of 1:128; and 2 sera at a cut-off dilution
of 1:256. Subsequently, DNA was isolated from blood samples of
these serologically positive animals. PCR analysis with specific prim-
ers was then used in search for T. gondii DNA. In the PCR analysis
from the serologically positive samples, 5 of the 50 (10%) samples
were tested positive.

Key words: complement fixation test; polymerase chain reaction;
sheep; Toxoplasma gondii

INTRODUCTION

Toxoplasmosis is one is the most common parasitic zoonoses
of mammals and birds transmissible to humans. The agent of the
disease is Toxoplasma gondii (T. gondii); the definitive hosts of
which are the representatives of the family Felidae, infected with
oocysts from the environment and with tachyzoites and bradyzoites
from intermediate hosts. The intermediate hosts are all vertebrates,
including man (5). It is a pantropic cosmopolite, facultative het-
eroxenic coccidium. The disease is mostly asymptomatic in animals;
however, there are exceptions to this rule. Toxoplasmosis may affect
a number of organs, but it primarily affects the lungs, the central
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nervous system (CNS) and eyes. In gravid animals, particularly in
sheep and goats, the T. gondii infection causes embryonic mortal-
ity, foetus death or abortion, depending on the stage of gravidity in
which the infection occurs (4). Variations in the clinical presenta-
tion and severity of the disease has been attributed to several fac-
tors, including the heterogeneity of the host and the genotype of
the infective parasite (7). The sources of the contamination by oo-
cysts are mainly moist and shady places frequented by cats, where
there are suitable conditions for the surviving of oocysts for a long
period in the external environment (10). Sheep were in fact the
first mammals in which congenital toxoplasmosis was proven, with
abortions, dead-born foetuses and frequent manifestations of infec-
tion including infertility. The first case of toxoplasmosis in sheep
with symptoms of encephalomyelitis and tachycardia was described
by Olafsonand Monlux (9). Sheep are most frequently infected
with T. gondii from the environment, i.e. from feed and pasture (1).
The aim of this study was to determine the prevalence of T. gondii
infection in sheep flocks by serological examination, followed by
PCR analysis.

MATERIAL AND METHODS

Animal sera

Blood samples for serological tests and for the PCR were col-
lected from 160 sheep in flocks from Eastern Slovakia. From each
sheep, 2ml of blood was obtained from the vena jugularis, which
was then centrifuged at 2500 rpm and the serum stored at —20°C
until analyzed for Toxoplasma antibodies. For the PCR analysis,
EDTA was added to approximately 5ml of blood and the uncoagu-



lated blood samples were used for DNA extraction in order to test
for the presence of T. gondii.

Serological tests

The complement fixation test (CFT) was performed by the
modified micromethod according to Zastéra et al., published as
a supplement to the standard method in Acta Hygienica, Epidemio-
logica et Microbiologica (12). The tests were performed in two steps.
The first step involved the incubation of a mixture of antigens and
antibodies, together with complement (its optimum concentration
was tested in advance). The second step consisted of the detection
of free or not fixed complement after its reaction with the immunity
complex, with the suspension ready-to-use haemolytic system used as
an indicator. The activity of the complement was determined quanti-
tatively as 50% haemolysis of the haemolytic system. The basic dilu-
tion was 1:8 and this titre was considered positive.

For the diagnosis of Toxoplasma antigen (Virion, Switzerland),
complement (made from guinea pig serum, Virion, Swizerland;
work dilution 1:47.5), Toxoplasma positive and negative serum
(Imuna a.s., the Slovak Republic), and Haemolytic system (ready
to use; Virion, Switzerland) were used.

Polymerase chain reaction (PCR)

The DNA was isolated from approximately 5ml of uncoagu-
lated blood to which ethylenediaminetetraacetic acid (EDTA) was
added. The DNA was isolated from the leukocyte fraction of the
blood by means of a commercial kit, QlAamp DNA Mini Kit (QIA-
GEN, Germany).

The amplification of the isolated DNA was carried out by the stan-
dard PCR method from the T. gondii gene region TGR1E, repeated
in the genome 30—35 times, using the specific primers TGR1E-1 and
TGR1E-2 (2). The PCR was carried out in a 25 L reaction volume,

containing 0.2 uM of each primer (TGR1E-1, TGR1E-2), 0.2mM of
each dNTP, 1.5mM MgCl,and 2.5U of Tag DNA polymerase. The
reaction was conducted in a thermocycler (Genius, UK) with the fol-
lowing temperature profile: initial denaturation at 94°C for 3 min,;
40 cycles of amplification (94 °C for 1 min., 60°C for 1min., 72°C for
1min.); and a final extension at 72°C for 7min. The PCR products
were visualized in 3% agarose gel and stained with ethidium bromide.
The final positive PCR product was 191 bp in size (3).

RESULTS

The complement fixation test was used in our study to
examine 160 sheep blood sera. The dilution 1:64 was consid-
ered positive with the subsequent PCR diagnostics to follow.
Fifty (40.32%) of the examined sera were positive at dilution
1:64—1:256. Thirty-eight were positive at a cut-off dilution
of 1:64; 10 sera at a cut-off dilution of 1:128; and 2 sera at a
cut-off dilution of 1:256.

Subsequently, we used uncoagulated blood of the respec-
tive 50 sheep to isolate DNA and the PCR diagnostics al-
lowed us to detect 5 (10%) positive products. When using
1:64 as the cut-off dilution, the PCR diagnostics proved posi-
tive in 2 sheep out of 38; at the dilution of 1:128, one sheep
of 10 was positive; and at the dilution of 1:256, both sheep
showed positive (Fig. 1).

DISCUSSION
The methods of laboratory diagnostics most frequently

used for the detection of antibodies against T. gondii, include
the complement fixation test and the ELISA to detect markers

191 bp

Fig. 1. Gel electrophoresis for the positive presence of 7. Gondii DNA
K — positive control, M — marker, 2—6 — positive ovine samples, N — negative control
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of acute infections of the classes IgM, IgA and IgE, and to de-
tect antibodies of class 1gG. The avidity of 1gG increases after
the acute infection phase, i.e. 4—5 months after exposure to
the T. gondii antigen. The reason for the detection of DNA in
the clinical material is the relatively difficult interpretation of
serological results in various types of toxoplasmosis.

The partial results of the presence of antibodies and sub-
sequent proof of DNA by means of the polymerase chain
reaction, indicated a wide prevalence of toxoplasmosis
in the sheep flocks. Of the 160 examined sera with titres
1:64—1:256, which point to the potential acute phase of
the infections, 50 sera (31.25%) were positive and the subse-
quent PCR analysis proved the presence of DNA of T. gondii
in 5 out of them (3.1%).

In our study, we noticed that there was a high seropreva-
lence, but low direct detection of the DNA of T. gondii by
the PCR. The detection of T. gondii DNA depends on the
phase of the infection. During the acute phase, the parasites
are hidden in the leukocytes of the blood and they circulate
in the blood. During that time we were able to capture the
parasites and isolate the DNA of T. gondii. When the acute
phase changes into the chronic phase, parasites are hidden in
cysts in the tissues and organs and it is not possible to detect
their presence in the blood.

