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A significant number of patients infected with the new coronavirus suffer from chronic fatigue syndrome after
COVID-19, and their symptoms may persist for months after the infection. Nevertheless, no particular treatment
for post-disease fatigue has been found. At the same time, many clinical trials have shown the effectiveness of -
carnitine in relieving fatigue caused by the treatment of diseases such as cancer, MS, and many other diseases.

Therefore, it can be considered as a potential option to eliminate the effects of fatigue caused by COVID-19, and
its consumption is recommended in future clinical trials to evaluate its effectiveness and safety.

1. Introduction

The spread of SARS-CoV-2 in China occurred in December 2019 and
the widespread of this virus around the world has so far killed hundreds
of thousands of people and this mortality rate has affected the world’s
population [1,2]. The infection first targets the respiratory tract, and its
early symptoms are shortness of breath and fever [2]. It is estimated that
about 10-30% of the 147 million people, who are affected by the disease
worldwide, suffer from the persistent and long-term effects of the dis-
ease [3]. Many patients complain of shortness of breath and tiredness
long after the onset of this disease, which is called post-COVID or
COVID-long syndrome [4,5]. Fatigue is often a sign of a serious disease
such as cancer or autoimmune diseases. Chronic fatigue syndrome (CFS)
is defined as a particular case in which most patients report other signs
such as pain and cognitive impairment [6]. On the other hand, after viral
infections, cases often experience inabilities in functions for a long-time
following discharge from hospitals. In various patients, physical,
cognitive, and mental disorders remain for several years [7,8]. Consis-
tently, with advances in the study of coronavirus disease, it has been
found that a high percentage of cases have continuous symptoms and
one of them is fatigue [7]. As stated by the World Health Organization,
cases with chronic fatigue may need rehabilitation for the management
of the subsequent efficacies of the coronavirus disease; whereas,
regretfully, there is no particular drug for the treatment of
post-COVID-19 fatigue [9]. Considering that the treatment of fatigue is
associated with difficulties, there is an urgency for efficient therapeutic

options [10].

1-Carnitine is a trimethylated amino acid that is structurally similar
to choline and is needed as a cofactor to convert long-chain free fatty
acids to acylcarnitine and transfer them to the mitochondrial matrix
[11]. Therefore, this compound plays a major role in the metabolism of
fatty acids and its inadequacy will induce feelings of tiredness or general
fatigue [6]. This amino acid can prevent muscle wasting or reduce the
rate of muscle breakdown. -Carnitine also has other properties such as
modulating the composition and decomposition of proteins, as well as
anti-apoptotic, antioxidant, and anti-inflammatory properties. Thus,
fatigue can possibly be relieved by restoring serum carnitine levels
through carnitine supplementation [12]. In the present review study, it
is hypothesized that 1-carnitine can also be effective in relieving fatigue
in cases with COVID-19.

