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Abstract

Introduction. Biorelevant dissolution media reconstitute the composition of the contents of the gastrointestinal tract. They are
used as dissolution media in the evaluation of dissolution profiles of different dosage forms. Simulated biological fluids allow
prediction of in vivo test results. The development of the composition of simulated salivary fluid allows the evaluation of drug
properties under physiologically relevant conditions.

Aim. Evaluation of the release of the drug product "glycine, sublingual tablets, 100 mg", domestically produced in Simulated
Saliva 5 pH 6.8.

Materials and methods. The preparations used for analysis were: «Glycine, sublingual tablets, 100 mg», domestically produced
with valid expiration date. Comparative dissolution kinetics test was carried out on the dissolution test apparatus DT 6
(ERWEKA GmbH, Germany). Chromatographic separation and detection were performed on a Waters W1525 Binary HPLC Pump
high-performance liquid chromatograph (Waters Corporation, USA) equipped with column and sample thermostat, degasser,
autosampler and Waters 2487 Dual Absorbance Detector (Waters Corporation, USA). Detection was performed at a wavelength
of 254+ 2 nm after derivatization of the glycine molecule with 4-toluenesulfonyl chloride. A Grace Platinum C18-EPS 5 pm
4.6 x 250 mm Grace Platinum C18-EPS 5 pm 4.6 X 250 mm column (Grace, USA) and a Grace Platinum C18-EPS 5 pm
4.6 x 250 mm pre-column (Grace, USA) were used. Microsoft Excel software was used for drug release calculations.

Results and discussion. The technique for quantitative determination of glycine was developed and validated under DKCT
in purified water medium and Simulated Saliva 5 pH 6.8. The validated analytical range of the methodology was 10-110 %
of the nominal concentration of the dosage form in 300 mL volume of medium. The developed analytical technique was validated
in the biopredictive in vitro test of glycine preparations. During the study in Simulated Saliva medium for drug formulations,
more discriminative data were obtained, which were expressed as: different dissolution rate, curvature of the slope of
the dissolution profile and time to reach the plateau in comparison with the dissolution medium purified water.

Conclusion. The quantification technique was developed and validated for biopredictive tests of tablets "Glycine, sublingual
tablets, 100 mg" The analytical range of the technique was 10-110 % of the nominal concentration of the dosage form in 300 mL
volume of medium. The results of the test in artificial saliva medium were more discriminatory.
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Peslome

BBepeHmne. bropeneBaHTHble cpefbl PacTBOPEHMA BOCCO3AAlOT COCTaB COAEPXKMMOFO >KenyAoUHO-KMleyHoro TpakTta. OHu
MCMNONb3yloTCA B KayecTBe cCpefbl pPacTBOPEHUA MpU oueHKe npoduneit pacTBOPEHUA Pas3NUHbIX NeKapCTBEHHbIX (GopM.
MMnTrpoBaHHbIE GrONOrMyecKmne XnaKocT NO3BONAIT MPOrHO3MPOBaTh pe3ynbTaTbl UCMbITaHWUiA in vivo. Pa3paboTka cocTaBa
VMUTUPOBAHHOMN CJIIOHHOW MNAKOCTY NO3BOMIAET OLEHUTb CBOMCTBA JIeKapCTBEHHOIO npenapaTta B GU3NONOrMyecky penieBaHTHbIX
YCNOBUAX.

Lenb. OueHKka BbICBOOOXAEHWA NEKAPCTBEHHOrO MNpenaparta «MUUuUH, TabneTkn nogbAsblyHble, 100 Mr» OTEUYECTBEHHOrO
Npor3BOACTBa B cpefy pactBopeHus Simulated Saliva 5, pH 6,8.

