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ABSTRACT
Objective: Doxorubicin (DOX) is a well-known cardiotoxic agent, whereas sacubitril/valsartan (Sac/Val) is an effective treatment option in heart
failure. In this study, we aimed to evaluate the effect of Sac/Val on DOX-induced cardiotoxicity in pretreatment mice model.
Methods: A total of 24 mice were equally classified into 4 groups; control group, DOX (20 mg/kg; fifth day), Sac/Val (80 mg/kg), and Sac/Val+DOX
(Sac/Val was given from day one of the study before doxorubicin administration). Electrocardiography parameters, including durations of QRS,
ST, QT, PP segment, and QT/PQ index were measured. Total antioxidant status (TAS), total oxidant status (TOS), tumor necrosis factor-α (TNF-α),
interleukin 1β (IL-1β), IL-6, NT-proBNP concentrations, and Caspase 3 activity were evaluated.
Results: At the end of the 9-day study duration, QRS, ST, QT intervals, QT/PQ index and TAS, TOS, TNF-α, IL-1β, IL-6 levels were significantly
higher in the DOX group than in the control group (p<0.001). Moreover, there were significant differences only in the PP interval when comparing the Sac/Val+DOX and control groups (p<0.001). QRS, ST, QT intervals, and QT/PQ index, TAS, TOS, TNF-α, IL-1β, IL-6 levels were significantly lower in the Sac/Val+ DOX group compared with the DOX group (p<0.001). Furthermore, NT-proBNP levels were lower in the Sac/Val+DOX
group compared with the DOX group along with less Caspase 3 apoptosis.
Conclusion: Sac/Val seems to be cardioprotective against DOX-induced cardiotoxicity in pretreatment mice model. These findings can be
attributed to the antiarrhythmic, anti-inflammatory, antioxidant, and antiapoptotic effects of Sac/Val as shown in this study.
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Introduction
Cancer is the most common cause of mortality worldwide
after circulatory system diseases (1). Cancer is not the only
cause of death in patients with cancer. The side effects of
cancer therapy lead to an increase in the frequency of cardio-

vascular diseases or the acceleration of the existing pathobiology (2). In the last decades, the development of treatment
modalities, increase in screening methods, and the emergence of cardio-oncology have reduced such undesirable
consequences (3). However, cardiotoxicity, which is defined
as functional or structural impairment of the myocardium
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Anthracycline group chemotherapeutics are indispensable in many tumor treatments.
Reducing the cardiotoxic effects of anthracyclines is an
important issue in cardio-oncology. A pretreatment
strategy is recommended to avoid cardiotoxic effects.
The main finding of this study was that sacubitril/valsartan, an angiotensin receptor-neprilysin inhibitor, was
protected from DOX-induced cardiotoxicity in a pretreatment mouse model.

caused by anthracyclic group drugs, is one of the most common problems (4).
In the anthracycline group, cardiotoxicity occurs in 1 of 4
patients receiving doxorubicin (DOX), and the initial performance of the myocardium cannot be achieved with the current
standard cardioprotective therapy in approximately half of
these patients (4, 5). The main mechanism of DOX-induced
cardiotoxicity is currently known as the accumulation of reactive oxygen species and inflammatory cytokines, blocking the
antioxidative mechanism and increasing apoptosis in cardiocytes (6, 7). Molecular evidence of cardiotoxic insults has
been associated with an increase in angiotensin II type 1 (AT1)
and natriuretic peptide levels in embryogenetic animal studies
(8, 9). Sac/Val is a crystalline compound formed by the combination of neprilysin inhibitor prodrug sacubitril and angiotensin
receptor blocker valsartan (10). Both animal and clinical studies have shown that Sac/Val as secondary or tertiary care is
beneficial, especially in clinically overt heart failure (10, 11).
However, the European Society of Medical Oncology published
that the use of prophylactic therapies with cardioprotective
agents may be considered in patients with normal left ventricular ejection fraction (LVEF) and cardiovascular risk factors
who are scheduled to undergo anticancer therapy with known
cardiotoxic agents (3).
Of note, to the best of our knowledge, there is no study
describing the potential prophylactic effect of Sac/Val. In this
study, we tested the hypothesis that Sac/Val prophylactic treatment could protect cardiac function in DOX-induced cardiomyopathy pretreatment mice model.