A high prevalence of this protozoal disease was observed in
studies investigating the presence of antibodies against T. gon-
dii in sheep flocks in other European countries. In the period
of 1999-2002, studies conducted in Sardinia analysed 9639
samples of sera and 815 samples from abortions (670 aborted
foetus and 145 placentas) obtained from 964 sheep and goat
farms. The sampled sera were examined for the presence of
19G and IgM specific antibodies against Toxoplasma gondii by
means of the indirect immunofluorescence method while the
foetus and placenta were examined by the PCR. The specific
antibodies against IgG were found in 652 (9%) of the sheep.
Of the total number of 2471 samples of sheep foetuses includ-
ing muscles, liver, abomasums, spleen, brain and placenta, the
PCR proved positive in 271 (11.1%) of the cases. On the one
hand, these results indicated a relatively high seroprevalence
and, on the other hand, pointed to the important role of PCR
diagnostics related to sheep abortions (8).

In the southern lItaly region of Campania, 117 sheep
flocks kept on pasture were examined. Samples of blood and
milk were taken from 10 adult sheep (>18 months old) from
each flock. Thus, altogether 1170 sheep were subjected to
examinations. Blood sera were examined for the presence of
19G antibodies by indirect immunofluorescence. Of the 1170
sheep samples collected, 333 samples were positive (28.5%)
and the PCR proved the presence of Toxoplasma gondii in 4
samples of the milk (3.4%) (6).

In France, the presence of specific 1gG antibodies to
T. gondii was confirmed in 22% of the lambs and 65.6% of
the ewes. The prevalence in Sicily was in the range of 70—
90%, while in Switzerland, it reached approximately 58.6 %
and in Germany only 19.1% (11).

The presence of feral or domestic cats parallels the epi-
demiology of toxoplasmosis in sheep. Control of T. gondii
must focus on farm management, specifically; reducing the
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presence of felids or feline faecal contamination of the feeds,
including the pastures and hay. Tom cats and spayed female
cats are an alternative to no cats. Providing litter boxes is one
step towards minimizing faecal contamination. The top bales
of hay should not be fed to pregnant ewes.

CONCLUSIONS

Sheep are important to the economy of many countries
because they are a source of food and wool for humans. Sheep
are commonly infected with the protozoal parasite, Toxoplas-
ma gondii. The severity of the infection is associated with the
stage of pregnancy during which the ewes becomes infected;
the earlier in gestation, the more severe the consequences. In-
fected sheep meat is a source of T. gondii infection for humans
and carnivorous animals. A positive serological result is only
indicative of infection, whereas molecular tests could detect
the presence of circulating parasites in the blood or other clin-
ical samples. In general, the PCR techniques are more sensi-
tive in the diagnosis of toxoplasmosis. But one of the main
problems involves the lack of standardization of the PCR per-
formance according to differing laboratory conditions. The
other problem is the kind of tissue tested (blood, liver, spleen,
cerebrospinal fluid, etc.). Each study has different sensitivity
in the PCR testing with different tissues. Perhaps more com-
parative studies (comparison of PCR using different tissue
samples or blood) will give us a better view on the sensitivity
of the PCR tests. This would help us to choose the best tissue
samples to select and the best methodology to use in order to
determine the health status of animals.
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ABSTRACT

Regenerative medicine covers the methods of cell treatment and
tissue engineering, and uses a range of new technological advances
that extend it beyond traditional transplantations. Calcium phosphate
ceramics are used and investigated as bone substitute materials in
the field of orthopedic and oral/dental surgeries. Bone formation
comprises a complex set of events that begins with the recruitment
and proliferation of osteoprogenitors, followed by cell differentiation,
osteoid formation, and mineralization. We investigated whether hy-
droxyapatite powder pellets or hydroxyapatite ceramics containing
marrow mesenchymal stem cells, can improve bone formation and
bone-to-implant contact in maxillary sinus grafting. In the present
experimental work, 6 pigs were used for the immediate implant place-
ment after premolar teeth extraction. The results indicated that the
combination of marrow mesenchymal stem cells and hydroxyapatite
powder pellets synergistically enhanced the osteogenic potential, and
may provide a rational basis for their clinical application, although
further in vivo experimentation may be needed.

Key words: hydroxyapatite; marrow mesenchymal stem cells; os-
teogenesis; tissue engineering
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INTRODUCTION

Tissue engineering is a part of regenerative medicine and com-
bines medical science with engineering in the development of bio-
logical replacements of tissues or organs (4). The goal of tissue engi-
neering in the craniofacial region is to develop abiological substitutes
that promote tissue regeneration (5). One of the most remarkable
advantages is that the regeneration of only a small amount of tis-
sue can be highly beneficial to the patient, particularly in the field
of periodontal tissue regeneration (6). Tissue engineering, which
includes bed structures for osteogenesis in dental implantations,
makes use of the advantage of combining cultured living cells and
an implant body that can be used as a scaffold (2). Previous attempts
to engineer bone or cartilage reconstruction around implants have
utilized osteoblasts or chondrocytes encapsulated in various hydro-
gels, which can survive in vitro fabrication and be able to synthesize
cell-associated scaffolds of extracellular matrices (1, 10).

Fresh autogenous bone grafts are generally considered the most
effective material for the repair of bone defects. However, these grafts
have some problems, such as donor site morbidity and limited avail-
ability, so synthetic hydroxyapatite (HA) has been used as a bone
graft substitute (7). Calcium phosphate ceramics, such as hydroxy-
apatite (HA) and beta-tricalcium phosphate, are considered to work,
in essence, as scaffolds of the osteoblastic cell lineage during prolif-
eration and differentiation, because they display higher affinity to the
cells than metallic and polymeric materials do. It is of interest to learn
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Fig. 1. A) The microstructure of HA ceramic with irregular pores; B) The 14th day after implantation of the HA powder pellets with MMSCs, stained with H-E,
Magn. x600; C) Detailed view at the 14th day after implantation of the HA powder pellets with MMSCs, stained with H-E, Magn. x 1000; D) The 28th day af-
ter implantation of the HA ceramics with MMSCs; stained with H-E, Magn. x 1000, asterisk — without bone formation (there are no osteoblasts or osteoclasts)
Bone trabeculae (BT); osteocytes (O); osteoblasts (Ob); osteoclasts (Oc); blood capillaries (BC)
Authors: A) Medvecky, L.; B—D) Cigankova, V., Tarabova L., 2011 (unpublished). The images were prepared within the project
“Advanced Implants Seeded with Stem Cells for Hard Tissues Regeneration and Reconstruction, ITMS project code: 26220220032

whether the release or exchange of calcium and phosphate ions in the
surroundings of an implanted calcium phosphate material can trig-
ger specific reactions such as bone formation. There is evidence that
calcium and phosphate ions affect the activity of the bone cells (9).

