Antiviral Immunotropic Agent for the Treatment of Acute Respiratory Viral

Infections

Pertinent art

The invention pertains to medicine, in particular pharmacology, and concerns the
application of a nasal medicinal composition containing the hexapeptide tyrosyl-D-
alanyl-glycyl-phenylalanyl-leucyl-arginine or its pharmaceutically acceptable salt
for the treatment of acute respiratory viral infections (ARVIs), in particular those
caused by the influenza virus.

State of the art.

Acute respiratory viral infections (ARVI) are currently the most common type of
infections, accounting for over 90% of the total [1]. According to the World Health
Organization, over 40 million of new cases are reported yearly. The social burden
of ARVIs is mostly characterised by high indirect costs, such as costs for the
period of workplace absence, economic losses due to reduced labour productivity,
and costs of workplace absence of family members taking care of the patients
(economic losses in the USA due to temporary disability only are evaluated at 232
million dollars) [2]. ’

This problem is also extremely relevant for Russia, as according to official figures,
27.3 to 41.2 million cases of respiratory tract infections are reported in Russia
annually. This disease, with a high specific weight in the overall morbidity
structure, accounts for almost 40% of days of disability [3].

Over 200 viruses causing flu-like diseases are currently known. Analysis of results
of numerous studies of the structure of causes of ARVIs, which were performed in
different countries by different research teams, demonstrates that the most common

pathogens include rhinoviruses, influenza viruses, parainfluenza viruses,
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respiratory syncytial virus (RSV), coronaviruses, metapneumoviruses, bocaviruses
and adenoviruses [4]. Influenza viruses belong to the group of orthomyxoviruses
and have a spherical shape. The internal part of the virus consists of an
~ isopolymerase complex (PA, PB1, PB2), a ribonucleoprotein and a matrix protein.
On the outside, the virus is covered with an envelope featuring two types of surface
antigens: haemagglutinin (HA) and neuraminidase (NA). These structures enable
the virus to attach to the host cell and penetrate it. Surface antigens exhibit
variability, which gives rise to new strains of the influenza virus. The greatest
variability is exhibited by influenza A viruses, which are capable of causing,
within a short time, nationwide epidemics or continent-wide pandemics of
influenza. According to the US Center for Disease Control (CDC), seasonal flu
epidemics cause 200 thousand hospitalisations per year, while the mortality is 1.4-
1.67 per 100 thousand population [5]. A flu pandemic that began in 2009 was
caused by an influenza A virus (HIN1) with a pandemic potential. This virus
arrived to Russia later, and the greatest number of patients was reported in 2010-
2011 and 2015 [6]. Sampling pharmacoepidemiological investigations carried out
in 1462 patients demonstrated, that people from the age bracket of 18-49 years
accounted for 84.7 % patients [7].

Therefore, prevention of spread of this group of diseases is an important goal for
any country.

Accordingly, several methods for the treatment and prevention of this group of
diseases are available.

Specifically, mass vaccination of the population is the main prophylactic measure
intended for preventing epidemics. Vaccines are developed yearly based on
epidemiological data on the virus strains circulating within a particular territory.
However, the antigenic drift of the influenza virus can occur after the vaccine for
the current year has been developed. In recent years, ARVIs caused by several
different pathogens have become a common occurrence. According to some
estimates, such cases affect 70 % patients. A patient may simultaneously shed

several viruses, or a virus in combination with bacteria, or other associations.
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There have been reports indicating that an infection can be caused by one virus,
with another virus becoming involved during the progression of the infection,
which may aggravate the clinical course of the disease. Such mixed infections
often aggravate the condition of the patient, prolong the disease, can exacerbate
pre-existing chronic conditions or contribute to secondary complications [8].
Additionally, the treatment of respiratory viral diseases involves antiviral drugs,
including peptides with an antiviral effect. For instance, antimicrobial peptides
(AMPs) are molecules of the host's own immune defence, which are probably
produced by all multicellular plants and animals. They are the first line of
congenital immunity, which rapidly eliminates invasive pathogens during the early
stages of infection and can cause a systemic adaptive immune response. Most
AMPs“ are amphipathic and cationic molecules capable of binding to microbial
membranes, which usually carry a negative charge. Hundreds of AMPs have been
identified and classified by their structural features and/or amino acid composition.
Two AMP families in vertebrates, cathelicidins and defensins, are small molecules
that are mostly produced by leukocytes and epithelial cells.

A composition containing this peptide class is known in the state of the art, where
the peptide can suppress various respiratory viral infections. Thanks to a functional
domain capable of binding to the surface glycoprotein of a respiratory virus, the
peptide can bind to the surface glycoprotein of the virus and reach the inside of
endosomes by endocytosis. As the peptide is rich in basic amino acids, it can
prevent pH decline in late endosomes, thereby blocking the fusion of viral and
endosomal membranes and subsequent degradation of the virus with the release of
viral RNA. Therefore, the peptide demonstrates a strong ability to block infections
caused by respiratory viruses, such as various subtypes of influenza viruses and
coronaviruses; it can be used for blocking target cell infections with respiratory
viruses and for preventing or treating viral respiratory infections (patent RU
2639559, 21/12/2017).

However, as mentioned previously, the use of such products is hampered by

variability of the genetic material of viruses; consequently, their effect is limited to
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a specific pathogen responsive to this type of treatment.

Treatment with combination products is also used. For example, the use of
combination products with an antipyretic, analgesic, anti-oedematous and
angioprotective effect for symptomatic treatment of ARVIs in everyday clinical
practice can be considered advisable. The use of combination symptomatic drugs is
associated with a reduced incidence of adverse events relative to a set of single-
component drugs, and it is more reasonable economically [9].

However, the use of this type of drugs neglects the importance of retaining the
nasal respiratory function and factors of local specific and non-specific immunity
in patients with ARVIs.

Meanwhile, causes of ARVI include changes in the function of nasal respiration,
which is associated with the operation of mechanisms, by which pathogens are
removed from inhaled air. This function depends on the production of nonspecific
and specific immune protection factors by nasal mucosa and on mucociliary
clearance.

