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Abstract
In the present study, we investigated the cardioactive glycosides oleandrin and ouabain, and compared them to digoxin in 
a model of cardiotoxicity induced by doxorubicin. Adult rats were distributed into four experimental groups. Each group 
was challenged with a single intraperitoneal application of doxorubicin at a dose of 12 mg/kg. Then, they were treated with 
saline solution and the glycosides oleandrin, ouabain, and digoxin at a dose of 50 µg/kg, for 7 days. They underwent echo-
cardiography, electrocardiography, hematologic, biochemical tests, and microscopic evaluation of the heart. All animals 
presented congestive heart failure, which was verified by a reduction in the ejection fraction. Oleandrin and digoxin were 
able to significantly reduce (p < 0.05) the eccentric remodeling caused by doxorubicin. Oleandrin and digoxin were signifi-
cantly lower (p < 0.05) than the control group in maintaining systolic volume and left ventricular volume in diastole. Other 
parameters evaluated did not show significant statistical differences. All animals showed an increase in erythrocyte count, 
and an increase in the duration of the QRS complex on the ECG and myocardial necrosis at the histopathological analysis. 
It is concluded that the glycosides oleandrin, ouabain, and digoxin in the used dosage do not present therapeutic potential 
for the treatment of congestive heart failure caused by doxorubicin.
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Introduction

Congestive heart failure is an important syndrome caused 
by functional and structural abnormalities that impair the 
heart’s ability to accommodate or eject blood properly [1]. It 
is one of the major causes of death in humans [2]. The main 
goal of the treatment is to reduce clinical signs and improve 

the quality of life of the ones affected. Considering this, it is 
important to seek new therapeutic modalities [3].

Cardioactive glycosides (CGs) have been historically 
described as compounds isolated from different plants that 
can cause clinical signs related to the cardiovascular sys-
tem. They can inhibit the sodium–potassium pump, which 
leads to an increase in the intracellular calcium concentra-
tion and a positive inotropic effect. Yet the CGs have small 
differences in their structure, which determine peculiarities 
in their pharmacokinetics, pharmacodynamics, and effects 
on cardiovascular physiology [4]. Three of the most stud-
ied CGs are digoxin (DIG), oleandrin (OLE), and ouabain 
(OUA).

DIG was first described in 1785, and it is a metabolite 
isolated from the plant Digitalis purpurea [5]. Besides the 
positive inotropic effect, it also has a neuromodulatory 
action increasing the parasympathetic tonus, which reduces 
the activity in the sinoatrial and the atrioventricular node, 
and it is the drug of choice in cases of atrial fibrillation with 
high ventricular response [6].
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OLE is isolated from the plant Nerium oleander. It has a 
positive inotropic effect and high cytotoxic activity, which 
can lead to apoptosis. Experimentally, it has been used in 
the treatment of some types of cancer and HIV therapy. OLE 
also has an important pro-arrhythmic action [7, 8].

OUA was first isolated from plants of the genus Ako-
canthera sp. and Strophantus sp. Later it was identified as 
a metabolite of mammals [9]. It appears to be a stress hor-
mone, and its serum concentration is high in both physi-
ological and pathological events such as pregnancy, hyper-
tension, and congestive heart failure [10, 11]. It also has 
pro-inflammatory and anti-inflammatory properties depend-
ing on its concentration [12].

In order to study therapeutic potential of new cardioactive 
drugs, many animal models of heart disease may be used. In 
this regard, doxorubicin (DOX) is an anthracycline antibi-
otic and a chemotherapy agent widely used in the treatment 
of various types of cancer, especially hematological ones 
and breast cancer. It can cause congestive heart failure as 
one of its side effects, resulting in disease similar to dilated 
cardiomyopathy [13].

Considering the importance of alternative drugs, the aim 
of this research was to study the therapeutic effects of the 
glycosides OLE, OUA, and DIG in the treatment of conges-
tive heart failure induced by DOX, once they could result in 
good inotropic and neuromodulatory action. This evaluation 
was made by complementary exams like echocardiography 
and electrocardiography (ECG) that showed how mechanical 
and electrical activity of the heart behaved throughout the 
treatment. The hematological analysis, biochemical panel, 
and histopathology examination of the heart also contrib-
uted to understand better these glycosides mechanisms in 
the scenario.

