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Ahstract: Preparaton and chavaderization af a novel cocnstal of atrvactatin
calcinm with succimic acid cofermer weore succossiully porformed. This rosoarch cims
to mmcdify the orpstalline forrn of storvadia e wildun troug? corplalizetion with
stccfale ackd coformer. The cocrysial wes prepared By a solvenar evaporarlon method
and characterized by Powder A-May Dijfraction TFARD), Diferential Scanning
Colovimetry (DSC) Fourier Transform Infrared Spectroscopy (FTIR) and Scanming
Electron Microicopy (SEM). The atonvastatin caldum-stuccinic acid cocrystal has new

Recelved:May, I3 2018

Accepledfuiy 2o, 2018

DOl 10022 1460 35801
crustalline peaks at 20 of 12,9, 18.2 and 26.7° indicaing the formaton of a new
crustalline phaze. The cocrvstal showed the melting peint at 205.7 "C with an erthalpy
af fuson 302 g which is different from the ivitial compavents. The FTIR spectra of
cocnstal showad the shiftiag of shsorption peaks of gronps of initial component:
inndicatieg of formatien of atorvasatin wlchwe-saccieic acid cocrystal frcugh acid-
amide Inrermo'ecular Rydrogen bona Ineracrlons. The wolebiliny and dissclurion rest
showed thar the cocrystal Ras solubelity ana disolubion rate signiicantiv ligher than
the sclutbility and diswolution rate of pure atorvastatin celciam

Keywords: novel cocostali abrvastativ caldue; cryatalline phasy selability

clinswlutivn rale

m INTRODUCTION alogvastatin  calciwm is by the oomation of new
polymorphs, solvates and crystalline torms |4-5] The
formation of a new form from atorvastatin caleium is
Enewn to improwe the soluhility [/], dissolntion rata [7]
and etability [#].

Cogrystallization is an alteriatve strategy for the
formation of a new crystalline form of doogs. 1t iscarried
out by crvstallizing together the druz with a coformer
agent in the same crystal lattice [9]. The intermalecular
interactions between the drug and the coformer in the
new crysial lathce form different packing arrangements

Atorvastatin calcium i one of the dmg members of
the smatin group wsed to lower cholesterol levels in the
blood. It 15 considered ore of the most effective synthetic
agents for lowering low-density lipoprotein cholesteral,
triglycerides and wotil cholestercl [1-2]. The highly
effectivie  cholesterol-lowering  effect of atorvastatin
cakiuvm makes it one of the most common cholesterol-
lowerng drugs used workdwide [2-3.

Patent protecticn for atorvestatin calcium has
expired ir 2011. so the research to modiy the

physicochemiral properties of atorvastatin calcium is an
exciting opportunity in the field of phirmaceutical
research. The mest common ways to moedidy the

that trigger a change in physicochemizal properties [10].
It is a potential method to imprave the physicochemical
properties of a drug in solubility[11-13], dissalution rawe

Tudi'Wiaksuno el al.
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[14], stability [15-16], bioavailability [17], compressibility
and hygroscopicity [18].

In the present work, we investigated the formation
of a novel cocrystal of atorvastatin calcium using succinic
acid coformer. Succinic acid is a member of the generally
regarded as safe compounds, so it is often used as
coformer for cocrystallization of drugs [19-21]. The co-
crystal was prepared via solvent evaporation method
using methanol. The characterization was performed by
Powder X-Ray Diffraction (PXRD), Differential Scanning
Calorimetry (DSC), Fourier Transforms Infrared
Spectroscopy (FTIR) and Scanning Electron Microscopy
(SEM). The solubility test of cocrystal was performed in
distilled water and dissolution behavior of cocrystal was
evaluated by dissolution test in phosphate buffer pH 6.8.

m EXPERIMENTAL SECTION
Materials

Atorvastatin calcium in trihydrate form (purity =
99.5%) was kindly donated by PT Dexa Medica
(Indonesia). Succinic acid (purity = 99.5%), disodium
hydrogen phosphate dihydrate (purity = 99.5%) and
sodium dihydrogen phosphate monohydrate (purity =
99.0%) were purchased from Merck (Darmstadt,
Germany). Methanol (purity = 99.8%) was purchased
from Smart Lab Indonesia (Tangerang, Indonesia).

