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Apomorphine-Induced Inhibition of Episodic LH Release in Ovariectomized Rats with
Complete Hypothalamic Deafferentation' (40296)
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Our laboratory recently reported that apo-
morphine, a drug that stimulates dopamine
receptors, caused a transient (50-60 min) but
marked inhibition of the episodic pattern of
LH release normally observed in ovariecto-
mized rats (1, 2). This effect is mediated by
activation of dopamine receptors since pi-
mozide and d-butaclamol, agents which block
these receptors, prevent the inhibitory effect
(1, 2). The present study was designed to
determine if this inhibition is mediated by an
initial activation of dopamine receptors
within the hypothalamic-pituitary unit (3, 4),
or outside of it in some other region of the
brain with a significant dopaminergic input
such as the neostriatum (3). Therefore, the
effects of apomorphine on episodic LH
release were determined in ovariectomized
rats previously subjected to complete hypo-
thalamic deafferentation in order to isolate
the medial basal hypothalamus (MBH)-pitui-
tary unit from the rest of the brain.

Materials and methods. Adult female
Sprague-Dawley rats (Simonsen Laborato-
ries, Gilroy, CA) weighing 260-280 g were
maintained on a lighting schedule of 14 hr
light: 10 hr darkness (light on 0500-1900 hr)
and fed lab chow and water ad libitum. Daily
vaginal smears were taken and only those rats
showing two or more consecutive 4-day es-
trous cycles were used for experimentation.

Deafferentation of the MBH was per-
formed with a small double-edged Halasz-
type knife (5) of bayonet shape (dimensions:
vertical 2.0 mm, radius 1.6 mm). Under so-
dium pentobarbital anesthesia (35 mg/kg
bw), the animal’s head was placed in a ster-
eotaxic instrument with the ear bars 2.4 mm
above the level of the tooth bar. After drilling
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a hole in the skull, the knife was lowered
through the superior sagittal sinus to the base
of the skull 8.3 mm anterior to the interaural
line. The knife was first rotated to the right
90°, and then 180° to the left (to maximize
the probability for completeness of the ante-
rior section of the cut). The blade was next
stereotaxically moved 3 mm posteriorly, and
then rotated 180° to the right. It was then
moved anteriorly 3.3 mm (to assure complete-
ness). Finally, the blade was rotated 90° to-
ward the starting position, and removed from
the brain at the point of entry. Following
deafferentation, vaginal smears were taken
for 3 to 6 weeks after which time only those
rats having shown either constant vaginal
estrous or diestrous smear patterns for three
weeks or more were ovariectomized.

Six weeks following ovariectomy a poly-
ethylene cannula was inserted into the exter-
nal jugular vein and used for collecting blood
samples the following day. An additional
cannula was placed subcutaneously in the
animal’s back for later drug administration.
The next day, after an iv injection of 200
units heparin, unanesthetized, unrestrained
animals were bled continuously through a
piece of flexible tubing, one end of which was
connected to the animal’s cannula and the
other end through a peristaltic pump to a
microliter syringe kept on ice for the collec-
tion of blood samples. Fifty or 100 ul whole
blood were collected every 5 or 10 min, re-
spectively, and added directly to assay tubes
(kept in an ice bath) containing 400 or 450
ul of phosphate buffered saline with 0.1%
gelatin. After collecting blood samples for a
1%- to 2 hr-control period, animals were in-
jected with apomorphine hydrochloride (a
selective stimulator of dopamine receptors (6,
7), Merck Chem., Rahway, NJ, 1.5 mg/kg in
saline) through the indwelling sc cannula.
Bleeding was then continued for an addi-
tional 1 to 1%-hr period. Whole blood sam-
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ples were analyzed for LH by a slight modi-
fication (8) of the ovine-ovine rat LH double
antibody radioimmunoassay of Niswender et
al. (9). LH values (ng/ml whole blood) are
expressed in terms of the NJAMDD Rat LH-
RP-1 preparation which has a biological po-
tency equivalent to 0.03 X NIH-LH-S1.

Following experimentation, rats were per-
fused with 10% formalin plus 1% calcium
chloride. The extent of hypothalamic deaffer-
entation was determined both by visual ex-
amination of the cut at the base of the brain
as well as by close histological examination
after sectioning brains at 50 um in the trans-
verse plane and staining with Nissls stain
using basic fuchsin.

