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Abstract

Strontium aluminate (SrAl2O4) phosphor nanoparticles with Eu2+, and Dy3+ co-doping exhibit high brightness and long afterglow properties, storing light energy and 
glowing slowly under different conditions. It has been widely studied that SrAl2O4:Eu2+, Dy3+ (SAO) phosphor nanoparticles with a green visible emission can penetrate deep 
into the tissue, show low self-fl uorescence, cause minimal light damage, and are biocompatible. SAO phosphor nanoparticle synthesis and modifi cation mechanisms 
are outlined in this review. Biological therapies, in addition to the detection of substances in organisms, are provided by these excellent priorities. Despite the existing 
research, it has been demonstrated that nanostructures of SAO luminescence particles have great potential to be applied to tissue engineering and drug delivery systems. 
The current scientifi c achievements can provide a reference for research in the areas mentioned above, as well as stimulate biomedical disciplines to pay attention to SAO 
luminescence nanoparticles.
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The development of clinical technology has brought about 
numerous chemical synthesis techniques to prepare SrAl2O4 
and/or its phosphors, including co-precipitation [10], sol-gel 
[11], and combustion synthesis strategies [12]. Each of these 
techniques was carried out in liquid levels to ensure correct 
control and uniform combination of every element. Processing 
workouts to put together precursor powders for sol-gel or co-
precipitation techniques is complicated and time-consuming. 
Despite the fact that the combustion technique could be very 
clean and take only some minutes, the precursor powders have 
been substantially used to put together various nano-scale 
oxide substances [13].

Rare earth factors have the ability to transform NIR mild 
into UV and visible light through up-conversion luminescence 

Introduction

Phosphorescent substances with Eu2+ activated alkaline 
earth aluminates are extensively identifi ed for his or her 
quantum effi ciency in the seen area [1]. Primarily based on 
the photoluminescence emission spectrum of SrAl2O4:Eu2+, 
a green top exists at 520 nm due to the parity-allowed 5d1-
4f7 transition of Eu2+. Dy3+ ion is used on this inexperienced 
phosphor to lengthen the afterglow period by way of increasing 
electron traps and trap depths close to Eu2+ [2]. In evaluation 
to sulfi de phosphorescent phosphors, SAO phosphor has a safe, 
chemically strong, bright, and long-lasting photoluminescence 
without radiation [3-9], which leads to a vast range of 
optoelectronic materials and devices utilized in biomedicine.
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[14]. because of their unique characteristic of emitting mild 
at lengthy wavelengths and having a nanoscale shape [15,16], 
SAO luminescence nanoparticles have been implemented in a 
ramifi cation of biomedical programs, which include pH, ion, 
and biomolecule detectors, bioimaging, and photodynamic, 
photothermal, drug shipping, tissue engineering, and multimode 
remedies. Research on SAO luminescence nanoparticles and 
their application in biomedicine has turned out to be a hot 
topic in recent years [17]. We will discuss the development 
of SAO luminescence nanoparticles in organic applications in 
this assessment. First, we talk about the mechanism of SAO 
luminescence in rare-earth-based total nanoparticles, as well 
as their synthesis and surface modifi cation. 2nd, we offer 
an in-depth evaluation of their packages in Photodynamic 
Remedy (PDT), bioimaging, and biosensors. The implications 
of SAO luminescence nanoparticles in tissue regeneration and 
drug transport systems could be mentioned in the fi nal section 
of the item.

Luminescence mechanism and synthesis of SAO nano 
particles

Although the exploration of the luminescence mechanisms 
of Carbon Dots (CDs) has been a research hotspot in recent 
years, it is still in the stage of ambiguity due to the diversity 
of carbon sources, the complex structure of CDs, and different 
preparation methods. At present, four kinds of luminescence 
mechanisms have been in use: carbon core-controlled 
luminescence, surface-controlled luminescence, quantum 
size effect, and crosslink-enhanced emission effect. Synthesis 
of CDs is the controlled synthesis of NIR fl uorescent CDs and 
has become one of the bottlenecks restricting the applications 
of CDs in biological imaging and tumor therapy. The reported 
synthesis methods of NIR fl uorescent CDs can be divided into 
two categories: “top-down” and “bottom-up”. The “top-
down” method refers to the decomposition of large-volume 
carbon sources into nanosized CDs by means of light, electricity, 
heat, and chemistry, including arc discharge, electrolysis, and 
acid etching [18]. 

