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Dissolution behaviour of hydrophilic matrix tablets containing two
different polyethylene oxides (PEQOs) for the controlied release of a
water-soluble drug. Dimensionality study
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Abstract

Hydrophilic matrix tablets containing polysthylene oxides as the retarding polymer have been success{ully employed in the T

controlled release of drugs. To evaluate the relative influence of drug diffusion and polymer erosion mechanisms in the drug delivery
process, we studied the hydration behaviowr of matrix tablets containing a water-soluble dmg and PEOs of two different molecular
weights: Polyox WSRN 1105 (M., = 0.9 x 16°) and Polyox WSRN 301 (M. = 4 x 10°). The hydration rate, the extent of swelling,
and the erosion rate of matrices containing the polymer, the drug and tableting excipients were evaluated in comparison to tablets
made of pure polymer. The results of these studies op function of the release behaviour were then discussed,

The results show that the higher molecular weight PEO swells to & greater cxtent and tends to form, upon hydration, a stremger
gel, which is tharefore lass Liabe 1o erosion, if compared o the lower molecular weight PBO. This difference in the erosion behaviour
can explain the different efficlencics of the two polymeric products in modulating the delivery rate of the water-soluble drug.
Maoreover, the presence of other soluble components (drug and excipients) in the dosage form enhances the ¢rosion trend of the
tabiets with a consaquent reduction of the efficiency of the polymer in drug release control. € 200} Elsevier Science Lid. All xights

reserved,

XKaywords: Polyethylene oxides; Swelling/erosion charactaristies; Dissolution behavicur: Morphological medifications

1. Totroduction

High molecular weight polyethylene oxides (FEOs)
have been successfully employed in controlled release
swellable matrices [i-3]. The use of otal controlled
xelease matrices made of hydrophilic polymers that swell
and form a gel Jayer upon contact with water, and then
erode slowly, thus modulating the drug delivery rate,
has been extensively investigated [4). The polymers
employed ar¢ hydrophilic, Iinear, uncrosslinked mole.
cules; when matrices containing these types of polymer

* come. into contact with water, forces of attraction

(chiefly hydrogen bonding) start acting between polymer
and water. Due to the high water-affinity of the polymer,
these forces are likely to be preferred over polymer—

polymer interactions; the forces holding the polymer

*Corrusponding suthor. Tel: +39.382.507779; fax: -+39-382-

507332
E-mail address; 1aureten-maggi@unipv.it (L. Maggi).

segments together are therefore reduced and the

polymer chains can swell [5]. Water diffuses into the
- matrix and when its concentration reaches a threshold

value, the polymer swells and a gel layer is fopmed at the
matrix surface. In the gel phase, polymer chains slowly
begin to unfold and gradually become solvated; how-
ever, the presence of physical entanglements between
neighbouring chains hinder polymer dissolution [6], At
the ourermost surface, the polymer is diluted to the
point where the chains disentangle, the polymer has no
longer structural inmtegrity smd diseolves as single
molecules or as discrete agglomerates, ie. erosion [7,81
This complex gelatinous layer forms a diffusional barrier
that retards forther water uptake but can also modulate
drug iclease rate. Water-soluble drugs are mainly
released by diffusion of dissolved drug molecules across
the gel layer, while poorly water-soluble druga are more
likely released through crosion of the gel {91 The
contribution of these two phenomena to the overall drug
refease process is influenced not only by drug solubility,

0142-6612/02/8+sex front matrer € 200] Elsevier Science Lid, All tights resorved.
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but also by the physical and mechanical properties of
the gel layer that forms around the tablet. When the
release mechanistn involves the synchromisation of
swelling and erosion rates, the matrix may provide
zero-order release kinetics {10,11].

Previous works have demonstrated that leminated
films [12] or small tablets [2] contairing a dmg and
polyethylene oxide (PEQ) characterised by molecular
weight (n the ramge 0.6 x 10°-2x 10% car generate
comparable swelling and erosion rates. In contrast,

ﬁeﬁ tontaiing higher molecular weight PEOs did

ndtEhow any syschronisaton of swelling and erosion, -
and driig release seems to be related more to swelling -

gather than to exosion rate [13)

In this work, the dissolution behaviour of matrix
tablets containing PEOs of two different molecular
weights wayg studied; the atm is to evaluate the efficiency
of PEOs in modulating drug release ratg, its morpho-
logical behaviour, and to study the prevailing release
mechanisms. The swelling and erosion ¢haracteristics of
the two different polymers were evaluated on tablets
made of pure polymer while, to verify the effects of
soluble compopants on the behaviour of the polymers
under study and the swelling/erosion characteristics of

i .a soluble model dyug
(diltiazem hydrochloside), and tableting excipients were
studied. The morphological behaviour during dissolu-
fion of such dosage forms was compared o the drug
release profiles and evaluated in terms of drug releage
modulation efficiency.

Finally, the influence-etanaiipgimiigsboros applied-
to the tablets on the overall dissolution behaviour of
these delivery devices was evaluated and discussed.

" 2. Experimental

2.1, Materials

Diltiazem hydrochloride was supplied by Profarmaco
Sp.A. (Milans Ttaly). PEOs (Polyox WSRN 1105,
M, =09%10% and Polyox WSRN 301, M,=
4% 105 were kindly donated by Union Carbide Corp.
(Danbury, CT, USA). The other excipients were lactose,
magnesium stearate (C. Erba, Milan, Itsly), and
collpidal silicon oxide (Syloid 244, Grace GmbH,
Worms, Getmany).

2.2. Methods

Two different formulations (coded At and Bl) were
prepared by mixing the drng, the hydrophilic polymer
and the excipients for 30 min (Turbula T2A, Bachofen,
Basel, CH). The compositions of the two different
mixtures ave reported in Table 1,

NC.442 P 27/42
Table 1
Pereent composition of the twe hydrophilic matrix formviations
Formulation Al 81
PEO M.: 0.9 x 10* (Polyox WSRN 1105) 382 /
PEO M.: 4x 10° (Polyox WSRN 301) ! 38.2
Diltiazem hydrochlaride 43.3 49.3
Lactose 110 110
Magnesium stearate 1.0 1.0
Colloidal silicon dioxide 0.5 - 05

The true density of the two pure polymers and of the
two formulations was measured (AccuPys 1330, Micro-
metric, Noreross, GA).

The tablets were prepared by direct compression of
the two formulations or of the two pure polymers using
a single-punch tableting machine (Kilian, Coln, D)
instrumnented with piezoelectric load washers (Kistier,
Winterthur, CH) for compression force measurements
(14] and equipped with flat punches diameter 9.5 mm.
366 mg of powder, accurately weighed, was introduced
into the die and the automatic compression cycle was
activated. The compression force was adjusted at two
different levels: 10 and 30kN.