2. 1-Carnitine and fatigue

L-Carnitine (3-hydroxy-4-N-trimethyl-aminobutyrate) is a micro-
nutrient composed of essential amino acids such as lysine and methio-
nine, which can be seen in nearly every cell of the body and has a major
role in energy metabolism and production of cellular energy, bringing
long-chain fatty acid to mitochondrial matrix meant for beta oxidation
[6,13]. This hydrophilic amino acid is existent all through the CNS and
PNS and is found mainly in the heart and skeletal muscles. L-Carnitine is
biosynthesized from the amino acids lysine and methionine in the kid-
neys, liver, and brain and in a process that requires vitamins B6, B3, C,
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niacin, and iron [14]. More than 95% of the body’s total carnitine is
located in muscles, and it is essential for the transportation of long-chain
fatty acids through the mitochondrial membrane for beta-oxidation and
energy production in the form of ATP [15-17]. Micronutrient de-
ficiencies can lead to fatigue by causing nutritional and metabolic dis-
orders. Carnitine is a micronutrient that is elaborated in the generation
of energy at the cellular level and is usually inadequate in cases with
chronic diseases [18]. Regularly, the need for carnitine is met by
consuming meat, but endogenous synthesis and incremented efficiency
of renal absorbency can help to the homeostasis of this compound
throughout the body. Impaired synthesis, transport, or metabolism of
L-carnitine can lead to early or secondary deficiencies; this can lead to
increased intracellular lipid levels in muscles. Carnitine deficiency can
lead to muscle weakness and fatigue [15]. This compound is thought to
alleviate fatigue by interfering with various mechanisms in the cells,
such as operating as a necessary component of producing mitochondrial
energy and interfering with acetylcholine synthesis in the brain, and by
its anti-inflammatory and antioxidant properties. Carnitine supple-
mentation is actively used for the treatment of CFS, fatigue caused by
chemotherapy, fatigue in the elderly, and fatigue caused by different
neurological diseases [19]. Supplementation of carnitine is reported to
reduce cancer-related fatigue [11,20]. Patients with chronic hepatitis,
when treated with L-carnitine along with interferon-gamma and riba-
virin also show improvement in fatigue, absenteeism, presenteeism and
work-related productivity [21]. It also reduces drug-associated hemo-
lytic anemia in these patients [22]. K¢pka, Janas [23] showed a signif-
icant reduction in L-carnitine levels of patients presented with tick-borne
encephalitis virus infection. Other studies have also significantly high-
lighted reduction in carnitine levels among chronic fatigue syndrome
patients.

Table 1 lists some of the studies performed for evaluation of the ef-
fect and safety of r-carnitine supplementation in different cases with
fatigue.

3. Mechanisms associated with fatigue and 1r-carnitine

Carnitine is required as a nutrient by enzymes that cause trans-
location of long chain fatty acids, so they can enter mitochondrion
membrane. These long chain fatty acids are responsible for the pro-
duction of massive amount of adenosine triphosphate residues,
compared to medium and small chain fatty acids [24].

Fatigue may be induced by various causes including physical and
mental stress, circadian rhythm disorders, and different diseases.
Sometimes the feeling of tiredness caused by influenza or other types of
viral infections may remain for days or weeks. Fatigue is probably one of
the body’s signals to inhibit physical activities for regaining health;
however, the exact mechanism that causes fatigue after infections is not
well established [25]. Suggested mechanisms for fatigue include im-
balances in energy production caused by increased energy requirement
(e.g., caused by tumor growth, infection, fever, or surgical procedures),
reduced availability of substrates (e.g., due to anorexia, nausea, or
vomiting), atypical generation of compounds that disrupt metabolic
homeostasis or regular functions of muscles (e.g., cytokines and prote-
olysis inducers), anemia, and hypoxemia. Further proposed processes
associate fatigue with the pathophysiology of sleep disturbance and
depression [11]. An animal-model based study showed that treatment of
rats with r-carnitine against muscular fatigue reduces free-radical
mediated oxidative stress by reducing the production of thiobarbituric
acid reactive substances, protein carbonyl, creatine kinase and lipid
hydroperoxide [26].

Viral infections such as the flu cause acute inflammation, and
proinflammatory cytokines such as interleukin (IL) -1p or antiviral cy-
tokines including interferons (IFNs) are made in the environment by
activating Toll-like receptors. Also, during an environmental infection,
in addition to fever, other atypical psychological and physical feelings
are experienced, which include fatigue, depression, cognitive
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Table 1

Some clinical studies conducted on the use of L-carnitine in relieving fatigue.
Authors(s) Number of patients Dosage Results
Gramignano 12 cancer patients Oral use of 6 g Considerable

et al. with fatigue per day for 4 increase in
2005 [11] Average age: 60 weeks nutritional variables
years (lean body mass and
appetite) after taking
L-carnitine
supplement
Decreased reactive
oxygen levels
Increased
glutathione
peroxidase
No significant
change in
proinflammatory
cytokines
Improvement of
fatigue, mood, and
sleep in most
patients

