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ABSTRACT

At the forefront of the quickly evolving discipline of nanotechnology are nanomaterials. These materials are out
and indispensable in many areas of human activity because of their smetidpendent characteristics. This conc
overview aims to provide an overview of the latest advancements in the field of applied nanomaterials, includ
use in biology and medicine, and addresses the potential for commercialization. Becagseocoiktomisable surfac
properties and large range of core materials, nanoparticles are a great platform for a wide range of biolo
medicinal applications. An overview of nanopariitd®mmolecular interactions and current uses of nanoparticle
biological sensing, delivery, and imaging of living cells and tissues are given in this review.
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INTRODUCTION

Technology that works with things the size of nanometers is made possible by nanotechnology [1]. It is anticipated
that nanotechnology would advanaeross multiple domains, including systems, devices, and materials. Right now, the
state of nanomaterials is the most developed in terms of both scientific understanding and practical uses. Because of their
sizedependent physical and chemical propertiesioparticles were explored ten years ago [2]. They are currently in a
phase of commercial exploration [3,4]. The cells that make up living things are usually 10 um in diameter. On the other
hand, the sulmicron size range corresponds to the considerablgller cell components. Proteins are even smaller,
typically measuring only 5 nm, which is about the same size as the tiniest artificial nanoparticles. The concept of utilising
nanoparticles as minuscule probes to spy on the cellular machinery withofdringetoo much is suggested by this
straightforward size comparison [5]. A major factor propelling the advancement of nanotechnology is our growing
understanding of biological activities at the nanoscale [6].

Biology and material science are combineden nanoparticles are used in biotechnology. Nanoparticles offer a
particularly helpful platform because of their distinct characteristics and potential for a wide range of therapeulic uses.[7
The projected number of papers in the field of nanopartialdsiology increased from 11 in 1991 to approximately
10,000 in 2007 (based on Web of Science). This indicates that the field is undoubtedly growing. Since we obviously
cannot cover the area in full detail, this Review offers a concise synopsis of meeestigations utilising spherical
nanoparticles with metallic, metal oxide, semiconductor, and silica cores. A number of characteristics give nanoparticles
their special qualities and applications, including their resemblance in size to biomoleculesiikeclpic acids and
proteins. Furthermore, a variety of metal and semiconductor core materials can be used to create nanopatrticles, giving
them beneficial characteristics including magnetic and fluorescent behaviour.[8]

Nanoparticlei Biomolecule Interactions

Nanopatrticles acting as synthetic receptors that recognise the surfaces of macromolecules offer a potential means of
regulating intracellular and extracellular activities for a wide range of biological applications, including deliverg,sensin
transciption regulation, and enzymatic inhibition. Depending on the core material, nanoparticle core sizes can range
from 1.5 nm to more than 10 nm, offering an appropriate platform for interactions between nanoparticles and proteins
and other biomolecules (Fit).[9] There are two methods for conjugating nanoparticles with biomolecules, like proteins
and DNA: direct covalent bonding and Roovalent interactions between the particle and the biomolecul&é310
Covalent attachment is the most straightforwardhaetfor producing integrated biomoleculanoparticle conjugates.
[16] Either the biomolecule chemisorbs to the particle surface or heterobifunctional linkers are used to accomplish this
conjugation. Proteins can chelate onto the surface of nanoparticles (which typically have a core composed of Au, ZnS,
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CdS, and CdSe/zZnS) aécally using 2iminothiolane (Traut's reagent) or by utilising cysteine residues found on protein
surfaces (such as those found in serum albumin and oligopeptides)[17].[18]

A very flexible method for the biofunctionalization of nanoparticles is offeseddncovalent assembly. There are
several ways to bind DNA to NP: electrostatic interactions, complementary-strayiel DNA binding, intercalation,
and groove binding[19] Nanoparticles provide an attractive receptor for nucleic acids, providinga diralogy to
proteiri DNA interactions.[20,21]

DNA 24-mer fnm Papain

Figure 1. Schematic representation of a 2 nm gold nanoparticle with ithercaptoundecanoic acid monolayer and
relative sizes of papain and a 24ner DNA duplex.

