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Effect of pimobendan on cytokine levels in doxorubicin-induced cardiotoxicity
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Öz

Amaç: Doksorubisin (DOX) çeşitli insan kanserlerini tedavi etmede 
kullanılır, ancak kardiyotoksisitesi ve kalp yetmezliği etkileri nedeniy-
le kullanımı sınırlıdır. Pimobendan (PIMO) kalp yetmezliğini tedavi 
etmek için kullanılır. PIMO'nun proinflamatuar sitokinleri baskıladı-
ğı bildirilmesine rağmen, PIMO'nun kardiyotoksisitede antiinflama-
tuar sitokinler üzerindeki etkisi araştırılmadı. Bu çalışmanın amacı, 
PIMO'nun DOX ile indüklenen kardiyotoksisitede tümör nekrozis 
faktör-alfa (TNF-α), interlökin (IL)-6 ve IL-10 üzerindeki etkilerini 
belirlemektir.

Gereç ve Yöntem: 54 adet erkek Swiss fare Kontrol (n:6), DOX (n:24) 
ve DOX+PIMO (n:24) olarak gruplandırıldı. Kontrol grubuna intraperi-
toneal (İP) ve gavaj yöntemiyle fizyolojik tuzlu su verildi. DOX grubuna 
IP olarak tek doz 18 mg / kg DOX ve DOX+PIMO grubuna IP olarak tek 
doz 18 mg / kg DOX ve gavaj yoluyla 5 gün boyunca 1 mg / kg PIMO 
uygulandı. DOX uygulamasından 2, 24, 72 ve 120 saat sonra genel 
anestezi altında kalpten kan örnekleri alındı. Sitokin seviyeleri ELISA 
yöntemiyle ölçüldü.

Bulgular: Bu çalışma, DOX ile ilişkili kardiyotoksisiteye bağlı olarak 
proinflamatuar sitokinlerde artma ve antiinflamatuvar sitokinlerde 
azalma olduğunu gösterdi. PIMO uygulaması, TNF-α ve IL-6 artışını 
veya IL-10'un azalmasını engellemedi. Daha önce yapılan çalışmalar, 
kardiyotoksisitede PIMO'nun proinflamatuar sitokinler üzerindeki et-
kisine odaklanmıştır, ancak hiçbir çalışma PIMO'nun IL-10 düzeyinde-
ki etkisini değerlendirmemiştir. İlginç bir şekilde, bu çalışmada, PIMO 
IL-10 seviyelerini arttırmadı.

Öneri: PIMO'nun DOX ile indüklenen kardiyotoksisiteye karşı koruyu-
cu bir etkisi olmadığı ifade edilebilir.

Anahtar kelimeler: Kardiyotoksisite, sitokin, doksorubisin, pimo-
bendan.

Abstract

Aim: Doxorubicin (DOX) is used to treat various human cancers, but 
its use is limited due to its cardiotoxicity and heart failure effects. Pi-
mobendan (PIMO) is used to treat heart failure. Although PIMO has 
been reported to suppress proinflammatory cytokines no studies have 
investigated the effect of PIMO on antiinflammatory cytokines in car-
diotoxicity. The purpose of this study was to determine the effects of 
PIMO on tumor necrosis factor-alpha (TNF-α), interleukin (IL)-6 and 
IL-10 in the DOX-induced cardiotoxicity.

Materials and Methods: The 54 male Swiss mice were categorized as 
Control (n:6), DOX (n:24), and DOX+PIMO (n:24). The Control group 
received physiological saline solution intraperitoneally (IP) and ga-
vage. DOX group received a single IP injection of 18 mg/kg DOX, and 
DOX+PIMO group received a single IP injection of 18 mg/kg DOX + 1 
mg/kg PIMO SID for 5 days by gavage. Blood samples were collected 
from the heart by cardiac puncture under general anesthesia at 2, 24, 
72 and 120 h following DOX administration. Cytokines levels were me-
asured using ELISA.

Results: This study showed an increase in proinflammatory cytokines 
and a decrease in antiinflammatory cytokines, dependent on DOX-
induced cardiotoxicity. PIMO administration did not prevent TNF-α 
and IL-6 increase or IL-10 decrease. Previous studies have focused on 
the effect of PIMO on proinflammatory cytokines in cardiotoxicity, but 
no study has evaluated the effect of PIMO on IL-10 level. Interestingly, 
in the present study, PIMO did not increase IL-10 levels.

Conclusion: It may be stated that PIMO has no protective affect aga-
inst DOX-induced cardiotoxicity.
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Introduction

Heart failure is one of the most prominent cardiac specific 
effects of anthracyclines (Scherrer-Crosbie 2016). Cardi-
ac output inadequacy in meeting the organism’s metabolic 
demands is defined as heart failure (Anderson 2000). Heart 
disease that develops after cancer treatment is one of the le-
ading causes of mortality among cancer survivors (Ghigo et 
al 2016).

