
hydrogels had an influence on the swelling properties and release mechanisms

of the hydrogels. Table 1 showed that diclofenac-loaded PMAAEG1000

released more than PMAA and the PMAAEG400 swelled to a lesser extent

but released more than PMAA. This indicated that PEG grafted in the PMAA

groups changed the internal environment of the hydrogels and may possibly

interact with the drugs to change the properties of release.

Table 1 Shows release data of drugs from hydrogels

Gel samples Amount of drugs released

(mg/mg dry gel) average – s.d

Metronidazole Diclofenac

PMAA 3.603� 0.121 2.464� 0.093

PMAAEG400 (4:1) 4.415� 0.212 3.991� 0.234

PMAAEG1000 (1:1) 12.707� 0.081 23.966� 0.132

PEG400 (1:1) 4.224� 0.091 12.900� 0.140

PEG400 (1:0.5) 3.797� 0.106 5.651� 0.157

The loading in the metronidazole and diclofenac solutions: 1mgml�1.Values

are means� s.d., n¼ 3.

Kim, B., Peppas, N. A. (2003) Int. J. Pharm. 266: 29–37
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Relationship between the mechanical and molecular properties of
HPMC solutions during the thermally modified sol:gel transition

G. S. Bajwa, C. Sammon1, P. Timmins2 and C. D. Melia

Formulation Insights, School of Pharmaceutical Sciences, University of Nottingham,
Nottingham NG7 2RD, 1Materials Research Institute, Sheffield Hallam University,
Howard Street, Sheffield S1 1WB and 2Biopharmaceutics R&D, Pharmaceutical
Research Institute, Bristol-Myers Squibb, Reeds Lane, Moreton, Merseyside CH46
1QW, UK. E-mail: paxgsb@nottingham.ac.uk

Hydroxypropyl methylcellulose (HPMC), a non-ionic cellulose ether, is

frequently used as a rate control polymer in extended release hydrophilic

matrices. An unusual property of HPMC is its ability to undergo a reversible

sol:gel transition at elevated temperatures in aqueous solutions. Modifications

in the dynamic viscoelastic functions of HPMC solutions during the phase

transition have been reported (Haque et al 1993), although detailed informa-

tion relating to changes occurring at a molecular level are lacking. As a result

we use Attenuated Total Reflectance–Fourier Transformed Infrared

Spectroscopy (ATR-FTIR) to probe molecular changes during the phase

transition. This study was undertaken to investigate the relationship between

the molecular and mechanical changes occurring in HPMC solutions during

the thermally modified sol:gel transition, employing ATR-FTIR and oscilla-

tory rheology experiments, respectively. All spectra of 2% w/w HPMC solu-

tions (Methocel E4M; Colorcon Ltd, Dartford, UK) were collected using a

single reflection heated diamond ATR cell (Graseby Specac, UK) coupled to a

ThermoNicolet Magna FTIR spectrometer. The dynamic viscoelastic func-

tions (storage modulus G0 and loss modulus G0 0) were determined using a

Bohlin C-VOR (Bohlin Instruments Ltd, UK) fitted with acrylic parallel plates

(40mm). A continuous temperature sweep (10–85�C) at a rate of 1�C/min was

undertaken. Measurements were carried out at an angular frequency of 0.5Hz

and at 5% strain to ensure the linearity of viscoelasticity. From the ATR-FTIR

data, the �(CO) band that is associated with the C-O stretches of methoxyl,

hydroxyl and hydroxypropyl functional groups of HPMC, as well as the glyco-

side link, showed a marked increase in intensity at approximately 56�C; this
marked the onset of gelation. From the rheology data, the crossover of G’ and

G’’ (i.e. tan �¼ 1), which has been traditionally used as an indication of the

sol:gel transition point, also occurred at 56�C. Before the crossover (G0 <G0 0),
the system demonstrated common viscoelastic behaviour of a liquid, whereas

following the crossover (G0 > G0 0) a weak but elastic structure was displayed.

A large drop in G’’ was also observed at approximately 56�C. Upon cooling,

both the �(CO) band intensity and dynamic viscoelastic functions illustrated a

deviation from the heating curve; a hysteresis loop was observed during the

thermal cycle. This has been attributed to the lifetime of certain polymer

interactions such as hydrophobic bonding. A change in the shape of the

�(CO) band was identified as a function of temperature. The methoxyl band

(1197 cm�1) component displayed a change in relative intensity during the

sol:gel transition with respect to other components of the �(CO) band, there-

fore illustrating the prominent role of the hydrophobic group during the phase

transition. The ATR-FTIR data was in good agreement with rheological

measurements conducted on the same system, molecular and mechanical

changes were detected during the sol: gel transition. Changes in the shape of

the �(CO) band indicated hydrophobic polymer chain interactions were

involved during the phase transition.

Haque, A. et al (1993) Carbohydrate polymers 22: 175–186
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Development of tests to measure the impact and abrasion properties
of film-coated tablets

S. Blackmore, J. Vogwell, I. G. Turner and S. R. Brown1

Department of Mechanical Engineering, University of Bath, Bath BA2 7AY and
1Pfizer Global Research and Development, Pharmaceutical R&D, Sandwich, Kent
CT13 9NJ, UK. E-mail: S.J.Blackmore@bath.ac.uk

Failure of tablet coatings during processing and subsequent handling can result in

significant financial losses. There is therefore a need to develop tests to assess the

potential behaviour of coatings to ensure that they are sufficiently robust to

withstand all the forces they will experience in situ. The aim of this project was

to develop reliable laboratory scale test methods to measure coating performance

with a strong emphasis on assessing mechanical damage. The implications of

scale-up, from development batches to full-scale manufacturing capacity, can be

unpredictable due to large differences in processing conditions, potentially result-

ing in inferior quality coatings. The development of new testing methods for

coated tablets to better predict the effects of scale-up would lead to increased

coating robustness and quality minimising commercial losses. This study has

involved the development of novel impact and abrasion testing methods that

can be applied to tablet coatings. The impact technique determines the energy

required to cause given levels of damage at the face centre and face edge of the

tablets. The abrasion technique determines the relative wear rates of the coatings.

Tests were carried out on tablet batches with a variety of placebo core formula-

tions (standard, as well as those exhibiting brittle and plastic like properties) and

HPMC based film coatings (a conventional coating, A, applied to all cores; and a

spray dried coating, B, applied to the standard formulation only) to encompass a

range of tablet properties in terms of core hardness and coating quality. Scanning

electron microscopy (SEM), compression testing and surface profilometry were

used to further characterise the range of tablets. Tables 1 and 2 show typical

results from impact and abrasion testing, respectively. The results identify differ-

ences between tablet types. The coated brittle cores proved to be the weakest in

terms of both impact and abrasion testing, and based on results from Tables 1 and

2, were up to approximately 77% weaker during impact, and wore through after

up to 11% less distance (per unit coating thickness). The coated plastic core

formulation exhibited significantly better resistance on impact testing, but was

slightly inferior during abrasion. The standard core formulation with coating A

showed higher impact resistance than coating B, however differences during

abrasion were of little significance. Results from compression testing showed

that while coating tablets improved their strength, the properties of the core

predominate. SEM analysis did not reveal any major differences between the

tablet types and in some cases the theoretically better quality coating appeared

more porous than the spray dried one. In conclusion, the results indicate that, in

coated tablets, the resistance to damage is affected by the core formulation and to

some extent the presence of a coating (mainly due to its thickness). The techniques

will enable coated tablet performance to be evaluated more thoroughly at an early

stage of the development process. This will increase the understanding of the

coatings’ performance under impact and abrasion conditions and will potentially

optimise their performance. The methods developed show potential for future

research and development, to generate useful data modelled on real life situations

that can be used to predict coated tablet behaviour.