Nanoparticles in Biosensing

Forensic sciengesnvironmental monitoring, and biomedical diagnosis all depend on the ability to detect diseases,
biological agents, and harmful compounds.[22] A recognition element for target binding and a transduction element for
signalling the binding event are theawnain parts of a sensor. NPs have special physicochemical properties[9], and
miniaturisation naturally increases sigit@noise ratios[23], which makes these systems attractive options for sensing
applications.[24] For instance, depending on their siwkfarm, gold nanoparticles display distinct optical and electrical
characteristics. Gold nanoparticles exhibit a strong absorption peak that originates from surface plasmon resonance
(SPR) between 500 and 550 nm [25]i[28]

APPLICATIONS

A list of someof the applications of nanomaterials to biology or medicine is given belBlworescent biological labels
[29-37]

Drug and gene delivery [32,B3

Bio detection of pathogens [B4

Detection of proteins [35

Probing of DNA structure [36

Tissueengineering [37,38

Tumour destructin via heating (hyperthermia)[B9

Separation and purification ofddogical molecules and cells [H0
MRI contrast enhancement 41

Phagokinetic studies [42

As was previously indicated, nanomaterials are appropatbidtagging or labelling since nanoparticles reside in
the same size domain as proteins. But size is only one of many properties of nanoparticles that, by itself, are rarely
enough to employ them as biological markers. A biological or molecular coatiages functioning as a bioinorganic
interface needs to be affixed to the nanoparticle in order for it to interact with the biological target.

Antibodies, biopolymers like collagen [43], or monolayers of tiny molecules that render the nanoparticles
biocompatible [44] are a few examples of biological coverings. Furthermore, as biological research frequently uses
optical detection techniques, nanoparticles must to glow or alter their optical charactéristiegpproaches used in
constructing nandiomateials are schematically presented below (see Figure 2)
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Figure 2; Typical configurations utilized in nano-bio materials applied to medical or biological problems.

RECENT DEVELOPMENTS
Tissue engineering

Features measuring roughly 100 nm wide faeguently found on the surface of natural bones. The body would
attempt to reject an artificial bone implant if its surface were left smooth. Owing to its smooth surface, the implant's
surface is probably going to develop fibrous tissue covering it.|1ays lessens the contact between the implant and the
bone, which could cause the implant to loosen and cause further inflammation. It has been shown that adding nanoscale
characteristics to the surface of a hip or knee prosthesis can both increasewtheofrosteoblasts and lower the
likelihood of rejection. On the advancing surface of the growing bone are cells called osteoblasts, which are in charge of
the formation of the bone matrix. Materials made of polymeric, ceramic, and, more recently, reetaljsed to
illustrate the effect. Only 50% of the human bone cells in the control sample attached to the nanostructured metal surface,
compared to almost 90% of the cells in suspension [45]. Ultimately, these discoveries would enable the development of
more robust and lontasting hip or knee replacements while also decreasing the likelihood of implant loosening.

Cancer therapy

The foundation of photodynamic cancer therapy is the cytotoxic atomic oxygen produced by lasers, which destroys
cancer cells. Wén compared to healthy tissue, the cancer cells absorb more of a particular dye that is used to produce
atomic oxygen. As a result, only the cancer cells that have been eliminated are subjected to laser radiation. Regretfully,
the patient becomes extremealgnsitive to sun exposure due to the residual dye molecules migrating to their skin and
eyes. Up to six weeks may pass before this effect fades. The hydrophobic dye molecule was encased in a porous
nanoparticle to prevent this negative effect [46].

Multi colour optical coding for biological assays

The development of high throughput screening technologies is necessary due to the growing amount of sequence
data generated by proteomics and genomic studies. Saturation is anticipated to occur for difigreattanrologies that
are currently being employed in parallel analysis when the number of array elements surpasses several millions.

The number of distinct tags that can be consistently generated and identified is the single constr#iméen a
dimensional method that relies on optical "bar coding" of polymer particles in solution. Compound semiconductor single
guantum dots have been effectively employed in place of organic dyes in a varietstafddig applications [48]. By
mixing variausly sized quantum ddiswhich thus have diverse luminous colbrisito polymeric microbeads, this
concept has been expanded upon [47].

Manipulation of cells and biomolecules

Numerous uses for functionalized magnetic nanoparticles have been reported; seitlseparation and probe [8],
which are covered along with other uses. The majority of magnetic particles that have been investigated thus far are
spherical, which somewhat restricts the potential for these nanoparticles to have many functionstiiy thheanetal
electrode position into the nanoporous alumina template, alternative cylindrically shaped nanoparticles can be produced
[49]. The radius of the nanocylinders can be chosen between 5 and 500 nm, and their length can reach up to 60 pum,
dependng on the characteristics of the template. It is possible to widely adjust the structure and magnetic characteristics
of individual cylinders by successively depositing varying metal thicknesses.
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CONCLUSIONS

An extremely appealing platform for a widange of biological applications is provided by nanoparticles. These
systems' surface and core properties can be designed for both singular and multimodal applications, including as
biomolecular identification, biosensing, bioimaging, and medicinal dgliwdany different in vitro and in vivo uses of
nanoparticles have previously been made. However, in order to fully realise their promise, a number of unresolved
concerns must be resolved. These include the acute andelmmchealth consequences of nanariats, as well as
scalable, repeatable manufacturing processes and trustworthy metrics for characterising these materials.