Methods
Drugs and chemicals
Doxorubicin hydrochloride was purchased from Kocak
(İstanbul, Turkey) and sacubitril/valsartan complex from Novartis
(İstanbul, Turkey). Murine total antioxidant status (TAS), total
oxidant status (TOS), tumor necrosis factor-α (TNF α), interleukin 1β (IL-1β), and IL-6 (Shanghai Sunred Biological Technology
Co. Ltd., Shanghai, China), N-terminal pro-B type natriuretic
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peptide (NT Pro-BNP) (Sinogeneclon Co. Ltd., Hangzhou, China)
enzyme-linked immunosorbent assay (ELISA) kits were used. All
other chemical agents were of analytical purity.
Experimental protocols and ethical plan
Balb-c mice (4–6 weeks old/18–20 g) were acclimated to
their environment for 1 week before any study procedures.
Animals were kept on a 12-hour light/12-hour dark cycle at
22±2°C with a relative humidity of 60%±5%. The mice had free
access to food and water after acclimating to laboratory conditions for 1 week. Twenty-four mice were randomly divided into
groups (n=6) as shown in Table 1; the control group (CONTROL),
Sac/Val group (Sac/Val), Dox group (DOX), and Sac/Val+Dox
group (Sac/Val+DOX). The mice in the CONTROL and DOX groups
were administered an equal volume of perioral 0.9% saline (2.5
mL/kg) for 9 days. On the fifth day in the CONTROL group, one
hour after the perioral saline administration, intraperitoneal (IP)
saline (20 mg/kg) was administered. In the DOX group, one hour
after the perioral saline administration, single dose IP DOX (20
mg/kg) was administered (12). The mice in the Sac/Val+DOX and
Sac/Val groups were administered perioral Sac/Val (80 mg/kg
sacubitril+valsartan 1/1 complex) in 0.9% saline by gavage for 9
days. On the fifth day, in the Sac/Val+DOX group, one hour after
perioral Sac/Val administration, single dose of IP doxorubicin (20
mg/kg) was administered (13-15). In addition, 0.9% perioral
saline was administered to the CONTROL and DOX groups to
check for any potential effects of oral gavaging, and 0.9% IP
saline was administered to CONTROL and Sac/Val groups to
check for any potential effect of IP injection. All the analyses
were performed at the end of 9 days. The study was conducted
in accordance with the guidelines of the Declaration of Helsinki.
All the animals were used in accordance with protocols and
policies approved by the Local Institutional Animal Care and Use
Committee and in accordance with all provisions of the Public
Health Service Policy on humane care and use of laboratory
animals (Approval No: 65202830-050.04.04-418, Date: 2020/06/25).
Table 1. Study protocol
Groups

1-4th day

5th day

6-9th day

Control

Saline (PO)

Saline (PO)

Saline (PO)

Saline (PO)
Sac/Val

Sac/Val (PO)

Sac/Val (PO)

Sac/Val (PO)

Saline (IP)
Dox

Saline (PO)

Saline (PO)

Saline (PO)

Doxorubicin (IP)
Sac/Val+Dox
Sac/Val (PO)

Sac/Val (PO)

Sac/Val (PO)