All the tablets welghed 366mg+1%; Al and Bl
matrices contain 180mg of diltiazem hydrochloride as
active agent. The thickness and diameter of the tablets
produced were measured. The porosity was calculated
through tablet volmne and true density of the different
powders.

To werify the effects of the application of a certain
compression force level on the solid state of the polymer
(crystalline or amorphous), DSC thermograpbs of the
pure polymers before and after compression at the two
different forces were recorded (DSC 821E, Mettler
Toledo GmbH, Schwerzenbach, CH). The samples were
heated from 30°C to 130°C; beating rate 10°C/rain.

The erushing strength of the tablets was measured
with a suitable apparatus equipped with a high sensitive
load washer (Kistler, Winterthur, CH) [14].

In vitto dissolution tests were performed in 11 of
distiled water at 37°C, with ‘the USP apparatus 2
(paddle), at 100rpm (six replicates). The amount of
diltiazem released was measured by UV detaction at
236nm (Spectracomp 602, Advanced Products, Milan,
Italy). The release data were fitted using the familiar
empirical equation proposed by Korsmeyer and Peppas
{151, .

M.

o
where M,/M, is the fractional drug released, ¢ the
release time, k is & kinetic constant and # the diffusion
exponent characteristic of the release mechanism. For a
cylindrical matrix, 0.89<n< 1.0 indicates a zero order
release, while 0.45<n<0.89 shows anomalous release

= kf*, )
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kinetics [16). A linear regression analysis of the
logarithmic form of Eq, (1) was carried out, and 2
correlation coefficient (R)> 0,99 was obtained in all

. cases,

The differences between the dissolution profiles was
evaluated in terms of time at which 75% of the drug is
released (1q475); significance: Student's ¢ test.

The swelling/erosion characteristics of the various
tablets were stadied using an image apalyser that

enables measuring the dimensions of the whole tablet-

and of the sofid or gelled phases during dissolution [17].

. Tablets withdrawn from the dissolution vessels at

different time intervals were sectioned and their photo-
grapbs recorded using a digital microscope catnera (SV
Micro™, Sound Vision Inme., Taunton, MA, USA),
eqmpped with a 50 mm C-mount lens. From the images,
the dimensions of the whole tablet, of the solid phase
and the thickpess of the gel layer formed at the tablet
surface can be easily measured wvsing the software
provided for the image amalysis (CV9000 Ver, 4.0,
FKV 5.1, Sorisole, R, Italy). In fact, in the images,
the different morphological phases appear as well-
defined aseas of contrast. These tests were performed
on the tablets made of polymes, drug and soluble filler
and also on tablets made of pure polymer, to evaluate
the effects of the presence of the water-soluble compo-
aents on the bydration characteristics of the matrices.

3. Results and discussion

Both purs polymers and the formulations containing
the drug also showea favourable compaction propetties,
Increasing the compression force from 10 to 30kN does
not caute remarkable variations either in the dirmension
of the tablets made of pure polymer (thickness and
volume), or in teblet porosity (Table 2). The iablets
made of the two different pure polymers showed similar
crushing swength if compressed at. 10kN, If the
compression force is increased 1o J0KN, tablets made

of pure PEO of higher molecular weight (B) sesm to be
Ises rard compared to A tablets (Table 2). Inoreasing the
compression force from 30 to 30N causes an increase
in tablet bardness only in the case of PEO of lower
molecular waight, while it does not increase, Sipnifi-
cantly, the hardness of tablets made of PEO of
Moerd 0oy

However, the tablets made of pure polymer always
locked mmch barder compared to the formulations
commmng the drug and other excipients, while main-
taining slightly higher porosity.

The results of the DSC tests evidenced similar melting
behaviour for the bulk polymer powder and the same
polymer compressed at the two different force levels, for
both PEQs. In the case of PEO 900,000, the heat of
fusion of the bulk powder was statisticelly different
compared to the tablets compressed at IOk, while it is
comparable 10 I0kN tablets; peak temperatures wers
not statistically different. In the case-of PEO 4,000,000
the heat of fusion of the powder is different compared to
compressed tablets, but it is cowmparable at the two
different compression levels. The melting temperatures
were not statistically different (Fig. 1). The degree of
crystallinity seeras stightly affected by the compression
process, and the application of increasing force levels
does not cause 2 remarkable reduction of this para-
meter.

Moreover, the compression force sezms to have no
influence on the dissolution behaviour of the matrices
under study. The dissolution profiles of the matrices
containing PEQ of lower molecular weight (Al),
obtained at 10 ar 30kN are quite superimposable
(Fig. 2). No significant difference can be evidenced
between 73 (224min+7 and 213min+9 for tabiets
compressed at 10 or 30kN, respectively; p > 0.01).

Shmilar considerations can be made in the case of Bl
tablets (353 min 10 and 344 min+ 10 for tablets com-
pressed at 10 or J0&N respectively; p > 0.01). On the
other hand, dildazem release rate from the matrices
contatning PRO of higher moleculer welght (B1) is much

Table 2
Characteristics of the tablets made of pure polymers or of drug formulations as a function of the comprestion faree applied (mean velusst SD)
Tabict Compregsion fores (KN) Thickness (mm) Volume (mm¥) Porosity (%) Crushing strength (N)
A 10 4453005 3356436 22411 21549
30 24.4040.08 334.044.9 119413 235%1
B 10 4374006 330.6%4.3 109412 316
30 4384005 3284%5.0 1044 1.6 21414
Al 10 4.11:4:0.03 3140124 11.6+6.7 10243
3 4.0310.05 3061226 2.1+£08 M5+ 14
Bl 10 411004 - 314033 11.9+1.0 10342
30 4.06£0.04 309.5%2.6 105508 10745
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Fig. 1. DSC heating corve of: (3) PEQ My = 0.9 x 10° and (b) PEQ

My = 4% 10% The bulk purs polymer is compared to powder obtained
after compression xt 10 or 30kN.

WAl 3R
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Al 1N
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240 380 480 600 720
Time (min}
Fig. 2. Release profiles of the two drug formulations Al and Bi
comaining PEO of M, of 09x10° or 4x105 respectively,
= compressed at two different compression forces of 10 and 30kN
7N (mean values+ 5D, n = 6).
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slower compared to the release rate of Al matrices.
While the release kinetics is similar, the diffusion
exponent (7) ranges from 0.80 to 0.98 (Table 3). The
phatemicrographs of the matrices obtained from the
two drug formulations, containing PEQ of different
molecular weights, evidence quite different morphologi-
cal behaviour during hydration (Fig. 3). In the images
the solid/dry phase appears as a white opague area,
while the gel phase is more transparent.

