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Summary

The solubility parameters of ethyl cellulose, hydroxypropyl methylceliulose, hydroxypropy! ecllulose, hydroxypropyl methyleel-
tulose phthalate, cellulose acctale phthalate and the polyethylene glycols of molccular weight 200-6000 g-mol™' have been
calculated using group molar attraclion constants. The calculated values are, with the exception of those calculated using the group
molar attraction constants given by Small (1953), in elose agreement with those observed experimentally.

A knowledge of the compatibility charucteris-
tics and solubility of polymers and plasticizers
used in film coating is irmportant in the optimiza-
tion of both the f{ilm formulation and the
processing conditions (Rowe, 1984). In this rec-
spect polymer scientists have tended to use the
solubility paranieter approach based on the regu-
lar solution theory of Hildebrand and Scott (1950)
who defined the solubility parameter (8) of a
substance as the square-root of its cobesive energy
density or energy of vaporization per unit volume,
Although it is relatively easy to direcily measure
the solubility parameter of volatile substances, the
method is not applicable to non-volatile polymers.
Solubility parameters for thesc malerials can only
be determined indirectly by studying polymer-
solvent interactions which are assumed to be a
maximum when the solubility parameter of the

Correspondence: R.C. Rowe, 1CI Pharmaceuticals Division,
Alderley Park, Macciesfield, Cheshire SX10 2TG, UK.

polymer is equal 10 the solubility parameter of the
solvent. These methods, which usually involve
viscosity or polymer swelling measurements, can
be laborious and time consuning and a morc
rapid approach is sometimes necessary. In this
respect, it is possible to calculate the solubility
parameter of a polymer from its molecular struc-
ture from the summation of the group molar
attraction constants (F) present in the molecule
using the formula: ‘ '

_EF

=5

where V is the molar volume of the polymer
(Small, 1953).

This approach has been applied in this work to
both the cellulose derivatives and polyeihylene
glycols used in tablet film coating.

The film formers studicd were ethyl cellulose
and hydroxypropy! cellulose (EC and HPC; Her-
cules Powder Co., Wilmington, DE, U.S5.A); hy-

0378-5173/86,/503.50 © 1986 Elsevier Science Publishers B.V. (Biomedical Division)
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droxypropyl methylcellulose and hydroxypropyl
methylcellulose phthalate (HPMC and HPMCP,
Shin-Etsu, Chemical Co., Tokyo, Japan) and cel-
lulose acetate phthalate (CAP; Eastman Chemical
Products, Kingsport, TN, U.S5.A.). The polyethyl-
ene glycols (PEG) with nominal molecular weights
of 200, 400 600, 1000, 4000 and 6000 g- mol™!
" were obtained from BDH Chemicals, Poole, U.K.
Densities of the cellulosg* derdvatives were de-
termined using helium pycnometry (model 930,
Beckman Instruments, Glenrothes, Fife, Scotland).
The number average molecular weights of the
polyethylene glycols were determined using gel
permeation chromatography with tetrahydrofuran
as carrier solvent. The solubility parameters for
the cellulose devivatives were calculated by divid-
‘ing the sum of the group molar attracltion con-
stants for one representative structural unit by the
melar mass of that unit and multiplying by the

TABLE 1

polymer density. Those for the polyethylene gly-
cols were caloulated from the entire molecule. The
group molar attraction constants were obtained
from tables given by Small (1953), Hoy (1970) and
van Krevelen and Hoftyzer (1976).

The results together with experimental data
from the literature are given in Table 1. It can be
seen that, for the cellulose derivatives for which
experimental data are available, there is good a-
greement between the solubility parameter cal-
cnlated using the group molar attraction constants
given by Hoy (1970) and wvan Krevelen and
Hoftyzer (1576) and that determined experimen-
tally. However, the solubility parameters calcu-
lated using the group molar attraction constants
given by Small (1953} are much smaller. This
discrepancy is due, in the main, to the somewhat
arbitrary molar attraction constant assigned by
Small to the hydroxyl group present in relatively

CALCULATED SOLUBILITY PARAMETERS TOGETHER WITH LITERATURE EXPERIMENTAL DATA FOR THE
CELLULOSE DERIVATIVES AND POLYETHYLENE GLYCOLS (DATA AT 25°C UNLESS STATED)

Solubility Parameter (MPai)

Small Haoy van Krevelen Literature
EC . 161 19.0 20,6 19.4-19.7 (Kent and Rowe, 1578)
. 21.1 (Burrell, 1975)

HPMC 16.1 n.s 244 20.7-25.6 (Aulton et al.. 1985)

HPC ] 17.0 211 24.9 21.7-21.6 (Roberts and Thomas, 1978)

ITPMCP 172 224 264 -

CAP 21.7 241 N2 -

PEG 200 19.1 202 281 23.7 (Vaughan, 1985}

PEG 400 18.4 02 231 180 ® (Takamiya et al,, 1959
23.2 (Vaughan, 1985)

FEG 600 18.0 19.7 15 20.5 ® (Kawakami et al., 1976)

PEG 1000 191 215 134 20.1 ¥ (Kawakami et al, 1976)

PEG 4000 18.9 211 225 154" (Kawakami <l al,, 1976}
23.7 (Otozai and Tohyama, 1976)
22.1-24.6 < (Burrel), 1975)

PEG 6 000 188 21.2 . 224 23.7 (Otozai and Tohyama, 1976)

* Measured at 100°C,
b Measured ot 67.3°C,

¢ Mid range values for poorly, moderate and strangly hydrogen bonding solvents,



_ large numbers in all the polymers (348 MPa’ - cof
-mol ™! the sum of 205 for the hydrogen and 143
for the cther oxygen) compared to those constants

determined by Hoy (462 MPa? - cm® - mol™') and

van Krevelen and Hoftyzer (754 MPa:-cnd-
mol~!). Tables comparing the constants de-
termined by all these workers are given in Barton
(1983). The high values for the solubility parame-
ters calculated for cellulose acelate phthalate are
consistent with those observed for the closely 1e;
lated cellulose acelate polymer (27.1-27.8 MPa?
— Burrell, 1975).

A similar explanation to the one given above
can be used for the differences between the solu-
bility parameters calculated for the polyethylene
glycols but here the discrepancy’is not so marked
since there are omly two hydroxyl groups per
molecule. The effect of these hydroxyl groups on
the solubility parameter will decrease with increas-
ing molecular weight, hence the slight decrease in
the caleulated solubility parameters with increas-
ing molccular weight consistent. with that observed
in practice {Kawakami et al., 1976; Otozai and
Tohyama, 1976; Vaughan, 1985). The distinct
break in the trend occurring between PEG 600
and PEG 1000 is due (o the simple faci that the
former is a liquid and the latter is a solid and that
different density values were used in the calcula-
tions ~— 1.12 g-cm ™7 for the liquid polyethylene
glycols and 1.20 g-cm™? for the solid polyethyl-
ene glycols. The effect of variable density is the
reason for the relatively low values of the solubil-
ity parameter determined by Takamiya et al. (1959)
and Kawakami et al. (1976) since both groups of
workers made measurements in excess of the melt-

_ing points of the solid polyethylene glycols. If the
calculated solubility parameters are corrected for
the changes in density at these temperatures (1.09
grcm™? at 67.3°C and 1.06 g-cm™? at 100°C)
then the agreement between the calculated and
observed values is much better.

In conclusion it can been seen that the use of

17

group molar attraction constants, especially those
given by both Hoy (1970) and van Krevelen and
Hoftyzer (1976) provides a rapid and realistic
value for the solubility parameters of both ths
cellulose derivatives and potyethylene glycols used
in tablet {film coating.
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Summary

The plasticizing efficiency of the polyettylene glycols when added to both ethyl cellutose and hydroxypropyl methyleellulose films
has been evaluated by mcasuring the glass transition temperatures of formulations using the torsional braid pendulum. Compared ta
hydroxypropyl methylcellulose, where there was a significant teduction in the glass transition temperature with increasing
concentration for alt the polyethylene glycols, the effect in the case of ethy! cefjulose was relatively small. Tn both cases the
plasticizing clficiency of the polyeihylene glycols decreased with increasing molecular weight with the high molecular weight solid
members exhibiting phase separation. The experimental data was compared with predicted values using simple models based on the
additivity of Iree volume, Agreement was Jimited to the systems where the plasticizer and polymer were compatible and no phase

separation ovcurred,

Introduction

Filmi formers such as the ceilulose cthers, ethyl

cellulose and hydroxypropyl methylcellulose are -

now used extensively in the film coating of solid
dosage forms. One commonly wvsed method of
modifying the properties of these polymers and
enhancing their (ilm-forming propertics is by the
addition of plasticizers. Plasticizers may be de-
fined as low molecular weight substances, ideally
of low volatility, which increase the flexibility of
_ the macromolecules hence producing (ilms which
are softer, more pliable and often tougher with a

Correspondence: R.C. Rowe, 1CI Pharmaccuticals Division,
Alderley Park, Macclesiield, Cheshire SK10 2TG, UK.

subscquent improvement in their resistance o
mcchanical stress. The most commonly used plas-
ticizers in tablet film coatings include the phtha-
late esters, polyethylene glycols of molecular
weight 200-6000 g-mole™!, propylene glycol,
glycerol and castor oil in concentrations varying
from 5% to 30% by weight of the polymer (Rowe,
1984). Secveral methods have been suggested for
cvaluating the efficiency of a plasticizer with re-
spect 1o the tablet coating requirements including
intrinsic viscosity measurcments (Entwistle and
Rowe, 1979), mechanical strength testing (Entwis-
tle and Rowe, 1979; Porter, 1980; Aulton el al,,
1981}, incidence of stress-induced defects (Rowe
and Forse, 1981} and glass transition ineasure-
ments (Entwistle and Rowe, 1979; Porter and

0378-5173 /86 /503.50 © 1936 Elsevier Science Publishers BV, {Biomedical Division)
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Ridgway, 1983; Rowe ct al., 1984; Okamafe and
York, 1985; Sakellariou et al., 1985) or softening
temperature (Masilungan and Lordi, 1984).

In the present work a dynamic . mechanical
technique, torsional braid analysis (TBA), recently
applied in the determination of the thermomecha-
nical properties and glass transition temperatures
of the cellulose derivatives (Sakellariou et al., 1983)
has heen used to study the plasticization of both
ethyl cellulose and hydroxypropyl methylcellulose
by a series of polyethylene glycols with molecular
weights from 200 to 6000 g- mole™’, The applica-
tion of several free volume models and equations
for the prediction of the properties of the plasti-
cized film formers fias also been investigated and
discussed with respeci to the deviations from the
free volume theory.

