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Decreased Myocardial Tl-201 Uptake in 
Rats: Early Sign of Doxorubicin Induced 
Myocardial Damage and the Relation to 
Inflammation

ABSTRACT

Aim: In the present study, we demonstrated that total cardiac 201Tl 
uptake changes associated with histological findings in DOX-induced 
early myocardial injury.

Method: Early DOX cardiotoxicity was induced in normal rats by giving 
15 mg/kg DOX intraperitoneally. Cardiac uptake studies and the blood 
sampling for creatine kinase (CK) and lactate dehydrogenase (LDH) 
assay has been performed on the 3rd (acute phase) and 16th days 
(subacute phase) after the treatment, respectively. Rats were killed 
by heart puncture and the hearts removed by dissection at 60 min 
after the injection of  7.4 MBq 201Tl. The ratio of total cardiac uptake 
to the injected dose (%ID/g x BW, where ID is injected dose and BW is 
body weight) was calculated. 

Result: DOX led to a significant decrease in myocardial uptake of 201Tl 
in both treatment groups (p<0.05). There was no significant difference 
in the %ID/g x BW between acute and subacute phases (p>0.05). DOX 
induced a significant increase in the levels of CK and LDH in serum, 
indicating its early cardiotoxicity (p=0.01). DOX treatment produced 
disorganization of myocardial fibers, vacuolation of the cardiac 
myocytes and myocardial necrosis (p=0.01). These cardiomyocyte 
injuries were accompanied by increased numbers of mononuclear cells 
(p<0.05). LDH, CK, cardiyomyopathy and mononuclear cell infiltration 
scores were not found significantly different between acute and 
subacute phases (p>0.05).

Conclusion: The DOX-induced cardiac injury at early stage can be 
evaluated by 201Tl and the findings may be associated with the 
myocardial inflammation. Due to the complicated mechanism of DOX 
injury, we believe that the development process of cardiac injury 
and the pathological findings should be taken into consideration in 
interpreting the radiopharmasotic studies to be conducted for the 
evaluation of the early and late stage cardiac injuries.
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INTRODUCTION

Anthracycline chemotherapeutics, including Doxorubicin 
(DOX), constitute a part of many treatment protocols 
used to ensure a higher rate of cure in childhood 
and adulthood malignities (1). With the increase in 
the cancer rates depending on various factors, such 
as early diagnosis methods, prolongation of lifetime 
and carcinogenic substances, the exposure to side 
effects of these agents have become even more 
important. Early- and late-onset cardiotoxic side 
effects are among the causes of significant mortality 
and morbidity (2). 

Endomyocardial biopsy is a method which is considered 
as the “gold standard” in exhibition of the DOX-
induced cardiac injury. Most important disadvantages 
of the method are its expensiveness and invasiveness 
(2-4). In addition, myocard diastolic dysfunction, 
which is one of the earliest findings of the cardiac 
injury, can be evaluated with Equilibrium Radionuclid 
angiocardiographic or echocardiographic methods 
(2). On the other hand, DOX damage is generally 
irreversible and difficult to predict (2, 5). In order to 
elucidate the cellular and metabolic changes before 
the development of the functional disorders, numerous 
studies have been conducted on a serial of molecular 
cardiac imaging agents (2). Although the agents like 
99mTc-MIBI (methoxyisobutyl isonitrile) and 201Tl (6), 
which can indicate the myocardial perfusion as well 
as the cellular integrity successfully revealed the DOX 
damage, the data concerning the myocard perfusion 
agents is very limited and uptake mechanisms are not 
known exactly (7-9). 

DOX-induced cardiac injury presents classical findings 
such as vacuolization in the cytoplasm, myofibrillar 
degeneration and necrosis under the light microscopy, 
as well as myocardial inflammation which is another 
pathological finding that shows inflammatory cell 
infiltration itself under the light microscopy and 
is associated with the injury, but can be seen in 
isolation (4, 10-12). There were various scintigraphic 
evidences associated with it and support this finding 
which develops secondary to DOX injury (13-16).  

