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Development of methods for analysis of the amount of flavonoids
and their stability study in the combined dental gel

An important aspect in the pharmaceutical development of dental medicines is to provide them with a prolonged
therapeutic effect while reducing the side effects of drug substances and the possibility of long-term use. This can be
achieved by using active components of plant origin.

Aim. To develop methods for analyzing biologically active substances in the composition of a new combined
dental gel.

Materials and methods. The study object was a dental gel containing “Phytodent” complex tincture (PJSC “CPP Chervo-
na zirka”, Ukraine). Based on the analysis of the composition of the tincture it was proposed to carry out standardiza-
tion by the amount of biologically active substances, namely flavonoids. Identification was carried out by TLC, while the quanti-
tative determination by absorption spectrophotometry, the ultraviolet and visible method by the reaction with aluminum
chloride using the standard method calculated with reference to rutin and the absorbance measurement at 406 nm.

Results and discussion. As a result of the research, the methods for the analysis of flavonoids in the composi-
tion of the new combined gel have been developed. The spectrophotometric method developed is characterized by
specificity, accuracy, precision and linearity with r = 0.9998. One of the important issues when using components of
plant origin is their stability both during preparation and storage. Using the method developed the stability of flavonoids
has been studied depending on pH changes of the carbomer-based dental gel.

Conclusions. It has been determined that the methods developed are easily reproducible and allow to identifying
and quantifying flavonoids in the dental gel. It has been found that a stable content of flavonoids is characteristic of the carbomer-
based gel neutralized to pH values from 5.0 to 6.0.
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Po3pobka meToamk aHanisy cymu conaBoHOIAIB i BUBYEHHSA iX CTAbiNbHOCTI
B KOMGiHOBaHOMY AeHTanbHOMYy reni

BaxnmeBmm acnektom hapmMaLeBTUYHOI po3pobKy AeHTanbHMX NpenapariB € HaflaHHs iM TpMBaroro TepanesThy-
HOro eheKTy 3a OAHOYACHOIO 3MEHLLEHHS MOBIYHNX €PEKTIB NiKAPCbKUX PEYOBUH Ta MOXITMBOCTI TPUBASIOro 3acTocy-
BaHHA. LIboro MoxHa JocArtv, BUKOPUCTOBYHOUN aKTUBHI KOMMOHEHTU POCIIMHHOIO MOXOMXEHHS.

MeTa pocnigxxeHHs. [locnigxeHHs npucBaYeHo po3pobui MeToAiB aHanidy 6ionoriyHo akKTMBHUX PEYOBUH Y CKNa-
[Ji HOBOro KOMGIHOBaHOIO leHTaNbLHOro rento.

Martepianu Ta metoau. O6’exTom gocnigkeHHs OyB AeHTanbHWUIA refb, 40 CKNagy SKOro BXOAMIa KOMMIeKcHa
HacTorka «®itopeHT» (MAT «XP3 «YepBoHa 3ipka»», YkpaiHa). Buxoasum 3 aHanidy cknagy HacTtoviku, 6yno 3anpo-
NMOHOBaHO MPOBOAUTY CTaHAAPTMU3ALLIK0 3a CYMOO BiONOriYHO aKTUBHUX PEYOBUH, @ caMe hrnaBoHOIAIB. laeHTudikadito
nposoamnmn 3a gornomoroto TLUX, a kinbkicCHe BM3Ha4YeHHS — 3a AonomMoro abcopbuiriHoi cnektpodoTomeTpii B YO i
BUANMMMWX LiNsiHKaX CnekTpa LUNSXom peakuii 3 XNopuaom antoMiHilo Ta BUMIPIOBaHHAM NOrMnHaHHA 3a 406 HM cTaH-
[apTHUM METOLOM 3 BUKOPUCTAHHSIM PYTUHY SIK CTaHOapTYy.

Pe3ynbraTy Ta ix o6roBopeHHs. Y pesynbraTti AocnimxeHb O0yno po3pobrneHo MeToaukn aHanidy cnaBoHOILIB
y cKknagi HoBoro koMOiHOBaHOro rento. Po3pobneHnii cnekTpoOTOMETPUYHMIA METOA XapaKTepU3yeTbesa cneumndiy-
HICTHO, TOYHICTIO, NPELM3INHICTIO | MiHiMHICTIO 3 1 = 0,9998. OgHMM i3 BaXXNMBUX NUTAHb BUKOPUCTAHHA KOMMOHEHTIB
POCIMHHOIO MOXOMKEHHS € IXHA CTIMKICTb 5K Nid Yac NpUroTyBaHH4, Tak i nig Yac 3bepiraHHs. 3a gonomoroto po3pobre-
HOro MeToAy BMBYanu cTabinbHICTb (hnaBoOHOIAIB 3aNeXHO Big 3MiH pH AeHTanbHOro rento Ha OCHOBI kapbomepy.

BucHoBku. BusiBneHo, o po3pobneHi MeToam nerko BigTBOPHOKTLCS | 4O3BONSATL iAEHTUIKYBaTU Ta KiNbKiCHO
BM3Ha4aTh (bNaBOHOIAM B AeHTanbHOMY reni. BusiBneHo, wo ctabinbHui BMICT (oNaBoHOIAIB XapakTepHWIA ANS rento
Ha OCHOBI kapbomepy, HerTpanisoBaHoro 4o 3HaveHb pH Big 5,0 0o 6,0.

