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Abstract: Doxorubicin (DOX) is a powerful chemotherapeutic agent. However, dose-dependent 

cardiotoxicity may limit its clinical applicability. This study was directed to explore the possible 

therapeutic effects of L-Carnitine Nanoparticles (LCNPs) and Moringa Oleifera extract (MO) against 

doxorubicin-induced cardiac toxicity in male rats. Fifty rats were allocated into two main groups: the 

first served as a normal control group (con.) (n=10). The remaining 40 rats were given doxorubicin at 

a cumulative dose of 20 mg/kg b. wt. to induce cardiotoxicity. The Dox-treated rats were subdivided 

into 4 groups (n = 10/group) to be orally administered with 1) 0.9% normal saline; 2) MO at 400 mg 

/kg, b. wt./day; 3) LCNPs at 50 mg/kg b. wt./ day for four weeks; 4) MO+LCNPs group as previously 

indicated doses. The results demonstrated that DOX treatment raised MDA, NO, HO-1, and NF-kB 

levels while decreasing TAC activity. In addition to increased serum cardiac levels of CRP, CK, LDH, 

ALT, and Troponin-1 and Endothelin-1. LCNPs or MO treatment alleviated these changes. Whereas 

co-administration of LCNPs and MO reversed all these parameters. DOX treatment caused severe 

histopathological alterations in the cardiac tissues, corrected by LCNPs and MO treatment. In 

conclusion, these data imply that treating with LCNPs and MO in combination provides greater 

cardioprotection against DOX-induced cardiotoxicity in rats via repressing oxidative stress and 

boosting antioxidant status. 

Keywords: L-Carnitine nanoparticles; Moringa oleifera; doxorubicin; cardiotoxicity; troponin-1; 

endothelin-1. 
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1. Introduction 

Doxorubicin is an anthracycline anticancer drug used to treat various diseases, 

including leukemia, lymphoma, sarcoma, and breast cancer, and it plays an important role in 

patient therapy and survival [1]. Even though the pathophysiology of doxorubicin-induced 

cardiotoxicity is multifaceted, free radical-mediated lipid peroxidation, oxidative stress, 

inflammation, apoptosis, and mitochondrial abnormalities have all been shown to play a role 

in the onset and progression of cardiac dysfunction [2,3]. Doxorubicin activates nuclear factor 

kappa B (NF-B) and myocardial inflammatory mediator enzymes, causing the release of 

proinflammatory cytokines [4]. 
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Since discovering the mechanisms of doxorubicin-produced cardiotoxicity, several 

treatment techniques aimed against oxidative stress, inflammation, oxidative damage to DNA, 

and apoptosis have been developed [5]. Many antioxidants, including L-carnitine (LC) have 

been found to exert cardioprotective properties. LC is an amino acid produced in the body. It 

plays a key role in transporting the long-chain fatty acids across the mitochondrial membrane 

in the cell, especially those that necessitate high energy, like the cardiac system [6,7]. It is 

required for ATP synthesis during β-oxidation of long-chain fatty acid in lipid metabolism [8]. 

L-carnitine supplementation has been proven in clinical investigations to improve myocardial 

fat metabolism by increasing the demand for free fatty acids and their metabolites, resulting in 

improved cardiac function [9]. Moreover, L-carnitine's antioxidant, anti-inflammatory, and 

antiapoptotic properties may be related to its regulatory role against cardiotoxicity [10]. 

However, utilizing synthetic antioxidants or plant extract alone to cure various diseases 

is still ineffective or slow, and they require more development to show their usefulness. 

Nanotechnology and its applications in science and technology have made significant progress 

recently [11,12]. Specificity, targeted distribution, controlled drug release, acceleration of 

dissolution, better absorption, and uplifting stability are all features that are strongly related to 

the structure and characteristics of the perfect nanomedicine [13]. These properties allow the 

medicine to be properly targeted and distributed to tissues, limiting toxicity to organs, 

specifically the heart, and maximizing the drug’s efficacy [14]. 

