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Introduction

One of the most e�ective chemotherapeutic agents used for 
treatment of hematological and solid tumors is doxorubicin (Dox) [1]. 
However, Dox causes a dose-dependent cardiotoxicity that may lead 
to irreversible heart failure by di�erent pathogenic mechanisms which 
have not been completely elucidated [2]. A progressive reduction of 
le� ventricular function, observed as decrease in fractional shortening 
and ejection fraction measured by M-mode, is observed in a signi�cant 
proportion of patients during the course of Dox therapy, and life-
threatening congestive heart failure is observed [3-5]. Production of 
reactive oxygen species, calcium imbalance, mitochondrial damage, 
and apoptosis are considered in Dox cardiotoxicity condition [2,6-
8]. Regarding such potential causes for cardiotoxicity it is possible to 
infer that �avonoids which have been studied and showed free radical 
scavenging properties [9,10] and mesenchymal stem cell (MSC) 
transplantation replacing injuried cells and due to its paracrine e�ects 
and multipotent properties to produce cells with some cardiomyocytes 
characteristics [11,12] may have bene�cial e�ects toward heart function 
improvement.

Echocardiography has a leading role in the routine assessment and 
diagnosis of cardiac diseases and it is a safe study method due to its 
non-ionizing characteristic [13,14]. Le� ventricular ejection fraction 
is the most commonly used measure to assess le� ventricular systolic 
function, is well established, with strong prognostic and therapeutic 
implications, nevertheless it may not always be satisfactory in all cases 
[14]. Other measures of myocardial contractility can provide valuable 

additive information, as longitudinal function using tissue Doppler 

data or speckle tracking algorithms [14]. Tissue Doppler imaging is 

useful in quantifying regional myocardial function, but has a signi�cant 

limitation of Doppler angle dependency. �e recently developed strain 

echocardiography, based on speckle tracking imaging technology, 

enables the evaluation of myocardial function independent of 

ultrasound beam direction [15]. Strain echocardiography has provided 

quanti�cation of regional myocardial systolic function objectively and 

is less in�uenced by tethering e�ects and cardiac translational artifact 

than Doppler tissue imaging [14]. Along with echocardiography, other 

examinations as electrocardiography (ECG), radiography, computed 

tomography, magnetic resonance imaging, measurement of serum 

cardiac biomarkers including C-reactive protein (CRP), N-terminal 

pro-B-type natriuretic peptide (nt-proBNP), troponin T (TnT), 

creatine kinase MB (CK-MB), and lactate dehydrogenase (LDH) are 

important diagnostic tools in the evaluation of cardiac function [16-

*Corresponding author: Maira Souza Oliveira, Av. Antônio Carlos, 6627 Caixa 

postal 567, Belo Horizonte, MG, 30123-970, Brazil, Tel: +55 31 34092250; Fax: + 

55 31 34092230; E-mail: maira_oliveira@yahoo.com 

Received November 29, 2012; Accepted December 13, 2012; Published 

December 15, 2012

Citation: Oliveira MS, Melo MB, Carvalho JL, Melo IM, Lavor MSL, et al. (2013) 

Doxorubicin Cardiotoxicity and Cardiac Function Improvement After Stem Cell 

Therapy Diagnosed by Strain Echocardiography. J Cancer Sci Ther 5: 052-057. 

doi:10.4172/1948-5956.1000184

Copyright: © 2013 Oliveira MS, et al. This is an open-access article distributed 

under the terms of the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the 

original author and source are credited.

Abstract

Doxorubicin (Dox) is one of the most effective chemotherapeutic agents; however, it causes dose-dependent 

cardiotoxicity. Evaluation of left ventricular function relies on measurements based on M-mode echocardiography. 