Materials and Methods

The film formers studied were ethyl cellulose
(EC — Grade W50, Hercules Powder Co.,
Wilmington, DE, U.S.A) and hydroxypropyl
methyleellulose (HPMC — Pharmacoat 606,
Shin-Etsu Chemical Co., Tokyo, Japan). The plas-
ticizers were a series of polycthylene glycols (PEG,
BDH Chemicals, Poole, UK.} with nominal
molecular weights 200, 400, 600, 1000 and 6600
g - mole~ . Molecular characterization of the poly-
cthylene glycols using both gel permeation chro-
matography with tetrahydrofuran as the carrier
solvent and vapour pressure osmoimetry suggested
that the materials, as supplied, were effectively
monodispersed. All materials were used as re-
ceived. _

The apparatus used to provide the thermo-
mechanical spectra of the systems studied has
been fully described elsewhere (Rowe et al., 1984;
Sakellarion, 1984, Sakellariou et al., 1985). The
glass braids used in this study were prepared by
first removing the size by heating in an oven at
500°C for 1 h followed by immersion in a 10 or
15% w/v solution of the formulation dissolved in
salvent mixture consisting of equal parts by volume
of dichloromethane and meihanol. Braids contain-
ing the equivalent of 5, 10, 15, 20, 30 and 40%
polyethylene glycol {concentration expressed as a

weight percentage of the polymer) were dried to
constant weight in an oven at 40-70°C, The ther-
momechanical spectra produced were analyzed as
described previously (Sakellariou et al,, 1985). The
transition width was assessed from the damping/
temperature curves where Wy 4 is the ratio of the
area under the logarithmic decrement peak at half
power height divided by the peak height.

Results and Discussion

Plasticization of the ethyl cellulose

Incorporation of the polyethylene glycols into
cthyl cellulose films brought about considerable
changes in the thermomechanical behaviour of the
polymer. A typical example of the effect of poly-
ethylene glycol 200 on ethy] cellulose is shown in
Fig. 12 and b, while the relevant data of all the
systems studied are listed in Table 1. In all cases
there Is one main transition recorded at a temper-
ature close to the glass transition temperature of
the pure polymer. Since this transition moved to
slightly lower temperatures with increasing poly-
ethylene glycol concentrations it was assigned to
the plasticized polymer. In all the systems studied,
with the exception of the unplasticized polymer,
there was a broad plateau occurring at tempera-
lures varying between 50 and 80°C. Although the
damping level of this plateau increased with in-
creasing polyethylene glycol concentration, no re-
lationship could be established between either the
shape or maximum damping and the grade of the
polyethylene glycol. Osterwald et al. (1982) re-
ported a similar behaviour for polyethylene glycol
6000 dispersed in hydroxypropyl methylceltulose
phthalate interpreting it as an extended melting
peak. However, it must be stated, that although

the solidification point for the 6000 grade lies

witlin this temperature region, those of the lower
molecular weight grades oceur at much lower tem-
peratures. Since the platean is present for all the
grades of the polyethylene glycols it can be pos-
tulated that this may be due to domains of molten
or rubber-like polyethylene glycol dispersed within
the polymer matrix. Incorporation of the 6000
grade tended to produce a relatively narrow tran-
sition unaffected by concentration whereas the
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Fig. 1. The thermomechanical spectra of cthyl cellulose plasticized with polyethylene glycol 200. (a) relative regidity; (b) logarittumic
decrement.

TADLE1
THERMOMECHANICAL DATA FOR THE POLYETHYLEME GLYCOL/ETHYL CELLULOSE SYSTEMS

PEG grade ' Concentration T, dogee 8, Wer
(Bw/w) -0 )
200 5.0 118 0.145 0.940 8.4
200 10.2 110 0.200 ¢.855 78
200 20.1 93 0.245 0.880 9.4
200 286 96 0.260 0.895 6.8
200 40.2 95.5 0.275 0.745 105
400 5.6 124 0.110 0.835 8.3
400 9.5 118 0.135 0.845 7.2
400 15.0 113 6.205 4.725 8.3
400 13.0 111 0.165 . BTLS T7
600 5.0 125 0.105 0.900 4.5
600 : 10.0 120 0.175 0.803 41
600 147 117 0.215 0.810 71
600 19.7 116 0.215 0.815 8.6
1000 51 127 0.100 0.930 4.9
1000 10.1 127 0.135 0.900 8.2
1000 153 127 0.135 0.905 10.2
1000 202 127 0.145 0.985 123
6 0 4,99 129 0,120 1.045 3.5
6 000 9.98 ' 129 0120 1005 33
. 6000 150 129 0.120 0.010 a7

6000 19.6 123 0.200 1.005 3.5
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lower molecular weight grades exhibited wider
transitions which tended to broaden further with
increasing concentration. The maximum logarith-
mic decremert decreased with increasing polyeth-
ylene glycol concentration for all grades of the
plasticizer although the extent of the depression
© was considerably less with the higher molecular
weight grades.

The variation of the glass transition of the ethyl
celiulose with both molecular weight and con-
centration {Table 1) best describes the plasticizing
efficiency of the polyethylene glycols. It can be
seen that the cfficiency of these materials in lower-
ing the glass transition temperature of the ethyl
cellulose decreases with increasing molecular size
with the two higher members of the series hardly
causing any appreciable change. This effect is
probably due not only to molecular size, which
would affect the diffusion of the molecules into

the ethyl cellulose matrix, but also the effective
molar concentration of the hydroxyl groups on the
polyethylene glycol molecule since this would cer-
tainly decrease dramatically on increasing the
molecular weight of the plasticizer,

Plasticization of hydroxypropyl methylcellulose
Typical examples of the thermomechanical be-
haviour of hydroxypropy! methylcellulose plasti-
cized with polyethylene glycol 200 and 6000 are
shown in Figs. 2a, b and 3a, b, while the relevant
data for all the systems studied are given in Table
2. A relatively broad transition was recorded in’
both the logarithmic decrement and relative rigid-
ity curves., Since the position of the maximum
logarithmic decrement was shifted to lower tem-
peratures with increasing polyethylene glycol con-
centration this was assigned to the plasticized
polymer. A number of samples exhibited a
shoulder before the glass transition temperature at
approximately 40°C and extending to approxi-
mately 80°C analogous to the plateau region seen

1

8 on the ethyl cellulose systems. Although the level
i of the maximum damping of this shoulder was
e M proportional to the polyethylene glycol concentra-
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Fig. 2. The thermomechanical spectrs of hydroxypropyl methyleellulose plasticized with polyethylene glycol 200. (a) relative rigidity;

(b} logarithmic decrement.
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TABLE 2
THERMOMECHANICAL DATA FOR THE POLYETHYLENE GLYCOL/HYDROXYPROPYL METHYLCELLULOSE 5YS-
. TEMS :
PEG grade Concentralion T, B ogec ' A ax Wrg
(% w/w) {°C) (°0)
200 17 136.5 0.115 0.760 6.5
200 4.9 130.5 0150 0.830 83
200 15 121 0.135 0.740 6.2
200 102 114 C.160 0645 . 1.7
200 12.6 108.5 0.160 0.690 76
200 150 103 0,190 0.830 18
200 201 93 0.215 0.795 14.6
200 302 ' 74.5 0.230 0.660 15.1
200 40.0 66 0.299 0.600 16.1
400 4.8 136.5 0115 0.825 9.4
400 . 100 119 0.120 A 0.665 14.0
400 13.0 1 - 0.140 0.645 - 9.5
400 20.0 _ 99 0,170 1.590 13.8
400 28.0 90.5 0.199 0.616 163
460 390 83 0.240 0.560 21,7
GO0 4.9 138 0.100 0.695 121
600 11.7 ) 119 0.135 0.617 10.4
600 150 115 0.175 0.670 19.1
600" 19.3 104.5 0.175 0.537 200
600 29.3 ‘ 96 0.150 0.575 14.5
600 9.6 ‘ 86 0.180 0.5%0 26.4
1000 540 139 0.09 0.710 139
1000 8.8 171 0.125 0.660 140
1000 4.6 122 0.145 0.630 16.8
1000 19.0 115 0.150 0.685 216
1000 36.2 . 105.5 0.215 0.460 25.1
6000 50 155 0.100 0.830 101
6000 10.3 154 0,160 0.766 10.1
6000 145 153 0.120 0.805 9.8
6000 203 152 0.139 0740 15.3

tion, there was no relationship with molecular size.
The level of the maximum logarithmic decrement
decreased with increasing polyethylene glycol con-
centration indicating an appreciable interaction

between the polymer and the plasticizer. Polyeth-

ylene glycol 6000 showed a depressed tendency for
such an effect indicating a poorer interaction.
Although there was scatter in the determination of
the peak width, it did tend to increasc with plasti-
cizer concentration for all but the polyethylenc
glycol 6000. From both the logarithmic decrement
and relative rigidity curves, it was possible lo
* investigate the compatibility limits for phase scp-

aration of the plasticizer in the film (Table 3).
This suggests that there is a definite rclationship
between the molecular weight of the polyethylene
glycol and its inferaction with the polymer. The
limits are similar to those reported by Okamafe
and York (1935) and were confirmed by produc-
ing films and observing them for any signs of
blushing indicating migration of the plasticizer.
The variation of glass transition temperature
with increasing plasticizer concentration (Table 2)
shows that the plasticizing efficiency of polyethyl-
ene glycol decrcases with increasing molecular
weight with polycthylene glycol 6000 being virtu-
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TABLE 3

COMPATIBILITY LIMITS FOR THE POLYETHYLENE
GLYCOL/HYDROXYPROPYL METHYLCELLULOSE
SYSTEM )

PEG grade Compatibility lintit
(% w/v)
200 40
400 28
600 28
1000 15
6000 10

ally a non-plasticizer for the polymer, These ob-
servations are in good agreement with both intrin-
sic viscosity data which showed a maximum
viscosity for hydroxypropyl methylcellulose dis-
solved in polyethylene glycol 200 (Entwistle and
Rowe, 1979) and with data on the mechanical
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properties of hydroxypropyl methylcellulose films

plasticized with polyethylene glycols of varying
molecular weight (Aulton et al., 1981).

Theoretical considerations

It is interesting to compare the experimental
data with those predicted using equations relying
on the additivity of the free volume of both the
polymer and the diluent/plasticizer. The first
equation chosen was that of Garfield and Petrie
(1964) which relates the plasticizing efficiency
parameter, 3, of a plasticizer at a reference tem-
perature, T, to the glass transition temperatures
and therma! expansion coefficients of the polymer
and plasticizer, ie. T, Toqs oy «g, respectively:

e, B(T) =, (T-T,) - ay(T - T,) (1)

The second equation chosen was that of Kelley
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Fig. 3. The thermornechanical spectra of hydrexypropy! methyleellulose plasticized with polyethylenc glycol 6000. (a) relative rigity;

(b) logarithmie decrement,
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and Bueche {1961) which relates the predicted
glass transition tomperature of ‘the plasticized
polymer, T,, with the volume fractions of the
polymer and plasticizer, V,,, and V; respectively:

Tzap-Vp'Tgp-I-ad-Vd'ng (2)
g ap‘vp-i-{!d'vd

Table 5 shows values for § (using constants for
the equation as given in Table 4) at two reference
temperatures, firstly at the glass transition leper-
ature of the polymer and secondly at 40°C to
facilitate comparison with data produced by Fujita
and Kishimoto (1958). It can be seen that the 8
parameters for the ethyl cellulose system are gen-
crally lower than those for the hydroxypropyl
methyleellulose, decreasing with increasing poly-
ethylene glycol molecular weight for both systems.
It is intcresting to note that the maximum A
parameter for the cthyl cellulose system is similar
to that for the hydroxypropyl methylcellalose sys-
tem containing polyethylene glycol 6000 (cf. the
experimental data which shows phase separation
and poor interaction in these systems). Although
the calculated values for the 8 parameter are of
thc expected order (0.05-0.30; Fujita and
. Kishimoto, 1958) they do not provide any infor-
mation on the validity of the assumptions made in
the derivation of the equation.

