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The aim of this study was to determine the effects of
gonadotrophin releasing hormone (GnRH) administration
on the plasma concentrations of reproductive hormones in
intact and ovariectomized (OVX) bitches. Therefore, blood
samples were collected at multiple times before and after the
administration of 10 ug/kg GnRH (Fertagyl®) for the deter-
mination of the plasma concentrations of luteinizing hormone
(LH), oestradiol, progesterone and testosterone in six anoes-
trus and in six OVX bitches. The mean plasma LH concen-
trations before and 60 min after GnRH administration were
significantly lower in the anoestrous bitches than in the OVX
bitches. In both groups GnRH administration resulted in a
significant increase in the plasma LH concentration. The
highest plasma LH concentrations were found at 10 min after
GnRH administration and these values did not differ signifi-
cantly between the two groups. Only in the anoestrous bitches
a significant increase in plasma oestradiol concentrations was
found after GnRH administration and these values were
significantly higher than those in the OVX bitches. The plasma
concentrations of progesterone and testosterone were low
(close to or below the limit of quantitation) both before and
after GnRH administration and the differences between
anoestrous and OVX bitches were not significant. It can be
concluded that (i) basal plasma LH concentration is signifi-
cantly higher in OVX bitches than in anoestrous bitches, (ii)
plasma LH concentration increases after GnRH administra-
tion in both anoestrous and OVX bitches, (iii) GnRH
administration causes a significant rise in plasma oestradiol
concentration only if ovarian tissue is present and (iv)
measurement of plasma progesterone and testosterone con-
centrations before and after GnRH administration does not
aid in distinguishing between anoestrous and OVX bitches.
The results of this study may provide a basis for the diagnosis
of remnant ovarian tissue and verification of neuter status in
the bitch.

Introduction

It can be difficult to verify the neuter status of dogs with
an unknown reproductive status. In addition, it is
occasionally difficult to differentiate ovariectomized
(OVX) dogs having remnant ovarian tissue from com-
pletely OVX dogs. The presence of ovarian tissue can be
confirmed by cytological evaluation of a vaginal smear
and vaginoscopy during the follicular phase, measure-
ment of the plasma progesterone concentration during
the progression to the late follicular phase, ovulation
and luteal phase, abdominal ultrasonography and
exploratory laparotomy (Wallace 1991; Root and
Spaulding 1994; Schaefers-Okkens 2005).

*Both authors contributed equally to this article.

In the intact bitch, the stages of the oestrous cycle can
be classified on the basis of ovarian function as the
follicular phase, the phase of pre-ovulatory luteinization
and ovulation, the luteal phase and non-seasonal
anoestrus (Schaefers-Okkens 2005). During the follicu-
lar phase, demonstration of the presence of ovarian
tissue is straightforward. The concentration of oestra-
diol, which is mainly synthesized and secreted by
granulosa cells in developing ovarian follicles, rises
during this phase and reaches peak levels around the
pre-ovulatory luteinizing hormone (LH) surge (Olson
et al. 1982; Schaefers-Okkens 2005; De Gier et al. 2006).
Vaginoscopy and vaginal cytology can be used to
recognize the influence of oestrogens (Schutte 1976;
Schaefers-Okkens 2005). The use of cytological evalua-
tion of a vaginal smear as a bioassay for oestrogen
influence is even more reliable than a single plasma
oestradiol determination (Shille and Olson 1989). The
plasma concentration of progesterone, which is secreted
by partially luteinizing granulosa cells before ovulation
and by mature luteal cells after ovulation, is increased in
the progression to the late follicular phase, ovulation
and during the luteal phase (Schaefers-Okkens 2005).
Elevated plasma progesterone concentrations provide
evidence for the presence of ovarian tissue (Okkens et al.
1981).

During anoestrus, which lasts from 2 to 10 months,
the plasma progesterone concentration is in general
below 3 nmol/l (Okkens et al. 1985a). Plasma oestradiol
concentration is also usually low and does not begin to
rise again until late anoestrus, although sporadic eleva-
tions have been reported (Olson et al. 1982). During
anoestrus, LH is secreted in a pulsatile fashion but the
basal plasma LH concentration is low (Olson et al.
1982; Kooistra et al. 1999). Plasma testosterone con-
centrations are also low during anoestrus in the bitch.
Plasma testosterone concentration begins to rise near
the end of anoestrus and reaches peak levels near the
time of the pre-ovulatory LH surge (Olson et al. 1984;
Concannon and Castracane 1985).

