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To study the effect of an opiate antagonist receptor (naloxone) on LH secretion,
two groups of seven does were randomly allocated to GnRH (gonadoreline, 20
|lg/animal), and GnRH+naloxone (1.8 mg/kg b.w.) treatment, respectively and
another group of eight animals was treated with naloxone alone. Blood samples were
obtained immediately before treatment (0 minutes) and at 60, 120 and 180 minutes
after injection. Plasma levels of LH were determined by a direct, simple and precise
sandwich enzyme immunoassay (EIA), adapted for measuring plasma LH in rabbit.
Luteinizing hormone reached maximum values 60 minutes after administration of
GnRH or GnRH4-naloxone (p < 0.05) and all the females of these groups ovulated.
Only 25 % of naloxone treated rabbit does ovulated and these animals presented a
high LH plasma level at 60 minutes post-treatment (p < 0.05). In non ovulated ani
mals no variations in plasma LH concentrations were observed at 60 minutes, in rela
tion to blood samples obtained at 0, 120 and 180 minutes. Results show a limited
effect of this naloxone dose on the anterior pituitary of non lactating adult rabbit
does in relation to induced ovulation. No synergic effect was detected when nalox
one was administered in addition to gonadoreline.
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The female rabbit is a nonspontaneous
(i.e., reflex) ovulator and ovulation in rab
bit farms using artificial insemination, is
usually induced by synthetic analogues of
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gonadotrophin releasing hormone
(GnRH), whose administration induces
the anterior pituitary to release LH (1,3,
9,14). Opioid peptides may be involved in
the normal LH secretion inhibition in
adult rabbits but naloxone, an opioid pep
tide antagonist, causes evident LH secre
tion increases in prepubertal does and 
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induces ovulation in 100-day-old females
(12). On the other hand naloxone admin
istration leads to a significant increase in
basal LH levels following suckling in the
lactating rabbit (6), without gonadoreline
administration or other ovulation induc
ing hormones.

Radioimmunoassay has been a com
mon method used for LH measurement in
predicting ovulation (6, 9) with the disad
vantages associated with the use and dis
posal of radioisotopes, the measurement
and study of LH being restricted to spe
cialized laboratories. This study objec
tives were: to determine the changes in
LH plasma levels in adult rabbit does
treated with GnRH and/or naloxone by
using a simple rapid sensitive EIA sand
wich developed and validated with mate
rials readily available to all laboratories,
and to examine if naloxone administration
can enhance the pituitary response and
provoke a similar or larger ovulatory
response than gonadoreline in non lactat
ing adult rabbit does.

Materials and Methods

The experiment was performed in 22
mature (8-12 months old), multiparous,
non lactating, crossbred female rabbits
(Oryctolagus cuniculus) (New Zealand
White x Californian) raised in the Animal
Production Department (mean body
weight 3,637 ± 79 g). Animals used in this
study were treated according to the CEE
council Directive (86/609, 1986) for the
Care of Experimental Animals. They were
housed in individual metal cages (32 x 52
cm) under controlled light/dark cycles (16
h/8 h). Pelleted commercial diet (Lab
Rabbit Chow, Purina Mills Inc.: 16.2 %
protein, 2.5 % fat and 13.5 % crude fibre),
was restricted to about 125 g day-1, and
water was supplied ad libitum. Weaning 

was performed on all animals at least one
month before the experiment started.

Drugs.- Naloxone hydrochloride, an
opiate antagonist receptor (Sigma-Aldrich
Quimica S.A., Madrid), was dissolved in
physiological saline (0.9 % w/v NaCl) and
was administered i.v. at a dose level of 1.8
mg/kg (7). Gonadoreline, a synthetic ana
logue of GnRH (Ovejero Lab., Leon),
was given i.m. at a dose of 20 pg/animal
(8).

Sacrifice of animals was performed
after administration of a lethal dose i.v. of
penthobarbital sodium (Dolethal, Veto-
quinol Lab., Spain).

Experimental procedures.- Two groups
of seven rabbits each were randomly allo
cated to GnRH and GnRH+naloxone
treatment respectively (Group 1 and 2 ),
and another group of eight animals was
treated with naloxone (Group 3). To
study the effect of these treatments on LH
plasma levels, four blood samples were
obtained from the ear artery using sterile
heparinized syringes and tubes, immedi
ately prior to naloxone and/or GnRH
administration (0 minutes) and at 60, 120
and 180 min after treatment. The blood
samples were centrifuged (3500 r.p.m., 10
minutes), and plasma was stored at -20 °C
until analyzed.

To determine if ovulation had occurred,
a laparotomy was performed within 5-6
days after treatment and ovulation rate
was quantified by counting the number of
corpora lutea present in each ovary.

