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Abstract. The cholinergic agonist, pilocarpine, significantly reduced serum levels of
luteinizing hormone (LH) and prolactin (PRL) in gonadectomized male and female rats 15,
30, and 60 min after drug administration. Similar effects on serum LH were observed after
administration of another cholinergic agonist, physostigmine. The inhibitory effects of the
two cholinergic agonists on serum levels of LH and PRL were counteracted by administer-
ing the cholinergic blocker, atropine. No effects on serum hormone levels of LH or PRL
were observed 15, 30, and 60 min after administration of atropine alone. Administration of
atropine or scopolamine (another anticholinergic drug) every 6 hr significantly elevated
serum levels of LH in castrated male rats. These results indicate that the cholinergic system
exerts an inhibitory influence on LH and PRL secretion after castration.

Acetylcholine is present in relatively high
concentrations in the hypothalamus (1), and
has been reported to influence the secretion
of gonadotropins (2—6), prolactin (PRL), (3,
5, 7—-11), growth hormone (GH), (10—12),
and ACTH (13). Sawyer and Everett (14)
found that systemic administration of at-
ropine (ATROP), an anticholinergic drug,
inhibited ovulation. Libertun and McCann
(5) similarly observed that injection of
ATROP into the brain inhibited LH release
in rats, and that pilocarpine (PILO) or
physostigmine (PHYSO), both cholinergic
agonists, initially inhibited and later per-
mitted LH release in ovariectomized estro-
gen-primed rats. These investigators used
relatively large doses of ATROP and cho-
linergic drugs. Fiorindo and Martini (15)
and Simonovic et al. (16) reported that
acethylcholine and PHYSO stimulated LH
and FSH release in a hypothalamic—pitu-
itary coincubation system, but again rela-

! Aided in part by NIH Research Grants AM04784
from the National Institute of Arthritis, Metabolism
and Digestive Diseases, CA10771 from the National
Cancer Institute, and AG00416 from the National In-
stitute on Aging. Published with the approval of the
Michigan Agricultural Experiment Station as Journal
Article No. 9758.

%3 Postdoctoral Research Fellows of the Spanish
Ministry of Universities and Research.

4+ To whom reprint requests should be addressed.

tively high doses of these drugs were used.

Contradictory results also have been re-
ported on the effects of cholinergic drugs on
PRL secretion. Libertun and McCann (3),
and McLean and Nikitovitch-Winer (17)
found that systemic or central injections of
large doses of ATROP inhibited PRL re-
lease in male and female rats. However,
Grandison et al. (8) and Subramanian and
Gala (18) reported that systemic or central
injection of lower doses of ATROP had no
effect on basal serum PRL levels, but
counteracted the inhibitory effects of PILO
and PHYSO on PRL secretion. Subrama-
nian and Gala (18, 19) observed that the
cholinergic agonists, arecoline, nicotine,
and carbachol, each significantly inhibited
the afternoon surge of PRL in ovariec-
tomized, estrogen-treated rats. Cholinergic
drugs reduced basal serum PRL levels in
female and male rats, and inhibited the rise
of serum PRL after 5-hydroxytryptophan
administration, ether, or restraint stress,
and the nocturnal rise of PRL during
pseudopregnancy (7). These inhibitory ef-
fects of cholinergic drugs on PRL secretion
were reported to be mediated by increasing
the activity of the hypothalamic dopaminer-
gic system (8). Lawson and Gala (20) were
unable to find any effect of cholinergic
agonists or antagonists on basal secretion
of PRL in rats. The present study was
undertaken to further evaluate the effects
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of cholinergic and anti-cholinergic drugs on
LH and PRL secretion in rats.

Materials and Methods. Animals. Male
and female rats (250—275 g), from the
Sprague —Dawley strain (Harlan Industries,
Cumberland, Ind.) were housed in a tem-
perature (23 + 1°)- and light-controlled
room (lights on from 0500 to 1900 hr). Rat
food pellets (Ralston Purina Co., St. Louis,
Mo.) and tap water were provided ad
libitum.

