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Abstract

Introduction. Due to increase in the frequency of detecting cases of tuberculosis caused by strains of mycobacteria with resistance not only
to traditional, but also recently introduced into clinical circulation anti-tuberculosis drugs, it is urgent to search for and develop new drugs that
can be effective against multidrug-resistant (MDR-TB) and extensively drug resistant (XDR-TB) strains. One of the most promising classes of
such compounds are fluorine derivatives of benzothiazinones, and particularly compound PBTZ169 (INN macozinone). This antibiotic has a high
specificity against mycobacteria tuberculosis (M. tuberculosis), inhibiting one of the key enzymes of cell wall synthesis. However, macozinone as an
active pharmaceutical ingredient has significant features of physical and chemical properties that hinder the development of oral dosage forms
based on it. It is classified as class IV by BCS and is characterized by a very low solubility and lipophilicity, a pronounced dependence of dissolution
rate on the pH of the medium, and very low bioavailability when taken orally.

Aim. To substantiate the target profile, critical quality attributes and to develop a prototype of an oral dosage form with modified release of
macozinone, allowing to maximize its pharmacological activity.

Materials and methods. Using pharmaceutical substance macozinone hydrochloride and various excipients, experimental tablets with a dosage
of 500 mg macozinone were developed. The influence of the composition of the media and the added excipients on the solubility of macozinone
in various biorelevant media, the degree of swelling in the liquid and the degree of mucoadhesion of the experimental tablets to the mucus of the
pig stomach were evaluated. The HPLC method was used to evaluate the kinetics of the release of the active substance.

Results and discussion. In this work, the expediency of creating macozinone-containing gastro-retentive dosage forms with a slow release of the
active substance, the delay mechanism of which is provided by swelling and increased adhesion to the gastric mucosa, has been substantiated.
Various tablet samples were experimentally tested in which the modification of the release of the active substance and the degree of swelling and
mucoadhesion were varied by introducing various excipients into the formulations, including known swelling and bioadhesive matrix agents.
Conclusion. According to the results of the experiments, samples of high-dose (500 mg) swellable and mucoadhesive tablets created by the
technology of two-stage granulation with the inclusion of macozinone — hydroxypropyl-beta-cyclodextrin mixtures in the primary granules
and introduction of combinations of soluble and insoluble hydrophilic matrix agents into the intergranular space were recognized as the most
promising for subsequent pharmacokinetic studies.
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Pesiome

BBepeHwme. B cBA3M C yBennyeHnem 4acToTbl BbIABNEHUA ClyyaeB TybepKynesa, BbI3BaHHbIX LUITAMMaMy MUKOOAKTEPUIA, YCTONUMBBIX HE TONTBKO K
TPaAULMOHHBIM, HO U HElaBHO BBELEHHbIMY B KIIMHNYECKNIA 060POT NPOTUBOTYOEPKYNE3HbIM CPEACTBAM akTyanbHOW ABNAETCA 3aAaya Nomcka
1 pa3paboTKM HOBbIX NIeKaPCTBEHHbIX CPEACTB, CMOCOOHBIX 3GPEKTUBHO NOAABNATL MynbTMpe3ncTeHTHble MITY v LLJTY — wrtammbl M. tuberculosis.
OpHVM 13 Hanbonee NepcnekTUBHBIX KNIAaCCOB Takoro poAa CoefiMHeHui ABNATCA TPUGTOP-NPon3BOaHble 6EH30TMa3NHOHOB, U, B YaCTHOCTH,
coeauHeHne PBTZ169 (MHH mako3vHOH). OgHaKO MaKO3MHOH ob6najaeT CyLeCTBEHHbIMU OCOOEHHOCTAMU GU3NKO-XUMUYECKMX CBOMNCTB,
KOTOpble 3aTPYAHAIOT pa3paboTKy Ha ero OCHOBe JIeKapCTBEHHbIX GOopM ANA nepopanbHoro npumMmeHeHuns. OH oTHocuTcA K Knaccy IV no BCS u
XapaKTepusyeTca HU3KON PacTBOPUMOCTbIO, HU3KOW MMNOPUAbHOCTbBIO, BbIPaXXeHHON 3aBUCMMOCTbIO PacTBOPEeHWA OT pH cpeabl, o4eHb HU3KOM
61MOAOCTYNHOCTbIO NMPY NPpUemMe BHYTPb.

Llenb. O6ocHOBaTb LieneBoi Npodunb, KpUTHYECKME MokasaTeNn KayecTBa 1 pa3paboTaTb MPOTOTUN NepopanbHON nekapcTBEHHON GopMbl
C MOAMPUUMPOBAHHBIM BbICBOOOXKAEHNEM MAKO3VMHOHA, MO3BONALWEN B MaKCMMaNbHOW CTENeHU peann3oBaTb ero Gpapmakonornyeckyto
AKTVBHOCTb.

MaTtepuanbl u meToAbl. Ha ocHoBe dapmaueBTUUYECKOW CYOCTaHLMM MakO3MHOHa MMAPOXA0pMAa U Pas3fiNyHbIX BCMOMOraTeslbHbIX BelecTs
HapabaTblBanu aKcnepuMeHTasbHble TabneTkn ¢ AO3UPOBKON Mako3nHoHa 500 mr. OueHVBanu BAMAHME COCTaBa cpef 1 AobaBnsaembIX BCNOMO-
raTenbHbIX BelecTB Ha PacTBOPUMOCTb MaKO3MHOHa B pasfuyHbIX GropeneBaHTHbIX CpeAax, CTerneHb HabyxaHUA B XUAKOCTU U CTENeHb
MyKOAAresnm 3KCnepumMeHTasnbHbIX TabNeToK K CAM3UCTON XenyAKa CBUHbU. [INA OLEeHKM KMHETUKU BbICBOOOXKAEHWUA aKTVMBHOTO BellecTBa
ncnonb3oBanu metog BoXKX.

