Heliyon 7 (2021) e07434

Contents lists available at ScienceDirect

Heliyon
Heliyon

¢ CellPress

journal homepage: www.cell.com/heliyon caress

Check for
updates

Protective effect of Vernonia amygdalina Delile against
doxorubicin-induced cardiotoxicity

R.A. Syahputra®, U. Harahap ® , A. Dalimunthe ?, M. Pandapotan ", D. Satria“

@ Department of Pharmacology, Faculty of Pharmacy, Universitas Sumatera Utara, Medan 20155, Indonesia
Y Department of Pharmaceutical Biology, Faculty of Pharmacy, Universitas Sumatera Utara, Medan 20155, Indonesia
¢ Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Universitas Sumatera Utara, Medan 20155, Indonesia

ARTICLE INFO ABSTRACT

Keywords: Doxorubicin has been used as an anticancer drug and has already indicated effective in the treatment of cancer.
Vernonia amygdalina The incidence of cardiotoxicity due to doxorubicin was approximately 11%, resulting in the limited use of
Antl(?mdant . doxorubicin. Cardiac protection during doxorubicin therapy is needed because it can reduce the incidence of heart
Cardioprotective

failure. Vernonia amygdalina (VA) is traditionally used by Indonesians as a traditional medicine and contains many
secondary metabolites, including vernolide, vernodalol, vernoamygdalin, vernolepin, luteolin, luteolin 7-O-beta-
glucoronoside and luteolin 7-O-glucoside. The pharmacological activity of VA has been widely studied, including
its antimalarial, antidiabetic, anticancer, hepatoprotective, nephroprotective, and antioxidant activities. This
research aimed to determine the antioxidant 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity, total
phenol, total flavonoid, and cardioprotective effects of Vernonia Amygdalina.

Negative control was only intraperitoneal injection of doxorubicin (20 mg/kgbw) on the eight day while
quercetin (85 mg/kgbw) and ethanol extract of Vernonia amygdalina (EEVA) 100, 200, 400 mg/kgbw dose are
orally administered for eight consecutive days. Both quercetin and EEVA groups were also injected with doxo-
rubicin (20 mg/kgbw) on the same day. On the following day, rats were injected with ketamine HCL 75 mg/kgbw
and were dissected for heart blood collected. The blood collected 3 ml from each rat was analyzed for biochemical
parameters. The analyzed biochemical parameters were Aspartate transaminase (AST), Alanine transaminase
(ALT), Ureum, Creatinine, Creatinine kinase-MB (CK-MB), Lactate dehydrogenase (LDH), Troponin T, Brain
natriuretic peptide (BNP), and antioxidant parameter Superoxide Dismutase (SOD).

The result showed that EEVA antioxidant activity was 40.51 + 4.89 pg/mL, total flavonoid was 3.79 + 0.61 mg
QE/g extract, and total phenol was 281.575 + 1.069 mg GAE/g extract. Quercetin (85 mg/kgbw) and EEVA (400
mg/kgbw) reduce AST, ALT, Ureum, Creatinine, CK- MB, LDH, Troponin T, BNP significantly and increase rats’
SOD level compared with negative control. So that, this study explicates that EEVA potentials as cardioprotective
agent against doxorubicin by reducing biochemical parameters.

1. Introduction

Doxorubicin has been used as an anticancer drug and has already
proven effective in the treatment of cancer. The incidence of cardiotox-
icity due to doxorubicin is approximately 11%, and because of this, the
use of doxorubicin has been limited [1]. A study conducted by Van Hoff
reported that of 4000 patients who received doxorubicin treatment, 2.2%
had heart failure symptoms [2]. A higher accumulative dose of doxoru-
bicin given to the patient indicates an increasing incidence of congestive
heart failure [3]. The doxorubicin mechanism occurs by forming free
radicals and superoxide. The free radicals formed will stimulate the
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formation of malonedialdehyde (MDA), which can bind to molecular
targets [4]. Doxorubicin administration can reduce the activity of
endogenous antioxidants, including superoxide dismutase (SOD), gluta-
thione peroxidase (GSH), and catalase (CAT) [5]. The oxidative stress
formed by doxorubicin activates apoptotic cardiomyocyte signalling and
eventually causes congestive heart failure [6].

