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Abstract Rat pheochromocytoma PC12 cells have
frequently been used as a dopaminergic neuron model due
to their various functions, including the synthesis, storage,
and secretion of catecholamines. Furthermore, PC12 cells
release a measurable amount of dopamine (DA) in response
to some chemicals. PC12 cells are thus considered to be
one of the most common invitro models for studying
neurotransmitter release. Here, we applied Surface-enhanced
Raman Spectroscopy (SERS) to determine with high
sensitivity the in-situ short-time effects of cisplatin (cis-
diamine-dichloroplatinum), bisphenol-A, and cyclophos-
phamide on the extracellular DA level released from PC12
cells. In addition, using the SERS technique, changes in the
biochemical composition of the PC12 cell lysates were
investigated to determine the intracellular DA level. Gold
nano-patterned substrates were fabricated based on electro-
chemical deposition of Au nanorods onto ITO substrates;
these substrates were then used as SERS-active surfaces.
The Raman spectroscopy results demonstrated that the
changes in the Raman spectra depending on the treatment
agent were in agreement with the HPLC results on the
extracellular DA level. Therefore, the SERS technique can
overcome the limitations of other detection techniques, and
can be used with cellular nanoarrays to study the effect of
a wide range of chemicals.
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1. Introduction

Rat pheochromocytoma PC12 cells have been commonly
used as in vitro dopaminergic neuron models for studying
neurotransmitter release, due to their intrinsic functions,
which include the synthesis, storage, and secretion of
catecholamines [1-4]. In addition, PC12 cells have been
reported to release a measurable amount of dopamine
(DA) in response to some chemicals, such as cisplatin,
cyclophosphamide, and glucocorticoids [5]. DA is an
excitatory chemical neurotransmitter that plays a critical
role in the function of the central nervous, hormonal, and
cardiovascular systems. It has been reported that a decrease
in DA level may result in serious diseases such as
Parkinson’s disease [6]. The DA release process in PC12
cells is rapid, taking place within milliseconds, and is
largely confined to the synapses [7]. Detection techniques
therefore need to have high spatial and temporal resolutions.
Consequently, much effort has gone into the development
of highly sensitive techniques that are capable of monitoring
the level of neurotransmitter released [8-10]. To date,
electrophysiological techniques and fluorescent probe labeling
are the most commonly used techniques [11]. However, all
of these techniques possess disadvantages. On the other
hand, Raman spectroscopy is a non-invasive technique that
provides detailed molecular information [12] and can be used
under aqueous conditions. Recently, Raman spectroscopy
and its derived applications have been tested for their
efficacy in measuring neurotransmitter secretion. Schulze
et al. showed that artificial neural networks are capable of
accurately assigning the Raman spectra of aqueous solutions
of different neurotransmitters [13]. However, the low
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scattering cross-section of Raman spectroscopy limits its
application in trace analysis. Recently, SERS has been
reported as a valuable detection technique, as it offers an
opportunity to overcome the critical disadvantages associated
with conventional Raman spectroscopy [14]. The associated
techniques for Raman signal enhancement, which make
use of a structured metal surface, could be applied for the
effective detection of ultra-low concentrations of biological
materials, by using low laser power with a short signal
acquisition time [15-20]. Therefore, a great deal of attention
has been focused on the synthesis of shape-controlled
SERS structures with different morphologies, including
spherical gold (Au) NPs, nanospheres, nanorods, and
nanostars. In addition, the Raman enhancing capabilities of
these structures have been investigated, as they are greatly
influenced by their shape [21]. However, the fabrication
of SERS-active substrates was found to have a number
of problems, including poor signal enhancement, poor
uniformity or reproducibility, and the need for a further
process to remove the template and byproducts. Therefore,
an advanced method for developing new SERS-active
surfaces is still required for more effective enhancement of
Raman signals. The purpose of this study is to determine
the short-time effects of cisplatin, bisphenol-A (BPA), and
cyclophosphamide (Fig. 1) treatments on the extracellular
neurotransmitter release process, as well as changes in the
intracellular DA level. Here, we have reported a single-step
and template-free method for the fabrication of a highly
sensitive Au nanorods/ITO substrate, and its application in
the monitoring of the effects of three different chemicals on
the amount of DA released from PCI12 cells. The Au
nanorods/ITO substrate was developed based on electro-
chemical deposition of Au onto the ITO surface in the
presence of cetyltrimethylammonium bromide (CTAB) as
a surfactant. This Au nanorods/ITO substrate has exhibited
significant Raman signal enhancement; therefore, the
effects of low concentrations of different chemicals on the
amount of DA released from PCI12 cells could be
successfully detected using the SERS technique, and the
results were validated using an HPLC method.

