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and Pharmaceutical Processing
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Abstract. Hydroxypropylcellulose (HPC)-SL and -SSL, low-viscosity hydroxypropylcellulose polymers,
are versatile pharmaceutical excipients. The utility of HPC polymers was assessed for both dissolution
enhancement and sustained release of pharmaceutical drugs using various processing techniques. The
BCS class II drugs carbamazepine (CBZ), hydrochlorthiazide, and phenytoin (PHT) were hot melt mixed
(HMM) with various polymers. PHT formulations produced by solvent evaporation (SE) and ball milling
(BM) were prepared using HPC-SSL. HMM formulations of BCS class I chlorpheniramine maleate
(CPM) were prepared using HPC-SL and -SSL. These solid dispersions (SDs) manufactured using
different processes were evaluated for amorphous transformation and dissolution characteristics. Drug
degradation because of HMM processing was also assessed. Amorphous conversion using HMM could be
achieved only for relatively low-melting CBZ and CPM. SE and BM did not produce amorphous SDs of
PHT using HPC-SSL. Chemical stability of all the drugs was maintained using HPC during the HMM
process. Dissolution enhancement was observed in HPC-based HMMs and compared well to other
polymers. The dissolution enhancement of PHT was in the order of SE>BM>HMM>physical mixtures,
as compared to the pure drug, perhaps due to more intimate mixing that occurred during SE and BM than
in HMM. Dissolution of CPM could be significantly sustained in simulated gastric and intestinal fluids
using HPC polymers. These studies revealed that low-viscosity HPC-SL and -SSL can be employed to
produce chemically stable SDs of poorly as well as highly water-soluble drugs using various pharmaceu-
tical processes in order to control drug dissolution.
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INTRODUCTION

The biopharmaceutical classification system (BCS) cate-
gorizes active pharmaceutical ingredients (APIs) into four
classes based upon their aqueous solubility and gastrointesti-
nal permeability (1). According to the BCS, class II com-
pounds exhibit low solubility and high permeability due to
their crystalline hydrophobic characteristics which result in
poor bioavailability after oral administration (2). BCS class I
drugs are both highly soluble and permeable, and often re-
quire frequent administration due to their rapid elimination in
order to maintain therapeutic blood levels, which may lead to
poor patient compliance (3). Over 40% of the new chemical
entities that are being discovered today by high-throughput
screening and combinatorial chemistry fall into the BCS class
II category (4). Various techniques, such as particle size re-

duction, crystal habit modification, polymorphism, complexa-
tion, solubilization, solid dispersions (SDs) in carriers, and
prodrug and salt formation are employed in order to improve
the aqueous solubility of class II drugs (1). The solid disper-
sion of such drugs into polymeric carriers using hot melt and
solvent methods has gained much attention in the pharmaceu-
tical industry (5). Hot melt extrusion (HME) is an attractive
technology for manufacturing SDs that involves continuous
mixing and extrusion of materials comprising drug(s), thermo-
plastic polymers, and other components such as plasticizers
and antioxidants at elevated temperatures through a die in the
shape of cylinders or films (6). Such high shear mixing at
relatively higher temperatures produces SDs characterized
by amorphous conversion of the formerly crystalline drug
and the development of drug–polymer interactions, which
may improve aqueous solubility of a drug. Also, HME can
be used as a continuous process without the need of solvents
and subsequent drying steps and may be used along with other
excipients such as plasticizers, surfactants, and antioxidants
(7,8). In addition to solubility enhancement, HME can also
be used to sustain the release rate of class I APIs by dispersing
these highly water-soluble compounds into high viscosity ther-
moplastic polymer matrices, thereby sustaining their release
rate in the gastrointestinal tract (9,10).
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Although HME exhibits numerous advantages and appli-
cations, its limitations include low amorphous conversion ef-
ficiency and poor dispersion of higher melting drugs, as well as
potential thermal degradation of API’s and polymers at oper-
ating temperatures. In many cases, plasticizers are required to
reduce the polymer glass transition temperature (Tg) and melt
viscosity by increasing the free volume between polymer
chains in order to perform HME at an acceptable temperature
(11,12). However, their inclusion may lead to drug–polymer
immiscibility and re-crystallization (13,14). Certain low Tg
polymers may be used to manufacture SDs of high melting
drugs without the use of plasticizers (15). Hydroxypropylcel-
lulose (HPC) is a semi-crystalline polymer with amorphous
domains of very low Tg along with the crystalline domains.
Thus, HPC depicts higher molecular mobility and plasticity
due to a high degree of amorphous content with a low Tg (16).
HPC may cause melting point (Tm) depression of high melt-
ing drugs, much like other polymers such as PVP-VA and
HPMC that are used to produce SDs at relatively lower oper-
ating temperatures using HME (17). The amorphous conver-
sion of poorly water-soluble drugs as well as size reduction of
their crystalline form along with intimate mixing and disper-
sion in hydrophilic polymers can also be achieved using sol-
vent evaporation or particle size reduction techniques in order
to improve their solubility. HPC is a cellulose ether in which
some of the hydroxyl groups of the repeating glucose units are
substituted with −OCH2CH(OH)CH3 groups using propylene
oxide (18). Therefore, HPC depicts organic as well as water
solubility and hence is suitable for solvent methods to manu-
facture SDs (19). In addition, it also has lower critical solution
temperature of 45°C due to the presence of both hydrophilic
and hydrophobic groups and forms liquid crystals and many
other mesophases in water, depending upon concentration
(20–22). Such liquid crystalline phases may form gel-like
layers associated with hydrated HPC formulation to control
the release of highly water-soluble drugs (23). The degree of
hydroxypropyl substitution can be altered in order to tailor
the viscosity of the polymer, used in turn for sustained release
of the APIs. HPC’s may thus be attractive excipients for many
pharmaceutical applications.