Knroyoei crioga: deHmarnbHuUl eenb; ¢hriagoHoiou; criekmpoghomomempis; cmabinbHicms, pH
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Pa3spaboTka MeToAMK aHanu3a cyMmbl ¢pflaBOHOUAOB U U3yYeHue UX CTabUnbHOCTU
B KOMOMHMPOBaAHHOM AeHTarlbHOM rene

BaxxHbIM acnekTom dapmaueBTUYeCcKor pa3paboTkn CTOMaTONOrMYeckux npenapartoB sBAsieTcs obecneyeHne
NPOMOHIMPOBAHHOIO TEpPaneBTUYECKOro 3chdeKTa Npy OAHOBPEMEHHOM CHDKEHUM NOOOYHBLIX 3¢P(EKTOB NIEKAPCTBEH-
HbIX BELWECTB U BOSMOXXHOCTU ANTUTENTbHOIo NpUMeHeHua. 3OTOro MOXHO ,ElO6I/|TbCF|, ncnonb3ya akTBHblIE KOMMNOHEHTbI
PaCTUTENBbHOIO NPOUCXOXOEHUA.

Lenb uccnegoBaHus. Halle nccnegosaHve nocesileHo pa3paboTke MeToAoB aHanu3a 61Monornyeckn akTme-
HbIX BELLECTB B COCTaBE HOBOMO KOMOUHMPOBAHHOIO CTOMATONOMMYECKOro ressi.

Martepuanbl n metogbl. OGLEKTOM NCCreaoBaHNs SABMNSANCSA CTOMATONOMMYECKUIA refnb, B COCTaB KOTOPOrO BXO-
auna komnnekcHasi Hactorka «dutogeHT» (HAO «XD3 «KpacHas 3Besgar»», YkpauHa). Micxoasa n3 aHanmsa cocrasa
HaCTOVIKM, obIno npeannoXeHo nNpoBoAUTb CTaHOapTU3auuio No cymme OMONOrMYecKn akTUBHbIX BelwecTB, a UMEHHO
dnaBoHonaoB. NoeHTudukaumio nposogunu ¢ nomousio TCX, a KonmyecTBeHHOE OonpeaeneHne — ¢ NOMOLLbIO Me-
Toa abcopOLMOHHON cnekTpooTOMETpUN B YO 1 BUAMMBIX yHacTKax CnekTpa no peakuum ¢ Xnopuaom antoMUHKS
CTaHAapTHbIM METOAOM B OTHOLLEHUU PYTUHA N U3MEPEHMN ONTUYECKOWN NNOTHOCTM Npu 406 HM.

Pesynkratbl u ux o6cyxaeHue. B pesynisrare nccnegoBaHuii 6binv paspaboTaHbl METOAUKY aHanm3a naBoHONa0B
B COCTaBe HOBOrO KOMOMHMPOBAHHOTO rensi. PaspaboTaHHbIN CneKTPOOTOMETPUYECKUA METO XapaKTepuayeTcs
CNeunUYHOCTBIO, TOYHOCTLIO, MPELM3NOHHOCTBIO U NTIMHENHOCTLIO ¢ r = 0,9998. OgHMM 13 BaXKHbIX BOMPOCOB Mpu
ncnonb3oBaHUM KOMMOHEHTOB PaCTUTENIbHOIO NMPOUCXOXOEHUA ABNAETCA UX CTabunbHOCTb Kak npu NpuUroToBneHnu,
Tak 1 nNpu xpaHeHun. C NnoMoLLbio pa3paboTaHHOW METOAUKM U3ydanu cTabunbHOCTb hriaBOHOMAO0B B 3aBUCUMOCTU
OT U3MeHeHuns1 pH cTomaTonorM4yeckoro refst Ha ocHoBe kapbomepa.

BbiBoAbI. YCTAHOBMNEHO, YTO pa3paboTaHHble MeTOAbI JIErko BOCNPOM3BOAMMbI M MO3BONSAT MAEHTUDOMLMPOBATb
1 KONMMYECTBEHHO OonpeaenaTb riaBoHOMAbl B CTOMATONOMMYECKOM refie. YCTaHOBIEHO, YTO CTabunbHOe coaepka-
HWe priaBoHOMOO0B XapaKTepHO ANs rens Ha ocHoBe kapbomepa, HeWTpanuM3oBaHHOro A0 3HadYeHu pH ot 5,0 o 6,0.

Knroyeenie criosa: cmomamorioaudyeckull eenb; ¢hriag8oHoUdbI, criekmpogomomempusi; cmabunsHocms; pH

Introduction. One of the promising areas of pharma-
ceutical science is the development of new medicines
for the treatment of various diseases. Along with the search
for new synthetic molecules, much attention is paid to
the development of combined preparations, which com-
bine the action of active pharmaceutical ingredients (API)
of synthetic origin with herbal components. This combi-
nation often helps to increase the therapeutic effect and
reduce possible side effects [1]. This approach is often
used in the treatment of dental diseases; it allows exten-
ding the range of action on the pathogenesis of diseases.

In the complex therapy of various dental patholo-
gies, medicinal plants are widely used; it is associated
with their high efficiency, safety, minimal side effects
and allergic reactions. Herbal components are charac-
terized by a wide spectrum of action: they exhibit anti-
microbial, anti-inflammatory, analgesic, immunomodu-
lating, hemostatic and wound healing effects, and also
have a positive effect on metabolic processes, improve
microcirculation, normalize homeostasis, and increase
the protective properties of tissues and the body as a whole.
At the same time, some of them are not inferior to syn-
thetic agents in the effectiveness of the therapeutic ef-
fect [2-8].

In addition to the native medicinal plant raw mate-
rial, tinctures and extracts are often used in dental pre-
parations. In dental practice, an alcohol solution of chloro-
phyllipt, an alcohol tincture of calendula and propolis,
“Phytodent” tincture, an alcohol solution “Stomatophyt”
used in the local treatment of inflammatory diseases of
the oral mucosa and periodontium are known. However,
the constant use of alcohol solutions can lead to thinning

and dryness of the oral mucosa, which, ultimately, on
the contrary, will increase the inflammatory process in
the gums. Therefore, the transfer of an alcohol tincture
into a gel form will reduce its irritating and dehydrating
effect and provide this drug with an adhesive and pro-
longing effect [9-11].

