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Abstract

The objective of this study was to prepare novel capsule-based fast disintegrating dosage forms for the oral cavity (Fastcaps)
First, cast films were prepared from various additive-containing gelatin solutions and evaluated with respect to disintegration time
and mechanical properties in order to identify suitable formulations for the capsule preparation. The disintegration time of films
decreased with decreasing bloom strength and could be further decreased by the addition of sugars or PEGs. Fast disintegratir
capsules were successfully prepared by a dipping process, whereby parameters such as the viscosity and temperature of tl
dipping solution and the dipping velocity of the steel pins were optimized. The required viscosity range of the dipping solution
for Fastcap manufacturing was 500—-600 cP. The addition of the hydrophilic additives (xylitol, sorbitol or PEG 1500) did not
significantly affect the viscosity and gelation temperature of the dipping solution. The in vitro disintegration of Fastcaps (30-45s)
was twice as rapid as the one of regular hard gelatin capsules. In vivo, Fastcaps disintegrated rapidly (9—13 s) and their content wa
spread throughout the oral cavity within seconds. Lactose and/or microcrystalline cellulose were suitable fillers for Fastcaps. The
mechanical properties of Fastcaps were similar to commercially available gelatin capsules, which assures good processability
and handling.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of oral fast-disintegrating dosage forms includes:

(1) the administration to patients who cannot easily

Solid dosage forms designed for rapid disinte- swallow, such as the elderly, stroke victims, healthcare

gration in the mouth have recently received much facility and bedridden patients and patients who refuse

attention Charman and Charman, 2Q02Advantages to swallow, such as pediatric, geriatric and psychiatric
patients Wilson et al., 1987; Fix, 1998 (2) more
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convenience and patient compliance (people, who Table 1

do not have ready access to watefjx( 1999; (4) Comparisoq of Fastcaps to other fast disintegrating dosage forms for
product differentiation, line extension and life-cycle 0@ cavity
management, exclusivity of product promotion and Parameter Fastcaps _ ZyMlis Tablets Films
patient-life extension\(irely and Yarwood, 199D Wide range of actives  Yes No ? No
Several platform technologies based on fast- Highdrugloading Yes No ? No
disintegrating dosage forms have been developed,Lajéﬁgzjafeﬁggspeamc'es Ye:es NONO . NONO
such as freeze-dried tablets (Zy8s compressed particles '
fast-disintegrating tablets (Oras8ly Durasol?, Stability Yes ? Yes ?
Wowtal®, FlashDos®) and fast-dissolving films  Semisolid, liquid Yes No No No
(Listeriné® Pocketpacks). formulations

Special packaging No Yes ? Yes

The ZydisM dosage form was developed by
Scherer; it dissolves within 3-5s in the oral cav-
ity (Seager, 1998; Kearney, 2002; Clarke et al.,
2003. Products on the market include Zypréxa In this study, a new type of fast-dissolving drug
Zydis®, Maxalt-MLT® and Romerofi SolTab&. This delivery system based on gelatin capsules was devel-
dosage form is produced by freeze-drying aque- oped Bodmeier, 1999 In contrast to conventional
ous drug/excipient suspension/solutions within blister hard capsules, the capsules developed in this study
packs Corveleyn and Remon, 1997The final prod- (Fastcaps) consist of gelatin of low bloom strength
uct is a dried, sponge-like tablet in a special peel- and various additives to improve the mechanical and
off blister pack Smith et al., 200 Major disadvan- dissolution properties of the capsule shell. The advan-
tages of the Zydf® technology is the time-consuming  tages of these fast disintegrating capsules are high drug
freeze-drying process, the limitation to low dose loadings, possible solid and liquid fillings, no compres-
drugs, the poor mechanical properties and moisture Sion of coated taste-masked or extended release drug
sensitivity. particles/pellets, good mechanical properties, simple

Other marketed fast-disintegrating dosage form manufacturing, mechanical stability and no require-
technologies are based on conventional tabletting ment of special packaging¢ble J.
method. The Orasol! technology is based on The objectives of this study were to develop a simple
an effervescent mixture and taste-masked coated orand reproducible preparation technique for these cap-
microencapsulated drug®dther et al., 2003 The sules and to characterize the properties of the Fastcaps
Shearform' technology is based on a floss-like matrix in comparison to conventional hard gelatin capsules.
(Sastry, 200D The floss is a fibrous material similar
to cotton-candy fibers, commonly made of saccha-
rides such as sucrose, dextrose, lactose and fructose. Materials and methods
(Cherukuri, 1998 The compression force used for
such tablets is relatively low. The resulting tablets are 2.1. Materials
soft, friable and highly moisture sensitivdgbib et al.,

