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Background: Doxorubicin (DOX) is a potent anthracycline chemotherapy agent widely 
employed to treat various malignancies, such as cancers and this study sought to determine 
how allicin (ALC) and or L-carnitine (LC) affect DOX-induced cardiotoxicity in rats.

Methods: In this study, the possible alleviative role of ALC (20 mg/kg/day orally (PO)) 
or LC (100 mg/kg/day PO) or the combined treatment of both ALC and LC (with the 
previously mentioned dosages) was evaluated against the cardiotoxic effect of a widely used 
chemotherapeutic agent, DOX (20 mg DOX /kg intraperitoneal injection (IP) as a single dose) 
in rats in 30 days experiment. 

Results: The results revealed that ALC and LC significantly suppressed the DOX-induced 
increment in serum levels of cardiac damage biomarkers, such as lactate dehydrogenase 
(LDH), creatine kinase (CK) and creatine kinase-megabyte (CK-MB). Moreover, DOX-
associated oxidative stress, including the elevation in malondialdehyde (MDA) level and 
reduced activity of antioxidant enzymes, such as catalase (CAT) and superoxide dismutase 
(SOD) and the level of reduced glutathione (GSH) was corrected in ALC and or LC treated 
groups. Furthermore, DOX-induced cardiomyopathy showed significant pathological 
changes, including myocyte degeneration, vacuolization, interstitial edema, and focal necrosis. 
Nevertheless, the histopathological lesions were corrected in the treated groups mostly in the 
combined treatment with ALC plus LC. Compared to ALC and LC, ALC plus LC was more 
effective at restoring the cardiac injury biomarkers, inhibiting cardiac oxidative damage and 
preserving the cardiac architecture. 

Conclusions: Conclusively, the study results evidenced the beneficial role of the combined 
treatment with ALC plus LC in mitigating DOX-induced cardiotoxicity.
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Introduction

oxorubicin (DOX) is a potent anthracy-
cline chemotherapy agent widely em-
ployed to treat various malignancies, such 
as cancers of the breast, uterus, ovary, 
cervix, and other blood cancers, as well 

as leukemias and hemophilias [1]. Furthermore, the na-
tive state of DOX is an extremely potent antineoplastic 
agent approved by the Food and Drug Administration 
(FDA). Several studies have illustrated that DOX endan-
gers vital healthy tissues by promoting oxidative stress 
and inflammation [2]. Substantial evidence suggests 
that DOX can lead to cardiotoxicity through various 
mechanisms involving apoptosis, abnormal intracellular 
calcium signaling, autophagy, metabolic disruption, en-
doplasmic reticulum stress, and mitochondrial damage 
[3]. Compared to the previously mentioned mechanisms, 
it is widely accepted that cardiomyocytes are more sus-
ceptible to oxidative stress, which has been proposed as 
a key factor in DOX-induced cardiomyopathy patho-
genesis [4]. Conversely, DOX inhibits the endogenous 
enzymatic and nonenzymatic antioxidants. Where a dis-
crepancy exists between reactive oxygen species (ROS) 
generation and neutralization, oxidative stress can occur 
and has a greater negative impact on the heart than other 
organs, such as the kidney and liver [5].

Allicin (ALC) is a bioactive compound found in garlic 
(Allium sativum) with various beneficial properties. ALC 
is formed when the enzyme alliinase reacts with the pre-
cursor compound alliin upon tissue damage or crushing 
of garlic cloves. ALC is responsible for the strong odor 
and flavor of garlic. ALC has potent antioxidant prop-
erties and anti-inflammatory effects which can protect 
against oxidative stress-induced damage by scaveng-
ing free radicals increasing the activity of endogenous 
antioxidants and preventing pro-inflammatory cytokine 
production [5]. 

