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Abstract
The problem of the treatment and prevention of acute infectious diseases,
especially viral remains relevant for practical health care, despite the wide
variety of currently available drugs in the pharmaceutical market. The processes
caused by a viral infection largely determine the nature of the flow of infectious
process and its outcome. The degree of viremia directly correlates with the
manifestations of toxicity, a fever, a reaction of the immune system and the
severity of the patient’s condition. An important biological feature of viruses
is the ability to persistence in the organism and the development of chronic or
latent viral infection. The persistence of viruses causes defects of the immune
reactivity and creates favorable conditions for the bacterial infection. Thus the
priority in the selection of antiviral drugs is at the polling suppression of virus
reproduction without significant disturbances of vital activity to host cells.
The article describes main levels of antiviral therapy. This review summarized
information on the antiviral preparations currently used in clinical as well as
in experimental settings. It is shown that the effect of antiviral preparations is
possibly at any stage of viral replication.
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Introduction

Infectious diseases are among of the three main causes of
people and animals death. Annually, about 2 billion of people
worldwide fall ill, more than 17 million of them is dying [1,2]. Viral
infections comprise not less than 60% of all cases of infectious
diseases of humans and animals. The number of viral infections
possessing a serious threat to human health and life, as well as
causing a considerable economic damage, is not reduced and
even increased in recent years. The most striking examples are
infectious outbreaks of Ebola, West Nile fever, Sabia fever, Zika
virus, MERS, as well as the emergence of new previously unknown
diseases caused by viruses of birds, animals and protists [3-7].
Consequently the study of fundamental mechanisms of resistance
to viral infections and development of effective means to prevent
and treatment of viral infections remains relevant to this day [810].

The basis of antiviral therapy is the exposure to the virus or
its components at any reproduction stage. The process of virus
reproduction can be conventionally divided into three phases [8].
The first phase covers the events that lead to the virus adsorption
and penetration into the host cell, the uncoating of the viral core
and such viral modifications that is essential for viral infectivity.
The second phase of reproduction involves complex processes
during which the viral genome is expressed. The final phase of
reproduction is the assembly and budding at the host cell’s plasma
membrane or by lysis, in the latter case, the cell dies [11]. The
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arsenal of antiviral drugs available today allows having an impact
on any of the stages of virus reproduction.

Viral adsorption and penetration

The virus-cell interaction begins with the adsorption process,
i.e. attachment of viral particles to the surface of host cell. Binding
of virus to the cell occurs in two phases: one of which is nonspecific
and the other specific. Therefore, the chemotherapy of this stage
of infection may also be divided into specific and nonspecific.
Nonspecific stage of blocking of virus adsorption is primarily
related to the electrostatic interactions between the virus and the
cell. Thus the use of polyanionic compounds such as polysulfates,
polysulfonates,
polycarboxylates,
polyhydroxymetalate,
polynucleotides and negatively charged albumin or peptides
effectively inhibit the adsorption of viruses [12-14]. Another
equally interesting group of chemical compounds that suppress
the adsorption of viruses can be called triterpene saponins and
steroids. These compounds are capable of changing the spatial
structure of the cell membrane because of its structural features
by binding with membrane cholesterol [15,16].
Another important group of nonspecific inhibitors are
interferons and their inductors. Interferons trigger multiple
secondary processes that can suppress almost all stage of viral
replication by binding with cell receptors [17].

Numerous variations of receptor analogs allowing to “divert”
of viral particle from the surface of cells and virus-specific
antibodies which bind to the viral receptor can be carried to
specific factors of blocking of virus adsorption.

Uncoating of the viral core

A complex transformation of the virus occurs after penetration
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of the virion into the host cell. Sense of which is to remove the virus
protective covers that prevent the expression of the viral genome.
A number of unique features accompanies this process: virus
infectivity disappears, sensitivity to nucleases appears, resistance
to the action of neutralizing antibodies occurs. The adamantane
analogues are the main group of chemical compounds able to
inhibit the virus reproduction at this stage [18].

Adamantane is tricyclic hydrocarbon (C10H16). Molecule
of adamantane consists of three cyclohexane rings [19]. The
adamantane is not used currently, but the possibility of introducing
in position 1 or 3 of different substituents making it promising for
antiviral therapy [20].
Hydrochloride 1-aminoadamantane was introduced in
the medical practice as an antiviral agent already in 1966. In
medicine this compound is often called midantan or amantadine
but the brand name -Symmetrel. Mechanism of action of
aminoadamantanes consists in the fact that they “interfere” in
the early stages of viral reproduction. Their inhibitory effect
associated with latency period, start of the replication and
synthesis of virus-specific RNA [18]. This process occurs by
blocking of the M2 proton channel in the viral envelope during
the step of uncoating of viral particles. Blocking of the M2 channel
prevents the changing of medium pH in endosome and the further
process of viral replication.