Preventative and therapeutic effect of such products is directly related to their
ability to remove aggressive organic and inorganic factors of inhaled air from the
nasal cavity and normalise non-specific and specific immunity and mucociliary
clearance.

The use of products activating the non-specific resistance of the body is a
promising area of such prevention. Inducers of endogenous interferons, such as
Tiloron, Arbidol and Cycloferon, are widely used in the Russian clinical practice
for this purpose.

The dipeptide a-glutamyl-tryptophan in the form of sodium salt is known from the
literature (Russian Federation patent 2107691, 1998). This peptide is used as an
immunomodulator affecting cell-mediated and humoral immune response and non-
specific resistance of the body. It stimulates regeneration processes if they are
suppressed, and improves cellular metabolism. It also promotes differentiation of
lymphoid cells and can stimulate the colony-forming activity of bone marrow cells,

induces the expression of differentiation receptors on lymphocytes, normalises the
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number of T helper cells and T suppressor cells and their ratio in patients with a
variety of immunodeficiency conditions.

This peptide was used in a composition for nasal administration, which was
applied for the prevention and/or treatment of upper respiratory tract diseases, in
particular, acute respiratory viral infections (ARVI), including influenza. The
composition contains active ingredients and excipients; active substances include

marine salt and a-glutamyl-tryptophan at the following ratio (weight %):

- marine salt: 95.00-98.00;

- a-glutamyl-tryptophan: 2.00-5.00 (patent RU 2540496, 10/02/2015, prototype).
This nasal medicinal product contains ingredients of seawater and allows for active
lavage of the nasal cavity, helping remove the mucus, reduce infected discharge
and swelling of the nasal mucosa, soften and remove crusts. The product
normalises the protective function of ciliary epithelium of the nasal mucosa and
improves nasal respiration.

However, the use of marine salt as an additional ingredient does not exactly
enhance the activity of the dipeptide; instead, this degrades its stability and
activity. Owing to this, despite the fact that the patent specification mentions the
general known immunomodulating property of the peptide, it does not cover direct
results of investigations or efficacy comparisons with the antiviral products
currently in use, making it impossible to evaluate the antiviral mechanism of action
of the product, its antiviral efficacy or selectivity.

These drawbacks necessitate the development of new peptide-based products with
a pronounced antiviral effect, which trigger physiological mechanisms inhibiting
the development of ARVIs.

In particular, the hexapeptide tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine
(designated as Dalargin) is known in the state of the art, which is a synthetic
structural analogue of the endogenous opioid regulatory pentapeptide leucine-
enkephalin (H2N-Tyr-Gly-Gly-Phe-Leu-COOH, molecular weight 555.6 a.m.u.).
Dalargin exhibits a non-specific affinity to i (mu), 0 (delta) and x (kappa) opioid
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receptors, which explains the wide spectrum of its biological activity: analgesic [9]
and antioxidant [10] properties. It is registered in Russia as a product for reducing
the acidity of gastric juice and exocrine secretory activity of the pancreas (State
Registry of Medicinal Products database: https://grls.rosminzdrav.ru ).
Additionally, the substance is known to exhibit a hypotensive and positive
chronotropic effect [11].

Tens of patents demonstrating various effects of Dalargin have been registered as
of now. To wit, patent RU 2196603 discloses the use of Dalargin for the treatment
of burns as part of infusion therapy. Patents UA 6829LJ, UA 6823U and UA
6826U disclose the use of Dalargin for the treatment of acute experimental
pancreatitis. The use of Dalargin as an anti-stress agent was covered in patents UA
67632, UA 67630 and UA 67629 in experimental models of chronic pancreatitis,
acute adnexitis and peritonitis respectively. The anti-stress activity of Dalargin was
demonstrated in patent UA 67626 in a model of experimental chronic stress. Patent
RU 2180598 discloses the use of Dalargin for the treatment of toxic hepatitis in
patients with chronic drug addiction. Publication MD1413F discloses the use of
Dalargin for the treatment of the oral mucosa and lichen planus, and publication
MD1296F presents data on the therapy of lichen planus with Dalargin. Application
RU 2008131509 presents a pharmaceutical composition for the treatment of
demyelinating diseases, which includes Dalargin. Patent RU 2218896 discloses the
use of Dalargin for the treatment of bullous keratopathy. Publications MD1963F
and MDI610F cover the use of Dalargin in cases of chronic recurrent oral
ulceration, and patent RU 2230549 covers its use for the treatment of allergic
dermatosis. Additionally, the efficacy of Dalargin in the treatment off several viral
diseases was demonstrated in patents RU 2261722 (treatment of a latent form of
genital herpes in a woman with the foetal loss syndrome) and RU 2167671
(treatment of tick-borne encephalitis). However, these works do not cover the
treatment of ARVIs; they are related to the treatment of other diseases.
Additionally, they give no indication of a direct antiviral effect of the hexapeptide

in question.



Moreover, despite the fact that patent RU 2241488 describes the use of Dalargin as |
solution for injections, and application RU 2010152024 describes the application
of Dalargin as spray for intranasal pharmaceutical composition, Dalargin in these
works is intended for the treatment of gastroenterological diseases.

Interferon-a (IFN-a) secretion was previously demonstrated to increase at 24 and
48 hours after subcutaneous administration of leucine-enkephalin at 10 mg/kg [12],
but this effect had not been studied for Dalargin before. There is a sufficient
number of studies currently available to confirm that Dalargin exhibits an
immunomodulating effect [9, 13, 14, 15, 16]. However, the published reports do
not cover the full spectrum of immunomodulating properties of Dalargin; in
particular, its effect on the production of cytokines, activity of natural killer cells,
interferon-inducing activity or effects on phagocytosis are ignored. In effect, these
works fail to demonstrate the enhancement of local immunity under the effect of
the hexapeptide.

To summarise the above, the materials published till now fail to consider the
antiviral activity of Dalargin as such, do not fully disclose its immunomodulating
properties and do not cover the feasibility of using this product in ARVI therapy.
Disclosure of the technical character of the invention.

