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CHEMICAL COMPOSITION AND BIOLOGICAL ACTIVITIES OF SOME MARRUBIUM
SPECIES ESSENTIAL OIL: A REVIEW
Benalia Yabrir

This paper reviews information on essential oil of Marrubium species (except
M. vilgare) described until now regarding extraction, chemical composition
and biological activities. Marrubium essential oils, although quantitatively
poor. are rich in chemical composition. This composition consists especially of
sesquiterpenoids and a litfle amount of monoterpenes. It varies from one
species to another. sometimes within same species. Marrubium essential oils ) W
exhibit antioxidant and antimicrobial activities. However, because the lack of
literature  concerning essential oil of these species. further studies are
necessary, particularly regarding their activities.
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THE EFFECT OF RICE HUSK ON THE PHASE FrORMATIO!
CLINKER PROPERTIES
Lev Chemnyak. Liubov Melnyk. Natalia Dorogan

The features of the cement clinker containing rice husk are investigated. The

dependence of the raw mixture composition on the set product buming ' — e,
characteristics has been analysed using the software “CLINKER". The mixture 1

compositions have been identified on the basis of the chalk—clay-rice husk
SYSICIIL with ithe infroduction of man-inade stock of 6.0—-18.0 mass %. The — _,r
features of the phase composition and the binder properties, by varving the rice

husk content. mixture ratio and burning temperature were studied. wrs o o ow  wm 1w

Ch %
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METALLURGICAL COKEMAKING WITH THE IMPROVED PHYSICOCHEMICAL
PARAMETERS AT AVDEEVKA COKE PLANT

Oleg Zelenski, Yuriy Vasil'ev, Alexey Sytnik, Natalia Desna,

Elena Spirina, Andrey Grigorov

The article presents the results of studies regarding the improvement of the
qualitative characteristics of blast furnace coke obtained from modified coal
blend in industrial conditions of Avdeevka Coke Plant. Inorganic corundum
powders are applied to modify the coal blend. namely electrocorndum
(0-Al203) and carborundum (@-SiC). The miroduction of a specific quantity
(0.25 wt %) of non-clinkering additives allows the modification of the
processes that occur when the coal blend is plastic. with consequent
improvement in coke strength.
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NMR STUDIES OF SOME Zn AND Cd COORDINATION COMPOUNDS BEARING
1,2-CICLOHEXANEDIONEDIOXIME
Elena Gorincioi, Eduard Coropceanu

A sertes of homobi- and polynuclear zinc and cadmium coordination

compounds supported by 1.2-cyclohexanedionedioxime and bridging bidentate f M

ngaudg _’l-l'-'hwn\nw_dnl 12-1)15(41—11'\"1(1\;“ ethane. 13- b15(4-|1w1r1v|\ propane - -~
and dipiridil sulfide were characterized by the experimental techmiques of ,.....,-/\‘-h_,,.mm__
'H and *C NMR spectroscopy. Individual NMR data of compounds are g
consistent with their assignment as complexes.
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OIESCH Cuzﬁn-Munteauu. Slh 1a Melnic. Sergiu Shova

This paper reports on the synthesis of a new trinuclear homometalic mixed-
Vi '116111: iron ca1botylate cluste1 with furan-2-carboxylic acid. The complex with
the formuia Lrez"te O(C4H:0C00)s(H,0)3]-0.5CH;CN-2.25H,0  was
characterized by X-ray analysis which revealed that the compound
crystalizes in the triclinic centrosymumnetric group P-1. with the following
unit cell parameters: o= 10.2758(6)A. b= 11.5991(9) A. c= 19.7349(15) A.
a=105.060(7)°, f=94.216(6)°, y= 101.662(6)°.
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AND STANNATE WITH TRIS(PHENAN THROLIRE))I(.REL(II) CATION
Elena Martsinko, Inna Seifullina, Elena Chebanenko, Olha Pirozhok.
Viktoriya Dyakonenko, Svitlana Shishkina

