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Experimental problems in the application of
UV/visible based methods as the quantification
tool for the entrapped/released insulin from
PLGA carriers

V.L. Lassalle* and M.L. Ferreira

Abstract

BACKGROUND: Controlled release of medicaments from biodegradable polymers remains the most convenient way for their
sustained release. Although a number of articles have been published, experimental work involving the preparation of
polymer-based carriers and release procedures are not described with sufficient level of detail to allow other researchers to
reproduce the experiments and to compare published results with their own. In this contribution the experimental background
of the entrapment and release of insulin from PLGA carriers is described and the problems found at each step related to UV the
visible method used to quantify them are addressed in detail.

RESULTS: The quantification of entrapped insulin by UV/visible methods was affected by aggregation. The design of the release
experiment influenced the results regarding the entrapment efficiency (EE) and the maximum percentage of released insulin. It
was also found that the presence of colloidal polymeric particles, insufficient centrifugation times and the kind of solvent used
in the release test might lead to mistakes in the percentage of liberated insulin when UV/visible based methods are employed.

CONCLUSIONS: This contribution demonstrates that serious discrepancies in the EE and percentage of released protein may
arise if some key experimental factors are not taken into account. Therefore, the analysis presented here tries to point out
important aspects of this topic currently not reported, unnoticed or not properly analyzed in the open literature. The results

are useful for the entrapment of any protein on any polymeric device using UV/visible based methods to quantify them.

(© 2009 Society of Chemical Industry
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INTRODUCTION

With the advent of biotechnology, poly (lacticacid) (PLA), poly (gly-
colicacid) (P GA) and the copolymers poly (lactic-co-glycolic) acids
(PLGA), have received increasing attention as systems for the sus-
tained release of drugs;and among the mostimportanttherapeutic
proteins and peptides being explored is insulin.'# Several poly-
meric devices such as nano/microparticles, nano/microcapsules,
hydrogels and complexes have been investigated to entrap/link
insulin and other proteins; therefore, the number of publications
related to this issue has grown considerably. However, the broad
dispersion noted in published articles with regards to the entrap-
ment efficiency and maximum released protein (reported in terms
of percentage of cumulative release relative to the entrapped
amount of protein) during the incubation period, led to concerns
about the accuracy of the procedures implemented. In fact, the
precise quantification of the proteins entrapped in the studied
device as well as the measurement of the released drug still ap-
pear to be difficult tasks and major obstacles are encountered in
relation to the analysis, specially when UV/visible based methods
are employed to these purposes.’~7 Published literature referring
to this specific matter is limited and, in general, not enough de-
tails are supplied. Consequently, the discrepancies found cannot
be explained since they are difficult to evaluate if the problems

presented are operational or there are alternative explanations
that were not included in the description of the experiments. A
few recent articles deal with particular features of the entrapment
and release of proteins from PLGA-based devices. For example,
Bilati et al. reviewed the effect of the processing parameters on
the stability of the entrapped proteins during the formation of
biodegradable nano/microparticles and during the release pro-
cess. They explored the influence of the solvents, the sampling
method, the polymeric matrix and the presence of additives on
the quality and stability of the selected protein. However, they
have not investigated the effect of such factors on the reported
entrapment efficiency and on the percentage of liberated protein.®

Giteau et al. reported the influence of experimental conditions
on the release profile of proteins from PLGA nano/microparticles
with the aim of achieving complete release of the therapeutic
agent. They evaluated the release medium, the sampling method
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and other factors affecting the stability of the proteins and
proposed some strategies to avoid protein destabilization and
to promote the complete release of the drug from the carrier.
Aspects concerning protein stability during the encapsulation
step were not addressed in that article.’

In the present work a careful study of the variables involved in
the entrapment/release of insulin on/from PLGA-based carriers has
been undertaken, showing the effect of the parameters studied
on the reported results when UV visible based methods are
employed to quantify the protein content. Original data are given
in order to demonstrate the experimental difficulties found with
protein quantification and to explain the origin of the discrepancies
detected in the published results.

The importance of the analysis of the protein in solution by
UV/visible methods, before quantification, was emphasized. The
tendency of the insulin to aggregate strongly affects the data,
so factors like the solvent and the protein concentration were
evaluated in order to avoid mistakes.

The other important point on which this contribution is
focused is the design of the release experiment. In general,
incubation conditions able to reproduce the in vivo environment
are employed, but the analysis of a number of factors, such as the
kind of media, sampling method, centrifugation step, presence
of colloidal particles, effect of the PLGA, is essential to achieve
reproducible and accurate results. It is worth noting that a study
of this nature is difficult to find in the available literature, so that
the comparison between results of different researchers becomes
difficult.

The goal of this article is to demonstrate that confusing results
may be achieved if an accurate analysis of the experimental
conditions is not performed. The way and level to which such
parameters alter the results are clearly stated, and consequently a
number of strategies designed to avoid/detect them are proposed,
supplying the details needed to compare and reproduce the
strategies. This work emphasizes the need to clearly establish the
procedures used in these kinds of studies.

EXPERIMENTAL

Materials

The PLGAs were prepared by enzymatic polymerization using
D/L lactic acid 85% (Sintorgan S.A (Argentina)) and glycolic acid
(Fluka Chemika (Switzerland)) as monomers and immobilized
CandidaantarcticaLipase B, Novozyme 435 (Novozymes, Denmark)
as biocatalyst. The polymerization protocol has been reported
previously,'® and the number average molecular weight of the
PLGAs employed ranged between 1500 and 10000 Da with a
molar LA/GA ratio of 50/50.

Analytical grade dichloromethane (CH,Cl;) and ethanol were
provided by Dorwill (Argentina, SA); the buffer solution of pH
7 (disodium hydrogenophosphate) was from Merck. The 0.1 mol
L~ solution of phosphate saline buffer (PBS, pH = 7.4) was
prepared from 137 mmol L~ NaCl, 2.7 mmol L~! KCl, 4.3 mmol
L=" NayHPO,4 and 1.4 mmol L~! KH,PO,4. The commercial solution
of porcine neutral insulin was supplied by Betasint U-40 (Beta
Laboratories, Argentina).

Preparation of insulin/PLGA complexes

Insulin/PLGA complexes were prepared using 25-30 mg of
PLGA (dissolved in 3mL of CH,Cl;) and 1.44mg of insulin
(TmL of aqueous insulin commercial solution) pre-treated with

Mag= 401KX EHT=1500KV WD= Emm Detectors SE1 PhetoNe =027 CRIBABB |

WD= 4mm  Detectors SE1  PhotoMNo.=8680 CRIBARE

Figure 1. SEM micrographies of (a) raw PLGA; (b) PLGA/insulin complex.