Table 1 Typical impact testing results with 1mm diameter indenter at tablet

face edge – damage threshold energies

Tablet type Minimum energy required (mJ/mm)

Placebo core Coating quality

and mean thickness

Coating fracture Total tablet

fracture

Brittle A, 24.9�m 0.31 2.39

Plastic A, 28.1�m 0.56 6.22

Standard A, 33.7�m 1.32 3.71

Standard B, 26.3�m 1.25 4.60
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Table 2 Typical abrasion testing results (standard placebo cores)

Tablet type Mean abrasion

distance (m/mm)

s.d.

Placebo core Coating quality

and mean thickness

Brittle A, 24.9�m 2.11 0.14

Plastic A, 28.1�m 2.36 0.13

Standard A, 33.7�m 2.64 0.23

Standard B, 26.3�m 2.83 0.21
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The impact of drug substance ageing on the dissolution of an
immediate release tablet

L. A. Mackin, P. J. O’Gorman and C. J. Rider

Pharmaceutical and Analytical R&D, AstraZeneca, Charter Way, Macclesfield SK10
2NA, UK. E-mail: Lesley.Mackin@AstraZeneca.com

The surface properties of pharmaceutical powders are critical in determining

their processing behaviour as they affect their interactions with other phases

(e.g. the wetting of a powder by a binder fluid) (Planinsek et al 2000). During

the development of a wet granulation process for an AstraZeneca development

compound, two batches of an immediate release (IR) tablet failed the proposed

dissolution specification. The subsequent investigation found a linear corre-

lation (r2¼ 0.85) between the age of the drug substance batch (time delay

between micronisation and the manufacture of the drug product batch) and

the dissolution result. To investigate this ageing effect, the surface properties of

the drug substance batches were investigated using gravimetric vapour sorp-

tion (GVS) and inverse gas chromatography (IGC). The GVS studies were

undertaken using a Dynamic Vapour Sorption apparatus (DVS; Surface

Measurement Systems, UK) at 25�C. Aqueous DVS was used to determine

the moisture uptake characteristics, whereas acetone was used to detect the

presence of amorphous material (Mackin et al 2002). The moisture sorption

profiles exhibited a high degree of variability, with some batches sorbing more

than 1%w/w moisture above 80% relative humidity. This unusually high

moisture uptake for a crystalline compound has been correlated with the

presence of variable levels of sodium chloride (100–500 ppm) on the surface

of the drug substance particles. The acetone sorption profiles for freshly

micronised batches exhibit a sharp decrease in weight after the samples sorb

0.2%w/w acetone. This weight loss is due to the re-crystallisation of small

amounts of amorphous material (<5%w/w) generated during micronisation.

To further examine the impact of this amorphous material, the dispersive and

polar components of the surface energy were determined using pulse IGC

(Surface Measurement Systems Ltd, UK) at infinite dilution. Experiments

were performed at 30�C and 0% relative humidity using a helium carrier

flow rate of 10mLmin�1. The dispersive surface energy was determined by

eluting 3%v/v injections of a homologous series of alkanes (heptane, octane,

nonane and decane). The polar component of the surface energy was deter-

mined using acetone, ethanol, acetonitrile and ethyl acetate as the elutants. The

IGC data for a typical batch of micronised drug substance are shown in Table

1 and indicate that micronisation significantly increases the dispersive surface

energy in addition to changing the acidic/basic nature of the highest energy

sites. The data also show a significant reduction in the dispersive and polar

surface energy over time, which is probably due to the re-crystallisation of the

amorphous material on the surface of the particles. The reduction in surface

energy occurs over a period of 1–2 years and the rate of change is affected by

the presence of sodium chloride on the surface of the particles. To improve the

granulation process and reduce the risk of dissolution failures, the granulation

processing conditions have been modified and subsequently no further dissolu-

tion failures have occurred. Further studies to investigate the relationship

between the surface properties of the drug substance and the granulation

behaviour of the formulation are ongoing.

Planinsek, O. et al (2000) Int. J. Pharm. 207: 77–88

Mackin, L. A. et al (2002) Int. J. Pharm. 231: 227–236

111
The development of smart fabrics

N. Majcen, M. J. Snowden, J. C. Mitchell, V. J. Cornelius and B. Voncina1
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A smart material can be defined as any material that can respond to subtle

changes in environmental conditions (e.g., a change in temperature, pH, ionic

strength, solvency, light intensity or the influence of an applied electric field).

Stimuli-responsive microgels are crosslinked hydrophilic polymeric networks

that exhibit various swelling properties, depending on environmental variables

such as pH, temperature, ionic strength and electric current (Murray &

Snowden 1995). The most widely studied temperature-sensitive microgel is

poly N-isopropylacrylamide (poly-NIPAM), which undergoes a conforma-

tional transition at 34�C in water, from a swollen state to compact sphere-

like structure (Pelton 1995). Another well-studied stimuli-responsive microgel

comprises of NIPAM copolymerized with acrylic acid. The presence of car-

boxylic acid groups results in pH-sensitive behaviour. A high degree of swelling

is obtained in basic solutions (pH>pKa) owing to both the osmotic pressure

and electrostatic repulsion between the polymer backbones, while the polymer

network collapses in acidic solutions (pH<pKa). A number of applications

have been found for colloidal microgels in the field of drug delivery (Lowe et al

1999). These include the solvent directed controlled release of a variety of drugs

including anti-inflammatory, antibiotics and larger protein based compounds

(e.g. insulin). We propose to take colloidal microgels and attach them to the

surface of a textile fibre with a view to developing a smart textile that will allow

the controlled release of drugs (e.g. in response to the specific environmental

conditions of a wound such as an ulcer). A number of strategies exist to

facilitate the attachment. These materials should have occlusive properties to

maintain a moist environment and to prevent secondary contamination. They

should be painlessly and easily removed, and should also contain, for example,

an antibacterial drug to protect infection, should permit gas exchange and

retain the ability to absorb exudates. Franz cells will be used to quantitatively

determine the rate of release of the active drug molecules from the smart

dressing. This will allow a kinetic profile for the release of the actives to be

undertaken in a variety of solvent conditions. These can be manipulated to

mimic a given wound or skin condition. Experiments with poly dimethyl

siloxane (PDMS) membrane, which is used as a model for human skin, and

an antimicrobial drug methylparaben, were carried out. An experimental flux

(Jexp¼ 88.04�g cm�2 h�1) and permeability coefficient (Kpexp¼ 0.033 cmh�1)

of methylparaben will be compared with the flux and permeability coefficient

obtained from the smart dressing on the membrane.

Lowe, T. L. et al (1999) Polymer 40: 2595–2603

Murray, M., Snowden, M. J. (1995) Adv. Colloid Interface Sci. 54: 73–91

Pelton, R. (1995) Adv. Colloid Interface Sci. 85: 1–33
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The aim of this project is to develop an analytical method that allows a

quantitative assessment of the photostability of pharmaceuticals. Early work

resulted in the design, construction and early phase development of a novel

photocalorimeter (Morris 2004). The instrument allows the direct study of

liquid, solid or semi-solid materials and, in combination with appropriate

data analysis methodologies, the recovery of kinetic and thermodynamic para-

meters as the sample is irradiated with a high-intensity light. However, a major

problem encountered during the early work was that of achieving a stable, and

zero, baseline; this arose because it is challenging to combine the sensitivity

Table 1 Change in the dispersive and polar surface energy of micronised drug

substance batches

Drug substance

age (weeks)

Dispersive surface

energy (mJm�2)

Ka Kb

Unmilled 34.7 (0.8) 0.10 (0.00) 0.09 (0.00)

0 87.3 (0.8) 0.18 (0.01) 0.00 (0.00)

11 78.6 (1.7) 0.16 (0.00) 0.01 (0.01)

21 71.2 (1.0) 0.15 (0.00) 0.00 (0.00)

30 68.6 (3.3) 0.15 (0.00) 0.00 (0.00)

Ka and Kb are dimensionless numbers referring to the acidic and basic nature

of the surface, respectively. The values in brackets represent the standard

deviation for the two columns.