FINDINGS

Preparation of hydroxyapaptite components

Hydroxyapatite was synthesized by the co-precipitation of 0.5 M
Ca(NO,),.4H,0 (analytical grade) solution and 0.5M (NH,),HPO,
(analyticalgrade) solution (molar ratio of Ca/P =1.66). The rotation
speed of the stirrer was 450 rpm and the precipitation was accom-
plished after 72 hours ata temperature of 25 °C. The precipitates were
washed with distilled water and filtered over the membrane filter
(Millipore, 0.2um pore size). The hydroxyapatite (HA) pow-
der was dried for 4 hours at a temperature of 110°C. Subse-
quently, it was mixed with cellulose (SigmaAldrich, particle size
around 20pm) with the final content of cellulose in the
green samples as 30%. Thereafter, the powdered mixture was

pressed into pellet forms and sintered for one hour at 1150°C.
The relative density of the ceramics was 68 %. The phase composi-
tion of the samples was analyzed by X-ray diffraction analysis (Phil-
ips X_PertPro) and infrared spectro copy (SPECORD M80, 400
mg KBr+1mg sample). The beta-tricalcium phosphate (betaTCP,
JCPDS 09-0169), hydroxyapatite (HAP, JCPDS 24-0033) and al-
faTCP phase (JCPDS 29-0359) were found in the ceramics. The
total HA content in the ceramics was about 70%. The microstruc-
ture of the ceramics with irregular pores with lengths up to 30 pm
and widths up to 5pm are clearly visible (Fig. 1, A). Besides that,
a high portion of small irregular micropores was observed in the
microstructure.

Preparation and culture of marrow mesenchymal stem cells

From each pig, a 10 ml bone marrow sample was aspirated from
the posterior iliac crest. Subsequently, a cell culture was processed
by the company EUROCORD-Slovakia which also included a deter-
mination of the phenotype. The cells were seeded in the HA compo-
nents with a density of 10° per scaffold.
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Experimental procedure

In the present experimental work, 6 pigs were used for immedi-
ate implant placement after premolar teeth extraction. HA powder
pellets containing marrow mesenchymal stem cells (MMSCs; test
site) and HA alone (control site) were grafted in each maxillary
sinus of 3 pigs. The remaining animals were grafted with the HA ce-
ramics containing MMSCs (test site) and HA alone (control site).
The animals with HA powder pellets were killed 2 weeks after graft-
ing, and animals with HA ceramics were killed 28 days after graft-
ing. Subsequently, block sections of the implant sites were harvested
and prepared for histomorphometric analysis.

Histological processing

Samples were taken from the bone tissue for light microscopy, and
were fixed immediately after excision in 4% neutral formaldehyde and
de-mineralized in Chelaton. Excisions were processed by the usual em-
bedding methods in paraffin. Sections with a thickness of 7—10um
were made on a microtome, stained with hematoxylin-eosin (H-E), ex-
amined and photographed under a light microscope (Olympus BX 50).

On the 14th day after implantation of the HA powder pellets
with MMSCs, the bone trabeculae contained osteocytes without
any signs of damage. On the surface of the bone trabeculae there
were a few osteoblasts and many osteoclasts. The blood capillaries
were intact, but in the surrounding bone marrow, there was cell
detritus. Detailed observations on the bone trabeculae revealed os-
teocytes and osteclasts. The osteoclasts had a typical foamy cyto-
plasm and they play an important role in bone resorption. On the
28th day after implantation of the HA ceramics with MMSCs, on
the surface of bone trabeculae, there were no osteoblasts or osteo-
clasts. Only the HA powder pellets containing MMSCs resulted in
bone formation together with active osteoblasts at 2 weeks (Fig. 1,
B and C). The HA ceramics containing MMSCs did not induce
bone formation even after 4 weeks (Fig. 1, D). These results indi-
cated that the combination of marrow mesenchymal stem cells and
hydroxyapatite powder pellets synergistically enhanced osteogenic
potential, and may provide a rational basis for their clinical applica-
tion, although further in vivo experiments will be needed.

The animal model of sinus augmentation in minipigs is used
frequently in studies because: the minipig sinus has a well-defined
ostium; the Schneider membrane is thin; and the size of the sinus
is comparable with human sinuses (3). Furthermore, minipigs have
close similarities to humans in terms of: their platelet count; clot-
ting parameters; metabolic rate; bone structure; and mesenchymal
stem cells characteristics (8). Previous studies have demonstrated
that only cells residing in the periodontal ligament are capable
of forming new cementum by inserting collagen fibres into the
exposed root surfaces (6). There is still a limit on the osteogenic
capacity and number of freshly isolated marrow cells available for
grafts. When freshly isolated marrow cells are cultured, the hemo-
poietic cells disappear while mesenchymal cells selectively adhere
to the culture substrate and increase in number (7).

Octacalcium phosphate (OCP), which is structurally similar to
hydroxyapatite (HA), is a possible precursor of bone apatite crys-
tals. Suzuki (9) suggested that OCP can be interacted with the sur-
rounding tissue during OCP-HA conversion, which is accompanied
by calcium ion incorporation into, and phosphate ion release from,
the crystals. The mechanism to enhance bone formation by synthetic
OCP has not been fully elucidated in terms of its physicochemical
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and biodegradable aspects. Furthermore, the crystal chemistry of
OCP, including the soluble nature, surface reactivity and structural
change into HA related to the variety of stoichiometries of OCP, is a
key point of investigation in order to develop better biomaterials for
bone regeneration using OCP as a source material. The microstruc-
ture of OCP is another factor affecting osteoconductivity and may be
a common factor observed in other calcium phosphate ceramics (9).
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ABSTRACT

Antioxidant, anti-inflammatory and venoconstrictor properties
have been attributed to extracts from desculus hippocastanum. These
unusual and diverse properties may possibly be linked with the sup-
pression of proliferation, survival, invasion and angiogenesis of can-
cer cells. In order to recognize when some of these different effects
might occur, we decided to investigate the different dose induced ef-
fects of Aesculus hippocastanum on the major categories of hormetic
stress resistance proteins. The dose-response curves indicated that the
lowest treatment doses used (15.6 pug.ml*for escin and 125 pg.ml* for
the whole chestnut extract) were involved in the activation of the cel-
lular stress response pathways.

Key words: antioxidant enzyme; dose-response; escin; hormesis;
horse chestnut

INTRODUCTION

Horse chestnut is one of the oldest and more widely used drugs
since ancient times. In 1896 a clinical study established that horse
chestnut was useful in treating haemorrhoids, using an alcoholate
of the nut to show its anaesthetic and anti-inflammatory activity
in treating varicosis, in general, and haemorrhoids, in particular
(13, 14). The primary active constituent found in horse chestnut
seed extract is escin. Escin is a natural mixture of triterpene sapo-
nins, which mainly consists of A, B, C, and D escin. A number of
other products such as, bioflavonoids (quercetin, kaempherol and
their diglycosyl derivatives), anti-oxidants (proanthocianidin A2),

and the coumarins (aesculin and fraxin) have been isolated from
the chestnut seeds (13). Escin has been reported to act as an anti-
inflammatory, anti-allergy, antioxidant, vasorelaxant compound (6).
On the other hand, Niu and co-workers demonstrated that beta-es-
cin is a potent natural inhibitor of cell proliferation and an inducer
of apoptosis either in HL-60 acute myeloid leukaemia cells (10)
or K562 chronic myeloid leukemia cells (11). Recently, escin was
found to exhibit significant antitumour effects in human hepatocel-
lular carcinoma (15).

These contradictory effects could be related to hormesis, as
many micronutrients have the capacity to be toxic at high levels,
while at low levels they may be essential for good health (1). In
this study, we focused on different dose exposures of horse chestnut
and escin which displayed either a stimulation or inhibition of anti-
oxidant enzyme activities representing an adaptive stress response.