In this investigation, the utility of low-viscosity HPC-SL
and -SSL polymers has been assessed for the first time as
HME excipients as compared to other polymers for dissolu-
tion enhancement of API’s. The physicochemical properties
of the drugs and the polymers that are used in this investiga-
tion are shown in Tables I and II, respectively. Three BCS
class II drugs with high Tm and different chemical properties
were evaluated. Carbamazepine (CBZ) is a neutral carbamate
drug, phenytoin (PHT) a hydantoin acid, and hydrochlorothi-
azide (HCTZ) a weak aromatic amine base. In this study, the

processability and dissolution enhancement efficiency of SDs
manufactured by hot melt mixing (HMM) using these drugs as
model API’s with the non-ionic HPC-SL and -SSL polymers
have been compared to analogous HMMs formulated using
other polymers with various polymeric backbones and func-
tional groups. Specifically, those polymers compared to the
neutral, cellulosic HPC polymers included Eudragit EPO (cat-
ionic tertiary amine), Eudragit L-100-55 and HPMCAS-LF
(anionic polycarboxylates), and PVP-VA 64 (a non-ionic, am-
ide polymer). The Tm of the API’s and Tg of the polymers
might be expected to strongly influence the amorphous con-
version of API’s at suitable HMM processing temperatures,
thereby playing an important role in solid dispersion for-
mation and dissolution characteristics. In order to further
evaluate the utility of low-viscosity HPC as a versatile
pharmaceutical excipient, HPC-SSL has also been evalu-
ated using solvent evaporation and ball milling in order to
determine the effect of HPC-SSL upon dissolution enhance-
ment, if any, of the very high melting, water-insoluble drug
PHT. Further evaluating the formulation characteristics of low-
viscosity grades of HPC, both HPC-SL and -SSL were melt
mixed with the highly soluble, BCS class I compound chlorphe-
niramine maleate (CPM) in order to study the sustained release
applications of low-viscosity HPC polymers using HMM
technology.

MATERIALS AND METHODS

Materials

CBZ, PHT, and CPM were purchased from Sigma
Aldrich (St. Louis, Missouri, USA). HCTZ was purchased
from Merck Sharp and Dohme Research Lab (West Point,
Pennsylvania, USA). The cellulosic polymers HPC-SL and
HPC-SSL were obtained from Nisso America, Inc. (New
York, New York, USA). HPMCAS-LF manufactured by
Shin-Etsu (Niigata, Japan) was obtained from Biddle Sawyer
(New York, New York, USA). Eudragit EPO and Eudragit L-
100-55 were obtained from Evonik Degussa (New Jersey,
USA). Kollidon VA-64 was obtained from BASF (New Jersey,
USA). All other chemicals and reagents were purchased from
Fisher Scientific and were of analytical grade.

Methods

Preparation of Physical Mixtures

The drugs were gently mixed with the polymers using a
glass mortar and pestle for 5 min at a 25:75 drug–polymer w/
w ratio to prepare 45 g each of the corresponding physical

Table I. Physicochemical Properties of the API’s

Drug

Physicochemical properties

BCS class Ionic nature pKa Molecular weight Tm (°C)

CBZ II Neutral N/A 236.27 190
HCTZ II Weakly basic 7.9 297.74 274
PHT II Weakly acidic 8.3 252.23 295
CPM I Salt of a weak base 9.2 390.87 132
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mixtures (PMs). These PMs were then transferred to amber
colored glass bottles for homogeneous mixing in a Turbula
blender (Willy A Bachofen, Basel, Switzerland) for 15 min.
The blended PMs were then compacted using Carver press at
4,000-psi pressure and a dwell time of 30 s. These compacted
PMs were milled using a twin-blade rotary mill and then
sieved between US mesh nos. 40 and 60 (250–420 μm). This
size fraction was stored in a desiccator and used in subsequent
studies. All the characterization and dissolution studies were
performed within a period of 1 week after the physical mixing
or melt mix formulation of each drug.