Crucianie 38 cancer patients
et al. with fatigue 750, 1250, 1750,
(2006) 2250, 2750, and
[17] 3000 mg were

Doses of 250,

used twice daily Improvement of
for 7 days dose-dependent
fatigue
Matsui et al. 11 cancer patients Daily Reduction of fatigue

2017 with fatigue consumption of in all patients
[6] Average age: 67 1500 mg for 8 Retained plasma
years weeks levels of albumin and
lymphocytes
throughout
chemotherapy
Vasiljevski 6 children with Daily use of Safety of the use of L-
et al. neurofibromatosis 1000 mg oral - carnitine supplement
2021 [14] type 1 (NF1) and carnitine for 12 weeks in
fatigue supplement for children with NF1
Average age: 10 12 weeks
years
AbuMoh’d 20 athletes 2 x 1.5gperday  There was a better
etal. In two groups of L- for 3 weeks physiological
2021 [13] carnitine and respond to L-

placebo
Average age: 67
years

carnitine supplement
compared with the
placebo group

impairment, anorexia, and muscle or joint pains [25,27]. In addition,
the most likely candidates as fatigue-inducing or transmitting agents are
cytokines, including interferons [28]. Proinflammatory cytokines such
as IL-1b, IL-6, and TNF-a induce fever, fatigue, anorexia, and cognitive
dysfunction. Also, anti-inflammatory cytokines such as IL-10 inhibit the
symptoms of acute disease [29]. Also, post-infection outcomes are
affected by polymorphisms in IFN-y +874 T/A and IL-10 92592C/A. The
mentioned changes probably affect the severity of the disease and the
generation of cytokines. Studies have found a link among SNPs in
cytokinin genes and post-infection complications, which include fatigue,
pain, neurocognitive problems, and mood disorders. Particularly, they
found this association between these complications and IL-6, TNF-a,
IFN-y, and IL-10. In addition, the studies demonstrated that incremented
fatigue after infection was related to the IFN-y +874 T/A SNP T allele
[2]. Fig. 1 summarizes the mechanisms associated with post-infection
fatigue.

Viral infection can cause chronic fatigue syndrome (CFS) by causing
physiological changes in host cells [30]. Decreased serum ace-
tyl-L-carnitine, polymorphism of serotonin genes, and autoantibodies
against muscarinic cholinergic receptors were seen in cases experiencing
CFS. The use of 1-carnitine, a precursor of acetyl-L-carnitine, improves
the clinical condition of CFS patients [31]. Dietary r-carnitine supple-
mentation has beneficial efficacies on energy metabolism of cells and
related mechanisms in regeneration of skeletal muscles. In addition, the
use of r-carnitine supplement leads to an increase in the level of
L-carnitine, and a considerable positive relationship has been reported
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Fig. 1. Infectious agents affect the immune system function, which leads long-term inflammation, incremented signaling of proinflammatory cytokines, and lack of
normal functions of various cell types, such Thl, Th17, regulatory T cells, and NTCs. Autoimmune processes including molecular mimicry and activation of auto-
reactive cells can also occur during acute infection Infectious agents with neural invasion potential can cause inflammatory and ischemic damage of the central
nervous system, leading to nerve damage, demyelination, and consequent dysfunctions. Infections may also cause structural damage to the mitochondria, reducing

energy generation, altering metabolism, and reducing antioxidant function [49].

among an increase in serum L-carnitine concentration and a decrease in
the biochemical disorders caused by hypoxia. An increase in concen-
tration of serum r-carnitine can increment L-carnitine transportation
through skeletal muscles and neuromuscular junctions; this efficacy may
reduce hypoxia and induce acetylcholine synthesis. In addition,
L-carnitine may reduce the oxidative stress of skeletal muscles caused by
intermittent hypoxia, thereby improving the strength, regeneration, and
recovery of fatigue of muscles [32]. In fact, L-carnitine supplementation
improves nitrogen balance or prevents oxidative stress by increasing
protein synthesis or eliminating inflammatory processes in pathological
conditions, and improves the functions of mitochondria [6,33].