At the same time, the studies carried out by us demonstrated that the effects of
Dalargin, in particular the direct antiviral effect, ability to enhance the factors of
local and systemic immunity after local nasal administration, allow to use it as
monotherapy or in combination with other medicinal products as a product for the
treatment and prevention of ARVIs, including influenza.

The results allowed us to develop and propose for application a nasal medicinal
composition containing the hexapeptide tyrosyl-D-alanyl-glycyl-phenylalanyl-
leucyl-arginine or its pharmaceutically acceptable salt for the treatment of acute
respiratory viral infections (ARVIs), in particular those caused by the influenza
virus.

In a particular embodiment of the invention, this disease is influenza.



In a particular embodiment of the invention, the pharmaceutically acceptable salt is
tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine diacetate.

In a particular embodiment, the nasal composition is prepared in the form of a
spray containing, as the active ingredient, the hexapeptide tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine or its pharmaceutically acceptable form at the weight
percentage of 0.01 % to 3 % and excipients making up the rest.

In a particular embodiment of the invention, the composition is characterised by
containing the hexapeptide tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine
or its pharmaceutically acceptable salt and excipients at the following ratio of the
components in mass %: hexapeptide: 0.01-3 %, sodium chloride 7-11 %, with
water making up the rest.

In a particular embodiment of the invention, the composition is characterised by
containing the hexapeptide tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine
or its pharmaceutically acceptable salt and excipients at the following ratio of the
ingredients in mass %: hexapeptide: 0.01-3 %, with water making up the rest.

In a particular embodiment of the invention, the composition is characterised by
containing the hexapeptide tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine
or its pharmaceutically acceptable salt and excipients at the following ratio of the
components in mass %: hexapeptide: 0.01-3 %, sodium chloride 7-11 %,
benzalkonium chloride 0.1-0.2 %, with water making up the rest.

In a particular embodiment of the invention, the composition is characterisgd by
containing, as excipients, sodium chloride and water at the following ratio of the
components in mass %: sodium chloride 9 %, water 90 %.

In a particular embodiment of the invention, the composition is characterised by
containing, as water, water for injections.

In a particular embodiment of the invention, the composition is characterised by

containing, as water, purified water.

—._Technical results-of the-claimed invention are:
- extending the technical toolkit for developing nasal compositions for ARVI

treatment;



- development of products, the application of which can remove organic and
inorganic factors of inhaled air from the nasal cavity and normalise non-specific
and specific immunological protection.
- development of a peptide-based product capable of exhibiting a direct antiviral
effect on ARVI-causing pathogens present in the organism and in the portals of
entry.
Therefore, the novelty and essence of this invention consists in the development of
a product in which the actual antiviral effect of Dalargin is demonstrated for the
main ARVI-causing pathogens: influenza viruses and adenoviruses, and the full
disclosure of the immunomodulating activity component of Dalargin in the therapy
of these diseases..
Brief description of the drawings.

Table 1. Minimum inhibitory concentration (MIC50) and activity of the comparison

products relative to the reference strain of the influenza A virus/New Caledonia/20/99

(HIN1) in the MDCK tissue culture.

Table 2. Antiviral efficacy of the compounds in a model of influenza-induced pneumonia in

mice.

Table 3. Efficacy of Dalargin versus type S adenovirus in a monolayer culture of HeLa

cells.

Table 4. Effect of Dalargin on the phagocytic activity of murine neutrophils and
macrophages.
Figure 1. Concentration of IFN-a in murine blood plasma after the administration

of Dalargin, Arbidol and placebo
Figure 2. Effect of Dalargin on the cytotoxic activity of natural killer cells.

Figure 3. Suppression of synthesis of pro-inﬂammat;)ry cytokines under the effect of
Dalargin
Embodiment of the invention.

Examples of implementation of the invention in particular embodiments are

presented below.



Example 1. Preparation of Dalargin.

A method of production of Dalargin and its pharmaceutically acceptable salt was
described previously and is a classical method of peptide synthesis.

A description of a method of synthesis of Dalargin is provided below.

Synthesis of H-Phe- Leu-Arg

Dissolve 750 g of Z-Leu-ONSu in 3 L of DMF, add 368 g of Arg to the resulting
solution, stir for 24 hours. Evaporate DMF on a rotary evaporator at 41 °C under
the vacuum of a rotary vane pump. Dissolve the resulting oil in 15 L of butanol
and transfer to a glass desiccator equipped with a stirrer. Add 10 L of distilled
water to the desiccator. Stir for 5 minutes until the layers have completely
separated (10-24 hours). Decant the water into a clean can. Wash the organic layer
3 more times with 3 L portions of distilled water. Pool the aqueous layer and rinse
waters and additionally extract with 4 L of butanol. Evaporate butanol on a rotary
evaporator at 43 °C under the vacuum of a diaphragm pump.

Dissolve the resulting oil Z-Leu-Arg in 3 L of ethanol. Transfer the solution to a
hydrogenation reactor. Add 50 g of Pd/C suspended in 1.5 L of water. Before
hydrogenation, purge the reactor with nitrogen. Pressurise the reactor with
hydrogen to 2 kgf/cm? and start the recirculation pump, maintaining temperature at
or below 43 °C. Filter the catalyst, wash the reactor with 2 L of distilled water,
then wash the catalyst on the filter with the same water. Evaporate the filtrate on a
rotary evaporator at 43 °C under the vacuum of a diaphragm pump.

Dissolve the resulting oil H-Leu-Arg in 3 L of DMF and evaporate 1 L on a rotary
evaporator under the vacuum of a rotary vane pump. Add solution of 785 g of Z-
Phe-ONsu in 2 L of DMF to the resulting solution and stir for 24 hours. Evaporate
DMF on a rotary evaporator at 41 °C under the vacuum of a rotary vane pump.
Dissolve the resulting oil in 15 L of butanol and transfer to a glass desiccator
equipped with a stirrer. Add 10 L of distilled water to the desiccator. Stir for 5
minutes. Wash the organic layer 3 more times with 3L portions of distilled water.
Pool the aqueous layer and rinse waters and additionally extract with 4 L of

butanol. Pool butanol portions and evaporate butanol on a rotary evaporator at 43
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°C under the vacuum of a diaphragm pump.

