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Abstract

The aim of this study was to evaluate the influence of the antibiotic treatment, including the
mode of drugs administration, on bitches’ attractiveness to the stud dogs during mating. Moreover,
we tried to estimate the possibility of aversive effect of the drug vehicle on the male behavior. In
experiment I, four bitches in oestrus without antibiotic treatment (group A), four bitches treated with
intravaginal antibiotic (group B) and four bitches treated with intramuscular antibiotic (group C)
were presented to four stud dogs. In experiment II, bitches in oestrus (n=5) were presented to the
males (n=2) before and after the application to the females’ vulva the antibiotic carrier – Miglyol 840
(Sasol, Germany). In both experiments the presence of the typical sexual behavior of the males
(sniffing, licking the vulva and anal region, mating attempts) was evaluated. In experiment III the
reaction of the males to the samples containing oestrual discharge from the bitches untreated and
treated with antibiotics was evaluated. In the last part of study the aversion reaction to the samples
containing antibiotic and the antibiotic carrier was evaluated. The results of experiments showed that
females treated with the antibiotics were less attractive to males than untreated females, regardless of
the method of administration. We did not observe adverse effect of the antibiotic carrier but samples
from the bitches treated with antibiotics were significantly less attractive to the males. We concluded
that the reason for reduced attractiveness of the bitches in oestrus after antibiotic treatment was the
changes in semiochemical signal emitted by treated females as a consequence of elimination of the
vaginal bacterial flora, which seems to be involved in creation of the typical, recognizable by the stud
dogs, oestrual signal but also by the possible covering effect of used drugs.
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Introduction

Odour signals play an important role in initiating
and modifying many types of behaviour, including sex-
ual behaviour (Stevens et al 1982, Raymer et al 1986,
Lindsay 2000, Vázquez and Orihuela 2001, Levy et al.
2004, Tod et al. 2005, Dzięcioł et al. 2012b). In animal
reproduction female attractiveness to a male is essen-
tial for a proper conduct of the subsequent sexual act
and this is determined mostly by the presence of spe-
cific semiochemical substances emitted into the envi-
ronment (Kustritz 2005, Martens 2006).

The role of bacterial flora in the development of
semiochemical substances has been confirmed by
many authors in both animals and humans (Dravnieks
et al. 1970, Michael et al. 1974, Michael et al. 1975,
Albone et al. 1978, Bird and Gower 1982, Jackman
and Noble 1983, Gower et al. 1994, Kohl et al. 2001).

Although olfactory signals play a significant role
in a formation of specific animals’ behaviour, under
some circumstances that way of communications
could be disturbed (Goodwin et al. 1979, Gower et al.
1986, Merkx et al. 1988, Nishimura et al. 1991, Pageat
and Gaultier 2003, Kustritz 2005, Ungerfeld and Silva
2005, Martens 2006, Ungerfeld et al. 2006). The aim
of this study was the estimation of the influence of the
antibiotic treatment of bitches in oestrus on their at-
tractiveness towards experienced stud dogs during
mating procedures. We also investigated the influence
of the route of antibiotic administration (intramuscu-
lar or intravaginal) and whether the expected reduc-
tion in attractiveness might be explained by vaginal
flora elimination and/or by a possible aversive reac-
tion to the drug and its vehicle possibly present in
vaginal discharge.

Materials and Methods

Location and animals

The study was carried out over a period of 48
months in three German Shepherd Dog Breeding
Kennels located in Poland and Germany and in the
Clinic of Reproduction of the Wroclaw University of
Environmental and Life Sciences. In the experiment
a total number of 21 dogs (stud dogs and bitches – pa-
tients of the Clinic and dogs belonging to the Local
Experimental Kennel) were used. (Table 1). All males
used in the experiment were highly experienced in
mating and in oestrus detection. We focused on the
experienced dogs since they showed moderate excite-
ment during mating: they are more focused and
usually did not show additional behaviour (playing,
jumping etc.) (Kustritz 2005, Dzięcioł et al. 2012a).

The males from the Local Experimental Kennel were
routinely used for oestrus detection. The stud dogs
(German Shepherds) were top ranking males which
are used for mating tens times per year (in Germany
according to SV Rules the stud dogs of German Shep-
herd Breed are allowed up to a maximum of 90 mat-
ing per calendar year.

