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SUMMARY

DULlS, BEVERLY H., GORDON, MICHAEL A., & WILSON, IRWIN B. (1979) Identification
of muscarinic binding sites in human neutrophils by direct binding. Mol. Pharmacol.
15, 28-34.

Using techniques developed for the study of muscarinic cholinergic receptors in brain
homogenate, direct binding to whole live neutrophils has been shown for the potent
muscarinic antagonist [3H]quinuclidinyl-benzilate. The specific binding is saturable, pro-

portional to cell concentration, and can be displaced by atropine, oxotremorine, and
piocarpine. The Kd for this system is approximately 8 nr�i. This whole-cell binding
correlates with previously reported effects of cholinergic agents on neutrophil guanosine
cyclic 3’,S’-monophosphate levels, chemotaxis, and lysosomal enzyme release. Quinuci-
dinyl-benzilate is shown here to function as a muscarinic antagonist in neutrophils by
blocking the carbachol stimulated lysosomal enzyme release in vitro from live cells.

INTRODUCTION

Acetylcholine has been shown to mediate

cholinergic responses through interaction
with cholinergic receptors associated with
autonomic ganglia, the spinal cord Ren-

shaw cell, skeletal and smooth muscle,
some neurons in the central nervous sys-
tem, and some secretory cells. Some cholin-
ergic receptors have been described phar-
macologically as nicotinic on the basis of
their activation by nicotine and blockade
by d-tubocurarmne and hexamethonium.

Nicotiic receptors have been described
based on these criteria, for example, at
mammalian neuromuscular junctions and

autonomic ganglia. Some nicotinic sites can

be studied by measurement of direct bind-
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ing of radiolabeled a-bungarotoxin. Other
cholinergic receptors have been pharma-
cologically defined as muscarinic, since they
can be activated by muscarine and blocked
by atropine (1). Receptors of this type in-
dude those of the postganglionic parasym-
pathetic system and vascular smooth mus-
cle. Binding studies of such receptors have
utilized high affinity muscarinic agents
such as radiolabeled quinucidinylbenzi-

late.
The specific, high-affinity binding of the

potent muscarinic antagonist QNB2 has
been demonstrated in various innervated
systems such as the particulate fractions of
brain (2), intestine (3), and heart (4, 5).

Analogous binding has been shown in non-
innervated cells, specifically erythrocytes

(6) and lymphocytes (7). QNB binding in
the latter case correlates with demon-

2The abbreviations used are� QNB, quinucidinyl-

benzilate; cGMP, guanosine cyclic 3’,5’-monophos-

phate; LDH, lactate dehydrogenase.
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strated responses of lymphocytes to cholin-
ergic agonists, as in augmentation of the

cytotoxic response (8) and elevation of
cGMP levels (9).

Neutrophils have also been shown to re-
spond to cholinergic agents. Neutrophils
constitute roughly 70% of the circulating
leukocyte population, and respond to var-

ious soluble and particulate factors by
chemotaxis and phagocytosis. They can be
transformed into secretory cells by expo-
sure to noningestible immune complexes
such as an antigen-antibody complex on
cartilage, or by pretreatment with inhibi-
tors of microfilament function (the cyto-

chalasins) before incubation with chemo-
tactic or immunological agents (10). Cyclic

GMP can mediate this specific release of
lysosomal enzymes, which is distinguished
from cell lysis by the observation that very

little of the cytoplasmic enzyme lactate de-
hydrogenase is released. Concentrations of
the cholinergic agonist carbachol as low as
0.1 n� are capable of more than doubling
the intracellular levels of cGMP, and higher
concentrations can potentiate lysosomal
enzyme release in response to immunolog-
ical agents by as much as 50% (11). Other
agonists, including acetyl fl-methylcholine,
acetylcholine, and piocarpine, also increase
lysosomal enzyme release in the presence
of immunological agents. This increase is
prevented by 1 /LM atropine, a muscarinic
cholinergic antagonist, but not by the same
concentration of the nicotinic antagonists
hexamethonium or d-tubocurarine (12).
Carbamylcholine can also stimulate neutro-
phil chemotaxis in response to chemotactic
factors (13) and increases cGMP accumu-
lation caused by those factors (14). From
these results it is reasonable to postulate
the existence of one or more specific mus-
carinic binding substances in these cells
that may function in a manner similar to
that of cholinergic receptors of neural tissue
and of smooth muscle.

