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The muscarinic acetylcholine receptor (m-AChR) is
present in the heart (1â€”3),pancreas (4â€”6),intestinal
smooth muscle (7,8), and many structures of the brain
(9â€”li). We have suggested that a suitably labeled ra

dioligand (either I- 123 or F- 18) specific for the m-AChR
may be useful for the study of changes in receptor con
centration as a function of disease (12). To this end
w,e have prepared (R,S)- 1-azabicyclo(2.2.2)oct
3-yl(R,S)-alpha-hydroxy-alpha-(4- [I- 125] iodophenyl)
benzeneacetate (1-125 4-IQNB, Fig. 1) and studied its
behavior in vivo in the heart and in two structures of the

brain, the caudate/putamen (CP) and the cerebellum
(CB), with the latter exhibiting one-tenth the receptor
concentration of the former. The affinity of the 3- and
4-fluorobenzilate analogs of QNB are essentially the

same as that of QNB (13). We therefore use commer
cially available (R)-3-quinuclidinyl [3H] benzilate (H-3
QNB) in placeof thefluoro-analogs.

MATERIALS AND METHODS

The iodinated QNB analog (1-125 4-IQNB) was
synthesized by the reaction of iodide with thÃ§4-triazeno

ReceivedJuly 7, 1982; revisionacceptedSept. I 5, 1983.
For reprints contact: Raymond E. Gibson, PhD, Assoc. Research

Prof. of Radiology, The George Washington Univ. Med. Ctr., Sec. of
Radiopharmaceutical Chem., 2300 Eye St., NW, Washington, DC
20037.

derivative of QNB, in a modification of the procedure
ofTewson et al. (14), with an overall yield of2O%. The
Wallach reaction (15) with polyfunctional substrates is
not trivial; therefore, the details of the synthetic proce
dures and complications are described elsewhere (16).
The product, isolated by reversed-phase HPLC, had an
elution volume identical with that of an authentic sample
of stable tracer 4-IQNB (analysis within 0.4% of theo
retical). There is no UV peak coincident with the peak

of radioactivity; nonetheless, the specific activity of the
I- 125 4-IQNB used in these studies varied from 900 to
1200 Ci/mmol. Trailing of UV absorbing peaks that
elute before the desired product is the most probable

cause of the reduced specific activity. Radiochemical

purity was determined by TLC (95%) and the product
also exhibited an Rf value consistent with the authentic
sample: Rf = 0.35 in toluene/MeOH (80:20) and = 0.5

in butanol/acetic/acid/-water (4: 1:1). (R)- [H-3]QNB
was purchased,* (33.1 Ci/mmol). (R,S)-QNB and

(R,S)-QNX (Fig. 1) were synthesized in our laboratory
(13).

Distribution studies. Venous injection. Five micro
curies of radioligand (labeled with either H-3 or I- 125),
in 0. 1 ml normal saline containing 20% EtOH, was in
jected through either tail vein or femoral vein into female

Sprague-Dawley rats (av. wt. 250 g). At various times
(from 5 mm to 4 hr) the animals were killed by cervical
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Off-rate determination. The concentration of m
AChR in the CP is ten times that in the (CB). We
therefore prepared the tissues differently. For the CP,

0.1 to 0.15 g of tissuewashomogenizedin 10ml of 10
mM Tris-buffered saline (pH 7.4) containing 8% su

crose. The crude homogenate was used without further

preparation. Four to 5 g of CB were homogenized in 7
volumes of the above buffer. After centrifugation at 2000

g for 10mm,thesupernatantisrecentrifugedat 100,000
g for 1hr.TheP2pelletsthusobtainedaresuspendedin
10 ml of the initial buffer for assay. Receptor recovery
is 20%.

The receptor from CP and CB at 2-5 nM was incu
bated with 20 pM 1-125 4-IQNB for 2 hr to achieve
maximum receptor binding. Afterward, 0. l-ml samples
were diluted into 5 ml of Tris-buffered saline containing
lO-zM atropine and the mixture filtered at times from
10 sec to 4 hr, then washed with 9 ml of ice-cold saline.
Values for t,,, were determined by incubating aliquots of

the receptor-radioligand preparations with I 0-@tM at
ropine for the time of the initial incubation. The tem
perature was maintained at 30Â°C for the off-rate de
terminations.