4. Coronavirus disease and fatigue

Post-infection fatigue is often seen in various conditions in viral and
non-viral diseases [34]. As mentioned earlier, many patients with
COVID-19 also suffer from post-disease fatigue. According to Rudroff
et al. fatigue caused by the coronavirus disease is characterized by a
reduction in physical or mental function due to effects on central, psy-
chological, or environmental factors, and these factors depend on the
task a person performs, his/her environmental conditions, and the
physical and mental capacity of the individual (conditional depen-
dence). Most importantly, fatigue is affected by conditional dependence
factors and the interaction of central, psychological, or environmental
factors (physiological factors) (Fig. 2) [7].

Observational studies show that the signs of the coronavirus disease
persist for about 21 days after the onset of the disease, and in some
patients, these symptoms last for more than 4 months. Studies show that

shortness of breath and anosmia are the most regular signs reported for
more than 3 weeks. The etiology and pathophysiology of fatigue after
COVID19 are not well established, however, it is proposed that central
and peripheral processes play a role in its occurrence. This fatigue can be
caused by the cytokinin storm, which leads to inflammations and
anorexia, followed by muscle loss, weakness, and fatigue. In addition,
infection increases basal energy expenditure while the immune system is
activated [35]. The T-lymphocyte reaction appears to occur in connec-
tion with the high release of cytokines in various cases of CFS, partic-
ularly in the initial stages. The immune response that is induced by the
coronavirus disease is similar to the classical model [36]. SARS-CoV-2
also increases the release of cytokines and proinflammatory chemo-
kines such as IL-6, TNF, and 1p-IL [3]. It has been suggested that the new
corona virus, in combination with ME/CFS stimuli, acts as a physio-
logical stressor. A major object of the virus could be the stress center of
the brain, a collection of neural cells in the paraventricular nucleus
(PVN) of the hypothalamus. The PVN is a set of nuclei and neural circuits
that acts as a stressor, absorbing, and processing factor, which responds
to a wide range of physiological stressors and plays a major role in
neural regulation of endocrine and autonomic stress responses.
Incoming stress signals to the PVN of the hypothalamus through a wide
range of humoral and neural pathways are caused by different factors
including infections, pain, emotional distress, and cardiovascular
changes due to physical activity [3]. There is also growing evidence that
widely different autoantibodies may cause severe corona infection.
These autoantibodies may also have a major role in the symptoms of
long-term fatigue in patients with COVID-19. Despite that oxidative
stress cab help to this syndrome, the replacement of antioxidants and
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Fig. 2. Factors affecting post-COVID-19 fatigue [7].

vitamins is not enough to improve the clinical symptoms of the disease.
Comparably, cognitive-behavioral treatments are not enough to help
with this condition. Also, hypothalamic-pituitary-adrenal insufficiency
in patients with CFS has been described as a result of activation of the
immune and inflammatory pathways [4].

5. 1-Carnitine and coronavirus disease

Researchers are currently studying drugs such as hydroxy-
chloroquine, AT1R blockers such as losartan and olmesartan, and
indomethacin nonsteroidal anti-inflammatory drug in hopes of finding
suitable treatment options for the new coronavirus disease. It has been
observed that these drugs relieve the symptoms of the disease [37].
COVID-19 medications have been partly effective in inhibiting the dis-
ease and some drugs have been shown to be more effective, but have not
been successful in reducing major side effects of this disease such as
fatigue and lethargy [38-41]. Further studies should be conducted on
the etiology of fatigue, its duration, and related problems in patients
with the coronavirus disease [35]. So far, no study has been performed
on the efficacy of L-carnitine on the treatment of post-Covid-19 fatigue,
but due to the favorable efficacies of this drug in the therapy of fatigue, it
can be considered as an effective option in the treatment of this
complication. On the other hand, it has been observed that carnitine can
be efficient in counteracting pre-inflammatory conditions and
decreasing oxidative stress in animal studies; thus, it is hypothesized
that it can be an efficient therapy for pneumonia and Covid19 infection
[42]. In COVID19, the renin-angiotensin system (RAS) is regulated and
the NF-xB pathway is overexpressed. In addition, a progressive cytokine
storm occurs. In all of these pathogenic processes, L-carnitine can play a
modifying role in improving condition. L-Carnitine can be beneficial
against the antioxidant effects of angiotensin II by inhibiting NF-kB and
down-regulating NOX1 and NOX2. The medication also has