Doxorubicin (IP)
Doses of treatment: 0.9% saline PO; IP (2.5 mL/kg; 20 mL/kg); doxorubicin IP (20 mg/kg);
Sac/Val PO (80 mg/kg).
Dox - doxorubicin, IP - intraperitoneal, PO - perioral, Sac/Val - sacubitril/valsartan
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Electrocardiography evaluation
Electrocardiography (ECG) was obtained as previously
defined (16). The mice were anesthetized by xylazine hydrochloride (5 mg/kg IP) and ketamine hydrochloride (50 mg/kg IP). ECG
records were obtained on conscious animals at the end of 9
days (Televet II Kruuse, Heusenstamn, Germany). The extremities of the mice were cleaned with alcohol to protect the flow of
electricity. ECGs were recorded for derivation II (DII) with alligator clips (Televet 100®). All ECG papers were scanned, uploaded
to the computer, magnified at a speed of 200 mm/sec and 40 mm/
mV electrical calibration, and measured with digital image processing software (Televet 100 ECG version 7.0.0). ECG parameters included PQ interval, PP interval, QT interval, QRS duration,
ST interval, and QT/PQ cardiomyopathy index (16, 17). ECG was
recorded at least for 5 minutes to determine the aforementioned
most reliable intervals in DOX-induced cardiotoxicity as previously described (16, 17).
Measurement of oxidant-antioxidant, cytokines activity,
and NT-proBNP level
TAS, TOS, TNF-α, IL-1β, and IL-6 activity content were determined using the commercial ELISA kits (Sunred, China). After
cutting heart samples, weight was checked and phosphate buffered saline (PBS) pH 7.4 was added. Rapidly frozen liquid nitrogen
maintained samples at 2°C–8°C. Heart tissue homogenates were
prepared according to the manufacturer’s instructions and centrifuged for 20 minutes at a speed of 2000–3000 rpm. All the absorbances were determined with an ELISA reader at a wavelength of
450 nm. TAS activity was expressed as U/g tissue, and TOS activity was expressed as nmol/g tissue. TNF-α, IL-1β, and IL-6 levels
were expressed pg/tissue. Blood samples were obtained from the
hearts of mice under anesthesia (after 9 days). The samples were
centrifuged at 3053 g for 5 min within 1 hour of collection. Serum
was collected and stored at −80°C. Aliquots were used one time,
not subjected to freeze-thaw cycles for testing. Serum NT-proBNP
levels were measured (Microplate washer RT 2100-2600) according to the manufacturer’s instructions with ELISA using a Mouse
NT-pro BNP Kit (SG-30273, Sinogeneclon, China). NT-proBNP level
was expressed as pg/mL.
Histochemical analysis of the specimens
After electrocardiographic examination, the mice were sacrificed by cervical dislocation. Heart tissues were fixed in 10%
formol for 24–48 hours for histochemical examinations. Tissues
were washed under a stream for 1 night to remove the fixative.
The tissues were dehydrated for 20 minutes in 70%, 80%, and
96% ethyl alcohol series respectively and kept in 4 different
acetone series for 20 minutes. The tissues were exposed to 2
different xylene for 30 minutes each for transparency; and after
immersion with paraffin, the tissues were embedded in hard
paraffin blocks. Sections of 5μ thickness were cut using a rotary
microtome (RM 2255, Leica). Examinations were performed in a
blinded manner.
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Hematoxylin-eosin protocol
The sections taken were kept in an oven at 60°C for one night
for deparaffinization process. The first was then subjected to 3
different xylene for 20 minutes (in the oven), and the other 2 for
10 minutes. Sections were stained with hematoxylin (01562E,
Surgipath, Bretton, Peter Borough, Cambridgeshire) for 10 minutes after rinsing with distilled water. Sections passed through
serial absolute alcohol after staining were kept in xylene and
then sealed with entellan (UN 1866, Merck, Darmstadt, Germany).
Immunohistochemistry protocol
The sections were first kept in a 60°C oven for one night and
then subjected to 3 changes of xylol for 30 minutes for transparency. The tissues were treated with trypsin and washed 3 times
with PBS. They were incubated for one hour with blocking solution (TA125-UB, Lab Vision, Fremont, CA, USA). Primary antibody
was kept with mouse specific anti-Caspase 3 (Bs-0081R, Bioss,
USA) at +4°C for one night. The sections washed with PBS were
then treated with diaminabenzidinamine (DAB) (Roche, Germany)
to determine the visibility of the immunohistochemical reaction.
After painting the sections washed with distilled water, they
were closed with entellan (UN 1866, Merck, Darmstadt,
Germany). Anti-Caspase 3 antibody staining was performed to
determine the distribution of Caspase 3 molecules in heart cells.
To determine the distribution of these molecules between
groups, semi-quantitative measurements were made in the
heart tissue. The scoring was done as follows; 0 for each data:
No positive staining; +: Slightly positive staining; ++: Moderate
positive staining; +++: Strong positive staining.
Statistical analysis
Statistical analyses were performed with the Statistical
Package for Social Sciences version 25 (IBM Corp., Armonk, NY,
USA). All the data were expressed as mean ± standard deviation. All the data were tested for normality using the ShapiroWilk normality test. One-way analysis of variance was applied,
and Tukey post-hoc test was used for multiple comparisons. The
Kruskal-Wallis variance analysis was used to evaluate the significance of the differences in immunohistochemical results of
Caspase 3. The data of histochemical findings were presented
as median [interquartile range (IQR)]. The Dunn-Bonferroni posthoc method was performed as a result of Kruskal-Wallis. P values <0.05 were considered statistically significant two-sided.