For the treatment and prevention of infectious and
inflammatory diseases of the parodentium, oral mucosa,
as well as for adaptation to removable dentures, we are
developing a combined dental gel under the name “‘Cholident”,
which includes APIs of both natural and synthetic origin,
such as 80 % choline salicylate (Basf Pharma, Switzer-
land), lidocaine hydrochloride (Societa Italiana Medici-
nali Scandicci, Italy) and the herbal medicine “Phyto-
dent” tincture (PJSC “CPP Chervona zirka”, Ukraine)
in the form of a complex tincture based on seven types
of the medicinal plant material: calamus rhizome (Acorus
calamus L.); marigold flowers (Calendula officinalis L.),
nettle leaves (Urtica dioica L.); chamomile flowers (Chamo-
milla recutita L.); sophora Japanese fruit (Sophora japo-
nica L.); celandine herb (Chelidonium majus L.); rose
hips fruits (Rosa majalis Herrm.) [12]. As a gelling agent
a carbomer of Polacril® 40P brand (Amedeo Brasca & C. Srl,
Italy) approved for application in oral medicinal products
and capable of forming a high-quality gel in the presence
of an alcohol tincture was used [13]. OraRez® W-100L16
(BOALI, China) was added in the gel composition as
a mucosal adhesive; it contributed to increasing the gel
retention time in the oral mucosa and, thus, improving
its therapeutic efficacy [14].

During the experimental studies the rheological, bio-
pharmaceutical and adhesive properties of the combined
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gel were studied, and its antimicrobial and specific ac-
tivity was proven [15]. However, it is known that in
the pharmaceutical development of new medicines, one
of the necessary steps is standardization of the finished
product.

The aim of this work was to develop methods for ana-
lyzing one of the components of the gel, namely “Phyto-
dent” tincture as part of a combined dental preparation.

Materials and methods. The study objects were
the experimental samples of the new combined dental
gel “Cholident”.

Reagents meeting the requirements of the State Pharma-
copoeia of Ukraine (SPhU) [16] harmonized with the Euro-
pean Pharmacopoeia [17] were used. The identification
of flavonoids in the gel was carried out using the method
of'thin layer chromatography (TLC). To apply the samples
to the plates, a GAMAG Linomat 5 sample applicator
equipped with a 100 pl syringe was used. The compo-
nents studied were separated on silica gel plates (HPTLC
Silica gel 60 F 254) in the system of acetic acid R —
formic acid anhydrous R — water R — ethyl acetate R
(11 : 11 : 27 : 100).The results were evaluated using
a CAMAG TLC Visualizer 2 in UV light at a wavelength
of 366 nm.

The quantitative determination of flavonoids in the gel
was carried out by absorption spectrophotometry, the ultra-
violet and visible method [16-17] based on the complexa-
tion reaction with aluminum chloride. UV spectra were
recorded on a Specord 200 Analityk Jena spectropho-
tometer (Germany).

TLC

Test solution. Place 2.5 g of the gel in a 50 ml volumet-
ric flask, add 40 ml of methanol R and treat on an ultra-
sonic bath for 5 min, dilute to the volume with the same
solvent and filter through a blue ribbon filter, discarding
the first portions of the filtrate. Evaporate 40 ml of the fil-
tered solution to dryness under reduced pressure; dissol-
ve the residue in 1 ml of methanol R.

Reference solution. Dissolve 5.0 mg of rutin R in
10 ml of methanol R.

In parallel, under the same conditions, the test solu-
tion of “Phytodent” tincture was prepared. To do it, 5 ml
of tincture was evaporated to dryness under reduced pres-
sure, and the residue was dissolved in 1 ml of methanol R.

TLC procedure. On a TLC plate with F,;, silica gel R
ofa5 x 10 cm layer, apply 2 ul of the reference solution,
3 ul of the test solution of the tincture and 3 pl of the test
solution of the gel as 6 mm strips. Place the plate with
the samples applied in a chamber with a mixture of sol-
vents: acetic acid R — formic acid anhydrous R —water R —
ethyl acetate R (11 : 11 : 27 : 100). When the front of
the solvents passes 8 cm from the start line, remove the plate,
dry in the air for 30 min, spray with the solution of 10 g/1
of diphenylboric acid of aminoethyl ether R in metha-
nol R, then spray with the solution of 50 g/l of macrogol
400 R in methanol R, dry in the air for 30 min and exa-
mine in UV light at a wavelength of 366 nm.

The sequence of zones in the chromatogram of the test
solution and the reference solution should correspond
to the zones given in Tab. 1.

Table 1

The sequence of zones in the chromatograms
of the test solution and the reference solution

Top of the plate
A blue fluorescent zone

An yellowish-blue
fluorescent zone

An yellowish-brown

Rutin: a yellowish-brown

fluorescent zone fluorescent zone (rutin)
An yellow fluorescent zone
Reference solution Test solution
Spectrophotometry

Test solution. Place 5.0 g (accurate weight) of the gel
in a beaker, add 5 ml of ethanol R and heat on a water bath
with constant stirring for 10 min to precipitate the car-
bomer. Filter the resulting solution into a 25 ml volu-
metric flask. In a glass add another 5 ml of ethanol R and
repeat the procedure. Wash the filter with two 5 ml por-
tions of ethanol R and dilute the solution to the volume
with the same solvent and mix thoroughly.

