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Physico-chemical stability and drug dissolution profiles of the prepared solid dispersions containing Verapamil
HCI as active substance were evaluated using different experimental methods during 60-months real-time stability
studies. During the stability studies no drug decomposition or changes in the active substance content appeared.
Physical characterization of the solid dispersions showed no changes in the drug/polymer network during ageing. The
initial amorphous appearance of the drug substance in the solid dispersions was maintained during ageing. Although
the drug dissolution profiles showed differences compared to series tested immediately after preparation, the drug re-
lease dependence upon HPMCP HP 55 was maintained even more pronounced at higher pH values.
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INTRODUCTION

Solid dispersions of the drug substance Vera-
pamil HCl and different polymers were prepared
using the solvent evaporation method in order to
formulate a controlled release dosage form with
increased pharmaceutical availability at higher pH
values. The continuous drop of the drug dissolution
rate is characteristic for substances with decreasing
solubility at higher pH values incorporated in con-
ventional sustained release dosage forms. Also pre-
cipitation of poorly soluble free base may occur
within formulation in the intestinal fluids. The pre-
cipitated drug is no longer capable of release from
formulations. Formulation of dosage forms with
ensured pharmaceutical availability will result in
increased bioavailability especially for substances
that undergo intense first-pass metabolism incorpo-
rated in modified release dosage forms [1-6].

Verapamil HCI solid dispersion granules con-
taining ethyl cellulose and hydroxyl propyl cellu-
lose as release-controlling polymers showed no
quantitative drug release at higher pH values. The
drug release rate depended upon the percentage of

hydroxypropyl cellulose in the formulation, it de-
creased as the pH medium increased and was fol-
lowed by an interruption of release at pH 6.8. In-
creased percentage of hydroxypropyl cellulose in
the formulations resulted in the abrupt release of
Verapamil HCI at pH 1.5 [7].

To achieve the goal of preparing a controlled
release dosage form containing Verapamil HCI as
the active substance with even increased release
rate at higher pH values, solid dispersion granules
containing ethyl cellulose (EC), hydroxypropyl cel-
lulose LF (HPC), hydroxypropyl methylcellulose
phthalate HP 55 (HPMCP HP 55) as polymer sub-
stances for controlling the drug release rate were
prepared. Dissolution rate studies showed that with
the incorporation of HPMCP HP 55 in the con-
trolled-release formulation, an increased release
rate of the active substance at higher pH values was
achieved without causing abrupt drug release at
lower pH values. So, slow and continuous decrease
of the drug dissolution rate at higher pH values was
avoided with the prepared dosage forms. The
alteration of the physical properties of the active
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teration of the physical properties of the active sub-
stance (particle size, crystal structure) as well as
drug/polymer interactions participates in the mec-
hanism of controlled drug release [6, 7].

Physical instability is a major problem in solid
dispersions. Precipitation of the drug substance out
of the polymer network with subsequent changes of
physico-chemical properties of solid dispersions
might occur during ageing. These would induce

changes in the polymer network structure and
dissolution rate profiles [9-11].

The aim of this study was to evaluate the sta-
bility of the prepared dosage forms using different
experimental methods (HPTLC studies, IR spectro-
scopy, UV spectroscopy, X-ray diffraction method,
dissolution rate studies) for evaluating if the drug
molecules remain interlaced with the polymer mole-
cules and enslaved within the polymer network during
60-months real-time stability studies.

EXPERIMENTAL

Materials

The following chemicals were used in this
study: Verapamil hydrochloride and Norverapamil
(Fischer Chemicals AG, Germany), hydroxypropyl
methylcellulose phthalate HP 55 (HPMCP HP 55,
Shin Etsu Chemical Co., Ltd.,) Ethyl cellulose 10
cp (EC 10cp, Colorcon, UK), Hydroxypropyl cellu-
lose LF (HPC, Hercules, U.S.) and absolute ethanol
(Merck, Germany).

Methods
Preparation of solid dispersion granules

Solid dispersions containing Verapamil HCI,
EC 10cp, HPC and various concentrations of
HPMCP HP 55 (Table I) were prepared by the sol-
vent evaporation technique. After dissolving or
suspending the drug substance and the polymers in
absolute ethanol the solvent was evaporated under
vacuum at 55°C. Solid dispersion granules were pre-
pared by grounding and sieving. Fractions between 25
and 40 mesh were used for further investigations.