Instrumentation

The instruments for preparation of cocrystal were
analytical balance (Precisa ES 2255M-DR) and a magnetic
stirrer (Scilogex MS7-H550-Pro). The instruments for the
characterization of cocrystal included powder X-ray
diffractometer (Philip Xpert), differential scanning
calorimeter (Rigaku DSC 8230), Fourier Transform
Infrared Spectrophotometer (Alpha Bruker), Scanning
Electron Microscope (Hitachi TM 3000), sputter coater
ion (Hitachi E-1045), orbital incubator (Stuart 51600},
USP dissolution test apparatus II (Logan UDT-804) and
UV-Vis spectrophotometer (Hitachi U-2900).

Procedure

Preparation of atorvastatin calcium-succinic acid
cocrystal
The 1:1 molar ratio of atorvastatin calcium and

acid was dissolved with methanol in a beaker glass. The
resulting solution allowed to slowly evaporating at an
ambient temperature. The resulted crystal was crushed
in a pestle to reduce the particle size and then sifted
through a sieve no. 80 mesh (ASTM no. 80).

Powder X-ray diffraction

PXRD  patterns  were
temperature using a Philip Xpert diffractometer system.
The radiation source is Cu-Kah = 1.54060 A, The voltage
and current were respectively maintained at 45 kV and
40 mA. The data were collected by a continuous scan
over an angle range from 5-50° in 26.

collected at room

Differential scanning calorimetry

Thermal behavior of the samples was analyzed
using differential scanning calorimeter (Rigaku DSC
8230). The pre-useinstrument was calibrated for the
accuracy of temperature and heat flow with indium. The
samples of 2-3 mg were accurately weighed in hermetic
aluminum pan and scanned at the temperature range
50-250 °C with a heating rate of 10 °C/min. The
experiments were performed on the atmosphere of dry
nitrogen gas (flow rate 50 mL/min).

Fourier transform infrared spectroscopy

The FTIR spectra of samples were obtained by
Fourier transform infrared spectrophotometer (Alpha
Bruker). Measurements were recorded over a range
4000-500 cm™ at a resolution of 4 cm™.

Scanning electron microscopy

The morphology and shape of samples were
characterized using scanning electron microscope
(Hitachi Tabletop Microscope TM 3000). Approximately
10 mg of sample was placed on a specimen stub
previously given a two-sided adhesive and then coated
with platinum for 10 sec by sputter coater ion (Hitachi
E-1045). The samples were inserted into the sample
chamber holder base on the microscope and observed at
15 kV and 500x magnification value.

Solubility test

The samples were tested for solubility in distilled
water by the shake-flask method. An excess of the sample
was placed in a 250 mL Erlenmeyer flask and added
distilled water. Erlenmeyer flask was continuously shaken

YudiWicaksono et al.
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using an incubetor orbital (Stuart S1600) at 130 rpn and
37+ 0.5°C for 12 h. The amount of dissolved storvastatin
calcium was determined by UV-Vis spectrophotometer
(Hitachi U-2900) at % 300 nm. Testing was conducted
with three repetitions.

Dissuluilon test

The dissolution test was performed with the paddie
method asing a UsSP disselufion test apparaius H] {L:lg-u.u
UDT-804)The sample equivalent o S0y ol atorviastalin
watleium was adided wo 300 ml of phospliate bullke pH 6.8
mediim then sthived at 100 rpm and 37 = 4.3 °C
Approximately 5 mL of dissolutlon medium wes
withdrawn svery 15 min for 60 min. Nzw dissolutlon
mediim with ‘he same amount was added afler each
withcrawal of sample. The concentrations of storvastatin
calcium 1 selution were determuned by UW-Vis
spectrophotometer at A 300 nm Dissolution test ot each

sample was performec in triplicate.