There are no obvious clinical or behavioural differ-
ences between anoestrous and OVX bitches. Vaginal
cytology also has no diagnostic value in this differenti-
ation and ultrasonographic visualization of ovarian
tissue in anoestrous bitches is sometimes difficult (Eng-
land and Allen 1989; Root and Spaulding 1994).
Production of the ovarian-derived hormones oestradiol
and progesterone ceases with OVX, but their plasma
concentrations in anoestrous and OVX bitches overlap
(Jeffcoate 1993a; Frank et al. 2003). The loss of negative
feedback of ovarian steroids causes a rapid increase in
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the concentration of circulating gonadotrophins (Chaf-
faux et al. 1981; Olson et al. 1992; Concannon 1993;
Jeffcoate 1993a; Lofstedt and Vanleeuwen 2002; Reich-
ler et al. 2004), while their secretion pattern remains
pulsatile (Concannon 1993). Baseline gonadotrophin
levels may provide some useful information, but as a
result of the pulsatile secretion pattern a considerable
overlap in the plasma concentrations may be expected
between intact and OVX animals and thus the diag-
nostic value of a single hormone measurement is
questionable (Jeffcoate 1993a; Lofstedt and Vanleeuwen
2002).

To differentiate between bitches with and without
ovarian tissue, a provocative test of the pituitary-
ovarian axis using gonadotrophin releasing hormone
(GnRH) may be helpful. In the intact bitch, GnRH
administration during anoestrus causes an increment in
the circulating plasma concentrations of LH and
oestradiol (Van Haaften et al. 1994). The GnRH
induced plasma LH and oestradiol responses are higher
in late anoestrus than in early anoestrus (Van Haaften
et al. 1994). Information regarding the response to
exogenous GnRH after ovariectomy is limited to a few
studies. One study found a rise in LH after GnRH
administration in OVX bitches (Chaffaux et al. 1981),
while another found an unpredictable response (Jeffco-
ate 1993a). The discrepancy may be because of differ-
ences in sampling times and doses of GnRH that were
used. Only one study investigated the effect of a GnRH
challenge on plasma oestradiol concentration in OVX
bitches (Jeffcoate 1993a). The low dose of GnRH that
was used in the latter study produced no increase in
plasma oestradiol concentration. No data have been
reported on the response of the plasma testosterone
concentration to GnRH stimulation in intact and OVX
bitches.

The aim of this study was to determine the effects of
GnRH administration on the plasma concentrations of
reproductive hormones in intact and OVX bitches.
Therefore, blood samples were collected at multiple
times before and after the administration of GnRH iv
for the determination of the plasma concentrations of
LH, oestradiol, progesterone and testosterone in anoe-
strous and in OVX bitches.

Materials and Methods
Animals, treatment and collection of blood samples

Twelve bitches, consisting of ten Beagles, one Border
Collie, and one mongrel, were used in this study. Six of
them, 3-7 years of age and weighing 13.6-16.9 kg, were
sexually intact. The other six, 5-12 years of age and
weighing 13.2-27.0 kg, were OVX. The Beagles were
whelped and raised in the Department of Clinical
Sciences of Companion Animals and were accustomed
to the laboratory environment and handling such as
collection of blood samples. They were housed in pairs
in indoor-outdoor runs, fed a standard commercial dog
food once daily, and given water ad libitum. The Border
Collie and the mongrel dog were owned by veterinarians
working at the Department of Clinical Sciences of
Companion Animals and were also accustomed to the
collection of blood samples.

The six intact Beagles were examined three times
weekly for swelling of the vulva and a serosanguinous
vaginal discharge, which were considered to signify the
onset of pro-oestrus. Plasma concentrations of prog-
esterone were determined three times weekly from the
start of pro-oestrus until plasma progesterone concen-
tration exceeded 16 nmol/l, at which time ovulation was
assumed to occur (Concannon et al. 1977; Wildt et al.
1979; Okkens et al. 1985b). During this study the six
Beagle bitches were in anoestrus (123-203 days after
ovulation), as confirmed by plasma progesterone con-
centrations below 3 nmol/l (Okkens et al. 1985a). Six
dogs had been OVX at the Department of Clinical
Sciences of Companion Animals at Utrecht University
at least 1 year before the start of the experiment and
there had been no subsequent signs of oestrus as
demonstrated by the absence of swelling of the vulva,
vaginal discharge and attractiveness of male dogs.

Blood samples were collected for measurement of the
plasma concentrations of LH (at —40, 0, 10 and 60 min),
oestradiol (at —40, 0, 60 and 120 min), progesterone (at
—40, 0, 60 and 120 min) and testosterone (at 0, 60 and
90 min) after the iv administration of 10 ug GnRH
(Fertagyl®; Intervet, Boxmeer, the Netherlands) per kg
body weight at 0 min. GnRH was administered via the
cephalic vein. Blood samples were collected from the
jugular vein, placed immediately in chilled heparin-
coated tubes, and centrifuged at 4°C for 10 min at
1500 x g. Plasma was stored at —25°C until analysis.