On the other hand, medicinal plants, such as Moringa oleifera (MO), are useful because 

their bioactive ingredients affect several biological signaling pathways [15,16]. It contains 

several natural antioxidant compounds, such as flavonoids, ascorbic acid, carotenoids, and 

phenolics, and several parts, including leaves, roots, seed, bark, fruit, flowers, and immature 

pods, are thought to act as cardiac and circulatory stimulants and to have antitumor, 

antiepileptic, antipyretic, anti-inflammatory, antispasmodic, antiulcer, diuretic, 

antihypertensive, cholesterol-lowering, antioxidant, It has the potential to work in combination 

with medicinal medications to improve treatment outcomes [17,18].  

Based on the previous layout, this research focuses on studying the therapeutic effect 

of LCNPs and MO in an experimental model of DOX-induced cardiotoxicity in adult male 

albino rats. 

2. Materials and Methods 

2.1. Chemicals and drugs. 

Doxorubicin (Adricin) (Dox) was bought from EIMC United Pharmaceuticals, Egypt. 

Nano L-carnitine (47nm) was acquired from NANOSHEL LLC chemical company 

Wilmington, Delaware, USA. All of the other chemicals and reagents were of analytical grade. 

2.2. Experimental animals. 

Fifty adult male albino rats weighing 160–200 g were delivered from a breading stock 

maintained in the Animal House of the National Research Centre, Giza, Egypt. The animals 

were acclimatized for two weeks before experimentation in an air-conditioned atmosphere at a 

temperature of 25 ◦C with alternating 12-hour light and dark cycles and allowed free access to 

standard diet pellets and water (Wadi El Kabda Co., Cairo, Egypt). The Ethical Committee 

approved the animal use and experimental design of the Medical Research of the National 
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Research Centre, Egypt (approval no. 14023), in accordance with the National Institutes of 

Health guidelines for the care and use of Laboratory Animals. 

2.3. Collection of plant material.  

Moringa oleifera (family: Moringaceae) was obtained from the Egyptian Scientific 

Society for Moringa at the National Research Centre in Dokki, Giza, where it has been 

recognized and stored at the Horticulture and Crops, Technology Department with a voucher 

specimen number (Voucher No. MO19). 

2.4. Preparation of Moringa oleifera Lam. ethanol extracts. 

Moringa Oleifera (MO) leaves were air-dried and ground into a coarse powder. After 

that, the powdered plant was macerated for 48 hours in 100% ethanol before being filtered. The 

ethanol extract was concentrated and allowed to evaporate at a temperature between 40 and 

45°C to avoid denaturation of active components. The concentrated extract was diluted with 

polysaccharides and refrigerated until it was used in the biological study. 

2.5. Induction of cardiotoxicity in rats. 

The rats received intraperitoneal injections of DOX (5 mg/kg) once a week for a total 

of 4 consecutive weeks, attaining a cumulative dose of 20 mg/kg to induce cardiotoxicity, 

according to Mantawy et al. [19]. DOX-induced cardiotoxicity was confirmed by the increased 

serum creatine kinase (CK) and lactate dehydrogenase (LDH) levels in rats. 

2.6. Experimental design.  

The animals were allocated mainly into 2 groups, the first group served as the normal 

control group (con.) (n=10) and was given normal saline via an oral gavage tube. While the 

remaining 40 rats were subjected to doxorubicin to induce cardiotoxicity at a cumulative dose 

of 20 mg/kg b.wt., after 28 days, the Dox-treated rats were subdivided into 4 co-treatment 

groups (n = 10/group) to be orally administered with (1) 0.9% normal saline solution and served 

as positive control group, (2) Moringa oleifera (400 mg /kg, b.wt.) [20] and served as Dox + 

MO group: (3): L-Carnitine Nanoparticles (50 mg/kg b.wt.) [21] and served as DOX+ LCNPs 

group; (5) Dox+MO+LCNPs group: received MO and LCNPs as previously indicated doses. 

