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Abstract: inflammatory diseases of the oral cavity, in particular catarrhal and aphthous stomatitis,
create significant discomfort for patients in everyday life. The occurrence of stomatitis in adolescents
can be associated with numerous factors: bacterial and viral infection, insufficient oral hygiene,
trauma of the mucous membrane, unbalanced nutrition, allergic reactions, some types of systemic
diseases etc. Medicated lozenges have advantages for use in adolescents, as they have an interesting
appearance (resembling a candy), pleasant taste and aroma, do not require swallowing or washing
down with water, release active pharmaceutical ingredients by gradual dissolution in the oral cavity,
which ensures their local action. The present work is aimed to develop different formulations of med-
icated lozenges for catarrhal and aphthous stomatits " symptoms relief. The objects of the study were
experimental samples of lozenges with licorice root and propolis extracts. They were chosen as active
ingredients due to their antimicrobial properties, as well as their ability to improve the general condi-
tion of the periodontium and reduce the outbreak of aphthae in stomatitis. Lozenges were prepared by
heating and congealing method using different concentrations of active pharmaceutical ingredients
and excipients (candy base substances — sugar substitute (isomalt), glucose syrup, carboxymethyl
cellulose). 3 best formulations that had a uniform color distribution and were transparent, not sticky,
had no external surface defects were subjects of the development and analysis. Obtained medicated
lozenges were evaluated for physical parameters like weight variation, diameter and thickness, and
pharmacotechnological evaluations like friability and hardness by pharmaceutical standard methods
from State Pharmacopoeia of Ukraine 2.0 (2.9.5, 2.9.7, 2.9.8). Selected samples had homogeneous
physical parameters: average weight in the range of 6.98-7.00 g (none of the formulations had a devi-
ation of more than = 5%), diameter 3.51 cm, thickness 5.04-5.11 mm. The obtained values of hardness
and friability (less than 1% for all formulations) indicate satisfactory mechanical strength of the dos-
age form. Stability study was carried out at (15-25) °C and 60+5 % humidity rate and was determined
by evaluating the appearance and pharmacotechnological parameters. The values of hardness and
friability were constant throughout the storage period for all formulations. Stability studies indicated
that the formulations Ne 1 and 2 were stable for 30 days. The present research allowed to develop
formulations for obtaining a pleasant-tasting dosage form intended for relatively slow dissolution in
the oral cavity — medicated lozenges for use in adolescents to alleviate the symptoms of catarrhal and
aphthous stomatitis.
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Introduction

Inflammatory diseases of the oral cavity, in
particular catarrhal and aphthous stomatitis, cre-
ate significant discomfort for patients in every-
day life. With untimely medical care and the use
of self-treatment methods, the disease progress-
es and leads to the formation of significant and
painful ulcers (aphthae) in the oral cavity, fever,
general weakness, etc. Since the prevalence of
the disease is extremely high (up to 25% of the
population suffers from stomatitis) and has a
high risk of recurrence (up to 50%), timely di-
agnosis and therapy are key in the treatment of
this health status (Koberova et al., 2020). The
occurrence of stomatitis in adolescents can be
associated with numerous factors: bacterial and
viral infection, insufficient oral hygiene, trau-
ma of the mucous membrane, including in the
case of improper selection of hygiene products
(hard toothbrush, too large interdental bristles,
improper brushing technique), unbalanced nu-
trition, allergic reactions, some types of sys-
temic diseases (Hara et al., 2019, Koberova et
al., 2020). As noted by Koberova et al. (2020),
extremely important factors in the treatment of
stomatitis in adolescents, in addition to drug
treatment, are compliance with a special diet
(non-traumatic for the oral mucosa) and thor-
ough and gentle brushing of teeth and interden-
tal spaces, which sometimes is impossible for
adolescents to do on their own without the help
and control of parents.

