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ABSTRACT 
Chitosan nanoparticles are important materials that are widely used in many biological, 

engineering and food industries and are also used as plant growth stimulants as well as use as 

vectors for drug delivery to target cells. Whereas L-carnitine (LC) is a water-soluble 

compound that contributes to the transport of long-chain fatty acids across the mitochondrial 

membranes and the oxidation of β-lipids. 60 male rats (Rattus Rattus) were divided into six 

equal groups. The first group (control group) received orally distilled water. The second 

group received 1ml lead acetate orally at a dose of 30 mg/kg of body weight daily for 30 days. 

Third group received 1ml lead acetate (30mg/kg B.W) + L-carnitine (100mg/ kg B.W. /daily). 

The fourth group received 1ml lead acetate (30mg/kg B.W.) + Nano L-carnitine (100mg/ kg 

B.W./ daily). The fifth group received 1ml of L-Carnitine orally at a dose of 100mg/ kg B.W 

/daily. The sixth group received 1ml of L-Carnitine-NPs orally at 100mg/ kg B.W /daily. Our 

findings demonstrated that exposure to lead acetate caused a significant increase in liver 

enzymes aspartate transaminase (AST), alanine transaminase (ALT), and alkaline phosphatase 

(ALP) and renal function (creatinine and urea) in the lead acetate group. Whereas lead 

treatment increased oxidative stress and reactive oxygen species (ROS). Histopathological 

study showed significant changes in the brain (cerebellum) that disrupted the normal 

arrangement of the three layers, with large distances between the Purkinje cell layer and the 

molecular or granular layer. According to the study, we can conclude that the Nano L-

Carnitine had a greater role in protecting against the effect of lead at the hematological 

parameters and a clear role in the protection against histopathology change of lead poisoning. 

L-Carnitine and Nano L-Carnitine had an active role in protecting against lead acetate 

toxicity. 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

In recent years, tremendous progress has been made in nanotechnology, particularly in 

the fields of material science and medicine. Medical applications of nanotechnology are 

often referred to as "nanomedicine." This has provided a crucial impetus for creating 

several types of drug-loaded nanocarriers ranging in size from 1 to 1000 nm. In the 

biomedical field, a wide range of nanocarriers or nanoparticulate systems composed of 

various materials such as lipids, polymers, and inorganic materials have been 

proposed. That results in delivery systems depending on their physicochemical 

properties, which will be suitable for various applications [1,2]. Chitosan is a linear 

polysaccharide formed from chitin, an abundant natural polymer found in crustaceans, 

insects, arthropods, and fungal cell walls. Most commercially available chitosan is 

generated from marine chitin collected from shrimp, lobster, and crab shells. Chitosan 

is the N-deacetylate form of chitin composed of D glucosamine and N-acetyl 

glucosamine monomers [3,4].  
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Chitosan advantages have shown that it may be used as a drug delivery system for the 

controlled release of antibiotics, anticancer medications, antihypertensive agents, 

proteins, peptide pharmaceuticals, and vaccines [5]. Chitosan has also been used to 

increase the solubility of insoluble drugs in water, tissue engineering, ocular bandage 

lenses, gene delivery, and other uses are also possible [6,7]. L-carnitine is a natural 

substance that prevents long-chain fatty acid accumulation by transporting them into 

the mitochondria and oxidizing them to produce adenosine triphosphate [8-10]. L-

carnitine suppresses both oxidative stress-induced mitochondrial damage and 

mitochondria-dependent apoptosis in various cell types [11].  

According to recent research, L-carnitine may play a significant role in 

oxidative/antioxidative equilibrium and has an anti-peroxidative impact on various 

tissues [12,13]. Lead (Pb) is one of the most dangerous heavy metals found in the 

environment [14-16]. Because lead has no good properties, its presence in the body in 

high quantities affects all animal organs, resulting in hazardous consequences [17]. 

Lead exposure in the workplace and environment has grown many-fold, resulting in a 

wide range of uses in industries, cosmetics, folk cures, pharmaceuticals, and medicine. 

[18,19]. Lead acetate is a bio-toxic contaminant that accumulates in all bodily tissues, 

including the liver, lungs, bones, reproductive systems, brain, and immune system. 

This hazardous lead's physiological, biochemical, and behavioral consequences in 

animals have been recorded. 