Dissolve the resulting oil Z-Phe-Leu-Arg in 3 L of ethanol, to make 6 L of the
solution. Transfer the solution to a hydrogenation reactor. Add 50 g of palladium
on carbon suspended in 1.5 L of water. Before hydrogenation, purge the reactor
with nitrogen. Pressurise the reactor with hydrogen to 2 kgf/cm? and start the
recirculation pump. Recirculation causes heating; maintain the temperature at or
below 43 °C. After filtering the catalyst, wash the reactor with 2 L of distilled
water, then wash the catalyst on the filter with the same water. Evaporate the
filtrate on a rotary evaporator at 43 °C under the vacuum of a diaphragm pump.
Dissolve the resulting H-Phe-Leu-Arg in 3 L of DMF (approximately 0.6 moles
per kg of solution), then use the solution for protein crosslinking.

Synthesis of Boc-Tyr(Boc)-Ala-Gly-ONP

Dissolve 907 g of H-Gly(OBzl)*Tos in 3 L of DMF, adjust pH to 7.2-7.5 with N-
methylmorpholine. Add a solution of 773 g of Boc-Ala-ONSu in 2 L DMF in a
sifngle portion under cooling on a water bath. T <25 °C. Remove the bath and stir at
room temperature. TLC control. Evaporate DMF on a rotary evaporator at 41 °C
under the vacuum of a rotary vane pump. Dissolve the resulting oil in 15 L of ethyl
acetate and transfer to a glass desiccator equipped with a stirrer. Wash the organic
layer 3 times with 3 L portions of water. Bring 200 mL of saturated Na2CO3
solution to 3 L with water, wash the organic layer with this solution, then wash 3
more times with 3 L portions of water. Prepare a solution of 6.5 mL 20 % sulfuric
acid in 3 L of water, wash the organic layer with this solution, then wash 3 more
times with 3 L portions of water. At each washing add 0.5 L of ethyl acetate.
Evaporate ethyl acetate on a rotary evaporator at 41 °C under the vacuum of a
diaphragm pump.

Dissolve the resulting Boc-Ala-Gly(OBzl) in 3.4 kg of trifluoroacetic acid cooled
to +5 °C under cooling on an ice bath and vigorous agitation. After complete
dissolution, remove the bath and stir for another 1.5 hours at ambient temperature.
Evaporate TFA on a rotary evaporator at 41 °C under the vacuum of a diaphragm

pump. Then co-evaporate with 0.5 L of benzene three times.
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Dissolve the résulting oil H-Ala-Gly(OBzl) in 2.5 L of DMF under cooling on a
water bath, adjust pH to 7.2-7.4. Add a solution of 1183 g of Boc2-Tyr-ONSu in 2
L of DMF, T <25 °C. Remove the bath and stir at room temperature for 12 hours.
TLC control. Evaporate DMF on a rotary evaporator at 41 °C under the vacuum of
a rotary vane pump. Dissolve the resulting oil in 15 L of ethyl acetate and transfer
to a glass desiccator equipped with a stirrer. Wash the organic layer 3 times with 3
L portions of water. Bring 200 mL of saturated Na2CO3 solution to 3 L with
water, wash the organic layer with this solution, then wash 3 more times with 3 L
portions of water. Prepare a solution of 7.5 mL of 20 % sulfuric acid in 3 L of
water, wash the organic layer with this solution, then wash 3 more times with 3 L
portions of water. Evaporate ethyl acetate on a rotary evaporator at 41 °C. Dissolve
the oil in 2.6 L of hot isopropyl alcohol and portionwise, over approximately one
hour, add 7.5 L of hexane, stir until a precipitate is produced. Filter the precipitated
Boc2-Tyr-Ala-Gly(OBzl), wash 2 times with 5 L portions of hexane/IPA mixture
(4.2/0.8). Dry in ambient air. Yield 1300 g.

Dissolve the resulting Boc2-Tyr-Ala-Gly(OBzl) in 5 L of ethanol, to make 6 L of
the solution. Transfer the solution to a hydrogenation reactor. Add 50 g of
palladium on carbon suspended in 1.5 L of water. Before hydrogenation, purge the
reactor with nitrogen. Pressurise the reactor with hydrogen to 2 kgf/cm? and start
the recirculation pump. Recirculation causes heating; maintain the temperature at
or below 43 °C. TLC control in 3 hours. Filter the catalyst, evaporate the filtrate on
a rotary evaporator at 41 °C under the vacuum of a diaphragm pump. Dissolve in 2
L of DMF, evaporate 1 L on a rotary evaporator at 41 °C under the vacuum of a
rotary vane pump. Add 1 L of DMF and 3.5 L of ethyl acetate, then add a solution
of 310 g of nitrophenol in 0.5 L of ethyl acetate and 0.3 L of DMF. Cool to —18
°C. Prepare a solution 0of 470 g of DCC in 0.8 L of ethyl acetate and 0.4 L of DMF.
Cool to —18 °C. After thermal equilibration, mix both solutions and leave them for
24 hours at ambient temperature. Filter the precipitated urea, wash twice with 2 L
portions of ethyl acetate. Evaporate the filtrate on a rotary evaporator under the

vacuum of a diaphragm pump and then rotary vane pump at 41 °C. Crystallize the
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precipitated oil from hot isopropanol and hexane at the following ratio: take 0.8 L
of isopropanol and 0.4 L of hexane per 0.6 mol of Boc2-Tyr-Ala-Gly-ONP, stir
until a precipitate is produced. Filter the precipitated Boc2-Tyr-Ala-Gly-ONP,
wash 2 times with 5 L portions of hexane/isopropanol mixture (1/2). Yield 1170 g.
Dissolve 530 g of Boc2-Tyr-Ala-Gly-ONP in 1.2 L of DMF and, under cooling on
a water bath, add it to the calculated amount of a solution of H-Phe-Leu-Arg (1/1).
Stir for 2 hours. Evaporate DMF on a rotary evaporator at 41 °C under the vacuum
of a rotary vane pump. Dissolve the oil in 3.2 L of hot isopropanol and portionwise
add 4.5 L of hot hexane under stirring. Once the solution cools down to
approximately 40-45 °C, add 110 g of glacial acetic acid. Stir for 2 hours. Filter the
precipitated Boc2-Tyr-Ala-Gly-Phe-Leu-Arg, wash 2 times with 1.5 L portions of
hexane/isopropanol mixture (2/1). Dry in ambient air. Yield 700 g.

