DARL, VOL. %, No. 1 & 2, 2041 12

THE EFFECT OF SOLVENT AND CRYSTALLIZATION CONDITIONS
ON HABIT MODIFICATION OF CARBAMAZEPINE

NOUSHIN BOLOURTCHIAN* ALI NOKHODCHI** and
RASSOUL DINARVAND#*=*

*Department of Pharmaceutics, School of Pharmacy, Shaheed-Beheshti University of Medical
Sciences, Tehran, lran
=* Department of Pharmaceutics, School of Pharmacy, Tabriz University ot Medical Sciences,
Tabriz, Iran
##% Department of Pharmaceutics, Faculty of Pharmacy, Tehran University of Medical
Sciences, Tehran, Iran

________ : . ABSTRACT et e
Physical characteristics of carbamazepine crystals grown from pure ethanol or acetone under
different conditions were studied for the morphology of crystals by scanning clectron micro-
scope, x-ray powder diffraction and FT-IR, and for thermodynamic propertics by differential
scanning calorimeter. Also the dissolution behavior and compaction properties of crystals were
studied. The results showed that crystallization of carbamazepine using watering-out method
produced needle shape crystals while by the other methods such as reducing temperature or
solvent evaporation produced polyhedral crystals in alcohol and thin plate-like crystals in
acetone. The crystals which were grown from acetone were larger than those from alcobol
Differential scanning calorimetery and x-ray powder diffraction showed no evidence of poly-
morphism for carbamazepine crystallized by reducing the temperature or by the solvent
evaporation in contrast with the crystals produced by the watering out technique. Crystallization
ol carbamazepine by different methods especially watering-out technique improved its dissolu-
tion rate and compactibility and produced high crushing strength compacts without capping.
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INTRODUCTION

Crvstatlization from solvents is commonly vsed for
the purtfication of drogs during their final stages of
manulaciuring ancd i1 has been demonstrated  1hat
under certain conditions, ervstals with complelely
different appearince are produced (1) The crysia-
Mivadion technigue can change the ervslal propertics
suclas habil, polyvmaorphiso and siee The nature and
extent ol these changes depend on the crvatallization
canditions including tvpe of solvent and cooling rate
as well as the presence of impuritics, Several studies
lvave used alternative solvents {(2-4) or low level addi-
tives (5-13) o oorder to modify crystal propertics.
Crystal engineering of pharmacenticals provides an
ciormous  polential  for preparation of  powdered
materials with desired chemical. phyvsical andfor
mechanical properties (14). Carbamarzepine (5H-
dibenzazepine-3-carboxamide). is widely used in the

treatiient of epilepsy and rigeminal neuralgia. Vari-
ations in absorption and dissolution rates have been
reported for two cryvstalling forms of carbamazepine
(13} Physical stresses, like applied milling during
manulacturing, affect transition of one crystalline
form 1o another {167,

Crystal habit (i.e. shape) and crystal imperfections
ie.p. point defect and dislocations) arise during
andfar after ervstallization and could play importan
roles o the processability of pharmaceutical row
materials as well as the eflicacy and performance of
the final solid dosage forms (17). Thus, modification
of curbamazepine’s crvsial struciure o ablam covstals
suitable for direct compression becomes highly nece-
ssary and desirable,

In the present work, carbamareping crystals were
modificd, by different crvsiallization fechnwques. The
elfects of solvent and ervsialliention lemperature on
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the ervsial habil were studied. The solid  slate
churscteristics and  compaction propertics ol the
miodilicd crvsials were also investigated.