Cardiac protection during doxorubicin therapy is needed because it
can reduce the incidence of heart failure. Heart failure is a clinical syn-
drome in which symptoms include shortness of breath, fatigue, oedema,
and orthopnea, as well as signs of increased venous pressure and pul-
monary sound changes, with evidence of abnormal cardiac function [7].

Received 27 October 2020; Received in revised form 20 January 2021; Accepted 24 June 2021
2405-8440/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:urip@usu.ac.id
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e07434&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e07434
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e07434

R.A. Syahputra et al.

Most of the studies of heart failure use biomarkers to confirm and predict
a diagnosis of heart failure. Clinically, the left ventricular ejection frac-
tion (LVEF) provides a marker that can be reliably applied to patients for
guidelines on medical therapy. Research and development of heart fail-
ure biomarkers, such as BNP, CK-MB, troponin T, and LDH, has under-
gone rapid growth [8, 9]. Until now, the guidelines for preventive
therapy for cardiotoxicity due to doxorubicin have not yet been available;
therefore, it is essential to research compounds that can be used as car-
dioprotective agents for doxorubicin therapy.

Vernonia amygdalina (VA) is known to be used from generation to
generation as an herbal medicine and is commonly found in tropical areas
such as Indonesia and Malaysia. VA is also widely referred to as bitter
leaves. VA is traditionally used by Indonesians as a traditional medicine
and contains many secondary metabolites, including sesquiterpene
lactone, vernolide, vernodalol, vernoamygdalin, and vernolepin [10].
Flavonoids include luteolin, luteolin 7-O-beta-glucoronoside and luteolin
7-0O-glucoside [11]. Steroid glycosides include vernonioside A1, verno-
nioside A2, vernonioside A3, vernonioside, A4, vernonioside B1, verno-
nioside B2, vernonioside, B3, vernonioside C, vernonioside D,
vernonioside 3, vernoniamyoside A, vernoniamyoside B, vernoniaamyo-
side C, vernoniamyoside D, vernoamyoside A, vernoamyoside B, vernoa-
myoside C, vernoamyoside D, dan jugga veramyoside A, veramyoside B,
veramyoside C, veramyoside D, veramyoside E, veramyoside F, vera-
myoside G, veramyoside H, veramyoside I, and veramyoside J [12, 13, 14,
15, 16]. The steroid glycoside compounds of VA are structurally similar to
cardiac glycosides, which have a steroid core, a sugar group on carbon
number 3 and an unsaturated lactone ring on atom C number 17 [17].

The pharmacological activity of VA has been widely studied,
including its antimalarial [18], antidiabetes [19], anticancer [20], hep-
atoprotective [21], nephroprotective [22], analgesic and antipyretic
[23], antibacterial [24], and antioxidant properties [25]. Ethanol ex-
tracts of VA have a toxic dose higher than 5000 mg/kg BW [26]. Luteolin
compounds have a cardioprotective effect by increasing the expression of
the SERCA2a receptor on cardiomyocytes in the presence of anti-calcium
overload and anti-apoptosis [27]. Since Doxorubicin causes cardiotox-
icity, a research is needed to prevent this serious incidence. Previous
research has shown the evidence that Vernonia amygdalina has strong
antioxidant activity. It can be used as a cardioprotective agent. Therefore,
this study determines the Vernonia amygdalina cardioprotective activity
in leaves of doxorubicin-induced rats.

