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There are some available synthetic drugs of the foreign origin among symptomatic nasal medicines
at the current pharmaceutical market. Most of them are produced in the form of drops or sprays, and
it causes short duration of action of these drugs. Nowadays nasal gels attract great attention to the
treatment of allergic rhinitis. The aim of the work is to develop a new nasal medicine based on biologi-
cally active plant substances in the gel form under the conditional name “Fitoryn-plus”. A dry extract of
licorice root and essential oils of eucalyptus and Siberian pine were used as active ingredients of this
nasal gel. In order to choose a structure-forming component of the gel base 9 model samples of gel
systems were prepared, and the possibility of using carbomer (carbopol) 934, hydroxyethyl cellulose
and sodium alginate was investigated. To neutralize aqueous dispersions of carbopol the ammonia
solution, the solution of sodium hydroxide and triethanolamine were used. The gel was prepared at
the room temperature using two variants of technology: by mixing the finished gel and solutions of
active substances previously prepared (technology 1) and by introducing active substances into the
dispersion medium before the gel thickening (technology 2). Based on the complex of organoleptic,
physical and chemical, structural and mechanical studies conducted a gelling agent, a neutralizing
agent, a hydrophilic nonaqueous solvent and their optimal concentrations in the drug composition have
been chosen. It has been shown that thermal effects of the samples of the active substances, the
gel base and “Fitoryn-plus” gel are similar in nature; it may be subjectively indicative of the absence
of chemical interaction between the components of the drug and validate the technology developed.

Allergic rhinitis is a disease of the nasal epithelial
membranes and is characterized by episodic disturbance
of nasal breathing. Despite the fact that rhinitis is per-
ceived by many patients as a temporary phenomenon,
in doctors’ opinion, it is the initial manifestation of sys-
temic allergy.

Moreover, if this pathology is not treated, a chain of
pathological processes in the lower respiratory system
will start; and it can lead to development of some se-
vere diseases such as asthma. Therefore, it is necessary
to treat allergic (intermittent) rhinitis since the appear-
ance of the first symptoms of this pathology [8, 10].

According to the World Health Organization, over
the last ten years the number of patients suffering from
allergic rhinitis has increased approximately twice, in-
dicating the epidemic nature of the disease [5, 9].

The first symptoms that characterize intermittent rhi-
nitis are formed from a few seconds to twenty minutes af-
ter direct interaction with the allergen. Patients suffering
from allergic nasal pathology complain of nasal conges-
tion and severe watery discharge from the nasal passages.

The main signs of allergic rhinitis include the fol-
lowing symptoms: frequent sneezing, itchy nose, scratchy
throat, swelling of the face, watery eyes, headaches, hearing
and smell disorders, etc. At the first signs of the disease

the systemic and symptomatic treatment is needed for
adults and children [3, 7].

There are some available synthetic drugs of the foreign
origin among symptomatic nasal medicines at the cur-
rent pharmaceutical market. Most of them are produced
in the form of drops or sprays, and it causes short dura-
tion of action of these drugs [2].

Nowadays nasal gels attract great attention to the
treatment of allergic rhinitis; they provide retention of
the active substances on the nasal mucosa, do not dis-
rupt the movement of ciliated epithelium, maintain the
natural moisture of the nasal mucosa and provide a pro-
longed therapeutic action [4, 6].

Therefore, the aim of our work is to develop a new
nasal medicine based on biologically active plant sub-
stances in the gel form under the conditional name “Fito-
ryn-plus”.

Materials and Methods

A dry extract of licorice root and essential oils of
eucalyptus and Siberian pine were used as active ingre-
dients of the nasal gel proposed. Taking into account
their solubility in well known solvents this dry extract
of licorice root was introduced into the gel composition
as an aqueous solution, and essential oils were as a so-
lution in ethanol (96%).
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Table 1
The composition of model gel bases (%)
Mok;:iel gel Carbopol Hydroxyethyl- Sodium alginate | Triethanolamine Propylene Purified
ase 934 P cellulose glycol water
1 0.5 - - 0.5 10.0 up to 100.0
2 1.0 - - 1.0 10.0 up to 100.0
3 1.5 - - 1.5 10.0 up to 100.0
4 - 1.0 - - 10.0 up to 100.0
5 - 1.5 - - 10.0 up to 100.0
6 - 2.0 - - 10.0 up to 100.0
7 - - 5.0 - 10.0 up to 100.0
8 - - 7.0 - 10.0 up to 100.0
9 - - 10.0 - 10.0 up to 100.0

In order to choose a structure-forming component
of the gel base 9 model samples of gel systems were pre-
pared, and the possibility of using carbomer (carbopol)
934, hydroxyethyl cellulose and sodium alginate as a
gelling agent was investigated.

