
required to retrieve the true myocardial activity concentration
when compared against the in vitro WmTc activity concentration

measured from the excised myocardium.
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Effects of Cilazapril and Verapamil on Myocardial
Iodine-125-Metaiodobenzylguanidine Accumulation
in Cardiomyopathic BIO 53.58 Hamsters
Yasushi Wakabayashi, Chinori Kurata, Tadashi Mikami, Sakae Shouda, Kenichi Okayama and Kei Tawarahara
Department of Medicine III, Hamamatsu University School of Medicine, Hamamatsu, Japan

Sympathetic nervous system activation is important in the patho-
physiology of congestive heart failure. However, little about how the
treatment for heart failure may influence myocardial sympathetic
nervous activity has been established. In this study, we evaluated
effects of cilazapril (CLZ) and verapamil (VER) on myocardial sym
pathetic nervous activity in cardiomyopathic BIO 53.58 hamsters
using [125l]metaiodobenzylguanidine ([125I]MIBG). Methods: We
used BIO 53.58 hamsters aged 3, 6 and 10 mo and age-matched
normal F1b hamsters. We divided BIO 53.58 hamsters into un
treated, CLZ- and VER-treated groups. We measured myocardial
[125I]MIBG uptakes and norepinephrine concentrations and evalu
ated the extent of fibrosis and the distribution of [125I]MIBG.Results:
The myocardial [125I]MIBG uptake was significantly lower in BIO
53.58 hamsters aged 6 and 10 mo than in age-matched F1b
hamsters. Myocardial [125I]MIBGuptake was significantly correlated

to myocardial norepinephrine concentration in BIO 53.58 hamsters.
Myocardial [125I]MIBG uptake was significantly higher in both of the

treated groups than in the untreated group. The extent of myocardial
fibrosis was significantly lower in both of the treated groups than in
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the untreated group. The myocardial [125I]MIBG uptake showed a

significant inverse correlation with the extent of fibrosis. Myocardial
[125I]MIBG distribution was highly heterogeneous in the untreated

BIO 53.58 hamsters, whereas it was homogeneous in the F1b
hamsters aged 6 mo and the treated BIO 53.58 hamsters.
Conclusion: In BIO 53.58 hamsters, myocardial [125I]MIBGuptake

decreased with the progression of cardiomyopathy, and the de
creased uptake was improved by treatment with CLZ and VER.
Thus, myocardial [125I]MIBG uptake can reflect the effects of treat

ment on cardiomyopathy, as well as the progression of cardiomy
opathy.
Key Words: Â¡odine-125l-MIBG;cardiomyopathy; angiotensin-con-
verting enzyme inhibitor; calcium antagonist; sympathetic nervous
activity
J Nucl Med 1997; 38:1540-1545

Activation of the sympathetic nervous system is important in
the pathophysiology of congestive heart failure (/). The con
centration of norepinephrine (NE) in the coronary sinus or
myocardium and myocardial NE spillover have been deter
mined as indices of the myocardial sympathetic nervous activity
(2-4). These methods, however, were invasive and unsuitable

1540 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 38 â€¢No. 10 â€¢October 1997



TABLE 1
Findings of F1b and BIO 53.58 Hamsters in the First Study

Body weight (g) Heart/body weight ratio

*p < 0.01 vs. F1b aged 3 mo.

tp < 0.05 vs. F1b aged 6 mo.

Asertes and pleural effusion

Age (mo)3

6
10F1b114Â±6

126 Â±13
131 Â±14BIO

53.5898

Â±7*

129 Â±10
135 Â±15F1b0.0034

Â±0.0003
0.0034 Â±0.0002
0.0036 Â±0.0002BIO

53.580.0030

Â±0.0002*

0.0029 Â±0.000^
0.0033 Â±0.0005Fib0

00BIO

53.580

0
4

for widespread application or repeated measurement. Recently,
it was shown that noninvasive scintigraphy with [I23l]metaiodo-
benzylguanidine ([123I]M1BG), an analog of guanethidine that

shares neuronal transport, storage and release mechanisms with
NE, can image efferent adrenergic nerve terminals in the heart.
This is known to reflect the myocardial sympathetic nervous
activity (5-7).

