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Osteoarthrosis (OA) remains the most common form of joint damage and one of the
main causes of disability, which causes impairment of quality of life and significant fi-
nancial costs, especially in elderly people [1]. Non-steroidal anti-inflammatory drugs
(NSAIDs) are the first-line symptomatic treatment for pain syndrome in the treatment of
OA [2]. However, treatment with NSAIDs is compromised by the fact that most patients
are elderly and have a wide range of comorbidities, resulting in increased risk of adverse
reactions. Systemic adverse reactions caused by NSAIDs include: disorders of the gas-
trointestinal tract, disorders of the blood system, cardiovascular system, central nervous
system [3]. Therefore, the emergence of drugs with sufficient efficacy, well tolerated and
accepted for long-term pharmacotherapy of OA becomes particularly interesting. These
new generation drugs are based on diacerein (4,5-bis(acetyloxy)-9,10-dioxo-2-anthraceno-
carboxylic acid) that is used as a symptomatic prolonged action drug for OA treatment. Di-
acerein when taken orally shows moderate anti-inflammatory and analgesic activity, slows
down the breakdown of cartilage, relieves pain and swelling [4]. The effect of Diacerein is
manifested during 2—4 months of treatment and has a unique mechanism of action, which
differs from the mechanism of action of NSAIDs. Diacerein and its active metabolite rhe-
in have an anti-pain effect while not inhibiting prostaglandin synthesis and, therefore, no
gastroduodenal side-effects. Diacerein not absorbed in the large intestine is converted to
rhein, which is responsible for loosening and diarrhoea, which is one of the main adverse
reactions when diacerein -based medications are used [5]. However, recent studies have
shown that rhein is a potential therapeutic agent for the treatment of SARS-CoV infection,
so diacerein is a multi-purpose drug useful for the treatment of COVID-19 [6].

In the pharmaceutical development of a medicinal product (MP) based on diacerein
for oral administration, special attention should be paid to biopharmaceutical aspects that
affect the bioavailability. Variable biopharmaceutical factors, which include physicochemi-
cal properties of API, qualitative and quantitative composition of excipients, features of the
technological process can affect the therapeutic equivalence of generic drugs by changing
their pharmacokinetic parameters [7]. Solubility is one of the factors that determine the
bioavailability of the drug during oral administration [8]. New generation drugs tend to
© Komnekrus aBTopis, 2021
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have structures and design of molecules with higher lipophilicity, higher molecular weight
and lower dispersibility in aqueous solutions [9]. It is known that over the last few decades,
the number of developed APIs has increased significantly, which due to solubility problems
fell into classes Il and IV of the biopharmaceutical classification system (BSC), because
API molecules during development had a higher average molecular weight, higher melting
points and more high degree of hydrophobicity [4]. Diacerein due to its physicochemical
properties is practically insoluble in water (3,197 mg/ml) and belongs to BSC II class,
therefore only 35-56% of drug reaches systemic circulation [5]. The range of medicinal
product containing diacerein for oral administration in the Ukrainian pharmaceutical mar-
ket is very limited, represented by the foreign drug «Orcerin» capsules of 50 mg, man-
ufacturer McLeods Pharmaceuticals Limited, India, and domestic products: «Flexerin»
50 mg in capsules, manufacturer JSC «Kyiv Vitamin Plant» and «Diamax» 50 mg in cap-
sules manufacturer LLC «Farmex Group», Ukraine, and the registration certificate of the
original medication «Artrodar», manufactured by TRB Pharma S. A. Argentina, 50 mg
capsules, has been suspended [10]. Increasing market availability of drugs in this group
encourages the development of composition and search for the latest technological aspects
of their industrial production, which is an important area of pharmacy today. Therefore, the
search for approaches to increase the solubility of practically insoluble API using the for-
mulation, composition of excipients, the use of API with specified physicochemical charac-
teristics, assessment of impurity profile, solubility and kinetics of release of the substance
from hard gelatin capsules should ensure guaranteed efficacy and safety of medicines [11].

Aim — development of the formulation of solid gelatin capsules based on diacerein,
experimental study of diacerein solubility and evaluation of the formulation by in vitro
comparative studies of the dissolution kinetics of the medicinal product.

Materials and methods

The composition of the capsules with diacerein was developed using the API manufac-
turing of Taizhou Highsun Pharmaceutical Co., Ltd, China. In terms of quality parameters
and physical and chemical characteristics the API were fully meets European Pharmaco-
poeia requirements [12] and is a substance practically insoluble in water.