Application of the Kelley and Buccbe (1961)

TABLE 4
CONSTANTS USED IN THE PREDICTIVE EQUATIONS

a b " <
T a T ay

g -1 uad -1
(°C)y (°€T) G (CCT)
BEihyl cellulose 1315 44x107*

Hydroxypropyl

methyleellulose 1535 4.8x10~*
PEG 200 -77 7axi074
PEG 400 - T3x107*
PEG 600 —-67 T3%107?
PEG 1000 —65 73x107*
PEG 6000 ~56 73x10"*

* Sakeilariou et al. (1985).
® Williams et al. {1955).
¢ Trade Litcrature, Hoechst Palyglycol Manual (977).
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TABLE 5

PLASTICIZING EFFICIENCY {8} PARAMETERS AT A
— THE GLASS TRANSITION TEMPERATURE OF THE
POLYMER AND AT B — 40°C

PEGgrade A B
PEG/ FEG/ PEG/ PEG/
HPMC  EC HPMC EC
200 0.163 0.152 0.240 0.168
400 0.163 0147 2173 0.163
600 0.160 0.144 0.169 0.159
1000 0.156 0.139 0.i66 0155
6000 0.153 0.137 0.163 0.152

" equation does provide informution of the validity

of the approach by comparing predicted glass
transition temperatures with experimental data, It
can be seen (Fig. 4) that for hydroxypropyl meth-
ylcellulose the predicted values compare favoura-
bly with the experimental data for all plasticizer
conceatrations up to 15% for all the grades of
polyethylene glycol studied with the cxception of
PEC 1000 where the concentration was reduced to
10% and of PEG 6000 where there was poor
agreement at all concentrations. For ethylcellulose
(Fig. 5), with the exception of the PEG 200 at
concentrations below 10%, there was poor agree-
ment in all cases. It is interesting to note that in
every case where there is poor agreement the
experimental curves always deviate toward higher
temperatores. These obscrvalions added to the
fact that poor apgreement was invariably seen in
sysiems where there werc signs of phase scp-
aration would suggest the assumptions in the
equation are invalid. :
Further information on this point can be ob-
tained by involving the théory of Braun and
Kovacs (1965) who proposed that the introduction

-of an interaction constant, k, to account for the

non-additivity of the frec volumes of the compo-
nents, From their theory it is possible to derive a
modified Kelley and Bueche equation.

ie,
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TABLE 6
INTERACTION CONSTANTS (k) AND CORKRELATION
COEFFICIENTS CALCULATED FOR EQN. 3

PEG grade PEG/HPMC PEG/EC
k Correlation k Correlation
coefficien coefficient
200 01930 09413 0.1165 0.9036
A0 01417 0.9517 0.1448 0.8927
600 - 01453 09899 01260 0.8725
1000 0.2070 09916 0.1699 0.9401
6000 0.1535 0.9924 0.1933  0.9970
V.-V,
+k| —F—— (3)
ap. . VP +a,- Yy

According to the model proposed by Braun and
Kovacs (1965), the deviation of the theoretical
from the experimental data will vary linearly with
the quantity V,» Vy/a -V, + a4 Vy and the slope
of the graph will be of the order of 1072 Table 6
surnmarizes the so calculated k values for both the
polymers studicd and it can be seen than k ex-
ceeds the expected value by a factor of 10. This
implies that the non-addutivity of the free volumes

"in the mixture is only partially responsible for the
deviations in the predicted and experimental data,
and that other factors are involved. Okamnafe and
York (1985) have suggested that the broad molec-
vlar weight distribution of the cellulose cihers
might be responsiblé but, although such a factor
would affect the recorded wvalue of the Tg, it is
unlikely that it depresses the plasticizing efficiency
of the polyethylene glycols with increasing con-
centration. The depressed plasticizing efficiency of
the polyethylene glycols above their compatibility
limits must be duc to their phase separation and
their aggregation into small domains dispersed in
the polymer matrix. Consequently the actual
amount of the plasticizer dispersed at a molegular
level is less than the nominal. These phase sep-
arated domains will have a specific effect on the
mechanical behaviour of the films so prepared but
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will have little effect on their glass transition
{cmperalure,
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L INTRODUCTION

Salid dosage forms are frequently coated for varied pur-
poses, including the following:

*  Mask taste and smell

*  Protect from environment

* Provide protection from gastric acid — enteric
coating

*+ Make casy to swallow

* Provide identification .

* Give acsthetic appeal

* Hide surface defects

Many types of coatings are available. Sugar coating
used {o be a choice coating method years zgo. This was
mostly replaced with film coalings, as new polymers with
better film-forming properties and equipment for applying
these coatings became available, Several proprietary coat-
ing formulations are also available, such as Budragit®
(http:f/fwww.rochm.com/en/rohmamerica.html), Colorcon®
{http:/fwww.roehm.com/en/rehmamerica.html), or Aqua-
coat® by Asshi Kasei. The advantages of using these pre-
packed formulations are: consistency in color matching
and other considerations based on their ease of use, The
basic components of 2 film-coating system are:

+ Dolymer

*  Solvent

+ Plasticizer

+ Other ingredicnts
= Antitack agent
* Antifoam agent
» Colorant
+ Filler/extender
= Flavor
+ Surfactant

The following polymeric materials form the basis of
the most currently available coating formulations:

*  Cellulose-based
* Cellulose acetate phthalate (CAP)
* Hydroxypropylinethylcellulose (HPMC)
* Hydroxypropylcellulose (HPC)

Appendix. Coating Solutions

* Hydroxypropylethyiccllulose

+ Eihylcellulose

* Methylcellulose

* Microcrystalline cellulose and carageenan
*  Methacrylic acid/methacrylate csters

* Anionic and cationic polymers of meth-

acrylic acid

« Copolymers of methacrylates

¢ Copolymers of acrylatc and methacrylates

* Copoiymers of cthacrylate and methyl-

methacrylate
* Polyvinylacetatephthalate
*  Shellac

*  Polyvioylpyrrolidone

The choice of a coating formulation depends, to a
great degree, on the purpose of the coating. For example,
certain coatings from a clear coat to a multilaycred coating
will protect highly sensitive vitamins from oxidative dep-
radation.

In this book, the author described several prototype
formwulations that can be readily adapted for the formula-
tions provided here. The most significant aspeet remains
the choice of colors, which often detennines the method
of manufacturing the coating solutions. With a limited
chioice of dyes and lakes available for selection, manufac-
turers often use a cornbination of several colors and dyes,
along with agents such ag talc for opaquencss, to obtain
the desired colors and protection levels,

Another choice often confronted by the manufacturer
is whether to use an aqueous coating or an organic coating
systerml. Both have advantages and disadvantages.
Whereas organic coaling provides greater protection
against moisture uplake during the coating process
(important for moisturc-sensitive ingredients) and arc eas-
ier to apply because of the fast evaporation of solvents,
the problems related to environmental control of organic
solvents going in the atmosphere, the nced to perferm
solvent residuc tests, and the need to have explosion-proof
facilities often yields to these advantages of aqueous coat-
ing systcms. In recent years, many developments in the
formulation of agucous coatings made lhem an ahinost
universally accepted mode of application,
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268 Handhook of Pharmaceutical Manufacturing Formulations: Compressed Solid Products

1l. HYDROXYPROPYL METHYLCELLULOSE
(METHOCEL, HPMC} AQUEOUS COATINGS

Methocel-based ¢oatings in an aqueous base are the most
popular coating options. Two methods of making solutions
are possibie. If a lake is used, then alcohol is also included
(see, for example, Holberry Red).

A. Brte Rose

Bill of Materials

Scale (%, w/v) Item Material Name Quanlity/1
6.00 1 Hydroxypropyl methylceliulose 2910 15 cps 60.00

2.00 2 Polyethylene glycal 400 20.00

2.00 3 Polyethylene glycol 8000 20.00

0.25 4 Dye Red D&C No. 30 Lake 2.50

2.00 5 Titanium dioxide, special coating grade . 20.00

Qs 6 Water, purified, S to 11

MANUFACTURING DIRECTIONS

Charge 250 m] of water into a suitable container, and heat
to 60 to 70°C. With gentle stirring, disperse the hydroxy-
propyl methylcellulase onto the hot water. When the cel-
tulose has wetted, quickly add 250 ml of cold water. Stir
until the dispersion is homogenous, although the solution
of cellulose may not be complete. Dissolve polyethylene
glycol 8000 in 50 ml of water, and then add to the step

B. CHerry Rip

ahove. Add polyethylene glycol 400 to the basic solution
ahove. Load a suitable sized ball jar with Dye Red No.
30 Lake and titanium dioxide. Add a sufficient amount of
water to cover the pigment and balls, Mill overnight or
for 12 h. Other pigment reduction methods may be used
to yield a particle size nct above 1 pm. Add milled pig-
ments to the base solution from the step above, and make
up the volume with cold water. Use within 7 days.