The BIO 14.6 Syrian hamster develops a hereditary cardio-

myopathy, terminating in congestive heart failure, and provides
a good model for the experimental study of cardiomyopathy
(8-10). The BIO 53.58 Syrian hamster is an inbred strain that

arose as a spontaneous mutation of the BIO 14.6 strain (//). In
contrast to the BIO 14.6 hamsters, the BIO 53.58 hamsters do
not develop myolysis or hypertrophy before dilation, have a
significantly shorter life span and demonstrate reduced cardiac
functional an earlier age than do the BIO 14.6 hamsters (12,13).
Therefore, the BIO 53.58 hamster provides a model of dilated
cardiomyopathy that contrasts with a model of hypertrophie
cardiomyopathy for the BIO 14.6 strain.

Angiotensin-converting enzyme inhibitors are used for the
treatment of congestive heart failure as first-line drugs, and their

effectiveness in reducing mortality and morbidity has been
widely recognized (Â¡4-16). Cilazapril (CLZ), an angiotensin-

converting enzyme inhibitor, has been reported to inhibit the
progression of myocardial damages in cardiomyopathic Syrian
hamsters (17). Furthermore, verapamil (VER), a calcium antag
onist, has been reported to have a similar protective effect
against cardiomyopathy (Â¡8-20).

The purposes of this study are to assess myocardial sympa
thetic nervous activities in the BIO 53.58 hamsters by using
[125I]MIBG and to investigate the question of whether the
myocardial f I25I]MIBG uptake can detect the therapeutic effect

of CLZ and VER on cardiomyopathy.

TABLE 2
Myocardial lodine-125-MIBG Uptake and NE Concentration

in the First Study

[125I]MIBG (% kg dose/g) NE (Mg/g)

3mo6
mo10

moF1b0.34

Â±0.050.42
Â±0.06*0.40
Â±0.05*BIO

53.580.35

Â±0.070.23
Â±0.04n0.23
Â±0.04nF1b1.3

Â±0.51.9
Â±0.21.9

Â±0.3BIO

53.581.7

Â±0.31.2
Â±0.2Â«0.8

Â±0.3ttÂ§

*p < 0.05 vs. F1b aged 3 mo.

fp < 0.01 vs. BIO 53.58 aged 3 mo.
*p < 0.01 vs. age-matched F1b.
Â§p< 0.05 vs. BIO 53.58 aged 6 mo.

MATERIALS AND METHODS

Animals
In the first study, male Syrian hamsters, aged 3, 6 and 10 mo,

with dilated cardiomyopathy (BIO 53.58; Bio-Breeders, Inc.,
Fitchburg, MA; n = 10, 7 and 4, respectively) were used.
Age-matched inbred male normal Syrian hamsters (Fib; n = 7, 7
and 7, respectively) served as controls.

In the second study, BIO 53.58 hamsters aged 3 mo were divided
into the following three groups: an untreated group (n = 7), a
CLZ-treated group (n = 7) and a VER-treated group (n = 7). CLZ
(donated by Eizai Co. Ltd., Tokyo, Japan) was added to the
drinking water, prepared fresh daily and given from ages 3 mo to
6 mo; the average intake was 1 mg/day (17). VER (donated by
Eizai Co. Ltd., Tokyo, Japan) mixed with honey (to offset the bitter
taste of VER) was added to the drinking water, prepared fresh daily
and given from ages 3 mo to 6 mo; the average intake was 24
mg/day (19). Experiments on animals conformed to the
Hamamatsu University School of Medicine regulations governing
the care and use of laboratory animals.

MIBG Study
lodine-125-MIBG had a specific activity of about 7.4 GBq/mg

and a chemical purity of over 99%. In each animal group,
[I25I]MIBG (3.7 MBq/kg) was injected via the femoral vein after

anesthesia with intraperitoneal pentobarbital sodium. Four hours
after the injection, the animals were killed under deep pentobarbital
anesthesia. The hearts were removed, weighed and counted with an
auto-well gamma counter. The myocardial [I25I]MIBG uptakes

were expressed as percentage kilogram dose per gram (% kg
dose/g).