1mL of ethanol under stirring for 20 min to avoid protein
aggregation. The PLGA:insulin weight ratio was kept almost
constant in all experiments at 17: 1. Both solutions (organic and
aqueous/ethanolic) were contacted by adding the insulin to the
polymeric solution using a syringe. 0.5 mL of buffer pH = 7 was
added to maintain a neutral media during the procedure. The
formation of the complexes was allowed over 24 h at 37 °C under
stirring, evidenced by the formation of a cloudy emulsion. Then,
precipitation was performed in 10 mL of bidistilled water and the
CH,Cl, was eliminated by evaporation. The solid was recovered
by filtration and washed several times with bidistilled water. The
supernatant was separated to measure the entrapment efficiency
(EE) of insulin on the polymeric matrix.

Scanning electron microscopy (SEM) analysis demonstrated that
the complexes obtained were near spherical nanoscale particles,
highly agglomerated, as observed in Fig. 1, where the image of
the complex (Fig. 1(b)) is compared with that of the PLGA matrix
(Fig. 1(a)).

Quantification of entrapped insulin

The amount of insulin entrapped on PLGA was calculated indi-
rectly, as the relative EE taking into account the initial amount
of insulin from the supernatant of the entrapment procedure.

www.interscience.wiley.com/jctb
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Problems with UV/visible quantification of entrapped/released insulin

The protein concentration was obtained using UV/visible spec-
troscopy; and the EE was defined by the following expression:

mg Entrapped insulin

100
mg insulin (initially added) x

Entrapment Efficiency =

where mg Entrapped insulin was calculated from the difference
between the initial amount of protein and the free insulin in the
supernatant after the entrapment step. The last parameter was
measured by a UV/visible method, using a calibration curve relat-
ing absorbance (4) and concentration of insulin (mg mL™"). The
standards were prepared using aqueous insulin commercial solu-
tion and ethanol as diluting solvent, the water/ethanol ratio was
1:3 and the resultant standard solutions were stirred vigorously
for 45 min to homogenize. The following concentrations were
employed to perform the calibration curve: 0.019, 0.040, 0.080,
0.10,0.16, 0.22 and 0.24 mg insulin mL~" solution.

Several difficulties emerged at this step of the experimental
work, especially regarding construction of the calibration curve.
Such difficulties and the strategies implemented to solve them
and to avoid possible erroneous results, are detailed later in the
discussion section.

Release in vitro

About 15-25 mg of PLGA/insulin complex was incubated in 3 mL
of PBS in a 10 mL vial at 37 °C in a water bath under continuous
stirring. Two replicate tubes were employed for each time point
and the vials were sampled at various time points. The release
tests were designed for a period of 24 h.

Protein liberated was measured by withdrawing 0.25 mL of
supernatant at different intervals of time and diluting to 3 mL
with distilled water. The samples were centrifuged and analyzed
by UV/visible spectroscopy using a calibration curve relating
absorbance (4) and concentration of released insulin (mg mL™"
solution of supernatant). The standards concentrations used in the
calibration curve were the same as those used to determine EE.

Characterization techniques
Fourier transform infrared (FTIR) spectroscopy was employed to
analyze the structure of the protein and PLGA after entrapment
and after invitro release tests. A Nicolete FTIR 520 spectrom-
eter was used for recording transmission spectra in the range
4000-400 cm~". The spectra of PLGA and PLGA/insulin complex
were obtained by casting a CH,Cl; solution onto a KBr window; the
assays were performed after solvent evaporation. To record the
insulin spectra, a few drops of commercial solution were dispersed
on a KBr window and the spectra recorded after solvent evapo-
ration. The supernatant of the entrapment/release experiments
were allowed to evaporate completely. The solid obtained was
recovered with acetone and dispersed on a KBr window. Spectra
of the insulin were collected after entrapment/release processes.

UV/visible analyses were performed using a double beam
spectrophotometer Shimadzue 160, equipped with a computer-
assisted system for data acquisition.

SEM (detalles del equipo de SEM del CRIBABBe) was used to
evaluate the morphology of the solid complexes and to estimate
the particle size and shape in the recovered solid.
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Figure 2. UV/visible spectra of insulin commercial solutions diluted in
water and in ethanol.

RESULTS AND DISCUSSION
Experimental/analytical problems found during entrapment
Quantification of the entrapped insulin: background of the construc-
tion of the calibration curve
Confusing results were obtained in the determination of protein
content for the entrapment efficiency when commercial insulin
solutions of different concentrations were analyzed by UV/visible
in order to perform the calibration curve. Figure 2 contains the
complete UV/visible spectra of commercial insulin solution diluted
in water to different concentrations. The lack of linearity between
the absorbance (A) and the concentration of insulin (expressed
as mg insulin mL™" solution) is evident. Spectra corresponding
to solutions with lower protein content (0.063 and 0.093 mg
insulin mL™" solution) show an almost linear trend between A
and concentration, while this is not observed when higher insulin
concentrations were employed. It was thus impossible to construct
a calibration curve from the data of Fig. 2. The different association
states of the protein molecules was the cause of these observations.
Insulin exists primarily as a monomer but there are several factors
that may induce physical or chemical interactions leading to
aggregation. In the presence of Zn, natural insulin associates
to a hexamer with two Zn atoms coordinated octahedrally to
each monomer, and three water molecules. Phenolic ligands or
certain salts are capable of promoting similar conformational
transitions. Concentrations higher than ~107% mol L™, neutral
pH and aqueous media also favour the association of insulin in
dimers, tetramers and hexamers.!"'2

Considering that the commercial solution of insulin employed
in this work contains phenolic moieties (10% v/v) and aqueous
media, it is expected that the protein would be in the hexameric
form. Dilution of the original solution (0.063 and 0.093 mg insulin
mL~" solution) induced disagreggation leading to monomeric
moieties. In the more concentrated solutions (0.24 and 0.48 mg
insulin mL™" solution), the protein retains the associated state,
leading to a fall in the absorbance (Fig.2). To avoid mistakes
during quantification by UV/visible, insulin should be present in
solution in its monomeric state. This structure is also preferred
from the therapeutic point of view.

J Chem Technol Biotechnol 2009; 84: 0
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Equation Y = 1,821907381 * X + 01445838107
Coef of determination, R-aquared = 0.88847

1.2

Absorbance
o
[+ ]

04

0 1 | | | | I | | 1 | |
0.05 0.1 0.15 0.2 0.25 03

mg of insulin/ ml solution

Figure 3. Calibration curve relating absorbance (A) and the concentration
of insulin (mg insulin mL~" solution) in ethanol.

The effect of aqueous media on insulin aggregation was
evaluated using ethanol instead of water as diluting solvent.
The differences in the UV/visible spectra are shown in Fig. 2, where
the spectrum of the solution containing 0.24 mg insulin mL™"
solution diluted in ethanol is included. Comparing the spectra
of aqueous and ethanolic solutions containing identical insulin
concentrations (0.24 mg mL™"), it is noted that the first displays
a maximum at 292 nm with an absorbance of 0.20. The spectrum
of the ethanolic insulin solution exhibits a maximum at 305nm
and the band is considerably more intense, with an absorbance of
1.18. These differences can be attributed to the level of association
of the protein in each solution. Aggregation produces not only a
reduction in the absorbance but also a shift of the signal to lower
wavelengths.

