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To the Editor,
Doxorubicin (Adriamycin), an anthracycline antibiotic, is 

used in the treatment of a variety of cancers, often in combina-
tion chemotherapy. Despite being a potent antitumor reagent, the 
use of doxorubicin is severely limited by its well-documented, 
dangerous, dose-dependent side effect of development of car-
diomyopathy leading to congestive heart failure. The incidence 
of cardiotoxicity is in direct correlation with the cumulative dose 
of doxorubicin; however, cardiomyopathy may develop in some 
patients at lower doses. 

There has been a growing effort in research aiming to 
eliminate or palliate doxorubicin-induced cardiotoxicity. Many 
mechanisms of doxorubicin-induced cardiomyopathy have been 
proposed, with mitochondrial dysfunction and generation of oxi-
dative stress being most frequently mentioned (1). Interestingly, 
among the many drugs that are being proposed to ameliorate 
doxorubicin-induced cardiotoxicity, metformin, (N,N-dimethyl-
imidodicarbonimidic diamide), a broadly used oral drug with few 
side effects, is used for the treatment of type 2 diabetes (2). The 
molecular mechanism of action of metformin is believed to be 
via the activation of AMP-activated protein kinase (AMPK) (3). 
The notion that metformin may reduce cancer risk came from 
a retrospective type 2 diabetes cohort study in the United King-
dom (4). Metformin monotherapy was shown to be associated 
with lower risk of colon and pancreatic cancers but not breast 
or prostate cancers (4). Later, it was confirmed that metformin 
use was indeed associated with lower cancer mortality in type 
2 diabetes (5). In a mouse breast cancer cell xenograft study, 
metformin was also shown to synergistically enhance the effect 
of doxorubicin and prevent recurrence (6). Therefore, it is now a 
generally accepted concept that metformin use is beneficial with 
better outcomes in cancer treatment, particularly in type 2 dia-
betes patients. The question is how exactly metformin works in 
ameliorating the cardiotoxicity induced by doxorubicin? To date, 
activation of AMPK seems to be the most plausible candidate, 
at least according to in vitro studies (7). Many in vivo studies 
revealing the effects of metformin in alleviating the adverse side 
effects of doxorubicin have focused on biochemical changes 
such as reduction in free radical generation and mitochondrial 
damage (1, 8). The paper by Argun et al. (9) entitled “Cardiopro-
tective effect of metformin against doxorubicin cardiotoxicity in 
rats” published in this issue of the Anatolian Journal of Cardiol-

ogy took a slightly different approach. In this in vivo study, the 
authors used echocardiography as a direct readout to demon-
strate the beneficial effect of metformin. Rats treated with doxo-
rubicin had significant deterioration in their left ventricular (LV) 
functions. Metformin cotreatment, however, effectively reversed 
the many adverse side effects induced by doxorubicin, includ-
ing histopathological changes in cardiac tissue, cardiomyocyte 
apoptosis, and LV functions. Specifically in M-mode measure-
ments, changes in LV end-systolic dimension and interventricu-
lar septum thickness were effectively reversed. Ejection fraction 
and fractional shortening were also somewhat improved with 
metformin cotreatment.

However, there are several limitations to this study. First, 
the dosage of metformin seems on the higher end (250 mg/kg/
day for 14 days). The normal suggested maintenance dose of 
metformin for adult type 2 diabetes patients is about 2.000 mg/
day. Therefore, the metformin dose used in this study greatly 
exceeded the normal accepted clinical guidelines for type 2 
diabetes treatment. Although metformin generally has few side 
effects, the authors did not mention any abnormal signs with the 
animals treated with metformin. Second, cardiac functions were 
only measured by echocardiography. Addition of hemodynamic 
assessments, including dP/dt (Doppler- or catheter-derived), 
would have been complementary and confirmatory for the echo-
cardiography results. 

This study is not the first to use echocardiography to assess 
cardiac functions in the research field of doxorubicin. For ex-
ample, recently, Chang et al. (10) demonstrated the beneficial 
effects of angiotensin receptor blockers (ARBs) in preventing 
doxorubicin-induced cardiotoxicity in rats. Although the clinical 
application of ARBs for reducing doxorubicin-induced adverse 
effects is debatable, the use of metformin is so far reached now 
such that the study by Argun et al. (9) should have much more 
translational value. To date, the majority of the clinical investi-
gations have focused on cancer survival rate in type 2 diabetes 
patients. Maybe it is time that more efforts are put into the car-
diac protection effect of metformin in patients receiving doxo-
rubicin treatment.
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