4 BICHWK ®APMALLIT 3(79)2014

ISSN 1562-7241

TEXHONOTIA NIKAPCbKUX MNMPEMNAPATIB

Recommended by Doctor of Pharmacy, professor T.G. Yarnykh

UDC 616-001.3:615.454.1:615.014.22:613.65

DEVELOPMENT OF THE FORMULATION
OF “ARTPROMENT®” COMBINED GEL
FOR APPLICATION IN SPORTS MEDICINE

0O.S.Shpychak, O.1.Tikhonov

National University of Pharmacy

Key words: traumas of the locomotor system, combined gel; gel technology, sports medicine

Based on the data of pharmaco-technological and physico-chemical studies conducted the formulation
of the gel with the anti-inflammatory and local anesthetic action under the conditional name “Arthro-
ment®” has been theoretically and experimentally substantiated in the pharmacy and industrial con-
ditions. It is intended for application in a complex treatment of mechanical injuries and post-traumatic
inflammations of extremities soft tissues, diseases of the locomotor apparatus (tendons, muscles
and joints), musculoskeletal injuries that are characteristic for sports medicine and sports during the
rehabilitation period such as bruises, dislocations, sprains, ruptures of ligaments, tendons, etc. The objects
of research were model samples of “Artproment®” gel, which includes such active pharmaceutical
ingredients (APhI) in its composition as propolis phenolic hydrophobic drug, articaine hydrochloride,
menthol (levomenthol) and rosemary oil, as well as the following excipients: a gelation agent (Ultrez-10
NF carbomer), a neutralizer (trometamol), a preservative, nonaqueous solvent (propylene glycol),
ethanol and purified water. The results of the experimental research were used when developing
the technological process flowchart for preparing “Artproment®” gel in the conditions of pharmacy
production and standard operating procedure on the drug studied. Taking into account the physico-
chemical properties and according to the research results on solubility of APhl in the composition of the
drug the technological process flowchart for manufacturing the combined gel industrially and the project
of manufacturing instructions have been developed; technological parameters of its manufacturing
have been substantiated;, the optimal amount of solvents required for performing each technological
stage has been calculated taking into account the solubility of the gel components, consequence
and phasing of their mixing, temperature and other parameters affecting the quality and stability of
the drug; and the formulation of “Artoroment®” combined gel has been tested in the pharmacy and

industrial conditions.

Diseases of organs of the locomotor apparatus formed
and progressed due to injuries obtained during physi-
cal exercises and sports are widely distributed among
sportsmen of different age groups and are of socio-
economic importance for sports medicine as a whole
[11, 15, 20]. The question of pharmacotherapy of pro-
tracted and chronic injuries of sportsmen accompanied
with unbearable pain, as well as their rehabilitation and
rapid recovery of physical performance in the shortest
possible time is particularly pointed [10, 16, 17].

At present there is a considerable list of medicines
of local application for treating the pathology mentioned
above in the arsenal of a practicing doctor in sports medi-
cine; however, most of them act only for a short period
of time or exhibit undesirable side effects [21]. Taking
into consideration the advantage of medicines for local
application, in particular in the form of gels, as well as
the nature of inflammatory processes and diseases of
the locomotor apparatus, the topical problem of medi-
cine and pharmacy is creation of a new effective drug of

domestic manufacture with the anti-inflammatory and
local anesthetic action for treating the given pathology.

Our efforts are under way to develop a new com-
plex drug in the form of gel under the conditional name
“Artproment®” on the basis of synthetic substances and
compounds of the natural origin, in particular apicul-
ture products, for treating traumas and diseases of the
locomotor apparatus that mainly occur in sports medi-
cine [5, 6].

In the previous studies the rational composition of
the drug in the form of combined gel was developed, the
study of structural-mechanical and technological proper-
ties of model samples was conducted with the purpose
of selecting the base for the gel under research, the choice
of a gelation agent and its concentration have been sub-
stantiated, as well as the indicators of quality control
were determined, they were included to the project of
quality control methods on the drug developed [7, 8].