Results
Effect of Sac/Val on electrocardiography parameters
ECG parameters were measured as described previously and
are presented in Figure 1 and Table 2. On the fifth day, DOX administration alone caused a significant increase in QRS duration
(19.83±0.75 ms vs. 11.50±0.62 ms), ST interval (42.17±1.72 ms vs.
25.17±1.11 ms), QT interval (62.50±2.00 ms vs. 36.67±1.33 ms), and
QT/PQ index (1.66±0.06 vs. 0.74±0.03) in the DOX group compared
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Table 2. Comparison of ECG parameters of study groupsa, b
Variables

Control

Sac/Val

Dox

Sac/Val+Dox

QRS (ms)

11.50±0.62

12.33±0.81#

19.83±0.75*

14.00±0.89#

ST (ms)

25.17±1.11

26.33±0.80#

42.17±1.72*

27.00±1.12#

QT(ms)

36.67±1.33

38.00±1.03#

62.50±2.00*

41.00±0.86#

PP (ms)

142.67±3.29 135.33±2.11# 20.33±1.20*

22.00±1.15*

PQ (ms)

50.00±2.00

52.67±0.84#

37.67±1.74*

45.00±1.44&

QT/PQ index

0.74±0.03

0.72±0.03#

1.66±0.06*

0.92±0.04#

aVariables are expressed as mean ± standard deviation
bn=24

*P<0.001 compared with control
&P<0.05 and #P<0.001 compared with Dox
One-way ANOVA post-hoc Tukey
Dox - doxorubicin, ECG - electrocardiography; PP - PP interval, PQ - PQ segment, ST - ST
interval, QRS - QRS duration, QT - QT interval, QT/PQ - QT interval divided by the PQ
segment, Sac/Val - sacubitril/valsartan

Figure 1. Quantitative evaluation of PP interval, PQ segment, QRS
duration, ST interval, QT interval, and the cardiomyopathy index (QT/
PQ) from lead II tracings

with the CONTROL group (p<0.001 for all comparisons). In addition,
in the Sac/Val+DOX group in which sacubitril/valsartan had been
administered before DOX administration, QRS duration (14.00±0.89
ms; 19.83±0.75 ms), ST interval (27.00±1.12 ms; 42.17±1.72 ms), QT
interval (41.00±0.86 ms; 62.50±2.00 ms), and QT/PQ index (0.92±0.04;
1.66±0.06) were significantly lower than in the DOX group (p<0.001
for all comparisons). The PP interval (20.33±1.20 ms; 142.67±3.29
ms) was significantly shorter in the DOX group than in the
CONTROL group (p<0.001). Similarly, in the Sac/Val+DOX group,
the PP interval (22.00±1.15 ms vs 142.67±3.29 ms) was significantly
shorter than in the CONTROL group (p<0.001). In addition, PQ segment (37.67±1.74 ms vs. 50.00±2.00 ms) were significantly shorter
in DOX group than in the CONTROL group (p<0.001). Furthermore,
the PQ interval (45.00±1.44 ms vs. 50.00±2.00 ms) in the Sac/
Val+DOX group was significantly shorter than in the CONTROL
group (p<0.05). QRS duration (12.33±0.81 ms vs. 19.83±0.75 ms), QT
interval (38.00±1.03 ms vs. 62.50±2.00 ms), ST interval (26.33±0.80
ms vs. 42.17±1.72 ms), and QT/PQ index (0.72±0.03 vs. 1.66±0.06)
were shorter in the Sac/Val group than in the DOX group (for all
p<0.001). However, in the Sac/Val group, the PP interval (135.33±2.11
ms; 20.33±1.20 ms) and PQ interval (52.67±0.84 ms; 37.67±1.74 ms)
were longer than in the DOX group (for all p<0.001).