MATERIALS AND METHODS

The horse chestnut’s botanical name is Aesculus hippocastanum
L., semen. Horse chestnut-dry extract (HCE, 18 to 22% escin) and
the saponin beta-escin (E) were a gift from CALENDULA a.s.
(Slovak Republic). Saponin beta-escin is the main active constitu-
ent of horse chestnut seed extract. All other chemicals used were
of analytical grade and, if not stated otherwise, purchased from
Sigma-Aldrich or Serva (Heidelberg, Germany). Male Wistar rats
(Velaz, Prague, Czech Republic) weighing 200—250g were used ex-
perimentally. Adhering to procedures approved by the Pavol Jozef
Safarik University of Kosice Animal Care and Use Committee, the
animals were sacrificed by cervical displacement and decapitation.
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Fig. 1. Dose-response trend curves showing enhanced or inhibited activities of enzymes.
A) superoxide dismutase (SOD); B) glutathione peroxidase (GPx); C) glutathione reductase (GR)
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Liver mitochondria were isolated from male Wistar rats using the
method of Johnson and Lardy (9). The mitochondrial proteins
yield was quantified using the Bradford method (3). The mea-
surements were carried out in a respiratory medium (in mmol.I%)
80 KCI, 300 KH,PO,, 300 K,HPO,, 15 TRIS-HCI, 6 MgCI,,
0.78 EDTA, pH 7.4 and 20mg.ml* mitochondrial protein. The
effective doses of extracts were prepared by binary dilution from
an initial concentrations of 500ug.ml?* to a final concentration of
15.6 ug.ml%. Enzyme activities in control samples were measured
without addition of extracts. The activity of glutathione reductase
(GR, E.C.1.6.4.2) was measured according to a modified method
previously described by Carlberg and Mannervik (5); that
of glutathione peroxidase (GPx, E.C. 1.11.1.9) was measured as
described by Flohe and Gunzler (8) and calculated per mg of
mitochondrial proteins (mg P); and that of superoxide dismutase
(SOD, E.C. 115.1.1) by means of the SOD-Assay Kit-WST (Fluka,
Japan) following the user manual provided. The results are present-
ed as the mean of three independent experiments.

RESULTS AND DISCUSSION

To control the flux of reactive oxygen species (ROS),
aerobic cells have developed their own defence system; the
antioxidant system, which includes enzymatic and non-en-
zymatic components. These consist of different antioxidant
systems including low-molecular weight antioxidant mol-
ecules such as glutathione, and various antioxidant enzymes
to defend themselves against free radical attacks. Superoxide
dismutase (SOD), the first line of defence against oxygen-
derived free radicals, catalyses the dismutation of the O,-
into hydrogen peroxide (H,0,). SOD activity inhibition was
observed under the lowest dose of saponin beta-escin (E)
concentration (15.6pg.mlt), the second decrease in activ-
ity appeared with 125 pg.mltand als cat 62.5 ug.ml*of the E
treatments (Fig. 1 A). The decrease in SOD activity was also
observed under treatment concentrations of whole hippocas-
tanum extracts, HCE 62.5ug.ml* (Figure 1 A), but unlike E,
the second decrease was seen at the 250pg.ml* dose (Fig-
ure 1 A). Figure 1 A curves showed both common forms of
hormetic dose-responses. In the first case, the low-dose was
stimulatory and the high dose was inhibitory. In the second
case, the low-dose reduced the response and the high-dose
enhanced the response. These contradictory results may be
caused by the basic difference between a mixture of substanc-
es with HCE and the fact that the other dosage tested con-
sisted of a single agent. There is an argument that stimulatory
responses are not always beneficial and some may even be
harmful. Based on the SOD function, low activity could sig-
nify low superoxide production, as well as enzyme inhibition
and growing oxidative stress conditions. In fact, either the
inhibitory or stimulatory effects may be harmful or beneficial
(7). According to Calabrese and Baldwin (4), hormesis
is an adaptive response whose value should be judged after
subsequent evaluation of the biological consequences of the
response. Typically, such pathway responses involve other cy-
toprotective proteins, such as GPx.

H,0O, can be transformed by GPx. GPx is a selenoprotein,

which also reduces substrate peroxides (lipidic or nonlipidic
hydroperoxides) as well as H,0, while oxidizing glutathione
(GSH). Oxidized glutathione, GSSG, is reduced back to GSH
by glutathione reductase (GR) and GR utilizes NADPH to
reduce oxidized glutathione (12). As the Fig.1 B showed, a
decrease in GPx activity was detected using the lowest E treat-
ment concentration of 15.6pug.ml* and at 125pg.ml*. HCE
(Fig.1 B) decreased GPx activities with a shift to 62.5ug.ml*
and 500 pg.ml* in comparison to E. In order to maintain the
redox cycle, GR activity is crucial. GR activities (Fig.1 C)
showed E doses of 15.6 ug.ml* and at 31.25ug.ml?, decreased
non-monotonic responses (also 250 pg.mlt) in contrast to
HCE (Fig.1 C) which changed direction (decreased at the
higher concentrations used 125—500ug.ml?).

The observed non-monotonic dose-response curves of
both extracts could serve as an explanation of previously ob-
served antioxidant or cytotoxic effects. Especially, the most
active substance of HCE, i.e. E, was found to reduce the en-
dothelial dysfunction in rat aortic rings subjected to oxida-
tive stress, and to induce in these preparations a contraction
quantitatively similar to that previously found in veins (6).
In cultured cells, the induction of apoptotic and necrotic cell
death and impairment of several metabolic functions such as
mitochondrial energy production and DNA synthesis, have
been described (2).

Still, the effective dose in the sense of being either inhibi-
tory or stimulatory depends on the result of the comprehen-
sive biological response. Finally, they mediate cytoprotective,
cytocidal or cytostatic effects. The results of our study indicate
that treatment with E in a dose range of 15.6—31.2 ug.ml* (par-
ticularly 15.6 pg.ml*) and HCE in a dose ranging from 62.5 to
125pg.ml* (particularly 125pg.mlI*) would be involved in the
activation of cellular stress response pathways.
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ABSTRACT

A comparison of the acquired resistance of three Nigerian indig-
enous breeds of goats (Red Sokoto (RS), West African Dwarf (WAD)
and Sahel White (SW)) to experimental infections with H. contor-
tus Was investigated. Seven dewormed goats from each of the breeds
were experimentally infected with 100 L, of H. contortus weekly for
10 weeks, while three goats per breed served as controls. At week six
post infection (PI), two from each breed were sacrificed to determine
the worm infestation. Live weight changes, faecal egg count (FEC),
packed cell volume (PCV), eosinophil counts and total serum proteins
(TSP), serum chemistry were determined using standard methods.
The data were analyzed using descriptive statistics and ANOVA at
P<0.05. In the experimentally infected goats, the SW lost more
weight (32%) than the RS (21%) and the WAD (11%). The haema-
tocrit values showed a higher percentage reduction in the SW (52 %)
and the RS (44%) than in the WAD (38%). The highest egg burden
was in the SW (500—9500) while the RS was intermediate (200—
9000) and the WAD had the least egg burden (500—7000). The TSP
and C3 complement values were significantly higher in the WAD than
the RS and the SW. The worm count at week six was highest in the
SW (69%), compared to the RS (58%) and the WAD goats (57 %).
The worm infestation showed a higher number of L, larvae in the SW
(30%) compared to the RS (19%) and the WAD (11%) which might
have precipitated severe pathogenicity in the SW and the RS. The
WAD breed was more resistant to Haemonchus contortus than the
RS and the SW and this may not be unconnected with its significantly
higher eosinophil counts, C3 complement component and total serum

proteins in the breed. Advantage of this resistance could be taken by
cross-breeding the WAD with other breeds.