Specific activity determination. The specific activities
of the I- 125 4-IQNB preparations were determined by
matching receptor concentrations to that determined
using H-3 QNB as a standard, as previously described
(19).

RESULTS AND DISCUSSION

The accumulation of H-3 QNB at 2 Ci/mmol in
heart, CP, and CB, following intravenous injection, is

presented in Fig. 2A. Peak levelsare obtained by 15 mm.
Although absolute levels obtained in the brain seem

highest at 2 hr, there is no statistically significant dif

ference between the value obtained at 15 mm relative to
later times. In the heart a gradual washout of activity is
seen, with 50% loss of activity by 4 hr. By contrast, the

activities in the CP and CB do not significantly change

over 4 hr. The activity that localizes in these tissues is the
result of the interaction with the m-AChR, since co
injection of (R)-QNB (50 nmol/rat for heart and 500
nmol/rat for CP and CB) results in 95% blockade of
activity in the heart, CP, and CER (20).

The accumulations of 1-125 4-IQNB at 1077 Ci/
mmol in the heart, CP, and CB are presented in Fig. 2B.
In the heart, peak levels ofactivity are achieved within
15 mm. The washout of activity is faster than that with
H-3 QNB (60% at 2 hr and 85% by 4 hr). The peak of
activity (0.4% dose/g) is â€˜/6of that obtained by H-3

QNB. The activity in the CP and CB reaches peak levels
by 30 mm. As with H-3 QNB, there is no washout of
activity from the CP. There is, however, significant
washout from the CER (90% by 4 hr), which leads to a
CP-to-CB ratio of 7 at 4 hr. In addition, there is no
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FIG.1. lodine-1254-IQNB.

dislocation under mild ether anesthesia. The hearts and

brains were immediately removed and placed on ice. In
the case of H-3, 10- to 20-mg samples of tissue were

excised, blotted free of excess blood and solubilized in
I ml of Protosol*. After neutralizing excess base with
acetic acid, I5 ml of Econofluor were added, and the
samples were dark-adapted and counted for 5 mm each
in a scintillation counter. Lack of bioluminescence was
determined by repeated counting of the samples. Cor

rections to dpm were made using the counter's external
standard and a quench curve. For 1-125, the samples
were countedin a gammacounterfor 5 mm. In all
studies, a minimum of five animals was used per reported

result unless otherwise stated.
Carotidarteryinjection.Tenmicrocurieseachof H-3

QNB and I- 125 4-IQNB were injected as described
above in the exposedright common carotid artery of
female Sprague-Dawleyrats (200â€”250g) underke
tamine analgesia. The volume of injectate was 0.1 ml
(30% EtOH in normal saline) and injection was ac
complished in less than 2 sec. At either 5 or 15 mm, each

animal was killed by cervical dislocation and samples

from the heart, brain, lung, liver, and blood were im
mediately placed on ice. The brains were divided into

right and left halves and the caudate nucleus and cere
bellum removed. After preparation, the samples were

first counted on a gamma scintillation counter. The
samples were then counted for both I- 125 and H-3 on a

liquid-scintillation counter capable of discriminating

1-125 and H-3. We find that our instrument provides
good estimates of activity for both nuclides when the
ratio of activities is less than 10:1 and each is <1 .35 @zCi

(50 KBq). The results for the crystal and the liquid
scintillation counters agree to within 95% confidence
limits. The results are the average of five animals per
time interval.

Filfrationstudies.The tissue preparationfor heartand
the procedure for the determination of Kapp values has
beendescribedpreviously(13). The reportedKapp
values are the result of at least five determinations as
previously described (13), calculated using the ligand

program of Munson and Rodbard (17). The 95% con
fidence intervals are calculated by the method of Munson

and Rodbard (18).
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FIG. 2. A. Distribution of 143 quinuclidlnyl benzilate (2 Ci/mmol) in heart (0), caudate/putamen (@)and cerebellum (0) at various times
afterinjection.B.Distributionof1-1254-IQNB(1077Cl/mmol)atvarioustimesafterinjection.Notethaty-axishasdifferentscale.

change in that ratio when the specific activity is diluted
from 1000 Ci/mmol to 2 Ci/mmol with stable 4-IQNB.
The peak levels of activity in the CP and CB are@ of
that observed with H-3 QNB. However, these levels are
sufficient to provide planar images of dog brain and

single photon emission computerized tomography
(SPECT) in man (unpublished results). Another com
pound, (R,S)-l-azabicyclo(2.2.2)oct-3-yl (R,S)

alpha - hydroxy - alpha-(3-hydroxy-4-[' 231]iodophenyl)-
benzeneacetate I- I 23 HO-IQNB, has also been used to
image the calf brain (21 ). We find that I- 125 HO-IQNB

has a lower affinity and higher nonreceptor binding than
1-1254-IQNB.