In order to ensure the required level of com-
pliance, we chosed a solid form of hard candy
lozenges group as a dosage form — lollipop. Med-
icated lozenges have advantages for use in ado-
lescents, as they have an interesting appearance
(resembling a candy), pleasant taste and aroma,
do not require swallowing or washing down with
water, release active pharmaceutical ingredients
by gradual dissolution in the oral cavity, which
ensures their local action, so they can be alter-
native dosage forms (Hordiienko & Nroshovyi,
2017, Pawar et al., 2018, Shetty et al., 2019, He-
jaz et al., 2020, Sahoo et al., 2021). In addition,
from a technological point of view, lozenges are
quite simple to produce, process do not require
special equipment and expensive excipients
(Jagadeesh et al., 2017).
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Classically, the basis of lozenges is a candy
base (caramel), consisting of sugar or its substi-
tutes. From the point of harmlessness to the oral
cavity, isomalt is an alternative to sugar, because
oral bacteria cannot convert it into polyglucan,
from which, in turn, plaque is formed (Kini et al.,
2011, Hordiienko & Nroshovyi, 2017).

The choice of formulation's components was
based on the analysis of scientific publications.
It has been proven that licorice extract prevents
the formation of caries, as it has an antimicrobial
effect on Streptococcus mutans and Lactobacillus
acidophilus (Messier et al., 2012, Almaz et al.,
2017, Moritani et al., 2018, Chen et al., 2019, Rai
etal., 2020). It is worth noting that excessive con-
sumption of licorice can lead to high blood pres-
sure, hypokalemia, swelling of the legs, bloating,
headaches, and fatigue. Licorice also has estro-
genic activity and can have an abortifacient ef-
fect, so it is contraindicated during pregnancy
(Nazari et al., 2017, Al-Snafi, 2018, Sharifi-Rad
et al., 2021). Preparations containing licorice ex-
tract are not recommended for children under 12
years of age. If the normal level of consumption
is observed in adequate doses, licorice extract
does not show or shows small amounts of adverse
reactions (Al-Snafi, 2018). The European Food
Safety Authority panel specify that licorice ex-
tract is safe up to 100 mg daily as a food additive
(Sharifi-Rad et al., 2021). It is suggested that the
acceptable daily dose of glycyrrhizin (as one of
the main chemical components) is 0.015-0.229
mg/kg body weight/day (Isbrucker et al., 2006 as
cited in El-Saber Batiha, 2020).

Propolis is able to inhibit the growth of bacteria
in the oral cavity, improve the general condition
of the periodontium and reduce the outbreaks of
aphthae in stomatitis (Samet et al., 2007, Saeed
et al.,, 2021). In combination, these components
can reduce the impact of risk factors for the de-
velopment of inflammatory diseases of the oral
cavity and alleviate the symptoms of their mild
manifestations.

Aim

To develop a formulation of medicated loz-
enges with licorice root extract and propolis oil
extract by comparing the physical and pharma-
cotechnological parameters of experimental sam-
ples.
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Materials and methods

Such active pharmaceutical ingredients and
excipients were used: licorice root extract (Za-
gros Licorice Co., Iran), propolis oil extract
(Ingredient China Group Ltd., China), isomalt
(Laped, Italy), glucose syrup (Laped, Italy), car-
boxymethyl cellulose FH 6000 (supplier «In-
grediay LLC, Ukraine), purified water, citron
flavoring. Lozenges were prepared by heating
and congealing method: the required amount of
water, isomalt and glucose syrup was heated to a
temperature of 160-170 °C until the isomalt crys-
tals were completely dissolved. The flavor was
added at a reduced temperature to 120-130 °C.
Introduction of licorice root extract and propolis
oil extract, carboxymethyl cellulose to the mix-
ture was carried out at 80 °C. The homogeneous
mixture was poured into calibrated molds and
left to congealing for 1 hour at room temperature
20+5 °C. The obtained lozenges were subjected
to various physical and pharmacotechnological
evaluations immediately after congealing, and
after 7 and 30 days storage period at (15-25)°C
temperature and 60+5 % humidity rate (formu-
lations were wrapped in foil and storaged in a
hermetically sealed polymer container). The
pharmacotechnological parameters of the dos-
age form were determined. 20 lozenges were
weighed on an electronic balance TBE-0.5-0.01
and the average weight and weight variation
were calculated (the permissible deviation from
the average should be not more than + 5%). The
diameter and thickness were measured for 10
lozenges with a Dnipro-M HP-15 caliper. Deter-
mination of friability was carried out on the PTF
10E single-drum tablet friability test instrument,
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Pharma test for 5 lozenges (permissible value —
not more than 1%). 10 lozenges were subject-
ed to the hardness test on PTB-M manual tablet
hardness testing instrument, Pharma test (SPhU
2.9.5,2.9.7,2.9.8, Jagadeesh et al., 2017, Shetty
et al., 2019).

