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Objectives. Prevention of influenza and viral respiratory infections is one of the major public
health problems today. The aim of the study was to develop the formulation and production
conditions for a nasal spray that can be used in the prevention of influenza and other viral
respiratory infections, based on aminocaproic acid and a copolymer of N-vinylpyrrolidone and
2-methyl-5-vinylpyridine.

Methods. The influence of pH and temperature on the transparency of the copolymer solution
was investigated using a turbidimeter to determine the optimal pH for the dosage form. The pH
value was determined using a pH meter equipped with a combined glass electrode. The presence
or absence of opalescence in the solution was determined visually, whereas the dynamic
viscosity of the solution was determined at 25.0+0.5°C using a rotational viscometer. The optimal
temperature and mixing speeds were selected as part of the technological development process.
Quantitation of the active substances in the resulting drug was conducted using a previously
reported high performance liquid chromatography method. A preliminary evaluation of the drug’s
shelf life was performed via stability studies using the accelerated aging method.

Results. Drug stability was ensured when the pH range of the dosage form was between 5.5 and
6.2. The addition of a thickening agent is not advisable due to undesired interactions between the
excipients and the active substances during storage. Ideally, the drug composition for nasal use
was aminocaproic acid (1 wt %) and the copolymer (0.5 wt %) in aqueous solution. A phosphate
buffer solution with pH 5.5 was selected as the solvent for the dosage form to ensure the stability
of the drug solution and ease-of-use without any disruptions in the normal functioning of the
cilia in the nasal cavity. The optimal technology for drug production was determined, and the
control parameters for this process were highlighted. Drug stability studies conducted via the
accelerated aging method revealed that the estimated shelf life of the dosage form was 2 years.
Conclusions. A new formulation and optimized production conditions were developed for a drug
based on aminocaproic acid and a copolymer of N-vinylpyrrolidone and 2-methyl-5-vinylpyridine,
in the form of a nasal spray, for the prevention of influenza and other viral respiratory infections.
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IMenu. B Hacmosiuiee 8pemsi 00HOU U3 Nep8oCmeneHHbLX 3a0au 30pago0XpaHeHUs. 8 MUpe slesiem-
¢Sl npoghunaKmuKa 2punna U 0OCmMpblx pecnupamopHbLX 8UPYCHbLX uHgeryull. Llenoto pabomul sie-
JSL1ach paspabomra cocmasa U mexHON02UU NOAYUEHUS IeKAPCMEEeHH020 npenapama Ha 0CHO8e
OMUHOKANPOHOBOTL KUCI0MbL U cononumepa N-8UHUNNUPPOAUOOHA U 2-MeMUN-5-8UHUNNUPUOUHA
8 hopme Ha3anbHO20 cnpest O/t NPOGUAAKMUKU IMUX COYUANILHO 3HAUUMbBLX 3a60.1€8AHUTL.
Memooeul. /s onpedesieHust ycmoliuugocmu 1eKapcmeeHHoll ¢opmbl 8 3agucumocmu om pH
u memnepamypsvl onpeoensnu Npo3pPauHOCmMb PACMBOPA CONOAUMEPA C NOMOULbH Mmemooa
mypbuoumempuu; 3HaueHue pH onpedensau ¢ nomowsbro pH-mempa co cmeknsHHbIM KOMOU-
HUPOBAHHBIM 3.1eKkmpo0om.B danvHelluem Hanuuue uiu omeymemeue onaieCyeHyul pacmaeo-
pa onpedensanu susyanbHo. OnpedenerHue OUHAMUUECKOU 853K0CMU pacmeopa npogooutu npu
memnepamype 25.0+£0.5 °C memodom pomayuoHHOU suckozumempuu. B pamkax paspabomrxu
mexHo102UU NO00OPAHBL ONMUMANIbHBLE 3HAUEHUSL MeMnepamypsl U CKOpOCmu nepemeulueaHrust
npu pacmeopeHuu gewecms. KonuuecmeeHHoe onpedeneHue cOOepIKAHUSL AKMUBHbIX 8el4ecma
8 NOYUEHHOM npenapame NPo8ooUU C NOMOULLIO paHee paspabomaHH020 cnocoba ¢ UCnob30-
eaHuem BOXKX. IIpedsapumenbHblili CpOK 200HOCMU NONYUEHHO20 npenapama YcmaHaeaueaiu
C NOMOWBIO UCCIe008AHUSL CMAOUNBHOCMU MEMOOOM YCKOPEHHO20 CMApPeHUSL.