Hot Melt Mixing

A three-piece hot melt mixer with roller blades (C. W.
Brabender Instruments, Inc., Hackensack, New Jersey, USA)
was used to manufacture the hot melt mixed formulations
(HMMs). About 40 g of the corresponding PM was fed in
the hot melt mixer and mixed at 150 rpm for 5 min. The melt
mixing temperatures were selected in order to facilitate ade-
quate mixing of the drugs and polymers and to reduce the
torque and mechanical strain in the mixer by softening the
polymers, thereby leading to transparent, amorphous SDs.
Melt mix temperatures did not exceed 180°C, even for very
high melting drugs, in order to prevent thermal degradation of
drugs and polymers. Likewise, this demonstrates the impor-
tant processing characteristic that melt mixing of polymer–
drug combinations may lead to the formation of amorphous
drug–polymer dispersions without need of processing at or
near the melting temperature of the drug. For instance, the
PMs ofmoderately highmelting drug CBZweremixed at 150°C,
and those of very high melting PHT and HCTZ were mixed at
180°C. Hot melt mixing of PMs of low-melting CPM was per-
formed at 130°C, primarily to achieve adequate polymer soften-
ing and mixing and facilitate the mechanical processing of CPM
with an HPC polymer. The resulting HMM products were
milled using a twin-blade rotary mill and the size fractions
sieved between US mesh nos. 40 and 60 (250–420 μm)
were stored in a desiccator and used in subsequent stud-
ies. The characterization and dissolution studies were per-
formed within 1 week after formulation and processing for
each drug.

Ball Milling

Ten grams of the PM comprising PHT:HPC-SSL
(25:75) was loaded into the bowl of a planetary ball mill

(Retsch PM 100, Newtown, Pennsylvania, USA). The mill
was then operated at 400 rpm for 30 min using 50 milling
balls of 10-mm diameter. The ball milled product (BM)
was then compacted using a Carver press at 4,000-psi
pressure and a dwell time of 30 s. The compacted BM
was milled using a twin-blade rotary mill and then sieved
between US mesh nos. 40 and 60 (250–420 μm). This size
fraction was stored in a desiccator and then used in sub-
sequent studies. The characterization and dissolution stud-
ies were performed within 1 week after formulation and
processing for each drug.

Solvent Evaporation

Ten grams of the PM comprising PHT:HPC-SSL
(25:75) was dissolved in 120 ml methanol. This solution
was transferred to a 500-ml round-bottom flask and the
methanol was rapidly evaporated in vacuo using a rotary
evaporator (Heidolph Collegiate Brinkmann, Webco) at
60–70°C and 100–120 rpm for 30 min. The resulting solid
dispersion was further dried in a vacuum oven at 40°C for
12 h, removed from the flask, and then milled using a
twin-blade rotary mill. The milled solvent evaporated
product (SE) was sieved between US mesh nos. 40 and
60 (250–420 μm) and this size fraction was stored in
desicattor and used in subsequent studies. The character-
ization and dissolution studies were performed within
1 week after formulation and processing for each drug.

Table II. Physicochemical Properties of the Polymers

Polymer

Physicochemical properties

Backbone Ionic nature Ionic group Molecular weight Tg/Tma (°C)

HPC-SL Cellulosic Non-ionic N/A 100,000 −25∼0/180∼220
HPC-SSL Cellulosic Non-ionic N/A 40,000 −25∼0/180∼220
HPMCAS-LF Cellulosic Anionic –COOH 180,000 120/NA
PVP-VA Vinyl Non-ionic N/A 45,000–70,000 107/NA
Eudragit L-100-55 Methacrylic Anionic –COOH 250,000 110/NA
Eudragit EPO Methacrylic Cationic –NR3 150,000 50/NA

aTm is applicable for semi-crystalline polymers

Fig. 1. First heating cycle DSC plots of CPM, its PMs, and HMMs
formulated with HPC-SL and HPC-SSL
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Differential Scanning Calorimetry

Samples (5–7 mg) of each material were hermetically
sealed in aluminum pans and subjected to heat–cool–heat
cycling using a Q differential scanning calorimetry (DSC;
TA Instruments, New Castle, Delaware, USA). The heat-
ing rate was 10°C/min and the cooling rate was 50°C/min.
The DSC plots were interpreted using TA Universal
Analysis software.

