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Accelerated Iron Oxide Nanoparticle Degradation Mediated
by Polyester Encapsulation within Cellular Spheroids

Brandon Mattix, Timothy R. Olsen, Thomas Moore, Megan Casco,
Dan Simionescu, Richard P. Visconti, and Frank Alexis*

Nanomaterials including gold nanoparticles, polymeric nanoparticles, and
magpnetic iron oxide nanoparticles are utilized in tissue engineering for
imaging, drug delivery, and maturation. Prolonged presence of these nano-
materials within biological systems remains a concern due to potential
adverse affects on cell viability and phenotype. Accelerating nanomaterial
degradation within biological systems is expected to reduce the potential
adverse effects in the tissue. Similar to biodegradable polymeric scaffolds,
the ideal nanomaterial remains stable for sufficient time to accomplish its
desired task, and then rapidly degrades once that task is completed. Here,
surface modifications are reported to accelerate iron oxide MNP degrada-
tion mediated by polymer encapsulation, in which iodegradable coatings
composed of FDA approved polymers with different degradation rates are
used: poly(lactide) (PLA) or copolymer poly(lactide-co-glycolide) (PLGA).
Results demonstrate that degradation of MNPs can be controlled by varying
the content and composition of the polymeric nanoparticles used for MNP
encapsulation (PolyMNPs). Incorporated into cellular spheroids, PolyMNPs
maintain a high viability compared to non-coated MNPs, and are also useful
in magnetically patterning cellular spheroids into fused tissues for tissue
engineering applications. Accelerated degradation compared to non-coated
MNPs makes PolyMNPs a viable alternative for removing nanomaterials from

tissues after accomplishing their desired role.

1. Introduction

A variety of nanomaterials, including gold nanoparticles, carbon
nanotubes, polymeric nanoparticles, and magnetic iron oxide
nanoparticles, have been used in various tissue engineering
strategies involving imaging, tissue maturation and integration,
and drug delivery.'””) Magnetic nanoparticles (MNPs) are now
being increasingly used in biomedical applications,!!%2% with
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some U.S. Food and Drug Administration
approved iron oxide MNP formulations
used to treat iron deficiency (Feraheme)
or as MRI contrast agents (Feridex).[223]
MNPs have been investigated in tissue
engineering applications for in vivo cell
tracking,?2% in vivo monitoring of trans-
planted tissues,?*32 cell and tissue pat-
terning,1113] and tissue maturation.3]
However, the prolonged presence of
MNPs can induce adverse effects in cells,
causing cell toxicity, and changes in both
cell phenotype and cell mobility.!'3343]
Though the surface functionalization
or coating of MNPs in oleates,?*%7] dex-
tran,?338 or polymers®*! can improve
MNP biocompatibility, they do not con-
trol the MNP degradation. Ideally, MNPs
will remain stable for a sufficient time
to accomplish their desired task, and
then rapidly degrade once their task is
completed.

A variety of different chemicals, pri-
marily organic acids, have been inves-
tigated to accelerate the degradation of
iron oxide MNPs.** In these experi-
ments, after the MNPs accomplished their
desired task, the accelerated MNP degra-
dation decreased their interaction with cells. Here, we report
the precise control of iron oxide MNP degradation via MNP
encapsulation within biodegradable polymers for tissue engi-
neering applications. Iron oxide MNPs encapsulated within
polymeric nanoparticles are a biodegradable alternative to non-
coated MNPs to remove MNP in situ in that they obviate poten-
tial toxicities. By accelerating MNP degradation, they may have
broad use in medical devices, drug delivery, and bioimaging
agents composed of iron oxides.

2. Results and Discussion

MNPs were loaded into polymeric nanoparticles using a sol-
vent evaporation technique with two different polymers,
poly(lactide)-poly(ethylene glycol) (PLA-PEG) and poly(lactide-
co-glycolide)-poly(ethylene glycol) (PLGA-PEG), and puri-
fied to eliminate free polymer and MNPs to form PolyMNPs
(Figure 1A). The generation of polymer degradation byproducts,
lactic and glycolic acid, created an acidic microenvironment
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Figure 1. Iron oxide degradation. A) MNPs were encapsulated within polymeric nanoparticles prepared using the conventional nanoprecipitation
method. Two different polymers, PLA-PEG and PLGA(75/25)-PEG, were used to prepare PolyMNPs. As both degrade at different rates, they generate
a differential content of polymer degradation byproducts such as lactic acid and glycolic acid. B) Schematic of the dissolution of iron oxide by acids,
specifically polymer degradation byproducts lactic acid and glycolic acid, which occurs in three primary steps: adsorption of organic ligands on the iron