Effect of Sac/Val on antioxidant-oxidant, cytokines activity,
and NT-proBNP level
Biochemical parameters were presented in Table 3. TNF-α
(11735.81±317.66 pg/g vs. 6785.87±345.33 pg/g), IL-1β (735.62±47.45
pg/g vs. 321.22±11.29 pg/g), IL-6 (8696.60±293.88 pg/g vs.
4565.28±5990.51 pg/g), and TOS (308.93±23.88 nmol/g;
155.04±16.00 nmol/g) levels were significantly higher in DOX
group compared with CONTROL group (p<0.001 for all comparisons). However, TAS (167.73±8.85 U/g; 302.42±10.27 U/g) level
was significantly lower in the DOX group mice than in the
CONTROL group (p<0.001).
TNF-α (7636.36±438.07 pg/g vs. 11735,81±317,66 pg/g), IL-1β
(468.37±9.95 pg/g vs. 735.62±47.45 pg/g), IL-6 (5131.21±112.53
pg/g vs. 8696.60±293.88 pg/g), and TOS (195.87±3.82 nmol/g vs.
308.93±23.88 nmol/g) levels were significantly lower in the Sac/
Val+DOX group than in the DOX group (p<0.001 for all comparisons). In addition, TAS (289.14±26.38 U/g; 167.73±8.85 U/g) level
was significantly higher in the Sac/Val+DOX group than in the
DOX group (p<0.001).
TNF-α (11735.81±317.66 pg/g vs. 6394.63±352.44 pg/g), IL-1β
(735.62±47.45 pg/g vs. 311.64±10.13 pg/g), and TOS (308.93±23.88
nmol/g vs. 151.97±8.57 nmol/g) levels were significantly higher in
the DOX group than in Sac/Val group (p<0.001). Similarly, IL-6
level was significantly higher in the DOX group than in the Sac/
Val group (8696.60±293.88 pg/g vs. 5990.51±787.82 pg/g, respectively, p<0.01).
NT-proBNP (403.61±57.35 vs. 157.52±10.47 pg/mL) levels
were higher in the DOX group than in CONTROL group (p<0.01).
In the Sac/Val group, NT-proBNP level was lower than in the
DOX group (164.28±21.70 vs. 403.61±57.35 pg/mL, respectively,
p<0.001). Furthermore, in the Sac/Val+DOX group, NT-proBNP
levels were significantly lower than in the DOX group
(205.20±39.85 vs. 403.61±57.35pg/mL, respectively, p<0.05).
Histochemical findings
Histochemical results are presented in Figure 2 and Table 4.
Heart muscle cells and centrally located cell nuclei had a normal
structure on examining the hematoxylin-eosin stained sections
of the CONTROL group and the experimental group to which Sac/
Val was administered. In the DOX group, areas of irregularity,
proteinaceous material accumulation, and hyperemia were
detected between the muscle fibers. It was observed that
degenerative changes decreased and streaking in cardiomyocytes was normal in the experimental group in which Dox was
administered after Sac/Val. In the immunohistochemical
Caspase 3 analysis, no immunoreactivity was observed in the
CONTROL and the Sac/Val groups. Strong and intense Caspase
3 immunoreactivity was observed in the treatment group that
received only DOX. However, Caspase 3 immunoreactivity was
significantly decreased in cardiomyocytes in the group that
received Sac/Val treatment before DOX. According to the semiquantitative histological score, Caspase 3 immunoreactivity was
significantly lower in the Sac/Val+DOX group than in the DOX
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Table 3. Comparison of biochemical parameters of study groupsa, b
Variables

Control

Sac/Val

Dox

Sac/Val+Dox

TNF-α (pg/g tissue)

6785.87±345.33

6394.63±352.44#

11735.81±317.66*

7636.36±438.07#

IL-1β (pg/g tissue)

321.22±11.29

311.64±10.13##

735.62±47.45*

468.37±9.95#

IL-6 (pg/g tissue)

4565.28±5990.51

5990.51±787.82&

8696.60±293.88*

5131.21±112.53#

TAS (U/g tissue)

302.42±10.27

296.36±9.02#

167.73±8.85*

289.14±26.38#

TOS (nmol/g tissue)

155.04±16.00

151.97±8.57#

308.93±23.88*

195.87±3.82#

NT-proBNP (pg/mL)

157.52±10.47

164.28±21.70#

403.61±57.35**

205.20±39.85&&

aVariables are expressed as mean ± standard deviation
bn=24

*P<0.001 compared with control
&&P<0.05, &P<0.01, and #P<0.001 compared with Dox
One-way ANOVA post-hoc Tukey
Dox - doxorubicin, IL - interleukin, NT-ProBNP - N-terminal pro-B type natriuretic peptide, Sac/Val - sacubitril/valsartan, TAS - total antioxidant status, TNF - tumor necrosis factor, TOS total oxidant status