Polarized Light Microscopy

Samples were deposed on glass microscope slides us-
ing mineral oil and covered with cover slips. The slides
were then observed with ×10 magnification at the highest
intensity of light using a polarized light microscope
(Amscope, Irvine, California, USA) equipped with a Ura-
nus CMOS camera. The images were captured using Toup
View software.

Fig. 2. First heating cycle DSC plots of PMs of a CBZ, b PHT, and cHCTZ; and HMMs of d CBZ, e PHT, and fHCTZ formulated with various
polymers

154 Sarode et al.



HPLC Analysis

HPLC analysis of the HMM samples was performed
using a LaChrom Elite system (Hitachi High-Tech) with
an Agilent Zorbax Eclipse XDB-C18 (4.6×250 mm) col-
umn for all the drugs. Acetonitrile and water in the ratio
of 30:70v/v was used as the mobile phase for CBZ, PHT,
and HCTZ. A mobile phase (pH 7.9) comprising water,
acetonitrile, and triethylamine in the ratio of 64.9:32.7:2.4
by volume was used for CPM. The flow rate was 1 ml/min

for all drugs and UV detection was employed at 220, 220,
271, and 265 nm for CBZ, PHT, HCTZ, and CPM, re-
spectively. The retention times for CBZ, PHT, HCTZ,
and CPM were 14.5, 17.1, 4.2, and 4.6 min, respectively.
Drug concentrations in the HMM SD samples were de-
termined based upon linear concentration versus area un-
der curve plots generated for standard concentrations
between 1 and 50 μg/ml and the theoretical concentration
of the assayed samples was well within this linear range,
typically 15 μg/ml.

Fig. 3. PLM images of a CPM: HPC-SL PM, b CPM: HPC-SL HMM, c CBZ: HPC-SSL
PM, and d CBZ: HPC-SSL HMM

Fig. 4. PLM images of a PHT: Eudragit EPO PM and b PHT: Eudragit EPOHMM; c PHT: HPMCAS-LF PM and d PHT: HPMCAS-LF HMM;
e HCTZ: Eudragit L-100-55 PM and f HCTZ: Eudragit L-100-55 HMM; g HCTZ: PVP-VA PM and h HCTZ: PVP-VA HMM
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Preparation of Capsule and Tablet Formulations
for Dissolution Studies

The formulations obtained after PM, HMM, BM, and SE
were either manually loaded into capsules or compressed into
tablets as explained below. Aliquot parts of the milled formu-
lations (250–420 μm) of CBZ, PHT, and HCTZ, each equiva-
lent to 25 mg of the active drug, were loaded into size 0 gelatin
capsules with sinkers to study their dissolution characteristics,
whereas CPM formulations prepared with the HPC polymers
for controlled release were compressed into tablets containing
62.5 mg equivalent of the active using a Stokes F-Press with 8-
mm round tooling to evaluate drug release.

Dissolution Studies

Dissolution studies were carried out using a USP
dissolution apparatus type II (LID-8D, Vanguard Pharma-
ceutical Machinery Inc., Texas, USA). The dissolution
experiments were performed at 37±0.5°C and 50 rpm
using 900 ml 50 mM phosphate buffer (pH6.8) as the
dissolution medium. For formulations containing the basic,
tertiary amine polymer Eudragit EPO, 0.1 N HCl was
used as the dissolution medium. In all cases, serial disso-
lution samples were collected and filtered using 0.22-μm
syringe filters (MCE membrane). These samples were
then transferred to Costar clear 96-well plates and ana-
lyzed using a UV detector (SpectraMax M2, Molecular
Devices, Pennsylvania, USA). Drug concentrations in the
dissolution samples were determined based upon linear
concentration–absorbance plots generated at 285, 250,

271, and 265 nm for CBZ, PHT, HCTZ, and CPM, re-
spectively (24–27).

RESULTS AND DISCUSSION

Differential Scanning Calorimetry

As shown in Fig. 1, melting point depression of CPM was
observed in its PMs formulated with HPC-SL and HPC-SSL,
suggesting CPM–HPC interaction. Indeed, the melting endo-
therm of CPM was not detectable by DSC in corresponding
HMMs, suggesting conversion of this crystalline drug salt into
an amorphous solid dispersion in HPC by HMM. Although
melting point depression was not observed in CBZ PMs
(Fig. 2a), CBZ melting endotherms were not detected in
CBZ HMMs formulated using any of the polymers (Fig. 2d),
suggesting facile amorphous conversion of this drug by melt
mixing in chemically diverse polymers. The DSC plots of PMs
(Fig. 2b) and HMMs (Fig. 2e) of the very high melting drug
PHT (>290°C) did not exhibit any significant difference near
the melting endotherm. This reveals the presence of crystal-
line drug after HMM, irrespective of the chemical nature of
the polymer employed. This likely reflects the strong crystal-
line habit of this high melting point drug, as well as possible
degradation of the polymers at high temperatures, which may
have compromised their drug solubilizing capacity. As shown
in Fig. 2c, f, polymer degradation during DSC could have
occurred near the relatively high HCTZ melting point

