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Abstract

Currently, COVID19 has been converted to a catastrophic pandemic worldwide. SARS-CoV -
2 virus targets the ACE2 receptor in the human cells and triggers a chain of deleterious
events. Despite the high morbidity, there is not yet an efficient trestment for thisinfection. In
this review, some protective aspects of L.Carnitine (LC) have been addressed. In COVID19,
renin-angiotensin system (RAS) is upregulated, and the NF-xB pathway is overexpressed.
Moreover, a progressive cytokine storm is established. In all of these pathogenic processes,
LC could play a modifier role to improve the condition. LC could be beneficial against the
antioxidant effects of Angiotensin Il by inhibition of NF-xB and down-regulation of NOX1
and NOX2. An anti-apoptotic and genome-stabilizer function has been determined for LC
through inhibition of pro-apoptotic caspases and activation of PARP-1. LC is an
immunomodulator that downregulates the pro-inflammatory cytokines including TNF-a,, IL-
6, and IL-1 which could quench the cytokine storm. LC also can act as a protective agent
against the cardiotoxicity caused in COVID19 because of the disturbance in the ACE2-
mediated signaling pathway, cytokine storm, pulmonary dysfunction, and drug side-effects.
Given the potential protective effects of LC, it is suggested as a supportive and therapeutic

option in the patients with coronavirus infection.

Introduction



The novel Coronavirus 2019 infection (COVID19) was officially confirmed as pandemic by
WHO on 11 March 2020 as total number of the deaths passed 4000 globally [¥. SARS-CoV-2
virus, the pathogen of COVID19, is a member of Beta-CoV genera from the positive single-
stranded RNA viruses called the Coronavirus (CoV) family which are known as the maor
causes of respiratory disease outbreaks. Two well-known members of this family, SARS
CoV and MERS-CoV, had been registered as the cause of serious epidemics at the time of
their outbursts . The envelope spike glycoproteins of Coronaviruses create the shape of a
crown and are essential for the attachment and entrance of the virus as they provide receptor-
binding domains !. Based on the accurate molecular analysis, these domains in SARS-CoV -
2 share 76.5% homology to the spike proteins in SARS-CoV  but the flexible glycyl
residues within the distinct loop of SARS-CoV-2 receptor-binding domains elevate their
affinity for Angiotensin Converting Enzyme 2 (ACE2) which is their mutual receptor .
Therefore, COVID19 is more communicable ® and its death toll has exceeded the SARS and
MERS epidemics combined .

Despite the global restless efforts to investigate treatment options and control the concerning
pandemic, the therapeutic strategies have been only preventive and supportive by the present
time. Current management strategies are mainly based on reducing transmission by travel
restrictions and aggressive isolation 8.

Given the urge to find the therapeutic options for the novel COVID19, medications like
Hydroxychloroquine [, AT1R blockers such as Losartan and Olmesartan [*™ and the
nonsteroidal anti-inflammatory drug indomethacin 2 are being investigated and have shown
to relieve symptoms in some patients. Meanwhile, the search for a more definitive treatment
still continues as the virus is spreading rapidly around the world. In this review, some

potential protective aspects of L.Carnitine (LC) have been discussed.



Pathophysiology of COVID19

As mentioned, SARS-CoV-2 similar to the original SARS-CoV, binds to human body cells
through the transmembrane enzyme ACE2. The attachment of the virus to its receptor
facilitates its entrance and replication and is also responsible for several serious
complications of the disease through protein interactions. The virus- ACE2 interaction has
been established to result in the down-regulation of the enzyme [*** The enzyme ACE2
reverses the functional pathway of Angiotensin (Ang)ll by the production of Ang (1-7) in the
RAS system ™. Disturbance in the balance of the RAS system and the increase in Ang
[1/Ang(1-7) ratio is one of the leading causes of severe lung, heart and kidneycomplications
in Coronavirus patients ™. Angll is known to be a pro-inflammatory factor. The over-
expression of Angll not only as a vasoconstrictive agent but also as an activator of the
enzyme NADPH oxidase and a stimulus for the expression of NF-kB is established to play a
pivotal role in the pathogenesis of chronic hypertension, chronic kidney diseases, heart failure
and other systemic inflanmatory diseases [*67.