Direct studies of the binding of musca-
rinic cholinergic agents in neutrophils have
not previously been reported. Because it is
surprising to find responses by noninner-
vated cells to cholinergic agents, it seems
important to demonstrate the interaction
of these agents with the cells by direct

binding studies. Also, these cells offer sev-
eral unique possibilities for investigation of

the muscarinic cholinergic system in that
whole live cells can be used, an easily mea-

sured physiological response to the agents

exists in modulation of lysosomal enzyme
release, and a direct dose response has been
observed for enzyme release (11). Neutro-
phils thus provide a good model system for

studies of coupling of muscarinic binding to

cellular response. For these reasons we de-
cided to investigate some physical and
pharmacological properties of muscarinic
cholinergic binding in human neutrophils.

MATERIALS AND METHODS

Human neutrophils were isolated from
fresh heparirnzed venous blood, using a Fi-
coll-Hypaque gradient and hypotonic lysis
of erythrocytes (15). The cells were resus-

pended in Hank’s balanced salt solution
with 0.25% bovine serum albumin and 0.1%

glucose. Viability was determined by exclu-
sion of trypan blue dye, and was always
greater than 98%. Final cell preparations
contained 96+ % polymorphonuclear leu-
kocytes, with a maximum of 1:1 contami-
nation by erythrocyte ghosts. This contam-
ination should not alter quantitation of
QNB binding because of low numbers of
sites per cell on erythrocytes (6). All incu-
bations were carried out in plastic tubes.

Specific binding was determined by in-
cubating cells at 22#{176}in Hank’s salt solution
with [3H]QNB in the presence or absence
of 10 �M atropine or 100 �LM oxotremorine.
Cells were filtered after 40 min, using What-

man GF/B or GF/C filters and a Miffipore
vacuum filtration apparatus. Cells were di-
luted with 2 volumes of Hank’s solution at
room temperature and rapidly filtered by

suction. The ifiters were then rinsed 4 times
with 2 ml of Hank’s solution, at room tem-
perature, in a manner similar to that de-
scribed for brain homogenate work (2). The
Hank’s solution was kept at 22#{176}rather than

at 0#{176}to avoid the temperature shock caused
by the latter conditions. Incubation volume
was 1.0 ml, and except as stated otherwise,
incubations contained 3.6 x 106 cells.
[3H]QNB, specific activity 16.4 Ci/mmole,
was purchased from Amersham Searle

Corp. Oxotremorine and piocarpine were
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FIG. 1. Specific QNB binding as a function of QNB concentration.

3.6 x 106 neutrophils were incubated in 1.0 ml with and without 10 �LM atropine (U) or 100 �LM oxotremorine

(#{149}).Net binding is plotted as a function of total QNB concentration. The differences in QNB binding with and

without competitor are statistically different from zero (P < 0.005). Inset. Scatchard analysis of the binding

curve, with the least squares linear regression line giving a Kd of approximately 8 nM.
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purchased from Aldrich Chemical Co. Atro-
pine sulfate, aspartic acid, and carbachol
were from Sigma Chemical Co.

Flaxedil (gallamine) was purchased from
Burroughs Wellcome & Co., histamine from
Nutritional Biochemicals Corp., and d-tu-

bocurarine chloride from E. R. Squibb &
Sons.

Zymosan was purchased from ICN and

activated by incubating at 50 mg/mi in
human serum for 30 mm at 37#{176}.This proc-
ess fixes complement factors to the surface
of the zymosan particles by means of nat-
ural serum antibodies to the particles.
The zymosan-complement particles were
washed thoroughly with Hank’s balanced
salt solution.

Cytochalasin B was purchased from Ald-
rich Chemical Co., and added to incubation
mixtures at 0.5 pg/mi. In the presence of

cytochalasin B, the neutrophils bind but do
not engulf the zymosan particles. The ly-
sosomes in this case, instead of fusing with
phagosomes, fuse with the plasma mem-
brane to release the lysosomal enzymes into

the medium (10).
Neutrophils were preincubated for 5 mm

at 22#{176}with the cholinergic antagonists,
then for 5 mm more with carbachol before
addition of 5 mg/mi zymosan-complement

(16). The incubations were carried out at
37#{176},shaking at 120 excursions/mm. After
60 mm, the cells were centrifuged at 4#{176}and
the supernatant assayed for lysozyme (17)
and LDH (18).