Hormone measurements

Plasma LH concentration was measured by use of a
heterologous radioimmunoassay (RIA) as described
previously (Nett et al. 1975) with the following modifi-
cations. A rabbit antiserum raised against ovine LH
(CSU-204, kindly supplied by G.D. Niswender, Color-
ado State University, CO, USA), radioiodinated bLH-
7981 as prepared for our bovine LH assay (Dieleman
and Bevers 1987) and canine pituitary standard LER
1685-1 (a gift from Dr L.E. Reichert, Albany Medical
College, NY, USA) were used in this assay. The intra-
and inter-assay coefficients of variation (CV) for values
above 0.5 pg/l were 2.3% and 10.5%, respectively. The
lower limit of quantitation was 0.3 ug/l.

Plasma oestradiol concentration was measured by use
of a solid-phase RIA (Count-A-Count® TKE; Diag-
nostic Products Corporation, Los Angeles, CA) accord-
ing to the manufacturer’s instructions with
modifications as described previously (Dieleman and
Schoenmakers 1979) and validated for the dog (Van
Haaften et al. 1994). The intra- and inter-assay CV were
14% and 11.8%, respectively. The lower limit of
quantitation was 7 pmol/l.

Plasma progesterone concentration was measured by
a previously validated RIA (Dieleman and Schoenmak-
ers 1979; Okkens et al. 1985a). The intra- and inter-
assay CV were 11% and 14%, respectively. The lower
limit of quantitation was 0.13 nmol/l.

Plasma testosterone concentration was measured by
RIA (Coat-A-Count Total Testosterone, Diagnostic
Product Corporation) according to the manufacturer’s
protocol with the following two modifications to
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increase the sensitivity. First, three extra standard points
were included corresponding with 51, 255 and
1020 pmol/l producing standard curves with an average
estimated dose of 1643 (CV 11.4%, n = 10 RIAs), 230
(7.1%) and 37 (6.8%) pmol/tube at 20, 50 and 80%
relative binding, respectively. Second, aliquots of 1 ml
plasma were extracted with 2.5 ml diethylether. The
residue after evaporating under nitrogen was dissolved
in 125 ul A-serum (Diagnostic Products Corporation) of
which 50 ul duplicates were used for RIA. The average
extraction efficiency was 85% (CV 1.8%, n = 10 RIAs)
as determined on the basis of 3H-testosterone added to
parallel series of plasma samples (n = 6 per RIA).
Values of the samples obtained in pmol/tube were
calculated into pmol/l by correction for volume and
extraction efficiency. The intra- and inter-assay CV were
5% and 6%, respectively. The lower limit of quantita-
tion was 51 pmol/l.

Data analysis

Statistical analysis was performed using SPSS® for
Windows, Version 12.0.1 (SPSS Inc., Chicago, IL,
USA). When the plasma concentration of oestradiol,
progesterone, or testosterone was below the limit of
quantitation, the respective lower limit value was
assigned to the sample. For each bitch the mean basal
plasma hormone concentration was calculated from the
hormone concentrations before GnRH administration.
The average plasma hormone concentration per group
was calculated as the average of the mean values of the
individual dogs. The plasma LH, oestradiol, progester-
one and testosterone data were made normally distri-
buted by converting them to their natural (or neperian)
logarithms (In) and these were analysed using a multi-
variate repeated measures model, with ‘time’ as the
within-subject variable and ‘group’ as the between-
subject variable. Subsequently, a contrast study was
performed to evaluate time effects within each group in
comparison with the mean basal level. p < 0.05 was
considered significant. Results are presented as
mean + SEM and range.

Ethics of experimentation

This study was approved by the Ethical Committee of
the Faculty of Veterinary Medicine, Utrecht University.

Results

No adverse effects of GnRH administration on health or
behaviour were observed in any of the dogs. Mean
plasma LH concentrations before and 60 min after
GnRH administration were significantly lower
(p < 0.001 and 0.01, respectively) in the intact bitches
than in the OVX bitches. Moreover, there was no
overlap between the two groups when these values were
compared (Table 1). In both groups GnRH administra-
tion resulted in a significant increase in the plasma LH
concentration (Fig. 1). In the protocol used, the highest
plasma LH concentrations were found at 10 min after
GnRH and these values did not differ significantly
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Fig. 1. Mean (£SEM) plasma LH concentration after intravenous
administration of GnRH in a dose of 10 ug/kg body weight at 1 =
0 min in six anoestrous (A) and six ovariectomized (OVX) (W) bitches.
Asterisks indicate a significant difference in mean plasma LH
concentration between anoestrous and OVX bitches. (a) indicates a
significantly higher mean plasma LH concentration at = 10 min in
the anoestrous dogs compared with the values before and 60 min after
GnRH administration. (b) indicates a significantly higher mean plasma
LH concentration at t = 10 min in the OVX bitches compared with
the values before GnRH administration