Al tablets (containing PEQ of M, =0.9x10%
hydrate quickly but the gel layer is thinner at the tablet
surface. The dimensions of the matrices increase slightly
at the beginning of the hydration process and very soon
start decreasing considerably. On the other hand, Bl
matrices (containing PEQ of M, =4 x 10% show a
remarkable and prolonged increase in dimensions while
the gel layer appears thicker if° compared to Al tablets
(Fig. 3). In both cases, 2 glassy core can be evidenced
until the fourth hour, and then the matrix is completely
gelled. By measuting the dimensional modifications of
the tablets during hydration, it is possible to avaluate the

Fig. 3. Left column; photographs of the tables made of the drug
formulagion Al (PEO M, = 0.9 x 10%) during dissolation. From top |
1o bottom: after 1, 2 and 3h. Right column—matrices made of the
drug formulation Bl (PEQ My = 4 x 10%). From top to bottom: afier
1, 22nd 4h.

Tablc 3 ) )
Prevalling sclcase kinetics (cotrelation eoclHcients, R) aud diffusion exponents of the two formulations considered

Fosrmulation - Compression foree (KIV) Relcase kineties (R) Diffusion exponent ()
Al 10 Zaro order (0.997) : 0.91

Al 30 Zero onder (0.997) 098

Bl 10 Anomalous {0.994) 0.89

Bl 30 Anomalous (0.998) 0.80

/4
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swgﬂing process and the erosion rate of the matrices,
while the hydration rate of the system can be related to
the persistence and extension of the dry core.

) AI} the matrices tend to increase more in height than
in diameter (Figs.4 and 5). In the case of matrices
containing the lower molecular weight polymer, the test
is stopped after 3h, becanse the matrix is difficult to
handle. .

The A} matrices upon contact with the dissolution
medium, swell up to about 150% their imitial height
(Fig. 4) and 110% their initial diameter (Eig. 5) while 2
thin gel layer of less than 2mm is formed at the tablet
surface (Fig. 6). Then, swelling and erosion tend to
synchronise; the gel thickness is constant while tablet

- dimensions slowly decrease during dissolution. This

raeans that probably, after the initial rapid swelling, this

350
~8~A1 XN =0~ Al dry core WOLN
800 4 E-AIIN - Al dry eore 30KN
R0 kN <&+ B1 dry care KN
5 o504 @1y =R dry core 305N
=
% 200 3
e 150 -
E
i‘ 100 £
50 A
[+] " — Q
0 2 4 -] 8
Time {howes)

Fig. 4. Percent height modification of matrices made of the two drvg
formulations containing PEO of M., =09 10° (Al) or PEQ of
M = 4 x 10° (B), during dissolution; whole tablet {black symbols)
and plasxy core (white symbols), Mean valuest D, n= 3.

250
- Al 1N =Cm A diy e 10KN
o AT 30KN -G A7 dry core 30KN
£ 200 —A-BIOKN —&-B3 dry coms LGN
g B 306V -O-B1 dry core 30kN
(=4
°
E
®
&
1
5

0 2 4 (] 8

" Fip 5. Percent diameter modification of matrices made of the two

drug formutations containing PEQ of A, e= 0.9 x 10° (AI) or PEO of
' = 4% 10° (B1), during dissolution; whele tablet (black symbols)
and glassy ¢are (white symbolg). Mean valoes +8.D., #= 3,

8

;1 G - A130:N
T -o=BlIXN =31 3008

£~
5-
4+
a4
24
14

Qel lhickness (mm)

o] 1 2 8 4 - 3 7 8
Time (hpurs)

Fig. 6. Gel layer thickness during dissolution of tablets made of the

two drug fermulations Al and Bl containing PEO of M. of 0.9 x 10°

or 4 x 105, respectively (mean values£SD, n = 3),

matrix forms a weak gel that is eroded at the same rate

at which it is formed,

This behaviour suggests that swelling and ero-
gion rates are comparable and that the itwo mecha-
nisms are both effective in the control of drug release
process.

On the contrary, in the case of Bl formulation, the
tablet dimevsiops increase until the sixth hour of
dissolution (Figs.2 and 5). Also the gel thickness
increases progressively during dissolution from 2mm
after 1 h up to 6mm after 6 h (Fig. 6). It is only after 6-
8h, when the matrix is completely hydrated and gelled,
that the erosion process begins to prevail and, as a
consequence, the tablet dimensions =zod the gel layer
thickness tend to decreage, These results suggest that the
presence of PEO.of highss molscular weight causcs the
formation of .a. stronger .gel, which ig less liable to,
erosion, than PEQ.of lower molecular weight. In this
case, the erosion rate is slower and canmot counter-.
balance the swelling rate; as a .consequence, the gel
thiokness incresses progressively. Otherwiss, both for-
mulations comntaining PEOs of different molecular
weight show quite comparable hydration rates (the
dimensions of the dry cores decrease consistently). Thus,
in B1 matrices swelling plays the feading role in drug
releass modulation,

These coincide with the kinetics study; in fact, the
systems containing PEO of M., =4x 10° (B1) showed
an anomalous best fit, which is congistent with a release
mechanism involving polymer relaxation in combina-
tion with drug diffusion,

The compression force applied does mot getm 1o
influencs the morphological behaviour of any of the
systems during dissolution,

The swelling behaviour of tablets made of pure
polymer confirms the influence of the polymer molecular
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Fig. 7. Gel layer thickness during dissolution of tablels made of pure
PROE (A and B), compared to the drug forowalations containing 33%
of the same polymers, Al apd B1 (meap values2 S, n =3),

weight on the overall releass process and enables to
evidence the effect of saluble components (drug and
excipients) which ephance matrix hydration, swelling
and dissolution, and thus gel erosion.

The thickness of the gel layer of matrices obtained
from the Al formulation does not increase markedly
during the test, while the pure polymer forms 2 stronger
g¢l, the thickness of which increases progressively and
only after 6h begins 1o decrease (Fig. 7). This trend s
less evident in the case of the polymer of higher
molecular weight. Tablets contsining PEO- of
My = 4% 10° show always thicker gel layers compared
to tablets contaming the lower molecular weight
polymer, which ingrease until the sixth hour in dissolu-
tion, for both pure polymer (B) and formulated tablets
{81). However, B tablets show 2 slightly higher gel layer
thickness than Bl patrices. After the sixth hour, the gel
layer at B tablet surface still increases, while in the case
of Bl tablets the erosion process begins to prevail and
the gel layer thickness begins to decrease.