High in vivo stability, long-term payload capacity release and passage via small 

capillaries and cellular compartments are only a few of the various advantages of 

employing nanoparticle delivery systems. Nanoparticles may also increase the 

therapeutic index of the treatment, control its pharmacokinetics and biodistribution, 

and aid in the formation of long-term drug reservoirs [7]. Additional characteristics 

include smaller nanoparticles (50-200 nm) with high loading capacity, delayed complex 

dissociation in vivo, and target optimization to the targeted location with limited 

absorption by neighboring tissues. Effective delivery methods need the development of 

formulations that include these features while being cost and complexity-effective 

[17,20]. 

 

MATERIALS AND METHODS 

Chitosan-carnitine acid adduct (Cs-Ca) synthesis 

According to references, these steps were used to make chitosan-l-carnitine adduct [21, 

22, 23]. 1% of l-carnitine and chitosan were combined in equal amounts using Dean-

Stark (Clevenger) apparatus. The condensation process was carried out in the presence 

of xylene until the water had been separated. An electric oven was used to dry and 

weigh the chitosan amide product after separating and washing it with three different 

solvents (methanol, hot distilled water, and ethanol) (Figure 1). 

 

Figure 1. Synthesis of chitosan nanoparticles. 
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Nanoparticles of chitosan and carnitine synthesis 

Synthesis of Cs-Ca NPs, by ionic gelation method, was used using TPP and Cs-Ca 

adduct. Cs-Ca (1 mg/ml) and TPP solution were mixed for six hours at ambient 

temperature with constant stirring at a ratio of 1: 2.5 (w/w %) in an acetic acid solution 

(1% w/v). TPP triggered ionic gelation of Cs-Ca/TPP nanoparticles. This was the first 

step in the process. Separation, washing, and drying of these nanoparticles resulted in 

the precipitate being re-suspended in water and drying [22, 23]. 

 

Characterization of L-carnitine-chitosan nanoparticles 

These characterization tests were done in the material research laboratories at the 

ministry of sciences and technology environment and water research and technology 

director (EWRTD). Scanning Electron Microscopy (SEM) Observation-the surface 

morphology of N.P.s was studied using a scanning electron microscope (SEM). The 

Ministry of Science and Technology conducted this test as well as all other 

characterizations of biogenic Nano L-Carnitine. The electron microscopy-based 

approach's direct observation of the nanoparticles identifies their size, shape, and 

surface morphology.  

 

Animal of the study 

The present study was conducted in the college of Veterinary medicine at the 

University of Basrah, in the animal house of the department of physiology. Sixty male 

adult albino rats (Rattus rattus) were used in the current study. With an average weight 

of 200±20g and the ages of the animals ranging from 8 to 10 weeks. They were housed 

for two weeks for an adaptation before the experiment. Every ten animals were housed 

in an individual plastic cage measured as 15x35x50cm. They were fed ad libitum with 

the meal of standard pellet of diet supplied by IPA (Institute for Public Accuracy). They 

had free access to drinking water and were kept under the exact condition of 

temperature (22-25) °C and light, the regime of 14 hours of light and 10 hours of 

darkness. The author has signed an animal welfare statement. The project was 

approved by the local ethical committee in the University of Al-Ameed register in 

number 113 on 21/2/2022. 

 

Experimental design 

Animals in the study were divided into six groups. Each group consists of 10 male rats 

used for the design of experiments as the following: 

Group-1 (control group): Animals received orally distilled water. Group -2 (lead acetate 

group): Animals received lead acetate orally at a dose of 30 mg/kg B.W. daily for 30 

days. Depended on LD50, group-3 animals received lead acetate (30mg/kg B.W.) for 30 

days + L-carnitine (100mg/ kg B.W) daily for 2 months. Group-4 received lead acetate 

(30mg/kg B.W.) for 30 days + Nano L-carnitine (100mg/ kg B.W) daily for two months. 