oxide surface, non-reductive dissolution, and finally reductive dissolution.*l

within the polymeric nanoparticles (NPs).**! Furthermore, the
dissolution of iron oxide by acids occurred in three primary
steps: the adsorption of organic ligands on the iron oxide sur-
face, then non-reductive dissolution, and finally reductive dis-
solution (Figure 1B).*¥ FT-IR analysis showed that MNPs
were encapsulated into polymeric NPs with a carbonyl stretch
peak at 1745 cm™ corresponding to the ester bond in PLA
(Figure 2A). Thermogravimetric analysis (TGA) was used to
quantify the relative weight percent of polymer composition of
PolyMNPs formulations. By varying the MNP:polymer weight
ratios at 1:1.85, 1:5, and 1:10, we achieved 20, 25, and 33 wt%
polymer, respectively (Figure 2B). Furthermore, transmission
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electron microscopy (TEM) analysis showed that the encapsula-
tion of MNPs within polymeric NPs (300 nm) lead to a slight
increase in NP diameter compared to unloaded polymeric NPs
(100-150 nm, Figure 2C). The TEM images suggest that MNPs
are associated with polymeric NPs and could possibly populate
the outer parts of the NPs. The degradation kinetics for the two
polymers used for encapsulation, PLA-PEG and PLGA(75/25)-
PEG, were obtained via gel permeation chromatography (GPC).
Results indicated a variance in polymer degradation based upon
polymer composition (Supporting Information, Figure S1).
PLGA(75/25)-PEG molecular weight (M,,) decreased faster com-
pared to PLA-PEG, losing roughly 20% of its initial M, after 2
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Figure 2. PolyMNP characterization. A) Using PLA-PEG nanoparticles, polymer encapsulation of PolyMNPs was tested for three MNP:polymer ratios:
1:1.85, 1:5, and 1:10. FT-IR showed the presence of PLA-PEG for all three formulations of the PolyMNP assembly compared to the non-encapsulated
MNP control. B) Thermogravimetric analysis was performed to determine the polymer:MNP content. Results showed that the lowest MNP:polymer
ratio (1:1.85) correlated to the highest MNP content, while the highest MNP:polymer ratio (1:10) corresponded to the lowest MNP content. C) TEM
analysis confirmed the nanostructure of NPs. Results showed an increase in diameter for 1:10 PLA-PEG PolyMNPs (300 nm) compared to unloaded

polymeric NPs (100-150 nm). Scale bar = 100 nm.

weeks in PBS at 37 °C due to its copolymer composition and
higher hydrophilicity.**#’] PLA-PEG lost approximately 10% of
its initial M,, under the same conditions. By tailoring the deg-
radation kinetics of polymeric NPs, it is possible to control the
MNP degradation rate due to the increased content of oligomer
residues from polymer degradation at the interface of iron
oxide MNPs and the polymer coating. Polymeric microparticles
and nanoparticles were observed to degrade over time, forming
a local acidic microenvironment generated from degradation
byproducts including lactic and glycolic acid. The formation of
a local acidic core within polymeric NPs has been shown.!*>*8]
Furthermore, Miller et al. confirmed that lactic acid (0.1 m), a
degradation byproduct of PLA, led to dissociation of iron oxide
after 100 h at room temperature, demonstrating roughly 80%
degradation at pH 3.5 but only 10% degradation at pH 5.5.1]
However, other studies have shown that the use of lactic acid
(0.12-0.16 M) to expose cells to pH 5.7 or below induced cell
toxicity.*)l Therefore, the use of polymeric NPs to encapsulate
MNPs permits the control of a local acidic microenvironment
within the degrading polymer NP that will in turn accelerate
encapsulated MNP degradation.

