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a  b  s  t  r  a  c  t

For  pharmaceutical  purpose,  micro-sized  drugs  are  needed  for  many  delivery  systems,  such  as  pulmonary
and oral  drug  delivery  systems.  Many  strategies  have  been  employed  to reduce  the  particle  size  of  poorly
water  soluble  drugs.  Microcrystals  could  be  produced  by  controlled  association  of drug  in order  to  obtain
naturally  grown  particles.  The  aim  of  this  work  was  to  increase  the  aqueous  solubility  and  dissolution
of  Glibenclamide.  The  in situ  controlled  crystallization  process  was  conducted  in  the  presence  of  the
non-ionic  surfactants,  Cremophor  RH40  and  Solutol  HS-15  (0.75  and  1.5%,  w/v),  as  protective  stabilizing
agents  against  agglomeration.  In  addition,  these  surfactants  inhibit  P-glycoprotein  that  reduces  intesti-
libenclamide
remophor RH40
olutol HS-15

nal absorption  of  Glibenclamide  by  efflux  transportation.  Crystal  shape  was  changed  and  particle  size
was reduced  by  about  15-folds,  compared  to control  untreated  drug.  Differential  Scanning  Calorimetry
(DSC)  results  indicated  no  interaction  between  the  drug  and  the stabilizer.  Microcrystals  showed  marked
increase  in  the  drug  dissolution,  Solutol  HS-15  at 1.5%  (w/v)  concentration  showing  the  highest  dissolu-
tion  efficiency.  It  could  be  concluded  that  in situ  controlled  crystallization  using  surfactants  are  promising
method  to  improve  dissolution  of  Glibeclamide  as  a  model  poorly  water  soluble  drug.
The solubility of a drug is an important factor in determining
he rate and extent of its absorption. Many drugs are poorly sol-
ble or insoluble in water, which results in poor bioavailability.
ne way to improve the dissolution rate is to reduce particle size.
or pharmaceutical purposes, micron-sized drugs are required for
everal dosage forms—such as for oral or pulmonary use. The com-
on  way for micronization is the milling of previously formed

arger crystals. However, this technique is ineffective and shows
isadvantages such as electrostatic effects, broad particle size dis-
ributions, and the tendency of the particles to grow (Rasenack
t al., 2004). In situ microcrystallization is a suitable method for
he production of micron-sized drugs and overcome the problem
f milling (Rasenack and Muller, 2002; Kim et al., 2003). During
he in situ crystal formation, a new surface is formed that makes
he system thermodynamically unstable. A stabilizer which has
ffinity to the crystal surface can cover the newly formed surfaces
nd in turn might reduce the surface energy, producing micron-
ized particles stabilized against crystal growth by steric hindrance

Rasenack et al., 2004).

Glibenclamide (GLB) is an oral hypoglycemic agent used in the
reatment of type II diabetes. Being a Class II drug, the rate of drug
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dissolution is almost certainly the principal limitation to its oral
absorption. Consequently, improving the aqueous solubility of the
lipophilic GLB can improve its clinical performance, and eventually
decrease the dose (Wei  et al., 2006). Many approaches have been
applied for the enhancement of the solubility of GLB, for example;
complex formation with cyclodextrins (Esclusa-Díaz et al., 1994),
solid dispersion systems (Valleri et al., 2004), and crystalline-form
conversion (Hassan et al., 1997).

The aim of this work was to improve GLB solubility and dissolu-
tion by in situ controlled crystallization using the solvent exchange
technique (Varshosaz et al., 2008). The selected de-agglomerating
(stabilizer) agents were Solutol HS-15 (So) and Cremophor RH40
(Cr), at two  different concentrations 0.75% (w/v) (So1 and Cr1)
and 1.5% (w/v) (So2 and Cr2). These non-ionic surfactants were
particularly selected based on their known inhibition effect to
P-glycoprotein (Coon et al., 1991; Rege et al., 2002; Benoit and
Lanprecht, 2004; Peltier et al., 2006). This P-glycoprotein reduces
GLB intestinal absorption by efflux transportation, so reduces its
plasma concentration (Srirangam and Vidya, 2010). Consequently,
any increase in bioavailability would be due to the dual effect of
both size and stabilizer.
The in situ microcrystals were prepared by instantaneous mix-
ing two  liquids containing Solutol HS-15 or Cremophor RH40 (BASF
Corporation, Germany) in aqueous solution and drug in an organic
solvent. Accurately weighted 1.0 g GLB (Sigma–Aldrich, UK) was
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Table 1
Particle size (�m), polydispersity index (PDI), saturated aqueous solubility (SAS, �g/mL), percentage drug released after 5 min  (Q5) and percentage dissolution efficiency
(%DE)  of Glibenclamide from different microcrystal formulations and control.