JPP 2005, 57 (Supplement). � The Authors
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of modern isothermal calorimeter (Thermal Activity Monitor, TAM,

Thermometric AB) with a large mass of stainless steel light source equipment.

Further problems occur when light is introduced to the calorimetric cells,

principally because of the difficulties inherent in trying to ensure an equal

amount of light in each cell. We have since redesigned the instrument signifi-

cantly; here we describe these changes. The principal aims of the redesign were

two-fold: firstly, to achieve a zero baseline with no light input and, secondly, to

achieve a consistent (ideally zero) baseline with the light on. The performance

of the instrument could then be validated using a photochemical standard

reaction (in this case the degradation of 2-nitrobenzaldehyde, 2-NB). The

photocalorimeter is equipped with a 300W power xenon arc lamp from

which light irradiates through a monochromator and a trifurcated cable of

optical fibres. Two of the cables lead into the sample and reference cells of a

TAM and the third can be connected to a spectroradiometer. The irreprodu-

cible nature of the baseline with the original design implied that the system was

subject to air conduction within the chamber of the TAM. Various design

elements of the column were revised. Specially-made plastic supporting lids

(with o-rings) were attached on both ends of the column. This allowed air-tight

interfaces between the cable and the ampoule and between the apparatus and

the TAM, consequently minimising heat losses. This led to a dramatic

improvement, reducing the signal by 90% with an average offset of

0.5� 0.3�W (cf. an offset of 67.9� 5.1�W with the original design). The

next stage was to investigate the system’s response to light input. This affected

the baseline dramatically, deflecting it by �214.0� 2.6�W, suggesting an

imbalance in the light delivery via each cable. We have not been able as yet

to achieve a zero baseline with the light on, but have implemented further

design changes to overcome this; these include the use of a beam-splitter, rather

than a trifurcated cable, and the use of liquid-filled light guides rather than

fibre-optic cables.

Morris, A. C. (2004) Ph.D thesis. University of Greenwich, Kent
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Force Microscopy
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There is considerable interest in the potential application of AFM to quantify

physical properties of pharmaceutical ingredients. A key advantage of AFM

methods is the capability to analyse small amounts of material, allowing

application at early stages of formulation development. In the light of this

goal, methods for the determination of surface energy and hardness from

individual particles are described together with examples of their application

to pharmaceutical materials. Surface energy is an intrinsic property of a

material used to predict adhesive and cohesive interaction magnitudes. If sur-

face energies are screened at an early stage of active ingredient development it

may be possible to avoid pursuing highly adhesive forms. In addition, because

surface energies are intrinsic, it is possible to build a library of values that can

aid ongoing research. Macroscopic methods to determine surface energy

include contact angle measurement and Inverse Gas Chromatography (IGC);

however, these require significant amounts of material. Various strategies can

be used to extract surface energy values from Atomic Force Microscopy data

(Drelich et al 2004). All rely on recording force–distance curves to measure the

interaction between the AFM probe and a substrate as a function of distance.

A simple approach is to challenge a clean probe to a particle of interest, and

calculate the adhesive interaction. Estimation of the contact area and knowl-

edge of the surface energy of the probe material allows the surface energy of the

unknown particle to be calculated. Here we demonstrate this approach for

crystalline and amorphous lactose, and show consistent differences between

these materials. Surface energy values obtained in this way are compared with

IGC data. A second example where AFM could serve as a screening tool is the

measurement of nanomechanical properties. Knowledge of the hardness and

deformation mechanism of ingredients may aid choice of appropriate formula-

tion methods. For example, it is known that materials exhibiting plastic defor-

mation are more suitable for direct compression than those with elastic

properties. Here, we investigate this capability to analyse single crystals of

alpha-lactose, and spray dried amorphous lactose. As for surface energy mea-

surements, hardness data is obtained using force-distance curves. In this case it

is the contact region of the curve that is important. By comparing curves

recorded on a particle of interest to those recorded against a hard substrate it

is possible to determine the indentation of the probe as a function of applied

force. This data can be modelled to generate quantitative values of Young’s

modulus. In this paper a range of forms of crystalline and amorphous lactose

are analysed in this way, and modulus values in the range 2–9 GPa. In addition

to quantitative data, the form of force–distance curves provides information

about the mechanism by which the probe deforms the surface. For example, in

our study, amorphous lactose displayed a dynamic change during the initial

contact cycles. This may be indicative of plastic behaviour, with further evi-

dence provided by AFM images recorded after the contacts, which revealed a

permanent indentation at the lactose surface.

Drelich, J. et al (2004) J. Colloid Interface Sci. 280: 484–497
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Numerous proteins have been identified as potential therapeutic agents and the

commercial returns from these agents are growing; global sales of the top ten

recombinant protein therapeutics grew by nearly 20% between 2002 and 2003

to around £18 billion (Pavlou & Reichert 2004). However, most therapeutic

proteins are highly sensitive to environmental conditions and also degrade or

denature rapidly under physiological conditions. One approach to improve

protein stability and to control delivery is to engineer the crystal habit of these

materials. Here, we have used hen egg white lysozyme, a relatively small

protein (around 129 residues, 14 000 Daltons) as a model to investigate

additive influences on crystal habit (Oki et al 1999). Protein crystals were

grown by sitting-drop vapour diffusion after optimising conditions; lysozyme

concentration ranged from 25 to 75mgmL�1, sodium acetate buffer at pH 3.6,

4.0, 4.4, 4.8, 5.2 and 5.6 was evaluated, sodium chloride concentration was

varied and polyethylene glycol (PEG) concentrations screened. Reproducible

tetragonal protein crystals resulted using crystallisation conditions of 10%

sodium acetate, pH 3.6, 25% PEG and 65% sodium chloride. Single crystal

X-ray diffractometry (Rigaku FR-D) characterised the crystals, and visualisa-

tion of the crystal packing (Web Lab Viewer Lite) showed the amino acids at

the crystal faces and that arginine dominated. Three main types of amino acids

were selected to include hydrophobic (methionine, tryptophan), polar (histi-

dine, glutamine) and charged (lysine, arginine, glutamic acid, aspartic acid)

examples. These were added to the buffer solution at 0.01–0.2 M. Orthorhombic

crystals grew in the presence of L-lysine, L-arginine and L-glutamic acid. Two

data sets from the protein crystals (high and low resolution) were collected

using the EMBL Synchrotron facility in Hamburg. Examples of the cell dimen-

sions for the untreated and habit modified lysozyme crystals are in Table 1. It

can be concluded that while some charged amino acids modified the crystal

habit, others such as aspartic acid did not. Thus, while we have shown that

including amino acids into the crystallisation media can modify protein habit,

the molecular basis for this modification requires further investigation.

Table 1 Cell dimensions of crystalline lysozyme and lysozyme crystals

modified by some amino acids

Additive Type Shape Space

group

Cell dimensions (Å)

a b c

None Tetragonal P43212 78.24 78.24 37.20

L-Lysine Charged Orthorhombic P212121 30.59 58.00 68.39

L-Arginine Charged Orthorhombic P212121 31.85 60.60 71.28

L-Aspartic acid Charged Tetragonal P42212 78.78 78.78 37.23

Oki, H. et al (1999) Biol. Crystallisation D55: 114–121

Pavlou, A. K., Reichert, J. M. (2004) Nat. Biotech. 22: 1513–1519
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Due to the significant increase of protein-based therapeutic applications in

recent years the formulation of proteins has become an area of high interest. A

common method is the freeze-drying of proteins embedded in amorphous
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structures formed by sugars. Although these sugar matrices provide some

stabilisation of the protein, environmental conditions, such as temperature

and humidity, have a strong impact on product performance and storage.