Bill of Materials
Efe (%, wiv) Item Material Name Quandiity/l

6.00 1 Hydroxypropyl methylcelinlose 2910 15 cps 60.00

2.00 2 Paolyethylene glycol 400 ! 20.00
2.00° 3 Polyethylene glycol 8000 ' 20.00

1.80 4 Dye Red FD&C Mo. 3 Lake 18.00

0.10 5 Dye Red FD&C Nao. 2 Amaranth 1.00

2.10 & Titanium dioxide, special coating grade 21.00

Qs 17 Water, purified,, (deionized) QS to 11

1
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. Coating Solutions

C. Greranium Rose

Bill of Materials

| Library of Medicine by a third party and'may be protecté& bs-r U.S, Copyﬁght Iaw;.

i

Scale (%, wiv) ltem Material Name Quantity/1
6.00 1 Hydroxypropyl methyleellulose 2910 15 ¢ps 60.00
2.00 z Pulyethylene glycol 400 20.00
.00 3 Polycthylene glycol 8000 2000
0.24 4 Dye Red FD&C No. 3 Lake 2400
Qs 5 Water, puified 11
D. Guoss
Bill of Materials
Scale (%, wiv) Item Material Name Quantity/1
333 1 Hydroxypropyl methyleellulose 2910 15 cps 33.33
1.66 2 Polyethvicoe glycol 400 16.66
Qs 3 Waler, purified, QS to 11
L. Reo
Bill of Materials
Scale (%, wiv) Item Material Name Quantity/]
6,60 i Hydraxypropyl methylcellulase 2910 15 cps 60.00
2.00 2 Polyethylene glycol 400 20.00
2.00 3 Polycthylene glycol 3000 20.00
2.50 4 Dye Red 'D&C No. 3 Lake 25.00
0.50 5 Titanium dioxide 5.00
Qs 6 Water, purified, QS to 11
F.  Muoperate ReD
Bill of Materials
Scale (%, wiv) Hem Material Name Quantity/]
6.00 i Hydroxypropyl methylcellulose 2210 15 cps 6{.00
.00 2 Polyethylene glycol 400 20,00
2400 3 Palyethyiene glycol 8000 20.00
0.50 4 Dye Yellow FD&C No, 3 Aluminum Laks 5.00
2.50 5 Dye Red Poncean 4R Lake 25.00
1.00 6 Tiniun dioxide, special coating grade 10.00
Qs 7 Waler, purified, QS to 1
' [ A “{""‘.53"!:“.’-{“ n“rs."‘ ) E., o
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"The Role of Intra- and Extragranular
~ Microcrystalline Celluloseé in Tablet
Dissolution
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ABSTRACT

r;he objective of 1his study was 1o examine the influence of intra- and extragranular microcrystal-
line cellulose (MCC) on drug dissolution from rableis made by high-shear granulation. Granula-
tions were made in a Littleford Model W-10-B (10-liter) mixer and dried in a fluid bed dryer (Niro
Iic.). A Plackeir-Burman screening design and 2? factorial design were eniployed to study how drug
type, MCC (intra- or extra-}, filler type (laciose or dicalcium Phosphate), disintegrant rype (sodium
starch glycolate or croscarmeliose sodiunt} and level, proportion of magnesium stearate, and im-
peller speed affect tablet hardness, disintegration time, and dissolution. Twe model drugs were
chosen based on their solubility: metoprolo! tartrate (solubility > 1000 mg/ml) and hydrochiorothi-
azide (solubility = 1.05 mg/ml). Tablets were compressed to the same rarget weight (dose) and
similar tablet hardness. In some cases, dissolution testing was also carried out on the loose pran-
ules. The intra-extragranular distribution of MCC was Jound eritical 1o the compactibility and initial
disselution rates from these tablets. Intragranular MCC reduced drug dissolution, the gffect being
most marked in the case of the stightly soluble hydrochlorothiazide. For Sormulations containing
intragranular MCC, the granulating fluid level on tablet dissolution was also important, since an
increase in fluid level resulted in slower drug dissolution from botl the loose granules and the tablets
compressed from them. Conversely, extragranular MCC tended to increase both dissolution rates
and compactibility, It may be concluded that the appropriate distribution of MCC between and within
granules mnay optimize both dissolution and compactibility without changing overall tablet
‘composition.
- KEY WORDS: Experimental design; Extragranular; High-shear granulation; Hydrochiorothiozide:
Intragranilar; Metoprolol; Microcrystalline cellulose. ’

. '
*Present address: Mylan Pharmaceuticals Inc., Morgantown, WV 265054310,
**Address correspondence to L.L." Augsburger,
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344
INTRODUCTION

Microcrystalline cellulose (MCC) is one of the most
significant tabler excipients introctuced in modemn iimes.
It functions as an excellent dry binder—filler in direct
compression tablets as well as a disintegrating agent in
concentrations greater than 20% (1). MCC is also
widely used in wet granulations, where it helps prevent
overrunning granulation end points {2). This property of
MCC is extremely useful in a high-shear granulation
process where end points are reached quickly. Iowever,
the properties of MCC which male it such an excellent
filler also reducs its compactibility after wet granulation.
In practice, it is preferable to incorporate one-half into
the wet mass and the remainder into the final blend.
This procedure will provide hoth the flexibility of granu-
lation end point control resulting from intragranular
MCC and the excellent binding and compactibility pro-
duced by dry blending of MCC afier granulation.

Although the applications of MCC in direct compres-
sion and granulation have been extensively documented
in the literatare (3,4, its disintegrating behavior and jts
effect on tablef dissolution when incorporated into a wet
granulation have received little aitention. Unvala et al.
(5) compared the dissolution of drugs from wet-granu-
lated {planetary mixer) and directly compressed tablets
containing a 5% level of either theophylline, hydrochlo-
rothiazide, or chlorpheniramine maleate in MCC. They
observed greater compactibility of the. direct-compres-
ston formulations; however, there was little difference
between the two fnethods of tableting on the drg dis-
solution rate. Chowhan and Amaro (6) studied the ef-
fect of the level of intragranular MCC and the volume
of granulating water on 1he dissolution of a water-soi-
uble drug from tablets made by high-shear granulation.
They found that the rate of dissolution was inversely
proportional to the level of intragranular MCC and the
percent of granularing {luid. In a recent study of the
high-shear granulation process for metoprolol tablets
containing 20% MCC, Rekhi et al. (7,8) evaluated the
influence of the granuvlation mode of MCC on tablet dis-
solution. They found that intragranular MCC slowed
down drug dissolution for tablets made by high-shear
granulation. Furthermore, the dissolution rate also de-
creased when a higher impeller speed was used.

The foregoing smudies suggest that in addition to loss

of compactibility, the disintegration power of MCC also

may be diminished after high-shear wer granulation,
thereby resulting in retarded tablet disintegration. and
dissolntion. Given the widespread use of high-shear

Li et al,

granulators, and of MCC as an adjunct in modern wet-
granulation formulations, there is a need for a clearer
undersianding of this phenomenon and of how it may be
influenced by drug solubility as well as various formu-
lation and process variables. To that end, an experimen-

tai design approach was implemented to examine the .

influence of intra- and extragranular MCC and other
variables an the dissolution of drugs representing a
broad range in solubility.

EXPERTMENTAL
Materials

Two model drugs were used in this investigation:
meloprolol tartrate (METOP) USP (Assia Chemical In-
dustries Ltd., Israel) and hydrochlorothiazide (HCTZ)
USP (Merck & Co. Ine., West Point, PA). Metoprélol
tartrate is classified as a very soluble drug (1000 mg/
ml) and HCTZ as a slightly soluble drug (1 mg/ml) (8.

The excipients used in tablet formulations for both
drugs inctuded: microcrystalline cellulose NF (Avicel
PHI102®, FMC Carp., Philadelphia, PA); lactose mona-
hydrate NF (Fast Flo®, Foremost Co., Baraboo, WI);
dicalcium phosphate, anhydrous USP (Di-Tab®, Rhone
Poulenc Basic Chemicals Co., Shelion, CT); povidone
USP (Plasdone® K29/32, ISP Technologies, Wayne,
NT); sodium starch glycolate NF (Explotab®, Edward
Mendell Co. Inc., Pattersaon, NY): croscarmellose so-
dium NF (Ac-Di-Sol®, FMC Cosp. Philadelphia, PA);
colloidal silicon dioxide NF (Cab-0-5i1®, Eastech
Chemical Inc. Philadelphia, PA); magnesivm stearate
NF (Mallinckrodt Inc., St. Lonis, MO).

Experimenial Design

A typical 1ablet formulation in this study is shown in
Table 1. For the sake of comparison, each formulation
contained the same strength for either dmg. To deter-
mine the influence of the formulation and process vari-
ables on drug dissolution and to identify the relative

‘importance of the cstimated effects and any possible
-two-factor interactions, two screening experimental

designs were selected ustng Statgraphics Plus 7%
{Manugistics Inc., Rockville, MDDy,
Plackett-Burman Design

A Placket-Burman design (Resolution ITI) was se-
lected with 7 formulation and process variables and a to-
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compression force used to 1arget the same tablet bard-
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Table 1
Typical Tablet Formulation
Content
Ingredients Percent Milligrains/Tablet
Prug (METOP or HCTZ) 30.3 50
Filler (Lactose or Dicalcium Phesphatc) q.5. 100
Microcrystalline celluiose 20 . +33
Povidone K29/32 . 3 5
_ Disintegrant (sodiun starch glycolale ’
or croscarmellose sodium) 2/8 3.3/13.2
Magnesium sicarate 0.5 .0.8/1.6
Colloidal silicon dioxide 0.5 0.8
Tablet weight " 165
tal of 12 experiments (Tables 2 and 3). Lactose was Table 2
Fonsxdcrcd as a slack faclm: varying from: 33% to 44% Factor Levels for Plackett-Burman Design
in order to make up the difference between the wablet
weight resulting from the prescribed ingredient levels Factor : Low High
and 165 mg. Tt was assumed that a‘ny changes ;11 the Drug (type) METOP HCIZ
‘responses were due to the changes in the level of the - MCC (% intr) 0 100
variables studied rather than the results of the conse- Filler (gype) Laclose Dicul
quential changes in the proportion of lactose. The mea- Disintegrant (type) Sod. St. Gly.» Cros. sod®
sured responses included tabler disintegration time, per- Disimtegrant (level} 2% 8%
ent drug dissolved in 10 and 30 min and Qsp), and Impelier speet (rpm) 400 800
cen 5 Qi ' Magnesium stearate (%) 0.5% 1%

ness. *Sodiumn starch glycolate.
*Croscammellose sodium.
Tauble 3
Plackeis-Burman Design
[ Run Drug Filler MCC Disintegrant* Impeller Speed Magnesium Steacate
No. Type Type (% Intra) Type % {rpm) (%)
1 HCTZ DiCal 0 Cras. sod. 2 400 0.3
2 . HCTZ DiCal 100 Sod. su gly. 8 200 0.5
.3 METOP DiCal 100 Cros. sud. 2 200 1.0
4 METOP DiCat 0 Sod. st. gly. 2 800 1.0
5 HCTZ Lactose . 0 Sod. st. gly. 3 200 1.0
1] METQP Lactose [ Cros. sod. 8 800 | 0.5
7 HCTZ DiCal o Cros. sod. 8 400 1.0
& METOP DiCal- . 100 Sod. st gly. 8 400 ‘ Q.5
9 METOP " ' Lactose ™. 0 Sed. st gly. 2 400 0.5
10 HCTZ Lactose .10 Sod. st. gly. 2 400 1.0
1 - HCTZ Liclose 100 Cros. sod. 2 EQO 0.5
12 METOP Lactose 100 . Cros. sad, 8

S

400 1.0

*Cros, sod., eroscarmellose sodium; Sed. st gly., sedium starch glycolate,
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23 Factorial Design

Based on the results from the Placketi~Burman de-
sign, three of the factors—drug type, granulation mode
of MCC, and filler type—were choszen for further study.
A 23 facrorial design (Resolution V) with eight experi-
ments (Table 4) was conducted in order to identify any
possible two-factor interactions. Sodium starch glycolate
was used as a disintegrant, Other ingredients and vari-
ables were fixed at the low levels, ’