Experiment I

During this part of the study, we assessed the in-
fluence of antibiotics and route of administration (in-
tramuscular or intravaginal) during oestrus, on the fe-
males’ attractiveness during mating.

Animals and antibiotic treatment

Four males were used. Eight bitches were allo-
cated to three groups: A (n=4), no antibiotic treat-
ment; B (n=4), intravaginal antibiotics; C (n=4) in-
tramuscular antibiotics. Same bitches were allocated
to various groups in the different cycles (i.e. one year
the female was in group A and in the following year
she was included into the group B or C (Table 1). The
same bitches were also presented to various males in
the different cycles.

The bitches used in the experiment were classified
for the treatment according the individual medical in-
dications (reduced fertility in previous cycles, but
without any pathological discharge from vagina).
Bitches were treated with a broad spectrum antibiotic
Synulox® (Amoxicillin with clavulanic acid, Pfizer) at
a dose 12.5 mg/kg b.w. at 24 h intervals for 7 days. The
drug was administrated intravaginally or intramus-
cularly in group B and C respectively. In all cases the
sensitivity of the vaginal flora was previously con-
firmed by laboratory tests and the treatment was com-
pleted at least 2 days before mating.

Test of the bitches’ sexual attractiveness

The observations were done during the commer-
cial mating or during the arranged meetings. The
bitches from all groups were tested according to the
same procedures described below. When a meeting
was arranged solely for this experiment (i.e. not for
commercial mating) introducing of the penis was dis-
allowed. The reaction of the male to the female were
analyzed, based on the modified method proposed by
Kruse and Howard (1983).

Bitches used in this study were exposed to
a male when progesterone concentration reached
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Table 1. The females and males used in experiment.

No. Groups * Age Gender Breed Used in Experiment

1 3 Female Beagle II, III

2 3 Female Beagle II, III

3 3 Female Beagle II

4 3 Female Beagle II

5 A,B 3,5 Female German shepherd I

6 A 2,5 Female German shepherd I

7 B 4 Female German shepherd I, II, III

8 AC 4,5 Female German shepherd I

9 B 4 Female German shepherd I

10 A, C 4,5 Female German shepherd I

11 C 3,5 Female German shepherd I

12 B, C 6 Female German shepherd I

13 2 Female Yorkshire terrier III

14 7 Female Golden retriever III

15 7,5 Female Bavarian mountaindog III

16 4 Male German shepherd I

17 3 Male German shepherd I

18 3,5 Male German shepherd I

19 3 Male German shepherd I

20 3 Male Beagle II, III, IV

21 3 Male beagle II, III, IV

* in experiment I

10-15 ng/ml, which has been reported as the opti-
mum time for mating (Manothaiudom et al 1995).
The females were transported to the habitual resi-
dence of the stud dog. Shortly before exposition the
bitch was let free in a restricted area where she could
urinate, and the male could observe her behaviour.
Then, the bitch was situated in the place which was
known to the male as a place for mating (copulative
point). The male was introduced to the female from
behind. To avoid the adverse reaction of the female,
in all cases the bitches were gently held by their
owners during testing. During the contact a complete
behavioural reaction of the male to the female was
recorded. The presence or absence of the typical sex-
ual behaviour (sniffing the vaginal and anal region,
temporal immobilization (more than 5 seconds), lick-
ing the vulva, pawing and mating attempts) were
analysed (Kruse and Howard 1983, Kustritz
2005).The observation was continued by 5 minutes
(Kruse and Howard 1983).

Experiment II

In this part of study, the influence of the anti-
biotic carrier (Miglyol 840, Sasol Germany GmbH)
on female attractiveness was evaluated. The bitches
in oestrus were presented to the males two times,
before and after marking the vulva with the exam-
ined substance. The antibiotic carrier was applied to
the vulva of the females in oestrus with the use of
swab soaked in Miglyol 840 (Kruse and Howard
1983). The intervals between both trials was approxi-
mately 20 min. The behaviour of the male dogs dur-
ing the contact with the females was evaluated dur-
ing both presentations. The presence or absence of
the aforementioned typical sexual behaviour as well
as the duration of interest of the male to the female
was analysed. Five females and two males were used
(Table 1). During particular trials the same bitches
were presented to both males in about 10 min inter-
vals.
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Experiment III

During this part of study we evaluated the response
of the males to swabs soaked in different substances
(Kruse and Howard 1983). From the distance of about
two centimeters a sterile swabs (n=4), swabs collected
from bitches in oestrus (progesterone level = 10-15
ng/ml, n=4) and swabs collected from the bitches in
oestrus treated with antibiotic (n=4) were presented to
two Beagle males (Hirano et al. 2000). Each male was
tested four times with the different kind of sample. The
presentation took place within the kennel area and was
always done during the same part of a day (morning)
by the same person who always remained in a standing
position. We assessed the male behavior during the
swab presentation according to the presence of follow-
ing behavior: sniffing, licking the swabs, temporary im-
mobilization, following the swabs and pawing, jumping
on the person presenting the swab.