The new complexes [Ni(phen);][Ge(HCit),] - 2H,O (1 R pa .
MNifphen ) TSarHCiN1-2H-0 (2) fwhars phen is 1.10-nhenanthroline. HLCif is Pt
[Ni(phen)s][Sn(HCit);]- 3H,O (2) (where phen is 1,10-phenanthroline, H,Cit is 4 bo . j
citric acid) were obtained. The identity, composition, and thermal stability of bd b D .

the complexes were established by elemental analysis, thermogravimetry, and
IR  spectroscopy. According to the X-ray diffraction data. the
bis(citrate)germanate / bis(citrate)stannate [Ge/Sn(HCit) 2]2’ carries out the role
of the dianion while two halves of the nickel complexes with phenanthroline
[Ni( Phen);f“ are cations.
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CHEMICAL COMPOSITION AND ANTIMICROBIAL ACTIVITY OF THE

LEVISTICUM OFFICINALE W.D.J. KOCH ESSENTIAL OIL

Alexandru Ciocarlan, Ton Dragalin, Aculina Aricu, Lucian Lupascu,

Nina Ciocarlan, Violeta Popescu

The chemical composition of industrially obtained Levisticum officinale asad’y @ .

W.D.J. Koch (lovage) essential oil of Moldovan origin was analysed by means Rl B z

of chromatographic (GC-MS) and spectral (IR, 'H and “C NMR) methods. ok

The obtained results show that the main components of L. officinale essential i 3

oil are monoterpenic hydrocarbons which make up to 53.50% of the total 2000 ] 1
number of components. Antibacterial and antifungal activities of mentioned oil 1301013

were evaluated in vifre on five strains of microorganisins. It was found that o : =l. &
lovage volatile oil (L. officinale) exhibits high antibacterial and antifungal T A R
properties in the range of concentrations 0.015-0.030%. T
RESEARCH PAPER PHYSICAL CHEMISTIRY AND CHEMICAL PHYSICS 69
ADSORPTION OF STRONTIUM IONS FROM AQUEQOUS SOLUTIONS ON

NUT SHELLS ACTIVATED CARBONS

Gheorghe Duca, Mihai Ciobanu, Tudor Lupascu, Igor Povar

The adsorption of strontium ions from aqueous solutions on nut shells activated . 7 /"ﬂ )
cartbons (samples CAN-7 and CAN-8) at different temperatures has been j/”;«{:r
studied. The isotherm of adsorption of strontium ions from aqueous solutions g o -’i‘éﬁ//"—;m
on activated carbon CAN-7 has two inflection points at relatively small and 500 AT s

o 3
high equilibrivm concentrations. As the temperature increases. the adsorption s J ’
values decrease, which indicates that the adsorption process is exothermic.
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MULTICOMPONENT CRYSTALLIZATION OF KETOPROFEN-NICOTINAMIDE FOR
IMPROVING THE SOLUBILITY AND DISSOLUTION RATE
Yudi Wicaksono, Dwi Setyawan, Siswandono Siswandono
The study was aimed at increasing solubility and dissolution rate of ketoprofen m -
by using muiticomponent crystaiiization approach with nicotinamide as ﬁ““‘ o @
additional material. The multicomponent crystallization was carried out by 3 :‘; VA
solvent evaporation method using 2-propanol as solvent. The solubility and £, é/"*‘“' '
dissolution test showed that the ketoprofen-nicotinamude multicomponent E wl
crystal has solubility and dissolution rate significantly higher than the solubility 10
and dissolution rate of the pure ketoprofen. T & B e B & A
Tirme {rain)
RESEARCH PAPER PHYSICAL CHEMISTRY AND CHEMICAL PHYSICS 82

EFFECT OF THE NATURE OF SURFACTANT ON THE REACTIVITY OF
CN-DIPHENYLNITRONE TOWARDS ACRYLONITRILE IN DIFFERENT
MICROEMULSION SYSTEMS

Wahina Hamza Ahdall-ader Tanati Ahmad A
INCULLIEG CAQILZ 0, £ AW Lhaliel DAL, £ alilvts Jall

The pr esent \&01]{ pwvides an insight into the effect of the nature of surfactant