Drugs. Atropine sulfate (ATROP, Sigma
Chemical Co., St. Louis, Mo.), pilocarpine
nitrate (PILO, Nutritional Biochemicals,
Cleveland, Ohio), physostigmine sulfate
(PHYSO, Merck, Sharp and Dohme, Rah-
way, N.J.), and scopolamine hydrobromide
(SCOP, Sigma) were dissolved in 0.87%
NaCl solution (SAL) just before use.

Experiment I: Effects of drugs in castrate
rats on plasma LH. After arrival, male and
female rats were allowed several days to
acclimatize, followed by gonadectomy of
both sexes. Three days after orchidectomy,
and 7 days after ovariectomy, rats were
randomly assigned to one of the following
groups: PILO, 10 mg/kg body wt; ATROP,
10 mg/kg body wt; and PILO, 10 mg/kg +
ATROP, 10 mg/kg body wt. Control rats
received an equivalent volume of saline
(SAL) vehicle only. Male rats were used 3
days after castration, since LH secretion
rises quickly after orchidectomy, whereas
the rise in serum LH after ovariectomy oc-
curs more slowly (21), and hence a 7-day
period was permitted to elapse before the
female rats were used. All drugs and SAL
were administered ip, and blood (0.6 ml)
was obtained by orbital sinus puncture
under light ether anesthesia 15, 30, and 60
min after injection. Blood samples were
similarly collected in subsequent experi-
ments.

Blood samples were first placed in a re-
frigerator for 4 hr before centrifuging at
5000 rpm for 10 min at 4°. The sera were
kept frozen at —20° until assayed for LH.

Experiment II: Effect of PILO and PHYSO
on serum LH levels in gonadectomized
male and female rats. Gonadectomized
male and female rats were maintained under
the same conditions as in Experiment I.
Rats from both sexes were randomly divided
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as follows: controls (SAL); PILO, 10 mg/kg
body wt; and PHYSO, 0.4 mg/kg body wt.
Drugs and SAL were administered ip and
blood samples (0.4 ml) were obtained 15,
30, and 60 min later. The sera were kept
frozen until assayed for LH.

Experiment I11: Effect of multiple injec-
tions of cholinergic and anti-cholinergic
drugs on serum levels of LH in castrated
male rats. Male rats were castrated and
immediately thereafter, injected with SAL,
PILO, ATROP, or PILO + ATROP. Drug
and SAL injections were repeated at 6-hr
intervals and blood samples were collected
6, 24, and 48 hr after gonadectomy. The
sera were kept at —20° until assayed for LH.

Experiment IV : Effect of multiple injec-
tions of cholinergic and anti-cholinergic
drugs on serum levels of LH in castrated
male rats. Male rats were castrated and
immediately thereafter, injected with SAL,
PILO, PHYSO, ATROP, or SCOP (2
mg/kg). Drug and SAL injections were re-
peated as in Experiment III. Blood samples
were collected 6, 24, and 48 hr after
gonadectomy. The sera were kept at —20°
until assayed for LH.

Experiment V: Effect of single injections
of cholinergic or anti-cholinergic drugs on
serum PRL levels in male and female
gonadectomized rats. Gonadectomized
male or female rats were maintained under
the same conditions as in Experiment I and
used 3 days after orchidectomy or 7 days
after ovariectomy. Rats of both sexes were
randomly assigned to one of the following
groups: SAL, PILO, ATROP, or PILO +
ATROP. SAL or drugs were administered
ip and blood samples were collected 15, 30,
and 60 min later.