Expression of viral genomes and assembly of new viral
particles

This stage of virus reproduction is the most complex and
consists of: the transcription of nucleic acid, protein translation,
post-translational modifications of viral proteins, replication of
nucleic acids and assembly of new virus particles. This stage of
reproduction of viruses successfully blocked by 3 major groups
of compounds: nucleotide analogs, inhibitors of RNA polymerase
and inhibitors of post-translational modifications of proteins.

The mechanism of action of nucleotide analogues consists in
the fact that they inhibit the synthesis of nucleic acids according
to the principle of anti-metabolism. The action of the most of
these compounds in the cell begins at the step of phosphorylation
of virus-specific thymidine kinase (herpes and pox viruses) which
has a higher affinity to nucleotide analogues than thymidine.
The nucleoside analogues include both pyrimidine and purine
analogues: vidarabine (Ara-A), aciclovir (ACV), bromine-5-vinyl2’deoxyuridine (BVDU), idoxuridine (IDU), trifluorothymidine
(TFT) and some others.

The antiviral drug ACV is the most effective in treating of
herpes simplex virus (HSV) type 1 and 2 as well as in the case
of cytomegalovirus (CMV) infection [21]. Currently a variety
of drugs-derivatives of ACV approved for the therapeutic uses.
Valacyclovir is used in the case of the prevention of CMV infection
and the treatment of HSV. Ganciclovir is used to the treat both
generalized and local infections, for example, in the case of
CMV rhinitis [21,22]. Penciclovir is a similar in structure with
ganciclovir, differs by the replacing of methylene bridge to the
ether oxygen in the acyclic moiety of the molecule of ribose.
Its metabolism and mechanism of action is similar to ACV. The
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famciclovir drug is diacetyl 6-deoxy analogue of penciclovir. It’s
used for the suppression of reproduction of strains resistant to
ACV [21].

The antiviral drug ribavirin is an analogue of guanosine, and
has the incomplete purine ring. After the step of intracellular
phosphorylation ribavirin-triphosphate inhibits the early
stages of mRNA viral transcription (capping and elongation)
and thus inhibits the synthesis of ribonucleoprotein. Ribavirin
5’-triphosphate inhibits the activity of enzyme that synthesizes
viral RNA polymerase. Ribavirin has a wide spectrum of in vitro
activity [23]. Effectively inhibit such infectious diseases as Lassa
fever, Hantavirus, hepatitis C virus, influenza viruses A and B,
parainfluenza virus, respiratory syncytial virus and measles [24].
Ribavirin is the only antiviral drug for the treatment of respiratory
syncytial virus bronchitis and pneumonia [25]. Also, the drug
was effective in treating of hemorrhagic fevers variety caused by
Bunyaviridae [25]. There are reports on the use of ribavirin in the
treatment of viral encephalitis [25].
According to American virologists, ribavirin effectively inhibits
the formation of the specific mRNA structure of the poxviruses
family [25]. Application area of ribavirin as a broad-spectrum of
antiviral drug was unexpectedly extended due to the emergence
in 2003 of a new infection - severe acute respiratory syndrome
(SARS). The basis of treatment of this severe pathology type is
oral application of massive daily doses of ribavirin in combination
with α-2-interferon [22,25]. Another analogue of nucleotide is
pyrimidine nucleoside lamivudine. It’s effective against retroviral
infections. Lamivudine is an antiretroviral medication used to
monotherapy for the treatment of chronic hepatitis B and in
combination with other drugs in the treatment of HIV [22,26].

Many viral proteins need the post-translational modifications,
one of which is the processing. Processing is the proteolytic
cleavage, including with the help of host proteases. During this
process the viral proteins (especially glycoproteins) acquire the
functional activity only after their cutting at specific sites. As a
result of such cutting the active form of attachment and fusion
proteins arises. A result of this viral particles gain infectious
activity. Few effective retroviral protease inhibitors (saquinavir,
ritonavir, indinavir, nelfinavir) have been studied in in vivo
experiments [27]. The mechanism of action of these drugs is
associated with the formation of acyl-enzyme derivatives. It’s
based on the blocking of one of the three areas that are critical to
the activity of aspartic proteases of the virus: the catalytic core of
the enzyme, containing the pair of Asp-Thr/Ser-Gly triad; mobile
flap-domain and dimerization domain on the N- and C-termini of
the protease [27,28].
The protease of other RNA and DNA viruses is an important
enzyme and a potential target for antiviral drugs. The difficulty of
the obtaining of inhibitors of this enzyme is due to the geometry
of the catalytic site and the extended area of interaction with
the substrate. However, there were reports of some groups of
chemical compounds able to block the enzyme. The group of
monocyclic β-lactam inhibitors (oxazolines and imidazolines)
acts by the acylation of the active site of serine to form a stable
acyl-enzyme product and blocking a virus protease [29,30].
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Release of new viral particles
The leave of virions from infected cells is a final stage of the
reproduction of virus. This process may occur via budding of virus
or cell lysis. The cell lysis is usually accompanied by the cell death.
Such mechanism of viral release is practically impossible to block.