Experiment IV

In this experiment we tried to analyse the possibil-
ity of the aversive reaction to the particular substan-
ces. We focused on the observation of the males’ re-
sponse to the sterile swabs, swabs soaked in Miglyol
840, swabs soaked in Synulox® and samples collected
from the bitches in oestrus. We analysed the average
time of sniffing the samples. Each male was tested
four times with the different kind of samples.

Determining the optimal time for mating

The advance of the oestrus cycle of the all females
was evaluated according to the measurement of the
progesterone level in the blood serum (Manothaiu-
dom et al 1995, Niżański et al 2003, Kustritz
2006).The tests were performed with the level of
progesterone at 10-15 ng/ml.

Blood sampling, progesterone assay and timing
of mating

Eight ml of blood were taken by venipuncture
from the cephalic vein into heparinised tubes. Plasma
was separated 60 min after blood collection by centri-
fugation for 15 min at 2000 g. Progesterone concen-
tration was determined on the same day with the use
of a commercial radioimmunoassay (RIA) kit
(progesterone Coat-a-Count kit, Diagnostic Products
Corporation, Los Angeles, CA, USA) validated for
dog plasma (Srikandakumar 1986). Blood samples

were taken from each bitch at 48 h intervals starting
from the 5-6 day of the oestrus cycle. Bitches were
mated when plasma progesterone concentration
reached values between 10-15 ng/ml.

Bacterial analysis of samples collected
from the vagina

Samples from the anterior vagina, were taken by
a direct contact, avoiding rubbing; from each bitch,
starting on the first day of oestrus, followed by a con-
trol check after treatment.

The study was approved by the Local Ethical
Committee for the Experiments on Animals of
Wrocław University of Environmental and Life
Sciences.

Statistical analysis

For the statistical analysis of the obtained results
the ANOVA test (experiment I, II and III) and t-Stu-
dent test were used (exp. IV), with the p « 0.05 (Stat-
istica).

Results

The males used in experiment I found as attract-
ive, and decided to mate, almost all bitches from
group A. During contact with the bitches treated with
antibiotics (group B and C), the dogs sniffed the fe-
males and tried to recognize their status, but did not
decide to mate them (Table 2). The results of experi-
ment I showed that the bitches treated with antibiotic
were less attractive to the males than untreated
bitches. That applied to the females from both groups
B and C. The way of antibiotic administration has
been found as not important as there were no signifi-
cant differences observed between the level of attract-
iveness of the females from both mentioned groups.

In experiment II there were only a few cases of
reduced interest in the male dogs when they were tes-
ted with samples taken from the bitches treated with
the antibiotics’ carrier (Table 3). Analysis of the
males’ behavior did not shown significant differences
between both presentation trials. Some kind of “con-
fusion” expressed by more intensive sniffing behavior
towards the females marked with Miglyol 840 and also
by attempts of sniffing another regions of the females’
body (the flanks) were observed in a few cases.

In experiment III, reduced interest in the samples
obtained from the bitches treated with the antibiotic
during the heat was noted (Table 4).
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Table 2. The behaviours of the male dogs during the presentation of the bitches from group A, B and C – (Experiment I).

