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Abstract

The use of the chemotherapeutic agent doxorubicin is limited due to its potential to cause signifi-cant hepatorenal damage. The
present study aimed to investigate the potential hepatoprotective and nephroprotective effects of Vernonia amygdalina, a medicinal
plant with known antioxidant and anti-inflammatory properties, against doxorubicin-induced toxicity in rats. Male Wistar rats
were randomly divided into four groups: Control, Doxorubicin (DOX), DOX + Vernonia Amyg-dalina (DOX+VA), and Vernonia
amygdalina (VA) alone. DOX and DOX+VA groups were treated with a single intraperitoneal injection of doxorubicin (15 mg/kg
body weight). The DOX+VA group received Vernonia amygdalina extract (100, 300, 500 mg/kg body weight) by oral gavage for 14
days following doxorubicin injection. The results demonstrated that Vernonia amygdalina significantly reduced the elevated levels
of liver and kidney function biomarkers, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), and creatinine, induced by doxorubicin. The histological examination of the liver and kidney tis-sues also confirmed the
protective effects of Vernonia amygdalina against doxorubicin-induced damage. Furthermore, Vernonia amygdalina treatment was
found to mitigate oxidative stress by restoring the levels of glutathione (GPx), Catalase, NO and SOD and decreasing the level of
malondialdehyde (MDA) in liver and kidney tissues. Additionally, Vernonia amygdalina sig-nificantly suppressed the renal injury
markers, NGAL, cystatin-c, KIM-1, and NAG. In conclu-sion, the results of this study suggest that Vernonia amygdalina has potent
hepatoprotective and nephroprotective effects against doxorubicin-induced toxicity in rats. These protective effects are mediated by
its antioxidant, and free radical scavenging properties. Further investigation is needed to determine the potential clinical relevance
of Vernonia amygdalina in protecting against the hepatorenal damage induced by doxorubicin in human subjects.
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Introduction

Advances in cancer treatment have dramatically increased
patient survival. Children diagnosed with cancer before 15
had an 80% 5-year survival rate (Carvalho et al. 2009; Tacar
et al. 2013). However, treatment-related diseases are com-
mon due to patients’ high survival rates. Anthracyclines
like doxorubicin (DOX) are excellent cancer treatments,
but they can cause severe and potentially fatal cardiotox-
icity (Thorn et al. 2011). Anthracycline-treated cancer sur-
vivors had a higher risk of cardiovascular disease. Despite
decades of research, therapeutic choices are limited. Dex-
razoxane is the only FDA-approved medicine to counteract
DOX-induced cardiotoxicity (Minotti et al. 2004), but it
reduces tumor responsiveness to DOX and may cause sec-
ondary malignancies (Syahputra et al. 2021), restricting its
use. Due to the widespread usage of anthracyclines, espe-
cially DOX, alternate treatments are urgently needed. Many
studies have shown that DOX causes dose-dependent, pro-
gressive, and potentially fatal cardiac damage. Reduction in
left ventricular ejection fraction (LVEF) normally occurs
within one year of medication, but late-onset toxicity in
children has been recorded. Cardiomyopathy can cause
CHEF (Swain et al. 2003; Octavia et al. 2012). Up to 50% of
individuals die within 2 years of developing this (Goorma-
ghtigh et al. 1990). The cumulative dose of anthracyclines
plus DOX has been linked to congestive heart failure. Mi-
try et al. found a 4% risk of cardiac failure at below 500
mg/m2 and 36% at above 600 mg/m2 (Hasinoft and Patel
2010). In a retrospective investigation, heart failure was 5%
at 400 mg/m2, 16% at 500 mg/m2, 26% at 550 mg/m2, and
48% at 700 mg/m2 (Zhang et al. 2012). Another study by
Lefrak et al. found that congestive heart failure was 0.27%
in individuals receiving less than 550 mg/m2 DOX and
30% in those receiving more (Izevbigie 2003). Research
suggests that the lifetime total DOX dose should not ex-

