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The aim. Development of the composition and investigation of the equivalence of suppositories with sodium diclofenac by in vitro
method on a device with a flow-through cell in accordance with modern requirements of SPhU.

Materials and methods. The development of the suppository composition was carried out with the use of the substance of
diclofenac sodium and the excipient of solid fat of various grades. Studies of the active ingredient release in vitro in comparison
with the reference listed drug were carried out on a device with a flow-through cell according to the monograph SPhU 2.9.42.

Results.The investigations of the physical-chemical properties of the diclofenac sodium substance (micronisation, solubility)
and the basis of the solid fat carrier, which affect the release of the active ingredient from the drug formulation were carried. The
«particle size figure for 2 samples of the active ingredient was from 100 to 400 pm and not more than 15 pm, respectively. The
optimal composition of suppositories was developed by the method of 2-factor experiments. The conditions for the «Dissolution»
test were determined: the volume of the medium (720 ml), the dissolution temperature (37.0 £ 0.5) °C, the time taken for sampling
(15, 30, 45, 60, 90 min), the dissolution medium — buffered solution with a pH of 7.4. The calculated similarity factor f, was 67,
which indicates the similarity of the release profiles and the equivalence of the researched drug.

Conclusions. The pharmaco-technological properties of sodium diclofenac and the solid fat auxiliary substance were studied. A
method for the release of sodium diclofenac with the use of a device with a flow-through cell in accordance with the requirements
of the SPhU is developed. The level of release of sodium diclofenac in the dissolution medium from rectal suppositories was
determined by the experimental method, as the first step in the bioavailability determination. The equivalence of the tested
samples of suppositories with the reference listed drug with the help of the method in vitro was established.

Po3pobAeHHA CKAaAy Ta AOCAIAKEHHA €KBIBAAEHTHOCTI Cyno3UTopiiB
i3 AMKNOQEHAKOM HATPito METOAOM in vitro 3 BAKOPUCTAHHAM TecTy «PO3UMHEHHSA»
AAAl TBEPAMX AiNOQIAbHUX A0O30BAHUX PpOpM

0. 0. Canin, 0. M. Bayaa, A. . XaputoHeHKo, A. A. dykaeBa, A. C. Kupuatok

MeTa po6oTu — po3pobneHHs cknagy Ta 4OCTimKEHHS eKBIBANEHTHOCTi Cyno3nTOpIiB i3 ANknodeHakom HaTpito MeTogoMm in vitro
Ha npunagi 3 MPOTO4HOK KOMIPKOIO 3rifHO 3 Cy4acHumu Bumoramm Y.

Marepianu Ta metogu. Po3pobneHHs cknagy cynosvTopiiB 3aiNCHUMM 3 3aCTOCYBaHHAM cybCTaHLi AvMKnodeHaky HaTpito Ta
[LOMOMIKHOT PEYOBMHI TBEPANIA XXMP Pi3HNX MapoK. [LoChimKeHHs BUBINbHEHHS [i040T PEYOBUHM in Vitro NOPIBHAHO 3 pethepeHTHUM
npenapaTtom BUKOHamM Ha npunagi 3 NpOTO4YHOK KOMIPKOH BiMOBIAHO A0 cy4acHux Bumor AdY 2.9.42.

PesyniTaTu. [NpoBenu JochimpKeHHs Gisnko-XiMIYHUX XapakTepUCTUK CybCTaHLT AnKnodeHaky HaTpito (MIKPOHI3aLlisi, PO3YMHHICTb)
Ta OCHOBW HOCISi TBEPANI WP, LLIO BNAMBAIOTb HA BUBINbHEHHS [it040T PEHOBUHY 3 NiKapCbKoi (hopMut. [oKasHUK «po3Mip YacToK»
[Ns ABOX 3paskiB Aito4oi pevoBuHm ctaHoBKB Big 100 o 400 MkM i He GinbLue Hix 15 MkM BignoeigHo. MeTogom ABoGhakToOpHOro
€KCNEPUMEHTY po3poBneHo onTUManbHWIA CKnag cyno3uTopiie. BuaHaumnm ymosm TecTy «Po3unHeHHs»: 06'eM cepegoauLa (720
mn), Temneparypa posqnHenHs (37,0 £ 0,5) °C, yac Bigbopy npob (15, 30, 45, 60, 90 xB), cepenoBuLLE PO34MHEHHS — BydepHMit
po3dnH i3 pH 7,4. PospaxosaHuii koedilieHT NogiGHOCTI f, cTaHoBMB 67, WO 3aCBiA4ye NOAIBHICTL NPOinie BUBINbHEHHA Ta
eKBiBaneHTHOCTi AOCAIAHOO npenapary.

