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Abstract

Introduction. Infectious otitis externa and middle ear can cause hearing loss, which significantly reduces the quality of life of patients. The main
causative agents of acute bacterial otitis media are Pseudomonas aeruginosa and Staphylococcus aureus. This article is devoted to the development
and study of a novel dosage form for treatment of infectious diseases of the external ear containing bacteriophages that lyse bacterial strains of
Pseudomonas aeruginosa. Ear drops were considered as a promising dosage form for instillation into the ear canal.

Aim. The aim of the work is to develop a dosage form of Pseudomonas aeruginosa bacteriophages for the local treatment of infectious otitis
media.

Materials and Methods. The active substances of the developed drug are bacteriophages that lyse bacterial strains of Pseudomonas aeruginosa:
PA5 and PA10, which were obtained by growing on a solid growth medium in mattress flasks with subsequent sterilizing filtration through a
membrane filter (0,22 pm) and elimination of endotoxins on a chromatographic column. To obtain experimental compositions, excipients that
do not cause a drop in the titer of bacteriophages were used - purified water as the solvent, viscosity modifiers: glycerol (CHIMMED, Russia) and
a mix of macrogol 6 and glyceryl caprilocaprate brand Softigen 767 (Cremer, Germany), antioxidant Ethylenediaminetetraacetic acid (EDTA),
preservatives nipagin and nipazole. The obtained samples were standardized according to pharmacopoeial indicators, recommended for the
dosage form "drops" - density, pH, viscosity. For all experimental compositions, the stability of the titer of bacteriophages was studied by the Gratia
method for 6 months. The local irritation and systemic effects were also studied on five chinchilla male rabbits.

Results and discussion. As a result of the conducted research, four experimental compositions of ear drops with a cocktail of bacteriophages PA5
and PA10 were obtained. The optimal technological characteristics were observed in the composition containing glycerol as a viscosity modifier
at a concentration of 10,0 %. For optimal composition, the stability of the bacteriophages cocktail titer, local irritating and systemic effects were
analyzed. The study revealed stability of the bacteriophages PA5 and PA10 titers in the composition of dosage form, and absence of local irritating
and systemic effects of ear drops.

Conclusion. The dosage form can be recommended for preclinical studies.
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Pesiome

BBepeHue. VIHpeKUMOHHbIE OTWUTBI HAPY>KHOTO M CPEeAHEro yxa CrocobHbl Bbi3biBaTb MOTEPH CJIyXa, YTO CYLIECTBEHHO CHMXaeT KauyecTBo
XKM3HM naymeHToB. OCHOBHBIMM BO3OYAUTENAMU OCTPOro 6akTepuanbHOro otuta ABnATCA Pseudomonas aeruginosa w Staphylococcus aureus.
CraTbA nocesALleHa pa3paboTke U N3yUYeHWI0 HOBOW NekapCcTBeHHON GOpMbl ANA feyeHns MHEKLVIOHHbIX OTUTOB, cofepiKaluen 6akteprodaru,
nusupyowre 6aktepuanbHble WTamMmmbl Pseudomonas aeruginosa. lNpenapaTbl 6akTepnodaroB MoryT 6biTb anbTepHaTMBON MpenapaTtam
aHTMOMOTUKOB MECTHOrO AeVCTBUA, UCMOMb3YIOLUXCA B OTOPUHONAPVHIONOrMYecKor npakTrke no BceMy MUpy. B KauecTBe nepcrneKkTMBHOM
neKapcTBeHHON GOPMbI ANA UHCTUIINALMUM B YLLIHOWN MPOXOA PacCMaTPUBANMCh YLIHbIE Kanu.

Lenb. Lenbio paboTbl aBnseTcs pa3paboTka nekapcTtBeHHol dopmbl 6akTeprodaroB Pseudomonas aeruginosa pnsa MeCTHOTO JleyeHus
MNHGEKLMOHHbBIX OTUTOB.