For example, an increase in moisture content or temperature may cause the

sugar to go through a glass transition or even crystallise, resulting in a loss of

thermal stability of the protein (Imamura et al 2000). For this reason, know-

ledge of physico-chemical properties, such as glass transition and water sorp-

tion behaviour, is important. In this study the impact of bovine serum albumin

(BSA) on the water sorption and glass transition behaviour of trehalose is

studied. Water sorption experiments have been carried out by Dynamic

Vapour Sorption (DVS) at 25�C. DVS is a well-established method for the

gravimetric determination of vapour sorption isotherms using a Cahn D200

recording ultra-microbalance. The vapour partial pressure around the sample

was controlled by mixing saturated and dry carrier gas streams using electronic

mass flow controllers. Four different samples were obtained from the same

freeze-drying process: trehalose with 30% BSA, with 3% BSA and trehalose

without BSA as well as pure BSA. Each sample was initially dried at 0%

relative humidity (RH) at the desired temperature. Then, the sample was

exposed to a particular RH while monitoring the change in mass.

Measurements were carried out both in a step (‘‘isotherm’’) and ramp mode.

All samples containing trehalose showed a significant mass loss between 60 and

70% RH when humidity was increased in steps at 25�C. This decrease in mass

is due to a glass transition followed by crystallisation of the trehalose. No mass

loss was observed for the pure BSA sample at these humidities, suggesting that

the mass loss is due to the collapse of the amorphous sugar matrix. The glass

transition at 25�C occurred around 60% RH for the pure trehalose sample.

This was shifted to 70% RH for the 30% protein loading. Three-percent

protein did not cause any major shift in the glass transition. This was con-

firmed by ramping experiments. When the humidity is increased continuously

the mass will increase until crystallisation occurs. The resulting maximum

corresponds to the crystallisation humidity (Burnett & Thielmann 2004).

While the sample with 3% loading and the sample without protein showed

almost the same crystallisation event at �55% RH, there was a significant shift

for the 30% loading to 72% RH. High contents of BSA (30%) in an amor-

phous trehalose matrix cause an increase in the humidty at which the glass

transition of trehalose occurs at 25�C (anti-plasticization). Small amounts

(3%) of BSA do not show any significant impact on the glass transition or

water sorption behaviour of trehalose.

Burnett, D., Thielmann, F. (2004) Int. J. Pharm. 28: 712–713

Imamura, K. et al (2000) J. Chem. Eng. Jpn. 33: 657
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Dry powder inhalers are a commonly prescribed dosage form for the treatment

of asthma. In essence they consist of an active compound in particulate form

(1–5�m diameter) adhered loosely on the surface of a larger inert particle,

usually lactose (25–60�m diameter). Processing of the pharmaceutical active

powder to produce the stated particle size range requires high-energy milling or

micronisation. However, this process also breaks down the surface crystalline

structure of the particles, introducing an unstable amorphous phase to the

powder. This conversion of the crystalline to the amorphous state can be of

great pharmaceutical significance. It can influence the bioavailability, stability,

formulation and manufacturing of the medicinal product. The milling-induced

amorphism must be detected and quantified to prevent stability and formula-

tion consequences. The objective of this study was to evaluate the feasibility of

using the novel technique of powder pocket dynamic mechanical analysis

(DMA) to detect and quantify amorphous content in pharmaceutical powders.

Mixtures of amorphous and crystalline salbutamol sulphate were used as test

materials. A wholly amorphous salbutamol sulphate powder system was pro-

duced by spray-drying using literature parameters (Chawla et al 1994). Mixing

crystalline material with this spray-dried system produced a set of spray-dried,

crystalline salbutamol sulphate mixes of known amorphous content. The sam-

ples were tested by solution calorimetry to confirm the amorphous content of

the mixes and by powder pocket DMA. The sample powders were loaded into

the DMA using a metal pocket fabricated from a sheet of stainless steal. This

pocket was run in the DMA with a single cantilever bending geometry.

Enthalpy of solution varies in a linear manner with amorphous content

(Hogan & Buckton 2000), and this rule was observed for the salbutamol

sulphate mixes, with an R2 value of 0.9996 and a limit of detection of

1.1%w/w. The enthalpy of solution of a wholly amorphous spray-dried sal-

butamol sulphate system was measured as �54.3 J g�1 (n¼ 3, s.d.¼ 0.5). The

same samples were tested by DMA to investigate the effect on viscoelastic

properties with changing amorphous content. Linear correlations were found

between the measured tan delta and loss modulus signals; however, the tan

delta gave the best regression coefficient of 0.9992. Using the approach devel-

oped by Millar &Millar (2000), it was possible to determine a limit of detection

of 3.6%w/w for mixtures amorphous salbutamol sulphate in otherwise crystal-

line powders of salbutamol sulphate. The novel application of powder pocket

DMA to analyse small amounts of amorphous content in non-self supporting

pharmacuetical powders has been proven to be feasible.

Chawla, A. et al (1994) Int. J. Pharm. 108: 233–240

Hogan, S. E., Buckton, G. (2000) Int. J. Pharm. 207: 57–64

Millar, J. N., Millar, J. C. (2000) Statistics and calorimetrics for analytical

chemistry. 4 edn, London: Pearson Education Limited
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Use of functional polymers for treatment of pulmonary cystic fibrosis

E. Gaskell, G. Hobbs1, C. Rostron and G. Hutcheon

School of Pharmacy and Chemistry and 1School of Biomolecular Sciences,
Liverpool John Moores University, Byrom Street, Liverpool L3 3AF, UK.
E-mail: G.A.Hutcheon@livjm.ac.uk

Cystic fibrosis (CF) is a hereditary disorder caused by mutations in the Cystic

Fibrosis Transmembrane Regulator (CFTR) coding gene. Prognosis and treat-

ment of CF has improved significantly over the past few decades, increasing

the life expectancy of the patients (FitzSimmons 1993), although the develop-

ment of novel therapeutics is required to overcome the present problem of

antimicrobial resistance and currently available expensive and time consuming

treatments. The issue with current treatment is mainly the mechanisms of

delivery. The highly viscous mucus in the lungs of CF patients somewhat

compromises the activity of the drugs. The pathogenic microorganisms infect-

ing the CF patients form a safe microenvironment within the inspissated mucus

barrier, protecting them from any antibiotics/drugs being administered. As a

consequence of this, the microorganisms are becoming resistant to the avail-

able antibiotics. To solve this problem, this project aims to develop a drug

delivery system that will overcome the mucus barrier, hence aiding the delivery

of the accompanying drug. The utilisation of biodegradable polymers for

therapeutic uses has been investigated since the early 1970s. To overcome the

lack of chemical functionality and limited range of variable physico-chemical

properties of polymers, such as PLGA, biodegradable polyesters with back-

bone functionality have recently been developed. This allows the attachment of

chemical moieties or drugs, as well as controlled encapsulation and release of

desired molecules (drugs, peptides, proteins). In addition, the physical char-

acteristics (hydrophilicity/hydrophobicity) of the polymer can easily be

manipulated by varying the backbone chemistry. We have prepared a family

of novel, functionalised polyesters with different backbone chemistry and of

various molecular weights via the enzyme-catalysed transesterification of a

combination of activated di-acids, glycerol and lactone monomers

(Kobayashi 1999). Lipase region-selectivity for primary hydroxyl groups pro-

duces linear polyesters with pendant hydroxyl groups that were used for the

attachment of drugs or the modification of the polymer properties. From these

polymers, submicron sized colloidal particles were prepared via emulsion-

solvent evaporation (Song et al 1997). This process was optimised to achieve

the best particle formation. The effect of polymer chemistry on the ability to

form discrete particles was analysed using Scanning Electron Microscopy.

Addition of enzyme or drug to the aqueous or organic phase enabled encapsu-

lation of these species into the particles. Release profiles of both the chosen

model enzyme (chymotrypsin) and the drug (ibuprofen) were obtained by

adding the particles to a buffered system and taking timely samples. The

chymotrypsin released was estimated spectrophotometrically and its proteo-

lytic activity determined using the azocasein proteolytic assay. In addition, the

enzyme’s hydrolysing activity toward mucin as substrate was measured on the

developed mucinolytic assay. The released ibuprofen from the samples was

estimated using HPLC. These particles will be further developed as a novel

pulmonary drug delivery system designed to incorporate novel active mucino-

lytic enzymes to aid the delivery of an appropriate drug through the mucus

barrier of patients with cystic fibrosis.

