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Midbrain Microinfusions of Prolactin Increase the 
Estrogen-Dependent Behavior, Lordosis 

Abstract. Microinfusions of rat prolactin into the dorsal midbrain of estrogen- 
treated, ovariectomized rats increased lordosis behavior. Midbrain microinfusions of 
antiserum to prolactin into rats displaying maximum lordosis had the opposite effect.  
The distribution of a prolactin-like substance in the brain was studied immunocyto- 
chemically. The results suggest that a hypothalamic neuronal system projecting to 
the midbrain contains a prolactin-like substance that plays a role in facilitating this 
behavior and therefore may mediate some of the effects of estrogen on the brain. 
These data, together with others from studies of the prolactin gene and its- 
regulation, indicate that it may be possible to analyze a sequence of molecular 
events in the brain that facilitate a behavioral response. 

Since estrogen alters brain functions, 
one can postulate the existence of spe- 
cialized nerve cells that respond to 
changes in circulating estrogen concen- 
trations and transduce this information 
into a form recognizable by other nerve 
cells. A useful model of an estrogen- 
modulated brain function is lordosis, a 
behavior displayed by sexually receptive 
rats. Much of the neural circuitry con- 
trolling lordosis has been determined (1). 
Cells in the mediobasal hypothalamus 
facilitate lordosis (2) and partially medi- 
ate the effect of estrogen on this behavior 
(3). Some of the estrogenic effect ap- 
pears to be mediated by the synthesis of 
messenger RNA and protein (4). Projec- 
tions from cells in the mediobasal hypo- 
thalamus to the dorsal midbrain are criti- 
cal for lordosis (5). Some of these hypo- 
thalamic cells have midbrain projections 
and respond directly to  estrogen (6 ) ,  but 
the chemical nature of the neuroactive 
substances produced and released by 
these cells is unknown. Some cells with- 
in this anatomical area contain a prolac- 
tin-like immunoreactive substance (7). 

from verticle. Infusions into control sites 
were made with these same coordinates, 
except the cannulas were lowered 1.5 
mm below the dura. The microinfusions 
were 1 yl in volume, given over 2 min- 
utes simultaneously on both sides of the 
brain. 

The day after cannulation, each rat 
received 10 yg of estradiol benzoate 
(Sigma) subcutaneously. A week later, 
the rats were given an estrogenic regi- 
men designed to produce low levels of 
lordotic responsiveness (9). Two days 
later, each rat received 1 mg of proges- 
terone subcutaneously to ensure that 

Table 1. Effect of microinfusion of 400 ng of 
prolactin into the cerebral cortex of ovariecto- 
rnized, estrogen-treated rats ( N  = 6) and into 
the central gray of adrenalectornized, ovariec- 
tornized, estrogen-treated rats ( N  = 3). Val- 
ues are means ( standard error) of the lordo- 
sis reflex score ( lo ) .  

Infusion into 

Time Cerebral Central 
cortex gray 

We show here that hypothalamic cells ~ e f o r ~  infusion* 1 . 3 0 . 1 8  1.O-i-0 
releasing a prolactin-like substance in 1.4 ? 0.36 1.0 2 0 
the midbrain may facilitate lordosis. 5 minutes 1.1 2 0.26 1.0 2 0 

Rats were ovariectomized and fitted 20 minutes 1.3 ? 0.21 1.8 ? 0.20 
with intracranial guide cannulas as  de- 1.3 ? 0.22 2.5 -i- 0.24 

2 hours scribed (8), but with two changes being hours 
1.5 ? 0.19 2.5 2 0.29 
1.4 ? 0.19 2.3 ? 0.33 

made in the procedure: (i) the rats did 4 hours 1.4 i- 0.30 2.4 ? 0.31 
not receive implanted Silastic capsules 5 hours 1.2 ? 0.36 1.4 ? 0.31 
containing estradiol and (ii) the stereo- 6 hours 0.9 ? 0.31 1.0 2 0 
taxic coordinates were 1.3 mm rostra! to hours 0.5 ? 0.30 0.1 -i- 0.07 

