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Purpose. To evaluate if the cross-linking of gelatin affects in vivo
capsule disintegration.

Methods. Scintigraphic investigation in nine healthy volunteers to pro-
vide for a real time visualisation of capsule disintegration.

Results. The moderately stressed capsules failed the USP dissolution
specification for acetaminophen capsule when tested in water and
conventional SGF but passed with the addition of pepsin. Moderately
stressed capsules started to disintegrate at 10 * 6 minutes (range 6 to
24 minutes) compared to 8 = 2 minutes (range 5 to 11 minutes) for
the unstressed capsule.

Conclusions. The results of the study clearly demonstrate that with
the incisive technique of gamma scintigraphy there are no differences
in the in vivo disintegration properties of moderately stressed and
unstressed capsules.
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INTRODUCTION

The hard gelatin capsule has been used for many years to
deliver drugs in the form of powders, granules, pellets and
tablets to the gastrointestinal tract. The major component of
the capsule is gelatin which has the ability to form highly
suitable films, capable of dissolving readily in the stomach. It
has been reported that certain conditions, especially the exis-
tence of trace amounts of aldehydes in the capsule fill material
or hot and humid storage, can render gelatin partially insoluble
in water due to a cross-linking reaction (1,2). The insolubiliza-
tion of gelatin in water with consequently reduced in vitro
dissolution rate has been shown to have no in vivo signifi-
cance (3).

However, to investigate the in vive relevance of gelatin
cross-linking in more detail a gelatin capsule working group
comprising FDA and industry representatives was formed. Over
the last four years the group has been carrying out a program
of research to develop gelatin capsules with well characterized
degrees of cross-linking so as to study the effect of cross-linking
on both in vitro dissolution and bioavailability of a model drug
product (4).
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Stressed hard gelatin capsules have been prepared by
exposing capsule shells to formaldehyde laced lactose (5). Cap-
sules stressed to the fail/pass level failed to meet the USP
dissolution specification for acetaminophen capsules when
tested in water and simulated gastric fluid (SGF) without pepsin.
However, in the acidic environment of the stomach the capsules
would also be exposed to the enzyme pepsin. When pepsin was
added to the SGF the capsules passed the USP dissolution
specification. Capsules stressed to the fail/fail level failed to
meet the USP dissolution specification for acetaminophen cap-
sules when tested in water and SGF without pepsin and also
failed when tested in the dissolution medium containing pepsin.
In a bioequivalence study with these acetaminophen capsules,
the moderately stressed or fail/pass capsules were found to be
bioequivalent to the unstressed capsules whereas the severely
stressed or fail/fail capsules were bioinequivalent to the
unstressed capsules (6). Therefore the concept of using enzyme
in the dissolution medium when a hard gelatin capsule fails
dissolution in water or acid due to cross-linking of the capsule
shell is now becoming accepted (7).

Conventional pharmacokinetic studies can be viewed as
a ‘blunt’ instrument for comparing the Fail/Pass (moderately
stressed) and Pass/Pass (unstressed) capsules and whilst formal
bioequivalence is reassuring, it provides no real data on the
potential for in vivo pellicle formation. In addition, it has been
suggested that for drugs with a narrow “window for absorption”
the issue of in vivo pellicle formation may have a more signifi-
cant effect and could have bioequivalence implications. The
non-invasive imaging technique of gamma scintigraphy allows
us to assess the in vivo behaviour of the gelatin capsule shell
regardless of its contents, as it provides a real-time visualisation
of the actual release process (8,9). In this paper, we report on
the use of scintigraphy to validate the scientific basis of the
two tier dissolution process and to add “value” to the previous
pharmacokinetic evaluation (6). The objective of this study was
therefore to evaluate if cross-linking of gelatin really affects in
vivo capsule disintegration.

MATERIALS AND METHOD

Capsule Manufacture and Testing

A method of stressing hard gelatin capsule shells was
developed (5). The degree of stressing or cross-linking was
monitored indirectly by measuring the dissolution of acetamino-
phen using the USP method II at 50 rpm. The procedure
involved exposure of lactose powder to formaldehyde vapour
followed by an accurate measurement of aldehyde contamina-
tion. Dilution of samples from the treated powder with pure
lactose gave the desired levels of formaldehyde contamination.
Lactose containing 20 ppm formaldehyde was filled by hand
into size 1 natural transparent capsules (Capsugel Greenwood
SC Lot No. 515736) which were stored for six days at room
temperature. The capsules were then emptied and along with
the unstressed capsules filled by hand with 280 mg acetamino-
phen and 2 mg of samarium oxide. Subsequent irradiation in
a neutron source converted the non-radioactive tracer ('*2Sm)
into a gamma emitting radioisotope (}*3Sm) (9). Prior to the
clinical phase of the project, trial irradiations were undertaken
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which demonstrated that the release characteristics of the prepa-
rations were not affected by exposure to the neutron flux.

In vitro release characteristics of the capsules were
assessed using the two tier dissolution strategy. The dissolution
media included water and SGF with and without pepsin. Pepsin
with an activity level of 800-2500 units/mg protein (1:10,000)
and a concentration of 3.2 g/l was used. The unstressed capsule
met the USP dissolution specification for acetaminophen cap-
sules when tested in water and SGF without pepsin (Pass/Pass)
(Table 1). The moderate stressing condition resulted in capsules
which failed the USP dissolution specification for acetamino-
phen capsules when tested in water and SGF without pepsin
but which met the USP dissolution specification when tested
in SGF with pepsin (Fail/Pass) (Table 1).

Clinical Trial Design

This was a single, blind, randomised crossover study in
nine healthy male or non-pregnant female volunteers. Each
volunteer was examined by a physician before the study and
was judged to be in good health on the basis of medical history,
physical examination and routine laboratory data. The clinical
protocol was approved by an independent Ethics Committee
and approval for administration of radiolabelled preparations
was obtained from the Department of Health, London. Each
subject provided written informed consent to participate in
the study.