A new technique based on quantification of myocardial motion and deformation, strain echocardiography, has 
been showed promising profile for early detection of cardiac dysfunction. Different therapy strategies, such as 
flavonoid plant extracts and stem cells, have been investigated to improve heart function in toxic cardiomyopathy. 
This work aimed to assess early cardiac function improvement after treatments with either flavonoid extract from 
Camellia sinensis or mesenchymal stem cells in Dox cardiotoxicity using strain echocardiography. Twenty Wistar 

rats were randomly assigned to four groups. They received water (control, Dox, Dox + stem cells) or 100 mg/kg 

C. sinensis extract (Dox + C. sinensis) via gavage, daily, for four weeks. Animals also received saline (control)

or 5 mg/kg doxorubicin (Dox, Dox + C. sinensis, Dox + stem cells) via intraperitoneal injection, weekly, for four

weeks. Stem cells were injected (3 × 106 cells) through tail vein prior the beginning of the experiment (Dox + stem

cells). Animals were evaluated by hematological, electrocardiography, echocardiography, and histopathological

examinations. Dox cardiotoxicity was only diagnosed with strain echocardiography, detecting a decrease in

ventricular function. C. sinensis extract did not prevent ventricular dysfunction induced by Dox. However, strain

echocardiography examination revealed that Dox cardiotoxicity was significantly suppressed in rats treated with
stem cells. In conclusion, strain echocardiography was able to detect precocity signs of heart failure and stem cell

therapy showed cardioprotection effect against Dox cardiotoxicity.
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18]. Some reports have already shown di�erences between M-mode 
and strain parameters in Dox-cardiotoxicity models [19,20]. However, 
strain echocardiography was not compared with di�erent cardiac assays 
at the same time and it was not used to assess therapeutical bene�ts in 
diseased subjects. �is work was aimed to evaluate the ability of strain 
echocardiography to detect early ventricular dysfunction and cardiac 
improvement a�er MSC and �avonoid extract from Camellia sinensis 
treatments in a Dox-cardiotoxicity model.

Materials and Methods

Animals

Twenty male Wistar rats weighing 180–200 g were evaluated. �ey 
were weighted weekly and were housed in 12 h dark-light manner with 
food and water available ad libitum. All experimental protocols were 
in accordance with the guidelines of the Institutional Animal Care 
and Use Committee of the Federal University of Minas Gerais, Brazil 
(CETEA, protocol number 176/2010). 

Experimental groups

Animals were randomly categorized into four groups: control 
(distilled water orally (P.O.) daily; saline intraperitoneal (I.P.) weekly); 
Dox (distilled water P.O. daily; 5 mg/kg Dox I.P. weekly); Dox + C. 

sinensis (100 mg/kg C. sinensis extract P.O. daily; 5 mg/kg Dox I.P. 
weekly); Dox + MSC (distilled water P.O. daily; 5 mg/kg Dox IP 
weekly; MSC via intravenous injection). Distilled water and plant 
extract (1 ml) were given through gavage procedure, which was �rst 
performed three days prior, the beginning of the experiment (�rst Dox 
injection). �e C. sinensis extract used contains polyphenols > 80%, 
catechins > 80%, epigallocatechin > 45%, and ca�eine < 1% detected 
by high performance liquid chromatography analysis as informed by 
the manufacture. �e MSCs were isolated from adipose tissue of Lewis 
LEW-Tg (EGFP) F455.5/Rrrc rats, which were obtained from the Rat 
Resource and Research Center (Missouri, USA). Adipose tissue derived 
MSCs were isolated as previously described, with minor modi�cations 
[21]. Brie�y, inguinal adipose tissue was collected from 6-week-old 
rats, washed with phosphate-bu�ered saline (PBS) and digested with 
0.15% collagenase II for 1 hour. Collagenase activity was inhibited by 
the addition of fetal bovine serum (FBS) and the digested tissue was 
centrifuged at 330 g for 10 min. Pellet was suspended in basal media and 
plated in T75 tissue �asks. Basal media was composed of Dulbecco’s 
Modi�ed Eagle’s medium – high glucose supplemented with 10% 
FBS, 100 U/ml penicillin, 100 mg/ml streptomycin and 250 ng/ml, 
amphotericin B. Cell cultures were kept in a humidi�ed atmosphere 
with 5% CO