24 hours 0.6 -i- 0.33 0.7 ? 0.33 
lambda and 4.5 mm below the dura; the 
cannulas, with tips 2.5 mm apart, were *This test was conducted 20 to 60 minutes before the 

prolactin infusion, which began immediately after 
lowered with the top angled rostrally 10" time zero. 

erate to strong lordoses. The rats were 
tested for lordotic responsiveness (10) in 
two tests before being injected with pro- 
gesterone and at  30-minute intervals af- 
ter injection, for 4 hours. Rats displaying 
progesterone-induced increased lordosis 
reflex scores (at least 1.0 point on the 
four-point scale) were given this same 
estrogenic regimen about a week later. 
Instead of injecting progesterone, we mi- 
croinfused peptides through the guide 
cannulas into the dorsal midbrain (8). 
Each rat was tested for lordotic respon- 
siveness on three tests prior to  infusion 
and at frequent intervals afterward. 

Microinfusion of prolactin (NIAMDD- 
rPRL-B-3) significantly increased lordo- 
sis reflex scores in a dose-related fash- 
ion, with a latency of approximately 40 
minutes (Fig. 1A). Maximum respon- 
siveness was obtained 90 minutes to  4 
hours after infusion. Infusion of vehicle 
(0.025M phosphate-buffered saline, pH 
7.2) had no effect. Microinfusion of 400 
ng of prolactin into the cerebral cortex 
overlying the midbrain ( N  = 6) had no 
effect on lordosis (Table 1). The behav- 
ioral effect of prolactin did not require 
progesterone release from the adrenal 
gland, since infusion of 400 ng of prolac- 
tin into the midbrain of three adrenalec- 
tomized rats increased the lordosis 
scores, with a timing and magnitude sim- 
ilar to  the effect in non-adrenalectomized 
rats (Table 1). 

To  determine whether the effect of 
prolactin was due to contaminants of the 
prolactin preparation (11), we infused 
three of these contaminants into the dor- 
sal midbrain in great excess of the 
amounts calculated to be present in the 
prolactin preparation. Neither growth 
hormone (NIAMDD-rGH-B-6, 25 nglkl; 
N = 4), vasopressin (Bachem, 1 nglyl; 
N = 4), nor oxytocin (Bachem, 1 nglyl; 
N = 3) significantly increased the lordo- 
sis reflex scores. Infusion of adre- 
nocorticotropin [ACTH-(1-24), Bachem, 
25 nglyl, which is approximately equi- 
molar to  200 ng of prolactin; N = 31 into 
the dorsal midbrain had no effect on 
lordosis . 

T o  investigate the physiological neces- 
sity of midbrain release of prolactin-like 
immunoreactive substances in the estro- 
genic maintenance of lordotic respon- 
siveness, we infused undiluted antiserum 
to prolactin (NIAMDD-rPRL-IC-1) into 
the dorsal midbrain of rats displaying 
maximum lordoses because of prolonged 
estrogen administration. Infusion of the 
antiserum ( N  = 5) decreased lordosis re- 
flex scores (Fig. 1B) with a latency of 10 
minutes and for a duration of nearly 2 
hours. Infusion of normal rabbit serum 
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(Pentex) into the midbrain of four of 
these same rats about a week later had 
no effect on lordosis (Fig. 1B). 

T o  locate cell bodies containing pro- 
lactin-like immunoreactivity, we infused 
50 pg of colchicine (Sigma) into the 
lateral ventricle of estrogen-treated, 
ovariectomized rats. One day after col- 
chicine infusion the rats were killed and 
pesfused, and the brains were prepared 
as described (12). Immunocytochemistry 
was performed on frozen sections with 
the same antiserum to prolactin as used 
for the behavioral studies but diluted 
1: 500 to 1 : 2000. To  locate fibers con- 
taining prolactin-like immunoreactivity, 
we killed and pesfused ovariectomized 
rats that had not been infused with col- 
chicine. The brains were removed, post- 
fixed, and cut on a Vibratome (75-pm 
sections). Free-floating sections were 
then processed for immunocytochemis- 
try as above. Staining was completely 
eliminated by incubation of the tissue 
with normal rabbit serum or with antise- 
rum absorbed with rat prolactin, but not 