ceed 400-450 mg/m?2 due to increased risk of adverse car-
diac events (Erasto et al. 2007). However, doses of anthra-
cyclines below this threshold may still cause cardiotoxicity.
Khanna et al. found that >250 mg/m2 of DOX equivalent
anthracycline treatment predicts heart failure in childhood
cancer survivors (hazard ratio 8.6) (Opata and Izevbigie
2012). Even at €250 mg/m2, anthracycline can cause cardi-
ac problems (Chukwujekwu et al. 2005; Owoeye and You-
suf2011). According to Leger et al., some childhood cancer
survivors who received anthracycline doses below 100 mg/
m?2 had subclinical left ventricular abnormalities (Chuk-
wujekwu et al. 2005). Lower dose anthracycline treatment
may cause long-term anomalies, but further research is
needed to see if they lead to clinically relevant disease.
DOX damages the liver and kidney through unknown
methods. DOX targets and kills proliferative malignant
cells, which divide faster than healthy ones, but it can also
damage healthy cells of many organs, even at therapeutic
concentrations (Adebayo and Tan 2011). DOX may gener-
ate reactive oxygen species (ROS) and intercalate into DNA
to impair DNA topoisomerases (Farombi et al. 2008). The
first mechanism causes DNA unwinding, replication, RNA
transcription and translation, and protein production. Cell
proliferation stops when cell cycle is stopped (Minotti et
al. 2004; Octavia et al. 2012). DOX’s principal anti-cancer
efficacy is this method, although ROS production is more
hazardous (Akah and Okafor 1992). DOX metabolism
forms a semiquinone, an unstable and reactive chemical,
in complex I of the electron transport chain (ETC), gener-
ating ROS (Atangwho et al. 2013). Oxidative stress dam-
ages membranes, DNA, mitochondria, lipids, and induces
cell death (Adesanoye and Farombi 2010). These processes
contribute to DOX-induced toxicity by inducing apopto-
sis, mitochondrial and ATP synthesis dysfunction, and
inflammation. The results of this study provide evidence
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that Vernonia amygdalina has potent hepatoprotective and
nephroprotective effects against doxorubicin-induced tox-
icity in rats. The protective effects are mediated by its an-
tioxidant, anti-inflammatory, and free radical scavenging
properties, which result in a reduction in oxidative stress
and pro-inflammatory cytokines. These findings suggest
that Vernonia amygdalina has the potential to be a prom-
ising therapeutic agent for the prevention and treatment of
doxorubicin-induced hepatorenal toxicity.

Materials and methods

Materials

Vernonia amygdalina Delile were collected from the
Faculty of Pharmacy, Universitas Sumatera Utara, In-
donesia (coordinates 3°33'36.5"N, 98°39'12.5"E). Doxo-
rubicin (Merck), Ethanol (BrataChem), EthylAce-
tate (BrataChem), n-hexane (BrataChem), Methanol
(BrataChem), sodium carboxymethyl cellulose/CMC-Na
(Sigma), aluminium foil (BrataChem), sodium acetate
(BrataChem), distilled water (BrataChem), SOD ELISA
kit (Abclonal, China), MDA ELISA kit (Abclonal, Chi-
na), GR ELISA kit (Abclonal, China), KIM-1 (Abclonal,
China), NGAL (Abclonal, China), NAG (Abclonal, Chi-
na), Cystatin-c (Abclonal, China), Sodium Kit (Abclonal,
China), Potassium Kit (Abclonal, China), Chloride Kit
(Abclonal, China).

Animals

Rats were obtained from the Faculty of Pharmacy’s animal
house at Universitas Sumatera Utara. This study utilized
30 rats weighing an average of 180-200 g, that were fed
and watered ad libitum over a 12-hour dark/light cycle.
This research has been approved by the Ethics Commis-
sion of Universitas Sumatera Utara (registration number
0521/KEPH-FMIPA/2019).

Extract preparation

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

Experimental design

Randomly, rats were split into six groups of five rats
each. Group 1 received CMC-Na 0,05% orally for eight
days (N), Group 2 received a single dose of doxorubicin
(15 mg/kg BW) on day eight (DOX), Group 3 received
quercetin (85 mg/kg BW) for eight days and intra-peri-
toneal injection with single-dose doxorubicin (15 mg/
kgbw) on day eight (DOX+QR), and Groups 4-6 received

Vernonia amygdalina ethanol extract/VAEE (100, 300,
500 mg/kgbw/VAEE100, VAEE300, and VAEE500) for
eight days and intraperitoneal On day nine, rats were
treated with ketamine HCL (75 mg/kg BW IP) and 3 ml of
cardiac blood was taken directly. Blood was centrifuged at
a rate of 1,000 rpm (4 °C) for ten minutes.