FitzSimmons, S. C. (1993) J. Pediatr. 122: 1–9

Kobayashi, S. (1999) J. Polym. Sci. Part A 37: 3041–3056

Song, C. X. et al (1997) J. Control. Release 43: 197–212

JPP 2005, 57 (Supplement). � The Authors
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De novo design of novel emulsifiers based on a protein scaffold

W. S. Annan and C. van der Walle

Department of Pharmaceutical Sciences, University of Strathclyde, SIBS,
27 Taylor Street, Glasgow G4 0NR, UK. E-mail: wsa872-bpc@yahoo.co.uk

Fibronectin type III domains 9 and 10 (FIII 9–10) was used as a protein scaffold

for the design of novel emulsifiers as the wild type protein is a poor emulsifier and

the structure of the protein has been solved (Leahy et al 1996) allowing the

rational design of mutants. Mutagenesis was carried out using PCR based site

directed mutagenesis and the mutations were designed to increase the hydro-

phobic moment and amphilicity of the protein while maintaining the scaffold’s

conformation. The recombinant proteins were expressed in BLR(DE3)pLysS

with the addition of a six histidine tag to aid purification and 8-L cultures

purified using a nickel-NTA sepharose column (26� 125mm), washing with

54.5mM imidazole, before eluting with 250mM imidazole. The protein was

diafiltered into 10mM potassium phosphate pH 7.0 and 50mM sodium chloride

before characterisation. Emulsion droplet size was analysed over time with a

0.1% (w/v) protein solution and peanut oil that had been homogenised at

10000 revmin�1 for 1min before loading into a Malvern Mastersizer 2000

(Table 1). Stability studies of the protein emulsionwere carried out using a variety

of protein concentrations and the emulsion index monitored over the course of

two weeks at room temperature. Preliminary Mastersizer data show a general

trend in all samples of an initial increase in droplet size before a reduction in the

size of the emulsion droplet. It is thought this may be due to a conformational

change in the protein. Stability studies indicate that mutations that increase the

conformational stability of FIII 9-10 also improve the emulsion stability, whereas

mutations in non surface seeking �-strands that increase the mean hydrophobic

moment and mean hydrophobicity decrease the emulsion stability. The stability

data and droplet size data after 30min are in close correlation with each other in

that the proteins that form themost stable emulsions have the smaller droplet size,

while the least stable proteins have the highest droplet size.

Table 1 Variation of emulsion droplet size with time

Time

(min)

Droplet size (mM)

FIII9’

10

FIII9-10

AV2 CC

FIII9-10 FIII9-10

IDLE

FIII9-10

IEI

FIII9-10

AV2 CC

5mM

DTT

FIII9-10

AV2 CC

20mM

DTT

0 124 60 88 53 74 65 56

1 150 74 120 89 146 74 80

2 131 83 111 113 144 75 108

3 118 86 103 113 134 74 123

4 109 85 97 108 129 73 128

5 101 85 95 107 131 73 128

10 73 85 82 101 182 74 111

15 57 88 87 103 216 79 109

20 54 92 90 110 225 85 108

25 56 95 95 120 225 90 109

30 60 96 106 130 230 95 111

Leahy, D. J. et al (1996) Cell 84: 155–164
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Calculation of the fragility index of indometacin using Thermally
Stimulated Current Spectroscopy

M. D. Antonijević and S. A. Barker

The School of Chemical Sciences and Pharmacy, University of East Anglia, Norwich
NR4 7TJ, UK. E-mail: susan.barker@uea.ac.uk

The fragility index of glass forming materials is an important empirical para-

meter that reflects the stability of a structure to thermally induced transforma-

tions and describes the rapidity at which properties of liquids change as the

glassy state is approached. It has been reported that values for the fragility

index are in the range of 20–214, where these extremes represent ‘‘strong’’ and

‘‘fragile’’ behaviour, respectively. Strong liquids show a steady change in

viscosity and no significant change in entropy of the system as it undergoes

the glass transition. In this work, the ability to calculate the fragility index from

the global Thermally Stimulated Depolarisation Current (TSDC) spectrum

and Thermally Stimulated Polarisation Current (TSPC) experimental results

is tested. Indometacin exists in four monotropic polymorphic forms and an

amorphous form. Amorphous indometacin is prepared from the stable crystal-

line �-form by heating above the melting point and then quench cooling. TSC

experiments were carried out using a TSC/RMA 9000 spectrometer (Setaram,

France). The two TSC techniques used here, TSDC and TSPC, vary in the

timing of the application of the electrical field to the sample. In TSDC, the

sample is first polarised (electrical pre-treatment), then cooled and a ‘‘depolar-

isation’’ current measured as the sample is heated and dipoles relax back to

their original positions. In contrast, in TSDC, the sample is cooled without

electrical pre-treatment, but an electric field is applied as the sample is heated,

hence generating a ‘‘polarisation’’ current as the dipoles move. Using TSDC, a

glass transition was detected at 314.4K, with the TSPC results show a lowering

of 2 degrees in the recorded glass transition temperature (Tg). The obtained

spectra presented show an overlapping distribution of relaxation processes,

which complicates measurements of activation energy of the glass transition

process. In contrast, a TW-TSDC spectrum shows a narrow distribution of

relaxation times and deconvolutes the complex TSDC spectrum, hence an

activation energy for each of the separated processes can be easily calculated.

From the derived activation energies and the measured glass transition tem-

perature, the value for the fragility index may be calulcated using the following

equation, where m¼ the kinetic fragility, � ¼ relaxation time of the dipoles and

T¼ temperature:

m ¼ lim
T!Tg

dlogð�Þ
dðTg=TÞ

Fragility indexes of 61.5 and 55 were obtained from the TSDC and TSPC

results, respectively. The difference in the values obtained by the two techni-

ques is expected and can be connected to the experimental conditions at which

the results were recorded. The fragility values agree with the known structural

information about indometacin, where dimers, trimers and tetramers exist due

to formation of H-bond structures. The values obtained in this study are in the

range of published results (51–81) with the lower values being obtained by the

TSC and DSC techniques and higher values by DSC and Dielectrics. However,

the advantages of the TSC technique is that it requires fewer experimental runs

to generate sufficient data to reliably interpret and that it is directly measuring

dipolar relaxation.
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The structural and compositional analysis of colloidal microgels and
their development as controlled absorption/release devices

L. H. Gracia, M. J. Snowden, J. C. Mitchell and M. J. Humphrey1

Medway Sciences, University of Greenwich, Chatham Maritime, Kent ME4 4TB and
1Pfizer Ltd, Sandwich, Kent CT13 9NJ, UK. Email: Louise.Gracia@btconnect.com

The subject area of microgels has rapidly grown over the past few years and

current interest is focusing on the structural elucidation of the monomer

distribution within the colloidal particles (Christensen & Keiding 2005). This

information is required to aid the design and development of efficient systems

for the controlled uptake and release of small molecules and proteins, for

example, for use in the pharmaceutical industry as drug delivery systems or

biotechnology for enzyme immobilisation. For the compositional analysis of

microgel dispersions, Raman and NMR spectroscopy have been employed.

Raman has been used to semi-quantitively determine the monomeric composi-

tion of a series of poly(N-isopropylacrylamide/4-vinylpyridne) microgels

synthesised with varying monomer ratios (Ryall et al 2005). This method has

proved useful in determining the actual monomer composition in the final

product relative to that used at the beginning of synthesis. NMR has been

used in the same manner. To facilitate the elucidation of the internal structure

of microgel particles, small angle neutron scattering (SANS) has been used.

