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Abstract

Nanoparticles are capable of self-assembly andtaaing stability and specificity, which are
crucial to drug encapsulation and biocompatibiRgcent progress in cancer nanotechnology
raises exciting opportunities in which diagnosigl areatment are based on the molecular
profiles of individual patients. The present reviewticle elaborates various nanocarriers like
nanotubes, quantum dots, nanoshells, liposomeslridesrs, etc. and special emphasis on the
recent advances of nanotechnology.
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I ntroduction

The prefix ‘nano’ comes from the Greek word ‘nanosieaning ‘a dwarf. Hence,
‘nanotechnology’ might well simply mean a technglag do with ‘small’ things. Nanoscience is
the study of phenomena and manipulation of mateaahtomic, molecular and macromolecular
scales, where properties differ significantly froimose at larger scale. Nanotechnologies are the
design, characterization, production and applicated structures, devices and systems by
controlling shape and size at nanometer scale. Sibe range of interest between a few
nanometers and 100 nm is one where many interegtings happen All sorts of physical
properties change and many biological systems ifumatb this length scale. This technology has
enabled the development of nanoscale devices #Hratbe conjugated with several functional
molecules simultaneously, including tumor-speclfgands, antibodies, anticancer drugs, and
imaging probes. Since these nanodevices are 1000@®-fold smaller than cancer cells, they
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can be easily transferred through leaky blood Issmed interact with targeted tumor-specific
proteins both on the surface of and inside cane#s.cTherefore, their applications as cancer
cell-specific delivery vehicles are significant &doh to the currently available armory for
cancer therapeutics and imaging. Cancer is onleeofriajor causes of mortality in the world and
the worldwide incidence of cancer continues toease. The most common cancer treatments
are limited to chemotherapy, radiation, and surgergquent challenges encountered by current
cancer therapies include nonspecific systemicidigion of anti tumor agents, inadequate drug
concentrations reaching the tumor, and the limgtieitity to monitor therapeutic responses. Poor
drug delivery to the target site leads to significaomplications, such as multidrug resistance.
Greater targeting selectivity and better deliveffficency are the 2 major goals in the
development of therapeutic agents or imaging cenhtf@armulations. A rational approach to
achieve these goals is to conjugate therapeutigsdwith monoclonal antibodies (mAbs) or
other ligands that selectively bind to antigensezeptors that are usually abundantly or uniquely
expressed on the tumor cell surface. The developofdnmor-targeted contrast agents based on
a nanoparticle formulation may offer enhanced s$eitgi and specificity for in vivo tumor
imaging using currently available clinical imagingpdalities. By applying a vast and diverse
array of nanoparticles, whose design derives from éngineering, chemistry, and medicine
fields, to molecular imaging and targeted theragancer nanotechnology promises solutions to
several of the current obstacles facing canceafies .

Nanotechnology and Nanomedicine has exploited thesipility of designing tumor-targeted
nanocarriers able to deliver radionuclide payloada selective manner to improve the efficacy
and safety of cancer imaging and therapy. The magmocarriers include nanopores, carbon
nanotube, nanoparticles, dendrimers, quantum daisileversliposomes and s. In addition, the
combining of tumor specific multifunctional and rtiolodality nanocarriers will hopefully
achieve earlier tumor detection and better tuneattment.

Nanotubes. Nanotubes are smaller than Nanopores. NanotubearBon rods, about half the
diameter of a molecule of DNA, also help to idenfifNA changes associated with cancer cells.
It helps to exactly pin point location of the chaagMutated regions associated with cancer are
first tagged with bulky molecules. Using a nanoetulp, resembling the needle on a record
player, the physical shape of the DNA can be tradecbmputer translates this information into
topographical map. The bulky molecules identify thgions on the map where mutations are
present. Since the location of mutations can imiteethe effects they have on a cell, these
techniques are important in predicting disease.

Quantum Dotes (QD): These are tiny crystals that glow when these tareiated by ultraviolet
light. The latex beads filled with these crystalsem stimulated by light, emit the color that
lights up the sequence of interest. By combinirffegnt sized quantum dotes within a single
bead, probes can be created that release a dispactrum of various colors and intensities of
lights, serving as sort of spectral bar code.

