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Is high Dose Intravenous Vitamin C Safe to Use in SARS-
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ABSTRACT

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
disease which occurred in China in late 2019 and caused pandemia
is an important public health problem. The virus has been found
to be a member of the beta-coronavirus family of the same species
as the SARS-CoV and SARS-related bat CoV’s. The way it spreads
indicates that SARS-CoV-2 can be transmitted from person to
person and be more contagious than SARS-CoV. In general, SARS-
CoV-2 is an acute disease, but it can be fatal and its mortality is
around 2-3%. Acute respiratory distress syndrome (ARDS) is the
most important cause of death. Due to cytokines storm, hyper-
inflammation is a distinctive feature of ARDS, leading to cellular
injury, organ failure and death. A fast, accessible, effective and safe
treatment is required to save lives and reduce spreading. However,
there is still no vaccine or drug developed for the prevention or
definitive treatment of SARS-CoV-2. In addition to broad-spectrum
antivirals and some other substances for the treatment of the disease,
high-dose intravenous (i.v.) vitamin C (VC) is also recommended
to take advantage of the antiviral and antioxidant effect. However, it
has a pro-oxidant effect rather than an antioxidant. The cumulative
effect of oxidative stress caused by inflammation and VC, besides
the antiviral effect, can cause serious inflammation and oxidative
damage to the tissues. In this review, the function, antiviral
efficacy and possible negative consequences of high dose i.v. VC
recommended for SARS-CoV2 treatment will be discussed in the
light of the literature.
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2019 sonlarinda Cinde ortaya cikan siddetli akut solunum sendromu
koronaviriis-2 (SARS-CoV-2) hastalig1, pandemiye neden olan ¢ok
énemli bir halk sagligi sorunudur. Viriisiin, SARS-CoV ve SARS ile
ilgili, yarasa CoV ile ayni tiirlerde, beta-koronaviriis ailesinin bir tiyesi
oldugu tespit edilmistir. Bulgular, SARS-CoV-2’nin kisiden kisiye
damlacik veya temas yoluyla bulasabilecegini ve bulagiciliginin SARS-
CoV’den daha fazla oldugunu géstermektedir. SARS-CoV-2 akut gecen
bir hastalik olmakla birlikte, yaslilarda ve eslik eden hipertansiyon
gibi kronik hastaligi olanlarda daha éliimciil olabilmekte, mortalite
orant %2-3 dolayinda seyretmektedir. Hastalikla birlikte goriilen
akut solunum sikintis1 sendromu (ARDS) en 6nemli 6liim nedenidir.
Hastalikea, sitokin firtinasina bagli artmis enflamasyon ve oksidatif stres,
hiicresel hasar ve organ yetmezligi, 6liime yol acan ARDS’nin ayirt edici
ozelligidir. Hastalarda hayat kurtarmak icin hizli, erisilebilir, etkili ve
giivenli tedavi yéntemlerine ihtiyag duyulmakeadir. Bununla birlikte,
SARS-CoV-2 hastaliginin énlenmesi veya kesin tedavisi icin gelistirilmis
bir as1 veya ilag heniiz bulunamamigur. Hastaligin tedavisine yardimei
olabilecek genis spektrumlu antiviral veya antimalaryal ilaglar yaninda,
antiviral veya antioksidan etkisinden yararlanilmak iizere, yiiksek
doz intravenéz (i.v.) C vitamini (CV) kullanimi da &nerilmektedir.
Ancak, yiiksek doz i.v. CV uygulamasi, doza bagimli olarak antioksidan
etkiden ziyade, pro-oksidan etki ile ciddi oksidatif stres artisina neden
olabilmektedir. Hastalarda goriilen siddetli enflamasyon ve yiiksek doz
CV’nin neden oldugu oksidatif stres, kiimiilatif olarak, antiviral etki
yaninda dokularda ciddi enflamasyon artigina oksidatif hasara neden
olabilmektedir. Bu derlemede SARS-CoV-2 tedavisi i¢in onerilen
yiiksek doz i.v. CV’nin pro-oksidan fonksiyonu, antiviral etkinligi ve
doza bagimli istenmeyen olast sonuglart literatiir 1s1ginda tartigilacaktir.
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Introduction