Synthesis of Dalargin

Dissolve 100 g of Boc2-Tyr-Ala-Gly-Phe-Leu-Arg in TFA under cooling on an ice
bath. Stir for one hour after completely dissolved. Evaporate the TFA on a rotary
evaporator at 41 °C under the vacuum of a diaphragm pump. Mix the residue with
1.5 L of diethyl ether, filter, and wash 3 times with ether. Allow to dry under the
vacuum of a diaphragm pump at 35 °C for 6 hours. Yield 95 g.

Example 2. Preparation of a nasal composition of the hexapeptide.
Preparation of a Dalargin-containing composition in spray form includes:
preparation of Dalargin solution, vial filling.

In order to prepare the nasal composition, add 0.01 to 3 g of the hexapeptide
(depending on the composition of the solution) to 50 mL of water for injections at
20-25 °C. Bring the resulting solution to 100 mL with water for injections. Sterilise
the resulting solution by membrane filtration under aseptic conditions by passing it
through a 0.22 pm filter, fill in polymer or glass vials under an inert gas blanket,
close the vials with the finished product.

Additionally, sodium chloride can be added as part of the composition preparation
process. To do this, dissolve 7 to 11 g of sodium chloride (depending on the

composition of the solution) in 50 mL of water for injections at 20-25 °C under
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stirring. Then add 0.01 to 3 g of the hexapeptide (depending on the composition of
the solution) under stirring. Bring the resulting solution to 100 mL with water for
injections. Sterilise the resulting solution by membrane filtration under aseptic
conditions by passing it through a 0.22 um filter, fill in polymer or glass vials
under an inert gas blanket, close the vials with the finished product.

Additionally, benzalkonium chloride can be added as part of the composition
preparation process. To do this, dissolve 7 to 11 g of sodium chloride (depending
on the composition of the solution) and 0.1-0.2 g of benzalkonium chloride in 50
mL of purified water for injections at 20-25 °C under stirring. Then add 0.01to 3 g
of the hexapeptide (depending on the composition of the solution) under stirring.
Bring the resulting solution to 100 mL with purified water. Sterilise the resulting
solution by membrane filtration under aseptic conditions by passing it through a
0.22 um filter, fill in polymer or glass vials under an inert gas blanket, close the
vials with the finished product. |

This method can be used for producing formulations of the following composition:

Name Content, g/mL

Hexapeptide (as a physiologically acceptable|0.01-3

salt)
Water for injections up to 100 mL
Name Content, g/mL

Hexapeptide (as a physiologically acceptable|0.01-3

salt)

Sodium chloride 7-11

Water for injections up to 100 mL
Name Content, g/mL

Hexapeptide (as a physiologically acceptable |0.01-3
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salt)

Sodium chloride 7-11
benzalkonium chloride 0.1-0.2
Purified water up to 100 mL

Results of experiments confirming the efficacy of Dalargin as an
antiviral and immunomodulating product are presented below. The
studies provided in these examples were designed and performed in
accordance with the effective procedural guidelines pertaining to the
preclinical  development of antiviral medicinal products,
immunomodulating products and interferon inducers [17].

Example 3. In vitro investigation of the antiviral activity of the
hexapeptide versus the reference strain of the influenza A/HINI1
virus.

A test was performed relative to Arbidol using strains of influenza A virus/New
Caledonia/20/99 (HIN1) in a model of MDCK tissue culture.

As Arbidol exhibited a 100 % inhibiting effect (on the reproduction of epidemic
virus strains) at a concentration of 10.0 pg/mL, this concentration in water was
chosen for comparing the antiviral efficacy of the products under conditions of
identical degree of infection with the influenza A virus.

Additionally, the concentrations inhibiting virus reproduction by 50 % (MIC50)
were calculated for each product.

It can be seen from the data presented in Table 1 that both substances exhibit a
high antiviral activity relative to strains of the influenza A virus/New
Caledonia/20/99 (HIN1), with the hexapeptide having lower MIC values, under
extremely low concentrations in solution.

Example 4. Investigation of the antiviral efficacy of Dalargin
relative to the influenza A virus in a model of pneumonia in mice.
Mice (n = 40, BALB females, mean weight 18-22 g) were challenged intranasally
with the influenza A virus/Aichi/2/69 (H3N2) under a mild anaesthesia with ether.
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The virus dose containing 10 LD50 was determined in advance. To this end,
groups of 5-6 mice were challenged with 50 pL. of whole virus from the allantoic
fluid and a series of its 10-fold dilutions (from 10~ 'to 10™ °® ). The data suggested
that the LD50 corresponded to a 10™ * dilution of the virus. All the animals were
then challenged with a 10-fold median lethal dose of the virus in 50 pL.

Arbidol was chosen as active control. Four groups of animals (10 animals each)
were randomly composed (by randomisation):

- control group (saline);

- Arbidol group;

- IM Dalargin group;

- intranasal Dalargin group.

Dalargin, Arbidol and placebo dosage regimen: 24 h and 1 h before the challenge,
then every 24 hours after the challenge for 5 days. Dalargin was administered at a
daily dose of 2 mg/kg IM or intranasally. Arbidol was administered via a stomach
tube (orally).

Dalargin was administered as a pharmaceutical composition diluted to the required
concentration as in Example 2, with or without sodium chloride, in order to
achieve the recommended volumes for the intramuscular (0.5 mL) or intranasal
(0.01 mL) route of administration.

The treated and control animals were monitored daily. The mice were weighed on
days 3, 5 and 15 after the challenge.

The chemotherapeutic activity of the compounds in the model of influenza-
induced pneumonia in mice was evaluated using two criteria: 1) mean lifetime and
2) weight loss over time (relative to the control group).