The benefits of certain co-solvents such as ethanol or acetic acid,
to render insulin predominantly monomeric have already been
addressed in the open literature. Thus, the use of ethanol instead
of water to dilute the commercial insulin solution promoted
dissociation of the aggregates. It is worth noting that according
to reported articles (and by FTIR evidences showed later in
this work) protein stability remained unaltered after ethanolic
treatment.!3-1°

The standards used to obtain the calibration curve were diluted
in ethanol and the range of concentrations employed was between
0.019 and 0.24 mg insulin mL™" solution. The calibration curve is
presented in Fig. 3, demonstrating a linear change in absorbance
with protein concentration, with high correlation factor (R?).

Entrapment efficiency (EE)

Stability of the insulin during the entrapment process

The stability of the protein is of huge importance when reporting
EE, since changes in protein structure contaminate the data,
especially when UV/visible based methods are utilized. During the
complex formation the protein is exposed to a temperature of
37°C for a prolonged time (24 h) under stirring and is in contact
with organic solvents (ethanol and CH,Cly); these conditions
may alter the protein stability and conformation. Consequently,
results derived from UV/visible regarding insulin quantification

60

————— Pure Insulin

Bolld d after
mupsmatant of the entrmprmant

3500 3000 2500 2000 1500 1000
Wavenumber (cm1)

Figure 4. Region between 3600 and 900 cm~" of FTIR spectra for pure

insulin and the residue from evaporation of the entrapment supernatant.

may be erroneous. The supernatant remaining after the complex
formation, which contains the non-entrapped insulin, was studied
by UV/visible in order to detect potential changes in the insulin
structure. The spectra collected were compared with those of
the standard solutions used in the construction of the calibration
curve (used to calculate EE). The UV spectra of insulin before
and after the entrapment process were very similar (data not
shown). The accuracy of the UV analysis was useful to validate the
calibration curve but more precise information about the structure,
stability and conformation of entrapped insulin was provided by
FTIR. Figure 4 shows the spectrum of the pure insulin and that
of the residue of the supernatant entrapment, recovered after
solvent evaporation. The main peaks corresponding to S-sheet
(~1630cm~") and especially a-helix (1700 cm~") remained
almost unchanged in the spectrum of the residual insulin after
entrapment. These results indicate that the protein secondary
structure was not significantly altered. Similarly, the wide band
located at almost 3500 cm™, attributed to OH and NH groups, is
also observable in the spectrum of pure insulin and in that of the
residue entrapment.

The signal located at 1540 cm™', also attributed to the amide
group, is not clearly observed in the spectrum of the residue since
it may not be distinguished from the signal located at roughly
1630 cm~'. This is because of the low resolution of the spectrum
as a consequence of the low amount of sample employed to
perform the assay.

This evidence reveals that the structure and stability of the
protein remained almost unaltered after the entrapment process
and also after the pre-treatment with ethanol - at least from the
FTIR point of view.

—1

Determination of EE

The EE and the entrapment yield (EY) obtained are listed in Table 1
and were calculated from the calibration curve included in Fig. 3.
The measurements were performed in duplicate and two different
PLGA/insulin initial ratios were employed by changing the amount

www.interscience.wiley.com/jctb
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Table 1. Entrapment efficiency (EE) and entrapment yield (EY) of
insulin in PLGA complexes for two different formulations using
UV/visible quantification methods

Insulin in the
PLGA/Insulin supernatant Entrapment
ratio (%)? EE (%)P yield (%)°
2243 7.5 92.5 ~100
17.36 2.5 97.5 64

@ Defined as the content of insulin in the supernatant (mg) related
to the initial concentration of insulin, that was constant and fixed in
0.411mg mL~" solution.

b As defined in the Experimental section.

¢ Defined as the amount (mg) of recovered PLGA-loaded insulin
complexes related to the total mass (PLGA + insulin) initially fed
to the reaction.

The data presented in the table are the average of two entrapment
tests.

of copolyester while the insulin content was kept constant in all
tests (0.411 mg insulin mL~" solution). The data in the table reveal
that satisfactory EE were reached under the applied experimental
conditions. When lower PLGA/insulin ratios were employed, higher
EE were achieved. According to the SEM study, the morphology
as well as the average size of the nanocomplexes obtained was
roughly similar in all the formulations explored and coincide with
the images shown in Fig.1; hence EE and EY results may be
interpreted on the basis of the PLGA/insulin interactions. Lower
PLGA amounts (meaning lower PLGA/insulin ratio) increase the
possibilities that the protein and the polymeric chain are in close
contact, promoting the interaction/adsorption of insulin in the
polyester moieties. When the concentration of copolyester in the
organicsolutionis higher (higher PLGA/insulinratio) itis suggested
that the possibilities for strong interaction between the protein
and the polymeric chains decrease, leading to lower EE values.

In the case of EY, an opposite trend with respect to EE was
observed. The reduction of PLGA concentration in the organic
solution induces a reduction of EY (and vice versa). This finding
can be justified by considering that EY is a gravimetric magnitude
related to the recovery of the final solid complex. Therefore, a
smaller initial amount of polyester increases the possibilities of
the loss of material during the entrapment and purification steps,
giving a reduction of EY.

As was stated earlier, the nature of insulin/PLGA interactions
appears to determine the efficiency of entrapment of the protein
in the polymeric chain; thus an in-depth study of these interactions
and the way in which the insulin remains linked to the copolyester
is currently under development as a future contribution.

It is important to note that many authors have reported similar
EE values for the entrapment of insulin in carriers based on PLA
polymers, copolymers and/or other substrates using UV/visible
techniques for quantification.®~'8. However, to the best of our
knowledge, in most cases limited (if any) data were provided about
the initial protein quality, their properties and the pre-formulation
treatment. Thus, it is very difficult to find the tools needed to
compare published and own data.

Experimental/analytical problems found during the release in
vitro

Quantification of released insulin

Releasing a protein from conventional formulations based on
biodegradable polymers appears an easy task in most of the

%Cumulative Released Insulin

- H Experiment 1{Fixed volume of PBS)
A Experiment 2{Replacad the total PBS)

00 5 10 15 20

Time (h)

Figure 5. Release profiles of insulin from different release experiments
expressed as the percentage of cumulative insulin released (considering
the initially present) as a function of time.

published articles. However, the reported results are very different
in terms of the maximum percentage of drug delivered during
the time of the test, even when identical releasing systems
(polymer/protein) were employed. Table 2 exemplifies this and
demonstrates that employing the same protein, the same
release experiment and the same polymer, the maximum release
percentage and release time (meaning the time comprising the
release test), are significantly different (see entries 1 and 2). In
this case, it is obvious that the kind of carrier, its morphology and
particle size directly affect the results obtained. From comparison
of the data collected in entries 3 and 4, the causes for the
discrepancies in reported release percentages are not so obvious
since copolyesters with comparable My, and a similar kind of carrier
and protein were utilized.