The solutions of ammonia, sodium hydroxide, as well
as triethanolamine were used to neutralize the aqueous dis-
persions of carbopol. The appearance and colour of the model
gel samples were estimated in the course of the experiment.

The gel was prepared at the room temperature us-
ing two variants of technology: by mixing the finished
gel and the solutions of active substances previously
prepared (technology 1) and by introducing active sub-
stances into the dispersion medium before the gel thick-
ening (technology 2).

Determination of homogeneity of the samples was
performed by the method of the State Pharmacopoeia of
Ukraine (SPhU) [1]. The appearance, colour and odour
was determined in accordance with the State Standard
—GOST 29188.90.

The colloidal structure and thermal stability of the gel
were visually assessed by the method of GOST 29188.3-91
at the room temperature (15-25°C), at 40°C and 5°C, as
well as after cycles of freezing and thawing.

Determination of pH of aqueous extracts of the drug
was conducted by the potentiometric method according
to the SPhU [1].

Rheological studies were performed on a BROOK-
FIELD DV-II + PRO viscometer (USA) with the system
of coaxial cylinders. Structural and mechanical proper-
ties were determined compared to “Loryzan” nasal gel
widely used in the treatment of allergic rhinitis.

Water absorption kinetics of the drug was determined
in experiments in vitro using the method of dialysis through
a semipermeable membrane at (37.0+0.1)°C by chang-
ing the mass of the chamber with the sample.

Thermogravimetric analysis was performed on a Q-1000
derivatograph of the system of F.Paulik, J.Paulik, L.Efdey
using the method of the SPhU [1]. Curves T (temperature),
TG (change in weight), DTA (differential curve of ther-
mal effects change) and DTG (differential curve of weight
change) were recorded. As a reference aluminum oxide
powder was used. The weight of the sample was 200 mg.

Results and Discussion

The optimal structure-forming component was se-
lected on the basis of studies of physical and chemical
stability of the gel model samples (Tab. 1). As a result
of the studies conducted it has been found that model
systems 1, 6 and 9 have too thin or, on the contrary,
dense consistency, poorly applied to the mucosa and are
almost not absorbed.

Model gel bases 2, 3, 7 and 8 both after prepara-
tion and after keeping for 30 days at 5°C, 20°C, 40°C
and after 5 cycles of freezing / thawing (the temperature
range was from -10°C to +45°C) were stable.

Samples of bases 4 and 5 did not withstand tests
on colloidal and thermal stability. Therefore, for further
study the gel systems 2, 3, 7 and 8 were chosen.

These gel samples were packed for storage at two
temperature conditions — 8-15°C and 15-25°C. The re-
sults of the stability study of the bases developed while
storing (within 30 days) are given in Tab. 2.

As it is seen from the data of Tab. 2, model samples
7 and 8 while storing for 30 days appeared to be un-

Table 2

The results of the stability study of gel samples 1, 2, 7 and 8 while storing

No. Colour Odour Homogeneity CoIIO|c_jaI stability Thermostablllty
(visually) (visually)
2 brown pleasant homogeneous stable stable
3 brown pleasant homogeneous stable stable
7 appearance of a specific homogeneous unstable unstable
black stain
8 appearance ofa specific homogeneous unstable unstable
black stain
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Fig. 1. Flow rheograms of the gel studied: sample 2-1, sample 3-2, and “Loryzan” gel — 3 at the temperature of (20.0+1.0)°C.

stable. On the 15-th day of storage the appearance of a
black stain was observed, indicating the microbial con-
tamination of the bases developed. In addition, these
samples of gel bases did not withstand tests on colloidal
and thermal stability while storing. For further research
the model gel samples 2 and 3 were selected.

When carrying out rheological studies of these sam-
ples it has been found that while increasing of the car-
bopol concentration in the systems studied there is a
shift from plastic to pseudoplastic type of flow and the
appearance of thixotropic properties.

