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Soft gelatin capsules (SGC) are popularly used oft gelatin capsules (SGC) are popularly used pharma-
pharmaceutical dosage forms, whose critical ceutical dosage forms, wherein the active ingredient
is delivered in a non-aqueous vehicle, either as solu-
tion, suspension, or semisolid, through various routes
of administration. SGC offers unique advantages of filling

quality attributes are efficient opening/rupture,
disintegration, and dissolution. Unlike oral

capsules, however, rectal capsules must dissolve high doses of poorly water-soluble drugs, loading of ultra-low
in mh'nal qu- and hydrodynamics, without dose drugs accurately (e.g., cardiac glycosides and vitamin D
e enz to break down the crossllnkmg analogs), and providing the option of filling excipients that
n,ifa erefore, 1nh1b1t P-glyco rotem for better bloavallablhty 1).
metlk‘ Od to characEﬁ E

dnsmtegratlon during rectal . s are i o 2 '

i onstrates how qualitative physical quahty attributes are eff1c1ent opemng/rupture, disintegra-
i Method that has recently tion, and appropriate dissolution in biological fluid.

a e by the World Health Tablel (4,5,6) lists methods that assess the disintegration or
Organization, can be used to achieve these goals. rupture of SGCs. However, these tests are best suited to orally

administered SGCs because they require a large volume of
fluid (e.g., 500 mL). Rectal SCGs are exposed to very different
conditions (i.e., limited fluid volume [7] and hydrodynamics).
Hence, a suitable test that is biorelevent in terms of media,
volume, hydrodynamics, and capability to quantify the disin-
tegration or rupture events of SGC for rectal use is essential.

Artesunate SGCs were developed as a pre-refferal treat-
ment option for malarial infection in children under six years
of age living in remote tropical areas with limited access and
to provide a standard care of treatment (intramuscular arte-
sunate) in hospitals (8). Suppositories hold an advantage over
oral therapy when treating severely ill children who are vom-
iting and who may be weak or losing consciousness, because
they act faster than the oral dosage forms.

The authors tested a new apparatus and method, termed
qualitative physical attributes testing (QPAT), which was
developed to address this need. The results of the test using
artesunate SGCs are summarized in this article.

Materials and methods

Materials. For buffer preparation, potassium dihydrogen
Submitted: Sept. 4, 2018 phosphate (analytical reagent [AR] grade, S.D.Fine Chem),
Accepted: Oct. 16, 2018 sodium hydroxide (AR grade, S.D.Fine Chem), orthophos-
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Table I. Disintegration test/rupture test for soft gelatin capsules described in pharmacopeia.

Test | Method

o Medium—water; 500 mL
e Apparatus & rpm-USP Il & 50
® Time—15 min

<2040> Disintegration and dissolution of
dietary supplements—rupture test for soft
shell capsules (4)

e The capsule shell is considered ruptured if breached, exposing or allowing the fill contents to escape

Disintegration test for oral soft capsules

(Ph. Eur. Method 2.9.1) (5) © Time—30 min

o Medium-water. (When justified and authorized, 0.1 M hydrochloric acid or artificial gastric juice may be used.)
e Apparatus—disintegration apparatus.

e All of the dosage units have disintegrated completely.

e Medium—-water
Disintegration Test for Suppositories and
Pessaries—rectal or vaginal gelatin shell

(Ph. Eur, Method 2.9.2) (6) * Time=30 min

Figure 1. A prototype setup to observe the physical events of
artesunate soft gelatin capsule.

Beaker (outer water bath)

Temperature probe

Cylindrical glass holding tube

Bar magnet (big)

Magnetic stirrer with hot plate

phoric acid (laboratory reagent (LR) grade, Rankem), cetyl-
trimethyl ammonium bromide (CTAB) (extrapure AR grade,
Sisco Research Laboratories), and purified water were used.
Preparation of buffer medium. The buffer solution used as
the medium for the QPAT study was prepared by dissolving
potassium dihydrogen phosphate and sodium hydroxide in
purified water, to which a suitable quantity of CTAB was
added to prepare phosphate buffer (pH 7.2, 1.5% CTAB).
Equipment (prototype). The researchers assembled a tem-
perature-controlled glass water bath that consisted of an
appropriate cylindrical glass-holding tube (vessel) capable
of holding 10 mL or less of selected medium with controlled
hydrodynamics and a platform (stainless steel mesh screen)
to support the unit dosage form. The glass container had an
opening with the required diameter to facilitate the intro-
duction of the unit sample (one rectal SGC). The water bath
could hold three glass containers, which facilitated QPAT
of three units individually and simultaneously. Additionally,
the glass assembly facilitated visual observation of the physi-
cal events that each unit dosage form was undergoing during
the duration of QPAT. The hydrodynamics of the water bath
and medium in the holding tube were controlled by appro-
priately sized bar magnets in the respective chambers. The
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o Apparatus—specially designed setup
o Method—rupture of the gelatin shell of rectal or vaginal capsules occurs allowing release of the contents

e Rupture of the gelatin shell of rectal or vaginal capsules occurs allowing release of the contents

whole setup was placed on a magnetic stirrer with hotplate.
Figure 1 depicts the set-up of the equipment.