Pe3ynbTaTtbl n 06cyxaeHune. C yueTom 0CO6eHHOCTE CBONCTB MaKO3MHOHa 060CHOBaHa Lielecoo6pa3HOCTb CO3aHUA €ro racTPOPETEHTUBHbIX
NeKapCTBeHHbIX GOPM C 3aMeASIEHHbIM BbICBOOOXKAEHMEM aKTMBHOMO BellecTBa, MEXaHM3M 3aflePXKKM KOTOPbIX B BEPXHUX OTAENax »efyAouHo-
KULIeYHoro TpakTa obecneunBaeTca 3a cyeT HabyxaHuA TabneToK 1 NOBbIWEHHOW aAre3nmn K CIM3NCTON XenyAKa. IKCNeprMeHTanbHO UCMbITaHbI
pasnunuHble 06pasubl TabneTok, B KOTOPbIX MOAWOUKaALMA BbICBOOOXKAEHNA aKTUBHOIO BELECTBA W CTEMEeHb HabyxaHWA W MyKoagresum
BapbupOBanu 3a CYeT BBEJEHUA B COCTaB GOPMyNALMIA PasMYHbIX BCMOMOraTeNibHbIX BELECTB, B TOM YMC/e M3BECTHbIX Habyxawwmx un
610aare3nBHbIX MaTPUYHbIX areHTOB.

3aknioueHne. Haubonee nepcnekTUBHbIMKW AnA nocnegyownx ¢apmMakoKMHETUYECKUX WCCNeAOBaHUN MNpu3HaHbl 06pasubl
BbICOKOA03MPOBaHHbIX (500 Mr) HabyxaloWwmnx N MyKoafre3nBHbIX TabneTok, CO3AaHHbIX MO TEXHOMOTMN ABYXCTaAMNHOWM rpaHynauum c
BKJIIOUYEH/EM B COCTaB NEPBUYHbLIX FPaHyn CMeCcUM MaKO3WHOHA W FMAPOKCMNponuia-6eTa-UnKNOAEKCTPMHA U NOCTeAyOWMM BHECEHNEM B
MeXrpaHynbHOe NPOCTPaHCTBO KOMOMHALMI PacTBOPMMOrO 1 HEPAaCTBOPUMOro rMAPOdUIbHbBIX HabyXaloWMX N1 MyKOAAre3MBHbIX MaTPUYHbIX
areHToB (FMML, 3L, M30).

KnioueBble cnoBa: Ty6epKyne3, MaKO3MHOH, racTpopeTeHTMBHaA Tabnetka, MO,D,VId)I/ILlVIpOBaHHOE BbICBOGOXEHME, MyKoaaresus,
LUMKNOAEeKCTPUH

KOH¢J'IIIIKT MHTEpecoB. ABTOpbI AeKNapupyrtoT OTCYTCTBUE ABHbIX 1N NOTEHUWaNbHbIX KOH¢J'IVIKTOB NHTEPECOB, CBA3aHHbIX C I'Iy611l/IKaLl,VIel7I HacToALen
CTaTbW.
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ABBREVIATIONS

CT - clinical trial; MDR - multidrug resistance; BDR -
broad drug resistance; HPMC - hydroxypropyl methyl-
cellulose; HPCD - hydroxypropyl beta-cyclodextrine;
HEC - hydroxyethylcellulose; PEO - polyethylene oxide;
MCC - microcrystalline cellulose; S - surfactants;
CD - cyclodextrine.

INTRODUCTION

Nowadays, the problem of the increase of treatment
efficacy of tuberculosis and other mycobacterioses
has become especially challenging due to the more
widespread resistance of infectious agent strains to
known drug products. According to the WHO, about
500 thousand of new cases of rifampicin-resistant
tuberculosis were recorded in 2019, 78 % of them had
multidrug resistance (MDR). The Russian Federation is
among the three countries (together with India and
China) with the greatest spread of antibiotic-resistant
forms of tuberculosis infection [1, 2]. Recently, more
and more cases of tuberculosis caused by strains of
mycobacteria having become resistant to the drugs
lately introduced to clinical practice - bedaquiline and
delamanid have been found [3-6]. Due to that, the search
of anti-tuberculosis drugs with new modes of action is a
challenging and priority task for development of effective
antibiotics [7-9].

So far, clinical and preclinical studies have shown
that a new class of chemical compounds is prospec-
tive for treatment of tuberculosis - 2-amino substitut-
ed-1.3-benzothiazine-4-ons. Compounds of the class
have a unique and mycobacterium-specific inhibi-
tion mechanism of microorganism growth and propa-
gation - suppression of activity of enzyme decapre-
nil-phosphoribose-2"-epimerase 15 (DprE1) necessary
for the synthesis of a component of mycobacterial cell
wall. The representative of the class - 2-[4-(cyclo-5-
hexylmethyl)piperazine-1-yl]-8nitro-6-(trifluoromethyl)-
4H-1.3-benzothiapine-4-one (PBTZ169, INN macozi-
none) [10, 11] - is one of the most well-studied candi-
dates for development of an anti-tuberculosis drug with
a wide range of action [12-15]. Therefore, the develop-
ment of an effective dosage form of the compound is an
up-to-date task.

It is known that the first and second line antituber-
culosis drugs are nowadays exclusively oral solid forms
(tablets, capsules) [2, 16].

Meanwhile macozinone as a chemical compound
has significant particularities which complicate the
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development of an effective oral drug on its basis.
It is poorly soluble in water and is at the same time
characterized with low lypophility. Macozinone is a weak
base (pKa =5.9) with a prominent dependence between
solubility and pH values: it is initially poorly soluble
in water at pH 1-2 which is dramatically lowered with
the decrease of acidity, at pH > 5, the substance loses
solubility and is crystallized which prevents its transport
through intestinal mucosa.