The images of the tablets made of pure polymer
(Fig. 8) show clearly that the two different polymers are
characterised by similar hydration rates, but completely
different erasion rates. The dimensional reduction of the
glassy core in terms of height (Fig.9) and diameter
(Fig. 10) evidenced that the extension of the portion of
the tablet that was still dry, decreases during dissolution
at similar rate for gl the systems congidered,

Otherwise, the pure polymer of higher molecular

weight swells to a greater extent compared to its lawer -

wmolecular weight counterpart. Tablets made of pure
FPEO of M., = 4 x 10° swell up to 250% of their initial
height and up to 180% of their initial diameter after 8 b,
then the erosion process prevails on swelling and tablets’
dimensions decrease. Tablets made of pwre PEO of
My =09%10° show a different swelling behaviour:
their height increases rapidly up to 170% after 1h, is

Fig. 8. Phawgmphs of the tablets made of pure polymer during
ditsalution: from 10p to bottom afier 2, 4 and § . Left cohann, PEO
« = 0.9 x 105, right column, PEQ M,y = 4 x 105,

aso —
“M=Al <l iy son
004 ** =0 A 1Y G0
* =By == B dry eore
-3 OBy o
5 250 1
[
% 200 5 [
* 150
§° 100
*
50 -
0 & .

[} . q ] 12 16
Time (howws)

Fig. 9. Pereent height modification of the ablews made of pure FEOs

(A and B), compared ta the drug formulations containing 38% of the

same polymers, whole tablet (black syrabols) and glassy core (white

symbols). Mean values1-SD, n == 3, .

more or less constant until the sixth hour and then
begins to decreage. Similar considerations can be made
in the case of diameter variations. These results confirm
that this polymer, due to its lower moleonlar weight and
viscosity, forms a softer gel that is more lable to
erosion. As a consequence, the presence of water-soluble
components has a greater effect on tablets containing
PEO of lower molecnlar weight than on tablets contain-
ing PEO of M, = 4x10° The dimensions of tablets
containing 38% of PEO M, = 0.9 x 10° are about haif
when compared to pure polymer tablets, while the
dimensions of matrices containing 38% of PEO of
My =4x10° appear less affected by the presence of
water soluble raterials. :
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Fig. 10. Pertent diameter changes of the tablels made of pure PEOs
(M. =09%10° end 42109, compared to the drug formulztions
contxiping 38% of the same polymers, whole tabler (hlack symbals)
and glassy core (while symbols). Mean valuest SO, 2= 3.

4. Couclosions

Tablets made of pure PEQ of molecular weight
0.9 x 10° or 4 x 10° showed similar hydration rates but
very different swelling/erosion bekaviour. B swells to 2
greater extent, and forms a stronger pel, which lasts on
the tablet surface for a longer period, if compared to A.

The presence of saluble components causes the
formation of a more difuted gel, which is more Hable
to erosion, and the matrices dissolve in a shorter time,
but this effect is less evident when the higher molecular
weight PEO is used.

The differences in swelling/erosion behaviour of the
two polymers can explain the differences in drug release
profiles from Al and Bl matrices. Matrices containing
higher molecular weight PEO, seem to drive the release

-mechanism toward a combination of swelling and

diffusion, while polymer erosion seems o play a minor
role in controlling drug delivery from this kind of
devices. On the contrary, in the case of matrices
containing PEO of lower melecular weight, the drug
delivery mechanism seems to involve oaly swelling and
erosion; the synchronisation of swelling and erosion
rates may lead to constant release kinetics.

Finally, the dissolution behaviour of the formulation
considered is not affectad by the compression force
applied during the manufacturing process.
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pbstract 0l Drug release from compressed tablets manufactured with a

povider mixture of poly(ethylene oxide) (PEO), a drug, and magnesium_
stearate is presented. Several factors such as molacular weight, drug
jpading, drug solubility, the pH of the dissolution medium, and stiring

rate are-investigated. The drug release from the high molecular weight -

PEO tablets (MW = 2 x 10% and 4 x 105} is governed by the swelling:
of the polymer rather than by the erosion of the polymer, leading to
anomalous release kinetics. However, the drug release from the low
molecular weight PEO (MW = 0.9 x 108) is conlrolled primarily by the
swolling/erosion of the polymer, resulting in front synchronization and a
constant release rate. It is observed that drug loading and drug solubllity
do not Influence the release of drugs from low molecular weight PEQ
tablets. The pH of the dissolution medium and the stirring rale do not

/_\)aﬁect the drug release regardiess of the molecular weight of the PEQ.

Hydrophilic polymers have been investigated for controlled
drug release to achieve non-Fickian release kinetics. The
hydrophilic polymers such as (hydroxypropyl)methyl cellulose
(HPMC) and polyvinyl aleohol (PVA), which form gels upon
contact with water and erode slowly, have been utilized for
oral drug delivery systems.)® During the release of drugs
from these hydrophilic matrices, two mechanistic phenomena
take place: the swelling and the erosion of the polymer.45 The
release kinetics are dependent upon the relative magnitude
of the rate of polymer swelling at the moving rubbery/glassy
front and the rate of polymer erosion at the awollen polymer/
dissolution medium front. It has been shown that it is

necessary to attain the synchronization of the velocities of the —*

swelling front and the erosion front in order to achieve zero-
order release kinetics from hydrophilic polymer matrices.’®

The establishment of front synchronization is not commonly
observed in pharmaceutical dosage forms because poorly water
soluble polymers are employed.? In this case, it has been
demonstrated that the swelling process of the polymer was
the foremost process controlling the drug release from HPMC

~¢compared to the erosion of swollen polymer, resulting in
Janomalous Fickian kineties.101! However, it has been shown

that a constant gel thickness is observed with linear release
kinetics for PVA matrices55 It has been reported that moving
front synchronization at the glassy/rubbery interface and at

the swollen gel/dissolution medium interface is not a pre- .

requisite for zero-order release from hydrophilic polymer

- tablets (HPMC and PVA)S This results from the release data

of preswollen and dry tablets. As a result, the release of drugs
from the hydrophilic matrices is governed by the erosion of
the polymer. In this case, the surface area of the matrix
providing for the diffusion of drugs is a more important
Variable. It has been reported that the rate of drug release
from hydrophilic matrices may be independent of drug
solubility.3-6 The hydrodynamic condition (i.e. stirring) de-
termines the gel thickness between the two fronts. In an
extreme case, the two fronts are superimposed and the

swelling rate of the polymer plays a central role in the rate of
drug release,3

——
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Cross-linked poly(ethylene oxide) (PEO) has been investi-
gated for controlled drug delivery.}? However, it has been
shown recently that drug release from un-cross-linked low
molecular weight PEQ of MW = 0.6 x 10° (laminated films)
ensures a constant release rate by achieving synchronized gel
thickness.}* On the other hand, the drug release from the
high molecular weight PEO of MW = 4 x 10%is predominantly
controlled by the swelling of the polymer rather than by the
erosion of the polymer. This results in a nonconstant release
induc?d by the diffusion of drugs through the swollen gel
layer.13

In this study, some factors affecting the release of drugs
from compressed PEO tablets are presented: molecular
weight, stirring rate, drug solubility, and drug loading.