The encapsulation of MNPs within polymeric NPs acceler-
ated MNP degradation, and MNP degradation was controlled
by varying the polymer composition. Using 1:5 PolyMNP
conditions, the degradation of MNPs encapsulated into both

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

PLGA(75/25)-PEG and PLA-PEG NPs was measured after
incubating PolyMNPs within cellular spheroids.’® Briefly,
PolyMNP cellular spheroids were first treated with 5 M HCI to
dissociate MNPs within cellular spheroids, followed by quanti-
fication of the free iron within the HCl solutions using a Perl's
Prussian blue colorimetric technique. PolyMNP degradation
was compared to non-encapsulated MNP degradation over the
course of 21 days. PLGA(75/25)-PEG PolyMNPs caused a 15%
degradation of the initial iron content, while PLA-PEG Pol-
yMNPs showed only a 7% degradation and non-coated MNPs
only a 4% degradation over the same time period (Figure 3A).
These results, which correlate with the polymer degradation
rates (Supporting Information, Figure S1), showed that the
PLGA(75/25)-PEG degraded more quickly than PLA-PEG.
Polymer degradation is in part controlled by the differential
hydrophilicity in the polymer composition. Increasing the
polymer degradation rate is expected to more rapidly increase
the content of the acidic monomer and oligomer byproducts at
the MNP interface.*>#0°1 Conversely, a slower degradation of
polymers is expected to slowly degrade MNPs due to a lower
content of acidic monomer and oligomer byproducts. The deg-
radation of PolyMNPs was further qualitatively confirmed by
histological staining of cellular spheroids over the course of
40 days using H&E and Lillie’s Turnbull Reaction to highlight
iron oxide MNPs (Figure 3B, PLA-PEG PolyMNPS, Supporting

Adv. Funct. Mater. 2014, 24, 800-807
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Figure 3. Effect of polymer composition on PolyMNP degradation. A) Two polymers possessing different degradation rates were used to prepare
PolyMNPs: PLA-PEG and PLGA(75/25)-PEG. A Perl’s reagent (potassium ferrocyanide) assay was used to measure the degradation of PolyMNPs
encapsulated into both polymer nanoparticles after incubation of PolyMNPs within cellular spheroids.®® An analysis of that degradation within cellular
spheroids showed that polymer degradation rates mediate MNP degradation. PLGA(75/25)-PEG PolyMNPs, the fastest degrading polymer of the two
formulations tested, demonstrated the most accelerated MNP degradation compared to PLA-PEG PolyMNPs and non-encapsulated MNP controls
over the course of 21 days. B) Degradation of PolyMNPs was also qualitatively analyzed using histological staining (H&E and Lillie’s Turnbull for iron)
over the course of 40 days. Results showed that PolyMNPs dissociate into smaller aggregates over time, correlating with MNP degradation quantita-

tive analysis (Scale bar = 500 pm).

Information, Figure S2). Results showed that similar to non-
encapsulated MNPs, PolyMNPs dissociate over time into
smaller aggregates of MNPs, a dissociation that corresponds to
a degradation of the MNPs shown in Figure 3A.* A primary
concern of using MNPs for tissue engineering is their long-
term presence in human tissues, which often induce adverse
effects on surrounding cells. A safe method that can accelerate
this MNP degradation, however, is expected to limit the interac-
tion of MNPs with the biological environment, which is critical
in reducing cytotoxicity. The presented results confirm that the
polymer composition of PolyMNPs can control the degrada-
tion rate of MNPs in physiological conditions. This accelerated
degradation, compared to non-encapsulated MNPs, makes
PolyMNPs most appealing for use as MNPs in biomedical
applications that necessitate limited interaction with the bio-
logical environment.

The effect of polymer content to PolyMNP degradation
was subsequently analyzed. By varying the relative content
of polymer encapsulating MNPs within polymeric NPs, we
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controlled the rate of MNP degradation. By increasing the con-
tent of polymer, we created less MNPs within the polymeric NPs
and accelerated MNP degradation (Figure 4). As mentioned
earlier, TGA results showed that by varying MNP:polymer
weight ratios during synthesis (Figure 2B), we controlled the
content of polymer encapsulation of MNPs. Having a higher
content of polymer encapsulating MNPs within NPs is expected
to increase MNP degradation because of the higher content of
monomer and oligomer degradation byproducts.?l Therefore,
the results suggest that the increased presence of degrada-
tion byproducts accelerates MNP degradation.*’] Specifically,
in experiments using cellular spheroids with PolyMNPs pre-
pared with 1:10 (lowest loading, 33 wt% polymer) and 1:1.85
(highest loading, 20 wt% polymer), we observed a 36% and 7%
reduction of their initial iron content after 21 days, respectively.
These results indicate that MNP degradation can be tailored by
both polymer composition and content.