This technique has been successfully employed to poly(NIPAM) microgel

systems to examine the conformational change at the volume phase transition

temperature (Saunders et al 1999). Experiments using this highly penetrating

technique have been carried out on multi-component co-polymer microgel

dispersions. The first series of microgel under investigation comprised of

styrene (the amount of which remained constant), NIPAM and acrylic acid,

the mole fractions of which were varied. The second series of particles used 4-

vinyl pyridine and NIPAM as constituent monomers, the mole fractions of

which were again varied. Analysis and modelling of the SANS data has

allowed the allocation of a structure type to the particles within each series.

Absorption of molecules of pharmaceutical interest into microgel dispersions

has been quantified by the construction of absorption isotherms. Two types of

co-polymer system have been investigated, one thermosensitive and one pH

sensitive. The absorption trends have been investigated as a function of mono-

mer composition. Future work will include the structural elucidation by SANS

of the systems used to construct the absorption isotherms as this will aid the
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understanding of how absorption efficiency is affected by particle structure,

therefore allowing an optimum microgel to be developed for this purpose.

Christensen, M. L., Keiding, K. (2005) Colloids Surfaces A: Physicochem.Eng.

Aspects 252: 61

Ryall, J. P. et al (2005) Submitted to Langmuir

Saunders, B. R. et al (1999) Colloids Surfaces A: Physicochem. Eng. Aspects

149: 57
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Synthesis and characterisation of hydrophobically modified and
crosslinked pullulan with enhanced viscosity characteristics

G. H. Gibson, A. D. Auffret1, M. J. Humphrey1, J. C. Mitchell and M. J. Snowden

Medway Sciences, University of Greenwich at Medway, Central Avenue, Chatham
Maritime, Kent ME4 4TB and 1Pfizer Global Research & Development, Sandwich
Laboratories, Sandwich, Kent CT13 9NJ, UK. E-mail: Gillian.Gibson@greenwich.ac.uk

The pharmaceutical industry is in need of new and alternative excipients for

drug delivery purposes. Pullulan is a pharmaceutically acceptable and degrad-

able polymer; however, its applications are limited owing to its low viscosity

characteristics. Naturally occurring polymers have been derivatised, charac-

terised and their solution properties studied. The polymeric materials are pull-

ulan derivatives; two of which are long chain alkyl modified (HMCMPs) and a

further four are crosslinked with diamine functionalised molecules. The cross-

linker molecules used were Cadaverine (1,5-diaminopentane) and polyoxyalk-

yleneamines (Jeffamine D compounds) of differing molecular weights (230, 400

and 2000 Daltons). The foregoing chemical modifications have been performed

in two steps from the parent pullulan. The first step involves carboxymethyla-

tion of pullulan with sodium chloroacetate yielding carboxymethyl pullulan

(CMP) (Bataille et al 1997).

The second step involves the modification of CMP by coupling alkyl amines of

various chain lengths and diamines onto the carboxylic groups of CMP, using

the coupling agent dicyclohexylcarbodiimide at 25�C in dimethyl sulfoxide.

Dilute solution viscosity of the derivatised polymers was studied. All six

derived polymers display an increase in reduced viscosity to differing degrees.

Jeffamine 200 crosslinked CMP showing the highest increase, followed by

Jeffamine 400 and Jeffamine 230 crosslinked CMP, HMCMP (hexadecyl

amine derivatised CMP), HMCMP (decyl amine derivatised CMP) and

Cadaverine crosslinked CMP. Increases in viscosity can be attributed to a

combination of: hydrophobic intermolecular associations between the intro-

duced segments within the polymer, and crosslinking. The intermolecular

associations are more pronounced with the longer chains, causing an increase

in the viscosity characteristics of the polymer. Characterisation of the polymers

has been performed with: Solid State 13C NMR, Infrared Spectroscopy,

Raman Spectroscopy and Gel Permeation Chromatography. Gel Permeation

Chromatography results indicate that the molecular weights of the crosslinked

pullulan derivatives have approximately doubled, with no increase in the

polydispersity index. Rheological measurements have been made to investigate

both the Storage and Loss Modulus of the newly derived polymers obtaining

information about viscoelastic behaviour of the pullulan derivatives in solu-

tion. The characterisation techniques performed confirm that the predicted

structures have been successfully synthesised.

Bataille, I. et al C. (1997) Int. J. Macromolecules 20: 179–191
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Many drug materials exhibit polymorphism – the ability to crystallise in more

than one solid form. The ability to select polymorphs can provide commercial

opportunities, and compliance with licensing regulations. Sulphathiazole is a

highly polymorphic, model system, used to demonstrate the ability to select

polymorphs with solvent. Sulphathiazole exhibits at least five polymorphic

forms: I, II, III, IV and V. Blagden (1998) investigated the role of solvent in

controlling the appearance of sulphathiazole polymorphs. From this and other

work it is established that 1-propanol stabilises the metastable form I. Blagden

explained the reasons why 1-propanol stabilises form I but did not extend this

to the other solvents. The current study extended the scope of Blagden’s work

and attempted to elucidate the mechanism. By crystallising from a range of

alcohols the role of the functional group in the selection process was investi-

gated and evaluated. Six solvents, namely 1-propanol, 2-propanol, methanol,

ethanol, butanol and water, were selected. All the experiments were conducted

in thermostated, jacketed beakers. Crystals of sulphathiazole were obtained by

dissolving sulphathiazole (sigma-Aldrich) in 100mL of each of the solvents at

65�C with stirring followed by cooling to 26�C without stirring. The morphol-

ogy of the resulting crystals was analysed by optical microscopy; PXRD, IR,

single crystal XRD and DSC were used for the identification of polymorphs.

The results (Table 1), showed that solvent has a significant impact on poly-

morph selection. In common with propanol, butanol was found to stabilise

form I. This is thought to inhibit the formation of the dimer, preventing

nucleation of and transformation to forms II–V. Shorter chain alcohols and

branched chain alcohols did not stabilise this form, showing it is not only the

alcohol functionality but also the steric effects of the alkyl chain, which con-

tribute to the effect. Discrimination between polymorphs II–V is not straight-

forward, because the PXRD and IR patterns are similar. However, the samples

showed significant morphological differences, indicating that single forms were

also isolated. Single crystal XRD will be performed to confirm the identity of

these samples. By careful solvent selection, it is possible to control the mor-

phology and selectively isolate polymorphs. By applying this approach to other

compounds, there is the potential for commercial exploitation.

Blagden, N. et al (1998) J. Chem. Soc., Faraday Trans. 94: 1035–1044
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Characterising the amorphous state in a pharmaceutical powder
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Amorphous materials in pharmaceutical and food formulations yield complex

and challenging problems concerning the performance, processing, and storage

of these products. The presence of amorphous materials can be wanted or

unwanted, depending on the desired or undesired unique properties of the

amorphous phase. For these reasons, fully characterizing the amorphous

state is critical. In these studies both water and octane vapour uptakes were

collected by gravimetric vapour sorption on a lactose sample with various

concentrations of amorphous material. Firstly, water sorption experiments

were performed to determine the exact onset relative humidity that will cause

amorphous lactose to recrystallize. These experiments were combined with in

situ video microscopy to correlate features in the moisture sorption profile with

visible changes in the sample. Secondly, octane vapour sorption experiments

were performed to quantify low levels (below 1%) of amorphous contents.