Fig. 5. PLM images of PHT: HPC-SSL a PM, b BM, and c SE formulations

Table III. Percent of Theoretical Drug Remaining in Each Formula-
tion After HMM Processing, as Determined by HPLC (Data Repre-

sent the Average of Two Independent HPLC-Assayed Samples)

Polymer

Percentage of API remaining

CBZ HCTZ PHT CPM

HPC-SL 97.07 95.36 99.42 100.50
HPC-SSL 98.77 95.34 100.07 100.14
HPMCAS-LF 78.66 102.44 96.57 N/A
PVP-VA 104.95 95.80 100.19 N/A
Eudragit L-100-55 35.18 94.02 104.00 N/A
Eudragit EPO 101.33 54.63 97.03 N/A

Fig. 6. Dissolution profiles of milled HMMs of CBZ using various
polymers (as shown in Table I, degradation of CBZ was detected in
HMMs with the anionic polymers HPMCAS-LF and Eudragit L-100-
55. Their dissolution profiles are not included)
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(>250°C). Notably, the melting point of HCTZ was depressed
by the cellulosic polymers HPC-SL, HPC-SSL, and
HPMCAS-LF, with the greatest melting point depression
detected using the HPC polymers. This melting point depres-
sion property of high melting API’s with low glass transition
HPC polymers might be advantageous for processing solid
dispersions using hot melt methods at lower operating temper-
atures, even in cases where true amorphous solid disper-
sions are not obtained, in order to prevent drug and
polymer degradation. In summary, amorphous conversion
of CPM and CBZ occurred during the HMM process and
could be verified using DSC experiments, but those of
very high melting HCTZ and PHT could not be identified
by DSC, although melting point depression of HCTZ was
noted when cellulosic polymers such as HPC were
employed as carriers. Subsequent thermal analysis of melt
mixed materials after 2 months of storage at room tem-
perature did not reveal any significant differences in their
DSC thermograms.

Polarized Light Microscopy

Polarized light microscopy (PLM) evaluation of CPM and
CBZ correlated well with the DSC analysis. The birefringence
of crystalline drug observed in the PLM images of PMs was
not detected in the HMMs for CPM and CBZ melt mixed
with HPC polymers (Fig. 3). Similar results were observed
for CBZ with all other polymers, confirming amorphous
conversion of CBZ-polymer HMM mixtures. However,
significant birefringence was observed in the PLM images
of the HMMs of PHT and HCTZ as compared to their
corresponding PMs in all of the polymer systems tested
(Fig. 4). Further, amorphous conversion of PHT with
HPC-SSL could not be achieved using either ball milling
or solvent evaporation, with significant birefringence
detected in their PLM images as well (Fig. 5). As con-
firmed by PLM, amorphous solid dispersions of CPM and
CBZ could be produced by HMM, while crystalline dis-
persions of HCTZ and PHT were produced using the
HMM process. Solvent evaporation and ball milling also
failed to produce amorphous solid dispersions of PHT
when using HPC-SSL as the carrier.

HPLC Analysis

As shown in Table II, HPLC assays revealed that the
theoretical percent recovery of drugs formulated with PVP-
VA and both grades of HPC was between 95% and 105% of
the theoretical concentration, suggesting that the drugs
remained stable after HMM using these polymers. In contrast,
significant degradation of CBZ occurred during the HMM
process when formulated with the acidic carboxylated poly-
mers HPMCAS-LF and Eudragit L-100-55, with only about
79% and 35% drug remaining, respectively. This might be
attributed to acid-catalyzed or oxidative hydrolysis of CBZ
in the presence of these polymers, as acid-catalyzed and oxi-
dative hydrolysis of CBZ has been reported (28). Similarly,
when formulated with the basic polymer Eudragit EPO, only
about 55% of theoretical HCTZ remained in this HMM for-
mulation, suggested base-catalyzed degradation, a phenome-
non also reported in the literature (29). In contrast, no
degradation was detected in the HMM products of any of
the APIs when using the non-ionic polymers HPC and PVP-
VA, suggesting a role for these polymers when acid- and base-
labile drugs are formulated using HMM (Table III).

Dissolution Studies

The dissolution characteristics of all of the capsule for-
mulations of the BCS class II APIs (CBZ, PHT, and HCTZ)
studied here was investigated in 50 mM phosphate buffer, pH
6.8. For capsule formulations containing the Eudragit EPO,
0.1 N HCl was used as the dissolution medium in order to
adequately hydrate and swell this basic polymer. Tablet for-
mulations of the highly soluble, BCS class I drug CPM formu-
lated using HPC polymers were investigated in both 50 mM
phosphate buffer, pH 6.8 and in 0.1 N HCl in order to deter-
mine the effects of low-viscosity HPC on CPM release from
compressed HMM tablets.