Since magnetic cellular spheroids are used as components
in tissue engineering applications to assemble complex tissues
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Figure 4. Effect of polymer content on PolyMNP degradation. Using PLA-PEG PolyMNPs,
a degradation analysis was performed to determine the effect of polymer content on MNP
degradation. The degradation of PolyMNPs composed of 1:1.85, 1:5, and 1:10 MNP:polymer
ratios was analyzed over the course of 21 days in cellular spheroids using a Perl's reagent
assay.’% Results showed that PolyMNPs with the highest polymer content correlated to the
most accelerated degradation over the course of 21 days, because of the increase in monomer
and oligomer degradation byproducts within polymeric nanoparticles.
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compared to spheroids composed of cells
which internalized raw MNPs, PLGA(75/25)-
PEG PolyMNP spheroids maintained a high
viability compared to control spheroids
without MNPs up to one week (Supporting
Information, Figure S3). Raw MNP sphe-
roids showed viability below 20%, compared
to control spheroids. Additionally, magnetic
cellular spheroids with PolyMNPs were used
to magnetically pattern and assemble fused
tissues (Figure 5B). Tissue rings, 2 mm in
diameter, were successfully patterned and
assembled using both PolyMNP formula-
tions, with an equivalent fusion compared to
non-encapsulated MNPs. Magnetic cellular
spheroids containing PolyMNPs were mag-
netically patterned and fused together over
the course of 48 h, with fused tissue observed
after the removal of the magnetic template.
These results demonstrated that PolyMNPs
maintain high cellular viability and promoted
fusion, suggesting that PolyMNPs are a bio-
degradable alternative to non-encapsulated
MNPs for tissue engineering applications.

via magnetic force assembly,”>°] which causes prolonged
MNP and cell interactions, we analyzed PolyMNP cytotoxicity.
PolyMNPs assembled using PLA-PEG and PLGA(75/25)-PEG
polymeric NPs, and were incorporated into magnetic cellular
spheroids and analyzed for cytotoxicity over a period of two

3. Conclusions

Results showed that the degradation of MNPs can be con-
trolled by the polymeric microenvironment. It was further

demonstrated that the degradation rate of MNPs within cellular
spheroids can be controlled by varying the polymer composi-
tion and content of PolyMNPs. Additionally, high cell viability

weeks. PolyMNPs, 0.5 mg mL~!, maintained high viability until
the end of that time for both PolyMNP formulations, compared
to control spheroids without MNPs (Figure 5A). Furthermore,

A PolyMNP Spheroid Viability =~ B
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£ _ 140
S5 120 |
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8Z 80 PolyMNP
= § 60 - PLA-PEG
Eg 401
3 20 -
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Figure 5. PolyMNPs integrated within cellular spheroids. A) The effect of PolyMNPs on cellular spheroid viability was analyzed to determine the suit-
ability of PolyMNPs for prolonged cellular interaction. Results showed that PolyMNPs (0.5 mg mL™") can be incorporated into cellular spheroids and
maintain high viability compared to MNP-free controls for up to two weeks. B) Furthermore, PolyMNP-containing cellular spheroids were magnetically
patterned and assembled into fused tissue rings. Twenty-five individual PolyMNP spheroids were patterned and fused over the course of 48 hours, at
which point the magnet pattern was removed and the samples imaged. Results showed a fused tissue construct, confirming that PolyMNPs can be
used to assemble fused tissue rings with equivalent fusion compared to non-encapsulated MNP controls.
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was maintained in magnetic cellular spheroids up to two
weeks, which is a most desirable characteristic of these sphe-
roids for use as constituents for tissue engineering applica-
tions requiring prolonged interaction between MNPs and cells.
Finally, PolyMNP spheroids were magnetically patterned to
promote fusion into homogenous tissues, confirming that mag-
netic force assembly can be used to pattern PolyMNPs. These
results demonstrated that the polymeric microenvironment
could be used to precisely control the degradation of MNPs
in physiological conditions, which will limit the interaction of
MNPs with cells. Consequently, this process is invaluable in
creating methods to use MNPs in medical applications, in drug
delivery, and as bioimaging agents composed of iron oxide.
Future research will entail the use of different polymers for
PolyMNP encapsulation, an analysis of the molecular changes
at the interface between MNPs and polymers, and a study of
the degradation of macrostructures.