Anthracyclines are used to treat several types of cancer. The-
se drugs are listed in main drug list on the World Health Or-
ganization (WHO). There is great interest in the cardiotoxic 
mechanisms of anthracyclines, which remain unknown and 
is likely to be multifactorial (McGowan et al 2017). Over-pro-
duced reactive oxygen species and impaired iron metabolism 
have been reported as major mechanisms of anthracycline 
cardiotoxicity. Moreover, using antioxidants and iron chela-
tors are not beneficial in small clinical trials, which suggest 
that the redox cycle is not the only cause of doxorubicin 
(DOX)-induced cardiotoxicity (Ghigo et al 2016). Side effects 
of DOX and other chemotherapeutic drugs may be minimi-
zed by decreasing the production of inflammatory mediators 
though the use of inhibitors (Wong et al 2013). 

DOX, daunorubicin, epirubicin and idarubicin are the four 
most common anthracyclines. In clinical practice, DOX and 
daunorubicin have been firstly used (McGowan et al 2017). 
Doxorubicin is widely used a chemotherapeutic agent over 
30 years (Tacar et al 2013) in treatment of variety human 
cancers, including hematological malignancies and solid tu-
mors (Ghigo et al 2016).

The most exciting works in the field of inflammatory modula-
tion of heart failure have started with the discovery of the an-
ti-inflammatory activity of drugs already used in the therapy 
of heart failure, especially the phosphodiesterase inhibitors 
(Anderson 2000). Pimobendan (PIMO), a phosphodiesterase 
3 inhibitor, is a benzimidazole-pyridazinone derivative app-
roved by the US Food and Drug Administration for treatment 
of congestive heart failure in dogs (Boyle and Leech 2012). 
It increases quality of life and reduces the rate of morbid 
events in patients with heart failure (Matsumori 2008). 

Cytokines are an important factor in the pathogenesis of he-
art failure (Matsumori 2008, Mehra et al 2005). While blood 
TNF-α and IL-6 levels increase in patients with heart failu-
re, IL-10 levels decrease (Batista et al 2009, Pecoraro et al 
2016). TNF-α and IL-6 are proinflammatory cytokines, which 
exert a negative inotropic effect (Mehra et al 2005). On the 
contrary, IL-10 is an antiinflammatory cytokine that decre-
ases proinflammatory cytokine levels (Driessler et al 2004). 
This may be the basis for the therapeutic effect of IL-10 (Na-
kano et al 2001). DOX increases TNF-α and IL-6 levels, while 
it decreases IL-10 level in cardiotoxicity (Ghigo et al 2016, 
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Pecoraro et al 2016). PIMO decreases proinflammatory cyto-
kines and exerts a positive inotropic effect (Fuentes 2004).

Although PIMO has been reported to suppress proinflam-
matory cytokines (Iwasaki et al 1999, Wang et al 2015), no 
studies have investigated the effect of PIMO on antiinflam-
matory cytokines in cardiotoxicity. In the present study, we 
aimed to demonstrate the effects of PIMO on TNF-α and IL-6 
cytokine levels, mainly serum IL-10, and in DOX-induced car-
diotoxicity.

Materials and Methods

Animals

In the present study, 54 male Swiss mice (8–10 weeks old, 
30–35 g) were used. The study protocol was approved by 
the Ethics Committee of the Experimental Medicine Rese-
arch and Application Centre of Selcuk University (SUDAM, 
2016/20). During the experimental period, the mice were 
housed in standard mice cages and allowed water and food 
ad libitum. The mice were caged in a central facility under 
controlled conditions (12 h light/dark cycle and room tem-
perature of 20 ± 2°C) at SUDAM. 

Experimental procedure

The 54 mice were categorized into three groups as follows: 
Control, DOX, and DOX + PIMO. The Control group (n=6) re-
ceived physiological saline solution intraperitoneally (IP) 
injection and gavage administration of once a day (SID) for 
5 days; DOX group (n=24) received IP injections of 18 mg/
kg (Zhu et al 2010) DOX (Adriblastina vial, Deva, Istanbul, 
Turkey) single dose; and DOX+PIMO group (n=24) simulta-
neously received IP injections of 18 mg/kg DOX single dose 
+ gavage of 1 mg/kg PIMO (Iwasaki et al 1999) (Vetmedin 
tablet, Boehringer Ingelheim, Istanbul, Turkey) SID for 5 
days. Blood samples were collected from the heart via car-
diac puncture under general anesthesia (40 mg/kg sodium 
thiopental, IP, Pental sodium, IE Ulagay, Istanbul, Turkey) 
at 2, 24, 72 and 120 h after DOX administration and control 
animal. After the blood samples were taken, the mice were 
euthanized by cervical dislocation under general anesthesia 
and samples were stored at −80°C.