The mean lifetime of mice was calculated using the formula MSD = f*(d -1)/n,
where f is the number of mice that died at day d; surviving mice are also included
in f, and d in this case is 15; n is the number of mice in the group).2.

The mice were weighed on days 3, 5 and 15 after the challenge. Weight loss or
gain was calculated separately for each mouse and expressed in per cent. The

weight of the animal before the challenge was taken as 100 %. The mean weight
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loss or gain percentage was calculated for all the mice within a group.

In the control group, weight loss was greatest on day 5 post-challenge. In the
groups receiving the test drugs, weight reduction was statistically significantly less
than in both control groups. The groups receiving Arbidol or Dalargin exhibited no
significant differences in weight loss over time relative to each other.

The mean lifetime of mice in the control group was the lowest, at 8.5 days.
Treatment with Arbidol or Dalargin increased the mean lifetime of the animals,
which grew to 11-14 days. However, the therapy, while allowing to increase the
proportion of animals surviving after the challenge (relative to placebo), failed to
completely prevent animal mortality (Table 2).

The data indicate that IM or intranasal administration of Dalargin at 2 mg/kg/day
for S days reduces the mortality of mice due to influenza-induced pneumonia and
reduces weight loss relative to placebo. Dalargin demonstrated greater efficacy
relative to Arbidol in terms of the mean lifetime and survival rate. Intramuscular
and intranasal administration of Dalargin yielded similar results in terms of the
antiviral activity.

Example 5.» Experimental testing of the antiviral efficacy of
Dalargin relative to adenovirus infection.

The work was performed using type 5 adenovirus, which was procured in 1998
from the D.I. Ivanovsky Research Institute of Virology and stored in the
Specialised Collection of a branch of the 48th Central Research Institute of the
Ministry of Defence of Russia — Computing Centre.

A HeLa type culture (cervical carcinoma cells) with a density of 200-250
thousand/mL was use;i. Semisynthetic growth media based on Hank's solution
containing 7.5 and 2 % bovine serum respectively were used. A 48-hour
monolayer culture of HeLa cells was infected with type S adenovirus at a dose of
0.01 TCIDS0 per cell. The monolayer culture was then incubated at 37 + 0.5 °C for
96 hours.

The antiviral activity of the product was evaluated by the suppression of the

cytopathogenic effect (CPE) of the virus in the HeLa culture after the virus was
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applied to an established monolayer culture of HeLa cells.

Efficacy criteria of the test drug were: CPE detection rate and inhibitory constant
(Ki, %). The inhibitory constant was calculated according to the following
formula: Ki = 100-(Cc-Ct)/Cc, where Cc and Ct is the infectious titre of the virus
in the control sample and test sample respectively.

When Dalargin was administered 24 h before the monolayer culture was
challenged with the adenovirus at a dose of 0.01 TCIDSO0 per cell at concentrations
of 100, 20 and 10 pg/mL, the product almost completely protected the cells from
the cytopathogenic effect of the virus. At 10 pg/mL, the protective efficacy of the
product was 40.0%. When Dalargin was administered to the maintenance medium
24 h before the challenge, the protective efficacy of the product grew by 10-20 %
relative to administration of the drug at 2 hours after the challenge.

Therefore, the application of Dalargin suppressed the reproduction of type S
adenovirus in a monolayer HeLa culture, and the results corroborate the antiviral
efficacy of the study drug with respect to the adenovirus infection (Table
*Table*).3

Example 6. Evaluation of the interferon-inducing effect of
Dalargin in mice

In all viral infections, interferons (INF) are produced as part of the early cytokine
response. They cause ribosomes to produce a number of enzymes that inhibit
transcription and translation of the viral genome, which suppresses virus
reproduction. Altered cells infected by the virus are eliminated with the aid of NK
cells and cytotoxic T cells, whereby the antiviral defences of non-infected cells are
activated due to the effect of IFN-o and IFN-B. For this reason, the search for non-
toxic inducers of endogenous interferon, as well as pathways for stimulating its
production, are of major interest and importance for medical virology [18, 19].
Arbidol, an antiviral product with interferon-inducing activity, was chosen as the
comparator drug.

The experiments were performed in 40 CBA x C57BI/6 /male mice with a body

weight of 20-25 g. The animals were randomised in 4 groups (of 10 animals each):
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two active groups (receiving Dalargin or Arbidol) and two control groups. One
control group was intended for determining baseline INF levels (before the start of
the experiment), the other group was intended for determining INF levels at 24
hours after the administration of placebo (saline), ensuring the equivalence of
conditions.

The animals were housed in cages in a soundproofed room with a natural light-
dark cycle at 20-22 °C; feed and water were available ad libitum.

Dalargin was administered at a dose of 1 mg/kg, which is equivalent to a human
dose of 5-6 mg.

Arbidol was administered intragastrically as a suspension premix in 1 % starch gel.
Statistical analysis was performed using the Bonferroni correction for multiple
testing.

IFN-a levels in the blood plasma of mice was measured at 24 hours aftef the
administration of the drugs. Blood for interferon determination was sampled from
the heart under Nembutal anaesthesia (60 mg/kg). The blood samples were left at
room temperature for 2 hours to induce coagulation, blood plasma was separated
by centrifugation, pooled (2 mice per pool), frozen and stored at —20 °C until the
tests. IFN levels were determined ﬁsing commercially available enzyme-linked
immunosorbent assay (ELISA) kits manufactured by VeriKine™ (USA). ELISA
was performed after a twofold dilution of the pooled serum with the diluents
recommended in the manual of the kit manufacturer. The test samples and diluted
standards were applied to the plate in duplicate. In the solid-phase immunoassay
employed, the analyte is an antigen (Ag) with two binding sites (epitopes), and the
recognizing agent is represented by two types of monoclonal antibodies (Ab)
(sandwich ELISA). One type of Ab is immobilised on the solid phase and binds to
one epitope of the analyte molecule, which is present in the liquid phase; the
second type of Ab is present in a biotin conjugate and binds to the second epitope
in the analyte molecule. Horseradish peroxidase conjugated with streptavidine is
the indicator component. Tetramethylbenzidine (TMB) was used as the substrate in

the detection system. The activity of bound peroxidase was measured on a
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UNIPLAN™ (Picon) immunoassay analyser at 450 nm.

