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SUMMARY
Aim: Adriamycin (ADR) is an antineoplastic drug that is widely used in chemotherapy but its cardiotoxicity is the most
important side effect that limits the clinical use of this drug. In this study, we investigated of edaravone (EDO), which is
a potent antioxidant, ADR-induced cardiotoxicity model in rats by electrocardiographic (ECG), biochemical and
scintigraphic methods.
Methods: Twenty-eight adult male Wistar-Albino rats were randomly separated into four groups; namely control
(CON); Adriamycin (ADR); substance control of edaravone (EDO), edaravone + adriamycin (EDO+ADR) groups.
Cardiotoxicity in rats was induced by adriamycin injection (cumulative dose:18 mg/kg, intraperitoneal-i.p.-) at an
interval of 24 hours (h) on the 5", 6™ and 7" days. Rats receiving edaravone treatment in the adriamycin group
administration edaravone (30 mg/kg/day, i.p.) for 7 days and were injected with adriamycin (18 mg/kg, i.p.) on 5", 6"
and 7" days. On the 8" day electrocardiography (ECG), biochemical and technetium-99m pyrophosphate (*"Tc-PYP)
scintigraphic parameters were assessed.
Results: ADR induction caused changes in the ECG pattern, decreased heartbeat, P wave and QRS complex duration,
increased both ST-segment amplitude and QT interval duration (p < 0,001), increase in the biochemical markers [blood
urea nitrogen (BUN), creatine kinase (CK), cardiac troponin T (cTnT)], and elevated *™Tc-PYP uptake level (p <
0,001). EDO treatment prevented all the parameters of ADR-induced cardiotoxicity in rats, by significantly decreased
all ADR-associated conduction abnormalities in ECG (p < 0.001), decreased *™Tc-PYP uptake (p < 0.001) and serum
BUN, CKand ¢TnT, (p < 0.001).
Conclusions: Our data demonstrate that EDO has cardioprotective effects on DOX-induced cardiotoxicity. At the same
time, this study suggested that **"Tc-PYP may be using as a non-invasive method for the early diagnosis of ADR-
induced cardiotoxicity.
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INTRODUCTION

Adriamycin  (ADR) or doxorubicin is most
commonly used effective anti-neoplastic drug for
the treatment of a wide range of cancers including
both solid tumor, leukemia, breast cancer, and
hematogenous cancers% However, the clinical
application of ADR is limited due to undesirable
side effects including cardiotoxicity. ADR-
induced cardiotoxicity could lead to irreversible
degenerative congestive arrhythmia,
cardiomyopathy, left ventricular dysfunction,
heart failure, and cardiomyopathy®. In addition,
ADR-induced cardiotoxicity is still not yet fully
understood, but emerging data implicate the role
of production of free radicals and subsequent
oxidative stress®. ADR-induced oxidative stress
has been shown to be inhibited by the treatment of
antioxidants in many experimental animals
models™®.

On the other hand, the ADR-induced
cardiotoxicity has a poor prognosis for available
treatment, and it is frequently fatal. Thus, the
searches of the prevention of ADR-induced
cardiotoxicity have been a subject of great interest
and a hotspot in recent years. Recently, edaravone
(EDO), a potent antioxidant and free radical
scavenger, was clinically used to ALS treatment
and reduce neuronal damage following ischemic
stroke™. Previous studies demonstrated that EDO
has a cardioprotective agent by in the ischemic
myocardium in rats and inhibiting the
lipoxygenase pathway of arachidonic acid™*2.

In the present study, we aimed to further
investigate the cardioprotective potential of
edaravone against ADR-induced cardiotoxicity by
electrocardiography (ECG), biochemical and
technetium-99m  pyrophosphate  (*"Tc-PYP)
scintigraphic imaging.

MATERIALS AND METHODS
Animal Tests and Experimental Design

Male Wistar-Albino rats, weighing 220-250 g,
were randomized to 4 groups, each group
containing 7 animals. Animals were housed under
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standardized conditions (12-hour (h) light/ dark
cycle, 234+3°C, 55-60% humidity). Food (standard,
pellet feed) and water were available ad libitum.
All procedures and experiments were approved by
the Animal Ethics Committee of Gaziosmanpasa
University (2018-HADYEK-08) and performed in
accordance with the guidelines of the National
Institute of Health Guide for the Care and Use of
Laboratory Animals.

