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The influence of adrenergic, serotonergic, 
and cholinergic amine systems on the after- 
noon surge of plasma prolactin in ovariecto- 
mized, polyestradiol phosphate (PEP)-in- 
jected rats has been reported by us (1-3). 
Administration of cholinergic blockers did 
not have any effect on this diurnal surge of 
prolactin (1, 2), however, atropine sulfate 
(AS) was capable of blocking the inhibitory 
effect of arecoline (2). Recent studies have 
raised the question of specificity for some 
receptor blockers. Atropine was shown to 
prevent the a-receptor blockade of adrener- 
gic blockers (4), and methiothepin could 
block both serotonergic and dopaminergic 
receptors (5, 6). Studies by us (7) and by 
others (8) suggested the presence of cholin- 
ergic components outside the blood brain 
barrier that could inhibit prolactin secre- 
tion. 

The aim of the present study was to exam- 
ine the effects of mecamylamine (a nico- 
tonic blocker) and atropine methylnitrate 
(AMN; a muscarinic blocker with low 
permeability across the blood brain barrier) 
on the arecoline (a muscarinic agonist)-in- 
duced inhibition of the diurnal prolactin 
surge. The specificity of apomorphine, 
which was shown to inhibit prolactin release 
in basal (9-12), in diurnal surge (13), and in 
pituitary culture studies (13, 14), was also 
examined by determining whether AS could 
block the inhibitory effect of apomorphine 
on the diurnal surge. 

Materials and methods. Adult female 
Sprague-Dawley rats (Spartan Research 
Animals, Inc., Haslett, Mich.) 200 to 225 g 
in body weight were ovariectomized and 
maintained under a 14: 10 light-dark sched- 
ule at 23 2 2". Animals were fed laboratory 
rat chow and given free access to water. 
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When they were 275 to 300 g in body 
weight, an aortic catheter was inserted ac- 
cording to the procedure of Lawson and 
Gala (15) and the animals were given a 
single subcutaneous injection of 1 mg of 
Estradurin (Ayerst), which is equivalent to 
0.5 mg of PEP. Blood sampling was initi- 
ated 7 to 9 days after catheterization and 
estrogen administration. The experimental 
protocol was as described in detail previ- 

The drugs used in this study were admin- 
istered intra-arterially through the catheter 
and were as follows: arecoline HCI (Pfaltz 
and Bauer, Inc., Flushing, N.Y.), atropine 
methylnitrate and atropine sulfate (Sigma, 
St. Louis, Mo.), mecamylamine HCI (a gift 
from Dr. Horace D.  Brown, Merck Sharp & 
Dohme Research Laboratories, Rahway, 
N.J.), and apomorphine HCl (Merck Sharp 
& Dohme, Rahway, N.J.). All drugs were 
dissolved in 0.9% saline except apomor- 
phine which was dissolved in 0.1 % sodium 
metabisulfite. Drug dosages were based on 
our previous studies (1, 2, 10) and the 
amounts administered were as the deriva- 
tives supplied by the manufacturer. In ex- 
periments in which combination of a blocker 
and an agonist was used, the blocker was 
always administered 5 min before the ago- 
nist. The injection schedule and the dosages 
for the drugs are given in the legends of the 
figures. 

Plasma prolactin was assayed by the dou- 
ble-antibody radioimmunoassay at two dilu- 
tions each in duplicate (1 6). Prolactin values 
are expressed in nanograms per milliliter of 
plasma in terms of NIAMDD rat prolactin 
RP-1 standard (1 1 IU/mg). Statistical com- 
parisons were made (i) within each group 
(the 1300-, 1500-, 1700-, 1900-, and 2100- 
hr values were individually compared 
against the 1100-hr values) to determine the 
occurrence of the afternoon surge, and (ii) 
between the control and experimental 

ously (1). 
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groups (the prolactin values of the experi- 
mental group at the same time of the day 
were compared against the control group) to 
evaluate the magnitude of the afternoon 
surge, using Student’s t test. 