Experiment VI: Effect of drugs on PRL
surge in rats on afternoon of proestrus.
Female rats showing two consecutive 4-day
cycles were used. On the day of proestrus,
intact rats were injected at 1200 hr with
SAL, PILO, ATROP, or PILO + ATROP.
SAL and drugs were administered immedi-
ately after initial blood collection, except
that a second PILO group was injected at
1400 hr. Blood was collected again at 1700
hr and serum was stored for PRL assay.

Hormone assays and statistical proce-
dure. Serum hormone levels were assayed
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by radioimmunoassay (RIA). LH was as-
sayed by the method described in the
NIAMDD kit. Plasma PRL was measured
by the double-antibody method of Niswen-
der et al. (22) with the NIAMDD Kkit pro-
vided by Dr. A. F. Parlow (Harbor General
Hospital, Torrance, Calif.). Levels of LH
and PRL were expressed as nanograms per
milliliter in terms of the reference prepara-
tions NIAMDD-LH-RP-1 and NIAMDD-
PRL-RP-1.

Analysis of variance and Student—New-
man—Keul’s test for multiple comparisons
among groups were used to analyze the
data. The level of significance chosen was
P < 0.05.

Results. Data from Experiment I are
summarized in Table I. SAL administration
had no effect on serum LH levels. PILO
significantly decreased serum levels of LH
in both male and female gonadectomized
animals, and LH remained low for the en-
tire 60 min after drug administration.
ATROP alone had no effect on serum LH
values, but effectively counteracted PILO
inhibition of LH release.

The results of Experiment II are summa-
rized in Table II. PILO and PHYSO each
significantly reduced serum LH levels 15,
30, and 60 min after drug administration in
gonadectomized male and female rats when
compared with SAL-injected controls.
PILO administration immediately after
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castration of male rats (Experiment IIT) was
able to inhibit the rise of LH for the first 6
hr after castration, but continued adminis-
tration of the drug failed to prevent a
further rise of LH (Table III). On the other
hand, repeated injections of ATROP pro-
duced a twofold greater increase in serum
LH levels 24 hr after castration than in
SAL-injected controls, and partially coun-
teracted PILO inhibition of LH secretion 6
hr after gonadectomy.

The effects of PHYSO or SCOP on the
postcastration LH rise in male rats (Ex-
periment 1V) can be seen in Table IV. Both
PILO and PHYSO prevented the postcas-
tration rise in LH 6 hr after gonadectomy,
and PHYSO continued to depress serum
LH levels 24 and 48 hr after castration.
ATROP and SCOP each significantly raised
serum LH levels above those produced by
castration alone.

Table V shows the effects of PILO and
ATROP on PRL release. It can be seen that
PILO reduced plasma PRL values both in
male and female rats, whereas ATROP
alone had no effect on serum PRL levels.
The dose of ATROP used was able to
counteract the inhibitory action of PILO on
PRL release.

The results from Experiment VI are
summarized in Table VI. PILO significantly
reduced the PRL surge on the afternoon of
proestrus when administered at 1200 or

TABLE 1. EFFECTS OF SINGLE INJECTIONS OF PILOCARPINE, ATROPINE, OR BOTH ON
SERUM LH LEVELS IN GONADECTOMIZED MALE AND FEMALE RATS

Group N 15 min 30 min 60 min
Males® (ng/ml)
Saline (SAL)? 10 370.5 = 37.5¢ 430.2 = 57.1 398.3 + 44.7
PILO (10 mg/kg)® 9 115.8 = 20.7* 132.7 = 31.4* 130.8 = 27.4*
ATROP (10 mg/kg)® 9 325.6 £ 36.7 380.4 + 44.3 400.7 = 40.4
PILO + ATROP? 9 406.7 = 30.4 410.0 + 56.7 395.0 =394
Females? (ng/ml)
Saline (SAL)? 486.1 = 44.5 393.1 + 45.6 397.1 = 28.1
PILO (10 mg/kg)® 10 227.2 + 23.2% 219.6 + 32.4* 250.6 + 21.3*
ATROP (10 mg/kg)® 9 437.0 = 44.5 307.1 = 54.2 394.0 + 34.8
PILO + ATROP? 8 413.3 + 58.5 372.4 = 61.5 377.0 = 31.9

@ Male rats were castrated 3 days before experimentation.
® Drugs or SAL were administered ip and blood samples were obtained by orbital sinus puncture 15, 30, and

60 min later.

