
DOEIE RI 6052 8---4

D/_92 008735

RADIOLABELLED D2 AGONISTS AS PROLACTINOMA IMAGING AGENTS

Final Technical Report

for Period January 31, 1990 - August 31, 1991

Charlotte A. Otto

University of Michigan - Dearborn
Dearborn, Michigan 48128

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed_ or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,

manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

Uniled States Government or any agency thereof,

December 31, 1991

Prepared for

THE U.@, DEPARTMENT OF ENERGY
AGREEMENT NO. DE-FGO2-87ER69528



Abstract

Research conducted in this terminal year of support centered on
three distinct areas" mAChR ligand localization in pancreas and the
effect of Ca+2 on localization, continuation of assessment of
quaternized and neutral mAChR liQands for possible use as PET

myocardial imaging agents, and initiation of a study to determine
the relationship of the nAChR receptor to the cellular receptor for
measles virus. Several tables and figures illustrating the resul%s
are included.



The completion of research funded by DOE included assessment
of pancreatic uplsake of muscarinic receptor (mAChR) ligands and the
effect of Ca +2 on that uptake, assessment of structure and charge
on in vivo myocardial localization of mAChR ligands and initiation
of the relationship of nicotinic receptors (nAChR) to the cellular

receptor for measles3 virus (MY). r In addition, assistance incharacterization of C-N-methyl opanyl benzilate (130-MTRB) and
its metabolites in rats and monkey via tlc analysis was given.
Each project is summarized below.

Binding of n_AOhR ligands to pancreatic tissue

A major cause of death in diabetics is heart failure due to
cardiomyopathies. Evidence in the literature indicates that
changes in mAChR density (1,2) might serve as a more valid
indicator of potential heart failure than the current use of T1-201
scintigraphy (3-5). In addition to myocardial changes of mAChR
function and/or density, it is possible that pancreatic mAChRs
undergo changes in density and/or function prior to or coincident
with onset of diabetes. In order to begin this project, it was
necessary to assess the presence of mAChR in pancreatic tissue (6)
and to determine which of the various ligands used in
characterization of the mAChR would be the most useful probe. A
second phase of the initial study was to determine the effect of
Ca+2 on localization.

Materials and Methods

The pancreatic tissue obtained from mice was stored in a
liquid N2 cooler until use. Each pancreas was thawed and
homogenized in 8 ml of a 300 mM sucrose buffer, containing 0.2
ag/ml bacitracin and 500 kallikrein inhibitor units/ml aprotinin,
for approximately 5 seconds. The resulting homogenate was then
poured through two offset layers of medical gauze and immediately
diluted with 88 ml of the incubation buffer. In each reaction
tube, 1.O ml of the homogenate was mixed with 50 t_l ddH20 and 50 pl

of an atropine s21%tion, .OSr 100 pl of ddH20. Atropine, at aconcentration of . x 10" M, was employe;d to determine non-
specific binding. The radioactive ligand to be evaluated was added
in varying concentrations. For assessment of the effect of Ca+2,
1.9 M CaOl 2 was included in the incubation mixture; controls
included EDTA to complex any Ca+2 present. Final concentrations of
other constituents in the assay were 50 mM sodium phosphate, 2 mM

MgC12, 1% bovine serum albumin, 0.2 ag/ml bacitracin, and 500
kallikrein inhibitor units/ml aprotinin. The tubes were vortexed
briefly and allowed to incubate for 4 hours at room temperature.
Incubation was stopped by the addition of 2-3 ml of ice-cold 50 mM
sodium phosphate buffer at a pH of 7.4, and each assay was
immediately filtered through glass-fiber filters (Whatman #30)
presoaked 30 minutes in 0.05_; polyethylenimine. Each assay l.;ube
was rinsed twice and the rinses filtered on the same filters. The
filters were transferred to glass scintillation vials and 3 ml of
Cytoscint fluid added. After equilibrating overnight, tt_e vials
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were counted on a Beckman LS5801 liquid scintillation counter.