Table 1 Analysis of samples crytallised from a range of alcohols

Solvent

used

Morphology PXRD

results

IR results DSC results

1-propanol Needle like Form I Form I Melting of

form I at

201�C
Butanol Needle like Form I Form I Melting of

form I at

201�C
Methanol Hexagon

prisms

Form III

or IV

Form III, IV,

V or mixture

of them

Trans-

formation

peaks

between

140–175�C
followed

by melting

at 201�C
as form I

Ethanol Long

elongated

hexagon

Form II,

III or IV

Not form I

might be II,

(III, IV or V)

2-propanol Platelet

regular

hexagon

Form III

or IV

Form III, IV,

V or mixture

of them

Water Elongated

hexagon

Form III,

IV or

mixture

of them

Form III, IV,

V or mixture

of them

Pull-ONa    ClCH2CO2
- Na+/H2O/(CH3)2CHOH/70oC      Pull-OCH2-CO2

-Na+ (CMP) 
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Amorphous lactose was exposed to a linearly ramped humidity profile from

0% to 90% RH. At a critical RH, the amorphous lactose passes through the

glass transition due to the plasticizing effect of water. If the humidity is

increased further, the sample recrystallizes to form lactose monohydrate, as

indicated by the sharp change in vapour sorption capacity. This was performed

for a series of ramping rates. A clear relationship exists between the onset glass

transition RH and the RH ramping rate, allowing extrapolation to a ramping

rate of zero, or the sample’s inherent glass transition RH. For this lactose

sample at 25�C, the inherent glass transition RH was 30% RH while the

crystallization point was found to be at 58% RH. Images collected in situ

during the ramping experiments support the physical changes indicated by the

moisture sorption profile. Octane vapour isotherms were collected for a series

of known mixtures of 100% amorphous and 100% crystalline lactose. The

amorphous material has a significantly higher octane vapour sorption cap-

acity. The octane vapour uptake at 0.95p/po scales with the amount of amor-

phous material. The physical mixtures were used to generate a correlation curve

to determine unknown amorphous contents. The linearity of the correlation and

the error bars in the measurement indicate that amorphous contents can be

determined down to �0.3%. The glass transition of amorphous lactose at 25�C
was found to be at 30% RH, while crystallization occurred at 58% RH. The

differences in octane uptake between the amorphous and crystalline materials

allow the determination of amorphous contents in partially amorphous powders.
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The effect of relative particle size and deformation behaviour on the
consolidation of binary powder mixtures

R. C. Gibb, R. C. Rowe, P. York1 and P. W. Stott

AstraZeneca, Alderley Park, Cheshire SK10 4TG and 1Institute of Pharmaceutical
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E-mail: ryan.gibb@astrazeneca.com

Research has shown that although certain general rules can be applied when

powders are mixed and compressed into tablets, interactions can be complex

and depend on physical properties such as particle size, shape, deformation

behaviour and strain rate (Fell 1996). Work in this area is limited and at times

conflicting due to variation in methodologies used by researchers. The follow-

ing piece of work was performed in an attempt to understand the consolidation

behaviour of powder mixtures. The materials used in this programme of work

were microcrystalline cellulose (MCC), a ductile material, and dibasic calcium

phosphate dihydrate (DCP), a brittle material. The grades used were Avicel

PH101 and PH200 (FMC Corp, median particle sizes of 64 and 230�m),

Calipharm D and Di-Tab (Rhodia, median particle sizes of 8 and 198�m).

These were selected to provide a range of particle sizes. Binary mixtures were

produced by mixing combinations of MCC and DCP at various volume frac-

tions (% v/v). The mean deformation pressure of each mixture was determined

at both 0.1 and 300mm s�1 using a compaction simulator and packing simula-

tion software was used to visualise the packing of the powders prior to

compression (MacroPac, Intelligensys). The results for mixtures of Avicel

PH200 and Di-Tab (grades of similar particle size) (Table 1) show a negative

deviation from linearity at both compression speeds indicating that MCC

dominates the system at all volume fractions tested. The negative deviation is

more apparent at 0.1mm s�1 above volume fractions of 75% v/v, as expected

due to the increased ductility of MCC. In contrast, mixtures of Avicel PH101

and Calipharm D (grades of different particle size) display a linear relationship

at both compression speeds, although MCC appears to dominate the proper-

ties of the system at higher volume fractions. This is again more apparent at

0.1mm s�1 where the relationship becomes more negative due to the increased

ductility of MCC. Computer generated packing simulations support these

conclusions by illustrating that with mixtures of Avicel PH200 and Di-Tab

the Avicel PH200 particles form a continuous network at all volume fractions

tested. In contrast, the simulations of Avicel PH101 and Calipharm D mixtures

show that the differences in particle size mean the larger Avicel PH101 particles

are isolated at volume fractions below 50%v/v.

Fell, J. T. (1996) In: Alderborn, G., Nystrom, C. (eds) Pharmaceutical powder

compaction technology. Marcel Dekker, Inc, pp 501–515
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of biodegradable microspheres
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Synthetic polymers are commonly used for the microencapsulation of drugs

and proteins because they have good biocompatibility and are biodegradable

to non-toxic materials that are easily eliminated from the body. However, the

commonly used polymers (e.g. poly(lactic-co-glycolic acid) (PLGA) and poly-

�-caprolactone (PCL)), have a variety of limitations, such as initial burst

followed by non-zero-order release, or have long degradation times, which

limit their usefulness (Heller 1980). To overcome some of these difficulties,

novel co-polymers have been developed, which were enzymatically synthesised

by a combination of ring-opening polymerisation and polycondensation of a

lactone, an activated diacid and various glycols. Modifications of literature

procedures (Namekawa et al 2000), enabled the production of large quantities

of these semi-crystalline materials, which were rigorously characterised by a

number of analytical techniques, including accurate mass gel permeation chro-

matography (GPC) and nuclear magnetic resonance spectroscopy (NMR).

These materials were composed of a random mixture of the three monomers

and have suitable solubility characteristics and molecular weight (e.g.

Mw¼ 16.5 kDa, Mw/Mn¼ 2.1) for the production of biodegradable micro-

spheres. The microspheres were produced using the emulsion solvent evapora-

tion method (Lin & Vasavada 2000), over a range of variable conditions

(manufacturing temperature, stirring speed, surfactant concentration, continu-

ous and disperse phase volume, amount of polymer and stirring time) to see

how each variable affected the size and morphology of the final microsphere

product. The microspheres varied in morphology depending on the manufac-

turing conditions, but generally they are spherical in nature. Microsphere size

and morphology was dependent upon several factors. In certain polymers, the

surface character was determined by manufacturing temperature, while size

was most markedly affected by alteration of the phase volumes or the amount

of polymer used. In other cases, the microsphere surface was always either

rough or porous due possibly to a combination of factors, such as molecular

weight, melting point and their more hydrophilic nature. In summary, a proto-

col for the bulk synthesis of biodegradable polyesters with properties similar to

the traditionally used polyesters has been developed. Due to their random

conformation, these materials should have improved characteristics over the

traditional materials, which will allow their development as candidates for drug

delivery systems. The drug incorporation and release profiles of these materials

are currently under evaluation and shall be reported at a later date.

Heller, J. (1980) Biomaterials 1: 51–57

Lin, Y.-H. E., Vasavada, R. C. (2000) J. Microencapsul. 17: 1–11

Namekawa, S. et al (2000) Biomacromolecules 1: 335–338
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Calorimetric methods (isothermal calorimeter, IC, or solution calorimetry, SC)

can detect amorphous contents to 0.5% w/w, or better, in processed pharma-

ceuticals and are becoming more widely accepted in regulatory submissions.