Based on the results of pre-clinical experimental
studies of the specific pharmacological action, the marked
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Table

Solubility of active pharmaceutical ingredients of “Artproment®” combined gel in some solvents

Solubility of API
No. Solvent PPHD hyg::)lccsllgreide Menthol Rosemary oil
1 |Purified water Practically insoluble Readily soluble Practically insoluble | Practically insoluble
2 |Glycerine Moderately soluble Practically insoluble Slightly soluble Practically insoluble
3 |PEO-400 Slightly soluble Practically insoluble Slightly soluble Practically insoluble
4 | Propylene glycol Readily soluble Practically insoluble Slightly soluble Practically insoluble
5 |96% Ethanol Moderately soluble Readily soluble Readily soluble Readily soluble

®

analgesic and local anesthetic action of “Artproment
combined gel, as well as its anti-edema action expressed
at the level of 40-50% have been determined and its
safety has been experimentally substantiated [9].

One of the important factors affecting the therapeutic
action of the drug developed and its quality, as well as pro-
viding the satisfactory consumer characteristics, is de-
velopment of the rational scientifically based formula-
tion. Therefore, the technological process of manufacture
should consist of the optimally planned systemic approach
to complex experimental research conducted at the stage
of the pharmaceutical development of the drug studied,
and it influences on the final result of its quality and sta-
bility during storage [14].

The aim of this work is the experimental develop-
ment of the scientifically based formulation of the com-
bined gel with the anti-inflammatory and local anesthetic
action under the conditional name “Artproment®” for
application in a complex treatment of mechanical in-
juries and post-traumatic inflammations of extremities
soft tissues, diseases of the locomotor apparatus (ten-
dons, muscles and joints), musculoskeletal injuries that
are characteristic for sports medicine and sports during
the rehabilitation period such as bruises, dislocations,
sprains, ruptures of ligaments, tendons, etc., in the phar-
macy and industrial conditions.

Experimental Part

The objects of research were model samples of “Art-
proment®” gel including such active pharmaceutical in-
gredients (APhI) in its composition as propolis phenolic
hydrophobic drug (PPHD) batch No. 391011) “Zdoro-
vya” Pharmaceutical company, Ltd., Kharkiv; articaine
hydrochloride (batch No. 159.166) Societa Italiana Me-
dicinali Scandicci (SIMS), Italy; menthol (levomenthol)
batch No. NE-432-2009) Vaishali Pharmaceuticals, In-
dia; and rosemary oil (batch No. 1611211) Zolotoniska
Perfumery-Cosmetic Factory, OJSC, Zolotonosha; as well
as the following excipients: a gelation agent — Ultrez-10 NF
carbomer (batch No. 0101078466) “Lubrizol”, Belgium,
a neutralizer — trometamol (batch No. 8386D050) “Merck
KGaA”, USA, a preservative, nonaqueous solvent — pro-
pylene glycol (batch No. ACG/QD-111122A) “Arrow
Chemical Group Corp.”, China, ethanol and purified
water [5, 6, 7].

In order to determine the optimal technological pa-
rameters the standard laboratory equipment required for
manufacturing soft medicines (stirred minireactor, homo-
genizer, etc.) was used. The formulation of the gel de-

veloped was tested in the pharmacy and industrial con-
ditions; its experimental substantiation was based on the
results obtained from organoleptic, physico-chemical and
pharmaco-technological studies.

Results and Discussion

To solve the goal set at the first stage of the experi-
mental research it was necessary to obtain a stable gel
system, which was prepared by dispersion of a gelation
agent — Ultrez-10 NF carbomer in 1/3 part of purified
water at the room temperature and constant stirring for
one hour with a previously dissolved preservative in it. It
is known from the literary sources that the main advan-
tage of Ultrez-10 NF carbomer is the fact that it requires
no special conditions for its dissolution and increase of
the temperature conditions [1, 12, 18]. However, according
to some data in order to avoid the formation of lumps
when preparing the aqueous solutions of carbomer the
powder should be layered on the surface of water through
the sieve [4].

After obtaining the aqueous solution of carbomer
trometamol was added several times and mixed gradu-
ally in order to obtain the gel base [13], as well as to
neutralize the solution obtained (to prevent the forma-
tion of air bubbles). It should also be noted that in in-
dustrial conditions after neutralization of carbomer so-
lution with trometamol the gel obtained is placed under
vaccume in the reactor to remove air bubbles [4].

