
The ability of a radioiodinated analog of
bretylium (RIBA) to concentrate in the myo
cardium of animals shortly after administra
tion prompted the synthesis of other analogs
in this series. Shifting the ortho iodine atom
of RIBA to the meta and para positions caused
a progressive decrease in the ability of these
compounds to concentrate in the myocardium
of rats. Followup studies with RIBA in dogs
confirmed the ability of this compound to hi
calize in cardiac tissue and at sufficient concen
trations to obtain scintigrams. Moreover, the

ratio of radioactivity of normal myocardium to

that of infarct was sufficient to allow delineation
of the latter by scintigraphy.

Myocardial-imaging agents have been used for a
decade (1 ) but the disadvantages of the various
radioactive compounds used to date have stimulated
a search for better ones. A number of recent publi
cations (2â€”5) describing potential myocardial-imag
ing agents have focused mainly on elements of
group IA, 13N-labeled ammonia, and certain other
compounds that are not primarily cardioactive drugs.
Boura, et al (6) demonstrated that bretylium (I) , an
antiarrhythmic drug, is concentrated to an appre
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a=ortho, bâ€”meta,c=para

ciable extent in the cat heart at early time periods
after its administration. We have, therefore, investi
gated various radioiodinated bretylium analogs (IV)
for their ability to selectively concentrate in the
myocardium.

Recently we described the synthesis of the ortho
radioiodinated analog IVa (7) and reported pre
liminary data on its distribution in rats. The ratio,
concentration in ventricle/concentration in blood,
was much higher than that previously reported for
bretylium (6) and preliminary scanning experience
with IVa gave promising results (8) . These facts
encouraged us to examine the corresponding meta
(IVb) and para (IVc) isomers. The acronym RIBA
(radioiodinated bretylium analog) is used to refer
solely to the ortho isomer (IVa) . Except as other
wise noted, the radioisotope of iodine used in the
present study was 125!.

MATERIALS AND METHODS

The iodine-I 25-labeled iodobenzyltrimethylammo
nium iodides (IVa, b, and c) were prepared in a
manner similar to that previously described for IVa
(7) and as illustrated in Fig. I . Radioiodine was
introduced by isotope exchange at the tertiary amine
stage (III) followed by quaternization with methyl

iodide according to the following general procedures.
Synthesis of m and p-Iodobenzyldimethylainine

HCL m or p-Iodobenzylbromide (IIb or lIe, 9.0 gm
34 mM) , preparedaccordingto the method of
Sloviter (9), was dissolved in benzene (25 ml) and
a solution of dimethylamine in benzene (20% w/w,
25 ml) added dropwise with stirring. After allowing
the mixture to stand at room temperature overnight,
it was then heated to refiux for I hr and the benzene
and dimethylamine removed by distillation in vacuo.

Received Jan. 15, 1974; revision accepted June 17, 1974.
For reprints contact: R. E. Counsell, Laboratory of Me

dicinal Chemistry, College of Pharmacy, The University of
Michigan, Ann Arbor, Mich. 48104.

a

@@H3

CH3

Volume 15, Number 11 991

RADIOIODINATED BRETYLIUM ANALOGS FOR

MYOCARDIAL SCANNING

RaymondE.Counsell,TerryYu,VasantV. Ranade,AnthonyA. Buswink,EdwardA. Carr, Jr., and Mary Carroll

The University of Michigan, A nn A rbor, Michigan



COUNSELL, YU, RANADE, BUSWINK, CARR, AND CARROLL

the single peak displayed on the radiochromatogram.
The previously unreported stable quaternaries of

IVb and IVc were prepared in a similar fashion in
order to obtain analytic samples for comparison.
Recrystallization of the crude product in each case
from methanol-ether afforded stable IVb (m.p. 204â€”
205Â°C dec.) and IVc (m.p. 229â€”230Â°Cdec.) in es
sentially quantitative yield. The physical properties of
these compounds were identical to those shown by
their radioiodinated counterparts. Elemental analyses
were within the accepted limits of Â±0.40%.

Tissue-distribution studies. The radioiodinated
compounds were dissolved in isotonic saline solu
tion and administered, as described below, to im
mature male Sprague-Dawley albino rats weighing
175â€”200 gm or to mongrel male dogs weighing
8â€”16 kg. Samplesusedvariedin spec.act. from 11
to 25 ,.@Ci/mg.(Samples with much higher spec. act.
are being used for studies now in progress.)