2
 at 37°C. �e mesenchymal population was isolated based 

on its ability to adhere on the culture plate. At 80-90% con�uence, cells 
were detached using 0.25% trypsin-EDTA and replated in other �asks 
at 1:3 ratios. Cells were cultured up to the fourth passage and, then, 
were categorized by �ow cytometry as expressing the surface molecules 
CD54, CD73, CD90, and lacking for CD45. Cells (3 × 106) were washed 
and re-suspended in saline (200 µl) and injected through tail vein 72 h 
prior the beginning of the experiment. At the end of the experiment, 
animals were anaesthetized and sacri�ced by overdose of iso�urane 48 
h a�er the last fourth Dox injection. A time line for the experimental 
procedures is shown in Figure 1.

Electrocardiography 

Computer ECG tracings were 10 min long. Heart rate, heart 
rhythm, and the measurement of waves and intervals were evaluated. 
ECG was recorded in 50 mm / s and 2N, animals were anaesthetized 
using 2.5% iso�urane for induction and were placed in supine position. 

Traces recorded prior the beginning of the experiment were compared 
to those recorded at the end.

Echocardiography

Echocardiography images were obtained in bidimensional (2-D), 
M-mode, Doppler, and strain (speckle-tracking) examinations. Rats 
were anaesthetized using 2.5% iso�urane for induction and were placed 
in supine position. Examinations were performed in the last day of the 
study by the same blind examinator following the recommendations of 
the American Society of Echocardiography. 

Conventional echocardiographic measurements were obtained 
from gray scale M-mode images, at the midpapillary level in the 
parasternal short axis view. Conventional measurements of the le� 
ventricle included: end-diastolic diameter, end-systolic diameter, 
anterior and posterior wall thicknesses, ejection fraction, and fractional 
shortening. 

Echocardiographic speckle-tracking based strain measures 
of myocardial deformation were obtained from 2D gray scale 
echocardiography images acquired from the parasternal long- and 
short-axis views. Strain, strain rate, velocity and displacement were 
quanti�ed in the longitudinal and radial axes. In accordance with 
myocardial �ber orientation at varying levels of the le� ventricle wall, 
longitudinal strain is most representative of myocardial shortening at 
the level of the endocardium, whereas radial strain is at the level of 
the mesocardium. All images were acquired at an average frame rate 
of 220 frames per second and at an average depth of 11 mm. Strain 
analyses were conducted using a speckle-tracking algorithm provided 
by VisualSonics (VevoStrain, VisualSonics, Toronto, Canada). In 
brief, suitable B-mode loops were selected from digitally acquired 
echocardiography images based on adequate visualization of the 
endocardial border and absence of image artifacts. �ree consecutive 
cardiac cycles were selected for analysis based on image quality. Semi 
automated tracing of the endocardial and epicardial borders were 
performed and veri�ed over all three cardiac cycles and, then, corrected 
as needed to achieve good quality tracking throughout each cine 
loop. �erea�er tracked images were processed in a frame-by-frame 
manner for strain measurements. Each long- and short-axis view of 
the le� ventricle myocardium was divided into six standard anatomic 
segments for regional speckle-tracking based strain analysis throughout 
the cardiac cycle. For global strain values, velocity, displacement, strain 
and strain rate measurements were averaged across all six segments.

Clinical pathology

Blood samples were collected at the end of the study by 
cardiocentesis in tubes with EDTA for determination of hematological 

Figure 1: Time line of the experimental procedures. BW: body weight, ECG: 

electrocardiography, MSC: mesenchymal stem cell, inj.: injection, Dox: 

doxorubicin.
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and serum biochemical parameters. Hemogram was performed with 
an electronic cell counter except the white cell di�erential counting 
which was done by the microscopic identi�cation of 100 cells in blood 
smear stained with May-Grunwald Giemsa. Plasma was harvested 
a�er centrifugation at 3000 rpm for 10 min, for determination of 
the serum biochemical parameters CK, CK-MB, LDH, and aspartate 
aminotransferase (AST) using kinetics method in spectrophotometer.