2. Materials and Methods

2.1. Materials

Hydrogen tetrachloroaurate (III) trihydrate (HAuCly-3H,0,
99.9+ %), phosphate buffered saline (PBS) (pH 7.4, 10 mM)
solution, dopamine hydrochloride, BPA, and CTAB were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
Cisplatin and cyclophosphamide monohydrate were purchased
from Calbiochem (Germany). All other chemicals used in
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Fig. 1. Molecular structures of (A) cisplatin, (B) bisphenol-A, and
(C) cyclophosphamide.

this study were obtained commercially in the reagent grade.
All aqueous solutions were prepared using deionized water
(DIW) deionized with a Millipore Milli-Q water purifier
operating at a resistance of 18 MQ cm.

2.2. Cell culture

The rat neural cell line that was collected from the Adrenal
medulla of a PC12 rat was cultured in DMEM supplemented
with 10% heat inactivated fetal bovine serum (FBS; Gibco,
Carlsbad, CA, USA) and 1% antibiotics (Gibco). The cells
were maintained under standard cell culture conditions at
37°C in an atmosphere of 5% CO,. The medium was
changed every two days.

2.3. Electrochemical measurements

Fabrication of the Au nanorods/ITO substrate and all
electrochemical measurements were performed using a
potentiostat (CHI-660, CH Instruments, USA) controlled
by general-purpose electrochemical system software. A
homemade three—electrode system was used, and consisted
of the ITO substrate as the working electrode, a platinum
wire as the auxiliary electrode, and Ag/AgCl as the reference
electrode.

2.4. Fabrication of gold nanorod/ITO substrate

The Au nanorod-modified ITO substrates were developed
according to the following deposition protocol that was
previously reported by our team [14,16]: Au nanorod
arrays were electrochemically deposited onto cleaned ITO
substrates (2 cm % 1 cm) using 0.1 mM HAuCl, aqueous
solution containing CTAB (20 pg/mL) as a surfactant. The
potential was maintained at - 0.9 V (vs. Ag/AgCl), and the
deposition temperature was kept constant at 25°C in an
electric-heated thermostatic water bath. In order to remove
any trace of surfactant that may have been adsorbed onto
the Au nanorod/ITO surface, the substrates were rinsed
with DIW and then boiled in isopropyl alcohol for 5 min.
The active area for the electrochemical deposition of the
Au nanorods measured 1 cm x 1 cm, and the surface
morphology was analyzed by a scanning electron microscope
(SEM) (ISI DS-130C, Akashi Co., Tokyo, Japan).
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2.5. Raman spectroscopy

The effects of cisplatin, BPA, and cyclophosphamide on
the extracellular and intracellular DA from PC12 cells
were investigated by Raman spectroscopy using Raman
NTEGRA spectra (NT-MDT, Russia). The maximum scan-
range, XYZ, was 100 pum x 100 pm x 6 pm, and the
resolution of the spectrometer in the XY plane was
200 nm, and 500 nm along the Z axis. Raman spectra were
recorded using an NIR laser emitting light at a 785 nm
wavelength. Ten scans of 5 s from 600 to 1,750/cm were
recorded, and the mean of these scans was used.