2. Materials

Vernonia Amygdalina leaves were collected from Faculty of Pharmacy,
Univesitas Sumatera Utara, Indonesia (coordinates 3033'36.5” N
98039'12.5" E). Doxorubicin (Merck), Ethanol (BrataChem),EthylAcetate
(BrataChem), n-hexane (BrataChem), Methanol (BrataChem), natrium
carbonat (BrataChem), 1,1-diphenyl-2picrylhidrazyl/DPPH (Merck),
quercetin/QE (Sigma), vitamin C (Sigma), gallic acid/GAE (Sigma), sodium
carboxymethyl cellulose/CMC-Na (Sigma), folin-Ciocalteu (Merck),
natrium carbonat (BrataChem), aluminium foil (BrataChem), sodium ace-
tate (BrataChem), distilled water (BrataChem), hydrochloric acid/HCl
(BrataChem), aspartate transaminase/AST reagent, alanine transaminase/
ALT regent, ureum regent, creatinine regent, Creatinine Kinase-MB/CK-MB
Elisa kit, lactate dehydrogenase/LDH Elisa kit, Troponin T Elisa kit, and
brain natriuretic peptide/BNP Elisa kit.

2.1. Animals

Rats were obtained from the animal house of the Faculty of Pharmacy,
Universitas Sumatera Utara This research used 30 rats by average weight
were 180-200 g and given food and water ad libitum for 12 h dark/light
cycle. This research has received the approval of the Universitas Suma-
tera Utara Ethics Commission (registration number 0521/KEPH-FMIPA/
2019).
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2.2. Extract preparation

The total gram of dry VA is 700 g in powder that was macerated with
10 L n-hexane. Firstly the powder was dried and dissolved with Ethyl
acetate in three days then stirred occasionally at a room-temperature.
Lastly, the powder was dried and dissolved with Ethanol in three days
stirred occasionally at a room-temperature. Each filtrate was collected
and evaporated under pressure.

2.3. Experimental design

Rats were randomly divided into six groups (5 rats/group). Group 1
received CMC-Na orally for eight days, group 2 received single-dose
doxorubicin (20 mg/kg BW) in day eighth, group 3 received quercetin
(85 mg/kg BW) for eight days and intraperitoneal injection with single-
dose doxorubicin (20 mg/kgbw) in day eighth, groups 4-6 received
EEVA (100, 200, 400 mg/k BW PO) for eight days and intraperitoneal
injection with doxorubicin (20 mg/kgbw) in day eighth. On the day
ninth, rats were injected ketamine HCL (75 mg/kg BW IP) sacrificing 3
ml blood directly collected from the heart. Collected blood was cen-
trifugate 1000 rpm (4 °C) for ten minutes. It will analyze biochemical
parameters AST, ALT, Ureum, Creatinine, CK-MB, LDH, Troponin T, BNP,
and endogenous antioxidant SOD.

2.4. 2,2-Diphenyl-1-Picrylhydrazyl/DPPH scavenging activity

The DPPH scavenging activity was following the method from
Blois with slight modification [28]. About 25 mg of ethanol extract of
African leaves is dissolved with 25 mL of methanol and sonicated for
30 min (40 °C) then centrifuged at 1000 rpm for 10 min. Then diluted
to obtain a concentration (6.25 pg/mL, 12.5 pg/mL, 25 pg/mL, 50
pg/mL, 100 pg/mL). 20 mg DPPH dissolved with 100 ml methanol
200 pg/mL sonicated for 30 min (40 °C), then centrifuged 100 rpm
for 10 min and diluted to obtain a concentration of 40 pg/mL as
control. The extract solution was mixed with DPPH, then vortexed
and left for 30 min at a temperature of 27 °C. Then it was measured
using a spectrophotometer at 517 nm. Vitamin C was used as a
reference.

DPPH scavenging activity (ICsg) = (Absorbance Control - Absorbance
Sample)/Absorbance Control.