Experimental Section

; , 10%;were supplied by Union Carbide Corp.
{Danbury, CT). Theophy anhydrous U.S.P. and mangesium
stearate U.S.P. were purchased from Amend Co. (Irving, NJ) and
Mallinckrodt Chemical (Jersey City, NJ), respectively. Diltiazem
hydrochloride was purchased from Sigma Chemical Co. (St. Louis,

MO). The materials were used as received, .. ..

Preparation of Tablets—The ingredien

nesium stearate) were mixed and then tablete single punch

tablet ‘machine (Stokes Model F, Philadelphia, PA). A set of tablet, .
punches with flat surfaces were used to prepare tablets with an 8.1 -

mm ‘diameter. They were charged with the formulation, and the

Testing of Tablets—In vitro release of drugs from the different
formulation tablets was carried out by using the USP basket
procedure in distilled/deionized water at a stirring rate of:100

and 37 °C, if not otherwise stated. ‘Theopliylline and: diltiazem:

hydrochloride were chosen as model drigs: The release of theophyl-
line and diltiazem hydrochloride was assayed by a HP8252A dicde-
array spectrophotometer at 244 and 266 nm, respectively. The release
kinetic data (up to 80% release) were treated by the following
equation;*

M
M

where M;, M.., k, and n are the amount of drug released at time ¢,
the total amount of drug in the tablet, a constant, and the exponent
for the release kinetics, respectively. According to the criteria for
release kinetics from a swellable matrix (cylindrical shape), zero-order
and anomaleus transport kinetics are represented by 0.89 <n < 1.0
and 045 < n < 0.89, respectively. A linear regression analysis
(Microsoft Excell 5.0) of the logarithmic form of eq 1 was carried out
with R? > 0.99. A 95% confidence level is indicated in parenthesis
beside the exponent.

Gel Layer Thickness Measurement—Both circular faces of the

cylindrical tablet were covered with two transparent Mylar sheets,
fixed onto the bases via an epoxy glue.!! The covered tablet was
withdrawn periodically from the dissolution medium, and the moving
boundaries both at the glassy/rubbery interface and at the matrix/
dissolution medium interface were measured via a stereo microscope
{Olympus SZ60) with a measuring device attachment. Later, the
tablet was returned to the bath. i
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Figure 1—Time course of swalling and erosion front movement of drug-free PEQ

tablets versus gel thickness [(O) MW = 0.9 x 10%, (A} 2 x 108, (O0) 4 x 10%) and
diameter [(@) MW = 0.9 x 10%, (a) 2 x 10%, (W) 4 x 10°)

Results and Discussion

Drug release from PEQ tablets is governed by swelling/drug
diffusion or swelling/polymer erosion depending upon the
characteristics of the different molecular weights of the PEOs,
In order to distinguish between the two mechanisms, swelling
experiments involving drug-free tablets of MWs = 0.9 x 108,
2 x 10% and 4 x 10° were carried out. Attempts were made
in vain fo observe the clear moving fronts of drug-loaded
tablets due to the diffusive reflection of light. The swollen
gel thickness and outer diameter of a drug-free PEO tablet
are presented in Figure 1. As the front approaches the core
of the tablet, the distinctive boundary observed at the early
time of swelling becomes ill-defined. Figure 1 demonstrates
that the constant gel thickness is obtainable with the PEO
tablets of MWs = 0.9 x 10f and 2 x 105, whereas the swollen
gel thickmess from the PEO tablet of 4 x 109 keeps increasing
with time. Early in the swelling/erosion process, the overall
size of the tablet along with the gel layer increases rapidly
due to the immediate swelling of the PEO tablet. The swelling
rate of the polymer equals the dissolution rate of the swollen
polymer gel, resulting in the synchronization of the gel layer
thickness. Figure 1 exhibits that the synchronization of the
gel layer thickness has taken place earlier with the low
molecular weight PEO. We would like to point out that the
constant gel layer thickness occurs shortly afier the outer
diameter starts becoming smaller. The higher the molecular

- weight, the later the synchronization takes place. However,

for a higher molecular weight PEQ tablet (4 x 105} the
synchronized gel layer is not obtained and the gel layer
thickness keeps increasing, as observed from HPMC matri-
ces 419 This observation is in good agreement with resuits
obtained by others.!® It was observed that the swollen PEO
gel, even after the front meets at the core of tablets, lasts a
much longer time, 2 to 4 h depending upon the PEQ molecular
weight, compared to other swellable/erodible polymers such
a8 PMMA/MAA and PVA 515 As a result, it is expected that
the release kinetics are governed by the eresion/drug diffusion
process after the swelling front meets at the core of the tablet.

Figure 2 shows the effect of PEO molecular weight on drug
release of theophylline from the tablets. The rate of dissolu-
tion (erosion) of hydrophilic polymers decreases with increas-
ing molecular weight.1%17 This results in a decreasing release
rate of theophylline from PEQO tablets with the release
exponent n of 0.99(0.024), 0.80(%:0.004), and 0.83(+0.019)
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Figure 2—Effect of molecular waight on the release of theophyiiine from PEQ
lablets: (O} MW = 0.9 x 10°, (a) 2 x 108, (D)) 4 x 10°.
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Figure 3—Effect of the pH of the dissolution medium on the release of theaphyltine

kw:tnPEOngs(MW =2 x 10%: {O) pH 15, (®) pH 74, (a) distilled/delonized
er.

