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Metaiodobenzylguanidine (MIBG) is a reliable marker for the
detection of cardiac adrenergic neuronal damage in heart fail-
ure. The cardioprotective properties of carvedilol, a vasodilating
�-adrenoceptor–blocking agent, were studied in a rat model of
dilated cardiomyopathy after autoimmune myocarditis. Meth-
ods: Twenty-eight days after immunization, surviving rats (41/
55, or 75%) were divided into 2 groups treated with carvedilol,
2 mg/kg/d (group C, n � 19), or vehicle alone (0.5% methylcel-
lulose, group V, n � 22). After oral administration for 2 mo, heart
weight, heart rate, left ventricular end-diastolic pressure
(LVEDP), and myocardial fibrosis were measured and compared
with those in untreated rats (group N, n � 19). Myocardial
uptake of 125I-MIBG (differential absorption ratio) in the left
ventricle was measured by autoradiography at 10, 30, or 240
min after tracer injection. Results: Four (18%) of 22 rats in
group V died between days 28 and 84 after immunization. None
of the rats in group C or N died. Heart weight, heart rate, LVEDP,
and area of myocardial fibrosis in group C (1.14 � 0.04 g, 345 �
16 beats per minute, 7.6 � 1.5 mm Hg, and 12% � 1%) were
significantly lower than those in group V (1.34 � 0.04 g, 389 � 10
beats per minute, 12.3 � 1.3 mm Hg, and 31% � 2%). Although
the differential absorption ratio was lower at all time points in group
V than in group N, uptake after treatment increased in group C,
compared with group V, at 10 min (12.5 � 1.0 vs. 7.6 � 0.8, not
significant), 30 min (10.1 � 1.1 vs. 6.3 � 0.9, not significant), and
240 min (6.5 � 0.5 vs. 2.5 � 0.2, P � 0.05). The late washout ratio
from myocardial radioactivity between 30 and 240 min in group C
was lower than that in group V (36% vs. 60%). Conclusion: These
observations indicated that carvedilol has beneficial effects and
protects cardiac adrenergic neurons in dilated cardiomyopathy.
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Dilated cardiomyopathy, a set of heterogeneous diseases
of left ventricular dysfunction of unknown etiology, has a
variety of clinical courses and pathologic findings (1,2).
One possible cause of dilated cardiomyopathy is myocardi-
tis (3). Two mechanisms by which myocarditis develops
into dilated cardiomyopathy have been proposed: One is
persistent viral infection, and the other is progressive auto-
immune myocardial injury (4,5). Human myocarditis can be
classified into lymphocytic myocarditis and giant cell myo-
carditis according to the histopathologic findings. Giant cell
myocarditis is more likely to progress into dilated cardio-
myopathy than is lymphocytic myocarditis (4–6). Cells
similar to human giant cells were seen in our rat model of
myocarditis (7–9).

Carvedilol is a third-generation vasodilating �-blocker
(10–13) that has recently been shown to reduce morbidity
and mortality in patients with congestive heart failure
(14,15). This reduction may occur in part through �- and
�1-adrenoceptor blockade, the latter resulting in vasodila-
tion. More important, carvedilol and several of its metabo-
lites are potent antioxidants (16,17).

Radioiodinated metaiodobenzylguanidine (MIBG), an
analog of norepinephrine, has been used to evaluate cardiac
sympathetic nerve activity (18,19). Reduced myocardial
accumulation and enhanced washout of MIBG have been
reported in patients with heart failure of various causes
(20–23). These abnormal findings have been considered to
reflect decreased uptake and accelerated release of norepi-
nephrine from adrenergic nerve endings. The effects of
carvedilol on cardiac MIBG kinetics in animal models of
heart failure have not been examined rigorously in vivo.

In this study, the effects of long-term treatment with
carvedilol on the modification of myocardial damage were
examined in a rat model, recently developed by our labo-
ratory, with dilated cardiomyopathy after autoimmune giant
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cell myocarditis (7–9). We found that carvedilol had bene-
ficial effects and protected cardiac adrenergic neurons in
dilated cardiomyopathy.