Nanoshells (NS): These are another recent invention. NS are miredoehds coated with gold.
By manipulating the thickness of the layers makimpgthe NS, the beads can be designed that
absorb specific wavelength of light. The most ukefanoshells are those that absorb near
infrared light that can easily penetrate severatioeeters in human tissues. Absorption of light
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by nanoshells creates an intense heat that id leticalls. Nanoshells can be linked to antibodies
that recognize cancer cells. In laboratory cultutée heat generated by the light-absorbing
nanoshells has successfully killed tumor cells eteaving neighboring cells intact.

Liposomes. Liposomes are self-assembling, spherical, clos#ididal structures composed of

lipid bilayers that surround a central aqueous spagposomal formulations have shown an
ability to improve the pharmacokinetics and pharoggnamics of associated drugs. Liposome
based formulations of several anticancer agente Haeen approved for the treatment of
metastatic breast cancer and Kaposi's sarcdifa.

Cantilevers. Tiny bars anchored at one end can be engineerbohdoto molecules associated
with cancer. These molecules may bind to altered\[Pkbteins that are present in certain types
of cancer monitoring the bending of cantileversyauld be possible to tell whether the cancer

molecg:ules are present and hence detect early niateevents in the development of cancer
cells”,

Dendrimer: A number of nanoparticles that will facilitate drdglivery are being developed.
One such molecule that has potential to link tregmvith detection and diagnostic is known as
dendrimer. These have branching shape which ghara vast amounts of surface area to which
therapeutic agents or other biologically active ecales can be attached. A single dendrimer can
carry a molecule that recognizes cancer cells,esaffeutic agent to kill those cells and a
molecule that recognizes the signals of cell ddath.hoped that dendrimecsan be manipulated

to release their contents only in the presenceeghm trigger molecules associated with cancer.
Following drug releases, the dendrimers may algpmrteback whether they are successfully
killing their targets”.

Nanopores. Nanopores (holes) allow DNA to pass through orenst at a time and hence DNA
sequencing can be made more efficient. Thus theesaad electrical properties of each base on
the strand can be monitored. As these propertesigigue for each of the four bases that make
up the genetic code, the passage of DNA througlareo rpore can be used to decipher the
encoded information, including errors in the codewn to be associated with carféer

Recent advances in nanotechnology in cancer Treatment

Fluorescent Nanoparticles: The diagnosis and treatment of cancer have besatlg improved
with the recent developments in nanotechnology. ©héhe promising nanoscale tools for
cancer diagnosis is fluorescent nanoparticles (N§tgh as organic dye-doped NPs, quantum
dots and upconversion NPs that enable highly seasiptical imaging of cancer at cellular and
animal level. Furthermore, the emerging developnoémovel multi-functional NPs, which can
be conjugated with several functional moleculesuiameously including targeting moieties,
therapeutic agents and imaging probes, provides petentials for clinical therapies and
diagnostics and undoubtedly will play a criticalerin cancer therapy. In this article, we review
the types and characteristics of fluorescent NPwjitro and in vivo imaging of cancer using
fluorescent NPs and multi-functional NPs for imagguided cancer therafy
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Monoclonal antibodies and Nanobodies: In the past decades, the mainstay of systemickiera
for solid and haematological malignancies was cliearapy; nevertheless this modality has the
drawbacks such as drug resistance and elicitingrseytotoxicity in the normal tissue. To
resolve such downsides, the cancer therapy masaliteed to be advanced with more effective
and tolerable treatments to specifically target thalignant cell with minimal adverse
consequences. In fact, characteristically, the gnalit diseases are self sufficiency in growth
signals along with insensitivity to growth inhilati. They can also evade from apoptosis, have
limitless replicative potential, induce angiogesesnd possess metastasis potential. Given that
the most of these characteristics are often dyentetic defects, thus key to the development of
targeted therapies is the ability to use such @E® to phenotypically distinguish the tumor
from its normal counterpart by its specific/seleetimarkers. The therapeutic monoclonal
antibodies (mAbs) are deemed to be a class of nagehts that can specifically target and
disrupt molecular pathways underlying tumorigenebiee mAbs are produced by a single clone
of B-cells, and are monospecific and homogeneouseXohler and Milstein heralded a new
era in antibody research and clinical developmegnthle discovery of hybridoma technology in
1975, more than 20 mAbs have been approved by $h&add and Drug Administration (FDA)
for treatment of obdurate diseases, including wfie€ types of cancers. Mouse hybridomas were
the first reliable source of monoclonal antibodwsich were developed for several in vivo
therapeutic applications. Accordingly, the recomabinantibodies have been reduced in size,
rebuilt into multivalent molecules and fused wiiffetent moieties such as radionuclides, toxins
and enzymes. The emergence of recombinant techas|dgansgenic animals and phage display
technology has revolutionized the selection, humation and production of antibodies. This
review focuses on implementation of the mAbs ambbadies fragments for cancer therdpy