MATERIALS AND METHODS
Materials
Carbamizecpine was obtained as a gill from Schhan
Pharmacenncal Co. Iran. Ethanol, acclone  and
sodinm Laur] sulfate were purchased from Merck,
{Germany ).
Orvstallization Procedures
Carbamazepine {3 ) was dissolved in 30 mi of
ethanol gt 63 *C or 90 ml of acetone at 533 "C. The
solutions were then treated under differant conditions
as follows:
I The solution was imunediately transterred 10 a
freezer (- 10°C) and stored Tor a period of 48 W
27 The solution was kepl al rocm temperature until its
temperature was reached (o 23°C (with the rate of 1.5
+ 40,5370y ancd then stored at 7+1°C for a period ol 48 T,
The precipilated ervslals [rom two methods were
collected by Oliration through a sintered glass funnel
VAL,
30 The solulion was kepl al room lemperaiure until
the solvent was completely evaporated.
4 The solution at 33-607C was rapidly added 10 200
ol of cold water (10 *C) and the resulting selution
was shirred with @ glass rod and then was Lel at 10-15
“C for 2 he The precipitated crvstals were collected by
filtration throngh o sindered plass funnel vacuum.
spread on a petri dish, air-dried Tor 2 davs and stored
in g dessicator sl room wmperature before use.
Seanning Mlectron Micrascopy
The morphology of cryvsials (Their habas and surface
features) was examined with @ scanming clectron
mucroscope (Leica Cambridge 5360, UK) operaling at
12 kW, The samples were mounted on a metal stub
wilh double-sided adhesive tape and coated with zold
under vacuum o an argon atmesphere prier 1o obser-
valion,
Tuflereniial Seammng Calorometre (080)
DRC thermograms of the samples (3-0 mg) were
recorded by oa thermal analvsis svslem (Polvmer
Laboratories, UK. Following calibration with indinm
and lead as standards, samples were heated at 14
Ui in aluminum pans onder a nitrogen atmos-
phere. The enthalpy of fusion. melting point and
onsel lemperatures were recorded antomatically.
Fawreer Teansform nfraved Speciroscopy (FT-IR)
The spectra of the polassinm bromide dises which
were made by compressing a mixture ol samples and
KEBr powder under a hydraulic pressure of 10k 1ons lor
30 s, were recorded on o FT-IR spectrophotometer

13

(Magna-IR, 530 Nicolet, USA) at 4 em™ resolution
for scans.

Poweer X-Ray Diffracton (XN

A Seimens x-ray diflractometer (Modei 3000, Ger-
wanyy At 0 kY. 30 mA and a scanning rate of 67 min
over o range of 3-70 2 00 vsing Cuk,,, madition of
wavelength of 13406 A” was cmploved for this
purpose.

Fissolution Studies

A USE dissohution test appartatus No 2 {Erweka, Ger-
many ) wis uscd 1o monilor the dissolution profiles of
23 mg carbamareping powder (90-423 pm). The dis-
solition medinm was Y00 mi of phosphate bufter (pH
747 comaining 1% sediom lawryl sulfate cquilibriated
at 37202 *C. The paddies were rotated al 50 moe 5
wl samples were withdrown from the dissolulion
vessel al determined time intervals and ths concentra-
tion of carbamasepine present was determined. by o
UV spectrophotometer {(Shimadzu. Japan) at 280 nm,
The amount of dissolved carbamazeping was calou-
lted from the concentration afler correction for the
change o volume of 1he dissolution medium. Al least
three determinations for cach sample were carried
ol

Preparation of Carbamazepine Crestals Compacts
Crystals were ground by oa moertar and  pestle 1o
achieve a similar particle size distribution lor cach
hatch (90-423 wm). Compacts were preparce directly
from the grownd crysials, using Bmm {Tal-laced
punches Ned on a lvdraolic press (Riken Sciki Cao,
Japany, The compaction surfaces were lubricated with
2w maenesinm slearate in acelone before cach
experiment, Tubleting malerials were indrvidually
weighed (120 mg) and miroduced into the die and
compacted al various pressures of 1225, 23 and 375
MPa for 30 s The prepared compacls were then
stored 10 screw-capped sample bottles for 24 h before
wse o allow possible hardening and elastic recovery.
Tablet Crasfiung Strengih

Tablel crushing strength was determined from the
force required to fracture compacts on a motorized
tablel hardness tesier (Erweka, Germanyy, Crushing
sirength was cmploved msiead of tensile strength
beoause i1 was nol possible 1o oblain wdealized dia-
wetral 1ablet [racture as a resull of the fragile nature
of the compacts. Tests were carried out 24 h after
cjechion.