Table 1. Mean + SEM and range of plasma concentrations of luteinizing hormone (LH), oestradiol, progesterone and testosterone in six
anoestrous and six ovariectomized (OVX) bitches before and after intravenous administration of 10 ug/kg body weight of GnRH (Fertagyl)

Anoestrous bitches

Ovariectomized bitches

Mean = SEM Range Mean =+ SEM Range
Basal LH (ug/l) 0.64 £ 0.04** 0.48-0.93 20.2 + 3.6%° 6.2-41.0
LH 10 min after GnRH (ug/l) 58.0 + 11.1° 25.4-101 63.9 + 15.3° 30.3-113
LH 60 min after GnRH (ug/1) 49 £ 0.5% 2.8-6.2 28.4 + 8.7+ 10.9-68.9
Basal oestradiol (pmol/l) NC* <7-14.1 NC <7
Oestradiol 60 min after GnRH (pmol/l) 23.0 + 4.0*%b 14.1-35.7 NC* <7
Oestradiol 120 min after GnRH (pmol/l) 244 £+ 3.5*b 12.3-32.4 NC* <7
Basal progesterone (nmol/l) NC <0.13-2.2 NC <0.13-0.95
Progesterone 60 min after GnRH (nmol/l) NC <0.13-1.9 NC <0.13
Progesterone 120 min after GnRH (nmol/l) NC <0.13-1.6 NC <0.13
Basal testosterone (pmol/l) NC <51-75.6 NC <51.0-70.0
Testosterone 60 min after GnRH (pmol/l) 747 £ 7.8 56.2-102.5 NC <51.0-55.7
Testosterone 90 min after GnRH (pmol/l) 80.4 + 7.8 56.7-101.8 NC <51.0

NC: mean not calculated because not all plasma hormone concentrations were above the detection limit. When a plasma hormone concentration was below the limit
of quantitation, in order to perform statistical analysis, the respective lower limit value was assigned to the sample.
*Indicates a significant difference in mean hormone concentration between anoestrous and OVX bitches.

ababnyifferent letters within a column per hormone indicate significant differences.
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between the two groups. The mean plasma LH concen-
tration at 10 min after GnRH was significantly higher
than those before (p < 0.001) and 60 min after GnRH
(p < 0.001) in the anoestrous dogs. In the OVX dogs,
the mean plasma LH concentration at 10 min after
GnRH was significantly higher (p < 0.05) than the
mean basal plasma LH concentration.

Basal plasma oestradiol concentration in all dogs
except one anoestrous bitch was below the detection
limit of the assay. The difference in the basal plasma
oestradiol concentration between the two groups was
not significant. After GnRH stimulation, plasma oes-
tradiol concentration was below the detection limit in all
OVX dogs but above this level in all anoestrous bitches.
In the protocol used, the maximum plasma oestradiol
concentration after GnRH administration was observed
at 60 min in three of the anoestrous bitches and at
120 min in the other three. At 60 and 120 min after
GnRH stimulation, plasma oestradiol concentrations
were significantly higher in the anoestrous bitches than
in the OVX bitches (p < 0.05 in both cases) and the
increase above baseline in the anoestrous bitches was
also significant (p < 0.02 and 0.01, respectively).

Basal plasma progesterone concentration was above
the detection limit of the assay in all but three samples
from the anoestrous bitches, whereas it was below the
detection limit in all but one sample from the OVX
bitches. In both groups, no change in plasma progester-
one concentration after GnRH administration was
significant. Differences in mean plasma progesterone
concentration between the two groups before and after
GnRH administration were not significant (Table 1).

Basal plasma testosterone concentration was above
the detection limit of the assay in three anoestrous
bitches and one OVX bitch. After GnRH administra-
tion, plasma testosterone concentration was detectable
in all anoestrous bitches but only one OVX bitch.
Plasma testosterone concentration did not change sig-
nificantly after GnRH administration and the difference
in mean plasma testosterone concentration between
anoestrous and OVX dogs was not significant.

Discussion

The plasma concentrations of reproductive hormones
were measured before and after GnRH administration
in OVX bitches and bitches in anoestrus, to evaluate the
applicability of such measurements for ascertaining the
presence or absence of ovarian tissue. The anoestrous
period was chosen because during this phase neither
vaginoscopy nor vaginal cytology nor the basal plasma
progesterone concentrations are of value in differenti-
ating between intact and OVX bitches.

The different sampling times for LH and oestradiol
were based upon information from previous experi-
ments (Van Haaften et al. 1994; Meij et al. 1996). No
data have been reported on the response of the plasma
testosterone concentration to GnRH stimulation in the
bitch. In intact male dogs administration of 10 ug/kg
GnRH results in a maximum testosterone concentration
at 60 min after injection (Knol et al. 1993), and there-
fore we assumed that a GnRH-induced increase in
plasma testosterone concentration will be found in

blood samples at 60 and 90 min after GnRH adminis-
tration. Because circulating testosterone concentrations
in bitches are described to be low or undetectable
(Nickel 1996), and no studies could be found that report
diurnal variation of plasma testosterone concentrations
in bitches, only one pre-GnRH trial sample for testos-
terone was collected.