Control groups exhibited no differences in IFN levels before and after dosing with
placebo (saline). Numerical (but insignificant) elevation in IFN-a levels was
detected in blood serum samples collected for analysis at 24 hours after dosing
with Arbidol.

Meanwhile, the Dalargin group demonstrated a significant of INF-a production
both relative to the control groups and relative to Arbidol (p <0.001) (Fig. 1).Fig. 1

~Example 7. Evaluation of the effect of Dalargin on the functional
activity of natural Killer (NK) cells.

Natural killer cells are large granular lymphocytes with a CD3-CD16+CD56+
phenotype, which can recognize and kill target cells without prior sensitisation,
which is especially important in the functioning of antitumour immunity and in
cases of infestation with intracellular parasites.

When evaluating the effect of Dalargin in vitro on the functional activity of NK
cells, these cells were obtained from a suspension of peripheral blood mononuclear
cells of healthy donors (n = 20).

Functional activity of NK cells was determined on the basis of the cytotoxic
reaction (NK can lyse cells of myeloblastoid and lymphoblastoid lines) using the
radiometric assay. To perform it, cells of the K-562' myeloblastoid line at a
concentration of 100/mL were incubated for one hour at 37 °C with 3H-uridine at
3 uCi/mL of the cell suspension on day 2 after subcultivation. After the incubation,
the cells were washed off the radiolabel in medium 199 three times.°

The cytotoxic reaction was carried out in 200 pL samples in round-bottom 96-well
plates. To this end, 100 puL of labelled target cells and 100 pL of mononuclear
(effector) cells of the peripheral blood of a donor were mixed at a 1:50 ratio in
triplicate for each dilution.

In one case, after the effector cells and target cells were applied to the plates,
Dalargin was added at a molar concentration of 5-10° * M (=0.036 pg/mL). The
drug was not added to control samples. In order to determine the released label, an

equal amount of Triton X-100 was added to the target cells. The plates were then
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incubated for 24 hours in a CO2 incubator at 37 °C, whereupon the contents were
transferred to fibreglass filters, washed, dried, placed in vials with a scintillation
liquid, and radioactivity was determined using a P-particle counter. cytotoxicity
index (CI) was determined using the formula CI = ((A-B)/(C-B))-100%, where A
is radioactivity of target cells in the presence of effector cells, B is residual
radioactivity after treating the target cells with Triton X-100, C is radioactivity in
target cells in the absence of effector cells.®

As shown in Fig. 2, results of the test indicate the immunotropic potential of
Dalargin with respect to natural killer cells.

Example 8. Investigation of the effect of Dalargin on phagocytosis'
Dalargin is currently authorised for human use in the single dose range from 1 to 5
mg [20], which, if recalculated for mice, corresponds to =0.2—-1 mg/kg. Therefore,
the dose used for evaluating the efficacy of the drug in murine phagocytic
peritoneal exudate cells was 0.2 mg/kg. Of additional interest was an investigation
of possible effect of the route of administration of the drug on functional activity of
the phagocytes.

The immunomodulating activity of the drug was evaluated by microscopy. The test
was performed in 60 male BALB/c mice with a body weight of 18-22 g. The
animals were allocated to 6 equal groups of 10 mice each. Two groups served as
controls. The active therapy groups received Dalargin IM or intranasally at a single
dose of 0.2 mg/kg. Macrophage and neutrophil extraction procedures were
performed on the next day after administering the study drugs.

The mice were given an intraperitoneal injection of 3-4 mL of 10 % peptone
solution as a chemoattractant to cause neutrophil accumulation, and 2 hours later
the mice were euthanised using chloroform 2 hours later. They were subsequently
necropsied under aseptic conditions. Liquid from the abdominal cavity was
withdrawn using a Pasteur pipette, placed in test tubes and centrifuged for 10 min
at 1000 rpm. The precipitate was then resuspended to achieve neutrophil
concentrations of 2.5 million/mL.

In order to isolate macrophages, the mice were euthanised on day 3 after the
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peptone injection. Then 3-4 mL of medium 199 with 10 % of foetal bovine serum
was administered intraperitoneally, and the liquid was aspirated.

Staph. aureus bacteria (of a protein A-free strain) pre-opsonised with pooled
murine serum (10 min. at 37 °C) were added to an equal volume of the phagocytic
cell suspension at a 10:1 ratio (i.e. 25 million/mL). A smear was prepared after
incubation (Romanovsky—Giemsa staining).®

The phagocytic activity of neutrophils was evaluated by the following parameters:
phagocytic index and phagocyte number. Functional activity of macrophages was
evaluated by microscopy, as well as by their ability to absorb nitroblue tetrazolium
(NBT) in the activated state.

The results demonstrated that Dalargin (0.2 mg/kg) was capable of increasing the
phagocytic activity (phagocytosis) of peptone-mobilised neutrophils in mice. The
route of administration had no effect on efficacy. Dalargin also exhibited a
stimulating effect on the phagocytosis of peritoneal exudate macrophages,
enhancing their ability to reduce NBT. No differences related to the route of
administration were detected (Table [Table]).4

Therefore, Dalargin exhibited a stimulant effect on the phagocytic component of
nonspecific immunity.

Example 9. Evaluati(;n of the effect of Dalargin on the production
of pro-inflammatory cytokines.

The effect of Dalargin on the synthesis of cytokines IL-1 (interleukin-1), IL-6
(interleukin-6) and TNF-a (tumour necrosis factor o) was evaluated in an in vitro
experiment using a peripheral blood mononuclear cell culture of healthy donors (n
= 20). Stimulation with an enterobacterial polysaccharide was used to induce the
production of pro-inflammatory cytokines.