Pe3ynemamet. YcmaHoeieHO, umo Heobxooumblii ouanasoH pH paspabomaHHoll iekapcmeeHHOoTU
opMmbL 0151 0becneueHuss cmadubHOCMU leKapCmeeHH020 npenapama cocmaeasem 5.5-6.2. B
Xo0e sKcnepumeHmos 6biio NPOOeMOHCMPUPOBAHO, Umo 0obasieHue 3a2ycmumenst Heyeaneco-
0b6pa3Ho sciedcmeue ezo 83aumooelicmaust ¢ AKMUBHLIM 8EULECME8OM 8 NPoyecce XPaHeHUs.,
umo Hedonycmumo. PaspabomaH cocmas siekapcmeeHH020 npenapama & sude pacmeopa Ost Ha-
3a/IbHO20 NPUMEHEeHUsL ¢ codepakaHuem 1 mace. % amuHokanpoHoeoll Kucsiomsl u 0.5 macc. % cono-
AUMEPA 2-Memus-5-8UHUNNUPUOUHA U N-8UHUANUPPOIUOOHA 8 BOOHOM pacmeope. B kauecmee pac-
meopumens 1eKapcmeeHHol popmbl nodobpanu gpocgpammulii 6ygepHslili pacmeop ¢ 3HaueHuem
pH 5.5 0ona obecneuerus cmabunbHOCMU pacmeopa npenapama U KOM@OpmHo20 NPUMeHeHUS
6e3 HapyuleHUst HOPMANbHO20 PYHKUUOHUPOBAHUSL pecHuUueK 8 nosiocmu Hoca. ITodobpaHa on-
MUMANBLHASL MEXHOI02USL NONYUEHUSL IeKAPCMBEHHO020 npenapama, evloesieHbl. KOHMpoaupye-
Mble napamempbl 0151 HA0NeHKAULE20 NPO8EeOeHUsL MEeXHOI02UUecKo20 npoyecca. B pesysiemame
uccned08aHUsl cCMabuUNbHOCMU CNpest MEeMOOOM YCKOPEHHO20 CMApeHUsl YCMAHO081eH npednoaa-
2aemblii cpoK 200HOCMU PA3pPabOMAHHO20 Npenapama, COCmagasitouull 2 200a.

Bbteooust. [IpedioskeHbl HOBbLIL COCMAE U MEeXHOJI02USL NOJYUEHUS. 20MO08020 JIeKAPCMEEHHO020
npenapama Ha OCHO8e AMUHOKANPOHOB0U Kuciombl U conoaumepa N-8UHUANUPPOAUOOHA U
2-memun-5-8UHUANUPUOUHA 8 hOpMe HA3ANIbHO20 chpest 0151 hpoghunaxkmurku epunna u OPBH.

Knroueesle cnoea: aMUHOKANPOHOBAS Kucaioma, conoaumep N-8UHUNNUPPONUOOHA U 2-MemUL-
S5-euHunnupuduHa, HazanbHblil chpetli, npogunaxmura epunna u OPBHU.

Jna yumupoganusa: Kapnosa A.C. Co3naHue Ha3aJIbHOTIO CIIPEst HA OCHOBE AMUHOKAIIPOHOBOM KUCIIOTBI U COMOIMMEPa /N-BUHHII-

MUPPOJTHIIOHA W 2-METHII-S-BUHUIINMPUANHA JUts ipodunaktiku rpurma u OPBU. Tonkue xumuueckue mexnonoeuu. 2020;15(1):67-75.
https://doi.org/10.32362/2410-6593-2020-15-1-67-75
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INTRODUCTION

Despite great efforts to prevent influenza and
other viral respiratory infections (VRIs), the incidence
rate of these infections has been increasing annually.
Often, the global epidemic of these infections claims
the lives of thousands of people [1]. The problem is
exacerbated by the mixed nature of these infections,
high transmission rate, and rapid onset of drug
resistance [2]. The effectiveness of treatment options
for influenza and other VRIs is largely determined
by the rational selection of drugs that focus more
on managing the causes of the disease rather than
merely alleviating the symptoms [3]. The main goal
of pharmaceutical technology is to create efficient,
safe, and high-quality drugs aimed at combating the
most dangerous and widespread diseases. According
to the World Health Organization, influenza and other
VRIs are both highly common and severe diseases; up
to 500 mln people worldwide are infected annually,
of whom around 650000 die. In Russia, between
27.3 and 41.2 mln cases are registered each year!.
Despite these figures, only a small percentage of
the global drug market for influenza and other VRIs
are designed to have antiviral activity?. Therefore,
developing novel drugs aimed at preventing and
eradicating influenza and other VRIs is a priority task
for researchers globally.

