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Description
During the first decade of this century, a wide range of particles with 

various compositions and forms and typical diameters between 1 and 200 
nm were created. These microscopic objects, commonly referred to as 
nanoparticles, have a wide range of potential uses in biomedicine, including 
high-resolution bioimaging and individualised local therapeutics. Different 
organic and inorganic substances have been employed as different types of 
nanoparticles in the past. Present-day nanoparticles have the ability to act as 
intelligent nano-vehicles that can move through the bloodstream and, when 
appropriately surface-functionalized, locate in certain locations of interest, 
such as tumours or even individual cells. The so-called optical nanoparticles 
are those that, when illuminated with optical radiation, produce any form of 
energy (light, heat, or photoacoustic). Their use for non-invasive imaging and/
or treatments has been successful [1].

The original works in this Special Issue of Biomedicines are focused on 
optical nanoparticles that glow (fluorescent nanoparticles). Concerning the 
so-called upconversion nanoparticles, there are two works (UCNPs). These 
nanoparticles are made up of nanocrystals that have been doped with two 
different types of trivalent lanthanide ions: Yb3+ absorbing ions and Er3+ 
or Tm3+ emission ions. Near-infrared (NIR) light of around 980 nm excites 
Yb3+ ions, and the absorbed energy is transferred to the emitting ions to 
produce various visible luminescence bands through a procedure known 
as up conversion energy transfer [2]. By converting the NIR-absorbed light 
into visible fluorescence, UCNPs effectively reduce auto fluorescence and 
dispersed excitation radiation from biological samples. Additionally, UCNPs 
don't exhibit photo-blinking, have a high level of photo-bleaching resistance, 
and, in theory, have relatively low cytotoxicity. As a result, UCNPs have been 
effectively used for a number of applications, including sensing, drug delivery, 
auto fluorescence free fluorescence imaging, and other various therapeutic 
applications.

Baser UCNPs need to have a correct hydrophilic coating, or be 
appropriately coated with the appropriate molecules to be water dispersible, 
in order to be biocompatible. Furthermore, UCNPs are typically thought to 
be non-toxic substances, although the release of fluorides and lanthanides 
during their dissolution may result in cytotoxicity. In this study, they successfully 
created inorganic-organic nanohybrids made of cucurbiturils (UCNPs) covered 
with NaYF4, Yb3+, and Er3+ and examined their cytotoxicity. The visible Er3+ 
ion upconverted luminescence served as a marker for the internalisation of 
these nanohybrids in various cell types [3]. These aqueous solution-highly 
stable nanohybrids were shown to be non-cytotoxic to endothelial cells, but 
showed a somewhat increased cytotoxicity to HeLa and RAW 264.7 cells.

Ciprofloxacin, an antibiotic frequently used to treat bacterial infections as 
well as to prevent prostate or lung cancer, was light-driven medication released 
by E. Moyano et al. using the blue light of NaYF4; Yb3+, Tm3+ UCNPs (due to 
Tm3+ ions). Everything was operated with NIR excitation light. The medicine, 
which cannot be administered directly because it is biologically incompatible, 
was efficiently delivered as a result of the blue light's emission. In fact, the 
method used in this study is innovative because it uses a prodrug (oxime ester 
of ciprofloxacin), in which certain bonds are first broken by the UNCPs' blue 
light luminescence before the actual ciprofloxacin drug is delivered [4]. 

Under NIR stimulation, a variety of optical nanoparticles emit light in the 
near infrared. This is necessary for various biomedical applications, especially 
in vivo imaging because the NIR is where tissue transparency is at its highest. 
It is crucial to ensure that nanoparticles are designed logically to minimise 
heat production because NIR light emission is typically accompanied by heat 
generation. The review by K. Okubo et al. in this Special Issue looks into the key 
principles for designing hybrid nanostructures that minimise heat generation 
by utilising nearby low vibrational centres or molecules with low chemical 
polarity. Exosomes are a novel substitute for artificial nanoparticles for imaging 
and medication delivery since they are the smallest extracellular vesicles 
(50–150 nm). Exosomes have greater accumulation properties than synthetic 
nanoparticles and could function as natural bio-targeting nanoparticles. These 
natural nanoparticles' pharmacokinetic characteristics and biodistribution 
may be precisely (non-invasive) determined in vivo utilising fluorescence 
imaging. Describe a simple, new method for labelling exosomes (derived from 
goat's milk) with two different commercial fluorescent dyes using a covalent 
link between the amine groups in the exosomes and the ester groups of the 
fluorescent dyes. Fluorescence imaging was obtained using these fluorescent 
exosomes successfully in in vivo (U 87 and B16F10 cancer cells), in vivo, and 
ex vivo (mice). They were able to assess these nanoparticles' biodistribution 
over time in healthy mice using fluorescence imaging [5]. They showed that 
their fluorescent exosomes were quickly and dose-dependently aggregated 
around the cell nucleus at the cellular level. Another area of growing interest 
is nanostructures for multimodal imaging at the molecular level, or those that 
can be seen using various imaging methods. In a novel method, Fernando 
Oliveira et al. evaluated the homing and tracking of hematopoietic stem 
cells in a bone marrow transplant model in young and old mice by using 
superparamagnetic iron oxide nanoparticles (SPIONs) linked with two different 
types of fluorophores. These studies are necessary to determine how many 
transplanted cells have reached the target areas in order to correctly restore 
bone narrow function.