2.5. Determination of total phenolic content (TPC)

Total phenolic content using Folin-Ciocalteu regent by following the
Sanchez-Rangel method [29]. 10.5 mg of ethanol extract of VA dissolved
in 10 mL methanol 0.5 ml ethanol extract of VA mixed with 2.3 mL of
water + 0.2 mL of Folin-Ciocalteu's regent subsequently vortexed for + 1
min, left for 5 min, then added 2 mL of 20% sodium carbonate and let
stand for 70 min. Then it was measured using a spectrophotometer at 775
nm. Gallic acid was used as a reference. Total phenol is calculated as
GAE/g of extract. The total phenol was repeated 5 times.

2.6. Determination of total flavonoid content (TPF)

10.5 mg of ethanol extract of VA and dissolved with methanol up
to 10 ml, then pipette 0.5 ml of solution and add 1.5 ml of methanol,
0.1 ml of 10% aluminum chloride solution, 0.1 ml of 1 M sodium
acetate and 2.8 ml of distilled water and allowed to stand for 30 min.
Then it was measured at a wavelength of 436 nm. Measurements were
made in 5 repetitions. The concentration of flavonoids was calculated
from the substitution in the linear regression equation and expressed
as the equivalent number of milligrams of quercetin in 1 g of extract
[30].
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2.7. Serum biochemical parameters

2.7.1. AST measurement

AST measurement level followed Reitment method and the AST level
was measured sphectrophotometrically at 505nm. The concentrationex-
pressed as U/L [43].

2.7.2. ALT measurement

ALT Measurement level followed Reitment method and the ALT level
was estimated sphectrophotometrically at 505 nm. The concentration
expressed as U/L [43].

2.7.3. Ureum measurement

Ureum Measurement level followed Beale method and the Ureum
level was measured sphectrophotometrically at 540 nm. The concentra-
tion expressed as mg/dL [44].

2.7.4. Creatinine measurement

Creatinine measurement level followed Dunn method and the
Creatinine level was measured sphectrophotometrically at 530 nm. The
concentration expressed as mg/dL [45].

2.8. Cardiac biochemical parameters

2.8.1. Troponin T measurement

The Cardiac Troponin T rat measurement Elisa kit (Fine Test, China),
the preparation followed the manufacture guideline. The troponin T
concentration determined by microplated set at 450 nm. The concen-
tration expressed as pg/ml.

2.8.2. CK-MB measurement

CK-MB rat cardiac measurement, Elisa kit (Abclonal, China). the
preparation followed the manufacture guideline. The CK-MB concen-
tration was determined by microplated set at 450 nm. The concentration
expressed as ng/ml.

2.8.3. LDH measurement

LDH rat cardiac measurement, Elisa kit (Abclonal, China), the prep-
aration followed the manufacture guideline. The LDH concentration
determined by microplated set at 450 nm. The concentration expressed
as ng/ml.

2.8.4. BNP measurement

BNP rat cardiac measurement Elisa kit (Abclonal, China). the prepa-
ration followed the manufacture guideline. The BNP concentration
determined by microplated set at 450 nm. The concentration expressed
as pg/ml.

2.9. Cardiac antioxidant

2.9.1. SOD measurement

SOD rat cardiac measurement Elisa kit (Abclonal, China), the preparation
followed the manufacture guideline. The SOD concentration determined by
micro plated set at 450 nm. The concentration expressed as pg/ml.

2.10. Cardiac histopathology

Cardiac tissue preparations based on procedure described by [31],
organs were fixed with 10% formalin solution in 3-4 h, with Acetone
three times (two hours in each). After that, the cleaning was done using
toluene three times (1-2 h in each). Embedding the sample in paraffin
liquid 60-70 °C three times (two hours in each). The paraffin blocks
molding process are carried out. The paraffinblock's cutting stages were
carried out using a microtome which obtains 5 pm sheet thickness. The
layer placed in a water bath which is 30 °C, and then attached to a glass
slide and heated in the oven for two-three minutes. The result was
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observed under a microscope light with 10 x 40 magnification; the
number of necrosi sand healthy cells was observed.