The impact of myocardial inflammation developing 
secondary to DOX-induced acute cardiac injury on the 
evolving of scintigraphic findings is not clear (14-16). 
In the present study, we demonstrated total cardiac 
T1-201 uptake changes associated with histological 
findings in early DOX-induced myocardial injury which 
have not been reported yet. 

MATERIAL AND METHODS

Animal treatment and groups

Eighteen adult male albino rats weighing 250 - 350 g 
were obtained from the “Experimental Animal Care 
Centre”. The study was approved by the “Local Animal 
Ethics Committee” of the Faculty of Medicine. Animals 
were divided into three groups (control, acute and 
subacute phases), each containing six animals. Feed 
and water were provided ad libitum. DOX treatment 
groups (both acute and subacute phases) received 15 
mg/kg DOX (Adriablastina, 10 mg, Pharmacia Carlo 
Erba) intraperitoneally. The control group received 
drinking water without DOX. Cardiac uptake and the 
other studies has been performed on the 3rd (acute 
phase) and 16th days (subacute phase) after the 
treatment.  

Cardiac 201Tl uptake study and sample collection

All rats fasted for more than 12 h before the 
experiments. 201Tl (7.4 MBq; Monrol A.S. Istanbul, 
Turkey) was injected through the tail vein. The syringe 
containing the tracer was assessed for radioactivity in 
a dose calibrator (Atomlab 100 plus dose calibrator, 
Biodex, NY, USA) before and after the injection for 
determination of the injected dose in MBq (17). One 
hour later, intracardiac blood sampling was performed 
under ketamine–xylazine anesthesia (10–15 and 2–3 
mg/kg i.m., respectively). Rats were killed by heart 
puncture and the hearts removed by dissection. The 
hearts were cut into two main portion and these 
samples were carefully weighed. Myocardial uptake 
of 201Tl was measured with a gama counter (LKB-
Wallac 1275 Minigamma counter Wallac, Finland) and 
calculated as follows (18):

Myocardial uptake (%ID/g x BW) = (myocardial 
radioactivity / HW) / (total ID / BW)

where ID is injected dose, BW is body weight, and 
HW is heart weight.

Biochemical assays

Serum was separated by centrifugation at 3000 rpm 
for 10 min. Lactate dehydrogenase (LDH), creatine 
kinase (CK) levels were measured kinetically at 340 nm 
according to the conversion of lactate to pyruvate and 
the N-acetylcysteine (NAC)-activated reagent methods 
(19, 20) using orginal Roche diagnostic kits. Analysis 
of the serum were performed using biochemical 
analyser (Cobas Integra 800, Roche Diagnostics GmbH, 
Mannheim, Germany).
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Microscopic Evaluation of Hearts

For histopathological examinations, heart tissue 
specimens were fixed in 10 % neutral formalin and then 
embedded in paraffin and cut with a microtome set at 
a thickness of 5 µM. The sections were stained with 
hematoxylin-eosin and examined by light microscopy 
(Olympus BX51, Tokyo, Japan). The right ventricles 
were examined for typical histopathological features 
associated with DXR-induced cardiotoxicity. Cardiac 
scores were determined according to the methods 
of  Saad et al (21, 22). Each specimen was scored for 
the degree of severity of histopathological changes, 
(A) Myocardial fiber swelling and interstitial oedema 
(1+),  (B) disorganization of myocardial fiber with or 
without fibroblastic proliferation (1+),  (C) myocardial 
fiber vacuolation (perinuclear vacuolation) (1+),  (D) 
myocytolysis/necrosis of myocardial fibers (1+), and 
when no damage was noted (0). Lesion severity in the 
heart were utilized to calculate a total cardiotoxicity 
score for each animal. 

In addition, the specimens were classified using a 
modification of the previously published criteria (12). 

