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The determination of the neurotransmit- 
ters that regulate ether-induced prolactin 
release is under current investigation in our 
laboratories. Numerous reports have indi- 
cated that ether increases plasma prolactin 
levels (1-lo), but little is known about the 
neurotransmitter systems in the central 
nervous system that are involved in this re- 
sponse. The administration of nicotine has 
been shown not to affect the ether-induced 
increase in prolactin (9), whereas blockage 
of serotonergic receptors with met hysergide 
(1 1) and stimulation of dopaminergic recep- 
tors with apomorphine (3) block this re- 
sponse. Evidence exists that ether influ- 
ences noradrenergic systems in the rat brain 
(1 2); however, reserpine treatment failed to 
alter ether-induced prolactin release in male 
rats (1 1 ,  13). The purpose of this study was 
to determine if the antagonism of several 
putative neurotransmitter systems plays any 
role in the secretion of prolactin in ether- 
stressed, ovariectomized, estrogen-treated 
rats. 

Materials and methods. Sixty mature, fe- 
male Sprague-Dawley rats (Spartan Re- 
search Animals, Inc., Haslett, Mich.) 
weighing 180 to 260 g were randomly di- 
vided into 10 groups. After 6 to 7 days of 
acclimation to lighting conditions (lights on 
from 0600 to 2000 hr) the rats were bilat- 
erally ovariectomized. Seven to 14 days 
after ovariectomy 0.5 mg of polyestradiol 
phosphate (PEP; 1 mg of Estradurin, Ay- 
erst Laboratories, Inc.) was administered to 
each animal subcutaneously and 7 days later 
beginning at 0900 the following experimen- 
tal protocol was initiated. All animals ex- 
cept one group (uninjected controls) were 
weighed and injected intraperitoneally with 
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vehicle (saline or 95% EtOH) or drug. The 
dosage of each drug except the histami- 
nergic antagonists was based on previous 
studies (18, 19). The dosage of each of the 
histaminergic antagonists was based on in- 
formation supplied by the manufacturers. 
Twenty-five minutes after injection all ani- 
mals were anesthesized by an initial expo- 
sure\to ether vapor in a large container fol- 
lowed by maintenance with a nose cone. 
Ether anesthesia once initiated was main- 
tained throughout the duration of the exper- 
iment. Blood samples (0.5 ml) were taken 
5 ,  15, 25, and 35 min after ether exposure 
(30, 40, 50, and 60 min after injection) via 
orbital sinus puncture and transferred to 
tubes containing 0.5 ml of heparinized phos- 
phate-buffered saline (50 units of heparin/ 
ml). The diluted plasma was collected and 
stored at -20°C until assayed. 

The drugs employed in this study were: 
phenoxybenzamine-HC1 (a gift from 
Smith, Kline and French Laboratories, Phil- 
adelphia, Pa .), phentolamine-HC1 (Regi- 
tine, a gift from Ciba Pharmaceutical Co., 
Summit, N.J .), propranolol-HC1 (Inderal, a 
gift Ayerst Laboratories, Inc., New York, 
N .Y .) , 2-chloro-2’- [ 3-dimethy1amino)pro- 
pyllthio-cinnaminilide-HC1 (SQ 10,63 1 ,  a 
gift from E. R. Squibb and Sons, Inc., Prince- 
ton, N. J.) ,  metiamide-HCl (a gift from 
Smith, Kline and French Laboratories, Phil- 
adelphia, Pa .), pyrilamine maleate (gener- 
ously provided by Merck, Sharp and Dohme, 
Rahway, N.J.), and methysergide maleate 
(a gift from Sandoz Pharmaceutical Divi- 
sion, Hanover, N.J.). All drugs were given 
intraperitoneally at a dose of 10 mg/kg, 
except SQ 10,631 and methysergide, which 
were given at 2.5 mg/kg. 

Plasma samples were assayed by double 
antibody radioimmunoassy (14) in dupli- 
cate, each at two dilutions. Rat prolactin 
NIAMDD-RP- 1 (1 1 IU/mg), supplied 
through the Rat Pituitary Hormone Distri- 
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bution Program of the National Institute of 
Arthritis, Metabolism and Digestive Dis- 
eases, was used as the standard. 

One-way analysis of variance (15) was 
used to assess statistical significance be- 
tween the vehicle-injected control and ex- 
perimental groups at each time period. 