Results. In the control group, a sharp rise 
in plasma prolactin was observed at 1500 
hr, reached the peak at 1700 hr, and then 
decreased continuously at 1900 hr and 2 100 
hr (Figs. 1-3). Administration of AMN at 
1200 hr and every 2 hr thereafter did not 
significantly alter the pattern of the after- 
noon surge. The muscarinic agonist, areco- 
line, blocked the prolactin surge. Adminis- 
tration of AMN before arecoline overcame 
the inhibitory effect of arecoline and re- 
sulted in a statistically significant rise in 
plasma prolactin at 1700, 1900, and 2100 
hr (Fig. 1). The amount of AMN adminis- 
tered (5.3 mg/kg at 1200 hr and 2.65 mg/kg 
every 2 hr thereafter) was equivalent to 10 
and 5.0 mg/kg of AS, in terms of atropine 
base. Administration of mecamylamine did 
not have any effect on the prolactin surge or 
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FIG. 1. The influence of atropine methylnitrate 
(AMN) on the arecoline HCl (Arec)-induced inhibition 
of the prolactin afternoon surge in ovariectomized, 
Estradurin (1 mg)-injected rats. 0-0, Control (six 
animals); 0-0, injected with AMN, 5.3 mg/kg at 
1200 hr and 2.65 mg/kg at 1400, 1600, 1800, and 
2000 hr (eight animals); 0- - - - -0, Arec, 5 mg/kg at 
1200 hr and 2.5 mg/kg at 1400, 1600,1800, and 2000 
hr (five animals); 0-----0, AMN plus Arec (five 
animals). All drugs in this and subsequent experiments 
were administered intra-arterially through the catheter. 
Vertical lines represent the standard errors of the 
mean. Statistical comparisons were made within each 
group, 1300-, 1500-, 1700-, 1900-, and 2100-hr values 
against 1100-hr values (a = P < 0.05, b = P < 0.01) 
and between control and experimental groups at the 
same time of the day (c = P < 0.05, d = P < 0.01). 
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FIG. 2. The influence of mecamylamine HCl 
(Meca) on the arecoline HCl (Arec)-induced inhibition 
of the prolactin afternoon surge in ovariectomized, 
Estradurin (1 mg)-injected rats. 0-0, Control (six 
animals); 0-0, injected with Meca, 10 mg/kg at 
1200 hr and 5 mg/kg at 1400,1600,1800, and 2000 hr 
(five animals); 0- - - - -0, Arec, 5 mg/kg at 1200 hr and 
2.5 mg/kg at 1400, 1600, 1800, and 2000 hr (five 
animals); 0- - - - -0, Meca plus Arec (five animals). 
Vertical lines represent the standard errors of the 
mean. Statistical comparisons were made as in Fig. 1. 
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FIG. 3. The influence of atropine sulfate (AS) on 
the apomorphine HCl (Apo)-induced inhibition of the 
prolactin afternoon surge in ovariectomized, Estrad- 
urin (1 mg)-injected rats. 0- - - - -0, Control (six ani- 
mals); 0-0, injected with AS, 10 mg/kg at 1200 hr 
and 5 mg/kg every hour thereafter (eight animals); 
A- - - - -A, Apo, 5 mg/kg at 1200 hr and 2.5 mg/kg at 
1400, 1600, 1800, and 2000 hr (five animals); 0-----0, 
Apo, 10 mg/kg at 1200 hr and 5 mg/kg every hour 
thereafter (five animals); 0- - - - -0, AS plus Apo, both 
10 mg/kg at 1200 hr and 5 mg/kg every hour thereafter 
(five animals). Vertical lines represent the standard 
errors of the mean. Statistical comparisons were made 
as in Fig. 1. 
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on the arecoline-induced suppression of the 
prolactin surge (Fig. 2). 

Apomorphine, when administered at 5 
mg/kg at 1200 hr and 2.5 mg/kg every 2 hr 
thereafter, did not completely block the 
surge and, in fact, at 2100 hr the level was 
comparable to that of control. When apo- 
morphine was given at a dose of 10 mg/kg at 
1200 hr and 5 mg/kg every hour thereafter, 
not only was the surge blocked but there 
was also a significant inhibition of the 
plasma prolactin level at 1300 and 1500 hr 
when compared to the 1100-hr level (Fig. 
3 ) .  AS at a dose of 10 mg/kg at 1200 hr and 
5 mg/kg every hour thereafter had no effect 
on the plasma prolactin surge and did not 
overcome or attenuate the apomorphine-in- 
duced inhibition of the prolactin surge (Fig. 

The administration of the drugs resulted 
in specific behavioral responses. Following 
each arecoline injection the animals ex- 
hibited tremors (a CNS effect) and exten- 
sive salivation (a peripheral effect). Admin- 
istration of AMN prior to arecoline blocked 
the peripheral effect but not the central ef- 
fect. The rats injected with mecamylamine 
prior to arecoline exhibited both salivation 
and tremors. Following apomorphine ad- 
ministration, either alone or in combination 
with AS, the animals showed stereotyped 
behavioral responses such as continuous 
gnawing, licking, biting, and increased ag- 
gressiveness. 