] Ao a commonent of water A Al hame microenyilaiang

kL[lllUlll\. [llL.LUlAl\.J a COMIponNciil O Waiti- aiia OLi-o0iTie MilCioeiiiiisisils, o

the reaction rate of 1,3-dipolar cycloaddition of C.N-diphenylnitrone with
acrylonitrile. The electrostatically attractive character of the cationic surfactant.

wounld brine the reactants closer to each other: hence. a rate enhancement

QLG ULIAT LS ICaliallls waOsel 10 oo QuUIth. adlive, alc CIanCcoild]

Aerylonitrile

would ensue, particularly within the water-rich zone. Besides the fact that
acrylonitrile played a dual role, as a component of the microemulsion and a
dipolarphile in the cycloaddition reaction, made the work-up advantageously

sound. Additionally, the increase in reagents molar ratio was found to promote
higher reactivity.
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89

HYGROSCOPIC PROPERTIES OF ENOXIL-SILICA COMPOSITES
Oksana Stavinskaya, Iryna Laguta, Olga Kazakova, Pavlo Kuzema, Tudor Lupascu

Enoxil-silica composites with various Enoxil-to-silica ratios were prepared by
mechanical mixing of the biologically active Enoxil and fumed silica powders.
The hygroscopic properties of the composites were studied by the gravimetric
method. It was found that hygroscopicity 1s reduced by 30+40% when the
Enoxil-to-silica mass ratio in the composites is 0.15+0.35.
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Abstract. The purpose of this research was to improve the solubility and dissolution rate of ketoprofen
by using the multicomponent crystallization approach with nicotinamide as coformer. Multicomponent
crystallization of ketoprofen-nicotinamide with a 2:1 molar ratio was performed by solvent evaporation
technique using 2-propanol as solvent. The characterization of the multicomponent crystal was
performed using powder X-ray diffraction (PXRD). differential scanning calorimetry (DSC). Fourter
transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). The solubility and
dissolution behaviour of the multicomponent crystal in distilled water were determined by the shake-
flask and standard paddle method. respectively. The results of characterization by PXRD. DSC. FTIR

Pk wa W A N e

PR T

and SEM have confirmed the formaiion of a new crysialline phase of keioprofen-nicoiinamide as ihe
multicomponent crystal. The solubility of ketoprofen-nicotinamide multicomponent crystal was

registered 1.3

times higher compared to pure ketoprofen. The multicomponent crystal dissolved about

64% within 60 minutes in comparison to the pure ketoprofen that showed a dissolution of only about
56% during the same period. The results of solubility and dissolution tests showed that the ketoprofen-
nicotinamide multicomponent crystal is characterized by a solubility and dissolution rate significantly

higher than those for the pure ketoprofen.

Keywords: ketoprofen. multicomponent crystallization, solvent evaporation, solubility, dissolution rate.
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Introduction

The solids of the active pharmaceutical
ingredients (API) can be distinguished as
crystalline and amorphous forms. API are
commonly used in crystalline form, being
thermodynamically more stable than the
amorphous one [L,2]. A crystalline solid has
three-dimensional long-range order and its
physicochemical  properties  are  strongly
mfluenced by the molecular arrangement of
components in the crystal lattice. Therefore,
modification of the crystal lattice can be used to
improve the physicochemical properties of
crystalline API such as solubility. dissolution rate
and hygroscopicity [3,4].

Currently, the modification of crystal lattice
of API by the multicomponent crystallization
approach 1s often wused to improve the
physicochemical properties of API [3-7].
The multicomponent crystallization approach is
done by combining API with the other component
called coformer [8]. In the multicomponent

crystallization, the API and coformer are

74

crystallized together in the same crystal lattice
through mtermolecular interactions, such as
hydrogen bonds and aromatic 77 stacking [8].
The formation of the new crystal lattice from APIT
and coformer in the multicomponent crystal
changes the crystal lattice and packing
arrangement of the API, which induces the
presence of new physicochemical properties of
the API [8]. Therefore, one of the advantages
of the multicomponent crystallisation approach is
that it can be wused to improve wvarious
physicochemical properties of API as needed by
using the appropriate type of coformer.
Ketoprofen is a  profen-type  of
non-steroidal anti-inflammatory drug,
characterized by an asymmetric carbon center
attached to a carboxylic acid. a methyl. and an
arvl group. It is used as an analgesic and
anti-pyretic agent to treat rheumatoid arthritis,