Table I

Composition of mixtures for preparation of solid
dispersions

Series Verapamil HCl EC 10cp HPC HPMCP HP 55

(parts) (parts)  (parts) (parts)
A 1.00 1.55 0.45 0.65
B 1.00 1.55 0.45 1.05
C 1.00 1.55 0.45 1.15
D 1.00 1.55 0.45 1.25

Stability studies were carried out using the fol-
lowing experimental methods:

HPTLC studies

HPTLC studies (Camag applicator, Camag
scanner II, plate material silica gel Merck 60F,s,,
solvent system cyclohexane : diethylamine 85 : 15)
were carried out for quantitative determination of
the active substance and detection of possible de-
composition that may have occurred during the
preparation of the solid dispersion granules and
during the stability studies. Verapamil HCI and
Norverapamil were used as standard substances.
Densitometric analysis of Verapamil HCI and
Norverapamil was carried out at 278 nm. The
calibration curves of Verapamil HCI in chloroform
were obtained in the range 1-10pg. The mean val-
ues of the correlation coefficient, slope and inter-
cept for Verapamil HCI were 0.9983, 0.0214 and
0.3353. Also calibration curves in chloroform in the
range of 0.2-5 pg were obtained for Norverapamil.
The linear regression analysis showed these values
for correlation coefficient, slope and intercept:
0.9978, 0.0314 and 0.5041. Rf values for Vera-
pamil HCI and Norverapamil were 0.638 and
0.378, respectively.

Dissolution rate studies

Samples of solid dispersion granules equiva-
lent to 240 mg Verapamil HCI were tested in 1000
ml buffer solutions at pH 1.5 composed of NaCl
and HCIl and pH 6.8 composed of KH,PO, and
NaOH (USP XXII rotation basket method, appara-
tus Erweka DZT, at 100 rpm). Also half-change
dissolution method, by Gaudy [12], was carried out
during 24 hours by changing the pH of the dissolu-
tion medium from 1.2 (during 1 hour), to 2.5 (for 2
hours), to 5.5 (for an additional 2 hours), to 7.5 (un-
til the end of the dissolution test). The withdrawn
aliquots were analysed spectrophotometrically
(Perkin Elmer UV/Vis Lambda 16).

Bull. Chem. Technol. Macedonia, 17, 1, 33-39 (1998)
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X-ray diffraction studies

The physical nature of the drug substance in
solid dispersion granules was determined using the
X-ray diffraction method (Jeol diffractometer,
model JDX-7E, goniometer model DX-60-F). Pow-
dered samples of Verapamil HCI and physical mix-
tures were examined for comparison.

IR spectroscopy studies

IR spectra of the drug substance, polymers,
physical mixtures and solid dispersions were ob-
tained using a Perkin-Elmer System 200 FT-IR
spectrophotometer (KBr tablet).

UV spectroscopy studies

UV absorption spectroscopy studies of Vera-
pamil HCI in solid dispersions (paraffini oleum)
were carried out using HP 8452 diode array spec-
trophotometer Hewlett Packard. Verapamil HCI
and physical mixtures of the drug substance and
polymers were examined for comparison.

The above experiments were carried out peri-
odically during 60-months stability studies (formu-
lations were held in Kottermann chamber at 26 °C
and relative humidity 65 %).

RESULTS AND DISCUSSION

No differences in the HPTL-chromatograms
and no other peaks except Verapamil HCI peaks
were detected in the chromatograms, which elimi-
nates the possibility for decomposition of the drug
substance during preparation of the solid disper-

Table II

sions or during stability studies (Verapamil HCI
and Norverapamil were used as standard sub-
stances). Also, no significant changes of the drug
content in the solid dispersions were noticed fol-
lowing 60-months stability studies (Table II).

Verapamil hydrochloride content in freshly prepared solid dispersion granules
and after 60-months stability studies

Mean weight Mean drug content Mean weight Mean drug content

F-ratio for experimental data  r-values (P = 0.05)

Series +SD (g), +SD (mg), initial +SD (g), +SD (mg), after  during 60-months stability studies (initial and content
n=20 content, n =5 n=20 60 months (n =5) (df/df* =2.76; P =0.05) after 60 months)
A 0.876 +0.003 240.0+5.0 0.876 + 0.002 239.0+4.3 2.01 0.3039
B 0.972 +0.002 241.5+49 0.972 + 0.003 241.043.2 2.04 0.1706
C  0.996 +0.003 239.5+4.0 0.995 + 0.003 238.0+4.5 1.79 0.4983
D 1.020+0.003 237.6 +3.8 0.999 + 0.005 237.0+3.4 1.87 0.2362