RESULTS

Using the specific muscarinic agonist ox-
otremorine at 100 �tM or the antagonist
atropine at 10 ILM to displace QNB binding
to neutrophils, a saturation curve is ob-
tained as shown in Fig. 1. Specific binding
is given by the difference in QNB retention

by the cells in the presence and absence of
competing agents. One hundred fmoles of
QNB-bound corresponds to a difference of
approximately 1270 cpm. Nonspecific bind-

ing, or QNB retained in the presence of
atropine or oxotremorine, was fitted to a

straight line by the method of least squares

(r = 0.99), plotted as a function of QNB
concentration. For the saturation curve,
nonspecific binding values were read from
this line.

The fact that specific binding saturates
at relatively low concentrations of ligand,
while the nonspecific binding remains lin-

ear, indicates that a limited number of high
affinity sites are involved. The Scatchard
analysis (19) in the insert of Fig. 1 gives a
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Kd of approximately 8 n1�f and on the order
of 5 x iO� sites per cell.

The saturation curve shown, a composite
of data using cells from a single donor on 3
different days, is representative of the sat-
uration curves obtained with neutrophils
from 8 different donors. Specific binding

constitutes 30-50% of the total binding.
In another experiment we compared ox-

otremorine, atropine, and the agonist plo-
carpine as displacing agents with QNB at
10 ni�i. We found no difference in displace-

ment of QNB binding by oxotremorine or
piocarpine at 100 � and by atropine at
10 ELM, in spite of very different chemical
structures (20).

Various nonmuscarinic agents were also
checked for their ability to displace QNB
binding. Aspartic acid did not decrease
binding at 12.5 /�M or 125 riM. Histamine,
which decreases lysosomal enzyme release
in response to zymosan-complement, had
no effect on QNB binding at 12.5 � or 125

ELM. The nicotiic agent gallamine also was
without effect at 10 and 100 ILM. However,
d-tubocurarine, another nicotinic agent, did
displace QNB binding at 100 �tM.

Specific QNB binding increases with in-
creasing cell number (Fig. 2). In plotting
the mean difference of triplicate determi-
nations with and without atropine, ± SEM,

the mean values correlate well with a least

squares calculated line (r = 0.99).
To check for retention of cells on filters,

radioactivity was determined after filtra-
tion of identical incubations on both GF/B
(pore size 1.0 j�) and GF/C (pore size 1.2 �t)

filters. In contrast to tissue homogenate
work, with whole cells the retention was
essentially complete and identical for the
two filters (data not shown). This result

was expected because neutrophils have a
diameter of 15 �z.

QNB in this system can function as a

cholinergic antagonist, as shown in Table 1.
Carbachol, a cholinergic agonist, increases
lysosomal enzyme release in response to
challenge with zymosan-complement par-
ticles, as has been shown previously (11,

12). As has also been shown with 1 �M

atropine (11, 12), incubation of neutrophils
with antagonist alone before exposure to
zymosan-complement has no effect on en-
zyme release, but prior incubation with
atropine prevents increased release in the
presence of carbachol. We see the same
phenomena with QNB at 0.1 �M. In all nine

incubations, LDH release, an indication of
cell lysis, remained constant. This effect
and the specific, saturable binding of QNB
to whole cells are consistent with the con-
cept of a kind of muscannic cholinergic

�4O0
0

.0

in 300
z

-� 200

E

100

FIG. 2. Specific QNB binding as a function of cell concentration.
Values shown are the means ± SEM for the differences between triplicate determinations of QNB binding

in the presence and absence of 10 �M atropine, in 1.0 ml incubation volume. The line represents a linear

regression least squares analysis of the mean values, with r = 0.99.
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TABLE 1

Cholinergic modulation of lysosomal enzyme

release”

Neutrophils were preincubated with the cholinergic

agents and cytochalasin B as described in MATERIALS

AND METHODS, and the percentage release of total

lysozyme and LDH in response to zymosan-comple-

m ent determined.

