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 The following review tends to assess the role of L-carnitine relevant to 

biological role and biological properties and it role in suppression the 

oxidative stress L-carnitine has been shown to be useful in the treatment of 

coronary heart disease, as well as heart and renal failure characterized by 

increased oxidative stress in addition to its impact on kidney it also had 

crucial role on liver by L-carnitine might be a promising supplement to 

improve or delay the progression of liver disease Carnitine deficiency  can 

arise in diseases including diabetes, sepsis, cardiomyopathy starvation, 

cirrhosis, endocrine disorders, and aging due to abnormalities in carnitine 

control. L-carnitine should be viewed along with doxorubicin, cisplatin, 

carboplatin, oxaliplatin, cyclophosphamide and ifosfamide to block their 

multiple organ toxicities and to permit larger doses of these anticancer 

drugs to be administered, thereby killing more cancer cells and increasing 

the chances of patient survival. 
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1. INTRODUCTION 

Gulewitsch and Krimberg in Moscow, Russia, found carnitine, a naturally occurring quaternary ammonium 

compound in muscle extracts at the beginning of thetwentieth century [1], [2]. Carnitine got its name from 

the Latin word carnis, which signifies flesh, at the time. Carnitine's molecular structure was discovered to be 

-hydroxy-trimethyl-amino-butyric acid in 1927 [2]. Bremer was the first to explain carnitine's principal 

physiological function as a carrier for long-chain fatty acid translocation from the cytoplasmic compartment 

into the mitochondria, where beta-oxidation enzymes are found for energy production [3]. The L (-) isomer 

of carnitine, often known as levocarnitine, was discovered in 1962 [4]. In figure (1) below the. Chemical 

structures of L-carnitine 
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Figure (1): Chemical structures of L-carnitine [5] 

 

2. Introduction About L-Carnitine 

L-carnitine is a naturally occurring molecule that may be found in almost all mammalian tissues, including 

the brain [6]. L- Carnitine is a nutrient that can be taken from food and made in the kidney, liver, and brain, 

although it is only considered a "conditionally essential" nutrient for humans when intracellular levels are 

low (e.g. premature infants, elderly patients, diabetes and genetic conditions resulting in primary or secondary 

carnitine deficiency) [7], [8]. 

 

L-carnitine provides up-to-date information on biological roles, the "multiple hit" effect of carnitine on non-

alcoholic fatty liver disease (NAFLD) progression, and the downstream pathways. Carnitine suppresses -

oxidation, improves mitochondrial dysfunction, and reduces insulin resistance to alleviate NAFLD, according 

to the "multiple hit" hypothesis [9]. 

 

L-carnitine performs a variety of functions in the human body [10]. dcrease oxidative stress enhancing 

mitochondrial dysfunction [11] insulin resistance (IR) [12]. Moreover It is implicated in the development of 

a number of metabolic illnesses, including hypertension, diabetes, and polycystic ovarian syndrome [13], and 

osteoarthritis [14]. Besides, carnitine has been reported to be closely associated with the development of non-

alcoholic fatty liver diseases (NAFLD) protects against neurotoxicity, enhances acetylcholine activity and 

consequently the cognitive abilities [15]. Investigate the antioxidant, anti-inflammatory, and 

neuropotentiating properties of fipronil (FPN) in the treatment of FPN-induced neurotoxicity [16]. 

 

L-carnitine In fatty acid transport, only the L-isomer is physiologically useful [17]. 

 

In humans, the diet covers 75% of the L-carnitine requirement, while the other 25% is generated 

endogenously [18]. 

 

It is also marketed as a food additive and dietary supplement for improving athletic performance and weight 

management, since it has been shown to have positive benefits on physical performance and weight loss in 

patients with diseases [19]. While improvements in healthy people or athletes are controversial [20]. 

 

3. Carnitine's Biological Properties 

Carnitine is a quaternary ammonium cationic complex amino acid. Bioactive L-carnitine and abiotic 

enantiomeric isomer D-carnitine are the two stereoisomers. L-carnitine, sometimes known as "carnitine," is 

the most common carnitine used in biological and medical fields. L-carnitine is found in the human body in 

about 300 mg/kg, 98 percent of which is intracellular, with 80 percent in the muscles, 5–10% in the 

gastrointestinal system, and 3% in the liver [21]. Although D-carnitine has no biological activity in humans, 

it adversely impacts biochemical processes by inhibiting the carnitine acetyltransferase [22]. 