Studies in rats. To determine the distribution of
radioactivity after subcutaneous injection of these
compounds, I 8 rats were divided into three sets of
six each. The sets received compounds Na (RIBA),
IVb, and IVc, respectively. The dose was 50 PCi/rat
in each instance. Half of the rats in each of the three

sets were sacrificed at 2 hr and the remaining rats

at 6 hr postinjection. All major organs were removed,
weighed, washed thoroughly to remove blood, dried,
and minced with scissors. Larger organs were each
placed in a homogenizer tube containing either 20
ml of water (in the case of liver) or 2 ml (for the
other major organs) . Smaller organs such as adrenal
and thyroid glands were placed in the tubes without
homogenization. Samples of all organ homogenates,
heparinized blood, and plasma specimens were
placed in liquid scintillation counting vials. To each
vial 0.3 ml of 2.5 M NaOH solution was added.
Each vial was allowed to digest overnight and then
heated for at least 10 mm at 60Â°in a water bath
to complete the digestion. The vials were allowed to
cool and 0.7 ml of 1. I M HOAc, 0.05 ml of 30%
H2O2, and 10 ml of Aquasol cocktail (New England
Nuclear) were added successively. The contents
were shaken using a vortex mixer. The vials were
kept in a cool dark place for at least 4 hr before
counting. Radioactivity was assayed in a Beckman
LS-200 liquid scintillation spectrometer. Sufficient
counts were accumulated to reduce the probable
error of counting to less than 5% . All counts were
corrected for quench by using 1251-quench standards
curves.

To determine distribution after intravenous in
jection, 36 rats were divided into three sets of 12
each. The sets received compounds IVa (RIBA),
IVb, and IVc, respectively. Each rat received 60
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FIG. 1. Schemeforsynthesisofradioiodinatedbretyliumana
logs.

Ether (50 ml) was added to the residue and the
insoluble dimethylamineâ€”HBr removed by filtration.
The filtrate was washed with water, dried (anhyd.
Na2SO1) , and the solvent removed with a rotary
evaporator. Treatment of the residue with metha
nolic-HC1 and recrystallization of the product from
methanolâ€”ether furnished the m (m.p., 220â€”221 Â°C)

andp (m.p.,213â€”214Â°C)aminesaltsin94% yield.
Elemental analyses of both isomers were within the
acceptable limits of Â±0.40%.

Synthesis of radioiodinated bretylium analogs IVb
and IVc. A solution of either m and p-iodobenzyl
dimethylamine HCI (75 mg) and Na125! (5 mCi)
in reagent grade ammonium hydroxide (4 ml) was
refluxed with stirring under an atmosphere of nitro
gen for 24 hr. The solution was allowed to cool and
poured into 10% NaOH (20 ml) . A chloroform ex
tract was washed with water, dried (anhyd Na2SO.,),
and the solvent removed under a slow stream of
air yielding the radioiodinated amine salts with
specific activities of 40 and 30 pCi/mg, respectively.
Thin-layer chromatography (TLC) using two sol
vent systems [ether and benzene :ether ( I : 1)] re
vealed single spots for the meta (Rf 0.46 and 0.36)
and para isomers (Rf 0.43 and 0.32), respectively,
which were coincident with the single radioactive
peak appearing on the radiochromatogram. Each
product was dissolved in absolute methanol ( 1 ml)
and methyliodide (40 mg) added. The solution was
stirred at room temperature for 2 hr and the solvent
removed under a slow stream of air. In each case,
the residue was recrystallized from methanol-ether
to give IVb (65 mg) and IVc (95 mg) with spec.
act. of 23 and 24 PCi/mg, respectively. TLC using
two solvent systems (methanol/chloroform, I :2; and
ethanol/chloroform, 1:2) gave single coincident with
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RADIOIODINATED BRETYLIUM ANALOGS

@@Ci/kgof the respective compound into the tail
vein. Half of the rats in each of the three sets were
sacrificed at 2 hr and the remaining ones at 6 hr
after injection. Samples of blood and all major
organs were removed, weighed, and washed free of
blood. The radioactivity of these samples was deter
mined by counting in a well scintillation counter.