Transfer 5 ml of the filtered solution into a 25 ml
volumetric flask, add 1 ml of aluminum chloride R, di-
lute to the volume with 5 % acetic acid in methanol,
mix thoroughly and leave in a dark place for 30 min.

Blank solution. Transfer 5 ml of the filtered solution
into a 25 ml volumetric flask, dilute to the volume with
5 % acetic acid in methanol, mix thoroughly and leave
in a dark place for 30 min.

Reference solution. Place 50.0 mg (accurate weight) of
the rutin standard in a 100 ml volumetric flask, dissolve
in 60 ml of ethanol R and dilute the solution to the vo-
lume with the same solvent, mix thoroughly. Transfer 5 ml
of the resulting solution into a 25 ml volumetric flask,
dilute to the volume with ethanol R and mix thoroughly.

Transfer 5 ml of the resulting solution into a 25 ml
volumetric flask, add 1 ml of aluminum chloride R, di-
lute to the volume with 5 % acetic acid in methanol,
mix thoroughly and leave in a dark place for 30 min.

Blank solution. Transfer 5 ml of the rutin standard
solution into a 25 ml volumetric flask, dilute to the volu-
me with 5 % acetic acid in methanol, mix thoroughly
and leave in a dark place for 30 min.

The absorbance of the resulting solutions was mea-
sured at a wavelength of 406 + 5 nm.

The quantitative content of flavonoids (%) calculated
with reference to rutin was determined by the formula:

A-my - By Vg W - W ‘P_ A'ms,-P
Ast' Vixt‘ KW‘ I{st' m V; 7A5¢‘m' 20

where: 4 —is the absorbance of the test solution; A4 ,—is the ab-
sorbance of the reference solution; m,, — is the weight of
the rutin standard sample, g; m — is the sample weight
of the gel, g; P — is the quantitative content of the main
active substance in the rutin standard sample, %.

Validation

Validation of the method developed was carried out
in accordance with the recommendations of ICH [18],

X, %=
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Table 2

The linearity parameters of the quantitative
determination method

Fig. 1. The chromatogram of the test solution (3), tincture
solution (2) and reference solution (1)

the requirements of the monograph 5.3.N.2 of the SPhU
[16], as well as according to the standard procedure of vali-
dation for quantitative methods using an external stan-
dard by studying its linearity, accuracy and precision.

Results and discussion. Standardization of multi-
component medicines has traditionally been a challenge.
At the initial stage of our research, it was necessary to
determine the class of biologically active compounds
and select an active marker for standardizing the dosage
form developed.

In order to select active markers, we identified bio-
logically active substances (BAS) of the tincture by TLC
using such standard samples as rutin, quercetin, isoquer-
cetin, hyperoside and luteolin. The chroatogram obtai-
ned is shown in Fig. 1.

Based on the data obtained (Fig. 1) it was proposed
to standardize BAS of “Phytodent” tincture in the test
gel by the method of the flavonoid assessment using rutin
as an active marker.

A
0.350

N | Parameter | Requirements The \{alue Criterion
obtained | Fulfillment
1 E] <26 0.4957 Satisfied
2 So <0.84 0.75 Satisfied
3 r > 0.9981 0.9998 Satisfied

The next step was the development of the method
for the quantitative analysis of the flavonoid content in
the combined dental gel. It was based on the complexa-
tion reaction of flavonoids with aluminum chloride.

The spectra of the rutin standard and the gel were
obtained. They are presented in Fig. 2.

The content of the total flavonoids in the gel analy-
zed was proposed to be determined taking into account
the requirements to the content of this group of BAS in
the tincture, the lower limit should be at least 0.01 %
(10 mg/g of the gel).

The method for the quantitative analysis of flavonoids
in the gel under study was validated. When validating
its specificity, linearity, accuracy and precision were as-
sessed.

During the validation it was proven that the sample
preparation insignificantly affected the quantification re-
sult (A, % <max A, max A = 6.4 %; A% = 1.13 %).

To assess specificity, a gel placebo was prepared and
analyzed by the method developed. It was shown that
the relative systematic error introduced by other active
substances, as well as additional substances of the gel
was insignificant (5., % < max A ,; max A ;= 6.4 %;
0. V0 = 1.88 %).

To confirm linearity of the method, 5 model solu-
tions were prepared, their concentrations varied uniformly
within the application range: 50-250 % in increments
of 50 %.

Characteristics and the curve of the linear depend-
ence are given in Tab. 2 and in Fig. 3.

To determine accuracy and precision within the range
of use of the analytical method, 5 test solutions were

esx

0.300

0.250

0.200

0.150

0.100

0.050

0.000 T T T T T
380 390 400 410 420 430

440 450 470 480 490 500

A
rutin ——— gel

Fig. 2. The absorption spectrum of the rutin standard solution and the test solution
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Fig. 3. The curve of the linear dependence of the optical density of rutin on the concentration in normalized coordinates

prepared in compliance with all stages of the analytical
procedure. To determine intermediate precision, the re-
sults of the study of 6 tests of one sample by two ana-
lysts on different days during the same working week
using different measuring glassware were used. The ful-
fillment of the criteria of accuracy, precision and inter-
mediate precision in order to determine the amount of
flavonoids calculated with reference to rutin in the gel
under study are given in Tab. 3.

The method for spectrophotometric determination
of the amount of flavonoids developed was successfully
tested for the analysis of test batches of the new com-
bined dental gel. The analysis of the amount of flavo-
noids in the experimental batches of the gel showed that
the content of BAS in the gel was from 0.029 % to 0.11 %
(according to the results of determination in 9 samples).

