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ABSTRACT

Preparation of simvastatifi-cyclodextrin inclusion complexes has been perfdrosng co-evaporation technique.
The aim of this study is to characterize the indonscomplexes of simvastatind—- cyclodextrin and improve the
solubility and dissolution rate of simvastatin. Feymparison, pure simvastatin and its physical unxtwere used.
Characterizations of inclusion complexes of simat@stwith 5 - cyclodextrin in a solution state were carriedt ou
using phase solubility studies. Characterizatiofissolid inclusion complexes were performed usirfecntial
Thermal Analysis (DTA), powder X-ray diffractiomdascanning electron microscopy (SEM). Dissolufoofiles
were performed in a medium of pH 7.0 phosphateebsfflution containing sodium lauril sulfate 0.5%ing type Il
USP apparatus. The results of solubility phase shstwed a diagram of type golubility, with a constant value of
stability of 227.827 M, indicating that an inclusion complex of simvaistats - cyclodextrin (1: 1 molar) has been
formed. The study results of dissolution rates swoldbility showed that the inclusion complexesimivastatin and
B - cyclodextrin increased significantly in comparisto that of pure simvastatin and its physicaltomes.
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INTRODUCTION

Drug solubility plays a major role in the developthef drug dosage formulation. Active compoundshia form of

oral solid drug dosage will be absorbed only wHezytare soluble in gastric fluids and shows higiabailability.

Various approaches have been exploited to improeesslubility of poorly soluble drug compounds,liming co-

grinding with a hydrophilic polymer, salt formatioformation of cocrystal phase and inclusion comgteusing
cyclodextrin [1,2,3,4]. A complexation method witliclodextrins is one of the approaches already tséucrease
the solubility of drugs in water. Cyclodextrins dateract with a variety of drug molecules, henmerfing inclusion
complexes. Cyclodextrins (CDs) are cyclic toroidhkped molecules with an outer surface of hydraplihd

lipophilic central cavity that can form inclusionoraplexes with a variety of lipophilic drug molecsile
Cyclodextrins are produced from starch by meansrafymatic conversion. The formation of drug inausi
complexes using cyclodextrin can improve its physiemical properties such as solubility, dissolutiate,

stability and bioavailability [ 5 ].

Simvastatin is a drug used to treat hyperlipidelyiaeducing the levels of LDL-cholesterol and plastniglyceride
as well as apolypoprotein B. Simvastatin is categorinto the group of Biopharmaceutical Classtfma System
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(BCS) drugs class Il, meaning simvastatin posesohle@m of low solubility in water and low bioavailidity (5%);
thus, it is essential to improve the dissolutioie ief simvastatin, hence to improve the absorpdiot bioavailability
of the drugs [6, 7].

The objective of this study is to characterize usadn complexes of simvastatin afdcyclodextrins (1: 1 molar)
prepared using co-evaporation technique. The natuselid inclusion complexes was characterizedgisicanning
electron microscopy analysis, differential therraablysis, and powder X-ray diffraction analysis.eTdolubility

and dissolution rates profiles of simvastatin #ndcyclodextrin inclusion complexes were comparedhose of
pure simvastatin and its physical mixtures

EXPERIMENTAL SECTION

Materials

The materials used are simvastatin, obtained frdmKitmia Farma Jakartff — cyclodextrin purchased from PT.
Signa Husada, methanol (Merck, Germany), sodiumspiate (Merck, Germany), sodium lauryl sulfate (PT.
Brataco), sodium hydroxide (PT. Brataco) and deéstilater.

M ethod

Phase Solubility Diagram

Phase solubility diagrams of simvastatin with vasicconcentrations di-cyclodextrin in water were performed
according to Higuchi and Connors [8]. The solutioh B-cyclodextrin in water was prepared in various
concentrations, namely: 0,000; 0.002; 0,004; 0.@p608; 0,010; 0.012 and 0.014 M; then, an excassuat of
simvastatin powder (50 mg) was added into the swilih a glass vials. Then the sample was mechiéyistirred
for 24 hours at 100 rpm at room temperature. Adtguilibrium was reached, the solution was filteaed analyzed
spectrophotometrically &39 nm. The curve of concentration of simvastatits plotted against the concentration
of B-cyclodextrin and to determine the type of diagminthe inclusion complexes formed, as well as takie of
the slope; also, the stability constarks)(for complex was calculated using following eqaati

Slope

Ke=—
¢ Sy (1 - Slope)

Preparation ofinclusion complexesusingco-evapor ation technique

Inclusion complexes of simvastatin apid cyclodextrin (1: 1 molar) were prepared usingegaporation technique.
Simvastatin was dissolved in an amount of ethandlpacyclodextrin in water. Next, a water phase wasealdib
the ethanol phase, stirred, and then allowed todstar 24 hours. The solids formed would precigiateparated,
and dried at a temperature of 45°C until a consteaight was reached and then sieved through mesh 60

Preparationof physical mixture

A physical mixture of simvastatin arfil- cyclodextrin was prepared with a molar ratio #zene as that of the
inclusion complexes (1: 1 molar). Both componengsenlightly mixed with a pestle and mortar. Subssdly, the
mixture was sieved throughesh 60 and stored in a desiccator.