Experimental Procedures
The experimental groups were as follows:

(1) Group 1 (CON): Animals received sterile
physiologic saline (4 ml/kg i.p.) only and named
as the control group.

(2) Group 2 (ADR): The cardiotoxicity was
induced by a cumulative dose of 18 mg/kg
adriamycin injection (i.p.) at an interval of 24 h on
the last three days of the study (5", 6" and 7"
days) only and named as the adriamycin group

(3) Group 3 (EDO): As edaravone substance
control treatment, animals were given the only
edaravone at a dose of 30 mg/kg/day, i.p., for 7
days of the experiment.

(3) Group 4 (ADR + EDO): In the edaravone
treatment group, animals were treated with
edaravone (30 mg/kg/day, i.p.) for 7 days
followed by adriamycin injection (cumulative
dose: 18 mg/kg, i.p.) on the 5™, 6™ and 7" days.

Electrocardiography (ECG), ®MTc-PYP
scintigraphy and biochemical parameters were
assessed on the 8" day of the study

Drugs and Chemicals

EDO was purchased from Sigma-Aldric. ADR
was purchased from a local pharmacy. All drugs
were dissolved in normal saline. The doses of
EDO and ADR were determined in accordance
with previous studies >#+1#



Electrocardiography

At the end of the experimental period, the animals
were anesthetized i.p injection with ketamine (75
mg/kg, Pfizer, istanbul, Turkey) plus xylazine (10
mg/kg, Bayer, Istanbul, Turkey). Anesthesia was
assessed by pedal reflex. Three needle electrodes
were placed under the skin of the rats in limb lead
Il position (depicted in Figure 1): the negative
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electrode was placed to the skin of the front paws
and the positive electrode to the left hind legs
paws. ECG recordings were taken 1 minute by
computerized MP-150 multi-channel
physiological analysis system (BioPac Systems
Inc.; USA). Changes in ECG pattern (heartbeat
(bpm) duration of the P wave, QRS complex, QT
interval and amplitude of ST segment,) were
assayed.

R-R

QRS segment

Figure 1. ECG recording of the a normal Wistar rats for the limb lead at position Il. The negative needle electrode was
placement to the skin of the front paws and the positive electrode to the left hind legs paws.

Scintigraphic Images

37 Mbg *“"Tc-PYP radiopharmaceutical was
injected i.p. to anesthetized rats*°. One hour after
®MTc-PYP radiopharmaceutical injection and after
ECG recording, static imaging with a dual head
gamma camera (E-CAM, Siemens, Germany) was
performed in anterior and posterior positions with
2.55 zoom factor. The radionuclide uptake heart
area was measured by drawing equal rectangular
regions of interest (ROI) and *™Tc-PYP uptake
was calculated by the semi-quantitative method to
all study groups, (Figure 3).

Biochemical Assays

After scintigraphic imaging and ECG recording,
all animals were under anesthesia and blood
samples (5 mL) were taken with a syringe by
taken from the abdominal aorta. After 30 min, the
samples were centrifuged at 3.000 rpm for 10
minutes. Then, the serum was used for all
following biochemical assays. Serum blood urea
nitrogen (BUN), creatine kinase (CK), cardiac
troponin T (cTnT) were estimated by the kinetic
determination with the commercial kits of

Bechman by Bechman Coulter LX-2000 (Brea,
CA, USA). Finally, rats were killed by cervical
distension.

Statistical Analyses

Statistical evaluation was performed using the
software (SPSSversion15) program and Prism
software package (GraphPad, Version 7, USA).
All data were presented as means + standard error.
The Kolmogorov-Smirnov test was used to
determine whether the data were normally
distributed. The normal dispersed data, one-way
analysis of variance (ANOVA) and following
Tukey test. The non-normal distribution data,
differences among the groups were analyzed by
Kruskal Wallis analysis of variance. For all tests,
statistical differences with values of p < 0.05 were
considered to be significant.