 

https://www.teikyomedicaljournal.com/


  ISSN: 03875547 

Volume 45, Issue 01, February, 2022 

  

4925 
 

Organic cationic transporters regulate the distribution and homeostasis of carnitine in the body (OCTN) [23] 

OCTN act on intestinal absorption and renal reabsorption of carnitine, and plays an important role in tissue 

distribution by catalyzing carnitine to enter cells in vivo Because of its high affinity and widespread 

expression, OCTN2 is the most important biological transporter of carnitine [24]. 

 

(OCTN2) had crucial role in carnitine homeostasis. As figure (2) Notably, butyrobetaine "BB" a direct 

precursor of carnitine, is also a good substrate for OCTN2. The liver and kidneys have a strong ability to 

convert BB to carnitine. Loss or mutation of OCTN2 function results in primary systemic carnitine deficiency 

(PCD) with severe clinical consequences such as cardiac and skeletal myopathy, cardiac hypertrophy and 

NAFLD [25]. 

 

 
Figure (2): Showed Carnitine Homeostasis. [46] 

 

4. The Role of Biology Carnitine' 

The essential role of carnitine is to transport Long-Chain Fatty Acids (LCFAs) from the cytoplasm to the 

mitochondrial matrix for subsequent degradation by β-oxidation, known as “carnitine shuttle” [11]. 

 

(The carnitine shuttle) has three important steps. First, CoA must be transferred from lipoyl-CoA to the 

hydroxyl group of carnitine to form lipoyl-carnitine. This transesterification is catalyzed by carnitine 

palmitoyl transferase I (CPT I) in the outer membrane [26]. Second, the lipoyl-carnitine ester enters the matrix 

by facilitated diffusion through carnitine-acylcarnitine translocase (CACT) located in the inner mitochondrial 

membrane [27]. 

 

In the final step, lipoyl-CoA is enzymatically transferred from carnitine to intramitochondrial CoA by 

carnitine palmitoyl transferase II (CPT II) (28). Carnitine enters the intermembrane space again via CACT 

that appeared in (Figure 3) 
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Figure (3): mechanism of long-chain fatty acids enter the mitochondria [29] 

 

5. Reduction of Oxidative Stress 

Carnitine has several protective effects on oxidative stress. These include direct scavenging of free radicals, 

such as superoxide dismutase and hydrogen peroxide. And it inhibits reactive oxygen species-producing 

enzymes such as xanthine oxidase [30]. 

 

In figure (4) below show the summarized the biological roles of L-carntine 

 

 
Figure (4): Biological Roles Of L-Carntine [31] 

 

Oxidative stress is known to appear because of an imbalance between the production and degradation of ROS 

in tissues. ROS-induced injury is well characterized and includes DNA base oxidation, lipid peroxidation, 

and protein oxidation studies suggest that L-carnitine may play an important role in oxidative/antioxidative 

balance and has an anti-per oxidative effect on several tissues [32]. 
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6. Role of L-Carntine on kidney 

Carnitine is an important co-factor for the -oxidation of long-chain fatty acids in energy metabolism [33] [34]. 

Carnitine plasma and tissue concentrations should be maintained generally consistent because of the critical 

role it performs. utilizing tubular reabsorption, L-carnitine synthesis and selective short-chain carnitine esters 

excretion kidney is one of the key elements in preserving this balance [35]. 

 

As a result, carnitine homeostasis is disrupted significantly in chronic kidney disease (CKD), particularly in 

terms of free plasma carnitine levels and carnitine muscle deposits [36]. Dialysis-related carnitine deficiency 

defined as predialysis plasma concentration of free carnitine < 40 μmol/L) presents as the overlapping of 

anemia hyporesponsive to erythropoietin (EPO) therapy, intradialytic hypotension (IDH), cardiovascular 

(CV) complications and skeletal muscle dysfunction [37]. 