According to the histological degree of mononuclear 
cell infiltration given as follows, normal (0) (very few 
mild infiltrating cells in a section, 0–3), mild (1) (a 
few infiltrating cells in a section,  4-8), moderate (2) 
(numerous infiltrating cells in a section, 9-13) and severe 
(3) (numerous infiltrating cells in a section with the area 
of infiltration,   ≥14/mm2). Lesions and mononuclear 
cells from 10 random fields (x400) were counted at least 
two different sections.

Figure 2. Photomicrographs of myocardium section 
taken from rats treated with DOX depicting marked 
interstitial oedema, mononuclear cell infiltration, 
myocardial fiber swelling, and disorganization with 
perinuclear vacuolation in acute (A) and subacute (B) 
phases. HEx 400.

Figure 1. Total cardiac uptakes of 201Tl in acute and 
subacute phases of DOX cardiotoxicity. Medians and 
interquartile ranges are presented. 
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Statistical analysis

Histopathological scores were presented as median and 
range. Other data were expressed as the mean±SD. 
Groups parameters were analyzed by using Kruskal–Wallis 
non-parametric one-way analysis of variance (ANOVA) 
followed by 2-tailed Mann–Whitney’s U-test followed 
by Bonferoni’s correction for the paired comparisons. A 
value of p<0.05 was considered to indicate a statistically 
significant difference. All analysis were performed using 
SPSS for Windows 11.0. 

RESULTS

The percentages of myocardial  uptake in the control 
and DOX treatment groups were shown in Figure 1. 201Tl 
uptakes as %ID/g x BW were 13.2 ± 0.8; 5.9 ± 0.7; 6.9 ± 0.9 
in the control, acute and subacute phases, respectively. 
DOX led to a significant decrease in myocardial uptake of 
201Tl in both the DOX treatment groups (p<0.05). There 
was no significant difference in the %ID/g x BW between 
acute and subacute phases (p>0.05). Enzyme activities 
were measured in DOX-treated groups in  comparison 
with control. As reported in Table 1, a large increase in 
the activity of serum LDH and CK which belongs to injury 
evident was determined in DOX-treated rats (p=0.01). 
There was no significant difference in the LDH and CK 
level between acute and subacute phases (p>0.05).

The histopathological changes in the myocardium are 
given in Table 2 and Figure 2. DOX treatment produced 
disorganization of myocardial fibers, vacuolation of the 
cardiac myocytes and myocardial necrosis (p=0.01). 
Myocardial swelling and interstitial oedema were slightly 
more apparent in acute phase when compared with 
subacute phase (p>0.05). These cardiomyocyte injuries 
were accompanied by increased numbers of mononuclear 
cells (p<0.05). Cardiyomyopathy and mononuclear 
cell infiltration scores were not significantly different  
between acute and subacute phases (p>0.05). 

DISCUSSION

The treatment of rats with DOX, at a single dose of 
15 mg/kg produced significant increases in serum 
CK and LDH levels in comparison with saline treated 
controls because of myocardial injury. Moreover, 
the histopathological examinations obtained in the 
present study supported this findings. Our results are 
in accordance with those reported previously (22-24). 

There were limited number of experimental studies on 
scintigraphic agents which were used widely in coronary 
heart disease diagnosis and viability studies, in respect 
to the determination of the DOX-induced cardiac injury. 
In one study, the authors evaluated the kinetics of 
99mTc-MIBI in DOX-treated cultured chick heart cells (7) 
and they found a decreased accumulation of 99mTc-MIBI 
in the cells. Contrary to this findings, Yürekli et al. (8) 
found an increase in the  cardiac uptake of 99mTc-MIBI 
in the  DOX-induced acute cardiac injury in a in vivo 
model. In another study, where chronic cardiac injury 
assesed with 201Tl which has a different kinetic than 
99mTc-MIBI and show redistribution (9), it was found 
that T1-201 uptake after 180 minutes increased with the 
progression of histological score (9). 