Staclstical analysis

The average values of resuls were analyzed by using
the software of one-way analvsis of variance (ANOWVA) of
SPSS wersicn 160 for windows. The mean value =
considerad to havea s.gnificant difference at p = 0,05,

m  RESULTS AND DISCUSSION
Powder X-Ray DIffréction

The PXRD technique is the primary tool for the
atady and characterization of crystalline material:. By
using PXRD, crystalline phases of miterial can be
distinguished by its unique diffraction pattern which isa
fingerprint of crystal structures. These phases may
represenl different malerials or diferent coystalline o
wlrelited material: [22]. Theoverlay ol PXRD paiterns of
alorvaslelin caloiwm, svocimic acid, amd  alorvastalin
calclum-succinie acid cocrystal 1s shown in Fig. 1

The PXRD pattern of atorvastatin calzium exhibited
characteristic peaks at 26 of 9.2, 10.0, 116, 192, 21.2 and
235% The PXED pattern showed that the storvastatin
calcium sample is the crystallire form I of atorvastatin
calcium, in agreement with the lterature 23], The PXRLD
pittern cf succinic acid showed characteristic pezks at 2
ot 201, 263, 386 anc 42.1%, also in agreement with the

Indornes. I Chem., 2019, 19(3). 660 - 667
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hg 1. FXRD patlerrs of (z) atorvastatin celcium, (b)
snccinic acid and () atorvastatin calciun-succinic acid
cocrystal

literzture  [19]. The PXRD pattern of atorvastatin
calciume-suecinic ackd cocrystal showed the difference
with the PXED pattern of the ‘nitlal componerts. The
FXRD pattern of cocrystal has new crystalline peaks at
23 valugs of 129 and 15.2%, and 26,77 Itindicated that
atorvastatin  calcmm-succimic acid cocrystal has
ditterent crystal lattice arrangement with the crvstal
lattice of atorvastatin cakium and succnic acid
Atorvasiatin calcium-succinic acid cocrystal has a
crystalline phase differert from the initial components
It showed that atarvastatin cakium and succinic acid
formed a new cysalline form with crystal lactice
arranged by atorvastatin calcium and succinkc acid [24-
25].

The diffraction peaks on the PXED pattern of

arorvastatin celcium-succinic zcid cocrystal showed 4
of the initial

weaker infensity than the intensity
components. This indicates that the atorvastatin
calcium-succinic icid cocrystal hes lower arvsiallinity
campared to the initizl component [14]. The decrease of
crwstallinity is thoagkt to be due to succinic acid in the
cocrvstal dacreasing the ordering of crystal lattice of
cocrystal. The lower crdered crystal lattice canses
decreasing of crystallinity of cocrystal compared to the
crvstallinity of initial componerts [26].

Tudi'Wicaksuno elal,
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Differentlal Scanning Calerimetry

DS is the most commaonly wsed thermal anglyss
methad, especially since its ‘mplementation s ralatively
quick and easy. This tachnique i« a powerful tonl for the
detectiom of new crystalline formarion of materials and
alsn for stahility studies of crystalline materials as a
finction of temperatore [22]. The cocrystal haz a different
melting point froom initial materials which was suspected
due ta the influence nfdifierences in the crystal lattice and
pecking arrangement [18267 Fig 2 shows an overlay of
the TSC thermogram of atorvastatin calcinm, sucrinic
acid, and atorvastatin saleinm-snecinic acid cocrystal.

The DSC thermogram of atorvastatin calcium
showad o broad peal et 108 5 *C which depicts water loss
ard 1 sharp endothermic peale st 1584 92 with an
erthalpy of fuiion value (AHp 359 Jfg related to iw
melting point [27]. The DSC thermogram of snccinic acid
hzs a melting endothermic peak at 1885 "C with an
erthalpy of fusion value (AHpj 3286 J/g, in agreement
with the literature [28]. The atorvastatin calcivm succinic
acid cocrystal showed a melting at 2057 °C with an

e |

crtlabmar o Foian el JALDY ant T TR
i garcin

enthalpy of fusion walue (AH) 202 lg The
erdothermic peak at 160.1 °C in the DEC thermogram of
coorystal suspected as the melting point of storvastatin
calcivm which is not farmed cocrystal with succinic acid.
The atorvastatin calcium-succinic acid cocrystal cxhibited
a melting pointhigher than the melting point of the initial
components. This result indicated that the crystelline
form of atorvastatm calcium-succinic acid cocrystal hes
higher stability compared to the initial zomponents [25],