Results. Forty-five of 53 animals (85%)
showed persistently leucocytic (constant dies-
trous) vaginal smear patterns for at least 3
weeks following hypothalamic surgery. The
remaining eight rats (15%) exhibited persist-
ent vaginal cornification (constant estrous)
during this same period of time. No hypotha-
lamic necrosis was observed in the great ma-
jority of animals subjected to deafferentation
and later used for experimentation. The ne-
crosis that was seen in a few rats involved
only the extreme rostral or caudal sections of
the deafferented tissue and never involved
the arcuate nucleus-median eminence region.
The pituitary glands of all experimental ani-
mals were not damaged by the knife. Addi-
tionally, no apparent histological differences
with regard to the extent of deafferentation
were discernible between constant estrous
and constant diestrous animals (see Fig. 1).
The deafferented tissue included all of the
arcuate nucleus and median eminence, much
of the ventromedial nucleus, and variable
amounts of the dorsomedial nucleus. The
posterior part of the suprachiasmatic nucleus
was included within one side of the hypotha-
lamic island in 2 of 8 constant estrous and 3
of 12 constant diestrous rats.

Twelve of the 45 rats displaying a persist-
ently leucocytic smear pattern following hy-
pothalamic deafferentation were randomly
selected for bleeding 6 weeks after ovariec-
tomy. In all 12 animals pulsatile LH release
was absent and LH levels were very low (<28
to <110 ng/ml). The rat in constant diestrus,
depicted in Fig. 1, had <28 ng LH/ml whole
blood during a 3 hr bleeding period. Of the
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eight completely deafferented, constant es-
trous animals bled 6 weeks after ovariectomy,
five exhibited pulsatile LH release during a
1%- to 2 hr-control period of bleeding (Fig.
2), though at somewhat reduced levels when
compared with pulsatile LH release normally
seen in ovariectomized rats. In the remaining
three rats, problems occurred during the
bleeding procedure in one, while the other
two animals displayed either nonepisodic,
low blood LH levels or only one LH pulse in
the control period.

Apomorphine caused a stereotyped gnaw-
ing behavior pattern in ovariectomized rats
with complete hypothalamic deafferentation,
much as it does in intact or ovariectomized
animals not subjected to hypothalamic sur-
gery (1, 2, 6). This agent was administered to
eight rats with complete hypothalamic deaf-
ferentation which previously had shown con-
stant vaginal estrous smear patterns before
ovariectomy. In the five rats having well de-
fined episodic LH release patterns during the
control period, apomorphine caused an inhi-
bition (four rats) or reduction (one rat) of
pulsatile LH secretion lasting at least 40-90
min. Three examples are given in Fig. 2. The
extent of the cut in the middle animal repre-
sented in Fig. 2 is shown in the top of Fig. 1.
The response to apomorphine could not be
determined in the remaining 3 rats because
of the reasons cited above.

Discussion. This study demonstrates that
apomorphine, a specific dopamine receptor
stimulating agent (6, 7), can exert an inhibi-
tory effect on episodic LH release in ovari-
ectomized rats previously subjected to com-
plete hypothalamic deafferentation. We have
previously observed this inhibition in ovari-
ectomized animals not subjected to complete
hypothalamic deafferentation (1, 2) and have
shown that the sc injection of saline (1) or
distilled water (2) into ovariectomized rats
had no effect on episodic LH release. Fur-
thermore, the sc injection of apomorphine
into animals with hypothalamic deafferenta-
tion was accomplished through the use of an
indwelling sc cannula connected to a suffi-
cient length of flexible tubing to extend out
of the animal’s cage. Thus, the animals were
unaware of any injection procedure. It ap-
pears from these and our previous data that
the inhibition of episodic LH release caused
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F1G. 1. Representative sagittal reconstructions indicating the extent of complete hypothalamic deafferentation in
rats subsequently showing constant estrous or constant diestrous vaginal smear patterns. Actual brain cross sections
for each of these animals are shown to the left. The arrows indicate the location of the knife cut.

by apomorphine is a result of activation of
dopamine receptors within the medial basal
hypothalamus (MBH) and/or pituitary
gland, and not outside this region.