Model samples of gel systems containing the gel-
ling agent in the concentration of more than 1.5% had
a dense heterogeneous gel-like structure; their further
neutralization led to a sharp increase in the structural
viscosity, formation of a dense gel, in which the active
ingredients could not be introduced and distributed evenly.

Neutralization of aqueous dispersions of carbopol
caused increase of rheological parameters and forma-
tion of transparent gels. The effectiveness of gelation
(increase of the structural viscosity after neutralization)
depended on the concentration of carbopol.

In the range of 1.0-1.5% gelation was more effec-
tive. With increase of the carbopol concentration in more
than 1.5 % the structural viscosity increased slightly,
confirming the feasibility of preparing a gel within the
concentration range of 1.0-1.5% (Fig. 1).

As it is shown in Fig. 1, sample 3 has rheological
parameters most closely resembling rheological para-
meters of “Loryzan” nasal gel, and it has been also con-
firmed by the calculated values of mechanical stability
and dynamic dilution ratios (1.08 and 1.05, 72% and
70.5%, respectively).

Sample 2 is more liquid, and its width of “hysteresis
loop” indicates the less distinct thixotropic properties.

In further research when choosing a neutralizing
agent to the gel system 3 the solutions of ammonia and
sodium hydroxide, as well as triethanolamine were in-
troduced. Samples neutralized with the ammonia solu-
tion and the sodium hydroxide solution darkened over

Table 3

The results of studying pH of the model
samples of “Fitoryn-plus” gel

No. The content.of pH value
triethanolamine

3-a 1.0% 5.85+0.05

3-b 1.5% 6.40+0.05

time. While using the ammonia solution salting-out was
also observed. Therefore, triethanolamine was used fur-
ther since its addition did not change physical and che-
mical properties of the gel during the experiment. The
optimal concentration of the neutralizing agent in the
drug composition was determined when studying pH of
its model samples (Tab. 3).

As it can be seen from the table data, the model sam-
ple of the drug containing 1.5% of triethanolamine has
the pH value that is the most close to the normal pH
value of the human nasal mucosa, which is 6.0-7.0.

Propylene glycol was introduced to the composition
of the nasal drug studied in order to provide a moderate
osmotic activity, prevent dryness and irritation of the
nasal mucosa. In addition, it is known that a positive
moment of introduction of hydrophilic nonaqueous sol-
vents into gels provides stability of their composition
during the technological process.

We prepared model samples of gels containing pro-
pylene glycol from 10% to 30% and studied the kinetics
of water absorption of these samples in quintuplicate.
The concentration 10% was identified as the optimal con-
centration of propylene glycol (Fig. 2).

As it is shown in Fig. 2, the sample of “Fitoryn-plus” gel
containing 10% of propylene glycol provides a modera-
te osmotic activity of the drug for 7 h, and it may indicate
the absence of the irritating action. With introduction of
propylene glycol in higher concentrations the osmotic
activity of the samples reached 60-75%. It is not accept-
able for nasal gels from the biomedical point of view.
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Fig. 2. The osmotic activity of “Fitoryn-plus” nasal gel containing 10% of propylene glycol.
Table 4
Physical and chemical properties of the samples of “Fitoryn-plus” gel
- . Colloidal Thermal
Medicine Colour Odour Homogeneity pH stability stability
Gel by brown specific 6.70+0.05 + +
technology 1 pleasant
Gel by brown specific 6.65+0.05 - -
technology 2 pleasant

Considering all experimental data the samples of “Fi-
toryn-plus” gel by technology 1 and 2 were prepared.

The gels obtained by the technologies proposed had
gel-like homogeneous consistency with a specific pleasant
odour, brown colour, pH = 6.0-7.0. The study of ther-
mal and colloidal stability proved stability of the sys-
tem prepared only by technology 1 (Tab. 4).

Therefore, technology 1 (introduction of active in-
gredients to the finished gel) was determined as the ra-
tional technology for preparing “Fitoryn-plus” gel.

Then the thermogravimetric studies were conduct-
ed with the samples of the active ingredients, the gel base
and the gel developed. When analyzing thermogravi-
metric curves of these samples it has been found that
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Fig. 3. Thermogravimetric curves of a dry extract of licorice root.

essential oils of Siberian pine and eucalyptus are sta-
ble up to the temperature of (50.0+1.0)°C, and at the
temperatures ranging from 53°C to 84°C their losses in
mass are up to 3%, the process of the sample destruc-
tion ends at the temperature of 200°C.

