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The changes of vaginal and vestibular impedance during the oestrous cycle in goats were examined.
The onset of oestrus was teased with a buck once a day during the experiment. Impedance was mea-
sured by a four-terminal method. The vaginal impedance was recorded under slight pressure of elec-
trodes to the vaginal dorsal wall at the cervix. The vestibular impedance was recorded under slight
pressure of electrodes to the vestibular dorsal wall 5 cm from the vulva and at the vulva. The impe-
dance was measured once a day from 4 days before the expected oestrus to 6 days after onset of oe-
strus. The vaginal impedance at the cervix decreased during pro-oestrus (P < 0.01) and increased du-
ring oestrus (P < 0.01). The vestibular impedance 5 cm from the vulva decreased during pro-oestrus
(P < 0.01) and increased after oestrus (P < 0.01). The decrease of vaginal impedance during peri-oe-
strus was nearly twofold in comparison with the vestibular impedance 5 cm from the vulva. No signi-
ficant decrease of the vestibular impedance at the vulva was found during the oestrous cycle. The re-
sults indicate that the vaginal impedance at the cervix and vestibular impedance 5 cm from the vulva
measured by means of a four-terminal method during the oestrous cycle display cyclic changes that
are closely related to the oestrous behaviour of goats.

goat, vagina, vaginal vestibule, impedance, oestrus

Goats are seasonal breeders (Mori et al., 1987) and
in our region the breeding season generally extends
from August to January. In this period, goats come
into oestrus approximately every 18 to 21 days (Mat-
thews, 1989). For oestrus it is characteristic that the
doe stands firmly when a buck attempts to mount
(Romano etal., 1997). Another sign of oestrus is con-
stant tail wagging from side to side. In addition, the
vulva appears slightly swollen and reddened (Llewe-
lyn etal., 1993).

In spite of all these signs, it is still sometimes possi-
ble to miss oestrus. Some does may find the buck se-
xually unattractive and will not stand to be bred (Pe-
rera et al., 1978). Similarly bucks occasionally ignore
females, which appear to be in oestrus and pay more
attention to higher ranking females when more than
one doeisin oestrus (Llewelyn etal., 1993). A smaller
proportion of does exhibits oestrus at first ovulation
(Chemineau, 1983; Walkden-Brown et al.,, 1993).
Similarly oestrus detection may be more difficult in
the absence of a buck. Oestrous does mount other
does, but the frequency is low (Matthews, 1989).

A number of diagnostic tools are available for
monitoring events occurring during the oestrous cy-
cle. One approach that could be suitable is the im-
pedance technique. Cyclic changes of vaginal im-
pedance were found in cattle (Carter and Dufty,
1980; Smith et al., 1989; Rez4¢ and Poéschl, 1991),
pigs (Rez4& and Oli¢, 1988; Dusza et al., 1996), sheep
(Adam et al., 1981; Oli¢ et al., 1990; Bartlewski et al.,
1999), and a number of other species (Moller et al.,
1984; Lilley et al., 1997; Gupta and Purohit, 2001).
The main problem of this technique is the wide fluc-
tuation of impedance values (Peters, 1989).

In the ruminants, vaginal impedance studies
were concentrated mainly on cattle. On the other
hand, small attention was focused on goats (Rez4&
et al., 2001). The aim of this study was to determine
whether the goats will show cyclic changes of vagi-
nal impedance measured by a four-terminal method
during the oestrous cycle. Simultancously it was
planned to prove whether the changes of vaginal and
vestibular impedance are similar.
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MATERIALS AND METHODS

Animals

The experiment was conducted in October. All 11
does were White Shorthaired goat. The goats were
housed indoors during the experiment and exposed
to natural lighting conditions (49°5” N, 16°38” E).
They had ad libitum access to feed and water. All
goats displayed at least one oestrus during the pre-
vious period. Bucks were housed separately from
does, but were within olfactory and auditory range.
The onset of oestrus was teased with a buck once
a day. The period of oestrus was when the doe stands
firmly when a buck attempts to mount.