Pathological analysis

Necropsy was conducted and hearts were weighted and heart 

weight/body weight ratio was obtained to infer cardiac enlargement. 

Hearts were sectioned along the longitudinal axes and half of them 

were �xed in 10% neutral bu�ered formalin, para�n embedded, and 

stained with hematoxylin and eosin for further histopathological 

analysis on light microscopy.

Assessment of mesenchymal stem cell engra�ment in rat 

cardiac tissues

�e other half of each heart was used for detection of the enhanced 

green �uorescent protein (eGFP) gene using polymerase chain 

reaction (PCR). eGFP gene detection reaction involved genomic 

DNA isolation using DNAzol® reagent and following manufacturer’s 

instructions. A triplex reaction was performed containing the following 

primers: LWS 455 5F: AACCTCCCAGTGCTTTGAACGCTA, 

LWS 455 5R: GGTGCAAGCCTCAACTTCTTTGT and U3r-4: 

ATCAGGGAAGTAGCCTTGTGTGTG. Wild type Lewis rats show 

amplicons with approximately 400 bp whilst for eGFP positive Lewis 

rats are 100 bp. Samples of heterozygous or containing genetic material 

from animals of di�erent genotypes contain amplicons of both sizes.

Statistical analysis

All variables were submitted to normality and homoscedasticity 
analyses and, then, it was performed analysis of variance (ANOVA). 
Parametric variables and those with normal distribution a�er 
logarithmic transformation (serum biochemical variables) were 
studied by Student-Newman-Keuls (SNK) post test. Signi�cance was 
considered for 5% (p<0.05). Analyses were done in R (2.11 version) 
so�ware program.

Results

Clinical parameters and pathological analysis

Six of the 20 animals died through the experimental period: Dox 

group (n=2), Dox + C. sinensis group (n=2) and Dox + MSC group 

(n=2). Early deaths were detected in Dox, Dox + C. sinensis, and Dox 

+ MSC groups on days 19, 20 and 22 a�er the �rst Dox injection, 

respectively. Although six animals died, the remaining sample 

comprised by 14 animals �tted all basic principles for performing 

a robust statistical analysis. All animals that received Dox injection 

showed weight loss compared to control, mainly Dox and Dox + C. 

sinensis groups (p<0.05). At necropsy, hearts were weighted and the 

heart weight / body weight ratio was assessed and it was signi�cantly 

higher for Dox and Dox + C. sinensis groups compared to others. 

Results are summarized in Table 1. 

Electrocardiography

ECGs revealed no arrhythmias. �e major �nding was an increase 
and enlargement in T waves whose amplitude was either equal to or 
higher than R waves. Such condition was detected on groups Dox + C. 

sinensis (n=2) and Dox (n=1).

Echocardiography

Echocardiography examination showed le� ventricular 

dysfunction in Dox group, compared to control (p<0.05), indicating 

that cardiotoxicity was e�ectively induced in the sample studied. 

Injection of MSC signi�cantly promoted le� ventricular function 

with respect to untreated Dox group. Table 2 summarizes the data. 

Radial velocity aand radial displacement parameters were signi�cantly 

decreased in Dox and Dox + C. sinensis groups. On the other hand, 

animals from Dox + MSC group showed similar measurements to the 

control group. Global measurements of myocardial velocity (Figure 2) 

and displacement (Figure 3) were also decreased in Dox and Dox + 

C.sinensis groups, compared to others. 

