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Background : Doxorubicin is considered to be one of the most effective drugs to treat a vari-
ety of human cancers. However, the dose-dependent cardiotoxicity of doxorubicin limits its clini-
cal usefulness. This study aimed to evaluate the effect of probucol and verapamil on the car-
diac neurotoxicity and cardiomyopathy induced by the long-term use of doxorubicin. Methods :
Sprague-Dawley male rats were grouped as the control group, the doxorubicin treated group,
the doxorubicin treated with probucol group, and the doxorubicin treated with verapamil group.
The rats were treated for 4, 6, 8 and 10 weeks. H&E staining and immunohistochemical stain-
ing for protein gene product 9.5, caspase-3, heat shock protein 70, and hsp 25 were per-
formed. Results : The degree of interstitial inflammatory cell infiltration was mildest in the
probucol treated group. The reduction in the number of nerve fibers in the probucol treated
group was less than the other treatment groups. There was a negative correlation between
the treatment duration and stained nerve fibers in all the treatment groups. The number of
caspase-3 positive cells was more increased in the doxorubicin group and the verapamil
treated group than in the control and probucol treated group. Conclusions : It is suggested
that probucol partly contributed to the inhibition of doxorubicin-induced cardiac neurotoxicity
and cardiomyopathy, whereas the verapamil had no effect.
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Fig. 1. The 24 regions of interest of left ventricle are defined at the
8 sectors in the subendocardium, mid-myocardium, and subepi-
cardium.
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Fig. 2. Light microphotographs of the rat heart at 6 weeks. (A) There is no specific lesion in control group. (B) In a case of doxorubicin
group, it shows mild lymphocytic and histiocytic infiltration with focal necrosis in the myocardium. (C) Doxorubicin with probucol group,
there are scattered focal vacuolization of the myocytes. (D) Doxorubicin with verapamil group, it reveals focal lymphocytic infiltration in
the myocardium.
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mean, SD) & EAJ3IGITE AR Ato]e] A Hue 49
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Fig. 3. Immunohistochemical stains for PGP 9.5 of the rat heart. The numbers of positively-reacted nerve fibers are not decreased at 4
weeks (A) and 10 weeks (B) in the control group. The nerve fibers are decreased at 4 weeks (C) and decreased markedly at 10 weeks
(D) in the doxorubicin group. In the doxorubicin with probucol group, the nerve fibers are decreased minimally at 4 weeks (E) and decreased
mildly at 10 weeks (F). (Fig. 3 continued next).
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Fig. 3. (Continued fromthe previous page) The nerve fibers are decreased at 4 weeks (G) and decreased markedly at 10 weeks (H) in the

doxorubicin with verapamil group.
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Fig. 4. The numbers of the nerve fibers positively reacted to immu-
nohistochemical stain for PGP 9.5 are decreased gradually accord-
ing to the duration of doxorubicin administration. The values are
expressed as mean *standard deviation. The nerve fibers in the
doxorubicin and doxorubicin with verapamil groups are lower than
control (*) and doxorubicin with probucol groups () (p<0.05).

7} -0.8279¢} -0.7956°] 1 2™, probucol X E7e] 74 -0.4598
o2 o AAAAE EHHp<0.05).

Sol 7R BARAL ARG 23k 1529 A9 7
bl ke zel7t ey, 6577 HH doxorubicin T
223} verapamil X|Eo] 2] Hdle] fol8 o2
2289 tH(p<0.05). 8FTFEH+= doxorubicin 5 ol
verapamil | 5:7°] probucol X &l H|gte] 3t 2po]=
AR tHp<0.05) (Fig. 4).
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Fig. 5. The ratio of nerve fibers positively reacted to immunohis-
tochemical stain for PGP 9.5 in the subepicardium to subendo-
cardium is increased gradually according to the duration of dox-
orubicin administration in the doxorubicin and doxorubicin with
verapamil groups. The values are expressed as mean = standard
deviation. The ratio of nerve fibers in the doxorubicin and doxoru-
bicin with verapamil groups are higher than control (*) and dox-
orubicin with probucol groups (7) (p<0.05).

oA, 105(624+115 2 6.08+1.05)9 A= 45(3.71+
073 ¥ 373%058) % 65(3.95+063 % 387+0.56)] H
o o3k ztolE BATHp<0.05). Fol 7|ZPEE ¥ W a3
o & 105794, doxorubicin ©% FoJ+ 7} verapamil A&
o] thzH(3.64£049) ol Blste] frof gt xke]7h AR (p<0.05
verapamil XFFE probucol A FF(4.05+0.76) %= ]
Aol 7k AATHp<0.05) (Fig. 5).
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Fig. 6. Immunohistochemical stains for caspase-3 of the rat heart. The positive-reacted cells are usually located near the blood vessels.
The numbers of positive-reacted cells in the doxorubicin (B) and doxorubicin with verapamil (D) groups are generally higher than control

(A) and doxorubicin with probucol (C) groups.
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Caspase-3°] FAuFS-S WOl A X9 4= doxorubicin ©H=
T3 verapamil X F0] &7 % probucol X|Fol| H]
sfo] AWHA o2 wWokth Probucol A&7 44 2 &
O3k zto] & HolA| gpom, Fof 7|7kl M Hste Fo%
o)l Holz 99kl Doxorubicin T FoJi3} verapamil
A5 7S, 459 85 Wty 659 1057 o F7s 4
YJrE Bk Tejg Fof 717k wWE Fo8k 2feut A
© Ho|A Yottt Fo] 77HER EAEAS A A3 6F
G Fol(55.60+654) 0] thEF(40.20+
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THp<0.05). 18]3 1059+ doxorubicin ©% FoJ-(64.25
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6.54) 3 28k ko) 7F AATHp<0.05) (Fig. 7).
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Fig. 7. The numbers of the cells positively reacted to immunohis-
tochemical stain for caspase-3 in the doxorubicin and doxorubicin
with verapamil groups are higher than control (*) and doxorubicin
with probucol groups (') (p<0.05). The values are expressed as
mean = standard deviation.
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