RESULTS AND DISCUSSION
Movphology af Urystals
Figure | shows the scanning electron microgriaphs
{SEM) of untreated and treated carbamazepine crys-
tals from aleohod by dhiferent methads of crvstallizalion,
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Table 1. DEC thermograms data for carbamazepine crystals

Fuzion

Heat of fusion
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Cinset Fusion :
Heat of fusion

Type of crystals temperature of % 1 temperatare of  temperature of x 1
- first peak ("C) (mcal.mg-') majllﬂf peak {°C) mainlf peak (°C) (meal.mg-)

Untreated sample 1606 145 186.0 1909 11.36
Alcohol' 162.6 1.37 186.1 190.7 11.10
Acetone! 1667 1.38 185.1 189.4 787
Aleohol® 150.8 1.43 188 % 192.4 12,06
Acetone” 165.6 1.44 187.4 190.0 11.07
Aleohol” 1897 192.0 12.89
Acetone”’ sns - 185.6 1908 o 38
Alcohal® 186.7 1897 9.86
- Acetone’ 187.1 1906 11.48

represent difTerent methods used for samples

As can be scen the crystal shape of untreated
carbamarzepine was flaky or thin plate-like (Figure
la), The shape of crystals oblained from alcohol by
methods |, 2 or 3 were polvhedral ar hexagonal prism
iFigures |b-1d), whereas, those prepared by method 4
were acicular or needle-like {Figure le)

Crystallization of carbamazeping from acetong by the
same methods as alcohol, produced different shapes
of crystals. The scanning electron micrographs of car-
bamazepine crvsials obtained from acetone (Figures
2{-21) show that while the crystals grown from this
solvent by methods 1, 2 and 3 were long tabular,
those obtained by the method 4 were needle-shaped,
The later was simular to 1he crvsials oblained from
aleohol by methed 4, bur witlh much longer sice
(about 10 folds), The resulls also show that e stee of
crvsials oblained from acetone or aleohol under
different conditions are as follows: method 3 =
method 2 = method 1 (considering 1the magnification
of the SEM in Figures 1 and 2). Therefore, it can be
concluded that the crystal size generally decreases at
fast cooling (method 23 due to incomplate growth of a
large mumber of small crystals. On the basis of the
resulls, the solvent type and crystallization conditions
have a significant effect on carbamazepine crysial
habit modification. The changes in morphology of
crystals in dilferent solvents could be due 1o varia-
tens o face dimensions or the appearance or disappe-
arance of some faces (18 Under certain conditions
of crvstallization one set of crvsial [aces may be
induced to grow faster than others, or the growth of
another set of faces may be refarded. For example by
the same method (1 or 2 or 33 bat with difTerent
solvents the pattern of crvsial growth changed from
polvhedral crystals inaleohol 1o long tabular crvstals
in acetone. This observation may be explained by the
interaction {adsorption) between the solvent mole-
cules and the different crvstal faces. which is beligved
to change the crvstal morphelogy (1. Berkovitch-
Yellin (19 proposed a method for predicting the
hatats of crystals grown from various solvents. He

suggested  that polar solvents are preferentially
adsorbed by polar faces and non-polar solvents by
non-polar faces. Davey et al. {200 demonstrated that
crystallization of succinic acid Irom waler or isopro-
panol produced plate and needle habits, respectively.
They suggested that the carboxylic acid groups of
succinic acid interact more strongly with isopropanal
than water and as a result the growth rites of faces
contzining carboxylic acid groups reduces, leading to
maodifications in the crystal habit,

In method 4, in which the crvstals are formed after
addition of cold water, interaction of water through
strong hvdrogen bonds with the carbamazepine amide
proup. redoces the prowth rates of faces containing
these groups which leads 1o needle shape crystals.
Differential Seanning Calovimeiry

[t has been reported that carbamarepine can be pre-
sent in different polymerphs mainly form 1 (USF
grade material, m.p. of 176°C) and form I (m.p. of
189°C) (21). The DSC thermograms (Figure 3) of
unireated and some treated carbamarepine samples
(from methods 1, 2 and 33 showed two endotherins,
The first weak endotherm was present in the range of
155-165 °C and the sceond one occurred in the range
of 189-192 °C, indicating form [ The first endotherm
has been shown (22-24) for some carbamarzeping
powder samples at about 170 °C. It has been reported
that this weak endothermic effect could be due (o the
transition of the form T (3 1o the form TI (o) (24).
The DAC thermogrims for the crystals by method 4
cdid not show the first endothermic peak and this is in
agrecient with the published thermogram of form 111
(21} D5 data for the carbamazepine samples recry-
stallized Trom each solvent syvstem at different con-
ditions are shown in Table 1. Generally, The onsel
melting point of trealed carbamaeeping smnples in-
creased o comparison with the untreated samples.
Decrease in enthalpy of Tusion and melting point may
be attributed 1o the presence of amorphousness in the
partcles, or due to weakening and distupting of the
crvstal lattice and order.
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FT-IR

The KBr disc spectra of untreated and treated
carbamazeping samples are shown in Figure 4 The
samples recrystallized from ethanol or acetone solu-
tions as well as the untreated samples exhibited
identical IR spectra, indicating that there is not any
changes at the molecular level.