when the antiserum was absorbed with 
P-endorphin or ACTH-(1-24). Cells in 
the mediobasal hypothalamus and fibers 
in the dorsal midbrain contained pro- 
lactin-like immunoreactivity. The cells 
were located in a band extending lateral- 
ly from the arcuate nuclei to  just ventral 
to the ventromedial nuclei, and from the 
rostra1 tip of these nuclei to  premammil- 
lary levels (see Fig. 2A). Fibers contain- 
ing prolactin-like immunoreactivity oc- 
curred throughout the midbrain central 
gray matter, especially ventral and later- 
al to the cerebral aqueduct, where there 
was a dense plexus of branching fibers 
(Fig. 2B). 

These data suggest that a prolactin- 
like substance is produced by cells in 
the mediobasal hypothalamus, travels 
through fibers to  the dorsal midbrain, 
and is released there in a way which 
facilitates lordosis. The data are consist- 
ent with our previous finding that infu- 
sion of colchicine into the mediobasal 
hypothalamus, which would block fast 
axoplasmic transport of substances from 

cell bodies to axon terminals, decreased 
lordotic responsiveness (8) .  The present 
behavioral results are also consistent 
with the time course of the loss of lordot- 
ic responsiveness following intrahypo- 
thalamic infusion of tetrodotoxin (13), 
which eliminates action potentials and 
thus should eliminate release of neuroac- 
tive substances from nerve terminals of 
hypothalamic cells. 

The chemical nature of the prolactin- 
like immunoreactivity in the brain is un- 
known. Studies indicate that rat cells 
possess only one gene for prolactin (14) 
and that prolactin is not cleaved from a 
prohormone of larger molecular weight 
(15). These studies suggest that if the 
prolactin-like immunoreactivity in the 
brain shares significant sequence homol- 
ogy with pituitary prolactin, then the 
brain substance must be either prolactin 
per se or a post-transcriptionally modi- 
fied product of prolactin. The available 
information on the structure and regula- 
tion of the prolactin gene (14) should 
facilitate the application of recent molec- 

A 

- 
200 urn 

? 
0 D 

0 X - - 
---e-----6i i-. 

t o  prolact in r 

- l ~ . m n m m  > 3 , /h 
p p 0 1 0 2 0  40 60 2 3 4 5 6 9 24 

Hours 
Fig. 1 (left). Effect of microinfusion of (A) prolactin or  (B) antiserum 

Minutes to prolactin into the (C) dorsal midbrain on the lordosis reflex. Two 
pretests (P) were conducted 15 to 90 minutes before the infusion began immediately after time zero (at arrows). (A) Infusion of prolactin (PRL) in- 
creased the lordosis reflex; infusion of vehicle [phosphate-buffered saline (PBS)] had no effect. (B) Infusion of antiserum to prolactin decreased 
the lordosis reflex; infusion of normal rabbit serum had no effect. Each point represents the mean of the indicated number of rats. Vertical lines 
are standard errors. Asterisks represent significant differences (Mann-Whitney U test) from control infusions (PBS or normal rabbit serum). (C) 
Drawing of a coronal section through the midbrain (cortex not included) showing representative cannula tip placements [solid circles at lateral 
edge of midbrain central gray (MCG)l. The open square around midbrain central gray indicates extent of camera lucida drawing in Fig. 2B. 
Abbreviations: CA, cerebral aqueduct; IC,  inferior colliculus; I P N ,  interpeduncular nucleus; Nil,, oculomotor nucleus; NRS, normal rabbit 
serum; RN, red nucleus; SC,  superior colliculus; and S N ,  substantia nigra. Fig. 2 (right). Camera lucida drawings of (A) hypothalamic cell 
bodies and (B) midbrain fibers containing prolactin-like immunoreactivity. Abbreviations: AR, arcuate nucleus; CA, cerebral aqueduct; MCG, 
midbrain central gray; N,,,, oculomotor nucleus; and VMN, ventromedial nucleus. 
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