osteoarthritis, dysmenorrhea, and to alleviate
mndarata nain ral T+ ic a wraals  apid ~f
mivuvialre lJ(lLll L)J - au 3 o v oaan aviue L

propionic acid derivative, which is poorly soluble

m water (0.253 mg/mL) [9]. It has been classified

f Maldovea

2
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as a Class II compound of the biopharmaceutical
classification system, which means that its low

water solubility 1is the limiting step for
absorpiton and bioavailability [10]. Various
methods are dpij d to immrove the 5(\]11]11111"\;

a4
of  ketoprofen such as salt formation,
micronization, formation of solid dispersions and
re-crystallization [11-14]. However, the increased
solubility of ketoprofen by wusing the above
methods produces amorphous ketoprofen or
ketoprofen with lower crystallinity, which is
thermodynamically less stable.

The aun of the present study was to
improve the solubility and dissolution rate of
ketoprofen using the multicomponent
crystallization  approach. Nicotinamide was
selected as coformer due to its acceptability for
luman  consumption and it has effective
functional groups to form intermolecular
hydrogen bonds with various molecules [15,16].
The 2:1 ratio of ketoprofen-nicotimammde 1s used
tor the formation of the multicomponent crystal
corresponding to the target stoichiometry and 1s
commonly used for obtaining multicomponent
crystals of profen-type drugs with nicotinamide as
coformer [15,17.18]. The multicomponent
crystallization of ketoprofen-nicotinamide was

carried out by solvent evaporation technique using
racnltad

Loouiiou

I _nronanal ag
LTpiUpranaiia an

multicomponent ecrystal was characterized by
using PXRD. DSC, IFTIR and SEM and was
evaluated for solubility and dissolution behaviour
by wusing the shake-flask and standard paddle
method. respectively.

cnlvant The
SULVCLIL. LIIC

Experimental
Materials

Ketoprofen (purity =98.7%) was kindly
assisted by Dexa Medica (Palembang, Indonesia).
Nicotinamide (purity =99.6%) was purchased
from Western Drugs Ltd (Udaipur, India) and
2-propanol (purity =99.8%) was purchased from
Merck (Danmstadt, Germany).
Preparation of the multicomponent crystal

The multicomponent crystallization of
ketoprofen and nicotinamide was carried out by
solvent evaporation technique using 2-propanol as
solvent. The mixture of ketoprofen-nicotinamide
(2:1 molar ratio) was dissolved with 2-propanol in
a beaker glass. The beaker glass was then covered

with aluminium foil and the solution was stirred
with a m;wnptm stirrer (Qm]nmn-'( MS7-HSS0- Dln\

for 30 11111111Tes at room Tempemnue. Shorﬂy
afterwards the aluminium foil was given small
holes and seftled at room tempemnue 50 the

crnlirant avronmentas ol a1
bUJ\rCJ.ll CVdPUldth blU\"Ul}'.
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then crushed using a mortar and pestle and passed
through an 80 mesh sieve. The solid powder was
stored in a desiccator until testing.
Characterization merhods

The PXRD diffractograms were collected
using a powder X—lay dlfﬁ actometer (Philip
Xpert) with CuKe radiation (1.54060 A). The
measurement was carried out at 5-30° in 26 with a
step size of £0.017° and a step time of 10 s/step.
The condition of divergence slit and
anti-scattering slit was 0.25° with diffraction
experiment on the 10 mm sample size.