Effect of Gramilation Fluid Lavel

The proportion of grantilation fluid used for each nm
in the experimental designs varied depending on the
formulation. It was assumed that the effect of granula-
tion fluid level for each run is the same and negligible
compared to the effect of other variables in the study.
Haowever, the effect of granulating fluid level on the
drog dissolution rate for tablets containing intragramslar
MCC was evaluated. Selected batches (runs 2° and 5° of
the factorial design) with only drug-iype differences
were chosen and granulated with different amounts of
water. The percensage of water varied from 7% to 13%
for rn 2 (METOP) and from 20% to 30% for un 5
(HCTZ). ‘

Manufacturing Procedure

A premix of the drug, lactosefdicalcinm phosphate,
and MCC (if any) was deagelomerated using a Comil®
1978 (Quadro Engineering Inc., Millburn, NJ). The
premix, intragranular disintegrant (50%) and povidone
were gramilated (batch size 1 kg) with distilled water in
a 10-liter high-shear mixer (Model W-10-B, Littleford
Bros Inc., Florence, KY), and then dried in a fluid bed

Table 4
Worksheet for 2 Factorial Design

Ruon Drug MCC Filler
"No. Type’ (% Intra) Type
| METOP 0 Dical”
2 METOP 100 Lactose
3’ HCTZ 100 . Dical
4 HCTZ 0. Lactose
5 Herz 0o - Lactose
& HCTZ ] . Dieal
7 METGOP 100 "~ ‘Dical
Lactose

g METOP . 0

s

Li et ai,

dryer (Strea-1®, Niro Inc. Columnbia, MD) at 60°C 1o
a Ioss on drying (LOD) of <2%. The dried granula-
tions were screened through a #18-mesh screen using an
Erweka® FGS oscillating granulator (Erweka Instrumen
Corp., Milford, CT). Extragranular MCC (if any),
disintegrant, and colloidal silicon dioxide (#40 mesh)
were blended with the granulations (about 500 g of fi-
nal blend) in a 2-quant V-blender (Patterson-Kelley Co_,
East Stroudsburg, PA) for 10 min at 34 rpm. Magne-
sium stearate (#40 mesh) was added into the final blend
and mixed for 3 min. The final blend was compressed
into iablets using an instrumented Stokes® B2 press
(Stokes~Merrill Inc., Bristol, PA) with 10/32-in. round
flat tooling. The tablet hardness was approximately con-
trolled in the range of 40-50 N by varying the compres-
sion force. Selected baiches were compressed at a fixed
compression force of 700 kg (+ 10%).

Evaluation of ‘Granulations and Tablets
Physical Testing

The loss on drying of the granulations was measured
using a Compuirac™ moisture analyzer (Model MAX-
50, Arizona Instrument Corp., Tempe, AZ) with a heat-
ing ternperature of 105°C. Sieve analysis was performed
using an Allen-Bradley® sonic sifier (ATM Corp. Mil-
wankee, WI).

Tablet weight variation, thickness, and hardness were
determined.

Disintegration Time

Disintegration testing was performed on each tablet

batch as deseribed in USP XXII using the Vanderkamp®.

disintegration apparatus (Model W-110, Van-Kel indus-
tries Inc., Edison, NI). Purified water was used as dis-
integration medinm,

Dissolution Testing

The USP XXII basket (Apparatus I} assembly using
a rotation speed of 100 rpm was employed (10) with
$00 ml 0.1 N hydrochleric acid solution (37 4 1°C) as
the dissolntion media. Six tablets were tested from each
batch. The drug concentration in the solution was mea-
sured by ultravielet absorbance at a wavelength of 272
nm (for HCTZ) and 275 nm (for METOP) using a spec-
trophotometer with an automatic sample cell changer
(Beckman® Model 35, Beckman Instruments Inc., Ful-
lerton, CA). Threz samples of granules {each contain-
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Microcrysialline Celiulose Role in Tablet Tissolution

ing an equivalent of 50 mg drup and taken from the
fraction retained on #25 mesh) from selected balches
also were tested.

RESULTS AND DISCUSSION

A statistical analysis of the responses was perfonmed

using Stalgraphics sofiware. The analysis provides es-
timates of how strongly cach of the experimental factors
l affects the responses, such as 1ablet disintegration time
| and dissolution, .
g To graphically evaluate the data, standardized Parclo
L charts {11) were uscd to represent the relative signifi-
cance of the effecis afier eliminating noise factors. A p
value of 0.05 was considered as (he criterton for statis-
i tical significance. Analysis of variance (ANOVA) was
used as an altemative tool to justify the estimated regres-
sion modcl.

Tlackett-Burman Design

| The experimental data obiained from the Plackeit-
Burman design are summarized in Tables 5 and 6. The
. geometric mean diameters of granules were obtained
l based on log-normal probability plots (12). The tablet
‘ disintegration and dissoluiion data were analyzed statis-
tically,

Figure 1, a standardized Pareto chart for tablet dis-
integration, indicates that the type of drug is the singic
most important and also the only significant factor af-

347

fecting tablet disiniegration. (Note: the vertical line rep-
resents the critical £ value at the 0,05 significance level.)
The negative value means that the tablet disintegration
time is shorter when the drug in the systemn is changed
from metoprolol to hydrochlorothiazide, Direct obser-
vation of tablet disintegration revealed that metoprolol
tablets did not disintegrate but eroded instead. The
HCTZ tablets, however, disintegrale into granules rap-
idly. It séems that the tablets with soluble ingredients
disintcgrate nore slowly than those with insoluble ingre-
dients. The rapid dissoiution of the soluble ingredicnts
offsets the effect of disintegrant swelling when imunersed
into water. Although various proportions of disintegrant
and the two types of fillers with- different solubilities are
used in’ the system, the large solubility differences in
drug Lype appear {o play a major role in determinating
the tablet disintegration time. .

Figure 2 displays the relative importance of the fac-
tors affecting tablet dissolution Q,4 and Q.q. The pro-
portion of disintegrant is obviously the most significant
vapable affecting disselution. The drug dissolution rate
is increascd when the percemntage of disintegrant is in-
creased from 2% to 8%. The increase in the level of
inragranular MCC resulis in Jower.Q,, valves. These
results are in accordance with the findings of Chowhan
and Amaro (6) and Rekhi et al. (7,8). The type of diug
and proportion of magnesium stearaic ajso affects Qs
significantly. As expected, the higher the aqueous solu-
bility of the drug, the faster the tablet dissglution. Sur-
prisingly, the dissolution rate is increased when the pro-

N : Table §
Granulation Paramerters from Plackett-Burman Design
\ Run Granulating Fluid Granulation 10D Geometric Mean
No. Level (%) Yield (%) (%) Diameter (jum)
1 20 52 L.98 315
2 28 S0 1.90 . 410
-3 10 87 199 670
\ 4 4 93 1.72 350
} 5 19 89 1.11- 430
6 r 95 1.10 410
7 20 oz 1.85 250
8 15 - 84 1.47 710
9, .7 ) 1.83 - 510
10 25 - 93 1.37 260
11 25 §4 1.02 335
12 . 11 / 94 1.04 285

1S




348

1ietal,

Tuable &
Tablet Properiies from Plackert-Burman Design

Dissolutinn®

Run Compression Weight Thicknesst  Hardness® Disintegration®

No. Foree - (kg) {mg) (rrumn} )] (min) Qe Qi

1 600 166 2.20 44 1.74 61.2 65.7
1.0 ©0.02) ) 0.26) (2.25) (2.76)

2 080 177 232 33 1.00 57.6 65.7
. (1.8) (0.01) e (0.12) (2.33)y (2.95)

3 360 177 235 55 22.33 397 96.4
i (2.6) (0.02) @ (1.03) (1.94) (3.20)

4 510 166 2.36 49 10.50 44.6 92.5
(1.4) (0.02) ) €0.38) (1.55) (1.27)

5 650 167 2.55 42 3.29 : B86.9 96.6
(1.9) {0.02) 3 (0.36) (1.35) (0.51)

6 520 165 2,73 48 6.17 94.6 ) 90.1
(1.1 (0.01} {2 {0.15) {1.13) (0.94)

7 650 175 2.31 42 . 1.18 86.7 93.7
(1.7 (0.01) @ (0.10) {(1.20) {0.77)

8 740 169 2.40 5 13.45 60.1 96.2
2.6 (0.03) @ (0.51) (0.56) (0.85)

g 380 167 2.77 45 7.24 81.5 35.2
(1.8) {0.0L) “ - (0.38) (3.16) (0.94)

10 860 170 2.63 45 4.87 33.5 72.5
.7 (0.02) 3 (1.35) (7.00) (6.13)

11 800 171 2.54 43 ) 4.84 38.8 . 629
(. {0.02) T (0.37) (1.03) (1.93)

12 540 171 2.77 51 8.63 75.9 98.4
2.3) (0.02) 3) (0.14) (5.99) (1.91)

1S anddrd deviations given in parentheses {n = 6 for dissolution; » = 10 for others).

DRUG (type)
MCC (%infra)
DISINT (%)
MG ST (%)
FILLER (type)
AMP SP (rpm)
DISINT (type)

c - 1

2.

3 4

Standardized eff ecls

-

Figure 1. Standardized Pareto chant for tablet disiniegration:
Plackett-Burman design.

portion of magnesium stearate s increased from 0.5%
to 1%. This result is in contradiction to the general rule
of magnesium siearate as a hydrophobic lubricant. How-
ever, this effect may be due to magnesium stecarate
weakening the bonding between the granules so that the
drug.is released from tablets more rapidly (13). The
oype of filler and disintegrant, and impeller speed do not
affect dissolution significantly.

Interaction Effect Between Drugs, MCC,
and Fillers

The granulation and 1ablet properties from the 27
factorial design are summarized in Tables 7 and &, Fig-
ures 3-5 show the main effects and two-factor interac-
tions between drug type, the mode of incorporation of
MCC, and filler type on tablet disintepration and disso-
lution. The major effects are similar to the ones from

the Plackett-Burman design, The type of drug is the
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DISHNT (9%)
DRUG (lype)
MG ST (%)

FILLER (lype)

MOCC (Zintra)
IMP S (rpm)

CISINT (Lype)

PN FEwES SEVEE FEWTE SURWA CeTs o

O 1 2 3 4 5 6

Stondardized eilfacls

Figore 2. Standardized Pareto chart for percent drug release in 10 (Qg) and 30 min (Qy): Plackett-Bunaan design.

only significant factor affecting tablet disintegration
{Fig. 3). owever, the interaction Letween diug type
and mode of MCC incorporation on tablet disintegration
was nearly significant at p < 0.05. The interaction plot
(Fig. 4) indicates that the disintegration time for
METOP wablets increases dramatically when tie propor-
tion of MCC added intragranularly increases. However,
the disintegration time for HCTZ tablets remains unaf-
fected with elther intra- or extragrannlar MCC. Q,, was
not significantly affected by any variables studied al-

though the method of incorporation of MCC was close
to p < 0.05 (Fig. 5). By observation during {he disin-
tegration tests, we found that metoprolot tablets did not
disiniegrate but rather eroded, The tablet erosion was
slower with the addition of intrapranular MCC. On the
other hand, HCTZ 1ablets disintegrated rapidly into
granules for either intra- or cxtragranular MCC formu-
lations. Only drug type affecied Q,; significantly. The
type of filler used had no significant effect on tablet
dissolution for cither drug.