MaTtepuanbl n metopbl. [leicTBylWMUMU BeljecTBaMu paspabaTbiBaemoro npenapata fABnAwTcA 6akTepuodaru, nusupyowme
6aKkTepuanbHble WTamMMbl Pseudomonas aeruginosa: PA5 n PA10, nonyyeHHble METOOM BblpaliiBaHVA Ha MIIOTHOW NUTaTeNbHON cpefe B
MaTpacax ¢ nocnegymwolein ctepunusytolein punbTpaumen yepes membpaHHbii GunbTp (0,22 MKM) 1 0CBOOOXEHMEM OT SHAOTOKCMHA Ha
XpomaTorpadpuyeckon KonoHke. [Ina nonyyeHUs 3KCneprMeHTaNbHbIX COCTaBOB MCMOMb30BaNNCh SKCUMMNEHTDI, HE Bbi3biBaloLMe najeHuns
TUTpa 6akTepuodaroB — pacTBOPUTENb BOfA OuulEeHHasA, mognoukaTopbl BAskocTy rnuuepuH (000 TA «XUMME[», Poccusa) n cmechb
MaKporona 6 v rnuepun Kanpunokanpata mapku Softigen® 767 (CREMER, fepmaHua), aHTUOKCUAAHT 3TUJIEHANAMUHTETPAYKCYCHasA KncnoTa
(3ATA), KoHCepBaHTbl HMNArMH 1 HUMNason. MonyyeHHble 06pasLbl CTaHAAPTU30BaNM Mo papmMakonenHbiM NoKasaTeNAM, PEKOMEHAYEMbIM
ANA neKkapcTBeHHoW GOopMbl Kamnau: MAoTHOCTb, pH, BA3KOCTb. [INA BCeX 3KCMePMMEHTabHbIX COCTaBOB M3y4ann CTabUNbHOCTb TUTPa
6akTepnodaros no metoay lpauva B TeueHue 12 mecAleB, TakXKe MCCIeAOBany MecTopasfparkaloliee U CUCTEMHOe [eiiCTBMe Ha MATK
KponnKax camuax nopoabl WUHLKUANA.

PesynbraTbl 1 06cyxKaeHmne. B pesynbrate NpoBeAeHHbIX UCCNE[OBaHNI MOMYYEHO YeTbipe SKCMEePUMEHTaNbHbIX COCTaBa YLHbIX Kanesb C
KokTeinnem 6aktepuoparos PA5 n PA10. ONTUManbHbIM TEXHOMOTMYECKUMMN XapaKTepUCTUKamMn obnafan coctas, COAepXalunii rnLepuH B
KauecTBe mogudrKaTopa BA3KOCTU B KOHLUeHTpauumn 10,0 %. inA 3Toro obpasua ycTaHOBNEHbl CTabUNBbHOCTb TUTPa GakTeprodaros PAS5 u PA10,
OTCYTCTBME MeCTHOPa3ApaXkaloLero n CUCTEMHOTO [eCTBUA.

3akntoueHme. 1o uToram NpPoBefeHHbIX NCCNeA0BaHNI NekapcTBeHHasA GopmMa MOXKeT O6biTb PEKOMEHAOBaHa K MPOBEAEHUI0 AOKINHUYECKNX
UccnefoBaHuii, a nocsie NPoBefeHNA AOMONHUTENbHBIX NCMbITaHUIA Ha APYrux 6aktepuodarax — ANA NPUMEHEHUA B NepPCOHanN3NpPoOBaHHONM
darotepanuu.

KnioueBble cnoBa: ywHble Kannu, 6aktepmodaru, MHGEKUMOHHbIN 0TUT, Pseudomonas deruginosa, NepcoHann3npoBaHHas Tepanuis

KOH¢J1IIIKT MHTEpecoB. ABTOpPbI AeKNapupyoT OTCYTCTBNE ABHbIX N NOTEHUWaIbHbIX KOH(I)J'IVIKTOB NHTEPECOB, CBA3aHHbIX C I'Iy6J'IVIKaLlI/Iel7I HacTosLen
CTaTbW.