The use of the techniques assumes, however, that if the material to be quanti-

fied exists in more than one isomer or polymorph, that the enthalpies of

crystallisation (IC) or solution (SC) are the same. The aim of this work was

to assess these two techniques for the quantification of amorphous content of a

material whose isomeric forms were known not to meet this criterion. Lactose

was the chosen material as it is a widely used excipient and its anomers (� and

�) exhibit different enthalpies of solution and crystallisation. Two batches of

amorphous lactose were prepared by spray drying 10% solutions of �-lactose

Table 1 Mean deformation pressures (MPa) of binary powder mixtures of

MCC and DCP (n¼ 3)

Volume fraction

of MCC (%v/v)

Avicel PH200 +

DiTab

Speed (mms
---1
)

Avicel PH101 +

Calipharm D

Speed (mms
---1
)

0.1 300 0.1 300

0 311 270 366 346

25 220 207 290 278

50 164 149 224 223

75 89 107 128 156

100 56 76 61 80
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monohydrate (94.4%) (Borculo Whey Products, Cheshire, UK) and �-lactose
(86%) (Sigma-Aldrich, UK) (Chidavaenzi et al 1997). The anomeric composi-

tion of crystalline and amorphous lactose was determined by Gas

Chromatography (Dwiwedi & Mitchell 1989). Solution calorimetry data were

collected as described by (Hogan & Buckton 2000). Partially amorphous

samples were prepared by directly weighing proportional masses of crystalline

and amorphous lactose (prepared from that crystalline batch) into glass-crush-

ing ampoules. The mass of the crystalline component was kept constant in all

the mixtures (200� 0.01mg) and an appropriate amount of spray-dried mater-

ial was added to make 1, 3 and 5% amorphous samples. In the same way, in

the perfusion experiments the 1, 3 and 5% amorphous samples were directly

prepared into the calorimetric ampoule, using 50� 0.01mg of the crystalline

component. Calorimetric data were recorded using a 2277 Thermal Activity

Monitor (TAM; Thermometric AB, Sweden) at 25�C equipped with a gas

perfusion unit. The following RH programme was used: 0% for 5 h, 95% for

15 h and 0% for 5 h. The determined enthalpies of solution and crystallisation

for each of the analysed samples are shown in Table 1. For the perfusion data,

the samples prepared from �-lactose returned a higher heat output, which

could have been due to mutarotation of �-lactose to �-lactose. On the solution

calorimetry experiments samples prepared from �-lactose monohydrate

returned a higher enthalpy of solution, as �-lactose monohydrate exhibits a

higher enthalpy of solution than �-lactose. Calibration curves were constructed

by plotting the heat of crystallisation and solution versus the known amor-

phous content. Due to the differences in the measured enthalpies for the

different samples, the calibration curves were shown to be significantly differ-

ent for the two batches, for each of the techniques. Thus it is shown that

quantification of the amorphous content of a processed sample of unknown

anomeric composition would be problematic, unless the calibration curve is

prepared from the same batch of material as the processed sample.

Chidavaenzi, O. C. et al (1997) Int. J. Pharm. 159: 67–74

Dwiwedi, S. K., Mitchell, A. G. (1989) J. Pharm. Sci. 78: 1055–1056

Hogan, S. E., Buckton, G. (2000) Int. J. Pharm. 207: 57–64
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Capsules are one of the most popular dosage forms of herbal products. The main

manufacturing process is drying the fresh ground plant until it reaches appro-

priate moisture content. Dried powder is then filled into the capsules. As most

herbal capsules do not contain any other excipients, such as filler and glidant,

drying condition is crucial for the quality of capsules, which depends upon the

flow ability of dried powder. The drying process also provide a suitable moisture

content that limits the growth of contaminating microorganisms. This work

aimed to study the effect of the manufacturing process, in particular the drying

temperature and moisture content, on the physical, chemical and microbiologi-

cal stability of four Thai herbal capsules, including ginger (Zingiber officinale),

turmeric (Curcuma longa), Chum-het-thet (Cassia alata) and Fa-tha-li

(Andrographis paniculata). In the first experiment, fresh herbs were collected

from the Ubon Ratchathani region. The herbs were ground and dried at three

different temperatures until their moisture content was below 10%. The content

of the active ingredient in each plant after drying was analysed and the drying

temperature that gave the highest amount was chosen. The second experiment

involved selecting the appropriate moisture content for manufacturing herbal

capsules. The procedures were similar to those of the first experiment except that

only one suitable drying temperature was used. The drying process was carried

out until the moisture content of the powder fell to one of three levels (4.0, 4.1–

7.9 and 8.0–10.0%). The dried powders with different moisture contents were

tested for flowability (angle of repose and compressibility), the amount of active

ingredient and the contamination of microorganisms. Capsules were also tested

for their quality, including weight variation and disintegration time. It was found

that the optimum drying temperature and moisture content (MC) for the highest

remaining active compounds of each herbal capsule were: 60�C, 6–7% MC

(Zingiber officinale); 55�C, 8–10% MC (Curcuma longa); 50�C, 8–10% MC

(Cassia alata); 60�C, 8–10% MC (Andrographis paniculata). All samples were

found to be contaminated with microorganisms, suggesting that a final product

sterilisation process would be required. Further investigations on the accelerated

and long-term stability studies of these herbal capsules and also the methods to

improve their stability in these three aspects are in progress.
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Pneumatic Conveyance systems are used within pharmaceutical manufacturing

sites to transport granular materials. Granule attrition can occur during the

dilute phase transfer of materials, which can reduce the particulate d50 by as

much as 50% (Chapelle et al 2004). Under-lubrication can occur post pneu-

matic conveying due to a large increase in the granule surface area, which can

produce tablet elegance issues. Using an early phase friability model to under-

stand the mechanical effects of conveying upon granules will reduce granule

robustness issues upon scale-up. The particle size distribution (PSD) of a

powder system is routinely measured by laser diffraction using benchtop

equipment, such as the Malvern Mastersizer (Malvern Instruments, Malvern,

UK). The apparatus is provided with a dry powder feeder. The powder under

test is fed using a vibrating feeder then suspended by a jet of compressed air.

Increasing the air jet pressure has been shown to produce a proportional

increase in volumetric surface area. It is hypothesized that more friable gran-

ules would have a larger change in surface area with jet pressure, and from this

a quantitative measure of the granule friability has been developed. Granule

samples have been sized using the Malvern Mastersizer, producing a linear

increase in volumetric surface area between feed air jet pressures of 0.5–2 bar.

The particle size data has been evaluated using a breakage model to evaluate

the breakage rate constant Si. The breakage rate constant can be correlated

with the volumetric surface area, with both showing a linear increase in relation

to change in air jet pressure. Table 1 shows an example correlation of volu-

metric surface area with breakage rate constant. Fluent 6.1 computational fluid

dynamics software has been used to develop a 2-D model for solid and gas

movement within the Malvern Mastersizer. This has been used to determine

the shear rate within the dry powder feeder. By running the model using the

equivalent air jet pressures, a linear correlation between increasing shear rate

and air jet pressures has been found. It is now possible to correlate the observed

changes in particle size with the shear forces within the system. Consequently,

the friability metric can be scaled to a production scale powder transfer system,

and can be used to assess the suitability of a granule for larger scale processing.

Table 1 Volumetric surface area and Breakage rate constant for a sample

material between 0.5 and 2 bar feed air jet pressure using theMalvernMastersizer

Feed air jet

pressure

(bar)

Volumetric

surface area

(m
2
cm

---3
)

Breakage

rate constant

(100 size classes)

Breakage

rate constant

(25 size classes)

Breakage

rate constant

(10 size classes)

0.5 0.0606 — — —

1.0 0.0794 0.220 0.200 0.150

1.3 0.1094 0.345 0.305 0.245

1.7 0.1313 0.420 0.375 0.300

2.0 0.1480 0.465 0.425 0.330

Chappelle, P. et al (2004) Powder Technol. 143–144: 321–330

Table 1 Enthalpies of solution and crystallisation of partially amorphous

samples, as determined by solution calorimetry and isothermal calorimetry

Amorphous %

(w/w)

Solution calorimetry

Hsol (J g
---1
) – s.d. (n = 3)

Isothermal calorimetry

Hcryst (J g
---1
)– s.d. (n = 3)

Prepared

from �-
lactose

monohydrate

Prepared

from

�-lactose

Prepared from

�-lactose
monohydrate

Prepared

from

�-lactose

1 55.17� 0.06 5.75� 0.12 2.0� 0.1 10.0� 0.3

3 53.28� 0.04 4.21� 0.04 5.5� 0.3 12.5� 0.7

5 50.71� 0.02 2.76� 0.25 9.8� 0.2 16.3� 0.7
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