~ £, (R ———
[

FTR spectroscopy is a spectroscopic techrique
often used to analvze the interacticn between molecules
in the crystal lattice that aceomrpanies the formation of
new crystalline solids. Tn the FTTR spectra of cocrystals,
the formation of a new crystalline phase iz characterized
by tha shifts of the ahsarprion peaks from the functanal
gronps of the iritial components which interacting in the
hydragen hoand [10,30]. The FTIR spectra of atomastatin
calcivm, suecinic acid, and atorvastatin calcivm-snczinic

acid cocrystal are presented in Fg. 3.

663

The FTIR spectra of the atorvastatin calcium
showed characteristic absorption peaks at 2672 cm-' due
to free O-H stretching (belongs to the trivydrate
functionality), 3364 cm™ doe to free N-H stretching,
3056 ! due to O-H stretching, 2971 e dueto C-H
stretching, at 1651 cm~ due o C=0 stretching and
1216 cm™ due to C-N stretching. The characteristic
peaks of succinic acid ocourred at 2931 cm~' due to -0-
E groug (stretching-vibrations), 1690 cm™ due to -C=0
group, st 1419 cm due to C-0-H (in-plane bending)
and 1309 cm™" due to C-O stretching wibration. The

m_———ﬁ_l——_\f___
3 W57
Zlm
H ‘Ux
=
al@ “385 'C
T e Jr—‘——-__.._-

y \,'159.4': .

EL.D 1000 1500 2000 280.C

Jexe up) lemperam e ["L)

hg 2. DsUthermograms of [a) atorvastatin calciom, (b)
sucelnic acid and (c) atorvastatn calclun-succinic acid
cocrystal

Transritlance (a.u)

3500 3000 2500 2000 1500 1000  S00
Wavenumbsar {em™)

Fg 3. The FTIR spectra of (a) atorvastatin calciom. (b)
succinic acid and () atorvastatin calclum-succinic acid
cocrystal
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Fig 4. SEM images of (a] atorvastatin calcium, (b) succinic acid and [¢) atorvastatin calciwm-sueciric zcid cocryrtal

atorvastatin caleium and succiniz acid exhibited the FTIR
spectra in correspondence with the literature [2831]

The FTIR spectra of atorvastatin calcium-suezinic
PRI [ vy I TR I S R . g S R L pap—— by
AL LU L PSR A YO LT ST, LA Rl PRLILALL PR
compared to the FTIR spectra of the mitiz]l components,
The ibsorprion peaks of atorvastatin calcivm-succinic
acid cocrvstal wers chowsd the shifting of stopvastatin

agd cofrystal wars showed the shilting of atorrastatin

calcium groupsat M-E stretching from 3364 to 3466 cm™,
C-N stretching from 1216 tc 1223 cm™ and C=0
stretching from 1631 to 1712 cm™. The absorption peaks
of succinic acid were showed shifting from 1690 to
1712 em™ and 2931 to 2364 cm™. The shifting of
atsorption peaks of FTIR spectra of atorvastatin calciurm-
succinic awcid cocrystal iIndicated appearance intermolecular
hydrogen bond interactions between func tioml groups of
atorvastetin calcium and succinic acid [28.32]. Based on
the shift of the absorption peaks indicated the formation
of atervastatin calcium-succinic acid cocrysial through
intermolzcular hydrogen bond interactons asacid-amide
heterosyathon, In acdition to the FTIR spectra. the
absorption peak of free O-H stretching was notfound in
the FTIR specira of atorvastatin calcium-succinic acid
cocrystal It indicated that the ctorvastatin calcum-
succinic acid cocrystal was an anhvdrous crystalline form.
Owverall, the resnlts of characterization hy powder ¥oray
diffraction, differential scanning calavimetry, and Foorier
transionrm mfrared  spectroscopy have indicated  the
formation of a nowel cocrystal of atorvastatin cale -

succinic acid cocrystal
Scanning tlectran MICroscopy

The SEM images of atorvastztin calcium, suezinic

TudiWicaksono etal.