Nanomedicine: Nanotechnology has been extensively merging litamedical research to
develop a new research field. Nanobiomedicine. Hbvides a unique approach and
comprehensive technology against cancer by earlggngdisis, prediction, prevention,
personalized therapy and mediétheMatters et &P studied the effects of gastrin messenger
RNA (mRNA) down-regulation on growth of human paratic cancer. Gastrin expression was
examined in human pancreatic cancer cell lines dyense transcriptase-polymerase chain
reaction, and peptide expression was assessed foynotytochemistry. Gastrin was down-
regulated using either stable transfection of arsense gastrin cDNA or 1 of 3 shRNA (short
hairpin RNA) constructs. Stable transfection oftgasantisense or shRNAs into BxPC-3 cells
resulted in clones with more than 90% reductiogastrin mMRNA. Immunofluorescence analysis
confirmed that gastrin peptide levels were deciasantisense and shRNA tumors.

Nanomicelles. Emerging nanotechnology has already developediov&r innovative
nanomedicines. Nanomicelles, self-assemblies of ckblocopolymers, are promising
nanomedicines for targeted drug delivery and imggirStimulus-responsive targeted
nanomicelles are designed to release drugs basedironli such as pH, temperature, redox
potential, magnetism and ultrasound. This artici# fecus on recent advancements in the
design of stimulus-responsive targeted nanomicédladed with anticancer drugs to fulfill the
challe?‘sges associated with cancer cells (e.g.,idnug resistance) for the effective treatment of
cancef”.
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Thermoresponsive polymer-coated magnetic nanoparticles: Thermoresponsive polymer-
coated magnetic nanoparticles loaded with anti-@amkcugs are of considerable interest for
novel multi-modal cancer therapies. Such nanopestican be used for magnetic drug targeting
followed by simultaneous hyperthermia and drug aste Purushotham &t al synthesized
Gamma-Fe(2)O(3) iron oxide magnetic nanopartidiés ) with average sizes of 14, 19 and 43
nm. Composite magnetic nanoparticles (CNP) of 43MiP coated with the thermoresponsive
polymer poly-n-isopropylacrylamide (PNIPAM) wereepared by dispersion polymerization of
n-isopropylacrylamide monomer in the presence o MNP. In vitro drug release of
doxorubicin-(dox) loaded dehydrated CNP at tempeest below and above the lower critical
solution temperature of PNIPAM (34 degrees C) ratka weak dependence of drug release on
swelling behavior. The particles displayed Fickdiffusion release kinetics; the maximum dox
release at 42 degrees C after 101 h was 41%. ta simultaneous hyperthermia and drug
release of therapeutically relevant quantitiesaf @as achieved.

Carbon Nanotubes: A vast majority of applications are based on CNTanging from
miniaturized biosensors to organ regeneration. Negkess, the complexity of biological
systems poses a significant challenge in develo@iNg-based tissue engineering applications.
This review focuses on the recent developments dT-Based tissue engineering, where the
interaction between living cells/tissues and theatabes have been transformed into a variety of
novel techniques. This integration has alreadyltedun a revaluation of tissue engineering and
organ regeneration techniques. Some of the newntezds that were not possible previously
become reachable now. Because of the advent aicsudhemistry, the CNT's biocompatibility
has been significantly improved, making it possitdeserve as tissue scaffolding materials to
enhance the organ regeneration. The superior mecstaangth and chemical inert also makes it
ideal for blood compatible applications, especidtly cardiopulmonary bypass surgery. The
applications of CNTs in these cardiovascular suegeled to a remarkable improvement in
mechanical strength of implanted catheters and cestiuthrombogenicity after surgery.
Moreover, the functionalized CNTs have been extahgiexplored for in vivo targeted drug or
gene delivery, which could potentially improve #féiciency of many cancer treatmefits