Coronaviruses

(CoV)

enveloped RNA viruses that cause a variety of diseases, from

are single-chain, positive polarity,
the common cold to more serious diseases such as the Middle
East respiratory syndrome-CoV (MERS-CoV) and severe acute
respiratory syndrome CoV (SARS-CoV) (1). The virus, which
first appeared in the city of Wuhan in Hubei province of China
in 2019 and spread all over the World and caused a pandemia, is
in the sub-genus of the Sarbecovirus, a beta-CoV type including
SARS-CoV and MERS-CoV, and has been named as SARS-
CoV-2 by the World Health Organization (2). The mechanism
of infection is the binding of the virus to the membrane-bound
form of angiotensin converting enzyme-2 (ACE-2) and the
proliferation of the complex by being taken into the cell by
the host cell (3). The time from exposure to SARS-CoV-2 to
the onset of symptoms (incubation time) is 2 to 14 days on
average. SARS-CoV-2 infection causes severe acute respiratory
disease with fever, cough and shortness of breath in many
confirmed people. The organ in which SARS-CoV-2 is most
effective is the lung, and the virus goes to the lungs through the
respiratory tract, binds to ACE-2 receptors on the cell surfaces
of the alveoli in the lung, enters the cell and multiplies inside
the cell, and causes cell damage and serious inflammation. Acute
inflammation caused by the virus can lead to acute respiratory
distress syndrome (ARDS), which can be fatal (3). The disease
is accompanied by neutrophil infiltration in the lungs, immune
suppression, severe hypoxemia, and hyperferritinemia due to
cytokine storm (4). Rapid production of free oxygen species
(ROS) with the mechanism induced by inflammation and
known as respiratory burst is the main characteristic of ARDS,
which causes significant oxidative stress, cell damage, organ
failure and death (5). The virus is more mortal in the elderly and
those with chronic diseases such as hypertension, cardiovascular
diseases and diabetes, and the mortality rate is around 2-3% (6).

Currently, a drug specific to SARS-CoV-2 has not been
developed. Because viruses use normal cellular metabolic
pathways as opposed to bacteria and fungi to reproduce, it is very
difficult to design a drug that shows antiviral activity without
damaging the cells (7). Therefore, as with other viruses, besides
broad-spectrum antiviral drugs, the disease is tried to be treated
with symptomatic supportive therapies. One of the supportive
treatments is the use of high-dose intravenous (i.v.) vitamin C

(CV).

Normally, CV is a powerful antioxidant vitamin capable of
delivering electrons and cleaning ROS (8). Besides that, they
show a pro-oxidant effect in the presence of pharmacologically
high doses of transition metals such as iron and copper (9).
In fact, it has been shown in many studies that high-dose CV
causes a damage in DNAs of cancer cells and their death with
pro-oxidant effect, so that it can be used as an anti-cancer drug
(10). In antiviral treatment, it was desired to benefit from both
antioxidant and pro-oxidant effects of high-dose CVs. While
some researchers suggest the use of high dose i.v. CV to kill
the virus with pro-oxidant effect, some recommends the use of
high-dose i.v. CV as an antioxidant for the prevention of damage

due to the increased ROS production caused by infection and
inflammation (13-15).

In short, in the treatment of the disease, both as a pro-oxidant
to kill the virus and as an antioxidant to eliminate oxidative
damage, pharmacological i.v. high dose CV is recommended.
However, in case of the use of high dose i.v. CV, cumulative
effect of increased oxidative stress caused by inflammation due
to disease and increased ROS with pro-oxidant effect rather than
antioxidant effect, depending on the dose, may cause serious
inflammation and oxidative damage in the organism besides
antiviral effect. In the light of the literature, this review will
discuss the structure of the CV, its physiological functions, and
the use of pharmacologically high doses of CV in SARS-CoV-2
treatment and possible pathological results.

Results
Biochemical and Molecular Features of Vitamin C

CV, also known as ascorbic acid, is a monosaccharide derivative
and has a structure similar to glucose and other six-carbon
monosaccharides. Although it can be synthesized in most
organisms, L-gulono-g-lactone oxidase, which catalyzes the last
step of L-ascorbic acid biosynthesis, is a very important vitamin
that cannot be synthesized in humans due to lack of enzyme (16).
When CV is taken orally, plasma and tissue concentrations are
tightly controlled by at least 4 mechanisms, namely absorption,
tissue accumulation, renal excretion and re-absorption in healthy
people. When taken orally, absorption is reduced depending on
dose and the achievable maximum plasma CV concentration is
about 250 micromol/L (um/L). On the contrary, when ascorbic
acid is injected i.v. or when given by i.v. infusion, pharmacological
CV concentrations can be increased to 25-30 mmol/L levels

(100 fold) (17).
Physiopathological Features of SARS-CoV-2 Disease

Evidence obtained to date about SARS-CoV-2 disease has shown
that hyperinflammation due to cytokine storm syndrome is
very common in patients with severe clinical course and ARDS
is the most important cause of mortality (4). When the virus
infects lung cells, as a result of activation of epithelial cells and
alveolar macrophages in the airway against the virus, chemotactic
chemokines such as macrophage inflammatory protein 2 (MIP-
2), monocyte chemoattractant protein-1 (MCP-1), tumor
necrosis factor alpha (TNF-a), interleukin-6 (IL-6), interferon
gamma (IFN-y), and interleukin- 8 (IL-8) are released (18).