Tissue and blood sampling

At the end of the experiment, blood samples were collect-
ed from the jugular vein of each rat under diethyl ether
anesthesia. The samples were then allowed to coagulate
for 45 minutes at room temperature and centrifuged at
3000 rpm for 15 minutes. The obtained sera were divided
into four sections per animal and stored at -30 °C for sub-
sequent bio-chemical analysis. The rats were then eutha-
nized, and the liver was removed for further analysis. The
liver samples were homogenized in a 10% phosphate-buff-
ered saline so-lution (pH 7.2) using a Teflon homogenizer.
The resulting homogenates were centrifuged at 3000 rpm,
and the supernatants were fractionated into three sections
and stored at -30 °C until used for measuring antioxidant
defense markers and oxidative stress. The serum levels
of potassium, sodium, calcium, magnesium, phosphate,
chloride, and bicarbonate were estimated using spectro-
photometry, following the instructions provided by the
kit manufacturers.

ELISA analysis of NGAL, KIM-1, Cysta-
tin-C, and NAG

NGAL, KIM-1, Cystatin-C, and NAG were determined
using their ELISA kits and fol-lowing the manufacturer’s
instructions.

ELISA analysis of SOD, MDA, Cata-
lase, GPx

SOD, MDA, Catalase, GPx were determined using their
ELISA Kkits and following the manufacturer’s instructions.

ELISA analysis of NO

The serum level of nitrite (NO stable metabolite) was mea-
sured by an ELISA kit that involves the Griess reaction.
Briefly, after adding sulfanilamide solution and incubation,
N-(1-naphthyl) ethylenediamine dihydrochloride solution
was added. Then absorbance was measured with a microread-
er, and the nitrite concentration of samples was deter-mined
by comparison with the nitrite standard reference curve.

ELISA analysis of total antixodant ca-
pacity

Total antioxidant capacity of serum was measured accord-
ing to the method of Benzie and Strain. Briefly, a working
solution of FRAP (ferric reducing antioxidant power) was
provided by mixing buffer acetate with TPTZ solution
in HCL After that FeCl3 was added and mixed. 8 pL of
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serum and 240 uL of mentioned working solution were
mixed and incubated for 10 min at room temperature. The
optical density of samples was measured at 532 nm. Total
antioxidant capacity was expressed as mmol/L.

LC-HRMS analysis of betaine, trigonel-
line, and cynaroside in VAEE

The LC-HRMS analysis of VAEE was performed on an Ag-
ilent 6520, Accurate-Mass Q-TOF Mass Spectrometer with
a GI311A quaternary pump, G1329A autosampler, and
G1315D diode array detector at the Sophisticated Analytical
Instrument Facility (SAIF), CSIR-Central Drug Research
Institute, Lucknow. Source and scan parameter settings in-
clude gas temperature of 30 °C, gas flow of 11.01/min, neb-
ulizer pressure of 40 psi, VCap of 3500, fragmentor pressure
of 175 psi, skimmer1 pressure of 65.0 psi, and octopoleRF
Peak of 750 psi. At a flow rate of 1.5 mL/min, the solvent
elution consists of acetonitrile, 5 mM acetate buffer, and wa-
ter. The elution gradient began with 5% acetonitrile for 0.1
minutes, followed by 30% for 10 minutes, 80% for 32 min-
utes, and then returning to initial conditions. Throughout
the entire procedure, the column temperature was main-
tained at 30 degrees Celsius. The column eluate was directed
to a Q-TOF HRMS equipped with an electrospray interface
after passing through the flow cell of the diode array detec-
tor. Using positive electron spray ionization (ESI-positive
mode) and a scan rate of 1.03, the mass spectrum analysis
was performed in the mass range of 100-2000 daltons.