NADPH oxidase is a reactive oxygen species (ROS) producing enzyme which has five
homologous subgroups in human body. NOX1 is expressed in epithelial cells, endothelial
cells, interstitial fibroblasts and smooth muscle cells, while NOX2 is expressed in
phagocytes, vascular cells, heart, kidneys, neurons and hepatocytes. These two enzymes
could be stimulated by Angll, produce ROS and decrease the available cellular NADPH in
pathological conditions [*&. It could lead to the oxidative damage in DNA which is primarily

repaired through the base excision repair (BER) pathway ™

. Poly-ADP ribose polymerase-1
(PARP-1), is a DNA base repair enzyme contributing to BER and has an essential role in the
genomic stability maintenance . PARP-1 has an antiviral function using ADP-ribosylation

of virus genome (RNA or DNA) and inhibiting the translation of viral trnscripts. There are

severa vira families, including Togaviridae, Hepeviridae and Coronaviridae with encoding



ability of a macrodomain protein with poly (ADP-ribose) glycohydrolase (PARG) activity.
This macrodomain can hydrolyze ADP-ribose from proteins and nucleic acids to accelerate

the viral replication and virulence '®. (Figure 1)

L-Carnitine Potencies Against COVID19 Pathology

L-Carnitine (LC) is a crucial and natural component of body cells participating in the
metabolism of fatty acids. LC naturally exists in dietary sources including dairy and red meat
and can also be produced in the body from the amino acids Lysine and Methionine. L-isomer
of Carnitine is biologically active and D-isomer is inactive in the body %2, In fact, LC
naturally acts as an obligatory cofactor for the oxidation of fatty acids in the mitochondria.
Some new studies, however, have demonstrated its antioxidant and anti-inflammatory

potency to be of great importance . (Figure 1)

) L-Carnitineand Antioxidant properties

Some experimental studies presented a potentially significant synergistic role for a-lipoic
acid and acetyl-L-carnitine in norma mitochondrial function, so insufficiency of these
compounds could lead to raising mitochondrial oxidant production. Moreover, LC is able to
decrease production of oxygen free radicals **. The reductive effect of acetyl-L-carnitine
on oxidative stress that has been confirmed in some experimental researches, could lead to
promote the overall antioxidant status of cells *2%. A protective event which can reduce the
stress and infection-induced tissue damages like COVID19. LC could be aso beneficial
against the antioxidant effects of Angiotensin Il by the inhibition of the expression of NF-xB

[28]

and the down-regulation of the enzymes NOX1 and NOX2 '™, a pathway which is

overactivated during COVID19 pathogenesis . According to some experimental studies,



LC could Improve the early haemodynamic parameters and also mortality rate in the patients

[30-32]

with septic shock , acritical condition in which NF-xB overactivation and oxidative

stress have been already introduced as culprits 3334,

I1) L-Carnitine asan Anti-apoptotic and genome-stabilizer agent

Moreover, LC has a potency to suppress the proteolytic activation of caspase9 mediated by
cytochrome C and ATP [#"3_ Apoptosis is mediated by caspases, a group of highly specific
cysteine proteases. Pro-apoptotic caspases can be activated by Palmitoyl-L-carnitine 9. It
has been also determined that LC can inhibit apoptosis by reducing caspase activation 7.
Meanwhile, LC leads to a reduction in DNA-single strand breaks in human peripheral blood
lymphocytes treated to hypoxanthine likely through modulating the PARP-1 activation and
other related repair mechanisms *. The anti-apoptotic effect of LC and its biotypes has been
determined in different pathological conditions. For example, for human lymphoma cells
treated with apoptotic agents, LC presented a significant anti-apoptotic effect %, The
therapeutic effects of LC have been also established in AIDS and Alzheimer's disease and
ischemic injury 1*°“Y. Apoptosis and cell death in infected organ tissues has been identified as
a common histopathological finding in the patients with coronavirus infection 2.
Accordingly, LC may ameliorate the deleterious complications of COVID19 by improving
the mitochondrial dysfunction in hypoxic conditions and also by decreasing apoptosis . It

seems, LC anti-apoptotic potency could be considered as a therapeutic effect in the patients

with COVID19.