A dry extract of licorice root is stable up to the temper-
ature of (37.0+1.0)°C, within the temperature range from
37°C to 130°C there is a gradual loss in its mass (Fig. 3).

The base starts melting at the temperature of (37.0+
+1.0)°C.

The process of decomposition of the gel takes place
in two stages (Fig. 4). At the first stage the significant
moisture loss in weight is not observed up to 37°C. The
second (37-100)°C stage is characterized by the rapid

1 37C 7100k

Fig. 4. Thermogravimetric curves of “Fitoryn-plus” gel.
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and continuous process of destruction accompanied by
significant exothermic effects.

Therefore, based on the thermogravimetric studies
conducted it has been found that thermal effects of the
samples are similar in nature; it may indicate a subjec-
tive absence of chemical interaction between components
of the gel prepared according to the technology proposed.

CONCLUSIONS

1. The rational technology of the nasal gel under the
conditional name “Fitoryn-plus” for treating allergic rhi-
nitis has been developed.

2. The complex of organoleptic, physical and chem-
ical, structural and mechanical studies was conducted;
based on it a gelling agent, a neutralizing agent, a hy-
drophilic nonaqueous solvent and their optimal concen-
trations in the drug composition have been chosen.

3. It has been shown that thermal effects of the sam-
ples of the active substances, the gel base and “Fito-
ryn-plus” gel are similar in nature; it may be subjec-
tively indicative of the absence of chemical interaction
between the components of the drug and validate the
technology developed.
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PO3POBKA TEXHONOIIT HA3ANBHOIO IEJTIO «®ITOPUH-MIIOC» ANA NIKYBAHHA
ANEPIIYHOIO PUHITY

O.A.Pyxmakoea, T.I SIpHux

Knrouoei cnnoea: mexHorioeis; HazanbHUU 2enb; anepaidyHul puHim

Ha cyyacHomy hapmauesmuyHOMYy PUHKY ceped cuMmmoMamuyHUX Ha3arbHUX 3acobie HasseHUMU
€ nepesaxkHo CUHMeMmuUYHi nikapchbKi rnpenapamu 3akop0oHHO20 8UPOBHUUMEa. 3HadyHa ix Yyacmu-
Ha sunyckaembcsi y ¢hopMmi Kpanesnb abo crpeis, wo obymosrnoe kKopomkoyacHicme Oii. Bee binb-
wy yeaey Ha CbO200HIWHIl OeHb y niKyeaHHI anepaiyHo20 puHimy npueepmaroms HasarbHi 2erli.
Memor pobomu € po3pobka Ha3arbHO20 3acoby Ha OCHOBI Pe408UH POCTUHHO20 MOXOOXKEHHS Y
gopmi 2ento id yMo8HOK Ha380K « PimopuH-ncy. B skocmi dito4ux peqyosuH byno sukopucmaHo
cyxuli ekcmpakm KOpeHs corlo0Ku ma eghipHi onii cocHU cubipcbkoi ma eskaninmy. 3 memoro eu-
bopy cmpyKkmypoymaeopror4020 KOMIMIOHeHmMa O0CTiOXXeHa MOXIIU8ICMb 8UKOPUCMAaHHS Kapbome-
pa (kapbonorny) 934 P, cidpokciemunuyenono3u ma Hampito anbaiHamy. [ns Helimpanizauii 600HUX
ducniepcit kapborory sukopucmaHi po34uHU aMoHiaKy, Hampito 2idpokcudy ma mpuemaHonamiH.
lNpuezomysaHHs 2ento 30ilicHO8anoCk rnpu KiMHamHsit memnepamypi 3a dgoMa 8apiaHmamu mexHo-
J102ii: WIIgxXoM 3MilulysaHHsT 20mMo80e0 26e/1to i MPU20MOe/IeHUX PO34UHI8 JioHUX Pe4Y08UH (MeXHOIIOo-
2ist Ne1) ma winsixom eeedeHHs1 diro4ux peqdosuH 0o ducrnepciliHoao cepedosulia neped 3a2yWeHHSIM
eeno (mexHornoeiss Ne2). Ha nidcmaei komrinnekcy npogedeHux opaaHonenmuyHuUx, hi3UKo-XiMidHUX
i cmpykmypHo-mexaHidHux docnidxeHb b6yrnu obpaHi eeneymeoprogad, Helmparnidyroqul azeHm, 2i0-
poghinbHUl He8OOHUU PO3YUHHUK ma iX onmumaribHi KOHUeHmpauii y cknadi npenapamy. [Noka3saHo,
wo mepmidHi echbekmu 3pa3skKie dito4ux peyo8UH, 2e/1e80i OCHO8U i 2emto « DimOopUH-IHOCy Marmb
nodibHUl xapakmep, Wo Moxe cyb’eKmugHO c8id4umu rpo 8idcymHicme XiMi4HOT 83aEMOODii MiXK KOM-
rmoHeHmMamu ripernapamy i nidmeepoxxysamu npasusibHicCmb pPo3pobIeHOI MexHoroail.