Results and Discussion

To date the only ligand evaluated completely is 3H-N-

methylscopolamine (IH-NMS). The K[_and Bmax values are comparable to
those reported in the literature (7) thus verifying the accuracy of

+7
the assay technique. The presence or absence of Ca- had little or
no effect on either KD or Bmax values. Additional ligands to be
evaluated include MTRB (a quaternized mAChR ligand), TRB (a neutral
mAChR 1 i gand) and QNB (the traditional standard for mAOhR
characterization). In addition, pancreatic tissue was obtained
from mice treated in vivo with various mAChR ligands and this
tissue will be analyzed to determine if mAChR ligands distribute to
the pancreas under" in vivo conditions.

Assessment mAChR ligand structure for myocardial imaging

As indicated in a prior progress report (dated 8/1/89),
assessment of neutral vs quaternized mAChR ligands as possible
myocardial imaging agents was undertaken. Previous studies by Dr.
G.K. Mulholland of the University of Michigan - Ann Arbor in
conjunction with this laboratory indicated that tropanyl benzilate
was an excellent ligand for detecting mAChR in brain (data recently
accepted for publication, ref 8). Unfortunately, TRB, a neutral
ligand, has high localization in the lung preventing its use as a
myocardial imaging agent. Quaternization of TRB to provide MTRB,
in a manner similar to that employed for the conversion of neutral
QNB to quaternized MQNB, eliminated the lung localization and
yielded an excel lent myocardial agent. Further" work (9-11)
indicated that several quaternized mAChR ligands were potential
ligands for the heart. The objective of this phase of research was

to characterize the KD and B,_ax values of some of these ligands and
to assess their potential vla an e__xyiv__o assay to determine their
in vivo localization.
--The ligands selected for further study included both neutral
and quaternized compounds. Additional selection criteria placed an
emphasis on compounds that were likely to be easily synthesized

with ]JC-CHII or with 1BF-alkylating agents and possessed varying
cyclic am1 noal kyl groups (see Figure 1 for structures and
abbreviations of compounds chosen for study),

In the first phase, the effect of quaternization of neutral

mAChR ligands with CH3I on ICs0 values was determined. Table 1 is
a compilation of the results. Generally, quaternization with .CH3I
had minimal effect on IC50 values. Included in this table is a
comparison of IC50 values for DAMP and DMPB. The structural
difference between these ligands is the replacement of the 2-PH
group in DMPB with 2-H in DAMP• Clearly, the 2-PH is significant
for effective binding to the receptor - an effect previously
described in the literature.

Quaternization with various benzyl hal ides comprised the
second phase of the study. The increased steric bulk of the benzyl
analogues prepared reduced the binding affinity as measured by ICs0
values by at least an order of magnitude as illustrated in Table 2.
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Use of quaternizing agents potentially capable of producing
1SF-labelled ligands was studied in the third phase. Results as
shown in 'Table 3 were mixed. The best ligand appears to be the

neutral FENTRB which hal an 1C50 comparable to TRB. Because FENTRB
is neutral, it would be cf use only for br'kin imaging. Of interest
is that replacement of one of two methyl groups in MTRB by FCH2CH2--
produced a ligand with relatively poor binding affinity. Coupled
with the data from quaternization with benzyl halides, this data
suggests limited ability to quaterniZe with alkylating agents
larger than CH3X.

Once in v_tro characterization was complete, ex vivo studies
were undertaken, In these studies, cold mAChR ligand was injected
at var_ying doses into mice. Sacrifice followed by binding studies
with 3FI-QNB to determine the number of available mAChR binding ,,
sites provided information on the effectiveness of the best ligands
to bind to myocardial mAChR in vivo. Figure 2 shows the dose
response study data for MQNB, MTRB and DMPB. Apparently, MTRB and
MQNB are capable of binding more mAChR sites in vivo than DMPB.
MTRB appears to be slightly better than MQNB at higher injected
doses but the difference is not significant

The last study undertaken in this area was a time course of
inhibition as determined by the ex vivo method. Data contained in
Figure 3 shows that MTRB binds to myocardial mAChR in a similar
fashion to MQNB. Both DMPB and the benzylated derivative N4FBzQNB
dissociated from myocardial mAChR faster than either MQNB or MTRB.

Part of these results were presented at various meetings
(12,13). The ex vivo results have not yet been submitted for
publication or presentation.