Determination of pH-dependent solubility of diacerein was performed for the concen-
tration of the highest single dose in 250 ml of buffer solutions in the range of pH 1.2-6.8
at a temperature of 37 + 1 °C. The pH of each buffer solution was checked before and after
the introduction of the active substance into the buffer solution [13].

Conditions for API solubility studies: volume of dissolution medium 250 ml; dissolution
media temperature 37.0 + 1 °C; dissolution media: buffer solutions with pH 1.2 (0.1 M HCI),
pH 4.5 (acetate buffer) and pH 6.8 (phosphate buffer); sampling time for buffer solutions
pH 1.2 and 4.5 was 15, 30, 45, 60 minutes, for buffer solution pH 6.8 was 10, 15, 20 minutes.

Quantitative content of diacerein that released into the buffer solution was determined
by absorption spectrophotometry in the ultraviolet region at a wavelength of 343 nm in a
cuvette with an optical layer thickness of 10 mm on a spectrophotometer Lambda 35 (Per-
kin Elmer, USA). The following auxiliary substances were used for the optimal composi-
tion of capsule mass: Lactose monohydrate (Granulac 200) (Molkerei Meggle Wasserburg
GmbH& Co. KG, Germany); povidone K 29/32 (ISP, Switzerland); croscarmellose sodium
(Solutab A) (Blanver Farmoquimica, Ltd, Brazil); colloidal silicium dioxide (Orisil 300)
Kalush Test Experimental Plant of Surface Chemistry Institute of National Academy of
Science of Ukraine, LTD «Orisil», Ukraine), magnesium stearate (LTD «Electrogasohimy,
Ukraine), B-cyclodextrin (Zibo Senlos Import & Export Co., Ltd., China).

The capsule mass was prepared according to the following technology: sieved
through a calibrator of conical type and weighed raw material was loaded into a high-
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speed mixer-granulator (High-shear mixer) in the sequence: Lactose monohydrate, cros-
carmellose sodium, diacerein (in terms of anhydrous substance), silicon dioxide colloidal
anhydrous. The mass is thorough kneaded. The resulting component mixture was gran-
ulated by stirring in a granulator by continuously feeding a 10% solution of Povidon K
29/32 as a granulation agent via a nozzle. The obtained moistened mixture was mixed
and dried by means of a shelf drier at 55 °C, calibrated through a calibrator of conical
type with a bore diameter of 2 mm and the obtained capsule mass was powdered with
magnesium stearate.

Physico-chemical and pharmaco-technological properties of the capsule mass and the
finished pharmaceutical form were investigated according to the methodology of the State
Pharmacopoeia of Ukraine (SPU) [14] and/or European Pharmacopoeia. The quality of
the obtained capsule mass was evaluated according to the following pharmaco-techno-
logical parameters: external appearance of the capsule mass; bulk density; density after
shrinkage.

In comparative studies of the developed samples of the drug based on diacerein used
as a reference drug Artrodarin®, 50 mg capsules, manufactured by TRB PHARMA S. A.,
Argentina.

Comparative studies of the dissolution kinetics of the reference drug Artrodarin®,
50 mg capsules and the investigated drug samples were performed in vitro using the «Dis-
solution» test. The test was carried out using 12 dosage units of each investigated medi-
cines, which were individually placed into the round-bottom dissolution flask of apparatus
with a paddle, maximizing avoiding the formation of air bubbles on the surface of the drug.
Conditions for the test «Dissolution»: Type of device: apparatus with a paddle; agitation
speed 75 rpm; volume of dissolution medium: 900 ml; temperature of dissolution: 37.0 +
0.5 °C; dissolution medium: buffer solution with pH 6.8 (phosphate buffer); volume of se-
lected samples: 10 ml; sampling method: manual. The amount of diacerein released into the
buffer solution was determined by absorption spectrophotometry in the ultraviolet region,
under the conditions described above. The comparison solution was prepared by dissolu-
tion a standard sample of Diacerein (Y0001595, Sigma-Aldrich) in a suitable dissolution
medium.

The results of the studies carried out were expressed as a percentage of the nominal
diacerein content in a drug unit. The similarity factor (f,) of drug dissolution kinetics was
calculated using the formula mathematically to demonstrate and discuss drug similarity
profiles [13].

Statistical processing of the obtained results was performed with the calculation of the
arithmetic mean (x) and the error of the arithmetic mean (m) using regression and correla-
tion analyzes in the ANOVA program, the difference was considered to be significant at
p <0.05.