Based on the tests in vitro (in the system of Caco-2
cells), macozinone refers to drugs with a low per-
meability [17, 18]. Due to the low systemic bioavaila-
bility of macozinone (according to various estimates, 1
to 8 %) found in preclinical and clinical studies on oral
dosage forms with immediate release of active sub-
stance (capsules or suspensions), the administration
of maximal drug dosages (up to 640-1280 mg) did
not provide a reliable achievement of a target level of
effective therapeutic macozinone concentration in
plasma[18, 19].

With regards to the data, macozinone refers to
pharmacologically active substances of class IV according
to the generally accepted BCS classification (poorly
soluble, poorly permeable).

The aim of the work was to justify the target
profile, critical quality values and development of a
prototype of oral dosage form with the modified release
of macozinone allowing to implement maximally its
pharmacological activity.

MATERIALS AND METHODS

Materials

Pharmaceutical substance of macozinone hydrochlo-
ride batch 030918 ("BION" LLC, Russia).

Reference sample (RS) of macozinone hydrochloride
batch 300-51 ("BION" LLC, Russia).

Reference samples in the test of mucoadhesive
ability — "Gralise" (gabapentine) swelling tablets, 600 mg
(Almatica Pharma, USA); "Fromilid" UNO (clarithromycin)
coated tablets, 400 mg (KRKA, Slovenia).

Excipients: MCC — microcrystalline cellulose type 101
(JRS Pharma, Germany); HPBCD - (2-hydroxypropyl-3-
cyclodextrine, hydroxypropylbetadex) (Roquette, France);
HPMC - (hydroxypropyl methylcellulose) hypromellose
K100M type 2208 (Colorcon / DOW, USA); HEC - (hydro-
xyethyl cellulose) hyethellose 250 HHX (Ashland, CLUA);
carbopol 71G, 974P (Lubrizol, USA/BASF, Germany;
CMC - carmellose sodium CMC 7 HF PF (Ashland, USA);
colloid silicone dioxide (Aerosil® 200) (Wacker, Germany);
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croscarmellose (JRS Pharma, Germany); crospovidone
XL-10 (Ashland, USA); magnesium stearate ST-v (Nitika,
India); PEG — macrogol 6000, 8000 (Croda, Great Britain);
sodium stearyl-fumarate (JRS Pharma, Germany); povi-
done K25, K30, K90 (BASF, Germany); polysorbate-80
(Croda, Great

Britain); PEO - polyethylene oxide WSR 303 (Color-
con /DOW, USA).

Finished dry mixtures for composition of biorelevant
media FaSSIF / FeSSIF / FaSSGF (Biorelevant.com, Great
Britain).

Equipment

® moisture analyzer AND MX-50 (A&D, Japan);

® texture analyzer (TA.XTplus, Stable Micro Systems,
Great Britain);

* laboratory balance Vibra HT-224RCE (Vibra, Japan);

e vibro sieve CISA RP 200N (CISA, Spain);

* laboratory mixer — granulator with an overhead
stirrer, mixing device EUROSTAR 20 high sped digital
(IKA, Germany);

e HPLC system Agilent 1100 (Agilent Technologies, USA;

* tablet press Futorque X-1 (NORTEC Industrial Solu-
tions, Poland);

e friability tester ERWEKA TAR 220 (ERWEKA GmbH,
Germany);

®  durability tester ERWEKA TBH 425 TD (ERWEKA GmbH,
Germany);

®  solubility tester RC-6D (SaintyCo Group, China);

e drying cabinet Memmert UF110 (Memmert, Ger-
many).

Test methods

Evaluation of compatibility of excipients with the
active substance. To evaluate applicability of excipients
to be used in developed tablets, mixtures of equal
amounts of the pharmaceutical substance with each of
the selected excipients were placed to glass vials kept in
controlled conditions (climatic chamber) at temperature
70°C and relative humidity 80 %. In parent mixtures and
samples kept for 7 and 14 days, identity (preservation of
the form and size of macozinone peak), assay of the active
substance and presence of impurities were controlled
with HPLC. Moreover, possible changes of physical
parameters of mixture powders were controlled visually
with evaluation of color and homogeneity preservation
(absence of visible aggregates).

Production of granulate powders with inclusion
of cyclodextrine. Dry mixtures of substances were

prepared with the intensive mixing of dry powders of
the pharmaceutical substance and hydroxypropyl beta-
cyclodextrine in molar ratios 1:0.5 (6.54 g of macozinone
equivalent to the base + 10 g of HPCD); 1:1 (3.26 g of
macozinone + 10 g of HPCD); 1:2 (1.63 g of macozinone +
10 g of HPCD) in a laboratory mixer for 5 minutes.

Using the prepared mixtures, granulated powders
were prepared with the method of wet granulation
with addition of a small amount of purified water (ratio
mixture:moisturizer - 2.5:1) and granulation in the
conditions of a high shear force. The obtained granulates
were dried in a drying cabinet at temperature 50-55 °C
up to residual moistness 1-2 %.

Production of experimental tablets with a mo-
dified release of macozinone. To achieve main target
quality parameters (ability to swelling and mucoadhe-
sion) and regulation of the extent and kinetics of release
of the active substance from tablets, known excipients
forming hydrophilic matrixes and simultaneously having
mucoadhesive properties were introduced into experi-
mental tablets. For production of experimental tablets,
three technological approaches differing by the princip-
les of introduction of matrix components into tablets
were introduced.

Variant 1. To produce tablets in which matrix agents
were introduced immediately into granules, dry powders
of the pharmaceutical substance and excipients were
intensively mixed mechanically with further addition of a
moisturizer and production of granules using the mixer-
granulator. They were mixed for 2 minutes till a fine
flowable granulate was formed (visual control).