2000. Size 0 or 1 hard gelatin capsules (HGC), size 0 hard

Fast disintegrating intraoral films represent another gelatin capsules containing polyethylene glycol (PEG
dosage form in the pharmaceutical area. They dif- HGC), size 0 hydroxypropyl methylcellulose cap-
fer from the other types of fast disintegrating dosage sules (HPMC) (Shionogi Qualicaps Ltd., Nara, Jgpan
forms with regard shape/appearance and manufactur-gelatin (type B) granules with bloom strengths of 43,
ing process. An oral care product Cool Mint Listeffne 80, 100, 180 and 260 (approximate moisture content
PocketPak® has been introduced based on this film 11%) (DGF Stoess Deutsche Gelatin Fabriken Stoess
technology. The water soluble films are moisture sen- AG, Eberbach, Germany), polyethylene glycol 400,
sitive; in addition, the drug loading capacity of fast 1500 and 4000 (PEG, BASF, AG Ludwigshafen, Ger-
disintegrating films is perhaps the lowest among all many), cross-linked sodium carboxymethylcellulose
fast disintegrating dosage forms. (Ac-Di-Sol®, FMC Co., Brussels, Belgium) micro-
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crystalline cellulose (Avic&l type PH101 FMC Co., located in the path of the cylindrical hole of the film
Brussels, Belgium), sodium carboxymethylcellulose holder, withAcs=2rs, wherer is the radius of the hole
(Tylopur®, C600, Clariant GmbH, Wiesbaden, Ger- ands is the thickness of the film:

many), sodium starch glycolate (ExplofatPennwest, (2 + D2)1/2 _

Patterson, NY, USA), sorbitol (Caesear & Loretz elongation (%)= ] x 100

GmbH, Bonn-Beuel, Germany), xylitol (C*Xylidex, d

Caesear & Loretz GmbH Bonn-Beuel, Germany), wherer is the radius of the film exposed in the cylin-
lactose p(+)-lactose monohydrate, Riedel-de @ta  drical hole of the film holder an®d represents the

AG, Seelze Germany], citric acid (Sigma—Aldrich displacement of the probe from the point of contact
Chemie GmbH, Deisenhofen, Germany) and saccha-to point of puncture:
F
(i)

rose (Merck AG, Darmstadt, Germany).
d(% elongation)

2.2. Preparation of gelatin films modulus at puncture-

Aqueous solutions of gelatin of different bloom WhereF is the applied force.
strength (43, 80, 100, 180 and 260) and of conventional
hard gelatin capsules were prepared at concentrations2-4- Viscosity of the gelatin solutions
of 10-20% (w/w). PEG, sorbitol or xylitol were added
to achieve a faster disintegration and better film prop- ~ The viscosity of various gelatin solutions was mea-
erties. These solutions were cast onto Teflon coveredSured with a rotational viscometer (Haake RH101,
glass plates (14 cm 14 cm) and dried at ambient con-  Thermo Haake GmbH, Karlsruhe, Germany) with a
ditions. The film thickness (108 10um) was mea-  Parallel plate and cone (20mm in diameter arid 4
sured at five points with a thickness gauge Minitest angle) at a constant shear rate (88)s The gelatin
600 (Erichsen GmbH & Co. KG, Hemer, Germany). Solutions (12.5-35.0%, wi/w) were equilibrated for
The films were stored at ambient conditions until equi- Not longer than 1h at measuring temperatures of
librated and were then evaluated with respect to their 40-60+ 1°Cinawater bath prior to measurement. The

disintegration time, mechanical strength and moisture sol-gel transition temperature of the gelatin solutions
uptake characteristics. was obtained from the viscosity versus temperature

profile over the temperature range of 30260
2.3. Mechanical properties of gelatin films

2.5. Preparation of fast disintegrating capsules

The mechanical properties (puncture strength, elon-

gation and elastic modulus) were investigated with ~ The capsules were prepared on a laboratory scale
an Instrof® Testing Machine 4466 (Wolpert, GmbH, dipping process with stainless steel pins (size # 1). The
Darmstadt, Germany) equipped with a 500 N load cell. Pins were dipped into a warm gelatin sol, followed by
The film was placed in a holder with a cylindrical hole €levation and rotation of the gelatin covered pins in air
(r=1.1cm) and a metal probe (diameter, 5 mm; length, tosetthe gelatinsolution. The pin bars were then placed
15 cm) was then driven at a speed of 5 mm/min through In & chamber (gently heated by hair drier) at 25G0

the film. Force (N)—displacement (mm) curves were for 30-60min (depending on the formulation). The
recorded. capsule shells contained approximately 15-18% (w/w)

The fo”owing parameters were calculated water after removal from the Chamber, which was nec-
(Bodmeier and Paeratakul, 1993; Radebaugh et al., essary for the trimming process.