Results and discussion

It is known that diacerein is practically insoluble in water P, is a hydrophobic sub-
stance, is not wetted by water and exhibits surface hydrophobic properties relative to water,
so at the first stage of the study studied the solubility (API) in buffer media simulating oral
administration of the drug to determine the dependence dissolution from pH. To study the
solubility of diacerein, the highest recommended single dose was calculated, which accord-
ing to the instructions for medical use is 50 mg.

Measurement of the pH of the dissolution medium was provide before and after adding
the substance to the buffer solution. It is known that in solutions with a pH below 3.0 dia-
cerein is insoluble, so in a buffer solution with a pH of 1.2 insoluble diacerein crystals were
filtered off and the pH value in the filtrate was measured. The results are given in Table 1.
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Table 1

The results of determining the stability of buffer media by measuring the pH at the
beginning and end of the experiment (n = 3)

. . . The pH value before the The pH value after the
Dissolution medium . .
experiment experiment
. 1.18 £ 0.02
+
Buffer solution pH 1.2 1.20+0.01 (filtrate)
Acetate buffer solution pH 4.5 4.51£0.02 4.53 £0.01
Phosphate buffer solution pH 6.8 6.80 £ 0.02 6.78 £ 0.01

As can be seen from the data presented, the substance diacerein in the studied media
does not react chemically and does not affect the value or change in pH of all buffer solu-
tions, the substance is not destroyed by the formation of decomposition products.

The results of the dissolution of diacerein in three dissolution medium are shown in
Table 2.

Table 2
The results of the study of the solubility of diacerein in three buffer media
. . . Selection time, The concentration of diacerein in the
Dissolution medium .
min selected samples, mg/ml
15 0.000184
. . 30 0.000246
Hydrochloric acid solution pH 1.2
45 0.000349
60 0.000425
15 0.00629
) 30 0.007803
Acetate buffer solution pH 4.5
45 0.00951
60 0.01179
10 0.186
Phosphate buffer solution pH 6.8 15 0.194
20 0.195

The obtained experimental data confirm that in a buffer solution with a pH of 1.2 diace-
rein is practically insoluble. It was also found that diacerein substances in a buffer solution
with a pH of 4.5 has a relatively low solubility, while the solubility of diacerein increases
slightly with increasing pH values of the medium. The obtained experimental data on the
low solubility of the active substance confirm the belonging of diacerein to class II ac-
cording to BSC. Therefore, excipients that increase the solubility of the active substance
are a critical parameter in the development of a capsule mass that significantly affects the
bioavailability of class II BSC substances.

The development of the composition of the drug Diacerein, capsules, 50 mg consisted
in considering the possibility of using various types of excipients and their modifications to
achieve optimal pharmacological and technological properties of the capsule mass (flow-
ability, bulk density, Carr&apos;s index) and the release profile of the active substance.

Due to the poor fluidity and low bulk density of API [4], wet granulation technology
was used to obtain the capsule mass, as described above, since the direct encapsulation
technology does not allow obtaining a product that meets the requirements of the pharma-
copoeia in terms of «Uniformity of dosage units». To create the optimal composition of the
capsule mass with diacerein using wet granulation technology, fillers (lactose monohydrate),

65

ISSN 0367-3057, ®apmayesmuunuii scypuan, 2021, T. 76, Ne 6



granulating agents (povidon K29/32), disintegrants (sodium croscarmellose), solubilizers
(B-cyclodextrin and sodium and magnesium stearate) were tested, in accordance with the
qualitative composition of the reference drug. The choice of the composition was carried out
using a one-factor experiment according to the matrix given in Table 3.

Table 3

Formulation of diacerein experimental samples and comparison drug in the form of
hard gelatin capsules

Ingredients, mg C1 C2 C3 C4 C5 Artrodarin

Diacerein 50.0 50.0 50.0 50.0 50.0 50.0
B-Cyclodextrin - 10.0 - - -

Sodium lauryl sulfate - 5.0 - 4.5 -

Lactose monohydrate 248.5 216.0 220.3 244.0 217.8 +
Povidone K29/32 - - 11.5 - 13.25 +
Croscarmellose sodium - 12.0 11.5 - 11.75 +
Colloidal anhydrous silica (Aerosil) - 6.0 5.5 - 5.75 +
Magnesium stearate 1.5 1.0 1.2 1.5 1.45 +
Hard gelatin capsules, Ne capsules 1 1 1 1 1 1
Weight per capsule, mg 300 300 300 300 300 300

Pharmaco-technological properties of the mass for encapsulation of the studied batches
of the drug and the reference drug Arthrodarin®, capsules, 50 mg are given in Table 4.