2.11. Statistical analysis

Statistical package for social science (SPSS) program 21 was used to
analysis of the data. Data are expressed as Mean + SEM. Comparison for
more than 2 groups by using one way ANOVA followed by post-hoc
tukey. Statistical significance was set at p < 0,05.

3. Result
3.1. Antioxidant activity of extract

2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity was used to
determine the IC50 of ethyl acetate of VA, ethanol extract of VA, and n-hexane
extract of VA. Table 1 below shows that the lowest IC50 is 40.51 + 4.89 ug/mL
ethanol extract of VA. The lower the IC50, the stronger the antioxidant
activity.

Antioxidant activities use 2,2-diphenyl-1-picrylhydrazyl (DPPH) scav-
enging activity method. Table 1 shows that ethanol extract of VA (40.51 +
4.89 p/mL) which has a strong scavenging activity compared with ethyl
acetate of VA (45.90 + 4.98 u/mL) and n-hexane extract of VA (65.45 +
3.51 p/mL). Were IC50 under 50 pg/mL, then it would have strong anti-
oxidant. The strength antioxidant ethanol extract of VA is caused of its
secondary metabolite such luteolin which has strong antioxidant. Another
study conducted by Hsieh 2018 reported that luteolin has IC50 (26.304 pg/
mL). Therefore, this study enhances the reason that ethanol extract of VA
can inhibit free radicals produced by doxorubicin in vivo method.

3.2. Total flavonoid content

Table 2 shows the total flavonoid of each extract, and the highest total
flavonoid was in ethanol extract of VA 3.795 mg QE/g extract followed
by ethyl acetate extract of VA 3.65 + 0.56 mg QE/g extract and n-hexane
extract of VA 1.59 + 0,34 mg QE/g extract respectively.

Flavonoid is a secondary metabolite that commonly found in plants.
The ethanol extract of VA has the highest flavonoid (3.79 + 0,61 mg QE/
g extract) compared with ethyl acetate of VA (3.65 + 0,56 mg QE/g
extract) and n-hexane extract of VA (1.59 + 0,34 mg QE/g extract).
Flavonoid has antioxidant activity, anti-cancer, and anti-diabetic. The
higher Flavonoid content in the extract can indicate that the extract in-
hibits free radical. Some researches show that VA has 94,08 mg QE/g
Flavonoid content in which the flavonoid are luteolin 7-O-beta-glucoside
and luteolin 7-O-beta-glucuronoside as the most abundant [42].

3.3. Total phenol content

Table 3 shows the total phenol of each extract, and the highest
flavonoid was in ethanol extract of VA 281.575 + 1.0690 mg GAE/g

Table 1. IC50 (pg/mL) activity of DPPH scavenging activity.

Extract IC50 pg/mL (Mean + SEM)
Ascorbic acid 2.693 + 2.31
Ethyl acetate of VA 45.90 + 4.98
Ethanol extract of VA 40.51 =+ 4.89
N-hexane extract of VA 65.45 + 3.51

Table 2. Total flavonoid content.

Extract mg QE/g extract (Mean + SEM)
Ethyl acetate of VA 3.65 + 0.56
Ethanol extract of VA 3.79 £+ 0.61
N-hexane extract of VA 1.59 £ 0.34
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Table 3. Total phenol content.

Extract mg GAE/g extract (Mean 4 SEM)
Ethyl acetate of VA 61.154 + 0.7278
Ethanol extract of VA 281.575 + 1.0690

N-hexane extract of VA 33.536 + 0.7278

followed by ethyl acetate of VA 61.154 + 0.7278 mg GAE/g and n-
hexane extract of VA 33.536 + 0.7278 mg GAE/g respectively.