The luminescent properties of europium-doped alkaline 
earth aluminates have attracted much attention since Palilla, 
et al. [19] published their fi rst work. Upon exposure to UV light, 
this ceramic phosphor exhibits a greenish emission peaking 
at 520 nm associated with the parity-allowed transition 4f6 
5d→4f7 of Eu2+. The auxiliary activator role of Dy3+ in SAO was 
discovered by Maruyama, et al. [20] Its enhanced brightness 
and long-lasting properties remain stable at room temperature 
for hours, even overnight. As a result of this fact, as well as the 
excellent chemical stability of these materials, as well as their 
non-toxic, non-radioactive, and biocompatible properties, 
these phosphors have achieved unprecedented success in 
luminescent biomaterial applications. Among strontium 
aluminates and silicates doped with Eu2+ or other rare earth 
ions, the SAO phosphor exhibits the longest-lasting after-
glowing properties [21,22]. A thermally driven solid-state 
reaction of Al2O3 and SrCO3 is conventionally used to synthesize 
rare earth-activated strontium aluminates. In this process, a 
temperature above 1250 C is necessary because Sr3Al2O6-based 

pigments quench their photoluminescence at this temperature. 
To control the valence of the activator, a reducing atmosphere 
is required (in this case Eu2+ is needed instead of Eu3+). Sol-
gel, hydrothermal, and co-precipitation methods have been 
used to synthesize SAO nanoparticles. It is possible to precisely 
control particle size, morphology, and luminescent properties 
using these methods [23]. By altering the dopant concentration 
and synthesis conditions, SAO nanoparticles can be tailored 
for specifi c emission wavelengths, intensities, and stability 
[20,24].

The liquid phases were used for all of these methods so 
that each component could be controlled and mixed uniformly. 
Precursor powders must be prepared through complex 
processing routines for sol-gel or co-precipitation techniques. 
Precursor powders are, however, easily prepared using the 
combustion process, which only takes a few minutes and has 
been extensively applied to nano-scale oxide materials.

In this synthesis technique, metal nitrates are heated at 
low igniting temperatures by redox exothermic reactions 
with urea or other fuels to liberate heat energy. Moreover, the 
process is fast, safe, and energy-effi cient. Thus, combustion 
synthesis may hold promise for preparing nanosized aluminate 
phosphors. SAO nanoparticles have rarely been reported [25], 
although ultrafi ne SrAl2O4 has been prepared by combustion 
of metal nitrates with aluminum nitrates and urea mixtures. 
As nano-scale materials have special properties, combustion 
synthesis is the most effective way to prepare SAO phosphor 
nanoparticles. In a weak reductive atmosphere of active 
carbon, SAO phosphor nanoparticles can be synthesized 
using combustion synthesis processing along with heating 
combustion ash precursor powder at 1100 JC. Molecular analysis 
of the nanometer phosphors revealed a pure monoclinic SAO 
phase, with particle sizes ranging between 15 nm and 45 nm 
[13,26].

Surface modifi cation of SAO nano particles

SAO nanoparticles can be modifi ed by altering their 
surface properties or characteristics in order to enhance their 
performance or enable specifi c functions. Coating, ligand 
exchange, doping, surface functionalization, and surface 
roughening are the most common surface modifi cation 
techniques for SAO Nano Particles. Nanoparticle composition, 
size, and targeted modifi cations should all be considered 
when selecting appropriate techniques. A surface modifi cation 
approach was decided according to the properties and capability 
required with the aid of nanoparticles and their intended 
biomedical applications.