3. Results and Discussion

3.1. Development of gold nanorod-modified ITO substrate
Au nanorod arrays were fabricated by the electrochemical
deposition of Au nanorods from an aqueous solution of
Au’" ions in the presence of CTAB as a surfactant. Fig. 2A
shows an SEM image of the Au nanorod/ITO surface,
representing a uniform distribution of Au nanorods with an
average length of 200 nm, a diameter of 51 nm, and an
aspect ratio of 4. In our previous work, we reported that the
absorption spectrum of the Au nanorods/ITO substrate
demonstrated a weak surface plasmon absorption band within
the visible region at 520 nm [16]. In addition, Orendorff
et al. have reported on the application of different Au or
Ag nanostructures as SERS active surfaces, and have
demonstrated that the enhancement factor depends on the
size, shape, and aspect ratio of the nanostructure used [22].
Here, the modified Au nanorod/ITO substrate exhibited
two surface plasmon absorption bands (Fig. 2B), a sharp
peak at around 485 nm (in the visible region) contributed
by transverse electronic oscillation, and a broad peak at
738 nm (in the near-IR region) due to longitudinal oscillation
of the conduction band electrons [23]. Therefore, the Au
nanorod-modified ITO substrate could potentially strongly
absorb energy and scatter the electromagnetic field, as the
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enhancement of the surface electric field depends on the
surface plasmon excitation [24]. Moreover, the longitudinal
absorption band of the Au nanorod/ITO substrate (738 nm)
overlaps with the excitation wavelength from a diode laser
(785 nm), which could be an additional enhancement factor.
Therefore, the Au nanorod/ITO substrate could eventually
lead to strong enhancement of Raman signals, as the
enhancement of the surface electric field depends on the
surface plasmon excitation.

3.2. Monitoring of the intracellular and extracellular
release of DA from PC12

The release of DA from PC12 cells was verified with the
HPLC technique, as shown in Fig. 3. The HPLC result of
dopamine hydrochloride dissolved in PBS (pH 7.4, 10 mM)
is shown in Fig. 3A, which indicates the presence of two
peaks at a retention time of about 2 and 4 min, corresponding
to the solvent and dopamine, respectively. In addition, the
extracellular release of DA from PC12 cells was investigated
as follows: PC12 cells with a density of 2.1 x 10 cells/mL
were cultured and allowed to grow for 2 days, followed by
removal of the culture medium and rinsing of the cell wells
with PBS. 5 mL of fresh PBS buffer with an excess of
glucose was then added to cells, and incubated for 10 min
at 37°C. Following that, the presence of DA in PBS was
investigated using HPLC, as shown in Fig. 3B, revealing
the release of extracellular DA. In addition, the presence of
intracellular DA was confirmed by HPLC analysis of the
chemical composition of the PC12 cells lysate obtained
after treatment with PBS buffer for 10 min (Fig. 3C).

3.3. Monitoring the effects of three chemicals on the
level of intracellular and extracellular DA released
from PC12

The efficiency of three different chemicals (BPA, cisplatin,
and cyclophosphamide) on the release of neurotransmitter
from PC12 cells was assessed by estimating the amount of
DA released from PC12 cells, as induced by these
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Fig. 2. (A) SEM topography of the Au nanorods/ ITO substrate. (B) UV—vis spectra of the Au nanorods/ITO substrate.
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Fig. 3. HPLC results of (A) a solution of chemical dopamine in PBS,
(B) extracellular dopamine from PC12 cells, and (C) intracellular
dopamine from PCI12 cells.

chemicals, as well as the intracellular DA levels, as shown
in Fig. 4. Platinum analogue cisplatin is one of the most
widely used cytotoxic drugs, due to its direct binding cross-
linking to DNA, which causes apoptosis in rapidly dividing
cells [25], as the neurons are post-mitotic. Cisplatin-
induced neurotoxicity includes sensory and autonomic
neurotoxicity; moreover, cisplatin has been reported to
induce apoptosis of PC12 cells, depending on the dose and
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time, and this can be identified by DNA fragmentation
[26]. On the other hand, incubation of PC12 cells with
cisplatin, carboplatin, and cyclophosphamide has been
reported to show a significant increase in the release of DA
from PC12 cells. Moreover, cisplatin has shown the
greatest effect among these three chemicals [27].

In this study, the effects of three different chemicals on
the amount of DA released from PC12 cells was investigated
as follows: PC12 cells with a density of 2.1 x 10> cells/mL
were cultured and allowed to grow for 2 days, followed by
removal of the culture medium and rinsing of the cell wells
with PBS. 5 mL of fresh PBS buffer containing 1 mM of
BPA, cisplatin or cyclophosphamide was then supplied to
the cells and incubated for 10 min at 37°C. Fig. 4A shows
a significant increase in the amount of DA released
following treatment of PC12 cells with these three drugs.
In addition, the maximum release of DA from PC12 cells
among the three drugs tested in this study was induced by
treatment with cisplatin, as shown in Fig. 4A. Furthermore,
the effect of these three drugs on the level of intracellular
DA in treated cells was investigated based on analysis of
the cells lysates after cell treatment for 10 min. Fig. 4B
shows the changes in the level of intracellular DA obtained
from HPLC, which demonstrates a decrease in the intracellular
DA level. It was also found that cisplatin has the greatest
effect on the amount of DA released, as compared to BPA
and cyclophosphamide.