19889: The gelatin sol contained 35% (w/w) gelatin, 0.15%
P methylparaben as preservative and 64.85% distilled

puncture strength: — water. 15% xylitol or sorbitol or 5% PEG (w/w, based
Acs on gelatin) were added to this solution. The gelatin

whereFmaxis the maximum applied force atfilm break, sol temperature, the dipping time as well as the drying
Acs the cross-sectional area of the edge of the film process were adjusted for the different types of gelatin
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Table 2
Dipping conditions for solutions of gelatin of different bloom strength

Type of gelatin Concentration (%, w/w) Dipping temperati@)( Viscosity (cp) (60C) Withdrawal time (s)

B 260 bloom 35 56+ 3 205 5-12
B 80 bloom 35 40+ 1 102 12-15
B 43 bloom 35 40+ 1 82 12-15

(Table 2. The shell thickness of the capsules was deter- 2.8. Moisture content of the capsules

mined by pressing the body part of the capsule together

on a flat surface. The shell thickness (half of the mea-  Twenty capsules were stored in a dessicator over
sured value) was then measured with a thickness gaugesilicagel for 3 days. The capsules were weighed and

Minitest 600 (Erichsen, Hemer, Germany).

2.6. Mechanical properties of capsules

stored for 3 days in desiccators containing silicagel
(0%) or saturated salt solutions to give humidity val-
ues of 27% (potassium acetate), 44-51% (potassium
carbonate), 68% (sodium nitrate) and 75% (amonium

The hardness of the capsule shells was determinegchloride) at room temperature. The capsules were than

by two different methods:

(a) Puncture test A metal probe (diameter 5mm,
length 15 cm) was driven at a speed of 5mm/min
onto the cap of vertically fixed capsule. The force
acting on the probe was recorded with an Insfron
Testing Machine 4466 (Wolpert GmbH, Darm-
stadt, Germany) equipped with a 500 N load cell.

placedin oven at 108C and equilibrated. The moisture
content of capsules was determined gravimetrically by
reweighing the capsules after drying (loss on drying).

3. Results and discussion

The goal of this study was to prepare hard cap-

The hardness of the capsule was the force to breaksules (Fastcaps) with good processability (sufficient

the capsuler(=6).

(b) Shionogi tes{Shionogi, 1998 The brittleness of

mechanical properties) and a rapid disintegration in the
saliva. The Fastcaps were prepared by dipping process,

the capsules was determined by dropping a 50 g which is also used to prepare conventional hard gelatin

weight from a distance of 10 cm onto 20 capsules.

capsules. Prior to the preparation of the capsules, cast

The percentage of broken capsules was taken asfilms were prepared from various gelatin solution for-
percentage brittleness. The capsules were stored aimulations and evaluated with respect to disintegration

different relative humidity conditions. The highest
humidity condition for gelatin capsules was 68%
RH and for HPMC capsules 75% RH.

2.7. Disintegration times of films and capsules

The in vitro disintegration time of films and cap-
sules was measured in pH 6.8 phosphate buffer &€37
using a disintegration tester (Erweka, ZT3). The in vivo
disintegration time (time, at which the capsule disinte-

and mechanical properties in order to identify suitable
formulations for the capsule preparation.

3.1. Gelatin films

An adequate mechanical strength is required for the
Fastcaps in order to withstand mechanical stress (e.g.,
filling and packaging processes, pushing through blis-
ter package, handling by patient). Conventional hard
gelatin capsules are usually prepared from gelatin of

grated/partly dissolved and released its content) in the high bloom strength (235-26Q)¢nes, 1987

oral cavity and the palatability of the capsules were
determined in four volunteers.

The mechanical properties of films prepared from
gelatin of different bloom strength were determined

The capsules were filled with a hand-operated py a puncture test. Puncture strength is a measure of

capsule-filling machine.

film toughness and is directly proportional to the resis-
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Fig. 1. Mechanical properties (puncture strength, elastic modulus and elongation) of gelatin films made from gelatin of different bloom strength
and of commercial hard gelatin capsules (HGC).