After measurement of the myocardial [I25I]MIBG uptakes, the

. 0.5
O)
^o

0.4

0.3

9 0.2

0.1

r= 0.80

p<0.001
n=20

0.5 1.0 1.5 2.0 2.5

Myocardial NE concentration (Â¿<g/g)

FIGURE 1. Relationship between myocardial [125I]MIBGuptake and myo

cardial NE concentration in BIO 53.58 hamsters.
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TABLE 3
Findings of BIO 53.58 Hamsters in the Second Study

HamstersUntreated

CLZ-treated
VER-treatedBody

weight

(9)129

Â±10
110 Â±10'
96 Â±8**Heart/body

weightratio0.0029

Â±0.0001
0.0030 Â±0.0003'
0.0034 Â±0.0004'Ascites

and
pleural effusion0

0
0

*p < 0.01 vs. untreated.

fp < 0.05 vs. untreated.
*p < 0.05 vs. CLZ-treated.

parts of the hearts were frozen in liquid nitrogen immediately. Then
the myocardial NE concentration was measured by high-perfor
mance liquid chromatography. We measure the myocardial NE
concentration in 4 F1b hamsters aged 3 mo, 4 F1b hamsters aged
6 mo, 5 Fib hamsters aged 10 mo, 10 BIO 53.58 hamsters aged 3
mo, 6 BIO 53.58 hamsters aged 6 mo and 4 BIO 53.58 hamsters
aged 10 mo in the first study and in 6 BIO 53.58 hamsters aged 6
mo, 6 untreated hamsters, 6 CLZ-treated hamsters and 5 VER-
treated hamsters in the second study.

HistolÃ³gica! Study
The heart was sliced transversely at the midportion of the

ventricle. Myocardial short-axis sections of 5 /xm thickness were
used for a histological evaluation in the second study. Masson's

trichromc-stained specimens of myocardial sections were used for
representation of fibrosis. The area of fibrosis was traced and
calculated by an imaging analyzer system (21). The extent of
fibrosis was evaluated with myocardial fibrosis ratio, which was
defined as the percentage of the area of fibrosis in the whole
myocardium. We measured the myocardial fibrosis ratio in six
untreated BIO 53.58 hamsters, five CLZ-treated hamsters and four
VF.R-treated hamsters.

Autoradiographical Study
We performed autoradiographical studies for the Fib hamsters

aged 6 mo in the first study and for the three groups in the second
study. After MIBG study, the hearts were frozen in liquid nitrogen
and embedded in carboxylmethyl cellulose. The hearts were sliced
transversely at the midportion of the ventricle using a cryomic-
rotome. Myocardial sections 20 pun in thickness were placed on
x-ray films, and the autoradiographic exposure was performed for
100 days to obtain an adequate image quality.

To quantify myocardial distributions of [I2?I]MIBG, a myocar

dial section was divided into five regions: the right ventricular wall,
the right ventricular side of the interventricular septum, the left
ventricular side of the interventricular septum, the endocardia!
region of the left ventricular free wall and the epicardial region of
the left ventricular free wall. These selected regions of [125I]MIBG

autoradiograms were digitized and quantified using a digital image
processing system. For each region, the relative uptake of the tracer

TABLE 4
Myocardial lodine-125-MIBG Uptake, NE and Fibrosis Ratio

in the Second Study

HamstersUntreated

CLZ-treated
VER-treated[125I]MIBG

(% kgdose/g)0.23

Â±0.04
0.33 Â±0.08*

0.47 Â±0.18fNE

(Mg/g)1.2

Â±0.2
1.2 Â±0.6
0.9 Â±0.4Fibrosis

ratio(%)35

Â±5
18Â±3f
13Â±4T

C

FIGURE 2. Masson's trichrome-stained specimens of myocardial sections in

an F1b hamster aged 6 mo (A), an untreated BIO 53.58 hamster (B), a
CLZ-treated BIO 53.58 hamster (C) and a VER-treated BIO 53.58 hamster

(D).The extent of fibrosis is little in the F1b hamster aged 6 mo. The extent of
fibrosis is significantly smaller in the CLZ- and VER-treated BIO 53.58

hamsters than in the untreated BIO 53.58 hamster.

was defined as the ratio of its optical density to the maximum
optical density in the five regions. This relative uptake reflects the
relative distribution of tracer in the myocardium. We measured the
relative uptakes in four Fib hamsters aged 6 mo, four untreated
BIO 53.58 hamsters, four VER-treated hamsters and five CLZ-
treated hamsters.