Functional analyses of water-dispersed carbon r@nelwith antitumor activity were performed
to explore their potential as a drug carrier faalocancer chemotherapy. Water-dispersed carbon
nanohorns were prepared by adsorption of polyetigylglycol-doxorubicin conjugate (PEG-
DXR) onto oxidized single-wall carbon nanohorns S@iNHs). PEG-DXR-bound oxSWNHs
were administered intratumorally to lung cancet-&8CI-H460-bearing mice. When injected
intratumorally, PEG-DXR-bound oxSWNHs caused sigaift retardation of tumor growth
associated with prolonged DXR retention in the tunho accordance with this DXR retention, a
large number of oxSWNH agglomerates was found énptériphery of the tumor. Histological
analyses showed migration of oxSWNHSs to the ayillgmph node, which is a major site of
breast cancer metastasis near the tumor, possiplynéans of interstitial lymphatic-fluid
transport. These results suggest that water-disgese SWNHs may thus be useful as a drug
carrier for local chemotherapy.Hampel,et &’ prescribed CNTs as feasible carriers for
carboplatin, a therapeutic agent for cancer treatmEhe drug was introduced into CNTs to
demonstrate that they are suited as nanocontaamersianocarriers and can release the drug to
initialize its medical virtue. The filling was aacoplished by a wet-chemical approach after the
CNTs were opened. The effect on cell proliferatamd cytotoxicity of the carboplatin-filled
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CNTS was investigated by using viability assaysing/different analysis methods such as
electron energy loss spectroscopy and x-ray phettein spectroscopy the structure of
carboplatin incorporated into the CNTs was found¢é¢oretained. In vitro studies showed that
carboplatin-filled CNTs inhibited growth of bladdesincer cells whereas unfilled, opened CNTs
barely affected cancer cell growth

Gold Nanoparticles: Nanotechnology has been used to provide advabiededical research
tools in diagnostic imaging and therapy, which reggitargeting of nanoparticles (NPs) to
individual cells and subcellular compartments. Hesve a complete understanding of the
intracellular uptake, transport, and subcellulatribution of nanostructured materials remains
limited. Hence, gold NPs were explored as a moggks to study the intracellular behavior of
NPs in real time. Our results show that the cellulagtake of gold NPs is dependent on their size
and surface properties. The NPs were transportedditles of 300-500 nm diameter within the
cytoplasm. The average velocity and diffusion dogfht of the vesicles containing NPs were
10.2 (+/-1.8) microm/hr and 3.33 (+/-0.52) microrhr2 respectively. Analysis of the time-
dependent intracellular spatial distribution of tMies demonstrated that they reside in lysosomes
(final degrading organelles) within 40 minutes méubation. These findings can be used to tailor
nanoscale devices for effective cell targeting aelivery’?>3

Radioprotection by nanoparticles: Radiolysis of water generates a series of itscead
decomposition products that inactivate enzymesdardage cellular lipids, proteins and DNA.
Postirradiation protection is another approach éduce or reverse deleterious effects after
exposure to ionizing radiatidh After World War |l there was a great interestdeveloping
chemicals, so-called radioprotectors, to protecindms from harmful effects of radiation.
Already in 1949 it was shown that rats pretreatéith the amino acid cysteine were protected
against lethal doses of X-ray4 ater it has been found that supplementation wsttioxidants’,
selenium compounds’” and a cytoprotective adjuvant amifostif® and® alters cell
radiosensitivity.