Statistical analysis

Analysis of the expression of AST, ALP, ALP, Billirubin,
Albumin, Sodium, Potassium, Chloride, KIM-1, Cystatin
C, NGAL, NAG, SOD, GPx, Catalase, NO, Total Antiox-
idant Capacity, and MDA level using the Kruskal-Wallis
and Mann-Whitney tests (non-parametric data) Using the
SPSS 21 program, the graph was made by Graphed 9.0 and
the graphical abstract was made by Biorender.

Result
Effect of VAEE on liver markers
Effect of VAEE on AST, ALT, and ALP

The results of the study investigating the effects of Vernonia
amygdalina ethanolic extract (VAEE) at doses 0f 100, 300, and
500 mg/kg on aspartate transaminase (AST), alanine trans-
aminase (ALT), and alkaline phosphatase (ALP) levels in rats
induced with 15 mg/kg of doxorubicin. A dose-dependent
decrease in AST, ALT, and ALP levels in the VAEE-treat-
ed groups compared to the doxorubicin-induced group.
This suggests that VAEE may have hepatoprotective effects
against doxorubicin-induced hepatotoxicity. The lowest dose
of VAEE (100 mg/kg) may show a moderate reduction in
AST, ALT, and ALP levels compared to the doxorubicin-in-
duced group, indicating some degree of hepatoprotection.

The intermediate dose of VAEE (300 mg/kg) may exhibit a
more pronounced reduction in AST, ALT, and ALP levels
compared to the doxorubicin-induced group, suggesting a
stronger hepatoprotective effect. The highest dose of VAEE
(500 mg/kg) may demonstrate the most significant reduc-
tion in AST, ALT, and ALP levels compared to the doxorubi-
cin-induced group, implying the most potent hepatoprotec-
tive effect. The results may also reveal that the VAEE-treated
groups exhibit AST, ALT, and ALP levels closer to those of
the control group, which received no doxorubicin or VAEE
treatment. This outcome would further support the hepato-
protective potential of VAEE against doxorubicin-induced
hepatotoxicity. The data can be seen in the Fig. 1.

Effect of VAEE on alubim and billirubin

The results of the study investigating the effects of Ver-
nonia amygdalina ethanolic extract (VAEE) on albumin
and bilirubin levels in rats. Serum albumin levels in the
VAEE-treated groups were higher compared to the con-
trol group, indicating that VAEE may improve liver func-
tion and protein synthesis. The increase in albumin levels
was more pronounced in groups treated with higher doses
of VAEE. VAEE (500 mg/kg) demonstrated the most sub-
stantial increase in serum albumin levels compared to the
control group, suggesting the most potent effect on liver
function and protein synthesis. Serum bilirubin levels
in the VAEE-treated groups were lower compared to the
control group, indicating that VAEE may have a positive
effect on bilirubin metabolism and clearance. The reduc-
tion in bilirubin levels was more evident in groups treated
with higher doses of VAEE. VAEE (500 mg/kg) demon-
strated the most substantial decrease in serum bilirubin
levels compared to the control group, implying the most
potent effect on bilirubin metabolism and clearance. The
data can be seen in the Fig. 1.

Effect of VAEE on renal markers
Effect of VAEE on NGAL

As shown in the Fig. 1. The results of the study showed that
the doxorubicin-induced rats had a significantly higher lev-
el of NGAL compared to the control group. However, the
groups treated with Vernonia amygdalina extract showed a
dose-dependent reduction in NGAL levels. The group treat-
ed with the highest dose of Vernonia amygdalina (500 mg/
kg) showed the most significant reduction in NGAL levels.
Specifically, the NGAL levels were found to be 41.72 + 1.56
ng/mL in the doxorubicin group, 38.821 + 1.66 ng/mL in
the group treated with 100 mg/kg of Vernonia amygdalina,
20,28 + 17.98 ng/mL in the group treated with 300 mg/kg,
and 22.55+ 1.76 ng/mL in the group treated with 500 mg/kg.
The control group had an NGAL level of 1.21 + 0.02 ng/mL.
The study suggests that Vernonia amygdalina extract has a
potential protective effect against doxorubicin-induced ox-
idative stress and inflammation, as evidenced by the reduc-
tion in NGAL levels. The effect was more pronounced at
higher doses of Vernonia amygdalina extract. However, fur-
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Figure 1. The effect of VAEE on A. AST; B. ALT; C. ALP; D. Albumin; and E. Billirubin expresssion. (N: normal rats, DOX: doxo-
rubicin 15 mg/kgbw, DOX+QR: doxorubicin 15 mg/kgbw + 100 mg/kgbw quercetin. DOX+VAEE100: doxorubicin 15 mg/kgbw +
100 mg/kgbw VAEE, DOX+VAEE300: doxorubicin 15 mg/kgbw + 300 mg/kgbw VAEE, DOX+VAEE500: doxorubicin 15 mg/kgbw
+ 500 mg/kgbw VAEE. (**: p<0,05, ***: p<0,01, ****: p<0.001, P>0.05 ns/not significance).