Results

3 formulations formed visually the best loz-
enges after numerous experimental attempts
(Table 1). They were subjects of the develop-
ment and analysis. The obtained samples had a
uniform color distribution, were transparent, not
sticky, had no external surface defects.

Obtained medicated lozenges were evaluat-
ed for physical parameters like weight variation,
diameter and thickness, and pharmacotechno-
logical evaluations like friability and hardness
by pharmaceutical standard methods from State
Pharmacopoeia of Ukraine 2.0 (2.9.5, 2.9.7,
2.9.8) immediately after congealing and after 7
and 30 days storage period (Table 2). Selected
samples had homogeneous physical parameters:
average weight in the range of 6.98-7.00 g (none
of the formulations had a deviation of more than
+ 5%), diameter 3.51 cm, thickness 5.04-5.11
mm. The obtained values of hardness and fria-
bility (less than 1% for all formulations) indicate
satisfactory mechanical strength of the dosage
form. Stability study was carried out at 20+5°C
temperature and 60+5 % humidity rate and was
determined by evaluating the appearance and
pharmacotechnological parameters. The values
of hardness and friability were constant through-
out the storage period for all formulations. Sta-
bility studies indicated that the formulations Ne 1
and 2 were stable for 30 days.

Table 1. Formulation table of licorice root extract and propolis oil extract medicated lozenges

Ingredients (%) Formulation Nel | Formulation Ne2 | Formulation Ne3
Licorice root extract 1,5 1,5 1,5
Propolis oil extract 1,5 1,5 1,5
Isomalt 80 80 80
Glucose syrup - 2 1
Carboxymethyl cellulose 1 - |
«Citrony flavour 1 drop 1 drop 1 drop
Purified water 16 15 15
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Table 2. Physical and pharmacotechnological evaluations of lozenges formulations after congealing
and during stability studies

Evaluation Formulation Nel Formulation Ne2 Formulation Ne3
Storage period - 0 days
Appearance Light yellow transparent lozenges, pnifom} in shape, without external surface
defects, sometimes with air bubbles
Weight Variation (gm)£SD 7,00+0,06 6,98+0,07 6,99+0,08
Diameter (cm) 3,510+0,010 3,510+0,008 3,510+0,008
Thickness (mm) 5,11+0,04 5,04+0,05 5,04+0,06
Friability (%) 0,52 0,38 0,43
Hardness (N/ cm2) 92,58+0,05 73,62+0,27 73,66+0,24
Storage period - 7 days (stability studies)
Appearance Unchanged Sticky and shiny surface
Friability (%) 0,54 0,46 0,49
Hardness (N/cm2) 92,64+0,11 73,71+0,19 73,85+0,26

Storage period - 30 days (stability studies)

Appearance Unchanged Sticky and shiny surface

Friability (%) 0,54 0,49 0,49

Hardness (N/cm2) 92,69+0,08 73,78+0,22 73,97+0,25
Discussion and water affected the hardness and quality of the

There are few publications of design and de-
velopment lozenges™ various formulations with
herbal ingredients. Hu et al. (2011) developed a
sugar-free candy formulation with licorice root
extract using a mixture of starch hydrolysate and
acesulfame potassium (as a candy base), flavors
and colors. The use of this sweetener raises some
questions, because acesulfame potassium is a
substance that is regulated in European consump-
tion standards — it can't be used in food process-
ing industry in the European Union (Commis-
sion regulation (EU) 2018/97, 2018). Bane et al.
(2022) formulated a candy base of lozenges with
Emblica officinalis extract with a mixture of iso-
malt and mannitol.