Considering a very low solubility of macozinone in
water and unsatisfactory technological characteristics of
substance macozinone hydrochloride (a very low flowa-
bility, poor wetting ability, increased particle coadhe-
sion) in individual variants of the technology, isopropyl
alcohol (composition F1, moisturizer - 7 % solution of
povidone K-30 in isopropanol) or ethanol (composi-
tion F3, moisturizing mixture water:ethyl alcohol in ratio
30:70 with introduction of %2 amount of povidone K-90
and polysorbate-80), correspondingly, were introduced
into a moisturizing fluid.

The granulate was dried in a drying cabinet up to
residual moistness not above 3 % and calibrate through
the sieve with cell size 0.710 mm.

To prepare tablet mixture, a calibrated granulate was
introduced to the mixer, granules were powdered with
the lubricant (magnesium stearate or sodium stearyl
fumarate) mixing till it became homogeneous for 5 mi-
nutes (visual control).



Variant 2. In the technology variant in which
matrix agents were introduced both to granules and
intergranule space, granules were prepared as in
variant 1, and matrix agents added above granules were
introduced to the mixture as dry powders were mixed
for 4-5 minutes with further powdering of granules with
the lubricant.

Variant 3. In the technology variant, the method
for a separate preparation of components was used.
In this cases, "primary" granules based on macozinone
hydrochloride were developed with the addition of
hydroxypropyl-beta cyclodextrine with a short-term (not
more than 1 minute) intensive mixing of dry powders
with further stage of wet granulation in purified water
(ratio mixture:moisturizer — 2.5:1). Granules were dried
in a drying cabinet up to residual moistness not above
2% and calibrated through the sieve with cell size
05 mm. On the second stage, "secondary" granules were
produced mixing dry powders of "primary" granules in
the granulator with other excipients selected for a certain
composition, with further introduction of the moisturizer
to the system (aqueous solution of polysorbate-80),
and short-term (not more than 2-3 minutes) mixed till
a fine flowable granulate was formed. The "secondary"
granulate was dried up to residual moistness not above
2% and calibrated through the sieve with cell size
0.71 mm. On the stage of tablet mixture preparation, the
prepared "secondary" granules were powdered with the
lubricant.

The tested experimental tablet compositions were
given in table 2.

To produce tablets, a laboratory rotation tablet press
with the matrix 20 x 10 mm in dimensions allowing to
get capsule-shaped tablets ("oblong") of the assigned
size was used. Press force was regulated for provision of
the breaking strength of tablets (in the range of 180 to
220 N).

Produced tablets were also controlled by the para-
meters: geometric dimensions, weight, breaking force in
accordance with State Pharmacopeia XIV.

Swelling ability of tablets was evaluated by the
change of geometric dimensions (figure 1) and change
of their weight after being placed to baskets (device
USP 1) which were immersed to medium 0.01 N HCl with
temperature 37.0 £ 0.5 °C.

Swelling index (SI) was calculated by the equation

s::(Wh_WfJ.mo,
W,

i

where W, - weight of a tablet after being swelled in the
medium (0.01 n HC); W - baseline tablet weight.
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Figure 1. Swelling and partial erosion of the tablets

When compatibility of pharmaceutical ingredients,
release extent of the active substance were evalua-
ted, the validated HPLC method with reference samp-
le of macozinone hydrochloride was used for the
assay of macozinone in solutions. Aliquots withdrawn
from vessels with dissolution media were diluted with
methanol up to estimated final concentrations, ultra-
sonified and filtered through a teflon membrane filter
0.22 pum.

Test conditions:

e HPLC equipment Agilent 1100 (Agilent technologies,
USA).

e Column YMCTriat C18 250 x 4.6 mm; 5 pym.

* Mobile phase: buffer solution pH 4.0 — acetonitrile
(30:70).

*  Flow rate: 1 ml/min.

e Column temperature: 25 °C.

e Detector: UV 254 nm.

® Injection volume: 10 pl.

®  Run time: 30 min.

* Typical retention time of macozinone: about 14-
16 min.

Extent of dissolution of the pharmaceutical
substance, mixtures and granulates of macozinone
hydrochloride and CD mixtures was evaluated in the
conditions:
® Device: magnetic mixer.
® Rotation rate: 150 rot/min.
¢ Mixing time: 60 minutes.

*  Medium volume: 250 ml.

°*  Medium temperature: 37 + 0.5 °C.

e Dissolution medium: 0.01 H HCl with the addition
of 0.001 % benzethonium chloride; acetate buffer
solution (pH 5.0); medium FaSSIF (pH 5.0); medium
FeSSSIF (pH 6.5).

Solutions simulating fasted (FaSSIF) and fed condition
(FeSSIF) of the gastrointestinal
prepared from commercially available concentrates in
accordance with the manufacturer’s instruction (pH value

environment were

of FaSSIF medium was made up with hydrochloric acid to
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5.0 which corresponded to a larger extent to acidity of the
upper duodenal contents).

The release of the active substance in the test
of modified release tablets was evaluated in the
conditions:

e Dissolution tester: type Il paddle mixer.

® Rotation speed: 50 rot/min.

® Injection volume: 500 ml.

°  Medium temperature: 37 + 0.5 °C.

e Dissolution medium: 0.01 M HCl with the addition of

0.001 M benzetonium chloride.

Samples of 300 ml were withdrawn in 1, 2, 3, 4, 6
h, after the sampling, volume of fluid in vessels were
substituted with equivalent amount of the medium.
Samples were filtered through a membrane filter, kept
at room temperature in a place protected from light
for not more than 8 hours. Macozinone concentrations
in withdrawn samples were determined with HPLC
method.

The amount of macozinone released from a tablet
(M) and its total accumulation (o) in % of tablet contents
in each time point were calculated by the equations:

j=i-1
M, =500C; +300 ¥ C,,
j=1

where i - sampling point (time) (=1, 2, 3...6 yac); 300 -
volume of a sample taken; C, - macozinone (mg/l) in
a sample taken (based on the assay results with the
method of HPLC control); D - macozinone contents in a
tablet (mg) (= 500).