Group-5 (L-carnitine): Animals received L.C. orally at a dose of 100mg/kg B.W daily for 

two months. Group-6 (nano L-carnitine): Animals received LC-NPs orally at a dose of 

100mg/ kg B.W daily for two months. All the experiments proceed for two months. 
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Sample collection 

At the end of the treatment period, rats were dissected for sample collection. The blood 

sample was collected via cardiac puncture after anesthetizing the animal, according to 

[24]. Samples were collected by using a 5ml disposable syringe. About 5ml of the 

collected blood was put in a non-heparinized plane tube for centrifugation at 3000 rpm 

for 15 minutes to obtain the serum. Then the serum was transferred to Eppendorf tubes 

and stored at (-4°C) until analyzed for the measurement of liver enzymes (AST, ALP, 

and ALT) and kidney function (creatinine and urea) to evaluate oxidative stress (MDA 

and GPX). Also, the brain was collected for microscopic evaluation.  

 

Scanning electron microscopy (SEM) analysis 

The surface morphology of N.P.s was studied using a scanning electron microscope 

(SEM). The Ministry of Science and Technology conducted this test as well as all other 

characterizations of biogenic Nano L-Carnitine. The electron microscopy-based 

approach's direct observation of the nanoparticles identifies their size, shape, and 

surface morphology. 

 

Biochemical parameters 

An aspartate aminotransferase (AST) test kit is used to measure AST activity in the 

serum (Agape diagnostic, India code 683-562) (Clin. Chem, Acta 1976) and Dtsch. Med 

Wschr 1974. An alanine aminotransferase (ALT) test kit is used to measure in serum 

(Agappe diagnostic, India.). An alkaline phosphatase (ALP) test kit is used to measure 

in serum (Agappe diagnostic, India).  

Researchers used a specialized kit (Agappe diagnostics, India) to detect the blood 

creatine levels. When creatinine combines with picrate in an alkaline media, a colorful 

complex form. A spectrophotometer that measures the absorbance at 500 nm may be 

used to estimate the quantity of creatinine in a specimen [13]. The following reaction is 

used to determine urea through enzymatic means. Urea was determined according to 

the kit protocol of the agape diagnostic, India.  

 

Serum malondialdehyde measurement (MDA) 

The ability to accurately measure lipid peroxidation in disease states necessitates this 

method of assessing oxidative stress. MDA and 4-hydroxynonenal (4-HNE) are the 

natural bi-products of lipid peroxidation. One of the most commonly acknowledged 

methods to evaluate oxidative damage is measuring lipid peroxidation products. It is 

easy to use the MDA microplate assay kit to detect MDA in various samples. 

Thiobarbituric acid (TBA) reacts with MDA in the sample to form the MDA-TBA 

adduct. MDA-TBA adduct can be readily measured using a colorimeter (λ= 532 nm) 

[20].  

 

Measurement of serum glutathione (GSH) 

This kit utilizes the Sandwich-ELISA technique. The micro-ELISA plate that comes with 

this kit has been pre-coated with an anti-rat GPX1 antibody. Antibodies are pre-

incubated in micro-ELISA plate wells before addition, and then samples or standards 

are added to the plate. Antibodies specific to rat GPX1 and avidin-horseradish 
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peroxidase (HRP) conjugate are added to each micro plate well and incubated. 

Everything that isn't necessary is swept away. Each well receives a substrate solution. 

The wells containing rat GPX1 biotinylated detection antibody and avidin-HRP 

conjugate will show blue. 

 

Histological study 

The brain was removed from each animal and fixed in 10% formalin for the preparation 

of a slide to investigate the histopathological changes in both the control and treated 

groups according to the Mescher method [21] with the aid of the light microscope. 

 

Statistical analysis 

The Statistical Package for Social Scientists (SPSS version 18.0) and Microsoft Office 

Excel 2016 were used to examine the data. A one-way ANOVA with LSD post hoc test 

for significance was used to assess if there was a significant difference between the 

groups' means. The paired t-test was used for mean comparisons, where p<0.05 values 

were considered significant [25]. 

 

RESULTS  

Carnitine-loaded chitosan nanoparticles (LC-NPs) 

The nanoparticles were produced by interactions between the positively charged 

chitosan and the negatively charged phosphate groups of TPP in the ionic gelation 

technique. 

 

Characterization of L-carnitine nanoparticles (LC-NPs) 

Different spectrophotometric techniques like SEM analysis investigated the 

morphology, elemental composition, crystalline nature, and stability of synthesized LC-

NPs.  