Dental medicines are required to meet the pH of the drug
with the pH of the saliva (5.5-8.0) since this require-
ment has a significant effect on the health of the tissues of
the oral cavity [19]. For gels based on carbomers the re-
quired pH can be created by neutralizing it with solu-
tions of substances of a basic nature [20-22]. We used
10 % sodium hydroxide solution differing from other
substances in this group by lower toxicity. In this re-
gard, the method for the quantitative determination of
the amount of flavonoids developed was used to study

Table 3

The results of the evaluation of accuracy, precision
and intermediate precision of the assay method

the dependence of the content of these BAS on the pH
of the gel. The results are presented in Fig. 4.

The analysis of the data obtained showed (Fig. 4) that
an increase in the pH value negatively affected the quan-
titative content of BAS in the gel. It may be associated
with an increase in the amount of an alkaline agent in
the medicine and possible processes of oxidation of these
substances [23-24]. It should be noted that the gel deve-
loped neutralized in the pH range from 5 to 6 is charac-
terized by the greatest stability in the quantitative con-
tent of flavonoids.

The method developed was also used for the preli-
minary assessment of the stability of the combined den-
tal gel “Cholident” in the pH range of 5-6. The stability
test was performed on the experimental gel samples, and
the quantitative determination of the amount of flavo-
noids was carried out immediately after the gel prepara-
tion in 1, 3 and 6 months. The gels studied were stored
at a temperature of 25 + 2 °C and a relative humidity of
60 £ 5 %. The results are presented in Tab. 4.

The results presented in Tab. 4 showed that the quan-
titative content of the amount of flavonoids varied insig-
nificantly during 6 months of the drug storage — the re
lative deviation was not more than 2.0 %, indicating a fair-
ly stable content of biologically active substances in the gel
developed. Changing the pH of the gel in the range

Table 4

The results of the gel stability study
during storage

Criterion
— (4] () 4] (O] =
g s | ¢85 | 885 g g
= 2o EC L s =
© p == = £E
& ER) ERN) 2
Sow | $eo%
x ¥ £ o £
|Z-100] | 047 | <0.64% | <2.048% | Satisfied
AZ 0.80 <6.4% Satisfied
Aintra 1.92 <6.4% Satisfied

The gontent of Deviation, %
Period, flavonoids, mg/g gel !
month pH of gel pH of gel
5.0 5.5 6.0 5.0 5.5 6.0
0 20.62 | 20.92 | 20.84 - - -
1 20.58 | 2091 | 20.76 | 0.22 0.08 0.38
3 2042 | 20.73 | 20.59 | 098 | 0.92 1.22
6 20.28 | 20.58 | 20.50 | 1.68 1.63 1.61
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22.00

21.00

20.00

19.00
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18.00 T T
5.00 5.50 6.00

6.50

7.00 7.50 8.00

pH

Fig. 4. The dependence of the quantitative content of flavonoids on the gel pH

from 5 to 6 did not significantly affect the stability of
the medicine.

Conclusions and prospects of further research

1. As a result of the studies, the methods for analy-
zing the amount of flavonoids in the new combined gel
under the name “Cholident” have been developed. The iden-
tification has been proposed to be carried out by TLC in
the solvent system of acetic acid R — formic acid anhyd-
rous R — water R — ethyl acetate R (11 : 11 : 27 : 100).
A standard of rutin is recommended as a marker.

2. The quantitative determination of the amount of
flavonoids in the gel has been proposed to be carried
out by absorption spectrophotometry, the ultraviolet and
visible method by the complexation reaction with alu-
minum chloride calculated with reference to rutin. For
the quantification procedure, validation characteristics
that met the criteria set have been studied.

3. The method developed for the spectrophotomet-
ric determination of the amount of flavonoids have been
successfully tested for the analysis of test batches of

the new combined dental gel. The amount of flavonoids
identified in 9 samples of the gel developed ranges from
0.029 % to 0.11 % corresponding to the lower limit of
the content of this group of biologically active sub-
stances in the tincture according to the specification of
the medicine “Phytodent” (not less than 0.01 %).

4. The method developed has been used to assess
the dependence of the quantitative content of the amo-
unt of flavonoids on the pH of the gel. As a result of
the studies, it has been found that gels neutralized to
pH values from 5.0 to 6.0 have the stable content of
flavonoids.

5. The study of the chemical stability of flavonoids
in the new dental gel showed a slight change in the quan-
titative content of the amount of flavonoids during storage
of the gel for 6 months. Changing the pH of the gel in
the range from 5.0 to 6.0 does not significantly affect
the stability of the medicine.

Conflict of interests: authors have no conflict of
interests to declare.

REFERENCES

1. Influence of aqueous extract of fenugreek seed powder on pharmacodyanamics and pharmacokinetics of gliclazide in rat and rabbits /
S. Satyanarayana et al. Therapy. 2007. Ne 4 (4). P. 457-463. DOI: 10.1586/14750708.4.4.457.

2. Parasuraman S., Thing G. S., Dhanaraj S. A. Polyherbal formulation: Concept of Ayurveda. Pharmacognosy Reviews. 2014. Vol. 8, Iss. 16.

P. 73-80. DOI: 10.4103/0973-7847.134229.

3. Current status of herbal drugs and their future perspectives / S. Z. Hasan et al. Biological Forum — An International Journal. 2009. Vol. 1,

Iss. 1. P. 12-17. DOI: 10.1038/npre.2007.1176.1.

4. The Traditional Medicine and Modern Medicine from Natural Products / H. Yuan et al. Molecules. 2016. Vol. 21, Iss. 5. P. 559.

DOI: https://doi.org/10.3390/molecules21050559.