Thus, the information in Table 2 strongly suggests that among
the parameters commonly studied in the reported literature, such
as kind of device, morphology and particle size, there are a number
of factors (i.e. design of release experiment, nature and molecular
weight of the polymer, method selected to quantify) able to
influence the final results (in terms of maximum percentage of
drug liberated during the time of incubation) in a significant way
depending on the analytical methods used (specially UV/visible
based). In this section such unexplored factors involved in the
release procedure are examined.

Design of the release experiment

Among other in vitro release tests, the separation method is the
most widely reported in the open literature (Table 2). It is very
simple and consists in the separation of the complex insulin/PLGA
(or the nano/microparticles) from the protein-containing release
medium at different intervals of time.3! In several publications
phosphate saline buffer (PBS) is used as the release medium and
the temperature of the test is generally fixed at 37 °C, with the
goal of reproducing the corporale environment. The supernatant
is used to quantify the released drug, and the sampling procedure

J Chem Technol Biotechnol 2009; 84: 0
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Table 2. Comparison between published and own data for the maximum percentage (%) of cumulative release and incubation time in terms of the
kind of release test, protein, polymer, polymeric device and quantification method
Release Polymer and molecular Polymeric Quantification ~ Maximum  Time
Entry test? weight of the polymer Protein device method %Release  (h)° Ref.
1 Partial removal of PLA/0.19dIg™" Insulin In situ formed gel  MicroBSA assay 40 2160 2
the PBS volume (intrinsic
viscosity)
2 Partial removal of PLGA/0.15-0.17 Insulin microparticles RP-HPLC with 93 480 3
the PBS volume dl g~ (intrinsic detector of the
viscosity) eluent at
280 nm
3  Totalremovalof  PLGA/3480 Da Insulin microcapsules Method of Lowry 17 24 4
the PBS volume (Mn)
60 336
4 Partial removal of PLGA/8000 Da Insulin microcapsules Peterson-Lowry 60 600 19
the PBS volume (Mw)*© method
5 Totalremovalof  PLGA/0.5dIg~" Insulin microspheres HPLC with 100 216 20
the PBS volume (intrinsic UV/visible
viscosity) detector
6 Totalremovalof  PLGA/38000Da Insulin nanospheres BCA protein assay 30 6 21
the PBS volume (Mw)
7  Totalremovalof  PLA/17000 Da Insulin microspheres HPLC with 69 6 22
the PBS volume (Mw) UV/visible
detector
PLGA/14100Da 80 432
(Mw)
8 Constantvolume PLA/120 kDa Insulin Stereocomplex HPLC measuring 27 360 17
of PBS (Mw) the insulin at
A =208 nm
9 Total removal tof Not specified myoglobin microspheres UV/Visible 90 360 23
the PBS volume
10  Not specified Not specified B-lactoglobulin microspheres Bio red DC 14-499  0.033 24
protein
microassay
11 Partial removal of PLA/75000(Mn) Protein C nanoparticles Lowry Peterson 5 48 25
the PBS volume method
PLA/49500(Mn) 50
PLA/19000(Mn 70
12 Constantvolume PLA/47000 (Mn) Bovine serum albumin nanoparticles Blue Commasie 60 600 26
of PBS G250 protein
assay
13 Total removalof ~ PLGA/900000 Bovine serum albumin microparticles Micro BCA 920 720 27
the PBS volume (Mw) protein assay
14 Partial removal of PLGA/0.19-0.32 Lysozyme In situ forming gel UV/visible 100 3360 28
the PBSvolume  dl g™’ (intrinsic
viscosity)
15 Constantvolume PLGA/8400 (Mn) Insulin Complex UV/visible 80 24 This work
of PBS
16  Totalremoval of  PLGA/8400 (Mn) Insulin Complex UV/visible 100 24 This work
the PBS volume
@ 1n all the cases the release experiment was done using the separation method.
b Time of incubation.
€ With addition of oligomers of 325 Da(Mw).
d Depending on the proteine concentration.

usually varies between the different papers (Table 2). In some
cases the total supernatant is removed and replaced by fresh PBS,
while in other cases only aliquots are withdrawn and replaced.
Less common is the use of a constant volume of PBS during the
entire test.

www.interscience.wiley.com/jctb

In this work it was verified that the design of the release
experiment, in particular the incubation conditions, strongly
affects the release kinetic. To visualize the magnitude of this
effect, two different release experiments were performed using

the protocol described in the Experimental section:
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Problems with UV/visible quantification of entrapped/released insulin

Experiment 1: A fixed volume of PBS (3 mL) was employed
for incubation, withdrawing minimal aliquots
(0.25 mL) of the supernatant at different intervals
of time and diluting to 3 mL with distilled water.

Experiment 2: 1 mL of PBS was utilized as incubation media and
samples (0.25 mL) were withdrawn at different
intervals of time and diluted to 3 mL with distilled
water. The whole PBS volume was removed after
sampling and replaced by fresh buffer. To do
this, the sample was centrifuged at 6000 rpm for
30 min and extraction of the buffer was performed
with a syringe after a period of 40 min. With this
procedure the extraction of solid material was
avoided.

In both cases the samples were analyzed by UV/visible using
the calibration curve as described in the Experimental section. The
release profiles of insulin for both experiments are presented in
Fig. 5,and the maximum release percentages after 24 h incubation
arelistedin Table 2 for comparison. The plots on Fig. 5 indicate that
the burst effect is more marked in experiment 2 since between 25
and 35% of the insulin was liberated in the first 2 h of incubation. A
more gradual delivery of the protein took place during experiment
1, with 15 to 35% of insulin released in the first 2 h of the test.

Complete liberation of insulin occurred in the first 6 h of the test
when the buffer media was completely refreshed (experiment 2);
while incomplete release (80% in 24 h) was observed using a fixed
volume of PBS (experiment 1).

To further confirm the results of release tests arising from
UV/visible quantification and to elucidate the possible causes for
the observed release behaviour, FTIR studies were performed. The
solids (PLA/insulin complex) recovered after both release tests
were analyzed by FTIR, and results are as shown Fig. 6. The data
reveal that the spectrum of the solid isolated after release from
a fixed PBS volume still presents bands associated with insulin at
nearly 1710, 1654 and 1540 cm™', although their intensity was
notably reduced. In the case of the spectrum of the solid arising
from the experiment performed with variable PBS, the typical
bands overlap with those corresponding to PLGA at 1350, 1400
and 1710 cm~" while bands associated with the protein were not
detected. From Fig. 6 it is clear that a certain amount of insulin
(or derivatives) remains in the complex after release in experiment
1, while complete liberation of the protein took place during
experiment 2. Hence these FTIR results are consistent with those
from the UV/visible analysis.