BucHoBku. [Jocnignnu dapmako-TexHOmNorivHi BNacTUBOCTi AMKNogeHaKy HaTpito Ta JOMOMIKHOI PEYOBUHN TBEPAWIA XUP.
Po3pobneHo MeToauKy BMBINbHEHHS AKNOMEHaKy HATpito 3 BAKOPUCTaHHAM npunazgy 3 pOTO4YHOK KOMIPKOO BigMOBIAHO A0
Bumor [1OY. EkcnepyMeHTanbH1M LUMSXOM BCTaHOBUIM CTYMiHb BUBINBbHEHHS AWKIIOdEeHaKy HaTpito B CepeaoBULLi PO3YMHEH-
Hsl 3 Cyno3uUTOPIiB PeKTasnbHUX SK NEPLUMIA eTan BU3Ha4YeHHs! BiogoCTynHOCTI. BCTaHOBWM eKBIBANEHTHICTL AOCHIAKYBaHUX
3paskiB Cyrno3nTopiiB i3 pedhepeHTHUM NpenapaTom METOAOM in Vitro.

Pa3pabotka coctaBa U MICCA€AOBAHUA IKBUBAAEHTHOCTH CyNNO3UTOPHEB

C AMKANOQEHAKOM HaTpUA MEeTOAOM in vitro ¢ ucnoAb3oBaHMeM TecTa «PacTBopeHHe»
AAA TBEPABIX AUNOGUALHBIX AO3UPOBAHHBIX popM

E. A. Canui, 0. . Bayaa, A. U. XaputoHeHko, A. A. dykaeBa, A. C. Kupuatok

Llenb pa6otbl — paspaboTka cocTaBa U UCCNENOBaHUS 3KBUBANEHTHOCTH CynMO3UTOPUEB C AWNKMNO(EHAKOM HATPUsS METOLOM
in vitro Ha npubope ¢ NPOTOYHOM KIOBETO B COOTBETCTBUM C COBPEMEHHBIMM TpeboBaHusMU [OY.

Matepuansi u metogbl. PaspaboTky coctaBa CynnoavTopueB MPOBOAMIM C UCNONb30BaH1eM cyGeTaHLMM AVKnodeHaka HaTpus
11 BCIOMOraTerbHOro BeLecTBa TBepAbIi XMpP pasnnyHbiX Mapok. MccrenoBaHns BobICBOGOXAEHUS Ae/CTBYIOLLENO BELLECTBA
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in vitro B cpaBHeHUN ¢ pedpepeHTHLIM NpenapaTom MPOBOANAN Ha NPUBOPE C MPOTOYHON KIOBETOM B COOTBETCTBUE C MOHOIpa-
Guen MOy 2.9.42.

Pesynirartbl. [poBeaeHsbl UCCNEN0BaHUS (hU3UKO-XUMUYECKUX XapaKTEPUCTUK CYBCTaHLMKM AMKnodeHak HaTpust (MUKPOHM3a-
LMsi, pacTBOPUMOCTb) M OCHOBbI HOCUTENS TBEPALIA XUP, KOTOPble BIMSIKOT Ha BbICBOOOXAEHME AECTBYIOLLENO BeLLecTsa 13
nekapcTBeHHOM chopMbl. MMokasatenb «pa3mep YacTvuy Ans AByx 006pasLoB AercTBytoLero BellecTsa coctasun ot 100 go
400 mKkm 1 He 6onee yeM 15 MKM COOTBETCTBEHHO. MeToaoM 2-(hakTOPHOrO 3KkcnepuMeHTa pa3paboTaH onTUMarbHbIA COCTaB
cynnoauTopues. OnpegeneHbl ycrnoBys NpoBeaeHUs Tecta «PacTBopeHne»: 0bbeM cpebl (720 Mn), TemnepaTypa pacTBOpeHus
(37,0 £ 0,5) °C, Bpemsi ot6op npob (15, 30, 45, 60, 90 MuH.), cpeda pacTBopeHust — bydepHbI pacTeop ¢ pH 7,4. PaccuutaH-
HbIl KoadhhnLmeHT nonobus f,coctasnn 67, 4T CBUAETENBCTBYET O NOA06UM MPOCUIIEN BLICBODOXIEHNS 11 3KBUBANEHTHOCTY
1ccneayemoro npenapara.