The myocardial uptake results of 201Tl, we obtained in the 
early phase of cardiotoxicity, are inconsistent with the 
previous findings of chronic DOX-induced cardiotoxicity 
Miyagawa et al. (9). On the other hand, our findings 
displayed a 201Tl biodistribution patterns which were 
similar to those of the autoimmune myocarditis model 
of Tokita et al. (18). In the study, the total 201Tl uptake in 
myocarditis was significantly reduced in comparison to 
that of the controls in the acute phase, but it recovered 
to the control uptake in the chronic phase. Moreover, 

Table 1. Serum levels of Creatine Phosphokinase (CK), 
Lactate Dehydrogenase (LDH) activities of rats treated with 
DOX.

Group LDH (IU/ml) CK (IU/ml)

Control 286 ± 22 334 ± 27

Acute  673 ± 32*     949 ± 44 **

Subacute  983 ± 41*    651 ± 48 **

Table 2. Histopathological Changes in the Myocardium of 
Rats Treated with DOX.

Group n

Cardiyomyopathy 
score

Mononuclear cell  
infiltration score

median               
range

median                    
range

Control 6 0 0

Acute 6   4* (3-4) 2 * (1-3)

Subacute 6   3* (3-4) 2 * (2-3)

Values are the mean ± SD (n=6). Medians marked by the same superscript letters are 

not significantly different (p > 0.05). * and ** (p =  0.01) vs. control.

Values are the mean ± SD (n=6). Medians marked by the same superscript letters are 

not significantly different (p > 0.05). * and ** (p =  0.01) vs. control.
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the decrease in 201Tl uptake in myocarditis displayed 
close association with severity of the inflammation 
(25). In various clinical studies, it was reported that 
different types of perfusion defects may develop in the 
rest 201Tl scintigraphy (26,27). It was also claimed that 
the changes in the activities of the ion pumps and the 
ionophoric effect in sarcoplasm may play a role in the 
pathogenesis of myocarditis (28, 29).

As it is well known, T1-201 acts as a K+ analogue in 
mammalian cells and it is taken into the cell with Na/K 
ATPase (9,30,31). DOX affects the potassium level 
in various cells (32-36). In these studies conducted 
on kidney cortex and red blood cell invitro cellular 
cultures (32,33), a decrease was seen in the potassium 
ion content. In terms of cardiac electrolite level, there 
were limited data on “K” permeability in the acute 
single dose changes, intracellular “K” level decreases 
(34,35) and a moderate increase in chronic DOX injury 
(36).

Deterioration at cellular electrolyte level, which forms 
the possible explanation of the alterations of the cardiac 
biodistribution were placed among the first findings of 
the injury process (23).  In some studies associated with 
chronic DOX-induced cardiac injury, it was reported 
that the myocardial electrolyte changes occured before 
cellular alterations (23,36). It was suggested that 
these cellular alterations may result from increased 
permeability of the cell membrane or decreased activity 
of the energy-dependent ion pump located within the 
membrane (36).  Significant alterations were reported 
to occur in the activities of the Membrane-associated 
Ion Pumps, depending on the DOX and its metabolites 
(37,38). The alterations of the cardiac biodistribution 
obtained from the present study in the DOX-induced 
acute injury can be associated with the inhibition of the 
Na+/K+-ATPase pump in the sarcolemma,  that is being 
specifically one of these pumps (9,38).   

