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Maintenance of hypothalamic GnRH release during
lactation in the rat: a push-pull perfusion study
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The activity of the gonadotropin-releasing hormone (GnRH) pulse generator
during lactation was assessed by direct determination of GnRH levels impinging
upon the pituitary gland. Sprague-Dawley rats were implanted on day 15 of
pregnancy with a push-pull perfusion cannula directed to the anterior pituitary.
All implanted animals showed normal parturition, maternal behavior and
lactation. Push-pull perfusions were performed in 15 rats suckling 11.0 £ 0.8 pups
(range 4-15) on day 7-20 of lactation and repeated on diestrous 1 after weaning in
some of the same animals. GnRH content of the samples was assayed by RIA.
GnRH pulses were clearly detected during lactation. Mean GnRH secretion rate
was 1.9 £ 0.3 pg/10 min (x + SE, range between 0.5 and 3 pg/10 min) and
interpulse interval was 37.5 £ 1.7 min (range between 27 and 50 min). There was
a significant decrease of about 19% in the interpulse interval after weaning. There
was no significant difference in GnRH pulse amplitude nor in GnRH secretion rate
between lactation and diestrous. These results demonstrate that nursing does not
suppress the GnRH pulse generator in the rat.
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INTRODUCTION

As in most mammals, lactation in the rat
serves the dual role of supplying nutrition
for the young and spacing out the interval
between successive births (Short, 1984;
McNeilly, 1994). During lactation in this
species there is a decrease in pituitary gonad-
otropin-releasing hormone (GnRH) receptor
levels coincident with a sharp decrease in
pituitary luteinizing hormone (LH) mRNA
levels and total suppression of pulsatile LH
in the peripheral circulation. These processes
are restored promptly upon removal of the
suckling stimulus (Lee er af, 1989a; Smith
and Lee, 1989). Pulsatile GnRH adminis-
tration restores pituitary GnRH receptors

and pulsatile LH secretion in the presence
of the suckling stimulus and hyperpro-
lactinemia (Lee er al, 1989b), implying that
decreased pituitary LH production during
lactation might reflect decreased hypo-
thalamic GnRH release (Lee et al, 1989b, ¢).
However, hypothalamic GnRH content and
GnRH mRNA [evels are not suppressed
during lactation (Marks er al, 1992) which
raises the possibility that reduced levels of
pituitary GnRH receptors do not reflect
reduced outflow of hypothalamic GnRH. To
ascertain whether this interpretation is
correct we dectded to directly measure the
hypothalamic GnRH release during lacta-
tion using the push-pull perfusion (PPP)
technique.
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MATERIAL AND METHODS

Animals

Sprague-Dawley rats weighing 250-300 g
(Holtzman, Madison, WI) were housed 1n a
temperature controlled (22° C) room under a
14:10 light:dark cycle with lights on at 05:00
h. Food and water were available at libitum.
Rats were implanted with a push-pull can-
nula (PPC) directed towards the anterior
pituitary on day 15-16 of pregnancy, as
previously described (Park and Ramirez,
1989). Preliminary experiments indicate that
this procedure does not interrupt pregnancy
nor affects subsequent lactation. Some of the
implanted animals were not submitted to
PPPs because they lost their PPC, and others
were not included in the final report because
autopsy revealed that the tip of the PPC was
not located in the anterior pituitary (see
below).

Push-pull cannula implantation

A push-pull cannula was constructed ac-
cording to Park and Ramirez (1989) with
some modifications. To increase the GnRH
levels in the perfusates outer cannulae of
bigger diameter than previously reported by
Park and Ramirez were used. Outer cannulae
were 20 gauge and 12 mm long, with a
removable stylet (29 gauge) protruding about
0.5 mm whereas the push cannulae (29
gauge) protruded only about 0.2 mm. On day
15-16 of pregnancy, rats were anesthetized
with a ketamine-acepromazine solution
(10:1 v/iv) at 9 mg/100 g body weight.
Chronic outer cannulae with a removable
stylet were stereotaxically implanted with the
tip directed toward the anterior pituitary
according to coordinates of DeGroot (1959);
the cannula was positioned along the midiine
3.5 mm posterior to the bregma and 0.5 mm
to the right from midline, lowered to the base
of the skull, raised 0.6 mm and secured with
dental acrylic. The rats were autopsied after
the experiments and the position of the
cannulae verified by visual examination of
the pituitary gland under a dissecting mi-
croscope. Only data from rats whose can-
nulae were properly implanted were included
in the experiment.
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Push-pull perfusion