For rational introduction of API and excipients to
the composition of the gel base we studied solubility of
active substances in some solvents permitted to medi-
cal use. The results of the APhI solubility of “Artpro-
ment®” combined gel are given in Table.

When dissolving PPHD in different solvents (Table)
it has been found that according to the quality parameters
for this substance described in FS 42U-34-20-95 and
AND-DV-SP-090 of “Zdorovya” Pharmaceutical com-
pany, Ltd., Kharkiv PPHD is a hydrophobic substance,
which is soluble in 96% ethanol and practically inso-
luble in water. However, the results of the experiment
have shown that the given substance is more readily
soluble in propylene glycol than in 96% ethanol; it has
been considered when developing the formulation of
the drug under research.

The study of articaine hydrochloride solubility has
shown that this APhI is more readily soluble in purified
water than in 96% cthanol. Thus, we have decided to
prepare the aqueous solution of the substance, which
unlike the alcohol solution does not form a white pre-
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Fig. 1. The technological process flowchart for manufacturing “Artproment®” combined gel in the pharmacy conditions.

cipitate in the form of insoluble particles of the sub-
stance.

As menthol is readily soluble in the alcohol solution [2],
it is dissolved in 96% ethanol; then rosemary oil is add-
ed with constant stirring till obtaining a homogeneous
transparent solution since it is practically insoluble in
water and hydrophilic solvents.

The results of the experimental research were used
when developing the technological process flowchart
for manufacturing “Artproment®” combined gel in the
pharmacy conditions (Fig. 1) and the standard operating
procedure on the drug under research. Taking into ac-
count the physico-chemical properties and the study of
APhI solubility in the composition of the drug the tech-
nological process flowchart for manufacturing “Artpro-
ment®” gel in the industrial conditions has been also
developed. It consists of the stage of preparatory work,
the stages of the main production process, the stages of
packing, labeling and delivery of the finished product to
the warehouse; their brief description is given further.

It should also be noted that while making the tech-
nological process flowchart for the drug developed the op-
timal amount of solvents that are necessary to perform
each technological stage has been calculated taking into
account solubility of the gel components, sequence and
phasing of their mixing, temperature and other param-
eters affecting the drug quality and stability.

The technological process flowchart for manufac-
turing “Artproment®” in the industrial conditions is pre-

sented in Fig. 2 where the critical parameters and criti-
cal stages, indicators that are directly controled in the
process of manufacture of the combined gel are given.

The stage of preparatory work for manufacture consists
of preparation of the premises, equipment and apparatuses,
staff, raw material and materials, checking the necessary
documentation. The raw material used for preparing the gel
is subject to the initial control, after that it is brought on the
site using transport trolleys and transferred to stages 1-5.

Stage 1. Preparation of PPHD solution

Load propylene glycol and PPHD previously weighed
into the collector using balances into the reactor using
vapour, heat the mixture with constant stirring to the tem-
perature (60+5)°C. Continue stirring to the complete dis-
solution of PPHD for (10£2) min, then cool the reactor
to the room temperature.

Stage 2. Preparation of solution of articaine hy-
drochloride

Weigh articaine hydrochloride into the collector us-
ing balances and load into the reactor, measure the re-
quired amount of purified water, load into the reactor,
after that switch on the blade paddle mixer and mix till
complete dissolution of articaine hydrochloride.

Stage 3. Preparation of solution of menthol and
rosemary oil

Weigh menthol into the collector and add ethanol,
load into the reactor, switch on the mixer and mix to
form a homogeneous solution. Then weigh rosemary
oil into the collector, load into the reactor to the alcohol
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Fig. 2. The technological process flowchart for manufacturing “Artproment® combined gel in the industrial conditions.

solution of menthol and again mix carefully using the
mixer. After obtaining the ethanol solution of menthol
and rosemary oil, load the solution of articaine hydro-
chloride previously prepared in another reactor from
stage 2 using vacuum, switch on the blade paddle mixer
and mix to form a homogeneous mass.