The linked fluorophores (one absorbs and emits in the NIR range, 
and the other, Rhodamine-B, absorbs and emits in the visible region) offer 
the added possibility of using fluorescence imaging techniques, making 
SPIONs effective contrast agents for magnetic resonance imaging (MRI). 
As a result, these nanoparticles are great choices for molecular imaging 
as well as multimodal imaging. Fluorescence imaging was used to conduct 
thorough in vitro experiments, and Rhodamine-B luminescence was used to 
observe internalisation in bone marrow mononuclear cells. The internalised 
SPION nanoparticles in these cells were then measured in relation to the NIR 
fluorescence and the intrinsic iron oxide magnetic resonance contrast (MRI 
imaging) [6]. These tests were subsequently used with old and young mice to 
compare the impact of ageing on the homing and tracking of SPIONs-labeled 
hematopoietic stem cells following a bone narrow transplant. Additionally, the 
long-term transplantation of these cells into the bone marrow was monitored 
using bioluminescence. 

mailto:Erick@alexander.us


J Biomed Syst Emerg Technol, Volume 9:5, 2022Erick A

Page 2 of 2

Acknowledgement 
None.

Conflict of Interest
None.

References
1. Ferrera-González, Juan, Laura Francés-Soriano, Cristina Galiana-Roselló and Julia 

Pérez-Prieto, et al. "Initial Biological Assessment of Upconversion Nanohybrids." 
Biomedicines 9 (2021): 1419. 

2. Moyano Rodríguez, Edelweiss, Miguel Gomez-Mendoza, Raúl Pérez-Ruiz and 

Víctor A. de la Peña O’Shea, et al. "Controlled Synthesis of Up-Conversion NaYF4: 
Yb, Tm Nanoparticles for Drug Release under Near IR-Light Therapy." Biomedicines 
9 (2021): 1953. 

3. Okubo, Kyohei, Masakazu Umezawa and Kohei Soga. "Near infrared fluorescent 
nanostructure design for organic/inorganic hybrid system." Biomedicines 9 (2021): 
1583. 

4. Solé, José García. "Optical Nanoparticles for Biomedicine." Biomedicines 10 
(2022): 1892. 

5. González, María Isabel, Mario González-Arjona, Ana Santos-Coquillat and Beatriz 
Salinas, et al. "Covalently Labeled Fluorescent Exosomes for In Vitro and In Vivo 
Applications." Biomedicines 9 (2021): 81. 

6. Oliveira, Fernando A, Mariana P. Nucci, Javier B. Mamani and Lionel F. Gamarra, 
et al. "Multimodal Tracking of Hematopoietic Stem Cells from Young and Old 
Mice Labeled with Magnetic–Fluorescent Nanoparticles and Their Grafting by 
Bioluminescence in a Bone Marrow Transplant Model." Biomedicines 9 (2021): 752. 

How to cite this article: Erick, Alexander. “Application of Optical Nanoparticles 
in Biomedicine.” J Biomed Syst Emerg Technol 09 (2022): 142.

https://www.mdpi.com/2227-9059/9/10/1419
https://www.mdpi.com/2227-9059/9/12/1953
https://www.mdpi.com/2227-9059/9/12/1953
https://www.mdpi.com/2227-9059/9/11/1583
https://www.mdpi.com/2227-9059/9/11/1583
https://www.mdpi.com/2227-9059/10/8/1892/htm
https://www.mdpi.com/962818
https://www.mdpi.com/962818
https://www.mdpi.com/2227-9059/9/7/752
https://www.mdpi.com/2227-9059/9/7/752
https://www.mdpi.com/2227-9059/9/7/752