RESULTS
Electrocardiography

The influence of treatment with EDO or ADR on
rat ECG parameters is shown in Table 1,
additionally, in Figure 2, heartbeat, duration of the



P wave, QRS complex, QT interval and amplitude
of ST segment are presented for all groups.

CON group showed a normal pattern on ECG,
whereas in ADR-induced cardiotoxic rats there
were statistically an increased in the duration of
QT interval (p < 0.001), as well as ST segment
prolongation (p < 0.001), and a decreased in
heartbeat (p < 0.001), duration of the P wave (p
< 0.05) and QRS complex (p < 0.001) compared
to the CON group (Figure 2, Table 1).

EDO group showed a normal pattern on ECG the
same CON groups (Figure 2, Table 1).
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ADR + EDO group did not alter the ECG
parameters when compared with the CON group.
When the effect of ADR and ADR + EDO was
compared, it was shown that QT interval duration
(p < 0.01) and ST segment amplitude was shorter
in ADR+ EDO group than ADR groups.
Additionally, in ADR + EDO group increased
heartbeat (p <0.01) and duration of the P wave (p
< 0.05) and QRS Complex duration (p < 0.001) it
was significant when compared to the ADR-
induced cardiotoxic group (Figure 2, Table 1).
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Figure 2. ECG pattern in the A) Control (CON), B) adriamycin (ADR), C) edaravone (EDO), D) adriamycin +
edaravone (ADR + EDO) groups, E) duration of QT interval (msec) F) ST-segment amplitude (mV). The ADR groups
significantly increased QT interval duration and elevation ST segment amplitude when compared to the CON group
(***p<0.001). Yet, ADR + EDO did not alter ECG pattern when compared to the CON group. ADR + EDO group
significantly reduced the duration of QT interval and level of ST segment amplitude when compared to the ADR group

(***® =p<0.001) and similar to the CON group.

Table 1. Electrocardiographic parameters of all 4 groups.

Groups Heartbeat P wave QRS Complex QT interval ST segment
(bpm) (duration, s) (duration, s) (duration,s) amplitude (mV)
CON 286 +5.81 0.025+0.01 0.060 £ 0.05 0.053+£0.01 0.059 +0.04
ADR 200+ 12.7,° 0.017 £0.02,2 0.035+0.01,"  0.087 £0.02,° 0.163 +0.02,"
EDO 284 +5.81 0.025 +0.02 0.064 £ 0.03 0.055 +0.02 0.056 £ 0.04
ADR + EDO 268 +17.4," 0.024 £ 0.01,° 0.057+£0.02,° 0.060 +0.03,° 0.059 +0.02,°

Electrocardiographic parameters of control (CON), adriamycin (ADR), edaravone (EDO), adriamycin + edaravone
(ADR + EDO) groups. Data are presented as mean=SEM. (°= p < 0.05, = p < 0.001) all groups compared to the CON
group; (°= p < 0.05, %= p < 0.01, ®= p < 0.001) ADR+ EDO group compared to the ADR group.



Biochemical Assays

As shown in Table 2 and figure 3, ADR injection
significantly increased plasma blood urea nitrogen
(BUN) level by (797 %, p< 0.001)  plasma
creatine kinase (CK) level by (822 %, p< 0.001)
and cardiac troponin T (cTnT) levels by (502 %,
p< 0.001) compared to the CON group. EDO
alone did not change BUN, CK, c¢TnT (110, 97%
and 97%, respectively) when compared to the
CON group (Table 2 and figure 3).
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ADR + EDO groups, in other words, pretreatment
of ADR-induced toxic rat with EDO, increased
BUN by (368 %, p< 0.05), CK levels by (262 %,
p< 0.05) and cTnT by (215 %, p< 0.05) when
compared to CON group. However, ADR + EDO
group significantly decreased BUN, CK and cTnT
level by (46 %; 31%; 42%, p< 0.001,
respectively) when compared to the ADR toxic
group (Table 2 and figure 3).
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Figure 3. The effect of control (CON), adriamycin (ADR), edaravone (EDO), adriamycin + edaravone (ADR + EDO)
groups on the effect of BUN (A), CK (B) and c¢TnT (C). Data are presented as mean = SEM. The ADR group
significantly increased BUN, CK and cTnT compared to the CON group ((*p<0.05, ***p<0.001). ADR + EDO group

significantly decreased BUN, CK and cTnT level compared to the ADR group ( *®® = p<0.001).

