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Product Performance
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Disintegration of Granulated Tablets
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Experimental Investigation
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PH101/102: microcrystalline 
cellulose grades
CCS: croscarmelose sodium
SSG: sodium starch glycolate 
L-HPC: hydroxypropyl cellulose 

𝐷: Diffusion coefficient 
𝑄!"#: maximum absorption ratio
𝛥𝑟!"#: swelling capacity
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API

Filler/Disintegrant

Binder

Material Function %
Aspirin API 10

Microcrystalline
cellulose

Filler, partial lubricant & 
disintegrant

80-90

Sodium Starch 
Glycolate (SSG) 

Superdisintegrant 2-7%

Water/PEG Liquid binder -

Material Size, 𝒙
(mm)

Porosity, 
𝜺 (%)

L/S Flow rate, 
𝑸̇ (mL/min)

MCC 1.9-2.5 47 1 10

MCC+SSG 1.8-1.9 25 1 10

Aspirin+MCC 1.9-2.5 30-62 0.8-1.2 10

Aspirin+MCC
+SSG

1.9-2.5 35-52 1 10

Granule generation via high shear wet granulator1 Granule swelling performance assessment2
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Granule Swelling Characterisation



► Surface erosion and slow crack 
propagation observed over time

► No excessive granule movement, 
challenges with bubble formation 

0 min (dry) 15 min

30 min 60 min (end)

𝑄̇!" 𝑄̇!"

𝑄̇!" 𝑄̇!"

MCC

0 min (dry) 0.01 min 

30 min 60 min (end) 

𝑄̇!" 𝑄̇!"

𝑄̇!" 𝑄̇!"

MCC + SSG

► Adding superdisintegrant caused sudden expansion 
and swelling over time 

► Slow loosening of microstructure and strain recovery 
observed

Granule Swelling Characterisation
Microcrystalline Cellulose

SSG: Sodium Starch Glycolate



0 min (dry) 0.02 min

30 min 120 min 
(end)

𝑄̇!" 𝑄̇!"

𝑄̇!" 𝑄̇!"

► All components included within granule
► Controlled crack propagation and 

erosion occurs. Gradual swelling

0 min (dry) 1 min

30 min 60 min (end)

𝑄̇!" 𝑄̇!"

𝑄̇!" 𝑄̇!"

► Aspirin added to MCC (no superdisintegrant)
► Erosion and crack propagation observed with 

slow swelling

Aspirin + MCC Aspirin + MCC + SSG

Granule Swelling Characterisation
Aspirin and Excipients



Experimental Investigation
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API

Filler/Disintegrant

Binder

Material Function %
Aspirin API 10

Microcrystalline
cellulose

Filler, partial lubricant & 
disintegrant

80-90

Sodium Starch 
Glycolate

Superdisintegrant 2-7%

Water/PEG Liquid binder -

Material Size, 𝒙
(mm)

Porosity, 
𝜺 (%)

L/S Flow rate, 
𝑸̇ (mL/min)

MCC 1.9-2.5 - 1 10

MCC+SSG 1.8-1.9 - 1 10

Aspirin+MCC 1.9-2.5 30-62 0.8-1.2 10

Aspirin+MCC
+SSG

1.9-2.5 - 1 10

Granule generation via high shear wet granulator1 Granule swelling performance assessment2
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Optical Coherence Tomography for 
Material Characterisation

• Optical coherence tomography is 
a non-destructive, contactless 
and fast method to resolve sub-
surface structures.

• It generates 1D, 2D and 3D 
depth profiles within seconds.