The highest phenol is in ethanol extract of VA 281.575 + 1.0690 mg
GAE/g. Other researches also showed that Vernonia amygdalina contains
in high amount of phenol 113.76 mg GAE/g [42].

3.4. Serum biochemical parameters

Table 4 shows that negative control group increases AST, ALT, Ureum
and Creatinine significantly compared with normal groups. The ethanol
extract of VA (100 mg/kgbw and 200 mg/kgbw) lowers the AST, ALT,
Ureum dan Creatinine is not significantly compared with negative con-
trol decline. However, ethanol extract of VA 400 mg/kg lowers AST, ALT,
Ureum, and Creatinine significantly compared with negative control.

Table 4 shows Amino-transaminase (AST), Alanine-transaminase
(ALT), Ureum and Creatinine in each group. Doxorubicin causes the in-
crease of AST 120.65 + 6.5 U/L, ALT 256.51 + 16.2 U/L, Ureum 112.56
+ 8.35 mg/dL, and Creatinine 1.32 + 0.15 mg/dL. The first parameter
used is AST to screen the cardiac injury. In contrast with now day
parameter used, it was Troponin I, Troponin T, or BNP. The high ureum
and creatinine compared with the normal group shows that doxorubicin
causes not only cardiomyocyte injury but also nephron injury. The EEVA
(400 mg/kgbw) lowers the biomarker to normal level while negative
control (doxorubicin 20 mg/kgbw) increases AST, ALT, ALP, Ureum, and
Creatinine significantly compared with normal group.

3.5. Cardiac biochemical parameters

Table 5 shows that negative control increases Troponin T, CK- MB,
LDH and BNP significantly compared with normal group. Ethanol extract
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of VA 100 mg/kgbw and 200 mg/kgbw lowers Troponin T, CK-MB, LDH,
and BNP not significantly compared with negative control. In contrast,
EEVA 400 mg/kgbw lowers Troponin T, CK-MB, LDH, and BNP signifi-
cantly compared with negative control.

Table 5 shows Troponin T, Brain Natriuretic Peptide (BNP), Lactate
Dehydrogenase (LDH), and Creatinine Kinase — MB (CK-MB) levels. This
research result proves that negative control causes the increase of
biomarker such as Troponin T, CK- MB, LDH and BNP. Doxorubicin forms
reactive oxygen species (ROS) that induces cardmiomyocyte. Thus,
cardmiomyocyte will release biomarkers such as Troponin T, CK-MB,
LDH and BNP [6]. The EEVA 400 mg/kg BW can scavenge ROS that is
produced by doxorubicin. Possible mechanism of luteolin in VA can
inhibit carbonyl reductase-3 which is used to change doxorubicin to
doxorubicinol which can cause cardiac injury [46]. The higher dose of
extract given, the higher ability to lower biomakers level. Today the only
compound approved by Food Drug and Administration (FDA) as car-
dioprotective is Dexrazoxane [47, 48].

3.6. Cardiac antioxidant

Table 6 showed that control (—) group was significance decreased SOD
level compared to normal group. Ethanol extract of VA (100 mg/kgbw dan

Table 6. Cardiac antioxidant.

Treatment SOD (ng/ml)
Normal 43,21 + 2,18
Control (—) 14,3 + 2,8*
Control (+) 45,12 + 2,4
EEVA (100 mg/kgbw) 20,41 + 11,3
EEVA (200 mg/kgbw) 35,76 + 13,5
EEVA (400 mg/kgbw) 45,78 + 12,6#

Data are presented Mean + SEM.
*(p < 0,05) significant different from normal group.
#(p < 0,05) significant different from control (—) group.

Table 4. Serum biochemical parameters level.

