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Abstract. Ascorbic acid (vitamin C, AA) is an essential nutrient of the human diet due to its participation on numerous regulatory and enzymatic processes. AA takes part in such vital physiological processes as hormone production, collagen synthesis, stimulation of the immune system, etc. In the present review the activities of AA are considered that provide its protective
effect at influenza infection. This effect can be result of direct virus-inhibiting activity of AA as well as of anti-inflammatory
and antioxidant properties. Oxidative stress during influenza infection leads to nonspecific damage of the pulmonary tissue
and subsequent inflammation of the lungs. The antioxidant activity of AA results in alleviation of infection due to suppression of tissue damage as well as in inhibition of reactive oxygen species-mediated signal transduction and regulatory reactions. After oxidation by ROS, AA is converted to dehydroascorbic acid (DAA) and inhibits the key enzymes of NF-κB
pathway, such as kinases IKKα and IKKβ. AA itself blocks the activity of another component of the NF-kB pathway, kinase
IKKβ(SS/EE), whose activity is directed to the phosphorylation of the factor IκBα. As a result, activation of NF-κB and its
transport to the nucleus does not occur. Thus, AA performs a dual function: first, it neutralizes free radicals, preventing them
from activating NF-κB, and secondly, the product of its oxidation, DAA, further blocks the activation of this pathway. In addition, in some cases AA results in the decrease in the infectious activity of influenza virus that is not due to the antioxidant
activity of AA, but to direct virus-inhibiting activity. Taken together, the presented data suggests that the use of drugs with
antiviral and antioxidant activity, as a combination of individual drugs or, as in the case of AA, as a single drug with complex
activity, for treatment of influenza has advantages over the etiotropic drug monotherapy scheme.
Key words: vitamin C, ascorbic acid, influenza, antivirals, anti-inflammatory activity, antioxidant activity.
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Резюме. Аскорбиновая кислота (витамин C, АК) является важным пищевым компонентом для человека благодаря ее роли в различных регуляторных и ферментативных процессах. АК принимает участие в таких жизненно
важных физиологических процессах, как продукция гормонов, синтез коллагена, стимуляция иммунной системы и пр. В настоящем обзоре рассмотрена активность АК, обеспечивающая ее протективный эффект при
гриппозной инфекции. Этот эффект может быть обусловлен прямой вирусингибирующей активностью АК,
а также ее противовоспалительными и антиоксидантными свойствами. Окислительный стресс при гриппе
ведет к неспецифическому повреждению ткани легких и развитию воспаления. Антиоксидантная активность
АК приводит к облегчению течения инфекции вследствие снижения уровня повреждения ткани и ингибиро-
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вания передачи сигнала и регуляторных реакций, опосредуемых активными формами кислорода (АФК). После
окисления АФК АК превращается в дегидроаскорбиновую кислоту (ДАК) и ингибирует ключевые ферменты
сигнального пути NF-κB, такие как киназы IKKα и IKKβ. Сама АК блокирует активность другого компонента
пути NF-κB — киназу IKKβ(SS/EE), активность которой направлена на фосфорилирование фактора IκBα. В результате активации NF-κB и его транспорта в ядро не происходит. Таким образом, АК осуществляет двойную
функцию: во-первых, нейтрализует свободные радикалы, предотвращая активацию ими NF-κB, и, во-вторых,
продукт ее окисления, ДАК, дополнительно блокирует активацию этого сигнального пути. Кроме того, в некоторых случаях АК приводит к снижению инфекционной активности вируса, что обусловлено не антиоксидантными свойствами АК, а ее прямой противовирусной активностью. Вместе взятые, представленные данные свидетельствуют, что использование препаратов с противовирусной и антиоксидантной активностью как
в виде комбинации, так и, как в случае с АК, в виде единого препарата с комплексной активностью, для лечения
гриппа имеет преимущества перед этиотропной схемой лечения гриппа монопрепаратами.
Ключевые слова: витамин C, аскорбиновая кислота, грипп, противовирусные препараты, противовоспалительная
активность, антиоксидантная активность.