Experimental procedure. The critical steps of the experiment
are described below. These steps will ensure reproducibility
and accuracy of experimentation and measurements:

o Alarge bar magnet was placed at the bottom of the outer

water bath.
The water bath was filled with water to the specified
depth at room temperature and placed on a magnetic

e ith hotplat edto y
etlém e d lass-holdj eswer, i
water bath and positioned"at specified height.

A small bar magnet was placed at the bottom of each of
the cylindrical glass holding tube.

Stainless steel mesh screen was placed in each of the
cylindrical glass holding tube.

o A suitable volume (10 mL or less) of medium was poured
into each of the cylindrical glass holding tube.
Rotations for the bar magnet were started at the speci-
fied settings.

o Temperatures in the outer water bath and the cylindri-
cal glass holding tube were recorded until the tempera-
ture was stable at 3742 °C for at least 5 min.

« One dosage unit (artesunate SGC) was introduced into
each of the cylindrical glass holding tubes.

o The time was noted and designated as T=0 min.

o Physical behavior of the dosage unit was observed for
any changes (not in any order of significance), such as
physical disintegration, first traces of rupture, release
of blend from SGC, progressive deformation leading to
change in shape, softening (considering gelatin based
SGC) of the dosage unit, etc.

SGC are prone to soften over the duration of the test/
experiment while disintegrating and releasing the drug
contained within. Therefore, the critical events need to be
observed over the QPAT, individually and collectively and
need to be noted. Accordingly, the critical events noted
below were observed during the disintegration process of
artesunate SGC and mapped as a function of time:



o A-first sign of physical breakdown of the surface thereby stantial deformation of the shape of SGC

effecting release of the embedded blend of drug product « Not longer than 15 min: near to complete disintegra-
» B-progressive disintegration of the dosage unit tion of SGC.
« C-substantial deformation of the shape of the dosage Accordingly, the data collected on submission batches at
unit initial and stability samples (Figure 3) were assessed against

« D-substantial decrease/change in the size of the dos- the acceptance criteria. A significantly low co-efficient of

age unit

variation clearly indicates the reproducibility on observation

« E-near-to-complete disintegration of the dosage unit  unit-to-unit. The first event of physical breakdown of the
 F-physical disintegration of the soft rectal capsule surface occurred (event A) consistently within one minute
« G-others relating to the physical structure/character of  on initial samples and after the storage of the samples in

the dosage unit (soft rectal capsule).

QPAT for artesunate SGC was
performed in phosphate buffer (pH
7.2, 1.5% CTAB) on initial and sta-
bility samples, whereas only initial
samples were evaluated in water.
The change in physical nature/ap-
pearance at every two-minute in-
terval was recorded as photographs.

Results

The QPAT method was developed
using @rtesurf@te SGC manufac-
turfd ring Q&-up trials. Be-
ca ere suitable bio-
rel 3’ recta id reported in
literatu%.k.rgedia recommended
for the dissolution testing expefi-

en hate buffer (pH 7.2,
5% andiwater. CTAB at a
n f W5% was selected

after evaluating several commonly
used surfactants in dissolution me-
dium at different concentrations
using saturation solubility studies
and dissolution trials (these data
are yet unpublished and are cur-
rently recorded on file). Typically,
the complete disintegration of
artesunate SGC occurs within 15
minutes. Figures 2a and 2b depict the
typical events observed in 10 mL
of phosphate buffer (pH 7.2, 1.5%
CTAB) and water, respectively, dur-
ing method development, based on
which of the following acceptance
criteria was set to assess the qual-
ity of the product in routine quality
control:

« Not longer than 5 min: first
sign of physical breakdown of
the surface thereby effecting
release of the contained drug/
formulation

» Not longer than 10 min: sub-

controlled temperature and humidity of 25 °C/60% relative
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Figure 2a. Qualitative physical attributes testing (QPAT) performed

on artesunate soft gelatin capsules in pH 7.2+1.5% CTAB/10 mL.

Zero min 2 min 4 min 6 min

Figure 2b. Qualitative physical attributes testing (QPAT)

performed on artesunate soft gelatin capsules in water/10 mL.

Zero min 6 min

Figure 3. Qualitative physical attributes testing (QPAT) events
compared as a function of time between initial and stability
samples in phosphate buffer (pH 7.2, 1.5% CTAB/10mL). Data given
in meanzstandard deviation (N=3). Event identification codes
given in X-axis are described as follows: A—first sign of physical
breakdown of the surface, thereby effecting release of the blend of
drug product contained within; B—progressive disintegration of the
dosage unit; C—substantial deformation of the shape of the dosage
unit; D—substantial decrease/change in the size of the dosage unit;
E—near-to-complete disintegration of the dosage unit; F—physical
disintegration of the soft rectal capsule.
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humidity (RH) for 18 months. Similarly, substantial defor-
mation of the shape of SGC (event C) occurred in less than
10 min. However, the third critical event of near-to-complete
disintegration (event E) occurred not longer than 20 min.,
which was higher than the pre-set acceptance criteria of not
longer than 15 min. Thus, the acceptance criteria was reset
to not longer than 20 min. for the third event (event E) in
the final quality specifications.