¢ Results are mean = SE. N = number of animals per group.
4 Female rats were ovariectomized 7 days before experimentation.
* Statistically different (P < 0.05) from SAL-injected controls.
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TABLE II. EFFECTS OF SINGLE INJECTIONS OF PILOCARPINE AND PHYSOSTIGMINE ON SERUM
LH LEVELS IN GONADECTOMIZED MALE AND FEMALE RATS

Group N 15 min 30 min 60 min
Males? (ng/ml)
Saline (SAL)? 8 355.6 + 42.2°¢ 458.2 + 68.6 400.3 + 51.6
PILO (10 mg/kg)® 8 139.9 + 23.8* 123.4 + 23.3* 140.6 + 24.7*
PHYSO (0.4 mg/Kg)® 8 234.3 + 30.6* 86.0 = 10.0* 110.3 = 18.7*
Females? (ng/ml)
Saline (SAL)? 8 448.9 + 59.4 400.1 = 15.9 390.5 = 26.1
PILO (10 mg/kg)® 8 290.8 = 59.0* 81.8 + 13.1* 137.5 = 21.1*
PHYSO (0.4 mg/kg)® 8 155.4 = 24.2* 90.0 + 13.9* 140.6 = 10.7*

@ Male rats were castrated 3 days before experimentation.
® Drugs or SAL were administered ip and blood samples obtained by orbital sinus puncture 15, 30, and 60

min later.

¢ Results are mean = SE. N = number of animals per group.
7 Female rats were ovariectomized 7 days before experimentation.
* Statistically different (P < 0.05) from SAL-injected controls.

1400 hr. ATROP had no significant effect
on the PRL surge. When administered to-
gether, ATROP counteracted PILO inhibi-
tion of PRL release.

Discussion. The results of the present
experiments show that the two cholinergic
drugs, PILO and PHYSO, in the doses
used, each significantly inhibited the LH
rise after castration of male and female rats.
The inhibition by PILO was completely
counteracted by concomitant administra- -
tion of ATROP. Furthermore, when either
ATROP or SCOP alone was injected into
castrated male rats, serum LH was signifi-
cantly elevated above that in castrated
controls. These latter observations suggest
that the cholinergic system may exert a
dampening effect on the stimulation to LH
secretion by castration.

Our results contrast sharply with those
reported by most earlier workers (3, 5, 6),
although the conditions of their experi-

ments and particularly the doses of drugs
used, differed greatly from ours. PILO at a
dose of 50 mg/kg body wt was reported to
initially depress serum LH levels 30 and 90
min after injection into ovariectomized
estrogen-primed rats, but 6 hr later this re-
sulted in an increase in serum LH values (5).
By contrast, we used a dose of 10 mg/kg
body wt of PILO in castrated male and
female rats, and observed only inhibition of
LH release up to 6 hr after injection. The in
vitro results reported (16) on the stimula-
tory effects of cholinergic drugs on LH re-
lease in hypothalamic—pituitary coincuba-
tions also may be due to the large doses of
acetylcholine and PHYSO used (23). The
doses of ATROP used by Everett and
Sawyer (14) to inhibit LH release also were
relatively large (700 mg/kg body wt), as
compared to the dose employed by us (10
mg/kg body wt). It is well established that
large doses of ATROP produce many cen-