Table 2. The biochemical data parameter of all groups.

Groups BUN CK cTnT
CON 17.50 +3.2 0.41 +0.07 1650 + 323
ADR 139.5+22.1," 3.37+025° 8288 + 683"
EDO 19.30+0.9 0.39 +0.02 1576 + 244
ADR + EDO 64.55 +16.8,%° 1.07 £0.24,*¢ 3560 + 513,*°

Summarizes the statistical analysis of the BUN, CK and ¢TnT levels in plasma all groups. control (CON), adriamycin
(ADR), edaravone (EDO), adriamycin + edaravone (ADR + EDO) groups. Data are presented as mean = SEM. (*=p <
0.05, " = p < 0.001) all groups compared to the CON group; (°= p < 0.001) ADR + EDO group compared to the ADR

group.



Scintigraphic Images

As shown in Table 3 and Figure 4, ADR injection
significantly increased *™Tc-PYP uptake level in
the heart by 550% (p< 0.001) when compared to
the CON group. As substance control, EDO alone
did not change *™Tc-PYP uptake level in the
heart by 104 % compared to the CON group
(Table 3 and Figure 4). ADR + EDO groups, in
other words, pretreatment of an ADR-induced
toxic rat with EDO, increased *™Tc-PYP uptake
level in the heart by 281 % (p< 0.01), when
compared to the CON group. However, ADR +
EDO group significantly decreased *™Tc-PYP
uptake level in the heart by 51 % (p< 0.001) when
compared to the ADR-toxic group (Table 3 and
Figure 4).
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Figure 4. Control (CON), adriamycin (ADR),
edaravone (EDO), adriamycin + edaravone (ADR +
EDO) groups on the effect of *™Tc-PYP uptake level
of the heart. Data are presented as mean + SEM. The
ADR group significantly increased *"Tc-PYP uptake
when compared to the CON group (***p<0.001). ADR
+ EDO group increased *™Tc-PYP uptake level in
hearth when compared to the CON group (**p<0.01).
ADR + EDO significantly decreased " Tc-PYP uptake

level when compared to the ADR group (®*®=
p<0.001).
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Table 3. The scintigraphic data parameter of all
groups.

Groups ¥MTC-PYP
Uptake
CON 50937 £463
AMT 280307 £ 214
EDO 53480 + 517
AMT + EDO 143570 £ 217

Summarizes the statistical analysis of the *™Tc PYP
Uptake levels of control (CON), adriamycin (ADR),
edaravone (EDO), adriamycin + edaravone (ADR +
EDO) groups. Data are presented as mean+SEM. (* = p
<0.01, "= p < 0.001) all groups compared to the CON
group; (°=p < 0.001) ADR + EDO group compared to
the ADR group.
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Figure 5. Static images in posterior position of all groups; control (CON), adriamycin (ADR), edaravone (EDO),
adriamycin + edaravone (ADR + EDO) groups. The *™Tc-PYP uptake was calculated for each rat by drawing equal
rectangular ROI at the heart area. It was observed that **™Tc-PYP uptake in the heart was higher in the ADR group. On
the other hand, in the ADR group, *™Tc-PYP uptake appeared to be higher because of the developing damage. ADR +
EDO groups significantly decreased *™Tc-PYP uptake level when compared to the CON group.

DISCUSSION

In this study, we aimed to investigate the
cardioprotective effect of EDO treatments in
ADR-induced cardiotoxic rats using
electrocardiography (ECG), *"Tc-PYP uptake
hearth scintigraphic imaging techniques and
biochemical parameters including BUN, CK, and
cTnT. We showed that ADR application led to
heart damage and *™Tc-PYP uptake had strong
correlations  with, electrocardiographic  and
biochemical results. Pretreatment with EDO
reduced ADR-induced abnormalities.