Materials and Methods

All experimental procedures in this study were in accordance 
with the guidelines stated by the Ethical Principles in Ani-
mal Research adopted by the Brazilian College of Animal 
Experimentation (COBEA) and were approved by the Eth-
ics Committee in Animals Use of Universidade Federal de 
Minas Gerais (Protocol #74/2017). Our research was strictly 
carried out in accordance with these approved guidelines.

Glycosides and Reagents

The CGs OLE, OUA, and DIG were obtained by Sigma 
Laboratory® and were stored in an appropriate refrigera-
tor, at the average temperature of 1.1 to 3.3 °C. DOX used 
was Fauldoxo®, the commercial version present in hospi-
tals for chemotherapy. Commercial kits from Bioclin® were 
used to measure aspartate aminotransferase (AST), lactate 

dehydrogenase (LDH), creatinine, and urea. IDEXX® kits 
were used to measure symmetric dimethylarginine (SDMA) 
and a semi-quantitative immunoenzymatic test from Bio-
con® evaluated the cardiac troponin type I (cTnI).

Experimental Design

Twenty healthy rats underwent ECG exam (T0). After, all 
the animals were challenged with a single intraperitoneal 
shot of DOX at the dose of 12 mg/kg. The animals were 
randomly divided into four groups, with five animals each, 
and started to receive treatment with the CGs: the control 
group (G1) received just 0.1 mL of saline and other groups 
(2, 3, and 4) received cardiac glycosides (50 μg/kg), dis-
solved in 0.1 ml of saline by subcutaneous via, daily, at for 
7 days, as follows: group 2—OLE; group 3—OUA; group 
4—DIG. Selected dose was based on previous study of our 
research group [14].

Clinical Exam

All rats were clinically evaluated by veterinarians before and 
after the treatment. Behavior, spontaneous bleeding, bruises, 
dehydration, diarrhea, loss of appetite, and alterations in the 
breathing pattern were the parameters observed with pro-
posed evaluation score (Table 1). The minimum score is 0 
and 10 is the highest.

Electrocardiogram and Echocardiography

All rats were evaluated daily regarding their overall state 
and possible clinical alterations. Rats were anesthetized by 
isoflurane (Isoflurine®, at 2.5% during induction and 1.5% 
for maintenance; VetCase, Brasmed®) and placed in supine 
position in a wooden board. A six-channel non-invasive elec-
trocardiograph (ECG-PC version 2.07, Brazilian Electronic 
Technology—TEB, Belo Horizonte, MG, Brazil) was used. 
All procedures were performed in a quiet room to minimize 
stress. Readings were made in DII, at 50 mm/s, and 2 N. 
Recordings were made before therapy administration (T0), 
and seven days (T1) after.

Cardiac morphology and its mechanical function were 
evaluated in  vivo, with a non-invasive high-resolution 
echocardiographic system (VEVO 2100, VisualSonics®, 
Toronto, Canada). The equipment had two sector transduc-
ers with frequencies between 24 and 40 mHz. Animals were 
anesthetized and positioned on dorsal recumbence. Images 
were obtained on B mode and M mode by three transducers 
locations: right parasternal location, left cranial parasternal 
location, and left caudal (apical) parasternal location. Ejec-
tion fraction (EF), the fraction of shortening (FS), cardiac 
output (CO), systolic volume (SV), heart rate (HR), left ven-
tricular volume in diastole (VOLd), left ventricular volume 
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in systole (VOLs), left ventricular diameter in diastole 
(DIAMd), and left ventricular diameter in systole (DIAMs) 
were the parameters measured. The EF was obtained by 
Teicholz’s method on M mode. Recordings were made seven 
days (T1) after and compared with rats healthy.