with the increasing molecular weight of PEOs of 0.9 x 10¢, 2
x 108, and 4 x 108, respectively. The lower molecular weight
PEO (MW = 0.9 x 105) tablet exhibits a constant release rate,
whereas PEO tablets having molecular weights of 2 x 108 and
4 x 10% exhibit anomalous release kinetics. This demon-
strates that the synchronized gel thickness plays an important
role in the release kinetics early in drug release. For a high
molecular weight PEO tablet, the erosion rate of the swollen
gel layer slows down significantly, resulting in an increase in
the thickness of the swollen layer. As the molecular weight
of the polymer increases, the dissolution rate of the polymer
decreases compared to the swelling rate of the polymer, so
drug diffusion through the swollen gel layer becomes the
foremost process controlling the release mechanism. Others
observed similar release kinetics with PEQ3 and HPMC 241
Both PEO and HPMC polymers make a transition from glassy
state to rubbery state with a lowering of the glass transition
temperature upon contact with water. With high molecular
weight (or high viscosity grade) polymers of PEO and HPMC,
the swelling of the polymer is the dominant step in controlling

release kinetics over the erosion of the swollen polymer. With -

low molecular weight polymers of PEO and HPMC, the erosion



L= ) : . .
. b A ) ‘5*_’
m. - 5 .
uogt . "
1 :
g '
o 06| L
7!' e
z &
O o4f e
5|
@« b ]
U o2}
I
°.°l‘ 5 ey Jl re . Y . |
) 100 200 300 400
TIME (min)
10 . ““.&
o J
£ B ° *qat
/‘\) w . E
o 0B F s of
: < e _qh
W ! o b
3 ot
€ 06 F
i o‘,:l
2 oo
2 oogh
O o4} o3
P 2
- Q ®a
< »
[ Y
W g2l °
L
4
olo A ¥ 3 L ¥ " 4 - | A "]
o 100 200 300 400 S00 60O
TIME (min)

Figure 4—Effect of drug loading and drug solubliity on the release of theophytiine
ad diiazem hydrochlonde PEO tablels: A (MW = 0.9 x 10%, ditiazem
Tydrochloride [(O) 39%, (@) 20%), theophylline {(A) 39%, (a) 20%}; B (MW =
g;,}ﬂ. ditiazem hydrochioride {{®) 39%, (O) 20%), theophyline [(a) 39%, (a)
0.
A~ the polymer is the rate-determining step for the release
inetics. However, the degree of swelling of PEO is higher
than HPMC, therefore drug release from PEQ matrices
provides more favorable kinetics with n = 0.8 compared ton
~ 0.66 for HPMC,18
The release of theophylline from PEO tablets is not signifi-
cantly influenced by the pH variation of the dissolution
medium, as presented in Figure 3. This suggests that PEO
aterial, like HPMC,!? may be a good candidate for oral drug
delivery systems because oral dosage forms travel along the
gastrointestinal tract in which the pH changes from an acidic
environment (pH <2) in the stomach to a weak base (pH ~8)
in the intestines.
The effect of drug loading on the release of theaphylline is
shown in Figure 4A,B. No significant difference in release

rate can be observed with the different drug loadings of

theophylline in PEQ tablets. The release kinetics of PEO
~tedlets of MW = 0.9 x 10% remain unchanged, with the
€xponent n ranging from 0.90(1+0.016) to 0.99(30.024) even
though the drug loading is increased. Even for PEO tablets
of MW = 2 x 106, the release profiles of theophylline from
20% and 39% loaded tablets are superimposed with the
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Figure 5—Eflect of stiring rate on the release of theophyline from PEO tablets
(MW = 0.9 x 105): (O) 50 pm, (4) 100 rpm, (D) 150 pm, (@) 200 rpm, (&)

exponent n ranging from 0.80(30.004) to 0.82(%+0.007). In
these cases, the diffusion of theophylline (<1.0% solubility in
water) through the swollen gel layer does not play an
important role in the release mechanism in PEO tablets. The
diffusion of water into the matrices is not greatly facilitated
by the water uptake of drugs but rather by the water uptake
of the hydrophilic polymer. This implies that the swelling/
erosion of the polymer is the controlling variable rather than
the diffusion of drugs through the swollen gel layer. However,
this observation may not be true when a highly water-soluble
drug (diltiazem hydrochloride, solubility > 50%) is employed.
Figure 4A B show the effect of drug solubility on the release
of drugs from PEO tablets. With a low molecular weight PEQ,
the solubility of the drug does not markedly affect the release
of drugs from PEO tablets as reported with other hydrophilic
polymers.2-¢ A mathematical model (eq 2) presented by
Harland et al 5 can predict that the drug release kinetics is
independent of the drug solubility for the systems having front
synchronization:

M,
ﬂ:—axfi+ﬂt (2

where a and f are constants. Equation 2 indicates that drug
release can be described by a combination of drug diffusion
(the first term on the right-hand side) and polymer relaxation
(the second term on the right-hand side). As drug release time

, the second term on the right-hand side is domi-
nant from systems exhibiting front synchronization, resulting
in a linear relationship with time (zero-order). The constant
B is independent of drug solubility but is dependent upon the
drug and polymer volume fractions at moving boundaries.
In the case of a low molecular weight PEQ, even if water
penetration into the matrices is boosted by increasing the
amount of highly water-soluble drugs (diltiazem hydro-
chloride) incorporated in dosage form, the swelling/erosion
process of the polymer precedes the diffusion process of drugs
through the gel layer. This suggests that the polymer mainly
controls the drug release kinetics.® On the other hand, drug
release data from the 20% and 39% loading tablets (diltiazem
hydrochloride) are not superimposed as found for the theo-
phylline tablets, when the molecular weight of PEO is 2 x
10°, As the drug loading level is increased, the water influx
rate is enhanced by the water-soluble drug (diltiazem hydro-
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';'.chlorxde) “Then the dxﬁ'usxon of drugs throughothe swolien._.,
- gel layer p"ecedes the swelhng/erosmn of the polymer (20x .- .

108).

“The dlssolutlon rate of the swollen polymer mcreases with .- -
" in¢reasing hydrodynamics of the dissolution testing so-that -
the release of drugs from the matrix would be hastened. The '
‘effect of the stirring rate on the release of theophylline from .

PEO tablets (0.9 x 105) is shown in Figure 5. As the stirring

rate is increased from 50 to 100 rpm, the release of theophyl-:

line becomes faster. However, drug release from PEO tablets

is indistinguishable by further § increasing the stirring rate '

beyond 100 rpm. The same observation is made with the

higher molecular weight PEO tablets (not shown here). The -

insensitivity of PEOQ tablets to the stirring rate, which was
not found in other erodible polymer systems, 58 ig another
characteristic that makes PEO a good candxdate for oral
dosage forms
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ABSTRACT

d'1o study the release mechanism of niramine maleate (CPM) from matrix

tablets prepared by hot-melt extrusion. During the hot-melt extrusion process, a dry powder blend

of drug, polymer, and other adjuvants was fed into the extruder ond melted inside the barrel of
the machine. The molten mass was extruded throug ved: -and then cut manually into
400-mg tablets. CPM and PEO were shown to be stable under the processmg conditions. The molecu-
lar weight of the PEO, the drug loading percentage, and the inclusion of polyethylene glycol as a
processing aid, were all found to influence the processing conditions and the drug release properties
of the extruded tablets. Faster release of CPM from the matrix tablets was observed in acidic medium
than in purified water and phosphate buffer (pH 7.4). Drug release from the matrix tablet was con-
trolled by erosion of the PEO matrix and the diffusion of the drug through the swollen gel layer at
the surface of the tablets. CPM was dispersed at the molecular level in the PEQ matrix at low drug
loading level and recrystallization of CPM was observed at high drug loading levels, Hot-melt extru-
sion was demonstrated to be a viable novel method to prepare sustained-release tablets. PEC was
shown to be a suitable polymeric carrier for this process.