 

SEM (scanning electron microscope)   

Scanning electron microscope analysis of prepared chitosan nanoparticles to compare 

this with L-Carnitine nanoparticles (LC-NP) with different magnification pictures 

shows the distribution and nanoparticles size as shown in Figure 2. The results of SEM 

images show that synthesized LC-NPs were smooth, spherical particles, singular or in 

aggregates with particle sizes in the range of (26.05), (33.50), and (52.10 nm). 

 

Liver functions 

Table 1 shows the enzyme activity of AST, ALT, and ALP (alkaline phosphatase) to be 

significantly increased (P<0.05). While the enzyme activity of the liver (AST, ALT, and 

ALP) decreased significantly (P<0.05) in the nano L-carnitine and (L-carnitine) groups. 

Also exhibited a significant (P<0.05) decrease in lead + carnitine and lead + nano 

carnitine groups when compared with the lead acetate group. This indicates that the 

nano carnitine has more ameliorative effects on lead toxicity in animals.  
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Table 2 depicts the distinguishing aspects of kidney function (creatinine and urea). 

When lead acetate was given, serum creatinine and urea levels rose considerably 

(P<0.05) compared to the other experimental groups. Nano L carnitine with lead acetate 

resulted in significant (P<0.05) ameliorative effects on the creatinine and urea levels in 

the rats. In contrast, the impact on the L-carnitine and nano L-carnitine group alone 

was lower than that in the control group. 

The results in Table 3 revealed a significant (P<0.05) increase in serum MDA level in the 

lead acetate group (8.2 ± 0.47 nmol/ml) compared with control (5.9 ± 0.36 nmol/ml) and 

other treated groups. In contrast, no significant (P<0.05) difference was recorded in 

MDA level in L-carnitine and nano L-carnitine treated group compared with the 

control group. The MDA level was significantly decreased in lead acetate + nano L-

carnitine treated groups (6.9 0.56) compared to the lead acetate group (8.2 0.47). This 

revealed a significant (P<0.05) decrease in serum GSH level in the lead acetate group 

(83.9 5.29) compared to the control (119.5 6.81) and other groups. In contrast, there was 

a substantial (P<0.05) rise in blood GSH levels in the lead acetate + nano L-carnitine, 

nano L-carnitine, and L-carnitine groups as compared to the lead acetate group (83.9 

5.29). 

 

Figure 2. Scanning electron microscopy (SEM) shows the morphology and size of biogenic nanoparticles (LC-

NPs). 

 

Table 1. Effects of different treatments on liver enzyme activity in male rats. 

Groups 
parameters (Mean ± S.D.) 

AST (U/L) ALT (U/L) ALP (U/L) 

Control 146.8 ± 7.66c 72.5 ± 3.88c 81.4 ± 3.90d 

Lead acetate (U/L) 203.5 ± 8.47a 127.0 ± 6.43a 130.5 ± 5.72a 

Lead + L.Carnitin (U/L) 175.8± 10.41b 101.3 ± 5.25b 110.7 ± 8.73b 

Lead + Nano L.Carnitin (U/L) 166.0 ± 6.69b 99.2 ± 3.67b 93.8 ± 7.5c 

L.Carnitin (U/L) 148.9 ± 6.40c 66.6 ± 5.16dc 82.5 ± 6.29d 

L.Carnitin Nano (U/L) 143.0 ± 8.92c 62.4 ± 5.82d 70.4 ± 5.71e 

LSD 7.36 4.60 5.82 

*The different small letters do not show significant differences at (P<0.05). a, b, c, d, and e letters refer to significance 

between the groups according to the Duncan test. 
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Table 2. Effects of different treatments on kidney enzyme activity in male rats. 

Groups 
parameters (Mean ± S.D.) 

Urea (mg/dl) Creatinine (mg/dl) 

Control 35.1± 2.74b 0.519 ± 0.014d 

Lead acetate (U/L) 41.6 ± 2.72a 0.955 ± 0.077a 

Lead + L.Carnitin (U/L) 38.7 ± 1.85a 0.791 ± 0.050b 

Lead + L.Carnitin Nano (U/L) 34.3 ± 2.67b 0.618 ± 0.033c 

L.Carnitin (U/L) 34.3 ± 1.46b 0.505 ± 0.025d 

L.Carnitin Nano (U/L) 34.8 ± 1.56b 0.504 ± 0.032d 

LSD 2.02 0.28 

*The different small letters do not show significant differences at (P<0.05). a, b, c, d, and e letters refer to 

significance between the groups according to the Duncan test. 