Eu2+, Dy3+ in the form of long-lasting phosphorescence 
co-doped strontium aluminates phosphor and it has been 
explained by Makishawa, et al. [27] and Yamamoto, et al. [28] 
by the holes thermally released from the trap levels of Dy3+, 
which have the optimal trap depth in room temperature. 
Alternatively, Dorenbos [29,30] proposed a model involving 
conduction band states of Eu2+ and subsequent trapping by 
Dy3+.
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SAO phosphor was synthesized and studied by Peng’s group 
[31]. It’s miles recognized that doping phosphorescent materials 
with unique ions can regulate their luminescent homes, 
especially in biomedical applications where biocompatibility 
is crucial. A study by Katsumata, et al. [32] characterized the 
trap levels in long-lasting phosphors of SrAl2O4:Eu2+ doped 
with Nd, Sm, Gd, Dy, and Y and found that the density and 
depth of the traps signifi cantly affected the phosphorescence 
during the long-term [33]. Investigated the long afterglow 
phosphorescence of SrAl2O4:Eu2+ doped with various rare earth 
ions as phosphorescent sensor materials and found that the 
intensity and lifetime of the long afterglow phosphorescence 
varied depending on the type of doping auxiliary activator used 
(Y). As a result of trapped carriers, they were dominated by 
thermal excitation (La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, and Lu), and they were dominated by thermal excitation. 
The excitation and emission spectra of Eu3+ and Cu2+ co-doped 
SrAl2O4 are substantially extraordinary from the ones of SrAl2O4: 
ecu and SrAl2O4: Cu, according to Yang, et al. [34]. Doping these 
materials with rare earth ions could strongly infl uence their 
phosphorescent properties. As auxiliary activators, Yb3+ ions 
have been extensively studied. Yb3+ doped SAO phosphors were 
synthesized by combustion method and their luminescence 
was measured. Different doping ratios of doping ions can 
modify the initial intensity of the phosphors and the afterglow 
time of the phosphors, which is critical to understanding the 
properties of the phosphors [35,36].

SAO nanoparticle applications 

Photodynamic and photothermal therapy: Photodynamic 
Therapy (PDT) is a non-invasive therapeutic approach that 
utilizes light-sensitive compounds (photosensitizer) to 
selectively treat a variety of diseases, including acne, psoriasis, 
age-related macular degeneration, and several cancers. The 
primary function of a photosensitizer is to absorb specifi c 
wavelengths of light and then transfer that energy to oxygen 
molecules in the surrounding tissue. This energy transfer 
generates Reactive Oxygen Species (ROS), primarily singlet 
oxygen, which can cause localized cell damage and death [37]. 
Photosensitizers used in PDT offer several advantages and 
limitations. PDT provides targeted therapy, concentrating on 
specifi c tissues like tumors while sparing healthy ones. It’s 
minimally invasive, with low systemic toxicity, making it 

suitable for various medical conditions. However, PDT has some 
limitations. First, most of the photosensitizers for PDT only 
work with UV–visible light (wavelength < 700 nm), which has 
poor tissue penetration. Shorter wavelengths, such as ultraviolet 
and blue light, are absorbed more strongly by biological 
tissues and have shallower penetration depths. This means 
that photosensitizers cannot penetrate deep-seated tumors 
and produce enough ROS to have the desired photodynamic 
effect. Second, the optimal PDT treatment requires prolonged 
light exposure, which can damage normal tissues. Third, PDT 
is less effective in the inherent microenvironmental hypoxia 
of tumor tissue [38-43]. The advantages and limitations of 
common photosensitizers in PDT are overviewed in Table 1. 
To address these limitations, researchers have investigated 
a variety of strategies like designing carriers for the delivery 
of photosensitizers, shifting the photosensitizer absorption 
effi ciency towards the infrared, and supplying oxygen for the 
hypoxic tumor microenvironment [39]. 

One strategy to enhance the effi cacy of photosensitizer 
is to combine it with Persistent Luminescence Nanoparticles 
(PLNPs). PLNPs have a special property of emitting light for 
a long time, from minutes to hours, after being excited. This 
prolonged luminescence from PLNPs is very benefi cial for PDT 
because it extends the activation time of the photosensitizers 
without needing more light energy. In addition, this means 
that PDT can be more localized and controlled, minimizing 
damage to healthy tissues [40,41]. Lidan Hu, et al. [42] have 
developed a new type of PDT implant called “optical battery” 
which is a Near-Infrared (NIR) rechargeable PDT implant for 
irradiation-free PDT. The implant was fabricated by embedding 
upconversion materials, green persistent luminescence 
materials (SrAl2O4: 2%Eu2+, 4%Dy3+), and photosensitizer into 
Polydimethylsiloxane (PDMS). The implant can be charged 
quickly with a 980-nm NIR laser for just 5 seconds. After 
charging, it can produce green persistent luminescence and 
generate cytotoxic singlet oxygen for continuous irradiation-
free PDT for almost 30 minutes without requiring external 
irradiation. The brightness and fading speed of the persistent 
luminescence do not change signifi cantly when the charging 
time is extended from 5 seconds to 30 seconds at a power 
density of 2 W/cm2. The in vitro results showed the tumor 
volume greatly decreased after the multiple circulation of NIR 
irradiation in 15 days (Figure 1). This means that the PLNPs 