Based on the mechanism by which the influenza
virus penetrates human host cells [4], nasal route
of drug administration is considered the most
promising and effective means of prophylaxis [5, 6].
In this study, a combination of active components—
aminocaproic acid (ACA) and a copolymer of
N-vinylpyrrolidone and 2-methyl-5-vinylpyridine
(hereafter referred to as the copolymer) — is proposed
as a basis for creating an effective therapeutic agent.
An aqueous solution of ACA and the copolymer at
a molar ration of 2:1 showed significant antiviral
activity when administered nasally to outbred
mice [7, 8]. In this study, we aimed to optimize the
formulation and the production conditions of a nasal
spray based on aminocaproic acid and the copolymer
of N-vinylpyrrolidone and 2-methyl-5-vinylpyridine.

"The situation of influenza in Russia and the world.
Ministry of Health of the Russian Federation. FSBI
Research Institute of Influenza. D.I. Ivanovsky Research
Institute of Virology. Available from: http://www.influenza.
spb.ru/system/ [Accessed September 22, 2019] (in Russ.).
2 Pharmacological Management of Pandemic Influenza A
(HIN1) 2009 Part I: Recommendations of World Health
Organization. Available from: https://www.who.int/csr/
disease/swineflu/notes/h1nl_use antivirals 20090820/en/
[Accessed September 17, 2019].

MATERIALS AND METHODS

The active reagents of the nasal spray formulation
were ACA (Polisintez, Russia) at a concentration
of 1 wt % and the copolymer at a concentration of
0.5 wt % in aqueous solution. The copolymer was
of medium viscosity with a molecular weight of
27 kDa and 32 mol % pyridine units (/nstitute of
Pharmaceutical Technology, Russia). In the process
of developing the model formulations for this nasal
spray, the concentration of the excipients and the
optimal conditions required for drug preparation
were determined. The following reagents were used
in the formulation: sorbitol (Chimmed, Russia),
polyethylene glycol (PEG) 4000 (TU 20.16.40-008-
71150986-2019; Norchem, Russia), carboxymethyl
cellulose (Na-CMC), 7LF (Ashland, United States),
glycerin  (GOST 6259-57, Chimmed Sintez, Russia),
polysorbate 80 (Oleon, Belgium), polyvinylpyrrolidone
(AK Sintvita, Russia), Avicel® RC 591 (FMC, United
States; United States Pharmacopeia), Vivapur® MCG
811 P (JRS Pharma, Finland), PEG 1500 (PEG-32;
Clariant, Switzerland), benzalkonium chloride (CAS
63449-41-2; Sigma-Aldrich, United States), and
purified water (Pharmacopeia Article 2.2.0020.18).
Buffer solutions were prepared in accordance with
the Russian State Pharmacopeia XIV® by using
the following components: potassium dihydrogen
phosphate (CAS 7778-77-0; Chimmed, Russia),
disodium hydrogen phosphate (CAS 7558-79-4;
Chimmed, Russia), and sodium hydroxide (GOST
4328-77 Amend. 1, 2; Chimmed Sintez, Russia).
Because the copolymer is both thermo- and pH-
sensitive, the effects of pH and temperature on the
transparency of the copolymer solution were studied
using a WaterLiner WTM-86 turbidimeter (Metronx,
Russia). The composition of the buffer system
was also investigated. The pH of the solutions was
measured using a pH meter (Econix-Expert, Russia)
with an ESK-10601 combined glass -electrode
(Izmeritelnaya Tekhnika, Russia). Furthermore, when
optimizing the conditions for producing the dosage
form, the presence, or absence of opalescence in the
solution was determined visually.