Cholinergic agents %
lyso-
zyme

%
LDH

%
change

1. 45 7

2. 48 7

3. 5.0 ILM carbachol 57 7 +23

4. 5.0 �L�1 carbachol 57 8 +23

5. 1.0 �M atropine 44 8 -4

6. 5.0 ILM carbachol + 1.0 43 8 -6

LM atropine

7. 0.10 �M QNB 46 8 no

change

8. 5.0 �LM carbachol + 0.10 43 7 -6

�LM QNB

9. 5.0 �tM carbachol + 0.10 44 7 -4

tIM QNB
“Total activity/3.75 x 10” cells: LDH: -0.618

�OD�,o/min at 37#{176};lysozyme: -0.056 �OD4�/min at
370

receptor in these cells analogous to recep-

tors described in brain and smooth muscle.

DISCUSSION

Neutrophils in vivo mediate inflamma-

tion and tissue destruction by a process
closely related to that used to induce lyso-

somal enzyme release in vitro (21). Neutro-
phils bind to immune complexes on nonin-
gestible surfaces such as the basement
membranes and selectively release lysoso-
mal constituents. These constituents in-
clude chemotactic activators, pyrogens, and
hydrolytic enzymes.

As indicated earlier, the lysosomal re-
lease process can be influenced by cholin-

ergic agents. The identification of musca-
nnic cholinergic binding sites associated
with human neutrophils has been suggested
on the basis of this QNB binding assay.

The phenomenon of saturable QNB
binding to neutrophils is clearly demon-
strated by the difference in QNB retention
in the presence and absence of a competing
ligand. A second ligand can compete only if
a limited number of binding sites are func-

tional. The construction of a saturation

curve, however, demands much greater ac-
curacy in measurements. At low concentra-

tions of QNB, the net binding will be small
while at higher concentrations as saturation
is approached, the specific binding consti-
tutes a continually decreasing fraction of
the total binding. We minimized the errors
arising from measurement of nonspecific
binding by the use of a linear least squares
treatment of the data. This procedure is
equivalent to using the mean value of a
large number of measurements rather than
a single measurement. The measurement of
muscarinic binding sites, using this compet-
itive assay, is based upon the high potency
and specificity of [3H]QNB (22) as well as
the specificity of the competing agonists,
oxotremorine and piocarpine, and the com-
peting antagonist atropine. The competing
agents are considered classical muscarinic
agonists and antagonists.

Flaxedil, histamine, and aspartic acid do
not compete for QNB binding sites at high
concentrations (125 SM). d-Tubocurarmne,
which at 1 �.u’.i does not block carbachol-

induced potentiation of lysosomal enzyme
release (11, 12), can block QNB binding
when used at 100 �tM. It has been seen

earlier (8) that curare can interact with the
lymphocyte cholinergic system in modulat-
ing the cytotoxic response, and can at 10

� completely displace specific QNB bind-
ing to erythrocytes (6). The effectiveness of
curare in the cholinergic binding system of
blood cells may serve to differentiate these
binding sites from those of brain homoge-
nate (2) and of smooth muscle (3).

The suggestion that muscarinic binding
sites may be functional muscarinic recep-
tors requires support in addition to binding
data, even though highly specific choliner-
gic agents are used in the binding study.
Additional criteria are that the cells re-

spond physiologically to a cholinergic ago-
nist and that this physiological response
can be blocked by cholinergic antagonists,
especially QNB, in our case. Lysosomal en-
zyme release can be considered a true phys-
iological response of neutrophils and cho-
linergic potentiation of this response is
blocked by QNB. The importance of eval-
uating both the physiological response to
appropriate cholinergic agonists and antag-
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onists in addition to the cholinergic ligand
binding characteristics of the system is em-

phasized in view of the nonequivalence of
a-bungarotoxin binding sites and acetylcho-
line receptors in some neuronal systems

(23, 24).
QNB has been found to exert a dose-

response blockage of cholinergic-stimulated
secretion in another system, the rat exo-
crime pancreas (25).

Many studies identify the presence of
specific QNB binding in homogenate prep-
arations. While this approach simplifies
binding studies by consideration of a more
homogeneous membrane fraction, it elim-

inates the possibility of measuring physio-
logical consequences of such binding. Using
whole live neutrophils allows direct corre-

lation of specific QNB binding with a spe-
cific physiological response.