Rats were transported from the animal
facilities to the laboratory and handled
during at least 4 consecutive days before the
experiments to habituate them to the
procedures. The PPPs began at around noon.
For the perfusion the stylet was replaced by
an inner cannula assembly connected to
two peristaltic pumps with equal flow rates.
Push-pull perfusions were performed using a
modified Krebs-Ringer-Phosphate solution:
126 mM NaCl, 4.9 mM KCIl, 0.28 mM
CaCl,, 1.23 mM MgSO, and 12.3 mM
sodium phosphate buffer. Bacitracin was
added at a concentration of 14.2 mg/100 ml
and the pH was adjusted to 7.4. The flow rate
of the PPPs varied from 15 to 20 pl/min
between the different experiments but it was
constant within each experiment. There was
no relationship between the perfusion flow
and the GnRH levels in the perfusates (data
not shown). Samples were collected every 10
min and immediately prepared for storage
(see below). Upon completion of the PPP the
inner cannula assembly was replaced by the
stylet and the animal returned to the animal
quarters.

One successful PPP was performed during
days 7-20 of lactation in each animal.
Following weaning and after at least one nor-
mal postweaning cycle an additional PPP
was performed on diestrous 1. Between both
PPPs the animals were submitted to handling
and transportation to the laboratory to
maintain their habituation to the experimen-
tal procedures. Pups born from mothers
submitted to PPPs were slightly larger than
those from intact controls (data not shown).
The adequacy of lactation in the animals
implanted with PPC and submitted to
perfusions was verified by the weight of the
pups at day 10 and at weaning. Pups nursed
by implanted mothers grew faster than pups
nursed by intact control rats. On day 10 the
body weight of pups nursed by intact rats
was 23.1 £ 0.4 g (n = 36 pups, 3 mothers)
versus 24.8 £ 0.4 g (n = 24, 3 mothers) in
pups born from implanted rats (p = 0.028,
Wilcoxon test). On day 21 (the day of wean-
ing) pups reared by intact rats weighed
53.9+ 1.0 g (n = 36 pups, 3 mothers) versus
64.2 + 0.8 g in the experimental group (n =
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63 pups, 7 mothers) (p = 0.0001, Wilcoxon
test).

On the other hand, in most animals there
were regular oestrous cycles after weaning,
an additional evidence of normal pituitary
function in the rats submitted to PPPs. It
has previously been shown that repeated
PPPs in the same rat do not disrupt oestrous
cyclicity or GnRH release (Park and Rami-
rez, 1989).

Characterization of nursing activity

Nursing during the experiments occurred in
episodes interrupted sometimes by the eating
and drinking activities of the mother. At
the beginning of the nursing episodes most
of the pups engaged in frenetic sucking.
However, as the episode progressed sucking
usually became asynchronous with different
pups loosing and regaining connection with
the nipples at different times. Because it was
not possible to assess the exact number of
pups connected to nipples without overt
disturbance of the mother and pups, a
nursing episode was defined as a period of
mother-pups contact in which at least one
pup was sucking, and both the starting and
ending times of the episodes were recorded.

Radioimmunoassay (RIA)

GnRH was determined by RIA using a highly
specific polyclonal antibody developed by
Ramirez et al (Chen-Ramirez Ab R11 B73).
Samples were acidified to 0.1 N HCI im-
mediately after collection, centrifuged at
3000 RPM during 20 min, and the super-
natant kept frozen until the assay. Before the
RIA. the pH of the samples was adjusted to
6.0-7.4 with 1 N NaOH and 30 pl of 0.01 M
phosphate buffer (pH = 7.4). The sensitivity
of the assay varied between 0.2 and 1.0 pg/
tube. The intra-assay coefficient of variation
was about 5%, and all the samples collected
from a given animal were measured in a
single assay. The inter-assay coefficient of
variation was about 15%.

Analysis of data

The GnRH pulsatile pattern was described
using the PULSAR program (Merriam and
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Watcher, 1982) adapted for a microcomputer
(Gitzen and Ramirez, 1987). The SAS
Statistical System version 6.07 was used for
the statistical analysis. Differences were
considered significant at p < 0.05. Results
are given as mean + SE.

RESULTS
GnRH release during lactation

Fifteen out of 20 implanted rats were suc-
cessfully perfused once on different days
of lactation. The other five rats lost their
implants presumably because the PPC some-
times became entrapped in the metallic cover
of the cages. Most rats displayed exploratory
behavior during the first 30-60 min after
replacement of the stylet by the PPP as-
sembly. After that initial period the mothers
resumed their nursing activity with sporadic
spontaneous interruptions to drink and eat.