In addition, the SERS technique using Au nanorods/ITO
as the surface-enhanced active substrate was used to
confirm the effects of the three drugs on the neurotransmitter
released from PCI12 cells. Fig. 5 shows the Raman spectra
of control PC12 cells as well as PC12 cells treated with
1 mM of BPA, cisplatin or cyclophosphamide for 10 min at
37°C. This figure exhibits a series of Raman peaks at 775/cm
(Trp, U, C and T), 1001/cm (Phe), 1092/cm (POy;’), 1205/cm
(Phe and Trp), 1230/cm (amide III and T), 857/cm (Tyr),
1270/cm (amide I1I and catecholamines, e.g. DA), 1557/cm
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Fig. 4. HPLC results on the effect of various chemicals on (A) extracellular dopamine from PC12 cells and (B) intracellular dopamine

from PCI12 cells.
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Fig. 5. Effects of various chemicals on the extracellular dopamine from (A) control PC12 cells, (B) PC12 cells treated with 1 mM of
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(C=C str. of phenyl group), 1490/cm (G and A), and 1620/cm
(C=C Trp and Tyr str.). These results are in agreement with
previously reported studies [16,24,28,29]. These results
also indicate that the intensity of the Raman peak at 1270/cm
can be used as an indication of the DA level; Fig. 7A
demonstrates that the intensity of the Raman peak at 1270/cm
for the PC12 cells treated with cisplatin shows the highest
intensity, confirming the release of the greatest amount of
DA among the treated cells.

Raman spectra of the lysates of the control and treated
PC12 cells show a series of Raman peaks (Fig. 6), including
the following peaks, 671/cm (T and G), 760/cm (Trp), 854/cm
(Trp), 923/cm (pro CC str.), 975/cm (C-C str. B-sheet =CH
bend), 1001/cm (Phe), 1125/cm (prot. str. CN), 1134/cm
(Prot), 1270/cm (DA and amide III), 1450/cm (Prot), and

A

Fig. 8. Microscopy images of (A) control PC12 cells, (B) PC12 cells
treated with BPA, (C) PC12 cells treated with cyclophosphamide,
and (D) PCI12 cells treated with cisplatin. All treatments were
carried out for 10 min.

1625/cm (C=C Tyr and Trp). This result indicates that
treatment of PC12 cells with BPA, cisplatin or cyclo-
phosphamide results in very few changes, such as those
within the range from 900/ to 1000/cm. In addition, Fig. 7B
indicates that the intensity of the Raman peak corresponding
to DA (1270/cm) decreased after the PC12 cells were
treated with 1 mM of BPA, cisplatin or cyclophosphamide.

3.4. Effects of the drugs on cell viability

The effects of the treatment of PC12 cells with the three
drugs on cell viability as well as cell morphology were
determined using optical microscopy and an MTT assay.
The cytotoxicity test involves an initial supply of 1 mM of
the drug for 10 min, followed by removal of the culture
medium and rinsing of the cell wells with PBS. Fig. 8
shows the morphologies of the control PC12 cells as well
as the treated cells, indicating that treatment of the PC12
cells with 1 mM of cisplatin, BPA or cyclophosphamide
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Fig. 9. MTT assay of the cytotoxicity for (A) control PC12 cells,
(B) PC12 cells treated with BPA, (C) PCI2 cells treated with
cyclophosphamide, and (D) PC12 cells treated with cisplatin. All
treatments were carried out for 10 min.
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for 10 min did not have any significant effect on the cell
morphology. In addition, Fig. 9 shows the cytotoxicity
effects of the three drugs on the PC12 cells, based on an
MTT assay. Considering the cell viability of the control
cells as 100%, the results indicate that incubating the cells
with 1 mM of cisplatin, BPA or cyclophosphamide for
10 min leads to approximately 97% cell viability. Due to
the short treatment time, no significant damage to the cells
could occur following incubation with 1 mM of cisplatin,
BPA or cyclophosphamide.