The DSC analysis was performed using a
differential scanning calorimeter (Rigaku DSC
8230). Prior to measurement, the DSC instrument
was calibrated for temperature and heat flow
using high purity indium standard. The sample of
approximately 2.0 mg was accurately weighed in
a hermetically aluminium pan and then sealed.
Measurements were performed from 30 to 200°C
at a heating rate of 10°C/min under a dry nitrogen
atmosphere (flow rate 50 mJ_fmm)

The FTIR spec clra
attenuated total reflection Fourier transform
infrared spectrometer (Bruker Alpha FTIR
spectrometer). The measurements were performed
with a resolution of 4 cm™ in the range of
4000-400 cm™.

The SEM analvsis was carried out using a
scanning electron microscope (Hitacln TM-3000).
The samples were firstly attached to a stub with
double-sided carbon tape, and then coated with
platinum using sputter coater ion (Hitachi E-1045)

for 10 seconds. SEM analysis was performed

at 15 KV accelerating voltage and 3500x
magnification.
Solubility and dissolution tests were

determined using UV-Vis analvsis.
Solubility and dissolution tesis

Calibration — curve.  Ketoprofen stock
solution (100 ppm) was prepared by dissolving
10 mg of pure ketoprofen in distilled water of
100 mL volumetric flask up to the mark
Ketoprofen standard solutions of concentration of
10, 20, 25, 40, 50 and 100 ppm were prepared by
dilution of the stock solution with distilled water.
The absorbance of the standard solutions was
measured on a UV-Vis spectrophotometer
(Hitachi U-2900) at 300 nm using 10 min quartz
quvette. The measurements were carried out at
300 nm because nicotinamide had no absorbance
at this wavelength and posed no interference to
ketoprofen. The resulting calibration curve of
ketoprofen in distilled water has the linear
regression equation y= 0 00&-’-0‘ 007 with square
of 0 0000 (Fionre 1)

enrralatinn coafficient ( R
o oI u.¥Y2YY (figuld 1.
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Figure 1. Calibration curve of ketoprofen in

ann

distilied water at A= 300 nm.

Solubilitv test. The sample was tested for
solubility in distilled water by the shake-flask
method. An excess sample (about 50 mg) was fed

o~

into a 250-mL tJ.lElllIlE}fEI flask comammg 50 mi

of distilled water. Erlenmever flask was shaken

(43Il 81 Lutl SAOCLENC YO Lidos S Sl

using an incubator orbital (Stuart S1600) with a
stirring speed of 150 rpm and a temperature of
37+£0.5°C for 12 howrs. In the filtered solutions
(0.45 pm filters) the ketoprofen concentration was
determmimed from the calibration curve. Testing
was conducted with three repetitions.

Dissolution test. The dissolution test was
performed by paddle method using a dissolution
apparatus (Logan UDT-804) i 900 mL of
distilled water medium. The sample used was
equivalent to 50 mg ketoprofen, while the stirring
rate and the test temperature were 100 rpm and
37+0.5°C, respectively. At each time interval
5 mL of the solution was withdrawn from the
instrument and replaced by equal volume of
distilled water. In the filtered solutions (0.45 pm
filters) the ketoprofen concentration was
determined from the calibration curve. Testing
was repeated three times.

Statistical analysis

The statistical analysis of obtained data was
conducted using one way analysis of variant
(ANOVA) of SPSS version 16.0 for Windows.
The test average values were considered
significantly different at p<0.03.

Results and discussion
Powder X-ray diffraction analysis

PXRD 1s a very important method 1n
characterization of crystalline properties of solid-
state samples. The formation of the new
crystailine phase can be confirmed based on the

nniang  finocarnrint r\'P the diffractnoram ral
U ule IIiE Ol it ulnlaviUgiain L.
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The characteristic diffraction of multicomponent
crystals i1s characterized by the appearance
of mnew diffraction peaks and the absence
of some

JE Do RS peaks T, N T |
CLLILCIOULL Pedic Ul 1LV IU UL

commonents 20211, The overlavy of nowder

COLLPOULICHLS j2v,o0 111 viiiay PUYLC

X-ray difﬁ‘acmg1 ams of ketoprofen, nicotinamide
and ketoprofen-nicotinamide is shown
in Flgme 2. The dﬂtlactog:t'nn of Letopj ofen has
AAAAAAA o T ~ 0 o 2 1Q "}
Dpcblllb ptc]hb U]. LU (ll L l—l- 10.C

and 22.8° while nicotinammde has 26' speciﬁc

peaks at 14.6, 14.8, 258, and 27.4°. The

diffractogram of both materials indicated
conformity ~ with  reports  in  previous
studies [14,22.23].

