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Abstract— The muscarinic acetylcholine receptors of the dog unpregant uterus were characterized
using [*H]quinuclidinyl benzilate(QNB) as a radioligand and the binding of muscarinic receptor
Agonists and antagonists in the uterus was compared to that in the urinary bladder which contains
almost exclusively the M, receptors in order to determine the receptor subtypes in the uterus.
[*HJQNB binding to uterus and bladder was rapid, saturable and reversible. Scatchard analysis
of the saturation data gave linear plots and the Hill coefficients were close to unit, which indicated
that each preparation contained a single population of specific binding sites for [*H]QNB. The
Ky values(120 pM) for QNB were almost identical in both organs, whereas the By value of 256
fmol/mg protein in the uterus was significantly different from that of 563 fmol/mg protein in
the bladder. Muscarinic agonists and antagonists inhibited in a competitive manner the [SHJQNB
binding to the same extent in both organs. The competition binding studies using antagonists(atro-
pine and pirenzepine) exhibited a single binding site and this site had a low affinity for pirenzepine
with the Ki value of about 330 nM. However, high and low affinity binding sites were observed
with carbachol, methacholine and oxotremorine. These binding studies with agonists and antagoni-
sts did not show any differences in drug affinities between uterus and bladder. These results
indicate that the muscarinic receptors in the uterus are M. receptors which have a low affinity
for pirenzepine.

Keywords [] Muscarinic receptor subtypes, uterus, urinary bladder.
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Table I—[*H]JQNB equilibrium binding to homogenate
prepared from dog uterus
[*HJQNB binding(fmol/mg protein)

Total 1120+ 6.8
Nonspecific 6.4+ 0.9
Specific 1056+ 5.4

Homogenates were incubated with 100 pM [*H]QNB
at 37C for 180 min, and the reactions were stopped
by vaccum filtration as described under “METHODS”.
Nonspecific binding was estimated with the addition
of 107°M atropine to the incubation medium. Specific
binding was calculated by substracting the nonspecific
binding from the total binding of [SHIQNB obtained
in the absence of 107°M atropine. Values are the
meant SEM from three separate preparations.
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Fig. 1—Tissue linearity of the specific [*H]QNB bin-
ding to dog uterus.
Homogenates diluted to various protein conce-
ntrations ‘were incubated with 100 pM[°H]
QNB for 180 min at 37C in a final volume
of 5ml. Specific [PH]QNB binding was deter-
mined as explained under Table 1. All points
were determined in triplicafe.
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Fig. 2—Saturation binding curve of [*(H]JQNB binding
to dog uterus(s) and urinary bladder(Q) ho-
mogenates.

Homogenates(uterus: 800 ug, urinary bladder:
500 pg) were incubated with various concent-
rations of [*HJQNB in absence or presence
of 107°M atropine for 180 min at 37C in a
final volume of 5mi. Each point represents
the mean of five experiments performed in

duplicates.
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Fig. 3—Scatchard plot of the specific [*H]JQNB bin-
ding data shown in Fig, 2.
Bound [*HJQNB(B) was plotted as a function
of bound [*H]QNB(B)/free [*HIQNB(F).
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Table II—[*H]QNB binding data to muscarinic recep-
tors for uterus and urinary bladder in the

dog
Organ Kp Receptor density(B,,) Hill cooefficient
M) (fmol/mg protein) (nH)
Urinary 1011409 5634+ 562 1.03%0.03
bladder
Uterus 117.9+ 85 2557+ 16.1* 1.05+0.03

The binding parameters(Kp and By.) were derived by
Scatchard analysis. Hill coefficient(nH) was determined
from Hill plot. Values are the mean* SEM of five ex-
periments.

*: Significantly different from corresponding values of
urinary bladder(p<0.01).
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Fig. 4—Inhibition of the specific ["H]JQNB binding to dog uterus(2) and urinary bladder(O) homogenates by

atropine and pirenzepine.

Homogenates(uterus: 800 pg, urinary bladder: 500 pg) were incubated for 180 min at 37C with 100 pM
[*HJQNB and various concentrations of atropine(—) or pirenzepine(--+++- ) in 5 m! of buffer. Incubations
were started by addition of homogenates. Each point represents the mean of three to four determinations.

Table III—The binding behaviors of muscarinic receptor antagonists and agonists in dog uterus and urinary

bladder homogenates

Drug Organ ICss (nM) Ki (nM) nH n
Antagonist
Atropine U 25105 1.35+0.27 0.92+0.05 3
B 21+ 0.7 1.16+ 041 0.93% 0.06 4
Pirenzepine U 600+ 90 325+ 49 0.89% 0.06 3
B 713+ 61 395+ 34 0.87+0.03 3
Agonists
Carbachol” U 5,060+ 1,000 2,739+ 541 0.59+ 0.08 3
B 3,380+ 900 1,872+ 497 0.48% 0.06 4
Methacholine U 2,366+ 472 1,281+ 255 0.60+ 0.03 3
B 2,752+ 831 1,524+ 460 0.48+ 0.02 3
Oxotremorine 8] 469+ . 69 254+ 37 0.53+ 0.05 3
B 353+ 94 196+ 57 0.58+0.02 4

U: Uterus, B: Urinary bladder.

ICs: Concentration of drug which inhibited 50% of the specific [PHJQNB binding in the presence of 100pM

[*HJQNB.
Ki: Calculated from Ki=ICs/1+F/Kp
n: Number of experiments.
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Fig. 5—Hill plot of the inhibition data shown in Fig. 4.

I represents the percentage inhibition of [*H]
QNB binding.
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Fig. 6—Inhibition of the specific [*HJQNB binding to dog uterus(a) and urinary bladder(©) homogenates by

muscarinic agonists.

Assays were conducted as described in the legand of Fig.4. and Methods. Insert: Hofstee plot of the
QNB-carbachol competition binding data. B represents the percentage inhibition of [*H]JQNB binding

and F the free carbachol concentration.
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Table IV—Comparisons of estimates from a two-site binding model for the inhibition of [*H]JQNB binding to
dog uterus and urinary homogenates by muscarinic agonists

Agonist Ku(nM) Ki(nM) Ri(%) Ry(%)
U B U U B U B
Carbachol 2471120 214£875 83771438 7,700£ 255 41749 47.0%X59 583163 53.0+59
Methacholine 157+53  163+274 8,176+611 7386+172 525+72 420+93 475+52 580+1L1

Oxotremorine 4241+47 39.6*25

2,085+ 250 1,681+202 55.8+87 630+127 44.2+62

37081

The agonist competition curve shown in Fig. 6. were analyzed with the computer program “ligand” as described
by Munson et al. Ky and K, represent the estimated dissociation constants for the high and low affinity binding
sites, respectively. Ry and R, represent the percentages of high and low affinity sites, respectively.

U: Uterus, B: Urinary bladder.
Values are the meant SEM of three experiments.
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Fig. 7—Relationship between the estimated affinities

of muscarinic agonists and antagonists in the
dog uterus and urinary bladder.
Affinities are expressed as dissociation consta-
nts, Ki. Ky: affinity for total sites, Ky: affinity
for high affinity sites, K;: affinity for low affi-
nity sites.
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