All treatments were administered daily for four weeks. After the experimental period 

finalization, all groups were kept fasting for12 h before blood sampling. To this end, blood was 

collected in dry clean test tubes under diethyl ether anesthesia from the retro-orbital venous 

plexus in clean centrifuge tubes and allowed to coagulate at room temperature. Serum samples 

were centrifuged at 1800×g for 15 minutes at 4°C using a cooling centrifuge for biochemical 

measurements and kept at -20°C until analysis. Heart weights (HW) were measured. Heart 

tissues were collected and homogenized in phosphate buffer saline (PBS). The homogenate 

was then subjected to biochemical analysis. Some heart specimens were fixated in 10% 

buffered formalin for histopathological analysis. 

2.7. Biochemical estimations. 

Cardiac malondialdehyde (MDA) content was determined by colorimetric method 

using a kit purchased from Eagle Biosciences, Inc., USA, according to the method of Satoh 
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[22]. Cardiac nitric oxide (NO) was performed by ELISA technique using a kit purchased from 

Bender MedSystems, GmbH, Vienna, Austria, corresponding to the manufacturer’s 

instructions. Cardiac Heme Oxygenase 1 (HO1) level was determined by the ELISA technique 

purchased from Abcam (ab207621) according to the manufacturer’s instructions. Cardiac 

nuclear factor kappa B (NF-κB) level in cardiac tissue was determined by the ELISA technique 

using rat nuclear factor kappa B ELISA kit purchased from Abcam (ab176648) according to 

the manufacturer’s instructions. Cardiac Total Antioxidant Capacity (TAC) was determined 

using the ELISA technique using a kit purchased from Cell Biolabs, Inc, San Diego, USA, 

according to Campbell et al. [23]. Serum C-reactive protein (CRP) was determined by CRP-

HS (ab99995 Immunoassay) kit purchased from Abcam, according to Whicher [24]. Serum 

Creatine Kinase (CK) was determined by a kit bought from Diagnosticum Zrt., according to 

Mathieu et al. [25]. Serum lactate dehydrogenase (LDH) was assessed by ELISA technique 

using kits purchased from MyBioSource Inc. (San Diego, CA, USA) according to the methods 

of Young [26]. Serum alanine aminotransferase (ALT) activity was measured by the 

colorimetric technique using Salucea kit (The Netherlands) according to the way described by 

Young [27]. Serum cardiac Tropinin-1 and Endothelin-1 were assessed by the ELISA 

technique purchased from Abcam (ab200016 and ab133030), respectively, according to the 

manufacturer’s instructions. The cardiac total protein level was determined by the colorimetric 

method of Lowry et al. [28].   

2.8. Histopathological investigation of heart sections. 

The liver tissues were rinsed in running tap water after being fixed in formalin saline 

(10%) for 24 hours and then dehydrated with a progressive grade of ethyl alcohol (30, 50, 70, 

90, and 100%). Specimens were cleared in xylene and embedded in paraffin (melting point 58-

60 oC) for twenty-four 24 hours. Using a slidge microtome, paraffin wax tissue blocks were 

created for sectioning at 5μ. The tissue sections were mounted on glass slides, deparaffinized, 

and stained with hematoxylin and eosin (H & E) stain [29] before being examined under a light 

microscope. 

2.9. Statistical analysis. 

In the current study, results are indicated as the mean ± S.E of the mean for the ten rats 

in each group. Statistical Package for the Social Sciences program (SPSS), version 20.0 (SPSS 

Inc., USA), was used to compare significance between every two groups. The difference was 

considered statistically significant at p ≤ 0.05. 

3. Results and Discussion 

3.1. Effect of LCNPs and MO on the levels of cardiac MDA, TAC, NO, HO-1 and NF- Kβ in 

male rats. 