MATERIALS AND METHODS

Animals and Medication
Seventy-four 9-wk-old male Lewis rats were obtained from

Charles River Japan Inc. (Kanagawa, Japan). Cardiac myosin,
which was prepared from the ventricular muscle of pig hearts
according to a procedure described previously (7–9), was injected
into the rats. The morbidity of experimental autoimmune myocar-
ditis was 100% in rats immunized using this protocol (7–9).
Nineteen Lewis rats were used as age-matched normal controls
(group N).

Rats of the myosin-immunized group became ill and immobile
on day 14, and then their activity gradually recovered beginning at
the fourth week. Fourteen (25%) of 55 rats in the myosin-immu-
nized group died between days 15 and 28. All hearts from these
rats showed extensive myocardial necrosis and massive pericardial
effusion. Twenty-eight days after immunization, the 41 rats were
divided into 2 groups, which received oral administration of either
carvedilol, at 2 mg/kg/d (group C, n � 19), or vehicle alone (0.5%
methylcellulose, group V, n � 22) for 2 months. Administration of
carvedilol or vehicle was stopped 24 h before hemodynamic and
MIBG studies. Throughout the studies, all animals were treated in
accordance with the guidelines for animal experimentation of our
institute.

Hemodynamic Study
Eight rats from each group were anesthetized with 2% halo-

thane in O2 during surgical procedures to measure the following
hemodynamic parameters, and then the concentration was reduced
to 0.5% to minimize hemodynamic effects. Mean blood pressure,
central venous pressure, peak left ventricular pressure, left ven-
tricular end-diastolic pressure (LVEDP), and the rate of intraven-
tricular pressure rise and decline (�dP/dt) were measured accord-
ing to a procedure described previously (9). After a stabilization
period of 20 min, hemodynamic parameters were measured.

Heart Weight and Histopathology
After measurement of the hemodynamic parameters, the heart

was removed and cleaned of the surrounding tissues. The heart
weight (HW) was measured, and the ratio of HW to body weight
(g/kg) was calculated.

The excised hearts were cut into transverse slices approximately
2 mm thick and fixed in 10% formalin. After embedment in
paraffin, several transverse sections were cut from the midventricle
slice and stained with the hematoxylin–eosin and azan methods.
For the specimens stained with azan at the middle level of both
ventricles, the area of myocardial fibrosis was quantified using a
color image analyzer (CIA-102; Olympus, Tokyo, Japan), making
use of the differences in color (blue fibrotic area as opposed to red
myocardium). The results are presented as the ratio of the fibrotic
area to the myocardial area (9).

125I-MIBG Imaging and Radioactivity
A dose of 0.8 MBq 125I-MIBG was intravenously injected into

9 rats from each group. Three rats from each group were killed at
10, 30, or 240 min after MIBG administration. The hearts were
quickly excised, the apices of heart were stored in �-counter tubes,
and myocardial radioactivity was measured with a well scintilla-

tion counter (Autowell Gamma System ARC-2000; Aloka, Tokyo,
Japan). The differential absorption ratio is defined as observed
radioactive dose � weight of rat/injected radioactive dose �
myocardial tissue weight (24).

The nonneuronal radioactivity rapidly decreased by 90 min after
MIBG injection (23). Because sequential analysis of myocardial
radioactivity in identical rats is impossible with our method, we
subtracted the mean value at 30 min from the mean value at 10 min
and designated this value as the early washout rate (WR-1) for the
nonneuronal compartment. Similarly, the late washout rate (WR-2)
for the neuronal compartment was calculated by subtraction of the
value at 240 min from that at 30 min.

The hearts were cut into transverse slices approximately 2 mm
thick, frozen in optimal-cutting-temperature compound (Tissue-
Tek; Sakura, Tokyo, Japan), and stored at �20°C for 3 d. Sequen-
tial frozen sections 60 	m thick were cut on a cryostat. Radioac-
tive images of the myocardium were recorded after
autoradiography of the myocardial sections for approximately 6 h
(BAS 5000; Fuji Film Co., Tokyo, Japan).