Hematological and Biochemical Analysis

After 7 days of treatment (T1), all rats were anesthetized 
with isoflurane followed by intraperitoneal injection of Thio-
pental ® (100 mg/kg), and blood samples were collected 
from abdominal aorta. The blood was stored in tubes con-
taining EDTA 10% to hematological evaluation, was per-
formed by an automatic analyzer (PoCH100i®) and stored 
in tubes without anticoagulant for serum samplings. The 
biochemical serum profile was obtained through evaluation 
of the enzymes aspartate aminotransferase (AST) and lactate 
dehydrogenase (LDH), urea, and creatinine by spectropho-
tometry (TP Analyser®) using Bioclin® kits. SDMA was 
measured using IDEXX® kits in an appropriated.

IDEXX® analyzer and Troponin I (cTnI) were measured 
with immunochromatography kit (Biocon®).

Euthanasia

After the ECG, echocardiography, and collecting blood sam-
ples, the rats were euthanized  by overdose of isoflurane.

Histopathological Evaluation

Necropsy was performed immediately after euthanasia. For 
microscopic analysis, myocardial samples from four ani-
mals of each group were fixed in buffered formalin solu-
tion and embedded in paraffin. Serial Sects. (4 μm) were 
stained with hematoxylin and eosin. Myocardial samples 
from the remaining three animals of each group were fro-
zen at − 80 °C for Western blot analysis and oxidative stress 
estimation as described below.

Statistical Analysis

Data are presented as means ± SD. Normality of data distri-
bution was evaluated using the Kolmogorov–Smirnov test. 
Statistical significance of parametric data was determined 
by ANOVA, followed by Tukey’s test. Non-parametric data 
were compared by Kruskal Wallis’ test. Significance was set 
at p < 0.05. Data were analyzed using GraphPad Prism v.7.0 
(Systat Software Inc., USA).

Results

Clinical Examination

On the second day of the treatment, the animals of G2, 
treated with OLE, presented nasal bleeding. This group was 
the first to present clinical signs, suggesting that OLE has a 
faster effect compared to the other drugs. From the third day 
on, all animals from G1, G2, G3, and G4 presented modi-
fications to their behavior, such as prostration and reduced 
appetite. Diarrhea, nasal bleeding, and ocular bleeding, 
opaque, and goosebump fur, indicating dehydration, were 
also observed. All the rats received the maximum score on 
the clinical examination.

ECG

ECG records made on T0 did not show any abnormality. On 
T1, none of the rats presented any type of arrhythmia, and 
they all had sinus rhythm. All animals showed prolonga-
tion of QRS complex duration after treatments. QT interval 
duration and an increase in T-wave amplitude were observed 
only in G1.

G1, G2, and G3 presented normal HR, and G4 presented 
HR above the limit established for the species [15]. Table 2 
shows the results.

Table 1  Clinical exam of Wistar rats and proposed scores

Parameters Score

Behavior 0—Normal
1—Prostate

Spontaneous bleeding 0—No 
bleeding

1—Nasal 
bleeding

2—Nasal 
bleeding 
and ocular 
bleeding

3—Gen-
eralized 
bleeding

Diarrhea 0—Present
1—Absent

Dehydration 0—Present
1—Absent

Bruises 0—Absent
1—Only in 

one part of 
the body

2—In more 
than one 
part of the 
body

Loss of appetite 0—Present
1—Absent

Alterations in the breathing pattern 0—Present
1—Absent

Total 10
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Echocardiography

HR, DIAMs, and VOLs remained within the reference 
ranges for the species in all groups [16]. Groups 2, 3, and 
4 presented reduced EF, FS, DIAMd, VS, and VOLd. The 
CO was normal only in G2, treated with OLE. There was 
a significant difference between the groups in the CO, 
DIAMd, VOLs and SV. G2, treated with OLE, was capa-
ble of maintaining a normal CO and was better than G4, 
treated with digoxin when it comes to this parameter. G2 
and G4 were superior to control on reducing the DIAMd, 
which shows an effect of these glycosides on the cardiac 
remodeling. G2 and G4 also showed significantly reduced 
SV and VOLd when compared to control. The results are 
expressed in Fig. 1.