The dissolution rate and extent of the neutral carbamate
drug CBZ was significantly improved over 5 h when

Fig. 7. Dissolution profiles of milled HMMs of HCTZ using various
polymers (as shown in Table I, degradation of HCTZ was detected in
HMMs containing the basic polymer Eudragit EPO. Its dissolution
profile is not included)

Fig. 8. Dissolution profiles of milled HMMs of PHT using various
polymers
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formulated by HMM using all of the polymers (Fig. 6). As
identified during DSC and PLM analysis, the dissolution im-
provement of CBZ could be attributed to amorphous conver-
sion as well as to dispersion of the API in hydrophilic polymers
that occurred during the HMM process. The highest dissolution
rate of CBZ was observed in Eudragit EPO HMMs and could
be due to the very high solubility and dissolution rate of this
basic polymer in 0.1 N HCl. Although the dissolution rate of
CBZ : PVP-VA HMMs was highest amongst the non-ionic
polymers tested, HMMs using low-viscosity HPC polymers also
exhibited significant improvement in dissolution rate and extent
as compared to the pure drug. The differences in extent of this
improvement using various polymers can be attributed not only
to their functional groups but also to differences in their hydro-
philicity that may have influenced the wetting of the drugs in
SDs. For instance, although PVP-VA and HPC are both non-
ionic, PVP-VA with a vinyl backbone could be more readily
hydrated or more surface active than cellulosic HPC (30), and
perhaps leading to a higher dissolution rate and extent when
incorporated into SDs than those of HPC. Besides, formation of
SDs with hydrophobic drugs in their crystalline form may have
changed the overall wetting of the SDs.

Unlike CBZ, the dissolution rate and extent of the weak-
ly basic drug HCTZ itself was relatively high (Fig. 7). The

crystalline solid dispersions of HCTZ that could be manufac-
tured by HMM using the non-ionic polymers PVP-VA and
HPC depicted dissolution profiles similar to that of the pure
drug. On the other hand, HCTZ HMMs of HPMCAS-LF and
Eudragit L-100-55 showed slight improvement in the dissolu-
tion rate as compared to the pure drug, which could be due to
the counter-ionic interactions and hydration between weakly
basic HCTZ and these anionic, polycarboxylate polymers.

As shown in Fig. 8, the dissolution rate and extent of PHT
was slightly enhanced by both non-ionic (HPC) and anionic
(HPMCAS-LF and Eudragit L-100-55) polymers, perhaps due
to the formation of crystalline solid dispersions of the drug in
these hydrophilic polymers during the HMM process. However,
the dissolution rate of PHT was significantly reduced for PHT:
PVP-VAHMMs, probably due to the formation of hydrophobic
lumps observed during the dissolution process that neither dis-
persed nor eroded rapidly. The significant enhancement in dis-
solution rate and extent of acidic PHT using the basic polymer
Eudragit EPO could be attributed to counter-ionic drug–poly-
mer interactions as well as to the very high solubility and disso-
lution rate of the polymer in 0.1 N HCl.

Since themelting point of PHT is very high (>290°C), it was
noted that the drug could not be mixed and dispersed thorough-
ly with the HPC polymers during HMM process even at the
operating temperature as high as 180°C. Hence, solvent evapo-
ration (SE) and ball mill (BM) products of PHTwith HPC-SSL
were manufactured in order to investigate the processibility of
HPC-SSL using these alternative formulation methods. Al-
though the drug could not be converted into its amorphous form
using any of these processes as revealed by DSC and PLM
analyses, the enhancement in dissolution rate of PHT was in
the order of SE>BM>HMM, and lastly PM, as compared to
the pure drug (Fig. 9). The better performance of SE and
BM products could be due to more intimate mixing and
physical dispersion of PHT in HPC-SSL that could have
occurred during these processes as compared to HMM, as
well as to the formation of much smaller drug particles by
more vigorous mechanical milling during the BM process.