Statistical Analysis
Data are presented as the mean � SEM. Statistical analysis was

performed by 1-way ANOVA, followed by the Tukey test. Dif-
ferences were considered significant at P � 0.05.

RESULTS

Clinical Course
Four (18%) of 22 rats in group V died between days 28

and 84. All hearts from these rats showed extensive myo-
cardial fibrosis and massive pericardial effusion. None of
the rats in group C or N died. Although pericardial effusion
was observed in most of the rats in group V, little effusion
was seen in group C.

Body Weight and HW
The body weight did not differ among the 3 groups. The

HW and the ratio of HW to body weight in group V (1.34 �
0.04 g and 3.32 � 0.08 g/kg) were significantly greater than
those in group N (1.02 � 0.02 g and 2.45 � 0.06 g/kg, P �
0.01 for both). The HW and the ratio of HW to body weight
were significantly decreased in group C (1.14 � 0.04 g
and 2.88 � 0.05 g/kg, P � 0.01 for both) compared with
group V.

Hemodynamic Parameters
Figure 1 shows the hemodynamic parameters. HR was

significantly lower in group C than in group V (345 � 16 vs.
389 � 10 beats per minute, P � 0.05). Central venous pressure
and mean blood pressure did not differ among the 3 groups.
Left ventricular pressure and �dP/dt in group V (109 � 3 mm
Hg and 
4,650 � 236/�4,830 � 344 mm Hg/s) were lower
than those in group N (121 � 2 mm Hg and 
6205 �
143/�7,105 � 61 mm Hg/s, P � 0.01 for both). LVEDP in
group V (12.3 � 1.3 mm Hg) was higher than that in group N
(4.6 � 0.5 mm Hg, P � 0.01). LVEDP was lower in group C
(7.6 � 1.5 mm Hg, P � 0.05) than in group V.

Quantitative Analysis of Myocardial Fibrosis
Figure 2 shows representative photographs of thin sec-

tions stained by the azan method. Normal hearts showed no
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FIGURE 1. Effects of carvedilol on he-
modynamic parameters. Although central
venous pressure, mean blood pressure,
peak left ventricular pressure, and �dP/dt
did not differ between groups V and C, left
ventricular end-diastolic pressure was sig-
nificantly lower in group C than in group V.
BP � blood pressure; CVP � central ve-
nous pressure; LVP � left ventricular pres-
sure; max � maximum; min � minimum.

FIGURE 2. Effects of carvedilol on myocardial fibrosis, heart size, and myocardial uptake of 125I-MIBG. Figures are representative
of each group. Blue (azan staining) indicates fibrosis determined by histology. Red and blue indicate high and low myocardial
uptake of MIBG determined by scintigraphy. MIBG uptake in rats with dilated cardiomyopathy was decreased not only in area of
fibrosis but also in intact area. Top shows MIBG scintigram at 10 min after tracer injection. Bottom shows MIBG scintigram at 240
min after tracer injection.
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fibrosis, but in group V, a blue-stained area indicating
fibrosis was clearly observed. The fibrotic area in group C
was smaller than that in group V. The area of myocardial
fibrosis in group C was smaller than that in group V (12%
� 1% vs. 31% � 2%, P � 0.01).

125I-MIBG Imaging and Radioactivity
As shown in Figure 2 and Table 1, the myocardial uptake

of MIBG was higher in group N than in group V at 10, 30,
and 240 min. Although the differential absorption ratio at
240 min was significantly decreased and WR-2 was in-
creased in group V compared with group N, both were
improved in group C.

DISCUSSION

In this study, we examined the effects of carvedilol treat-
ment on progression of heart failure and on myocardial
uptake and washout of 125I-MIBG in a rat model of dilated
cardiomyopathy induced by autoimmune myocarditis. We
found that carvedilol reduced HW, myocardial fibrosis,
LVEDP, and myocardial washout of MIBG.

Human dilated cardiomyopathy is thought to be caused
by a variety of factors. Therefore, clinical courses and
pathologic findings in dilated cardiomyopathy are not uni-
form. Cardiac myosin-induced autoimmune myocarditis,
which is not exclusively related to viral infection, develops
into a clinicopathologic state similar to dilated cardiomy-
opathy in the chronic phase (7–9). Thus, the current results
provide some information on the effectiveness of carvedilol
treatment against dilated cardiomyopathy.