Key words: comparative resistance; Haemonchus contortus; Red
Sokoto goats; Sahel White goats; West African Dwarf goats

INTRODUCTION

In Nigeria, among the various intestinal parasites, Haemonchus
contortus is the most important and is responsible for most field out-
breaks of acute and sub-acute parasitic gastroenteritis of small rumi-
nants (9, 10). The reliance and use of anthelmintics has led to the
development of drug resistant to each successive new anthelmintic
class of drugs (4, 5, 23). In addition to anthelmintic resistance, there
is a growing demand for organic animal products that are produced
without the use of chemical substances (27). This development has
initiated interest in the breeding of disease-resistant animals (24, 25,
26). There are emerging evidences that suggest a genetic basis for the
resistance to gastrointestinal nematodes. There have been reports
of inter breeds genetic differences responsible for the resistance to
infestation by gastrointestinal nematodes (3, 6, 10).

There are also reports of resistance to H.contortus in the Nige-
rian West African Dwarf (WAD) goats (6, 9,10). Information is,
however, lacking in other breeds, such as the Red Sokoto (RS) and
Sahel white (SW), which make-up the greater percentage of small
ruminants in Nigeria (21).
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As a result of this vacuum this study was used to determine the
parameters for measuring resistance in the three breeds of Nigerian
goats and the relationship between weight changes, packed cell vol-
ume (PCV), faecal egg count (FEC), C3 complement component
and total serum proteins as selective factors for their relative suscep-
tibility and resistance.

MATERIALS AND METHODS

This study was conducted in an experimental goat house at the
University of Agriculture, Abeokuta, Nigeria, which lies at 7°10" N
and 3°2'E. It has a prevailing tropical climate with a mean annual
rainfall of about 1037 mm. The mean ambient temperature ranges
from 28°C in December to 36°C in February with a yearly average
humidity of about 82%. The vegetation is an inter-phase between
the tropical rain forest and the derived savannah. The experiment
was carried out between February and December 2007.

Experimental animals

A total of 30 Nigerian goat breeds, aged 4—7 months, were used
for this study. The breeds identified were 10 West African Dwarf
(WAD), 10 Red Sokoto (RS) and 10 Sahel White (SW). Identifica-
tion was based on conspicuous characteristics that are genetically
determined, as well as many trademarks such as phenotypic ap-
pearance and height at the withers according to Steele (21). The
Nigerian goats were divided into three groups as follows: 10 WAD
(7 infected and 3 controls), 10 RS (7 infected and 3 controls) and
10 SW (7 infected and 3 controls).

Pre-experimental treatment

All goats acquired were apparently healthy but were individually
treated for endoparasites and ectoparasites using (ivomec®) Iver-
mectin in water 0.02mg.kg?, coccidiostat containing 200 mg trime-
throprim and 100 mg sulphadiazine B.P per os (Chanelle Pharmaceu-
tical Ltd., Spain) and Diaminazene Aceturate (Berenil®?) 3.5mg.kg*
intra-muscularly and acaricide Provethrine 307 “pour on” Cyper-
methrine 3% (Veterinary Pharmaceutical Panteck, Holland). They
were vaccinated with homologous Pests des Pestis Ruminants
(PPR) vaccine (National Veterinary Research Institute, Vom, Jos,
Nigeria) and confined and fed with grass harvested from a field that
had not been grazed by any livestock previously.

Housing

All goats were housed individually in a wooden pen house with
slatted floors which ensured that the animals did not have access
to their faeces. Fly-proof aluminium netting was placed underneath
the slatted wooden floor to recover faeces from each pen. Tse tse fly
traps were strategically located around the pen.

Feeding

During the period of acclimatization the goats were fed pri-
marily on feed from the area where they were obtained. This was
gradually withdrawn and replaced with grasses including Panicum
maximum (Guinea grass) and Pennisetum purpureum (Elephant
grass), previously harvested from fields that had not been grazed by
livestock, washed and sun dried before it was fed. The concentrate
feed was composed of: maize (15%); wheat offals (45%); palm ker-
nel meal (PKC) (30%); oyster shell (3.5%); bone meal (5%); salt
(1%); and premix (0.5%) as supplements. Salt lick and water were
provided ad libitum.

Experimental parasites
Monospecific Haemonchus contortus larvae

Three hundred very active gravid females, adult males and
immature H.contortus obtained from the local goat abattoir were
identified microscopically. These parasites were inserted into the
abomasum of worm free lambs through a left side laparotomy. Fae-
ces from lambs were cultured routinely according to Sonibare
etal. (19). Infective larvae were obtained using the modified Baer-
ssmann’s technique as described by MAFF (13). The quantity of
larvae in a given volume was represented by the number of active
larvae in the field.

Experimental protocol

The infected groups (7 goats from each breed) were infected
with 100 H. contortus infective larvae (L,) administered via a stom-
ach tube weekly for 10 consecutive weeks (days 0, 7, 14, 21, 28, 35,
42, 49, 56 and 63). Three goats from each breed served as negative
control.

Faecal examination and worm count

Haemonchus contortus faecal egg counts were determined dai-
ly for 28 days in all infected goats and subsequently weekly using
saturated sodium chloride by the modified McMaster technique ac-

Table 1. Incubation periods, faecal egg counts and total worms recovered from three breeds of
Nigerian goat after serial experimental infection with Haemonchus contortus larvae

Breeds of Incubation period Range of faecal egg counts Total H. contortus worms recovered
Nigerian goats (days) (EPG)
SWn=7 20 £ 0.67 500-9500 415128:1 \(/\?c?r:ﬁ 543:9?:)2 %
RSn=7 211071 200-9000 3507000 B8 M) L~ D%
WAD n=7 244054 5007000 342/600 (57 %) L, = 11 %

Adult worms = 46 %
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cording to MAFF (13). Two goats from each breed of goat were
sacrificed after the 7th week (42 days) post infection (PI). At post
mortem, the abomasums were isolated, ligated at both ends in situ
and the worms were counted as described by MAFF (13).

Clinical examination

All goats were examined clinically on a daily basis and the live
weight changes were monitored weekly using a hanging scale as de-
scribed by Steele (21).

Haematology, C, complement and serum total proteins

Fresh blood samples were collected from the jugular vein of
experimental goats into bottles containing disodium ethylene di-
amine tetra acetic acid (EDTA) and placed into plain sterile tubes
for haematology and total proteins. The PCV and eosinophil counts
were determined weekly for 10 weeks according to the standard
procedure by Dacie and Lewis (7). The sera from the clotted
samples were used to determine the C, complement component im-
mediately at 2 week intervals as described by Hudson and Hay
(12). The principle of the determination of C, complement compo-
nent was based on the interaction of antigen and antibody to form
complexes and eventual precipitate formation as in a single radial
immunodiffusion assay (Mancini method). This method involved
using anti goat C, raised in rabbits as the antigen and the unknown
C, in the serum of experimental and control goats as the antibody.
This reaction was carried out in agarose gel. These precipitates re-
main localized and measurable as described by Phimister and

—e— RS infected
—m— SVWV infected
WAD infected

Mean Eosinophil count

All infected goats

Whaley (17). The total serum proteins were measured by the Biu-
ret method as described by Toro and Ackermann (22).