Bknap aBTOpOB. E. O. baxpywwuHa, M. H. AHypoBa, A. M. Bopob6bes u 0. O. LLlepbuHa npugymanu n paspabotanu skcnepumeHT. C. C. boukapesa
n 10. 0. WepbrHa npoBenu nuccnefoBaHnA MECTHOPA3APaxKaloLWEro N CUCTEMHOTO [eACTBMA Ha XMBOTHbIX. A. M. Bopobbes, M. A. MacnBKrHa
n J1. 0. KpexTyHOBa npoBogunn Mukpobronormyeckme nccnegosanus in vitro. M. A. MacuskuHa u J1. O. KpexTyHoBa yyacTBoBanu B 06paboTke
naHHbIx. E. O. baxpylinHa npoBoauna TeopeTnyeckne pacyetobl. E. O. baxpywuHa, M. H. AHypoBa n A. M. BopobbeB y4acTBOBaAM B HanvcaHnu
TekcTa ctatbu. H. B. lemrHa n A. B. AnewKunH yyacTBoBanu B peLieH3npoBaHun 1 ofobpeHun ctatby. Bce aBTOpbl yyacTBOBanu B 06CyxAeHUN
pe3ynbTaToB.

Ona yntupoBaHua: baxpywwuHa E. O., AHyposa M. H., Boukapesa C. C., Bopobbes A. M., lWep6uHa 0. O., NacueknHa M. A., KpextyHosa J1. O.,
JemuHa H.B., AnewkuH A. B. PazpaboTka 1 n3yyeHune ywHblx Kanenb ¢ 6aktepmodaramv ans neyeHnsa MHGEKUMOHHbBIX OTUTOB, OCIOMHEHHbIX
P. aeruginosa. Paspabomka u pecucmpayus niekapcmeeHHsix cpedcms. 2022;11(2):74-78. https://doi.org/10.33380/2305-2066-2022-11-2-74-78

INTRODUCTION

chronic development of otitis media and the progres-
sion of purulent inflammation [2]. In some cases, Pseu-
domonas aeruginosa also causes malignant otitis exter-
na, a serious disease in which the mortality rate is up
to 10 %. In high-income countries, clinical guidelines

Infectious otitis externa and media are a socially
significant disease - affecting about 31 million people
worldwide every year, it can cause hearing loss, which

significantly reduces the quality of life of patients [1-3].
The main causative agents of acute bacterial oti-
tis are Pseudomonas aeruginosa and Staphylococcus
aureus. These bacterial agents form biofilms with
other otopathogens and induce heightened congeni-
tal inflammatory responses that can contribute to the

for the treatment of otitis externa and media include
antibiotic therapy and the use of pneumococcal conju-
gate vaccine [2].

However, infections caused by Pseudomonas aeru-
ginosa and Staphylococcus aureus often respond to
antibiotic therapy poorly due to multiple resistance,
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it is resistant to the action of many aminoglycosides,
cephalosporins and fluoroquinolones, which compli-
cates the effectiveness of therapeutic measures in pa-
tients [3,4].

The use of topical drugs makes it possible to achieve
a higher concentration of antibacterial drug in the fo-
cus of infection, and due to the absence of long-term
exposure to the bacterial agent of the drug in a subthe-
rapeutic dose, the possibility of developing resistance
is minimized [3]. Local treatment of infectious otitis is
recommended in cases of otitis externa and media with
sufficient perforation of the tympanic membrane [2, 3].

Ear drops with bacteriophages can be an alternative
to topical antibiotics used in ENT practice all over the
world. Ear drops are convenient delivery system that
is suitable for patients of different ages and providing
maximum concentration in the inflammation focus in
a short time [5,6]. Phage therapy is successfully used in
many countries of the world as a tool for overcoming
antibiotic resistance and can be used as part of a
personalized approach to patient treatment.