BbiBoabl. ViccnenoBaHbl hapMako-TEXHONOrMYEeCKye CBOMCTBA ANKNOMEHaka HaTpus 1 BCNOMOraTeNnbHOro BeLLEeCTBa TBep-
Abl xup. PaspaboTtaHa MeToavka BbIcBOOOXAEHUS AMKodeHaka HaTpysi C UCMonb3oBaHeM nprubopa ¢ NPOTOYHON KIOBETOM
B COOTBETCTBUM C TpeboBaHusMmM [DY. SkcneprMeHTanbHbIM NyTeM YCTaHOBMIEHA CTeNeHb BbICBODOXAEHNS AnKnodeHaka
HaTpUs B Cpeae pacTBOPEHUS 13 CYMMO3UTOPUEB PeKTarbHbIX Kak NepBbIN aTan onpegeneHns buogocTynHocTu. YcTaHoBneHa

3KBMBANEHTHOCTb UCCresyeMblx 06pasLoB Cynno3UTOpUEB C pedEPEHTHBLIM NpenapaTomM MeTofoM in Vitro.

Itis known that in clinical practice, diclofenac has been used
since 1971, and nowadays it is recognized as the gold stan-
dard in rheumatology [1]. Many researchers and pharma-
ceutical companies improve dosage forms with diclofenac
sodium to improve the quality and compliance with modern
requirements for equivalence and to reduce the effects of
adverse reactions on the human body.

The advantage of the rectal formulation is in the fact that
their application can achieve the required pharmacological
effect at the shortest possible intervals. The range of drugs
containing diclofenac sodium in the form of rectal suppos-
itories is presented on the Ukrainian market as well as by
domestic producers and by foreign firms’ drugs. Among
domestic manufacturers, the production of suppositories
under the trade name Diclofenac is carried out by the follo-
wing companies: PJSC “Monfarm”, Monastyryshche (0.05
g rectal suppositories), LLC “Pharmex Group”, Boryspil
(100 mg rectal suppositories), PJSC “Lekhim-Kharkiv” (rec-
tal suppositories of 0.1 g). The leading foreign companies
that have registered rectal sodium diclofenac supposito-
ries in Ukraine are: “Novartis Pharma Stein” AG, France
(Voltaren®25 mg, 50 mg, 100 mg) and “Berlin-Chemie” AG
(Dicloberl 50 mg, 100 mg) [2].

But today approaches, that research the generic medicinal
products by in vitro method with the use of the dissolution test
and which are used to simulate the profile of active substance
release in the body when using suppositories and to prove their
equivalence with the reference listed drug are stillimperfect. At
the stage of the development of the optimal composition of sup-
positories, modern researchers apply individual approaches to
the dissolution test and the establishment of a profile for the re-
lease of active substances. The method of equilibrium dialysis
by Kruvchinsky, where the release of the active substance
occurs through a cellophane semipermeable membrane-film
at a temperature of 37.0 + 0.5 °C is widely used [3-5]. Also,
the dissolution estimation, as the first stage of bioavailability,
is carried out using a device with a basket (USP Apparatus
1), where suppositories are dissolved in a volume of 900 ml
phosphate buffer at pH 7.4 [6,7]. The literature describes
suppository studies where the release of the active ingredi-
ent profile was performed using a paddle-plate device (USP
Apparatus 2) with a mixing mode of 50 rpm [8].

According to the modern requirements, the choice of
conditions and the realization of the dissolution test for solid
dosage forms in the form of suppositories is regulated by
the pharmacological and technological checkouts 2.9.42.
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Dissolution test for solid lipophilic dosage forms of the State
Pharmacopoeia of Ukraine (SPhU), which provides the use
of a device with a flow-through cell [9].