The  diffractogram  of  ketoprofen-

nicotinamide exhibits new peaks at position
28 18.6° and 26.0°, which were absent 1 both the
ketoprofen and the nicotinamide. The
peaks at positions 11.2° and 27.2° present in the
mdividual components were absent i1 the
ketoprofen-nicotinammde. The powder
X-ray diffractogram of ketoprofen-nicotinamide
showed diffraction peaks different from
those of the constituents. The diffraction peaks
of  ketoprofen-nicotinamide  indicated  the
difference of 1ts crystal lattice compared to
the individual components. This indicated that
the  ketoprofen-nicotinamide was not a

merhanieal
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multicomponent erystal with new solid crystalline
phase [21,24].
DSC analysis

The DSC curves and the data of the melting
temperature-enthalpy of fusion (4H) are
shown i Figure 3 and Table 1, respectively.
The DSC curve of ketoprofen showed a
single  endothermic  peak  at 96.2°C
(AH= 94.8 J/g), while the nicotinamide showed a
single  endothermic  peak at 129.9°C
(AH= 208.6 I/g). These endothermic peaks
were attributed fo the melting points of the two
ingredients. The melting points of the
ketoprofen and nicotinamide are in good
agreement with literature [22 25].

One indication of formation of a new
crystalline  phase 1s the emergence of
different melting points with the initial
components [26,27]. Ketoprofen-mcotinamide
has a lower melting point than the melting point
of Dboth  the individual components.
The DSC curve of ketoprofen-mcotinamide
has a melting endothermic peak at 72.4°C
(AH= 27.6 I/g) markedly different from the
endothermic melting peak of ketoprofen and

mivinra huit had nrmead n
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Melting temperature and enthalpy of fusion of ketoprofen, nicotinamide and ketoprofen-nicotinamide.

Samples Melting remperature {°C) Enthalpy of fiision (AH, J/'g)
Keropmteu 96.2 94.8
129.9 208.6
Ketoprofen-nicotinamide 72.4 7 27.6

These results indicated that ketoprofen and
nicotinamide completely transformed mto a
multicomponent crystal as a new crystalline
phase. In addition, ketoprofen-nicotinamide has a
single endothermic peak indicated the absence of
unbound component due to the mixture complete
transformation mto the crystalline phase of the
multicomponent crystal [28].

FTIR analysis

FTIR spectroscopy is a technique

commonly used to characterize intermolecular

~verofals
\.-J.} SLaLd

[27,29.30]. The obtained FTIR spectra of
ketoprofen, ketoprofen-

i It s amiinanant
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nicotinamide  and
nicotinamide are shown m Figure 4. The FTIR
spectrum of ketoprofen has absorption peaks at
2979 and 2938 cm™ (comesponding to a
carboxvlic -O-H  stretching), 1695 cm’
(-C=0 acid stretching), 1654 cm™ (-C=0 ketone

stretching) and 1599 and 1451 cm™ (aromatic ring
-C=C- stretching). This i1s in agreement with
previously  reported research  [23]. The
FTIR spectra of nicotinamide has specific peaks
at 3363 and 3166 cm’ (-NIL stretching),
1676  em’ (-C=0  amide stretching),
1397 cm™® (-CN stretching), and 1340 em’ (ring

anf-‘r(‘hm_m which was also in accordance with

previous research reports [31].