Technologically, the manufacturing process
consisted of 3 main stages: preparation of the can-
dy base (caramel), the introduction of active in-
gredients and the formation of lozenges. All these
stages caused certain difficulties in implementa-
tion. For example, the slightest deviation from
the optimum temperature led to unsatisfactory
performance, the caramel formed a viscous mass
that did not congeal. Increasing or decreasing the
percentage of both the sum of active ingredients

formed candy structure, some experimental sam-
ples melted in the hands (at body temperature).
The ratio of the content of isomalt, glucose syr-
up and carboxymethyl cellulose had an influence
on the hardness of the obtained dosage forms as
well. It should be noted that the primary obtaining
of the hard candy structure of the candy base with
active ingredients immediately after congealing
does not guarantee the preservation of the struc-
ture during storage period. The lozenges with a
mixture of carboxymethyl cellulose and glucose
syrup (formulation Ne 3) formed a solid solution
and congealed in a certain period of time, but
during storage the lozenges became sticky, lig-
uid drops appeared on the surface. That indicates
a high level of formulation hygroscopicity. For-
mulation Ne 1 formed a thick consistency, which
formed a very hard candy structure. The presence
of carboxymethyl cellulose prolongs the action of
the lozenges in the oral cavity due to high hard-
ness and increased dissolution time of the dosage
form. Formulation Ne 2 containing 80% isomalt
and 2% glucose syrup formed a classic cara-
mel structure, which congealed within 1 hour,
forming a lozenge of a certain shape that did not
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change its structure during the storage period. In
the process of resorption, the lozenges did not
lose their shape (did not disintegrate) and did not
stick to the teeth. The proposed formulations Ne
1 and Ne 2 allow to form medicated lozenges of
pleasant taste, moderate sweetness, sufficient or
high hardness and stability. Further studies on the
release of active ingredients are necessary.