Histopathological changes in DOX groups were found 
similar to those of the literature (22,23,39-42). 
Extensive vacuolization in the cytoplasm, myofibrillar 
degeneration and necrosis were among the most 
typical findings of the classical light microscopy used 
on acute and chronic cardiac DOX-induced injuries (22, 
23,39-42). However, there were also studies reporting 
that DOX injury presented associated with myocardial 
inflammation, in addition to producing classical light 
microscopy findings (4,10,11). Inflammatory infiltration 
can be detected histologically in high acute doses (21,43) 
or at chronic toxicity in early stage (22,36,39,44). 
An increase was reported in the cardiac Indium-111-

antimyosin uptake in early period, even before the 
completion of chemotherapy cures in standard doses 
in patients who are given DOX treatment (14-16). 
Considering that the Indium-111-antimyosin was not 
specific to apoptosis (2,45), it was concluded that the 
inflammation in the myocard at early stage depending 
on the DOX can be associated with the occurrence of the 
sintigraphic results (14-16). 

Consequently, we concluded that the DOX-induced 
cardiac injury at early stage can be evaluated by 
201Tl and the findings may be associated with the 
myocardial inflammation. Due to the complicated 
mechanism of DOX injury, we strongly believe that 
the development stage of cardiac injury and the 
pathological findings should be taken into consideration 
in interpreting the radiopharmasotic studies to be 
conducted for the evaluation of the early and late 
stage cardiac injuries.

REFERENCES

1. Weiss RB. The anthracyclines: will we ever find a 
better doxorubicin? Semin Oncol 1992;19:670-86.

2. Panjrath GS, Jain D. Monitoring chemotherapy-induced 
cardiotoxicity: role of cardiac nuclear imaging. J Nucl 
Cardiol 2006;13:415-26.

3. Mason JW, Bristow MR, Billingham ME, Daniels JR. 
Invasive and noninvasive methods of assessing 
adriamycin cardiotoxic effects in man: superiority of 
histopathologic assessment using endomyocardial biopsy. 
Cancer Treat Rep 1978;62:857-64.

4. Shan K, Lincoff AM, Young JB. Anthracycline-induced 
cardiotoxicity. Ann Intern Med 1996;125:47-58.

5. Lu P. Monitoring cardiac function in patients receiving 
doxorubicin. Semin Nucl Med 2005;35:197-201.

6. Naruse H, Kondo T, Arii T, Morita M, Ohyanagi M, Iwasaki 
T, Fukuchi M. Comparative accuracy of various Tl-201 
reinjection imaging protocols to detect myocardial 
viability. Ann Nucl Med 1996;10:119-26.

7. Piwnica-Worms D, Chiu ML, Kronauge JF. Detection of 
adriamycin-induced cardiotoxicity in cultured heart cells 
with technetium 99m-SESTAMIBI. Cancer Chemother 
Pharmacol 1993;32:385-91.

8. Yurekli Y, Unak P, Ertay T, Biber Z, Medine I, Teksoz 
S. Radiopharmaceutical model using 99mTc-MIBI to 
evaluate amifostine protection against doxorubicin 
cardiotoxicity in rats. Ann Nucl Med 2005;19:197-200.



Decreased myocardial Tl-201 uptake in rats

Eur J Gen Med 2010;7(1):43-4948

9. Miyagawa M, Tanada S, Hamamoto K. Scintigraphic 
evaluation of myocardial uptake of thallium 201 and 
technetium 99m pyrophosphate utilizing a rat model 
of chronic doxorubicin cardiotoxicity. Eur J Nucl Med 
1991;18:332-8.

10. Gaudin PB, Hruban RH, Beschorner WE, et al. Myocarditis 
associated with doxorubicin cardiotoxicity. Am J Clin 
Pathol 1993;100:158-63.

11. Bristow MR, Billingham ME, Mason JW, Daniels 
JR. Clinical spectrum of anthracycline antibiotic 
cardiotoxicity. Cancer Treat Rep 1978;62:873-9.

12. Feeley KM, Harris J, Suvarna SK. Necropsy diagnosis 
of myocarditis: a retrospective study using CD45RO 
immunohistochemistry. J Clin Pathol 2000;53:147-9.

13. Carrio I, Estorch M, Berna L, et al. Assessment of 
anthracycline-induced myocardial damage by quantitative 
indium 111 myosin-specific monoclonal antibody studies. 
Eur J Nucl Med 1991;18:806-12.