Studies in dogs. To determine the distribution of
RIBA after intravenous injection, 10â€”20MCi/kg
were administered to 21 dogs. Three dogs were sacri
ficed at each of the following times after the intra
venous injection : 10 mmn, 30 mm, 1 hr, 2 hr, 3 hr,
6 hr, and 12 hr. Samples of all major organs were
obtained and their radioactivity was determined in
a well scintillation counter.

To compare the radioactivity of normal and in
farcted myocardium after injection of RIBA, the
anterior descending branch of the left coronary
artery was ligated in 11 dogs. One day postopera
tively, each dog received 20 @Ci/kgof RIBA intra
venously and was sacrificed 2 hr later. Tissues were
taken for counting of radioactivity and histologic
study. Radioactivity was assayed with a well scin
tillation counter; all specimens of myocardium were
sent for histologic examination by the Department
of Pathology, each specimen being known to the

pathologist only by a code number. Histologic
examination confirmed that each dog sustained myo
cardial infarction. The selection of normal and in
farcted myocardial tissue samples followed previ
ously described procedures (10).

Scintigrams. Using a Baird-Atomic Scanner, with
a 19-hole collimator and 3-in. crystal, myocardial
scintigrams were obtained in dogs that had received
RIBA (20 @@Ci/kg)intravenously. Scintigrams were
obtained to demonstrate the myocardium through

the intact chest wall, 2 hr after injection of the ra
dioactive compound, according to techniques pre
viously described (1,10).

RESULTS

Tissue-distribution studies in rats. The distribution
of radioactivity in rats following subcutaneous ad
ministration of the three radioiodinated bretylium
analogs is shown in Table I . Of the three isomers,
only RIBA gave a pronounced accumulation of
radioactivity in myocardial tissue. Aside from the
thyroid, the only other tissue showing a tendency
to retain radioactivity was the adrenals. Preliminary
studies indicate this radioactivity resides mainly in
the medulla as would be suspected on pharmacologic
grounds, and the propensity of these compounds for
tissue of adrenal medullary origin is currently un
der investigation. The marked stability of RIBA to
in vivo deiodination is demonstrated by the sur
prisingly low levels of radioactivity in the thyroid
and brain.

The distribution of radioactivity in rats following
intravenous administration of the three radioiodi
nated bretylium analogs is shown in Table 2. In
general, the profile of distribution was similar to
that achieved by the subcutaneous route. One no
ticeable difference, however, was the accumulation
and retention of radioactivity in the adrenals follow
ing intravenous administration of the para isomer,
IVc. As mentioned above, this aspect is under fur
ther study.

Tissue-distribufion studies in dogs. The radioac
tivity of selected organs at various times after intra
venous injection of RIBA in dogs is shown in Fig. 2.
Although many organs were studied, only the heart,
liver, kidney, lung, skeletal muscle, and blood are

TABLE1. DISTRIBUTIONOF RADIOACTIVITYIN RATSFOLLOWINGSUBCUTANEOUS
ADMINISTRATIONOF RADIOIODINATEDBRETYLIUMANALOGS*

0.252 Â±0.029
0.059 Â±0.005
0.004Â±0.001
0.541 Â±0.044
0.745Â±0.057
0.384 Â± 0.055
0.310Â±0.066
0.259 Â±0.014
0.172 Â± 0.015
0.086 Â±0.007
0.241 Â±0.005

0.083 Â±0.010
0.013 Â±0.006

0.192 Â±0.038
0.256 Â±0.042
0.136 Â± 0.005
0.143 Â± 0.042
0.107 Â±0.027
0.059 Â±0.004
0.027 Â± 0.000
0.152Â±0.008

Adrenal

Blood
Brain

Heart (auricle)
Heart (ventricle)
Intestine
Kidney
Liver
Lung
Spleen
Thyroid

0.085 Â±0.007
0.024Â±0.004

0.082 Â±0.004
0.100 Â±0.013
0.066 Â±0.005

0.058 Â±0.005
0.046 Â±0.001
0.054 Â±0.004
0.028 Â±0.004
0.167 Â±0.034

0.191 Â± 0.016
0.031 Â± 0.009

t
0.432 Â±0.041
0.507 Â± 0.089
0.123Â±0.040
0.095 Â±0.023
0.091 Â± 0.013

0.055Â±0.008
0.067 Â± 0.016
0.244Â±0.015

0.044 Â±0.003
t

0.075 Â±0.002
0.083 Â± 0.008
0.018 Â± 0.006
0.016 Â±0.001
0.015 Â± 0.003
0.013 Â±0.002
0.009 Â±0.002
0.095 Â±0.002

0.144 Â±0.010
0.015Â±0.002

0.077Â±0.018
0.123 Â±0.006
0.051Â±0.021
0.046 Â±0.005
0.030 Â±0.001
0.047Â±0.002

0.046 Â± 0.003

0.131Â±0.034

S Mean concentration [% administered (kg) dose/gm tissue] values Â± s.c.m., from three rats.