Scanning electron microscopy analysis

SEM micrographs of samples were analyzed usingh Gthenom world, The Netherlands) tool. The samplese
placed in an aluminum holder and coated with gold thickness of 10 nm, the voltage set at 20 k¥ @rrrent at
12 mA. Then, the samples were observed at variagifications.

Differential Thermal Analysis

DTA thermogram of samples were obtained by usirg Gifferential Thermal Analysis (DTG-60, Shimadzu,
Japan). A number of samples (3-5 mg) were weighetthen placed in sealed aluminum pans and heatad a
constant speed of 10° C per minute with a rangeraperatures of 30-450 ° C.

Powder X-ray diffraction analysis

Powder X-ray diffraction analysis was conducted at roommperature by using a diffractometer (X-Pert Pro
PanAnalytical, The Netherlands). The measuremenditon was the metal target of CugpHilter, voltage of 40
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kV, and current of 30 mA, with a measurement anglgsthe range between 2 theta 5-100°. The powdsmlaced
in the sample holder (glass) and made even to pt@asticle orientation during sample preparation.

SolubilityTest

The powder of inclusion complexes and physical orixtwere weighed equivalent to 50 mg of simvastathe
powder was introduced into an erlenmeyer, and 26frdistilled water was added. Then, it was stirfi@d24 hours
at the speed of 100 rpm at room temperature. A&fijeilibrium was reached, the solution was filteaad the filtrate
was suitably diluted and analyzed by spectrophotocadly at 239 nm.

DissolutionPr ofile

Determination of the dissolution rates profile vesformed using type 1l USP dissolution tool (Cop&ientific,
NE4-COPD, UK) with a medium of phosphate buffer (pi), containing 0.5% sodium lauryl sulfate of 09@l

and the temperature was regulated at 37°C + 0.5AN@. then a sample equivalent to 20 mg was plantal the
dissolution vessel. The paddle was stirred atgs. As much as 5 ml solution samples were withdratvminutes

5; 10; 15; 30; 45 and 60. and replaced by a fressotition medium. Drug dissolved was assayed by
spectrophotometrically at 239 nm. All experimentevperformed in triplicate.

RESULTSAND DISCUSSION

Phase Solubility Study

Phase solubility diagram was obtained by plottitg tsaturated concentrations of simvastatin agatimst
concentrations of-cyclodextrin as shown in Fig. 1. The solubilitysifvastatin increased linearly as a function of
the concentration of cyclodextrin in water solutidiis is an A-type phase solubility diagram, which shows the
formation of inclusion complexes of simvastatin g@itdyclodextrin with a molar ratio of 1:1. This isethmost
common type in which one drug molecule forms a dempvith one cyclodextrin molecule. At an Aype phase
solubility diagram, with a small slope of 1 andtabdlity constant (K;. ;) of the complexes, calculations can be
performed based on the slope and intrinsic sotyb{o) of the drugs in a complexation media [ ¥fom the
results of the phase solubility test, a stabilinstant (K 1: 1) of the simvastatin complexes cdcddobtained at
227.827 M. The optimum values of the complex constant (KLLwere between 200-1000 Min which the
inclusion complexes formed was quite stable. A bighalue might reduce the bioavailability of drugs the
complexes could not be absorbed and thus not mrifito dissolve. If the value of Kc is too lowmitll be difficult

for a complex formation to occur [ 10 ].
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Figure 1. Phase solubility diagram of simvastatin with g-cyclodextrin in water at room temperature
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Scanning Electron Microscopy(SEM) Analysis

SEM analysis was carried out to observe the moggyobf sample and to provide the information abtausurface
texture. Observations were made at a magnificaifobO00x. It could be seen that the morphologyiofvastatin
was in the form of crystalline solids, fused tonfloagglomerates with a rod shape (Figure 2a), itidigahat the
simvastatin was a crystalline phase. The morpholfgf-cyclodextrin was in the shape of a large chunkvait
rough surface texture (Figure 2b). In the physiogdture, the morphology of simvastatin apayclodextrin could
still be distinguished (Figure 2c); the simvastatimip-cyclodextrin particles were still clearly visibldowever, the
inclusion complexes of simvastatin aptyclodextrin with co-evaporation method showeda@phological pattern
of irregular shapes and a coherent form in whiehrttorphology of the simvastatin apeyclodextrin is difficult to
distinguish (Figure 2d). This indicated that theliision complexes were more amorphous than theasitatin and
its physical mixture because the complexation pedes resulted in morphological changes, sucheasttucture
and shape and size of the samples, resulting adaction in the degree of crystallinity of the samstatin in the
inclusion complexes [ 11 ].