Sniffing
the vulva

Licking
the vulva

Temporary
Immobilisation Pawing Mating

A* B C A B C A B C A B C A B C

1** (4/4)(4/4)(4/4)*** (4/4)(3/4)(3/4) (4/4)(2/4)(2/4) (4/4)(0/4)(0/4) (4/4)(0/4)(0/4)

2 (4/4)(4/4)(4/4) (4/4)(2/4)(3/4) (4/4)(2/4)(3/4) (3/4)(1/4)(1/4) (4/4)(0/4)(1/4)

3 (4/4)(4/4)(4/4) (4/4)(3/4)(3/4) (4/4)(3/4)(2/4) (4/4)(0/4)(0/4) (4/4)(0/4)(1/4)

4 (4/4)(4/4)(4/4) (4/4)(3/4)(3/4) (4/4)(3/4)(3/4) (3/4)(1/4)(0/4) (3/4)(1/4)(0/4)

* A,B, C – females from different groups; ** 1,2,3,4 – different males; *** exp. (3/4) three times observed behaviour during the
contact with four bitches

Table 3. The behaviours observed in the male dogs during the presentation of the females in oestrus and the same females after
antibiotic carrier (Miglyol 840) application to the vulva. (experiment II).

Average time (sec.) [SD]
Male behaviour Sniffing Licking the swab Immobilization Mating from sniffing to matting

attempt or to leaving

Females/males I* II** I II I II I II I II

1*** (5/5) (5/5)**** (5/5) (5/5) (5/5) (4/5) (5/5) (4/5) (15 [5]) (13 [4])

2 (5/5) (5/5) (5/5) (5/5) ( 5/5) (4/5) (5/5) (3/5) (14[5]) (12 [4])

* I – females in oestrus; ** II – the same females in oestrus after Miglyol 840 application; *** (1, 2) male dogs; **** (4/4) number
of behaviour observed/number of examined females

Table 4. The behaviours observed in the male dogs during the presentation of the three types of swabs: sterile swabs, swabs from
the bitches in oestrus and swabs from the bitches in oestrus treated with the antibiotic (experiment III).

Sterile swab

Males’ behaviour Sniffing the swabs Licking the swab Temporary
immobilisation Following the swabs Pawing, jumping

Samples/males I II III IV * I II III IV I II III IV I II III IV I II III IV

1** P P P P *** N N N N **** N N N N N N N N N N N N

2 P P P P N P N N N N N N N N N N N N N N

Swabs from the bitches in oestrus

Males’ behaviour Sniffing the swabs Licking the swab Temporary
immobilisation Following the swabs Pawing, jumping

Samples/males a b c d ***** a b c d a b c d a b c d a b c d

1 P P P P P P P P P P P P P P P P N P P P

2 P P P P P P P P P P P P P P P P P P P P

Swabs from the bitches in oestrus treated with the antibiotic

Males’ behaviour Sniffing the swabs Licking the swab Temporary
immobilisation Following the swabs Pawing, jumping

Samples/males a b c d a b c d a b c d a b c d a b c d

1 P P P P P P N P N P N N N N N N N N N N

2 P P P P N P N N N N P N N N N N N N N N

* (I, II, III, IV) different samples of the sterile swabs; ** (1, 2) male dogs; *** (P) Positive – behaviour observed; **** (N)
Negative – the lack of the behaviour; ***** (a, b, c, d) samples presented to the males from four different bitches
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In experiment IV we did not observe any significant
differences in time of sniffing of the sterile swabs and
swabs containing the antibiotic (Synulox®, Pfizer),
while the swabs containing antibiotic carrier alone
were more attractive and the average time of sniffing
was similar to the time spent on sniffing samples con-
tained oestrual attractant (no significant differences
between these both trials was found).

Performed control bacteriological examination
were negative in all treated animals.

During the control clinical examination no side
effects in the bitches which received the Miglyol 840
has been observed (Exp. II).

Discussion

The vagina of a bitch is not sterile throughout the
all reproductive cycle, but during the proestrus and
oestrus the number of bacteria in this region signifi-
cantly increases. According to many reports, the type
of microflora present at this time in all bitches is very
similar (Allen et al. 1982, Janowski et al. 2006). A sub-
stantial reduction of the amount of bacteria in the
vagina is observed at the time of transition from estrus
to dioestrus (increased number of neutrophils), and
this is correlated with the abrupt reduction of the at-
tractiveness of the bitches to the dogs. (Allen et al.
1982, Baba et al. 1983, Watts et al. 1996, Grundy et al.
2002, Janowski et al. 2006, Zduńczyk et al. 2006, Ul-
gen et al. 2010).

The significant reduction of the attractiveness of
the females with reduced vaginal flora (females from
the both group B and C in the experiment I) suggests
the importance of the presence of the bacterial flora
for the creation of the semiochemical signals emitted
to the environment by the bitches during the oestrus.
This conclusion is consistent with the observations
made by Merkx et al. (1988) and Ungerfeld and Silva
(2005) who also observed reduced females’ attractive-
ness after antibiotic treatment.