Impedancemeter

Impedance was measured by an instrument,
which used a four-terminal arrangement to elimi-
nate errors in the measurement of the vaginal im-
pedance caused by the electrode polarisation. The
impedance was obtained by measuring the voltage
developed across the monitored tissue in response
to sinusoidal electric current excitation at frequency
3.2 kHz. The cylindrical-shaped probe had four ring
electrodes on the terminal pole. In operation, the al-
ternating current was passed across the vaginal wall
between the two outer current electrodes (Reza¢ et
al., 2003).

Measurement procedure

A standardized procedure was used for all goats.
The probe was disinfected before using for the mea-
surement. Thereafter, the probe wasinserted into the

anterior part of the vagina and a reading was taken
under slight pressure of electrodes to the vaginal
dorsal wall at the cervix. Afterwards, the probe was
withdrawn slowly to the vaginal vestibule. The ves-
tibular impedance was recorded under slight pres-
sure of electrodes to the dorsal wall of the vaginal
vestibule 5 cm from the vulva and at the vulva. Im-
pedance measurements were carried out every day
from 14th day after the previous oestrus to 6 days af-
ter oestrus onset.

Statistical analyses

The data are presented as mean + SEM (the stan-
dard error of the mean). Statistical evaluation of the
data was performed using the Unistat statistical pac-
kage (Unistat Ltd., London, England). Differences of
impedance values were compared by Shapiro-Wilk
test of normality, followed by Paired t-test or Wil-
coxon signed rank test. Results were considered sta-
tistically significantif in any of the above-mentioned
tests P < 0.05 was obtained. The P-value is defined as
the probability of seeing a value of the test statistic at
least as extreme as the observed value, assuming that
the null hypothesis is true.

RESULTS AND DISCUSSION

One day before oestrus, the vaginal impedance
at the cervix (Fig. 1) decreased (P < 0.01). The lowest
value was observed during oestrus onset. A marked
increase of the impedance was recorded during
oestrus (P < 0.01). No significant changes of the va-
ginal impedance at the cervix were found during
dioestrus.
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1: The changes of vaginal impedance at the cervix during the oestrous cycle in the dairy goats. A significant

decrease is indicated by an asterisk.

The vestibular impedance at 5 cm from the vulva
(Fig. 2) decreased during pro-oestrus (P < 0.01).
The lowest value was found during oestrus onset.
A marked increase of the impedance was observed
after oestrus (P < 0.01). No significant changes of the

vestibular impedance at 5 cm from the vulva were
found during dioestrus. No significant changes of
the vestibular impedance at the vulva (Fig. 3) were
observed during the oestrous cycle.
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2: The changes of vestibular impedance 5 cm from the vulva during the oestrous cycle in the dairy goats.

A significant decrease is indicated by an asterisk.
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3: The changes of vestibular impedance at the vulva during the oestrous cycle in the dairy goats

Inthe course of the experiment, the highestvalues
of impedance were found in the vagina at the cervix
and the lowest values of impedance were observed
in the vaginal vestibule at the vulva. The vestibular
impedance at the vulva was markedly lower com-
pared to the vestibular impedance 5 cm from the
vulva and the vaginal impedance at the cervix dur-
ing the oestrous cycle (P < 0.01). The average values
of the vaginal impedance during peri-oestrus de-
creased nearly twofold in comparison with the ves-
tibular impedance 5 cm from the vulva. The varia-
bility of impedance values during the oestrus cycle
was about twofold lower in the vagina compared to
the vestibular mucosa.

The vaginal impedance at the cervix decreased
in the does in late pro-oestrus, a nadir achieved du-
ring oestrus onset and increased in oestrus. A simi-
lar short-term fall was found in goats measured by
atwo-terminal method (Rez4é et al., 2001). The vagi-
nalimpedancealso displayed similar changesin cows
(Reza¢ and Poschl, 1991; Kitwood et al., 1993) and
ewes (Oli¢ etal., 1990; Bartlewski et al., 1999). In con-
trast to the ruminants the lowest value of the vaginal
impedance was observed in pigs during pro-oestrus
(Reza¢ and Oli¢, 1988; Ko et al., 1989) and in horses
during different phases of oestrus (Brook, 1982).