Viruses with a lipoprotein envelope realize the escape from the
cell by budding. Using this method the cell can remain viable for
a long time and produce many thousands of new virus particles
until complete exhaustion of its resources. The use of inhibitors
of the enzymatic activity of virus involved in virus budding is one
of the mechanisms for blocking of this step of viral replication.
Developing of the inhibitors of the viral enzyme neuraminidase
(NA) is a successful target achievement of modern science - the
“rational drug design”. Contemporary knowledge of the tertiary
structure of NA as the antigen and the enzyme has been used at
the synthesis [31].
Drugs with anti-neuraminidase action “mimic” the structure of
the natural substrate of the catalytic site of NA, which “attracts”
the virus to more interaction with them [32].

The first official reports of preparations with antineuraminidase action were made by M von Itzstein et al. in
1993 (zanamivir) and Kim CU et al. in 1997 (oseltamivir) [32].
Their practical application was started in 1999. Oseltamivir
quite quickly gained the right to be the drug of choice for the
treatment of influenza infection during the epidemics and to
create a reserve in case of a pandemic [1]. WHO experts have
added recommendations by inclusion zanamivir in the list of in
preparation for a pandemic, because of the emergence of resistant
influenza viruses in a population of epidemic strains of A (H1N1),
as well as among the highly pathogenic avian influenza virus
strains A(H5N1) [33].
Zanamivir is administered directly to the respiratory tract in
the form of a fine powder using an inhaler. It is not metabolized.
The active substance distributed at high concentrations up to
90% in the upper respiratory tract and from 10 to 20% in the lung
[31,32].

Conclusion

Actually practical medicine has a quite impressive arsenal of
antiviral agents capable of suppressing of virus replication at
any stage. However, despite of some progress achieved in viral
chemotherapy the clinical practice faces with a serious problem
of appearance of virus variants that are resistant to certain
drugs. Thus the efficiency of adamantane and its derivatives is
currently limited to emerging of resistant strains of influenza A
virus. Formation of strains resistant due to the replacement of
amino acid on positions 26, 27, 30, 31 and 34 for the part of M2
transmembrane channel [8,31,34]. The analysis of more than
60,000 strains of influenza A virus (H3N2), isolated in various
countries over the last decade, showed increased resistance to
the M2-channels inhibitors with 0.4% in 1995 year to 89.3% in
2013 year. The frequency of resistance was the highest in Asia
and in Central Africa. There were 96.8% resistant isolates in
China in 2008 and 100.0% resistant isolates in Kenya and Uganda
[35]. A high frequency of resistance to amantadine of influenza A
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isolates was also observed in the United States at season 20122013. Thus 93.2% of the strains of influenza A virus (H3N2) and
88.9% of the strains of influenza A virus (H1N1) had the amino
acid substitution on position 31 of M2-channel gene. A similar
frequency of resistance to the influenza A virus H3N2 (100% in
2010) was observed during this period in Canada [2,35].

It was previously thought that the development of resistance
to the influenza virus neuraminidase inhibitors is rare and is not
a clinical problem. The frequency of resistance of clinical isolates
of influenza A virus does not exceed 1.5% in 2001. The resistance
to oseltamivir was 0.32% and 4.1% for children and adults,
respectively. Drug resistance strains were not found among the
strains of influenza B virus [8]. However the recent data suggest
the development of resistance to the neuraminidase inhibitors
from 0 to 64% of isolates of influenza A and B viruses in different
countries [36].
The viruses can avoid the mechanism of action such drug as
inhibitors of viral proteases action after a few replication cycles
[27,37].

The study of plant medicines that have anti-viral properties
(alpisarin, epigen, proteflasid and gossypol) showed that
due to the different mechanisms of action (antiviral and
immunostimulatory), the emergence of viruses resistant to
these drugs is not observed. A wide variety of biologically active
compounds was found in the plants growing on the territory
of Kazakhstan. It’s possible to obtain the new highly active
drugs with the ability to block a variety of viruses from such
plants, including those that are resistant to existing commercial
chemical preparations from similar preparations which combine
immunostimulatory and antiviral properties can be recommended
for the treatment and prevention of infectious diseases associated
with immunodeficiency, including influenza, HIV, hepatitis C and
others [38-40].
Peculiarities of life cycle of viruses as intracellular parasites at
the molecular-genetic level make it necessary to constant search
for the substances that have the ability to suppress the viral
replication and spread.
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