Recent studies also show radioprotective effectvarfous nanoparticles. Amifostine is not
effective when given orally. However, amifostinentaining copolymer nanopatrticles, prepared
using spray drying technique, have been showndtegr mice against injury induced by whole
body gamma irradiation after oral administrationttsé nanoparticle®’. When encapsulated in
transferrin-coupled liposomes neuroprotective agéidoline exhibits radioprotective effect in
human ovarian adenocarcinoma cells overexpresgiagsferrin receptor. Such effect is
considerably smaller in endothelial cells. Howevége citicoline was found to be less
radioprotective in the ovarian adenocarcinoma céln in the endothelial cel. Carbon
nanoparticles also exhibit radioprotective effeEullerenes (C60) diminished toxicity of
radiation on zebra fish embryos by reducing gefmnaif reactive oxygen specié&s Fulleronols
(C60[OH]X) protected unicellular eukaryotes orgamsagainst gamma radiatiéi Cerium
oxide nanoparticles (nanoceria) increased longefityells by reducing hydrogen peroxide and
ultraviolet radiation induced injufy; Autoregenerative reaction cycle Ce2+Ce4+ occurs on
the surface of the ceria nanoparticles: changinglabion state from Ce3+ to Ce4+ might
scavenge free radicals produced by raditfon
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Monitoring toxicity in real time using novel impedancetechnique

Interaction of mammalian cells with surfaces anduf on the kinetic aspects of this
phenomenon is of great interest for science. Gelthment is an important parameter to assess
cancer cell potential for metastasis and tumoulifgaaused by their dynamic interaction with
substrates and drugs. Most commonly cell behavgstudied by imposing an effect to attached
cells and quantifying cell density, morphology andmber resisting to this treatment by
microscopic or ultrastructural techniques. Non-dedive methods to monitor cell responses in
real time are also available. Array of microele@edin chambers is used to record
electrophysiological activity of ceflland”®. Bioelectrical potential of primary isolated efgilial
cells was studied to determine whether the celts maintain epithelial structure and function
when isolated from mesenchymal framewdfkin another study, cell-to-cell communications
were studied by injecting a dye Lucifer yellow tosagle cell through a microelectrode:
electrical characteristics of the cells were meagwith the electrode and transfer of the dye
from the single cell to its neighbours by cell-®licgap junctions was observed in cell
monolayers®®. The method that applies external electrical figddsense cell spreading upon
artificial surfaces in real time is referred toEsctric Cell-substrate Impedance Sensing (ECIS)
with frequencies 400 Hz, 4 kHz and 40 kHz beingdusemost experiments 38. Although the
ECIS technique has been first described by Giaawerkeesé®, it can still be considered novel.
When a cell attaches to a small gold electrodeeduces the detecting area in contact with
culture medium and measured electric impedanceeasers because the cell membranes
gradually block the current flow. Amount and typepootein coating the gold surface of the
electrode are one factor effecting cell attachmand protein type is significalit When cells
cover a gold electrode, various cell lines wilkatt at different rates; this in turn will be afiedt

by exposing the cells to a treatment. From the oapee changes, several important properties
of the cell layer can be determined such as baftiaction, membrane capacitance, cell
proliferation, motility and motiori*. Use of ECIS to study cytotoxicity to chemical quunds
experiences growing intere$tand>2. Dynamics of cell invasiveness can also be stuldieking

at how cells with different metastatic potentialéeet confluent monolayer of for example
endothelial cell¥. Measurements using ECIS of repopulation of meicady disrupted cells in
culture have been as well suggested as wound ezdsay’.

The ECIS technique is becoming now a well-estabtiskechnique to study chemical and
physical factors and other dynamic proces¥esRecently the first paper on the use of this
technique to assess toxicity effects of quantuns eats published. Concentration to achieve
50% inhibition was determined in fibroblast V79lsdbr free metals and quantum dots: around
6 uM for Cd, 98uM for Te, 140uM for Zn, 154 nm for red CdSe/ZnS and 240 nM foeegr
CdSe/zn&. For the cadmium selenide and telluride quantuts,doxicity could be assigned to
release of free cadmium. The quantum dots syntbeésizth indium gallium phosphide and gold
nanoparticles were not cytotoxic for concentraticstsidied up to 200 nM and 48/,
respectively?.