Table 1: Overview of photosensitizers for photodynamic therapy. Data was extracted from [40].

Photosensitizer
Class

Examples Advantages Limitations

First-generation (porphyrin 
derivatives) 

Hematoporphyrin derivative (HpD), 
Photofrin

Absorb visible light, High ROS quantum 
yields

Poor solubility, Lack of selectivity

Second-generation (modifi ed porphyrins/
chlorins)

Chlorine6, protoporphyrin IX, 
5 aminolevulinic acid

Tunable absorbance, Improved optics Diffi  cult synthesis

BODIPY dyes Iodinated BODIPY
High absorption coeffi  cients, Low 

photobleaching
Low intersystem crossing

Transition metal complexes Ru, Pt, Rh complexes
Tunable excited states, Good ROS quantum 

yields
A limited number of suitable 

complexes
Aggregation-induced emission (AIE) 

compounds
Tetra phenylethylene derivatives

Bright fl uorescence, ROS generation in 
aggregates

Few optimal-based PSs have 
developed so far

Nanoparticles Fullerenes, TiO2, quantum dots
Broad spectral excitation, Chemical 

stability
Toxicity concerns UV excitation (for 

some)
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can be fully charged in just 5 seconds of NIR exposure, which 
minimizes the risk of overheating and cell damage caused 
by long-term irradiation. X-ray photons have much greater 
penetration in body tissues. X-ray-activatable PDT could be 
initiated from virtually any part of a body with high effi ciency. 
The Chen group [44] pioneered in demonstrating in vitro that 
low energy X-rays can activate a novel integrated nanosystem, 
which consists of a core made of SrAl2O4: Eu2+ and a silica 
coating loaded with a photosensitizer, merocyanine 540 for 
cancer cell destruction. SrAl2O4: Eu2+ is a strong luminescent 
material that can convert X-ray photons to visible photons. 
Matching the excitation wavelength of the photosensitizer, 
the visible photons can activate the photosensitizer, producing 
cytotoxic O2. SAO also can enhance sensitivity for deep tissue 
bioimaging in animals through soft X-ray-mediated photon 
energy charging into it [45]. The  long-lasting phosphorescence 
properties of SAO nanoparticles enable novel PDT modalities 
with improved therapeutic indices. The exact mechanisms of 
how SAO nanoparticles store and emit energy are still being 
investigated. However, their ability to act as an internal light 
source makes them a promising nanoplatform for advancing 
PDT.

Photothermal Therapy (PTT) uses photothermal agents and 
focused NIR light to selectively heat and destroy tumor cells 
without affecting normal tissues. It provides localized and 
targeted treatment of cancers. External near-infrared light 
can only penetrate about 1-2 cm deep into tissues, restricting 
PTT to superfi cial tumors. In addition, external light needs 
to be continuously applied, leading to intermittent PTT. The 
persistent NIR emission activated by ultrasound provides 
continuous PTT without on/off external illumination [46]. 
In a recent study, Zhang, et al. [47] developed ultrasound-
chargeable nanomotors that can generate persistent Near-
Infrared (NIR) emission for Photothermal Therapy (PTT) 
and light-triggered Nitric Oxide (NO) release to treat tumors. 
The nanomotors consist of mesoporous silica nanoparticles 
decorated with mechanoluminescent SrAl2O4: Eu2+ and 
persistent luminescent ZnGa2O4: Cr3+ nanodots, and partially 
coated with NO-loaded polydopamine caps. Ultrasonication 
activates the mechano-luminescence of SrAl2O4: Eu2+ nanodots, 
which excites the ZnGa2O4: Cr3+ nanodots to emit persistent 
NIR. This internal NIR emission heats the polydopamine caps 

for PTT and triggers NO release. The results showed, that the 
persistent PTT and NO release synergistically inhibited tumor 
growth and extended animal survival.