 

The effects of L-carnitine supplementation in hemodialysis (HD) patients, on the other hand, have been 

mixed. According to certain studies, L-carnitine can help with EPO hyporesponsiveness, dialysis-related 

muscle cramps, and improving blood lipid profiles [38], [39]. 

 

Moreover, oxidative stress makes the kidney tissue susceptible to damage by various alterations including the 

promotion of lipid peroxidation, protein modification, and DNA damage, leading to cell death [40]. Under 

kidney tubular dysfunction for any reasons like oxidative stress and inflammation, NGAL, as amember of 

lipocalin superfamily, is overexpressed and secreted in the urine [41]. 

 

Antioxidants act as free radical scavengers that help to overcome deteriorating effects of ROS. it seems that 

the use of potential antioxidants has been effective to reverse these changes It has been shown that carnitine 

and its acyl derivatives had potential antioxidant effects [42]. 

 

Furthermore, carnitine has been shown to be useful in the treatment of coronary heart disease, as well as heart 

and renal failure characterized by increased oxidative stress because of its free radical scavenging and 

antioxidant properties, carnitine reduces oxidative tissue damage [43]. 

 

Update studies of protective effect l-cartiineon kidney. That demonstrated oligo-fucoidan, fucoxanthin, and 

L-carnitine suppresse H2O2-induced apoptosis and activated Akt in rat renal tubular cells. Results of this 

article confirmed that oligo-fucoidan, fucoxanthin, and L-carnitine have a combined protective effect on the 

kidneys. The combined mixture may be beneficial for CKD patients [44] L-carnitine preserved the structure 

of renal cortex, decreased inducible nitric oxide synthase and increased proliferating cell nuclear antigen 

reaction. In conclusion, atorvastatin exerted a deleterious effect and L-carnitine improved most of the 

histological changes produced by atorvastatin [45]. 

 

Carnitine deficiency may be a significant problem in patients with kidney disease, particularly in those 

undergoing maintenance dialysis [46]. 

 

7. Update of role l- carnitine on liver 

The Importance of the Fatty Acid Transporter L-Carnitine in Non-Alcoholic Fatty Liver Disease (NAFLD) 

Studies that show reduced intrahepatic fat and reduced liver enzymes after L-carnitine supplementation 

suggest that L-carnitine might be a promising supplement to improve or delay the progression of NAFLD 

[47]. 

 

Carnitine homeostasis is mainly regulated by dietary intake and biosynthesis in the organs, including the 



A. S. Karmoosh and M. M. Khalaf, 2022                                                                      Teikyo Medical Journal 

 

4928 
 

skeletal muscle and liver. Carnitine deficiency impairs the metabolic processes of the liver, such as 

gluconeogenesis, fatty acid metabolism, albumin biosynthesis, and ammonia detoxification by the urea cycle. 

The blood carnitine level does not always decrease in patients with liver cirrhosis, and it sometimes exceeds 

the normal level. Patients with this condition should be treated as if they are in a state of relative carniton 

deficiency at the liver or skeletal muscle levels [48]. 

 

If carnitine deficiency is established based on clinical symptoms or laboratory findings, LC patients should 

receive carnitine replacement therapy to ameliorate their clinical symptoms or laboratory abnormalities. 

Because the liver is the principal organ that governs nutrition and metabolism, carnitine supplementation is 

used to treat malnutrition and metabolic abnormalities in patients. Protein-energy malnutrition is common in 

patients with LC, and it's linked to a high mortality rate [49]. 

 

8. Physiological and biochemical abnormalities caused by cancer: role of carnitine 

Many chronic diseases, such as cancer, heart failure, renal and liver failure, and autoimmune deficiency 

disease, cause anorexia, cachexia, and malnutrition (AIDS). Cachexia is a condition that affects up to 50% of 

all cancer patients, Cancer cachexia causes metabolic changes as a result of a variety of interactions between 

both the host and the tumor [50]. 

 

One of these metabolic alteration that happened throughout the body is the reduction in endogenous synthesis 

of carnitine. Low serum levels of carnitine in terminal neoplastic patients are decreased largely due to the 

decreased dietary intake and impaired endogenous synthesis of this substance. These low serum carnitine 

levels also contribute to the progression of cachexia in cancer patients [51]. 