REFERENCES
1. Feynman R: There's plenty of room at the bottom. Science 1991, 254:33D0
2. Murray CB, Kagan CR, Bawendi MG: @hesis and characterisation of monodisperse nanocrystals angatbsel
nanocrystabhssemblies. Annu Rev Mater Sci 2000, 30:648. 3. Mazzola L: Commercializing nanotechnology. Nature
Biotechnology 2003, 21:1137143.
4. Paull R, Wolfe J, Hebert PirBula M: Investing in nanotechnology. Nature Biotechnology 2003, 21:113%.
5. Taton TA: Nanostructures as tailored biological probes. Trends Biotechnol 2002,-202%& Whitesides GM: The
'right’ size in Nanobiotechnology. Nature Biotechnolog§2®1:11611165.
7.X. Gao, Y. Cui, R. M. Levenson, L. W. K. Chung, S. Nie, Nat. Biotechnol. 2004, 22, 969.
8. M. Ferrari, Nat. Rev. Cancer 2005, 5, 161.
9. M. J. Hostetler, J. E. Wingate, C. J. Zhong, J. E. Harris, R. W. Vachet, M. R. Clark, J. Dn@,08dd. Green, J. J.
Stokes, G. D. Wignall, G. L. Glish, M. D. Porter, N. D. Evans, R. W. Murray, Langmuir 1998, 14, 17
10. C. M. Niemeyer, Angew. Chem. Int. Ed. 2001, 40, 4128.
11. M. Sastry, M. Rao, K. N. Ganesh, Acc. Chem. Res. 2002, 35, 847.
12. E.Katz, I. Willner, Angew. Chem. Int. Ed. 2004, 43, 6042
13. T. Pellegrino, S. Kudera, T. Liedl, A. M. Javier, L. Manna, W. J. Parak, Small 2005, 1, 48.
14. A.Verma, V. M. Rotello, Chem. Commun. 2005, 303.
15. N. L. Rosi, C. A. Mirkin, Chem. Rev. 20095l 1547.
16. F. Caruso, Adv. Mater. 2001, 13, 11.
17. K. Naka, H. Itoh, Y. Tampo, Y. Chujo, Langmuir 2003, 19, 5546.
18. S. S. Ghosh, P. M. Kao, A. W. McCue, H. L. Chappelle, Bioconjugate
19. B. A. Armitage, in DNA Binders and Related Subjects, Vol. p8inger, 2005, 55.
20. R. Mahtab, H. H. Harden, C. J. Murphy, J. Am. Chem. Soc. 2000, 122, 14.
21.J. R. Lakowicz, I. Gryczynski, Z. Gryczynski, K. Nowaczyk, C. J. Murphy, Anal. Biochem. 2000, 280, 128.
22. D. Diamond, Principles of Chemical and Biol@ji€ensors (Ed.: D. Diamond), John Wiley & Sons, New York, NY
1998, p. 118.
23.P. E. Sheehan, L. J. Whitman, Nano Lett. 2005, 5, 803.
24.M.-C. Daniel, D. Astruc, Chem. Rev. 2004, 104, 293.
25.P. K. Jain, K. S. Lee, I. H. Bayed, M. A. ElSayed, J. Rys. Chem. B 2006, 110, 7238.
26.G. Mie, Ann. Phys. 1908, 25, 377.
27.K. L. Kelly, E. Coronado, L. L. Zhao, G. C. Schatz, J. Phys. Chem. B 2003, 107, 668.
28.S. Eustis, M. A. ElSayed, Chem. Soc. Rev. 2006, 35, 209.
29. Bruchez M, Moronne M, Gin P, Wsi S, Alivisatos AP: Semiconductor nanocrystals as fluorescent biological labels.
Science 1998, 281:201R)16.
30. Chan WCW, Nie SM: Quantum dot bioconjugates for ultrasensitive nonisotopic detection. Science 1998,-281:2016
2018.
31. Wang S, Mamedova Notov NA, Chen W, Studer J: Antigen/antibody immunocomplex from CdTe nanopatrticle
bioconjugates. Nano Letters 2002, 2:8P2.
32. Mah C, Zolotukhin I, Fraites TJ, Dobson J, Batich C, Byrne BJ: Microsphedéated delivery of recombinant AAV
vectors in ¥ro and in vivo. Mol Therapy 2000, 1:S239.
33. Panatarotto D, Prtidos CD, Hoebeke J, Brown F, Kramer E, Briand JP, Muller S, Prato M, Bianco A: Immunization
with  peptidefunctionalized carbon nanotubes enhances agpegific neutralizing antibody respses.
Chemistry&Biology 2003, 10:96266.
34. Edelstein RL, Tamanaha CR, Sheehan PE, Miller MM, Baselt DR, Whitman LJ, Colton RJ: The BARC biosensor
applied to the detection of biological warfare agents. Biosensors Bioelectron 2000343805
35. Nam JM,Thaxton CC, Mirkin CA: Nanoparticleisased biebar codes for the ultrasensitive detection of proteins.
Science 2003, 301:1884886.
36. Mahtab R, Rogers JP, Murphy CJ: Proted quantum dot luminescence can distinguish between "straight",
"bent", and'kinked" oligonucleotides. J Am Chem Soc 1995, 117:99990.
37. Ma J, Wong H, Kong LB, Peng KW: Biomimetic processing of nanocrystallite bioactive apatite coating on titanium.
Nanotechnology 2003, 14:6823.
38. de la Isla A, Brostow W, Bujard B, Egéz M, Rodriguez JR, Vargas S, Castano VM: Nanohybrid scratch resistant
coating for teeth and bone viscoelasticity manifested in tribology. Mat Resr Innovat 2003174110

