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Abstract

The purpose of this study is to investigate the effect of formulation variables on drug release and floating properties of the
delivery system. Hydroxypropyl methylcellulose (HPMC) of different viscosity grades and Carbopol 934P (CP934) were used
in formulating the Gastric Floating Drug Delivery System (GFDDS) employing 2 full factorial design. Main effects and
interaction terms of the formulation variables could be evaluated quantitatively by a mathematical model. It was found that both
HPMC viscosity, the presence of Carbopol and their interaction had significant impact on the release and floating properties of
the delivery system. The decrease in the release rate was observed with an increase in the viscosity of the polymeric system.
Polymer with lower viscosity (HPMC K100LV) was shown to be beneficial than higher viscosity polymer (K4M) in improving
the floating properties of GFDDS. Incorporation of Carbopol, however, was found to compromise the floating capacity of GFDDS
and release rate of calcium. The observed difference in the drug release and the floating properties of GFDDS could be attributed
to the difference in the basic properties of three polymers (HPMC K4M, K100LV and CP934) due to their water uptake potential
and functional group substitution.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Calcium supplements have been widely used for the
prevention and treatment of osteoporosis and to com-
- pensate the daily calcium loss from urine and feces.
* Corresponding author. Fax:886-7-322-3170. The need for the dietary intake of calcium is greater
E-mail addresschienyie@kmu.edu.tw (Y.W. Chien). for individuals undergoing rapid skeletal growth, such
Present address: Pharmaceutical and Analytical Development, . . .
as infants and children, and pregnant and lactating

Novartis Pharmaceuticals Corporation, One Health Plaza, East )
Hanover, NJ 07936, USA. women. Even for healthy adults, normal calcium
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losses in urine, feces, and sweat must be balancedmeric GFDDS fabricated from a combination of poly-

by dietary calcium intake or calcium supplement
(Heaney et al., 1989; Heaney, 1987; Heaney, 1982;
Barger-Lux and Heaney, 1994

When orally ingested, only about 25-35% of a nor-
mal dose of supplemental calcium can be absorbed
(Schaafsma, 1997 The incomplete absorption is
due to the efficiency of the carrier mediated process
(Bronner et al., 1986 Calcium absorption is the sum
of a saturable calcium binding protein mediated active
transport and a non-saturable concentration gradient

dependent passive absorption process. The former

process mainly occurs at duodenum and proximal
jejunum, and the later occurs predominately in the
distal jejunum and ileumRansu et al., 1991

In view of this absorption characteristic, the hy-
pothesis of the current investigation is that if the
gastric residence time of a calcium-containing for-
mulation could be prolonged to allow calcium to
reach the site of active absorption in a controlled
manner, then the oral bioavailability of calcium might
thereby be increased. The controlled delivery system
for calcium would also be beneficial for patients with
hypohydrochloria syndrome, because calcium will be
released in a controlled manner.

Combined usage of hydroxypropyl methylcellulose
(HPMC) and Carbopol in a mucoadhesive delivery has
been reported{hanna et al., 1997; Anlar et al., 1993
to improve the mucoadhesiveness of the combined sys-
tem. Marcos et al.Rerez Marcos et al., 1994tudied
the potential of combining Carbopol 974P and HPMC
K4M using propranolol hydrochloride as a model drug
and found that the amount of water imbibed in Car-
bopol was lower than that by HPMC alone or 1:1
mixture of two polymers. HPMC and CP934 were
added extragranularly without exposing the polymers
to granulation fluid for compaction purposeurrani
et al., 1997. However, there has been no study to date
designed to evaluate the controlled release and float-
ing properties of the delivery system using the com-
bination of these two polymers.

The objective of this study was to systematically
investigate the contribution of several formulation
variables on the drug release rate and floating prop-
erties of Gastric Floating Drug Delivery System
(GFDDS) using calcium carbonate as a model drug.

To achieve this objective, the contribution of two
independent formulation variables of the mixed poly-

mers was examined. Independent variables evaluated
included different ratios of HPMC K4M and K100LYV,
and the addition of CP934. The ranges of these for-
mulation variables were chosen based on the results
obtained in the preliminary studies conducted in this
laboratory. Dependent variables studied included re-
lease parameters, i.e. calcium release at 6h (Rel),
time for the release of 50% of calciunspey), and
floating properties, i.e. Area under floating kinetics
curve (AUG), and Residual floating forcd-{).
Specifically, the in vitro release and floating studies
of six formulations, prepared according to ax23
full factorial design, were performed, using USP type
Il dissolution apparatus and an online continuous
floating monitoring systemL{ et al., 2003, respec-
tively. Release and floating parameters were obtained
directly from the release and floating kinetics curve.
Further regression analysis provided a quantitative
relationship between the response and the studied
independent variables.