Treatment AST (U/L) AST (U/L) Ureum (mg/dL) Creatinine (mg/dL)
Normal 52.89 + 7.91 120.54 + 18.3 44.67 + 2,34 0.68 + 0.02
Control (—) 120.65 + 6.5* 256.51 + 16.2* 112.56 + 8,35* 1.32 £ 0.15*
Control (+) 48.33 £ 7.9 125.43 £ 12.71 48.67 + 3,07 0.70 £ 0.18

EEDA (100 mg/kgbw) 86.91 + 10.1 200.65 =+ 3.31 84.53 + 5,87 1.05 + 0.45

EEDA (200 mg/kgbw) 70.54 + 12.81 149.67 + 9.76 56.29 + 3,96 0.76 + 0.17

EEDA (400 mg/kgbw) 49.31 + 7.61# 110.31 + 8.91# 45.76 + 2,07# 0.53 + 0.11#

Data are presented Mean + SEM.

*(p < 0,05) significant different from normal group.

#(p < 0,05) significant different from control (—) group.

Table 5. Cardiac biochemical parameters level.

Treatment BNP (pg/ml) TnT (pg/ml) CK-MB (ng/ml) LDH (ng/ml)
Normal 87.81 +12.6 15.7 + 2,8 25.67 + 4.6 110.5 + 12.9
Control (-) 150.5 + 24.6* 50.7 + 2.1% 90.89 + 9.8* 180.76 + 3.5
Control (+) 98.67 + 5.7 20.65 + 4.67 30.87 + 1.4 119.89 + 0.76
EEVA (100 mg/kgbw) 167.7 + 3.35 49.89 +£11.9 87.77 £ 2.9 178.90 + 2.1
EEVA (200 mg/kgbw) 110.45 + 12.5 32.89 + 2.9 60.87 + 15.8 140.57 + 2.9
EEVA (400 mg/kgbw) 80.89 + 2.5# 20.08 + 4.09# 39.98 + 1.98# 111.6 + 11.51#

Data are presented Mean + SEM.

*(p < 0,05) significant different from normal group.

#(p < 0,05) significant different from control (—) group.
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200 mg/kgbw) increased SOD level but this increase was not significant
compared to control (—). Ethanol extract of VA 400 mg/kgbw increased
SOD level and this increase was significant compare to control (—).

Negative control shows the decrease of SOD significantly compared
with normal group. Thus, doxorubicin causes the increase of ROS and it
makes ROS and SOD levels imbalance. The EEVA 400 mg/kgbw increases
SOD significantly compared with negative control. In conclusion VA has
an ability to increase endogen antioxidant including SOD. Another pre-
vious research reported that VA had an ability to increase endogen
antioxidant (Glutathione and Superoxide dismutase) [49].

3.7. Histopathology

The characteristic of cardiac injury was found in the control negative
group that only gave doxorubicin with hematoxylin-eosin staining, while
in the normal group there were no changes on cardiac cell. Furthermore,
in the group given EEVA dose 400 there were no changes on cardiac cells.
Necrotic and aggregation were the main observed changes in the cardiac
histopathology especially in the group control negative and EEVA (100
mg/kgbw). The histopathology of each group can be seen in the Figure 1