Hematology

None of the rats developed anemia. Red cells count and hem-
atocrit (Ht) were within the reference ranges in all groups, 
except in G3 that presented hematocrit (Ht) above the limits 
[16]. Hemoglobin (Hb) and the concentration of mean cor-
puscular hemoglobin (CMCH) were elevated in all groups. 
Mean corpuscular volume (MCV) was reduced only in G4. 
The mean corpuscular hemoglobin (MCH) was elevated in 
the control group and G4. All groups showed platelet count 
and white blood cells count extremely reduced (Table 3). 
Neutrophils (NEU), lymphocytes (LYMP), and eosinophils 
(EOS) were reduced in all groups when compared with refer-
ence ranges for the species [16]. (Fig. 2).

Serum Biochemistry Exams

Creatinine and SDMA levels were normal in all rats. Urea, 
AST, and LDH were elevated in all groups (Table 4). The 
cTnI was positive in only one rat of G4.

Histopathological Evaluation

Lesions observed macroscopically and microscopically were 
similar between the four groups, varying in extension and 
severity. G2, G3, and G4 were affected by DOX and by the 
CGs. During gross examination, the main findings were 
congestion in the heart, lungs, liver, kidneys, and spleen. 
Serum-hemorrhagic fluids were present in the abdominal 
cavity of all rats. Microscopically, it was possible to observe 
intracytoplasmic vacuoles in all groups, a common feature 
of DOX intoxication [17]. Myocardial edema, fragmenta-
tion in cardiomyocytes, myocardial pallor, eosinophilic and 
amorphous cytoplasm, nuclear pyknosis, cell nuclei of dif-
ferent sizes, and free red blood cells, indicating myocar-
dial hemorrhage, were also observed in all groups (Fig. 3). 
The most extensive and serious injuries were in G2. OLE 
had pronounced effects on cardiac muscle cells resulting 
in multifocal-to-coalescing lesions and more hemorrhagic 
areas. G1, G3, and G4 showed similar lesions, but they were 
less severe and had focal to multifocal distribution. G1 had 
damages caused exclusively by DOX, such as intracytoplas-
mic vacuoles and acute myocardial necrosis. G3 had disor-
ganization of cardiac tissue and cell nuclei of different sizes 
as principal lesions. In G4, myocardial pallor and necrosis 
were observed.

Discussion

The congestive heart failure was successfully induced by 
DOX that was verified by the clinical signs and reduced EF 
and FS on the echocardiographic exam. The used dose of 
12 mg/kg of doxorubicin was based on previous studies of 
the group [18] and is endorsed by other experiments [19, 
20]. The single dose was administered in order to cause 
severe and rapid onset on cardiotoxicity. In our previous 
studies, we observed an important response of single dose, 
especially regarding heart failure with low death cases in 

Table 2  Electrocardiographic 
parameters of Wistar rats 
challenged with doxorubicin 
and treated with saline (G1), 
oleandrin (G2), ouabain (G3), 
and digoxin (G4)

bits per minute heart rate, Pms P wave duration, PmV P wave amplitude, PRms PR interval duration, 
QRSms QRS complex duration, RmV R wave amplitude, TmV T-wave amplitude, QTms QT interval dura-
tion

Parameters G1 G2 G3 G4

FC (bpm) 369.25 ± 23.82 361.25 ± 31.55 391.40 ± 35.38 406 ± 27.88
P (ms) 30.75 ± 5.110 33.75 ± 1.299 32.80 ± 4.16 32 ± 5.83
P (mV) 0.0485 ± 0.0175 0.061 ± 0.0170 0.042 ± 0.014 0.055 ± 0.015
PR (ms) 44 ± 2.91 51.50 ± 10.80 50.40 ± 5.12 50 ± 6.67
QRS (ms) 53.75 ± 20.35 49.25 ± 10.42 47.20 ± 9.45 46.25 ± 9.28
R (mV) 0.176 ± 0.078 0.084 ± 0.049 0.093 ± 0.025 0.191 ± 0.085
T (mV) 0.12 ± 0.055 0.042 ± 0.025 0.030 ± 0.009 0.068 ± 0.021
QT (ms) 106.25 ± 20.47 91.50 ± 11.58 94 ± 13.007 87.75 ± 11.32
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compared to previous attempts at chronic doses. The gly-
cosides dosage of 50 µg/kg was also based on previous 
studies of the group [14], in which the glycosides OLE, 
OUA, and DIG were administered to healthy Wistar rats 
during 21 days and did not cause clinical  signs, arrhyth-
mias, or death. Considering this, the dose was chosen to 
continue the research about the effects on the cardiovas-
cular physiology and the therapeutic potential.