Statistical Analysis

The data were analyzed using the Statistical Analysis System
(SAS), package version 8.0, developed in 2003. Analysis of vari-
ance was used to test for significant differences between groups.
The means were separated using Duncan multiple range test.

RESULTS

Clinical observations

Twenty eight days PI, the SW and the RS goats showed
slightly pale mucous membranes of the conjunctiva with an
increase in the intensity of anorexia. However, the WAD
goats showed only a slight anorexia and pinkish mucous
membrane of the conjunctiva. By day 42 PI, one of the SW
had a complete loss of appetite with progressive depression,
weakness and pallor of visible mucous membranes, while 1
infected WAD showed intermittent anorexia, slight depres-
sion, slightly pale mucous membrane of the conjunctiva and
a rough hair coat. One infected RS on day 42 PI, exhibited
ophisthotonous with intense grunting a few hours before it
was sacrificed.

The live weight losses on day 28 P1 were: 4.6 %, 7.4 %, and
12.6 %, for the WAD, the RS and the SW goats, respectively.

21

35 49 63

Days post infection

Fig. 1. Mean eosinophil counts in three breeds of Nigerian goat during
serial experimental infection with Haemonchus contortus in all infected goats
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At the end of day 56 post serial infection, the weight losses
were: 32%, 21%, and 11% in the SW, the RS and the WAD
goats, respectively, with no significant differences (P >0.05).

Effect of H. contortus infections on the incubation period,
mean faecal egg count and total worms recovered

In the infected groups, the mean pre-patent period was
20+0.67 days, 22+0.71 days and 24+0.54 days in the SW,
the RS and the WAD, respectively. The mean faecal egg
count (FEC) increased in all the breeds of goats as the in-
fection progressed. The range of faecal egg count of the
infected groups showed that the highest egg burden was in
the SW (500—9500), while the RS was intermediate at 200—
9000 and the WAD had the least egg burden (500—7000).
The total H.contortus worms recovered from each breed on
day 42 were: 57% (L,=11%+Adult worms=46%); 58% (
L,=19%+Adult worms=39%); and 69% (L,=30%+Adult
worms=39%) of the total infected parasites from the WAD,
the RS and the SW, respectively (Table 1).

Effect of H. contortus infection on PCV

By 28 days post serial infection, the PCV decreased by
41%, 31% and 14.8% in the SW, the RS and the WAD goats,
respectively. The WAD PCV value became significantly low-
er at P<0.05, than the controls by day 35 post infection. The
PCV of all infected Nigerian goats decreased at (P>0.05)
160
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from days 35, 42, 49, 56 and 63 PI. The value of the infected
WAD was, however, higher than that in the SW and the RS.
The percentage decrease at the end of day 63 Pl was 52% in
the SW, 44% in the RS and 38% in the WAD.

The eosinophil counts

The eosinophil count values of all infected breeds of goats
increased gradually from the pre-infection to day 21 PI, al-
though it was not significant compared with the controls.
The infected WAD showed a persistent increase in eosinophil
counts from the beginning of the infection to a value high-
er than in the infected RS and SW (Fig.1). The eosinophil
counts of the WAD and the RS were higher than those of the
SW. However, both the RS and the SW showed an increase in
the eosinophil counts, but by day 21 PI, the eosinophil counts
decreased in the RS which later rose by day 49. In the SW, the
decrease in eosinophil counts commenced from day 35 post
infection with a steep decline. The percentage increase in eo-
sinophil counts was the highest in the WAD (81 %), interme-
diate in the RS (78%) and in the SW (62 %) and significantly
higher in the WAD and the RS than the SW.

C3 complement levels and total serum proteins (TSP)

The mean C3 complement levels in Nigerian goats
showed that the WAD (130.43+15.24) had the higher val-
ue at P<0.05, compared to the RS (88.90+10.10) and the
SW (78.39+7.78). There was however, no significant differ-

—e— RS infected
—=— SW infected

WAD infected

All infected goats

28 42 56

Days post infection

Fig. 2. Mean C3 complement levels in three breeds of Nigerian goat during serial
experimental infection with Haemonchus contortus in all infected goats
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ences in the values for the RS (88.90+£10.10) and the SW
(78.39+7.78). The mean values from all infected goats de-
creased as the serial infection increased. This decrease was
significant in the SW and the RS from day 38 PI, when com-
pared with the pre-infection values. The value of the WAD
became significantly lower from day 35 post infection. The
mean value from the WAD was however, higher than the RS
and the SW. Similarly, the percentage decrease in the C3
complement levels was highest in the SW (77 %), intermedi-
ate in the RS (75%) and the lowest in the WAD 69 % (Fig. 2).
The mean values of TSP (g.dl?) in all goats showed no sig-
nificant change before the commencement of serial infec-
tion. However, by days 28, 42 and 56 post infection, the RS
had progressively decreasing values at P<0.05 compared to
values before the infection. The mean values of infected SW
and WAD became significantly lower from day 42 and 56
post infection. The mean value from the WAD was higher at
P>0.05 compared with the other infected goats. The percent-
age decreases in TSP were 69 %, 51% and 41 % in the RS, the
SW and the WAD, respectively.

DISCUSSION

The differences in the pre-patent periods of differ-
ent breeds in this study confirmed the earlier observations
of Baker etal. (3), where it was reported among breeds,
between and in different breeds, variations in the immuno-
logical responsiveness to experimental H.contortus infection.
Especially goats bred and fed under similar husbandry as re-
ported in this study. Similarly, it also confirmed the obser-
vations of Fakae etal. (9, 10) and Nwosu etal. (16) that
Nigerian goats are capable of developing enhanced acquired
immunity following H. contortus infection. The implication of
this is that serial infection with H.contortus might be a viable
option for the selection of resistant breeds of Nigerian goat
as it has been demonstrated in some genotypes of goats and
sheep (11, 18, 19, 20). Although prolonged pre-patent periods
to Haemonchosis could be considered as a relatively resistant
trait, it is not the only widely accepted and used criterion for
determining acquired immunity as it may be affected by para-
sites strain and pathogenicity (9, 10). Similarly, some larvae
may become hypobiotic (arrested) after ingestion and do not
emerge from the mucosal crypts until some 4—5 mouths later
and in such cases the pre-patent periods may be extended (1).

A comparison of PCV and weight losses among the three
breeds showed a steady decline following infection. Despite
this observation, the SW and the RS showed more clinical
manifestations of haemonchosis than the WAD. The PCV in
the three breeds fell to significant level (P<0.05) at the latter
part of the serial infection (28—42 days Pl). The percentage
decrease in these values was higher in the SW and the RS
than the WAD. The time period of the fall of values coincid-
ed with worm maturation and the active feeding of juveniles
stage L,, thus confirming earlier assertions of Vanimisetti
etal. (25) that PCV and RBC counts were reliable measures
of host pathology and ability to respond to anaemia due to
haemonchosis.
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However, the observation at necropsy on day 42 PI that
31% of the total worms recovered from the SW were at juve-
niles stage L, in contrast to only 19% in the RS and 9% in
the WAD, might have accounted for the severity of the infec-
tion in these breeds owing to the highly pathogenic charac-
teristics of the L, stage (15). The relatively short life span of
the adult Haemonchus spp. and their continually being lost,
might have accounted for the severity of the L, stage. There-
fore, the higher the number of L, the more likely the sever-
ity of the infection and susceptibility of the breed, as their
population indicated infective larvae that had evaded the
host’'s immune defence mechanisms. Thus, the adult worm
population at any given time might not be necessarily related
to pathogenicity, compared to the effects of the fast growing
L, especially as it is related to the short life span of adult
Haemonchus 20—40 days (15).