As an early response to inflammation, they can cause an abnormal
permanent cascade known as cytokine storm as a result of the
entry of macrophage cells into the lung and excessive release of
inflammatory cytokines (19). Inflammatory mediators involving
the release of chemokines, ROS, and coagulation factors, along
with cytokine storm, are associated with continuously stimulated
signal transduction (20). NADPH oxidase (NOX) is an important
enzyme that is a source of superoxide/ROS in the pathogenesis of
viral infection and initiates respiratory burst, and the target is to
eliminate the pathogen (21). Hydrogen peroxide (H,O,), which
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is a cytotoxic molecule in the catalyzer of superoxide dismutase
(SOD), is synthesized from superoxide radical (O,”) formed as
a result of the reaction.

As a result of O, reaction with H,O, (Haber-Weiss reaction)
or Fe’ * reaction with H,O, (Fenton reaction, in the catalyzer
of myeloperoxidase (MPO) enzyme of Hydroxyl radical (HO"),
which is the most toxic radical, and chlorine (CI), hypochlorous
acid, which is known as bleacher, is produced (22).

NOX
20,+NADPH ——» 20," + NADP* + 2H"
SOD
20,+2H ——» H,0,+0,
0,+H,0, ___, HO +HO +0,
FeH,0, ——> HO +HO + Fe*
MPO
H,0,+Ct ———» HOCI+'OH

Although the target of ROS produced with respiratory burst
stimulated with infection is to kill the microorganism,
excessive and long-term ROS increase can cause lung cell
damage and various chronic diseases including cancer (23).

One of the most important laboratory findings of SARS-CoV-2
infection is the excessive increase in serum ferritin levels with
cytokine storm. Serum ferritin levels, normally below 200 ng/
mL, may increase from 500 ng/mL to thousands (24, 25).

Use of Vitamin C in the Treatment of SARS-CoV-2 Disease

Although no definitive medication has been found for the
treatment of the disease, one of the symptomatic and supportive
treatment approaches is the administration of iv. CV at
pharmacologic doses increasing from 2-3 gr. to 60-90 gr. There
are two different approaches of researchers who advocate the
treatment of the disease with CV in pharmacological doses. The
first approach is that i.v. high dose CV causes ROS production
with pro-oxidant effect in the presence of transition metals such
as free iron and copper, and high ROS levels show antiviral
effects by creating oxidative damage in virus genome, proteins
and lipid structures. As a matter of fact, studies showing the
antiviral activity of high-dose CV for different viruses have been
reported (26,27). In an in vitro study Cheng et al. (28) showed
that pharmacological doses of CV increase the ROS production
in extracellular fluid and kill not only isolated influenza viruses
but also viruses within normal human bronchial epithelial cells.
Jariwalla and Harakeh (27) reported that high doses of i.v. CV
(at milimolar levels) should be used in treatment as it may have
an anti-viral effect on SARS-COV-2with pro-oxidant effect and.
The second approach is to take advantage of the antioxidant effect
of high-dose CV to prevent oxidative damage resulting from
hyperinflammation in patients. Of the researchers advocating
this approach, Cheng et al. (13) reported that pharmacological
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doses of CV, which is a powerful antioxidant, should be used to
prevent oxidative damage caused by ROS produced as a result
of hyperinflammation developing in association with cytokine
storm in SARS-CoV-2 disease. Boretti et al. (15) suggested that
the use of i.v. CV in the treatment of SARS-CoV-2 may be
effective in stopping cytokine storm.

CV at physiological levels is also involved in the regeneration
of fat-soluble vitamin E, as a powerful water-soluble antioxidant
that has the potential to purify ROS and reactive nitrogen species
(RNS) in biological fluids by giving two electrons with direct
effect (29).

In addition to its strong antioxidant feature, CV has a coenzyme
property for many enzymes in the groups of monooxygenases,
dioxygenases and hydroxylases in the synthesis of collagen,
carnitine and proteoglycans (30). It is also known that CV
contributes to immune defense by supporting various cellular
functions of both natural and adaptive immune system (31).
However, high doses of CV show the pro-oxidant effect in the
presence of free iron (Fe?*) and copper (Cu?*), and cause the
production of O, and OH radicals, which are among the most
important ROS components, with the Fenton and Heber-Weiss
reactions (32).

Ascorbate (AH') + Fe** or Cu?* —> Semidehydroascorbate
(A) + Fe* or Cu'*

Free Fe** + or Cu'* that occurs causes ROS production by a
reaction known as the Fenton reaction.