As in the case of H-3 QNB, co-injection of (R,S)

QNB blocks the accumulation of 1-125 in the target
tissues. But only 50% ofthe 1-1 25 4-IQNB that localizes

in the heart is blocked by 50 nmol of (R,S)-QNB. Co
injection of 500 nmol of (R,S)-QNB blocks 80% of the
1-125 4-IQNB that localizes in the CP and CER (20).

These results are in agreement with those reported by

Drayer et al. (21 ): injection of scopolamine, another
potent m-AChR antagonist, reduced the concentration
of I-I 23 HO-IQNB in the calf brain as determined by
both SPECT and postmortem samples.

Although H-3 QNB and 1-125 4-IQNB are rapidly
cleared from the blood, thin-layer chromatography of
target tissue samples indicates that the activity in those

tissues has not undergone metabolic transformation.

TABLE1A. COMPARISONOF H-3 ONB AND l-125 4-IQNBDISTRIBUTiONFOLLOWINGRIGHT
CAROTID ARTERY INJECTiON'

Rightcaudate H-36.62 (4.72_8.85)t6.45(4.33â€”8.56)1-1256.53
(4.63â€”8.46)5.22(3.42â€”8.00)Left

caudate H-30.272(0.230â€”0.310)0.400(0.290â€”0.550)1-1250.201
(0.168â€”0.233)0.383(0.205â€”0.561)Right

cerebellum H-30.581 (0.170â€”0.990)1.27(0.389â€”2.15)l-1250.360
(0.106â€”0.614)0.822(0.204â€”1.44)Left

cerebellum 1430.325(0.120â€”0.530)0.278(0.190â€”0.479)l-1250.225
(0.088â€”0.361)0.237 (0.144â€”0.331)Whole

brain 1-1252.83 (2.18â€”3.49)R 5.30(2.25â€”8.34)
L 0.457(0.137â€”0.778).

10 sCi of each radiotracer coinjected as a rapidbolus.t

95 % confidence intervals in parentheses.
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TABLE lB. COMPARISON OF H-3 QNB AND 1-125 4-IQNB SYSTEMIC DISTRIBUTiONFOLLOWING
CAROTID ARTERY INJECTION

Heart H-3
l-125
H-3

1-125
H-3

1-125
â€˜43

1-125

2.87(2.20â€”3.54)
2.20(1.85â€”2.56)
3.75 (2.49â€”5.02)
9.43(7.21â€”11.6)
0.934(0.710â€”1.16)
1.80(1.15â€”2.45)

0.154(0.086â€”0.220)

0.090(0.046â€”0.134)

3.94(3.42â€”4.47)
2.25(1.61â€”2.89)
2.57(0.722â€”4.41)
7.70(6.02â€”9.40)
0.631(0.524â€”0.738)

1.97(1.15â€”2.78)
0.178(0.146â€”0.198)
0.104(0.093â€”0.114)

3.78t
1.03
2.50
5.57

Lung

Liver

0.20
0.12

Plasma

C Distribution of activity following intravenous injection.

t Data on the 1-125 4-IQNBdistribution from Ref. 20. Data on â€˜43QNB distribution are from Ref. 3.

Activity in the liver, however, did not migrate from the

origin in either solvent system described under
Methods.

The lower concentrations of 1-125compared with H-3
observedat I 5 mm in both the CP and CB may result
from either lower permeability of the iodinated corn
pound or from reduction of the concentration of 1-125

4-IQNB in the inital intravenous bolus by sites of loss,
such as lung (lipophilic localization) and liver (metabolic

clearance).Carotid artery injectionwill, for the first
pass, eliminate systemic losses of 1-125 4-IQNB com
paredwith H-3 QNB. The resultsin Table lA clearly
show that the levels of activity in the CP for the two ra

diotracers are comparable at 5 mm and 15 mm following

carotid injection. The %-dose/g for the CB is consider
ably lower, however, than that in the CP. Injection into

the common carotid does not deliver a first-pass dose to
the CB. Comparison ofactivities in the CP and CB from

the left hemisphere, where systemic lossesofactivity are
expected,areconsistentwiththei.v.injection.The right
halfofthe CB exhibits higher levels ofactivity than the
left, but the differences are not significant.