The higher percentage of adult worms recovered in the
WAD (46%) compared to the SW (32%) and the RS (23%)
in this study was inversely related to the FEC, especially in
the WAD. However, the higher male adult worms compared
to the female population which might have caused this, was
not reflected in the haematocrit values reported in the WAD
in this study. The reduced FEC in the WAD despite higher
adult worm counts may be due to the significantly higher
eosinophil counts in this breed. The positive relationship
between eosinophilia and hypersensitivity might have led
to mucosal mast cell proliferations and hyperplasia of the
globule leukocytes of the abomasum and increased mucous
production and resultant negative effects on the oviposition
adult worms. This lend credence to the findings of Hooda
etal. (11) that the reduced FEC is widely used as a simple
and reliable phenotypic marker for the selection of gastro-
intestinal nematode resistant in small ruminants.

However, the genetically proven role of the ability to
induce eosinophilia had been reported specifically in sites
where the larval penetration occurred and around the larvae
after infections (2, 14). The increase in eosinophil counts in
the WAD (81 %) and the RS (78%) which was significantly
higher compared to 62% in the SW on day 42 Pl might be
due to the individual variation in the WAD to infection. How-
ever, these might not be the only, or indeed the most impor-
tant explanations, for this observation as other non-genetic
factors like the host, nutritional status and parasite strains
can also produce or modulate the eosinophil counts. The sig-
nificantly higher eosinophil counts in the WAD, as reported
in this study, could have been accounted for by the decreased
worm counts compared to the SW and the RS goats. The
hypersensitivity reaction which precedes the significantly
increased eosinophilia in the WAD might have led to an in-
creased globule leukocytes proliferation. This development
could have accounted for the better immune response in
this breed, compared to the other investigated breeds. This
finding thus, corroborated those of Douch etal. (8) who
reported that the number of globule leucocytes (a likely mod-
ified mast cell) in the mucosa has been associated with an
increased resistant to nematodes in ruminants.

The total serum protein, globulin and C, complement
component, all decreased during the serial infection. How-



ever, the losses reported were greater in the SW and the RS
than in the WAD which had clinical implications particularly
at the latter period of the infection when it coincided with the
period of lower PCV and live weight losses. These observa-
tions might be part of the reasons for the greater pathogenic-
ity in the SW and the RS than in the WAD.

CONCLUSIONS

The overall evidence from the data obtained from this
study showed that the WAD goats were capable of expressing
acquired immunity against the Nigerian strain of H. contor-
tus, especially the female WAD, which showed outstandingly
good PCV, serum protein level and C, complement compo-
nent levels despite the heavy haemonchosis load. Therefore,
further studies on the use of serial infection as an option for
selecting resistant goats may be worthwhile. The correlation
between resistant goats and PCV, FEC, serum protein level
and C, complement component levels in relation to worm
establishment may be useful parameters in identifying H. con-
tortus resistant breeds among goat populations.
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ABSTRACT

Cancer is a frequent cause of death in older dogs. We analyzed
the incidence of tumours of the mammary gland in bitches in the pe-
riod from 2001 to 2011 at the Department of Surgery, Orthopaedics,
Radiology and Reproduction of the Small Animal Clinic of the Uni-
versity of Veterinary Medicine and Pharmacy (UVMP) in KoSice. In
the eleven years period, 19,188 dogs were examined. Of this num-
ber, 1,112 (5.8%) were cancer patients and tumours of the mammary
gland were diagnosed in 295 animals (26.5%). The most affected
were mongrels (n=73; 24.7%), Cocker Spaniels (n=53; 18%), Ger-
man Shepherds (n=39; 13.2%) and Poodles (n=33; 11.2%). Mam-
mary gland tumours in bitches occurred most often between 10 and
14 years of age. We assume an upward trend in the future years,
with cancer patients making up a larger proportion of the veterinary
patients as a result of the increasing life expectancy of bitches due to
an increased level of care and breeding.

Key words: bitch; mammary gland; tumours

INTRODUCTION

Mammary gland tumours are the most frequently encountered
group of neoplasms in female dogs (23). They constitute 52 % of all
neoplasms in female dogs (5). Between 41% and 53% of the mam-
mary tumours that occur in bitches are considered malignant (5,
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12). The incidence of mammary gland tumours in male dogs is ap-
proximately 1% (25). At least 85% of feline mammary tumours are
malignant (4, 8, 14, 26). These tumours are known to be the third
most frequently occurring tumour in the cat (10, 8, 14, 26). Approx-
imately 20% of benign mammary tumours in cats are diagnosed as
fibroepithelial hyperplasia of the mammary gland (28). According
to Capik etal. (7), the mammary gland is rated as the second most
frequently affected organ in dogs exhibiting approximately a 27 %
prevalence of all tumours. In the study of Bronden etal. (6), the
bitch reproductive system was affected in 28 % of cases, constituting
500 cases of mammary neoplasms.

Malignant tumours may metastasize to lymph nodes, lungs, liv-
er, kidney, heart, bone, skin or eyes and usually occur between 8—10
years of age (19). Breeds with increased risk include the Poodles,
English Cocker Spaniels, English Setters and Dachshunds. Breeds
of reduced risk are Boxers, Chihuahuas and Beagles (19). Approxi-
mately 65 % of tumours occurred in the caudal two sets of mammary
glands. An important risk factor for cancer of the mammary gland
is exogenous sex hormones. Other potential risk factors include re-
peated pseudo-pregnancy and mastopathy (13). The development
of mammary tumours in the dog is clearly hormone- dependent,
because the risk for malignant tumours in dogs spayed prior to the
first oestrus comes to 0.05%, 8% after the first oestrus, and rises to
26 % if spayed after the second oestrus, as compared to the risk in
intact dogs (27). Ovariectomy after the second year of life reduces
the risk of benign mammary tumours.
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Fig. 1. The total number of admitted dogs, the incidence of cancer in dogs and mammary gland tumours
in females in the years 2001—2011 at the Small Animal Clinic of UVMP
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Fig. 2. The incidence of mammary tumours in bitches in relation to age
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Table 1. The most commonly affected breeds with mammary gland tumours
in bitches during the period of 2001 2011

Mongrels Cocker Spaniel German Shepherd Poodle Others Total
2001 4 (16 %) 1 (4%) 6 (24 %) 2(8 %) 12 (48 %) 25
2002 5(35.7 %) 0 1(71%) 3 (214 %) 5 (35.7%) 14
2003 3 (15.8 %) 4 (21.1%) 5 (26.3 %) 1(5.3%) 6 (31.7 %) 19
2004 6 (24 %) 6 (24 %) 4 (16 %) 4 (16 %) 5 (20 %) 25
2005 9 (32%) 7 (25 %) 4 (14.3 %) 4 (14.3 %) 4 (14.3 %) 28
2006 11 (29.7 %) 9 (24.3 %) 4 (10.8 %) 6 (16.2 %) 7 (19 %) 37
2007 5 (17.2 %) 6 (20.7 %) 2 (6.9 %) 3(10.3 %) 13 (44.8 %) 29
2008 6 (22.2 %) 3 (11.1%) 0 18 (66.7 %) 27
2009 10 (33.3%) 6 (20 %) 5 (16.6 %) 2 (6.6 %) 7(23.3%) 30
2010 10 (30.3%) 5 (15.2 %) 4 (12.1%) 3(91%) 11 (33.3 %) 33
2011 4 (14.3 %) 6 (21.4 %) 4 (14.3 %) 5 (17.9 %) 9 (32.1%) 28
Total 73 (24.7%) 53 (18 %) 39 (13.2 %) 33 (11.2 %) 97 (32.9 %) 295