4. Discussion

This study aims to prove the cardioprotective effect of ethanol extracts
of VA 100, 200, 400 mg/kg bw and doxorubicin 20 mg/kg bw. A previous
study conducted by Asuquo showed that ethanol extract of VA (200 mg/kg
bw) had a cardioprotective effect in streptozotocin (STZ)-induced rats (65
mg/kg bw) by reducing the incidence of hypertrophy and necrosis, while
in this study found the incidence of necrotic and aggregation in cardiac
histopathology on negative group (Figure 1) [31]. A study by Khang Wei
reported that the ethanol extract of VA 400 mg/kg bw increased the ac-
tivity of SOD, glutathione, and catalase in STZ-induced rats (65 mg/kg
BW) [32]. VA is known to be rich in flavonoids that have potent antiox-
idant effects, including luteolin 7-O-f-glucuronoside and luteolin
7-0-B-glucoside [33]. VA contains many polyphenols, including 5-caf-
feoylquinic acid; luteolin-7-Oglucuronide; luteolin-7-O-glucoside; 1,5- 3,
5- and 4,5-dicaffeoylquinic acids; luteolin; 4’-O-glucoside; apigenin
7-O-routineoside; apigenin 7-O-glucoside; and apigenin. Luteolin is
mainly a polyphenol domain in Vernonia amygdalina [34]. According to
Luo, luteolin is known to have anticancer, anti-inflammatory, and anti-
oxidant activities. The cardioprotective mechanism of luteolin is to acti-
vate anti-apoptosis activity, increase cardiac function by regulating the
MAPK family, block oxidative stress through haem oxygenase, increase
the production of nitric oxide (NO) to prevent damage by free radicals, and
improve systolic and diastolic function [35].
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Figure 1. Histopathology of heart tissue with H&E
(10 x 40), (A) normal group showed a normal tissue
without any necrotic cardiomyocytes, (B) control
negative group that only give doxorubicin showed a
necrotic (red arrow) and aggregation (black arrow) of
cardiomyocytes, (C) control positive group showed a
normal heart tissue, (D) EEVA (100 mg/kgbw) group
showed a few necrotic (red arrow) and aggregation
(black arrow) of heart tissue, (E) EEVA (200 mg/
kgbw) group showed a few aggregation (black arrow)
(F) EEVA (400 mg/kgbw) group showed a normal of
heart tissue.

Doxorubicin is widely used for anticancer therapy, but its use is known
to cause cardiotoxicity. Some of the doxorubicin mechanisms that cause
this toxicity explicitly increase the production of reactive oxygen species
(ROS) in mitochondria. ROS produce enzymes in the mitochondria that
convert doxorubicin into semiquinone, and semiquinone reacts very
quickly with oxygen and forms superoxide anion (O-). Doxorubicin is also
known to cause decreased production of endogenous antioxidants,
including GSH, catalase, and SOD. Some of the agents that have been used
to prevent cardiotoxicity during doxorubicin use are dexrazoxane, carve-
dilol, omega 3 fatty acids, and natural products that can increase the
production of antioxidants in cells, act as free radical scavengers, and
lower lipid peroxidation [36]. Pongprot reported that patients treated
with doxorubicin exhibit left ventricular dysfunction as well as elevated
levels of cardiac biochemical parameters such as creatinine kinase-MB
(CK-MB) and N-terminal pro-brain natriuretic peptides (N-proBNP) [37].
A rat cardiotoxicity model induced by doxorubicin revealed that the levels
of CK-MB and lactate dehydrogenase were increased after treatment with
doxorubicin [38]. Doxorubicin also increased the levels of serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) in rats [39].

The methanol extract at a VA dose of 500 mg/kg BW reduced AST and
ALT levels in rats induced by carbon tetrachloride (CCL4 1.2 mg/kg bw),
increased the concentrations of GSH, CAT, and SOD, and decreased MDA
levels [40]. VA also contains steroid saponins, including vernoniamyo-
side A, vernoniamyoside B, vernoniamyoside C, vernoniamyoside D,
vernoamyoside D, and vernonioside B2, which have cytotoxic activity on
BT-549, MDA-MB-231, MCF, and HeLa cells [16]. Our research regarding
the toxicity of VA shows that steroid glycosides in VA, such as verno-
nioside D, are estimated to have an LD50 of 8000 mg/kg [40]. Another
acute oral toxicity study reported by Zakaria reported that the toxicity of
African leaves is more than 5000 mg/kg BW [41].

5. Conclusion

This study proves that the ethanol extract of VA acts as a car-
dioprotective agent and reduces the levels of cardiac injury biomarkers
such as BNP, Troponin T, CK-MB, and LDH. Furthermore, in the future VA

can be developed into additional therapy while using doxorubicin to
prevent cardiotoxicity.
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