
The complexity of contemporary pharmaceutical formulations 
demands innovative analytical approaches: are we ready?
Milan D. !ƴǘƻƴƛƧŜǾƛŏ

CEEC TAC 3 26/09/2015



Potential drugs

Overview of presentation

ÅIntroduction to current problems

ÅThermal Analysis by Structural Characterisation 
(TASC)

ÅThermal Dissolution Analysis (TDA)

ÅChemical Identification by Dissolution Assessment 
(CIDA)

ÅConclusions
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Potential drugs
Possible solutions

ÅLarge molecules ςBiotechnology

ÅRevisit failed projects (drug leads) and try to 
improve

ÅImprove existing medications via better 
performance 

ïNew delivery strategies

ïComplex dosage forms
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Potential drugs
Crucial to all

ÅGood analytical support (demanding 
experimental procedures)

ÅGood predictions (reliable outcomes)

New methods 

ïHyphenated approach has been popular and 
proved to be beneficial
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Potential drugs
Aim

ÅDevelopment of a new hyphenated 
technique to provide 3D map of an object 
(complex dosage form)

ÅExisting solutions:

ïRaman mapping

ïFTIR mapping

ïAFM
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Potential drugs
New approach

ïOptical Microscopy/AFM

ïThermal Analysis

ïSeparation Sciences

ïCheaper

ïPotentially real 3D, good resolution

ïAdditional information gained 

Åinteractions between different components of the 
final dosage form

Ådissolution mechanism (drug release mechanism)
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Potential drugs
Part 1

ÅThermal Analysis by Structural 
Characterisation (TASC)

ÅThermal Dissolution Analysis (TDA)

ÅChemical Identification by Dissolution 
Assessment (CIDA)
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Potential drugs
Aim

ÅGet important information out of microscopy

ÅBuild software that can analyse complex 
images

ÅGet both qualitative and quantitative data 
(shape and size of features)
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TASCconsistsof imposinga pattern on the surfaceof a sample
or exploiting pre-existing structure, then characterizinghow
that pattern changesas the sample is heated; in this case
Optical Microscopywas used but it can be applied to other
forms of microscopysuchas electron microscopyand Atomic
ForceMicroscopy.

heat
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The TASCalgorithm scans an area
and tries to identify whether a
designated structure exists and
where it is located. Topright there is
a schematic of an indentation,
underneath this is the result of a
TASCanalysis.

Right is a 3D representationof the
output of the TASCanalysis. Theapex
of the cone providesthe location of
the feature
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It is important that the algorithm is
robust because it must deal with
non-ideal samples. Above right
there is a schematic of 4
indentationsin aΨƴƻƛǎȅΩbackground.
Below this is the result of a TASC
analysis.

Right is a 3D representationof the
output of the TASCanalysiswith the
noisybackground.
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Aboveshowsa seriesof schematicindentations
of decreasingsize. Thedegreeof recognitionby
the TASCalgorithmdecreasesasthe sizeof the
indentationdecreases.
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where ɔis the surface tension, 

H(x,t) is the local depression of the surface of the sample at position 

x

h(t) is a measure of  the depth of the dimple 

R gives an indication of the expanse of the depression 

The pressure inside a sample due to the surface curvature is approximately 

ɔÖ2 H/Öx2

The gradient of pressure along the surface which drives flow inside the 

specimen is then ɔÖ3H/Öx3 
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Now the indentation surface is a material boundary: it moves with the 

material velocity v. 

Thus the depth of the dimple shrinks as h ~ constant exp( - C ɔ t 

/(ɛR)).

Where ɛis the viscosity

C is a constant fixed by the geometry of the indentation and the 

sample

The time constant is then ɛR/(ɔ C)

The important conclusion is that the rate of relaxation is proportional to 

the surface tension, inversely proportional to the viscosity and is 

affected both by the size of the indentation and its geometry.
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The Surface Tension is a 
linear function of 
temperature. 

The PS transition glass 
transition takes place 
over about 40oC so this 
effect can be ignored 
compared to the orders 
of magnitude changes in 
viscosity with 
temperature

Circa 7% change
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Thisis graphshowinga co-plot of DSCand TASCdata.
The flow event happensafter the glasstransition as
measuredby DSCasexpected.
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An ideal form of microscopy is
AtomicForceMicroscopy. Belowis a
comparison of an AFM result
(circles),on an indentation 500 nm
in diameterwith one obtainedusing
opticalmicroscopyon an indentation
200 m˃ in diameter(squares).

130oC
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Potential drugs
Part 2

ÅThermal Analysis by Structural 
Characterisation (TASC)

ÅThermal Dissolution Analysis (TDA)

ÅChemical Identification by Dissolution 
Assessment (CIDA)
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Potential drugs
Aim 

ÅFollow changes in surface properties while 
solvent interacts with it

ÅUnderstand chemical nature of material and 
its interaction with the solvent at different 
temperatures (heating/cooling rates)

CEEC TAC 3 26/09/2015



Right is an imageof a collection
of sugarcrystalsin water in a DSC
crucible. TheTASCalgorithm can
follow their disappearance.

In the graph shown right; it can
be seen that small crystalsD, F
and G disappear much faster
than the largecrystalI.
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Right shows a reduced
time plot of all of the
crystals.

Right, averageddata are
plotted against(1-a)3, an
approximately linear
graph is obtained as
would be expectedfor a
shrinking3Dobject.
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Thermal Dissolution Analysis

TASCis used to track the dissolutionof the salicylicacid
crystals in the field of view of the microscope. The
temperatureprogramwas5oC/min.
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Thermal Dissolution Analysis

TASCis usedto track the dissolutionof the objectsin the
field of view of the microscope. Thetemperatureprogram
was5oC/min.
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Thermal Dissolution Analysis

A line wasfitted to the linear part of the dissolutioncurves
and the gradients were plotted against the size of the
crystals.
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The dissolutionbehaviorclearsfalls into two categories
shownasred andgreen.
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The objects in the field can be allocated to the two
categories.

CEEC TAC 3 26/09/2015



Potential drugs
Part 3

ÅThermal Analysis by Structural 
Characterisation (TASC)

ÅThermal Dissolution Analysis (TDA)

ÅChemical Identification by Dissolution 
Assessment (CIDA)
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iv)

CIDA

Filtered i) from solvent; iii) from residue

By appropriatechemicalanalysisthe ΨǊŜŘΩand
ΨƎǊŜŜƴΩmaterialscanbe identified.

Glucose Salicylic Acid
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It is typically the casethat different material have different
dissolutionkinetics.
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Thermal Dissolution Analysis

TGA-GC-MS Mass Loss Chromatography

ChromatographyóVolumeô LossTDA-HPLC
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