Conclusion
More effective delivery of nanoparticles has remilin the development of novel methods to

treat cancer. Nanoparticle systems are able tettaayious portions of the tumor using specific
targeting moieties and evade the problems assdwidtenulti-drug resistance. Furthermore,
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formany of the targetingmoieties, there is a lamyerlap in the types of targetsproviding
synergistic antitumor effects. The search for mo@ecular targets will advance the ability to
improve delivery at the tumor level while decregdioxicity to normal tissue.

References

[1] Xu Wang, Lily Yang, Zhuo (Georgia) Chen and Dong $hin. Cancer J Clin (2008) 58 ;
97-110.

[2] Sapra P, Tyagi P, Allen TMCurr Drug Deliv (2005) 2:369-381.

[3] 3.lagaru A, Masamed R, Keesara S, ContiA8.Nucl Med (2007) 21:33-38.

[4] Kjaer A. Adv Exp Med Biol (2006) 587:277-284.

[5] Montet X, Montet-Abou K, Reynolds F, et &leoplasia (2006) 8:214-222.

[6] Gambhir SSNat Rev Cancer (2002) 2:683—-693.

[7] Schellenberger EA, Bogdanov A Jr, Petrovsky AlelNeoplasia 2003;5:187-192.

[8] Atri M. J Clin Oncol (2006) 24:3299-3308.

[9] Ferrari M.Nat Rev Cancer (2005) 5:161-171.

[10] Fassas A, Anagnostopoulos lfeuk Lymphoma (2005) 46:795-802.

[11] Matsumura Y Nippon Rinsho (2006) 64: 316-321.

[12] Charrois GJ, Allen TMBiochim Biophys Acta (2004) 1663:167—-177.

[13] Hofheinz RD, Gnad-Vogt SU, Beyer U, HochhausAAticancer Drugs (2005) 16:691-707.
[14] Duncan RNat Rev Drug Discov (2003) 2:347-360.

[15] Allison SD.J Infus Nurs (2007) 30:89-95.

[16] Gaur U, Sahoo SK, De TK, et &ht J Pharm (2000) 202:1-10.

[17] Moghimi SM, Szebeni J. StealtRrog Lipid Res (2003) 42: 463—-478.

[18] Laverman P, Carstens MG, Storm G, Moghimi SBlochim Biophys Acta (2001)
1526:227-229.

[19] Moghimi SM, Hunter AC, Murray J@harmacol Rev (2001) 53: 283—-318.

[20] Gref R, Minamitake Y, Peracchia MT, et &tience (1994) 263:1600-1603.

[21] Rawat M, Singh D, Saraf S, SarafBol Pharm Bull (2006) 29:1790-1798.

[22] Jiang S, Gnanasammandhan MK, Zhang Y. J RiiSedace. (2009) Sep 16

[23] Majidi J, Barar J, Baradaran B, Abdolalizadeh J,i@nY Hum Antibodies. (2009)
18(3):81-100.

[24] Hu DH, Gong P, Ma YF, Cai LTAi Zheng. (2009) Sep; 28(9):1000-3.

[25] Matters GL, Harms JF, McGovern CO, Jayakumar Cpi@r&, Smith ZP, Nelson MC,
Stock H, Fenn CW, Kaiser J, Kester M, Smith JP.w&noof human pancreatic cancer is
inhibited by down-regulation of gastrin gene expres Pancreas2009) Jul; 38(5):e151-61.
[26] Muthu MS, Rajesh CV, Mishra A, SinghNanomed. (2009) Aug ; 4(6):657-67.

[27] Purushotham S, Chang PE, Rumpel H, Kee IH, Ng RbWCPK, Tan CK, Ramanujan RV.
Nanotechnology (2009) Jul 29 ; 20 (30):305101.

[28] Veetil JV, Ye K Biotechnol Prog. Tailored carbonnotubes for tissue engineering
applications. 2009) May-Jun; 25(3):709-21.

[29] Murakami T, Sawada H, Tamura G, Yudasaka M, lijiarsuchida KNanomed. (2008)
Aug; 3(4):453-63.

[30] Hampel S, Kunze D, Haase D, Kramer K, RauschenbaciRitschel M, Leonhardt A,
Thomas J, Oswald S, Hoffmann V, BiichneiNanomed. (2008) Apr; 3(2):175-82.