In the experiments evaluating mucoadhesive ability
of tablets, fresh pig stomachs (within 24 h after sampling,
freezing was not allowed) rinsed with saline (“Argoferma”
LLC, Russia) were used.

The extent of mucoadhesion of tablet samples to
gastric stomach mucosa was tested with texture analyzer
(TA XTplus, Stable Micro Systems, Great Britain) with the
load sensor 50 H [20]. A flap of the pyloric mucosa 25-
25 mm in dimensions was separated from the muscular
layer of the stomach, fixed on a microscope slide with
cyanoacrylate glue. A tablet of the test product (sample)
was fixed to a cylindrical test with a two-sided adhesive
tape. After the mucosa was moistened with saline, a tube
with tenso sensor and fixed tablet was lowered till it got
in touch with the mucosa with the rate 0.5 mm/sec, the
tablet was pressed to the mucosa with a 100 g weight
for 300 sec, and the tube was risen to a baseline position

with rate 0.5 mm/sec. The device indications recorded
in automatic regime were used for plotting of "tension-
deformation” curves with the device software. Force
parameters (in H), adhesion tension and rupture work of
an adhesive layer were calculated (W ).

Mucoadhesive properties of tablets were additio-
nally evaluated with the wash-off method (see, for
example, [21]) using a standard dissolution tester of type
Il (paddle mixer). The mucosal fragments 25 x 25 mm
in dimensions was fixed with cyanacrylate glue to rec-
tangular metal plates. A tablet was placed to the mu-
cosa slightly moistened with saline and pressed with
force 0.01 N for 300 sec. The plates with the test samp-
le attached with clips were fixed to the mixer paddles,
immersed to the test medium (750 ml 0.1 n hydrochlo-
ric acid, 37 £ 0.5 °C), and tablet breaking from the gast-
ric mucosa was controlled at the rate of mixer rotation
25 rot/min (figure 2).

Figure 2. Control of swelling rate and duration of mucoaghesion
of the tablets in dissolution type Il apparatus

RESULTS AND DISCUSSION

Justification of a target profile
of the product quality

Due to the particularities of macozinone properties, a
dosage form with a rather high dosage providing a pro-
longed release of the active substance predominantly in
the upper gastrointestinal regions (stomach, upper small
intestine) appears to be a promising dosage form for a
necessary therapeutic effect. A gastroretentive (retaining
in the stomach) dosage form meets the requirements to
the greatest extent [22, 23].



When the requirements to the composition of the
dosage form were developed, it was appropriate to test
some or other methods for the increase of solubility
values of the pharmaceutical substance as part of the
pharmaceutical development. Therefore both for the
inclusion to dissolution testing media and inclusion to
formulations, some known solubilizers and moisturizers
(surfactants, alcohols, Tween, PEG, cyclodextrines) should
be tested.

It was also necessary to provide possibility to retard
release of the active substance from a high dose form
for the prevention of achievement of its solubility and
crystallization limits in the limited medium volume.
With regards to the particularities of macozinone
pharmacokinetics found in humans which is characterized
with short periods of maximal plasma concentrations
(Tmax=60—90 min) and half-life (T,,=6-8 hours) [18], it
was appropriate to increase prolongation of release of
the active substance at least up to 3-4 T__ periods (i. e. at
least up to 6-8 hours).

Among known methods for the achievement of
a gastroretentive effect [22] for poorly soluble maco-
zinone, with regards to necessary high dosage in a unit
of a dosage form, variants of dosage forms able to swell
and have mucoadhesion were considered the most
feasible.

The main parameters for swelling delivery systems
providing a necessary gastric retention are their geomet-
ric sizes and form. It is considered that a minimal geo-
metric size of a tablet by the largest dimension should
be about 2 cm, and an ellipsoid form (capsule-shaped) is
optimal for product retention [24-26].

Moreover, unlike floating gastroretentive systems,
making a dosage form mucoadhesive, allows to reduce
probability of its premature "forced" evacuation during
the most intensive phase Il of the migration motor
complex, as well as in patients with accelerated gastric
movements or in the period after food is delivered into
the stomach [27, 28].

To justify target values of mucoadhesive ability of
the developed dosage form, mucoadhesive properties of
three reference samples similar in form (capsule-shaped
tablet) and dimensions (analogous to sizes of experimen-
tal tablets) were preliminarily evaluated experimentally
after development of appropriate methods: gastroreten-
tive swelling - floating tablet "Gralise" containing bioad-
hesive agents HPMC and PEO, "Fromilid" tablets largely
coated with another mucoadhevie agent — carboxyme-
thylcellulose, as well as tablets of the same size and form
produced from epoxide preparation of the simulator
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(model) with hydrophobic properties. Based on the test
results of the samples (table 1), target values of the ad-
hesive ability of the developed tablets were selected:
breaking force - at least 1.0 H (appropriate destruction
activity of the adhesive compound - at least 5 J/m?) and
duration of tablet fixation on the mucosa in wash-off
conditions for at least 300 min.

Table 1. Mucoadhesion characteristics of model tablets

Samples

o

% - i

- . ~

5 > E g

V] s & e

8 :

Detachment force, N 0.21 0.84 0.337
Work of adhesion, J/m? 0.73 371 1.12
Duration of adhesion, min <1 >300 >300

Note. * The average value of three measurements.

One of the key requirements to parameters of the
achieved dosage form is the achievement of a necessary
release rate of the active substance. Concentration of
the substance dissolved in gastric and intestinal juice
should not exceed the upper solubility limit recorded
for macozinone. The calculations based on the selected
target parameters of retention time of the dosage form
evacuation in the stomach (at least 6 hours), macozinone
dosage in a tablet (500 mg), maximal macozinone
solubility in the acidic gastric environment (not above
200 pg/ml), known mean evacuation rates of liquid
contents from the stomach, as well absorption rate
(absorption constant) of macozinone recorded in clinical
trials have shown that acceptable release rate of the
active substance in the acidic gastric environment should
be in the range 30-40 mg/hour.