In order to obtain a suspension of mononuclear cells, blood was diluted at a 1:2
ratio with medium 199, applied to a Ficoll-Paque density gradient, d = 1.077
g/cm?, and centrifuged at 400 g for 40 min. The white ring produced at the phase
interface, which contained mononuclear cells, was carefully withdrawn with a

Pasteur pipette and washed twice with medium 199 using 10-minute-long
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centrifugation (200 g). The precipitate was resuspended in a nutrient medium,
counted in a Goryayev counting chamber and adjusted to the required
concentration.

Dalargin was added at a molar concentration of 5:10° * M (=0.036 pug/mL) to the
test samples with the polysaccharide and mononuclear cell suspension. The drug
was not added to control samples.

Cytokine quantitation in blood serum was performed using two-site ELISA.

The results presented in Fig. 3 demonstrate significant suppression of
lipopolysaccharide-induced production of IL-6, IL-1 and TNF-a by Dalargin. The
degree of production of the pro-inflammatory cytokines was presented as a ratio
relative to their concentration in control samples, which was taken as 100 %.
Therefore, it should be noted that the test hexapeptide exhibits antiviral and
immunomodulating properties. It regulates the activity of cells of congenital an
adaptive immunity. Dalargin enhances the activity of the phagocytic component of
immunity (macrophages and neutrophils) and the activity of natural killer cells.
The product also stimulates the production of endogenous interferons.

In addition, Dalargin, by suppressing hypersecretion of pro-inflammatory
cytokines (IL-1, IL-6 and TNF-a), can reduce intoxication and control other
manifestations of the inflammatory cascade.

Therefore, the pharmaceutical composition demonstrated antiviral activity in an
experiment in mice receiving Dalargin intranasally at 2 mg/kg/day, which
corresponds to a human dose of 10 mg daily.

The volume of solution for a single intranasal administration to humans is 1-2
drops per nostril (for a total of 2-4 drops), corresponding to a volume of 0.1-0.2
mL.

The tests performed justify a conclusion that the human-equivalent concentration
of the pharmaceutical composition for intranasal administration is 0.01-30 mg/mL
(0.01-3% Dalargin solution).

When administered intranasally, the ‘composition exhibits antiviral and

immunomodulating effects comparable to intramuscular administration, which is
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especially relevant for clinical application.
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Table 1

Inhibition of Virus Reproduction
Treatment MICS0, pg/mL Activity at 10 pg/mL
’ (viable cell ratio in %)
Arbidol 6.0 100
Dalargin 0.8 100
Table 2
Group Survival ratio | Mortality % Average lifetime
Dalargin
(IM, 2 mg/kg/day, n = 10) o/10 10 14.0
Dalargin
(intranasally, 2 mg/kg/day, n = 10) 8/10 20 12.5
Arbidol (orally, 60 mg/kg/day, n = 10) 7/10 30 11.2
Control
(placebo, n=10) 2/10 80 8.5
Table 3
Dosage regimen - - - . CPE
‘ ( d(]))saelargl/?nl) CPE detection rate - suppression
> HS (Ki, %)
100.0 1/10 90.0
24 hours before 200 4/10 60.0
challenge
10.0 6/10 40.0
100.0 2/10 80.0
2 hours after challenge 20.0 5/10 50.0
10.0 8/10 20.0
Control
(no treatment) ) 10/10 i
Medium control - 0/10 -
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Table 4

- Neutrophils ,
Group Phagocytic index Phagocyte number
Control (n = 10), 19.1 £ 0.45 2.25+0.10
Dalargin (IM, 0.2 mg/kg, n = )
32.43 £ 0.56* 3.01 £0.13*
10)
Dalargin (nasally, 0.2 mg/kg, n
gin { Y e 31.87+0.43* 2.93+£0.15*
=10)
T " Macrophages
Group Phagocytic index | Phagocytic activity (%)
Control (n=10) 55.2+4.6 10.3+0.7
Dalargin (IM, 0.2 mg/kg, n =
g { e 67.7+6.1% 19.8 £ 1.2*
10)
Dalargin (nasally, 0.2 mg/kg, n
—IO)g e 63.9+5.7* 19.1 £ 1.1*

Comment: * = significance level p < 0.05 (relative to controls)




Claims

1. Use of a nasal medicinal composition containing the hexapeptide tyrosyl-D-alanyl-
glycyl-phenylalanyl-leucyl-arginine or its pharmaceutically acceptable salt, in the manufacture of a
medicament, for the treatment of acute respiratory viral diseases (ARVI).

2. The use of the nasal medicinal composition-according to claim 1, wherein the disease is
influenza.

3. The use of the nasal medicinal composition according to claim 1, wherein the
pharmaceutically acceptable salt is tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine
diacetate.

4. The use of the nasal medicinal composition according to claim 1, wherein the nasal
composition is prepared in the form of a spray containing, as the active ingredient, the
hexapeptide tyrosyl-D- alanyl-glycyl-phenylalanyl-leucyl-arginine or its pharmaceutically
acceptable salt at the weight percentage of 0.01 % to 3 % and excipients making up the rest.

5. The use of the nasal medicinal composition according to claim 4, wherein the
composition contains the hexapeptide tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine or its
pharmaceutically acceptable salt and excipients at the following ratio of the ingredients in
mass%: hexapeptide: 0.01-3 %, with water making up the rest.

6. The use of the nasal medicinal composition according to claim 4, wherein the
composition contains the hexapeptide tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine or its
pharmaceutically acceptable salt and excipients at the following ratio of the ingredients in mass
%: hexapeptide: 0.01-3 %, sodium chloride 7-11 %, with water making up the rest.

7. The use of the nasal medicinal composition according to claim 4, wherein the
composition contains the hexapeptide tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine or its
pharmaceutically acceptable salt and excipients at the following ratio of the ingredients in mass
%: hexapeptide: 0.01-3 %, sodium chloride 7-11 %, benzalkonium chloride 0.1-0.2 %, with
water making up the rest.

8. The use of the nasal medicinal composition according to claim 1, wherein the
composition contains, as excipients, sodium chloride and water at the following ratio of the
components in mass %: sodium chloride 9 %, water 90 %.

9. The use of the nasal medicinal composition according to claims 5-8, wherein the

composition contains, as water, water for injections or purified water.