The spectra of ketoprofen-nicotinamide
showed a shift of the absorption peaks compared
to the spectra of individual components. The shift
of the absorption peaks occurred in the -O-H and
-C=C- stretching of ketoprofen (from 1451 cm™ to
1445 ¢cm™) and -NH» stretching (from 3166 cm’™
to 3177 cm?), -C=0 amide stretching
(from 1676 to 1695 cm™), -CN stretching (from
1397 to 1400 cm™) and pyridine ring stretching

(from 1340 to 1371 cm') of nicotinamide.
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The shift of the absorption peaks of
ketoprofen-nicotinamide indicated the formation
of intermolecular interactions between ketoprofen

PR | PRV

and nicotinamide. Based on the shift of the
absorption peaks, ketoprofen and nicotinamide
formed a 1nu1t1component crystal  through

intermolecular hydrogen bonds and 7 stacking
interaction between the-O-H and the aromatic ring

P A YE R 41 NITT g +1s =
01 RClUlJlUlCll WlLll LT =INI1y, =L U. L.,J.V CllJ.Ll L

ring of nicotinammde [29,30,32-34].
Morphological analysis

The SEM 1images of Kketoprofen,
nicotinamide and the ketoprofen-nicotmamide
multicomponent crystal are presented in Figure 5.
The morphological changes of individual
components in the ketoprofen-nicotinamide
indicated the formation of a multicomponent
crystal between ketoprofen and nicotinamide [7].

100 um
Figure 5. SEM images of Ketoprofen («),
nicotinamide (b) and ketoprofen-nicotinamide (c).

Solubility assessment

The solubility of ketoprofen and
ketoprofen-nicotinamide multicomponent crystal
in distilled water was [81+15 mg/mL and
24121 mg/mL, respectively. The ketoprofen-
nicotinamide 111ultlcomp0nent c[ystal showed a
significant (p=0.05)
of about 1.3 times higher compared to the

solubility of ketoprofen. The increase of solubility
of the multicomponent crystal is often associated

increase  in

a anT
Moid., Ul

37 Q

s

)

12 7
13(2), 7

) 1-81
with a decrease of its melting point.
A multicomponent crystal with a lower melting
point tends to have higher solubility than the
mitial ingredient [35.36]. The DsC

PYPPHI'“Pﬂf showed that the ketonrofen-

ketopro
nicotinamide multicomponent crystal has a
melting point at 72 46°C, which is lower by 24°C
than ketoprofen. So it can be expected that the
increased  solubility of the ketoprofen-
nicotinamide multicomponent ecrystal may be
caused by the decrease of the melting point.
Dissolution behaviour

The dissolution behaviour of ketoprofen
and ketoprofen-nicotinamide multicomponent
crystal m distilled water was shown m Figure 6.
The amount of ketoprofen released from the
ketoprofen-nicotinamide multicomponent crystal
within the first 30 minutes increased rapidly
and subsequently formed a plateau profile
indicating a saturation kinetics process [37].
The multicomponent crystal showed higher
dissolution rate compared to ketoprofen with a
cumulative  amount released  64+£5%  at
60 minutes. The dissolution profile in distilled
water indicated that the amount of ketoprofen
released from the ketoprofen-mcotimamide
mulficomponent crystal was higher than the pure
ketoprofen (only about 56%).
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Figure 6. Dissolution profile of ketoprofen (a)
and ketoprofen-nicotinamide (b)
in distilled water.
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Conclusions

In the present study, the solubility and
dissolution rate of ketoprofen was improved by
the multicomponent crystallization approach
using nicotinamide as a coformer in a 2:1 molar
ratio. The formation of the multicomponent
crystal of ketoprofen and nicotinamide was

DYDTY T TTTh TN A

(.-UIlllIlllCU. U.blllg FARL), DdU, LK, dIlU. oLvD
methods

The result of solubility and dissolution tests
showed that the ketoprofen-ncotinamide
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multicomponent crystal has higher solubility and
dissolution rate than the pure ketoprofen. The
multlcomponent c1ys’[f11 showed a 51g111ﬁcam

S i pp, . o~ NS [ .
increasing in  solubility  (p<0.05) of about
1.3 times hID'hF' 01111m1ed to the soh |111 of

ketoprofen (241d:21 mg/mL and 181=15 g/mL
respectively). The multicomponent crystal
dissolution was about 64% within 60 minutes;
hawravar tha nira Fatanrnfon chawad o diconlintinn
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of only about 56% during the same period.
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