Ascorbic acid (vitamin C, AA, Fig.) is an important nutrient of the human diet, since it is not synthesized in the human body, similarly to guinea pigs and
most primates. Other mammals (about 4000 species) are able to produce AA in the amount of about
50 mg/kg of body weight per day, or, in terms of human body, 5 g/day. This dose is sufficient to ensure
the normal functioning of the body and resistance
to infections [64].
Being a potent antioxidant [37, 46] and cofactor
of many enzymes, AA takes part in such vital physiological processes as hormone production, collagen
synthesis [6], stimulation of the immune system [16,
45, 63], etc. The long-term lack of vitamin C leads
to scurvy, a pathological process caused primarily
by a violation of collagen production and manifested in the destruction of blood vessels, disorders
in the formation of bone tissue and attachment of the
periosteum to the bones as well as loosening of teeth
[21, 40]. In addition, a decrease in the level of collagen leads to a violation of the architectonics of the
lung tissue, which causes primary pneumonia or provokes the development of secondary ones, which are
the leading complication and the main cause of death
in scurvy [28]. For many years, vitamin C has been
considered as a key factor in the development of scurvy — a pathology of connective tissue. Indeed, in addition to the described symptoms, patients suffer from
wound healing disorders and other pathologies that
can be explained from this point of view. Therefore,
the role of vitamin C was mainly, if not exclusively,
attributed to the maintenance of the integrity of the
connective tissue, despite numerous observations
of the effect of AA on the course of infectious processes as well [25].
Along with this, however, ascorbic acid has
a range of other biological activities. In particular,
it is shown that it plays an important role in epigenetic regulation, being in the form of ascorbate anion a co-factor of methylcytosine dioxygenase, an
enzyme responsible for DNA demethylation. In addition, AA is also a cofactor of enzymes that carry
out methylation of histones, which also provides
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epigenetic regulation of gene activity, in particular by
changing the concentration and bioavailability of AA
in different sites of organs and tissues. This activity
is important in the development of pathologies such
as neurodegenerative and oncological diseases in the
absence of AA [10].
Among many types of biological activity of AA,
its ability to inhibit the reproduction of viruses from
a wide variety of families and phylogenetic groups
should be specially noted. In the XIX–XX centuries,
AA was used to treat hepatitis, encephalitis, influenza, SARS and some other viral infections. In 1970,
Pauling’s book «Vitamin C and Common Cold» was
published, where a favorable effect of high doses
of AA as a mean of preventing and treating ARI was
proved [47].
The effect of AA on the course of a viral infection
can be explained by several factors. First, being an antioxidant, AA has a neutralizing effect on one of the
leading factors of the pathogenesis of a viral infection — the free radicals formed by inflammation and
the oxidative stress caused by them. Secondly, many
viruses use free radicals as regulators of their own reproduction and signaling cascades during the viral
cycle. The inhibition of the formation of free radicals
using AA, therefore, has an indirect inhibitory effect
on the replication and spread of viruses. Finally, AA,
in some cases, acts independently of antioxidant activity, suppressing viral reproduction directly, i.e. as
an etiotropic agent, albeit of low efficiency.
Below we describe each of the mechanisms of AA
activity in viral infections separately. Prior to describing the activity of AA in viral pathology, we
will consider the pathological process itself in terms
of balance between pro- and antioxidant factors.
The term «free radicals» (FR) means molecules
containing one or more unpaired electrons at the upper electronic level, as well as molecules that possess
high reactivity in biological systems and in the absence of such unpaired electrons. Examples of FR include molecular oxygen O2, superoxide radical O2● –,
hydroxyl radical OH–, nitrogen oxide NO, hydrogen
peroxide H2O2, peroxynitrite ONOO –, etc. reactive
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oxygen species (ROS) and active forms of nitrogen
(AFN) are produced both in normal physiological
conditions, and in pathological ones. Among them,
O2 and NO are the key intermediates in infectious
processes. They play an important role in the transfer of intercellular signal transduction, the regulation
of cytokine production, growth and transcription
factors, immunomodulation and apoptosis processes, etc. [11].
However, many pathogens in the course of the
infectious process lead to the activation of phagocytes and neutrophils, which produce ROS, which
is accompanied by the production of excessive FR.