 

Table 3. Effects of different treatments on oxidative activity in male rats. 

Groups 
parameters (Mean ± S.D.) 

MDA (nmol/ml) GHPx (Pg /ml) 

Control 5.9 ± 0.36c 119.5 ± 6.81a 

Lead acetate (U/L) 8.2 ± 0.47a 83.9 ± 5.29d 

Lead + L.Carnitin (U/L) 7.2 ± 0.40b 103.0 ± 5.88c 

Lead + L.Carnitin Nano (U/L) 6.9 ± 0.56b 111.7 ± 4.36b 

L.Carnitin (U/L) 5.7 ± 1.15c 123.8 ± 4.99a 

L.Carnitin Nano (U/L) 5.3 ± 0.52c 124.1 ± 4.29a 

LSD 0.57 4.79 

*The different small letters do not show significant differences at (P<0.05.), a, b, c, d, and e letters refer to 

significance between the groups according to the Duncan test. 

 

Histological examination of the brain (cerebellum cortex)     

Histological examination of cerebellum sections of Control animals was found to have a 

normal structure, with an outside molecular layer, an inner granular layer, and a single 

layer of Purkinje cells in between (Figure 3A and 3B). The treated rats in the lead 

acetate group exhibited signs of disrupting the three-layer structure. Degeneration, 

necrosis, and a reduction in the number of Purkinje cells and molecular cells were seen 

in the interval between Purkinje cells and a molecular granular layer (Figure 3A and 

3B). The antioxidative effect of L-carnitine was identified in the groups where the rats 

were administrated lead acetate with a combination of L- carnitine or nano L- carnitine. 

L-carnitine reduced the dangerous effect of lead, which showed normal Purkinje cells 

and normal arrangement of cerebellum layers (Figure 3C and Figure 3D). When rats 

were given L-carnitine and nano L-carnitine, they protected and developed brain tissue. 

There was no histological change in the cerebellar cortex, which revealed normal 

architecture and different layers of the cerebellum after treatment with l-carnitine and 

nano L-carnitine (Figure 3E and Figure 3F). 
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Figure 3. (A) The Cerebellum section of rats in the control group (hematoxylin and Eosin .100x) showed no 

histopathological changes, which is composed of the outer molecular layer, inner granular layer cells, and in 

between, the single layer of Purkinje cells. (B) Cerebellum section of lead acetate treated rats. Shows disrupt 

the normal arrangement of three layers; large spaces between Purkinje's cell layer and a molecular layer or 

granular layer were seen. The treated rats were administrated 30mg/kg body weight of lead acetate 

(hematoxylin and Eosin .400x). (C) Cerebellum Sections of Third Group (lead acetate and L-Carnitine). show 

normal Purkinje cells and normal arrangement of cerebellum layers. (D) Cerebellum Sections of the fourth 

Group (lead acetate and Nano L-Carnitine). Shows normal Purkinje cells and normal arrangement of 

cerebellum layers. (E) Cerebellum Sections of the fifth Group (L-Carnitine at a dose of 100mg/ kg B.W /daily 

for two months). Shows normal architecture, normal layers, and presence in high density central to Purkinje 

cells. (F) Cerebellum Sections of the sixth Group (Nano L-Carnitine at a dose of 100mg/ kg B.W /daily for two 

months). showed normal architecture, and normal layers of the cerebellum. 
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DISCUSSION 

Ionic gelation was used to produce nano chitosan utilizing two forms of chitosan, 

soluble chitosan (low molecular weight) and insoluble (high molecular weight) chitosan 

(high molecular weight as well as the diacylation percent) [26]. Chitosan nanoparticles 

may be synthesized via the gelation method based on the cross-linking of anionic 

molecules (TPP) [27]. The scanning electron microscope technique was employed to 

visualize the size and shape of compounds. The SEM characterizations of the 

synthesized chitosan nanoparticles are shown in Figure 2. The image of SEM exhibited 

relatively smooth nano-spherical particles, singular or in aggregates with particle sizes 

(26.05), (33.50) and (52.10 nm). The above results agree with the authors [28]. This 

observation of SEM images of optimized formulation (O.P.)  showed that the chitosan 

nanoparticles were spherical. In the optimal formulation, the lecithin/chitosan 

nanoparticles are spherical in shape, uniform, and polydisperse, with sizes ranging 

from 200 to 350nm with an average size of 273nm in diameter. Saglam et al. [29] 

mentioned that the chitosan nanoparticles loading oxaliplatin mean size and their 

homogeneous size distribution, without forming aggregated, besides showing they are 

spherical [30]. Chitosan nanoparticles as a promising nanomaterial for encapsulation of 

pomegranate. SEM characterized their physical and structural morphology, and 

spherical N.P.s were successfully synthesized with a mean diameter of 174–898 nm [31]. 