• Acquisition rate of 1D profiles 
can be as high as 230 kHz (à
230 cross-sectional images per 
second)



Tablet Coating Characterisation

Selected Application of OCT 
Tablet Coating Thickness Characterisation
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thickness

Coating 
profile
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profile

Pellet Coating Characterisation



OCT conditions:
- Lens: 18 mm focal length
- Burst of images collected upon liquid 

addition and granule events 
- Only 2D images analysed

Flow cell
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OCT

.
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Liquid flow

Swelling front Liquid front

Disintegration Analysis using 
Optical Coherence Tomography



Product Structure Surface Imaging

ε (%) = 47
𝐷! (mm) = 2.3 

1 s (start) 6 s3 s

9 s 30 min 180 min

Disintegration Analysis
Microcrystalline Cellulose



Product Structure Surface Imaging

ε (%) = 35
𝐷! (mm) = 2.5 

𝐷! (mm) = 2.5 

ε (%) = 52

1 s 7 s 30 min

Disintegration Analysis
Apsirin and Excipients

1 s 7 s 30 min
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Multimodal dissolution testing 
system

Microscope coupled to a 
custom-built flow cell

Identify performance-controlling mechanisms
Develop data-driven, mechanistic and/or semi-mechanistic models 

Advanced performance tests

Traditional performance tests

(supercritical uid) was then easily removed by decreasing the
pressure (leaving the drug behind in the matrix).507,508

6.2.1.3. Direct compression method. In this method, the drug
is ground and mixed with the matrix and a binder in a denite
proportion, in the presence of a volatile solvent like ethanol.
Aerwards, these are compressed into tablets under high
pressure (2–3 tons per cm2).509–511

6.2.2. In vitro drug release study. The evaluation of the
amount of drug released from solid oral dosage formulations
(e.g. tablets) is an established practice in controlled drug release
study. The rationale for conducting drug dissolution tests is
based on the fact that the drug should be released via the
gastrointestinal tract. Being a critical part of drug formulation
development, all aspects of ‘in vitro’ drug dissolution studies
have been extensively standardized by USP guidelines.512

In fact, dissolution testing is basically a specic form of
solubility testing. However, it differs from the latter by the fact
that here the measurements are taken multiple times, usually
below saturation and at physiological temperature (37 !C).
Meanwhile, solubility is measured at a single point i.e. at the
point of saturation and usually at 20 !C, if otherwise mentioned.

In our laboratory, drug dissolution study for oral mode
formulations was performed in various buffer solutions, corre-
sponding to the pH of different regions of the gastrointestinal
tract.4–6 The tests were conducted in paddle type standard USP
drug dissolution rate test apparatus (Fig. 23), in 900 mL of the
buffer solution maintained at the physiological temperature of
37 !C (using an isothermal bath).4–6 The spindle rotation was
maintained between 50–150 rpm. Aliquots were withdrawn at
equal intervals of time. Drug content was assayed and was
graphically expressed as drug release prole (% cumulative
drug release vs. time).

6.2.2.1. Evaluation of drug release kinetics and drug release
mechanism. To investigate the release kinetics and mechanism
of drugs from modied dextrin based crosslinked hydrogels
developed in the authors’ laboratory, the release data were
analyzed using zero order,513 rst order,514 Korsmeyer–Pep-
pas,515 Higuchi,516 Hixson–Crowell,517 and Kopcha models.518

Since, no single model successfully predicts the release kinetics
as well as the release mechanism of drug from a hydrogel
matrix; various mathematical models were used to explain the
experimental observations during drug release.

6.2.2.2. Erosion rate determination. During drug release,
some tablets partially disintegrated which also affects the rate
of drug release.4–6 The degree of erosion (D) was calculated using
eqn (1), based on the difference between the initial dry weight of
the tablet (Wi) and the dry weight of the tablet (Wd(t)) at time t,
considering the initial amount of drug in the tablet (Wd) and the
fraction of drug (Mt/MN) release at time t,

D ðtÞð%Þ ¼
Wi %WdðtÞ %Wdð1%Mt=MNÞ

Wi

& 100 (1)

6.2.2.3. Stability study. We further investigated the efficacy
of the developed hydrogels as carriers for drugs like
ciprooxacin/ornidazole, mainly to nd out the compatibility in
accelerated conditions. The stability study was performed for up
to 3 months under the inuence of various environmental
factors like temperature, humidity etc.519

For this process, a tablet was packed in a glass bottle and
placed in a humidity chamber where the temperature was kept
at 40 ' 2 !C and relative humidity (RH) was maintained at 75 '
5% throughout the study period.