Table 7

. Granulation Parameters from 2 Factorial Design

Ruin Granulating Fluid - Granolation LOD Geometric Mean
No. Level (5%) Yicld (%) {%5) Diameler (pon)
by 6 92 2.0° 410

2! -, 10 D4 0.3 540

3 30 93 1.52 350

4r 15~ . g5 0.55 410

5 . 25 ’ 93 1.37 260

6 i6 o4 1.99 430

T B S 94 1.79 350

g 7 92 1.83 500
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Table 8
Tablet Properties from 2} Factorial Design
Run Compression Weighe Thickness®  Hardness* Disintegration® Dissolution*

Ne. Force  (kp) (mg) {mm) (N) (min) Qo Qio

1 510 172 2.43 49 10.53 : 40.5 57.9
(L.9) (0.01} 2) (0.57) (1.98) (3.25)

2 700 166 2.64 - 50 18.80 43,9 96.5
(2.2} (.02 3 (0.51) (3.10) (3.72)

3 - B9 169 2.22 40 0.82 42.8 61.5
. {1.3} (0.02) {2) (0.0 (1.60) (3.0%

4’ 540 168 2.65 42 1.44 74.4 78.4
: 2.3 (0.01) 3) (0.26) 2.00) (1.65)

5 600 167 2.67 37 0.64 44.6 61.8
' (1.8) 0.01) 3 (0.08) (3.04) (3.01)

o 600 166 2.24 40 1.58 70.9 76.5
(1.6) (0.01) @) 0.27) (1.57) (1.95)

T 450 167 2.36 47 15.43 31.6 88.6
2.0 (0.02) (3 (0.46) (1.51) (0.983)

g 380 167 2.77 45 6.57 863 - %0.4
(1.8) (0.01) - {4y {0.18) 719y (3.7

Srandard deviations given in parenthescs (n == 6 for dissolutian; 71 = 10 for others).

Effect of Intra- and Extragranular MCC on
Granule and Tablet Dissolution

As indicated earlier, intragranular MCC prolongs
tablet disintegration time for the very soluble drug
METOP, but shows little effect on the slightly soluble

DRUG (lype)
‘Drug X MCC

MCC (%inlra)

MCC X Filler

EILLER (type)| | 018

(0] 2 4 6 8. 10
Standardized effects !

Figure 3. Standardized Pareto chart for tablet disintegration:

23 factorial design.

drug HCTZ. The initial tablet dissolution rate (Qy), on
the other hand, decreases significantly when the granu-
laticn mode of MCC is changed from extra to intra,
Figure 6 displays the dissolution profile for metoprolol

granules and tablets containing either extra- or intra- -

grannlar MCC (runs 4' and 5’) and similarly for HCTZ

1 8 T T

T
2 la

15}

W S

METOP

I

12 -

PURSTEN N

Disintegration Tima (min}
(e}

i

! . T HCTIZ
ot . . .
0 100

MCC (% intra)

Figure 4. Interaction plot for tablet disintegration: 2° facto-
rial design.
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(21 0)

LB B S LAt A T

MCC (Fhintra)

FILLER (lype)

DRUG X FILLER

MCOCC X FILLER

PRUG (type)

i SPIPENEPE BT IS . EFU RN SR

(o] I 2 3 4 5

Standardized effects

FILLER (type)
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DRUG (lype)

DRUG X MCC

MCC{%Intra)

MCC X FILLER

i PYEEE FNEES FEEES | FIS PR NI |

0 1 2 3 4 5 6

Standardized effects

Figure 5. ° Standardized Pareto chart for percent drug release in 10 (o) and 30 min (Qs): 2 facturial design.

granules and tablets (funs 2° and 8}). With metoprolol,
the granulc dissolution rates are the same with and with-
out intragranutar MCC. However, there is large differ-
ence in tablet dissolution at 10 min, but litile difference
at 30 min. Obviously the fast initial tablet dissclution for
metoprolol is atiributed to the fast tablet disinlegration,
which is promoted by extragranular MCC. With HCTZ,
the pranule dissolution is much faster without the intra-
granular MCC, and similarly for tablet dissolution

(METOP)

Percent dissolved

o 1 | i 1
0“5 10. 15- 20 25 30 35

Time (min)

-

through the entire 30 miu. In addition, the disinlc‘grat-
ing action of cxtragranular MCC appears to compensate
for the effect of tablet compression on dissolution. On
the otlier hand, intragramilar MCC retards tablet and
granule dissolution throughout the 30 min., Thesc re-
sults, including both metoprolol and HCTZ, are consis-
tent with our observations during the disintegration and
dissolution tests on botly metoprolol and HCTZ tablets,
and their granutations. During the dissolution testing on

(HCTZ)

100 I- T T T T [
- 90 -
L 0 J
g 70 -
@ 60 -
S so0 -
5 40 -
o 30 .
P 20 R
10 -

O | L J i 1 1

0 5 10 15 20 25 30 35
Time (miny)

Figure 6. Effcct of granulation mode of MCC on"drug dissolution (A, gramules and ¥, tablets with extragranular MCC; O, gran-

ules and O, tablets with intragranular MCC).
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granulations, we ohserved that the metoprolol granules
with or without intragranular MCC dissolve very rap-
idly. However, the HCTZ granules disintegrate or dis-
solve much more slowly, especially those with intra-
granular MCC. Based on our observations and the
results from the disintegration and dissolution tests, it is
suggested that extragranular MCC promotes initial tablet
dissolution by different mechanisms depending on the
solubility of drug. For a very seluble drg, the shorter
tablet disintegration time induced by the extragranular
MCC plays a major role in promoting tablet dissolution,
while the fast dissolution of HCTZ gramiles with extra-
granular MCC (without MCC inside the grannles) re-
sulis in the fast drug release from the 1ablets.

Effect of Granulating Flnid Level
on Drug Dissclation

Figure 7 shows the effect of granulating finid level
on the dissolution rate of tablets containing intragranular
MCC, For both drugs, the ablet dissolution was slower
when the amount of granulating fluid was increased.
These resulis are in accordance with the data reported
by Chowhan and Amaro (6). The effect of granulating
flnid level on drg dissolution from granules with MCC
is shown in Fig. 8. An increase In the amount of granu-
lating fluid Tesulted in slower dissolution of HCTZ gran-
ules but did not affect the dissolution of metoprolol
gramoles. This eould be the reason for slower tablet dis-
soiution over a 30-min perod for HCTZ, buot only over
10 to 20 min for metoprolel tablets. The more water
uscd in wet granulation, the denser were the granules
obrained after drying. Furthermore, more drug particles

(METOP)

Percent dissalved

0 1 1 [ ) '

(=3
tn

10 15 20 25 30 35
Time (min)

Percent dissolved

Lietat,

may be embedded into the MCC matrix doring wet
granulation, which subsequently retards drug dissolution
from the granules. These findings are similar to the
effect of changing the granulation mode of MCC (the
level of intragranular MCC) on tablet dissolution.

Compactihility of the Formulations and
Its Correlation with Tablet Dissolution

The tablet disintegration and dissolution results pre-
sented eatlier are based on tablets with simitar hardness.
The comprcssion force used in the Plackett—Burman de-
sign experiment ranged from 380 to 980 kg. The stan-
dardized Pareto chart for the compression force (Fig. 9)
indicates that the granulation mode of MCC affects the
compression force used most significantly, followed by
drug type, impeller speed, and filler type. The larger the
portion of MCC used in wet granulation, the higher the
compression force needed to achieve the same tablet
hardness. The change in compactibility of MCC after
wet granufation is attributed 1o the hard granules
formed; therefore, a higher compression force is needed
1o cause the gramtle deformation and fracture necessary
to form a hard tablet (14). The higher the impeller speed
used for wet massing, the greater the compression force
requiredt 10 targel the same tablet hardness. This is dne
to the greater energy exerted on the wet mass under the
high agitation, and to the harder gramules formed afier
drying. As a resull, a greater compression force would
be necessary for the deformation and fraciure of the
gramuiles.

The tablers made with a fixed compression force (700
kg) in the factorial design had various hardness. Figure

(HCTZ)

O 5 10 15 20 25 30 35
Time (min)

Figure 7. Effect of granulating fluid level on tablet dmsoluuon (METOP: O, 7%, O, 10%, A, 13% on mun 2'; HCTZ: O, 20%,

~£,25%, 13, 30% on nun 5.
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(METQOP)
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(HCTZ)

1 § | _l !
10 15 20 25 30 35

Time {min)

Qo—1
g 5

Figure 8. Effect of granulating {luid level on granule dissulution (METOP: 0, 7% and A.13%; HCTZ: D, 20% and 4, 30%).

10 demonstrates resuils similar to those found for tab-
leis with the same hardness. The formulations with
intragranular MCC were less compactible than the ones
with cxtragranular MCC.

The dissolution data obtained by keeping compres-
sion force constant in this design were also analyzed sta-
listically. Figure 11 indicates that the resulls are simi-
lar to those obtained from (ablets of same the hardness
(Fig. 5). It appears that fixing compiession foree has

MCC (%intra) 708

DRUG (lype)
P SP (rpm').'

FILLER (type)

a1 PRI TS Y PR ]

0 2. 4. 6 B

Sléndardized effecls

! /
-
Figure 9. Standardized Parcto chant for cowpression {orces
used 1o achieve same 1ablet hardness in Plackeit-Bunman,
design.

more of an ¢ffect than fixing tabiet hardness on disso-
Iution {Q,q and Qg values), as seen with the variation
in the granulation mode of MCC.