5. Ishnava K. B. Role of herbal medicine in dental health. Journal of Environmental Chemistry and Toxicology. 2018. Vol. 2, Iss. 1. P. 28-29.
Periodontal disease and phytotherapy / M. S. Petkovic et al. Journal of Oral Hygiene & Health. 2015. Vol. 3, Iss. 1. P. 1-4. DOI: https://

doi.org/10.4172/2332-0702.1000172.

7. Herbs in dentistry / J. B. Taheri et al. International Dental Journal. 2011. Vol. 61, Iss. 6. P. 287-296. DOI: https://doi.org/10.1111/

j-1875-595X.2011.00064 .

8. Emerging trends of herbal care in dentistry / G. Kumar et al. Journal of Clinical and Diagnostic Research. 2013. Vol. 7, Iss. 8. P. 1827—-1829.

DOI: https://doi.org/10.7860/jcdr/2013/6339.3282.



NEWS OF PHARMACY 1 (101) 2021 ISSN 2415-8844 (Online) 9

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

10.

11.

12.
13.

14.

15.

Mucoadhesive drug delivery system: an overview / B. M. Boddupalli et al. Journal of Advanced Pharmaceutical Technology & Research.
2010. Vol. 1, Iss. 4. P. 381-387. DOL: https://doi.org/10.4103/0110-5558.76436.

Pragati S., Ashok S., Kuldeep S. Recent advances in periodontal drug delivery systems. International Journal of Drug Delivery. 2009.
Vol. 1, Iss. 1. P. 1-14. DOI: 10.5138/ijdd.2009.0975.0215.01001.

Kovalenko S. M., Khokhlenkova N. V., Azarenko J. M. Methodological Aspects of Development of Gels for Treating Inflammatory
Dental Diseases. [4sian Journal of Pharmaceutics. 2017. Vol. 11, Iss. 1. P. 129-135.

Production Phytodent®, tincture 100 ml. ATS AOIAD11 UA/3681/01/01. URL: https://zvezda.kharkov.ua/en/catalog/fitodent-nastoyka-
po-100-ml.html.

Ruban O. A., Maslii Yu. S. Research on the choice of rational concentration of the gel forming agent in the composition of dental gel.
Annals of Mechnikov Institute. 2019. Ne 2. P. 29-33. DOI: https://doi.org/10.5281/zenodo.3265076.

Choice of Mucosal Adhesive in the Composition of a New Dental gel / Yu. Maslii et al. Pharmakeftiki. 2020. Ne 32 (1). P. 40—49.
URL: https://bit.ly/3ssoUL6.

Maslii Yu. S., Ruban O. A. The study of biopharmaceutical and adhesive characteristics of a dental gel. News of Pharmacy. 2018.
Ne 1 (93). P. 28-32. DOI: https://doi.org/10.24959/nph;j.18.2188.

Hepxapna @apmaxones Ykpainu :y 3 1. / AI1 «Vkpaiucbkuii HayKOBUiA (hapMaKkorieHHI HEHTP SIKOCTI JIIKAPChKUX 3aC00iBY. 2-T€ BH/IL.
XapkiB : JIIT «YkpaTHChKMI HayKOBHIT (hapMaKoINEiHUI IEHTp SKOCTI Jlikapchkux 3acobiB». 2015. T. 1. 1128 c.

European Pharmacopoeia / European Directorate for the Quality of Medicines & Health Care. 9-th ed. Strasbourg, 2017.

ICH harmonized tripartite guideline Q2 (R1). Validation of analytical procedures: text and methodology Q2 (R1). Proceedings
of the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use.
Geneva, Switzerland, 2005.

Baliga S., Muglikar S., Kale R. Salivary pH: A diagnostic biomarker. Journal ofindian Society of Periodontology. 2013. Vol. 17, Iss. 4.
P. 461-465. DOI: https://doi.org/10.4103/0972-124X.118317.

Panzade P., Puranik P. K. Carbopol Polymers: A Versatile Polymer for Pharmaceutical Applications. Research Journal of Pharmacy and
Technology. 2010. Ne 3 (3). P. 672—-675.

Viscoelastic properties and rheological characterization of carbomers / P. T. P. Kumara et al. International Journal of Latest Research in
Engineering and Technology. 2015. Vol. 1, Iss. 6. P. 17-30. URL: http://www.ijlret.com/Papers/Vol-1-issue-6/4-A178.pdf.

Carbomers and their use in pharmaceutical technology / M. Rabiskova et al. Ceska a Slovenska farmacie. 2004. Vol. 53, Iss. 6. P. 300-303.

Effect of pH on the chemical modification of quercetin and structurally related flavonoids characterized by optical (UV-visible and Raman)
spectroscopy / Z. Jurasekova et al. Physical Chemistry Chemical Physics. 2014. Vol. 16, Iss. 25. P. 12802—12811. DOLI: https://doi.org/10.1039/
C4CP00864B.

Flavonoid oxidation in plants: from biochemical properties to physiological functions / L. Pourcel et al. Trends in Plant Science. 2007.
Vol. 12, Iss. 1. P. 29-36. DOI: https://doi.org/10.1016/].tplants.2006.11.006.

REFERENCES
Satyanarayana, S., Kumar, K. E., Rajashekhar, J., Thomas, L., Rajanna, S., Rajanna, B. (2007). Influence of aqueous extract of fenugreek seed
powder on pharmacodyanamics and pharmacokinetics of gliclazide in rat and rabbits Therapy, 4, 457-463. doi: 10.1586/14750708.4.4.457.

Parasuraman, S., Thing, G. S., Dhanaraj, S. A. (2014). Polyherbal formulation: Concept of Ayurveda. Pharmacognosy Reviews., 8 (16),
73-80. DOI: 10.4103/0973-7847.134229.