EIA procedure - Ninety-six well Nunc
Maxisorp microtiter plates were coated
with 100 ml of the primary antibody (250
ng/ml of monoclonal antibody anti-
bovine LH (518B7) dissolved in coating
buffer: 0.05 M sodium bicarbonate buffer,
pH: 9.6) per well, except for the first col
umn used as a plate/assay blank. Plates 
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were sealed and incubated overnight at
4 °C. Before use the coated plates, non
bound antiserum was removed from the
wells by washing the plates five times with
wash solution (0.15 M NaCl, 0.05 %
tween-20).

Standards and serum samples were pre
pared by dissolving them in MOPS assay
buffer (0.04 M 3-(N-Morpholino) propa
nesulfonic acid, 0.015 M NaCl, 0.01 M
EDTA, 0.05% tween-20, 0.005 % chloro-
hexidine digluconate, 0.1 % BSA, pH:
7.2). The standard curve covered a range
between 0 ng/ml to 20 ng/ml, and was
constructed by using 11 standard solu
tions: 20, 10, 5, 2.5, 1, 0.5, 0.25, 0.12, 0.06,
0.03, 0 ng/ml. At the time of assay, 50 ml
of MOPS assay buffer was pipetted across
the entire plate, followed immediately by
50 ml of serum samples or appropriate
standards.

The plates were then sealed and incu
bated for 2 hours at room temperature.
Non bound LH was then removed from
the wells by washing the plates as
described previously. The next step was
the addition of the second antibody (anti-
oFSH:HRP; G4-215B) across the entire
plate, at a working dilution of 1:1000 in
MOPS assay buffer (100 ml). Plates were
sealed and the second antibody conjugate
reaction was allowed to proceed for
another 2 hours at room temperature.
Non-bound second antibody was
removed by washing the plates five times
with wash solution.

The last step was the addition of 100 ml
of substrate solution (3,3’,5,5’-tetram-
ethylbenzidine dihydrochloride, pH: 5.0)
to all wells. Conversion of the substrate
by the enzyme, manifested as a color
change, was stopped after approximately
15 minutes by the addition of 100 ml of
stop solution (0.1 M phosphoric acid).
Absorbance was measured at 450 nm and
data were transferred to an interfaced
computer (IBM) for analysis.

Enzyme immunoassay validation.—
EIA precision was tested by calculating
the intra- and interassay CV (%), the for
mer being less than 6.2 % and the latter
less than 7.2 %. EIA accuracy was tested
by determining the recovery rates of
known amounts of rabbit LH (0, 100, 500,
1000 and 1500 pg/ml) added to a pool of
serum samples. The average recovery rate
was 93.5 ±1.7 %.

EIA sensitivity was tested by the low
detection limit (calculated from the error
in the zero and the slope of the standard
curve minus 2 SD in ten consecutive
assays), being 16.1 ± 1.42 pg/ml.

Statistical analysis- The treatment
effect on the LH plasma levels and on the
number of corpora lutea was analyzed
with the General Linear Model Procedure
(GLM) and means were compared by
using the Duncan test. Ovulation rate was
analyzed with a non-parametric proce
dure (Categorical Data Modeling) (10).

Results

The mean LH plasma levels following
drug administration are shown in figures 1
and 2.

Before treatments, the mean basal plas
ma LH concentration was 0.62 ± 0.08
ng/ml, without differences among the
studied groups. Sixty minutes after treat
ment with GnRH and/or naloxone (fig.
1), an increase over the basal values was
observed in all groups. Treatment with
GnRH caused a significative rise in mean
plasma LH levels, statistically different
from the animals treated with naloxone
alone (9.98 ± 2.3 vs 2.01 ± 0.8 ng/ml). The
increase in those treated with GnRH +
naloxone was intermediate and not statis
tically different from the other groups
(6.41 ± 0.6 ng/ml).
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Fig. 1. Plasma LH levels (means ± SEM) in rabbits
treated with 20 mg of GnRH (n = 7), 20 mg of
GnRH+1.8 mg/kg b.w. of naloxone (n = 7) and 1.8

mg/kg b.w. of naloxone (n = 8).
* Significantly different from 0, 120 and 180 minute
levels, (p < 0.05). Means marked with different letters

(a, b) are statistically different (p < 0.008).

In the naloxone treated group (fig. 2),
significantly higher LH plasma levels
were observed in rabbit does with ovula
tion at 60 minutes as compared to the ones
without it (5.68 ± 1.43 vs 0.79 ± 0.15
ng/ml).

All the rabbit does treated with GnRH
or GnRH+Naloxone ovulated (100 %),
although only 25 % of those treated with
naloxone presented corpora lutea at sacri
fice (p < 0.001). The number showing
them after laparotomy in ovulated rabbits,
was similar among the three groups stud
ied (8.14 ± 0.95, 7.57 ± 1.08, 11 ± 2.5 cor
pora lutea of groups 1, 2 and 3, respec
tively).