Table 4. Histochemical findings of study groupsa, b
Variable

Control
µ (IQR)

Sac/Val
µ (IQR)

Dox
µ (IQR)

Sac/Val+Dox
µ (IQR)

Caspase 3

0.5 (0-1)

0.5 (0-1)##

3.0 (2-3)**

1.0 (1-2)#

aVariables are expressed as median (IQR)
bn=24

**P<0.01 compared with control
#P<0.05, ##P<0.01compared with Dox group
IQR - interquartile range

group [1.0 (1–2) vs. 3.0 (2–3), p=0.02]. Caspase 3 immunoreactivity was higher in the DOX group than in the CONTROL group [3.0
(2–3) vs. 0.50 (0–1), p<0.001]. In Sac/Val group, Caspase 3 immunoreactivity was lower than in the DOX group [0.50 (0–1) vs. 3.0
(2–3), p<0.01].

Discussion
As the anthracycline group chemotherapeutics are indispensable drugs in many tumors, the effectiveness of the new
agents should be evaluated along with considerations to reduce
their toxic effects. The main finding of this study was that Sac/
Val, an angiotensin receptor-neprilysin inhibitor, protected from
DOX-induced cardiotoxicity in a pretreatment mice model.
Arrhythmogenic changes, cytokine accumulation, increase in
free radicals, natriuretic peptide levels, and histopathological
myocardial toxicity were less apparent in mice receiving Sac/
Val prior to DOX treatment than mice receiving DOX alone.
According to our literature review, this is the first study designating the protective/preventive effect of Sac/Val in DOXinduced cardiomyopathy pretreatment mice model rather than
the well-established benefit of Sac/Val in heart failure.
Doxorubicin targets the nucleotide helix via topoisomerase 2
as well as killing cancer cells, causing the production of malfunctioning proteins in the intracellular signaling system (18). Altered
signal proteins, structural degeneration in both ion channels, and
the calcium-calmodulin complex leads to development of arrhythmia owing to impaired impulse connections (19). The arrhythmo-

genic cardiomyopathic effect of DOX was based on previous
studies that showed prolongation of the QT interval and increase
in the QT/PQ index, resulting in life-threatening ventricular tachycardia and fibrillation (20). Another possible mechanism designated that DOX increased the angiotensin 1 receptor in embryonic heart cells (9). Sac/Val is a complex that reduces ventricular
fibrosis by inhibiting the angiotensin 1 receptor and increases
enkephalin as well as natriuretic peptides in the neurohumoral
system (21, 22). In a study with rats, enkephalinase inhibitors were
found to prevent adrenaline-induced arrhythmias (23). A recent
view is that Sac/Val may be a new antiarrhythmic drug because
of an increase in enkephalin (22). In previous clinical studies, it
was obvious that Sac/Val decreased sudden cardiac death rate in
patients with heart failure, and it did this by reducing ventricular
arrhythmias (24, 25). In our results, the DOX group mice had cardiac electrotoxicity in the form of significant prolongation of the
ventricular electrical activation markers, namely QRS, QT, ST
durations, and QT/PQ index. However, there was no significant
change in ventricular electrical activity in Sac/Val+DOX group, but
there was a deterioration in the PP interval, which might be an
indicator of atrial arrhythmias. Recent studies have shown that
Sac/Val improves ventricular arrhythmias, but there are conflicting results regarding atrial arrhythmias (26, 27). Our study showed
that Sac/Val prevented the arrhythmic effects of DOX in a pretreatment mice model, but this benefit was limited to ECG signals
related to ventricular arrhythmias.
Beside the action of DOX through topoisomerase, it creates
reactive oxygen species (ROS) that directly damages DNA,
causing single strand breaks, base mismatches, and point mutations (28). ROS production causes stimulation of cytotoxic
mechanisms independent of nucleotide damage, especially as a
result of lipid peroxidation (28). It is accepted that lipid peroxidation initiates the apothtotic process in myocytes as a result of
increased oxidative stress and activation of molecular pathways
(29). In a recent study, natriuretic peptides were found to
increase superoxide dismutase activity in hypertensive rats and
prevent target organ damage through the oxidative distress
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Figure 2. Histochemical analysis of groups. control (a), sac/val (b), dox(c), sac/val+dox(d). Fig. 2I. Hematoxylin-eosin (100×20 mm); normal histomorphology
(black arrow) in cardiomyocytes in groups A and B. Proteinaceous material accumulation (black star) in group C. Normal histomorphological streaking
(white arrow) in cardiomyocytes in group D. Fig. 2II. Caspase 3 immunohistochemical analysis (100×20mm); no immunoreactivity was observed in
cardiomyocytes (normal morphology-red arrows) in groups A and B. There was intense immune reactivity in the cardiomyocytes (black arrows) in group
C. Immune reactivity in cardiomyocytes in group D was lower than in group C (decreased count of black arrows). Fig. 2III. Graph of mean ± SD values of
Caspase 3 immune reactivity