Figure 2. Scanning electron microphotographs of (a) smvastatin, (b) p-cyclodextrin, (c) physical mixtur e of simvastatin with p-
cyclodextrin, and (d) inclusion complexes of smvastatin with g-cyclodextrin

DifferentialThermal Analysis

The DTA thermogram of simvastatin showed a shaxgo#@rermic peak at a temperature of 142.39 °C which
melting event of simvastatin with an enthalpy 01632 J/g (Figure 3a); this is consistent with ¢haracteristics of
simvastatin’s melting points, ranging from 14D — 142°C [7, 12]. Simvastatin is a crystalline solid wilregular
structure and therefore the melting point serves a&sansition change from the solid phase into edelThep-
cyclodextrin thermogram showed an broad endothepaak at the temperature range of 88.59 to 10016 an
enthalpy of -2.77 kJ/g (Figure 3b), which is theqess of water loss (dehydration) [ 13 ]. The ptglsmixture
thermogram showed two endothermic peaks with aitdensity; this is an endothermic peak of each comept.
The first peak was at the temperature of 142.13%Mh an enthalpy of -101.32J/g, showing a simvastat
thermogram; the second, at a temperature betwe@9€5 -100°C with an enthalpy of -1.92kJ/g, showmf-
cyclodextrin thermogram (Figure 3c). The decreasauie to the mixing of simvastatin afeyclodextrin that has
caused a decline in the simvastatin’s endothermékpThe possibility is that both materials fusei ithe crystal
lattice of other materials. This proves that the womponents have interacted, but the complexatieGnomenon
has not yet occurred [ 12 ]. In the thermogramhef inclusion complexes of simvastatifi-eyclodextrin with co-
evaporation technique, the endothermic peak of astatin was slightly shifted to lower temperatune &tensity
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(Figure 3d). These results indicate that interastibetween simvastatin3-cyclodextrin have occurred through the
formation of inclusion complexes between simvastatid-cyclodextrin. Decreases of simvastatin endothermic
peak are due to the formation of an amorphous solidthich simvastatin fills the cavity @¢fcyclodextrin [ 12, 14

]. A non-crystalline phase will show a broad endothic peak; when a guest molecule fills the cawatyp-
cyclodextrin, its melting point will perish or shifito a lower temperature [ 15 ].

142.13°C

Endothermic

142.39°C
| | [ | [ [ [ [
50 100 150 200 250 300 350 400

Temperature (°C)

Figure 3.Differentialthermal analysisthermogram of (A) simvastatin, (B) B-cyclodextrin, (C) physical mixture of simvastatin with B-
cyclodextrin, and (D) inclusion complexes of simvastatin with B-cyclodextrin

X-ray DiffractionAnalysis

Powder X-ray diffraction analysis is the most relea method to characterize an interaction betwego t
components of solid material, either as a newlynfed crystalline phase or not, and to investigasnghs in the
degree of crystallinity of the solid material [ L6Results of the diffractogram of simvastatin shitsvcharacteristic
crystalline phase as the diffractogram show typarad sharp interference peaks at the angleddfl2.92; 15.60;
16.56; 17.21; 18.79; 19.37 and 22.54) (Figure Z&p B-cyclodextrin diffractogram (Figure 4b) also shomet
crystalline characteristics, clearly visible at Hregle of B (12.44; 15.40; 18.05; 21.10; 22.63 and 34.67hasaw
material off-cyclodextrin used was in the crystalline form. Tifractogram with sharp interference peaks intdica
a crystalline phase in which the crystal structaesarranged on a regular basis, hence the déstateeen parallel
planes of molecules in the crystal lattice can hEasnred. The diffractogram pattern of the physiatture of
simvastatin f-cyclodextrin (Figure 4c) indicates a superimpositof the interference peaks of each component,
both simvastatin anp-cyclodextrin. However, the intensity of the intdnce peaks is significantly lower than that
of the pure components. The diffractogram pattéthe inclusion complexes of simvastatif-eyclodextrin shows
decreases of interference peaks, significantlycalpof simvastatin (Figure 4d). This indicates twurrence of
amorphisation of parts of the simvastatin solidghia B-cyclodextrin cavity. In the process of the forratiof
inclusion complexes using co-evaporation technighe, drug compound anfi-cyclodextrin that are in the
molecular state will interact in a physical mantfeough attractive forces (hydrogen bonding), dmetdfore the
molecules will occupy the cavity of simvastatifi-eyclodextrin polymers  [17]. In other words, stituents or
functional groups of the guest molecules (gued8ract with the group on the side or parfefyclodextrin and a
formation of hydrogen bonds between guest moleane$-cyclodextrin occur [ 18 ].
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Figure4.Powder X-ray diffraction pattern of (A) smvastatin, (B) B-cyclodextrin, (C) physical mixtur e of simvastatin with p-cyclodextrin,
and (D) inclusion complexes of smvagtatin with g-cyclodextrin