Bioimaging: Bioimaging is a non-invasive technique that 
allows for real-time visualization of biological functions 
without the need for invasive tools and minimizing disruption 
to live processes [48]. Fluorescence imaging is an example of 
bioimaging which allows real-time imaging and has yielded 
impressive results. Fluorescence imaging is based on the 
phenomenon of fl uorescence. Certain molecules, known as 
fl uorophores, absorb light at one wavelength (excitation 
wavelength) and then emit light at a longer wavelength 
(emission wavelength). This emitted light can be captured 
and used to create detailed images of biological samples. 
However, Fluorescence bioimaging presents several challenges 
that researchers must address to obtain high-quality and 
reliable results. These challenges include photobleaching, 
where fl uorophores degrade over time, limiting the duration 
of experiments; phototoxicity, which can harm living cells and 
tissues with the intense excitation light; autofl uorescence, 
making it diffi cult to differentiate between specifi c signals 
and background fl uorescence; and limited imaging depth due 
to light scattering and absorption in biological samples [49]. 
Researchers continually work to overcome these challenges 
through technological advancements and methodological 
innovations to harness the full potential of fl uorescence 
bioimaging in the fi eld of biology and medicine. Phosphorescent 
nanoparticles are materials that can store light energy and 
then release it as light over a long period of time. This property 
can be used to eliminate short-lived background fl uorescence 
and avoid autofl uorescence [50-52]. Meng Sun, et al. [53] use 
SAO as probes to achieve long-term in vivo imaging. These 
nanoparticles have persistent luminescence, which means they 
can emit light for several hours after being excited in vitro. This 
allows them to be imaged in vivo in real-time after injection, 
without the need for any external illumination source. In 
addition, the signal-to-noise ratio is signifi cantly improved 
because the autofl uorescence signals, which can be a source of 
noise, stop when the excitation is removed. In another study, 
Calatayud, et al. [54] explored the use of phosphorescent 
strontium aluminates as potential bioimaging probes. The 
authors used a commercial Eu2+, Dy3+ -doped Sr4Al14O25 phosphor 

Figure 1: Schematic illustration of the NIR laser rechargeable green persistent luminescence activated PDT implant for tumor inhibition and its effect on resected tumors 
at different days. GPM: Green Persistent Luminescence Materials; PSs: Photosensitizers; UC: Upconversion Materials; TB: Trapping Band; VB: Valence Band. Adapted and 
modifi ed from [43].
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making them ideal for biosensing applications [58]. Lateral 
Flow Assays (LFAs), also known as immunochromatographic 
assays, are a type of diagnostic test commonly used for the 
rapid and qualitative detection of specifi c target analytes, such 
as antigens or antibodies, in a variety of biological samples. 
To overcome the limitations of conventional fl uorescent labels, 
upconverting phosphors were studied but they showed low 
quantum yields [59]. Paterson, et al. [60] for the fi rst time 
suggested using strontium aluminate PLNPs as reporters in 
LFAs with biotinylated Hen Egg Lysozyme (bHEL) as a model 
analyte. These PLNPs could emit intense visible light for several 
minutes after excitation which helps to eliminate the need for 
optical fi lters and decrease background autofl uorescence. In 
their recent study [61], they incorporated two persistent PLNPs 
in a multiplex LFA to simultaneously detect two independent 
model analytes, Prostate-Specifi c Antigen (PSA) and human 
Chorionic Gonadotropin (hCG). The extended emission lifetime 
of PLNPs means that they don’t require continuous excitation. 
As a result, they can be imaged using a smartphone-based 
time-gated imaging system, which allows for the creation 
of a straightforward, rapid, and cost-effective point-of-
need diagnostic method. This method can be used to quickly 
detect analytes (Figure 2). Jiang, et al. [62] in a novel study, 
investigated the potential of Mechano-Luminescence (ML) 
properties of SAO nanoparticles in evaluating the occlusal 
examination of artifi cial teeth. The bright and sensitive ML 
emitted by the artifi cial tooth models can guide clinicians 
in adjusting the occlusal surface until a balanced occlusion 
is established. This can help ensure that the patient has a 
comfortable and functional bite.