14. Valdes Olmos RA, Carrio I, Hoefnagel CA, Estorch M, 
ten Bokkel Huinink WW, Lopez-Pousa J, Dalesio O. High 
sensitivity of radiolabelled antimyosin scintigraphy in 
assessing anthracycline related early myocyte damage 
preceding cardiac dysfunction. Nucl Med Commun 
2002;23:871-7.

15. Kremer LC, Tiel-van Buul MM, Ubbink MC, et al. Indium-
111-antimyosin scintigraphy in the early detection of 
heart damage after anthracycline therapy in children. J 
Clin Oncol 1999;17:1208.

16. Carrio I, Estorch M, Berna L, Lopez-Pousa J, Tabernero 
J, Torres G. Indium-111-antimyosin and iodine-123-MIBG 
studies in early assessment of doxorubicin cardiotoxicity. 
J Nucl Med 1995;36:2044-9.

17. Riou L, Ghezzi C, Wouessidjewe D, et al. Differential 
effects of cyclodextrins and derivatives on the biological 
behavior of the myocardial perfusion imaging agent 
99mTcN-NOET. Eur J Pharm Biopharm 2005;61:40-9.

18. Tokita N, Hasegawa S, Tsujimura E, Yutani K, Izumi T, 
Nishimura T. Serial changes in 14C-deoxyglucose and 
201Tl uptake in autoimmune myocarditis in rats. J Nucl 
Med 2001;42:285-91.

19. Lorentz K, Klauke R, Schmidt E. Recommendation for 
the determination of the catalytic concentration of 
lactate dehydrogenase at 37 degrees C. Eur J Clin 
Chem Clin Biochem 1993;31:897-9.

20. Sandifort CR. Effects of ethylenediaminetetraacetate 
on “CK-NAC” reagent stability and measured creatine 
kinase activities. Clin Chem 1977;23:2169-70

21. Saad SY, Najjar TA, Al-Rikabi AC. The preventive role 
of deferoxamine against acute doxorubicin-induced 
cardiac, renal and hepatic toxicity in rats. Pharmacol 
Res 2001;43:211-8

22. Saad SY, Najjar TA, Alashari M. Cardiotoxicity of 
doxorubicin/paclitaxel combination in rats: effect of 
sequence and timing of administration. J Biochem Mol 
Toxicol 2004;18:78-86.

23. Olson HM, Young DM, Prieur DJ, LeRoy AF, Reagan RL. 
Electrolyte and morphologic alterations of myocardium 
in adriamycin-treated rabbits. Am J Pathol 1974;77:439-
54.

24. Yagmurca M, Fadillioglu E, Erdogan H, Ucar M, Sogut 
S, Irmak MK. Erdosteine prevents doxorubicin-induced 
cardiotoxicity in rats. Pharmacol Res 2003;48:377-82.

25. Tsujimura E, Kusuoka H, Fukuchi K, et al. Changes in 
perfusion and fatty acid metabolism of rat heart with 
autoimmune myocarditis. Ann Nucl Med 2000;14:361-7.

26. Yamada T, Matsumori A, Tamaki N, Nohara R, Konishi 
J, Sasayama S. Indium-111 antimyosin antibody imaging 
and thallium-201 imaging a comparative myocardial 
scintigraphic study using single-photon emission 
computed tomography in patients with myocarditis and 
dilated cardiomyopathy. Jpn Circ J 1997;61:827-35.

27. Tamaki N, Yonekura Y, Kadota K, Kambara H, Torizuka 
K. Thallium-201 myocardial perfusion imaging in 
myocarditis. Clin Nucl Med 1985;10:562-6.

28. Waldenstrom A, Ronquist G, Fohlman J, Gerdin B, 
Ilback NG. Ionophoric interaction with the myocyte 
sarcolemma: a new insight into the pathophysiology 
of degenerative myocardial disease. Scand J Infect Dis 
Suppl 1993;88:131-4.