L-carnitine (LC) is a natural molecule generated in the 
kidneys and liver from the amino acids methionine and 
lysine. Both the cardiac and skeletal muscles have a siz-
able concentration of it. Its main function is to make it 
easier for long-chain fatty acids to enter the matrix of mi-
tochondria, which is the starting point for the β-oxidation 
of fatty acids. The myocardium gets its energy mostly 
from this process [6]. Various studies illustrated that LC 
has diverse biological impacts, involving anti-inflamma-
tory, anti-apoptotic and antioxidant properties [1]. Fur-
thermore, LC can improve the cardiotoxicity induced by 
different toxicants [7, 8]. 

Based on all previous knowledge, this study sought to 
determine how ALC and or LC affect DOX-induced car-
diotoxicity in rats.

Materials and Methods

Chemicals

The DOX injectable vial (2 mg/mL) was purchased 
commercially from Egyptian International Medical 
Center (EIMC) (EIMC) United Pharmaceuticals, Egypt. 
ALC (35% powder) was obtained from Delta Vet Center 
Comp. (Cairo, Egypt). LC was purchased commercially 
from MEPACO Comp. (Inshas Elraml, Egypt). 

Animals and experimental protocol 

Forty-nine male Wister albino rats (175-200 g) were 
procured from the Egyptian organization for biological 
products and vaccines. The rats were housed in standard 
and comfortable hygienic conditions (25±2 °C and a 
12 h light/dark cycle) and provided unrestricted access 
to a standard diet and water. For acclimatization, the 
rats were kept in the lab for one week before starting 
the trial. The rats were randomly separated into seven 
equivalent groups (7 rats/group). The control group was 
orally dosed with saline only. The ALC-treated group 
was orally given 20 mg/kg/day ALC for 30 days [9]. The 
LC-treated group was orally dosed with 100 mg/kg/day 
LC for 30 days [10]. The DOX-treated group was given 
saline orally for 30 days, and 24 hours after receiving 
the last dose of saline, 20 mg DOX /kg was injected IP 
as a single dose [11]. In the ALC+DOX, LC+DOX and 
ALC+LC+DOX-treated groups, the rats received ALC, 
LC and DOX in the same regimen used with the previ-
ous three groups.

Blood sampling and serum biochemical markers

All rats had been anesthetized 48 hours after DOX 
injection with isoflurane. The blood specimens were 
gathered from the retro-orbital plexus of each rat. The 
blood was left to clot at room temperature for 20 minutes 
before being centrifuged at 1200 g for 15 minutes for 
serum collection to be stored at -20 °C until the future 
biochemical analysis. The sera levels of the biomark-
ers of cardiac damage (LDH, creatine kinase (CK) and 
CK-megabyte [MB]) were assayed according to [12-14], 
respectively. 
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Tissue oxidative stress markers

Following the blood specimen collection, the animals 
were euthanized by decapitation so that the hearts could 
be rapidly harvested and cleaned using 0.9% Sodium 
chloride (NaCl) solution. One gram of cardiac tissue 
was gathered in cold eppendorf tubes and kept at −80 
°C until used. Using an electrical homogenizer enclosed 
with ice, the cardiac tissue samples (one gm) were ho-
mogenized in 10 mL cold phosphate buffer (pH 7.4). 
To prevent glutathione (GSH) from oxidizing, the N-
ethylmaleimide solution was supplemented directly af-
ter homogenization and centrifuged at 5000 rpm for 30 
minutes. Based on [15-18] studies, the supernatants were 
analyzed for catalase (CAT) and superoxide dismutase 
(SOD) activities, as well as GSH and malondialdehyde 
(MDA) concentrations. The analytical kit reagents were 
purchased from the Bio-diagnostics Company (Dokki, 
Giza, Egypt).

Histopathological examination

According to [19], cardiac tissues were prepared for 
histopathological analysis. Fiji ImageJ software, version 
1.51u) was utilized to analyze the resulting images.

