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Recently, several light absorbing nanomaterials have been 
developed for photothermal therapy of cancer, which involves localized 
heating and killing of cancer cells via light [1-10]. Importantly, the use 
of light absorbing nanomaterials for phototherapy allows a precise 
control over the target site, time and rate of payload release, providing 
effective cancer treatment. Compared to other nanomaterials used for 
formulation of nanoparticles as therapeutic carriers, light absorbing 
nanomaterials have more advantages. For instance, these light 
absorbing nanoparticles can be actively delivered to the tumor site 
and further exposed to light to produce heat locally for hyperthermia 
therapy, and to release payloads including chemotherapeutic reagents 
to significantly kill cancer cells at that site. This will enhance the 
therapeutic effectiveness and reduce the side effects of therapeutic 
agents, compared to either systemic delivery or passive targeting and 
passive release of drugs at the tumor site. The commonly used light 
absorbing materials include gold-based (e.g. gold nanoparticles, gold 
nanoshells, gold nanorods and gold nanocages), silica-based (e.g. 
silica-cored gold nanoshells), other inorganic (e.g. carbon nanotubes, 
titanium nanoparticles and titanium nanotubes), and polymeric 
materials (e.g. liposome structure-based nanoparticles, porphysomes 
and polymeric nanoparticles). 

Photosensitizers, which are nontoxic to cells in the absence of light 
and are activated by light to produce cytotoxic molecules that kill cancer 
cells, can also be loaded in light absorbing nanomaterials for enhancing 
photodynamic therapy (PDT). In addition to destroying cancer cells, 
photosensitizers are also able to produce intense fluorescence signals 
at the tumor site for photodynamic imaging (PDI). Both PDT and 
PDI can be simultaneously used for better effectiveness of cancer 
therapy. However, most of the photosensitizers are hydrophobic or 
poorly soluble in water and non-specific to cancer cells, limiting their 
therapeutic applications. To overcome these limitations, nanomaterials/
nanoparticles as targeted carriers for photosensitizers can be designed 
and employed to improve specificity, so that they would have many 
applications in diagnosis and treatment of various diseases, including 
cancers. The potential applications of these materials in medicine are 
imaging, drug delivery, photothermal therapy and combined therapies. 
Thus, theranostic light absorbing nanomaterials containing fluorescent, 
therapeutic and photothermal agents could provide the best effective 
modality in clinical oncology due to their multifunctional properties. 

Indeed, advances in nanomedicine have recently allowed us 
to fabricate multifunctional nanoparticles consisting of targeting, 
therapeutic and diagnostic functions in a single setting. When nano-
imaging technology is coupled with localized drug delivery platforms, 
the impact in therapies for cancers and other diseases is significantly 
high. It is even better if these nanomaterials can be designed, so 
that their structure changes can be controlled by a specific stimulus, 
including changes in either temperature or pH, irradiation with light, 
or the application of an alternative magnetic field, in order to release 
the therapeutic payload. Furthermore, advanced knowledge in the 
photochemistry of imaging agents and/or drugs, and modifications 
of these reagents using light will facilitate the development of new 
generation theranostic nanoparticles for photothermal therapy, for 
both cutaneous and deep tissue tumors.

Although the use of light in combination with light absorbing 
materials is a promising means for targeted phototherapy, this 
method still has a number of limitations. First of all, most materials 
are developed to respond to UV and visible light, thus, they can only 
be applied to topical applications where the light penetration is not a 
limitation. On the other hand, expensive high-energy lasers might be 
required when nanomaterials are applied to deep tissues. The potential 
for damaging adjacent tissues and therapeutic payloads by high-energy 
light sources might diminish the potential use and functionality of 
the system, especially when proteins, growth factors and hormones 
are involved. In addition, several property aspects of light absorbing 
nanomaterials, including toxicity, thermal stability and involved 
photochemical mechanisms, remain to be thoroughly investigated. 
Furthermore, design and synthesis of novel light-absorbing synthetic 
materials that could be degraded upon irradiation would eliminate 
the need for inorganic materials, and could be used for many 
biomedical applications. Moreover, more standardized methods and 
reports are needed for characterizing of the photothermal therapy, 
and for helping to understand more of this process. For instance, the 
effects of irradiation and the photochemical parameters (e.g. particle 
concentration, wavelengths, exposure time, laser power density/
laser power per area, energies per pulse, and so on) on changes of the 
systems (including swelling, de-crosslinking, degradation, cell viability, 
cellular uptake, in vivo toxicity and targeting efficiency of the carriers) 
should be further investigated to obtain meaningful conclusions, so 
that selecting an appropriate system for potential medical applications 
would be possible. Finally, the potential extension of the light absorbing 
nanomaterials to other medical applications, such as infection, 
gene therapy and stem cells, as well as the potential use of cells like 
macrophages and stem cells as a carrier to specifically deliver these 
nanomaterials at a desired location, would bring in a great promise for 
this research field.