4. Experimental Section

Materials: Commercial MNPs (Fe;0,, 20-30 nm) were supplied by
SkySpring Nanomaterials, Inc. D,l lactide (CgHgO,, PURASORB DL)
was supplied by Purac Biomaterials. Glycolide (C4H4O,4, >99%), tin(ll)
2-ethylhexanoate  ([CH3(CH,)3CH(CoH5)CO,),Sn,  =95%),  sodium
sulfate (Na,SO,, >99%), anhydrous magnesium sulfate (MgSOy,,
>99.5%), anhydrous toluene (C¢HsCH;, 99.8%), methanol (CH;OH,
>99.9%), chloroform (CHCl;, >99.8%), and potassium ferrocyanide
(K4Fe(CN)g [3H,0, 98.5-102.5%) were supplied by Sigma-Aldrich.
Methoxy-poly(ethylene glycol) was supplied by JenKem Technology
USA (M-PEG-OH, M, 5000). Acetonitrile (C,Hs;N, 99.9%) and
Tetrahydrofuran (C4HgO, 99.9%) were supplied by Fisher Scientific.
Hydrochloric acid (HCl, 6 N) was supplied by Ricca Chemical Company.
PrestoBlue Cell Viability Reagent and Collagen, Type | Bovine were
supplied by Life Technologies.

Polymer Synthesis and Characterization: Reagents used for the polymer
synthesis were vacuum-dried (28 in Hg) overnight before use. Block
copolymers of PLA-PEG or PLGA-PEG were synthesized via ring opening
polymerization using methoxy-poly(ethylene glycol) as the initiator and
tin(ll) 2-ethylhexanoate as the catalyst.’®l Briefly, mPEG, monomer
(i-e., d,l lactide or glycolide), and Na,SO, were vacuum-dried overnight
before use. PLGA composition was controlled by varying the ratio of
d,l lactide and glycolide. Reagents were dissolved by stirring in 120 °C
anhydrous toluene under N, gas and reflux. Tin(ll) 2-ethylhexanoate
was added and reaction vessel was stirred at 120 °C for 24 h under N,
and reflux. The next day, polymer product was washed in chloroform/
water, dried over MgSO,, and precipitated in cold methanol. NMR
was performed with a Bruker Avance 300. '"H NMR (300 MHz, CDCl;,
8): 7.26 (s, CDCly), 5.17 (q, —~C(=0)-CH(CH3)-), 4.82 (d, ~C(=0)-
CH,—0-), 3.65 (s, —CH,CH,~O-), 1.59 (d, —CH(CH;)-). ATR FT-IR
was performed with a Thermo-Nicolet Magna 550 equipped with a
Thermo-SpectraTech Foundation series Endurance Diamond ATR. IR:
2881 cm™' (-CH,CH,~0-), 1745 cm™ (C=0). TGA was performed on
a TA Instruments Hi-Res TGA 2950 thermogravimetric analyzer under
nitrogen from 25 °C to 600 °C at 20 °C min™'. TEM images were
obtained using a Hitachi 7600 microscope at 120 kV. NPs and PolyMNPs
(1 mg mL™") were suspended in water and dropped onto carbon-formvar
copper grids (Electron Microscopy Sciences) and counter-stained using
5% uranyl acetate (90 min, wash in water) prior to imaging.l’!

Polymer Degradation: Polymers were dissolved in acetonitrile (ACN,
50 mg mL™") and dispensed into a non-treated 96-well plate (125 pL,
6.25 mg). Plates were left overnight under a chemical hood to evaporate
ACN, leaving behind a polymer film. Wells were filled with PBS and
incubated at 37 °C until their respective time point. At each time
point, PBS was removed and samples were washed three times with
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Hyclone Molecular Biology Grade Water (Fisher Scientific). Samples
were dissolved in ACN and collected to be dried via lyophilization. The
Polymer Molecular Weight was determined through gel permeation
chromatography (GPC) on a Waters 1525 Binary HPLC pump with
a Waters 2414 refractive index detector. A Shodex KF-804L column
(8.0 mm x 300 mm, ID x Length) and Shodex KF guard column were
used for separation. The mobile phase was tetrahydrofuran (THF)
and polymers were prepared by dissolving in THF at a concentration
of 1 mg mL™" and filtering through a 0.2 um PTFE syringe filter (VWR
International). Flow rate was set at 1 mL min™' and polystyrene
standards (Poly-Sciences) were used to quantify molecular weight using
a third-order fit calibration curve. The MW of samples at each time point
was expressed as a percent initial.