It is believed that when suspending the PLGA/protein complex
in buffer using a closed vessel, partial polymeric degradation takes
place, leading to acidic water-soluble oligomers. Polyester degra-
dation might affect protein delivery in two ways: (1) favouring
its aggregation and/or destabilization; (2) promoting interactions
(mainly electrostatic) between the protein and the end groups of
the oligomers.3°

Although these facts may justify the incomplete release, it
was demonstrated that they are not valid in this particular
case. It was determined that the amount of solid PLGA/insulin
complex recovered after the release test remains almost constant,
independently of the release experiment. When a fixed PBS volume
was employed, 66% of the entire complex mass was recuperated;
against 57% that was isolated when the complete volume of PBS
was renovated in the release test. As a consequence a minimal
and almost similar degradation of PLGA took place during both
experiments; with minimal loss of material during extractions
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Figure 6. Region between 2600 and 1100 cm~' of FTIR spectra of pure
insulin, PLGA and the solids (complexes PLA/insulin) recovered after release
from both tests.

in the second case. The published information agrees with this
since it establishes that, in general, the decrease in pH of the
environment as a consequence of the degradation of polymeric
moieties was evidenced after 72 h of incubation. During the first
24 h of treatment, the pH remained almost constant.®

It is feasible that factors other than the polymer degradation
rate influence the release profile of the insulin. However, some of
these factors are related in a complex manner. FTIR was further

60
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Figure 7. Region between 2800 and 800 cm~" of FTIR spectra of pure
insulin and the residues obtained from evaporation of the samples
withdrawn during release. Residue 1 is that obtained from experiment
2 (variable PBS volume) and Residue 2 is that obtained in the experiment
1 (with fixed PBS volume).
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Figure 8. UV/visible spectra of PBS samples withdrawn at different times
and diluted in ethanol and in water.
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used to determine the causes of the incomplete insulin release.
The residues arising from solvent evaporation in the samples
withdrawn during the release tests were analyzed, and their
spectra were compared with those for pure insulin, and are
shown in Fig.7. The spectrum of pure insulin presents typical
protein bands at roughly 1220 (C-0), 1540 (Amide 1), 1650
(Amide 1) and 1700 cm~" (C=0); the spectrum of the residue
recovered after release during experiment 2 (variable PBS volume)
identified as Residue 1, shows similar signals but shifted to higher
wavenumbers. The shift could be caused by the different state of
the samples analyzed since the insulin commercial solution was
directly deposited on the KBr window while the solid residue was
dissolved in acetone and cast onto the KBr window to perform the
assay.

The typical insulin bands are not distinguished in the spectrum
of the residue from experiment 1 (fixed PBS volume), identified in
the figure as Residue 2. Only a band at 1660 cm~', assigned to
C=0 group, is detected in the region of interest. This suggests
that association/aggregation and/or the adsorption of insulin
molecules took place when the release was performed at constant
PBS volume.

The prolonged contact (24 h) between the protein (in the com-
plex) and the PBS media favours the insulin aggregation and/or
adsorption on the polymer chains, possibly as a consequence of
the generation of saline PBS derivatives induced by the incubation
conditions.3! Some published work supports this hypothesis since
it was reported that the in vitro release media plays a major role
in the release kinetic. It was shown that when PLA microparticles
were incubated in PBS, there was a slow and incomplete release
of protein (lysozyme), primarily due to adsorption of the protein
on the polymer. However there was complete release when the
microparticles were incubated in acetate or glycine buffers.3%33 [t
is important to note that the articles in the open literature usually
refer to longer incubation times than the time employed in this
work, thus in such cases the reason for the incomplete release of
the insulin (or other proteins) is surely degradation of the poly-
meric matrix. Therefore, complete removal of the PBS is needed,
although in many of the available articles, this is carried out after

3 days of incubation.®3° We strongly believe that in such cases,
besides degradation of the polymer, the incubation media also
contributes to the incomplete release of the protein.
Furthermore, in many of the articles the level of degradation of
the polymeric matrix is not well established, so it is feasible that
total degradation of PLGA occurs after periods of incubation as
long as 100 days, several weeks or even months, under moderate
temperatures (37 °C) and in an aqueous environment.®

Effect of solvent

The effect of the solvent used to dilute the samples withdrawn
during the release tests using PBS as incubation media was
investigated. 3 mL of pure buffer solution (PBS) was incubated
at 37°C for 24 h under stirring, and samples (0.25 mL) were
withdrawn at different times, diluted (to 3 mL) in ethanol and
analyzed by UV/visible spectrophotometry. The data collected are
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Figure 9. UV/visible spectra of PLGA samples incubated in PBS and
withdrawn at different times: (a) PLGA 8400 Da; (b)PLGA 850 Da.
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Problems with UV/visible quantification of entrapped/released insulin

presented in Fig. 8 and reveal that the PBS samples withdrawn at
differentincubation times and diluted with ethanol show different
UV visible spectra, and the maximum absorbance overlaps with the
band from the insulin (=305 nm). These findings indicate that the
PBS composition varies during the incubation period producing
species that absorb in the same region as the insulin; thus serious
mistakes in the percentage of cumulative insulin release data
could be made using UV/visible based methods to quantify the
protein liberated.

To solve this problem the incubation of PBS buffer was repeated
but the dilution of samples withdrawn was conducted with
bidistilled water. In this case a minimal and constant absorbance
value was recorded for withdrawn samples at different time points,
as shown in Fig.8 (dashed line). This means than even when
variation in the PBS composition took place during the incubation
period, it passed unnoticed when the sample withdrawn was
diluted with water, and hence it does not interfere with the
quantification of protein liberated using UV/visible methods. These
dataallow oneto concludethatthe ethanolinteractedin a different
way with the PBS derivatives formed generating diverse species
as demonstrated by the different UV spectra included in Fig. 8.

Based on these results, distilled water, instead of ethanol, was
employed to dilute the samples withdrawn in further release tests.
It is important to remark that even when water was employed
for dilution, no problems concerning insulin aggregation were
detected because of the low concentration of protein contained
in each sample withdrawn. Note that protein concentration
was of the order of 0.0610 mg insulin mL™' solution for the
maximum percentage cumulative release values (100%). Insulin
at such concentrations still retains its monomeric state, as was
demonstrated by the UV visible data included in Fig. 2.