[31] Jia N, Lian Q, Shen H, Wang C, Li X, YangMano Lett. (2007) Oct; 7(10):2976-80.

178



Smriti Khatri et al J. Chem. Pharm. Res,, 2010, 2(1): 171-179

[32] Tseng HY, Lee GB, Lee CY, Shih YH, Lin XZ 1HYanobiotechnol. (2009) Jun ; 3(2):46-
54.

[33] Chithrani BD, Stewart J, Allen C, Jaffray DNanomedicine. 2009 Jun;5(2):118-27.

[34] G.C. JagetiaAdv. Exp. Med. Biol. 595 @007), pp. 301-320.

[35] H.M. Patt, E.B. Tyree, R.L. Straube and D.E. Snfithence 110 (1949), pp. 213-214.

[36] K.S. Kumar, V. Srinivasan, R. Toles, L. Jobe and. Mil. Med. 167 @002), pp. 57-59.
[37] J.F. Weiss and M.R. Landaué@nn. N. Y. Acad. Sci. 899 @000), pp. 44—60.

[38] Murray, E.M. Altschuler, N. Hunter and L. MilaRadiat. Res. 120 (1989), pp. 339-351.
[39] R.L. Capizzi and W. Osteimt. J. Hematol. 72 @000), pp. 425-435.

[40] S. Pamujula, V. Kishore, B. Rider, C.D. FerminARGraves, K.C. Agrawal and T.K.
Mandal Int. J. Radiat. Biol. 81 005), pp. 251-257.

[41] J. Suresh Reddy, V. Venkateswarlu and G.A. Konin@rug Target. 14 @006), pp. 13—
19.

[42] B. Daroczi, G. Kari, M.F. McAleer, J.C. Wolf, U. Reck and A.P. DickerClin. Cancer
Res. 12 @006), pp. 7086—7091.

[43] Q. Zhao, Y. Li, J. Xu, R. Liu and W. Lint. J. Radiat. Biol. 81 005), pp. 169-175.

[44] R.W. Tarnuzzer, J. Colon, S. Patil and S. S¢aho Lett. 5 (2005), pp. 2573-2577.

[45] .A. Thomas, P.A. Springer, G.E. Loeb, Y. Berwaldtseand L.M. OkunExp. Cell Res. 74
(1972), pp. 61-66.

[46] P. Connolly, P. Clark, A.S. Curtis, J.A. Dow andCWilkinson, Biosens. Bioelectron. 5
(1990), pp. 223-234.

[47]D.S. Misfeldt, S.T. Hamamoto and D.R. Pitell@;oc. Natl. Acad. <ci. U. S. A. 73 1976),
pp. 1212-1216.

[48] M. Cereijido, E. Robbins, D.0J. Membr. Biol. 81 (1984), pp. 41-48.

[49]J. Wegener, C.R. Keese and |. Giaetap. Cell Res. 259 @000), pp. 158-166.

[50] 1. Giaever and C.R. Kees@roc. Natl. Acad. Sci. U. S. A. 81 1984), pp. 3761-3764.

[51] C. Xiao, B. Lachance, G. Sunahara and J.H. Ludy@l. Chem. 74 002), pp. 1333-1339.
[52] 1. Giaever and C.R. Kees@&Jature 366 (1993), pp. 591-592.

[53] C. Xiao and J.H. LuongToxicol. Appl. Pharmacol. 206 @005), pp. 102-112.

[54] L. Ceriotti, J. Ponti, P. Colpo, E. Sabbioni &hdRossi,Biosens. Bioelectron. 22 007),
pp. 3057-3063.

[55] C.R. Keese, K. Bhawe, J. Wegener and |. Giadietechniques 33 2002), pp. 842—-850.
[56] C.R. Keese, J. Wegener, S.R. Walker and |I. Giag¥ec. Natl. Acad. i. U. S. A. 101
(2004), pp. 1554-1559.

[57] B.F. De Blasio, M. Laane, T. Walmann an@ilotechniques 36 (2004), pp. 650—662.

[58] K.B. Male, B. Lachance, S. Hrapovic, G. Sunahah.BH. Luong,Anal. Chem. 80(2008),
pp. 5487-5493.

179