Studies were conducted on a selection of thickeners
to determine the most effective distribution method for
the drug in the nasal cavity and to increase the viscosity
of the solution. The dynamic viscosity values were
measured at 25.0+0.5°C using rotational viscometry
with a Brookfield DV2T viscometer (Brookfield
Engineering Laboratories, United States). Before

3 The State Pharmacopeia of the Russian Federation. 14th ed.
Moscow: Ministry of Health of the Russian Federation; 2018
(in Russ.).
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the readings were noted, the temperature of the test
sample was allowed to equilibrate for 15 min. The
readings were conducted at shear rates ranging from
0.28 to 58.0 s!, which corresponded to 10-90%
torque. The optimal dissolution time was determined,
in addition to the ideal conditions for cooling and the
influence exerted by the opalescence of the solution.
The active substances in the prepared solution were
monitoredviahighperformanceliquidchromatography
[9] using a Dionex UltiMate 3000 (Thermo Scientific,
Germany). For the analysis of the copolymer, a Luna
column (150x4.60 mm); Phenomenex, United States)
was filled with a C5 sorbent with a particle size of 5
um and a pore diameter of 10 nm (mobile phase A:
mixture of 0.1% phosphoric acid and acetonitrile in
a volume ratio of 82:18 with the addition of 4.5 mM
sodium pentanesulfonate solution; mobile phase
B: acetonitrile). The ACA content was determined
using a Nucleodur C18 Pyramid column (250%4.6
mm) filled with 5 um spherical particles (mobile
phase A: 30 parts by mass of methanol to 70 parts
of a solution containing 1% H,PO,, 10 mM sodium
pentanesulfonate, and 15 mM K HPO, in H,O; mobile
phase B: methanol). Sterility of the solution was
ensured by filtration using a glass vacuum system
(FilterSys AHO-1566 F; Phenomenex, UK) equipped
with filters of pore sizes 0.45 and 0.22 um (AFO-
0514, AF0-0513; Phenomenex, UK). The shelf life
of the drug was determined via the accelerated aging
method using a climatic chamber (KK115; Pol-Eko-
Aparatura, Poland); this investigation was conducted
in accordance with the Russian State Pharmacopeia
XIV (General Pharmacopeia Article 1.1.0009.15).

RESULTS AND DISCUSSION

Optimization of the pH values and the components
of the buffer solution

The composition and conditions required to
produce a nasal spray based on aminocaproic acid
and the copolymer of N-vinylpyrrolidone and
2-methyl-5-vinylpyridine were developed after a
comprehensive research. Phosphate buffered saline
(PBS) was used as the base for the spray, and a series
of buffer solutions with different pH values (5.0—6.6)
was prepared in accordance with the Russian State

Pharmacopeia XIV (General Pharmacopeia Article
1.3.0003.15). The copolymer (0.5 wt %) was then
added to each solution, and the stability of the
solutions was determined at different temperatures
(25-45°C) using turbidimetry. The effects of the pH
value and temperature on the transparency of the
copolymer solution in the buffer are presented in
Table 1. The solutions were considered “transparent”
when the turbidity index was up to 3.0 nephelometric
turbidity units.

The results clearly showed that the turbidity of
the copolymer solution at 30°C and pH 6.3 was high,
implying instability of the formulation. Thus, the
optimal pH range for the dosage form was determined
to be between 5.5 and 6.2. For the PBS samples,
the results of the pH optimization experiments are
presented in Table 2 [10]. The most stable PBS
samples had a pH value of 5.5.

Optimization of the excipients

Several studies were conducted to increase the
viscosity of the spray solution through the use of an
appropriate thickener, to prolong drug effectiveness.
Afrin, a commercially available nasal spray [11], was
chosen as the control sample as it contained thickeners
with a measured viscosity of 500+£50 mPaxs at 25°C.
Samples with various concentrations of the excipients,
all of which had been approved for medical use and
were used in commercial nasal dosage forms, were used
to determine the optimal characteristics (Table 3). The
samples were compared on the basis of two parameters:
the pH value and the viscosity of the solution at 25.0°C.
The test was conducted at a shear rate of 22.4 s7'.

As we can see from Table 3, the ideal pH and
viscosity parameters were only observed in samples
4 and 5. When subsequent observations of these
samples were conducted over the course of a month,
sample 4 showed only a slight decrease in viscosity,
whereas sample 5 exhibited a decrease in viscosity
that was below the required threshold (see Figure).