The wide fluctuation of vaginal impedance values
is the main problem of the usage of bioimpedance
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technique as a good indicator of oestrus and ovula-
tion. Similarly asin cows (Peters, 1989) and ewes (Oli¢
etal., 1990), one measurement of vaginal impedance
did not enable to distinguish the does in the follicu-
lar phase from the does in the luteal phase. Daily im-
pedance measurements are necessary to confirm the
individual stages of the oestrous cycle in all rumi-
nants studied.

The causes of variability in vaginal impedance
were studied mainly in cows. Among the possible
factors that influence the measurement data are the
instability of the contact between the vaginal mu-
cosa and the electrodes or unequal pressure on the
probe (Aizinbud et al., 1980; Smith et al., 1989), the
entrapment of air in the vagina during insertion of
an electrode-bearing probe (Lehrer et al., 1991) and
the depth of probe insertion (McCaughey and Pat-
terson, 1981). References on suitable places for the
impedance measurement are variable. Some au-
thors prefer the anterior part of the vagina (Mc-
Caughey and Patterson, 1981; Scipioni and Food,
1999) and others the vagina vestibule (Edwards and
Levin, 1974; Bohme and Buchholz, 1977). Results in
this study clearly show that the vaginal impedance at
the cervix in comparison with the vestibular impe-
dance 5 cm from the vulva shows a greater decrease
during oestrus in goats. The impedance of the vagi-
nal vestibule at the vulva in contrast to the vestibular
impedance 5 cm from the vulva did not display any
significant changes during the oestrous cycle. Fur-
ther studies will be necessary to elucidate the diffe-
rences among these areas.

The results indicate that not only the decrease of
impedance in oestrus but also the variability of im-
pedance values during the oestrous cycle are greater

in the vagina at the cervix than in the vaginal vesti-
bule 5 cm from the vulva. In contrast to the above-
mentioned findings Aboul-Ela et al. (1983) reported
that the variability of impedance values is greater at
the posterior than at the anterior part of the vagina in
cows. Possible explanation of these differences might
be that a different impedance method or animal spe-
cies was used — with the two-terminal method.

The most commonly used method for measuring
the impedance of vaginal mucosa in farm animals
has been a two-terminal technique (McCaughey and
Patterson, 1981; Ko et al., 1989; Dusza et al., 1996;
Scipioni and Food, 1999; Rez4¢ et al., 2001). The se-
rious disadvantage of this method is the electrode
polarisation impedance, which can cause significant
measurement problems. The measured values are
the sum of the sample impedance itself and the elec-
trode polarisation impedance (Ackmann, 1993). In
contrast with the two-terminal method, the instru-
ment used in this study measured the vaginal impe-
dance by four-terminal arrangement. This method
can be used to reduce electrode artefacts from the
varying impedance of the electrode-tissue interface
(Rezag etal., 2003).

In conclusion, the findings showed that there is
a close relationship of the cyclic changes of vagi-
nal impedance at the cervix measured by means of
a four-terminal method to the oestrous behaviour
of goats. The results suggest that the depth of probe
insertion affects the impedance changes during the
oestrous cycle. The vaginal impedance displays cy-
clic changes similar to the vestibular impedance
5 cm from the vulva but not to the vestibular impe-
dance at the vulva.