Thus, the development and improvement of the com-
position of the drug based on diclofenac sodium in the form
of suppositories, the introduction of a method for determin-
ing the kinetics of the release of active substances from
suppositories into the buffered medium, conducting com-
parative studies of the dissolution profiles of the reference
listed drug and the samples of the generic drug samples
under current requirements remains an actual direction of
pharmaceutical science.

The aim

The aim of the study — the development of the composi-
tion and research the equivalence of suppositories with
diclofenac sodium by in vitro method on a device with a
flow-through cell in accordance with the current require-
ments of the SPhU [9].

Materials and methods

The development of the suppository composition was car-
ried out using the active pharmaceutical ingredient (API) of
diclofenac sodium produced by “Amoli Organics Ltd.”, India.
According to its physical and chemical characteristics, API
is a white or almost white, yellowish powder, a little hygro-
scopic, slightly soluble in water, freely soluble in methanol,
soluble in 96 % ethanol.

In developing the composition of the dosage form used
excipients, which are related to the solid fats of different
lines and certain physical and chemical characteristics.
While conducting research, solid fat was chosen which
is a mixture of C12—C18 triglycerides and provides better
bioavailability, especially for low-solubile substances such
as diclofenac sodium. This base is sufficiently investigated
and recommended for the development of suppositories,
and does not require the addition of excipients (thickeners,
surfactants, structurifiers, etc.) [10].

A brand-name drug, Voltaren® 100 mg, “Novartis
Pharma Stein“ AG, France, was chosen as the reference
listed drug during the peiod of the research, with which
comparative studies of the equivalence of the tested sam-
ples of suppositories with diclofenac sodium at 100 mg
were carried out.
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The size of the particles in the APl was controlled by
laser light diffraction in accordance with the requirements
of Article 2.9.31. Determination of Particle Size by Laser
Diffraction Method, SPhU using the laser Malvern Master-
sizer 2000E particle analyzer [9]. Laser diffraction particle
size method was used for the measurements of particles
size with Malvern laser diffraction analyzer Mastersizer 2000
(Malvern Instruments Ltd., United Kingdom) equipped with

a dry sample-dispersion unit [9].

Compressed air entered the dry sample-dispersion unit
at pressure of 2.5-3.5 atm. After the analysis stage with a
laser diffraction sensor, the sample was then removed via
a vacuum system. 5-10 g of sodium diclofenac substance
was placed in the container of dispersion module for sam-
ples and the following parameters were included: sample
feed rate — 80 g/min, compressed air pressure — 2.0—
2.4 atm. Three parallel measurements were performed.
The results of particle size distribution were obtained as a

volume distribution curve.

The suppositories were prepared by casting method,
sodium diclofenac was injected into the base by the type
of suspension, homogenized and slopped into a preformed

polymer strip.

The development of a method for releasing the active
ingredient and determining the kinetics of release was
developed in accordance with the requirements of Article
2.9.42. of the SPhU using the device recommended for
the determination of the Dissolution test for solid lipophilic
drug dosage forms — a device with a SOTAX CE 7 flow-

through cell, Switzerland [9].

Comparative researches of the equivalence of
the reference lisred drug of Voltaren® 100 mg and the in-
vestigated samples of the drug were conducted by in vitro
method using the Dissolution test. The amount of sodium
diclofenac released into the buffer solution was carried
out by the method of absorption spectrophotometry in
the ultraviolet region at a maximum wavelength of 282 nm
in accordance with the requirements of the SPhU [9].
The compensation solution was prepared by dissolving
the standard sample of sodium diclofenac in the appro-

priate dissolving medium.

The results of the researchers were expressed as a
percentage of the declared content of sodium diclofenac

in the unit of the medicinal product.

The similarity factor (f,) of dissolution kinetics of re-
search objects was calculated mathematically for demon-
stration and discussion of similarity profiles of medicinal
products [11].

Discussion

While the developing of the composition of the drug, it was
considered that the active ingredient, diclofenac sodium,
belongs to the 2nd class according to the Biopharmaceuti-
cal Classification System and has the next properties: low
solubility and high permeability [12]. Sodium diclofenac is
also not soluble in a suppository basis made from solid
fat, so the size of the active ingredient particles has a
significant effect on its release and solubility in the buffer
medium. For the studied suppositories, 2 samples of API
with known particle size, established by the manufacturer,
were selected: an average fraction of 100-400 um in size
and micronized powder with a particle size of not more than
15 um. As a result of the control of micronized substance
on alaser analyzer in mode of block for small probes, air as
a dispersion medium, the following results are presented,
shown in Fig. 1.