The purpose of this study is development of the
bacteriophages Pseudomonas aeruginosa delivery system
for the topical treatment of infectious diseases.

MATERIALS AND METHODS

The active substances of the developed drug are
bacteriophages that lyse bacterial strains of Pseudomonas
aeruginosa: PA5 and PA10, which were obtained by
growing on a solid growth medium in mattress flasks with
subsequent sterilizing filtration through a membrane
filter (0,22 um) and elimination of endotoxins on a
chromatographic column [7].

Based on scientific literature research, the most
common and well-studied excipients were selected for
dosage form development [7-9]. Analysis of drugs in the
dosage form of ear drops demonstrated that most often
their composition includes the following excipients:
aqueous-alcoholic solutions of various concentrations
and purified water as solvents, glycerol in a concentration
of 10 to 40% and macrogols as viscosity modifiers,
antioxidants - ethylenediaminetetraacetic acid and its
salts, sodium thiosulfate, preservatives — chlorobutanol
hydrate, benzalkonium chloride, thiomersal, ethanol, as
well as pH regulators.

The possibility of using mixtures of purified water
and glycerol (CHIMMED, Russia) in the ratios of 1/2.5
and 1/1.25, macrogol-400 (CHIMMED, Russia) in the ratio
of 1/2.5 and the mixture of macrogol-6 and glyceryl
caprylocaprate of the Softigen 767 brand (Cremer,

Germany) in a ratio of 1/2.5 as solvents and formative
substances was considered. Ethylenediaminetetraacetic
acid (EDTA) was used as an antioxidant, parabens as the
only group of stabilizers of antimicrobial resistance,
allowed to use in ear dosage forms, providing activity in
the pH range from 4 to 8 and not providing a lytic effect
on bacteriophages, were used as preservatives [7, 8]. Also,
depending on the production possibilities, the finished
dosage form can be poured into bottles with a nozzle
that provides filtration during the evacuation of each
subsequent dose, which allows to make the drug sterile
and excludes preservatives from the pharmaceutical
composition.

The compatibility of chosen excipients with a cock-
tail of bacteriophages was studied during the first phase
of this research. The sterile water solutions of exci-
pients in working concentrations were prepared and a
bacteriophages cocktail was introduced, the absence
of bacteriophages titer declining was controlled by the
Gratia method right after the manufacturing, one day and
14 days after manufacturing of dosage form.

Then experimental samples of ear drops were ob-
tained, bacteriophages were introduced after thermal
sterilization of dosage form base during 15 minutes at
a temperature of 121 °C. The lytic activity of bacterio-
phages in one drop (0.05 ml) was 2 x 108 PFU for PA5 and
2.2 x 108 PFU for PA10.

The following criterions were studied for all expe-
rimental compositions: the stability of bacteriophages
titer that was determined by the Gratia method du-
ring 12 months and the technological characteristics of
the dosage form - the pH value by the potentiometric
method with the Aquilon pH-meter pH-410 at a tempe-
rature of 20-25 °C, density and viscosity with an Ostwald
capillary viscometer.

The assessment of local irritating and systemic
effects were evaluated on five male chinchilla breed
rabbits weighing 3,5-4 kg. The care and maintenance
of the animals implemented in accordance to the recom-
mendations and requirements of Directive 2010/63/EU
of the European Parliament and of the EU Council of
22 September 2010 on the protection of animals used
for scientific purposes. All animal experiments were
approved by the ethics committee of FBIS MRIEM of
G. N. Gabrichevsky.

For the local irritating effect evaluation, 3 drops of
experimental composition were instilled once into one
ear, while the second ear was left for control. The skin
condition was recorded visually daily for five days. The
functional morphological disorders of the skin (ery-



thema, edema, cracks, necrosis, desquamation, dryness,
ulcerations) were noted.