Based on the calculation, the approximate target
curve of macozinone release from the dosage form in
the stomach (figure 3), with regards to which reference
time points for the control were selected during the test
in vitro using the developed method - 1, 3 and 6 hours,
and the allowable variation ranges of the parameter
of cumulative release of the active substance were
determined in each point (see table 3). Due to rather
low macozinone solubility, the method for control of
macozinone release with standard type Il device (paddle
mixer) should be modified so that solubility limits of
the active substance were not achieved in the solubility
period between two sampling points.
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Figure 3. Cumulative curves of macozinone release from the
experimental tablets

With the regards to the abovementioned, as criti-
cal quality values of the developed dosage form - gast-
roretentive tablet with dosage by the active substance
500 mg - the following were selected: geometric
sizes (initial and after swelling in dissolution medium)
and form (capsule-shaped), swelling degree (index),
degree of mucoadhesion (to pig gastric mucosa), deg-
ree and rate of the active substance rate in the disso-
lution test (in reference time points 1, 3, 6 hours). The
established values of critical quality parameters are
given in table 4.

Moreover, pressing effort and strength of produced
tablets (breaking tests) were also controlled.

Compatibility of components
for experimental compositions

The study of all variants having stress exposure to
paired mixture composed of the pharmaceutical sub-
stance (macozinone hydrochloride) and each of exci-
pients selected for the development of experimental
tablets with HPLC method did not show any changes in
HPLC characteristics of the active substance, as well as, no
accumulation of extra impurities of the main substanc-
es was found - products of component interaction. The
fact largely may be explained by a high chemical and hy-
drolytic stability of substance macozinone hydrochloride
almost insoluble in water.

Evaluation of pharmaceutical substance
macozinone and its complexes
with CD

The study results on dissolution of pharmaceutical
substance macozinone hydrochloride (table 2) have
confirmed that it was adequately referred to the class of
substances almost in water.

The prominent relationship between macozinone
hydrochloride dissolution and pH values of the medium
shown both the for substance itself and its complexes
with cyclodextrine, as well as in biorelevant media
indicates that a narrow bioavailability window is typical
for the drug product, and the main amount of the drug
substance delivered orally is absorbed in the stomach
and upper small intestines. The evident increase of
macozinone solubility in medium FeSSIF at value pH 6.5
compared to acetate buffer and intestinal juice simulator
in fasting condition (FaSSIF, pH 5.0) may be related to
additional emulsifiers present in medium FeSSIF as gall
acid salts.

It is evident that the pharmacokinetic particularities
recorded in | phase clinical trials are explained with the
properties of macozinone as well as the previous data
on its low permeability through cell barriers [17, 18] - a
rapid (in 1-1.5 hour) achievement of maximum plasma
concentration, a very short half-life period (less than 8
hours) and the increase of a relative bioavailability of a
drug administered during meals [19].

Table 2. Relative solubility of macozinone

and macozinone-hydroxypropyl-beta-cyclodextrin granules
in different mediums (%)

S °~ o n

% G g n n ©

K] T ¥ 5% T T

o =2 o [ -3

£ =z 2o w w

a 53| §% a 2

° <35 il &

w

Macozinone HCI 100*** 1.9 0.8 35
Granules of Macozinone

HCl + HPCD (2:1) 138 31 R 48
Granules of Macozinone

HCl + HPCD (1:1) ne 7 1 31
Granules of Macozinone

HCl + HPCD (1:2) 120 29 09 39

Note. * For granulates designated molar ratio of components.

** Medium contain 0,001 % benzetonium chloride.

*** The value of solubility of Macozinone HCl in 0,01 M HCl, pH 1,2
is accepted as 100 %.

As the results show, the additional increase of ma-
cozinone solubility, especially profound in a weakly
acidic medium, is achieved when tested as granulation
powders of mixtures with hypdroxypropyl-beta-cyc-
lodextrine. It is known that modes of action of cyclo-
dextrines may vary for dissolution of poorly soluble sub-
stances. The phenomenon of formation of inclusion
complexes (clathrates) of amphiphilic cyclodextrines



with hydrophobic lipophilic molecules is most fully
described in the literature. Such complexes can be pro-
duced wit various methods — with intensive mixing or
grinding of dry powders, mixing in solutions, on the
margins of phase separation, co-precipitation, mixture
lyophilization, etc. [29]. As a rule, the most effective for-
mation of such complexes occurs in comparable molar
ratios of CD and host substance which complicates the
use of such approach for high dose products. Neverthe-
less, being mixed with substances with marked hydro-
phobic properties, their some amount may form true
inclusion complexes with preservation of excess crystal-
line forms. l.e. such forms represent combined mixtures
of crystals and clathrate formulations.

It should be noted that in addition to implemen-
tation of true inclusion complexes, solubility of hydro-
phobic molecules in the presence of cyclodextrines
may also increase due to other types of physical che-
mical interactions, for example, stabilization of such
molecules in solutions as a result of non-covalent
interaction with cyclical oligosaccharides [30], as well
as susceptibility of hydrophobic molecules to aggrega-
tion and precipitation from solutions. In the latter case,
the interaction of oligosaccharides and hydrophobic
drug molecules allows to achieve stabile "oversatura-
ting" concentrations of poorly soluble drug substances
in biological fluids [31].

With regards to the obtained data, as one of the task
in construction of dosage form was to use methods and
tablet components promoting the increase of solubility,
permeability and decrease of dependence between
substance solubility and change of pH of biological
media. One of the possible methods for solution of the
task is to develop a high-dose gastroretentive form
with modified release of active substance including
the variant with inclusion of hydrophilic cyclodextrines
within.