References

1. Akhter S, Ahmad MZ, Ahmad FJ, Storm G, Kok RJ (2012) Gold nanoparticles in 
theranostic oncology: current state-of-the-art. Expert Opin Drug Deliv 9: 1225-
1243.

2. Alkilany AM, Thompson LB, Boulos SP, Sisco PN, Murphy CJ (2012) Gold 
nanorods: their potential for photothermal therapeutics and drug delivery, 
tempered by the complexity of their biological interactions. Adv Drug Deliv Rev 
64: 190-199.

3. Bardhan R, Lal S, Joshi A, Halas NJ (2011) Theranostic nanoshells: from probe 
design to imaging and treatment of cancer. Acc Chem Res 44: 936-946.

*Corresponding author: Kytai Truong Nguyen, Department of Bioengineering, 
University of Texas at Arlington, USA, Tel: +817-272-2540; Fax: 817-272-2251; 
E-mail: knguyen@uta.edu

Received October 30, 2012; Accepted October 31, 2012; Published November 
03, 2012

Citation: Nguyen KT (2012) Photothermal Therapy and Nanomaterials. J 
Bioengineer & Biomedical Sci 2:e112. doi:10.4172/2155-9538.1000e112

Copyright: © 2012 Nguyen KT, et al.. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Photothermal Therapy and Nanomaterials
Kytai Truong Nguyen*
Department of Bioengineering, University of Texas at Arlington, USA

Journal of 
Bioengineering & Biomedical Science Jo

ur
na

l o
f B

ioe
ng

ineer gin  & Biomedical Science

ISSN: 2155-9538

http://www.ncbi.nlm.nih.gov/pubmed/22897613
v
http://www.ncbi.nlm.nih.gov/pubmed/21612199


Citation: Nguyen KT (2012) Photothermal Therapy and Nanomaterials. J Bioengineer & Biomedical Sci 2:e112. doi:10.4172/2155-9538.1000e112

Page 2 of 2

Volume 2 • Issue 4 • 1000e112
J Bioengineer & Biomedical Sci
ISSN:2155-9538 JBBS an open access journal 

4.	 de la Zerda A, Kim JW, Galanzha EI, Gambhir SS, Zharov VP (2011) Advanced 
contrast nanoagents for photoacoustic molecular imaging, cytometry, blood test 
and photothermal theranostics. Contrast Media Mol Imaging 6: 346-369.

5.	 Dreaden EC, Mackey MA, Huang X, Kang B, El-Sayed MA (2011) Beating 
cancer in multiple ways using nanogold. Chem Soc Rev 40: 3391-3404.

6.	 Huang HC, Barua S, Sharma G, Dey SK, Rege K (2011) Withdrawn: Inorganic 
nanoparticles for cancer imaging and therapy. J Control Release 155: 344-357. 

7.	 Madsen SJ, Baek SK, Makkouk AR, Krasieva T, Hirschberg H (2012) 

Macrophages as cell-based delivery systems for nanoshells in photothermal 
therapy. Ann Biomed Eng 40: 507-515.

8.	 Melancon MP, Zhou M, Li C (2011) Cancer theranostics with near-infrared light-
activatable multimodal nanoparticles. Acc Chem Res 44: 947-956.

9.	 Ray PC, Khan SA, Singh AK, Senapati D, Fan Z (2012) Nanomaterials for 
targeted detection and photothermal killing of bacteria. Chem Soc Rev 41: 
3193-3209.

10.	Young JK, Figueroa ER, Drezek RA (2012) Tunable nanostructures as 
photothermal theranostic agents. Ann Biomed Eng 40: 438-459.

http://www.ncbi.nlm.nih.gov/pubmed/22025336
http://www.ncbi.nlm.nih.gov/pubmed/21629885
http://www.ncbi.nlm.nih.gov/pubmed/21723891
http://www.ncbi.nlm.nih.gov/pubmed/21979168
http://www.ncbi.nlm.nih.gov/pubmed/21979168
http://www.ncbi.nlm.nih.gov/pubmed/21848277
http://www.ncbi.nlm.nih.gov/pubmed/22331210
http://www.ncbi.nlm.nih.gov/pubmed/22134466

	Title

	Corresponding author
	References