TABLE III. EFFECTS OF MULTIPLE INJECTIONS OF PILOCARPINE, ATROPINE, OR BOTH, ADMINISTERED

IMMEDIATELY AFTER CASTRATION AND

EVERY 6 hr THEREAFTER, ON SERUM

LEVELS oF LH (ng/ml) IN MALE RATS

Group N 6 hr N 24 hr N 48 hr
Saline (SAL)® 8 87.9 = 11.0° 7 604.9 + 48.7 7 630.0 = 101.0
PILO (10 mg/kg)® 8 32.6 £ 6.3 7 510.8 = 63.5 7 5207 +74.4
ATROP (10 mg/kg)? 8 88.2 +19.8 7 1213.0 = 161.0* 7 877.0 + 127.8
PILO + ATROP 8 65.1 £10.3 8 550.0 = 37.8 7 694.1 +34.4

@ Male rats were castrated and immediately injected with SAL or drugs. Injections were repeated every 6 hr

and blood samples were taken 6, 24, and 48 hr later.

® Results are mean + SE. N = number of animals per group.
* Statistically different (P < 0.05) from SAL-injected controls.
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TABLE IV. EFFECTS OF MULTIPLE INJECTIONS OF PILOCARPINE, PHYSOSTIGMINE, ATROPINE, AND
SCOPOLAMINE, ADMINISTERED IMMEDIATELY AFTER CASTRATION AND EVERY 6 hr
THEREAFTER ON SERUM LEVELS oF LH (ng/ml) IN MALE RATS

Group N 6 hr 24 hr 48 hr
Saline (SAL)? 10 92.4 + 18.3% 531.6 = 61.1 484.6 = 43.6
PILO (10 mg/kg)* 10 38.1 = 7.2% 401.2 = 39.5 420.1 = 35.4
PHYSO (0.4 mg/kg)*® 10 43.2 = 5.3* 382.1 = 33.1* 389.7 + 32.6*
ATROP (10 mg/kg)® 10 87.2 +20.1 750.1 = 39.3* 832.6 = 47.3*
SCOP (2 mg/kg)® 10 794 =222 642.3 = 57.5 725.2 = 46.2

¢ Male rats were castrated and immediately injected with SAL or drugs. Injections were repeated every 6 hr

and blood samples were taken 6, 24, and 48 hr later.

® Results are mean + SE. N = number of animals per group.
* Statistically different (P < 0.05) from SAL-injected controls.

tral and peripheral effects in the body un-
related to inhibition of the cholinergic sys-
tem (24). The explanation of why PHYSO
inhibited postcastration LH release for 48
hr, whereas PILO inhibited LH release for
only 6 hr, is not clear. It is possible that this
relates to the fact that PHYSO is a
cholinesterase inhibitor, whereas PILO is a
muscarinic agonist (25).

The effects of PILO and ATROP on
serum PRL levels observed here confirm
those reported by us previously in intact
male and female rats, but are in disagree-
ment with results reported by other inves-
tigators who used much higher doses of
these drugs (3, 14, 16, 17). More recently,
McCann et al.’s laboratory (26) published
results showing that cholinergic drugs can

inhibit in vitro PRL secretion, in agreement
with the present observations. In the pres-
ent study, PILO given to castrated male
and female rats also reduced serum PRL
levels, and ATROP counteracted the inhib-
itory action of PILO on PRL release.
ATROP given alone, at a dose of 10 mg/kg
body wt had no effect on serum PRL val-
ues. PILO partially inhibited the PRL surge
that normally occurs on the afternoon of
proestrus in rats, in agreement with earlier
results from this and other laboratories (7,
18, 27).