anti-apoptotic and genome-stabilizing functions by inhibiting caspases
and activating PARP-1. -Carnitine is an immune system regulator that
regulates proinflammatory cytokines including TNF-a, IL-6, and IL-1
and can neutralize cytokinin storms. L-Carnitine can also act as a pro-
tective agent against COVID19-induced cardiotoxicity due to disruption
of the ACE2 signaling pathway, cytokinin storm, pulmonary dysfunc-
tion, and drug side effects [37]. The spike protein of SARS-CoV-2, which
is the primary target of vaccines and other medications, binds to cells by
binding to the angiotensin-converting enzyme 2 (ACE2) receptor. The
physiological role of ACE2 is to lower blood pressure and counteract
inflammation by converting proinflammatory angiotensin II to
anti-inflammatory angiotensin [43]. On the other hand, i-carnitine re-
duces ACE1 levels and hepatitis C infection through an anti-lipogenic
effect [44]. Kazmi et al. also reported the protective effect of carnitine
and acetylcarnitine against Covid-19. They reported that some off-target
effects may be present following the use of these drugs, thus it is
necessary to examine the safety of this treatment for people with
Covid-19. In addition, these researchers stated that further study should
be conducted on the role of carnitine and acetylcarnitine in disease
prevention [42]. Post-infection fatigue after Epstein Barr virus infection
has been evidently supported by alteration in the expression of genes
associated with mitochondrial function such as fatty acid metabolism
and apoptosis [45]. Additionally, impairment of immune response and
prolonged release of cytokine also contribute to post-infection fatigue
[46]. These findings can be correlated with post-infection fatigue among
covid19 patients, as covid-associated immune response also leads to the
systemic production of cytokine thereby, leading to fatigue and fibro-
myalgia [47].

Given the importance of cytokine response in the development of
chronic fatigue syndrome and its relationship with the intensity of
Covid-19, attention to control and reduction of cytokine response is an
important issue [48] As mentioned, i-carnitine has an effective role in
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production of cellular energy and tissue regeneration, which helps
reduce tissue inflammation. As a result of investigating the relationship
between 1-carnitine consumption and cytokine response and immune
system cells in patients with Covid-19 in future can be effective in
recognizing the role of r-carnitine in development of chronic fatigue
syndrome.

6. Conclusion

The coronavirus disease is a viral infection that could induce
different respiratory, gastrointestinal, and vascular problems. Evidence
shows that many patients with the disease experience a long recovery
period, and symptoms such as fatigue persist for several months after
infection. Fatigue depends on a variety of conditional and physiological
factors, and its exact molecular mechanism has not yet been elucidated,;
however, it is probably caused by cytokine storm, which can cause
inflammation and anorexia, followed by muscle loss, weakness, and
tiredness. -Carnitine is a trimethylated amino acid that is structurally
similar to choline and is needed as a cofactor to convert long-chain free
fatty acids to acylcarnitine and transfer them to the mitochondrial ma-
trix. Dietary 1-carnitine supplementation successfully has beneficial ef-
fects on the energy metabolism of the cells and related mechanisms in
regeneration of muscles. Since the beneficial effects of this medication in
relieving fatigue caused by diseases such as cancer, MS, etc. have been
demonstrated, it can also be considered as a potential option for
relieving the fatigue caused by COVID-19. Therefore, in order for eval-
uating the effect and safety of r-carnitine, its administration is recom-
mended in future randomized clinical trials.
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