2. Materials and methods
2.1. Materials

Calcium carbonate (Lot #: A-6-313-24) was re-
ceived from GlaxoSmithKline Consumer Health-
care (GSK, Parsippany, NJ). Methd®eK4M and
K100LV, which are commercially available grades
of hydroxypropyl methylcellulose from Dow Chem-
icals Co. (Midland, M), were also supplied by GSK.
Other materials were purchased from the commercial
sources: citric acid from Sigma Chemical Co. (St.
Louis, MO), CP934 fromBFGoodrich, 200(qCleve-
land, OH), magnesium stearate (MgSt) from Fisher
Scientific Co. (Fairlawn, NJ), hard gelatin capsules
(size 000, manufactured by Eli Lilly Co.) from Fron-
tier Co. (Norway, 1A).

2.2. Methods

2.2.1. Experimental design

The formulations were fabricated according to a
2 x 3 full factorial design, allowing a simultaneous
evaluation of two formulation variables and their inter-
actions. The experimental design with corresponding
formulations are outlined iffable 1
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Table 1
Composition of GFDDS used in formulation development evaluating the effects of HPMC grades (viscosity) and the presence of Carbopol

Formulation code Ingredients/capsule

Calcium Citric acid HPMC K4M/K100LV ratio Carbopol MgSt (mg)
carbonate (mg) (mg) (K4M/K100LV mg) (X1) (mg) (X2)

F1 625 90 0 (0/125) 0 20

F2 625 90 0 (0/125) 40 20

F3 625 90 0.5 (62.5/62.5) 0 20

F4 625 90 0.5 (62.5/62.5) 40 20

F5 625 90 1 (125/0) 0 20

F6 625 90 1 (125/0) 40 20

In this study, fixed amount of calcium carbonate
(625 mg), citric acid (90 mg) and magnesium stearate
(20 mg) were used; the formulation variables evaluated

were withdrawn at predetermined intervals for a pe-
riod of up to 12 h. The samples were filtered and then
analyzed by a calcium analyzer (Calcette/Precision

include:
X1 HPMC K4M/K100LV ratio (0, 0.5, 1.0);
Xo  absence or presence of CP934 (0, 40).

Systems Inc., Natick, MA), which uses EGTA solu-
tion as a titrant and calcium gluconate and Caléette
reagent cell activator to generate fluorescence. The
reaction cell was activated freshly before each set of

The dependent variables that were tested for both measurement and the Calcétteas calibrated by a
sets of studies included the following: calcium standard solution prior to each use.

Y1  percent of calcium release at 6 h (Rel);

Y,  time for 50% of calcium release from the 2.2.3.2. Floating study. In order to provide quanti-
delivery systemTsoo); tative measurements of the floating force, an online

Yz  Area under the floating kinetics curve (AYC continuous floating monitoring system, modified from

Y4  Residual floating forceH). Timmermans et al.Mesiha and Sidhom, 1995was

designed. The setup consisted of an analytical balance

2.2.2. Preparation of calcium GFDDS interfaced with a PC via RS232C interface, and the

Calcium carbonate was geometrically mixed with data were collected at an interval of 60s for up to 8h
various pharmaceutical excipients except magnesium (Lj et al., 2001, 200p
stearate, in a mortar and pestle for 10 min to achieve a  Following the calibration of the floating apparatus,
homogeneous blend. Magnesium stearate was addedne capsule was inserted into the sample holder basket
to the blend and mixed for additional 3min. The fi- and the holder was then immersed into the simulated
nal blend was filled into hard gelatin capsules (size gastric fluid (900 ml of 0.1N HCI with 1.8 g of NaCl),
000) manually using slight compression. For each maintained at 37C by a reaction beaker. All other
formulation, a total of 10 capsules were prepared for process variables were kept constant.
conducting drug release and floating study. Each cap-
sule contained a fixed amount (625mg) of calcium 2.2.4, Statistical analysis
carbonate. The results from factorial design were evaluated us-
ing SAS program. The mathematical model that PROC
REG used is a linear model, which bears the form of
2.2.3.1. Rel tudyDissolution ~studi ca- ()

.2.3.1. Release studyDissolution studies were

conducted using standard USP paddle dissolution ap- Yi = Do+ biXa + boX2 + b12X1 Xz @
paratus (DT6R/Erweka Instrument Co., Milford, CT). whereY; is the level of response variablds;, is the
In all the dissolution studies, the paddles were rotated regression coefficient, an&y, X2 and X1, represent
at a speed of 100 rpm in 900 ml simulated gastric fluid the main effect of the formulation variables and their
(SGF) at 3A#0.5°C. A series of samples (1 ml each) interaction.