IASR Journal of Medical and Pharmaceutical Science (IIMPS); Volume: 3; Issue: 4 | | Oct-Dec 2023] | | Page-14



39. Yoshida J, Kobayashi T: Intracellular hyperthermia for cancer using magraidnic liposomes. J Magn Magn
Mater 1999, 194:17684.

40. Molday RS, MacKenzie D: Immunospecific ferromagnetic iron dextran reagents for the labeling and magnetic
separation of cells. J Immunol Methods 1982, 52:363.

41. Weissleder R, Elizondo G, itéénburg J, Rabito CA, Bengele HH, Josephson L: Ultrasmall superparamagnetic iron
oxide: char acterization of a new class of contrast agents for MR imaging. Radiology 1990, 1493189

42. Parak WJ, Boudreau R, Gros ML, Gerion D, Zanchet D, Micheel\@ilMams SC, Alivisatos AP, Larabell CA:

Cell motility and metastatic potential studies based on quantum dot imaging of phagokinetic tracks. Adv Mater 2002,
14:882885.

43. Sinani VA, Koktysh DS, Yun BG, Matts RL, Pappas TC, Motamedi M, Thomas SN, K&oCbllagen coating
promotes biocompatibility of semiconductor nanoparticles in stratified LBL films. Nano Letters 2003,-311827 7

44. Zhang Y, Kohler N, Zhang M: Surface modification of superparamagnetic magnetite nanoparticles and their
intracellularuptake. Biomaterials 2002, 23:15%361.

45. Gutwein LG, Webster TJ: Affects of alumina and titania nanoparticulates on bone cell function. American Ceramic
Society 26 th Annual Meeting Conference Proceedings 2003 in press.

46.Roy |, Ohulchanskyy TY, Pudavar HE, Bergey EJ, Oseroff AR, Morgan J, Dougherty TJ, Prasad PN:-Basarhic
nanoparticles entrapping watasoluble photosensitizing anticancer drugs: a novel -danger system for
photodynamic therapy. J Am Chem Soc 20025:78607865.

47 Han M, Gao X, Su JZ, Nie S: Quanttdottagged microbeads for multiplexed optical coding of biomolecules.
Nature Biotechnology 2001, 19:68B5.

48. Parak WJ, Gerion D, Pellegrino T, Zanchet D, Micheel C, Williams CS, Boudreau R,0keMay, Larabell CA,
Alivisatos AP: Biological applications of colloidal nanocrystals. Nanotechnology 2003, TRR15

49. Reich DH, Tanase M, Hultgren A, Bauer LA, Chen CS, Meyer GJ: Biological applications of multifunctional
magnetic nanowires. J Appl #2003, 93:7275280.

IASR Journal of Medical and Pharmaceutical Science (IIMPS); Volume: 3; Issue: 4 | | Oct-Dec 2023] | | Page-15