Cytokine measurements

The levels of TNF-α (Mouse TNFα Affymetrix eBioscience 
BMS607/3, Affymetrix eBioscience, San Diego, USA), IL-6 
(Mouse IL-6 Affymetrix eBioscience BMS603/2, Affymetrix 
eBioscience, San Diego, USA) and IL-10 (Mouse IL-10 Aff-
ymetrix eBioscience BMS614/2, Affymetrix eBioscience, San 
Diego, USA) were measured using enzyme linked immuno-
sorbent assay (ELISA) according to the manufacturer’s ins-
tructions.
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Statistical analyses

Results are presented as the mean ± standard error. TNF-α, 
IL-6 and IL-10 levels of each sampling time were analyzed 
using ANOVA and Duncan’s post-hoc test (SPSS 22.0). P < 
0.05 was considered to be statistically significant. 

Results

Serum levels of TNF-α, IL-6 and IL-10 are shown in Figures 1, 
2, 3, respectively. Significantly increases in TNF-α and IL-6 le-
vels were observed following single dose DOX-induced cardi-
otoxicity (P < 0.05). The application of PIMO for 5 days could 
not prevent increases in TNF-α and IL-6 levels, but it caused 
non-significant reductions during in the first 24 h (Figures 1 
and 2). DOX caused a decrease in IL-10 level at all sampling 
times. These decreases were significant (P < 0.05) at 72 and 
120 h and could not be prevented by PIMO (Figure 3).

Discussion

Cardiotoxicity, defined as “toxicity that affects the heart”, is 
a very broad condition including several phenomena, such 
as myocardial ischemia or infarction, cardiac dysfunction 
and heart failure, pericardial disease, valvular abnormalities, 
hypertension, and arrhythmias in the case of cancer treat-
ments (Scherrer-Crosbie 2016).

Because inflammation affects the pathogenesis of heart fai-
lure (Scully et al 2010), researchers in the fields of immuno-
logy and immunopathology over the past several years cause 
to perception as an "inflammatory disease" of heart failure 
in part (Anderson 2000). Patients with heart failure exhibit 
increased TNF-α and IL-6 levels. IL-6 is reportedly a strong 
prognostic indicator of mortality and morbidity in patients 
with heart failure and acute myocardial infarction (Blum 
2009).  In the present study, DOX administration increased 
TNF-α and IL-6 levels (Figure 1 and Figure 2), which are 
known to be increased in cardiotoxicity. This status has been 
reported by several previous studies in which DOX is used at 
different doses (Bagalkot et al 2009, Khafaga and El-Sayed 
2018, Matouk et al 2013, Mohamed et al 2004). Treatment of 
DOX-induced cardiotoxicity using different agents has been 
shown to decrease TNF-α levels and cardiotoxicity (Abdel-
Daim et al 2017, Khafaga and El-Sayed 2018, Matouk et al 
2013, Mohamed et al 2004). In the present study, PIMO did 
not prevent increases in TNF-α and IL-6 levels, but it caused 
a non-significant decrease at 2 and 24 h. PIMO inhibits the 
production of TNF-α and IL-6 (Iwasaki et al 1999, Wang et 
al 2015).

In patients with heart failure, IL-10 levels decrease (Batista 
et al 2009). When myocardial ischemia/reperfusion injury 
was induced in mice with IL-10 deficiency, a 75% mortality 
rate was observed. No deaths were observed among control 
mice (Yang et al 2000). Reportedly, treatment with recom-
binant IL-10, which is important in the recovery of cardiac 
cell damage in patients with a high ratio of TNF-α/IL-10, may 
be beneficial (Stumpf et al 2003). Interestingly, PIMO did not 
prevent the decline of IL-10 level (Figure 3). Although it has 
been reported that IL-10 decreases proinflammatory cytoki-
ne levels (Driessler et al 2004), no previous studies have in-
vestigated the effect of PIMO on cardiotoxicity-related IL-10. 
The results of the present study could have been by the high 
dose of doxorubicin and the insufficient dose of PIMO.

Conclusion

In conclusion, the use of DOX increased proinflammatory 
cytokine levels and decreased antiinflammatory cytokine le-
vels in the present study. The simultaneous administrations 
of DOX and PIMO did not prevent decrease in IL-10 levels and 
increase in TNF-α and IL-6 levels. These results may depend 
on the dose of PIMO and further studies should been inves-

Figure 1. Effect of DOX and DOX+PIMO administrations on TNFα (pg/mL) level

Figure 2. Effect of DOX and DOX+PIMO administrations on IL-6 (pg/mL) level

Figure 3. Effect of DOX and DOX+PIMO administrations on IL-10 (pg/mL) level
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tigated the effect of PIMO on IL-10 levels by increasing its 
dose.
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