Results. The response of prolactin to 
ether mesthesia was significantly ( P  < 
0 925) elevated by handling and/or injec- 
tion of vehicles compared to non-handled 
uninjected controls. Plasma prolactin levels 
in saline- and ethanol-injected animals, 

however, were not different from each other 
at any of the time periods examined (Fig. 
1 A),  The administration of a-adrenergic 
blocking drugs, phenoxybenzamine and 
phentolamine, significantly enhanced the 
ether-induced elevation in prolactin at 5 
and/or 15 min but not at 25 or 35 min of 
ether anesthesia (Fig. 1B). In contrast, p- 
adrenergic blockade with propranolol had 
little to no effect on ether-induced prolactin 
release (Fig. 1C). 

The administration of H, and H2 histami- 
nergic blockers, pyrilamine and metiamide , 

T 
0 s a ~ i n e  

propronoiol 

I 

*T* 
B 95% ethanol 

- 25  0 5 I 5  25 35 
f 

o t h e r  
t i  

vehicle 
or drug 

MINUTES OF EXPERIMENT 

FIG. 1. (A) Comparison of plasma prolactin levels 
of uninjected and vehicle-injected ovariectomized, es- 
trogen-treated rats during ether anesthesia. Values rep- 
resent the mean ? SEM of six animals in each group. 
(B) Effect of a-adrenergic antagonists, phenoxybenza- 
mine and phentolamine, at 10 mg/kg ip on plasma 
prolactin levels in ovariectomized, estrogen-treated 

rats during ether anesthesia. Values represent the mean 
-+ SEM for six animals in each group. (C) Effect of a p- 
adrenergic antagonist, propranolol, at 10 mg/kg ip on 
plasma prolactin levels in ovariectomized, estrogen- 
treated rats during ether anesthesia. Values repre- 
sented the mean ? SEM for six animals in each group. 
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tended to blunt the ether-induced release of 
prolactin but only pyrilamine showed a sig- 
nificant ( P  < 0.025) suppression at 25 min 
of ether anesthesia when compared to sa- 
line-injected controls (Fig. 2A). 

Methysergide and SQ 10,631, two seroto- 
nergic antagonists, had different effects on 
the ether-induced prolactin response. Meth- 
ysergide significantly ( P  < 0.025) increased 
prolactin secretion initially (5 and 15 min) 
whereas SQ 10,631 significantly ( P  < 0.05) 
depressed the prolactin response at 35 min 
of ether anesthesia (Fig. 2B). 

Discussion. The data presented in this re- 
port indicate that the ether-induced increase 
in plasma prolactin in ovariectomized, es- 
trogen-treated rats can be altered by non- 
specific factors such as handling and intra- 
peritoneal injection of vehicles and by the 
intraperitoneal administration of a-adrener- 
gic, histaminergic, and serotonergic antago- 
nists. 

Previous data from our laboratories have 
shown that the ether-induced increase in 
prolactin may involve antagonism of an in- 
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hibitory dopaminergic influence on pituitary 
prolactin release (3). It is possible that ether 
may directly inhibit dopamine neurotrans- 
mission in the hypothalamo-hypophyseal 
axis or indirectly affect dopamine neuro- 
transmission by stimulating other systems 
that have inhibitory effects. The report that 
ether enhances [3H]norepinephrine disap- 
pearance from the brain (12) may support 
an indirect mode of action. Whether or not 
ether has such an action in selective areas of 
the hypothalamus which control prolactin 
secretion is unknown. The present data 
show that the ether response is significantly 
enhanced by a-adrenergic blockade with 
phenoxybenzamine and phentolamine (Fig. 
l B ) ,  indicating that noradrenergic influ- 
ences, like dopaminergic systems, may be 
antagonistic to ether-induced prolactin 
release. However, these agents may have 
some overlapping blockade of dopaminergic 
receptors. Dopamine antagonism has been 
demonstrated for phentolamine by Mac- 
Leod and Lehmeyer (16) at the level of the 
pituitary. 
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FIG. 2 .  (A) Effect of HI- and H,-histaminergic an- 
tagonists, pyrilamine and metiamide, respectively, at 
10 mglkg ip on plasma prolactin levels in ovariecto- 
mized estrogen-treated rats. Comparisons were made 
between pyrilamine and saline and between metiamide 
and 95% EtOH. Values represent the mean ? SEM for 