t Meanconcentrationbelowminimumdetectablelevel;10dpm/mg.
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Adrenal
Blood
Brain
Heart (ventricle)
Kidney
Liver
Lung
Muscle
Pancreas

Spleen
Thyroid
Urine

0.069Â±0.005

0.005 Â± <0.001
<0.001

0.208 Â± 0.014
0.025 Â± 0.004
0.028 Â±0.001
0.032Â±0.002
0.019Â±0.001
0.025 Â± 0.001
0.019 Â± <0.001
0.073 Â±0.013
1.520 Â± 0.234@f

0.106 Â± 0.006

0.008 Â± <0.001
0.001Â±<0.001
0.142 Â±0.011
0.028 Â±0.002
0.041 Â±0.002
0.032 Â±0.002
0.014Â±0.001
0.029 Â±0.002
0.023 Â±0.002
0.046Â±0.007

1.425 Â±0.2041

0.342 Â±0.027
0.055Â±0.005
0.003 Â±<0.001
0.061 Â±0.006
0.131Â±0.009
0.062 Â±0.002
0.114 Â±0.006
0.017Â±0.001
0.019 Â±<0.001
0.@22Â±0.007
0.107Â±0.004
0.649 Â±0.143

0.034 Â± 0.003
0.002 Â± <0.001

<0.001
0.036 Â±0.004
0.007 Â± <0.001
0.008 Â± <0.001
0.006Â±<0.001
0.012Â±0.001
0.014 Â±0.001
0.005Â±<0.001
0.102Â±0.010
0.406Â±0.062

0.062 Â±0.008
0.005 Â± <0.001

<0.001
0.020 Â±0.003
0.008 Â± <0.001
0.011 Â± 0.001
0.009Â±0.001
0.007 Â± <0.001
0.013 Â±0.001
0.012 Â± 0.001
0.049 Â±0.009
0.363 Â±0.103t

0.364 Â±0.048

0.051 Â±0.003
0.002Â±<0.001
0.026 Â±0.002
0.070Â±0.003
0.030Â±0.002
0.059 Â±0.002
0.014 Â± 0.001
0.017 Â±0.001
0.134Â±0.006
0.108Â±0.014
0.457 Â± 0.096t

* Mean concentration (% administered (kg) dose/gm tissue] Â± s.c.m. from six rats.

t Meanconcentration(% administered(kg)dose/gmtissue]Â±s.c.m.fromthreerats.
*Meanconcentration[% administered(kg)dose/gmtissue]Â±s.c.m.fromfourrats.
IIMeanconcentrationCT.administered(kg)dose/gmtissue]Â±s.c.m.fromfiverats.

shown in the figure. Other tissues analyzed but not
included in the figure were thyroid, rib, fat, skin,
diaphragm, pancreas, adrenal, and spleen. At 10
mlii, 30 min, 1 hr, 2 hr, and 3 hr radioactivity in the
heart ventricle was greater than four times that in rib,
fat, skin, and diaphragm and more than twice that
for thyroid, pancreas, adrenal, and spleen. Bile and,
in particular, urine showed high radioactivity.

The mean radioactivity, as percent administered
dose per gram of tissue, in normal and infarcted left
ventricle of 11 dogs was 0.30 Â± 0.09 (s.d.) and
0.06 Â± 0.04, respectively. This difference is sig

nificant (p < 0.005). The mean ratio, radioactivity
in infarct/radioactivity in normal left ventricle, was
0.22 Â± 0.17. Thus, 2 hr after injection of RIBA,
the radioactivity of infarcted tissue was approxi
mately one-fifth that of normal myocardium. (The
administered dose as used in the above calculation
was the dose per kilogram given to each dog.)

Scintigrams. Figures 3 and 4 show myocardial
scintigrams of a normal dog and a dog with an an
tenor myocardial infarct, respectively. The â€œcoldâ€•
area of decreased uptake corresponds to histologi
cally confirmed myocardial infarct.