ECG is one of the standard methods used to assess
cardiac function and its abnormalities are
generally showed for the diagnosis of myocardial
damage. This study showed that ADR application
caused conduction abnormalities on ECG by
decreased heartbeat, P wave and QRS complex
duration and increased both ST-segment
amplitude and QT interval duration. Similarly, a
lot of studies also show these ECG abnormalities
on the cardiotoxicity of ADR. Previous studies
showed that ADR treatment induced ECG
abnormalities, which consist of sinus tachycardia,
changes of the P wave, QRS complex and R
amplitude are frequently transient and cannot be
said to be specific to ADR-induced
cardiotoxicity™™.

However, elevation ST segment amplitude and
prolongation QT interval duration and have been

reported to be relatively characteristic ECG
findings in ADR-induced cardiotoxicity, as well
as in this study®“*' It is suggested that
prolongation QT interval and elevation of the ST
segment amplitude occurs by loss of cellular
membrane due to reactive oxygen species (ROS)
and oxidative stress’. A lot of studies
demonstrated that ROS and oxidative stress
apparently play a key role in ADR-induced
cardiotoxicity'"*®, EDO is a potent antioxidant
and a free radical scavenger”. A study showed
that pretreatment with EDA effectively reduced
ADR-associated conduction abnormalities, as well
as in this study®™. In this study, pretreatment with
EDO caused increased in heartbeat, duration of P-
wave and QRS complex, reduced QT interval
duration and elevation of ST segment amplitude
was also near to normal. These changes in the
electrocardiogram pattern induced by EDO may
be due to its membrane stabilizing action.

Previous studies demonstrated that cardiac injury
induced by ADR may be due to the increases of
lipid peroxidation, DNA fragmentation, protein
cross-linking, and resulting from oxidative
stress®?. Increased oxidative stress destruct
myocardial cells, causing rupture of the cell
membrane. As a result of this, BUN, CK and
cTnT were released into the bloodstream. Also,
increased levels of these biochemical markers in
plasma are an indicator of the severity of ADR-
induced myocardial injury®.



Many previous studies demonstrated that a
cumulative dose of ADR caused an elevation in
the levels of BUN, CK and cTnT serum
biomarker. We also demonstrated that ADR
application increased plasma BUN, CK and ¢cTnT
levels in plasma. Pretreatment with EDO
importantly reduced of this biochemical marker.
An animal study demonstrated that EDO injection
reduced cardiac biomarkers in isoproterenol-
induced myocardial infarction®. A lot of studies
demonstrated that EDO has anti-necrotic, anti-
apoptotic, anti-inflammatory cytokine effects on
cardiovascular diseases®?®. EDO restricts the
leakage of these biochemical markers, which can
be accounted for by Ca*? channel blockage effect
and membrane-stabilizing property®.

®MTc-PYP scintigraphic imaging shows necrotic
tissues and used detection of myocardial injury
and metabolic diseases or tumors®®?’. This is
based on abnormal intracellular uptake of calcium
from damaged cells®. Therefore, it has been
considered beneficial in the diagnosis of acute
phase myocardial infarction and quantification of
the infarct size in the clinical setting?®?. Previous
studies have also suggested that *™Tc-PYP is a
good index of the severity of tissue injury®*®*®. In
the present study, we demonstrated an increased
®MTc-PYP uptake on the heart area in the ADR
induced cardiotoxic rats. Treatment with EDO
displayed a significant decrease in the levels of
%™Tc PYP on the heart area.

CONCLUSION

The results of the in this study revealed that
pretreatment with EDO showed a considerable
cardioprotective  effect on  ADR-induced
cardiotoxicity in the rat model. As a result of the
study, it was thought that ®™Tc-PYP scintigraphy
imaging could be used in the follow-up of using
antineoplastic drug including ADR. In addition
these data, as for the cardiotoxicity induced by
ADR, ECG results are wvery variable and
biochemical markers are alone not sufficient; thus,
additional diagnostic methods are also needed.
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