Mesenchymal stem cell engra�ment

Cell engra�ment was evaluated in host cardiac tissue by PCR analysis 
a�er 33 days of MSC intravenously injection. No GFP-positive MSCs 
were detected on rat heart tissues by PCR analysis. �e lack of diagnosis 
may be attributed to the fact that only a sample of the tissue was used to 
DNA extraction (samples were required for histopathological analysis) 
and that MSCs had been injected intravenously rather than in situ.  

Discussion

Regarding the high incidence of cancer in the population worldwide 
and the importance of doxorubicin cardiotoxicity, this research shows 
that the side e�ects of chemotherapy on the heart may be early detected 
by strain echocardiography. Such approach is of great importance for 

Groups

Parametersa Control Doxorubicin
Doxorubicin + 

stem cells

Doxorubicin + 

C. sinensis

Body weight (g) 264.8(31.1) 133.3(22.0)* 203.0(54.8)*† 117.3(28.7)*

Hw / Bw ratio (x103) 3.9(0.4) 4.7(0.1)* 3.5(0.6) 5.3(0.8)*

RBC (x106/µl) 6.1(0.6) 6.9(2.4) 5.9(0.3) 5.7(0.1)

WBC (x103/µl) 6.3(3.4) 7.2(5.5) 5.8(3.6) 8.7(3.3)

CK (U/l) 1565(2291) 1079(439) 1103(300) 949(648)

CK-MB (U/l) 752(675) 619(90) 536(466) 528(530)

LDH (U/l) 755(650) 625(465) 814(207) 448(357)

Urea (mg/dl) 54(9) 40(15) 22(18) 39(3)

Creatinine (mg/dl) 0.5(0.04) 1.7(2.2) 0.7(0.5) 0.5(0.06)

aHw / Bw ratio: heart weight/body weight ratio; RBC: red blood cell count; WBC: 

white blood cell count; CK: creatine kinase; CK-MB: creatine kinase isoenzyme; 

LDH: lactate dehydrogenase; * p < 0.05 vs. Control; † p < 0.05 vs. Doxorubicin

Table 1: Body weight, heart weight/body weight ratio, hematological, and serum 

biochemical parameters [mean (standard deviation)] obtained from Wistar rats by 

the end of the experimental period.

Groups

Parameters Control Doxorubicin
Doxorubicin + 

stem cells

Doxorubicin + 

C. sinensis

Radial Strain 

Velocity (cm/s) 1.95(0.4) 1.02(0.4)* 1.94(0.6)† 1.08(0.2)*

Displacement (mm) 0.90(0.2) 0.49(0.2)* 0.80(0.2)† 0.51(0.2)*

Strain (%) 21.7(2.8) 13.0(7.3) 33.3(25.4) 11.0(4.2)

Strain rate (1/s) 5.7(0.5) 3.9(0.5) 5.9(2.3) 3.7(0.3)

M-mode

Ejection fraction (%) 70.7(3.9) 60.8(13.0) 73.6(1.9) 63.6(4.1)

Fractional shortening (%) 41.6(2.7) 33.4(9.2) 43.6(1.6) 35.2(3.5)

* p < 0.05 vs. Control; † p < 0.05 vs. Doxorubicin

Table 2: Strain and M-mode echocardiography parameters for ventricular 

function [mean (standard deviation)] obtained from Wistar rats by the end of the 

experimental period.
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allowing premature medical intervention in order to prevent secondary 
damages. Moreover, stem cell therapy using MSCs shows a promising 
improvement on le� ventricular function against Dox-cardiotoxicity 
which is detected in advance with strain echocardiography.