The mean number of pups was 11.0 £ 0.8
(range 4-15) and nursing activity en-
compassed 51 £ 8 % (n = 15) of the duration
of the PPPs. GnRH pulses were clearly dis-
cernible during lactation, their mean in-
terpulse interval was 37.5 = 1.7 min. Results
from two representative cases are shown in
Figure 1. Despite of suckling during most of
both perfusions, a decrease in the frequency
of pulses or mean GnRH secretion rate along
the experiments was not observed. One of
the rats nursed 10 pups (Fig 1A) and had an
average interpulse interval of 36 min, the
other nursed 15 pups and showed an average
interpulse interval of 47 min (Fig 1B). The
lack of acute effects of suckling upon the
pattern of GnRH release is further illustrated
in Figure 2 which shows GnRH levels in two
rats that displayed 3 short nursing episodes
each during the perfusions. Despite the brief
initial period of hyperactivity associated with
PPP cannula placement there was no obvious
difference in the GnRH release pattern be-
tween the first and second half of the PPPs
(for example see Figs 1 and 2). The mean
GnRH secretion rate was 1.9 + 0.3 pg/10 min
during lactation.

There was a statistically significant
lengthening of the GnRH interpulse interval
as the number of pups increased (Kendall’s 7
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Fig 1. GnRH levels in pituitary perfusates from two
lactating rats. Each horizontal line over the experimental
points indicates a nursing episode. A) Rat A30 was on day
10 of lactation and nursing 10 pups. Average interpulse
interval and mean GnRH secretion rate were 36 min and
1.67 pg/10 min, respectively. B) Rat A35 was on day 9 of
lactation and nursing 15 pups. Average interpulse interval
and mean GnRH secretion rate were 47 min and 1.42 pg/10
min, respectively. Note the different scales in both graphs.
In this and subsequent figures, asterisks indicate pulses
identified by Pulsar program.

= 0.410; p = 0.039) (Fig 3A), rats suckling
4-5 pups had an interpulse interval of about
30 min which increased to about 50 min in
rats nursing 15 pups. However there was no
significant influence of the number of pups
upon the mean GnRH secretion rate (Fig
3B).

The frequency of nursing episodes during
the experiments did not influence the GnRH
interpulse interval (Fig 4A), but showed a
significant negative influence on the mean
GnRH secretion rate (Kendall’s 7 = -0.529;
p = 0.0006) (Fig 4B).

The GnRH interpulse interval and secre-
tion rate were not correlated with the total
nursing time or day of lactation (data not
shown).
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GnRH release during diestrous

Six out of the 15 rats perfused during lacta-
tion were also perfused during diestrous 1
after weaning. In these animals, the GnRH
interpulse interval decreased by 19% from
38.3 + 3.3 min (n = 6) during lactation to
30.6 + 2.7 min during diestrous | (paired t =
2.786; d.f. = 5; p = 0.019). The mean GnRH
secretion rate was 3.1 £ 0.9 pg/10 min during
diestrous 1, that is 63% higher than during
lactation but the difference did not reach
statistical significance. The pulse amplitude
was 2.1 £ 0.7 pg during lactationand 2.3 £ 0.6
pg during diestrous. GnRH levels in pituitary
perfusates from two rats perfused during
lactation and diestrous are shown in Fig 5.

DISCUSSION

The results presented above provide the first
report on the pattern of GnRH release during
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Fig 2. Lack of acute effect of short nursing episodes upon
GnRH secretion rate. Each horizontal line over the experi-
mental points indicates a nursing episode. A) Rat A26 was
on day 8 of lactation and nursing 12 pups. Note GnRH
pulses beginning at the end of 2nd and 3rd nursing episodes.
B) Rat A44 was on day 21 of lactation and nursing 9 pups.
Note that GnRH pulses occurred during st and 3rd nursing
episodes.



Biol Res 29: 259-265 (1996)

(A

L

50

] Kendall's Tau = 0.410 °
1 p =0.039 ]

GnRH inter-peak interval (min)

4 + + 3

20 t { 1
3 6 g 12 15

-+

—
e
.

263
(B)
3T ® .
® °
° 1
© o
@ 1l
§A2 Py [ J
[
o c °
®E 1 °
T ©
tg
cett
s °
g ® o9
£
0 -ttt
3 6 9 12 15

number of pups

Fig 3. Relationships between number of pups and GnRH interpulse interval (A) and mean GnRH secretion rate (B). Number of
pups was positively correlated with length of interpulse interval, but it had no correlation with mean GnRH secretion rate.
Least squares line in A drawn by standard linear regression, but statistical significance evaluated by non-parametric
Kendall’s 7. Each point represents data obtained from different animals.
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Fig 4. Relationships between frequency of nursing episodes and GnRH interpulse interval (A) and mean GnRH secretion rate
(B). Frequency of nursing episodes had no correlation with GnRH interpulse interval, but it was negatively correlated with
mean GnRH secretion rate. Least squares line in B drawn by standard exponential regression, but statistical significance

evaluated by non-parametric Kendall’s 7.

lactation and the characteristics of the
suckling stimulus affecting GnRH secretion
in the rat. Lactation was associated with high
activity of the GnRH pulse generator with an
average interpulse interval of 38 min ranging
from 35 to 50 min in rats nursing 4-5 to 15
pups, respectively.