Histopathological scoring of cardiac injury

The method employed to evaluate cardiac pathology 
in this study involved categorizing changes in degenera-
tion, interstitial expansion and hemorrhage across multi-
ple fields in each group. For each parameter, the presence 
or absence of pathological changes was recorded using a 
binary system: Positive (+) for the presence of a change 

and negative (-) for its absence. Each field was evaluated 
individually, and a total score was calculated for each 
parameter by counting the number of positive responses. 
The average severity of each condition for each group 
was then classified into one of four categories based on 
the proportion of positive fields: No: No positive fields 
were detected. Mild: Few positive fields were present. 
Moderate: A moderate number of positive fields, sug-
gesting a noticeable but not overwhelming presence of 
pathological changes. Severe: Most or all fields are posi-
tive, indicating extensive pathological changes.

Statistical analysis

One-way analysis of variance (ANOVA) was used 
to estimate the results and variation across the groups 
was exposed using Tukey’s post-hoc multiple tests. Sig-
nificant variations between means were identified at the 
P<0.05 level and stated as Mean±SD. GraphPad Prism 
software, version 9 was used for data analysis and the 
generation of column charts.

Result

Effect of ALC and or LC treatment on serum bio-
chemical parameters

As revealed in Figure 1, the administration of DOX 
alone in rats caused a significant (P<0.05) increase in 
the serum levels of LDH, CK and CK-MB, compared to 
control rats. It should be noted that the administration of 
ALC, LC and ALC plus LC significantly impacted the 
improvement of the measured parameters.

Table 1. Semi-quantitative severity scoring of histopathology of cardiac muscle

Groups Degeneration Interstitial Expansion Hemorrhage

Control 0/10 No 0/10 No 0/10 No

ALC 1/10 Mild 0/10 No 0/10 No

LC 1/10 Mild 1/10 Mild 0/10 No

DOX 8/10 Severe 9/10 Severe 7/10 Severe

ALC+DOX 5/10 Moderate 3/10 Mild 3/10 Mild

LC+DOX 2/10 Mild 6/10 Moderate 2/10 Mild

ALC+LC+DOX 2/10 Mild 3/10 Mild 0/10 No

Abbreviations: No: No positive fields detected; Mild: Few positive fields present; Moderate: A moderate number of positive 
fields, suggesting a noticeable but not overwhelming presence of pathological changes; Severe: A majority or all fields positive, 
indicating extensive pathological changes.
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Figure 1. Effect of ALC, LC, DOX on serum biochemical parameters and cardiac antioxidant parameters in rats (n=7)

*<0.05, **<0.01, ***<0.001, ****<0.0001. Values presented as Mean±SD. 
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Effect of ALC and or LC treatment on oxidative 
cascade and lipid peroxidation 

Figure 1 presents the oxidative status (CAT, SOD, 
and GSH) and the lipid peroxidation (MDA) index. 
DOX treatment provoked significant oxidative stress, as 
showed by a reduction in CAT and SOD activity as well 
as the level of GSH, along with elevated MDA compared 
to control rats. However, the administration of ALC, LC, 
and ALC plus LC revealed significant promotions in 
CAT and SOD activities and GSH levels, as well as re-
duced MDA levels. Remarkably, the combination treat-

ment with ALC and LC revealed the best improvement 
of the DOX-induced oxidative stress.  

Histological analyses of cardiac sections

It revealed distinct architectural differences across the 
treatment groups: Normal control (Figure 2A), ALC 
(Figure 2B), LC (Figure 2C) treated groups cardiac ar-
chitecture was preserved with well-defined myocardial 
fibers as branched striated cardiac myocytes with aci-
dophilic cytoplasm and centrally located, vesicular, and 
oval nuclei and intact interstitial structure. The DOX-

Soliman A, et al. Allicin and L-carnitine Protect Against Doxorubicin Cardiac Toxicity. IJMTFM. 2024; 14(3):E45510.