Carvedilol is the only �-blocker that blocks �1-, �2-, and
�1-receptors without producing an intrinsic sympathomi-
metic effect, such as an increase in cardiac norepinephrine
level or upregulation of �-receptors (1–3). Hence, the use of
this drug is associated with more complete antagonism of
the sympathetic nervous system than is associated with
other �-blockers. Although LVEDP and heart rate de-
creased in group C, mean blood pressure, left ventricular
pressure, and �dP/dt did not change between groups C and
V in this study. The reason that �dP/dt did not change may
have been the negative inotropic action of carvedilol. The
reason that mean blood pressure and left ventricular pres-

sure did not change may have been the �-blocking action of
carvedilol. Although massive pericardial effusion and in-
creased LVEDP were observed in group V, little effusion
and low LVEDP were observed in group C. These indicate
that the cardiac function of rats with dilated cardiomyopa-
thy, like that of humans with dilated cardiomyopathy, im-
proved but did not return to normal through treatment with
carvedilol. Regardless, the survival rate was increased and
LVEDP was decreased in group C, indicating that carvedilol
had beneficial effects in this animal model.

In addition to these actions as an adrenoceptor blocker,
carvedilol has antioxidant and antiproliferative effects
(3–5). These actions may play important roles in preventing
the progressive loss of myocardial cells that is characteristic
of a failing heart. In this study, the area of myocardial
fibrosis after administration of carvedilol was smaller than
that in the untreated control group, and carvedilol also
reduced HW. The beneficial effects of carvedilol were very
likely caused by its antioxidant and antiproliferative impact.

The sympathetic nervous system plays an important role
in the development and progression of heart failure. The
myocardial norepinephrine content decreases with progres-
sion of heart failure. A close relationship between myocar-
dial norepinephrine content determined from transvenous
myocardial biopsy and left ventricular function is found in
dilated cardiomyopathy. Because MIBG shares many trans-
port properties with norepinephrine, MIBG can be used to
assess cardiac adrenergic nervous system dysfunction in
human heart failure. Cardiac imaging with MIBG has been
shown to be more sensitive for the prognosis of patients
with heart failure than is evaluation of mechanical function,
that is, left ventricular ejection fraction (22). This is prob-
ably because the decrease in MIBG uptake on delayed
imaging (3 or 4 h after MIBG injection) reflects not only the
sympathetic denervation but also the abnormal increase in
washout caused by sympathetic acceleration (19,25). Thus,
the measurement of MIBG washout can be used as a sen-
sitive index to detect increased sympathetic activity in var-
ious cardiac diseases.

We were able to detect increased sympathetic tone in this
model of heart failure by measuring the neuronal washout of

TABLE 1
Differential Absorption Ratio and Washout Ratio of MIBG

Group

Differential absorption ratio of MIBG

WR-1 (a � b/a) WR-2 (b � c/b)10 min (a) 30 min (b) 240 min (c)

N 13.3 � 0.3 11.5 � 0.3 8.7 � 0.3 14% 24%
V 7.6 � 0.8 6.3 � 0.9 2.5 � 0.2* 17% 60%
C 12.5 � 1.0 10.1 � 1.1 6.5 � 0.5† 19% 36%

*P � 0.01 vs. group N.
†P � 0.05 vs. group V.
Number of rats at each period in all groups was 3.

534 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 43 • No. 4 • April 2002



MIBG. However, we cannot ignore the nonneuronal wash-
out of MIBG in animal studies (26). Washout of MIBG in
the early phase has been reported to be mainly nonneuronal,
and this nonneuronal washout is largely over by as early as
90 min in rats (23,27,28). Therefore, we focused on the
early-phase (WR-1; between 10 and 30 min) and late-phase
(WR-2; between 30 and 240 min) washout rates of MIBG
uptake to evaluate cardiac nonneuronal and neuronal wash-
out, respectively. In this study, myocardial uptake of MIBG
at 240 min was decreased and WR-2 was increased in rats
with heart failure. Interestingly, these parameters were im-
proved in the carvedilol treatment group. The improvement
in neuronal function by carvedilol can be explained by 2
mechanisms. First, carvedilol may directly improve cardiac
neuronal uptake of norepinephrine. This local effect may
result in an increased exposure of myocytes to norepineph-
rine and a subsequent downregulation of myocardial �-re-
ceptors in rats and patients with heart failure. Second,
hemodynamics were improved in the carvedilol group. This
systemic effect may indirectly result in a reduced cardiac
neuronal release and a restoration of neuronal uptake of
norepinephrine.