In addition to the activity in the brain, we examined
the distribution of activity in other organs of interest at

5 and 15 mm (Table lB). Activity in the lung is much
greater than in the heart, whereas in the liver it is slightly
less. We have included data obtained I5 mm after i.v.
administration of the radiotracers for comparison, and
it is apparent that our previous results are in agreement.

Note that the I-I 25 4-IQNB used for the carotid artery
injection was prepared from resolved (R)-3-quinuclidi

nol, which may lead to a twofold difference in the %-
dose/g obtained in target organs such as the heart. The

results in Table I are consistent with the interpretation

that the lower levels of 1-125 4-IQNB that reach the
target tissues, as compared with the levels observed for

H-3 QNB, result from greater systemic losses, namely,
increased trapping in lung and increased clearance by

the liver.

TABLE2. CAUDATE/PUTAMENTO
CEREBELLUM RATIO AT 2 hr FOR H-3 ONB

33
8
2

0.1

1.2
1.4
1.7
2.8

3.2
0.01 1.2

C Data from Ref. 20.

At 33.1 Ci/mmol, the CP-to-CB ratio for H-3
QNBâ€”supposedlyrepresenting ratio between abundant
compared with scanty receptors in the target tissuesâ€”is

only I .2. This is in contrast to the ratio of 3.6 reported
by Yamamura et al. (23). They injected 60 zCi of H-3
QNB at 4 Ci/mmol, 100 times the mass used in our
study. When we reduced the specific activity to 0. 1 Ci/
mmol (3 times the mass used by Yamamura et al.), the
CP-to-CB ratio was increased to 3.2 (Table 2). A further
I :10 reduction in specific activity reduced the ratio to I .2.
This effect on the CP-to-CB ratio cannot be understood
easily in either biochemical or physiological terms. For
example, we have determined that the affinity of H-3
QNB for the m-AChR in the CP and CB is the same;
and cerebral blood flow to the CP and CB in the rat

differs by only 10% (23). However, when the concen
tration of receptor-binding radiotracer is much less than
that of its specific receptor, the observed effect of specific
activity can be explained by simple competition for the
m-AChR by an unlabeled ligand. Since the concentra
tion of H-3 QN B is much less than that of its receptor,
we cannot use the simple equation for inhibition of ra
diotracer binding in which the ligands are assumed to be

in excess of the receptor concentration:
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B= KAROLO (1)
1 + KALO

[For the definition of the symbols, see the discussion of
Eq. (2)].

The interaction of radiolabeled and unlabeled ligands
with receptors (under any condition of receptor or ligand
concentration) can be described theoretically by a cubic
equation (24), which provides an explanation for the
change in the CP-to-CB ratio as a function of the specific
activity, and requires only that the concentration of the
receptor in those two structures be different. The binding

of a radiotracer to a receptor in the presence of an in
hibitor can be explained by the following equation:

KAB2 + B(â€”1â€”KALOâ€”KAR0) + KALORO

IOKhKAB(Bâ€”LO) =

KhB+KA(LOâ€”B)

whereKAandKhare,respectively,theaffinityconstants
of the radioligand (L0 initial concentration) and the
competing ligand (Jo initial concentration) for the

receptor, which has an initial concentration of R0; B is
the molar concentration of bound radiotracer. The values
of KA and Kh are obtained from in vitro equilibrium
radioligand/receptor saturation studies. Since the ra
dioligand and the competing ligand are chemically alike,
KA Kh. The concentration of receptor in the tissues has
also been determined in vitro. R@for the CP is approxi
mately 50 to 100 pmol/g of wet tissue. If we assume
uniform distribution of receptors, the concentration of
receptor would be l0@ M. The concentration of receptor

in the CB is 1/iothat ofthe CP, or@ M. Using these
valuesforaffinityconstantandreceptorconcentration,
the cubic equation provides a theoretical framework by
which we can examine the effect of reducing the specific