SEM characterized the morphological properties of the nanoparticles. Chitosan 

nanoparticles were found to have a smooth surface morphology [32]. Similar results 

reported that SEM profiles of smooth and spherically shaped GNPs synthesized of L-

asparaginase showed little homogeneity and clumps of spherical structures [33]. 

In Table (1) ALT, ALP, and AST enzymes are highly concentrated in the liver. Because 

of liver development and repair, these enzymes are generally detected in small 

amounts in the bloodstream. When administrated lead acetate and compared to a 

control, blood liver enzymes (AST, ALT, and ALP) increased considerably; the liver 

was involved in detoxifying hazardous compounds such as lead acetate, which are 

removed by the liver following metabolism and breakdown. This process may cause 

cell membrane rupture, increasing serum liver enzymes. Also, rats treated with lead 

developed liver dysfunction and damage and histological changes demonstrated by 

higher ALT, AST, and ALP blood levels. L-carnitine and nano L-carnitine, when given 

together with lead, reduced liver damage significantly and decreased the consequences 

of acute toxic liver damage, according to plasma biochemical markers [34].  

This is due to the role of the L-carnitine in increasing the production of amino acids. 

Especially methionine, which turns into cysteine, which is an antioxidant. It has a role 

in directly removing oxidative compounds or being one of the components of 

glutathione as an antioxidant. In addition, it protects cells from toxic substances and 

pollutants [35]. The blood urea and creatinine levels of the control and both the nano 

and L-carnitine treated groups were considerably lower than the lead-induced toxicity 

group, as shown in Table (2). Protein metabolism's main nitrogen-containing metabolic 

product is urea. Urea and creatinine levels in the blood are used as markers of renal 

function [36]. Furthermore, a prior investigation employed elevated blood creatinine 

levels as a diagnostic marker of renal failure [37]. The administration of both L-carnitine 

and Nano L-carnitine in combination with lead showed a significant reduction in blood 

urea and creatinine in the L-carnitine treated groups suggesting that it protects renal 

function against lead toxicity. Renal damage may take two forms: reversible and 

irreversible interstitial nephropathy. Reversible interstitial nephropathy is more 

frequent in long-term occupational lead exposure petering [38,39]. 

http://www.bsmiab.org/jabet


599 

 

www.bsmiab.org/jabet 

 

Mahdi and Ghadhban, J Adv Biotechnol Exp Ther. 2022 Sep; 5(3): 590-604 

The results of oxidative stress biomarkers revealed a significant decrease in antioxidant 

enzyme activities (glutathione peroxidase), and an increase in the level of lipid 

peroxidation products (MDA) in rats given lead acetate compared to the control group 

(Table 3). Current results indicate a change in oxidant/antioxidant status of serum and 

the PbAc treated group. Moreover, the results have been attributed to oxidative stress 

induced by PbAc, causing ROS formation, including different pathways including 

hydroperoxides, singlet oxygen, and hydrogen peroxides, resulting in cellular 

dysfunction. These results agree with [40, 41]. The extensive lipid peroxidation caused 

by lead exposure releases lipid hydroperoxides into the circulation, causing significant 

tissue oxidative damage [42,43,44]. The impairment of mitochondrial oxidative 

phosphorylation, the collapse of mitochondrial membrane potential, the inhibition of 

mitochondrial respiratory enzyme activities, ATP depletion, and energy crises are only 

a few of the adverse outcomes seen in many models of Pb-induced toxicity [45,46]. To 

assess lead-induced oxidative damage, researchers examined a variety of antioxidant 

enzymes and compounds. The most widely utilized ones are reduced, such as GSH, 

glutathione disulfide, GPX, superoxide dismutase (SOD), and catalase (CAT) activity 

[47]. 