2.2.3. In vitro characterization of GFDDS
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2.2.5. Moisture uptake of HPMC and Carbopol
Ten milligram each of HPMC and CP934 pow-

der were dried at 40C under 0% RH by N stream

to a constant weight. The humidity of the chamber
was then ramped between 0 and 95% RH. Sorption
behavior of the powders was analyzed at’@5us-

ing a dynamic vapor sorption DVS-1000 instrument
(Surface Measurement Systems Ltd., London, UK)
instrumented with a Cahn D200 microbalance.

3. Results

Design of experiment (DOE) has been widely used
in pharmaceutical field to study the effect of formula-
tion variables and their interactions on response vari-
ables Chu et al., 1991; Garcia Gonzalez et al., 1993
In this study, a 3x 2 full factorial design Table J
was used. The first two formulations contained only
HPMC K100LV (viscosity= 100 cP) and the last two
formulations contained only HPMC K4M (viscosity
4000 cP). Formulation F2, F4 and F6, on the other
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Table 2
Comparison of various release parameters obtained for formula-
tions (F1-F6) by factorial design

Formulation Ca released at 6h Ts09% (h = S.D.)
code (Rel) (% + S.D.)

F1 97+ 5 0.124+ 0.11

F2 90+ 5 0.20+ 0.18

F3 88+ 2 0.234+ 0.13

F4 86+ 4 0.43+ 0.24

F5 78+ 4 1.84+ 1.02

F6 47+ 3 547+ 1.82

Fuente et al., 1996 The ratio of HPMC to Carbopol
was fixed to 3:1.

The results of calcium release from different formu-
lations, fabricated according to the factorial design,
are presented iRigs. 1 and 2There is a clear differ-
ence in the calcium release pattern between the poly-
mers of different viscosity; the fraction of calcium
released decreases as the viscosity of GFDDS in-
creasesKig. 1), while the presence of CP934 appears
to decrease the overall calcium release rate from the

hand, contained CP934 as another agent for gastricGFDDS {ig. 2). The difference in Rel are significant

retention, which works as a mucoadhesiBlafco
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Fig. 1. Effect of HPMC grades (different viscosity) on the release of calcium from formulations FISF&100LV; [, K4M and

K100LV; A, K4M; n = 6).



S. Li et al./International Journal of Pharmaceutics 253 (2003) 13-22 17

120
. 100}
(]
n
H
80
2
2
7} 60
©
K
[}
T 4
£
=
o
w® 20
(&]
OO 2 | ' 1 1 1 : | f | f 1
0 2 4 6 8 10 12
Time (hr)

Fig. 2. Effect of presence or absence of CP934 on the dissolution profiles of calcium from formulations El—f® CP934;0, with
CP934;n = 9).

the mean values df5q0 increased from 0.12to 5.47h  decrease in the values Bf and AUG as the viscosity
(Table 2. of the polymeric system increases.

Furthermore, the calcium release appears to exhibit ANOVA test of the release and floating properties of
two phases. The apparent release rates of calcium fromformulations indicated that K4AM/K100LV ratio, pres-
these two phases are estimated by linear regression ofence of CP934 and their interaction are significant in
the separate sets of points on the profile. As can be terms of calcium release propertie® « 0.01). The
seen fronFig. 3 there is a significant difference inthe same variables are also found to be significant for
burst effect from formulations fabricated from poly- AUC; andF; values withP < 0.01 (Tables 3 and }
mers with different viscosity # < 0.01). However, Moisture uptake of the polymers used in this inves-
the differences observed for the second phase of thetigation are illustrated irFig. 6. All three polymers,
release curve were non-significant. This may suggest which picked up significant amount of water during
that the initial burst effect is followed by the comple- the absorption profile, exhibited a slight hysteresis.
tion of a stable gel layer which, in turn, controls the While the moisture absorption curves of HPMC K4M
release of calcium from the delivery system.