Clinical signs presented by the animals were thought 
to be caused by DOX, once the drug’s effects are widely 
known. DOX has a myelosuppressive action, diminishing the 
platelet count and other cellular types count [21], resulting 
in bleedings and bruises. Besides that, this chemotherapy 
agent is also capable of inducing diarrhea and dehydration 
by consequence [22]. Otherwise, it is important to notice 
that the clinical signs related to the digestive system could 

Fig. 1  Echocardiographic 
parameters of Wistar rats chal-
lenged with doxorubicin and 
treated with saline (CON), ole-
andrin (OLE), ouabain (OUA), 
and digoxin (DIG). A Mean and 
standard deviation for cardiac 
output (CO). B Mean and stand-
ard deviation for left ventricle 
diameter in diastole (DIAMd). 
C Mean and standard deviation 
for stroke volume (SV). D Mean 
and standard deviation for left 
ventricle volume in diastole 
(VOLd). *p < 0.05

Table 3  Hematologic 
parameters of Wistar rats 
challenged with doxorubicin 
and treated with saline (G1), 
oleandrin (G2), ouabain (G3), 
and digoxin (G4)

Erythrocyte count (×  103), Ht (%), Hb (g/dL), MCV (fL), MCH (pg), CMCH (%), platelets count (×  103)

Parameters G1 G2 G3 G4

Erythrocyte count 8.75 ×  103 ± 0.63 8.65 ×  103 ± 0.4 8.81 ×  103 ± 1.24 8.97 ×  103 ± 0.89
Ht 48.95 ± 3.68 47.5 ± 2.1 52.8 ± 3.4 48.8 ± 4.89
Hb 19.4 ± 1.7 18.5 ± 0.4 18.4 ± 2.70 18.93 ± 2.0
MCV 55.9 ± 0.8 53.9 ± 0.5 54.1 ± 2.1 43.3 ± 19.1
MCH 22.15 ± 0.52 21.3 ± 0.70 20.90 ± 0.4 27.00 ± 12.94
CMCH 39.9 ± 0.50 39.0 ± 0.90 38.6 ± 0.90 43.1 ± 7.69
Platelets count 42.75 ×  103 ± 31.2 9.3 ×  103 ± 2.0 29.48 ± 32.73 21.67 ± 2.64
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be caused by the glycosides as a manifestation of digitalis 
intoxication. Congestive heart failure itself could worsen the 
clinical signs.

At the moment, the main use of DIG in cardiology is due 
to its neuromodulatory effect, which can reduce HR and con-
vert atrial fibrillation into sinus rhythm [23]. ECG analysis 
did not show any arrhythmias. The HR of the rats in G1, 
G2, and G3 was normal, and it was above the limits in G4. 
None of the drugs appears to have a good neuromodulatory 
effect in the congestive heart failure caused by DOX, once 
rats that did not receive any treatment also presented normal 
HR. Even tough, OLE can act directly on the sinoatrial node 
and can enhance the parassimpatic activity [24]. OUA is 
also capable of increasing parasympathetic effects on the 
heart [25]. This can explain the normal HR in the groups 
treated with these drugs. DIG was not capable of reducing 
the rats HR.