Even though no alteration was observed on conventional 
echocardiography measurements, ECG examination and 
histopathology in the Dox group, the occurrence of death, weight loss, 
and the values recorded on strain analysis indicate clinical intoxication 
if compared with the control group. Death, weight loss, vomiting and 
diarrhea are commonly reported side e�ects of Dox administration, in 
accordance with others using the same animal model [22,23]. Animals 
from the Dox + C. sinensis group had the most signi�cant body weight 
loss probably due to a combination of gastrointestinal toxicoses in 
addition to the use of green tea extract. �is combination increments 
both the metabolic activity and the diuresis [24], improving the weight 

loss regardless of the fact that neither water intake nor urinary debt 
were measured in this study. Besides death occurrence and body weight 
loss, no alterations were detected either at clinical pathology or at 
histopathological analysis, indicating that the Dox-related heart disease 
was not severe in this sample. Similar to our results in a previous report 
[22], rats that received Dox showed body weight loss, decreased core 
body temperature, and atrial and ventricular arrhythmias; but no 
evidence of focal degeneration, in�ammation or �brosis, which are 
indicative of cardiomyopathy, had been detected on histopathological 
examinations either. Additionally, body weight loss seems to be the 
reason for the high cardiac enlargement index founded on Dox and 
Dox + C. sinensis groups. It is known that high heart-weight/body-
weight ratio may be considered as an index for cardiac enlargement 
[25]. Regarding the sample studied, and taking into consideration that 
cardiac enlargement was not observed in either echocardiography or 
histopathological analysis, such high ratio mainly re�ects the body 
weight loss. Furthermore, serum biochemical parameters, such as CK, 
CK-MB and LDH are considered in the assessment and monitoring 
of cardiac toxicity [22]. Our results, which showed normal serum 
biochemical pro�le, may be explained by the short exposure to the 
drug, which was not long enough to promote alterations in these values.   

Major ECG abnormalities detected due to Dox-cardiotoxicity are 
atrial and ventricular arrhythmias [3,5,22]. Cardiac arrhythmias were 
not diagnosed in the sample studied, which may be explained by the 
severity of the cardiac damage or by the 10-minute length evaluation. 
As cardiac arrhythmias have a transitory occurrence, the 10-minute 
recording may not have been enough for the diagnosis, since in a 
similar Dox cardiomyopathy model it was detected atrioventricular 
block and ventricular and atrial extrasystoles in animals evaluated with 
telemetry [22]. �e only ECG abnormalities detected were tall-peaked 
T waves, which are generally related to electrolyte imbalance, mainly 
hyperkalemia [26]. Even though potassium serum measurement had 
not been performed, it is possible to infer from poor score condition 
that rats were in electrolyte imbalance. Like in the present study, such 
ECG �ndings were also reported by other researchers studying the 
same heart disease model [22]. 

Echocardiographic �ndings on Dox-induced cardiotoxicity 
indicate le� ventricular dysfunction, mainly decreasing values of 
ejection fraction and fractional shortening [3,5,20,22]. However, 
such alterations are frequently detected only when the patient had 
already developed heart failure. �erefore, early-time point diagnosis 
is needed, mainly at subclinical stage of the disease, requiring a more 
precise and accurate evaluation of the ventricular function [2,27]. 
Strain echocardiography enables the study of myocardial function 
independently of the ultrasound beam direction [15], providing 
quanti�cation of regional myocardial systolic function with higher 
e�ciency than Doppler tissue imaging [14], and with higher speci�city 
than conventional measures [19,20,28]. In the present data, both 
the ejection fraction and the fractional shortening remain normal, 
although changes in such parameters are, indeed, reported for Dox-
induced cardiomyopathy in experimental studies [20,29,30]. �ese 
studies, however, were performed with either higher doses of Dox, or 
intravenous injections or patients remained in treatment for a longer 
time, leading to a more severe cardiac damage and, as a consequence, 
lower ejection fraction and fractional shortening values. Furthermore, 
case report studies describe that patients under Dox chemotherapy are, 
indeed, kept in treatment for longer periods of time [4,5]. �erefore, 
it is possible to infer whether the animals had been kept in treatment 
for a longer time or had been using a higher dose of Dox, so that the 
changes in M-mode dependent variables could have been detected. �e 

Figure 2: Illustrative 3D parametric displays of global left ventricle radial 

velocity with the Vevo strain software in one Wistar rat of each experimental 

group: control (A), doxorubicin (B), doxorubicin + stem cell (C), doxorubicin 

+ Camellia sinensis (D). The upper value of each graph was highlighted to 

better visualization.

