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ANTIVIRAL POLYMERS
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Introduction
Viral diseases are one of the major causes of mortality in
humans since Neolithic period, when people started to
form densely populated communities which enabled virus
spreading. The general methods of fighting viral diseases
include vaccination, treatment with antiviral drugs,
isolation and quarantine. They can be, however, applied
with only limited success. The number of antiviral drugs is
rather small, and the efficiency of the existing ones
is decreasing due to the virus mutation. Therefore, there
is a need to develop novel antiviral substances which
could fight existing and still emerging viral diseases. We
have obtained a series of cationic and anionic polymers,
both of synthetic and natural origin, which have been
shown to inhibit the replication of a series of dangerous
viruses such as coronaviruses (CoVs) [1,2], influenza A
virus (IAV) [3], and herpes simplex 1 virus (HSV-1) [4].

Materials and Methods
N-(2-hydroxypropyl)-3-trimethylammonium chitosan
chloride (HTCC) was obtained by reacting chitosan with
glycidyltrimethylammonium chloride (GTMAC) [1,2].
HTCCs with different degrees of substitution (DS) with
GTMAC were obtained. N-sulfonated poly(allylamine)
(NSPAH) was obtained by sulfonating poly(allylamine
hydrochloride) (PAH) with sulfur trioxide - trimethylamine
complex (STTC) [3]. NSPAHs with different molecular
weights and degrees of substitution with sulfonic groups
were obtained. Dextran was cationically modified by
substitiution with GTMAC in alkaline conditions [5].

Results and Discussion

Anticoronaviral polymers
Cationically modified chitosans of different DS were
found to significantly inhibit human coronaviruses (HCoV-
NL63, HCoV-229E, HCoV-OC43, and HCoV-HKU1) and
murine hepatitis virus (MHV).The mechanistic studies
have shown that HTCC inhibits interaction of a virus with
its receptor and thus blocks its entry into a cell. The
selectivity and the efficiency of the antiviral activity of the
polymer depended strongly on its DS.

Polymers inhibiting influenza A virus
NSPAH was found to be nontoxic and well-soluble in
water. It strongly inhibited IAV virus replication (FIG. 1).
The antiviral activity of NSPAH was proportional to the
molecular mass of the chain and the degree of
substitution of amino groups with sulfonate groups.

Polymeric inhibitors of herpes simplex virus 1
Cationically-modified dextrans of different molecular
weight and degree of substitution with GTMAC were
found to have strong activity against HSV-1 virus
replication (FIG. 2).

FIG. 1. Optical microscope images present inhibition of
IAV in HAE cultures visible as cytopathic effect changes.

FIG. 2. Anti-HSV-1 activity of dextrans modified with
GTMAC. The numbers m and n in DEXmDSn acronyms
mean molecular weight of parent dextran in kDa and DS
with GTMAC, respectively. Concentration of the polymers
was 500 μg/ml.

Conclusions
Novel polymeric inhibitors of HCoV, IAV and HSV-1
viruses have been developed and studied in vitro. All of
them show strong antiviral effect and can be potentially
used as drugs against these dangerous microbes. The
mechanisms of their action were determined.
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