It has been established that the fractional composition
of micronized sodium diclofenac contains particles in
the size from 0.269 to 11.601 pym, and is appropriate to
the declared requirements — 100 % of the particles does
not exceed 15 um.

While selecting the type of the basis for developed
suppositories, researches of three types of solid fat: Suppo-
cire AIM, Suppocire AS2X and Suppocire AR, produced by
“Gattefosse”, France were carried out. According to the han-
douts, the represented marks are a mixture of triglycerides
C12-C18, which differ in terms of decomposition, time of
complete deformation and melting point, but the properties
correspond to solid fat rectal suppositories Voltaren®.

Selecting of the composition was carried out with the help
of the 2-factor experiment in accordance with Table 1 [13].

The received suppositories were evaluated by
the “Disintegration” and “Time of complete deformation”
of lipophilic suppositories. The analysis of the effect of
the “particle size” factor has established that a, (no more
than 15 pym)> a,(100-400 pm), because the use of a
non-micronized substance greatly increases the hardness

Difference Graph - Ref: None
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Fig. 1. Particle size distribution of diclofenac sodium produced by “Amoli Organics Ltd.”, India.
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Table 1. Planning matrix and results of researches of disintegration ((min), n = 3) and time of complete deformation ((min), n = 3) for suppositories
with diclofenac sodium

a, Disintegration 141 Disintegration 15.5 Disintegration 135
13.7 14.7 133
145 149 12.8
423 451 39.6
Time of complete deformation 15.0 Time of complete deformation 17.7 Time of complete deformation 131
14.7 16.6 12.6
156 17.0 133
453 51.3 39.0
a, Disintegration 12.0 Disintegration 13.1 Disintegration 10.8
1.7 135 10.6
123 136 n3
36.0 40.2 32.7
Time of complete deformation 144 Time of complete deformation 15.1 Time of complete deformation 12 .2
14.2 14.6 12.9
137 153 124
423 45.0 375
Comparative drug Voltaren® Disintegration 121 Time of complete deformation 14.2
1.8 13.8
121 143
36.0 423

Designations of researched factors:
A: the size of the particles of substance diclofenac sodium: a,: 100-400 um; a,: no more than 15 pm. B: solid fat, grade: b,: Suppocire AIM; b,: Suppocire AS2X; b3: Suppocire AP.

Table 2. The level of release (%) of sodium diclofenac in a pH of 7.4 dissolution medium for the researched drug and reference drug

_
omn 15 min_J30min 5 min _JabmnJo0min [ 0min | t5min _50min _J5minJsomin _Jstmn

1 9.72 13.30 2177 28.65 35.68 37.09 7.80 12.63 23.94 35.46 42.49 43.75
2 9.66 12.94 22.24 27.98 33.44 3453 7.80 12.34 24.68 34.12 39.57 40.76
3 1.97 13.95 23.69 30.49 37.84 39.31 7.73 13.22 25.83 36.54 43.89 45.10
4 9.78 12.30 21.52 28.88 34.51 35.63 7.7 12.26 23.67 35.16 40.79 42.02
5 10.58 13.38 22.59 29.48 36.51 37.92 7.74 12.38 23.79 35.76 42.79 44.00
6 9.95 13.50 22.32 29.30 35.38 36.60 7.73 12.95 25.04 33.96 40.04 41.24
7 10.41 13.74 23.56 29.37 34.88 35.99 8.80 13.62 25.56 36.17 41.69 42.94
8 11.99 14.82 23.38 30.78 36.40 37.52 8.79 13.37 25.76 36.38 41.99 4321
9 10.33 12.33 2112 28.34 35.57 37.01 7.69 12.20 24.26 33.57 40.80 41.99
10 9.74 13.10 22.64 30.05 35.98 37.16 8.37 13.11 25.35 36.00 41.93 43.00
1" 11.93 13.93 23.25 30.46 36.11 37.24 8.16 13.42 25.65 36.31 41.96 43.04
12 10.50 13.77 23.04 28.82 34.41 35.53 7.90 12.92 24.71 35.09 40.68 4191
Average 10.55 13.42 22.59 29.38 35.56 36.79 8.02 12.87 24.85 35.38 41.55 4275
RSD% 8.65 5.06 3.52 2.94 3.1 3.27 4.96 3.69 3.06 2.75 2.82 2.74