Recent reports indicate that cholinergic
receptors are present on the anterior pitu-
itary (26, 28, 29), suggesting a possible di-
rect effect by cholinergic and anti-choliner-
gic drugs on PRL and LH release. How-

TABLE V. EFFECTS OF SINGLE INJECTIONS OF PILOCARPINE, ATROPINE, OR BOTH ON
SERUM PROLACTIN LEVELS IN GONADECTOMIZED MALE AND FEMALE RATS

Group N 15 min N 30 min N 60 min
Males® (ng/ml)
Saline (SAL) 10 26.5 = 0.9° 10 26.4=1.7 10 26.0 = 1.8
PILO (10 mg/kg)® 10 12.6 = 0.8* 10 13.1 = 1.0* 10 11.2 = 1.0*
ATROP (10 mg/kg)® 10 28.6 + 1.2 10 28.1+12 10 273 £2.4
PILO + ATROP? 10 23.2+13 10 22.9 +0.7 10 21.7 = 1.4
Females? (ng/ml)
Saline (SAL)? 10 43.0 £5.7 10 38.1 £5.0 8 443 +74
PILO (10 mg/kg)® 10 26.1 £2.7* 10 25.4 £ 2.1* 10 20.0 = 1.3*
ATROP (10 mg/kg)® 9 354 £35 9 33.6 £2.0 9 36.0 = 4.0
PILO + ATROP? 8 396 +1.8 8 31.2 £6.6 8 333 2.0

@ Male rats were castrated 3 days, before experimentation.
® Drugs or SAL were administered ip and blood samples were obtained by orbital sinus puncture 15, 30, and

60 min later.

¢ Results are mean = SE. N = number of animals per group.
¢ Female rats were ovariectomized 7 days before experimentation.
* Statistically different (P < 0.05) from SAL-injected controls.
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TABLE VI. EFFECTS OF SINGLE INJECTION AT 1200 hr oF PILOCARPINE, ATROPINE, OR BOTH
ON PROLACTIN SURGE ON AFTERNOON (1700 hr) oF PROESTRUS IN INTACT RATS

Blood
collecting
time PILO, PILO, ATROP, ATROP +
(hr) SAL? (8) 10 mg/kg (8)° 10 mg/kg (8)¢ 10 mg/kg (8) PILO (10)
1200 44,7 =+ 11.8¢ 46.0 = 18.4 454 =11.8 499 = 11.6 494 =133
1700 179.3 + 11.2 136.0 = 13.5* 122.5 £23.9* 153.0 = 13.7 188.2 + 32.7

¢ Rats were injected with SAL, PILO, ATROP, or both PILO and ATROP immediately after the first blood

sampling (1200 hr).
5 Number of animals per group in parentheses.

¢ One group of rats was injected with PILO at 1400 hrs.
? Results are mean + SE and are expressed in terms of ng/ml of P-NIAMDD-PRL-RP-1.
* Statistically different (P < 0.05) from SAL-injected controls.

ever, Campbell ¢1 al. (30) reported no effect
of a number of cholinergic agonists on PRL
release using pituitary explants. In addi-
tion, PILO in vivo and carbachol in vitro
failed to increase mitotic activity of the
lactotrophic cells but increased mitotic ac-
tivity of basophils and chromophobes, sug-
gesting that the direct effects of cholinergic
agonists on the pituitary are exerted on LH
rather than on PRL cells (31).

It can be concluded that the contradic-
tory effects reported in earlier investiga-
tions on the effects of cholinergic and anti-
cholinergic drugs on LH and PRL release
were mainly due to use of high doses of
these drugs (7, 9, 18). It is clear from the
present and previous results that low doses
of cholinergic drugs inhibit LH and PRL
release in rats under a variety of endocrine
states (9) and low doses of ATROP can
counteract these inhibitory actions of the
cholinergic drugs (7—9). Further, it is
shown here that administration of low
doses of ATROP or SCOP, although show-
ing no effects on basal serum LH values,
greatly enhanced the rise of serum LH
levels produced by castration alone, sug-
gesting that the cholinergic system may
exert a braking action on LH release under
some conditions.

1. Kostlow, S. H., Racagni, G., and Costa, E.,
Neuroendocrinology 13, 1123 (1974).

2. Blake, C. A., Scaramuzzi, R. J., Norman, R. L.,
Kanematsu, S., and Sawyer, C. H., Proc. Soc.
Exp. Biol. Med. 141, 1014 (1972).