MATERIALS AND METHODS

We analysed the incidence of mammary gland tumours in dogs
at the Small Animal Clinic of the UVMP, Department of Surgery,
Orthopaedics, Radiology and Reproduction annually (2001—2011).
The particulars of the patient consisted of: anamnesis, current clini-
cal status, location and extent of the tumour. Therapy of the mam-
mary gland tumours was carried out mainly by surgical extirpation
and/or medication. The presence of distant metastases was assessed
by radiological evaluation of the thorax based on three radiographic
thoracic views: right and left lateral and ventro-dorsal. Preoperative
examination included blood chemistry: aspartate aminotransfer-
ase (AST); alanine aminotransferase (ALT); alkaline phosphatase
(ALP); creatinine (CREA); urea; total proteins (TP); potassium
(K), and hematological examination: erythrocytes (Ec); leukocytes
(Lc); thrombocytes; leukogram; haematocrit (HT); and electrocar-
diogram (ECG).

Graf Pad Prism 5 software was used for the statistical analysis.
The unpaired t-test was employed for comparisons in relation to the
age of the bitches.

RESULTS

Fig. 1 shows; the total number of patients admitted, num-
ber of cancer patients and patients with mammary gland tu-
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mours for the period of 2001—2011. The total numbers of ad-
mitted dogs were 19,188, of which 1,112 were cancer patients
(5.8%). Of all cancer patients, mammary gland tumour was
diagnosed in 295 (26.5%) bitches. Tumours of the mammary
gland were most common in mongrels n=73 (24.7%), Cock-
er Spaniels n=53 (18 %), German Shepherds n=39 (13.2%),
and Poodles n=33 (11.2%) (Table 1).

Fig. 2 shows the incidence of mammary gland tumours
during the investigated period in relation to age. The mam-
mary tumours were diagnosed between the ages of 4 to 16
years with the mean age being 10+ 3.9 years. The lower (95 %)
mean age was 7.6 and the upper mean age was 12.4 years. By
the fifth year of life of bitches, the incidence of tumours was
sporadic. In the sixth year it was n=10 (3.39%). From the
seventh year of life of females the incidence of mammary
tumours increased n=17 (5.76 %). The median age of tumour
manifestation was between eight to twelve years of age, in the
eighth year, n=34 (11.53%) in the ninth year, n=45 (15.5%).
The highest incidence was in the tenth year of life, n=61
(20.68%). In the eleventh year, the incidence reached n =
49 (16.61%), in the twelfth n=41 (13.9%), in the thirteenth
it was, n=17 (5.76%). From the fourteenth year of life, the
incidence of mammary tumours decreased to n=10 (3.39 %)
and decreased up to 16 years of life n=2 (0.67 %). The statis-
tical significance correlating age and number of bitches with
mammary gland tumours was P=0.04.



DISCUSSION

According to Kuzma and Gilbertson (20), mam-
mary gland tumours are most common in dogs that have
not been neutered. Incidence of mammary gland tumours
in bitches is higher than in other domestic animals, and 3
times higher than in women. Jelinek etal. (16) noted that
most tumours in dogs occur on the skin and the second are
mammary gland tumours. According to Capik etal. (7) epi-
thelial malignant tumours were the most common (65 %), fol-
lowed by mesenchymal (13.5%), epithelial benign tumours
(12.5%) and mesenchymal benign tumours (9%). Accord-
ing to Ledecka (21), mammary gland tumours occurred
in 20% of all cancer patients and were the third most com-
monly occurring type of cancer.

The mean age of dogs with these tumours was 10 to
11 years (21). We determined in our study that the mean age
of bitches with mammary gland tumours in the observed pe-
riod was 10+3.9 years. Bitches with benign tumours were
younger than bitches with malignant tumours. According to
Morris et al. (22), all mammary gland tumours in females
younger than 6 years are benign. Significantly (P <0.01) more
cases were recorded in the age group 8—10 years (33 %), fol-
lowed by age groups 6—8 years, 4—6 years, 10—12 years, 12
and over, 2—4 years and <2 years (18). For small breeds of
dogs, mammary gland tumours occurred at the age of 10+
3 years and for large breeds 9.7+ 3.5 years (15). Boldizsar
etal. (3)and Egenvall etal. (11) described the highest inci-
dence of mammary gland tumours between 10 to 12 years of
age. Adak (1) reported the occurrence of mammary gland
tumours between 8 to 12 years of age. In agreement with
the presented data, our results showed the highest percent-
age incidence of mammary gland tumours in the age group
8—12 years.

So far, many published studies have reported no particu-
lar breed predisposition of mammary gland tumours in dogs
(2). However, Allen and Mahaffey (2) described that
Poodles, Cocker Spaniels, and German Shepherds are af-
fected more often than other breeds. Significantly affected
breeds were Pomeranians (34.07%), followed by German
Shepherds (23.70%), mongrels (14.07 %), Doberman Pin-
schers (12.60%), Labrador Retrievers (5.20%) and Great
Danes (4.44%). Other breeds were not affected significantly
(18). We found that mongrels were affected most frequently
(24.7%), followed by the Cocker Spaniels (18%), German
Shepherds (13.2%) and Poodles (11.2%). It is interesting,
that according Trbolova (29) eyelid tumours occurred
more frequently in the latter breeds examined at the Small
Animal Clinic of UVMP. Breeds such as the Pomeranians,
Doberman Pinschers or Great Danes were not affected sig-
nificantly. Karma etal. (17) and Khimta etal. (18) re-
ported the highest incidence of mammary gland tumours in
Pomeranians, German Shepherds and mongrels. According
to Dhaygude (9), the German Shepherd was the most
affected breed. According to Itoh etal. (15), Maltese and
Yorkshire terriers were the most commonly affected breeds.
Other affected breeds were Siberian huskies, Shibas, and the
Golden Retrievers. The prognosis for a dog with a mammary

gland tumour depends mainly on the nature of the tumour,
its size, the tendency to metastasise, age, the type of food and
presence or absence of ulceration on the tumour mass (24).

CONCLUSIONS

Our results can be summarized as follows:

<= During the 11 year period, altogether 19,188 dogs
were admitted to the Small Animal Clinic of UVMP.

= A total of 1,112 dogs were treated for the oncological
disease.

= Tumours of the mammary gland were diagnosed in
295 bitches, i.e. 26.5% of all oncological patients.

= The mean age of bitches with mammary tumours was
10+3.9.

= An increased incidence was seen in mongrels, Ger-
man Shepherd, Cocker Spaniel and Poodle.

Increasing levels of veterinary care and an increase in
middle-aged dogs resulted in an increased incidence of onco-
logical diseases. The incidence of mammary gland tumours
is becoming a more common problem in small animal prac-
tice. Itis, therefore necessary to devote more attention to this
issue, its prevention and, potential adjuvant therapy.
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