The results of this study demonstrate that mean basal
plasma LH concentrations were significantly higher in
OVX bitches than in anoestrous bitches. Moreover,
there was no overlap in basal plasma LH concentrations
between the two groups. The higher basal plasma LH
concentrations in the OVX dogs are in agreement with
the results of other studies (Chaffaux et al. 1981; Olson
et al. 1992; Concannon 1993; Jeffcoate 1993a; Lofstedt
and Vanleeuwen 2002; Reichler et al. 2004) and can be
explained by the loss of negative feedback of the ovarian
hormones. However, taking into account the pulsatile
nature of LH release (Concannon 1993; Kooistra et al.
1999), overlapping of plasma LH concentrations be-
tween larger groups of intact and OVX bitches may be
expected, and therefore one single LH result should be
interpreted with caution. Indeed, a single measurement
of LH has been shown not to be a reliable means of
determining whether or not a bitch was intact (Lofstedt
and Vanleeuwen 2002). In addition, circulating LH
concentrations of <1 ug/l 10-16 weeks after ovariecto-
my in some bitches have been found (Reichler et al.
2004). Consequently, the presence or absence of ovarian
tissue should not be based solely upon the results of a
single basal plasma LH measurement.

In both anoestrous and OVX bitches, GnRH admin-
istration provoked a significant increase in the plasma
LH concentration. As a result of the complete loss of
negative feedback of ovarian hormones a maximal
stimulation of pituitary gonadotrophin release may
have been expected. However, in post-menopausal
women the secretion pattern of LH is still pulsatile,
and GnRH administration provokes an increase in the
plasma LH concentration (Rossmanith et al. 1991),
indicating that stimulation of pituitary LH release is
still occurring in ovarian hormone-deprived women.
Moreover, pulsatile LH release has also been reported in
OVX bitches (Concannon 1993).

In agreement with previous studies (Van Haaften
et al. 1994; Meij et al. 1996), in the protocol used
plasma LH concentration reached its maximum level at
10 min after GnRH administration in both groups. It
also reached its maximum in OVX bitches at 10 min
after intra-muscular administration of GnRH (Chaffaux
et al. 1981). The overlap between anoestrous OVX
bitches in plasma LH values 10 min after GnRH
administration makes this measurement an unreliable
method for distinguishing between the two groups.

Plasma oestradiol concentration was below the detec-
tion limit of the assay in all OVX dogs and five of the six
anoestrous dogs before GnRH administration and in the
OVX dogs after GnRH administration. There was a
significant increase in plasma oestradiol concentration
following GnRH stimulation in all the intact bitches but
none of the OVX bitches. As found in a previous study
(Van Haaften et al. 1994), the dose of GnRH (Fertagyl)
of 10 ug/kg was sufficient to induce an increase in
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plasma oestradiol concentration in the intact bitches. In
other studies (Jeffcoate 1992, 1993b), a dose of 0.16 ug
GnRH (Receptal®; Intervet, Boxmeer, the Netherlands)
per dog, which is, although Receptal is more efficient
than Fertagyl (Chenault 1990), a much lower dose than
used in this protocol, failed to induce a clear increase in
plasma oestradiol concentration in intact dogs. Lutein-
izing hormone and oestradiol responses after GnRH
administration in anoestrous bitches are significantly
dose dependent; a dose of 0.01 ug/kg produced little or
no response (Van Haaften et al. 1994). The results of the
present study suggest that the plasma oestradiol
response to an adequate dose of GnRH (Fertagyl;
10 ug/kg) may be a useful and reliable test with which to
distinguish between bitches with and without ovarian
tissue. The time at which the plasma oestradiol concen-
tration is maximal after GnRH administration could not
been determined in this study. Also in another study, it
has been observed that GnRH doses of 0.1-100 ug/kg
raise plasma oestradiol concentration for 160 min (Van
Haaften et al. 1994).

In women, oestradiol is also produced in a number of
extra-ovarian sites. These sites include the mesengial
cells of adipose tissue including that of the breast,
osteoblasts and chondrocytes of bone, vascular endo-
thelium and aortic smooth muscle cells and numerous
sites in the brain. However, at these sites oestradiol acts
locally as a paracrine or intracrine factor, rather than
that it is secreted into the circulation (Simpson 2003).
Most probably this also accounts for the dog, and
therefore a significant rise in plasma oestradiol concen-
tration after GnRH administration can be expected only
if ovarian tissue is present. In addition, Frank et al.
(2003) performed an ACTH stimulation test and no
increase in circulating oestradiol could be evoked in
either OVX or intact bitches, indicating that the adrenal
glands do not contribute to the circulating oestradiol
concentration.