Tissue engineering: Tissue Engineering and Regenerative 
Medicine (TERM) is a rapidly growing fi eld that merges the 
biological, material, and engineering sciences to create artifi cial 
structures that resemble native tissues or organs. TERM is a 
promising alternative to traditional organ transplantation, 
which has several drawbacks, such as limited donor availability, 
the need for immunosuppression, and the risk of rejection 
[57,63]. TE is done by combining cells with a scaffold, which 
is a material that provides a supportive environment for the 
cells to grow. The cells can then proliferate and differentiate 

material as the luminescent core. The phosphor material is a 
promising candidate for optical imaging because it has size-
dependent properties that make it ideal for this application. 
Additionally, its long-lasting phosphorescence emission 
allows for imaging well after excitation, which helps to avoid 
autofl uorescence. As  mentioned before, the SAO particle is 
a highly effi cient afterglow material. Afterglow materials 
are more suitable for bioimaging due to their ability to solve 
the auto-fl uorescence issue, which occurs when fl uorescent 
materials within living cells are excited along with the marker 
[55]. In a recent study, a new approach to synthesizing magnetic 
and afterglow nanoparticles using a double core-shell strategy 
was introduced. The method involves combining precipitation 
and combustion synthesis routes to create bifunctional 
nanocomposites with unique properties. Specifi cally, the core 
of the particles is made up of Fe3O4 nanoparticles, which are 
coated with a protective SiO2 middle layer. On top of this, an 
afterglow SAO layer is applied to enhance the nanoparticles’ 
afterglow properties.

Results showed the bifunctional nanocomposite can 
potentially be applied for the detection and separation of cells 
and molecules relevant for diagnosis [56].

Bio sensors: The luminescence of SAO nanoparticles can 
be harnessed for the development of biosensors. Biosensors 
are specialized analytical devices that combine a biological 
component with a physicochemical detector to detect and 
quantify specifi c biological molecules or chemical compounds 
within a sample [57]. The ability of biosensing probes to 
selectively and sensitively detect target molecules is essential 
for chemical and biomedical detection. For example, the 
detection of tumor biomarkers, metabolites, biomolecules, 
and other signal parameters in living cells is important for 
disease diagnosis and treatment. PLNPs can be functionalized 
with specifi c biomolecules, such as antibodies or DNA probes, 
to create a highly sensitive and selective sensing platform. 
These particles can eliminate background noise interferences 
due to their long-lasting afterglow nature. In particular, NIR-
emitting PLNPs have high penetration depth in biological 
tissues, good photo- and chemical stability, and low toxicity, 