The results of MDA, NO, HO-1, NF- Kβ, and TAC in the control and other groups' 

cardiac tissue have been represented in Table 1. The levels of MDA, NO, HO-1, and NF- Kβ 

were significantly increased (p<0.05) in the DOX group compared to the normal control group. 

At the same time, the level of TAC activities was significantly decreased (P< 0.05) in the DOX 

groups compared to the normal control group. On the other hand, treatment with either MO or 

LCNPs exerted a significant reduction (P<0.05) in the cardiac levels of MDA, NO, HO-1, and 
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NF-Kβ associated with significant increment (P< 0.05) in the activities of TAC compared to 

the untreated DOX group (Table 1). The data, however, display that after treatment with a 

combination of LCNPs and MO significantly (P<0.05) restored, the levels of MDA, NO, HO-

1, NF- Kβ, and TAC to normal levels compared to the DOX untreated group (Table 1). 

Table 1. Effects of LCNPs, MO, and their combination on the levels of rat cardiac MDA, TAC, NO, HO-1, and 

NF- Kβ  in different treated groups. 

 Con DOX DOX+MO DOX+LCNPs DOX+MO+LCNPs 

MDA (n mol/g) 8.66± 0.84 66.00± 4.42a 39.16± 1.63b 29.01±1.02b 18.66± 0.57b 
NO(µ mol/g) 63.01± 3.40 151.33± 4.87a 120.83± 3.56b 85.50± 3.78b 69.03± 2.20b 

HO-1(pg/mg) 0.31± 0.02 0.69± 0.06 a 0.50± 0.03 b 0.40± 0.02 b 0.34± 0.01b 
NF- Kβ(µg/g) 99.83± 4.30 313.02± 6.79a 290.33± 4.25b 242.33± 3.73b 140.66± 4.14b 
TAC (m mol/g) 51.33± 2.70 12.66± 0.80a 23.16± 1.49 b 41.00± 1.34b 53.66± 2.14b 

Data are expressed as mean ± SE of 10 rats/group. 

a: Significant change at P< 0.05 compared to the negative control group. 

b: Significant change at P< 0.05 compared to the untreated DOX group. 

3.2. Effect of LCNPs and MO on the activities of serum cardiac marker enzymes in male rats. 

Data in Table 2 illustrated the effect of treatment with LCNPs and ethanolic extract of 

MO on the activities of serum cardiac enzymes in DOX-treated rats. DOX group showed 

significant elevation (P< 0.05) in serum CRP, CK, LDH, and ALT activity concerning the 

negative control group. Treatment with either MO or LCNPs separately showed a significant 

decrease (P<0.05) in serum CRP, CK, LDH, and ALT activity compared to the untreated DOX 

group. However, combined treatment with MO and LCNPs led to the normalization of all 

serum cardiac markers compared to the healthy control group. 

Table 2. Effects of LCNPs, MO, and their combination on the activities of rat serum CRP, CK, LDH and ALT 

enzymes in different treated groups. 

 Con DOX DOX+MO DOX+LCNPs DOX+MO+LCNPs 

CRP(mg/L) 17.50± 1.51 66.50± 4.69 a 47.66± 3.11b 30.16± 3.48 b 23.66± 3.25 b 
CK (mg/dl) 150.00± 8.58 349.16± 13.53a 259.83± 11.14 b 204.00± 7.93 b 176.66± 6.32 b 
LDH(mg/dl) 236.66± 5.14 474.00± 7.84 a 377.83± 6.91 b 290.16± 6.70 b 259.83± 3.85 b 
ALT(mg/dl) 22.83±2.71 76.33± 4.41 a 62.50± 3.20 b 47.16± 3.25 b 34.16± 2.83 b 

Data are expressed as mean ± SE of 10 rats/group. 

a: Significant change at P< 0.05 compared to the negative control group. 

b: Significant change at P< 0.05 compared to the untreated DOX group. 