Statistical Analysis
The mean data among the animal groups and myocardial regions

were compared with ANOVA and Tukey's test. Associations
between myocardial [I25I]MIBG uptake versus myocardial NE
concentration and myocardial [I25I]MIBG uptake versus myocar

dial fibrosis ratio were studied with linear regression analysis. Data
were expressed as mean Â±s.d., and a probability of p < 0.05 was
considered to be significant.

_ Â°7
3

I 0.6
v
01

I 0.5

ÃŒ
t 0.4
a
C3
S 0.3

| 0.2

I 0.1

r=-0.67
p<0.01
n=15

10 20 30 40

Myocardial fibrosis ratio (%)

50

*p < 0.05 vs. untreated.

fp < 0.01 vs. untreated.

FIGURE 3. Relationship between myocardial [125I]MIBG uptake and myo
cardial fibrosis ratio in untreated, CLZ-treated and VER-treated BIO 53.58
hamsters.
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TABLE 5
Comparison of Relative Uptakes of lodine-125-MIBG Between F1b Hamsters Aged 6 Mo and BIO 53.58 Hamsters in the

Second Study

RegionsGroupsF1b(n

=4)Untreated
(n =4)CLZ-treated

(n =5)VER-treated
(n = 4)RV0.980.990.980.98Â±0.01Â±0.01Â±0.01Â±0.01SepR0.980.980.960.97Â±

0.02Â±0.01Â±0.02Â±0.03SepL0.960.950.940.93Â±0.04Â±
0.02*Â±0.03Â±0.05LVend0.960.940.960.95Â±0.05Â±0.02nÂ±0.02Â±0.03LVepi0.980.970.970.97Â±

0.01Â±0.02Â±0.01Â±0.02

*p < 0.05 vs. RV.

fp < 0.01 vs. RV.
*p < 0.05 vs. SepR.

RV = right ventricular wall; SepR = right ventricular side of the interventricular septum; SepL = left ventricular side of the interventricular septum; LVend
= endocardial region of the left ventricular free wall; LVepi = epicardial region of the left ventricular free wall.

RESULTS
Table 1 shows the findings of each group in the first study.

The body weight was significantly lower in BIO 53.58 hamsters
aged 3 mo than in age-matched Fib hamsters (p < 0.01). The
body weight was not significantly different between BIO 53.58
hamsters aged 6 and 10 mo and age-matched Fib hamsters. The
heart/body weight ratio was significantly lower in BIO 53.58
hamsters aged 3 and 6 mo than in age-matched Fib hamsters
(p < 0.01). Pleural effusion and ascites were present only in
BIO 53.58 hamsters aged 10 mo. They were absent in other
groups.

Table 2 shows the myocardial [125I]MIBG uptakes and NE

concentrations of each group in the first study. The myocardial
[125I]MIBG uptake was not significantly different between BIO

53.58 and Fib hamsters aged 3 mo (p > 0.05). The myocardial
[125I]MIBG uptake was significantly lower in BIO 53.58

hamsters aged 6 and 10 mo than in age-matched Fib hamsters
(p < 0.01). The myocardial [I25I]MIBG uptake was signifi-

FIGURE 4. Illustrativedigitized autoradiograms with [125I]MIBG in an F1b
hamster aged 6 mo (A), an untreated BIO 53.58 hamster (B), a CLZ-treated
BIO 53.58 hamster (C) and a VER-treated BIO 53.58 hamster (D). The
myocardial distribution of [125I]MIBGis highly heterogeneous in the untreated

BIO 53.58 hamster. On the other hand, the myocardial distribution of
[125I]MIBG is homogeneous in the F1b hamster aged 6 mo, the CLZ-treated

hamster and the VER-treated BIO 53.58 hamster.

cantly higher in Fib hamsters aged 6 and 10 mo than in Fib
hamsters aged 3 mo (p < 0.05). On the other hand, the
myocardial [I25I]MIBG uptake was significantly lower in BIO

53.58 hamsters aged 6 and 10 mo than in BIO 53.58 hamsters
aged 3 mo (p < 0.01).