Effect of the PLGA

Although the PLGA has been widely utilized for the encapsulation
and posterior sustained release of several therapeutic agents,
including proteins, its influence on the release kinetic, in particular
when UV/visible based methods are utilized, has been rarely
investigated. Here, it was verified that even when a centrifugation
process was implemented on each sample withdrawn (the
centrifugation procedure will be discussed in the next section),
minimal amounts of particulate polymeric moieties or derivatives
remain in the supernatant solution. To do so, a certain amount of
pure PLGA (=25 mg, comparable with the amount of PLGA/insulin
complex employed in the in vitro release) was suspended in 3 mL
of PBS at 37°C under stirring for 24 h. Samples of 0.25 mL
were withdrawn periodically, diluted in distilled water (3 mL)
and analyzed by UV/visible after centrifugation. The results are
presented in Fig.9(a) where the spectra of samples withdrawn
after 1,2,3,5 and 6 h of incubation are included. From the figure
it is possible to deduce that the PLGA particles and/or derivatives
absorb in the same region as the insulin. The absorption is caused
by the end functional groups of the polyester, mainly C=0,
COOH and COO™, which overlap with those present in the insulin
molecule.

The data obtained further suggest that roughly identical spectra
are obtained independently of the incubation time, which means
that thereis an almost constant PLGA contribution throughout the
release test, and also confirm that no considerable degradation
of the polymeric matrix took place during the release experiment
since in that case an increment in the absorbance (related to
the increment of functional groups) as a function of the release
time should be observed. Hence, these results agree with those
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Figure 10. UV/visible spectra of release samples withdrawn at different
incubation and centrifugation times.

included in the section ‘Design of the release test’ in considering
that degradation of the PLGA is not significant for the period of
the release test.

To complete the analysis, the test was repeated using PLGA
with different number average molecular weight; specifically
polyesters of 800, 1500 and 8400 Da were employed. The higher
molecular weight polymers (1500 and 8400 Da) exhibited almost
similar UV/visible spectra (shown in Fig. 9(a)). The spectra of the
lower molecular weight polyester present a slight increment in
the absorbance over time, as is seen in Fig.9(b). In this case,
partial degradation of the PLGA generated higher concentration
of functional groups; the maximum absorbance value increases
linearly with the incubation time, indicating a gradual degradation.

Effect of the centrifugation time

It is well known that centrifugation of the samples withdrawn is
required when using the separation method for in vitro release.
Nevertheless the intensity and the time of centrifugation modify
the release profile, especially when UV/visible based techniques
are employed for quantification. It has been reported that light
dispersion affected the values of absorbance of the entire UV
spectrum (due to the remaining solid/colloidal particles).3* In fact
serious relative errors may be found if this parameteris not adjusted
accurately. Figure 10 shows the influence of centrifugation time
on the release procedure. The spectra in the figure correspond
to the samples withdrawn from the release media at 4 and
7 h of incubation at a constant centrifugation rate of 6000 rpm.
The spectra collected at insufficient centrifugation time (20 min)
show a wide dispersion in the region between 800 and 300 nm,
affecting the maximum (=1 = 302 nm) thatis the pointcommonly
employed to calculate the amount of delivered insulin. When the
centrifugation was extended for 40 min the spectrum shows a
good baseline, thus the maximum is not affected. From Fig. 10 it
is worth noting that the complete spectrum has to be recorded
aiming to avoid this and other mistakes that otherwise may remain
unnoticed.
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Scheme 1. Summary of the main difficulties reported in the present work and the way to detect/solve them.

A summary of the results achieved within this contribution is
presented in Scheme 1. The different experimental steps involved
in the global entrapment/release procedure are described with
the corresponding difficulties encountered and the way to
detect/solve them.

CONCLUDING REMARKS

It was demonstrated that the use of UV/visible methods to quantify
both the entrapped and released protein from a biodegradable
polymeric carrier might lead to confusing results if certain
parameters are not correctly adjusted. Erroneous results were
obtained when analyzing standard protein solutions through
UV/visible spectrophotometry. The use of ethanol to dilute
samples withdrawn instead of water and the use of a concentration
range between 0.019 and 0.24 mg insulin mL™" solution reduced
the protein aggregation and allowed the construction of an
accurate and reproducible calibration curve.

The EE of insulin on PLGA moieties ranged between 92 and
97%; and studies on its stability and conformation during the
entrapment procedure revealed that the structure remained
almost unalterable - or the changes were not detected by the
methods used (FTIR, UV/visible).

Huge discrepancies have been detected in the release results
(in terms of the maximum release percentage during the
incubation time) by modification of the release procedure.
Complete insulin delivery was observed when the release medium
(PBS) was continuously refreshed, while 80% of the insulin was
liberated using a constant volume of PBS throughout the entire
experiment. Apparently, the PBS environment (concentration and
composition) was the cause of such differences.

The solvent used to dilute the samples withdrawn was shown
to be a source of potential error regarding the quantification of
the insulin released in PBS media. Ethanol interacted with PBS
derivatives originated during the incubation period leading to

chemical species that absorb in the same UV/visible region as the
insulin. To solve this, the ethanol was replaced by distilled water
to dilute the samples.

Residual particulate PLGAs were present in the samples
withdrawn from release tests. An almost constant contribution,
in terms of absorbance, of the polyester particles during the
release test was found independently of the incubation time. It
was further determined that this tendency changed when low
molecular weight PLGA (of the order of 853 Da) was employed,
since in that case a slight increment of the absorbance as a
function of incubation time was noticed and was attributed to
partial degradation of the polymeric moieties.

Another source of error found, also concerning the quantifica-
tion of liberated protein, was the centrifugation time of the sample
withdrawn. Wide dispersion of the UV spectra was observed in
samples centrifuged for 20 min. This dispersion was eliminated by
employing a larger centrifugation time (40 min) at 6000 rpm.

The aspects studied in this work cover an area of the drug
delivery field previously unexplored or not reported, which
may be very useful for researchers dealing with data collection
for entrapment and release of any protein and any polymeric
carrier using UV/visible based methods as a quantification tool.
Experimental details reported here may help other researchers to
obtain accurate and reproducible results.

ACKNOWLEDGEMENTS
The authors acknowledge the financial support of CONICET and
the Secyt (PICT Redes 2006- 729).

REFERENCES

1 Khafagy E, Morishita M, Onuki Y and Takayama K, Current challenges
in non-invasive insulin delivery systems: a comparative review. Adv
Drug Delivery Rev 59:1521-1546 (2007).

www.interscience.wiley.com/jctb

(© 2009 Society of Chemical Industry

J Chem Technol Biotechnol 2009; 84: 0

N

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70



5

Problems with UV/visible quantification of entrapped/released insulin

@)
SCli

WWW.S0Ci.org

O NOYULTL A~ WN =

22 10
24 1

26 12
13

30 14
32 15

34 16

37 17

18

43 19

Kang F and Singh J, In vitro release of insulin and biocompatibility of
in situ forming gel systems. Int J Pharm 304:83-90 (2005).

Hinds K, Campbell K, Holland K, Lewis D, Piche’a C and Schmidt KD,
PEGylated insulinin PLGA microparticles./n vivoand in vitro analysis.
J Control Rel 104:447 -460 (2005).