Fe* or Cu'*+ H,O, ——— > Fe’* or Cu** + OH + OH
or
Fe** or Cu*+ 0, ——— > Fe* or Cu’* + O,

Fe?t or Cu**+ 02" ———» Fe** or Cu'* + HO" + OH-

As a matter of fact, studies on the use of pharmacological doses
of CV as an anti-cancer drug in cancer treatment are being
carried out by benefiting from the pro-oxidant feature of CV at
pharmacological doses and a phase I/I1a study on the use of i.v.
high-dose CV in pancreas cancer has been reported (33).

Ascorbate can be transported to the cell cytoplasm either
through passive glucose transporters GLUT-1,2,3 and 4 in the
form of dehydroascorbate or via sodium dependent ascorbate
transporters (SVCTs) (34). In particular, as a result of SVCTs
mediated transport, CV concentration in some tissues may be
100 times higher than in the outer of cell (8). It is known that
cancer cells consume a lot of glucose (Warburg effect) because
it uses glucose as an energy source and generates energy from
glucose with anerobic metabolism (35). Because CV is more
intense in cancer cells than in other cells since the molecular
structure of CV is similar to glucose and uses GLUTs in the entry
into cell, it can show more cytotoxic effect in cancer cells with
selective pro-oxidant effect (10,36). When a high dose of i.v. CV
is administered in SARS-CoV-2 infection, unlike cancer, it does
not have a tissue or cell to concentrate on, and because of its
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high ability to release iron from ferritin, which is very high in
infection, CV produces a higher level of ROS with pro-oxidant
effect. Indeed, in vitro and in vivo studies have shown that CV
releases iron from ferritin and significantly increases the free iron
ratio (37,38). In physiological concentrations, the contribution
of CV to the release of iron from ferritin is quite low, but its
pharmacological high doses have been found to have a high
contribution to releasing iron from ferritin (39). In addition to
the oxidative stress and high ferritin levels caused by cytokine
storming in the vast majority of patients with SARS-CoV-2, pro-
oxidant activity caused by high-dose i.v. CV may cause further
increase of oxidative stress with cumulative effect and oxidative
stress may show antiviral effect by making oxidative damage on
virus protein and lipid and especially RNAs. As a matter of fact,
RNAs are known to be more prone to oxidative damage than

DNA (40).

In addition, high oxidative stress may also cause serious oxidative
damage in the patient’s protein lipids and DNA as well as
antiviral effect. As a matter of fact, studies showing that high-
dose CV causes oxidative damage in cells with pro-oxidant
effect have been conducted. Duarte et al. (41) showed that
the physiological concentration of 100 mikromol/L (um/L)
VC did not cause DNA damage in fibroblast cells, but at a
concentration above 100 mikromol/L (um/L), it caused DNA
damage depending on dose. As the cause of the damage, it has
been shown that H,O,, which occurs as a result of autooxidation
of CV outside the cell, enters the cells by passive diffusion and
increases ROS production with pro-oxidant activity as a result
of reaction with intracellular free iron. With the use of high-
dose i.v. CV, which is recommended for the treatment of SARS-
COV-2, plasma levels of 10-20 mmol/L, which are 100-200
times higher than the normal level, can be reached (42). ROS
which is produced due to inflammation, as well as increased ROS
production with pro-oxidant activity, may cause cumulative high
oxidative stress formation. It is known that oxidative stress can
cause lipid peroxidation (43), protein oxidation (44), cell death
with DNA damage, mutations, genomic instability and serious
chronic diseases including cancer (45). However, in SARS-
COV-2 disease, administration of CV as an antioxidant at a dose
that can neutralize high levels of ROS caused by inflammation
due to cytokine storm may be beneficial in treatment. However,
preclinical and clinical dose optimization studies are required for
the appropriate dose.

Conclusion

Since there is still no specific treatment method with proven
reliability and effectiveness for SARS-CoV-2 disease, which
affects the whole world, many studies are being conducted
to find an effective drug. However, due to the urgency of the
current situation and the limited scientific data, some treatment
options with limited data on their effectiveness are suggested or
used for SARS-CoV-2 disease. One of these treatments is the
administration of pharmacological dose of i.v. CV. Although CV
is a powerful antioxidant vitamin in physiological doses, it can
increase ROS production in pharmacological doses by showing
pro-oxidant effect in the presence of metals such as free iron and

copper. In addition to ROS in which endogen is produced in
association with the stimulation of high levels of inflammation in
SARS-CoV-2 disease, ROS produced due to pro-oxidant activity
caused by high CV levels together with high ferritin levels may
cause cumulatively excessive ROS increase. The resulting ROS
may have antiviral effects but may also cause serious oxidative
damage in the patient. Therefore, before the use of high dose i.v.
CV as cither antiviral or antioxidant in the treatment of SARS-
CoV-2 disease, pre-clinical and clinical studies should be done to
optimize the dose to be applied.
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