CONCLUSIONS

‘The rote of itra- and exiragranular microcrystatline
cellutose on tablet dissolution was studied through the

DRUG (lype)

MCC {(%inlra)

MCC X FILLER

FILLER (lype)

0 1 2 3 4 5 6

Standardized effecls

Figure 10. Standardized Parety chart {or tablet hardness
(2 factorial design).
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DRUG X FILLER

Le DRUG (type)
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Standardlzed effects

DRUG X MCC

MGG (%Intra) -

MO X FILLER

FILLLER (type)

| P | b NPT, RS T |

O 2 4 6 a8

Standardizad affects

* Figure 11. Standardized Pareto chart for dissohition Qyy and Qs (27 factorial design, fixed compression force).

usz of statistical experimental design techniques and
conventional testing. The influence of other formualtion
and processing vartables was also investipated. The
granulation mode of MCC is very critical to the
compactibility and initial dissolution rates of tablets. Al-
though intragranular MCC can assist in the granulation
process by enhancing end point control, it has negative
impact on tabiet dissolution, especially for the system
containing a slightly soluble drug. For a formnlation
containing intragranular MCC, the influence of granu-
Tating flnid level on tablet dissolution is also a potential
concern. On the contrary, the inclusion of MCC extra-
granularly tends to have the reverse effect in that dis-
solution rates and compactibiilty increase. Changes in
the type of filler from lactose to dicaleium phosphate,
the type of disiniegrant from sedium starch glyeolate to
croscarmellose sodium, and the impeller speed did not
appear 1o affect tablet dissolution. Formulations with
intragranular MCC are less compactible than. those with
extragranular MCC. However, it appears that the com-
pression force used for tableting and the resulting 1ab-
let hardness in the sdy have a minor eifect on tablet
dissolution. Optimizing the distribution of MCC tetween
and within granules may make it possible to optimize
dissolution and compactibility without chahgipg overall

P

tablet composition. The signiﬁcance of these findings for
drug bioavailability is debatable but should be tested.
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Abstract

It is dewonsirated that the dissolution from capsules and tablets of poorly soluble, hydrophebic drugs can be strongly improved by solid
deposition of the drug upon hydrophilic, strongly swelling carxiers like the super disiategrants sadium starch glycolate and croscarmellose
sodium. As an effect of its lower swelling power, the super disintegrant crospovidone is far less effective than the other super
disintegrants. Wet granulation of poorly soluble drugs with high coucentrations of sodium starch glycolale tesulled likewise in a strangly
improved drug release and bioavailability frown capsules and tablets. It was found, however, that granuvles containing a two high
sencentration of the super disintegrant slow down the drug release from fablets, This effect is caused by the formation of a viscous barrier
of the super disintegrant in the granules during the dissolution process.

Keywords: Solid deposition; Granules, Dissolution rate; Super disintegrants; Swelling

1. Introdaction

For poorly soluble, orally administered drugs, the
rate of adsorption is often controlled by the rate of
dissolution ¢f the drug in the gastro-intestinal tract
Although theoretically the dissolution rate can be
enhanced by increasing the surface area of the dmg
by micronizalion, in practice the effect of microniza-
tion is often disappointing, especially when the drugs
are encapsulated or tableted (Aguiar et al, 1967;
Fioholt and Solvang, 1968; Lin et al., 1968). This
phenomenon was attributed to the agglomeration
tendency of micronized, poorly soluble, hydrophobic
drugs, which effect results in a decreased effective
surface for dissolution.

Nystrom and Westerberg (1986) and Westerberg et
al. (1986) demonstrated that ordered mixtures where
micronized drug particles are fairly evenly distributed

A‘!Cm’rﬂ:.spcuding auther. Tel.: +31 50 363 3283; fax +31 50 363 2500.

0928-0987/97/332.00
PII S0928-0987(96)00256-4
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on relatively large hydrophilic carmrier particles can
prevent reagglomeration and increase the drug disso-
lution rate as an effect of the large effective surfacc
for dissolution. A prercquisite for fast dissolulion
from an ordered mixture seemed to be that the carrier
particles dissolve rapidly, delivering a fine particulate
suspension of drug particles.

1n the first part of this series, it was shown that the
dissolution from capsules and tablets of poorly
soluble and hydrophobic drugs can be strongly
improved by solid dcposition of the drug upon the
surface of the hydrophilic and strongly swelling super
disintegrant sodium starch glycolate (Te Wierik et al.,
1992). The improvement of the dissolution rate was
found 1o be better than from systems with a hydro-
philic- soluble carricr like lactose or with a carrier
with limited swelling propertics, such as potato
slarch. ,

In the presept study, the cffect of two other super
disintegrants, croscarmellose sodium and cros-

S
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povidone on the disselution profiles of the hydro-
phobie, pootly soluble dmpg nifedipine was investi-
gated. As super disintegrants, unlike other carriers,
have poor flow properties due to their rather small
particle size, the flowability of physical blends of
drigs and super disintegrants may be a problem in
capsule filling or tableting. For this reason also the
effect of wet granulation of the hydrophebic, poorly
soluble drugs, methylprednisolone and phenyl-
butazone, with sodium starch glycolate on their dis-
solution rate from capsules and tablets was studied.

2. Experimental procedures
2.1. Chemicals

The fAller binders used were a-]actose monohydrate
100 Mesh (mean particie size §1.6 pm) from DMV
(Veghel, The Netherlands), microcrystalline cellulose
{Avicel PH 101 and Avicel PH 102, mean particle
size of the latter 100 po) from FMC Ewrope SA
. {Brussels, Belgium) and dicalcium phosphate

" dihydrate {Emcompress, mean particle size 100 jum)
from Edward Mendzll (Carmel, NY, USA). The super
disintegrants used were sodium starch glycolate
{Primojel, mean particle size 34 pum), croscarmellose
sodinm (Primellose, mean padicle size 26 pm}, boih
{from Avebe {Veendam, The Netherlands) and cros-
povidone (Plasdone XL, mean particle size 10 pum)
from" GAF Corp. (Frechen, Germany). The active
substances used were nifedipine (mean particle size
3.0 pm) kindly donated by Bayer (Leverkusen,
Germany), methylprednisolone (mean particle size
25 pm) from Upjohn (Xalamazoo, MI, USA), and
phenylbutazone (mean particle size 4.5 pm) from
BUFA (Castricumy, The Netherlands). All mean par-
ticle sizes were measured by air permeametry. The

nisolone and phenylbutazone at room femperature are
50 mg/l, 80 mg/l and 700 mg/l, respectively.

2.2, Preparation of capsules and 1ablets from
physical blends

For the nifedipine capsules, 20% nifedipine and
80% excipient were yixed for 15 min in a Turbula
mixer (model 2P, W.A. Bachofen, Basle, Switzerland)
al a rotation speed of 90 revs./min. Then, 50 mg of
the blend was filled in capsules or 1. The composition
of the physical mixes for nifedipine tablets is listed in
Table 1. Dmg and excipients, except magnesium
stearate were mixed in the Turbula mixer for 15 min.
After addition of magnesium stearate, the mixing
procedure was continued for 5 min. -

2.3. Preparation of capsules and tablets from
granules

Granules of drmug (methylprednisolone or
phenylbutazone) only and drug with different per-
centages sodium starch glycolate were prepared by
wet granulation. First, the drig was dispersed in a
small, home-made planetary mixer with a quantity of
water being half of the weight of the drug, which
resulted in a thick paste. The sodium starch glycolate
was added and dispersed with the paste vntil a rough
mass was formed. Water wag added until the weight
was 25% of the weight of sodium starch glycolate.
For granules with drug oaly, the drug was mixed with
water uniil a rough mass was formed. The wet mass
was screened through a 1 mm sieve, dried 1-2 h at
50°C in a ventilated tray drier and screened again
through a 350 jum sieve. Capsules were prepared by
filling a gquantity of granules, containing 40 mg
methylprednisolone or 60 mg phenylbutazone in
capsules nr, 1 or 0, Tablets with a diameter of 9 mm

agueous  solubilities of nifedipine, methylpred- were prepared by compressing on a hydraulic press
Table 1
Composition of the nifedipine tablets in mg per tabletl

A B I D E F
Nifedipine 1 .10 10 10 i0 10
Microcryst cellulnge (type 101) 425 42.5 a5 — — —
‘et-Laclose monohydrate 109 109 1158 — — —
Sodivm starch glyrolate 6.3 — — 1583 - —_
Croscumeliose sodium o 68 — —_ 1583 —
Crospovidane — — —_ — —_ 158.3
Magnesinm slearate 17 1.7 1.7 L7 1.7 1.7
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(ESH, Bricrley Hill, UK), at a compaction load of 15
&M wilh both a2 compression and decompression rate
of 1.5 KN/s. The dic was prelubricated with mag-
nesium stearale before cach compression.

24, Dissolution rate measurements

The dissolution profiles were measured, for the
tablets according to the USP XXIII paddle method at
100 revs./min, and for the capsules as described by
Proost (1987) at 100 revs.fmin. Methyiprednisolone
was apalysed in water, nifedipine and phenylbutazone
were analysed in phosphate buffer (pH 7.5; USP
XXII). Nifedipine solutions were protected from
light. The drug coucentrations were measured spec-
trophotometrically using an Ultraspee 4052 TDS
apparatus (Pharmacia Biotech Benelux, Roosendaal,
The Netherlands). All experiments were caried out
six Ligcs.

Results and discussion

3.1. Dissolution rate of nifedipine from capsules
and tablets with different excipients as carriar

Fig. l1a shows the dissolution profiles of nifedipine
from capsules containing physical mixtures of diug
with 80 percent of different fillers or super dis-
integrants. As expected, al] release profiles start with
a delay of about 2 min, corresponding with the time
required Lo dissolve the capsule wall. The figure
shows a slow drug release for capsules containing
insoluble fillers such as dicalcium phosphate
dilydrate and microcrystalline ecllulose {type 102).
Just as could be expected from previous work
(Weslerberg et al., 1986; Te Wierik et al.,, 1992), a
faster release was found from capsules containing the
more soluble filler e-lactose monohydrate as a car-
rier. For capsule formulations with super disinteg-

nis, a fast dissolution rate and a high total amount

. drug relcase was found for both sodium starch
glycolate and croscarmellose sodium. The dissolution
rate of nifedipine from capsules with crospovidone
was low, however, as compared with the other super
disintegrants, and even slightly lower than found for
¢apsules containing c-lactose monohydrate.