of the suppository in relation to the experimental sup-
positories with the micronized substance and in relation
to the comparison drug. The processing of the results of
the influence of the factor B allows to set the following
sequence: b, (Suppocire AIM) > b, (Suppocire AP) > b,
(Suppocire AS2X). Thus, the composition a,b, for the next
stage of research was selected.

The development of a method for the release of
sodium diclofenac in the buffer medium, the quantitative
determination of the API, the design of the research,
the conditions and parameters were established in accor-
dance with the guidelines of the current legislation [11].
As clear recommendations for the media of dissolution

Zaporozhye medical journal. Volume 21. No. 2, March — April 2019

are not presented in leading pharmacopoeia, SPhU and
manuals, the choice of dissolution media was carried out
on the basis of literature studies [14—16]. An optimal buffer
solution with a pH of 7.4, which corresponds to the value
of the drug use medium, was chosen. The dissolution test
was carried out in 3 replicates in a dissolution medium
with a pH of 7.4.

The conditions of the dissolution test were determined:
volume of medium (720 ml), dissolution temperature
(37.0 £ 0.5) °C, sampling time (15, 30, 45, 60, 90 min),
the flow rate of the buffer medium is 480 ml/h. These
parameters are included in the “For suppositories” device
program. Also, the automatic sampling (in time, volume)

ISSN 2306-4145  http://zmj.zsmu.edu.ua 261
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Level of release, %
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Fig. 2.Release kinetics of Diclofenac sodium suppositories, 100 mg, medium pH 7.4.
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is set, the filtration mode of the selected samples through
the membrane filter (fiberglass, area 25 mm@) is additio-
nally set. In a flow-through cell for research one suppository
containing diclofenac sodium was placed.

The results of comparative studies of diclofenac sodium
release confirmed the theoretical position of the particle size
influence on the speed and completeness of API release
from suppository and the impact of basis-excipient on
the time of softening of drug (Table 2).

The level of release of sodium diclofenacin a pH of 7.4
dissolution medium for the researched drug and reference
drug shows the level of release of diclofenac sodium in
the dissolution medium with pH 7.4 for 12 suppositories of
investigational product and 12 suppositories of reference
medicinal drug. The graph of the dependance of release
level of diclofenac sodium from time for researched
drug and reference drug dissolution are presented
in Fig. 2.

With the help of the formula [11] the similarity factor f,
was calculated, which was 67, and is in accordance with
the specified criteria such as an £, value between 50 and
100 suggests that the dissolution profiles of reference drug
and the researched samples are similar [11].

Thus, as a result of the research, a drug based on di-
clofenac sodium was developed in the form of suppositories,
the equivalence of which with the reference drug was proved
by the in vitro method using the dissolution test according
to the requirements of the SPhU.

Conclusions

1. The biopharmaceutical properties of sodium di-
clofenac API and the excipient solid fats are investigated,
which have a significant effect on the release of sodium
diclofenac from the medicinal form.

2. Based on the conducted research of two factor ex-
periment, optimal composition of rectal suppositories with
diclofenac sodium was developed, which is similar to the ref-
erence drug by qualitative and quantitative composition and
pharmaco-technological characteristics of disintegration and
time of complete deformation.

3. The method of the release and determination of
kinetics of dissolution of sodium diclofenac using a device
with a flow-through cell was developed in accordance with
the pharmaco-technological test 2.9.42. “Dissolution test’
for solid lipophilic dosage forms” SPhU [9].

4. The level of release of sodium diclofenac in the dis-
solution medium from rectal suppositories was determined
by the experimental method, as the first step in the deter-
mination of bioavailability.

5. The equivalence of the tested samples of supposi-
tories based on diclofenac sodium with the reference drug
by in vitro method with the use of the dissolution test on a
device with a flow-through cell was established.
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