In the our previously published results from
the IR spectroscopy evaluation it was shown that all
characteristic bands of Verapamil HCI were present
in physical mixtures of the drug substance and the
polymers. In the case of solid dispersion changes in
the area of vC-O-C skeletal vibrations (1200-
1000 cm™) in glucose units in cellulose polymers
appeared, showing differences in glucose bond ori-
entation in solid dispersions. Basically, no changes
in the frequency and shape of Verapamil HCI bands
were noticed, which leads to the conclusion that no
significant redistribution of the electronic density in
the structure of the organic molecules appeared.
This indicates that there is no strong interaction be-
tween the drug and the polymers, so interactions of
van der Waal’s type and/or dipole-dipole interactions
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exist in solid dispersions [7, 8]. Drug/polymer net-
work structural characterisation showed that drug
molecules were entrapped in the polymer's network
in the prepared solid dispersions. During the stabil-
ity studies no changes in the IR spectra of the solid
dispersions appeared (Fig 1). Previously reported
changes in the area of skeletal vibrations among the
physical mixtures and solid dispersions due to the
differences in glucose bond orientation in the
drug/polymers network were also present in the IR
spectra of solid dispersions during the stability
studies (area of vC—O-C skeletal vibrations, 1200—
1000 cm™, Fig. 2). This is proof that the drug sub-
stance was enslaved in the polymer network and no
separation appeared during the stability studies.
This was further confirmed with other experimental
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Fig. 1. IR spectra of physical mixture (I), solid dispersion C — immediately after preparation (II)
and solid dispersion C — after ageing (III)
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Fig. 2. IR spectra of solid dispersion C — after ageing (I), Verapamil HCI (II) and physical mixture (III)

methods. Also, in our following investigations studies
concerning further spectral analysis (band shape
analysis, derivative spectroscopy) will be carried
out [14].

During the preparation of solid dispersions
and splicing among the drug molecules with the
polymer molecules, change of the crystal form of
the drug substance appeared. The diffraction pattern
of pure Verapamil HCI showed that the drug sub-

stance is highly crystalline in nature and in spite of
the small proportion of the drug substance in the
physical mixtures the X-ray diffractograms pos-
sessed all characteristic Verapamil.HCI diffraction
lines. Previously reported amorphous state of the
drug phase in freshly prepared solid dispersions
was confirmed during the stability studies using X-
ray diffraction method (Fig. 3).

Bull. Chem. Technol. Macedonia, 17, 1, 33-39 (1998)
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Fig. 3. X-ray spectra of Verapamil HCI (I), physical mixture
(ID), solid dispersion C — immediately after preparation (III)
and solid dispersion C — after ageing (IV)

The UV absorption maximum of Verapamil
HClI in solid dispersions, resembles that of the drug
substance dissolved in organic solvents (chloro-
form, 280.5 nm), but not that of Verapamil HCI
particles (292 nm). Opposed to the drug substance
absorption maximum in the solid dispersions, the
absorption maximum of the drug substance in
physical mixtures was unchanged compared to
solid Verapamil.HCI (Fig. 4). The UV spectroscopy
studies results confirmed that the shift of the Vera-
pamil HCI absorption maximum in solid disper-
sions toward the lower wavelengths (281 nm) was
also present during the stability studies. These
might be another proof that the drug is dispersed
and embedded inside the polymer network.

Verapamil.HCI (solid state)

/’hysical mixture

HAOZPEWROLWE P
D

400 600

Fig. 4. UV spectra of Verapamil HCI, physical mixture and
solid dispersions A, B, C and D
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Despite the low solubility of the drug sub-
stance at neutral pH values (Verapamil HCI solubil-
ity decreases from 0.156 g/cm’ at pH 5.0 to 0.025
and 0.010 g/cm’ at pH 6.0 and 7.0, respectively),
incorporation of HPMCP HP 55 in the formulation
resulted with faster drug release rate of the drug
substance at higher pH values.

No changes in the drug release rate from the
examined formulations was noticed during the first
36 months of stability evaluation. But after 60-
months stability studies statistically significant
changes (two sample comparison, &t = 0.05) in the
drug release rate from series A and B at pH 1.5 and
from series C and D at 6.8 appeared (Figs. 5, 6). As
was expected the half-change dissolution testing
also point to a statistically significant increase of
the drug release rate from all series (Fig. 7). The
drug release rate from series with lower content of
HPMCP HP 55 at pH 1.5 was increased but no
abrupt release was noticed from either series. The
release rate at pH 1.5 from series C and D with
higher content of HPMCP HP 55 was not signifi-
cantly changed. The dissolution studies results at
pH 6.8 during the stability evaluation point that the
release rate of the drug substance was increased
from all series (statistically significant increase was
noticed from series C and D). The main role of this
polymer to improve the drug release at higher pH
values where the solubility of drug substance is prob-
lematical, was maintained and even more pronounced.
This is another proof that the drug substance is highly
dispersed within the structure of solid dispersion
and no recrystalization and separation appeared
during ageing. The results from the half change dis-
solution testing were in accordance with the previ-
ous investigations at pH 1.5 and 6.8, as increased
release was noticed from all series during this test.
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Fig. 5. Cumulative amounts (%) of Verapamil HCI released
from solid dispersion granules (pH 1.5; n=5)
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The diffusion mechanism of the drug release rate
was not changed as another proof that the network
structure was maintained. The release mechanism
was most approximate to that of the leaching type
for the matrix (Table III), first presented by T. Hi-
guchi [13].