The myocardial NE concentration was not significantly
different between BIO 53.58 and Fib hamsters aged 3 mo (p =
0.09). The myocardial NE concentration was significantly
lower in BIO 53.58 hamsters aged 6 and 10 mo than in
age-matched Fib hamsters (p < 0.01). The myocardial NE

concentration was higher in Fib hamsters aged 6 and 10 mo
than in Fib hamsters aged 3 mo (p = 0.07 and p = 0.06,

respectively). The myocardial NE concentration was signifi
cantly lower in BIO 53.58 hamsters aged 6 and 10 mo than in
BIO 53.58 hamsters aged 3 mo (p < 0.01 ). The myocardial NE
concentration was significantly lower in BIO 53.58 aged 10 mo
than in BIO 53.58 hamsters aged 6 mo (p < 0.05).

The relationship between myocardial [I25I]MIBG uptake and

myocardial NE concentration in BIO 53.58 hamsters is shown
in Figure 1. The myocardial [I25I]MIBG uptake was signifi

cantly correlated to myocardial NE concentration (r = 0.80:
p < 0.001; n = 20).

Table 3 shows the findings of each group in the second study.
The body weight was significantly lower in the CLZ- and
VER-treated BIO 53.58 hamsters than in the untreated BIO
53.58 hamsters (p < 0.01). The heart/body weight ratio was
significantly higher in the CLZ- and VER-treated BIO 53.58
hamsters than in the untreated BIO 53.58 hamsters (p < 0.05).
Pleural effusion and ascites were absent in all groups.

Table 4 shows the myocardial [I25I]MIBG uptake, NE

concentration and fibrosis ratio in the second study. The
myocardial [I25I]MIBG uptake was significantly higher in the

CLZ- and VER-treated BIO 53.58 hamsters than in the un
treated BIO 53.58 hamsters (p < 0.05 and p < 0.01, respec
tively). On the other hand, the myocardial NE concentration
was not different among these three groups (p > 0.05).

The myocardial fibrosis ratio was significantly lower in the
CLZ- and VER-treated BIO 53.58 hamsters than in the un
treated BIO 53.58 hamsters (p < 0.01; Table 4 and Fig. 2). The
relationship between myocardial [I25I]MIBG uptake and myo

cardial fibrosis ratio is shown in Figure 3. The two variables
showed a significant inverse correlation (r = -0.67; p < 0.01;
n = 15).

As shown in Table 5, the relative uptakes of [125I]MIBG did

not differ among the five regions in Fib hamsters aged 6 mo
(p > 0.05). On the other hand, in the untreated BIO 53.58
hamsters, the relative uptake of [125I]MIBG was significantly

CARDIACMIBG UPTAKEINCARDIOMYOPATHYâ€¢Wakabayashi et al. 1543



lower in the left ventricular side of the septum than in the right
ventricular wall (p < 0.05) and was significantly lower in the
endocardial region of the left ventricular free wall than in the
right ventricular wall and right ventricular side of the septum
(p < 0.01 and p < 0.05, respectively). In the CLZ- and the
VER-treated BIO 53.58 hamsters, the relative uptakes of
[125I]M1BG did not differ among the five regions (Fig. 4).

DISCUSSION
The BIO 53.58 hamster develops a dilated, or congestive,

form of cardiomyopathy characterized by thin ventricular walls
and dilated chambers throughout most of its life (12). The
myocardial [I25I]MIBG uptake in BIO 53.58 hamster decreased

with aging, that is, the progression of dilated cardiomyopathy.
Previous studies have shown enhanced early washout of
[I23I]MIBG with reduced myocardial [I23I]MIBG uptake on

delayed images in patients with dilated cardiomyopathy com
pared with normal healthy volunteers (22-25). Similar results
were reported in a canine model of heart failure (26,27). The
present report is the first description of changes in the myocar
dial [I2SI]MIBG uptake with progression of dilated cardiomy

opathy in an animal model.
A significant positive correlation was found between the

myocardial NE concentration and the myocardial [I25I]MIBG

uptake in BIO 53.58 hamsters. Previous studies have also
shown a significant positive correlation between the myocardial
NE content and the myocardial versus mediastinal [I23I]MIBG

activity ratio in patients with dilated cardiomyopathy (24), as
well as between the left ventricular tissue NE content and the
[I23I]MIBG heart/lung ratio in a canine model of heart failure