As shown in this study, increased sympathetic tone cor-
relates with the development and progression of heart fail-
ure, and evaluation of the late-phase MIBG washout is
easier than the established methods and can be repeated
during disease progression (19,22,25). This technique may
be useful in assessing serial changes in sympathetic tone in
patients with dilated cardiomyopathy.

CONCLUSION

Carvedilol increased survival rate and cardiac function
and decreased myocardial fibrosis and HW in rats with
dilated cardiomyopathy. Additionally, carvedilol reduced
MIBG release and thus lowered cardiac sympathetic nerve
activity. MIBG was helpful in evaluating the therapeutic
effects of carvedilol on cardiac sympathetic nervous system
activity.

ACKNOWLEDGMENTS

This study was supported by grant 13670750 from the
Ministry of Education, Science, Sports and Culture of Japan
and a grant from the Promotion and Mutual Aid Corporation
for Private Schools of Japan.

REFERENCES

1. Taliercio CP, Seward JB, Driscoll DJ, Fisher LD, Gersh BJ, Tajik AJ. Idiopathic
dilated cardiomyopathy in the young: clinical profile and natural history. J Am
Coll Cardiol. 1985;6:1126–1131.

2. Roberts WC, Siegel RJ, McManus BM. Idiopathic dilated cardiomyopathy:
analysis of 152 necropsy patients. Am J Cardiol. 1987;60:1340–1355.

3. Dec GW, Palacios IF, Fallon JT, et al. Acute myocarditis in the spectrum of acute
dilated cardiomyopathies: clinical features, histologic correlates, and clinical
outcome. N Engl J Med. 1985;312:885–890.

4. Matsumori A, Kawai C. An animal model of congestive (dilated) cardiomyopa-
thy: dilatation and hypertrophy of the heart in the chronic stage in DBA/2 mice

with myocarditis caused by encephalomyocarditis virus. Circulation. 1982;66:
355–360.

5. Klingel K, Hohnenadl C, Canu A, et al. Ongoing enterovirus-induced myocarditis
is associated with persistent heart muscle infection: quantitative analysis of virus
replication, tissue damage, and inflammation. Proc Natl Acad Sci USA. 1992;89:
314–318.

6. Davidoff R, Palacios I, Southern J, Fallon JT, Newell J, Dec GW. Giant cell
versus lymphocytic myocarditis: a comparison of their clinical features and
long-term outcomes. Circulation. 1991;83:953–961.

7. Kodama M, Matsumoto Y, Fujiwara Y, et al. A novel experimental model of
giant cell myocarditis induced in rats by immunization with cardiac myosin
fraction. Clin Immunol Immunopathol. 1991;57:250–262.

8. Kodama M, Hanawa H, Saeki M, et al. Rat dilated cardiomyopathy after auto-
immune giant cell myocarditis. Circ Res. 1994;75:278–284.

9. Watanabe K, Ohta Y, Nakazawa M, et al. Low dose carvedilol inhibits progres-
sion of heart failure in rats with dilated cardiomyopathy. Br J Pharmacol.
2000;130:1489–1495.

10. Ruffolo RR Jr, Gellai M, Hieble JP, Willette RN, Nichols AJ. The pharmacology
of carvedilol. Eur J Clin Pharmacol. 1990;38:S82–S88.

11. Nichols AJ, Gellai M, Ruffolo RR Jr. Studies on the mechanism of arterial
vasodilation produced the novel antihypertensive agent, carvedilol. Fundam Clin
Pharmacol. 1991;5:25–38.