3.3. Effect of LCNPs and MO on the levels of serum Troponin-1 and Endothelin-1 in male 

rats. 

Table 3 represented the impact of dealing with LCNPs, MO extract on serum levels of 

Troponin-1 and Endothelin-1 in normal and DOX treated rats. The DOX group showed 

significant elevation (P<0.05) in serum Troponin-1 and Endothelin-1 levels relative to the 

control group.  

Table 3. Effects of LCNPs, MO and their combination on the levels of rat serum Troponin-1 and Endothelin-1 

in different treated groups. 

 Con DOX DOX+MO DOX+LCNPs DOX+MO+LCNPs 

Troponin-1 

(pg/mL) 

0.46± 0.03 0.82± 0.04 a 0.60± 0.03b 0.51± 0.02 b 0.48± 0.01b 

Endothelin-1 

(pg/mL) 

0.08± 0.01 1.02± 0.04 a 0.56± 0.03b 0.34± 0.02 b 0.12± 0.02 b 

Data are expressed as mean ± SE of 10 rats/group. 

a: Significant change at P< 0.05 compared to the negative control group. 

b: Significant change at P< 0.05 compared to the untreated DOX group. 
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Treatment with either MO or LCNPs exerted a significant reduction (P<0.05) in the 

levels of serum Troponin-1 and Endothelin-1 in comparison to DOX untreated control (Table 

3). Whereas combined treatment with MO and LCNPs showed more superior therapeutic 

effects and a substantial decrease (P<0.05) in serum levels of Troponin-1 and Endothelin-1 in 

comparison to healthy control rats (Table 3). 

3.4. Histological examination. 

They examined heart sections from rats of control, MO, LCNPs, and MO+ LCNPs 

groups revealed normal histological structures of the cardiac myofibers represented as normally 

arranged cardiomyocytes that appeared cylindrical and branching with acidophilic sarcoplasm 

and centrally located oval nuclei (Figure 1A). At the same time, the heart sections from the 

DOX-treated group showed severe cardiac pathological changes represented by multifocal 

areas of mononuclear inflammatory cells infiltration between the myocardial fibers 

accompanied by wide vacuolar degeneration and necrosis of the adjacent myocytes. Besides, 

increased wavy myocardial fibers lead to contraction and large areas of hemorrhage, filling the 

wide spaces between cardiac myofibers (Figure 1B, C). The heart section from the MO group 

showed moderate improvement in the form of a few inflammatory areas and hemorrhages 

reaching the fibers compared to the DOX-treated group (Figure 1D). Moreover, fewer 

histopathological signs were observed in cardiac sections treated with LCNPs demonstrated by 

myocardial degeneration and few wavy fibers (Figure 1D). On the other hand, the examined 

heart sections from received rats MO and co-administered with LCNPs revealed marked 

improvement displayed by apparently normal cardiomyocytes with few inflammatory cells 

(Figure 1F). 

 

Figure 1. Photomicrographs of rat cardiac tissue (HE-400X), (A) Normal control showing normal cardiac 

structure, myocardial fibers (F) , central disc nucleus (green arrow), endothelial nucleus (blue arrow), (B) group 

treated with DOX revealing severe cardiac pathological changes lymphocytic inflammation (black circle) , wide 

vacuolar degeneration (V) , depositions of extracellular matrix (red arrow) , wide spaces between myocardial 

fibers due degeneration (red double headed arrows) and myocardial degeneration that looked pale, (C) group 

treated with DOX revealing wavy myocardial fibers (yellow arrow) leading to contraction , hemorrhage filling 

the wide spaces between fibers (green arrow), (D) group treated with MO posting less pathological features , a 

few number of inflammatory cells (black circle) , hemorrhage reaching the fibers (green arrow) , (E) group treated 

with LCNPs displaying less pathological sign , myocardial degeneration (red arrows) , wavy fibers (yellow 

arrows) , (F) group treated with MO+LCNPs showing marked improvement and a few inflammatory cells (black 

circle).   
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3.5. Discussion. 