There are several disadvantages in using
whole cells. Nonspecific binding in the pres-
ence of high concentrations of competing
muscarinic agents accounts for a sizeable
percentage of the total counts. Nonspecific
binding in a live cell depends not only on

lipid solubility and cytoplasmic concentra-
tions, but possibly also on pinocytosis and
exocytosis and on other energy-dependent

processes. The result is that nonsystematic
errors in the determination of nonspecific
binding affect the measured value of spe-

cific binding much more than if the com-
peting agent displaced 90% or more of the
total retention. We have attempted to min-
imize these effects by constructing a least
squares linear regression line from the ex-
perimental nonspecific binding data to use
in the saturation data. However, this cor-
rects only half the problems because the
same problems arise in determination of
total binding. As a result, the Scatchard
plot of Fig. 1 reflects the occurrence of
sizeable errors arising from the use of whole
cells. Also, a greater heterogeneity of spe-
cific binding would be expected, due to the
heterogeneity of cell organelles. For exam-

ple, using fractionated brain homogenates,
Yamamura and Snyder (2) found signifi-
cant specific binding to the mitochondrial
fraction. Such binding is presumably unre-
lated to the observed rapid response of
neural tissue to cholinergic agents. Simi-

larly our calculated sites per cell may in-

elude specific binding sites that are unre-
lated to the augmentation of lysosomal re-

lease.
Our use of whole live cells could also

affect the linearity of QNB binding with

cell concentration, if binding is related to
physiological processes dependent on cell
density. We find, however, that the mean
values of specific binding as a function of
cell number are linear, as with different
homogenized tissues. The standard errors
of the means are large enough, though, that
we can not rule out deviations from linear-
ity.

The observed Kd, or concentration of
QNB needed to cause one half the saturable

binding, of approximately 8 n�i for human
neutrophils is considerably higher than that
reported for QNB binding to brain homog-

enate preparation (2). In the case of mam-

malian heart, muscarinic binding sites have
been most recently characterized as having
Kd for QNB on the order of 20 �M (26).
More recent studies on noninnervated sys-
tems have suggested Kd values on the order

of 1 nM (6, 7). Recently, however, measure-
ments of the Kd for QNB binding in rat
strial bra�n slices have revealed a Kd of
about 3.5 n�, suggesting a considerably
lower affinity for binding in slices than in
homogenates (27). When results for QNB

binding in murine lymphocytes, human
neutrophils, and brain slices from rat cor-

pus striatum are compared with brain ho-
mogenate preparations, the studies using
less disrupted systems suggest a higher ap-
parent Li.

In spite of some difficulties in studying
QNB binding in whole live cells, our results

support the idea of specific muscarirnc cho-
linergic binding substances in neutrophils.
The high affinity for QNB and the satura-
bility of the specific binding, coupled with
direct effects on neutrophil physiology by
the ligand used, are consistent with the
concept of a muscarinic cholinergic recep-
tor in neutrophils.

ACKNOWLEDGMENTS

We wish to thank Ms. Nannette A. Schwartzman

from Dr. Peter Henson’s laboratory for invaluable

discussion of lysosomal enzyme release techniques.



34 DULlS ET AL.

REFERENCES

1. Goldstein, A., L. Aronow and S. Kalman. Princi-
ples of Drug Action: The Basis of Pharmacol-

ogy. John Wiley & Sons, New York, 1974, p. 73.

2. Yamamura, H. I. and S. H. Snyder. Muscarinic

cholinergic binding in rat brain. Proc. Nati.

Acad. Sci. USA 71:1725-1729, 1974.

3. Yamamura, H. I. and S. H. Snyder. Muscarinic

cholinergic receptor binding in the longitudinal

muscle of the guinea pig ileum with [3H]quinu-

cidinyl benzilate. Mol. Pharmacol. 10:861-867,

1974.

4. Sharma, V. K. and S. P. Banerjee. Muscarinic

cholinergic receptors in rat heart. J. Biol. Chem.

252:7444-7446, 1977.

5. Sharma, V. K. and S. P. Banerjee. Presynaptic

muscarinic cholinergic receptors. Nature 272:

276-278, 1978.

6. Aronstam, R. S., L. G. Abood and M. K. MacNeil.

Muscarirnc cholinergic binding in human eryth-

rocyte membranes. Life Sci. 20:1175-1180, 1977.

7. Gordon, M. A., J. J. Cohen and I. B. Wilson.

Muscarinic cholinergic receptors in murine lym-

phocytes: Demonstration by direct binding.

Proc. Nati. Acad. Sci. USA 75:2902-2904, 1978.