Figure 3: Illustrative 3D parametric displays of global left ventricle radial 

displacement with the Vevo strain software in one Wistar rat of each 

experimental group: control (A), doxorubicin (B), doxorubicin + stem cell 

(C), doxorubicin + Camellia sinensis (D) The upper value of each graph was 

highlighted to better visualization.
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lack of diagnosis by conventional echocardiographic measures may 
be due to limitations of the technique itself, for in di�erent cardiac 
pathologies the myocardial wall deformation becomes distorted, 
misleading the evaluation either with M-mode or 2D [28]. On the other 
hand, ultrasound deformation imaging obtained by speckle tracking, 
i.e. strain echocardiography, provides more-sensitive marker of early 
myocardial dysfunction compared with standard echocardiography 
[14,15,28], supporting our �ndings. Besides the Dox-cardiotoxicity, 
in the present research strain echocardiography also detected an 
improvement on le� ventricular function of Dox treated animals which 
received MSC through tail vein, prior the beginning of the experiment. 
However, the �avonoid extract from C. sinensis had no protective e�ect 
in the heart, although studies have demonstrated that antioxidants 
from natural sources preserve heart from toxic damage [9,10,31,32]. 
�erea�er it is possible to infer that a higher dose of the extract may 
be required; or that epigallocatechin - the major component of the 
extract - presents limited potential to disrupt Dox toxicity; or even 
that other pathological mechanisms, instead of the oxidative stress 
hypothesis, are involved, as highlighted by the First International 
Workshop on Anthracycline Cardiotoxicity [2]. On the other hand, 
the MSC e�ectively preserved myocardial function and, in reality, 
global radial strain parameters were similar than those recorded in the 
control group. Recently it was reported that high doses of MSCs (up to 
6 × 106 cells to a single mice) did not lead to any toxic e�ect or death 
[33]. So, it is possible to infer that the amount of MSC injected in the 
animals is a safe dose and the death occurrence in the MSCs treated 
group is due to toxicity of the doxorubicin, instead of the cell therapy. 
�e fact that GFP positive cells were not detected in cardiac tissue 33 
days a�er injection suggests that engra�ment of MSC was either absent 
or very low. �erefore it is very likely that the MSC protective e�ects 
were instead associated with the release of mediators which in�uence 
the survival, di�erentiation, and proliferations of host tissue cells, via 
paracrine e�ects [11,12]. Among these mediators it has been reported 
the expression of VEGF, iNOS, and connexin-43, a GAP junction 
protein [34,35]. Although the lack of detection of MSC in heart tissue, 
our group and others as well have already been demonstrating that 
such cells are able to migrate to sites of tissue injury and in�ammation 
[36,37], even a�er intravenous injection when a signi�cant number 
of cells are mostly trapped in the microvasculature of the lung due to 
their size and the adhesion potential [37]. It was also seen that systemic 
delivery of manipulated MSC indeed provides a feasible therapeutic 
approach, as demonstrated by the analysis of the migration behavior 
of MSC in photogenic transgenic rats that express �uorescent and/or 
luminescent proteins [38], thus supporting the methodology applied to 
this work. Similar to this present research, other researchers working 
with di�erent disease models also failed to detect the presence of the 
stem cells in the host organs, although the bene�cial e�ects due to cell 
therapy were also observed [39,40].

In conclusion, both the Dox-induced cardiotoxicity and the 
ventricular improvement a�er stem cell therapy were only detected 
in advance with strain echocardiography. Although the results of this 
work are promising, more studies are necessary to determine how early 
and precise the strain echocardiography can detect ventricular function 
alterations in this setting. 
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