From the results of the rheoviscometry
experiments, it was clear that there was a noticeable
decrease in the dynamic viscosity of the solution after
prolonged storage with the thickener Vivapur®. In the
absence of Vivapur®, however, the dynamic viscosity
of the solution remained almost constant. This was

Table 1. Effect of pH and temperature on the transparency of the solutions

pH
Temperature, °C 5.0 5.5 6.0 6.1 6.2 6.3 6.4 6.5 6.6
25 29 0.8 0.9 0.9 0.8 0.8 0.8 1.4 14.3
30 23 11 1.0 1.0 0.9 34 157 685 -
40 24 13 1.7 1.0 2.0 326 609 678 -
45 26 13 44 14.8 280 742 817 _ _
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indicative of pronounced intermolecular interaction
between Vivapur® and the other components of the
solution, which, in turn, disrupted the stability of
the system during storage. Because the chemical
interaction between the active components and the
excipients was undesired, we decided to exclude
Vivapur® from the final composition. Thus, the
optimal distribution of the drug across the mucous
membrane of the nasal cavity was accomplished by
optimizing the spray nozzle rather than by lowering
the viscosity of the solution.

The stability of the dosage form over the
course of its entire shelf life was ensured by adding
benzalkonium chloride (0.15 mg/mL), the commonly

used preservative in commercial nasal spray
formulations. The optimal combination of reagents for
the model mixture is shown in Table 4.

Next, the optimization of the laboratory conditions
was conducted by the [Institute of Pharmaceutical
Technologies, Russia. The rapid dissolution of the
copolymer was achieved only at low pH values and
at low temperatures of the buffer solutions. The
copolymer was dissolved in cold purified water with
constant stirring, followed by refrigeration as part of
the protocol for optimization process.

The preparation of a control form for the
aforementioned samples was conducted visually (i.e., a
transparent homogeneous solution was obtained without

Table 2. Change in pH values of 0.5% copolymer solutions during storage at 25°C depending

on the initial pH value of the PBS

Samples PBS
Shelf life, days
pH 5.0 pH 5.2 pH 5.5 pH 5.8 pH 6.0
0 53 5.5 5.7 5.9 6.3
7 5.4 5.4 5.8 5.7 6.3
30 5.5 5.4 5.8 5.6 6.3
Table 3. Optimization of the excipients
Name of the component Compositions of the nasal spray, with the content of substances, mg/mL
in the sample 1 2 3 4 5 6 7 8 9
Sorbitol 50 - - 20 10 5 - -
PEG 4000 - 10 - - 10 - - 3 -
Na-CMC - - 25 - - 30 - 15 -
Glycerin 1.5 1 - - - - 1.2 - 0.5
Polysorbate 80 0.01 - 0.05 0.1 - - 0.2 - -
Povidone K29-32 - 5.5 - - 4 - 10 5 5
Avicel® RC 591 10 - - - 20 - - - 15
Vivapur® MCG 811 P - - - 20 - - - 10 -
PEG 1500 - 15 - 10 - 5 - - -
Parameters
;gsj"ss‘zn ?F;E; é‘rta‘;‘usr};e;ﬁ ;astfc"f 374 275 | 1315 | 498 | 452 | 1117 | 989 | 2546 | 1245
pH 6.8 6.2 5.3 6.0 6.0 5.5 5.0 5.4 6.0
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visible mechanical impurities and opalescence) as well
as via quantitative analysis of the condition parameters
for the active reagents. Based on the data shown in
Table 5, the optimal process was set as follows:

1. Prepare the buffer solution with pH 5.5 from
solutions 1 and 2 and then filter it through a 0.45 pm
filter.

2. Cool the buffer solution to 15+2°C.

3. Fill the reactor with the buffer solution.

4. Add and dissolve the copolymer with subsequent
sedimentation at 3—6°C for 24 h.

5. Add and dissolve ACA and benzalkonium
chloride.

3500

—e— Vivapur® MCG 811 P (afier 30 days)

3000
—— Avicel® RC 591 (afier 30 days)
2500 .
Avicel® RC 591
2000 —a—Vivapur® MCG 811 P

1500

1000

Viscosity, mPaxs

2.50 T1.50 12.50 17.50 2250
Shear rate, (1/5)

Viscosity—velocity curves of samples 4 and 5 at 25°C.