Discussion. The observations from this 
study and our previous studies (1, 2) indi- 
cate that cholinergic stimulation blocked the 
diurnal surge of plasma prolactin in ovariec- 
tomized, estrogen-treated rats. It has been 
suggested that AMN has poor permeability 
across the blood brain barrier (17, 18). In 
the present study this concept is confirmed 
by the observation that AMN administered 
prior to arecoline blocked the peripheral 
response (salivation) but not the central re- 
sponse (tremors) evoked by arecoline. We 
have observed that the administration of AS 
prior to arecoline blocked both the tremors 
and salivation (Subramanian and Gala, un- 
published) and that these animals exhibited 
a prolactin surge similar to that of the con- 
trols (2). Our observation here that AMN 
was able to overcome, especially in the later 
time periods, the inhibitory effects of areco- 

3). 

line on the prolactin surge becomes even 
more significant when viewed in the context 
of the behavioral response. The results ob- 
tained from this study and the potentiating 
effects of both AS and AMN on the per- 
phenazine-induced prolactin release in mon- 
keys (7) lend credence to the hypothesis 
that there are cholinergic receptors outside 
the blood brain barrier inhibitory to prolac- 
tin release. Such a cholinergic component 
could very well be located on the pituitary 
itself, as suggested by Vale and co-workers 
(19). These latter investigators demon- 
strated that cholinergic agonists inhibited 
prolactin release from cultured pituitary 
cells and that atropine could overcome this 
effect. The observation that mecamylamine 
did not have any effect on the arecoline- 
induced inhibition of prolactin surge and 
behavioral effects demonstrated the absence 
of an overlapping effect of nicotinic blockers 
on the muscarinic receptors. 

Since the administration of cholinergic 
blockers did not modify the time of onset, 
magnitude, or decline of the diurnal prolac- 
tin surge, it was suggested that the choliner- 
gic system does not normally operate to in- 
hibit prolactin release in this phenomenon 
(2). However, the inhibitory effect on pro- 
lactin release following the activation of the 
cholinergic system, and the existence of 
cholinergic receptors in the pituitary, sug- 
gest that the cholinergic system might play a 
role under certain conditions to inhibit pro- 
lactin release. The diurnal prolactin surge 
investigated in the present and previous 
studies (1, 2) is apparently not one of these 
phenomena. 

The administration of apomorphine every 
2 hr did not result in complete blockade of 
the surge. This is probably due to the short 
effect apomorphine has on suppressing pro- 
lactin release, which has been observed by 
us (10) and by others (12, 20). However, 
apomorphine administration every hour 
starting at 1200 hr, either alone or in combi- 
nation with AS, resulted in a complete 
blockade of the surge. Stereotyped behav- 
ioral responses, such as continuous nondis- 
Crete gnawing, sniffing, licking, biting, 
chewing, and increased aggressiveness (2 1 - 
23), were observed following each adminis- 
tration of apomorphine either alone or with 
AS and indicated that AS does not block 
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dopaminergic receptors in the CNS. 
Summary. Ovariectomized, polyestradiol 

phosphate (PEP)-in jected , catheterized rats 
exhibiting a daily diurnal plasma prolactin 
surge were used to investigate the specificity 
of cholinergic receptor blocker drugs and to 
demonstrate the presence of cholinergic re- 
ceptors outside the blood brain barrier. 
Atropine methylnitrate (AMN) blocked the 
inhibitory effect of arecoline on the diurnal 
surge of plasma prolactin and this blockade 
was more dramatic for the later time pe- 
riods. The tremorogenic effect of arecoline 
(a CNS action) was not blocked, whereas 
the salivation effect of arecoline (a periph- 
eral action) was blocked by AMN. The pro- 
lactin and behavioral responses were taken 
to indicate that AMN does not pass the 
blood brain barrier and that there are cho- 
linergic receptors inhibiting prolactin re- 
lease outside this barrier, perhaps directly 
on the pituitary. Mecamylamine, a nicotine 
blocker, did not have any effect either on 
the arecoline-induced blockade of the pro- 
lactin surge or on the arecoline-induced be- 
havioral responses. Atropine sulfate (AS), a 
muscarinic blocker, did not influence either 
the apomorphine-induced inhibition of the 
prolactin surge or the apomorphine-induced 
behavioral responses. 
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