Stage 4. Obtaining of the gel base

To obtain the base measure the required amount of
purified water into the reactor and from the collector
take the preservative previously weighed on balances,
then switch on the mixer and mix the mixture for 3 min.
Perform dissolution of the preservative at the room tem-
perature. In the same reactor load gradually by small
portions a gelation agent (carbomer) previously weighed
on balances from the collector and allow to stand for
one hour. In an hour mix a dispersed gel in the reac-
tor with the mixers switched on till the formation of a
homogeneous dispersion, which is controlled visually
for uniformity and absence of sticky lumps.

To prepare the gel carry out neutralization of carbomer
dispersion directly in the reactor with constant stirring (the
rate of rotation of mixers — 800 rpm). To achieve gelation
with the help of vacuum load gradually the required amount
of trometamol solution in several stages(individual por-
tions) [19]. After introduction of each portion of trometamol
mix the mass in the reactor with gate-impeller and blade
paddle mixers for 2-3 min and determine the pH level.

Mix the mixture obtained for 20 min with simulta-
neous adding of vacuum till the formation of a homo-
geneous, colourless, transparent gel base, control for
uniformity and again determine the pH level.

Stage 5. Obtaining of the gel

To the reactor with the base with the help of vacuum
load the mixtures of dissolved substances previously
prepared at stages 2 and 3, switch on the gate-impeller
mixer and mix thoroughly to obtain the homogeneous
gel, then add the solution of PPHD previously prepared
to propylene glycol from another reactor using vacuum.
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Stage 6. Homogenization

Switch on the gate-impeller mixer and perform ho-
mogenization of the mixture obtained for 20 min to form
a homogeneous gel with simultaneous vacuumizing in
order to avoid the aeration process in the drug obtained
[3]. Pump the gel obtained into the collector using a
pump, take test samples from its various areas, control
the mass of the gel obtained on balances, carry out anal-
ysis of the drug intermediate product and transfer to the
stage of dispensing of the gel in tubes.

Stage 7. Dispensing of the gel in tubes

From the collector transfer the gel into the bin of the
automatic tube filling machine using vacuum and dispense
in tubes with a bouchon 30.0 g each. Control accuracy of
the dose by balances, machine performance, correctness of
printing and labeling on the tube (batch number, shelf-life).

Stage 8. Packing of tubes in packs

Pack the tubes with the patient information leaflet
in packs using automatic packing line. Control the com-
pleteness of the pack (tube, patient information leaflet,
bouchon).

Stage 9. Packing of packs in boxes

Perform packing of packs in boxes on the automatic
packing line. Form the batch of the finished product on
the basis of one loading of the reactor-homogenizer.

CONCLUSIONS

1. Based on the pharmaco-technological and physi-
co-chemical studies conducted the formulation of “Art-
proment®”’ combined gel with the anti-inflammatory and
local anesthetic action has been theoretically and experi-
mentally substantiated. It is intended for application in
a complex treatment of mechanical injuries and post-
traumatic inflammations of extremities soft tissues, dis-
cases of the locomotor apparatus (tendons, muscles and
joints), musculoskeletal injuries that are characteristic
for sports medicine and sports during the rehabilitation
period such as bruises, dislocations, sprains, ruptures of
ligaments, tendons, etc.

2. According to the research results the technologi-
cal parameters for manufacturing the combined gel (con-
ditions of preparation, sequence of mixing, temperature
conditions, etc.) have been substantiated; on their basis
the technological process flowcharts for its manufactur-
ing in the pharmacy and industrial conditions have been
developed.

3. The results of the experimental research have been
used when developing the projects of manufacturing in-
structions and standard operating procedure on “Artpro-
ment®” gel, and the technology of its manufacturing has
been tested in the pharmacy and industrial conditions.
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PO3POBKA TEXHOJNOIIT KOMBIHOBAHOIO IENIO «<APTIMPOMEHT®» ONA 3ACTOCYBAHHSA
B CMOPTUBHIA MEQULIHI

O.C.lWnuyak, O.l.TuxoHoE

Knroyoei crioea: mpasmu opeaaHie pyxogo20 anapamy; KoMbiHoO8aHUU 2e/1b; MEXHO0z2is 2erlie;
criopmugHa MeduuyuHa