KEY WORDS: Chlorpheniramine maleate; Hot-melt extrusion; Polyethylene oxide; Sustained-release
tablets.

INTRODUCTION

During the past 30 years, extensive research has been
pursued with modified- and sustained-release drug deliv-
ery systems, The advantages of such systems over tradi-
tional dosage forms include improved patient compliance
and more constant blood levels of drug, which can sig-
nificantly increase the efficacy and reduce the side effects
(1). The use of slowly eroding matrix tablets has been one

of the most common approaches for preparing sustained-
release dosage forms. Water-swellable polymers or poly-
saccharides have been used as binders and retardants. The
most widely used processes to manufacture rapid and
sustained-release tablets include the wet granulation and
direct compression techniques. The wet granulation pro-
cess is a labor- and equipment-intensive technique in-
volving several steps. Excipients such as binders, lubri-
cants, and glidants are required to facilitate processing.

Address correspondence to Feng Zhang, Fax: {512) 471-7474, E-mail: second@mail.utexas.cdu
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Sustained-Release Tablets Preparcd by Hot-Melt Extrusion

tech Associates, Inc. (Deerfield, IL). The mobile phase
consisted of 30% acetonitrile with 70% pH 2.0 buffer
solution (50 mM potassiem phosphate monobasic) at a
flow rate of 1.5 ml/min. The retention time of the CPM
was 3 min. The content uniformity studies were per-
formed on six tablets using HPLC analysis.

Physical Characterization

DSC was used to characterize the thermal properties
of the drug and polymers, the physical mixtures, and the
extrudate. The differential scanning calorimeter used in
the. present study was a DSC modei 2920 (TA Instro-
ments, New Castle, DE). Ultrahigh pure nitrogen was
used as the purge gas at a flow rate of 150 ml/min. Ap-
proximately 10-20 mg of sample was weighed and
sealed in a nonhermetic aluminum pan. The temperature
ramp speed was set at 10°C/min for all studies.

WAXD was performed to characterize the crystalline
properties of the excipients and the extrudate. A vertical
scanning diffractometer (type 42273, Philips Electronic
Instroments, Mount Vernon, NY) was used in the present
experiments. The x-ray source was CuKor radiation under
35 kV and 20 mA. The angle of the scan ranged from
10° to 40° in increments of 0.05%/sec.

IR spectroscopy was used to study the possible com-
plexation between the CPM and the polyethylene oxide.
A potassium bromide disk of the sample was prepared
and the IR scan was conducted on a Magna-IR Spectrom-
eter (model 550, Nicolet Instrument Inc., Madison, WI).

Gel permeation chromatography was used to study the
stability of the polymer under the current processing con-
ditions. The molecular weight was determined using a
Waters system, which included a WISP model 710B au-
tosampler, model 510 solvent delivery system, Ultrahy-
drogel® 1000 and 2000 columns connected in series, and
a model 410 differential refractometer as the detector.
The PEQ standards were used in the analysis. Double-
distilled water containing 0.1 M sodium nitrate was used
as the mobile phase at the flow rate of 1 ml/min.

RESULTS AND DISCUSSION

PEO resins are non-ionic, water soluble, high molecu-
lar weight homo-polymers manufactured by the heteroge-
neous catalytic polymerization of ethylene oxide. The
resin meets all the specifications of the official compen-
dia and is available in a broad range of molec
weights, i.e., as low as 100,000 and up

“of theophylline via:direct compression. Theophylhne has
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were investigated in the present stady. PEO is a thermal
plastic polymer and depending on the molecular weight,
the melting point of the polymer ranges from 60 to 75°C.
Above the melting point, the polymer can be extruded or

screw imposed shear stress to the polymcr melt dunng
the extrusion process. Becausc of the elastic property of

e sustmned-release tabiets

been widely used as a mode! drug in previous research
concerned with sustained-release matrix tablets (5). The-
ophylline is a high-dose drug and possesses good com-
paction properties (6—8). Generally, the drug is released

-from the water-soluble polymer matrix tablets by diffu-

sion through the polymer as well as by the erosion and
dissolution of the polymer. Both mechanisms depend on
the hydrophilicity and the molecular weight of the poly-
mer or retardant.

CPM is a low-dose crystalline drug. Such low-dose
drugs may present content uniformity problems in matrix
tablets prepared by direct compression. Both PEG and
PEO are manufactured via the polymerization of the eth-
ylene oxide monomer. Because of the linear and regular
structure, they exist as semicrystalline polymers under
room temperature. The solid structure consists of an inti-
mate mixture of ordered crystals and randomly structured
amorphous region. The DSC scans, shown in Fig. 1, dem-
onstrate the profiles for PEG 3350, PEO (1 m), and CPM
with melting points at 64.04, 72.97, and 136.90°C, re-
spectively. The melting peaks of CPM and PEO were
both observed for the physical mixtures at all drug-load-
ing levels. The multitude of peaks observed in the x-ray
diffraction pattern of PEQ and CPM powder also verified
their crystalline properties (Fig. 2). The most intensive
peaks for PEO and CPM were found at 26 angles equal
to0 23.30° and 20.20°, respectively. The x-ray diffraction
profile of the PEQ was actually the superimposed sharp
diffraction lines of the ordered crystals and the diffusion
lines of amorphous regions of the material. The x-ray dif-
fraction peaks of PEO were much broader than the peaks

.. of CPM, which is a crystalline material,

PEO has been reported to be susceptible to oxidation
either in bulk or in solution during long-term storage (9).

moldcd by conventional thermoplastic vprocessmg tech- .
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p
“of the extruded tablets demonstrated a decrease of ap-
- proximately 4°C in the melting point of PEO after extru-
- sion, which was probably due to a decrease in the molec-

the
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Figure 1. DSC profiles of CPM, PEG, PEO and physical mix-

ture of CPM and PEO. (a}) CPM; (b) PEO (1.0 m); (c) PEG
{3350); (d) physical mixture of CPM and PEO (1.0 m).

In the hot-melt extrusion processing, the polymer was
subjected to both thermal and shearing stresses. High
temperature could contribute to the depolymerization of
the polymer cham whereas shearmg t:fft:ctgs

o the unprocessed PEO powder. DSC profiles

ular weight of the

/mer during the processing. With
‘3350, the extrusion process can pro-
ceed ata lower bemperature and torque, as shown in Table
1. No change in color of the extruded tablets was ob-
served after the addition of PEG 3350. The results from

gel permeation chromatography are shown in Table 2.