4. Conclusion

The present work shows the feasibility of using the SERS
technique to investigate the effects of three different drugs
on the amount of DA released from PC12 cells. The results
establish that the SERS method allows for the identification
of chemical changes in cell lysates. In addition, the short
treatment time of the PC12 cells with these drugs did not
have any effect on the cell morphology or cell viability.
Therefore, the proposed technique may be applicable for
monitoring, diagnosis, and drug detection.

Acknowledgements

This research was supported by the Leading Foreign
Research Institute Recruitment Program, through the
National Research Foundation of Korea (NRF), funded by
the Ministry of Science, ICT and Future Planning (MSIP)
(2013K1A4A3055268) and by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (MSIP) (No. 2014R1A2A1A10051725).

References

1. Taylor, S. C., E. Carpenter, M. L. Roberts, and C. Peers (1999)
Potentiation of quantal catecholamine secretion by glibencla-
mide: Evidence for a novel role of sulphonylurea receptors in
regulating the Ca(2+) sensitivity of exocytosis. J. Neurosci. 19:
5741-5749.

2. Pothos, E., M. Desmond, and D. Sulzer (1996) 1-3,4-Dihydrox-
yphenylalanine increases the quantal size of exocytotic dopamine
release in vitro. J. Neurochem. 66: 629-636.

3. Zachor, D. A,, J. F. Moore, C. Brezausek, A. Theibert, and A. K.
Percy (2000) Cocaine inhibits NGF-induced PC12 cells differen-
tiation through D1-type dopamine receptors. Brain Res. 869: 85-97.

4. Presse, F., B. Cardona, L. Borsu, and J. -L. Nahon (1997) Lith-
ium increases melanin-concentrating hormone mRNA stability
and inhibits tyrosine hydroxylase gene expression in PC12 cells.
Mol. Brain Res. 52: 270-283.

5. Tischler, A. S., R. L. Perlman, G. M. Morse, and B. E. Sheard

@ Springer

(1983) Glucocorticoids increase catecholamine synthesis and
storage in PC12 pheochromocytoma cell cultures. J Neurochem.
40: 364-370.

6. Brownell, A. L., B. G. Jenkins, and O. Isacson (1999) Dopamine
imaging markers and predictive mathematical models for pro-
gressive degeneration in Parkinson’s disease. Biomed. Pharma-
cother. 53: 131-140.

7. Carr, D. B., P. O’Donnell, J. P. Card, and S. R. Sesack (1999)
Dopamine terminals in the rat prefrontal cortex synapse on pyra-
midal cells that project to the nucleus accumbens. The J. Neuro-
sci. 19: 11049-11060.

8. Shi, B., W. Huang, and J. Cheng (2007) Determination of neu-
rotransmitters in PC 12 cells by microchip electrophoresis with
fluorescence detection. Electrophoresis 28: 1595-1600.

9. Steiner, J. P, T. M. Dawson, M. Fotuhi, and S. H. Snyder (1996)
Immunophilin regulation of neurotransmitter release. Mol. Med.
2:325-333.

10. Vo, T. D. L., J. -S. Ko, S. H. Lee, S. J. Park and S. H. Hong
(2013) Overexpression of Neurospora crassa OR74A glutamate
decarboxylase in Escherichia coli for efficient GABA produc-
tion. Biotechnol. Bioproc. Eng. 18: 1062-1066.

11. Zuriani, R., S. Vigneswari, M. N. M. Azizan, M. 1. A. Majid and
A. A. Amirul (2013) A high throughput nile red fluorescence
method for rapid quantification of intracellular bacterial polyhy-
droxyalkanoates. Biotechnol. Bioproc. Eng. 18: 472-478.

12. Park, J. K., Z. -H. Kim, C. G. Lee, A. Synytsya, H. S. Jo, S. O.
Kim, J. W. Park, and Y. I. Park (2011) Characterization and
immunostimulating activity of a water-soluble polysaccharide
isolated from Haematococcus lacustris. Biotechnol. Bioproc.
Eng. 16: 1090-1098.

13. Schulze, H. G, L. S. Greek, B. B. Gorzalka, A. V. Bree, M. W.
Blades, and R. F. B. Turner (1995) Artificial neural network and
classical least-squares methods for neurotransmitter mixture
analysis. J. Neurosci. Methods 56: 155-167.