tance to break or fracture. The puncture strength and approximately 10Qum, which was also selected as the
elongation increased and the modulus decreased withthickness of the Fastcaps. A reproducible film thick-
increasing bloom strengtkig. 1). Films preparedfrom  ness was achieved by keeping the solid content in the
dissolved conventional hard gelatin capsules (HGC) gelatin solutions constant.
and from gelatin of 260 bloom strength had the high- As expected, the disintegration time of films
est puncture strengths, while films from gelatin of 43 decreased with decreasing bloom strendtig.( 2).
bloom strength had the lowest. Similarly, HGC films Films prepared from gelatin of high bloom strength
and films from gelatin of 260 bloom required the great- (180 or 260) required more than 5 min for disintegra-
est energy to puncture, while films from gelatin of 43 tion, while gelatin films prepared from the low bloom
bloom required the lowest (data not shown). Therefore, strength (43) disintegrated in less than 1 min. A further
films from gelatin of low bloom strength had the lowest decrease in the disintegration time was obtained by
least resistance to breakage. the addition of xylitol (10 and 15%, w/w), which also
The thickness of the films (capsule shells) is an improved the mechanical properties of films from
important parameter affecting the disintegration time. gelatin of low bloom strength (data shown in next
Conventional hard gelatin capsules have a thickness of section).
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Fig. 2. Effect of bloom strength and of xylitol on the disintegration time of gelatin films.

PEG 4000 had almost noinfluence on the disintegra- PEG 1500 and 4000 resulted in turbid films at concen-
tion time, while PEG 400 or 1500, sorbitol and xylitol  tration above 5% (w/w), indicating the immiscibility of
decreased the disintegration time. These hydrophilic the solid PEGs with gelatin. Films with more than 5%
additives increase the rate of dissolution of gelatin (w/w) PEG 400 resulted in elastic, sticky and difficult
films, which is desirableNig. 3). to process films.

Increasing amounts of xylitol only slightly affected
the puncture strength, but resulted in an increase in 3.2 Fast disintegrating gelatin capsules
elongation and thus in a decrease of the modulus (Fastcaps)

(Fig. 4). Xylitol is hygroscopigresulting in more water

retained in the films and thus more flexible films. This Based on the screening studies with additive-
may require longer drying times and difficulties at the containing low bloom strength gelatin films, fast
trimming stage during capsule production. The addi- disintegrating capsules were prepared. The following
tion of PEGs gave similar effects as xylitol. However, parameters were important for the preparation of
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Fig. 3. Effect of different additives on the disintegration time of gelatin films (80 bloom strength).
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Fig. 4. Effect of xylitol concentration on the mechanical properties (puncture strength, elastic modulus and elongation) of gelatin films (bloom

strength 80).

Fastcaps by the dipping method: (1) the viscosity of
the gelatin solution; (2) the temperature of the gelatin
solution (dipping temperature); (3) the velocity, at
which the steel pins were withdrawn from the dipping
solution. The latter parameter significantly affected
the thickness and homogeneity of the capsule shell.
Each gelatin type (different bloom strength) required
different preparation conditiongdble 2. Gelatin of
260 bloom strength, which is used for the preparation
of conventional hard gelatin capsules, was included in
the study for comparative studies with the Fastcaps.
The necessity of different preparation conditions for
different gelatins can be attributed to the different
viscosities of the dipping solutions.

The viscosity and sol—gel transition temperature of
the dipping solution affected the amount and the distri-
bution of the gelatin solution around the dipping steel
pins. At the same temperature (8D), the viscosity of
the gelatin solution decreased with decreasing bloom
strength/molecular weighE(g. 5). The lower solution
viscosity of the lower bloom strength gelatin solutions
would result in an insufficient amount of gelatin solu-
tion adhering to the pins. The lower viscosity was com-
pensated by a lowering of the dipping temperature (thus
increasing the solution viscosity) and by increasing the
dipping time, which assured a homogeneous distribu-
tion of the gelatin solution around the pin. The required
viscosity range for Fastcap manufacturing was approx-
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Fig. 5. Effect of gelatin solution concentration and bloom strength
on the viscosity of gelatin solutions at 60.

imately 500-600 cPHig. 6). Interestingly, the addition
of the hydrophilic additives (15% xylitol or sorbitol or
5% PEG 1500) did not significantly affect the viscosity
of gelatin solution (data not shown). The preparation
conditions therefore did not require adjustments for the
additive-containing dipping solutions. Sorbitol led to
difficulties during stripping the hardened capsule shells
from the steel pins, whereas PEG 1500 facilitated this
processing step because of its lubrication effect.
Besides the viscosity of the dipping solution, its
sol—gel transition temperature is important for the dip-

ping process. The sol-gel transition temperature was
determined as the cross point of the two extrapolated 3.2.1.

lines of the viscosity—temperature curve. The sol-gel
transition temperature for aqueous solutions of gelatin
of 260, 80 and 43 bloom strength were approximately

2500
o gelatin 260

 gelatin 80
o gelatin 43
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15004
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0 . .
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Fig. 6. Effect of temperature and bloom strength on the viscosity of
35% (w/w) gelatin solutions the required viscosity range for Fastcap
manufacturing.
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Fig. 7. Temperature dependent sol-gel transition of aqueous 35%
(w/w) gelatin solutions (bloom strength 260, 80, 43).