acid, and storvastatin calcium-succinic acid cocrystal
are shown in Fig. 4. The atarwstatin calcium was
showed rod-shaped particles with the size of length
PR paopr Sy SRRy, To SR LT Sy, B YL E R g - |
SR AL Ly dLTULLL =L A, LT UC UL AL
was showed semi-spherical particles with the average
sizes ranging from 20-100 pwm. These results are m

reenondence with previons Ltaratnre 128,331

eEpoenanos with provions Dleraturg (28,000

The particles of atorvastatin calciwr-succinic acid
cocrystal were flaky structures with an irregular shape
which the average sizes were ranging from 10 pm to
several hundred microns. The particles of atorvastatin
calcium-succinic acid cocrystal were demonstrated the
differenze in the momphology and size with the
aorvastatin  calciwm  and  succinic acid as  initial
components. The change of the marphology can be
caused by the ‘nteraction between atorvastatin calciwm
and succinic acid molecules, which results in the
modification cof the crystal faces of iritial componznts
and hence the crystal morphology [14] The alteration of
morphologcal charscteristes wms indicated by the
formation of a rew crystelline form of atorvastatin
calcium-succinic scid cocrystal [10].

Solubllity

The solubility of pure atorvastatin calcivm and
arorvastatin calcium-succinic acid cocrystal in distlled
water was 170.86 + 0.06 and 19818 + 0.79 mg/L,
respectively, Atorvastatin calzium-succinic acid cocrystal
showed a significant increase in solubilty (p = 0.05)
compared to pure atorvastatin calvium. Increasing
solubility of cocrystal is often associated with the
decrease of the ordered crystal latticz. The decrease of the
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Fig 5. The dissalution prafile in phosphate boffer pH A8
of {a) atorvastatin calcium and b)) atorvastatin calciu.
succinic acid ccerystal (data are expresied as me:n + 8D,

n=3

ordered crystal lattice of cocrystal causes the reduction of
pecking  efficiency in the crystal lattice, which =

significantly increseed aqnenns salubiliry [26]
Dissolutlon Behavlaor

Dissolution is a process of the phese transformation
from the sclid phase to the liquid phase of solids in a

mrlrenat T8 b ardes io datoesaizmad har dho dh owoec e 2 i
SV LU BT S 13 AICLCL LI L LS LIS DL ya L
egquilibrinm between the strength of the molecular bond
incrystal packing of solid with the interaction energies of

the solid to solvent. Cocrvetal has the ability to increase

e saldd o solvenl, Locnmetal s e abLl O nerease

the dissolution rate by reducing the energy of the crystal
latice or changing tha solvent afinty [34]. The
dissolution  profile  of  atorvasmtin calciom and
atarnstatin calcinme-sccinicacid cocrystal in phosphate
buffer pH &8 is presented in Fig 5 The atorvastatin
calcium-succinic zcid cocrystal has 1 dissolution rate
significantly higher than atorvastatin calcium (p < 0.03)
atall time interval The atorvastatin calcium disselved
only 33.6 +2.3% within 20 min; however, the atorvastatin
calcium-succinic acid coorystal has achicved dissolution
of 47.1 + 1.9% during the same period At the end of the
dissolution test, the percentage of drug release during the
dissolution of atorvastatin calcium-succiniz acid cocrystal
increased approximately 15 fold compared o pure

atarvastetin calcium.

bibs

m CONCLUSION

Atorvastatin cakium-succinic acld cocrystal as 2
new form of atorvastatin calcium was successfully
formed by solvent evaporation method. The results of
chancterizaticn have indicated the formation of the
new crystalline phase of atorvastatin calcium-succinic
acid cocrystal. The cocrystal showed solubility and
dissolution rate sigrificantly aigher than the initial
components. Furthermore, this work provides insights
into the improvement of physicochemical properties of
the drug viz the formation of cocrystal
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