Besides the effects on HR, all animals showed changes 
in the ECG that can be associated with congestive heart 

failure. QRS complex widening observed in the four 
groups can be explained by ventricular overload or pos-
sible branch block [26]. The QT interval prolongation 
and the increase in T-wave amplitude observed only in 
G1 show that there was a greater impairment of the ven-
tricular function in this group. The normal QT interval and 
normal T-wave in the treated groups can be explained by 
the direct effect of the glycosides on the electrical activity 
of the heart. CGs increase the intracellular content of cal-
cium when they block the NKA, what modifies the action 
potential of the cardiac cells and reduces the duration of 
the phase 2, diminishing the QT ,  interval [27]. That was 
a beneficial effect of the treatment applied, mainly because 
a prolonged QT interval is related to greater chances of 
development of serious arrhythmias, such as torsades des 
pointes [28].

In the echocardiographic examination, EF and FS were 
reduced in all groups, showing that the heart failure was 
induced and that none of the treatments was capable of 
improving these variables of systolic function. DOX 
depresses the cardiac function and causes a disease simi-
lar to dilated cardiomyopathy [29], which explains the 
impaired contractility.

Another important feature of heart failure caused by 
DOX is increased ventricular diameter [30] that was not 
observed in this study. The groups that received glyco-
sides had a DIAMd smaller than before the treatment. G2 
and G4 were statistically superior to control G1 in reduc-
ing the DIAMd, suggesting a possible protective effect of 
these glycosides against myocardial dilation after DOX 
administration. A smaller DIAMd was observed in a 
donkey accidentally intoxicated with extracts of Nerium 
oleander, plant that contains OLE [31]. In another study, 
rats treated exclusively with DIG also showed myocardial 
hypertrophy [32]. OUA is also capable of reducing DIAMd 
[33], as observed. The VOLd and SV were significantly 
smaller in G2 and G4 when compared to control, these 
can be explained by the reduced DIAMd and consequently, 
accommodation of less volume in the heart cavity. Besides 
that, the SV is related to EF and CO, parameters that were 
also diminished. The VOLs and DIAMs did maintained 
the normal values and seem to be variables that take a 
longer period of exposure to DOX to suffer modifications 
[20, 34, 35]. The normal CO observed in G2 may be due 

Fig. 2  Mean and standard deviation for eosinophils absolute count 
(EOS) of Wistar rats challenged with doxorubicin and treated with 
saline (CON), oleandrin (OLE), ouabain (OUA), and digoxin (DIG)

Table 4  Biochemical 
parameters of Wistar rats 
challenged with doxorubicin 
and treated with saline (G1), 
oleandrin (G2), ouabain (G3), 
and digoxin (G4)

Creatinine (mg/dL), Urea (mg/dL), AST (I.U/L), LDH (I.U/L)

Parameters G1 G2 G3 G4

Creatinine 0.38 ± 0.09 0.37 ± 0.10 0.39 ± 0.16 8.97 ×  103 ± 0.89
Urea 103.55 ± 26.21 69.47 ± 17.60 71.68 ± 16.60 62.0 ± 14.23
AST 255.11 ± 82.96 262.24 ± 248.90 836.67 ± 1349 445.82 ± 570.50
LDH 720.50 ± 526.76 1068.3 ± 968.21 3766.25 ± 5736.13 2675 ± 3747.99
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to increased contractility. OLE can enhance the cardiac 
contraction [36], although there is not much information 
about that in the literature.

Normal Ht and red blood cells count probably occurred 
because there was not enough time to observe these cell type 
destruction, once their half-life is long [16]. Dehydration 
could also be responsible for the relative polycythemia. The 
increase in Hb and CMHC is compatible with hemolysis and 
oxidation that can be a result of DOX’s action in the cells 
as well as the glycoside’s action. The NKA is present in all 
cell membranes, including the erythrocytes, which allows 
glycosides to bind to them and cause oxidative damage [37]. 
Reduced MCV and elevated CMH in G4 indicate greater 
oxidative damage in this group.

All animals showed marked thrombocytopenia. DOX has 
a negative action on the platelet’s count, once it promotes 
oxidation of the platelet’s membranes, causing lesions [38]. 
Besides that, OUA and DIG can activate and modulate plate-
lets, reducing their circulation [39, 40]. There are also case 
reports showing that DIG can cause thrombocytopenia [41, 
42]. This action is directly associated with the presentation 
of diarrhea, nasal, and ocular bleeding, confirming the dis-
turbance of hemostasis caused by DOX in all groups.