The difference in plasma progesterone concentration
between anoestrous and OVX bitches was not signifi-
cant and the ranges overlapped both before and after
GnRH administration. This is in agreement with the
findings of others (Jeffcoate 1993a; Frank et al. 2003).
Although the main source of progesterone in the intact
bitch is the ovary, progesterone can also be secreted by
the adrenal cortex (Frank et al. 2004), which is the most
logical explanation for the detectable plasma progester-
one level in one of the OVX dogs (Concannon 1986).
This could be related to stress, as progesterone increases
have been reported to occur as a reaction to fear
provocations in dogs (Hydbring-Sandberg et al. 2004).
On the other hand, in the male dog LH and testosterone
values are not influenced by blood sampling (Knol et al.
1992), implying that under the experimental conditions
used the validity of results will not be affected by blood
collection. Since it is not completely clear to what extent
stress might influence the results, the potential effect of
stress has to be considered when examining the function
of the hypothalamic-pituitary-ovarian axis.

The differences in plasma testosterone concentrations
before and after GnRH administration between intact
and OVX bitches were not significant. For baseline
testosterone concentrations this is in agreement with the

results in another study in the dog (Frank et al. 2003).
Although mean plasma testosterone concentration in
the anoestrous bitches appeared to reflect the increase in
mean plasma oestradiol concentration, the change was
not significant (p = 0.15). As oestradiol is formed from
testosterone by the action of the aromatase system
(Edqvist and Forsberg 1997), this non-significant
increase in the plasma testosterone concentration most
probably reflects oestradiol synthesis in the follicles.
Different findings have been reported in women. The
basal plasma testosterone concentration in oophorec-
tomized women is significantly lower than that in intact
women. Furthermore, stimulation with human chori-
onic gonadotrophin (hCG) raises plasma testosterone
concentration in intact women but not in oophorec-
tomized women (Burger 2002; Piltonen et al. 2002).

It is uncertain whether the plasma LH and oestradiol
responses observed in intact bitches can be expected to
be completely the same in bitches with remnant ovarian
tissue. In a previous study (Okkens et al. 1981) 12 of 47
bitches with remnant ovarian tissue were found to have
macroscopic cystic structures in the residual ovarian
tissue. The effect of these cystic remnants on the results
of the GnRH stimulation test is unknown and the
successful use of this test in the detection of remnant
ovarian tissue has not yet been reported in animals, as it
has in humans (Scott et al. 1995).

It can be concluded that (i) basal plasma LH
concentration is significantly higher in OVX bitches
than in anoestrous bitches, (ii) plasma LH concentra-
tion increases after GnRH administration in both
anoestrous and OVX bitches, (iii)) GnRH administra-
tion causes a significant rise in plasma oestradiol
concentration only if ovarian tissue is present and (iv)
measurement of plasma progesterone and testosterone
concentrations before and after GnRH administration
does not aid in distinguishing between anoestrous and
OVX bitches. The results of this study provide a basis
for the diagnosis of remnant ovarian tissue and
verification of neuter status in the bitch. However,
further studies remain to be applied in bitches suspected
of remnant ovarian tissue.

Acknowledgements

The authors would like to acknowledge Mr H.G.H. van Engelen for
his assistance in performing the experiments. The excellent assistance
of Mrs D.M. Blankenstein and Ms C.H.Y Oei of the Biochemical
Laboratory is highly appreciated. We thank Mr J. van den Broek for
his valuable assistance with the statistical analysis. The critical reading
of the manuscript by Prof. Dr J. Rothuizen and Dr B.E. Belshaw is
highly appreciated.

References

Burger HG, 2002: Androgen production in women. Fertil
Steril 77, S3-S5.

Chaffaux S, Chassagnite F, Thibier M, 1981: Concentration of
LH aprés stimulation par la gonadoliberine (LRH) chez la
chienne et effet de I’ovariectomie. Rec Med Vet 10, 725-733.

Chenault JR, 1990: Effect of fertirelin acetate or buserelin on
conception rate at first or second insemination in lactating
dairy cows. J Dairy Sci 73, 633-638.

Concannon PW, 1986: Canine physiology of reproduction. In:
Burke TJ (ed.), Small Animal Reproduction and Fertility:

© 2006 The Authors. Journal compilation © 2006 Blackwell Verlag



560

JJCWM Buijtels, NJ Beijerink, HS Kooistra, SJ Dieleman and AC Okkens

A Clinical Approach to Diagnosis and Treatment. Lea and
Febiger, Philadelphia, PA, pp. 23-77.

Concannon PW, 1993: Biology of gonadotrophin secretion in
adult and prepubertal female dogs. J Reprod Fertil 47, 3-27.