 

9. Carnitine and cancer chemotherapy-induced multiple organ toxicity 

Several experimental and clinical studies have reported that DOX induces its cardiomyopathy by inhibition 

of beta-oxidation of long-chain fatty acids with the consequent depletion of cardiac ATP and that L-carnitine 

supplementation protects the myocardium against this toxicity [50]. 

 

Reported that chronic DOX therapy decreased the expression of H-FABP and OCTN2 mRNA expression and 

increased the expression of apoptotic genes in cardiac tissues that should be viewed as a mechanism during 

development of DOX-induced cardiomyopathy [52]. 

 

Other studies showed that renal excretion of free and short-chain acyl-carnitine increased 4–10 times during 

treatment and normalized 1 week after administration of cisplatin, carboplatin or oxaliplatin. 

 

Renal excretions of alpha1-microglobulin and other proximal tubular markers were also increased, 

compatible with a proximal tubular defect. Direct inhibition of OCTN2 expressed in L6 cells by cisplatin, 

oxaliplatin or platinum could not be demonstrated, and experiments using urine from patients treated with 

CDDP inhibited OCTN2 activity not more than the expected from the carnitine content in the respective urine 

sample. CDDP was associated with a time-and concentration-dependent decrease of OCTN2 mRNA and 

protein expression in 293-EBNA cells. They concluded that all platinum derivatives investigated are 

associated with renal tubular damage in humans without significantly affecting glomerular function. The rapid 

onset and complete reversibility of this effect favor a functional mechanism such as impaired expression of 

OCTN2 in proximal tubular cells [53]. 

 

In carnitine-depleted rat model, Al-Majed (2007) investigated whether or not carnitine deficiency is a risk 

factor and could contribute to CDDP-induced liver toxicity, and if so, whether carnitine supplementation 
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using PLC could offer protection against this toxicity. The author concluded that oxidative stress is not the 

main cause of CDDP-related hepatotoxicity but rather carnitine deficiency provokes CDDP-induced 

hepatotoxicity and that carnitine supplementation prevents the development of CDDP-induced liver injury 

[54]. 

 

L-carnitine should be viewed as a leading candidate and must be given along with doxorubicin, cisplatin, 

carboplatin, oxaliplatin, cyclophosphamide and ifosfamide to block their multiple organ toxicities and to 

permit larger doses of these anticancer drugs to be administered, thereby killing more cancer cells and 

increasing the chances of patient survival [50]. 

 

10. ROLE OF L- Carnitine On Disease  

Carnitine, a natural molecule with actions similar to those listed above, has recently been discovered to change 

the underlying disease pathophysiology with fewer adverse effects [55]. 

 

Carnitine is a conditionally necessary vitamin that aids in the creation of energy and the metabolism of fatty 

acids. Bioavailability is higher in vegetarians than in meat eaters. Deficits in carnitine transporters occur as a 

result of genetic mutations or in conjunction with other illnesses such as liver or renal disease. Carnitine 

deficiency can arise in diseases including diabetes, sepsis, cardiomyopathy, starvation, cirrhosis, endocrine 

disorders and aging due to abnormalities in carnitine control. Supplementing with L-carnitine, the biologically 

active version of carnitine, can help uremic patients with nerve conduction, neuropathic pain, and other 

symptoms [56]. 

 

11. Conclusion 

Carnitine as a dietary supplement has been marketed as therapeutic in a number of illnesses involving human 

carnitine deficiency and defective fatty acid oxidation implying that nutritional or pharmacologic carnitine 

supplements may be advantageous in some disorders. 

 

Despite this, much research has been done on the benefits of prophylactic doses of carnitine in a variety of 

illness situations, while there is some controversy and misunderstandings about its usage in normal nutrition. 

Carnitine is a natural chemical that is non-toxic in oral levels up to several grams, therefore supplements are 

frequently recommended for primary and secondary deficiencies. Supplemental consumption of carnitine is 

well tolerated since it is easily eliminated. Evidence from both rodent and human studies supports health-

related benefits when used as a therapeutic agent  
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