Relationship of nAOhR to the cellular receptor for Measles virus

Vi ruses utilize cell surface determinants which serve other
normal functions for cells as attachment s_tes for the initiation
of infection. We thought it might be interesting to test the
hypothesis that measles virus binds to a receptor belonging to the
nicotinic subclass of acetylcholinergic receptors. The virus
infects cells of the central nervous system as indicated by the
presence of MV nucleocapsid inclusions in brain tissue from
individuals with SSPE and the fact that the virus can also cause
encephalitis and EEG changes as a result of normal infection.
Another virus which infects nerve cells and which is distantly
related to measles virus is rabies virus. The cellular binding
site for rabies virus has been identified as being a nicotinergic
receptor.

Since a-bungarotoxi n is a powerful reagent useful in
identifying nAChR, sequence homology s_udies were clone to determine
whether there existed any sequence homology between a-bungarotoxin
and the measles H protein. Comparison of the sequence of the toxic
loop (binding portion) of a-Bgtx with the antigenic regions of the
measles virus H protein (as determined by the IBI-Pustell Sequence
Analysis Program) indicated that the nucleotide sequence
encompassing_amino acid residues 292 to 319 of the H protein has
>60% homology with the nucleotide sequence toxic loop, Although
there is considerable homology on the nucleic acid level, _mino
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acid homology is limited. Four point mutations in the measles
virus sequence would increase the amino acid homology of the
sequences,

''L;i--'-- _' --a_-R K, M W C D A _ C S'............. ,.......... | ...... := SRGKVV EL_G_CL _ ,{

GE L K LAA LC H G EDS I T I P YQ G S GK GV SF

a A f C 8 S G K v V e 1
'1 ;:

The amino acid sequence of the m,-Bgtx toxic loop is shown in a).
The underlined residues are highly conserved in neurotoxins, The
measles virus H amino acids 292 to 319 are shown in b). Point
mutations shown in boldface would increase amino acid sequence
homology• As indicated above, there is >60% homology at the
nucleotide level but only about 30% at the amino acid level.

Veto cells were tested to confirm that they cqo.tain aBgtx
binding sites. Statistical analysis of the binding of u_I-aBgtx to
Vero cell homogenates suggests one site binding together with non- E
specific binding. The results of such an analysis are shown below.

The nm range of K0 for a-bgtx binding indicates that a-bgtx
binds to Vero cells with exceptionally high affinity. The
relatively poor affinity demonstrated by the compet,40ive agonists
is typical of binding observed with other nAChR receptors in the
brain and periphery• In general, antagonists bind with higher ,
affinity and are more stable than agonist binding, These data
confirm that a receptor site recognizing a-bgtx is present on the
Vero cells and suggest that thts receptor site may belong to a ---
subc]ass of nAChR, Further definitive studies to identify the
nAChR site as muscular or neuronal and identifying the a subunit
(see below) are required. Molecular characterization is also
necessary for accurate identification.
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Binding o£ known nAChR ligands to Veto cell

_-!,

Ligand K0(moles) Bmax (moles/liter)

; competitive antaQoni sts
i _ . __ ,,, __

f 125i_aBgtx O 29 + O O x 10 -9 0 20 x 10"12
) L
)
} b-tubocurarine 1:13 + O.11 x 10 .5 9.45 x 10 .8
1
1

=

i co__ti tive agon'i stst
1
I carbamoylcholine 1.33 + 0.18 x 10 .3 3.67 x 10 "11
i

nicotine 6.84 + 0.13 ): 10 "6 6.19 x 10"11 =

Competitive binding studies were carried out using unlabeled =



a-bgt, x to compete with measles virus for binding to Vero cells.
The amount of measles virus added or remaining unbound to cells was
assayed by hemagglu.i_ination titration. One million Vero cells were
treated with I x I0" M unlabeled a-bgtx or with phosphate buffered
saline, before adding I x I0 B PFU/mL. After a I hour adsorption
period, the cells were washed three times with buffer and the
washes were collected to determine the amount of virus bound and
unbound. The results of such an experiment is shown below

L II I "H'
....... n .=. '1 ..... - '_ " " ........

F,_,.,

PFU/mL
virus bound virus unbound

aBgtx trei._ted 3 x 104 1.97 x 10B

control 5 x 105 1.5 x 10B
._ ........ .. ,' _m_ ,, ...........

Additional studies are currently underway to verify the nature
of the MV - Vero cell interaction.
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