12. Ruffolo RR, Boyle DA, Brooks DP, et al. Carvedilol: a novel cardiovascular drug
with multiple actions. Cardiovasc Drug Rev. 1992;10:127–157.

13. Feuerstein GZ, Ruffolo RR. Carvedilol, a novel multiple action antihypertensive
agent with antioxidant activity and the potential for myocardial and vascular
protection. Eur Heart J. 1995;16(suppl F):38–42.

14. Packer M, Bristow MR, Cohn JN, et al. The effect of carvedilol on morbidity and
mortality in patients with chronic heart failure. N Engl J Med. 1996;334:1349–
1397.

15. Cohn JN, Fowler MB, Bristow MR, et al. Safety and efficacy of carvedilol in
severe heart failure. J Card Failure. 1997;3:173–179.

16. Yue TL, Cheng HY, Lysko PG, et al. Carvedilol, a new vasodilator and �-ad-
renoceptor antagonist, is an antioxidant and free radical scavenger. J Pharmacol
Exp Ther. 1992;263:92–98.

17. Bril A, Slivjak M, Dimartino MJ. Cardioprotective effects of carvedilol, a novel
�-adrenoceptor antagonist with vasodilation properties, in anaesthetized mini-
pigs: comparison with propranolol. Cardiovasc Res. 1992;26:518–525.

18. Kline RC, Swanson DP, Wieland DM, et al. Myocardial imaging in man with
I-123 meta-iodobenzylguanidine. J Nucl Med. 1981;22:129–132.

19. Henderson EB, Kahn JK, Corbett JR, et al. Abnormal I-123-metaiodobenzylgua-
nidine myocardial washout and distribution may reflect myocardial adrenergic
derangement in patients with congestive cardiomyopathy. Circulation. 1988;78:
1192–1199.

20. Imamura Y, Ando H, Mitsuoka W, et al. Iodine-123-metaiodobenzylguanidine
images reflect intense myocardial adrenergic nervous activity in congestive heart
failure independent of underlying cause. J Am Coll Cardiol. 1995;26:1594–1599.

21. Wakasugi S, Wada A, Hasegawa Y, Nakano S, Shibata N. Detection of abnormal
cardiac adrenergic neuron activity in adriamycin-induced cardiomyopathy with
I-125-metaiodobenzylguanidine. J Nucl Med. 1992;33:208–214.

22. Merlet P, Valette H, Dubois-Rande J, et al. Prognostic value of cardiac meta-
iodobenzylguanidine imaging in patients with heart failure. J Nucl Med. 1992;
33:471–477.

23. Lotze U, Kaepplinger S, Kober A, Richartz BM, Gottschild D, Figulla HR.
Recovery of the cardiac adrenergic nervous system after long-term �-blocker
therapy in idiopathic dilated cardiomyopathy: assessment by increase in myocar-
dial 123-I-metaiodobenzylguanidine uptake. J Nucl Med. 2001;42:49–54.

24. Moore FO, Tobin LH, Aub JC. Studies with radioactive di-azo dyes. J Clin
Invest. 1943;22:161–168.

25. Nakajima K, Taki J, Tonami N, Hisada K. Decreased 123-I MIBG uptake and
increased clearance in various cardiac diseases. Nucl Med Commun. 1994;15:
317–323.

26. Nakajo M, Shimabukuro K, Yoshimura H, et al. Iodine-131 metaiodobenzylgua-
nidine intra- and extravesicular accumulation in the rat heart. J Nucl Med.
1986;27:84–89.

27. Lurie KG, Dae MW, Dutton J, Velazquez-Roch SJ, O’Connell JW. Metaiodo-
benzylguanidine as an index of atrioventricular nodal adrenergic activity. J Nucl
Med. 1995;36:1096–1101.

28. Takatsu H, Noda T, Arai M, et al. Washout of I-123 meta-iodobenzylguanidine
for assessing cardiac sympathetic activity with progression of hypertension in
Dahl salt-sensitive rats. J Nucl Cardiol. 1999;6:204–210.

MIBG AND CARVEDILOL IN DCM RATS • Watanabe et al. 535