Marepuanbl n metogbl. [1na aHanM3a 1CcNonb3oBanncb npenapatbl: «MUUKMH, TabneTkn noabAsblYHble, 100 Mr» OoTeyeCcTBEHHOro
NPon3BOACTBA C AEMCTBYIOLWMUM CPOKOM FOAHOCTU. TeCcT CcpaBHUTENIbHOW KMHETUKU PacTBOPEHUA MPOBOAMNM Ha npubope AnAa
Tecta «PactBopeHue» DT 6 (ERWEKA GmbH, lepmaHua). Xpomatorpadpuueckoe pasgeneHvie n AeTekKTMpoBaHve NpoBOAUAN HA
BbICOKO3)DEKTUBHOM XMAKOCTHOM Xpomatorpade Waters W1525 Binary HPLC Pump (Waters Corporation, CLLUA), ocHalieHHOM
TEPMOCTATOM KOJIOHOK M 06pa3sLoB, [Jera3atopom, aBTOCaMIIepoM U ynbTpadpuonetoBbiM fAetektopom Waters 2487 Dual
Absorbance Detector (Waters Corporation, CLUA). JeTeKTMpoBaHMe NpoOBOAUNIOCH MPW ANMHE BOMHbI 254 +2 HM nocne
ZJepuvBaTM3aLun MONIEKYNbl IUuHa 4-TonyoncynbdoHunxnopugom. icnonb3osanu konoHky Grace Platinum C18-EPS, 4,6 X 250 mm,
5 mkm (Grace, CIIA) n npepkonoHky Grace Platinum C18-EPS, 4,6 x 250 mm, 5 mkm (Grace, CWA). Ona uccnenoaHus
MCNoNb30Banoch cliedymollee nporpammHoe obecrneuyeHve: BanuAMpoOBaHHas aBTOMaTMuyeckasa Tabnuua Microsoft Excel gna
pacueTa 3HaueHM BbICBOOOXKAEHNA rMMLUHA.

Pe3ynbTtatbl n o6cykaeHue. PaspaboTtaHa 1 BanvanpoBaHa METOAMKa KONIMYECTBEHHOrO onpeaeneHus rmvuuHa B pamkax TCKP
B Cpefie BOAbI OUMLLEHHON 1 cpefie, UMUTUpPYIOLLLe CrtoHy Yenoseka, Simulated Saliva 5, pH 6,8. MoaTBepXXAEHHbIV aHANUTUYECKUI
Avana3soH meTtoguky coctaBun 10-110 % OT HOMWHANbHOWM KOHLEHTpauun fiekapcTBeHHON dopmbl B o6beme cpeabl 300 mi.
Pa3paboTaHHaa aHanMTMyeckas mMeToauka 6biia anpobupoBaHa B XoAe NpoBefeHns 6onpeauKTUBHOIO in Vitro TecTa NpenapaTos
rnuuuHa. MNpu npoeegeHun nccnenoBarua B cpepe Simulated Saliva fns nekapcTBeHHbIX MpenapatoB 6binu nosyuyeHbl 6onee
OVCKPYMUHATUBHbIE laHHbIE MO CPABHEHWIO CO CPefon PacTBOPEHMA «BOAA OUMLLEHHAA», YTO Bblpa)asocb B Pa3HOM CKOPOCTM
pacTBOpEHUS, KPMBM3HE HaKJIOHa Npodusia pacTBOPEeHNA U BPEMEHU BbIXOAa Ha nnaTo.
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3aknioueHune. PazpaboTaHa 1 BanuaMpoBaHa MeToAMKa KOJIMYECTBEHHOTO OnpefeneHus Ans npoBeaeHus 6uonpeanKTUBHbBIX
TecToB Tabnetok «MuUWH, TabneTkn noabAsbiuHble, 100 Mr». AHaNUTUYECKUA AMana3oH MeToauku coctasun 10-110% ot
HOMMWHANbHOW KOHLEHTPaLMN feKapcTBEHHOW popmbl B obbeme cpepbl 300 mn. Pesynbtatbhl NpoBeAeHuA TecTa B cpefe
VNCKYCCTBEHHOW CIIoHbI 061afany 6onblueil ANCKPUMHATUBHOCTbIO B CPAaBHEHUU C BOAOW OYMLLEHHOWN 1 MO3BOWAN OOHAPYXNTb
pa3nuumMa B MOJSIHOTE BbICBOGOXKAEHUS NIEKAPCTBEHHbIX MPENapaToB, BPEMEHW AOCTMXKEHMA MJaToO M Yria HakioHa KpuUBOM
npoduna pacTBOPeEHHUs.