The Miglyol 840, a carrier of the antibiotic used in
this experiment, is a non-toxic substance. It contained
(in different concentrations) the fatty acids: capronic
acid, caprylic acid, capric acid and lauric acid. The
results of experiment II showed the specific influence
of the presence of this substance on the males’ sexual
behaviour. Although the time spent on checking the
females did not differ significantly, some kind of con-
fusion expressed by intense investigation of the other
parts of the bitches’ body (flanks) were observed. That
could suggest that dogs recognise the difference be-
tween the scent of the bitches from both trials but it
did not caused an aversive reaction. This suggestion
seems to be confirmed by the observation obtained in

experiment IV, where increased interest in swabs
soaked in Miglyol 840 (the time spend on sniffing)
was noted.

These results suggest that, as well as the effect of
elimination of vaginal bacterial flora which may affect
the production of specific semiochemical signals,
treatment with antibiotics may also disrupt the natural
mating behaviour of dogs by the presence of addi-
tional substances, the antibiotic carrier. These obser-
vation seems to be interesting in the light of findings
by Novotny et al. (1985) who reported that the reac-
tion of the recipient to the same substances
(pheromones) could be different when the substance
is presented in different vehiculum. In our opinion
also the duration of the treatment could influence the
clear results of the experiment I. In clinical practice
antibiotics are very often administrated for a shorter
period of time or just ones before mating (in that case
sometimes it used to be done by the breeders).

The role of learning in the process of sensitization
to the pheromonal signals has been previously de-
scribed by many authors (Gelez and Febre-Nys, 2004,
2006, Chanvallon and Febre-Nys 2009). The fact that
the most experienced stud dogs expressed reduced in-
terest in bitches receiving the antibiotic treatment
could be explained by the presence of an unexpected
signal emitted by these treated females. The lack of
typical semiochemical signal resulting from the elim-
ination of the vaginal microflora (suspected for the
help in production of the pheromones) as well as the
additional chemical signal (presence of antibiotic or
its metabolites) even without aversive reaction could
influence the stud dog behavior. The meaning of the
accuracy of the pheromone signal for the male dog
behavior could be also taken into account considering
the observation of Kustritz (2005) who mentioned
that some dogs “are able to determine not just if the
bitch is in estrus, but if she is at the optimal time for
breeding”. In that case some experienced stud dogs
seem to be able to distinguish between particular
phases of the reproductive cycle (proestrus, oestrus),
probably recognizing specific pheromonal signal.

Comparing the average time of sniffing sterile
swabs and swabs with Synulox® (Experiment IV) in
both cases the noticed time was extremely short
(Table 5). That makes interpretation very difficult, be-
cause it cannot be stated if the males stop sniffing the
samples contained the Synulox® scent because of the
unpleased smell or just because it was not interesting
for them (samples did not contain any attractive scent
that dogs used to look for when they were working as
a heat detectors at the Kennel). However, the signifi-
cantly longer time spent on sniffing samples contained
antibiotics’ carrier could suggest that the scent of
Synulox® was unpleasant.
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Tabl 5. The average time in seconds (standard deviations) of dogs’ times of sniffing the four type of swabs: sterile swabs, swabs
soaked in Miglyol 840, soaked in Synulox® and from bitches in oestrus.

Samples/males Sterile Soaked in Miglyol 840 Soaked in Synulox® Soaked in estrus discharge

1 3,1(0,27) 7,2 (0,32) 2,8(0,12) 8,2 (0,31)

2 2,9 (0,34) 6,8 (0,30) 2,6(0,18) 7,3 (0,3)

We were not able to clearly explain the reason for
the observed reduced attractiveness of the females in
oestrus treated with antibiotic. In our opinion com-
plex analysis using gas chromatography and mass
spectrometry techniques of the changes of the chemi-
cal signal emitted by the female in oestrus before and
after treatment could give additional important infor-
mation which would be helpful in solving this prob-
lem.

In summary, we concluded that antibiotic treat-
ment during the oestrus reduced the attractiveness of
bitches to males. The reason for that phenomenon
could be the change in semiochemical signals emitted
by the treated females which could result from bacter-
ial flora elimination (observed in all cases) but also by
the presence of the additional chemical signals.