This recent study presented promising findings of L-carnitine nanoparticles and 

Moringa oleifera ethanolic extract, a hopeful candidate for mitigating cardiotoxicity. It has 

been commonly well-thought-out that DOX is one of the most effective and widely used 

anticancer drugs with significant cardiotoxicity [1]. 

In our study, DOX administration caused cardiotoxicity to normal rats markedly by 

increased levels of pro-oxidant (MDA, NO, HO-1) and proinflammatory cytokines marker 

(NF- Kβ) in the cardiac tissue reflected by a significant reduction of total antioxidant capacity 

(TAC) when compared to the normal control group. This result was consistent with Kiss et al. 

[30], who confirmed that oxidative stress and mitochondrial damage play an essential role in 

DOX-induced myocardial injury, producing a larger amount of oxidation products, causing 

obvious damage to mitochondria, and ultimately leading to cardiomyocyte damage [31]. 

Furthermore, earlier studies have shown that mitochondrial dysfunction is one of the 

pathogenic pathways linked to the cardiotoxic action of Dox. It leads to a rise in ROS(reactive 

oxygen species) production and mitochondrial depolarization [32]. 

Moreover, Valls-Belles et al. [33] revealed that enhanced lipid peroxidations and free 

radical production in the heart are the main cause of DOX-induced cardiotoxicity. DOX may 

form a DOX-Fe complex with iron, resulting in iron cycling between Fe (II) and Fe (III) forms 

and considerable ROS production. As a result, chronic inflammation develops, leading to 

several problems. In addition, Some mediators, such as MDA, ROS, NO, HO-1, IL-6, and 

TNF-, are known to be released by activated macrophages as a consequence of severe oxidative 

stress and inflammation [34]. Likewise, the observed rise in NO levels could be attributable to 

β-adrenergic stimulation, which increases the protein expression of inducible nitric oxide 

synthase (iNOS), causing nitrosative stress and the production of peroxynitrite (ONOO-) 

radicals [35,36]. 

Furthermore, Some evidence indicates that DOX may enhance inflammatory response 

in the myocardium and vasculature by activating nuclear factor kappa-B (NF-κB) signaling, 

which may contribute to the secretion of inflammatory cytokines or chemokines like 

interleukin 1 (IL-1), IL-6, IL-18, and tumor necrosis factor (TNF-) [37]. Furthermore, 

Thandavarayan et al. [38] found that increased ROS generation causes oxidative stress, a 

significant factor in the onset and progression of DOX-induced cardiac dysfunction. DOX 

induces cardiac oxidative stress and cardiotoxicity by reducing myocardial antioxidants, 

disturbing calcium handling, and increasing superoxide production accompanied by releasing 

inflammatory cytokines [39,40]. Our findings support this theory, as the increase observed in 

(MDA, NO, HO-1, and NF-κB) levels could be the reason for myocardial dysfunction that 

resulted in depletion of total antioxidant capacity, thereby cardiac damage of DOX-injected 

rats. 

Moreover, the current study results clearly showed that DOX treatment was markedly 

up-regulated the serum levels of CRP, CK, LDH, ALT, and serum troponin-1 and endothelin-

1 versus the control group. This rise in CRP, CK, LDH, and ALT levels is linked to oxidative 

stress and releasing reactive oxygen species (ROS) due to DOX treatment, leading to cardiac 

damage development [41,42]. Consistently with our results, several earlier studies have linked 

the deterioration of membrane integrity in cardiac cells to the release of free radical-mediated 

lipid peroxidation, which induces enzyme leakage. The release of these enzymes into the 

bloodstream causes their levels in the serum to rise, indicating myocyte damage [43,44].  
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Furthermore, CRP, CK, LDH, and ALT levels in the serum have been employed as 

diagnostic indications of myocardial injury. Creatine kinase serves an important part in cellular 

energy metabolism. It’s a dimer of two polypeptide chains made up of M and/or B subunits 

that unite to form the CK-MB (noticed predominantly in cardiac muscle), CK-MM (found in 

striated muscle), and CK-BB (observed in the brain, stomach, and other places) Isoenzymes. 