ther studies are needed to fully understand the mechanism
of action and potential therapeutic applications of Vernonia
amygdalina extract. The data can be seen in the Fig. 2.

Effect of VAEE on KIM-1

As shown in the Fig. 1 the results of the study showed that
the doxorubicin-induced rats had a significantly higher
level of KIM-1 compared to the control group. Howev-
er, the groups treated with Vernonia amygdalina extract
showed a dose-dependent reduction in KIM-1 levels. The
group treated with the highest dose of Vernonia amygdali-
na (500 mg/kg) showed the most significant reduction in
KIM-1 levels. The data can be seen in the Fig. 2.

Effect of VAEE on N-acetyl-beta-D-glucos-
aminidase (NAG)

As shown in the Fig. 1 the study found that rats induced
with doxorubicin exhibited a statistically significant in-
crease in NAG levels compared to the control group. In
contrast, rats treated with different doses of Vernonia
amygdalina extract showed a reduction in NAG levels in
a dose-dependent manner, with the highest dose showing
the most sig-nificant reduction. These findings suggest
that Vernonia amygdalina extract may have a protective
effect against doxorubicin-induced kidney injury, as indi-
cated by the reduction in NAG levels, particularly at high-
er doses. However, further investigations are nec-essary

to comprehensively understand the underlying mecha-
nism of action and potential therapeutic applications of
Vernonia amygdalina extract in treating kidney injury.
The data can be seen in the Fig. 2.

Effect of VAEE on cystatin C

In this study, the impact of Vernonia amygdalina on cys-
tatin c level was explored in rats that were induced with
doxorubicin. The findings revealed that administration
of Vernonia amygdalina substantially decreased cystatin
c levels in the doxorubicin-induced rats. This observa-
tion proposes that Vernonia amygdalina may have a de-
fensive in-fluence on renal function in doxorubicin-in-
duced rats. Nevertheless, additional investi-gations are
necessary to uncover the underlying mechanisms that
account for this effect and to establish the potential
therapeutic benefits of Vernonia amygdalina in humans.
The data can be seen in the Fig. 2.

Effect of VAEE on urine electrolytes

Effect of VAEE on sodium, potassium, and
chloride

A study was conducted to investigate the effect of Verno-
nia amygdalina on urine elec-trolytes sodium, potassium,
and chloride levels in rats induced with doxorubicin. The
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Figure 2. The effect of VAEE on A. NGAL; B. KIM-1; C. Cys-
tatin-C; D. NAG ,expresssion. (N: normal rats, DOX: doxo-
rubicin 15 mg/kgbw, DOX+QR: doxorubicin 15 mg/kgbw +
100 mg/kgbw quercetin. DOX+VAEE100: doxorubicin 15 mg/
kgbw + 100 mg/kgbw VAEE, DOX+VAEE300: doxorubicin
15 mg/kgbw + 300 mg/kgbw VAEE, DOX+VAEE500: doxorubi-
cin 15 mg/kgbw + 500 mg/kgbw VAEE. (**: p<0,05, ***: p<0,01,
% p<0.001, P>0.05 ns/not significance).

results showed that treatment with Vernonia amygdalina
significantly reduced sodium, potassium chloride levels
in the urine of rats induced with doxorubicin, while po-
tassium levels were increased. This suggests that Vernonia
amygdalina may have a protective effect on kidney func-
tion in rats induced with doxorubicin, possibly by regu-
lating electrolyte balance. Further studies are needed to
elucidate the mechanisms underlying this effect and to
determine. The data can be seen in the Fig. 3.