[11) L-Carnitineand its Immunomodulatory effects



Moreover, a new study has statistically reported that number of T cells, including CD4+ and
CD8+ T cdlls, falls below the critical threshold in severe, critical and perished groups of
COVID19 patients. The expression of ACE2, the predicted receptor of the SARS-CoV-2
virus, is absent on T cells suggesting that the depressed numbers of T cells is not directly
caused by infection of these lymphocytes. Consistently, the amount of secreted cytokines
including TNF-a, I1L-6 and IL-10 was increased in COVID19 patients which negatively
correlates with levels of CD4+ and CD8+ T cells . Previous studies have aso
demonstrated the interfering role of LC with the apoptotic process through down-modulation
of the proapoptotic Fas signals transduction and suppressing the generation of ceramide. The
events which have been shown to trigger signaling pathways to lymphocyte apoptosis 1244,
Generally, LC appears to downregulate the pro-inflammatory cytokines including TNF-a, IL-
6 and IL-1 which can prevent patients from cytokine storm. A pilot study demonstrates that
L C supplementation for HIV patients leadsto an increase in the number of CD4+ and CD8+
T cells due to LC interference with ceramide production and Fas-induced apoptotic signal 1“°!.
The anti-viral and anti-inflammatory effects of LC have also been evaluated in the treatment
of HCV and it has been established that the supplement could improve the injury of hepatic
cells by decreasing oxidative stress 7,

In a study on lymphocytes of aged rats it was reported that in addition to reducing apoptosis
and decreasing TNF-a levels, LC can increase the levels of antioxidant enzymes (SOD, Cat,
GSH-Px and GSH-Red) and reduce DNA damage ¥, The carnitine palmitoyltransferase
(CPT) system is responsible for transporting the long-chain fatty acids from the cytoplasm
into the mitochondria where the fatty acids undergo p-oxidation. This CPT system contains
two separate proteins localized in the outer (CPT1) and the inner (CPT2) mitochondrial

membrane. While CPT2 is ubiquitously expressed, there are three tissue-specific CPT1

isoforms. CPT1a, CPT1b, and CPT1c. CPT1a is the primary isoform in lymphocytes, liver,



kidney, spleen, lung, intestine, pancreas, and ovary %), It was reported that the administration
of carnitine could increase the expression of CPT1 in a study on HCV-infected hepatocytes
5% The higher CPT1 expression accounted for increased spare respiratory capacity that
improves the memory T cells resistance to stress. Furthermore, CPT1a overexpressing into
51]

the antigen-specific T cells improved their recovery after infection |

(Table 1)

The Car dioprotective effects of L-Carnitinein COVID19
L-Carnitine is a known nutritional supplement suitable for the control and even prevention of
metabolic and cardiovascular diseases™2. It may be beneficial against the detrimental effects

of COVID19 on the cardiovascular system due to the following statements: (Figure 2,3)

1. The disturbance of ACE2-mediated signaling pathway could result in the
cardiovascular complications. This enzyme is abundantly expressed not only in the lung
tissue but also in the cardiovascular system. CoV-ACE2 binding can interfere with the
signaling pathway of the enzyme. As mentioned, the disturbance of the functional pathway of
ACE2 |eads to an increase in Angll and a decrease in Ang1.7), resulting in the cardiovascular
complications including: the endothelial dysfunction ®*°¥, the intoxication of myocytes due
to the Angll-induced inflanmation ¥, and a raised incidence of arrhythmid®. As
explained earlier, LC could counteract with destructive effects and the inflammation caused
by the RAS imbalance through inhibiting the enzymes NOX1 and NOX2 and decreasing the
expression of NF-kB factor!®. This supplement which acts as a free radical scavenger, can
decrease the peroxidation of fatty acids, reduce the amount of toxic Acyl-Coain human cells,
prevent or moderate the intoxication and damage of myocytes caused by the virus replication

or the following inflammation .