Channels were formed in the solid dispersion
granules after the dissolution of the soluble poly-
mers and Verapamil HCl was diffused and dis-
solved into the dissolution medium in the channels
in the ethylcellulose network.

Table III

Kinetic parameters for series A, B, C and D
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Fig. 6. Cumulative amounts (%) of Verapamil HCI released
from solid dispersion granules (pH 6.8; n =5)
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D 0.9920 21.1010 0.9851 22.4546 Fig. 7. Cumulative amounts (%) of Verapamil HCI released
from solid dispersion granules (half-change method, n = 5)
CONCLUSIONS

Physical characterisation of the prepared solid
dispersions during the stability studies by the above
mentioned methods show that no changes in the
structure of solid dispersions appeared and the drug
molecules remained enslaved in the polymer’s net-
work. During the stability studies an increased re-
lease rate was noticed from all the series. Despite
the different release rate the main role of the incor-

porated HPMCP HP 55 was maintained as no
abrupt release was noticed from either serie at pH
1.5 and as the dissolution rate at pH 6.8 was even
more increased after ageing. Although these sys-
tems generally didn’t appeared to lose their con-
trolled release they are not recommended as stable
during 60 months as differences in the drug release
rate appeared during stability studies.
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Peszume

OU3NIKO-XEMUCKA CTABMIIHOCT HA IBPCTHU TUCIIEP3UU CO BEPAITAMWI-XUAPOXJIOPUI
N HEIroBO KOHTPO/IIMPAHO OCIOBOYBAILE

Karepuna Fopaunnoga', Jbumana Knucaposa?, Auren Cumos', EMunuja ®penpo-Kyméapayn',
Kpucruna Mianenoscka', Mapuja Tinapam’

"Uncituinlyiti 3a papmauesiticka iiexronozuja, Papmayesiticku paxyaitieiti, Yruueepauitiei ,,Ce. Kupuna u Meitioouj “,
Boomwancka 17, 91 000 Ckoiije, Peiiy6auxa Maxedonuja
2Unciiuitiyin 3a xemuja, ITpupodHo-maitiemaitivuku gaxyaitieit, Ynusep3auiteit ,, Ce. Kupua u Meitioouj*,
ii. gpax 161, 91001 Ckoiije, Peitybaurxa Makedoruja

Konyunn 360poBu: IBpCTH ANCIEP3NHN; HCIUTYBabhe Ha CTAaOMIIHOCTA; KOHTPOJIMPAHO OCTI000yBamhe;
BepanaMIlI-XUIPOXJIOPH]]; ETHIILENYI03a; XU{POKCATIPOIMI-METHII-I[eNTyI03a (pranaTt

Beme mcrmtyBaHa cTaGWIHOCTa Ha MOATOTBEHUTE
IBPCTH AWCHEP3UN CO BEpaNaMMI-XHAPOXIOPHI CO YIOT-
peba Ha pa3nuuHu excrnepuMeHTanHu Mmeropu (IC crek-
Tpockonuja, UV cnekTpockonuja, aucdpakuuja co X-3pa-
I, TEeHKOCJTOjHAa Xpomarorpaduja MO BHCOK MPUTHCOK,
TECTOBH Ha JIUCONyIHja) BO TeK Ha 60 Mecenu. 3a BpeMme
Ha WCIUTYBamaTa Ha CTaOWIIHOCTAa He Oele 3a0eleskaH
pacnaj W/Wiad OpOMEHa Ha KBAHTHUTATUBHUOT COCTAaB Ha
aKTHBHATa cyncTaHnyja. PU3NIKOTO KapaKTepU3Npame
Ha IIBPCTHUTe AUCIEp3UH IIOKaXa jieka He joara JIo Ipome-
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HHU BO CTPYKTypaTa Ha LIBPCTUTE JUCIEP3UM 3a BpEME Ha
crapeemeTo. Mcro Taka Gemle 3adyBaHa amMopgHOCTa Ha
BKJIONIEHaTa AaKTUBHA CYICTaHIWja BO IBPCTHTE JUC-
nep3uu. Mako ocno0oayBameTo Ha BepalaMUI-XUpOXJIO-
PHIOT 3a BpeMe Ha CTapeemeTo ce pasuKyBa Off
MOYETHOTO, CellaK 3aBHCHOCTA Ha OCIO0OAYBAH-ETO Ha
aKTHUBHATa cyIncraHugja o mnomumepor HPMCP HP 55
Oellle 3aApXKaHa, a Jypu U IOHarnaceHa npu nosucoku pH
BPEJHOCTH.