(26). The NE content was significantly greater in regions
showing normal [123I]MIBG compared with regions showing
reduced [123I]MIBG, confirming regional denervation in the

dog heart (28). These results demonstrate that the decreased
myocardial [I23I]MIBG uptake may reflect a depletion of NE

from the myocardial sympathetic nerve terminals. The mecha
nisms for the reduction in [125I]MIBG uptake and myocardial

NE concentration in BIO 53.58 hamsters were not evaluated in
this study. We can speculate that the decrease in myocardial NE
concentration may be due to decreased neuronal uptake into
sympathetic nerve terminals (29,30), increased turnover or
release of NE from sympathetic nerve terminals (31-33) and

decreased synthesis of NE in sympathetic nerves (34).
The treatments with CLZ and VER improved the myocardial

[125I]MIBG uptake and myocardial fibrosis ratio in BIO 53.58

hamsters. A previous report showed that chronic treatment with
CLZ decreased cardiac angiotensin II levels and improved left
ventricular performance in cardiomyopathic hamster (IT). An
other angiotensin-converting enzyme inhibitor, lisinopril, low
ered cardiac adrenergic drive and increased a beta-receptor
density in subjects with heart failure (4). Thus angiotensin-
converting enzyme inhibitors may not only act on the systemic
vasodilation but also directly inhibit the release of NE from the
sympathetic nerve terminals (4,35). In addition, angiotensin-
converting enzyme inhibitors may improve myocardial fibrosis
by the inhibition of the tissue renin-angiotensin system (36).
Previous reports showed that VER may improve cardiomyop
athy by preventing calcium overload and microvascular spasm
in the myocardium (19,20). In addition, VER may directly
inhibit the release of NE from the sympathetic nerve terminals
(37). Thus, both CLZ and VER may inhibit the overactivity of
myocardial sympathetic nervous system, as well as the progres
sion of myocardial fibrosis.

On the other hand, myocardial NE concentrations were not
significantly improved by the treatments with CLZ and VER.

Decrease in plasma NE concentration associated with improve
ment of heart failure by CLZ or VER may cause the discrep
ancy between myocardial NE concentration and [I25I]MIBG

uptake in the CLZ- and the VER-treated BIO 53.58 hamsters,
because the reduced plasma NE level may decrease NE content
in synaptic clefts and increase [I25I]MIBG uptake in sympa

thetic nerve terminals. Any of the common effects of CLZ and
VER, for example, the decrease of systemic blood pressure,
may not improve the myocardial NE concentration and may not
influence the myocardial MIBG uptake. These mechanisms are
unknown. Furthermore, the discrepancy may be due to de
creased NE synthesis in sympathetic nerves of BIO 53.58
hamsters (33,34). Further studies are needed to address this
issue.

The myocardial distribution of [125I]MIBG in the untreated

BIO 53.58 hamsters was highly heterogeneous with signifi
cantly decreased uptake in the endocardial region of the left
ventricular free wall and left ventricular side of the intraven-
tricular septum. On the other hand, the myocardial distribution
of [I25I]MIBG was homogeneous in Fib hamsters aged 6 mo

and in the CLZ- and the VER-treated BIO 53.58 hamsters. We
have already reported that the BIO 14.6 hamsters have more
distinct regional heterogeneity in left ventricular distribution of
[I25I]MIBG (38). Thus, the myocardial sympathetic innervation

may be heterogeneous in cardiomyopathy. In this study, the
treatment with CLZ and VER in BIO 53.58 hamsters improved
the heterogeneity in myocardial [125I]MIBG distribution, that is,

in myocardial sympathetic innervation.

CONCLUSION
We have shown that the myocardial [125I]MIBG uptake in

BIO 53.58 hamsters decreased with aging, that is, the progres
sion of dilated cardiomyopathy, the decreased [125I]MIBG
uptake and the heterogeneity of [125I]MIBG distribution were

improved by administrations of CLZ and VER in BIO 53.58
hamsters. Thus, myocardial [125I]MIBG uptake can reflect the

effects of treatment for cardiomyopathy, as well as the progres
sion of cardiomyopathy.
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