In organism, ROS serve to inactivate viruses, destroy bacteria and remove cell decay products, as
well as regulate apoptosis, i.e. to normalize the state
of the organism, eliminate pathogens and maintain homeostasis. However, with the propagation
of the pathogen, more FR is produced, which leads
to a shift in the redox balance. In view of their low
selectivity, ROS are one of the main factors in the
pathogenesis of many acute infections, resulting
in DNA damage, lipids and proteins destruction,
loss of integrity of healthy cells, excessive and inadequate damage to the tissue architectonics and
functions of the target organ [1, 48]. In addition,
under such conditions, transcription factors such as
NF-κB, which in some cases are proviral [55], are
activated, as we will discuss below. The suppression
of these processes, therefore, should be considered as
a method of protecting tissue in the foci of inflammation and general protection in the course of infectious processes. To maintain a balance between oxidative and antioxidant processes in the tissue, there
is an antioxidant defense system, represented by an
enzymatic and non-enzymatic species. The first include enzymes of metabolism of ROS, like catalase,
glutathione peroxidase and superoxide dismutase,
neutralizing, in particular, O2● – and H2O2. The second group is represented by organic antioxidants —
vitamins C and E, polyphenols, carotenoids, etc.

Suppression of virus reproduction
due to antioxidant activity
The disturbance of the oxidant-antioxidant balance leads to oxidative stress, the formation of which
has been proved today for the vast majority of acute
viral infections. This was first shown for the Sendai
virus model and mouse splenocytes, which enhance
the production of FR in response to contact with
the virus, not only intact, but also inactivated by ultraviolet irradiation [49]. Later the increase of oxidative activity in cells leading to their death was shown
for many viruses, both RNA and DNA genomic [44,
50, 52].
FR and lipid peroxidation products affect the reproduction of viruses by regulating cell activity,
the inflammatory and immune response in general,
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as well as damaging the components of the virus and
the host cell. Destruction of infected and neighboring
target cells can limit the spread of the virus. However,
in general, it is not completely understood how much
the benefit of such destruction exceeds, if at does, its
negative consequences. Thus, it is known that oxidative stress promotes the replication of RNA-genome
alpha- and flaviviruses [20], and that the use of antioxidants significantly inhibits this process by violating the capping of virus-specific mRNAs. Similarly,
oxidative stress contributes to the reproduction
of human papillomavirus at several stages [62]. Data
on the hepatitis C virus, however, are contradictory:
there is evidence of both the inhibitory effect of oxidative stress on viral reproduction and the inhibitory
properties of antioxidants [11].
Viruses affect the oxidant-antioxidant balance
of the host, increasing the concentration of oxidizing
components (peroxides and nitric oxide) and reducing the production of antioxidant enzymes such
as SOD, catalase, etc. Thus, oxidative stress affects
various aspects of the pathogenesis of viral infections,
and the use of antioxidants also can affect the course
of the virus-induced pathological process by different
ways.

Protective activity in tissue
and pathogenetic activity
Oxidative stress during influenza infection leads
to nonspecific damage of the pulmonary tissue and
subsequent inflammation of the lungs [2, 13]. FR,
such as a peroxide radical and nitric oxide, are released
into the extracellular space by inflammatory cells
(activated neutrophils, producing an order of magnitude greater FR than resting neutrophils) and respiratory epithelial cells. Accumulation of neutrophils
in the alveoli leads to the accumulation of FR, proteases and products of lipid peroxidation. Damage
of pulmonary tissue at influenza is thus provided by
two mechanisms — direct viral cytotoxicity and toxic
effects in case of excessive inflammation. Obviously,
the last of these mechanisms can be neutralized with
antioxidants. Among the compounds of this group,
AA is optimal because of its effectiveness, low toxicity, high solubi lity and bioavailability, and higher
stability compared to, for example, glutathione.

Figure. Ascorbic acid
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Hennet T. et al. have shown that concentration
of the main antioxidants, glutathione and vitamins C
and E, decreases in blood plasma, lungs and liver after
influenza infecting [27]. This phenomenon increases
the susceptibility of the organism to other damaging
factors, not necessarily even of an infectious nature.