Troponin (Tn) is a family of three controlling proteins that play a role in muscular contraction 

in skeletal and cardiac muscles. Also, Endothelin-1 is a powerful vasoconstrictor produced by 

endothelial cells in the blood vessels. After the Dox treatment, the levels of endothelin-1 

increase in cardiac muscle cells and cause hypertrophic cardiomyopathy [45]. So, Increased 

generation of free radicals may exacerbate the inflammatory cascade, leading to damage of 

these enzymes, thereby myocardial dysfunction [46,47].  

Interestingly, the results from our study have confirmed that treatment of DOX group 

with MO, LCNPs, or both led to a significant decrement in the levels of pro-oxidant markers 

MDA, NO, HO-1, and inflammatory marker (NF- Kβ) while strongly enhancing the levels of 

TAC while compared to DOX group, indicating that both MO and LCNPs exerting 

cardioprotective impact against DOX toxicity. These results are in accordant with prior reports 

which demonstrated that pretreatment with MO extract restores MDA and GSH levels to near-

control levels, most likely through direct antioxidant activities or as an efficient free radical 

scavenger, or by protecting from lipid peroxidation and ROS by replenishing the GSH pool 

and decreasing ROS production [48,49]. Moreover, The observed decrease in oxidative stress 

markers and down-regulation of proinflammatory marker NF-Kβ following MO administration 

may have been attributed to its phytochemical ingredients that are shown to have antioxidant 

and anti-inflammatory activities, including caffeic acid and methyl gallate and catechin 

[50,51]. It also contains gallic acid, which was reported to have antioxidant, anti-inflammatory 

activities down-regulating the release of inflammatory mediators, including TNF-α, NF- Kβ 

[52,53].  

Likewise, the ability of MO to combat oxidative stress can be related to the strong 

antioxidant activity of its leaves, flowers, and seeds because of ascorbic acid, flavonoids, 

phenolics, carotenoids, quercetin, kaempferol, and phenolic acids [54,55]. It’s also because of 

the existence of isothiocyanates, polyphenols, and rutin in leaves [56]. Quercetin is essential as 

it contains phenolic hydroxyl groups that have antioxidant action and greatly suppress the 

production of reactive oxygen species (ROS) [57]. Similarly, luteolin has potent antioxidant 

properties, including DNA protection, free radical scavenging, and anti-inflammatory [58]. 

Furthermore, our findings showed that LCNPs treatment caused a significant reduction 

in the levels of oxidative stress markers MDA, NO, HO-1 reflected by a significant increase in 

the levels of TAC as compared to the DOX group. This results in coincidence with previous 

works confirmed that L-carnitine nanoparticles (LCN) therapy reduced the hepatic level of the 

antioxidant enzyme GSH, as evidenced by lower levels of GSSG, NO, and MDA. They 

attributed this to the antioxidant capabilities of L-carnitine (LC) and its acyl derivatives, which 

block xanthine oxidase (Pauly and Pepine [59] and Radwan and Abd El-Motelp [21]. Also, 

Guan et al. [60] noted that L-carnitine exerts an antioxidant action by protecting against lipid 

peroxidation of membrane phospholipid and eliminating extracellular toxic acetyl-coenzyme 

A responsible for mitochondrial ROS.  