14. El-Said, W. A,, J. -H. Lee, B. -K. Oh, and J. -W. Choi (2011)
Electrochemical sensor to detect neurotransmitter using gold
nano-island coated ITO electrode. J. Nanosci. Nanotechnol. 11:
6539-6543.

15. El-Said, W. A., T. H. Kim, C. H. Yea, H. Kim, and J. W. Choi
(2011) Fabrication of gold nanoparticle modified ITO substrate
to detect beta-amyloid using surface-enhanced Raman scattering.
J. Nanosci. Nanotechnol. 11: 768-772.

16. El-Said, W. A., T. -H. Kim, H. Kim, and J. -W. Choi (2010)
Detection of effect of chemotherapeutic agents to cancer cells on
gold nanoflower patterned substrate using surface-enhanced
Raman scattering and cyclic voltammetry. Biosens. Bioelectron.
26: 1486-1492.

17. Chen, J., J. Jiang, X. Gao, G. Liu, G. Shen, and R. Yu (2008) A
new aptameric biosensor for cocaine based on surface-enhanced
Raman scattering spectroscopy. Chem. (Weinheim an der Berg-
strasse, Germany). 14: 8374-8382.

18. Talley, C. E., L. Jusinski, C. W. Hollars, S. M. Lane, and T. Huser
(2004) Intracellular pH sensors based on surface-enhanced
Raman scattering. Anal. Chem. 76: 7064-7068.

19. Wang, Z., A. Bonoiu, M. Samoc, Y. Cui, and P. N. Prasad (2008)
Biological pH sensing based on surface enhanced Raman scat-
tering through a 2-aminothiophenol-silver probe. Biosens. Bio-
electron. 23: 886-891.

20. Nowak-Lovato, K. L. and K. D. Rector (2012) Live cells as
dynamic laboratories: Time lapse raman spectral microscopy of
nanoparticles with both IgE targeting and pH-sensing functions.
Int. J. Anal. Chem. 2012: 390182.

21. El-Said, W. A., T. H. Kim, H. Kim, and J. W. Choi (2011) Anal-
ysis of intracellular state based on controlled 3D nanostructures



In-situ Detection of Neurotransmitter Release from PC12 Cells Using Surface Enhanced Raman Spectroscopy

1076

22.

23.

24.

25.

mediated surface enhanced Raman scattering. PloS one. 6: €15836.
Orendorff, C. J., L. Gearheart, N. R. Jana, and C. J. Murphy
(2006) Aspect ratio dependence on surface enhanced Raman
scattering using silver and gold nanorod substrates. Physic.
Chem. Chem. Phys. 8: 165-170.

Kelly, K. L., E. Coronado, L. L. Zhao, and G. C. Schatz (2002)
The optical properties of metal nanoparticles: The influence of
size, shape, and dielectric environment. J. Phys. Chem. B. 107:
668-677.

Niesen, B., B. P. Rand, P. Van Dorpe, H. Shen, B. Maes, J.
Genoe, and P. Heremans (2010) Excitation of multiple dipole sur-
face plasmon resonances in spherical silver nanoparticles. Optics
Exp. 18: 19032-19038.

Huang, H., L. Zhu, B. R. Reid, G. P. Drobny, and P. B. Hopkins
(1995) Solution structure of a cisplatin-induced DNA interstrand

26.

27.

28.

29.

cross-link. Science 270: 1842-1845.

Ta, L. E., L. Espeset, J. Podratz, and A. J. Windebank (2006)
Neurotoxicity of oxaliplatin and cisplatin for dorsal root ganglion
neurons correlates with platinum—DNA binding. Neurotoxicol.
27: 992-1002.

Kasabdji, D., V. Shanmugam, and A. Rathinavelu (1996) Effect
of cisplatin on dopamine release from PC12 cells. Life Sci. 59:
1793-1801.

Peng, S., J. M. McMahon, G. C. Schatz, S. K. Gray, and Y. Sun
(2010) Reversing the size-dependence of surface plasmon reso-
nances. Proc. Natl. Acad. Sci. U.S.A. 107: 14530-14534.

Kim, J.,J. Lee, S. Kwon, and S. Jeong (2009) Preparation of bio-
degradable polymer/silver nanoparticles composite and its anti-
bacterial efficacy. J. Nanosci. Nanotechnol. 9: 1098-1102.

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