Ha nidcmasi nposedeHux chapmMakomexHorno2iyHux ma hisuko-xiMiyHUx G0CiO)eHb meopemuyHoO
06rpyHmMo8aHoO ma eKkcriepuMeHmarsbHO po3pobrieHO 8 anmeyHUX yMogax ma 8 ymoeax fpomMucrio-
8020 8UPOBHUUMBa MexHoIoz2ito su2omosrieHHs KoMbiHo8aHO20 eeflto npomusarnasbHol ma micye-
goaHecme3aytoyoi Oii rid yMo8HOK Ha380t0 «ApmrpomeHm®» Orisi 3acmocye8aHHsI 8 KOMIMIIEKCHOMY
JliKy8aHHI MexaHIYHUX MOWKOOXeHb i mocmmpasMamuy4HUX 3ananeHb M’SKUX MKaHUH KiHYieok, 3a-
X80pto8aHb OpP2aHie pyx08020 arapamy (CyxoxXursib, M’s3i8 ma cyanobig), M’s13080-CKETeMHUX mMpaem,
XxapakmepHux 0518 criopmugHoi MeduuyuHU i criopmy & peabinimauitiHomy nepiodi: 3abummsi, susuxu,
pPO3Ms2HEHHS, pO3PUBU 38°A30K, CyxOoxurb ma iH. O6’ekmamu docsiiOxxeHHs1 6yrnu MoOesbHI 3pa3ku
eerno «ApmnpomeHm®», 0o cknady s5K020 8xo005mb akmugHi ghapmayesmuyHi iHepedieHmu (ADI):
gheHornbHUL 2i0poghobHUl nMpernapam npororicy, apmukaiHy 2i0poxio0pud, MeHmor (1eeoMeHmorl)
ma po3mapuHoea Orlisi, a makox OOrNOMIXKHI pe4yosuHU: eerleymeoptosay (kapbomep Ultrez-10 NF),
Helimpanizamop (mpomMemamori), KOHCep8aHm, HeBOOHUU PO3YUHHUK (MPOorineHaiKonb), emaHos
ma eoda oyuweHa. Pesynbmamu ekcriepumeHmarbHux 00CnidxeHb bysiu aukopucmani npu po3pob-
ui 6510K-cXeMu MexHOI102i4HO20 MPOUECY 8USOMOBIIEHHS 2€/1H0 «ApMIpPoMeHmM®y 8 ymosax armey-
HO20 8UPOBHUYMEBa ma mexHOM02i4YHOI IHempyKuii Ha docnidxysaHul npenapam. 3 ypaxyeaHHIM
izuKko-xiMidHUX erlacmueocmell ma 3a pe3ysibmamamu 8U84eHHs1 po3dyuHHocmi A®I, wo exodsmb
00 cknady nikapcbko2o 3acoby, byrio po3pobrieHO bIIOK-CXeMY MEXHOI02i9YHO20 MPouecy 8UPOBHU-
umea KoMbiHO8aHO20 2er1H0 8 MPOMUCIIOBUX YMOB8axX ma rpoeKm MexHO02i4H020 peariameHmy, 0b-
rpyHMo8aHi mexHoso2idHi napamempu 020 8U20MOBIIEHHS, PO3Paxo8aHO ornmumMaribHy KiflbKicmb
PO34YUHHUKIB, HEOOXIOHUX Or1s IPOB8eOEHHS KOXHOI mexHo102i4Hoi cmadii 3 ypaxysaHHSIM PO34UHHOC-
mi KOMIMOHeHMIg 2es1t0, Noci0o8HOCMI | MoemarnHocmi ix 3Milly8aHHs, memrepamypHUX ma iHWUX
napamempig, Wo enusams Ha sKicmb i cmabinbHicmb rpenapamy, a MmexHos0eiss KoMbiHo8aHO20
eento «ApmnpomeHm®» anpobosaHa 8 anmeyHUX i MPOMUCIIO8UX yMO8ax.