Acknowledgements

The authors would like to thank the Sasol Poland
Sp. z o.o. and Sasol Germany GmbH for the help and
providing the antibiotic carrier used in our experi-
ments and to Dr. Sarah Chaplin for help in the final
preparation of the manuscript.

References

Albone ES, Gosden PE, Ware GC, MacDonald DW, Hough
NG (1978) Bacterial action and chemical signalling in the
red fox (Vulpes vulpes) and other mammals. In: Bullard
RW (ed) Flavor chemistry of animal foods, ACS Sympo-
sium Series No. 67 American Chemical Society, pp 78-91.

Allen WE, Dagnall GJ (1982) Some observations on the
aerobic bacterial flora of the genital tract of the dog and
bitch. J Small Anim Pract 23: 325-335.

Baba E, Hata H, Fukata T, Arakava A (1983) Vaginal and
uterine microflora of adult dogs. Am J Vet Res
44: 606-609.

Bird S, Gower DB (1982) Axillary 5h-androst-16-en-3-one,
cholesterol and squalene in men; Preliminary evidence
for 5α-androst-16-en-3-one being a product of bacterial
action J Steroid Biochem 17: 517-522.

Chanvallon A, Fabre-Nys C (2009) In sexually naive anes-
trous ewes, male odour is unable to induce a complete
activation of olfactory systems. Behav Brain Res
205: 272-279.

Curtis RF, Ballantine JA, Kevernne EB, Bonsall RW,
Michael RP (1971) Identification of primate sexual

pheromones and the properties of synthetic attractants.
Nature 232: 396-398.

Dravnieks A, Krotoszynski BK, Keith L, Bush IM (1970)
Odor threshold and gas – chromatographic assays of vag-
inal odors: changes with nitrofurazone treatment.
J Pharm Sci 59: 495-501.

Dzięcioł M, Niżański W, Ochota M, Kozdrowski R, Stańczyk
E (2012a) Observation on possibility to identify by the
stud dogs the signs of the fertile period in bitches. J Anim
Vet Adv 11: 962-967.

Dzięcioł M, Stańczyk E, Noszczyk-Nowak A, Niżański W,
Ochota M, Kozdrowski R (2012b) Influence of the
bitches sex pheromones on the heart rate and other
chosen parameters of blood flow of stud dogs (Canis fam-
iliaris). Res Vet Sci 93: 1241-1247.

Gelez H, Fabre-Nys C (2004) The “male effect” in sheep
and goats: a review of the respective roles of the two
olfactory systems. Horm Behav 46: 257-271.

Gelez H, Fabre-Nys C (2006) Role of the olfactory systems
and importance of learning in the ewes’ response to rams
or their odors. Reprod Nutr Dev 46: 401-415.

Goodwin M, Gooding KM, Regnier F (1979) Sex
pheromone in the dog. Science 203: 559-561.

Gower BD, Nixon A, Jackman PJ, Mallett AI (1986) Trans-
formation of steroids by axillary coryneform bacteria. Int
J Cosmet Sci 8: 149-158.

Gower DB, Holland KT, Mallett AI, Rennie PJ, Watkins WJ
(1994) Comparison of 16-androstene steroid concentra-
tions in sterile apocrine sweat and axillary secretions: in-
terconversions of 16-androstenes by the axillary micro-
flora-mechanism for axillary odour production in man?
J Steroid Biochem Mol Biol 48: 409-418.

Grundy SA, Feldman E, Davidson A (2002) Evaluation of
infertility in the bitch. Clin Tech Small Anim Pract
17: 108-115.

Hirano Y, Oosawa T Tonosaki K (2000) Electroencephalo-
graphic olfactometry (EEGO) ąanalysis of odour re-
sponses in dogs. Res Vet Sci 69: 263-266.

Jackman PJ, Noble WC (1983) Normal axillary skin micro-
flora in various populations. Clin Exp Dermatol
8: 259-268.

Janowski T, Zduńczyk S, Jurczak A (2006) Bacterial flora of
the genital tract in healthy bitches during the oestrous
cycle and in bitches with vaginal discharge. Reprod Do-
mest Anim 41 (Suppl 1): 17.

Kohl J, Atzmueller M, Fink B, Grammer K (2001) Human
pheromones: integrating neuroendocrinology and ethol-
ogy. Neuro Endocrinol Lett 22: 309-321.