Table 4

Pharmaco-technological properties of the mass for encapsulation containing

diacerein (n = 3)

The results obtained
Capsule mass Capsule
quality indicators Composition | Composition | Composition | Composition | Composition mass
1 2 3 4 5 .
Arthrodarin
Yellow Yellow Yellow Yellow Yellow Yellow
Appearance
granules granules granules granules granules granules
Loss on drying, % 2.84+0.01 | 2.38+0.01 | 2.47+0.01 | 2.52+0.01 | 2.48+0.01 | 4.50+0.01
Bulk density m/V, 0.671 + 0.638 + 0.625 + 0.603 + 0.628 + 0.68 4 0.01
g/ml 0.01 0.01 0.01 0.01 0.01 ’ ’
Tapped density, m/ 0.671 £ 0.638 + 0.625 £ 0.603 + 0.628 £ 0.68 = 0.01
Vi g/ml 0.01 0.01 0.01 0.01 0.01 ’ ’
Carr index, % 30.12 21.62 16.67 2481 20.40 12.82
Flowability, s/100g | 61 . 0,05 | 42240.05 | 3.82+0.05 | 425+0.05 | 4.23+0.05 | 3.39+0.05
of sample, (g/s);
212“1651 f:lﬂ’ (21.22) (23.81) (26.18) (23.09) (23.64) (29.49)
Similarity factor f, < 50 > 50 > 50 < 50 > 50 > 50

As can be seen from the data presented in Table 4, compositions No 1 and No 4 have
unsatisfactory technological properties (poor flowability and high Carr index), and are not
similar to the reference drug (similarity factor below 50). The analysis of the pharma-
co-technological properties of the mass for encapsulation showed that Composition No 3
is optimal. Lactose monohydrate (Granulac 200) was used as a filler, and a 10% solution
of povidone K 29/32 was used as a granulating agent. Colloidal silicon dioxide (Orisil
300), which is a highly dispersed amorphous powder with a particle size of about 40 nm.
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Glissants (sliding substances) should be added to the composition of the mass for encap-
sulation precisely in a highly dispersed state. The greater the degree of grinding, the larger
the surface of the mass for encapsulation, with the same amount they can cover. Anoth-
er function that gliders perform is to remove the electrostatic charge from the granulate,
which also improves their flowability. Anhydrous colloidal silicon dioxide, introduced into
the composition No 3, made it possible to achieve optimal flowability of the capsule mass.
Croscarmellose sodium was used to disintegrate the capsules in order to ensure the required
disintegration time of the capsules and the release of the active substance. The conducted
pharmacological and technological studies allow us to assert that the resulting mass for en-
capsulating composition No 3 can be used to develop hard gelatin capsules of the diacerein
preparation. The obtained data for the bulk density and Carr&apos;s coefficient indicate
satisfactory flowability of the encapsulating mass.

The next stage of research was the development of an experimental series of capsules
with diacerein and comparative studies of pharmaco-technological and physico-chemical
parameters of generic and reference drugs are given in Table 5.

Table 5
Comparison of pharmaco-technological properties of the studied drug based on
diacerein, 50 mg capsules and the reference drug Arthrodarin®, 50 mg capsules

The results obtained

Quality indicator Diacerein, Artrodarin®, Control

50 mg capsules, 50 mg capsules, method

S. 001 S. 0Y419
Hard gelatin capsules Ne 1, Hard gelatin capsules Ne 1 with
Appearance of consisting of a blue body and an | a green body and a white cap, )
) . . Visually
capsules opaque white cap. The capsules | containing a mixture of powder
contain yellow granules and yellow granules
Loss on drying, % 4.5 4.8 EP, 2.2.32
Average weight of From 277.5 mg From 285 mg
0, + 59

capsule contents to 322.5 mg (+ 7.5%) to 315 mg (£ 5%) Calculated
(average value of 10
capsules), mg 298.0 302.0
Capsule disintegration No more than 30 min No more than 30 min
time (average value of using disks EP,2.9.1
6 capsules), min 16 11
Dissolution (average No less 75% (Q) by 30 min
value of 6 capsules), EP.293
% 89% 91%
Quantitative From 47.5 to 52.5 mg (+ 5%)
content of diacerein, EP. 2.2.25
mg 50.79 52.0

As can be seen from the given data in Table 5, the obtained pharmaco-technological
and physicochemical parameters of capsules with diacerein are maximally similar for the
reference and investigated drugs.