The postsynaptic dopamine receptors re-
sponsible for inhibition of episodic LH
release are probably associated with neurons
innervated either by dopaminergic neurons
originating in the arcuate nucleus or within
the substantia nigra, and both these areas
send axonal projections to the median emi-
nence (10-13). In this regard, the median
eminence contains high concentrations of
LHRH (14, 15), apparently within the ter-
minals of LHRH neurons. It is possible that
activation of dopamine receptors on these
LHRH neurons may result in an inhibition
of LHRH release. A hypothalamic site of
action for apomorphine is suggested by the

evidence that portal vein infusion of dopa-
mine had no effect of LH release (16), while
the in vitro pituitary secretion of LH was
inhibited by dopamine only when the median
eminence was included in the incubation (17).
Alternatively, a pituitary site of action cannot
be ruled out since dopamine receptors are
present there (4).

It should be emphasized that the inhibition
of episodic LH release by apomorphine could
only be tested in those few hypothalamic-
deafferented animals showing a constant vag-
inal estrous smear pattern, since only in these
rats was episodic LH release present after
ovariectomy. The vast majority of deaffer-
ented rats (85%) exhibited a constant vaginal
diestrous smear pattern and in this type ani-
mal LH levels were very low and nonpulsatile
after ovariectomy. Blake and Sawyer (18)
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F1G. 2. Three examples of the effect of apomorphine
(APO; 1.5 mg/kg sc) on episodic LH release in ovariec-
tomized rats with complete deafferentation of the medial
basal hypothalamus.

indicated that 5 of 11 animals subjected to
complete deafferentation of the MBH had
constant vaginal estrous smear patterns and
episodic LH release after ovariectomy. These
authors suggested on the basis of these ani-
mals that pulsatile LH secretion may possibly
be inherent to the MBH-pituitary unit. In
only a small percentage of the rats in the
present report was the deafferented hypotha-
lamic tissue capable of maintaining episodic
LH secretion. In agreement with Blake and
Sawyer (18), complete MBH deafferentation
also had produced constant vaginal cornifi-
cation in these rats. Inclusion of the supra-
chiasmatic nucleus within the deafferented
region has been suggested to account for the
persistence of LH secretion and this constant
vaginal estrous smear pattern (19). In the
present study the suprachiasmatic nucleus
was anterior to, or destroyed by the knife cut
in the large majority of rats in both groups.
Moreover, even when a portion of this nu-
cleus was included within the deafferented
hypothalamic tissue in a few constant dies-
trous rats, very low, nonepisodic blood LH
levels still resulted. Thus, the reason why
some rats should continue to show episodic
LH release while others do not, when the
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extent of hypothalamic deafferentation ap-
pears similar in both groups, is not clear at
present. The absence of pulsatile LH secre-
tion following MBH deafferentation may be
due to severing the axons of LHRH neurons
whose cell bodies lie outside the MBH and/or
interrupting fibers stimulating LHRH syn-
thesis and/or release. Complete deafferenta-
tion results in a large decrease in LHRH
content in the rat MBH (20, 21). Further-
more, norepinephrine has been suggested to
play an excitatory role in the regulation of
LH secretion (1, 22-25) and the content of’
norepinephrine in the MBH is totally de-
pleted by deafferentation (26). Nevertheless,
afferent input to the MBH seems to be re-
quired in the great majority of rats to sustain
episodic LH secretion. Moreover, dopamine
receptors within the MBH-pituitary region
seem responsible for mediating the inhibitory
effect of apomorphine on pulsatile LH secre-
tion.

Summary. Complete neural deafferenta-
tion of the MBH in 53 rats resulted in a
constant vaginal diestrous smear pattern in
85% of the rats, and in this type animal very
low blood LH levels and absence of episodic
LH release followed ovariectomy. The re-
maining 15% had a constant vaginal estrous
smear pattern, and most demonstrated pul-
satile LH secretion following ovariectomy.
Thus, afferent input to the MBH seems to be
required in most rats to sustain episodic LH
secretion. Administration of apomorphine, a
dopamine receptor stimulator, to animals
which were in constant estrus before ovariec-
tomy, resulted in inhibition of pulsatile LH
secretion, suggesting that this apomorphine-
induced inhibition is a result of activation of
dopamine receptors within, rather than out-
side, the MBH-pituitary unit.
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