Development and evaluation of properties
of experimental tablets

Compositions of developed experimental tablets
and results of evaluation of their properties are given in
tables 3, 4 and on figure 3.

As table 4 and figure 3 showed at the control point
of 6 hours, that tablets with compositions F6, F7, F10
were the closest to assigned release parameters of
the active substance, however the two latter had the
excessively retarded release kinetics of macozinone. At
the same time, composition F1 initially reviewed as the
potential prototype which was similar by the principles
of the technology used (aqueous alcohol one-stage
granulation) in the development of the swelling and
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mucoadhesive acyclovir tablet described in the literature
[32], had the highest swelling and adhesive ability,
however, in tests, the tablet splitting was recorded by
the longitudinal axis during the swelling. The attempt
to correct the disadvantages with the introduction of
additional amount of the binder and substitution of
mucoadhesive components (composition F3) led to
the excessive decrease of release value of the active
substance.

Tablets produced by variant 2 of the technology
with introduction of mucoadhesive agents both within
granules and intergranule space (compositions F4, F5) had
rather high mucoadhesion rates but were characterized
with a low release rate of the active substance.

Tablets with composition F6 produced by the
technology of the two-stage manufacture of granules in
which "primary" granules were prepared with mixing of
the pharmaceutical substance and hydroxylpropyl-beta-
cyclodextrine (in ratio 2:1 by weight) in conditions of a
negligible moistening with water, were most compatible
with the combination of target parameters (see figures
1-3). In this variant of the technology, the stage of
introduction of matrix swelling and highly mucoadhesive
polymers as dry powders to the intergranule space
was implemented. One of the matrix components is
water-insoluble carbopol, and the second one is water-
soluble polymer - hydroxyethylcellulose (F6). It is known
that for poorly soluble substances, their release from
matrix dosage forms is determined mainly the rate of
matrix erosion [22, 23]. In tablets with compositions
F6, F7, F8, matrix agents being swollen form a peculiar
viscous adhesive, gradually eroding membrane around
granules containing the active substance. The selected
combination of insoluble and soluble polymers provides
the necessary rate of the matrix destruction. Moreover,
it should be considered that swelling ability of carbopols
significantly increases with the increase of pH value
of the medium above 5.5-6.0 which it is found in vivo
as a tablet moves to the lower gastric regions and the
duodenum. It should be also stated that when high
molecular PEO is used as a matrix agent instead of GEC
(composition F7), the retardation of the active substance
release from tablets is shown after they are place to the
dissolution medium, with further increase of the value
almost up to minimal target values in 6 hours. The data
indicates that, in principle, it is possible to achieve target
parameters of macozinone tablets to be developed with
a modified release of the active substance by variation of
quantitative ratios and type of matrix agents introduced
between granules.

63



Pharmaceutical Technology

G)apmaqeemu'-lecmm mexHoJsio2usa

- - 0'S - - - - - - - U3 dAISIYPROINW / XIRW S LY DWdH
000l 00'S 000L 00'S - 000l - - - - 1USb SAISBYpPROINW / XL (€0€ ¥SM x0A|0d) 03d
bunsnp/buixiw Aig
_ _ _ _ - - 00°ZL 00°ZL - 1uabe uoleIBIUISIP / DAISIYPROIN OO LY DNdH
_ _ _ _ _ 00'S - - 00°€ juabe uoieIbaUISIP / SAISIYPROIN|A (€0€ SM x0A|od) O3d
- - - - 00'S - - - 006 juabe uoneibauIsip / dAIsaypeodNy dirL6 ol0doque)
- 00t 00y 00Y 00y 00t - 009 009 - sazpnseyd /uabe buizi|ign|os (DWD-BN) winipos asojjaw.ed
- - - - - 00°GL - - - 1azpnseld /juabe Gul (A1p) 0008-53d
- 00's 00'S 00's 00'S 00's - - - - 1azpnseid /usbe buizijignios 0009-53d
- - - - - - 009 - - - Jspulg ST duoplrod
- - - - - - - - - oLe Jspulg 0€3 duoplirod
009 - - - - - 009 009 - Jspulg 063 dUopIrod
00'L 00'L 00'L 00'L 00'L 00'L - 00'L 00'L - wabe buizijignios 08-91eq1054|0d
- - L6'7T €L L6'%T 16'7T LSvE 1uabe uoneibauISIP / 13]|14 LOL @so|n||32 3uljje3sh1DonIN
(uonpjnupib 1om) sajnupib A1ppuodas
06'CE 1uabe uoneibaquIsIp / 19)|14 L0 9s0[Nn||3d suljjeIsA1donIN
- L6'vC - - - - - - - 1uabe uoneibaquIsIp / 19)|14 017X duopinodssor)
- - L6'vT L6'vC 67T - - - - - /uabe mc___ w_u_“”ﬂo,“m\\wc_mw_wc&wu dD9dH ‘ulxapodAd-e1aq-|AdosdAxoipAH
(uonp|nupIb 3oMm) sajnupab Aibwiid
60'67 6067 606t 6061 60'67 6067 606t 606t 60'67 6067 ddueisgns |esiinadeweyd IDH suouizosely
oLd 64 84 L4 94 <d d €4 [£] Ld uonpuny jusuodwod 3y} jo sweN

(9% Ssew) dUouizodew o 3sea|a] PaIPOW YIIm S33]qe) 3y} JO suonejnw.ioj [ejuawiadxy *s a|qel