38, 35.5 and 35C, and thus were quite simildFfig. 7).

The addition of xylitol (5, 15 and 20%, w/w) did not
change the gelation temperature of gelatin 80 (data not
shown).

In summary, the laboratory-scale manufacturing
process of the Fastcaps was well controlled and repro-
ducible as shown by the very similar dimensional spec-
ifications and moisture content of the Fastcaps, when
compared to commercial (Shionogi) capsulesye 3.

In vitro and in vivo disintegration time of
Fastcaps

The in vitro disintegration of the Fastcaps (approx-
imately 30—45 s) was about twice as rapid as the one
of regular hard gelatin capsules (HGC) (approximately
705s) (Table 4. The in vivo mouth performance and dis-
integration was investigated with four volunteers. Con-
ventional hard gelatin capsules disintegrated slower
(30s) and resulted in a sticky feeling and formed a
highly viscous gel in the mouth. In contrast, Fastcaps
rapidly disintegrated (9—13s) and their content was
rapidly spread throughout the oral cavity within sec-
onds. In addition, xylitol resulted in a pleasant taste
of the capsules and produced a cooling effect in the
mouth as a result of its negative heat of solution. It
also has the unique property of being anticariogenic.
The in vivo disintegration time in the mouth was much
shorter when compared to the in vitro disintegration
time, probably because of the movement of the capsule
in the mouth and hence gentle mechanical stress on the
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Table 3

Dimensional specifications and residual moisture contents of gelatin capsel6¥ (

Capsules (size #1) Capsule weight (mg) Capsule length (mm) Shell thicke$s ( Moisture content (%, w/w)
Body Cap

Shionogi capsules 472 0.3 18.7+ 0.2 28.3+ 0.1 108+ 3 15.1+ 0.2

Fastcap, 15% sorbitol 482 0.9 19.1+ 0.3 29.3+ 0.3 111+ 9 12.1+ 0.2

Fastcap, 15% xylitol 46.2 0.5 18.8+ 0.3 27.6+ 0.3 106+ 5 11.8+ 0.1

Fastcap, 5% PEG 1500 4646 0.5 18.7+ 0.2 279+ 0.3 107+ 7 14.2+ 0.2

capsules. The use of lower bloom strength gelatin and Table 4

hyd rophilic additives (xyIitoI or PEG) additives there- In vitro and in vivo disintegration times of conventional hard gelatin

fore significantly improved the disintegration time and capsules and Fastcaps (in vitro, empty capsules; in vivo, capsules
o filled with lactose)

also the palatability of the capsules.

Besides the capsule shell, the capsule content 3PS!!es Disintegration time ()
could also influence the performance of the cap- In vitro In vivo
sules. Capsules were therefore filled with water-soluble shionogi capsules 6% 3 30+ 9
fillers (lactose, saccharose and glucose) and/or dis-Shionogi PEG capsules 4 30+7
integrants (microcrystalline cellulose/Avi€ePH101,  Fastcap 43, 15% xylitol 3% 3 9+3

Fastcap 80, 15% xylitol 4% 4 11+ 3

crosslinked sodium carboxymethylcellulose/Ac-di-
sof® or sodium starch glycolate/Explot8jp The dis-
integration times of conventional HGC containing the
water-solublefillers (62, 73 and 75 s for lactose, saccha- pared from gelatin of 43 and 80 bloom strength contain-
rose and glucose, respectively) were not significantly ing lactose or microcrystalline cellulose disintegrate
different from those containing disintegrants (69, 75 in half the time (approximately 28-36s) than filled
and 84s for microcrystalline cellulose, crosslinked conventional hard capsules. Lactose and/or Afficel
sodium carboxymethylcellulose or sodium starch gly- PH101 are therefore suitable excipients for the filling
colate, respectively) (data not shown). Fastcaps pre- of Fastcaps.

Fastcap 80, 5% PEG 1500 446 13+ 4

801 00 68% RH B51%RH m 27%RH

s |

all i T

30 -

hardness, N

20 ~

10 -

HGC PEG HGC Fastcap43 xylitol Fastcap80 xylitol
type of capsules

Fig. 8. Hardness of conventional hard gelatin capsules (HGC and PEG HGC) and Fastcaps after storage at various humidity levels (determinec
with puncture test).
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