Aâ€”_oLlnr
0-0 Usart

@ Lug
-- hash

aâ€”.@Ilud

FIG.2. ConcentratIonof radioactive
iodine in selected tissuesof dogs at van
ous times after intrav.nous injection of
compounds IVa (RIM). Each point repr.
sentsmean of three dogs.Us.@ lajsctl.. (@.irs)

994 JOURNAL OF NUCLEAR MEDICINE

TABLE2. DISTRIBUTIONOF RADIOACTIVITYIN RATSFOLLOWINGINTRAVENOUS
ADMINISTRATIONOF RADIOIODINATEDBRETYLIUMANALOGS*



..@

a - â€¢@@
. .@. S

. .@ 1â€¢â€¢
@ â€¢â€¢â€¢ .

@ .@ .
@ . S â€¢@ @5â€¢

. .@ _â€¢@1 C
. . a@@ -

. *
. Câ€”

.@@

. â€˜ @. S
.- â€”. .

. . .
. . d ,@S.

. .
* .. a @.

. . I @.â€¢
. S@@ S â€¢S â€¢

. .@.@. @â€”â€”
@1

_l@_!
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RIBA to normal dog.

S

RADIOIODINATED BRETYLIUM ANALOGS

such studies are available relating to antiarrhythmic
action and this action may be quite distinct from the
former. Shifting the Br in bretylium to the meta and
para positions, however, results in compounds with
much less adrenerglc neurone-blocking activity (14).
On the other hand, these same isomers caused
greater depletion of catecholamines in the rat heart
than bretylium (15) . It was this latter property that
prompted us to extend the initial studies on RIBA
to include the other position isomers.

All three radioiodinated quaternaries displayed a
similar tissue-distribution proffle from a qualitative
standpoint. Quantitatively, however, the ortho iso
mer, RIBA, was taken up by the myocardium and
other tissues to a much greater extent than the meta
and para isomers. Whether this effect can be attrib
uted to differences in excretion and metabolism of
the isomers is currently under examination. Corn
parison of the tissue concentrations of radioactivity
following subcutaneous and intravenous adminis
tration indicates that the quatemaries are rapidly
cleared, particularly after administration by the lat
ter route.

Our studies suggest that the normal myocardial
uptake of RIBA is sufficient to obtain good delinea
lion of the myocardium, and the ratio, radioactivity
in normal myocardiurn/radioactivity in infarct, is
sufficiently high to permit demonstration of infarcts
by scintigraphy.

The advantages of a radioiodinated compound
labeled with either 131! or 1231for myocardial scm
tigrams are important (5) . Whereas 1251 was used
as the label in this study, we have synthesized RIBA
using 1311with no difficulty. Moreover, the time re
quired for preparation is short enough to make the
use of 1231feasible. Despite the fact that scintigraphic
visualization of infarcts, aneurysms, myocardio
pathies, etc., has been achieved with 131Cs, the low
energy of emission and long biologic half-life of the
latter are serious disadvantages. With RIBA, on the
other hand, the radioactivity of the myocarclium is
relatively high during the first few hours after injec
tion, permitting scintigraphy soon after injection.
Moreover, the rate of efflux of radioactivity from
the myocardium is sufficiently rapid to allow serial
scintigrams, utilizing repeated injections of RIBA.
Thus, if one wished to follow the progress of an
infarct from day to day, our results thus far suggest
that the second scintigram, performed after a new
injection of RIBA, would not be seriously compro
mised by residual myocardial radioactivity from the
previous day's injection.
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FIG.4. Myocardialscintigramfollowingadministrationof
RIM to dog with acute (1-day-old) infarct. Large â€œcoldâ€•area of
decreased uptake correspondsto region of infarction.

DISCUSSION

Bretylium, which originally was introduced as an
adrenergic neuronal-blocking agent for the treatment
of hypertension, is now attracting new attention as
a promising agent for the control of cardiac arrhyth
mias (1 1 ). Although the mechanism of bretylium's
antiarrhythmic action is unclear, its primary action
appears related to its ability to induce norepineph
rine release in the myocardium (12) . The maximum
antiarrhythmic effect is achieved in approximately
4 hr after administration and is greatly diminished
by 8 hr (11).

In contrast to the extensive structureâ€”activity re
lationship studies concerning adrenergic neurone
blocking action of bretylium-like drugs (13), no
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