Hasan, S. Z., Misra, V., Singh, S., Arora, G., Sharma, S. (2009). Current status of herbal drugs and their future perspectives. Biol Forum
IntJ., 1, 12-17. doi: 10.1038/npre.2007.1176.1.

Yuan, H., Ma, Q., Ye, L., Piao, G. (2016). The Traditional Medicine and Modern Medicine from Natural Products. Molecules, 21 (5),
559. doi: https://doi.org/10.3390/molecules21050559.

Ishnava, K. B. (2018). Role of herbal medicine in dental health. J Environ Chem Toxicol., 2 (1), 28-29.

Petkovic, M. S., Kesic, L. G., Kitic, D. V., Milasin, J. M., Obradovic, R. R., Bojovic, M. D., Simonovic, A. A. (2015). Periodontal disease
and phytotherapy. Org Hyg Health, 3, 1-4. doi: https://doi.org/10.4172/2332-0702.1000172.

Taheri, J. B., Azimi, S., Rafieian, N., Akhavan Zanjani, H. (2011). Herbs in dentistry. /nt Dent J., 61, 287-296. doi: https://doi.org/10.1111/
j-1875-595X.2011.00064.x.

Kumar, G., Jalaluddin, M., Rout, P., Mohanty, R., Dileep, C. L. (2013). Emerging trends of herbal care in dentistry. J Clin Diagn Res., 7,
1827-1829. doi: https://doi.org/10.7860/jcdr/2013/6339.3282.

Boddupalli, B. M., Mohammed, Z. N. K., Nath, R. A., Banji, D. (2010). Mucoadhesive drug delivery system: an overview. J. Adv.
Pharm. Technol. Res., 1, 381-387. doi: https://doi.org/10.4103/0110-5558.76436.

Pragati, S., Ashok, S., Kuldeep, S. (2009). Recent advances in periodontal drug delivery systems. Int. J. Drug Deliv, 1, 1-14. doi: 10.5138/
1jdd.2009.0975.0215.01001.

Kovalenko, S. M., Khokhlenkova, N. V., Azarenko, J. M. (2017)Methodological Aspects of Development of Gels for Treating Inflam-
matory Dental Diseases. Asian J. Pharm., 11, 129—135.

Phytodent®, tincture 100 ml. Available at: https://zvezda.kharkov.ua/en/catalog/fitodent-nastoyka-po-100-ml.html

Ruban, O. A., Maslii, Yu. S. (2019). Research on the choice of rational concentration of the gel forming agent in the composition of
dental gel. Annals of Mechnikov Institute, 2, 29-33. doi: https://doi.org/10.5281/zenod0.3265076.

Maslii, Yu., Ruban, O., Levachkova, Yu., Gureyeva, S., Kolisnyk, T. (2020). Choice of Mucosal Adhesive in the Composition of a New
Dental gel. Pharmakeftiki, 32 (1), 40—49.

Maslii, Yu. S., Ruban, O. A. (2018). The study of biopharmaceutical and adhesive characteristics of a dental gel. News of Pharmacy, 1,
28-32. doi: https://doi.org/10.24959/nph;.18.2188.



10 ISSN 2415-8844 (Online) BICHMK ®APMALIIT 1 (101) 2021

16. DP “Ukrainskyi naukovyi farmakopeinyi tsentr yakosti likarskykh zasobiv”. (2015). Derzhavna Farmakopeia Ukrainy. (Vols. 1-3; Vol. 1).
(2nd ed.). Kharkiv: DP “Ukrainskyi naukovyi farmakopeinyi tsentr yakosti likarskykh zasobiv”, 1128.

17. European Directorate for the Quality of Medicines & Health Care. (2017). European Pharmacopoeia. (9" ed.). Strasbourg.

18. ICH harmonized tripartite guideline Q2 (R1). Validation of analytical procedures: text and methodology Q2 (R1). Proceedings
of the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use.
Geneva, Switzerland, 2005.

19. Baliga, S., Muglikar, S., Kale, R. (2013). Salivary pH: A diagnostic biomarker. Journal ofIndian Society of Periodontology, 17 (4),
461-465. doi: https://doi.org/10.4103/0972-124X.118317.

20. Panzade, P., Puranik, P. K. (2010). Carbopol Polymers: A Versatile Polymer for Pharmaceutical Applications. Research Journal of
Pharmacy and Technology, 3 (3), 672—675.

21. Kumara, P. T. P, Prakash N. K. S. C., Lokesh, P., Manral, K. (2015). Viscoelastic properties and rheological characterization of carbomers.
International Journal of Latest Research in Engineering and Technology, 1 (6), 17-30. Available at: URL: http://www.ijlret.com/Pa-
pers/Vol-1-issue-6/4-A178.pdf.

22. Rabiskova, M., Sedlakova, M., Vitkova, M., Kuna, M. (2004). Carbomers and their use in pharmaceutical technology. Ceskd a Slovenska
farmacie, 53 (6), 300-303.

23. Jurasekova, Z., Domingo, C., Garcia-Ramos, J. V., Sanchez-Cortes, S. (2014). Effect of pH on the chemical modification of quercetin and
structurally related flavonoids characterized by optical (UV-visible and Raman) spectroscopy. Physical Chemistry Chemical Physics, 16 (25),
12802—12811. doi: https://doi.org/10.1039/C4CP00864B.

24. Pourcel, L., Routaboul, J. M., Cheynier, V., Lepiniec, L., Debeaujon, 1. (2007). Flavonoid oxidation in plants: from biochemical properties
to physiological functions. Trends in Plant Science, 12 (1), 29-36. doi: https://doi.org/10.1016/j.tplants.2006.11.006.