The effect of glutathione on the course of influenza infection in cell culture was also studied [8]. As
a result of the experiments, it was shown that in the
presence of glutathione, the infectious activity of the
virus, as well as the expression of the M1 virus protein
and the activity of apoptotic processes, the virus-induced activation of proapoptotic caspase (caspase 3),
were decreased. This was accompanied by inhibition
of virus-induced activation of the surface «death receptor» Fas.
Introduction of glutathione into drinking water of influenza-infected mice was shown to inhibit
production of the virus in lung tissue and trachea,
suggesting the proviral role of oxidative processes
in the tissues in the course of influenza infection.
The damaging effects of innate immune factors such
as inflammatory cytokines, TLR-4 and TLR-7, NFκB, as well as the level of tissue infiltration of inflammatory cells in influenza could be prevented by an
antioxidant catalase enzyme [56].
Thus, the disturbance of the oxidation-antioxidant balance in influenza infection plays a dual role
in the pathogenesis of influenza. On the one hand, an
increase in the concentration of FR leads to nonspecific damage to the target tissue. On the other hand,
it contributes to the reproduction of the virus, which
further activates the infectious process.
It is known that influenza infection in mice leads
to a decrease in vitamin C content in bronchopulmonary lavage [7], and vitamin C deficiency leads
to a significant increase in the degree of lung pathology [38]. Similarly, infection with the respiratory
syncytial virus leads to a decrease in the production
of antioxidant enzymes and, as a consequence, to an
increase in the oxidative damage of cells in the respiratory system [29].
An increase in the level of oxidative processes
during infection explains the decrease in the level
of AA as a compound, primarily exposed to ROS.
For example, in the plasma of patients with symptoms of acute respiratory viral infection, the AA
content is half that of normal people and returns
to normal after recovery. It was shown that a decrease
in the level of AA in acute respiratory viral infections
(ARVI) can be neutralized by taking 6 g of vitamin C
per day [31].
Possible mechanisms of action of AA at influenza
have been studied by Cai Y. et al. [9]. It is known that
at the level of the whole organism influenza infection
leads to stress that is accompanied by the production
of glucocorticoid hormones. Their increased amount
leads to increase in the level of lipid peroxidation and
the release of ROS from the mitochondria. It is shown
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that AA inhibits both the synthesis of glucocorticoids
themselves and the intensity of oxidative processes
induced by them, thereby reducing the susceptibility
of animals to influenza under stress.
On the model of liver immune damage [39],
it was shown that the use of AA significantly reduces the level of the main inflammatory mediators — IFNγ, IL-4, IL-6, IL-8, TNFα, as well as
inflammatory factors such as cyclooxygenase COX-2
and inducible NO-synthetase iNOS and NF-κB.
Given that all of these factors are universal mediators
of inflammation, it can be assumed that in the case
of influenza infection this mechanism of AA activity
also takes place.
In addition to the protective activity of AA due
to its antioxidant properties, this vitamin C possesses the properties of immunomodulator. First
of all, it concerns the factors of innate immunity,
which drive the development of inflammatory reaction. For example, important data on the mechanism of AA activity were obtained by Tan P.H. et al.
[58]. It has been demonstrated that the AA treatment
significantly affects the properties of dendritic cells
reducing their sensitivity to pro-inflammatory cytokines. Moreover, acting as regulatory factors, such
cells induce anergy in T cells, making them tolerant
to antigenic stimulation.
Similar results were obtained in the course of analysis of the production of inflammatory factors after
stimulation of neural cells in culture [30]. Incubation
with bacterial lipopolysaccharide led to the activation of the synthesis of nitric oxide and the expression of inflammatory mediators — iNOS, IL-6 and
MIP-2, and also suppressed the nuclear translocation of the main inflammatory trigger factor NF-κB.