Kruse SM, Howard WE (1983) Canid sex attractant studies.
J Chem Ecol 9: 1503-1510.

Kustritz MV (2005) Reproductive behavior of small animals.
Theriogenology 64: 734-746.

Kustritz MV (2006) Collection of tissue and culture samples
from the canine reproductive tract. Theriogenology
66: 567-574.

The influence of antibiotic treatment... 515



Levy F, Keller M, Poindron P (2004) Olfactory regulation of
maternal behavior in mammals. Horm Behav 46: 284-302.

Lindsay SR (2000) Handbook of applied dog behavior and
training. 1st ed., Iowa State University Press, Ames,
pp 145.

Manothaiudom K, Johnston SD, Hegstad RL Hardy
SK(1995) Evaluation of the ICAGEN -Target Canine
Ovulation Timing Diagnostic Test in detecting canine
plasma progesterone concentrations. J Am Anim Hosp
Assoc 31: 57-64.

Merkx J, Slob AK, van der Werff ten Bosch JJ (1988) Vag-
inal bacterial flora partially determines sexual attractivity
of female rats. Physiol Behav 44: 147-149.

Mertens PA (2006) Reproductive and sexual behavioral
problems in dogs. Theriogenology 66: 606-609.

Michael RP, Bonsall RW, Kutner M (1975) Volatile fatty
acids “Copulins”, in human vaginal secretions.
Psychoneuroendocrinology 1: 153-163

Michael RP, Bonsall RW, Warner P (1974) Human
vaginal secretion: volatile fatty acid content. Science
186: 1217-1219.

Niżański W, Dzimira S, Twardoń J (2003) Cytodiagnostyka
w rozrodzie suk. 1st ed., Wrocław, Wydawnictwo
Akademii Rolniczej.

Novotny M, Harvey S, Jemiolo B, Alberts J (1985) Synthetic
pheromones that promote inter-male aggression in mice.
Proc Natl Acad Sci USA 82: 2059-2061.

Pageat P, Gaultier E (2003) Current research in canine and
feline pheromones. Vet Clin North Am Small Anim Pract
33: 187-211.

Raymer J, Wiesler D, Novotny M, Asa C, Seal US, Mech LD
(1986) Chemical scent constituents in urine of wolf (Can-
is lupus) and their dependence on reproductive hor-
mones. J Chem Ecol 12: 297-314.

Srikandakumar A, Ingraham RH, Ellsworth M, Archbald
LF, Liao A, Godke RA (1986) Comparison of
a solid-phase, no-extraction radioimmunoassay for
progesterone with an extraction assay for monitoring
luteal function in the mare, bitch, and cow. Theriogenol-
ogy 26: 779-793.

Stevens K, Perry GC, Long SE (1982) Effect of ewe urine
and vaginal secretions on ram investigative behavior.
J Chem Ecol 8: 23-29.

Tod E, Brander D, Waran N (2005) Efficacy of dog appeas-
ing pheromone in reducing stress and fear related behav-
ior in shelter dogs. Appl Anim Behav Sci 93: 295-308.

Ulgen G, Kaan O, Aytekin G, Mihriban U (2010) Vaginal,
cervical and uterine bacterial flora at the different stages
of the reproductive cycle in ovariohysterectomized
bitches. J Anim Vet Adv 9: 478-481.

Ungerfeld R, Silva L (2005) The presence of normal vaginal
flora is necessary for normal sexual atractiveness of es-
trous ewes. Appl Anim Behav Sci 93: 245-250.

Ungerfeld R, Ramos MA, Möller R (2006) Role of the
vomeronasal organ on ram’s courtship and mating behav-
iour, and on mate choice among oestrous ewes. Appl
Anim Behav Sci 99: 248-252.

Vázquez R, Orihuela A (2001) Effect of vaginal mucus and
urine from ewes in estrus on plasma testosterone levels
and weight gain of feedlot rams. Small Ruminant Res
42: 171-175.

Watts JR, Wright PJ, Whithear KC (1996) Uterine, cervical
and vaginal microflora of the normal bitch throughout
the reproductive cycle. J Small Anim Pract 37: 54-60.

Zduńczyk S, Jaowski T, Borkowska I (2006) Vaginal and
uterine bacterial flora in bitches with physiological and
inflammatory conditions. Med Weter 62: 1116-1119.

516 M. Dzięcioł et al.