KnioueBble cioBa: TeCT CPaBHUTENbHON KMHETUKN pacTBOpPeHUA, rununH, Simulated Saliva

KoHPNUKT nHTepecoB. ABTOPbI AeKNapupyloT OTCYTCTBUE ABHbIX M MOTEHUMANbHbIX KOHPNUKTOB WHTEPECOB, CBA3aHHbIX C
nybnuKaumen HacToALen CTaTbn.

Bknag aBTopoB. C.[l. KynukoBa, K. M. Ko3znosa, A. M. MonysHoB npugymanu n paspabotanu skcnepumeHTt. C. . Kynukoga,
M. A. JloceHkoBa n M. b. Cokon npoBenu uccnegoBaHne metogom BIMKX-YD n TecT cpaBHUTENbHON KUHETMKM PacTBOPEHUA.
C. O. Kynukosa, 1 . fl. MapwmHoBa yyacteoBanu B 06paboTke gaHHbIx. C. [1. Kynukosa, XK. M. Koznosa, A. M. NonysHoB yyacTBoBanu
B HanucaHuym TekcTa ctatbu. A. M. MonysHOB 6bln pyKoBoAuTeneM [JaHHOro uccrnefoBaHus. B obcyxaeHun pesynbtaToB
y4yacTBOBasIn BCe aBTOPbI.

Ana untnpoBaHua: Kynukosa C.[. Cokon M.b., Kosnosa .M., JloceHkosa [Il. A, MapwwnHosa [1. 1., MonyaHos A.M.
BuopeneBaHTHbIN TecT ANnA TabneTok NOABA3BIYHBIX C MULMHOM B Cpefie PacTBOPEHUA «UCKYCCTBEHHAA CNtoHa». Paspabomka u

peaucmpayus nekapcmaeHHbix cpedcma. 2024;13(3):146-155. https://doi.org/10.33380/2305-2066-2024-13-3-1823

INTRODUCTION

Biorelevant dissolution media are artificial me-
dia simulating the human gastrointestinal fluids in
terms of their composition and such properties as: pH,
osmolality, viscosity, buffer capacity, and surface
tension [1-3]. In vitro testing with biorelevant disso-
lution media can allow predicting the results to be
obtained in vivo [4].

In current pharmaceutical research, there is a
separate methodology related to the dissolution media
simulating the conditions of the oral cavity [5]. In order
to better simulate the human saliva, these media must
have the pH value close to the physiological pH [6].
The pH of human saliva varies between 6.4 and 74,
depending on factors such as diet, secretion rate, and
oral hygiene [7, 8]. It is worth mentioning that this pH
can also be affected by drinking beverages with a pH
other than neutral, such as, for instance, coffee which
reduces the pH value [9].

Biorelevant dissolution media differ in buffer ca-
pacity and acidity and are used for different purposes,
as appropriate [10, 11]. Types and specific features of
the biorelevant oral media are shown in Table 1. For
the purposes of solid dosage forms studies formula-

tion 5 is suitable as it was specially developed for pre-
diction of oral drug release profiles.

The most common components in creating a me-
dium that mimics the human saliva are: salts such
as chlorides, carbonates and phosphates necessary
to maintain optimal pH, osmotic and ionic strength;
proteins such as amylase and mucin also necessary to
replicate the conditions of the human oral cavity [10].
The physiological amount of saliva that the average
person produces during a day is between 1-2 liters [12].
In the present experiment, this volume was reduced
to a more physiologically relevant value of 300 ml,
which is also the minimum allowable volume for the
ERWEKA DT 6 Series Dissolution Tester (ERWEKA GmbH,
Germany).

