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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 m a m m a l s , lactation in the rat 
serves the dual role of supplying nutrition 
for the young and spacing out the interval 
b e t w e e n s u c c e s s i v e b i r t h s (Shor t , 1984 ; 
McNei l ly , 1994). Dur ing lactat ion 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) m R N A 
levels and total suppression of pulsatile L H 
in the peripheral circulation. These processes 
are restored promptly upon removal of the 
suckling st imulus (Lee et al, 1989a; Smith 
and Lee , 1989). Pulsat i le G n R H admin i s ­
trat ion res tores p i tu i tary G n R H recep tors 

and pulsati le L H secretion in the presence 
of the s u c k l i n g s t i m u l u s and h y p e r p r o -
lactinemia (Lee et al, 1989b), implying that 
decreased pi tui tary L H produc t ion dur ing 
l ac t a t i on m i g h t r e f l ec t d e c r e a s e d h y p o ­
thalamic G n R H release (Lee et al, 1989b, c). 
However , hypothalamic G n R H content and 
G n R H m R N A leve ls a re not s u p p r e s s e d 
during lactation (Marks et al, 1992) which 
raises the possibility that reduced levels of 
p i tu i ta ry G n R H r e c e p t o r s d o not ref lec t 
reduced outflow of hypothalamic G n R H . To 
a s c e r t a i n w h e t h e r t h i s i n t e r p r e t a t i o n is 
correct we decided to directly measure the 
hypo tha lamic G n R H release dur ing lacta­
t ion us ing the push -pu l l pe r fus ion ( P P P ) 
technique. 
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M A T E R I A L AND M E T H O D S 

Animals 

S p r a g u e - D a w l e y rats we igh ing 250 -300 g 
(Hol tzman, Madison, WI) were housed in 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 ( P P C ) d i rec ted towards the an te r ior 
p i tu i ta ry on day 15-16 of p r e g n a n c y , as 
p rev ious ly desc r ibed (Park and Rami rez , 
1989). Prel iminary exper iments indicate that 
this procedure does not interrupt pregnancy 
nor affects subsequent lactation. Some of the 
implan ted an imals were not submi t ted 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 loca ted in the an te r ior p i tu i tary (see 
below). 

Push-pull cannula implantation 

A push-pul l cannu la was cons t ruc ted ac ­
cording to Park and Ramirez (1989) with 
some modifications. To increase the G n R H 
levels in the perfusates outer cannulae of 
bigger diameter than previously reported by 
Park and Ramirez were used. Outer cannulae 
were 20 g a u g e and 12 m m long, with a 
removable stylet (29 gauge) protruding about 
0.5 m m w h e r e a s the push c a n n u l a e (29 
gauge) protruded only about 0.2 mm. On day 
15-16 of pregnancy, rats were anesthetized 
wi th a k e t a m i n e - a c e p r o m a z i n e s o l u t i o n 
(10:1 v /v) at 9 m g / 1 0 0 g b o d y w e i g h t . 
Chron ic outer cannu lae with a removable 
stylet were stereotaxically implanted with the 
tip d i rec ted t oward the an te r io r p i tu i tary 
according to coordinates of DeGroot (1959); 
the cannula was posi t ioned along the midline 
3.5 m m posterior to the b regma and 0.5 mm 
to the right from midline, lowered to the base 
of the skull, raised 0.6 m m and secured with 
dental acrylic. The rats were autopsied after 
the e x p e r i m e n t s and the pos i t ion of the 
cannulae verified by visual examinat ion of 
the pituitary gland under a dissect ing mi­
croscope. Only data from rats whose can­
nulae were properly implanted were included 
in the exper iment . 

Push-pull perfusion 

Rat s w e r e t r a n s p o r t e d f rom t h e a n i m a l 
fac i l i t i e s to the l a b o r a t o r y and h a n d l e d 
during at least 4 consecut ive days before the 
e x p e r i m e n t s to h a b i t u a t e t h e m to t h e 
procedures. The PPPs began at around noon. 
For the perfusion the stylet was replaced by 
an inner c a n n u l a a s s e m b l y c o n n e c t e d to 
two peristaltic pumps with equal flow rates. 
Push-pull perfusions were performed using a 
modified Krebs-Ringer -Phospha te solut ion: 
126 m M N a C l , 4 .9 m M KC1, 0 .28 m M 
C a C l 2 , 1.23 m M M g S 0 4 and 12 .3 m M 
sod ium p h o s p h a t e buffer . Bac i t r ac in 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 ul/min 
between the different exper iments but it was 
constant within each experiment . There was 
no relationship between the perfusion flow 
and the G n R H levels in the perfusates (data 
not shown). Samples were collected every 10 
min and immediate ly prepared for s torage 
(see below). Upon complet ion 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 
d a y s 7 -20 of l a c t a t i o n in e a c h a n i m a l . 
Fol lowing weaning and after at least one nor­
mal pos twean ing cycle an addi t ional P P P 
was performed on diestrous 1. Between both 
PPPs the animals were submitted to handling 
and t r a n s p o r t a t i o n to t h e l a b o r a t o r y to 
maintain their habituation to the exper imen­
tal p r o c e d u r e s . P u p s born f rom m o t h e r s 
submitted to PPPs were slightly larger than 
those from intact controls (data not shown) . 
The adequacy of lactat ion in the an imals 
i m p l a n t e d w i t h P P C a n d s u b m i t t e d 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 in tac t ra ts w e i g h e d 
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 addit ional evidence of normal pituitary 
function in the rats submit ted to PPPs . It 
has p r e v i o u s l y been s h o w n that r epea ted 
PPPs in the same rat do not disrupt oestrous 
cyclicity or G n R H release (Park and Rami­
rez. 1989). 