Figure 2. Histological analysis of cardiac sections illustrating structural differences across treatment groups

Notes: Preserved cardiac architecture with intact myocardial fibers and centrally located nuclei in the control group (white ar-
row indicate normal myocardial structures) (A); normal cardiac architecture with no significant alterations in the ALC (B) and 
LC (C) groups (white arrows indicate normal myocardial structures). DOX-treated group showed focal necrosis (blue arrow)
and myocyte degeneration (black arrows) (D). DOX-treated group showed interstitial expansion (green arrows), hemorrhage 
(red arrow) (E). Varying degrees of tissue preservation in the ALC+DOX showed hemorrhage (red arrow) (F). LC+DOX-
treated group showed myocyte degeneration (black arrows) (G). Preserved architecture with minimal structural changes in the 
ALC+LP+DOX group (white arrow indicate normal myocardial structures) (H); Semi-quantitative scoring of histopathological 
changes for parameters of myocyte degeneration, interstitial expansion, and hemorrhage (I).
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treated group showed significant pathological changes, 
including distorted striations of cardiac muscle, myocyte 
degeneration, vacuolization, focal necrosis in small clus-
ters of myocardial fibers, interstitial edema, extravasat-
ed RBCs and noticeable expansion in interstitial spaces 
(Figures 2D and E). ALC+DOX: Treatment with ALC 
attenuated the severity of pathological damage to a cer-
tain degree. A reduction in the extravasated RBCs and 
a slight restoration of myocardial architecture were ob-
served. However, some myocyte degeneration persisted 
(Figure 2F). LC+DOX; this group showed less intersti-
tial edema and reduced myocyte damage compared to 
the DOX-only group. A notable reduction was observed 
in necrotic cardiac muscle fibers and better preservation 
of myocardial structure (Figure 2G). The combination 
treatment (ALC+LC+DOX) presented the most pre-
served cardiac architecture among the treated groups. 
Minimal cellular degeneration, reduced interstitial 
edema, and well-preserved myocardial integrity were 
observed, suggesting potentially synergistic protective 
effects of ALC and LC when combined with DOX (Fig-
ure 2H) (Table 1).

Discussion

DOX is extensively used as a chemotherapeutic medi-
cation to treat several malignancies, including lung, 
stomach, breast, ovary, and childhood cancers [11]. 
Despite its widespread use, prolonged administration 
of DOX can lead to severe hostile effects on various 
normal tissues, particularly the heart [20]. It is believed 
that increased production of ROS and compromised 
antioxidant defense systems are the primary mecha-
nisms through which DOX induces cardiotoxicity [21]. 
A strong attraction to negatively charged phospholipid 
cardiolipin indicates that it is plentiful in the inner mito-
chondrial membrane and accumulates within the mito-
chondria of cardiomyocytes [22]. ALC, a sulfur-contain-
ing compound found in garlic, and LC, a crucial nutrient 
elaborated in energy metabolism, have antioxidant and 
cardioprotective properties [5, 23]. To the best of our 
knowledge, the combined treatment with ALC and LC 
was used for the first time in our study to prevent DOX-
induced cardiotoxicity.  

Based on the current research results, it was shown 
that DOX exposure is associated with increased lipid 
peroxidation and oxidative stress. SOD, an intrinsic an-
tioxidant enzyme, serves as the primary line of defense 
against oxidative stress by facilitating the dismutation of 
O2 into O2 and hydrogen peroxide (H2O2) [24]. More-
over, as a scavenger of superoxide and as a moderator of 
oxidant balances within tissues, SOD plays a critical role 

throughout the cardiovascular system [25]. Additionally, 
CAT plays a vital role in converting hydrogen peroxide 
into oxygen and water vapor. The non-enzymatic anti-
oxidant GSH plays a crucial role in scavenging various 
ROS, such as peroxynitrite, hydroxyl radical, lipid per-
oxyl radical, and hydrogen peroxide (H2O2), along with 
other free radicals [26]. Nonetheless, the heightened oxi-
dative stress induced by DOX within the myocardium 
can have detrimental impacts due to the heart’s limited 
antioxidant defense mechanism [27]. 