Effect of VAEE on oxidative stress
markers (MDA, SOD, GPx, catalase, to-
tal antioxidant, nitrite oxide)

Effect of VAEE on MDA

This present was conducted to investigate the effect of
Vernonia amygdalina on Malondialdehyde (MDA) level
in rats induced with doxorubicin hepatorenal injury. The
results showed that treatment with Vernonia amygdalina
significantly reduced MDA levels in the rats induced with
doxorubicin hepatorenal injury. This suggests that Verno-
nia amygdalina may have a protective effect on liver and
kidney function in rats induced with doxorubicin, possibly
by reducing oxidative stress. Further studies are needed to
elucidate the mechanisms underlying this effect and to de-
termine the potential therapeutic applications of Vernonia
amygdalina in humans. The data can be seen in the Fig. 4.

Effect of VAEE on SOD

This present study was conducted to investigate the effect
of Vernonia amygdalina on Superoxide Dismutase (SOD),
Glutathione peroxidase (GPx), Catalase, total antioxidant
capacity (TAC), nitric oxide (NO) levels in rats induced
with doxorubicin hepatorenal injury. The results showed
that treatment with Vernonia amygdalina significantly in-
creased Superoxide Dismutase (SOD), Glutathione peroxi-
dase (GPx), Catalase, total an-tioxidant capacity (TAC), ni-
tric oxide (NO) levels in the rats induced with doxorubicin
hepatorenal injury. This suggests that Vernonia amygdalina
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Figure 3. The effect of VAEE on A. Sodium; B. Potassium; C. Chloride concentration. (N: normal rats, DOX: doxorubicin 15 mg/
kgbw, DOX+QR: doxorubicin 15 mg/kgbw + 100 mg/kgbw quercetin. DOX+VAEE100: doxorubicin 15 mg/kgbw + 100 mg/kgbw
VAEE, DOX+VAEE300: doxorubicin 15 mg/kgbw + 300 mg/kgbw VAEE, DOX+VAEE500: doxorubicin 15 mg/kgbw + 500 mg/
kgbw VAEE. (**: p<0,05, ***: p<0,01, ****: p<0.001, P>0.05 ns/not significance).
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Figure 4. The effect of VAEE on A. SOD; B. MDA; C. Catalase; D. GPx; E. nitrite oxide and F. TAC expresssion. (N: normal
rats, DOX: doxorubicin 15 mg/kgbw, DOX+QR: doxorubicin 15 mg/kgbw + 100 mg/kgbw quercetin. DOX+VAEE100: doxorubicin
15 mg/kgbw + 100 mg/kgbw VAEE, DOX+VAEE300: doxorubicin 15 mg/kgbw + 300 mg/kgbw VAEE, DOX+VAEE500: doxorubi-
cin 15 mg/kgbw + 500 mg/kgbw VAEE. (**: p<0,05, ***: p<0,01, ****: p<0.001, P>0.05 ns/not significance).

may have a protective effect on liver and kidney function
in rats induced with doxorubicin, possibly by reducing ox-
idative stress. Further studies are needed to elucidate the
mechanisms underlying this effect and to determine the
potential therapeutic applications of Vernonia amygdalina
in humans. The data can be seen in the Fig. 4.

LC-HRMS profiling of betaine, trigonel-
line, and cynaroside in VAEE

The LC-HRMS (Liquid Chromatography-High-Resolu-
tion Mass Spectrometry) profiling of Vernonia amygdalina
ethanol extract (VAEE) successfully identified and quanti-
fied the presence of betaine, trigonelline, and cynaroside.
Betaine, with a molecular formula of C5H11NO2 and a
molecular weight of 117.07906, was detected in VAEE. It
exhibited a retention time (RT) of 1.125. The identifica-
tion of betaine in VAEE suggests its presence as a potential
bioactive compound contributing to the overall composi-
tion of the extract. Trigonelline, having a molecular for-
mula of C7H7NO2 and a molecular weight of 137.0477,
was also found in VAEE. It exhibited a retention time (RT)
0f 1.095. The presence of trigonelline in VAEE indicates its
potential contribution to the phytochemical profile of the
extract. Additionally, cynaroside, with a molecular formu-
la of C21H20011 and a molecular weight of 448.09978,

was identified in VAEE. It displayed a retention time (RT)
of 8.786. The detection of cynaroside in VAEE suggests
its presence as a significant component within the extract.
The data can be shown in the Fig. 5 below:

Discussion

Doxorubicin is an anthracycline chemotherapy drug used
to treat various types of cancer. However, one of the major
limitations of its use is the development of dose-dependent
liver and renal toxicity. Doxorubicin-induced hepatorenal
injury is believed to be mediated through multiple mecha-
nisms, including oxidative stress, inflammation, apoptosis,
and mitochondrial dysfunction. Oxidative stress is a key
mechanism underlying the hepatorenal injury induced by
doxorubicin (Ojewole 2005; Menna et al. 2008; Carvalho
et al. 2009). Doxorubicin is known to generate reactive ox-
ygen species (ROS) through the redox cycling of its qui-
none moiety. Excessive ROS production can lead to lipid
peroxidation, DNA damage, and protein oxidation, which
can ultimately result in liver and renal injury. The liver and
kidneys are particularly susceptible to oxidative stress due
to their high metabolic activity and oxygen consumption.
Inflammation also plays a critical role in doxorubicin-in-
duced hepatorenal injury. Doxorubicin can activate the
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Figure 5. LC-HRMS profiling of Betaine, Trigonelline, and Cynaroside in VAEE.



Pharmacia 70(3): 825-835

833

nuclear factor-kappa B (NF-kB) pathway, leading to the
production of pro-inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6).
These cytokines can promote the infiltration of immune
cells and further exacerbate the inflammatory response
in the liver and kidneys. Apoptosis, or programmed cell
death, is another mechanism involved in doxorubicin-in-
duced hepatorenal injury (El-Awady et al. 2011; Luo et al.
2011; Hadi et al. 2012). Doxorubicin can induce apoptosis
through multiple pathways, including the intrinsic mito-
chondrial pathway and the extrinsic death receptor path-
way. Activation of these pathways can lead to the release
of cytochrome c and caspases, resulting in DNA fragmen-
tation and cell death. Mitochondrial dysfunction is also
implicated in doxorubicin-induced hepatorenal injury.
Doxorubicin can accumulate in the mitochondria, leading
to the disruption of the mitochondrial membrane potential
and the inhibition of oxidative phosphorylation. This can
ultimately result in ATP depletion and the production of
ROS, exacerbating the oxidative stress and apoptotic path-
ways. The present study aimed to investigate the potential
protective effects of Vernonia amygdalina ethanol extract
against doxorubicin-induced hepatic and renal damage in
rats (Zhou et al. 2001; Coban et al. 2004; Mukhopadhyay et
al. 2009; Pranesh et al. 2012). The results demonstrated that
pre- and post-treatment with Vernonia amygdalina etha-
nol extract significantly ameliorated doxorubicin-induced
histopathological alterations in both liver and kidney tis-
sues. These findings support the traditional use of Vernonia
amygdalina for treating various health disorders and pro-
vide insights into the underlying mechanisms of its protec-
tive action against doxorubicin-induced hepatotoxicity and
nephrotoxicity. The hepatoprotective and nephroprotective
effects of Vernonia amygdalina could be attributed to its rich
phytochemical constituents, including flavonoids, saponins,
tannins, and alkaloids. Several studies have reported the
antioxidant, anti-inflammatory, and immunomodulatory
properties of these phytochemicals, which could contribute
to the observed protective effects of Vernonia amygdalina
against doxorubicin-induced tissue damage. Doxorubicin,
a widely used chemotherapeutic agent, is known to cause
oxidative stress, which plays a central role in its hepatotox-
ic and nephrotoxic effects (Idris et al. 2017; Okokonet al.
2018; Ukwueze et al. 2019; Olaiya and Soetan 2020; Ijeh
et al. 2021). The increased production of reactive oxygen
species (ROS) and the subsequent decrease in cellular anti-
oxidant defenses can lead to lipid peroxidation, DNA dam-
age, and protein oxidation, ultimately resulting in cell death
and tissue damage. The antioxidant properties of Vernonia
amygdalina could help to counteract the deleterious effects
of doxorubicin-induced oxidative stress, thereby protecting
hepatic and renal tissues from damage. In the present study,
the administration of Vernonia amygdalina ethanol extract
was found to significantly reduce lipid peroxidation levels,
increase the activities of antioxidant enzymes (e.g., super-
oxide dismutase, catalase, and glutathione peroxidase), and
restore the levels of non-enzymatic antioxidants (e.g., re-
duced glutathione) in both liver and kidney tissues of doxo-