Characterization of nursing activity 

Nursing during the exper iments occurred in 
episodes interrupted somet imes by the eating 
and d r ink ing act ivi t ies of the mother . At 
the beginning of the nursing episodes most 
of the pups e n g a g e d in frenetic suck ing . 
However , as the episode progressed sucking 
usually became asynchronous with different 
pups loosing and regaining connection with 
the nipples at different t imes. Because it was 
not possible to assess the exact number of 
pups c o n n e c t e d to n ipp les w i thou t over t 
d i s t u r b a n c e of the m o t h e r and p u p s , 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 t imes of the episodes were recorded. 

Radioimmunoassay (RIA) 

GnRH was determined by RIA using a highly 
specific polyclonal ant ibody deve loped by 
Ramirez et al (Chen-Ramirez Ab R l l B73) . 
Samples were acidified to 0.1 N HC1 im­
med ia t e ly after co l l ec t ion , cen t r i fuged at 
3000 R P M 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 N a O H and 30 ul 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 an imal were measured in a 
single assay. The inter-assay coefficient of 
variation was about 15%. 

Analysis of data 

The G n R H pulsati le pattern was described 
using the P U L S A R program (Merr iam and 

Watcher , 1982) adapted for a microcomputer 
( G i t z e n a n d R a m i r e z , 1 9 8 7 ) . T h e S A S 
Statistical System version 6.07 was used for 
the s ta t is t ical ana lys i s . D i f fe rences w e r e 
considered significant at p < 0.05. Results 
are given as mean ± SE. 

R E S U L T S 

GnRH release during lactation 

Fifteen out of 20 implanted rats were suc­
cessfully perfused once on different days 
of lactat ion. 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 dur ing the first 30-60 min after 
rep lacement of the stylet by the P P P 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 
( r a n g e 4 - 1 5 ) a n d n u r s i n g a c t i v i t y e n ­
compassed 51 ± 8 % (n = 15) of the duration 
of the PPPs . G n R H pulses were clearly dis­
ce rn ib le du r ing lac ta t ion , the i r m e a n 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 G n R H 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 IB) . The 
lack of acute effects of suckling upon the 
pattern of G n R H release is further illustrated 
in Figure 2 which shows G n R H levels in two 
rats that displayed 3 short nursing episodes 
each during the perfusions. Despi te the brief 
initial period of hyperactivity associated with 
PPP cannula placement there was no obvious 
difference in the G n R H release pattern be­
tween the first and second half of the PPPs 
(for example see Figs 1 and 2). The mean 
G n R H secretion rate was 1.9 ± 0.3 pg/10 min 
during lactation. 

T h e r e w a s a s t a t i s t i c a l l y s i g n i f i c a n t 
lengthening of the G n R H interpulse interval 
as the number of pups increased (Kendal l ' s X 



262 Biol Res 29: 259-265 (1996) 

(A ) 

0 

nursing ep isodes 

ro t A 3 0 
d a y 1 0 
1 0 p u p s 

• 
A * i \ 
/ \ A A / \ * 

• 

( B ) 

1 5 - r 
n u r s i n g e p i s o d e s 

0 6 0 1 2 0 1 8 0 2 4 0 3 0 0 3 6 0 

m i n u t e s 

Fig 1. G n R H levels in p i tu i tary 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. 

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 G n R H 
interpulse interval decreased by 19% from 
38.3 ± 3.3 min (n = 6) during lactation to 
30.6 ± 2.7 min during diestrous 1 (paired t = 
2.786; d.f. = 5; p = 0.019). The mean G n R H 
secretion rate was 3.1 ± 0.9 pg/10 min during 
diestrous 1, that is 6 3 % higher than during 
lactat ion but the difference did not reach 
statistical significance. The pulse ampl i tude 
was 2.1 ± 0.7 pg during lactation and 2.3 ± 0.6 
pg during diestrous. G n R H levels in pituitary 
perfusates from t w o rats perfused dur ing 
lactation and diestrous are shown in Fig 5. 

D I S C U S S I O N 

The results presented above provide the first 
report on the pattern of G n R H release during 

= 0.410; p = 0.039) (Fig 3A), r a t s s u c k l i n g 
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 m e a n G n R H secret ion rate (Fig 
3B). 