Concannon PW, Castracane VD, 1985: Serum androstenedi-
one and testosterone concentrations during pregnancy and
nonpregnant cycles in dogs. Biol Reprod 33, 1078-1083.

Concannon PW, Hansel W, McKentee K, 1977: Changes in
LH, progesterone and sexual behavior associated with
preovulatory luteinization in the bitch. Biol Reprod 17,
604-613.

De Gier J, Kooistra HS, Djajadiningrat-Laanen SC, Dieleman
SJ, Okkens AC, 2006: Differential regulation of the secretion
of luteinizing hormone and follicle-stimulating hormone
around the time of ovulation in the bitch. Theriogenology,
in press.

Dieleman SJ, Bevers MM, 1987: Effects of monoclonal
antibody against PMSG administered shortly after the
preovulatory LH surge on time and number of ovulations
in PMSG/PG-treated cows. J Reprod Fertil 81, 533-542.

Dieleman SJ, Schoenmakers HJ, 1979: Radioimmunoassays to
determine the presence of progesterone and estrone in the
starfish asterias rubens. Gen Comp Endocrinol 39, 534-542.

Edqvist L, Forsberg M, 1997: Clinical reproductive endocrin-
ology. In: Kaneko JJ, Harvey JW, Bruss ML (eds), Clinical
Biochemistry of Domestic Animals, 5th edn. Academic
Press, San Diego, CA, pp. 589-618.

England GCW, Allen WE, 1989: Real-time ultrasonic imaging
of the ovary and uterus of the dog. J Reprod Fertil
39(Suppl.), 91-100.

Frank LA, Davis JA, Oliver JW, 2004: Serum concentrations
of cortisol, sex hormones of adrenal origin and adrenocor-
tical steroid intermediates in healthy dogs following stimu-
lation with two doses of cosyntropin. Am J Vet Res 65,
1631-1633.

Frank LA, Rohrbach BW, Bailey EM, West JR, Oliver JW,
2003: Steroid hormone concentration profiles in healthy
intact and neutered dogs before and after cosyntropin
administration. Domest Anim Endocrinol 24, 43-57.

Hydbring-Sandberg E, Von Walter LW, Hoéglund K, Svart-
berg K, Swenson L, Forkman B, 2004: Physiological
reactions to fear provocation in dogs. Endocrinology 180,
439-448.

Jeffcoate 1A, 1992: Concentrations of luteinizing hormone and
oestradiol in plasma and response to injection of gonado-
trophin releasing hormone analogue at selected stages of
anoestrus in domestic bitches. J Reprod Fertil 94, 423-429.

Jeffcoate 1A, 1993a: Gonadotrophin-releasing hormone chal-
lenge to test for the presence of ovaries in the bitch.
J Reprod Fertil 47(Suppl.), 536-538.

Jeffcoate TA, 1993b: Endocrinology of anoestrous bitches.
J Reprod Fertil 47(Suppl.), 69-76.

Knol BW, Dieleman SJ, Bevers MM, van den Brom WE, 1993:
GnRH in the male dog: dose-response relations with LH
and testosterone. J Reprod Fertil 98, 159-161.

Knol BW, Dieleman SJ, Bevers MM, van den Brom WE, Mol
JA, 1992: Effects of methods used for blood collection on
plasma concentrations of luteinizing hormone, testosterone,
and cortisol in male dogs. Vet Q 14, 126-129.

Kooistra HS, Okkens AC, Bevers MM, Popp-Snijders C, van
Haaften B, Dieleman SJ, Schoemaker J, 1999: Concurrent
pulsatile secretion of luteinizing hormone and follicle-
stimulating hormone during different phases of the oestrous
cycle and anoestrus in beagle bitches. Biol Reprod 60, 65—
71.

Lofstedt RM, Vanleeuwen JA, 2002: Evaluation of a com-
mercially available luteinizing hormone test for its ability to
distinguish between ovariectomized and sexually intact
bitches. ] Am Vet Med Assoc 220, 1331-1335.

Meij BP, Mol JA, Hazewinkel HAW, Bevers MM, Rijnberk A,
1996: Assessment of a combined anterior pituitary function
test in beagle dogs: rapid sequential intravenous adminis-
tration of four hypothalamic releasing hormones. Domest
Anim Endocrinol 13, 161-170.

Nett TM, Akbar AM, Phemister RD, Holst PA, Reichert LE
Jr, Niswender GD, 1975: Levels of luteinizing hormone,
estradiol and progesterone in serum during the estrous cycle
and pregnancy in the beagle bitch. Proc Soc Exp Biol Med
148, 134-139.

Nickel RF, 1996: Disorders of sexual differentiation. In:
Rijnberk A (ed.), Clinical Endocrinology of Dogs and Cats.
Kluwer Academic Publishers, Dordrecht, The Netherlands,
pp- 157-166.