PA3SPABOTKA TEXHOJIOT'M KOMBUHUPOBAHHOIO TEJIA «<APTMIPOMEHT®»

anAa nPUMEHEHUA B CMOPTUBHOUW MEOULUHE

O.C.lWnuyak, A.N.TuxoHo8

Knroueenie crioea: mpasmbl opaaHo8 08u2amernibHO20 arnapama,; KOMOUHUPOBaHHbIU 2€51b;
mexHosioausi eenel; criopmueHasi MeduyuHa

Ha ocHosaHuu nposedeHHbIX hapMakomexHOI02U4eCKUX U bU3UKO-XUMUYECKUX UccriedosaHuli meo-
pemuyvecku 060CHOBaHa U IKCriepuMeHmarsbHO pa3pabomaHa 8 armeYHbIX yCrio8uUsiX U 8 YCI08USIX Mpo-
MbIWITEHHOZ0 Mpou3800cmea MexXHOI02usi U320moesieHuUs KOMOUHUPOBaHHO20 2efisi MPomueosocna-
JlumernibHo20 U MecmHoaHecmesupyrouwe2o delicmeusi oo ycro8HbIM Ha3gaHUeM «ApmnpomMeHm®»
0151 MPUMEHEHUST 8 KOMIIIEKCHOM JIeYeHUU MEeXaHUYeCKUX MoepexoeHul U nocmmpasmamuyecKux
gocraneHull Msigkux mkaHel KoHeYHocmeu, 3abornesaHull opeaHog dgusameribHO20 arnnapama (cy-
XOXUMUU, MbILWY, U Cycmaeos), MbILLEYHO-CKENTeMHbIX MpasM, XxapakmepHbix 071 criopmueHol mMedu-
UUHbI U criopma 8 peabunumayuoHHOM repuode: yuwubbl, 8bI8UXU, PACMSXKEHUSsI, pa3pbi8bl C85130K,
cyxoxunut u 0p. O6bekmamu uccriedoeaHusi bbinu MooesibHble 06pa3ubl 2ensi « ApmnpoMeHm®»,
8 cocmaes Komopozo 8xo05im akmueHble ¢hapmauesmuyeckue uHzpedueHms! (AOU): peHorbHbIU 2ud-
poghbobHbIU npernapam nporonuca, apmukauHa 2udpoxsiopud, MeHmMor (Ie8OMEHMOI) U PO3MapUHO-
80€ Macsio, a makxe ecriomoeameribHbie geujecmsa: ereobpasosameris (kapbomep Ultrez-10 NF),
Helmparnuzamop (mpomMemamori), KOHcepeaHm, He8OOHbIU pacmeopumerisb (MPOonuneHauKors), ama-
Hol u 800a oquueHHas. Pe3ynbmambl akcriepumMeHmarbHbIx uccriedosaHull 6bimiu UCronb308aHbl
npu paspabomke 6/10K-CXeMbl MEXHOI02UYECKO20 rpouecca U320moereHus 2ers « ApmnpomMeHm®»
8 yCJ/108USIX arnme4yHo20 npoussodcmea U MexHOI02u4ecKol UHCMPYKUUU Ha uccriedyembil npe-
napam. C y4yemom hu3UKO-XUMUYECKUX c80OUICMS U M0 pe3yfibmamam u3dy4yeHus pacmeopumocmu
ADU, exodsawux 8 cocmae riekapcmeeHHo20 cpedcmea, paspabomaHa 6r10Kk-cxema mexHosioauye-
CKO20 ripouecca rnpoussoocmea KOMOUHUPOBAHHO20 2€er1s1 8 MPOMbIWIIEHHbIX YCI08USX U MIPOEKM
MexXHOI02U4YeCK020 peariaMeHma, 060CHO8aHbI MEXHOI02UYECKUE rnapaMempbl €20 U320MO8/IeHUS,
paccyumaHo onmumarsibHoe Koru4ecmeo pacmeopumernel, Heobxo0umbix Orisi nposedeHust Kaxxdou
mexHornoeudyeckol cmaduu C y4emoM pacmeopuMocmu KOMIOHEHMOB8 2efis, ocriedoeameribHO-
cmu u noamarnHocmu ux cMewusaHusi, memrepamypHbIX U Opyaux rnapamempos, eusiiouux Ha Ka-
yecmeo u cmabusibHoCMb fpenapama, a MexHoI02usi KOMOUHUPOBAHHO20 2esisi « APMpoMeHm®»
anpobuposaHa 8 arnmeyHbIX U MPOMbIWIIEHHbIX YC/I08USIX.