As depicted in Fig. 10, slower release of the otherwise
highly soluble BCS class I drug CPM could be achieved at
both gastric (pH 1.2) and intestinal (pH 6.8) conditions when
using low-viscosity HPC polymers. The tablets produced using
the PMs exhibited slower, more sustained release as compared
to tablets analogously manufactured from the corresponding

Fig. 9. Dissolution profiles of PHT formulated with HPC-SSL using
various processing techniques

Fig. 10. Dissolution profiles of CPM tablets containing HMMs and PMs formulated with HPC-SL and HPC-
SSL in a 0.1 N HCl and b phosphate buffer pH6.8
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HMMs. This might be attributed to amorphous conversion of
the drug during the HMMprocess that could have improved the
aqueous solubility of CPM. The performance of the HPC-SL
polymer in controlling the release of CPM was better than that
of HPC-SSL, perhaps because the higher bulk viscosity of HPC-
SLwas manifested as slower release rate as compared to the less
viscous HPC-SSL in both PM and HMM tablets. Although the
release of CPM was slowed using HPC during in vitro dissolu-
tion studies, it may not necessarily predict similar results in vivo
unless IVIVR has been established. The stronger hydrodynamic
flow and mechanical peristalsis in the human gastrointestinal
tract as compared to a model USP dissolution apparatus might
still lead to more rapid tablet disintegration, particle wetting,
and faster release of the drug in vivo.

CONCLUSION

Low-viscosity HPC-SL and -SSL polymers were found to be
suitable excipients for producing chemically stable HMM prod-
ucts at the processing temperature and speed wherein several
other polymers caused degradation of the API’s. Like other
polymers, HPC-SL and -SSL could be used to convert the rela-
tively high melting crystalline drug CBZ into its amorphous form
usingHMM,which improved the dissolution characteristics of the
drug.Although amorphous conversion of very highmelting drugs
such as PHT could not be achieved using HMM, the dissolution
rate and extent of PHT could be significantly improved by man-
ufacturing crystalline dispersions in HPC-SSL using other techni-
ques, namelyBMand SE. In addition,HMMtechnology could be
successfully employed to sustain the release of the highly water-
soluble drug CPM using HPC-SL and -SSL in both gastric and
intestinal pH conditions. In conclusion, low-viscosity HPC-SL
and -SSL polymers are versatile excipients that may be employed
in a variety of formulation processes in order to produce chemi-
cally stable formulations of both poorly and highly water-soluble
drugs with desirable dissolution and release characteristics.

REFERENCES

1. Leuner C, Dressman J. Improving drug solubility for oral delivery
using solid dispersions. Eur J Pharm Biopharm. 2000;50(1):47–60.

2. Amidon GL, Lennernas H, Shah VP, Crison JR. A theoretical
basis for a biopharmaceutic drug classification: the correlation of
in vitro drug product dissolution and in vivo bioavailability.
Pharm Res. 1995;12(3):413–20.

3. Desai D, Kothari S, Chen W, Wang J, Huang M, Sharma L. Fatty
acid and water-soluble polymer-based controlled release drug
delivery system. J Pharm Sci. 2011;100(5):1900–12.

4. Timpe C, Forschung L. Strategies for formulation development
of poorly water-soluble drug candidates—a recent perspective.
Am Pharm Rev. 2007;10(2):104–9.

5. Vasconcelos T, Sarmento B, Costa P. Solid dispersions as strategy
to improve oral bioavailability of poor water soluble drugs. Drug
Discov Today. 2007;12(23–24):1068–75.

6. RepkaMA, Majumdar S, Kumar-Battu S, SrirangamR, Upadhye
SB. Applications of hot-melt extrusion for drug delivery. Expert
Opin Drug Deliv. 2008;5(12):1357–76.

7. Repka MA, Battu SK, Upadhye SB, Thumma S, Crowley MM,
Zhang F, et al. Pharmaceutical applications of hot-melt extrusion:
part II. Drug Dev Ind Pharm. 2007;33(10):1043–57.

8. Bruce LD, Shah NH, Malick AW, Infeld MH, McGinity JW. Proper-
ties of hot-melt extruded tablet formulations for the colonic delivery
of 5-aminosalicylic acid. Eur J Pharm Biopharm. 2005;59(1):85–97.

9. Fukuda M, Peppas NA, McGinity JW. Properties of sustained
release hot-melt extruded tablets containing chitosan and xan-
than gum. Int J Pharm. 2006;310(1–2):90–100.

10. Verhoeven E, Vervaet C, Remon JP. Xanthan gum to tailor drug
release of sustained-release ethylcellulose mini-matrices prepared
via hot-melt extrusion: in vitro and in vivo evaluation. Eur J
Pharm Biopharm. 2006;63(3):320–30.

11. Zelko R, Kiss D. Physical ageing of amorphous polymeric excipients
I. physicochemical principles. Acta Pharm Hung. 2005;75(4):213–22.

12. Zelko R, Kiss D. Physical ageing of amorphous polymeric exci-
pients III. The possible consequences of ageing. Acta Pharm
Hung. 2006;76(2):105–13.

13. DiNunzio JC, Brough C, Miller DA,Williams 3rd RO, McGinity JW.
Applications of KinetiSol dispersing for the production of plasticizer
free amorphous solid dispersions. Eur J Pharm Sci. 2010;40(3):179–87.