Yamaguchi Y, Takenaga M, Kitagawa A, Ogawa Y, Mizushima'Y and
Igarashi R, A novel sustained-release formulation of insulin with
dramatic reduction in initial rapid release. J Control Rel 79:81-91
(2002).

Wolf M, Wirth M, Pittner and Gabor F, Stabilisation and determination
of the biological activity of L-asparaginase in L-poly(lactide-co-
glicolide) nanospheres. Int J Pharm 256:141-152 (2003).

Park TG, LuW and Crotts G, Importance of invitro experimental
conditions on protein release kinetics, stability and polymer
degradation in protein encapsulated poly(D,L-lactic acid-co-
glycolic acid) microspheres. J Control Rel 33:211-222 (1995).

Crotts G and Park TG, A new preparation method for protein loaded
poly(D,L-lactic-coglycolic acid) microspheres and protein release
mechanism study. J Microencapsul 15:699-713 (1998).

BilatiU, AllemannE and DoelkerE, Strategic approaches for
overcoming peptide and protein instability within biodegradable
nano- and microparticles. EurJ Pharm Biopharm 59:375-388 (2005).

Giteau A, Venier-Julienne MC, Aubert-Pouessel A and Benoit J, How to
achieve sustained and complete protein release from PLGA-based
microparticles? Int J Pharm 350:14-26 (2008).

LassalleV, Barrera Galland G and Ferreira ML, Lipase-catalyzed
copolymerization of lactic and glycolic acid with potential as drug
delivery devices. Bioprocess Biosyst Eng Ine press (2007).

Binder C, in Artificial Systems for Insulin Delivery, ed by Brunetti P, et al
Raven Press, NewYork, pp 53-57 (1983).

Brange J, Dodson G and Xiao B, Designing insulin for diabetes therapy
by protein engineering. Curr Opin Struct Biol 1:934-940 (1991).

Grudzielanek S, Jansen R and Winter R, Solvational tuning of the
unfolding, aggregation and amyloidogenesis of insulin. J Mol Biol
351:879-89 (2005).

Choi W, Murthy G, Edwards D, Langer R and Klibanov A, Inhalation
delivery of proteins from ethanol suspensions. Proc Natl Acad Sci
USA. 98:11103-11107 (2001).

Cowan Siu Man L, Stable Aerosolizable Suspensions of Proteins in
Ethanol, WO 0243695 (A2) Epub (2001). Sep 18.

CuiF, ShiK, Zhangl, TaoA and KawashimY, Biodegradable
nanoparticles loaded with insulin-phospholipid complex for
oral delivery: preparation, invitro characterization and invivo
evaluation. J Control Rel 114:242-250 (2006).

Slager Jand Domb AJ, Stereocomplexes based on poly(lacticacid) and
insulin: formulation and release studies. Biomaterials 23:4389-4396
(2002).

Packhaeuser CB and Kissel T, On the design of insitu forming
biodegradable parenteral depot systems based on insulin
loaded dialkylaminoalkyl-amine-poly(vinyl alcohol)-g-poly (lactide-
co-glycolide) nanoparticles. J Control Rel 123:131-140 (2007).

Liu R, Huang S, Wan 'Y, Ma G and Su Z, Preparation of insulin-loaded
PLA/PLGA microcapsules by a novel membrane emulsification
method anditsrelease in vitro. Colloids Surfaces B: Biointerf 51:30-38
(2006).

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

De Rosa G, lommelli R, La Rotonda MI, Miro A and Quaglia F, Influence
of the co-encapsulation of different non-ionic surfactants on the
properties of PLGA insulin-loaded microspheres. J Control Rel
69:283-295 (2000).

Carino G, Jacob J and Mathiowitz E, Nanosphere based oral insulin
delivery. J Control Rel 65:261-269 (2000).

Ibrahim M, Ismail A, Fetouh M and Gopferic A, Stability of insulin
during the erosion of poly(lactic acid) and poly(lactic-co-glycolic
acid) microspheres. J Control Rel 106:241-252 (2005).

Jain R, Rhodes C, Railka A, Malick W and Shah N, Insulin loaded
eudragit L100 microspheres for oral delivery: preliminary in vitro
studies. EurJ Pharm Biopharm 50:257 -262 (2000).

Rojas J, Pinto-Alphandary H, Leo E, Pecquet S, Couvreur P and Fattal E,
Optimization of the encapsulation and release of b-lactoglobulin
entrapped poly(DL-lactide-co-glycolide) microspheres. Int J Pharm
183:67-71(1999).

Zambaux MF, BonneauxF, GrefR, DellacherieE and Vigneron C,
Preparation and characterization of protein C-loaded PLA
nanoparticles. J Control Rel 60:179-188 (1999).

Gao H, Wang YN, Fan YG and Ma JB, Synthesis of a biodegradable
tadpole-shaped polymer via the coupling reaction of polylactide
onto mono(6-(2-aminoethyl)amino-6-deoxy)-h-cyclodextrin and its
properties as the new carrier of protein delivery system. J Control
Rel 170:158-173 (2005).

Xie J, Jun Ng W, Lee L and Wang CH, Encapsulation of protein drugs
in biodegradable microparticles by co-axial electrospray. J Colloid
Interf Sci 317:469-476 (2008).

Chhabra S, Sachdeva V and Singh S, Influence of end groups on in vitro
release and biological activity of lysozyme from a phase-sensitive
smart polymer-based insitu gelforming controlled release drug
delivery system. Int J Pharm 342:72-77 (2007).

D’Souza S and Deluca P, Methods to assess in vitro drug releasee from
injectable polymeric particulate systems. Pharm Res 23:460-474
(2006).

Takahata H, Lavelle E, Coombes A and Davis S, The distribution of
protein associated with poly(DL-lactide co-glycolide) microparticles
and its degradation in simulated body fluids. J Control Rel
50:237-246 (1998).

Barth A, Infrared spectroscopy of proteins. Biochim Biophys Acta. Ine

press (2007).
JiangG, WooB, KangF, inghJ and DelucaP, Assessment
of protein release kinetics, stability and protein polymer

interaction of lysozyme encapsulated poly(D,L-lactide-co-glycolide)
microspheres. J Control Rel 79:137-145 (2002).

Schwendemon S, Recent advances in the stabilization of proteins
encapsulated in injectable PLGA delivery. Crit Rev Therapeutic Drug
Carrier Syst 19:73-98 (2002).

ForestiML and Ferreira ML, Frequent analytical/experimental
problems in lipase-mediated synthesis in solvent-free systems and
how to avoid them. Anal Bioanal Chem 381:1408-1425 (2005).

J Chem Technol Biotechnol 2009; 84: 0

(© 2009 Society of Chemical Industry

www.interscience.wiley.com/jctb

N

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
s
89
920
91
92
93
o
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119




o NOULL A~ WN =

o)

QUERIES TO BE ANSWERED BY AUTHOR

IMPORTANT NOTE: Please mark your corrections and answers to these queries directly onto the proof at the relevant place. Do
NOT mark your corrections on this query sheet.