PA3PABOTKA TEXHOJIO'MN HA3AJIbHOIO MENA « PUTOPUH-NITKOC» ONA NNEYEHUA
ANNEPrMYECKOIo PUHUTA

O.A.Pyxmakosea, T.I" SpHbix

Knroueenie crioea: mexHono2us; HasdasbHbIU 2efib; annepaudeckuli puHum

Ha cospemeHHOM ¢hapmayesmu4ecKkoM pbiHKe cpedu CUMIMOMamu4yeckux Hal3albHbIX cpedcms
umMermcs npeuMyu,ecmeeHHO CUHMemMuU4YecKue JiekapCcmeeHHbIe npenapamsi 3apybexxHo20 rnpo-
u3sodcmea. 3HadumernbHas Ux 4acmb 8blrlyckaemcsi 8 hopmMe Karesb usu cripees, 4mo obycrios-
nugaem KpamkospeMeHHocmb Oelicmaeusi npernapamos. bonbwoe eHuMaHue ce2o0HS 8 fiedeHuUU
annepau4YeckKo2o puHuma rpuerekarom HasasnbHble eenu. Llens pabomsi — paspabomka Ha3aibHO20
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cpedcmea Ha OCHO8e 8elecma pacmumeribHO20 MPOUCX0XO0eHUSs 8 chopme 2erist o0 yCrI08HbIM Ha-
38aHUeM « DumopuH-nIocy. B kayecmee delicmeyroujux selwecms UCrosib308aHb! Cyxol aKempakm
KOPHS1 commodKu, achupHble Macsia COCHbI U 38kanunma. C yesnbko ebibopa cmpykmypoobpasyou,e2o
KoMrioHeHma uccriedogaHa 803MOXHOCMb rpuMeHeHuUs1 kapbomepa (kapbornona) 934 P, cudpokcu-
amunuensao3sl U Hampus anbauHama. [ns Helimpanusauyuu 800HbIX oucriepculi kapboriona uc-
M0/1b308aHbl pacmeopsl aMmuaka, Hampusi 2udpokcuda u mpuamaHonamuH. [puzomosneHue aens
ocyujecmesisiyiocb Npu KOMHamHouU memnepamype no 08yM gapuaHmam MmexHoI02uu: nymem cMme-
wiueaHus 20moegoao 2esisi U Mpu2omoefieHHbIX pacmeopos delicmeyrwux sewecms (mexHonoaus
Ne1) u nymem egedeHusi Oelicmsyrouux seuiecmes 8 OUCePCUOHHYH cpedy neped ceyueHUeM 2ers
(mexHomnoausi Ne2). Ha ocHoeaHuu Komrekca npoeedeHHbIX Op2aHOenmu4yecKux, husuKo-xumu-
4YecKuX U CmpyKmypHO-MexaHudeckux uccredogaHuli 6binu ebibpaHbl 2er1ieobpa3osamerib, Helimpa-
nusyrouwulti azeHm, eudpoghurbHbIl HEBOOHbIU pacmeopumeris U UX orimumMarbHble KOHUeHmpa-
yuu 8 cocmase npernapama. lNokaszaHo, YmMo mepmuyeckue aghghekmbl 06pa3syoe delicmeyrouux
seujecms, eerniegoli 0OCHO8bI U 2ensi « DUMOPUH-MIIOC» UMEKMm CXO0HbIU Xxapakmep, 4mo Cybbek-
mueHo cgudemeribcmayem 06 omcymcmeuu XUMU4ecKo20 83aumodelicmeausi Mexx0y KOMIMOHEHMa-
Mu nipenapama u nodmeepxx0aem rnpasusibHoCMp pa3pabomaHHOU mexHoo2uu.