According to the results of testing the test «Dissolution» of diacerein, which at a certain
time of sampling passed into the dissolution medium, the average values of the quantitative
content and the relative standard deviation were calculated. It was experimentally estab-
lished that in a buffer medium with a pH of 1.2 in the interval of 60 min. the release of
diacerein is 2.66% and 15.74% in a buffer medium with a pH of 4.5 in the reference and
investigational drugs. According to observations in both the generic drug and the reference
drug, more than 85% of the API goes into solution within 30 minutes and earlier in a buffer
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solution with a pH of 6.8, which confirms the properties of diacerein to a greater tendency
dissolve in media with a neutral pH.

The dependence of the dissolution rate (X, %) of diacerein on the dissolution time
(t, min) in the buffer solution with pH 6,8 is presented in Figure.

100
80
60
X, % —&— Artrodarin®,
batch number
40 oY419
Diacerein,
batch number
20 001
0
0 5 10 15 20 25 30
t, XB

Fig. Dissolution profiles of the reference drug Arthrodarin® and the study sample of
the drug based on diacerein

The results of the evaluation of the similarity of the dissolution profiles of the studied
samples with the dissolution profile of the reference drug Arthrodarin®, 50 mg capsules,
which were obtained by the formula for calculating the similarity factor (f)), are given in
Table 6.

Table 6

The value of the similarity factor of the study drug based on diacerein and the

reference drug Artrodarin®, 50 mg capsules in buffer media

Dissolution medium (mustsliglli)l:trvivtgeflag)o;ﬁi 100)
pH=12 99.8
pH=4.5 77
pH=6.8 74

Therefore, according to the calculations, the obtained values of the similarity factor are
in the range from 50 to 100, which indicates the similarity of the dissolution profiles of the
investigated drug based on diacerein and the reference drug Artrodarin, capsules of 50 mg
in buffer media with pH 1.2, 4.5 and 6.8. The developed composition of capsules based on
diacerein is equivalent in dissolution kinetics to the reference drug Artrodarin®.

Conclusion

1. The solubility of the diacerein substance in buffer media simulating oral adminis-
tration of the drug was studied, and it was found that diacerein is practically insoluble in
a buffer solution with a pH of 1.2, has a relatively low solubility in a buffer solution with
a pH of 4.5, while the solubility of diacerein increases with increasing pH values of the
medium to 6.8.

2. An optimal composition has been developed for creating a capsule mass with dia-
cerein using wet granulation technology. Selected fillers, humectants, disintegrants, and
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lubricants were selected to achieve the proper flow properties and short capsules disinte-
gration time for API release. The obtained data for the bulk density and Carr&apos;s index
indicate satisfactory flowability of the encapsulating mass.

3. Comparative studies of the dissolution kinetics of the investigated drug based on di-
acerein and the reference drug Artrodarin®, capsules of 50 mg were carried out. According
to the calculations, the obtained values of the similarity factor are in the range from 50 to
100, which indicates the similarity of the dissolution profiles of the investigated drug based
on diacerein and the reference drug Arthrodarin®, 50 mg capsules in buffer media with pH
1.2, 4.5, 6.8. The developed composition of capsules based on diacerein is equivalent in
dissolution kinetics to the reference drug Artrodarin®™
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PO3POBJIEHHS CKJIALY 1 OLIIHKA EKBIBAJIEHTHOCTI TBEPIUX XXEJIATMHOBUX KAIICYJI
JIALIEPEIHY

Kirwouogi ciioBa: miariepeit, po34MHHICTD, PapMaKOTEXHOIOTTYHI BIACTHBOCTI, KIHCTHKA PO3YMHEHHS
AHOTAINIA

Jliaepein — HOBOTO MOKONIHHS CHMOTOMATWYHHUI 3aci0 MOBUTBHOI il IS JIKyBaHHS OCTE0apTPO3Y,
IIPU TIepOpaTbHOMY MPUITOMI BUSIBIISIE IOMIPHY NPOTU3ANANIbHY Ta 3HEOOIIOBAIBHY aKTUBHICTD, YIOBUIBHIOE
po3maj XpAIIoBol TKAaHWHH 1 ITOJIernIae Ok i HaOpsK, aye 3a (i3UKO-XIMIYHUMH BIACTUBOCTSIMH IIPAKTUIHO
HEepO3UMHHUHN y Bofi 1 HamexunTs 10 Il kmacy BCK, 3apasiku womy mumre 35-56% mpemnapary gocsirae CHCTEMHOT
pKy/sinii. OTKe, MOMIYK MiJXOAIB MiJABUILEHHS MIBUIKOCTI PO3YMHEHHs MPAaKTHYHO HepozunHHOro AdI
3a JIOTIOMOTOIO PELENTYypHU, BUIY MONOMDKHHX PEUOBHH, CTYIEHS PO3UMHHOCTI Ta KiHETUKH BUBUIBHCHHS
cyOcTaHMii 3 TBEPIUX JKEIATHHOBUX KalCyll MalOTh 3a0€3MEUNTH TAPaHTOBaHy €(peKTHBHICTH Mpenapary