6.2.3. Release study using the developed hydrogels. For all
the synthesized crosslinked hydrogels, the tablets were
prepared using the direct compression method using 450 mg of
matrix, 500 mg of drug and 50 mg of binder. Aer mixing and
sieving (20 meshes), tablets of 1 g each were prepared by
compression in a tablet making machine at a pressure of 2–3
tons per cm2.4–6

An in vitro ornidazole release study was performed from c-
Dxt/p(HEMA) and dextrin, under a constant rotation of 60
rpm at 37 ' 0.5 !C (Fig. 24a). The amount of drug release was
measured with the help of a UV-Visible spectrophotometer
(Shimadzu, Japan; Model – UV 1800). It was observed that c-Dxt/

Fig. 23 Schematic diagram of a drug dissolution test apparatus
(paddle type).

Fig. 24 Drug release profiles from dextrin and c-Dxt/p(HEMA)
hydrogels of (a) ornidazole, and (b) ciprofloxacin. Results presented
here are 'SD (n ¼ 3) (reproduced from ref. 4, copyright 2013, Royal
Society of Chemistry and reproduced with permission from ref. 6,
copyright 2014, Elsevier).

25038 | RSC Adv., 2015, 5, 25014–25050 This journal is © The Royal Society of Chemistry 2015
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EUROPEAN PHARMACOPOEIA 5.0 2.9.1. Disintegration of tablets and capsules

2.9. PHARMACEUTICAL
TECHNICAL PROCEDURES

01/2005:20901

2.9.1. DISINTEGRATION OF TABLETS
AND CAPSULES
The disintegration test determines whether tablets or

capsules disintegrate within the prescribed time when placed

in a liquid medium in the experimental conditions prescribed

below.

Disintegration is considered to be achieved when:

a) no residue remains on the screen, or

b) if there is a residue, it consists of a soft mass having no

palpably firm, unmoistened core, or

c) only fragments of coating (tablets) or only fragments of

shell (capsules) remain on the screen ; if a disc has been

used (capsules), fragments of shell may adhere to the lower

surface of the disc.

Use apparatus A for tablets and capsules that are not

greater than 18 mm long. For larger tablets or capsules use

apparatus B.

TEST A - TABLETS AND CAPSULES OF NORMAL SIZE

Apparatus. The main part of the apparatus (Figure 2.9.1.-1)

is a rigid basket-rack assembly supporting 6 cylindrical

transparent tubes 77.5 ± 2.5 mm long, 21.5 mm in internal

diameter, and with a wall thickness of about 2 mm. Each

tube is provided with a cylindrical disc 20.7 ± 0.15 mm in

diameter and 9.5 ± 0.15 mm thick, made of transparent

plastic with a relative density of 1.18 to 1.20 or weighing

3.0 ± 0.2 g. Each disc is pierced by 5 holes 2 mm in diameter,

1 in the centre and the other 4 spaced equally on a circle

of radius 6 mm from the centre of the disc. On the lateral

surface of the disc, 4 equally spaced grooves are cut in such

a way that at the upper surface of the disc they are 9.5 mm

wide and 2.55 mm deep and at the lower surface 1.6 mm

square. The tubes are held vertically by 2 separate and

superimposed rigid plastic plates 90 mm in diameter and

6 mm thick with 6 holes. The holes are equidistant from the

centre of the plate and equally spaced. Attached to the under

side of the lower plate is a piece of woven gauze made from

stainless steel wire 0.635 mm in diameter and having mesh

apertures of 2.00 mm. The plates are held rigidly in position

and 77.5 mm apart by vertical metal rods at the periphery,

a metal rod is also fixed to the centre of the upper plate to

enable the assembly to be attached to a mechanical device

Figure 2.9.1.-1. – Apparatus A

Dimensions in millimetres

General Notices (1) apply to all monographs and other texts 225

Disintegration testing Dissolution testing

Material and product data

Selection of excipients 
/ concentrations to 

optimise performance

Selection of process 
settings to optimise

performance

Prediction of 
performance and 

stability

Performance and 
stability predictor

Formulation
design

Process design

1
2

Raw material 
characterization 

(e.g. particle 
size/shape, flow 

coefficient)
Drug product 

properties (e.g. 
breaking force)

Flow cell

Liquid

Granule
OCT

.

Granule liquid 
absorption and swelling