Information about authors:

Maslii Yu., Candidate of Pharmacy (Ph.D.), associate professor of the Department of Industrial Technology of Drugs, National University
of Pharmacy of the Ministry of Health of Ukraine. E-mail: julia.masliy@gmail.com. ORCID:https://orcid.org/0000-0002-8968-0262
Materiienko A., Candidate of Pharmacy (Ph.D), senior lecturer of the Department of Quality, Standardization and Certification of Drugs,
National University of Pharmacy of the Ministry of Health of Ukraine. E-mail: anna.materienko@gmail.com.
ORCID:http://orcid.org/0000-0003-4184-2944

Ruban O., Doctor of Pharmacy (Dr. habil.), professor, head of the Department of Industrial Technology of Drugs, National University

of Pharmacy of the Ministry of Health of Ukraine. E-mail: ruban_elen@ukr.net. ORCID: https://orcid.org/0000-0002-2456-8210

Bezruk 1., Ph.D. postgraduate student of the Department of Pharmaceutical Chemistry, National University of Pharmacy of the Ministry
of Health of Ukraine. E-mail: vania.bezruk@gmail.com. ORCID: http://orcid.org/0000-0002-1212-1649

Ivanauskas L., Doctor of Biomedicine, professor, head of the Department of Analytical and Toxicological Chemistry, Lithuanian University
of Health Sciences. E-mail: liudas.ivanauskas@lsmuni.lt. ORCID:http://orcid.org/0000-0001-5390-2161

BinomocTi npo aBropis:

Macmniii O. C., kannunarka gapM. Hayk, JoIeHTKa Kadeapu 3aBoACHKOT TexHOIOrT JTikiB, HanioHansHui GpapManieBTHYHUI yHIBEPCUTET
MinictepcTBa 0XOpoHU 310poB’st Ykpainu. E-mail: julia.masliy@gmail.com. ORCID: https://orcid.org/0000-0002-8968-0262
Martepienko A. C., kanauaarka Gpapm. HaykK, cTapila BUKJIajauka kadeapu akocTi, cTaniapTu3anii ta ceprudikanii ki, Hanionanbuuii
(bapmanesTHuHHIl yHiBepcuTeT MiHicTepcTBa 0X0poHH 310poB’st Ykpainu. E-mail: anna.materienko@gmail.com.

ORCID: http://orcid.org/0000-0003-4184-2944

Py6an O. A., noxropka apm. Hayk, mpodecopka, 3aBiayBadka kadeapH 3aBOJCHKOT TeXHOIOT1I JIiKiB, HarlionansHuii hapManeBTHIHUIH
yHiBepcuteT MiHicTepcTBa 0XOpoHH 310poB’st Ykpainu. E-mail: ruban_elen@ukr.net. ORCID: http://orcid.org/0000-0002-2456-8210
Bespyk 1. B., acnipant xadenpu dpapmanesruuHoi ximii, Hanionansauii gpapmaneBTnyHuil yHiBepcuteT MiHiCTEpCTBa OXOPOHH

310poB’s Ykpainu. E-mail: vania.bezruk@gmail.com. ORCID: http://orcid.org/0000-0002-1212-1649

IBanayckac JI., tokrop GioMean4YHUX HayK, podecop, 3aBiayBad KaQeapu aHaTITUYHOT Ta TOKCHKOJIOTIYHOT XiMil,

JInToBChKMI yHIBEpCUTET HayK Ipo 300poB’s. E-mail: liudas.ivanauskas@lsmuni.lt. ORCID: http://orcid.org/0000-0001-5390-2161
Cgenenusi 00 aBTopax:

Macuii }O. C., kauaunar Gpapm. Hayk, ZOLEHT KadeIpsl 3aBOACKON TEXHOIOIHY JieKapcTB, HaloHanbHEI (apMaleBTHYCCKUH YHUBEPCUTET
MunucrepcTBa 3apaBooxpanenust Ykpausbl. E-mail: julia.masliy@gmail.com. ORCID:https://orcid.org/0000-0002-8968-0262
Marepuenko A. C., kaHauzaar ¢papM. HayK, CTaplinii mpernogaBaress Kadeapsl Ka4ecTBa, CTaHAAPTH3ALNK U CePTU(HKALNN JICKapCTB,
HanumonansHslii GapManeBTH4ecKuil yHUBepcUTeT MUHUCTEPCTBA 30paBooXpaHeHus Ykpaunsl. E-mail: anna.materienko@gmail.com.
ORCID:http://orcid.org/0000-0003-4184-2944

Py6an E. A., noxrop dapm. Hayk, mpodeccop, 3aBemyromnias kadeapoii 3aBOICKON TEXHOIOTHH JIeKapcTB, HanmonansHbIH hapMarieBTHYeCKHit
yHHUBepcuTeT MUHHUCTEPCTBA 3/ipaBooxpaHeHust Ykpaunsl. E-mail: ruban_elen@ukr.net. ORCID: http://orcid.org/0000-0002-2456-8210
bespyk U. B., acnupant kadenps! Gpapmaneruueckoit xumun, HarponanbHelil hapManeBTHieckuil yHusepecuteT MuHucTepeTBa
3apaBooxpaHenus Ykpaunsl. E-mail: vania.bezruk@gmail.com. ORCID: http://orcid.org/0000-0002-1212-1649

WBanayckac JI., 1okrop GMOMEINIIMHCKUX HayK, npodeccop, 3aBeAy ol kKageapoi aHaTMTUYECKON U TOKCHKOJIOTMYECKOW XUMUH,
JInToBCKUi YHUBEPCUTET HayK Ipo 300poBbe. E-mail: liudas.ivanauskas@lsmuni.lt. ORCID: http://orcid.org/0000-0001-5390-2161

Haoiuwna oo peoaxyii 18.10.2020 p.