In cells of endothelial origin, AA inhibited the activation of NF-κB in response to various stimuli, such as
IL-1 and TNF. It is important that along with redoxdependent signal transduction systems, treatment with
ascorbic acid also inhibited redox-independent pathways of NF-κB activation. Detailed studies for identifying a specific AA target allowed to establish that
MAP-kinase p38 [5] is affected, at least by high concentrations of AA. Using gene-knockout mice defective in the Gulo gene, which provides the biosynthesis
of AA in mice, Bae S. et al. [3] showed that, at toxic
liver damage, the levels of proinflammatory cytokines
(TNFα and IFNγ), as well as the intensity of apoptosis of hepatocytes and inflammatory liver infiltration,
were significantly increased in these mice compared
to controls. When infected with the influenza virus,
despite the same level of reproduction of the virus
in the lungs comparing to control animals, they demonstrated much advanced lung tissue damage and increased levels of influenza-specific cytokines, such as
RANTES, IL-1β and TNFα, as well as the factor NFκB, on early stages of the disease. In contrast, on late
stages the levels of RANTES, MCP-1 and IL-12 were
lower than in control mice [38]. In another similar
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study [36], it was shown that viral activity in the lung
tissue of Gulo (–/–) mice was increased in the absence of AA, and the production of the antiviral cytokine IFNα/β was lower than in animals receiving
AA. The level of cellular infiltration and the production of pro-inflammatory cytokines, such as TNFα
and IL-1α/β in lung tissue, were increased. In general,
the results obtained indicate that vitamin C provides
an antiviral immune response in vivo by activating
the synthesis of IFNα/β.
Special attention should be paid to the influence of AA on the key components of inflammation.
Thus, ROS along with pro-inflammatory cytokines
(TNFα), hydrogen peroxide and many other factors activate the transcription factor NF-kB, which
plays an important role in cell defense, inflammation
and apoptosis [4]. In inactive form, NF-kB is bound
to the regulatory protein IκB and localized in the
cytoplasm. These factors activate the cellular kinases IKKα and IKKβ, which carry out the phosphorylation of IκB. After phosphorylation it dissociates
from NF-kB and degrades in proteasomes, whereas
NF-kB itself in free form can be translocated from
the cytoplasm into the cell nucleus where it activates
the genes of the inflammatory cascade.
Important data were obtained by studying the role
of AA in this process. After oxidation in reaction
with ROS, AA is converted to dehydroascorbic acid
(DAA). It was shown that DAA inhibits the key enzymes of NF-κB pathway, such as kinases IKKα and
IKKβ, whereas the AA itself does not possess this
ability. AA, however, blocked the activity of another
component of the NF-kB pathway, kinase IKKβ(SS/
EE), whose activity is directed to the phosphorylation of the factor IκBα. Importantly, the inhibition
of IKKα and IKKβ kinase activity by DAA is specific, since the activity of, for example, p38 MAP
kinase, was only slightly reduced in the presence
of very high DAA concentration (0.5 mM). As a result of inhibition of IKKα and IKKβ kinases, activation of NF-κB and its transport to the nucleus does
not occur. Thus, AA performs a dual function: first,
it neutrali zes free radicals, preventing them from
activating NF-κB, and secondly, the product of its
oxidation, DAA, further blocks the activation of this
pathway. It is believed that the suppression of the
enzymatic activity of kinases occurs when the DAA
is linked to their active sites and the binding or catalysis is blocked with ATP or substrate, since the addition of excess of ATP partially removed the inhibitory
effect of DAA [12]. Thus, the effect of AA is based
on the inhibition of kinase processes regulating
the activity of the main signaling pathway of inflammation NF-κB.
Another mechanism of protective activity of AA
in inflammation was studied on the model of sepsis in Gulo (–/–) mice. It is known that one of the
mechanisms of pathogens inactivation in the body
is the formation of so-called neutrophil extracellular
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traps (NET), when DNA released from destroyed
neutrophils binds virus particles and bacterial cells.
The number of such traps in mice incapable of synthesizing AA was significantly higher in sepsis than
in control animals. Other sepsis-specific processes
in neutrophils, such as autophagy, endoplasmic
stress, histone modification, were also activated. All
these indicators, however, returned to normal values
after AA application [43].
In a patient with acute respiratory distress syndrome, signs of pathology were removed by intravenous administration of high dose vitamin C, 200 mg/
kg/day [17]. Similarly, the pain syndrome and the inflammatory response in a patient with Chikungunya
fever [19] were eliminated for 2 days. Taken together,
the above data indicate the important role of AA as
a regulator of the inflammatory process in the body.