Results of the floating properties of the GFDDS are
presented irFigs. 4 and 5There appears to be some Taple 3
difference in AUG and F; for systems fabricated  Comparison of various floating parameters obtained from buoyancy
by using HPMC K4M, K100LV and their mixture profiles of GFDDSs (F1-F6) from full factorial design

(Fig. 4). The difference is significant between HPMC  Formulation code Fr (9) AUC; (gh)
K4M/K100LYV ratios 0 versus 1.0 and 0.5 versus 1.0

I L F1 6.37(0.18 54.1(2.3
(P < 0.05), while is not significant between HPMC -, 3.5750.55; 40.854.83
K4M/K100LV ratios 0 versus 0.5K < 0.05). How- F3 4.95(0.41) 46.7(4.5)
ever, the presence of CP934 does make a significantF4 4.21(0.33) 45.4(2.6)
difference ¢ < 0.05, Fig. 5). The values foiF, and F5 3.61(0.25) 37.2(0.7)

AUCs, summarized inTable 3 appear to suggest a 3.42(0.18) 38.8(1.8)
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Fig. 5. Buoyancy profiles of GFDDS prepared from formulations F1-F6 with and without CR934vithout CP934;[], with CP934;

n=29).
Table 4
ANOVA table for different floating parameters from full factorial design
Source d.f. Sum square Mean square F value Probability
Releasg, (%) R? = 0.9648
X1 2 2941.71 1471.86 104.24 0.0001
X2 1 933.26 933.26 66.14 0.0001
X1 x X2 2 767.03 383.52 27.18 0.0001
T50% (mln) R2 = 0.8807
X1 2 46.51 23.25 31.05 0.0001
X2 1 7.61 7.61 10.17 0.0078
X1 x X2 2 12.18 6.09 8.13 0.0059
Fr (9) R? = 0.9063
X1 1 9.36 9.36 55.50 0.0001
X2 1 8.00 8.00 47.42 0.0001
X1 x X2 1 3.20 3.20 18.99 0.0008
AUC; (gh) R? = 0.8674
X1 1 918.75 918.75 45.12 0.0001
X2 1 470.22 470.22 23.09 0.0003
X1 x X2 1 252.08 252.08 12.38 0.0038
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Fig. 6. Effect of presence or absence of CP934 on the floating profiles of GHIP$. Moisture uptake profile of HPMC K4M, K100LV

and CP934 Q©, Carbopol;[], K4M; A, K100LV; n = 9).

and K100LV are almost identical, the curve of CP934
exhibited higher moisture uptake compared with cel-
lulose derived polymer.

4. Discussion

4.1. Release properties of delivery system

appear to be bi-phasic with initial burst effect (less
than 30 min) followed by a polymer-controlled slower
release in the second phase. The difference in burst
effect of the initial time is a result of difference in
the viscosity of the polymers. The viscosity of HPMC
K4M, K100LV is 4000 and 100 cP, respectively, vis-
cosity of their mixture could be obtained by empirical
equation Eq. (2) presented as follows:

W8 = Y8 4+ R, 1Y/8 2

There has been considerable interest in using dif-

ferent grades of HPMC in controlled release drug
delivery system Rerez Marcos et al., 1994; Sirkia
et al., 1993; Colombo et al., 1999; Dortunc and
Gunal, 1997 due to their hydrophilic nature and fast
hydration. It has been reporteM¢siha and Sidhom,
1995 that polymers of different viscosity grades can
yield different drug absorption.

The release profiles of formulations F1-F6, pre-
pared by using HPMC K4M, K100LV and their 1:1
mixture, are illustrated ifrig. 1L The release profiles

whereVy, is the viscosity of the polymeric mixturé;
andF; are the fraction of the polymers aid andV>
are the viscosity of the two polymers, respectively as
described in Methoc&handbook Pow Chemical Co,
1996. In this study the viscosity of a mixture of 1:1
mixture of HPMC K4M and K100LV is determined
to be 780 cP.