activity on the amount of radiotracer bound in the CP
and CER. From the %-dose/g at 5 mm after injection,
and assuming uniform distribution of activity, we can
estimate that the ligand concentration (Lo) in the CP and
CER is 150 pM. From the experimental data we know
that at least 5%of the activity present in the CP and CB
is not associated with the m-AChR. Using these initial
parameters in Eq. (2), we have calculated the theoretical
CP-to-CER ratios for six concentrations of added
(R)-QNB (Table 3). We used (R,S)-QNB in the animal
studies, but the affinity of (S)-QNB for the m-AChR is
1%of the affinity of(R)-QNB, so we assume that only
the (R)-QNB is active. From Eq. (2) the ratio of ligand
bound in the CP to the ligand bound in the CB is 1.1
when â€˜o 0. As the value of 1ois increasedâ€”equivalent
to reducing the specific activity in the experimental sit
uationâ€”the ratio increases. This paradoxical behavior
occurs because the concentration of competitor begins
to saturate the m-AChR in the CB even though its con
centration is still far less than that of the receptor in the
CP. Thus the unlabeled ligand selectively blocks ra

lOnM 1.11
3OnM 2.76

lOOnM 6.80
300nM 4.60

l000nM 2.50
10,000nM 1.35

diotracer binding in the structure that has the lower
concentration of m-AChR. At higher concentrations of
â€˜0,the specific binding of radiotracer to CP is also

0, (2) competitivelyblocked.
Several points should be noted concerning these cal

culations. First, although a theoretical maximum of 10
ispossible,theadditionof 5%nonreceptorlocalization
of radiotracer reduces the theoretical value to 6.8. Sec
ond, the theoretical calculations indicate that, in the
absence of nonreceptor binding, a ratio of 10 is main

tamed to very low specific activities, but the experi
mentally observed ratio must approach 1, since activity
associated with nonreceptors (the 5% nonreceptor level)
must become dominant as the specific binding is reduced
to 0%. Third, although we have observed ratios no
greater than 3.2, we have added IÃ§@in I :10 increments,
large enough to have missed the maximum ratio.

The above equation is based upon two assumptions:
(a) that the equilibrium equation can be used to describe
the binding of these radiotracers in the brain, and (b)
that the distributions of L@and R0 are uniform. With
respect to the first assumption, when the sum of the
microscopic on-rate and off-rate is much larger than the
loss of activity from the tissue, the ligand-receptor in
teractions can be treated using the equilibrium equation.
This is analogous to the situation described by Notari
(25) for the slower beta phase of drug clearance from
plasma. Although we do not know the clearance rate
from the extracellular fluid of the brain, our results
suggest that the elimination constant from that com
partment is at least as slow as the clearance from plasma.
The on-rate for the binding of radioligand to receptor
[k(on) = 4 X l08/min/nJ is sufficiently large, however,
to suggest an alternate explanation: that the accumu
lation of activity wouldbe flow-limited. If the extraction
efficiency is high, this would also lead to the same levels
ofactivity in the CP and CB (26). In addition, the effect
of reducingthespecificactivityprovidesCP-to-CBratios
that do not differ significantly from those in Table 2, and
thus would not provide a means of discriminating be
tween the two methods of describing the data. We do not

have data on the permeability of the blood-brain barrier
for either 1-125 4-IQNB or H-3 QNB. Preliminary
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studies on the extraction efficiency of I-I 23-labeled 4-
IQNB in the monkey indicate, however, that the binding
of the radiotracer is not entirely flow-limited: extraction
efficiency of 54% at normal flow and 37% at 100 ml/
minâ€¢l00g (unpublished results in collaboration with Dr.
M. J. Welch). We therefore suggest that the blood-brain
barrier reduces the extraction efficiency enough so that

flow is not the dominant factor in the accumulation of
activity in the CP and CB. Therefore the equilibrium
model is most consistent with the data.

It is also clear that neither the radioligand (La) nor the
receptor(R0) isuniformlydistributed.With respectto
the assumption of uniform distribution of L@,the extent
of nonreceptorbindinghasbeenestimatedas5%of the
total ligand present in the tissue. Although this was de
termined by coinjection of a large excess of unlabeled
QNB, we think the in vitro assay results indicate that this
extent of nonreceptorbindingis reasonablefor H-3
QNB. As such,the contribution of nonreceptorbinding
issmallanddoesnotbecomesignificantuntil thepro
portion of receptor-specific binding is reduced severely.
The receptor is clearly not uniformly distributed, but is
localized in synapses within the structures of interest.
There is no evidenceto suggestthat the receptor levels
in the synapses of the CP and CB are comparable.