Cellular molecules are protected from free radical damage by antioxidant enzymes 

such as CAT, SOD, and GPX [48,49]. The activity of these enzymes was decreased 

significantly for the administration of lead acetate with L-carnitine. In contrast, these 

effects declined to non-significant levels compared to the control group in groups 

treated with nano L-carnitine and lead acetate. L-carnitine acts as an antioxidant by 

reducing metabolic stress [50]. 

Alzheimer's disease and geriatric depression have lately been linked to the use of L-

carnitine in treating Parkinson's disease [51,52]. L-carnitine decreases exercise-induced 

oxidative stress, enhances antioxidant levels, and improves performance in individuals 

with end-stage renal failure [53,54]. L-carnitine exhibited antioxidative effects by 

lowering MDA, hydrogen peroxide cytotoxicity, and enhancing CAT and SOD activity 

in hepatocytes [55]. In addition to activating antioxidant enzymes like GSH, L-carnitine 

may also protect mitochondrial electron transport chain competence and scavenge free 

radical activity [56,57]. Lead acetate-treated rats showed the harmful effect of lead on 

the brain, especially the cerebellum. The BBB is permeable to lead acetate, as evidenced 

by the brain accumulating lead acetate when blood Pb levels increase [58]. 

Overwhelming epidemiological evidence shows that low-level Pb exposure causes 

developmental neurotoxicity [59]. 

This corresponds to the study [60] on how it was assumed that lead-induced brain 

toxicity is primarily due to oxidative stress. There was support for this work from other 

researchers [61]. Reduced intracellular antioxidant enzymes and lipid peroxidation 

products are signs of oxidative stress in the plasma and brain tissue of rats exposed to 

lead. Total carnitine levels in old rats were increased by giving them a daily dosage of 

L.C. in drinking water of 100 mg/kg of body weight [62]. L-carnitine for 

neuroprotection in several disorders, including hypoxia-ischemia and traumatic brain 

injury, Alzheimer's disease, and conditions leading to central or peripheral nervous 

system injury and improve energy status, decrease oxidative stress and prevent cell 

death in models of adult, neonatal, and pediatric brain injury [63]. L-carnitine has a 

strong neuroprotective impact when given immediately after reperfusion from acute 

global cerebral ischemia [64]. Carnitine is a potent free radical scavenger, which means 

it may protect tissues from oxidative damage by neutralizing free radicals. It also may 

have a role in decreasing oxidative damage reported in several hereditary neuro-

metabolic illnesses. According to new studies, decreased L-carnitine concentrations 
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have been seen with specific disorders, in part because of the compound's interaction 

with accumulating toxic metabolites, particularly organic acids, or because of protein 

restriction [64]. Because of the increased formation of reactive species in these 

disorders, L-carnitine supplementation may help prevent tissue shortage in this 

element and prevent oxidative damage. L- carnitine's capacity to pass the blood-brain 

barrier suggests that it may be useful in reducing neurological damage caused by 

oxidative toxicity [65].  

As L.C. may also help the body with energy metabolism and protect cells from damage, 

multiple studies have shown this chemical to have protective, modulatory, and trophic 

effects on the brain. Under metabolically challenged situations, free acetyl-CoA and 

ketosis may become critical for brain functioning despite the brain's low level of -

oxidation [66]. L-Carnitine increased metabolic stress caused by mitochondrial 

dysfunction and reactive oxygen species (ROS) generation may defend cells from 

oxidative damage in major neurodegenerative disorders [67,68]. These enzymatic 

antioxidants are crucial because they detoxify H2O2 in the water. After chronic 

hypoperfusion in rats, L.C. reduced white matter damage and offered neuroprotection 

in old mice by enhancing the brain's antioxidant activity [69]. 

 

CONCLUSIONS 

The conjugated L-carnitine on chitosan nanoparticles was successfully synthesized 

based on the reaction between dissolving CS+LC in an aqueous acidic solution to obtain 

cationic chitosan+ L-carnitine and have successfully incorporated the powerful 

antioxidant. Biogenic L-carnitine nanoparticles (LC-NPs) alleviate the harmful effects of 

lead further than/ or equal to ordinary L-carnitine with a less administrated dose than 

L-carnitine. LC-NPs improve the liver enzyme, kidney function, antioxidant enzyme 

activity, and histopathological changes in the brain cerebellum returned to normal 

levels. 
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