As can be seen frorRig. 1, polymeric system with
low viscosity polymer (HPMC K100LV) yielded a
faster initial burst effectDortunc and Gunal (1997)
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has reported that increased viscosity resulted in a
corresponding decrease in the drug release. Similar
results were reported by Wan et al., in which they
have demonstrated that HPMC with higher viscosity
resulted in thicker gel layer formationMan et al.,
1995. On the other hand, the apparent drug release
rate observed in the second phase from HPMC K4M,
K100LV and their mixture are quite similar, with a
slight variability in value from 23.6 to 27.1 mg/h. The
difference in the apparent release rate is illustrated in
Fig. 3. As indicated above, once the gel layer of the
polymeric system is formed, there appears to be no
difference in release rate from the delivery system.
Fig. 2 demonstrates the effect of CP934 on the
release of calcium from GFDDS. It appears that the
incorporation of CP934 decreased the release of cal-
cium from the GFDDS by 1.26-fold. Carbopol is in-
soluble in water and simulated gastric fluid, under the
test condition (pH= 1.2). And, the swelling behavior
of the Carbopol is attributed to the uncharged —-COOH
group that get hydrated by forming hydrogen bonds
with the imbibing water and, therefore, extending the
polymer chain flortazavi, 199%. Formulations with-
out CP934 exhibited a much higher burst effect, likely
due to the fact that CP934 is a cross-linked poly-
mer with high molecular weight~2 x 10° Da) and
viscosity, and, when contacted with water, it would
swell and hold water inside its microgel network.
This particular property may partially be responsible
for the retarded release of calcium from the GFDDS.

The experiments have demonstrated that 30-70% of

calcium would be held in the slow release portion of
the dosage form. The resultant gradual delivery of
calcium to the intestine theoretically would enhance
absorption Heaney, 198) This should be evaluated
in a future bioavailability study.

4.2. Floating properties of delivery system

As illustrated inFig. 3, GFDDS prepared by us-
ing HPMC K4M exhibited lower floating properties
compared to GFDDS prepared by using K100LV.
However, the difference between different floating
curves of different polymeric system is small. This
can be attributed to the identical moisture profile for
HPMC K4M and K100LV Fig. 6). While there is
a similar water uptake rate, the increase in density
of the GFDDS p¢) will be comparable, resulting in
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a similar change in floating capacity of the GFDDS
(F), i.e.Eq. (3)

®)

where p¢, V¢ is the density and volume of capsule,
pw is density of water.

Results inFig. 4 demonstrate that incorporation of
CP934 has a negative effect on the floating behavior
of the delivery system. This can be explained by the
moisture isotherm of CP934ig. 6), which illustrates
that CP934 has a much higher moisture absorption
curve compared to cellulose-based HPMC. The mois-
ture gain for CP934 is significantly higher compared to
moisture gain for HPMC (55% weight gain for CP934
versus~33% for HPMC at RH of 95%); this results in
a dramatic increase in the density of the GFDRS (
Eq. (5)above) which, in turn, shows a corresponding
decrease in the floating capacity of GFDDS.

F = Fpuoyancy— Fgravity = (ow — 0c)9Ve

4.3. Moisture uptake of HPMC K4M, K100LV and
CP934

Fig. 6 illustrates the similar moisture absorbing
isotherm for HPMC K4M and K100LV, while the
moisture absorbing isotherm curve for CP934 is much
steeper under identical conditions. The relationship
between chemical potentialt), water activity éy)
and relative humidity (RH) in moisture isotherm study
are illustrated irEqgs. (4) and (5)

P
= u® +RTInaw = n° + RTIn =5 (4)

RH = 100 x
PO

®)
which suggest that equilibrium at certain RH is an indi-
rect indication of the chemical potential of the water in
the systemiontny and Zografi, 1995which could be
translated into the water activity in the polymeric sys-
tem. CP934, a polyacrylic acid based system, appears
to have a much stronger solid—water interaction com-
pared with HPMC, a cellulose-based polymer. This is
an interesting way of looking at the water—polymer
interaction and a recent studgdcchetti, 1998has
elaborated the thermodynamic analysis of the moisture
sorption isotherm, in which activities, chemical poten-
tials, and free energy are calculated for water—solid
systems.
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5. Conclusions

Overall, this study concludes that viscosity is a
major factor affecting the release and floating prop-
erties of the GFDDS. The higher viscosity seems to
inhibit the initial burst effect of calcium release from
the GFDDS; however, it does not seem to affect the

calcium release rate thereafter. Carbopol, however, is

found to compromise the release and floating prop-
erties of GFDDS. Although it might provide other
gastric retentive mechanisms to maintain the GFDDS
in the Gl tract, it might not be a good candidate to be
included in gastric floating delivery system.
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