Conclusions

The present research allowed to develop for-
mulations for obtaining a pleasant-tasting dosage
form intended for relatively slow dissolution in
the oral cavity — medicated lozenges for use in
adolescents to alleviate the symptoms of catarrh-
al and aphthous stomatitis.
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AHOTaNifA: 3anaJbHI 3aXBOPIOBAHHS POTOBOI MOPOXKHUHM, 30KpeMa KarapalbHUN Ta aQTO3HUMI
CTOMATHTH CTBOPIOIOTH 3HAYHHUN JAUCKOM(OPT IS MALIEHTIB y MOBCAKAEHHOMY >XKUTTI. [losiBa cTo-
MaTHUTIB Y MIITKIB MOXe OyTH OB’ 3aHOI0 13 YUCICHHUMH (DakTopamMu: OaKTepiaIbHOIO Ta Bipyc-
HOIO 1H(EKIII€I0, HEAOCTATHBOIO TTr1€HOI0 POTOBOT MOPOKHUHU, TPABMYBAaHHIM CIM30BOT 000JIIOHKH,
B TOMY YMCJI1 IPH HEMPABUIIBHOMY M1/100p1 3ac001B ririeHu, He30amaHCcoBaHe XapuyBaHHS, ajlepriuHa
peaxiiisi, AesiKi BUY CUCTEMHUX 3aXBOPIOBaHb. JIbOASIHUKM BOJIOAIIOTh MepeBaramMu JJisi 3aCTOCYBaH-
HS y MIJUTITKOBOMY Billl, OCKUIBKH MalOTh 111IKaBHIl 30BHIMIHINA BUIVISLA (HAragyroTh LYKEPKY), IPUEM-
HUI cMak Ta apomar, He NoTpeOyIOTh KOBTAHHS UM 3alIMBaHHS BOAOIO, BUBUIBHAIOTH aKTHUBHI (apMma-
LIEBTUYHI IHIPEAIEHTH IPU MOCTYNOBOMY PO3UMHEHHI Y POTOBIA MOPOXKHUHI, 10 3a0e3neuye XHIo
MICIIEBY Jil0, TOMY MOXXYTb OyTH aJbTepHAaTHUBHUMM JIKapChKUMH (opMaMu. MeToro J0CiIKEeHHS
Oyi10 po3poOUTH penenTypy JbOASHUKIB IJIs TIOJIETTIEHHS CUMIITOMIB KaTapaJlbHOTO Ta a)TO3HOTO
cromatuTiB. O0’€KTaMu JOCIIIKeHHS OyJli eKCIIEpUMEHTAIIbHI 3pa3Ku JIbOASHUKIB 13 €KCTpaKTaMu
COJIOZIKM KOPEHS Ta MPOIoicy. IX Oyno o6paHo aKTHBHUMM iHTPEi€HTAMH 3BaKAal0Ud Ha aHTHUMi-
KpOOH1 BJIaCTUBOCTI, a TAKOX 3/1aTHICTh MMOKPALIYBaTH 3arajJbHUNA CTaH MapoAOHTY Ta 3MEHIIyBaTH
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cnanaxu adt npu cromaruTi. s onepkaHHS JbOISHUKIB BUKOPUCTOBYBAJIM METOJ HAarpiBaHHS Ta
3aCTUTaHHsI PI3HUX KOHIICHTPAIli aKTUBHUX 1HI'PEIIEHTIB Ta JOMOMIXHUX PEYOBHUH (CKJIaJ0BHX ITy-
KEPKOBOi OCHOBH — 3aMIHHUKY LYKpY (130MajbTy), TNIIOKO3HOTO CUPOITY, KApOOKCUMETHIILICIIONO3H ).
BizyanbpHo Haiikpari J501HUKH GOpMyBaIH 3 pElEnTypH, sIKi B MOAAIBIIOMY 1 MiIATaId HaIpa-
[IOBAaHHIO Ta aHasizy. OneprkaHi 3pa3Ki MajIy PiBHOMIPHUI PO3MOLT KOJIBOPY, OyJIU MPO30PUMH, HE
JIUTIKMMU, HE MaJld 30BHIMIHIX AedeKTiB moBepxHi. [IpoBoanny Bu3HaueHHS (Pi3UYHUX MMOKA3HUKIB
(cepenHst Maca Ta OIHOPIAHICTH MacH, JiaMeTp Ta TOBIIMHA) Ta (apMAKOTEXHOJOTIYHUX Tapame-
TpiB (CTUPAHHICTh Ta CTIMKICTh IO PO3JABIIOBaHHS) OJEPKAHMUX JHOJSHUKIB BIATOBIAHO METOIHUK
HepxaBuoi ¢papmakornei Yipaiau 2.0 (2.9.5, 2.9.7, 2.9.8). BiniOpani 3pa3ku Maiau ogHOPiaHI (i3nd-
HI TapaMeTpH: CEpPenHI0 Macy y Mexax 6,98-7,00 r (3koaeH 13 3pa3KiB HE MaB BIJXHJICHHS OlIbIIIe
normyctumoro +£5 %), miamerp 3,51 cm, toBmmHy 5,04-5,11 Mm. OnepikaHi 3Ha4E€HHS CTIHKOCTI 710
PO3/aBIIOBaHHA Ta CTUpaHHOCTI (MeHie 1 % s yciX eKkcrepuMeHTalbHHUX 3pa3KiB) CB1IYATh MPO
3aJJOBUTbHY MEXaHIUHY MILIHICTb JIiKapcbkoi popmu. CTabinbHICTh JIbOISHUKIB BU3HAYAIH OIIHIOIO-
YW 30BHINIHIA BUIIST Ta TEXHOJOTIYHI MOKA3HUKH Ticis 30epirans npu temneparypi (15-25) °C ta
Bosiorocti 60+5 %. 3HaueHHS CTUPAHOCTI 1 CTIMKOCTI A0 PO3JABIIOBaHHS OyJM CTAJIMMHU MPOTITOM
YChOTO TEPMIHY CIIOCTEPEIKEHHS IS YCIX €KCIIEPUMEHTATBHUX 3pa3KiB. JlocmiKeHHs CTa01IbHOCTI
MoKa3aly, 0 eKcrepuMeHTabHi 3pa3ku Ne 1 ta 2 Oynu crabineHumu npotarom 30 nHiB. Hassue
JOCTIDKSHHST JTIO3BOJIIIIO C(OPMYBATH PEIENTYPH ISl ONEPKAHHS MPUEMHOI HA CMaK JIKapChKOi
(dbopmH, IpU3HAYEHOI Il BITHOCHO MOBUIFHOTO PO3YMHEHHS y MOPOXKHUHI POTA —JIbOASHUKIB IS
3aCTOCYBAaHHS JITSM Ta MiJUTITKaM 3 METOO IOJISTTICHHS CHUMITOMIB KaTapaJbHOTO Ta a)TO3HOTO
CTOMATHTIB.

Karouosi ciioBa: nikapcbka Gopma, Coo/Ka, JIbOISIHUKH, MTPOTIOJIIC, CTOMATHT.
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