Queries from the Copyeditor:

AQ1
AQ2
AQ3
AQ4
AQ5
AQ6
AQ7

TS1

Give supplier location

Give supplier location

What is this?

What unit is dI?

Use of “corporal” not understood.
Latest info required

Latest info required

|u

Queries from the Typesetter:

Please check Reference 29 is not cited

63
64
65

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124



WILEY

WILEY AUTHOR DISCOUNT CLUB

We would like to show our appreciation to you, a highly valued contributor to Wiley’s
publications, by offering a unique 25% discount off the published price of any of our
books*.

All you need to do is apply for the Wiley Author Discount Card by completing the
attached form and returning it to us at the following address:

The Database Group (Author Club)

John Wiley & Sons Ltd

The Atrium

Southern Gate

Chichester

PO19 8SQ

UK
Alternatively, you can register online at www.wileyeurope.com/go/authordiscount
Please pass on details of this offer to any co-authors or fellow contributors.

After registering you will receive your Wiley Author Discount Card with a special promotion
code, which you will need to quote whenever you order books direct from us.

The quickest way to order your books from us is via our European website at:

http://www.wileyeurope.com

Key benefits to using the site and ordering online include:

e Real-time SECURE on-line ordering

e [Easy catalogue browsing

e Dedicated Author resource centre

e Opportunity to sign up for subject-orientated e-mail alerts

Alternatively, you can order direct through Customer Services at:
cs-books@wiley.co.uk, or call +44 (0)1243 843294, fax +44 (0)1243 843303

So take advantage of this great offer and return your completed form today.

Yours sincerely,

V loco—

Verity Leaver
Group Marketing Manager
author@wiley.co.uk

*TERMS AND CONDITIONS
This offer is exclusive to Wiley Authors, Editors, Contributors and Editorial Board Members in acquiring books for their personal use.
There must be no resale through any channel. The offer is subject to stock availability and cannot be applied retrospectively. This
entitlement cannot be used in conjunction with any other special offer. Wiley reserves the right to amend the terms of the offer at any
time.



WILEY

REGISTRATION FORM
For Wiley Author Club Discount Card

To enjoy your 25% discount, tell us your areas of interest and you will receive relevant catalogues or leaflets

from which to select your books. Please indicate your specific subject areas below.

Accounting

Public
Corporate

Chemistry

Analytical
Industrial/Safety
Organic
Inorganic
Polymer
Spectroscopy

Encyclopedia/Reference

Business/Finance
Life Sciences
Medical Sciences
Physical Sciences
Technology

Earth & Environmental Science

Hospitality

Genetics

Bioinformatics/
Computational Biology

Proteomics

Genomics

Gene Mapping

Clinical Genetics

Medical Science

Cardiovascular
Diabetes

Endocrinology

Imaging
Obstetrics/Gynaecology
Oncology

Pharmacology
Psychiatry

Non-Profit

e
e e

Lo R N B W W W |
e e e e e e

e
et e e e el

[]
[]

i
—

e
[ S S |

emleeles eelenen s Nan N |
e e e e e e e e

[]

Architecture

Business/Management

Computer Science

Database/Data Warehouse
Internet Business
Networking
Programming/Software
Development

Object Technology

Engineering

Civil

Communications Technology
Electronic

Environmental

Industrial

Mechanical

Finance/Investing

Economics
Institutional
Personal Finance

Life Science

Landscape Architecture

Mathematics
Statistics

Manufacturing

Materials Science

Psychology

Clinical

Forensic

Social & Personality

Health & Sport

Cognitive

Organizational
Developmental & Special Ed
Child Welfare

Self-Help

Physics/Physical Science

L W W s W W e W W s W s W W W |
— e e e e e e e e e

Please complete the next page /




W

WILEY
I confirm that I am (*delete where not applicable):

a Wiley Book Author/Editor/Contributor* of the following book(s):
ISBN:
ISBN:

a Wiley Journal Editor/Contributor/Editorial Board Member* of the following journal(s):

SIGIN ATURE et e e e e et e et s e e e e e e e e e s eeeeaasaaaas Date:

PLEASE COMPLETE THE FOLLOWING DETAILS IN BLOCK CAPITALS:

TITLE: (e.g. Mr, Mrs, Dr) ..o FULL NAME: ..ottt s n e
JOB TITLE (or Occupation): C e eeretrereresiaeeeseeree s eae st reeeseeaessareaesieaeesarenessaresesanenassarenensarnassarenassarenessfure s ears s
[ N g I = SO .
COMPANY /INSTITUTION : ..oiiiieeit ettt sttt e et te e e e eesaeesbeeseeeeesseeateeseeeseamseeseeaaeesseenseensesnsesbeebeenseansessensseenses
AD D RESS : ...ttt ettt a e et e At Rt Rt Rt oA e eR e e et Rt ARt eR e eReen e e e e R e eRe Rt eReeneeeeeReeReereeeeeneeneeteareaneas
LI L1 I ST
(@0 18 1 IS 17N I = S
L@@ 1]\ I (TSRS
POSTCODE/ZIP CODE: ....ei ittt ettt e et te et aeeste e s ke em e eseessee et e eeeemeeameeeeeeseeeabeemteeneeaseesaeenseenseansesneenseeneeenes

DAY TIME TE L ettt e e h e et e e s R e e st e e sar e e seee e sae e e ae e s s e e saneesane e smee e snn e e sneeenneesanee e

YOUR PERSONAL DATA
We, John Wiley & Sons Ltd, will use the information you have provided to fulfil your request. In addition, we would like to:

1. Use your information to keep you informed by post of titles and offers of interest to you and available from us or other
Wiley Group companies worldwide, and may supply your details to members of the Wiley Group for this purpose.
[ ] Please tick the box if you do NOT wish to receive this information

2. Share your information with other carefully selected companies so that they may contact you by post with details of
titles and offers that may be of interest to you.
[ 1 Please tick the box if you do NOT wish to receive this information.

E-MAIL ALERTING SERVICE
We also offer an alerting service to our author base via e-mail, with regular special offers and competitions. If you DO wish to
receive these, please opt in by ticking the box [ ].

If, at any time, you wish to stop receiving information, please contact the Database Group (databasegroup@wiley.co.uk) at John Wiley & Sons Ltd,
The Atrium, Southern Gate, Chichester, PO19 85Q, UK.

TERMS & CONDITIONS

This offer is exclusive to Wiley Authors, Editors, Contributors and Editorial Board Members in acquiring books for their personal use. There should
be no resale through any channel. The offer is subject to stock availability and may not be applied retrospectively. This entitlement cannot be used
in conjunction with any other special offer. Wiley reserves the right to vary the terms of the offer at any time.

PLEASE RETURN THIS FORM TO:

Database Group (Author Club), John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, PO19 85Q, UK author@wiley.co.uk
Fax: +44 (0)1243 770154