6. Sterilize via filtration and then bottle the solution
into 10 mL polymer bottles equipped with polymer
based spray nozzles.

Thermal sterilization, in this case, was not
possible because of the thermosensitivity of the
copolymer. Additionally, sterilization using an
autoclave resulted in precipitation within the solution.
Therefore, filtration was selected as the preferred
method of sterilization.

The shelf life of the nasal spray was determined
by quantifying the stability of three series of spray
samples (Table 6) in polymer based bottles with spray
nozzles using the accelerated aging method at 40+£2°C
and 75+5% humidity for 180 days. This experiment
was performed in accordance with the Russian State
Pharmacopeia X1V, as these conditions were nearly
similar to those of aging of the dosage form for 2 years
under natural conditions. During this analysis, the pH,
microbiological purity, and the quantitative content
of the active substances were monitored [12].

From the results of the study, it was clear that the
values of the controlled indicators remained within
the reference range and that the deviation values
corresponded to the measurement error calculations.
The shelf life of the drug was estimated to be 2 years.
As a confirmatory test, three series of drug samples
were subjected to the same natural conditions.

Table 4. Composition of the solution of the nasal spray per 1 mL

Ingredient Quality standard Quantity, mg
Active substances
Aminocaproic acid (ACA) glgggr(l)lgf:z;z; grtli’clze of the Manufacturer LS-000113- 10.00
Copolymer of 2-methyl-
S-vinylpyridine and Normative Documentation Project 5.00
N-vinylpyrrolidone
Excipients
Potassium dihydrogen phosphate Russian State Pharmacopeia XIV 9.45
Disodium hydrogen phosphate Russian State Pharmacopeia XIV 1.28
Benzalkonium chloride Eﬁgﬁ?:;gg?:gngﬁiggeia XTIV 0.15
Purified water Russian State Pharmacopeia XIV Up to 1.00
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Table 5. Optimization of the production conditions

Parameter Conditions
Experiment number E1 E2 E3 E4 ES
Temperature, °C 5 10 15 20 25
Dissolution time before opalescence, min 10 12 15 25 45
Conclusion: the optimal temperature for mixing is 5—-15°C
Experiment number Eé6 E7 E8 E9 E10
Mixer speed, rpm 30 40 50 80 100
Dissolution time before opalescence, min >30 >30 13 >30 >30
Conclusion: the optimal mixing speed is 50 rpm
Experiment number E11 E12 E13 E14 E15
Refrigeration until complete dissolution of the copolymer, h 12 15 20 24 30
The presence of opalescence, +/— + + + - -
Copolymer content in the solution, mg/mL 4.68 4.80 4.97 5.04 5.01
Conclusion: the optimal storage time of the copolymer in the refrigerator is 24 h
Experiment number E16 E17 E18 E19 E20
Dissolution of ACA and benzalkonium chloride at ambient 10 12 15 20 25
temperature, °C
Dissolution time, min 3 3 3 3 3
Conclusion: ACA and benzalkonium chloride dissolve equally well between 10 to 25°C
Experiment number E21 E22 E23 E24 E25
D?ssolution of ACA and benzalkonium chloride with mixing, 50 80 100 150 300
stirrer speed, rpm
Dissolution time, min 3 3 2 2 2

Conclusion: the rate of dissolution of ACA and benzalkonium chloride varies insignificantly
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Table 6. Selected data on the stability of the nasal dosage form in polymer package

Batch
Specification Standard Shelf life, days
130318 210518 191118
0 5.7 5.8 6.0
pH 5.5-6.2
180 5.8 5.8 5.9
0 Complies | Complies Complies
Microbiological purity Category 2
180 Complies | Complies Complies
Quantitative assay
0 9.89 10.05 10.12
ACA, mg/mL 9.5-10.5
180 9.89 10.05 10.11
0 5.03 5.15 4.96
Copolymer, mg/mL 4.75-5.25
180 5.03 5.13 4.96

CONCLUSIONS

In this study, we developed the composition and
conditions needed to produce a nasal spray for the
prophylactic treatment of influenza and other VRIs.
The nasal spray contains 1 wt % aminocaproic acid and
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