SUMMARY

The changes of vaginal and vestibular impedance were examined in goats during the oestrous cycle.
The experiment was conducted in October. All 11 does were White Shorthaired goat. The goats were
housed indoors during the experiment and exposed to natural lighting conditions. They had ad li-
bitum access to feed and water. All goats displayed at least one oestrus during the previous period.
Bucks were housed separately from does, but were within olfactory and auditory range. The onset
of oestrus was teased with a buck once a day during the experiment. Impedance was measured by
afour-terminal method in response to sinusoidal electric current excitation at frequency 3.2 kHz. The
vaginal impedance was recorded under slight pressure of electrodes to the vaginal dorsal wall at the
cervix. The vestibular impedance was recorded under slight pressure of electrodes to the vestibular
dorsal wall 5 cm from the vulvaand at the vulva. The impedance was measured once a day from 4 days
before the expected oestrus to 6 days after onset of oestrus. The vaginal impedance at the cervix de-
creased during pro-oestrus (P < 0.01) and increased during oestrus (P < 0.01). The vestibular impedan-
ce 5 cm from the vulva decreased during pro-oestrus (P < 0.01) and increased after oestrus (P < 0.01).
The decrease of vaginal impedance during peri-oestrus was nearly twofold lower in comparison with
the vestibular impedance 5 cm from the vulva. No significant decrease of the vestibular impedance
at the vulva was found during the oestrous cycle. In conclusion, the results suggest that the depth
of probe insertion affects the impedance changes during the oestrous cycle. The vaginal impedance
at the cervix and vestibular impedance 5 cm from the vulva measured by means of a four-terminal
method during the oestrous cycle display cyclic changes that are closely related to the oestrous be-

haviour of goats.



Tmpedance pattern of vaginal and vestibular mucosa in cyclic goats

SOUHRN
Dynamika impedance sliznice pochvy a po3evni predsiné u cyklujicich koz
Byly sledovany zmény po3evni a vestibuldrni impedance u cyklujicich koz. Pokus byl uskute¢nén
v mé&sici fijnu. Sledovani bylo provedeno na 11 kozéch plemene bil4 kratkosrsta. Kozy byly b&éhem
experimentu umistény ve staji a vystaveny ptirozenému p¥irodnimu osvétleni v tomto mé&sici v na-
gich zemé&pisnych podminkéach. Nastup fije byl testovan pomoci kozla jednou denné. Tmpedance
byla mé&fena ¢tyfelektrodovou metodou jednou denné od 4 dnti p¥ed olekévanou fiji do 6. dne po
nastupu ifje. Ctyrelektrodovd metoda méfeni impedance eliminuje chyby p¥i méreni zptisobené
polarizaci mé&fFicich elektrod a zmén jejich prechodovych elektrickych odporti kontakt — sledovany
biologicky material. Mé&Fici pFistroj pouzival p¥i mé¥eni konstantni velikost st¥idavého elektrického
proudu sinusového pritb&éhu o frekvenci 3.2 kHz. Cty¥i prstencové méFici elektrody mély mezi se-
bou homogennf elektrické pole. St¥idavé elektrické napéti sinusového pribéhu U bylo sniméno jako
linedrni funkce impedance Z (U =T1. Z, kde T je st¥idavy elektricky proud konstantni velikosti). Stan-
dardni procedura mé¥eni byla pouzita pti m&feni velikosti impedance a jejich zm&n u viech sledova-
nych koz. Méfici sonda byla vzdy pfed méfenim desinfikovana. Impedance pochvy u délozniho kré-
ku klesala v obdobi proestru (P < 0,01) a zvy3ovala se béhem fije (P < 0,01). Impedance pochvy byla
sniména za mirného tlaku elektrod na dorzalni sténu pochvy u kréku. Impedance posevni pFedsing
byla sniména za mirného tlaku elektrod na dorzélni sténu posevni piedsiné ve vzdalenosti 5 cm od
ochodu au ochodu. Tmpedance posevni pfedsin€ 5 cm od ochodu klesala v obdobi proestru (P < 0,01)
a zvy3ovala se po Fiji (P < 0,01). Pokles impedance pochvy v periestrdlnim obdobi byl ve srovnani s po-
klesem impedance posevni piedsiné 5 cm od ochodu témé&¥ dvojnasobny. Zadné pritkazné zmény
impedance nebyly b&hem pohlavniho cyklu zjistény na posevni p¥edsini u ochodu. Vysledky nazna-
¢uji, ze behem pohlavniho cyklu impedance pochvy u délozniho kréku a posevni predsiné ve vzda-
lenosti 5 cm od ochodu, méFend ¢tyFelektrodovou metodou, vykazuje cyklické zmény, které majf tés-
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nou vazbu k fijovému chovani koz.

koza, pochva, posevni pfedsiti, impedance, fije
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