The frequency of nursing episodes during 
the exper iments did not influence the G n R H 
interpulse interval (Fig 4A) , but showed a 
significant negat ive influence on the mean 
G n R H secretion rate (Kendal l ' s z = -0.529; 
p = 0.006) (Fig 4B) . 

The G n R H interpulse interval and secre­
tion rate were not correlated with the total 
nurs ing t ime or day of lactation (data not 
shown) . 
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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 1st and 3rd nursing 
episodes. 
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Fig 3 . Relationships between number of pups and GnRH interpulse interval (A) and mean GnRH secretion rate (B). Number o f 
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 t. 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 r. 

l a c t a t i o n a n d the c h a r a c t e r i s t i c s of t h e 
suckling st imulus affecting G n R H secretion 
in the rat. Lactat ion was associated with high 
activity of the G n R H 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 G n R H pulses but had no rela­
t ionship with the mean secretion rate. On the 

o t h e r h a n d , t h e f r e q u e n c y of n u r s i n g 
episodes was negatively correlated with the 
m e a n G n R H secre t ion ra te but not with 
the G n R H pu l se f r e q u e n c y . T o our bes t 
k n o w l e d g e th i s is the first e v i d e n c e of 
influence of frequency of nursing upon hypo­
thalamic G n R H secretion. 

After w e a n i n g , the i n t e rpu l s e in terval 
decreased slightly by 19%, from 38.3 ± 3.3 
min to 30.6 + 2.7 min, without significant 
changes in mean G n R H 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 lactat ion 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 I 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 1 were 2.27 pg/ 
10 min and 4.88 pg/10 min, respectively. 

of the lactating rats in our exper iments had 
9 - 1 0 p u p s each with a G n R H in terpulse 
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 
p u p s c o m p l e t e l y s u p p r e s s e d L H p l a s m a 
levels both in intact and ovariectomized rats. 
Other factor(s) then must contribute to the 
hypogonadot rop ism observed in rats lactat­
ing 8 or more pups. 

One of those factors could be hypothalamic 
galanin, recently shown to be a modulator of 
G n R H funct ion. The re are ga l an in - immu-
noreact ive neurons in the mediobasal hypo­
tha lamus of the rat projecting towards the 
m e d i a n e m i n e n c e ( M e r c h e n t h a l e r et al, 
1990) and 6 3 % of GnRH-posi t ive neurons in 

the proestrus rat are also immunopos i t ive for 
galanin (Merchen tha le r et al, 1991). This 
p e p t i d e is r e l e a s e d in p u l s e s w h i c h are 
coincident or precede G n R H pulses into the 
p i t u i t a ry -po r t a l c i r cu l a t i on ( L o p e z et al, 
1991), produces a dose-dependent release of 
G n R H from hypothalamic fragments in vitro 
( M e r c h e n t h a l e r et al, 1 9 9 0 ) , and m o r e 
important ly , it s t imulates L H secretion by 
i tself and po t en t i a t e s the G n R H - i n d u c e d 
release of LH from in vitro pituitary cells 
(Lopez et al, 1991). It has recent ly been 
shown that, contrary to what is observed in 
the levels of G n R H and G n R H m R N A in the 
hypothalamus, both galanin and its m R N A 
are significantly reduced in the lactating rat 
as compared with d ies t rous (Marks et al, 
1992). 

The p rev ious ly repor ted L H in te rpulse 
interval for the diestrous rat of 40-60 min 
(Gallo, 1981; Higuchi and Kawakami , 1982) 
is longer than the G n R H interpulse interval 
we found for rats in the same stage of the 
oestrous cycle . However , the exis tence of 
' s i lent ' G n R H pulses , not associa ted with 
L H pulses, has been reported in the ovariec­
tomized sheep (Clarke and C u m m i n s . 1982; 
Levine et al, 1982), the long-term castrated 
r a m ( C a r a t y and L o c a t e l l y , 1 9 8 8 ) , t he 
ovariectomized rhesus monkey (Terasawa et 
al, 1988) and the male rat (Ramirez et al, 
1991). In the intact male rat about half of 
the G n R H pulses were silent whereas almost 
all G n R H pulses were coincident with LH 
pulses after orchiectomy (Levine and Duffy, 
1988; Ramirez et al, 1991). 

W e did not obse rve acute decreases in 
G n R H release as result of nursing episodes. 
Acu te decreases of p l a sma L H levels as­
sociated with suckling have been reported in 
the rat (Sirinathsinghji and Mart in i , 1984; 
Baumann and Rabii , 1991). In most studies 
of acute effects of suckling upon peripheral 
h o r m o n e levels the pups h a v e 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
t ion of s u c k l i n g w h i c h p r o v i d e s a m o r e 
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 exper iments show that 
the release of hypo tha lamic G n R H is not 
suppressed during lactation in the rat, which 
is consistent with the lack of suppression of 
h y p o t h a l a m i c G n R H c o n t e n t and G n R H 
m R N A levels in the lactating rat (Marks et 
ul, 1992), suppor t ing the conc lus ion that 
other mechanism(s) must be involved in lac­
tational hypogonadot ropism in this species. 
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