Study Protocol

The volunteers arrived fasted (from midnight) at the study
site. Anterior anatomical markers containing 0.1 MBq *™Tc
were taped to the skin over the right lobe of the liver, in the
same transverse plane as the distal end of the oesophagus for
each subject. In line with the study randomisation, each subject
received either the Fail/Pass or Pass/Pass capsule with 200 ml
of water.

Anterior scintigraphic images, each of 50 seconds duration,
were taken using a gamma camera (General Electric Maxicam-
era) with a 40 cm field of view and fitted with a low energy
parallel hole collimator. Images were recorded every minute
until complete capsule disintegration was observed and were
acquired with the subjects standing in front of the gamma
camera. The images were recorded using a Bartec computer
system and were stored on optical disk for subsequent analysis.

Table 1. Dissolution” of Acetaminophen from Pass/Pass (Unstressed)
and Fail/Pass (Moderately Stressed) Capsules

Average percent released at 45 min (range)”

SGF without SGF with
Capsule Type Water pepsin pepsin®
Pass/Pass 97 (94-99) 97 (94-100) N/AY
Fail/Pass 61 (53-69) 53 (33-68) 94 (87-100)

2 USP Paddle apparatus, 50 rpm, 900 ml, 37°C.

EN = 6.

€ 3.2 g/, Activity 1: 10,000 Product No. P7,000, Sigma Chemical
Company.

4 Not applicable.
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Table 2. Disintegration Profile of Acetaminophen Filled Hard Gelatin
Capsules (Fail/Pass (Moderately Stressed) Capsules)

Complete capsule
disintegration

Initial capsule (minutes (minutes

Subject number disintegration post-dose) post-ICD)
1 7 11 4
2 9 11 2
3 9 16 7
4 5 9 4
5 24 26 2
6 11 22 11
7 8 11 3
8 8 10 2
9 6 18 12
Mean 10 15 5
SD 6 6 4
Median 8 11 4
n= 9 9 9

Note: 1CD = initial capsule disintegration.

The dynamic imaging of in vivo capsule performance pro-
vided an incisive assessment of the disintegration process. Initial
capsule disintegration was defined as the time taken to detect
signs of release of radioactive marker from the capsule, whilst
complete disintegration was defined as the time at which all
the radiolabel had dispersed within the gastrointestinal tract
and no signs of a distinct ‘core’ remained.

RESULTS AND DISCUSSION

In vivo disintegration data are provided for the Fail/Pass
and Pass/Pass capsules in Tables 2 and 3, respectively. Scinti-
graphic images showing the key stages of capsule disintegration
in a representative subject are highlighted in Figure 1.

Table 3. Disintegration Profile of Acetaminophen Filled Hard Gelatin
Capsules (Pass/Pass (Unstressed) Capsules)

Complete capsule

disintegration

Initial capsule (minutes (minutes

Subject number disintegration post-dose) post-ICD)
1 8 13 5
2 5 10 5
3 5 5 0
4 7 12 5
5 10 12 2
6 11 15 4
7 10 12 2
8 9 12 3
9 6 15 9
Mean 8 12 4
SD 2 3 3
Median 8 12 4
n= 9 9 9

Note: ICD = initial capsule disintegration.
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(@) Fail/Pass

t =4 mins t = 8 mins

t = 16 mins t =22 mins

Fig. 1. Scintigraphic images of in vivo capsule disintegration in subject 9; (a) Fail/Pass capsules and (b) Pass/Pass capsules.
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(b)Pass/Pass

t =5 mins t =& mins

t =20 mins L = 24 mins

Fig. 1. Continued.
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The discriminatory ability of the two-tier dissolution strat-
egy is clearly observed from a comparison of the in vitro release
dissolution data provided in Table 1. The release of acetamino-
phen from the moderately cross-linked capsule in SGF (without
pepsin) is significantly lower than the unstressed control. By
the addition of pepsin, the in vitro dissolution process is
enhanced and the stressed capsule meets the specification.

The onset of in vivo capsule disintegration for the
unstressed capsule was 8 £ 2 minutes (range 5 to 11 minutes)
and complete disintegration occurred at 12 * 3 minutes (range
5 to 15 minutes). Once initial disintegration of the capsule was
observed, complete release of the contents followed in 4 * 3
minutes (range 0 to 9 minutes). Interestingly, there is a lack of
good scintigraphic research evaluating the in vivo disintegration
of unstressed capsules; the majority of previous studies have
had an imaging frequency of circa every 10 minutes and have
not precisely evaluated capsule disintegration. However, the
findings are in good accord with the “ballpark” disintegration
data acquired in other scintigraphic studies (10-12).

Initial in vivo disintegration of the moderately stressed
capsule occurred at 10 = 6 minutes (range 5 to 24 minutes)
and complete release of the capsule was observed at 15 * 6
minutes (range 9 to 26 minutes). The time taken for complete
capsule disintegration once the process had commenced was
again rapid; 5 = 4 minutes (2 to 12 minutes).

The results of the study clearly demonstrate that with the
incisive technique of gamma scintigraphy there are no differ-
ences in the in vivo disintegration properties of moderately
stressed and unstressed capsules. It is therefore clear that in
vitro pellicle formation in traditional USP dissolution testing
is not replicated in the human gastrointestinal tract and that the
utilisation of a two-tier dissolution strategy using the gastric
enzyme is entirely justified. It should also help to allay concern
that the absorption of drugs with a narrow window of absorption
would be adversely influenced by a moderate level of cross-
linking in gelatin capsules.

Brown et al.
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