There was no significant difference in the weight average
molecular weight of PEO following the processing, when
the 40% PEG 3350 was included as a processing aid.
Without the addition of PEG, a 15% decrease in the mo-
lecular weight of PEO and slightly longer retention times
were detected.
During the extrusion process, the minimum rotation
rpm# The maximum

torque capacity of the extruder was 50 Newton-Meter -

(N - m). For each formulation, a minimum zone tempera-
ture was required for the material to be processed. The
processing conditions for melt extruded CPM for-
mulations aréishg “The polymer melt vis-
cosity was primarily influenced by the molecular weight
of polymer and the temperature of the melt. As the molec-

Zhang and McGinity

ular weight of the polymer was increased, the interchain
friction and entanglement also increased. Friction and en-
tanglements functioned to restrict the flow and movement
of the polymer chains with respect to each other. Once
beyond a critical molecular weight, the chains were long
enough to be entangled, making flow more difficult. This
critical molecular weight of PEO was reported to be
10,000 by Porter and Johnson (10). Below the critical
molecular weight, the polymer melt viscosity was ap-
proximately proportional to the weight average molecular
weight. Above the critical molecular weight, the viscosity
of the polymer melt at low shear rate has been reported
to depend on the weight average molecular weight up to
a power of 3.5 (11).

High viscosity will contnbute to an mcrease in the
extrusmn torque ¢

7 million (Table 1, formulation G) was substituted for
PEO thh a mo]ecular weight of 1 million (T able 1, for-

G It
i The hlgh torque assocxated with fonnu]anon G

'made the processing under the same zone temperature
* settings as formulation C nonfeasible. The zone tempera-

tures were increased to decrease the melt viscosity in or-
der for the polymer to be processed (formulation H). An
increase in the zone temperature by approximately 20°C
significantly lowered the extrusion torque (formulation
H). Increasing the temperature is the most common prac-
tice to facilitate a polymer extrusion process in the plastic
industry. The melt viscosity decreases exponentially with
respect to the increase in the temperature and has been
reported to follow the Arrhenius equation (11):

.n =K X eEIRT (1)

In this equation, K is a constant that depends on the struc-
ture and the molecular weight of the polymer, E is the
activation energy of the polymer for the flow process and
it is a constant for the same type of polymer. R is the gas
constant and T is the temperature in degrees Kelvin. The
activation energy for the PEO was reported by Costagli-
ola et al. to be 6.4 kcal/mol (12).

PEG 3350 was used as a processing aid in the present
study. PEG is composed of the same structural unit as
PEO, but has a lower molecular weight than PEO. Be-
cause PEO and PEG have the same repeating unit, they
were completely miscible in the solid state, as demon-
strated by a single melting point when PEG and PEO
were both present in the extrudate [Fig. 3(a)]. Because
the molecular weight of PEG 3350 is much lower than the
reported critical molecular weight of polyethylene oxide,
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4 /\ ~———  Extruded tablets (12% CPM, 88% PEO)
TE‘ — \=s=x;  Extruded tablets (6% CPM, 4% PEO)
el ———— Polyetiyleae oxide (M W=1,000,000)
4
&
g ‘ e Physical mixture (6% CPM, 94% PEO)
‘ w7, _Extruded tablets (20% CPM, 80% PEO)
) 4
y i " Chlospheniramine maleate
Y ! 1 T T x|
10 15 20 25 30 35 40
2-Theta (Degree)
Figure 2. Wide angle x-ray diffraction profiles of CPM, PEO, physical mixture, and the extruded tablets.
Table 1
Processing Conditions for Hot-Melt Extruded Tablets Containing CPM
e Formulation (%) Zone Temperature (°C) Screw Speed
: V\\ CPM* PEO-7* PEO-1° PEG! T, Ty s (rpm)
A 6 _ 94 0 110 115 130 25
B 6 —_ 88 6 100 115 130 25
C 6 — 74 20 70 70 85 40
D 6 — 54 40 70 75 85 40
E 12 —_ 88 — 100 115 120 25
F 20 —_ 80 — 100 115 120 25
Xo 6 74 — 20 70 75 85 25 Overload
H 6 74 — 20 90 90 100 40 21
* Chlorpheniramine maleate.
® Polyethylene oxide (7,000.000).
¢ Polyethylene oxide (1,000,000},
¢ Polyethylene glycol (3350).
1
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DOSAGE FORM THAT IS SAFEGUARDED FROM ABUSE

The present invention relates to an abuse-proofed dosage
form which, apart from one or more active ingredients with
potential for abuse, comprises two or more of the following

components a)~-d):

(a) y at least one substance which irritates the nasal

passages and/or pharynx,

(b) at least orie viscosity-increasing agent, which,

“ with the assistance of a necessary minimum
quantity of an aqueous liguid, forms a gel with
the extract obtained from the dosage form, which
gel remains visually distinguishable when
introduced into a further guantity of an agueocus

liquid,

(c) t at least one antagonist for the active ingredient

or active ingredients with potential for abuse,
{d)‘ at least one emetic.

Many pharmaceutical active ingredients, in addition to
having excellent activity in their appropriate application,
also have potential for abuse, i.e. they can be used by an
abuser to bring about effects other than the medical ones
intended.

Opiates, for example, which are highly active in combating
severe to very severe pain, are frequently used by abusers

toc achieve a state of narcosis or euphoria.

»
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(b) at least one viscosity-increasing agent, which, with
the assistance of a necessary minimum gquantity of an
aqueous liquid, forms a gel with the extract cbtained
from the dosage form, which gel remains visually
distinguishable when introduced into a further

guantity of an agueous liqguid,

(c) at least one antagonist for the active ingredient or

active ingredients with potential for abuse,
(d) at least one emetic.

Components (a) to (d) are additionally each individually
suitable for abuse-proofing the dosage form accerding to
the invention. Component (a) -is accordingly preferably
suitable for countering nasal and/or parenteral abuse, ;
component (b) is preferably suitable for countering
parenteral abuse, component (c) is preferably suitable for
countering nasal and/or parenteral abuse and component (d)
is preferably suitable for countering parenteral and/or
oral and/or nasal abuse. The combination according to the
invention of at least two of these above-stated components
makes it possible to protect the dosage form according to

the invention still more effectively from abuse.

In one embodiment, the dosage form according to the
invention comprises three of components (a)-(d) in the
abuse combination, preferably (a), (b) and (c) or (a), (b)
and (d).

In a further embodiment, the dosage form according to the

invention comprises all of components (a)-(d).