14. Stukalin EB, Douglas JF, Freed KF. Plasticization and antiplasti-
cization of polymer melts diluted by low molar mass species. J
Chem Phys. 2010;132(8):084504.

15. Ghosh I, Snyder J, Vippagunta R, Alvine M, Vakil R, Tong WQ,
et al. Comparison of HPMC based polymers performance as
carriers for manufacture of solid dispersions using the melt ex-
truder. Int J Pharm. 2011;419(1–2):12–9.

16. Picker-Freyer KM, Durig T. Physical mechanical and tablet for-
mation properties of hydroxypropylcellulose: in pure form and in
mixtures. AAPS PharmSciTech. 2007;8(4):E92.

17. Dinunzio JC, Brough C, Hughey JR, Miller DA, Williams 3rd RO,
McGinity JW. Fusion production of solid dispersions containing a
heat-sensitive active ingredient by hot melt extrusion and kinetisol
dispersing. Eur J Pharm Biopharm. 2010;74(2):340–51.

18. Zhou J, Zhang L, Deng Q, WuX. Synthesis and characterization of
cellulose derivatives prepared in NaOH/urea aqueous solutions. J
Polym Sci A Polym Chem. 2004;14(23):5911–20.

19. Ambike AA, Mahadik KR, Paradkar A. Stability study of amor-
phous valdecoxib. Int J Pharm. 2004;282(1–2):151–62.

20. SeurinMJ, tenBoschA, SixouP. Phase studies of a liquid crystalline
polymer: hydroxypropyl cellulose. Polym Bull. 1983;9:450–6.

21. Suto S, Ohshiro M, Ito R, Karasawa M. Capillary rheometry of
lyotropic liquid crystals of hydroxypropyl cellulose. Polymer.
1987;28(1):23–32.

22. Vshivkov SA, Adamova L, Rusinova EV, Safronov AP, Dreval’
VE, Galyas AG. Thermodynamics of liquid-crystalline solutions
of hydroxypropyl cellulose in water and ethanol. Polym Sci Ser A.
2007;49(5):578–83.

23. Kawashima Y, Takeuchi H, Hino T, Niwa T, Lin TL, Sekigawa F,
et al. Low-substituted hydroxypropylcellulose as a sustained-drug
release matrix base or disintegrant depending on its particle size
and loading in formulation. Pharm Res. 1993;10(3):351–5.

24. Camara MS, Mastandrea C, Goicoechea HC. Chemometrics-
assisted simple UV-spectroscopic determination of carbamaze-
pine in human serum and comparison with reference methods. J
Biochem Biophys Methods. 2005;64(3):153–66.

25. Hemke AT, Bhure MV, Chouhan KS, Gupta KR, Wadodkar SG.
UV spectrophotometric determination of hydrochlorothiazide
and olmesartan medoxomil in pharmaceutical formulation. E-J
Chem. 2010;7(4):1156–61.

26. Leung CP, Law CK. Determination of chlorpheniramine maleate
in tablets by second-derivative absorption spectrophotometry.
Analyst. 1989;114(2):241–2.

27. Rezaei Z, Hemmateenejad B, Khabnadideh S, Gorgin M. Simul-
taneous spectrophotometric determination of carbamazepine and
phenytoin in serum by PLS regression and comparison with
HPLC. Talanta. 2005;65(1):21–8.

28. Srinivasa Rao K, Belorkar N. Development and validation of a
specific stability indicating liquid chromatographic method for
carbamazepine in bulk and pharmaceutical dosage forms. J Adv
Pharm Res. 2010;1:36–47.

29. Tagliari MP, Stulzer H, Murakami FS, Kuminek G, Valente B,
Oliveira PR, Silva MA. Development and validation of a stability-
indicating LC method to quantify hydrochlorothiazide in oral sus-
pension for pediatric use. Chromatographia. 2008;67(7–8):647–52.

30. Rumondor AC, Taylor LS. Effect of polymer hygroscopicity on
the phase behavior of amorphous solid dispersions in the
presence of moisture. Mol Pharm. 2009;7(2):477–90.

159Low-Viscosity Hydroxypropylcellulose (HPC) Grades SL and SSL


	Low-Viscosity...
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Materials
	Methods
	Preparation of Physical Mixtures
	Hot Melt Mixing
	Ball Milling
	Solvent Evaporation
	Differential Scanning Calorimetry
	Polarized Light Microscopy
	HPLC Analysis
	Preparation of Capsule and Tablet Formulations for Dissolution Studies
	Dissolution Studies


	RESULTS AND DISCUSSION
	Differential Scanning Calorimetry
	Polarized Light Microscopy
	HPLC Analysis
	Dissolution Studies

	CONCLUSION
	References