These media are of particular importance with
regard to sublingual and buccal drugs testing [13, 14].
The sublingual and buccal routes of administration
are used to achieve a systemic effect and have shown
to be an effective alternative to the conventional oral
route [15]. Among the advantages of the buccal and
sublingual forms of the medication, we can distinguish
rapid onset of action of the drug and the absence of
hepatic first-pass effect [16].
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Table 1. Types and characteristics of biorelevant oral dissolution media

Biorelevant dissolution
medium Simulated Saliva (SS)

Characteristics

Composition, g

SS1

Was developed to study the corrosion behavior of
all metallic materials in dentistry

potassium chloride — 0.720
calcium chloride dihydrate - 0.220
sodium chloride - 0.600
potassium phosphate - 0.680
sodium phosphate - 0.866
potassium bicarbonate - 1.500
potassium thiocyanate — 0.060
citric acid - 0.030

pH 6.5

SS2

Was developed to predict localized oral exposure
to carcinogenic compounds in tobacco smoke

potassium chloride — 0.720
calcium chloride dihydrate — 0.220
sodium chloride - 0.600
potassium phosphate - 0.680
sodium phosphate - 0.866
potassium bicarbonate - 1.500
potassium thiocyanate — 0.060
citric acid - 0.030

pH7.4

SS3

Was used to predict outcomes in a study of
mouthwashes

calcium chloride dihydrate — 0.228
sodium chloride - 1.017

sodium phosphate - 0.204

magnesium chloride hexahydrate — 0.061
potassium carbonate hemihydrate - 0.603
sodium phosphate

monohydrate - 0.273

submandibular mucin - 1.000
alpha-amylase - 2.000

SS4

Was developed to study interactions between
drug molecules and the oral mucosa

potassium chloride — 0.149
sodium chloride - 0.117
sodium bicarbonate — 2.100
alpha-amylase — 2.000
gastric mucin — 1.000

SS5

Was developed to monitor the release of oral fast-
dissolving drugs

sodium chloride - 8.00
potassium phosphate - 0.19
sodium phosphate — 2.38
pH 6.8
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MATERIALS AND METHODS

Reagents and solutions

The reagents used in the test were as follows: pu-
rified water, type |; concentrated hydrochloric acid
(HCI), class "extra pure" ("Sigma Tec" LLC, Russia); gla-
cial acetic acid (CH,COOH), class "RFE, USP, BP, Ph.
Eur" (PanReac AppliChem, USA); concentrated or-
thophosphoric acid (H3PO4), class "for HPLC" (Scharlau,
Spain); sodium hydroxide (NaOH), class "p.a." ("Com-
ponent-Reaktiv" LLC, Russia); dipotassium phosphate
(K,HPO,), class "p.a." ("LenReactiv" JSC, Russia); so-
dium dihydrogen phosphate (NaH,PO,), class "p.a."
("LenReactiv" JSC, Russia); disodium hydrogen phos-
phate (Na,HPO ), class "pure EP" (NeoFroxx GmbH,
Germany); acetonitrile (ACN), class "for UHPLC" (Pan-
Reac AppliChem, USA); p-toluenesulfonyl chloride
(TsCl) (Merck KGaA, Germany); boric acid, class "extra
pure" ("LenReactiv" JSC, Russia).

The study was carried out on three lots of the drug
"Glycine, sublingual tablets, 100 mg" (non-expired, pro-
duced by a domestic manufacturer). The auxiliary ingre-
dients for preparation of solution were provided by the
manufacturer of the tablets.

As the reference sample, a standard powdery sub-
stance with a purity of 98.5 % was used (series 016022023,
non-expired, produced by a domestic manufacturer).

As the quality control medium, purified water was
used.

Procedure of preparation
of the medium simulating the human saliva -
Simulated Saliva type 5, pH 6.8

Sodium chloride in the amount of 8 g was added
into a 1000 ml graduated flask and dissolved in
200 ml of purified water. The solution obtained was
added with 0.19 g of potassium hydroorthophosphate
and 2.38 g of sodium dihydrophosphate; then the
volume of solution was brought to the mark with
purified water and thoroughly stirred. The pH of the
solution was measured with a pH meter and raised
to 6.8 as necessary with either 1 M sodium hydroxide
solution or 42.5 % orthophosphoric acid [10].