However, if the receptor density within the synapses is
equivalent, the number ofsynapses within the CB must

beat mostI/ioof that in the CP. The neteffectof the
reduced density is apparently the same as if the receptor
were more dilute. Because of these assumptions, we do
not consider it appropriate at this time to attempt a
quantitative description of the accumulation and
washout of activity from the two structures of interest,
and have presented the results in Table 2 qualitatively
as ratios. Within the constraints of these rather extensive

caveats, the cubic equation provides a good description

of the relative binding of a radiotracer and its selective
competitive blockade by an unlabeled ligand (i.e., dilu

tion of the specific activity) when the only difference
betweenthem-AChR inthetwostructureswithrespect
to H-3 QNB is the concentration of receptors!

The results obtained for H-3 QNB and 1-1254-IQNB
in heart are consistent with in vitro results. First, the ratio
of receptor to nonreceptor binding in vitro, as assayed
by filtration on GF/C filters, is at least 10:1 for H-3
QN B but only I :I for 1-125 QN B. This large degree of
nonreceptor binding is attributed to interactions with
contractile proteins; similar interactions have been
demonstrated for lipophilic beta-adrenergic receptor

antagonists (27). Second, the faster washout of I- I 25
QNB relative to H-3 QNB is consistent with the one
fourth affinity exhibited by 4-IQNB for the m-AChR
in the heart (Table 4).

Two differences are seen between the behavior of
1-125 4-IQNB and H-3 QNB in the brain. First, 1-125
4-IQNB does not obtain the same levelsof activity in the

TABLE 4. EQUILIBRIUM ASSOCIATION
CONSTANTS FOR m-AChR ANTAGONISTS

3.62(2.8â€”4.7)
2.37 (1.6â€”3.5)
3.97 (2.5â€”6.3)
3.56(2.6â€”4.9)

I 5.28(3.7_7.5)t
2 1.22(.87â€”1.7)
3 3.03 (2.3â€”3.9)
4 0.225(0.17â€”0.30)

C For structure, see Fig. 1.

t Data from Ref. 13.

t 95% Confidence limits.

brain as H-3 QNB following i.v. injection. Since the
levelsof H-3 andI-i 25 are thesamefollowingarterial
injection, I- 125 QN B exhibits greater systemic losses
than are seen with H-3 QNB. Therefore the concentra
tion of ligand obtained in the brain after i.v. injection is
I/io of that obtained with H-3 QNB. When the specific
activity of 1-125 QNB was diluted to 2 Ci/mmol, there
was no change in the CP-to-CB ratio. Because of the 1:10
reduction of ligand concentration that reaches the brain
(due to systemic losses), the mass of 1-125 4-IQNB in the
brain is equivalent to 20 Ci/mrnol for H-3 QNBâ€”a level
that would not produce ratios much greater than 1 (see
Table 1). Second, and more importantly, 1-125 4-IQNB
exhibits considerable washout from the CB but not from
the CP. We have recently reported (28) that the m
AChR may exist in at least two subclasses, m1and m2.
The affinities of several compounds are provided in Table
4, where we have defined the m-AChR from heart as m1
and that from the CP as m2. Although the difference in
affinity for m1 and m2 receptors is only twice that for

I 2 4
TIME(Pws)

7

6

5

04

0

a-
U

2

FIG.3. Ratioof activityincaudate/putamento cerebellumasa
function of time: (0) 1-1254-IQNB,specific activity of 2 Ci/mmol
or 1077Ci/mmol; (@)143quinuclidinyl benzilate, specific activity
of 33.1CI/mmol.
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FIG.4. Competition inhibitionof 143quinuclidinylbenzilateto caudate/putamen(0) and cerebellum(@)by QNX(see Compound4, Fig.
1).Affinitiesdifterby 16:1, showingthatthem-AChRsubtypesin theCPandCBaredifferent.
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4-IQNB (Compound 2), we have reported a compound,
QNX (Compound 4), that exhibits an affinity for the
m-AChR in CP 16 times that found in the heart (Table
4). In order to define the subclass ofreceptor present in
the rat CB, we performed competition studies using
QNX. The affinity ofQNX for the m-AChR in CB is @/@o
of that obtained using CP preparations (Fig. 3). This
suggests that the receptor in the CB is different from that
found in the CP. Differences in the affinities of m-AChR
antagonists for the receptors from different tissues and
different structures of the brain have been reported