8. Strom, T. B., A. T. Sytkowski, C. B. Carpenter

and J. P. Merrill. Cholinergic augmentation of

lymphocyte-mediated cytotoxicity. A study of

the cholinergic receptor of cytotoxic T lympho-

cytes. Proc. Natl. Acad. Sci. USA 71:1330-1333,

1974.

9. Illiano, G., G. P. E. Tell, M. I. Segal and P. Cua-

trecasas. Guanosine 3’:5’-cycic monophosphate

and the action of insulin and acetylcholine.

Proc. Natl. Acad. Sci. USA 70:2443-2447, 1973.

10. Zurier, R. B., S. Hoffstein and G. Weissmann.

Cytochalasin B: Effect on lysosomal enzyme

release from human leukocytes. Proc. Nati.
Acad. Sci. USA 70:844-848, 1973.

11. Zurier, R. B., G. Weissmann, S. Hoffstein, S. Kam-

merman and H. H. Tai. Mechanism of lysosomal

enzyme release from human leukocytes. J. Clin.

Invest. 53:297-309, 1974.

12. Ignarro, L. J., T. F. Lint and W. J. George. Hor-

monal control of lysosomal enzyme release from

human neutrophils. J. Exp. Med. 139:1395-1414,

1974.

13. Estensen, R. D., H. R. Hill, P. G. Quie, N. Hogan

and N. D. Goldberg. Cyclic GMP and cell move-

ment. Nature 245:458-460, 1973.

14. Hatch, G. E., W. K. Nichols and H. R. Hill. Cyclic

nucleotide changes in human neutrophils in-

duced by chemoattractants and chemotactic

modulators. J. Immunol. 119:450-456, 1977.

15. Boyum, A. Isolation of mononuclear cells and

granulocytes from human blood. Scand. J. Clin.

Lab. Invest. 97 (Suppl.):77-89, 1967.

16. Henson, P. M. and Z. G. Oades. Enhancement of

immunologically induced granule exocytosis

from neutrophils by cytochalasin B. J. Immu-

nol. 110:290-293, 1973.

17. Shugar, D. The measurement of lysozyme activity

and the ultra-violet inactivation of lysozyme.

Biochim. Biophys. Acta 8:302-309, 1952.

18. Stolzenbach, F. Lactic dehydrogenases, in Meth-

ods in Enzymology IX:278-288, 1966.

19. Scatchard, G. The attractions of proteins for small

molecules and ions. Ann. N.Y. Acad. Sci. 51:

660-672, 1949.

20. Goodman, L. S. and A. Gilman. The Pharmaco-

logical Basis of Therapeutics. Macmillan Pub-

lishing Co., New York, 1975, p. 639.

21. Cochrane, C. G. and A. Janoff. The Arthus reac-

tion, in The Inflammatory Process III (Ed. B.

W. Zweifach, L. Grant and R. T. McCluskey),

Academic Press, New York, 1974, 85-162.

22. Snyder, S. H., K. J. Chang, M. J. Kuhar and H.

Yamamura. Biochemical identification of the

mammalian muscarmnic choinergic receptor.

Fed. Proc. 34:1915-1921, 1975.

23. Brown, D. A. and L. Fumagalli. Dissociation of a-

bungarotoxin binding and receptor block in the

rat superior cervical ganglion. Brain Res. 129:

165-168, 1977.

24. Carbonetto, S. T., D. N. Fambrough and K. J.

Muller. Nonequivalence of a-bungarotoxin re-

ceptors and acetyicholine receptors in chick

sympathetic neurons. Proc. Nati. Acad. Sci.

USA 75:1016-1020, 1978.

25. Morisset, J., K. H. Ng and G. G. Poirier. Compar-

ative inhibitory effects of 3-quinudidinyl ben-

zilate (QNB) and atropine on amylase release

from rat pancreas. Br. J. Pharmacol. 61:97-100,

1977.

26. Fields, J. Z., W. R. Roeske, E. Morkin and H. I.

Yamamura. Cardiac muscarinic cholinergic re-

ceptors. J. Biol. Chem. 253:3251-3258, 1978.

27. Hanley, M. R. and L. L. Iversen. Muscarinic cho-

linergic receptors in rat corpus striatum and

regulation of guanosine cyclic 3’,5’-monophos-

phate. Mol. Pharmacol. 14:246-255, 1978.