Okkens AC, Dieleman SJ, Van Der Gaag I, 1981: Gynaeco-
logische complicaties na ovario-hysterectomie bij de hond
ten gevolge van: 1. Het incompleet verwijderen van de
ovaria. 2. Een ontsteking van uterus-cervixstomp. Tijdschr
Diergeneeskd 106, 1142—1158.

Okkens AC, Dieleman SJ, Bevers MM, Willemse AH, 1985a:
Evidence for the non-involvement of the uterus in the
lifespan of the corpus luteum in the cyclic dog. Vet Q 7, 169—
173.

Okkens AC, Bevers MM, Dieleman SJ, Willemse AH, 1985b:
Shortening of the interestrous interval and lifespan of the
corpus luteum of the cyclic dog by bromocriptine treatment.
Vet Q 7, 173-176.

Olson PN, Mulnix JA, Nett TM, 1992: Concentrations of
luteinizing hormone and follicle-stimulating hormone in the
serum of sexually intact and neutered dogs. Am J Vet Res
53, 762-766.

Olson PN, Bowen RA, Behrendt M, Olson JD, Nett TM, 1982:
Concentrations of reproductive hormones in canine serum
throughout late anestrus, proestrus and estrus. Biol Reprod
27, 1196-1206.

Olson PN, Bowen RA, Behrendt MD, Olson JD, Nett TM,
1984: Concentrations of testosterone in canine serum during
late anestrus, proestrus, estrus, and early diestrus. Am J Vet
Res 1, 145-148.

Piltonen T, Koivunen R, Morin-Papunen L, Ruokonen A,
Huhtaniemi IT, Tapanainen JS, 2002: Ovarian and adrenal
steroid production: regulatory role of LH/HCG. Hum
Reprod 17, 620-624.

Reichler IM, Pfeiffer E, Piché CA, Jochle W, Roos M, Hubler
M, Arnold S, 2004: Changes in plasma gonadotropin
concentrations and urethral closure pressure in the bitch
during the 12 months following ovariectomy. Theriogenol-
ogy 62, 1391-1402.

Root CR, Spaulding KA, 1994: Diagnostic imaging in
companion animal theriogenology. Semin Vet Med Surg
(Small Anim) 9, 7-27.

Rossmanith WG, Scherbaum WA, Lauritzen C, 1991: Gona-
dotropin secretion during aging in postmenopausal women.
Neuroendocrinology 54, 211-218.

Schaefers-Okkens AC, 2005: Estrous cycle and breeding
management of the healthy bitch. In: Ettinger SJ, Feldman
EC (eds), Textbook of Veterinary Internal Medicine. Dis-
eases of the Dog and Cat, 6th edn. Saunders, Philadelphia,
PA, pp. 1640-1649.

Schutte AP, 1976: Canine vaginal Cytology II. Cyclic changes.
J Small Anim Pract 8, 307-311.

Scott RT, Beatse SN, Illions EH, Snyder RR, 1995: Use of the
GnRH agonist stimulation test in the diagnosis of ovarian
remnant syndrome. A report of three cases. J Reprod Med
40, 143-146.

Shille VM, Olson PM, 1989: Dynamic testing in reproduc-
tive endocrinology. In: Kirk RW (ed.), Current Veterinary
Therapy X. WB Saunders, Philadelphia, PA, pp. 1282—
1288.

© 2006 The Authors. Journal compilation © 2006 Blackwell Verlag



Effects of GnRH in Anoestrous vs Ovariectomized Bitches

561

Simpson ER, 2003: Sources of estrogen and their importance.
J Steroid Biochem Mol Biol 86, 225-230.

Van Haaften B, Bevers MM, van den Brom WE, Okkens AC,
van Sluijs FJ, Willemse AH, Dieleman SJ, 1994: Increasing
sensitivity of the pituitary to GnRH from early to late
anoestrus in the beagle bitch. J Reprod Fertil 101, 221-225.

Wallace MS, 1991: The ovarian remnant syndrome in the bitch
and queen. Vet Clin North Am Small Anim Pract 21, 501—
507.

Wildt DE, Panko WB, Chakraborty PK, Seager SWJ, 1979:
Relationship of serum estrone, estradiol-17 and progester-

one to LH, sexual behavior and time of ovulation in the
bitch. Biol Reprod 20, 648—658.

Submitted: 19.01.2006

Author’s address (for correspondence): AC Schaefers-Okkens,
Department of Clinical Sciences of Companion Animals, Faculty of
Veterinary Medicine, Utrecht University, Yalelaan 8, PO Box 80154,
NL-3508 TD Utrecht, The Netherlands. E-mail: A.C.Schaefers-
Okkens@vet.uu.nl

© 2006 The Authors. Journal compilation © 2006 Blackwell Verlag