Fig. ib ilustrates the dissolution profiles of
nifedipine from tablets compressed from different

Forcumnué drug rolsasod
100l ) *,.)(-_:5_'__’;:'.__33.'..}7_‘. et e
LT
e )(
x'

’

o

Tuse {min)

Fig. 1. (a} Relewse of nifedipine from capsules contaiging a physical
mixtere of 10 mg drog with 40 mg (—=*—) dicalciurn phosphate
dibydiate, (.*.) microcrystaline oellulose, (~*-) crospovidooe,
(—X~—) a-laclose monchydrate, (.X..) sodium starch glycolate, and
{~X-) croscarmellose sodium, respectively, (b) Release of cifedipine
(rom tablets contzining 10 mg pifedipine. Key: (—*—) formulaton A,
{~.*..) formulation B, (—*-) formulalivn C, {(—X—) formulation D,
{..X...) formulation E, (—X-) formulation F. The composition of the
formulations is presented in"Table 1.

drug/excipient blends. The composition of the tablets
is given in Table !. Pormulations A and B are
commnienly vsed formwlations for direct eompaction,
conlaining microcrystalline cellulose and o-lactose
monohydrate 100 mesh as filler-binders and 4%
sodiugn starch glycolate or croscarmellose sodium as
a disintegrant {Van Kamp et al,, 1987). Formulation
C contains no disintegrant. Formulations D, E and F
are physical mixtures of 6% diug aod 93% super
disintegrant. All formulations contained 1.0% mag-
nesium stearafe. as a lubricant. Table 2 lists both
crushing streogth and disintegration time of the
tablets. The disintegration time of all the tablets

%6
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Tm: 2 "y e sitad o particiate sysiem. Fig. 1a and b show, however, that
Cruching stiength and disintegration time of the nifedipive (ablefs the choice of the super disintegrant has a paramount
Focmulation Crushing strength (N) Disiuicgration me () effect on their efffectivity as a dissolution enhancer.
A 17£15 72 The disintegration efficiency of the super disintegrant
B 126 4x1 o . . .
p 73 1521 crospevidene is based on capillary action rather than
D 164 4424 on swelling properties (Van Kamp et al,, 1986). The
E PAEL 10324 swelling properties of the super disintegrants and the
F >300 _ 4841

during the dissolution test was Jess than 2 min, Fig,
1b shows that the release of nifidepine from common-
ly used directly compressible tablet formulations (A,
B and C) is slow and incomplete, in spite of the fast
tablet disintepration. The fast disintegration of the
1ablets without disinfegrant can be attributed to the
synergistic effect of o-lactose monohydrate and
microcrystalline cellulose with respect o the dis-
integration process (Lerk et al, 1974; Van Kamp et
al,, 1987}, The addition of 4% of 2 super disintegrant
enhances disintegration to some extent, but has only a
small effect on the rate and extent of nifedipine
release (Fig. 1b). The fizure shows, however, that an
almost complete and fast drog release was obtained
for the formulations D and I, containing nifedipine
and a high concentration of sodinm starch glycolate
and croscarmellose sodium, respectively., Just as
" found for the capsules, a high concentration of the
super disintegrant crospovidone (formulation F) was
far less effective as compared with the other dis-
integrants. Both from the capsvles (Fig. 1a) and from
tablets (Fig. 1b) different formulations showed a very
low standard deviation being less than 3% drug
released.
The strong improvement of the dissolution rate of

the peorly soluble and hydrophobic drug nifedipine

by high percentages of sodinm starch glycolate and
eroscarmellose sodium, respectively, can be ex-
plained by deagglomeration of the micronized drug
by the disintegrant particles and solid deposition upon
the surface of strongly swelling super disintegrants
which act as a carrier, just as wag found in Part I of

this series (Te Wierik et al, 1992). The results’

presented agree with a previously reporled paper
(Giunchedi et al., 1990) concerning the improvement
-of the carbamazepine release by croscanmellose so-
dium. As an effect of swelling of the super dis-
integrant, the “wetted" surface of the camier inereases,
which promotes wettability and dispersibility of the

filers vsed are listed in Table 3 (Bolhuis et al.,
1982). The table shows that the swelling properties of
crospovidone are poor as compared with those of
sodium starch glycolate and croscarmellose sodium,
respectively. This effect is caused by the absence of
catipnogenic groups in the crospovidone molecule,
When used as a carrier, the ipcrease in “wetted’
surface area by crospovidone “apparently will be
insufficient to improve the drug release 10 a large
extent. :

3.2. Effect of granulation on the dissolution rate of

methylprednisolone and phenylbutazone,
respectively, from capsules and tablets with sodium
starch glycolate as carrier

Fig. 2a shows the release of methylprednisolone
from capsules filled with drug/sodium -starch gly-
colate granules. Granulation of methylprednisolone
without sodium starch glyeolate resulted in a strongly
decreased dissolution rate and availability, which can
be explained from the decreased effective surface
area for dissolution. The addition of sodium starch
glycolate strongly improved dissolution rate and
availability of methylprednisolone from the capsules.

" Comparison of the drug profiles with the drug profiles

from capsules with physical mixes in Part I of this
series shows that wet granulation of the methylpred-
nisolone with sodium glycolate as a method to
improve the flow properties, had almost the same
effect on drug release as dry blending with the super
disintegrant. Capsules containing.80% sodivm starch

Tabie 3
Swelling of disintegrant padicles in water of 2020.5°C (taken from
Bolhuis ct al., 1982}

Disintegrant Volume increase {zm’-em™)
Unlvbricated Laubricated
Sedium starch glycolate 30 30
Croscwmetlose sodinm {1 11
Crospovidone 12 13
Microcrysaliine cellulose 04 04

23
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" Fig. 2. (a) Release of methylprednisolone from capsules containing 40 mg
drug as granulate with different copcentrations sodbun starch ghycolate.
Key: {(—*—) 0%. (—*—) 20%, (—X—) 35% and (-X-) 80% scdium
starch glycolate. (b) Release of methylprednisolone lfom tablets con-
trining 40 mg drug s grapulale with different concentrations sodivm
starch glycolute. Key: sec Fig. 2a.

glycolate pave the highest miethylprednisolone re-
lease, both for physical mixes (Te Wierk et al,,
1992) and for granules (Fig. 2a).

Fig. 2b presents the dissolution profiles of
nmethylprednisoione from (ablets prepared from diug/
soditm starch glycolate granules, The figure shows
“aat the presence of sodium starch glycolate in the
anules resulted in a strong increase in drug release
as compared with tablets prepared from methylpred-

nisolone granules only. It should be noted, however, -

that the fastest release rates were found for tablels
prepared from granules containing 35% sodium
starch glycolate. Higher concenirations of ibe super
‘disintegrant in the gtanules resulled in a complete,
but retarded -drug release, as can be seen for lablets,

prepared from granules with 80% sodivm starch
glycolate. This is in contrast to methylprednisolone
tablets prepared from physical mixes (Te Wierik et
al., 1992) and 10 the capsules filled with the granules
(Fig. 2a). In both cages the drug dissolution rate
sicadily increased with the sodium starch glycolate
councentration,

Fig. 3a prescnts the dissolution proliles of
phenylbutazone from capsules filled with granules
containing differeat drug/sodium starch glycolate
ratios. Comparison with capsules filled with physical
mixtures in Part 1 of this series shows that 10%
sodiwm starch glycolate improves the dissolution rate
and availability much more for the capsules con-
tainiog granules (Te Wierik et al., 1892). The drug
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Fig. 3. (a} Release of phenylbutazone from capsules containing &0 mg
drug as granulate with diffeccot concentralions sodivm stasch plycolate.
Key: {(—*—) 0%, (-*-) 10%, (—X—) 20% and (~X-} 40% sodiom
starch glycolate, (b) Release of phenylbutazone from tablets contaising
60 wg diug as granulale with differcot coneentrations sodium starch
glycolale. Rey: (—*—) 0%, (.*.) 5%, (-*-) 10%, (—X—) 20%,
{..X..) 30% and (-X~) 40% sodium starch glyeolate.
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release from granules containing 20% sedium starch
glycolate is almost complete after 30 min, whereas
for capsules filled with physical mixfures, the availa-
bility never exceeded 80% (Te Wierik et al,, 1992). A
conceniration of 40% sodium starch glycolate re-
sulted in a faster dissolution rate and also an availa-
bility of almost 100%. The addition of more than
40% of the super distntegrant resulted in similar
dissotution profiles as found for granules containing
40% sodium starch glycolate, These profiles are not
taken up in the figure because they overlap the
profiles of the copsules with 40% sodium starch
glycolate.

The dissolution profiles of phenylbutazone from
tablets, compressed from granules (Ilig. 3b) differ
from the previously found profiles of tablets com-
pressed from physical mixtures (Te Wierik er al,,
1992). Although 10% sodium starch glycolate gave
comparable resnlts, tablets compressed from granules
with 20% sodivm starch glycolate show a faster
dissolution rate and a higher availability than tablets
compressed from the physical blend (Te Wierik et al.,
1992). Using granules with 30% sodium stacch
glycolate increased the dissolution rate furthermore,
but granules with 40% or more carrier gave a
complete but retarded drug release. The latter agrees
with the results as obtained for tablets with
methylprednisolone/sodium starch glycolate granules
(Fig. 2b). As found eadier for the experiments with
the physical mixtures (Fig. 1) the tablets and capsules
containing granulates (Figs. 2 and 3) showed ex-
tremely low values for the standard deviations being
not higher than 3%.

Figs. 2 and 3 show that the improvement of the
dissolution rate and availability of poorly soluble,

hydrophobic drigs by means of solid deposition on -

sodium starch glycolate can be obtained both by
mixing the drug with the super disintegrant (Te
Wierik et al,, 1992) and by wer granulation of drug
and super disintegrant. Granulation may be of benefit
when the flow properties of the physical mix are too
bad for proper capsule or tablet machine filling.
There are, however, some differences berween the
physical mixing methad and the granulation method.
For the granules, high drug dissolution profiles can
ofien be obtained with lower sodium starch glycolate
concentrations as compared with the physical mixes.
This cffect may be caused by a fixation of the

micronized hydeophobic dmig particles upon the
hydrophylic sodium starch glycolate carrier particles
dhiring the granulation process. This leads to a befter

_ drug distoibution over the carrier particles than in a

physical mix. The advantage of the granulation
methed is most pronoutniced for phenylbutazone with
a mean particle size of 4.5 pm, where the adhesion
forces of the drug to the carrier particles in a physical
mix are assumed to he much lower than those of
methylprednisolone particles (mean particle size 2.5
pny to carrier particles. A second difference between
the physical mixing method and the granulation
method is that the drug dissolulicn rate from tablets
slows down when the sodium starch glycolate con-
centration is too high. This effect, which is shown for
methylprednisolone  in Fig. 2b  and  for
phenylbutazone tablets in Fig. 3b, may he caused by
the formation of a viscous gel tayer by sodinm starch
glycolate, which forms a barrier for drug diffusion
from the tablet to the dissolution medinm. For
capsules fitled with granules, this effect was not seen,
because each individual granule forms a gel Jayer,
being too small to be effective in retarding drug
release. ‘ ‘

In conclusion, it is demanstrated that the dissolu-
tion from capsules and tablets of the pootly soluble
and hydrophobic drug nifedipine can be strongly
improved by solid deposilion of the drug upon
hydrophylie, strongly swelling carriers like the super
disintegrants sodinm starch glycolate and croscarmel-
lose sodiom. For tablets prepared from physical
mixes of drug and a high concemration super dis-
integrant, the drug dissolution rate and availability
were much better than from tablets, prepared aceord-
ing to a commonly used dicectly compressible fornu-
lation, As an effect of s low swelling power,
crospovidone is far less effective than the other super
disintegrants.

Wet  granulation: of methylprednisolone  or
phenylbutazone with high concentrations sodinm
starch glycolate resulted Likewise in a strongly im-

* proved drag release and bioavailability from capsules

and tablets, respectively. However, granules contain-
ing a too high concentration sodium staich glycolate
slow down the drug release from tablets, as an effect
of the formation of a viscous barrier of the super
disintegrant in -the granules during the dissolution
process.

=
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