Leukopenia observed is a direct effect of DOX action 
[43]. All the white blood cells types count were reduced. 
That may have been a synergistic effect between DOX and 
the glycosides, worsening the condition. Both OUA and 
DIG are capable of increasing the leukocytes migration to 
the tissues, reducing their serum concentration [44, 45]. 
OLE reduces the expression of interleukins involved in the 
synthesis of cyclooxygenase-2 (COX-2), resulting in anti-
inflammatory action [46]. G2 had an EOS’s count signifi-
cantly smaller than control group, showing that OLE has a 
negative impact on this cell type. Lymphopenia is a com-
mon alteration associated with chemotherapy. DOX causes 
impairment of the bone marrow and several inflammatory 
cytokines [47]. Our study presented low levels of LYMP 
with no significant differences between groups, suggesting 
that CGs and DOX may have a synergistic action in reducing 
lymphocyte count. This finding may implicate in a worse 
prognosis once the immune system response is impaired 
[48].

Creatinine and SDMA levels were within the reference 
ranges for the species. Urea was above the limits in all 
groups. Dehydration diagnosed on clinical examination can 
explain the elevated urea. The rats were followed up for a 

Fig. 3  Heart histological sections of Wistar rats challenged with 
doxorubicin and treated with saline, oleandrin, ouabain, and digoxin. 
A Heart histology of a Wistar rat challenged with doxorubicin and 
treated with saline, showing intracytoplasmic vacuoles. B Heart his-
tology of a Wistar rat challenged with doxorubicin and treated with 
oleandrin, showing an extensive hemorrhagic area. C Heart histology 
of a Wistar rat challenged with doxorubicin and treated with olean-
drin, showing eosinophilic and amorphous cytoplasm, indicating 

necrosis. D Heart histology of a Wistar rat challenged with doxoru-
bicin and treated with oleandrin, showing nuclear pyknosis and intra-
cytoplasmic vacuoles. E Heart histology of a Wistar rat challenged 
with doxorubicin and treated with ouabain, showing disorganization 
of cardiac muscle cells and nuclei of different sizes. F Heart histology 
of a Wistar rat challenged with doxorubicin and treated with digoxin, 
showing nuclear pyknosis. HE staining. Bars = 50 µm
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week, a short period of time, which may have made it dif-
ficult to assess kidney damage.

AST and LDH were above the reference limits in all 
groups, showing that all rats had muscle injuries. The rise 
in the levels of these enzymes also indicates liver damage. 
DOX can diminish cytochrome P-450 and glutathione levels 
in rat’s liver [49], which can explain the results found. OUA 
has direct action in the liver [50], and OLE is also capable 
of inducing liver damage [51], what may have intensified 
DOX’s effects in this organ. The cTnI, a specific cardiac bio-
marker of cardiac necrosis, was positive in only one animal 
of G4. The test used to measure the cTnI only gives positive 
results if the protein concentration is more than 0.5 ng/mL, 
which explains the negative results. Besides, DOX does not 
seems to cause significant elevation in cTnI levels [52, 53].

DOX and glycosides caused important myocardial necro-
sis. The intracytoplasmic vacuoles are common lesions 
observed in DOX’s cardiotoxicity [54]. OLE, OUA, and DIG 
also cause severe damage to the cardiomyocytes [55–57], as 
noted in the rats of the study.

In the conditions that the experiment was conducted, it 
is possible to conclude that the glycosides OLE, OUA, and 
DIG do not have a therapeutic potential in the treatment of 
heart failure induced by DOX. These drugs were not able 
to optimize the cardiac parameters evaluated on the echo-
cardiography and ECG. In fact, they caused serious dam-
ages to the hematological and biochemical analysis, as well 
as to the cardiac tissue, and early sign of kidney and liver 
damage. Our results indicate that cardiac glycosides, even at 
low doses, may be prejudicial to heart failure treatment, and 
further research is necessary to understand both pharmacoki-
netics and pharmacodynamics of these digitalis-like drugs.
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