29. Radha Krishna Murthy K. Investigations of cardiac 
sarcolemmal ATPase activity in rabbits with acute 
myocarditis produced by scorpion venom (Buthus 
tamulus). Jpn Heart J 1982;23:835-42.

30. Poe ND. Rationale and radiopharmaceuticals for 
myocardial imaging. Semin Nucl Med 1977;7:7-14.

31. Strauss HW, Pitt B. Thallium-201 as a myocardial imaging 
agent. Semin Nucl Med 1977;7:49-58.

32. Gosalvez M, van Rossum GD, Blanco MF. Inhibition of 
sodium-potassium-activated adenosine 5’-triphosphatase 
and ion transport by adriamycin. Cancer Res 1979; 
39(1): 257-61.

33. Shinohara K, Tanaka KR. The effects of adriamycin 
(doxorubicin HCl) on human red blood cells. Hemoglobin. 



Doğan et al.

Eur J Gen Med 2010;7(1):43-49 49

1980;4:735-45.

34. Lazarus ML, Rossner KL, Anderson KM. Adriamycin-
induced alterations of the action potential in rat 
papillary muscle. Cardiovasc Res 1980;14:446-50.

35. Giri SN, Marafino BJ Jr. Effects of feed-pairing and 
different doses of doxorubicin on mortality and 
electrolyte changes in the mouse heart. Drug Chem 
Toxicol 1984;7:193-212.

36. Jaenke RS. Delayed and progressive myocardial lesions 
after adriamycin administration in the rabbit. Cancer 
Res 1976;36:2958-66.

37. Olson RD, Mushlin PS, Brenner DE, et al. Doxorubicin 
cardiotoxicity may be caused by its metabolite, 
doxorubicinol. Proc Natl Acad Sci U S A 1988;85:3585-9.

38. Boucek RJ Jr, Olson RD, Brenner DE, Ogunbunmi EM, Inui 
M, Fleischer S. The major metabolite of doxorubicin is 
a potent inhibitor of membrane-associated ion pumps. 
A correlative study of cardiac muscle with isolated 
membrane fractions. J Biol Chem 1987;262: 15851-6.

39. Billingham ME, Mason JW, Bristow MR, Daniels JR. 
Anthracycline cardiomyopathy monitored by morphologic 
changes. Cancer Treat Rep 1978;62:865–872.

40. Yi X, Bekeredjian R, DeFilippis NJ, Siddiquee Z, 
Fernandez E, Shohet RV. Transcriptional analysis of 
doxorubicin-induced cardiotoxicity. Am J Physiol Heart 
Circ Physiol 2006;290:1098-102.

41. Kajihara H, Yokozaki H, Yamahara M, Kadomoto Y, 
Tahara E. Anthracycline induced myocardial damage. 
An analysis of 16 autopsy cases. Pathol Res Pract 
1986;181:434-41.

42. Torti FM, Bristow MM, Lum BL, et al. Cardiotoxicity of 
epirubicin and doxorubicin: assessment by endomyocardial 
biopsy. Cancer Res 1986;46: 3722-7.

43. Mukherjee S, Banerjee SK, Maulik M, Dinda AK, Talwar 
KK, Maulik SK. Protection against acute adriamycin-
induced cardiotoxicity by garlic: role of endogenous 
antioxidants and inhibition of TNF-alpha expression. 
BMC Pharmacol 2003;3:16.

44. Dragojevic-Simic VM, Dobric SL, Bokonjic DR, et al. 
Amifostine protection against doxorubicin cardiotoxicity 
in rats. Anticancer Drugs 2004;15:169-78.

45. Narula J, Malhotra A, Yasuda T, et al. Usefulness of 
antimyosin antibody imaging for the detection of active 
rheumatic myocarditis. Am J Cardiol. 1999;84:946-50. 