Meta pobOOTH — po3pOOJICHHS CKJIaAy Mpenapary y (GopMi TBEpIUX KEITaTHHOBHUX KarCyJd Ha OCHOBI
niariepeiny, eKCIeprMEHTalbHE JIOCIIKEHHS PO3YMHHOCTI JialiepeiHy Ta OLIHKA CKJIAAy JOCIiHKCHHIM
KIHETHKH PO3UYMHEHHS JIIKapCHKOTO 3ac00y.

BusHauenHss pH-3anexHOl pO3UMHHOCTI [ianepeiHy 3IifiCHIOBaIM 3a yMOB: 00’€M cepeloBHIINA
pozunaeHHsT 250 Mmi, Temmeparypa poszumueHHs 37,0 £ 1,0 °C. JlocnipkyBany HafBUIY PEKOMCHIOBAHY
JI0 3aCTOCYBaHHS OIHOPa3oBy 103y 50 mr. Po3poOmeHHs ckmamy mikapcbkoro 3acoOy [liamepein, xamcynm,
50 Mr 3aifiCHIOBANH 31 3aCTOCYBAaHHSIM PI3HUX BH/IIB JOMOMIKHHUX PEUOBHH Ta iX MOAUGIKaIil I JOCATHEHHS
HaJISKHUX TEXHOJIOTIYHHUX BIACTUBOCTEH MO0 TEKydYOCTi (CHIYYOCTi) Ta KOPOTKOTO Hacy po3mamy Karcyi
JUTS BUBUTBHEHHS [iF0401 peqyoBUHHM. [10piBHANBHI JOCTIHKEHHS KIHETUKH PO3YUHEHHS 3I1CHIOBAIN METOIOM
in vitro 3a TecToM «PO3YMHEHHS» 3 BUKOPUCTAHHSM IPHIIay 3 JIONATTIO 31 MIBHUIKICTIO 0OepTanHs 75 00/XB,
cepeoBHIa po3unHeHHs 31 3HaueHHs pH 1,2, 4,5 ta 6,8, y 06’emi 900 mir 3a Temmeparypu 37 + 0,5 °C. fx
pedepeHTHHIA TiKapChbKUid 3aci0 BUKOPUCTAHO «ApTpomapuH®y», karncynu, 50 mr, BupoOHuursa TRB PHAR-
MA S. A., AprexTuHa.
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BceranoBneHo, mo aianepein mpakTHYHO HEpO3uMHHUHN y OydepHomy pozumHi 3 pH 1,2, mae BigHOCHO
HHM3bKY PO3YMHHICTH y OypepHomy posunHi 3 pH 4,5, npu 1poMy po3dMHHICTH AianepeiHy MiABHUILYETHCS 3
poctoM pH cepenoBuma 1o 6,8. Po3pobieHo onTHManbHUH CKIIaj] Karcyd 3 JianepeiHOM 3a TEXHOJIOTIEI0
Bosyoroi Tpanymauii. Onep:kaHi AaHi HACHITHOI TYCTHHHM Ta KoedimieHTy Kappa BkaszyloTh Ha 3aJ0BUIBHY
IUIMHHICTD Macu JUIsl KalCyNIOBaHHs. 3MIHCHEHO NOPIBHSJIBHI JOCITI/PKCHHS KIHETUKM DPO3YMHEHHS
JIOCITIZKYBAHOTO JIIKApCHKOTO 3aco0y Ta OPHTiHAIBHOTO Ipernapary «ApTrpomapuH®y, karcymu o 50 mr. 3a
MIPOBEICHUMHE PO3paxyHKaMH BCi OfIeprKaHi 3HaYeHHS (akTopa MOIiOHOCTI CTaHOBIIATH B Mexax Bix 50 mo 100,
Ta CBiAYATh PO MoAiOHICT y OydepHux cepenosuiax i3 pH 1,2; 4,5 ta 6,8. Po3pobienuii ckian npenapary €
€KBIBaJICHTHUM 3a KiHETUKOIO PO3YMHEHHS O OPHUTIHAIBHOTO IIPEnapary.
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PA3BPABOTKA COCTABA U1 OLIEHKA DKBUBAJIEHTHOCTHU TBEPJBIX XXEJTATUHOBBIX KAIICYII
JIMALIEPEHA