64



Pharmaceutical Technology

QPapmayesemuyeckas mexHosozusa

LOLL JAV IR} €0lLL 90LL SLLL JAVIAS oLl 60LL 60LL €0lLlL Bw ‘19|ge) Jo ssew Ay
- 00°L 00°L 00°L 00'L 00'L 0S°0 o'l 00'L - esuqgnT S)elewny |A1ea)s wNIpos
00l - - - - - - - 080 jueduqgny 91eJed)s wnisaubey
- - - - - 00'L - - 0S°0 uepls 00¢ ol!SOIY
- - - 00°0L - - - - - 1uab sAISaypeOdINW / XLIIB XHH 052 D3H 950|n|[92]Ay12Ax0IpAH
- - - 00'S - - - - - 1uab aAISOYpROINW / XLIJBIN dt’£6 oJodogied
- 00°0L 00°0L - - 00°0L - - - 1uab SAISOYpPROINW / XLIJBIN AN D1/ olodoqued
oLd 64 84 L4 94 Sd £ €d [+] Ld uonpungy jusuodwod sy} jo swen

65

DRUG DEVELOPMENT & REGISTRATION. 2021. V. 10, No. 3

PA3PABOTKA U PETUCTPALNA JIEKAPCTBEHHbIX CPELCTB. 2021. T. 10, N2 3



"uoISaYPEOdNW JO J3}awWeled 33104 JUSWYDLISP 3} JO SaN|eA A101De)SI}esUN 3y} 0} SNP INO PILLIED JOU SBM UOIFRUIWIDIBP DY s
*9dDURISGNS AI}DR B} JO 35I| 9y} JO SId}dweled Y3 JO SaN|eA A103DB4SIFRSUN O} SNP INO PILLIED JOU SEM UOIJRUIWISIRP Y 4 *9ION

*xO/H «O/H «O/H 00£< | 00£< «O/H o/H ¥O/H 00€ < ¥O/H 00£< UIW ‘(333 JJO-ysem) uoisaype jo uoneing
ce *O/M 9's 99 £9 (43 rs St 0z el < <W/[ “(UondUN{ BAIS3YPE JO UORINIISIP J0 1iom)
1443 L1 g€/l iy 85 9€l 8'8 0'€C 1'9C 8T 09-0S 9% *© ‘(4 9 19)ye) 95EI[2 BUOUIZODEN SAEINWND
96 ¥'S 0'€ €L 6T v'e N4 9 S'S oL 0-02 9% " ‘(4 £ 19)48) 353[31 BUOUIZOJBI AIRR|NWIND
61 9l 8'6 6'C o€l 0 90 Al L'z [Ar4 SL-oL 9% @ ‘(Y | Joye) 3583|21 BUOUIZODR| SARRINWIND
144 00¢ LT 60T 81T Syl 61T 574 88l S0 0zZ-08L N ‘ssoupiey
€'6€ 6'5€L 6CL €01 €66 v'10l 61L 8Ll I'soL - 08< % Xapul Bul|laMS

Wwloj JO SSO| yy

ILX1Z | SLxbT cLx bz ELXET | pLX¥T | ELXPT | TUXTT | ELXST | ELXVT | ooy de (TL<) x (ze<) ww ‘(M x 1) Buljjams saye az15
159 LL9 ¥T'9 759 8€'9 98'9 L'9 759 88'9 102 - ww Y61aH

0Lx0Z | 0Lx0T 0L x0T 0LX0Z | OLX0Z | OLX0Z | OLx0Z | OLX0C | OLx0C 0L x 0z 0L x0Z ww ‘(M % 1) '8zIS
oLd 64 84 L4 94 sS4 vd €4 (£ L4 anjenjabael 13suddRIRYD

Pharmaceutical Technology
@apmayeemuyecKas mexHono2us

s19|qe) [eauawiiadxa ay) jo sansadoud ‘v d|qeL

66



It should be also stated that as matrix agents intro-
duced between granules are substituted with the com-
bination of two water-soluble mucoadhesive polymers -
PEO + HPMC (composition 8) within the implementation
of the technology, the degree of erosion of the dosage
form and, correspondingly, the release of the active sub-
stance become excessive.

When we tried to substitute soluble cyclodextrine
within "primary granules" to insoluble capillary uncoupler
crospovidone used in pharmaceutical compositions as well
as for stabilization and increase of solubility of powders
of hydrophobic drug substances tending to aggregation
[33, 34] (composition F9), the degree of tablet swelling
was significantly increased, and the release rate of the
active was considerably decreased. When cyclodextrine
was substituted to insoluble uncoupler MCC which can
stabilize crystalline systems and improve solubility of
substances [35-37] (composition F10), release of the
active substance was higher but a tablet lost the ability to
swelling and mucoadhesion.

CONCLUSION

Therefore, the results of evaluation of tablet va-
riants with different composition and production me-
thods showed that the samples containing preliminar-
ily prepared separately granules based on powders of
the pharmaceutical substance and hydroxypropyl-beta-
cyclodextrine closest to the assigned target values of
quality parameters of macozinone gastroretentive tab-
let to be produced. Such granules have provided a signi-
ficantly higher solubility of macozinone in all tested me-
dia which allows to predict a higher bioavailability of the
active substance. Evaluating applicability of developed
dosage forms for the increase of bioavailability of the
active substance and provision of the assigned thera-
peutic effect, along with a positive effect on solubility
of hydrophobic substances, it should be considered that
cyclodextrines are known to induce the increase per-
meability of biological barriers for hydrophobic mo-
lecules. The effect is related, in particular, to their ability
to influence structure of biological barriers (phospholi-
pid membranes, mucine). Cyclodextrines (as some other
mono- and disaccharides) show the properties of chaot-
ropic agents exposing to highly viscous systems,
their ability to increase permeability of biologically
membranes due to extraction of some lypophilic or
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amphiphilic components, in particular cholesterol, from
membranes is also described [38-40].

With regards to the obtained data, a swelling and
mucoadhesive tablet produced with the developed
technology for two-stage granulation, containing comp-
lex of pharmaceutical substance macozinone hydrochlo-
ride and cyclodextrine within "primary" granules, with
further intergranule introduction of combination of a
soluble and insoluble polymeric highly bioadhesvie and
swelling matrix agents (composition F6) is most prospec-
tive as a potential prototype of a gastroretentive tablet
for further bioavailability studies.
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