The design of the experiment assumes only local
action for developed delivery system in the form of ear
drops. To prove the absence of systemic effect, blood
was taken from the rabbit’s ear vein every 15 minutes,
beginning from the moment the drops were adminis-
tered. The titer of bacteriophages in the blood was deter-
mined by the Gratia method. Titration was conducted till
the 5th dilution. Inoculation was conducted at "0", 1st, 2d,
3d, 4th, and 5th dilutions [7].

For the results processing, the statistical analysis
package for Microsoft Office Excel 2007 was used.

RESULTS AND DISCUSSION

The research of bacteriophages titer stability in the
presence of the studied excipients, showed reliable
absence of a titer declining, therefore experimental
samples of ear drops were obtained based on all selec-
ted excipients, the compositions are shown in Table 1. All
samples are transparent, colorless or light brown colo-
red liquids that meet the requirements of state norma-
tive documentation.

For bacteriophages PA 5 and PA 10, the pH ensu-
ring titer stability is 6-8 [5]; only composition 2 with a pH
equal 6.63 +0.02 satisfy this requirement. Indicators of
the viscosity and density for compositions 1,3 and 4 are
similar, composition 2 has the maximum density and vis-
cosity values. From a consumer point of view, ear drops
should have enough viscosity which ensure no leakage
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from the auricle cavity; therefore, composition 2, which
has the highest viscosity value, is considered the most
preferable for the further study.

For this composition, the stability of the bacterio-
phages titer was studied. The research found that the
selected composition ensures the stability of the ti-
ter of bacteriophages during the 12 months of storage
(Table 2).

Table 2. Stability study of the titer of bacteriophages
in ear drops (PFU / 0,05 ml) when stored for 12 months

. Exposition 24 hours | 3 months | 6 months | 12 months
Strains
PA5 2.0x10%| 1.9x10% | 1.5%x 108 3.0x 107
PA10 2.2x10%| 2.2%x10% | 1.0x 108 1.0 x 107

The next phase of the study was the determination
of local irritation and systemic effects.

The erythema and edema rate in the inner surface
tissues of rabbit’s ear after a after a single administration of
three drops of the test sample equals 0, which corresponds
to the absence of local irritating effects. To assess the
systemic effect, blood was taken from the ear vein of the
test animals with an interval of 15 minutes for 1 hour. The
titer of bacteriophages in the blood was determined by the
Gratia method. For strains PA 5 and PA 10 the absence of
negative colonies was shown.

Thus, the absence of locally irritating and systemic
effects of the drug was confirmed.

Table 1. The compositions of the experimental samples of ear drops and pharmacopeial quality indicators

Ne Composition of excipients, g

Density, g/ml pH

Viscosity, mPa-s

Glycerin 10,0
Nipagin/nipazol (1:3) 0,015
EDTA 0,025

Purified water up to 50,0

1.0339 +0.05

5.38+0.03 1.0339+0.05

Glycerin 20,0
Nipagin/nipazol (1:3) 0,015
EDTA 0,025

Purified water up to 50,0

1.1622 £ 0.06

6.63 +0.02 3.9950+0.2

Bopa ounweHHas go 50,0
Macrogol-400 10,0

3 Nipagin/nipazol (1:3) 0,015
EDTA 0,025

Purified water up to 50,0

1.0338 £0.05

3.67 £0.02 1.2923 £0.06

Softigen® 767 10,0
Nipagin/nipazol (1:3) 0,015
EDTA 0,025

Purified water up to 50,0

1.0195 +0.05

5.74+£0.03 1.5675+0.08
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CONCLUSION

During the research, a dosage form with a cocktail
of bacteriophages PA5 and PA10 was developed for use
in the treatment of infectious diseases of the middle
ear caused by Pseudomonas aeruginosa, which has a
proven topical effect and the absence of a local irritating
effect. Further development of the topic is study of
stability issues in the developed delivery system for
other bacteriophages to use it as a standard basis and in
personalized phage therapy for patients with infectious
otitis media.
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