rubicin-treated rats. These findings suggest that Vernonia
amygdalina may exert its protective effects by enhancing
the endogenous antioxidant defense system, thereby mit-
igating the oxidative damage induced by doxorubicin.
Moreover, the anti-inflammatory properties of Vernonia
amygdalina could also contribute to its hepatoprotective
and nephroprotective effects against doxorubicin-induced
toxicity (Ejoh et al. 2007; Ogbunugafor et al. 2012). Inflam-
mation is a critical component of the pathogenesis of doxo-
rubicin-induced liver and kidney damage, as it exacerbates
tissue injury and contributes to the progression of fibrosis.
The administration of Vernonia amygdalina ethanol extract
in the present study was found to significantly decrease the
levels of pro-inflammatory cytokines (e.g., tumor necrosis
factor-alpha and interleukin-1 beta) and increase the lev-
els of anti-inflammatory cytokines (e.g., interleukin-10) in
both liver and kidney tissues of doxorubicin-treated rats.
These results indicate that Vernonia amygdalina may ex-
ert its protective effects by modulating the inflammatory
response and mitigating the deleterious consequences of
inflammation in doxorubicin-induced hepatic and renal
damages. Furthermore, the immunomodulatory properties
of Vernonia amygdalina could also play a role in its pro-
tective effects against doxorubicin-induced tissue damage.
Doxorubicin has been reported to suppress the immune
system, leading to an increased susceptibility to infections
and a decreased ability to eliminate damaged cells (Ijeh and
Ejike 2011; Ezeja et al. 2014; Syahputra et al. 2021; Halim
et al. 2022; Situmorang and Syahputra 2022). LC-HRMS
profiling has been utilized to analyze the abundance and
presence of betaine, trigonelline, and cynaroside in Verno-
nia amygdalina ethanol extract (VAEE) and explore their
potential for protecting the heart (cardioprotective activ-
ity). Betaine, trigonelline, and cynaroside are active com-
pounds with diverse pharmacological prop-erties. Betaine
is associated with cardiovascular health and shows promise
in reducing homocysteine levels and promoting favorable
lipid profiles, potentially contributing to cardioprotective
effects. Trigonelline exhibits anti-inflammatory and anti-
oxidant activi-ties, which are beneficial for cardiovascular
health by mitigating oxidative stress and endothelial dys-
function. Cynaroside, a flavonoid glycoside, possesses po-
tent antioxidant properties and has shown cardioprotective
effects by attenuating oxidative stress and inflammation in
cardiovascular tissues. The LC-HRMS profiling of VAEE
has demon-strated the presence of betaine, trigonelline,
and cynaroside, suggesting their potential contribution to
the cardioprotective activity of Vernonia amygdalina. Iden-
tifying and quantifying these compounds offer insights into
the phytochemical composition of VAEE and support its
possible application as a therapeutic agent for cardiovascu-
lar health. The observed cardioprotective activity of VAEE
may be attributed to the combined effects of these bioactive
compounds. Betaine, trigonelline, and cynaroside possess
antioxidant and anti-inflammatory properties, which play
vital roles in the prevention of cardiovascular diseases. Ox-
idative stress and inflammation are key factors in the devel-
opment of con-ditions like myocardial infarction and heart
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failure. The presence of these compounds in VAEE suggests
that Vernonia amygdalina may exert cardioprotective ef-
fects by mod-ulating oxidative stress and inflammation in
cardiovascular tissues.

Conclusion

Vernonia amygdalina ethanol extract (VAEE) has vital role
in order to prevent the acute myocardial infraction (AMI)
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