(8,28,29).
In order to confirm these observations with the ligands

of interest, we determined the off-rate of 1-125 4-IQNB
and H-3 QNB for receptor obtained from the CP and
CB. The I-I 25 4-IQNB used in these studies was pre

pared using resolved (R)-quinuclidinol; i.e., (R)- 1-

azabicyclo(2.2.2)oct-3-yl (R,S)-alpha-hydroxy-alpha
(4-iodophenyl)benzeneacetate. The product nonetheless
is a mix of stereoisomers around the carbinol chiral

center. The results are presented in Fig. 4. Firstly, there
is no difference in the off-rate of H-3 QNB for the re
ceptor from CP and CB, within experimental error (k_1
= 0.012/mm). Additionally, the off-rate of 1-125 4-

IQNB from the CP is similar to that of H-3 QNB (k_1
= 0.008/mm).

The off-rate profile of I- 125 4-IQNB from the CB is,
however, at least biphasic. The curve can be resolved into
two components with constants of0.10/min (75%) and
0.008/mm (25%). Since there is an unequal proportion
of the two components, we think that these in vitro results
cannot be explained by differences in the affinities of the

0
0

3

2

0

FIG.5. 0ff-rateprofilesof l-1254-IQNB
boundto caudate/putamen(0) andcere
bellum(a). For the CP,L1 = 0.0086/mm.
For GB,k_1(f,,t) 0.10/mm, and k..l(s@w)
= 0.008/mm. Fast off-rate component in
GB represents76% of total boundra
diotracer.

1

TIME(MIN)
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two stereoisomers. An off-rate of 0. 1/min is enough to
cause the increased washout of I-I 25 4-IQNB in vivo,
but if rat CB contains 25% ofthe high-affinity receptor
(m2), we would not expect the 90% washout of the I-I 25
activity from the CB that is observed. It is likely that the
preparation of the P2 pellet (20% recovery of receptor)
for these studies may have enriched the proportion of m2
receptor. In three studies the proportions of m1 to rn@
receptor are 54:46, 70:30, and 76:24. These results have
beenfoundusingrat andrabbittissues.

CONCLUSION

The ratio ofactivity of H-3 QNB in the CP and CER
does not provide an estimation of receptor concentration

in those tissues when the specific activity is greater than
1 Ci/mmole. Low specific activities that would select for

the target tissue with higher m-AChR levels will exhibit
prohibitive CNS toxicity. We suggest that F-18 FQNB,
which should exhibit properties similar to that of H-3
QNB (Table 3, Compound. 3), will not provide static
images of brain structures concordant with the distri
bution of receptors in the brain. It follows that changes
in receptorconcentrationastheresultofdiseasewillnot
be observedusinghigh-specific-activitym-AChR an
tagonists with a single image. However, it has been

suggested (30,3! ) that the kinetics of radiotracer
washout from these tissues will provide the desired
quantitation. Since H-3 QNB exhibits a very slow
washout from the brain, a compound with lower affinity
(perhaps on the order of that exhibited by I-I 25 4-IQNB
for the heart m-AChR) may prove more useful for
quantitating m-AChR in the brain than compounds with

affinities as high as that of QNB.
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The Annual Meeting of the Hawaii Chapter,SNM, will be held May 26â€”28@1984at the Hilton Turtle Bay Resort Hotel located
on Oahu's beautiful north shore.

Topics to be addressed at this Memorial Day Weekend Conference include NMR, SPECT,monoclonal antibodies, and
correlativeimaging.

Continuing Education and VOICE Credits will be available for participants.

For further information contact:
Patrick McGuigan

The Honolulu Medical Group
Dept. of Nuclear Medicine
550 S.BeretaniaStreet
Honolulu, Hawaii 96813
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HawaiiChapter
Society of Nuclear Medicine

7th Annual Meeting
May 26â€”28,1984 Kahuku, Oahu, Hawaii

ResidencyListing
A list of all AMAapprovedresidencyprogramsin nuclearmedicineappearedin the Januaryissueof JNMon pages33A
and 34A.

The listing also appears in this issue, for your convenience, on pages 29A and 30A.

On both lists an â€œXâ€•indicatesthose programsthat still haveopeningsavailablefor 1984.