All thus obtained dissolution media were then fil-
tered by a vacuum filtration system and degassed with
the use of a vacuum pump.

Test equipment

The dissolution kinetics comparison test (DKCT)
was conducted on a DT 6 Dissolution Tester (ERWEKA
GmbH, Germany) with a paddle stirrer rotating at
50 rpm, at a temperature of 37 +0.5°C. The volume
of purified water dissolution medium was 1000 ml. The
volume of Simulated Saliva 5 dissolution medium with
pH 6,8 was 300 ml. The sampling was performed
at time points 5, 10, 15, 20, and 30 min. The quantitative
content of the released Glycine was determined by
HPLC-UV method.

Chromatographic separation and detection of
the substance were carried out using a HPLC sys-
tem consisting of Waters W1525 Binary HPLC pump
(Waters Corporation, USA), Waters 2487 Dual Absor-
bance UV/Vis Detector (Waters Corporation, USA),
and Grace Platinum C18-EPS Chromatography Co-
lumn, 4,6 X 250 mm, 5 um (Grace, USA).

Data processing and calculations were performed
with the use of validated software running on the Waters
W1525 Binary HPLC pump with an UV Detector (Waters
Corporation, USA).

Chromatographic separation and detection proce-
dures were taken from scientific sources and refined to

the requirements of the experiment [17].

RESULTS AND DISCUSSION
Quantitative analysis procedure validation

For the purposes of the study, a procedure of Glyci-
ne quantitative content determination allowing to esti-
mate the percentage of release from solid dosage form
into media simulating the human saliva was develo-
ped and validated; the results of the validation tests are
shown in Table 2 [17-19].

Analytical phase of the study

Within the scope of scientific work, one of the for-
mulations of the drug "Glycine, sublingual tablets, 100 mg"
of domestic production was tested for evaluation of re-
lease of its active substance in a medium simulating the
human saliva as compared to analogues presented on
the market. The profiles obtained are shown in Table 3.
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Table 3. Results of the DKCT

Preclinical and clinical study
Joknunuyeckue u KTUHUYecKue ucc1e008aHusA

Solution medium

Release profile

Purified water

% released drug

Time (min)

120
100
80
60

Simulated Saliva 5 pH 6.8 40

% released drug

20 -

Time (min)

The preparations tested in the experiment showed
different dissolution rates, profile slopes and times of
reaching the plateau. Preparations X and Y reached the
release by 30th minute of testing. The release rate of
preparation Y is higher than that of the other prepara-
tions. The profile curves of preparations X and Z
rise considerably slower than the Y curve. For all the
preparations tested similar relative standard deviation
values at the ending time points were recorded.

Of particular note are the results obtained in the
artificial saliva dissolution medium presented in Table 4.

The discriminatory nature of this dissolution medium
allows evaluating the differences in technologies of
producing a finished dosage form.

CONCLUSION

For the purposes of biopredictive testing of the
drug "Glycine, sublingual tablets, 100 mg", a procedu-
re of assay content was developed and validated. An-
alytical range of the method was between 10-110 %
of the dosage form nominal concentration in 300 ml
of the medium. The results of testing in the artificial
saliva dissolution medium were more discriminative
as compared to testing in purified water and allowed
to find the differences in drug release efficiency, time
of reaching the plateau, and slope of the dissolution

profile curves.
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Preclinical and clinical study
JoknuHuYyecKkue u KTUHUYecKuUe Ucc1e008aHuA

The study of dissolution media that simulate the

conditions of the oral cavity is an important aspect of
biorelevant testing of sublingual and buccal dosage
forms.

Table 4. Average amount of glycine released into
Simulated Saliva 5 pH 6.8

£ °

oS SE 0%

%S o3 37

=2} 9= -5 ®CS

2 -] ow >°s

E v - E

a 69 2 2o

Ug Eo 2
'-5 )
by 15 minutes —
71.55

X by 30 minutes — 20 4.32
97.80
by 15 minutes -

95.43

Y by 30 minutes — > 2.84
101.33
by 15 minutes —

7 50.01 Doesn’t reach 531
by 30 minutes - the plateau ’
75.04
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