Discussion

Acceptable disintegration and dissolution in relevant bio-
logical fluids is essential for the required performance of
the SGC in vivo. With respect to the disintegration test
of SGC, various pharmacopeia offer standardized proce-
dures to evaluate the disintegration or rupture of SGC. The
United States Pharmacopeia (USP) describes a rupture test
for quality control of SGC containing dietary supplements,
performed in dissolution apparatus two (paddle) at a rota-
tional speed of 50 rpm with 500 mL of immersion medium
(4). British Pharmacopoeia (BP) prescribes a standard dis-
integration apparatus for SGC not administered by rectal
or vaginal route using water as the immersion medium, or
0.1M hydrochloric acid/ artificial gastric juice can be used
when justified and authorized. In the case of rectally/vagi-

nally administered SGC, BP uses a different apparatus to
NSTAR

: e the € SEAD ly; these
] i biore t conditions prevale

in the rectal region, where the volume of liquid is reportedly
relatively low (1-3 mL) and the pH neutral at pH 7-8 with
low buffer capacity (9). Further, the rectal region is signifi-
cantly static compared to the other regions of the gastroin-
testinal tract (10). Hence, development of suitable methods
for evaluating the physical attributes of the disintegration
of rectally administered SGC in biologically relevant condi-
tions is useful for efficient quality control.

SGCs fail to disintegrate in vitro primarily due to gelatin
cross-linking upon aging, when exposed to physical condi-
tions such as high temperature and humidity, ultraviolet
radiation, gamma-radiation, rapid drying, and chemical
substances such as aldehydes, ketones, imines, and car-
bodiimides (1). However, gelatin cross-linking does not
impact the in-vivo performance of orally administered SGC,
because the digestive enzymes (i.e., pepsin or pancreatin)
present in the gastrointestinal tract digest the gelatin cross-
linking, enabling the disintegration or dissolution of the
gelatin shell in vivo. In contrast, the rectal region does not
contain digestive enzymes to dissolve cross-linked gelatin,
which could lead to product failure. Hence, a biomimetic
method to evaluate the disintegration/rupture of rectally
administered SGC is even more important to ensure prod-
uct quality throughout its shelf-life.

The QPAT method developed in this experiment offers
a simple, flexible, robust and reproducible way of quality
control of rectal SGC. The proposed method can be adopted




even in a setup with limited resources. It also provides op-
portunity to handle less volume of fluid (<10mL) while
maintaining desirable hydrodynamics and visualization
of disintegration events. These events can also be video re-
corded or photographed for robust data maintenance. The
opportunity to compare the change in various events dur-
ing disintegration as a function of time (i.e., during shelf
life) in QPAT setup is unique. Though the current scope of
QPAT is only for rectal SGC, it can be conveniently applied
to other types of SGC, such as vaginal SGC.

The International Council for Harmonization (ICH)
guideline Q6A, Specifications: Test Procedures and Ac-
ceptance Criteria for New Drug Substances and New Drug
Products: Chemical Substances, provides guidance on the
setting and justification of acceptance criteria and the se-
lection of test procedures (11). Accordingly, the decision
tree #7.1 in the guidance document allows disintegration
testing, instead of dissolution testing, to be used as a per-
formance/quality control test for rapidly dissolving dosage
forms (Q>80% in 15 minutes) containing highly soluble
drugs (Biopharmaceutic Classification System class I/III),
if a relationship between dissolution and disintegration
has be®h established. Similarly, the QPAT method could

pot &&lly re & the dissolution testing of rectal SGC
co ng hq

or sh(, mg of the deyelope; th is th
d1ff1cu @&ervmg the physic avent the SG

or its contents have intense co owever, h could

er opting a continuous replacement system
sin tiig|pump or intermittent replacement
(o
Conclusion

For rectal suppositories, a bio-mimetic disintegration test
enables efficient quality control of SGC to assure product
quality throughout the shelf-life. In order to simulate con-
ditions within the human body, this method should not
replicate requirements for oral gelatin capsules, but must
show acceptable disintegration in lower volumes of a me-
dium that is free of digestive enzymes at milder hydrody-
namics. QPAT offers a methodology that can be readily
adopted for routine quality control. This method offers
the advantage of easy setup, even with limited resources.
The World Health Organization has already accepted the
method for quality control of artesunate SGC for disinte-
gration events (12).
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Read more about quality control testing

For more about quality control testing, read these articles at
PharmTech.com:

e Improving Production: How IT, OT, and Quality Can
Collaborate
www.pharmtech.com/improving-production-how-it-ot-and-
quality-can-collaborate

o Sartan Recalls Beg the Question: Is Compendial Impurity
Testing Enough?
www.pharmtech.com/sartan-recalls-beg-question-compen-
dial-impurity-testing-enough

* Pharma Collaboration Proposes Retirement of Obsolete
Heavy Metals Tests
www.pharmtech.com/pharma-collaboration-proposes-retire-
ment-obsolete-heavy-metals-tests
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