KunroueBsle cii0Ba: inanepent, pacTBOPUMOCTS, (hapMaKo-TEXHOIOTHIECKHE CBOHCTBA, KHHETHKA PACTBOPEHHUS
AHHOTALUA

JluanepeuH — HOBOIO IIOKOJICHHMS CHMITOMATH4ECKOE CPEICTBO 3aMEUICHHOIO JCHCTBUS — AJIs
JIeYeHHsl OCTE0apTPO3a, MPH MEepPOpaTbHOM MpPHEME MPOSBISET YMEPEHHYIO MPOTHBOBOCTIANUTENBHYIO U
00€300/IMBAIOIIYI0 aKTHBHOCTb, 3aMEUISAET paciaj] XpsAIIeBol TKaHU U obierdaer 60ib U OTEeK, HO 10 GU3HKO-
XMMHYECKAM CBOMCTBaM IMpPAKTUYECKH HEPAacCTBOPHM B BOe, Omarozmapsi yemy Toibko 35-56% mpemapara
JIOCTHTAeT CUCTEMHON HMUPKYIAuH. Mcxoas u3 3Toro, MOMCK MOAXOAOB YBETHUEHHUS] CKOPOCTH PACTBOPEHHS
IIPaKTUUECKU HepacTBopumoro A®I ¢ momoupo pelentypsl, BUia BCIIOMOraTeNIbHBIX BELIECTB, CTEIIEHU
pPacTBOPUMOCTH M KHHETHKH BBICBOOOXKIEHHS CyOCTaHIIMM W3 TBEPIBIX JKEIATHHOBBIX KaICyl IOJDKCH
o0ecrneunTh rapaHTUPOBAHHYIO 3()(hEKTHBHOCTH Tpenaparta.

Llens paGotsl — pa3paboTka cocraBa mpenapara B (opMe TBEpIbIX KEJIATHHOBBIX KalCyll Ha OCHOBE
JUALEPEUHa, OKCICPUMEHTAIbHOEC HCCICIOBAHUE pPACTBOPUMOCTU [UALEPEMHA M OLEHKAa COCTaBa
HCCIIEI0BAaHNEM KHHETHKH PACTBOPEHUS IEKAPCTBEHHOTO CPEACTBA.

Onpenenenne pH-3aBUCHMON PacTBOPUMOCTH JHAlEPEHHA OCYLIECTBISUIM B YCIOBUSX: 00bEM CpeJibl
pactBopenus 250 mi, Temmneparypa pactsopenus 37,0 £ 0,5 °C. HccnenoBaay BbICHIYI0 PEKOMEHIOBAHHYIO
K NPUMEHEHHIO OJHOKpaTHyro no3y 50 mr. Pa3paboTky cocTaBa IeKapCTBEHHOro cpexacTBa JlmanepewH,
Karcyisl, SO Mr MpoBOMIIN C IPUMEHEHHEM Pa3HBIX BHJOB BCIIOMOTATEJIBHBIX BELIECTB M UX MOAMU(pHKAIMI
JUTSL TOCTIDKEHUS HAUIEKAIINX TEXHOJIOTHYECKUX CBOMCTB 110 TEKy4YeCTH (CBHITyYeCTH) U OBICTPOro MepHoaa
pacmaja Karcyin JUls BBICBOOOXKIECHHS JEHCTBYIOLIETO BemecTBa. CpaBHUTEIbHBIE HCCIESIOBAHUS KMHETHKU
PACTBOPEHUsI OCYILECTBIIIN METOJIOM in Vitro, TecT «PacTBOpeHHe» ¢ HCII0Ib30BaHHEM IPUOOPA C JIOACTBIO
CO CKOpPOCTBIO BpamieHus 75 o0/MuH, cpemsl pacTBopeHust co 3HauenmeMm pH 1,2, 4,5 u 6,8, B oOpeme
900 mn mpu Temmeparype 37 + 0,5 °C. B kauecTBe pehepeHTHOrO JEKapCTBEHHOTO CPEICTBA HCIOIb30BAIH
«AptponapuH®»y, kancyisl, 50 mr, npousBoactea TRB PHARMA S.A., Aprentuna.