In the present study, ALC, a major component of the 
sulfur-containing compound of garlic, reduced the lev-
els of MDA and elevated the activity of CAT and SOD 
and the levels of GSH. It has been suggested that ALC’s 
antioxidant abilities are mainly related to its potency to 
inhibit ROS generation. These results were consistent 
with the former study conducted by [5]. Furthermore, 
LC+DOX treated groups significantly restored the car-
diac antioxidant enzymes (CAT and SOD) activity and 
GSH levels and reduced MDA levels in the heart tissues. 
In the current study, the most antioxidant-superior results 
were recorded in the ALC+LC+DOX group due to the 
strong antioxidant capacity of both ALC and LC.

As anticipated, the amplified lipid peroxidation and ox-
idative stress caused by DOX exposure disrupt the car-
diac tissue and release cardiac enzymes, such as LDH, 
CK, and CK-MB into the bloodstream, resulting in el-
evated levels in the serum, as observed in the existing 
study. Previous studies also reported these results [5, 28] 
demonstrating that DOX disrupts the rat cardiac tissue. 
On the contrary, a marked correction in the cardiac in-
jury markers was noticed in the ALC+DOX, LC+DOX, 
and ALC+LC+DOX groups. Comparably, a reduction 
in these cardiac markers in a dose-dependent manner of 
ALC was recorded in the study of [5]. Additionally, [29] 
found that LC improved cardiac damage by reducing the 
serum enzymes including LDH and other anti-inflam-
matory factors, such as tumor necrosis factor-alpha, and 
serum interleukin-1 beta. 

All these results were notably consistent with our histo-
pathological results, as substantial pathologic alterations 
and severe damage were observed in cardiac tissues in 
the DOX group. These cardiomyopathy alterations have 
proposed oxidative stress, lipid peroxidation and apopto-
sis as the fundamental mechanisms behind these obser-
vations [30]. Previously published data has revealed di-
verse pathways by which Dox-induced cardiomyopathy 
occurs. These pathways involve inflammation-related 
signaling, such as the upregulation of NF-κB expression 
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and the stimulation of several proinflammatory cyto-
kines, including TNF-α [31].

In the current study, cardiomyopathy impact in DOX-
exposed rats was improved by ALC and or LC remedia-
tion. Moreover, our study revealed that ALC and or LC 
remarkably impaired the cardiomyopathy damage as 
seen in the histopathological results. These results were 
consistent with a former study [5], and attributed to the 
antioxidant and anti-inflammatory activity of ALC. Fur-
thermore, several clinical studies have exposed that sup-
plementing with LC can facilitate the mobilization of fat 
in the myocardium as a result of the increased demand for 
free fatty acids and their metabolites, and consequently 
improve the function of the cardiac muscle [32]. As a 
consequence of these results, ALC and LC can be useful 
in improving DOX-induced cardiotoxicity by their strong 
antioxidant and anti-inflammatory properties.

Conclusion  

Our results evidenced for the first time that ALC and 
LC coadministration plays a crucial cardioprotective role 
against DOX-induced cardiotoxicity at the biochemical, 
antioxidant, and histopathological levels in adult rats. 
This cardioprotective impact of ALC and LC is ascribed 
to its antioxidant properties, along with its potential to 
restore the normal structure of the damaged cardiac tis-
sues. Therefore, we propose that the combined adminis-
tration of ALC and LC can be a novel effective preven-
tive approach to avoid DOX-induced cardiomyopathy.

Study limitations 

The study used a single dose of DOX, which may not 
reflect the chronic dosing regimen typically used in can-
cer treatment. The cardiotoxic effects and the mitigating 
effects of ALC and LC may differ under a chronic ad-
ministration schedule. Further research should also ex-
plore different dosages and treatment durations to estab-
lish a dose-response relationship. This issue provides a 
more comprehensive understanding of how ALC and 
LC interact with DOX over extended periods.
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