Discussion

Previous observations that mating or
administration of synthetic GnRH ana
logues causes a rapid increase of plasma
LH concentrations in female rabbits (2, 5,
9, 14) have been confirmed. Plasma LH
has been measured by a non-isotopic El A
developed and validated with materials
readily available to all laboratories (4), the
method being in about four hours and the 

Fig. 2. Plasma LH levels (means ± SEM) in ovulated
and non ovulated rabbit treated with 1.8 mg/kg of

naloxone (n = 7) i.v.
Significantly different from 60 min LH levels in

non ovulated rabbits (p < 0.01).

plate-blocking step and over-night incu
bations being avoided.

Before treatments, basal plasma LH
concentrations were similar among the
three studied groups. The large LH release
in response to ovulation stimulus is
always related to it in such a way that all
the ovulated animals presented high LH
concentrations at 60 minutes post-induc
tion of ovulation.

Previous studies showed that LH plas
ma levels rose to different intervals in rela
tion to mating or induction treatments. A
rapid LH increase at 1.5 hours after mat
ing was observed in rabbits with normal
oestrus (2), but it peaked sooner in those
pretreated with oestradiol benzoate. In
immature rabbits a large increase in LH
release 15 minutes after GnRH injection
was obtained (14). Other authors (9) also
observed an increase in LH basal values at
15 minutes after GnRH administration
which apparently exhibits a clear dose
response in sexually receptive does. Maxi
mal levels between 60 and 150 minutes
and at 2 hours after mating, were observed
by different authors (7, 11). Furthermore,
the magnitude of LH peak is variable
depending on authors and ranges between
14 ng/ml (11) and 60-70 ng/ml (2).
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The suitability of naloxone to stimulate
the pituitary in the lactating and 100 day-
old rabbit does is supported by some
authors (6, 12, 13). In our study, females
treated with naloxone alone showed a
slight increase in plasma LH concentra
tions at 60 minutes, but it was not signifi
cant as five out of seven animals did not
respond.

Although previous studies (13),
showed that naloxone (2.5 mg/kg b.w.)
caused increases in LH secretion, which
were occasionally high enough to induce
ovulation (6 out of 11 animals ovulated),
our results indicate that an i.v. injection of
1.8 mg/kg body weight of naloxone is not
totally suitable as ovulation inducer in the
mature rabbit, the dose per animal for this
purpose having to be higher. On the other
hand, naloxone has not proven to be a
GnRH intensifier to increase LH release
in rabbits at the dose employed.

P. G. REBOLLAR, J. M. R. ALVARINO,
J. C. ILLERA y G. SILVAN. Efecto de la
gonadorelina y de la naloxona sobre la induc
tion de la ovulation y las concentrations plas-
maticas de LH en coneja. J. Physiol. Biochem.
(Rev. esp. FisioL), 53 (2), 205-210. 1997.

Se estudia si la naloxona, un antagonista de
los receptorcs opiaceos, incrementa o produce
el mismo efecto que la gonadorelina, un analo-
go sintetico de la hormona liberadora de
gonadotrofinas (GnRH), sobre la induccion de
la ovulacion y niveles plasmaticos de LH en la
coneja domestica. Dos grupos de 7 conejas
adultas elegidas al azar, se tratan con GnRH
(gonadorelina, 20 pg/animal) y con GnRH+
naloxona (1.8 mg/kg p.v.) respectivamente. Un
tercer grupo de 8 animates reciben solo nalo
xona, a la misma dosis. Las muestras de sangre
se obtienen inmediatamente antes del trata-
miento (0 min) y a los 60, 120 y 180 minutos
post-inyeccion. Los niveles de LH se determi-
nan por EIA-sandwich, rapido, sencillo, prac
tice y adaptado para determinar LH en plasma
de conejo. La hormona luteinizante alcanza
valores maximos a los 60 min del tratamiento
con GnRH o GnRH+naloxona (p < 0,05); 

todas las conejas de estos grupos ovulan. De las
conejas tratadas con naloxona, solo cl 25 %
ovula presentando altos niveles plasmaticos de
LH, 60 minutos despues del tratamiento (p <
0,05); las conejas de este grupo que no ovulan
no presentan variaciones en las concentra-
ciones plasmaticas de LH a los 60 minutos,
comparadas con las muestras tomadas antes, a
los 120 y a los 180 minutos del tratamiento.
Los resultados obtenidos muestran un efecto
limitado de esta dosis de naloxona en la hipofi-
sis anterior de conejas adultas no lactantes con
rcspecto a la induccion de ovulacion. No se
observa ningun efecto sinergico cuando se
administra la naloxona junto con la gonadore
lina.
Palabras clave: LH, Induccion de la ovulacion, En-

zimoinmunoensayo.
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