YcraHOBIEHO, UTO JHAIlEpenH MPaKTHUECKH HepacTBopuM B OydepHoM pactBope ¢ pH 1,2, mmeer
OTHOCHUTEIIBHO HU3KYIO paCTBOPUMOCTB B OydepHoM pactBope ¢ pH 4,5, Ipu 3TOM pacTBOPUMOCTB THalleperHa
noBsImaercst ¢ yenuuenueM pH cpensl 1o 6,8. PaspaboraH onTHManbHBI COCTaB Kalcyl C IHALEPEHHOM
10 TEXHOJOTHH BIXXHOH TpaHyssinud. [loydeHHbIe TaHHbIE HACKITHON INIOTHOCTH M K03 duienTa Kappa
YKa3bIBalOT Ha YIOBIETBOPUTENbHYIO TEKy4YeCTb KalCyIHpOBaHHOH Macchl. IIpoBereHbl CpaBHUTENbHbIE
HCCIICI0BaHMsI KUHETUKY PACTBOPEHHUSI HCCIIEAYEMOT0 JISKapCTBEHHOTO CPE/ICTBA U OPUTMHAJIBHOIO IIpernapara
«AptpomapuH®y, kancynsl 1o 50 mr. [To mpoBeeHHBIM pacdeTam Bce OydIeHHbIE JaHHbIe (paKkTopa Moo0us
HaxozAThes B npenenax oT 50 mo 100, uto cBuaeTensCTBYET 0 nmoaobuu B Oydepusix cpeaax ¢ pH 1,2, 4,5 u
6,8. PazpaboTaHHbII cCOCTaB Ipernapara sBJIsIeTCs] SKBUBAJICHTHBIM 110 KHHETUKE PACTBOPEHUSI OPUTMHAIBHOMY
mpernapary.
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DEVELOPMENT OF THE COMPOSITION AND EQUIVALENCE EVALUATION OF SOLID GELATIN
CAPSULES DIACEREIN

Key words: diacerein; solubility; pharmaco-technological properties; dissolution kinetics

ABSTRACT

Diacerein is a new generation of symptomatic slow-acting agent for the treatment of osteoarthritis, when
taken orally, it exhibits moderate anti-inflammatory and analgesic activity, slows down the decay of cartilage
tissue and relieves pain and swelling, but its physicochemical properties it is practically insoluble in water,
due to which only 35-56% the drug reaches systemic circulation. Therefore, the search for approaches to
increase the dissolution rate of a practically insoluble API using the formulation, type of excipients, degree
of solubility and kinetics of the substance release from hard gelatin capsules should provide guaranteed drug
efficacy.

The aim of the work is to develop the composition of the drug in the form of hard gelatin capsules based
on diacerein, to experimentally study the solubility of diacerein, and to evaluate the composition by studying
the kinetics of dissolution of the drug.

Determination of the pH-dependent solubility of diacerein was carried out in the conditions: the volume
of the dissolution medium is 250 ml; dissolution temperature 37.0 £ 0.5 °C. The highest recommended single
dose of 50 mg was investigated. The development of the composition of the drug Diacerein, capsules, 50 mg
was carried out with the use of various types of excipients and their modifications to achieve the proper
technological properties in terms of fluidity (flowability) and a short disintegration time of the capsules for
the release of the active substance. Comparative studies of the kinetics of dissolution were carried out by the
in vitro method, the test «Dissolution» was studied a «Paddle apparatus» with a rotation speed of 75 rpm,
a dissolution medium with a pH value of 1.2, 4.5 and 6.8, in a volume of 900 ml at a temperature of 37 +
0.5 °C. The reference drug was used «Artrodarin®», capsules of 50 mg, manufactured by TRB PHARMA
S. A.,vArgentina.

It was found that diacerein is practically insoluble in a buffer solution with a pH of 1.2, has a relatively
low solubility in a buffer solution with a pH of 4.5, while the solubility of diacerein increases with an increase
in the pH of the medium to 6.8. The optimal composition of capsules with diacerein using the wet granulation
technology has been developed. The obtained data for bulk density and Carr&apos;s index indicate satisfactory
flowability of the encapsulating mass. Comparative studies of the dissolution kinetics of the investigational
medicinal product and the original drug «Artrodarin®», capsules of 50 mg were carried out. According to the
calculations, all the obtained values of the similarity factor are in the range from 50 to 100 and indicate the
similarity in buffer media with pH 1.2, 4.5 and 6.8. The developed composition of the preparation is equivalent
in dissolution kinetics to the original medicine.
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