Xefay Diffraction af Powder

The untreated carbamazepine crvstals used in the pre-
sent study was ferm 1. The XRD specira showed that
the crystals produced from alcohol and acetone by
methods 1, 2 and 3 arc also present as form [ (Figures
5 and &) On the other hand, the XRD spectra of the
samples crvstallized by method 4, showed some
peaks of lower intensity with different patiern, which
might be due to the less crystal perfection or poly-
morphism. This is similar to the reported NRD
spectra of form [11 (21). The Figures also show that x-
rav powder diffraction pattern of the carbamazepine
crystals from method 4 is relatively broad ar 30-70
2 8 indicating higher degree of amorphousness, These
patterns are quite distinguishable from the other
spmples which gave sharp and defined diffraction
patterns. It is suggested that the samples crystallized
by method 4 are less crystalling i comparison with
other samples.

Bv comparing Figures 3a-5¢ and 60-64, i1 appears that
the intensity of the samples ervstallived [rom ethanol
15 significantly ligher than those obtained from
acetong, indicating the greater crystal perfection.
Dhissalulion Studies

Fipure 7 compares the dissolution profiles  of
untreated carbamazepine with crvstals obtained from
alcohol or acetone respectively. This figure indicates
that there is a marked enhancement in the dissolution
characlers of carbamareping crystallized from alcohaol
{fzure TA) and acetone (figure 7B). The lowest di-
ssolution rale was observed for untreated carbama-
sepine samples, while crysials oblained by methed 4
{from cither alcohol or acetone) showed the highest
dissolution rate. It has been reported that at the first
1k min Torm 11 exhitated higher dissolution rate than
that of form 1 (213, due 1o the higher solubility of
form 11T, The infrinsic solubility of form 1 and 111 at

3T are 460.2 and 5019 ngfml respectively, and this

is one of the reasons for the higher dissolution rate of

the form 10T {crystals by method 43 In addition these
crystals have small particle size and as a result higher
surface arca. Statistical analvses showed no
significant difference belween the amount of the drog
dissolved by crysials from ellanol or acetone after 20
min (P = (005, Kebavashi et all have reported {21)
that both form 1 and I were theroughly transformed

to dihydrate during the dissolution test and the rate of
transformation of form 1 was higher than that of
form [, This could be the reason why there was no
significant difference between the percentage of drug
disselved in dissolution medium afier 20 min.
Compaction studies

Compression of untreated carbamazepine crvstals al
all compaction pressures produced weak compacts
with a high tendency (o cap (about 78%). The needle
cryslals obtained by method 4 (watering-out tech-
nique)  showed improvement in  compressibility
{Figure 8). Tablets made from needle shape crvstals
exhibited very good hardness with no tendency o cap
at all compression prssures probably due to greater
amor-phonsness  of the crystals. Crystallinily or
amorphous-ness  had  significant  effect on the
mechanical  proper-lies of materials.  Amorphous
materials  showed  len-dency 1o exhibit plastic
delormation  rather  than  elas-lic and  compact
delormations {23). [t secms possible that difference
in 1he crystallinity or amorphonsness of the different
crvsials of carbamarepine would canse difference in
the hardness of the tablets.

Particles oblained fTom method 1, 2 or 3 showed Little
improvement in their compaction properlics, The
tablets made from these cryvstals exhibited a tendency
to cap. Fipure 8 also shows that there is ne linear rela-
tionship between compact crushing strength and
upper punch pressure. The reduction in the crushing
strengths bevond 25 MPa in some samples is due (o
higher elastic recovery of the compacts.

CONCLUSION

The resulis of this investigation show that the tvpe of
solvent can modily orvstal habit of carbamaecping
particles and crystallization temperature only allered
the size of the crvstals, Different ervstal shapes of
carbamazeping {thin plade-like, polyhedral, 1abular,
acicular and needle crystals) oblained from different
solvents by warious methods, The x-ray  powider
diffraction and DSC studies show that watering out
technigue leads o polymorplusm, The needle eryvsials
obtained by this method produced compacts with
higher crushing strengths but with no tendency to cap
as compared to untreated and other treated samples,
due 1o greater amorphousness of the crvstals. The
hughest dissolution rate was observed with treated
carbamareping crysials by method 4.
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