pathway (30). As Sac/Val provides natriuretic peptide optimization, we believe that it affected the antioxidant-oxidant balance
positively. In our results, TAS and NT-proBNP levels were significantly higher in the group receiving DOX compared with the
study group receiving prophylactic Sac/Val before DOX, whereas TOS level was the opposite.
A different cardiotoxic mechanism has been demonstrated in
studies in that DOX increases proinflammatory cytokines containing IL sequences and TNF-α (31). Doxorubicin causes myocyte
death by activating the caspase pathway by stimulating death
receptors via TNF-α (7). Increased TNF-α and many interleukins
cause free radical accumulation in the nitric oxide pathway (32).
Stimulation of the continuous nitric oxide pathway results in insensitivity of intracellular calcium and contractile failure in myocytes
(32). Moreover, increased TNF-α, IL-1β, and IL-6 cause contractile
defects in myocytes by changing the mitochondrial proteins rather
than by disrupting the optimization of intracellular calcium (33, 34).

In post-treatment animal model studies, remodeling effect of Sac/
Val on cardiomyocyte was associated with mitochondrial fission
proteins and the calcium calmodulin complex (11, 35). Accordingly,
Sac/Val may have a different effect on mitochondrial proteins and
calcium cellular metabolism as well as on inflammatory cytokines.
In this study, it was shown that the inflammatory cytokines TNF-α,
IL-1β, and IL-6 levels were lower in the group administered Sac/Val
as a protective agent on DOX cardiomyopathy. The overall protective effects of Sac/Val against DOX-induced cardiotoxicity might be
linked to its effects on anti-cytokine capacity.
There is an interaction between DOX and various apoptotic
pathways in the cardiomyocyte. For these pathways, caspase 3
activity may also be affected indirectly by calcineurin, cytochrome
c, or directly by DOX (36). In addition, molecular studies have
shown that the cardiotoxic effect of DOX was associated with
mitochondrial dynamine related protein 1 (Drp1) protein, and this
relationship has been demonstrated by caspase 3 activity (37). A
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recent study in a mouse heart failure model found that Sac/Val
complex administered after DOX treatment ameliorated mitochondrial dysfunction via Drp1 (11). We hypothesized that administration of Sac/Val before DOX treatment could prevent mitochondrial
damage and alleviate cardiomyopathy. In our study, we found that
prophylactic Sac/Val before DOX, which has direct or indirect
effects on Caspase 3 activity, reduced the activation of the caspase 3 pathway. In clinical practice, it means less apoptotic pathway activation and more viable cardiomyocytes, though it remains
to be proven by further studies. Nevertheless, it should be considered that prophylactic Sac/Val treatment applied before chemotherapy can provide significant benefits in terms of preventing the
side effects of cancer treatment in the cardio-oncology area.
Study limitations
There were some limitations of our study. First, we did not perform echocardiography and hemodynamics examinations. Second,
we studied a single but high-dose DOX model rather than a longterm DOX-administered cardiotoxicity model. Although complications are observed in the long-term anthracycline group in some
patients, treatment-related cardiotoxicity occurs immediately after
the first dose in many clinical patient groups (38). Finally, we did not
assess mitochondrial function in cardiomyocytes.

Conclusion
It appears that prophylactic Sac/Val has certain protective/
preventive effects against DOX-induced cardiomyopathy in pretreatment mice model. Of note, cardiotoxic protective effects of
Sac/Val against DOX can be attributed to its antiarrhythmic,
anticytokine, antioxidant, and antiapoptotic effects as shown in
this study. However, animal and large-scale clinical comparative
studies of the protective efficacy of Sac/Val with other agents
are needed in the field of cardio-oncology.
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