3. Libertun, C., and McCann, S. M., Endocrinology
92, 1214 (1973).

4. Blake, C. A., Proc. Soc. Exp. Biol. Med. 145,716
(1974).

5. Libertun, C., and McCann, S. M., Proc. Soc.
Exp. Biol. Med. 147, 498 (1974).

6. Justo, G., Motta, M., and Martini, L., Experientia
31, 598 (1975).

7. Grandison, L., and Meites, J., Fed. Proc. 34, 252
(1975).

8. Grandison, L., Gelato, M., and Meites, J., Proc.
Soc. Exp. Biol. Med. 145, 1236 (1974).

9. Grandison, L., and Meites, J., Endocrinology 99,
775 (1976).

10. Cehovic, G., Detbarn, W. E., and Welsch, F.,
Science 175, 1256 (1972).

11. Soulairac, A., Schaub, G., Franchmont, P.,
Aymard, N., and Van Cauwenberg, H., Ann. Endo-
crinol. (Paris) 29, 45 (1968).

12. Bruni, J. F., and Meites, J., Life Sci. 23, 1351
(1978).

13. Kaplanski, J., and Smelik, P. G., Acta Endo-
crinol. 73, 651 (1973).

14. Everett,J. W., and Sawyer, C. H., Endocrinology
45, 581 (1949).

15. Fiorindo, R., and Martini, L., Neuroendocrinol-
ogy 18, 322 (1975).

16. Simonovic, I., Motta, M., and Martini, L., Endo-
crinology 95, 1373 (1974).

17. McLean, B. K., and Nikitovitch-Winer, M., En-
docrinology 97, 763 (1975).

18. Subramanian, M. G., and Gala, R. R., Neuroen-
docrinology 22, 240 (1976).

19. Subramanian, M. G., and Gala, R. R., Endocri-
nology 98, 842 (1976).

20. Lawson, D. H., and Gala, R. R., Endocrinology
96, 313 (1975).

21. Gay, V. L., and Midgley, A. R., Endocrinology
84, 1359 (1969).

22. Niswender, G. D., Chen, C. L., Midgley, A.R.,
Jr., Meites, J., and Ellis, C., Proc. Soc. Exp. Biol.
Med. 130, 703 (1969).

23. Miiller, E. E., Nistico, G., and Scapagnini, V., in
*‘Neurotransmitters and Anterior Pituitary Func-
tion,”” Pt. IV, p. 278. Academic Press, New York
1977).

24. Innes, I. R., and Nickerson, M., in ““The Phar-



25.

26.

27.

28.

CHOLINERGIC DRUGS, LUTEINIZING HORMONE, AND PROLACTIN 191

macological Basis of Therapeutics’ (L. S. Good-
man and A. Gilman, eds.), Chap. 25. McMillan,
New York (1975).

Coelle, G. B., in ‘‘The Pharmacological Basis of
Therapeutics” (L. S. Goodman and A. Gilman,
eds.), Chaps. 22 and 23. McMillan, New York
(1975).

Miikherjee, A., Snyder, G., and McCann, S. M.,
Life Sci. 27, 475 (1980).

Subramanian, M. G., and Gala, R. R., Proc. Soc.
Exp. Biol. Med. 155, 353 (1977).

Schaeffer, J. M., and Hsueh, A.J. W., Endocri-
nology 106, 1377 (1980).

29. Burt, D. R., and Taylor, R. L., Neuroendocrinol-
ogy 30, 344 (1980).

30. Campbell, M. D., Jaques, S., and Gala, R.R.,
Experienta 34, 1522 (1980).

31. Pawlikowski, M., Stepien, H., Wolaniuk, A., and
Kunert-Radel, J., Neuroendocrinology 26, 85
(1978).

Received November 25, 1980. P.S.E.B.M. 1981, Vol.
168.