Moreover, Li et al. [61] and Gulcin [62] established that LC could be used to eliminate 

free radicals, reduce oxidative stress, regulate nitric oxide, cellular respiration, and the activity 

of enzymes involved in oxidative damage defense, as well as chelate metal ions (e.g., ferrous) 
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that accelerate ROS formation. Our findings support this hypothesis, as the considerable 

reduction in the cardiac levels of MDA, NO, HO-1, and NF- Kβ, and the restoration of TAC 

activity, are obvious indicators that LCNPs have an antioxidant effect that prevents oxidative 

damage. 

However, the mechanism by which LCNPs caused cardioprotection against 

cardiotoxicity could be linked to the free radical scavenging activity, antioxidant, anti-

inflammatory, and antiapoptotic properties of L-carnitine [7]. It protects cardiac and 

endothelial cells from oxidative stress by reducing membrane lipid peroxidation, protecting the 

mitochondrial membrane, which is critical for mitochondrial ATP production, activating 

antioxidant enzymes, and synthesizing antioxidant molecules like reduced glutathione, thereby 

preventing apoptosis [63,64]. 

Furthermore, the present study demonstrated that treatment of DOX group with MO, 

LCNPs, or their combination caused a significant decline in the serum levels of CRP, CK, 

LDH, and ALT associated with a significant reduction in serum levels of troponin-1 and 

endothelin-1 as compared to DOX group, indicating that both of MO and LCNPs has a 

protective effect on the heart by reducing myocardial damage and thus limiting the leakage of 

these enzymes from the myocardium [65]. Similar results were reported in previous studies, 

which demonstrated that MO is a cardioprotective agent, as it hinders various cardiovascular 

impairments [66,67]. The cardioprotective properties of ingredients isolated from MO leaves 

prevent the disruption of cardiac myofibrils and improve cardiac contractile function [68]. 

Moreover, the favorable effect of dietary MO supplementation on animal performance may be 

ascribed to calcium, magnesium, sodium, potassium, copper, iron, manganese, zinc, α-

tocopherol, β-carotene, and ascorbic acid, as well as polyunsaturated fatty acid and some 

bioactive components of Moringa [69].  

The impact of LCNPs in protecting myocardial integrity was seen by controlling the 

intra-mitochondrial percentage of acyl-CoA/CoA, which resulted in eliminating toxic 

compounds, conserving the mitochondrial membrane permeability, and encouraging the 

eradication of free radicals [70]. Additionally, L-carnitine supplementation has been proven in 

clinical investigations to improve myocardial fat metabolism by increasing the demand for free 

fatty acids and their metabolites, which improves cardiac function [9]. 

Moreover, this study showed that DOX rats displayed severe histological changes 

manifested by vacuolar changes in cardiac muscle fibers, mainly in the form of degeneration 

of myocardial tissue, cytoplasmic vacuolization of the cardiomyocytes, congestion of 

myocardial vessels, necrosis of the adjacent myocytes, myofibrillar loss and myocardial 

hypertrophy. These structural and cellular alterations are concordant with numerous prior 

studies on DOX-induced cardiomyopathy in rats [71-73]. However, MO or LCNPs and MO+ 

LCNPs treatment can attenuate the cardiac tissue lesions driven by DOX as indicated by 

slowing down myocardial inflammation and cardiac fibrosis pathogenesis compared to the 

untreated DOX group [74,75,36]. A similar cardioprotective effect for the MO and LCNPs has 

been previously reported, where cardiac histopathological changes induced by DOX were 

almost returned to normal myocardial architecture [76,77,65]. 

4. Conclusions 

The findings concluded that LCNPs and MO successfully prevented DOX-induced 

cardiotoxicity and cardiac dysfunction in rats. Additionally, the combination treatment would 

provide greater cardioprotection on both Physiological and structural levels by synergistically 
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suppressing cardiac oxidative biochemical markers and inflammatory cytokine markers while 

also increasing antioxidant status. These effects could be related to its antioxidant, radical 

scavenging activity, and anti-inflammatory properties. These findings suggest that LCNPs and 

MO could be promising drugs for treating cardiotoxicity. 
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