In addition to the harmful effects on myocytes, the RAS disturbance and the suppression of
ACE2 function could lead to the endothelial dysfunction. Angll affects the vascular
endothelium by increasing the expression of monocyte chemoattractant protein-1 (MCP-1)
molecules, IL1B, IL-6, and the activation of NADPH oxidase. These changes eventually
disturb the cycle of NO and could result in endothelial dysfunction [**%3%2-%4 - Additionally,
Angll increases the expression of Profilin-1 which could induce the peroxynitrite damage on
the vascular endothelial surface. LC through downregulating the NOX enzyme, acts as a free
radical scavenger, and by upregulating the eNOS enzyme could exert a protective role against

the endothelial dysfunction in COVID19 patients 5260615

2. The cytokine storm resulted from the imbalance of lymphocytes could affect cardiac
function '%%7. According to studies, cytokine storm is one of the main pathologic reasons for
cardiac toxicity in the patients with COVID19. As mentioned, LC could be a preventive
agent against the cardiac complications of COVID19 through its immunomodulatory effects,

particularly the modulation of T-cell ratio.

3. The pulmonary dysfunction due to severe aveolar damage in COVID19 and the
following hypoxemia could cause myocardial injury *®. Some studies have demonstrated that
the level of myocardia carnitine is critically declined during the ischemic and hypoxemic
conditions. In the patients with COVID19, the hypoxic conditions could be induced in the
myocytes through severe involvement of the lungs and the following insufficiency to provide

[68]

the required oxygen for the body ">*. The carnitine supplementation in ischemic heart disease
could lead to downregulation of ROS and decrease the fatty acid concentration in the

cytoplasm. The accumulation of fatty acids in the cytoplasm of myocytes in hypoxic



conditions can induce the peroxidation of fatty acids, resulting in the elevation of oxidative

stress in the myocardium 1%,

4. Degspite the fact that there is still no definitive treatment strategy for Coronavirus
infection, several medications are prescribed corresponding to regional health policies. These
medications include: Hydroxychloroquine, potent empiric antibiotics to prevent bacterial
super-infections and antiviral drugs like Lopinavir, Ritonavir or the combination of both
(KALETRA®). A number of these medications including Hydroxychloroquine and
KALETRA® are known as the causes of adverse cardiovascular effects in the patients [/°72.
Particularly, given the fact that the simultaneous consumption of these drugs could
exacerbate the adverse effects, the patients with COVID19 are susceptible to cardiac
complications and specially cardiac arrhythmia [¢%¥. Several studies have established the
protective effects of LC against the cardiotoxicity caused by different medications ">,
These drugs primarily contribute to cardiotoxicity through inducing inflammation and
elevating the level of ROS in the myocytes ™. Furthermore, it has been demonstrated that
carnitine supplementation in cardiovascular patients, particularly susceptible ones, could

successfully reduce the occurrence of cardiac arrhythmia 2

. Accordingly, LC could prevent
the toxicity caused by drug-induced inflammation, cardiac arrhythmia and myocardial
inflammation through decreasing the cellular oxidative stress and modulating the aerobic
metabolism system in the cardiac conducting cells and myocytes. Meanwhile, it has been
determined that LC has anti-inflammatory and antiarrhythmic effects in ischemic and

cardiomyopathy conditions °26%.

Conclusion

10



Given the fact that currently, there is no definitive medication for the treatment of
Coronavirus patients, and considering the progressive course of the disease which starts with
a limited involvement of the lungs, leading to progressive Acute Respiratory Distress
Syndrome in the advanced cases, it is expected that the supplementation of patients with L-
Carnitine in primary stages of the disease could prevent the deterioration of overall health and

the fatal complications of the virus.
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Figures and Table

L-Carnitine may extinguish the COVID19 fire:
A review on molecular aspects
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Figure 1: An infographic picture illustrating the molecular mechanisms of SARS-Cov-2 pathogenicity
(Upper) and the molecular effects of L-Carnitine against the virus pathologic damages.
ACE: Angiotensin Converting Enzyme, ANG: Angiotensin, PARP-1: Poly-ADP ribose polymerase-1
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Figure 2: An infographic picture illustrating the molecular mechanisms of cardio-toxicity effects
of SARS-Cov-2 in COVID-19 and the molecular effects of L-Carnitine against the induced
cardiovascular damages.

ANG: Angiotensin, MCP-1: monocyte chemoattractant protein-1
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Figure 3: An infographic diagram illustrating the cardio-protective effects of L-Carnitine and the

molecular pathways involved




Table 1. A Summary of L-Carnitine molecular effects against COVID-19

Area of effect
1) Antioxidant effect

| 2) Anti-apoptotic and
- Genome-stabilizing effect
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