six animals in each group. (B) Effect of serotonergic 
antagonists, methysergide and SQ 10,631, at 2.5 mg/ 
kg ip on plasma prolactin levels in ovariectomized, 
estrogen-treated rats. The values represent the mean * 
SEM for six animals in each group. 
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To the authors’ knowledge this is the first 
report to show a role of histaminergic neu- 
rotransmission in ether-induced prolactin 
release. Libertun and McCann (17) have 
shown that intraventricular histamine ele- 
vates basal levels of prolactin and that di- 
phenylhydramine, an H,-receptor antago- 
nist, blocks this rise and also the rise in- 
duced by restraint. In the present investiga- 
tion pyrilamine maleate, a fairly selective 
HI-histaminergic receptor blocker, signifi- 
cantly blunted the ether-induced rise in pro- 
lactin whereas metiamide, a selective H,- 
histaminergic blocker, had little to no effect 
on the ether-induced response. 

The decrease in ether-induced prolactin 
release produced by serotonergic receptor 
blockade in females supports in general the 
observations of Marchlewska-Koj and Kru- 
lich (1 1) in males. The delayed inhibitory 
effect of SO 10,631 on the ether-induced 
response was similar to that recently re- 
ported by us for pimozide-induced prolactin 
release (1  8). The stimulatory effect of meth- 
ysergide observed here is in contradiction to 
a recent report that methysergide blocked 
the ether-induced increase in prolactin (1 1). 
This apparent conflict may be accounted for 
by a sex difference or by a difference in drug 
dosage (2.5 vs 50 mg/kg). The importance 
of a sexual difference in the prolactin re- 
sponse to methysergide is supported by the 
observations that methysergide induced no 
change in baseline values in males (1 1) but 
caused increased baseline values in females 
(1 9, 20). Indeed, this prolactin-releasing ef- 
fect of methysergide in the female may be 
responsible for the elevated ether-induced 
response noted in the early time periods in 
the present study. These comments on sex 
and dose differences notwithstanding, SQ 
10,631 and methysergide may produce dif- 
ferent effects on prolactin secretion because 
of different mechanisms of blockade at the 
serotonin receptor. It is also possible that 
multiple types of serotonin receptors may 
exist in the CNS. 

These pharmacologic studies by no means 
demonstrate unequivocally that the ether- 
induced prolactin response involves inhibi- 
tion of hypothalamic a-adrenergic neurons 
or stimulation of HI-histaminergic and sero- 
tonergic neurons, but do warrant more ex- 

tensive studies along these lines. The addi- 
tional possiblity that other nonspecific 
stresses such as handling and/or intraperito- 
neal injections can enhance the ether-in- 
duced response indicates the need for future 
work on the nature of the pathways over 
which different types of stresses increase 
prolactin release. The nonspecific effects of 
the drugs over and above the effects of han- 
dling and injection also cannot be com- 
pletely discounted. In other studies, how- 
ever, changes in blood pressure as a result of 
the injection of several drugs were not cor- 
related with changes in prolactin release 
(unpublished observations). This suggests 
that the alterations in prolactin release ob- 
served in this study were probably not due 
to nonspecific stresses induced by the drugs. 

Summary. The role of various neurotrans- 
mitter receptor antagonists in the ether-in- 
duced release of prolactin in estrogen- 
treated ovariectomized rats was investi- 
gated. Serial blood samples were obtained 
by orbital sinus puncture at 5 ,  15, 25, and 
35 min of continuous ether anesthesia. Ani- 
mals were pretreated 25 min before the on- 
set of anesthesia with either a- or P-adre- 
nergic, H,- or H,-histaminergic, or seroto- 
nergic antagonists. a-Adrenergic blockade 
increased the ether-induced release of pro- 
lactin during the early phase of ether anes- 
thesia as did treatment with methysergide, a 
5-HT antagonist. Blockade of HI-histami- 
nergic receptors and treatment with another 
5-HT antagonist, SQ 10,63 1 ,  decreased the 
ether-induced response in the later phase of 
anesthesia. P-Adrenergic and H,-histami- 
nergic blockade were without effect on the 
ether-induced release of prolactin. These 
studies indicate the possible involvement of 
noradrenergic, histaminergic, and seroto- 
nergic systems in the release of prolactin 
following ether anesthesia in the female rat. 
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Mrs. C. Van De Walle for her expert technical assist- 
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Program of NIAMDD for the generous gift of rat 
prolactin. 
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