Formulaa Stabilizer concentration (%) Particle size (�m) PDI SAS (�g/mL) Q5 (%) %DE

Control – 22.3 ± 2.3 0.66 ± 0.23 15.34 ± 2.8 19.0 ± 2.6 50.5 ± 4.4
MCD –  4.72 ± 0.83 0.25 ± 0.06 48.21 ± 7.1 44.2 ± 3.1 72.4 ± 2.7
Cr1  0.75 2.21 ± 0.31 0.21 ± 0.04 106.2 ± 6.3 66.1 ± 2.9 84.6 ± 4.8
Cr2 1.5  2.12 ± 0.12 0.15 ± 0.05 187.2 ± 5.9 74.2 ± 4.2 90.0 ± 3.9
So1  0.75 2.70 ± 0.65 0.18 ± 0.06 115.6 ± 3.2 72.6 ± 2.4 89.6 ± 5.2
So2  1.5 1.52 ± 0.43 0.12 ± 0.02 119.1 ± 5.8 92.5 ± 3.7 97.7 ± 2.3

A
izer. Cr1, Cr2, So1, So2 are microcrystals with stabilizers 0.75% Cremophor RH40, 1.5%
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Fig. 2. Percentage drug release versus time plots of control untreated drug,
drug-alone microcrystals (MCD), and microcrystals containing stabilizer [0.75% Cre-
ll experiments were conducted in triplicates.
a Control for commercial drug. MCD  is the microcrystalline drug without stabil

remophor RH40, 0.75% Solutol HS-15 and 1.5% Solutol HS-15, respectively.

issolved in 30 mL  of dichloromethane (as the solvent) and 1.0 or
.0 g of stabilizing agent in 100 mL  of water (as non-solvent). By
atch-wise mixing during stirring for about 10 min, microcrystals
re formed. The obtained crystals were recovered by centrifuga-
ion and drying. By changing surfactants’ concentrations in the
otal crystallization solution, four formulations (Cr1, Cr2, So1 and
o2) were obtained (Table 1), in addition to microcrystallized
rug without stabilizer, MCD. Commercial drug was  used as a
ontrol.

Scanning electron microscope (Hitachi, UK) images indicated
hat the crystal shape changed from rod-like for the untreated drug
o diamond or cube shapes for the newly formed microcrystals in
he presence of surfactants (Fig. 1). The particle size (Zeta Sizer
nalyzer, New York) for control was about 22.3 ± 2.6 �m with high
olydispersity index (the width of the particle size distribution
urve).

With microcrystals, particle size was significantly (P < 0.05,
sing Student’s t-test) reduced for all formulations. Such reduc-
ion was by about 5-folds for MCD  up to 15-folds in Cr2, relative
o control (Table 1), with polydispersity index less than 0.2, thus
ndicating distribution homogeneity.

Accordingly, surfactants can impede the molecular association
nd the crystal growth by forming a protective layer around crys-
als.

Saturated drug solubility for all microcrystalline formulations
as tested by rotating excess amount of each sample with 10 mL
istilled water for 72 h. Filtered supernatants were assayed spec-
rophotometrically at 300 nm.  MCD  increased drug solubility by
bout 3-folds (Table 1). Microcrystals with both stabilizers fur-
her increased solubility, with Cr2 showing the highest solubility.

ncreasing Cremophor RH40 concentration from 0.75 (Cr1) to 1.5%
w/v) (Cr2) increased drug solubility, while for Solutol HS-15 (So)
here was no significant difference (between So1 and So2 (P > 0.05))
n solubility with increasing concentration (refer to Table 1).

Fig. 1. Representative scanning electron microscope of Glibenclamide microcrystals in
mophor RH40 (Cr1), 1.5% Cremophor RH40 (Cr2), 0.75% Solutol HS-15 (So1) and 1.5%
Solutol HS-15 (So2)]. Standard error bars were omitted for clarity.

To estimate the effect of size reduction on the in vivo per-
formance of GLB, it was  important to study, under in vitro
conditions, the release of the drug from different formulations. Dis-
solution studies were performed assuring sink conditions using
USP apparatus II (Erweka, UK). Samples equivalent to 12 mg GLB
were placed in 900 mL  distilled water at 37 ± 0.5 ◦C, and stirred
at 100 rpm. The releases of GLB from the tested formulations
were plotted as percent amount of GLB released versus time
(Fig. 2).
The percentage drug release after 5 min  (Q5) and dissolution effi-
ciency, DE (calculated from the area under the curve at time t and
measured using the trapezoidal rule and expressed as a percentage

 the presence of: (A) 1.5% (w/v) Cremophor RH40 and (B) 1.5% w/v Solutol HS-15.
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f the area of the rectangle described by 100% dissolution in the
ame time (Khan, 1975)) were determined (Table 1). Regarding
5, all microcrystals showed a prompt drug release compared to
ontrol (P < 0.05), with So2 showing the highest release. All micro-
rystals significantly increased the DE (P < 0.05) compared to the
ommercial drug. Again, So2 showed the highest DE. Although
oth surfactants have similar HLB value (14–16), Solutol, HS-15
as superior in improving drug performance. The results could be

xplained by the reduced particle size. Additionally, the presence of
rotective stabilizer would have prevented crystal agglomeration

n contact with water. Meantime, being adsorbed onto the surface
f the drug particles during the phase separation step, it is expected
hat the surfactant would lower the contact angle between the
ydrophobic drug particles and the aqueous medium, by reducing
he interfacial tension, thus increasing drug wettability and con-
equently drug dissolution. DSC for control drug showed a sharp
ndothermic peak at 175 ◦C, Tm, corresponding to GLB melting. For
o2, there was a slight shift to lower Tm of about 174 ◦C indicating
he absence of any significant interaction between the drug and
he stabilizer, implying that the size reduction and shape unifor-

ity in microcrystals and also using of the non-ionic surfactants are
he reasons for such improvement in drug dissolution. The overall
esults signify the usefulness of the in situ controlled crystallization

ith P-glycoprotein inhibitors in enhancing the oral bioavailability

f GLB which could be estimated by the above results. Addi-
ionally, GLB formulation into inhalation dosage form is also a
ossibility.
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