The number of pups, i.e., the strength of
sucking, was negatively correlated with the
frequency of GnRH pulses but had no rela-
tionship with the mean secretion rate. On the

other hand, the frequency of nursing
episodes was negatively correlated with the
mean GnRH secretion rate but not with
the GnRH pulse frequency. To our best
knowledge this is the first evidence of
influence of frequency of nursing upon hypo-
thalamic GnRH secretion.

After weaning, the interpulse interval
decreased slightly by 19%, from 38.3 £ 3.3
min to 30.6 £ 2.7 min, without significant
changes in mean GnRH secretion rate. Three
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Fig 5. GnRH levels in pituitary perfusates from two rats
perfused during lactation and diestrous 1. A) Rat A26 was
on day 8 of lactation and nursing 12 pups. This is a
representative case of 3 rats showing no significant changes
in GnRH secretion rate after weaning. Mean GnRH secretion
rates during lactation and diestrous | were 2.88 pg/10 min
and 2.56 pg/10 min, respectively. B) Rat A10 was on day 7
of lactation and nursing 14 pups. This is a representative
case of 4 rats showing increases in GnRH secretion rate
during diestrous 1 compared with lactation. Mean GnRH
secretion rates during lactation and diestrous | were 2.27 pg/
10 min and 4.88 pg/10 min, respectively.

of the lactating rats in our experiments had
9-10 pups each with a GnRH interpulse
interval of 34.8 + 3.5 min (x & SE) which is
not substantially different from the interval
observed in diestrous 1 rats. However, Fox
and Smith (1984) reported that 8 sucking
pups completely suppressed LH plasma
levels both in intact and ovariectomized rats.
Other factor(s) then must contribute to the
hypogonadotropism observed in rats lactat-
ing 8 or more pups.

One of those factors could be hypothalamic
galanin, recently shown to be a modulator of
GnRH function. There are galanin-immu-
noreactive neurons in the mediobasal hypo-
thalamus of the rat projecting towards the
median eminence (Merchenthaler et al,
1990) and 63% of GnRH-positive neurons in
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the proestrus rat are also immunopositive for
galanin (Merchenthaler er al, 1991). This
peptide is released in pulses which are
coincident or precede GnRH pulses into the
pituitary-portal circulation (Lopez et al.
1991), produces a dose-dependent release of
GnRH from hypothalamic fragments in vitro
(Merchenthaler et al, 1990), and more
importantly, it stimulates LH secretion by
itself and potentiates the GnRH-induced
release of LH from in vitro pituitary cells
(Lopez et al, 1991). It has recently been
shown that, contrary to what is observed in
the levels of GnRH and GnRH mRNA in the
hypothalamus, both galanin and its mRNA
are significantly reduced in the lactating rat
as compared with diestrous (Marks et «l.
1992).

The previously reported LH interpulse
interval for the diestrous rat of 40-60 min
(Gallo, 1981; Higuchi and Kawakami, 1982)
is longer than the GnRH interpuise interval
we found for rats in the same stage of the
oestrous cycle. However, the existence of
‘silent” GnRH pulses, not associated with
LH pulses, has been reported in the ovariec-
tomized sheep (Clarke and Cummins. 1982;
Levine et al, 1982), the long-term castrated
ram (Caraty and Locatelly, 1988). the
ovariectomized rhesus monkey (Terasawa et
al, 1988) and the male rat (Ramirez et al.
1991). In the intact male rat about half of
the GnRH pulses were silent whereas almost
all GnRH pulses were coincident with LH
pulses after orchiectomy (Levine and Duffy,
1988; Ramirez et al, 1991).

We did not observe acute decreases in
GnRH release as result of nursing episodes.
Acute decreases of plasma LH levels as-
sociated with suckling have been reported in
the rat (Sirinathsinghji and Martini, 1984;
Baumann and Rabii, 1991). In most studies
of acute effects of suckling upon peripheral
hormone levels the pups have been first
separated from, and then returned to. their
mother, which makes difficult to dissociate
the non-specific stress of pup removal-return
by the researcher from the effects of suckling
per se. In our experiments we recorded spon-
taneous mother-pups separation and reinitia-
tion of suckling which provides a more
physiological approach to assess the impact
of suckling, and we did not find evidence of
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suckling-induced acute inhibition of GnRH
release.

In summary, these experiments show that
the release of hypothalamic GnRH is not
suppressed during lactation in the rat, which
is consistent with the lack of suppression of
hypothalamic GnRH content and GnRH
mRNA levels in the lactating rat (Marks et
al. 1992), supporting the conclusion that
other mechanism(s) must be involved in lac-
tational hypogonadotropism in this species.
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