Solubility Test

Solubility tests of simvastatin, physical mixtuesd inclusion complexes were conducted in distilieder as the
medium. The results of the solubility test of psimvastatin, the physical mixture and the incloscomplexes
were 3.827 +0.186 g/mL; 6.752 £ 0.270 pg/mL; atki598 + 0.527 ug/mL recpectively. This showseases of
simvastatin solubility complexed wiftcyclodextrin, which is nearly 4-fold, in water miegh, compared to that in
pure simvastatin (Table 1). This is due to theusitinh complexes of drugs that are in the form obigohous and
included inf-cyclodextrin. Another factor that has contributedhe increase of the solubility of simvastatinthe
increase in its wettability and dispersibility whjdn turn, can also increase the dissolution o&ttrug [ 7 ].

Table. 1 Solubility of simvastatin

Formula Solubility of simvastatin (pg/ml) £ SPp
Pure simvastatin 3,827+0,186
Physical mixture of simvastatirf3-cyclodextrin 6,752+0,270
Inclusion complexes of simvastatip B-cyclodextrin 13,598+0,527

Dissolution profile

The dissolution percentage at th& Hinute of simvastatin, physical mixture, and imtttn complexes of
simvastatin $-cyclodextrin, is respectively 61.592 + 3.667 %&® + 10.208 % and 61.714 + 11.496 %. Al'30
minute of dissolution are respectively 64.963 +18.66; 70.418 + 1.767 %, and 72, 389 + 10.042 %uUfed). The
overall results of the dissolution show the lowpstcentage of dissolved substances belong to pomeastatin
when compared to the physical mixtures and inctusiomplexes. The physical mixture of simvastatif- -
cyclodextrin has a faster dissolution rate than digpure simvastatin although in the physical migtthere have
been no inclusion complexes formed betw@earyclodextrin and simvastatin yet, when comparethtinclusion
complexes, the dissolution rate of the physicaltomixis slower than that of the inclusion complexése physical
mixture of poorly water-soluble drugs such as sistatin andp-cyclodextrin has a faster dissolution rate when
compared to the pure simvastatin as a simple mizetgeen poorly water-soluble drugs such as siratiasandp-
cyclodextrin enhances the drugs molecule diffusssipaly into the dissolution medium and enable dneg
particles to easily dispersed in the dissolutiordion®, hence a faster dissolution rate than tha@uoé simvastatin [
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18 ]. B-cyclodextrins have the ability to form complexessitu in a dissolution medium so as to increase th
dissolution rate of the drugs although in theirics@tate no inclusion complexes have been formé&® |. The
formation of inclusion complexes of simvastatif-eyclodextrin increases the dissolution rate ofvsistatin in
comparison with the physical mixture and pure sistatin. The increase of dissolution rate is duéotmation of
inclusion complexes in a cavity-shaped matrix inicliithe inner cavity of-cyclodextrin is hydrophobic and the
outer B-cyclodextrin hydrophilic. An inclusion complex af drug that was initially poorly soluble in wateillw
produce a complex hydrophilic nature of the drisglitbecause the complex would easily wetted &eddrugs
dissolve fastly. In addition, an increase in thte & the dissolution of simvastatin in the inchrsicomplex is also
caused by the decrease in the degree of its digiita] 18].
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Figure5.Dissolution profile of (A) simvastatin, (B) physical mixture of simvastatin with g-cyclodextrin, and (C) inclusion complexes of
simvastatin with g-cyclodextrin

CONCLUSION

Phase solubility test demonstrated antype solubility diagram indicating the formatiohinclusion complexes of
simvastatin §-cyclodextrin 1:1 molar ratio. Complexation wiflacyclodextrin could improve the solubility and
dissolution rate of simvastatin. The other factoomtributed to higher dissolution rate of simvastatuch as
increase wettability and decrease in crystallinityhe solid drug.
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