Concerning the use of AA at influenza, it should
be said that several studies suggest that the suppression of viral reproduction requires its relatively high
concentration (5 mM), which in terms of the human
body is about 4.4 grams per day. Obviously, the doses
used do not allow this mechanism of activity to be
realized. To increase the efficiency of absorption and
taking into account that the dose of AA higher than
1 g/day can lead to side effects, for the therapeutic
effect is recommended not oral but intravenous route
of administration. At the same time, a sharp abolition of AA after therapy can mimic its deficiency and
lead, therefore, to the development of scurvy symptoms. All this should be considered when prescribing vitamin C for the purpose of treating the flu.
Nevertheless, the available data indicate the undoubted therapeutic effect of AA as a means of minimizing cell death — one of the leading pathogenetic
factors in influenza, including highly pathogenic
avian influenza H5N1 [64].

Direct antiviral activity of ascorbic acid
Speaking about the direct antiviral effect of AA,
first of all human immunodeficiency virus should
be mentioned. It is shown that clinical effectiveness
of antiretroviral therapy rises sharply with AA consumption. It is important that AA in this case does not
work as a specific antiviral drug, but inhibits viral reproduction due to its antioxidant properties inhibiting
ROS that play an essential role in signal transducion
and control of gene expression [24, 41]. Suppression
of HIV replication occurs through transcription factors NF-κB, AP-1 and USF, whose activity is suppressed by antioxidants [22, 32, 53]. Nevertheless, there
is evidence that AA suppresses reproduction of HIV
directly by blocking the regulation of viral reproduction at the stage of Tat-dependent elongation of the
viral genome. It was shown that the degree of this suppression was not accompanied by a decrease in the activity of the main transcription factors — RNA polymerase II, NF-κB, S-1 and USF factors [23].
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It was also shown that the intravenous use of AA
in patients infected with the Epstein–Barr virus led
to a decrease in the duration of the disease, as well
as an increase in the titer of specific antibodies [42].
As early as 1978, clinical tests demonstrated that
using high doses of vitamin C (1 g per day) in combination with bioflavonoids, the duration of pain
caused by herpes infection (herpes labialis) decreased
from 3.1 to 1.3 days. Moreover, with the onset of AA
administration 24 hours after the onset of symptoms
of herpes, only 6 of 26 patients (23%) reported the development of specific vesicles, whereas at the late
start of treatment they were formed in 8 of 12 patients
(67%). Obtained results, of course, do not directly indicate the role of AA, since flavonoids were involved
in the study. No evidence exists, nevertheless, of their
effect on herpetic infection, so the described clinical
effect might be attributed to vitamin C.
In cell cultures, ascorbic acid suppresses the reproduction of the influenza virus [34]. At the same
time, its reduced form, dehydroascorbic acid, which
does not exhibit antioxidant properties, exhibits much higher antiviral activity compared to AA.
Consequently, as in the described case with HIV,
the decrease in the infectious activity of the virus is not due to the antioxidant activity of AA, but
to other characteristics [18].

Инфекция и иммунитет

In clinical trials involving 226 patients diagnosed with influenza A, the effect of AA on the incidence of complications in the form of pneumonia
and the length of stay in the hospital were studied.
Among the control group, 10 of 112 patients developed pneumonia, whereas among patients receiving
300 mg of AA daily, only 2 out of 114. The length
of stay in the hospital was 12 days in the control group
and 9 days in the experimental group. Thus, the use
of AA contributes to reducing the severity of influenza in patients (Banerjee, 2010).
In general, the use of AA at influenza has been
the subject of active study and discussion for 70 years
[26]. The latest Cochrane review of the effectiveness
of the use of AA in respiratory pathologies of about
11 thousand people did not reveal significant differences between the control and the experimental group
in terms of the incidence rate. Nevertheless, it has
been shown that the systematic use of vitamin C, although not in all the clinical studies reviewed, reduces
the duration and severity of common cold symptoms.
In conclusion, the use of drugs with antiviral and
antioxidant activity, as a combination of individual drugs or, as in the case of AA, as a single drug
with complex activity, for treatment of influenza has
advantages over the etiotropic drug monotherapy
scheme [60].
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