PolyMNP Encapsulation: MNPs were encapsulated into polymeric
nanoparticles via solvent evaporation.’® Briefly, equal volumes of
polymer (5 mg mL") and iron oxide were dispersed in ACN and
combined with Hyclone Molecular Biology Grade Water at a 1:2 ratio.
Solutions were stirred for two hours.

Cell Culture: Primary rat aortic smooth muscle cells (SMCs) were
used for all cellular spheroid studies. Cells were cultured in monolayer
cultures using Dulbeco’s Modified Eagle Medium:F-12 (ATCC, 1:1,
DMEM:F-12) supplemented with 10% fetal bovine serum (Atlanta
Biologics) and 1% penicillin-streptomycin-amphotericin (MediaTech,
Inc.) at 37 °C and 5% of CO,.

PolyMNPs in Cellular Spheroids: Equal volumes of solutions containing
PolyMNPs, collagen, and SMCs in media were combined and dispensed
using a modified hanging drop method. Collagen was pH balanced
according to manufacturer recommendations and kept on ice prior to
use. Cellular spheroids were assembled using 20 000 cells, 17 pg mL™
collagen, and various PolyMNP concentrations, dependent on the
application.

Quantification of PolyMNP Degradation: Iron content within cellular
spheroids was quantified using an established technique to quantify
that content in solutions.’% Briefly, MNPs were first dissociated using
5 M HCl, followed by quantification of free iron within solutions using a
Perl’s Prussian blue colorimetric technique. Magnetic cellular spheroids
containing PolyMNPs (0.13-0.2 mg mL') were fabricated and incubated
in non-treated 96-well plates in cell culture media with media changes
every other day. At each time point, cellular spheroids were transferred
to 1 mL of sterile PBS in a sterile 1.5 mL microcentrifuge tube to wash
samples. Spheroids were then transferred into 100 pL fresh PBS in a
non-treated 96-well plate. 100 pL of 5 m HCl was added to each well
and incubated at 37 °C for 72 h to dissociate MNPs. Next, 100 pL of
5% potassium ferrocyanide was added to each well and incubated for
15 min at room temperature, with absorbance measurements recorded
at 630 nm for each well.

Cellular Spheroid Viability: PolyMNP cellular spheroids were fabricated
with 0.5 mg mL™" PolyMNP and compared to control cellular spheroids
without PolyMNPs. PrestoBlue cell viability assays were performed to
quantify cell viability (at least 3 repeats per sample). Spheroids were first
dissociated via incubation with collagenase (100 U mL™") for 80 min at
37 °C (Collagenase Type IV, Life Technologies), followed by incubation
with trypsin (0.25%, Thermo Scientific) for 10 min at 37 °C. Cellular
spheroids were then physically dissociated and allowed to adhere
overnight on a tissue culture treated 12-well plate.

Histology: PolyMNP cellular spheroids were processed and sectioned
via standard paraffin sectioning techniques. Samples were dehydrated
using ethanol and xylene prior to being embedded in paraffin. Sections
5 um thick were stained with hematoxylin and eosin, and Lillie’s
Technique for Turnnbulls Blue Reaction (Poly Scientific).

Magnetic Patterning and Fusion: Axially magnetized ring magnets
(SuperMagnetMan, 2 mm OD, 1 mm ID) were commercially purchased
and secured to the bottom of glass chamber slides containing coverglass
bottoms. Twenty-five magnetic cellular spheroids (0.14 mg mL™"
PolyMNP) were placed in the chamber and allowed to magnetically
align. Samples were incubated at 37 °C with 5% CO, for 48 h. Magnets
were removed after 48 h and samples imaged using a Nikon AZ100
multizoom microscope.
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Supporting Information

Supporting Information is available from the Wiley Online Library or
from the author.
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