Figure 2: Schematic representation of a duplex lateral fl ow assay where the green-emitting SAO and blue-emitting (Sr0.625 Ba 0.375) 2MgSi2O7:Eu2+, Dy3+ (SBSMO) PLNPs are 
employed as reporters. b) Spatial duplex LFA using SAO for anti-PSA antibodies (green) on spot 1 and SBMSO for anti-hCG antibodies (blue) on spot 2 imaged in color using 
iPhone 5S. The control region is a mixture of SAO and SBSMO and therefore appears bluish-green. Adapted and modifi ed from [61]. 
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in various biomedical applications in recent years. Strontium 
aluminate co-doped with europium and dysprosium ions 
(SrAl2O4:Eu2+, Dy3+) is a highly effi cient inorganic long persistent 
phosphor that has shown immense promise for diverse bio-
applications. The excellent photostability, low toxicity, and 
chemical stability of these phosphors make them well-suited 
for photodynamic therapy, bioimaging, biosensing, tissue 
engineering, and drug delivery. Surface modifi cation of SAO 
nanoparticles is often necessary to enhance colloidal stability, 
allow surface functionalization, and improve biocompatibility 
and luminescent properties. Photodynamic therapy holds 
promise for treating diseases with minimal invasiveness. 
Innovative strategies, such as combining photosensitizers 
with persistent luminescence nanoparticles, extend PDT 
activation time, enhancing precision and minimizing damage. 
The development of a NIR rechargeable implant with the help 
of SAO demonstrates a signifi cant breakthrough, allowing for 
nearly 30 minutes of irradiation-free PDT after a brief 5-second 
charge. Bioimaging, particularly fl uorescence imaging, offers a 
non-invasive means for real-time visualization of biological 
processes, yet it faces challenges such as photobleaching 
and autofl uorescence. The integration of phosphorescent 
nanoparticles, with persistent luminescence capabilities, 
addresses these issues, enabling long-term in vivo imaging 
without external illumination and improving the signal-to-
noise ratio. Recent advancements, including the synthesis 
of magnetic and afterglow nanoparticles, present promising 
opportunities for their application in cell detection and 
molecular separation for diagnostic purposes. The luminescence 
properties of SAO nanoparticles present a valuable avenue 
for biosensor development. Functionalized with specifi c 
biomolecules, these persistent luminescent nanoparticles offer 
high sensitivity and selectivity, particularly in near-infrared 
applications with low toxicity. Their integration into lateral 
fl ow assays and innovative uses, such as smartphone-based 
time-gated imaging and mechano-luminescence for occlusal 
examination, showcase their potential for creating rapid, 
cost-effective, and versatile diagnostic methods. Additionally, 
the integration of SAO nanoparticles into tissue engineering 
and regenerative medicine presents a novel avenue for 
enhancing cell stimulation and tissue growth. The use of 
SAO-coated scaffolds, especially in retinal tissue engineering, 
demonstrates promising outcomes with optimal luminescent 
properties, mechanical similarity to native tissue, and 
improved cell proliferation and differentiation. Furthermore, 
nano-delivery systems, utilizing persistent luminescent 
nanoparticles like SAO, present a promising frontier in drug 
delivery. The luminescent properties of PLNPs enable real-
time monitoring of drug release, enhancing precision in dosage 
and therapeutic effi cacy. Moreover, the successful application 
of SAO nanoparticles in cancer cell tagging demonstrates their 
potential for advancing both drug delivery systems and cellular 
dynamics studies in the context of cancer research. While most 
work has focused on proof-of-concept studies, future research 
should aim to translate these promising nanomaterials into 
clinical use. More in-depth investigations on the long-term 
in vivo behavior and safety are required before human trials 
can commence. The multi-functionality and versatility of SAO 
phosphors open doors to creating integrated nanosystems 

into the desired tissue type. To create scaffolds that are more 
effective at mimicking the natural Extracellular Matrix (ECM) 
of tissues, researchers are using a nanoscale approach [64]. 
The luminescent properties of SAO nanoparticles have garnered 
attention as potential nanoparticles in cell stimulation and 
tissue growth, facilitating the development of more effi cient 
tissue engineering strategies. For the fi rst time, our team studied 
the probability of using SAO in retinal tissue engineering. 
SAO nanophosphor coated with Polyethylene Glycol (PEG) 
and then loaded into Chitosan (CS)/Polycaprolactone (PCL) 
electrospinning scaffold. 30% photoluminescent nanoparticle 
scaffold showed an optimal combination of emission intensity, 
wavelength peak at 560 nm, mechanical properties similar 
to retina tissue, and cell proliferation and differentiation. 
Differentiation of retinal progenitor cells was enhanced on 
the scaffolds, especially towards photoreceptor lineages. Gene 
expression of rhodopsin and MAP2 was upregulated [65]. 
Later, Cerro [66], et al. used the burn-off technique to fabricate 
a persistent luminescent amorphous borosilicate scaffold. 
They added SAO microparticles as a source of luminescence. 
The results showed Hydroxy Carbonated Apatite (HA) layer 
precipitates at the surface of the glass particles which is a 
promising sign of bioactivity.

Drug delivery systems: Nano-delivery systems are a 
relatively new but rapidly developing science where materials 
in the nanoscale range are employed to deliver therapeutic 
agents to specifi c targeted sites in a controlled manner [67]. 
Encapsulating bioactive compounds in nanoparticles can help 
to reduce the frequency of dosing, protect the drug during 
storage, and control the release of the drug into the body. This 
can lead to increased bioavailability of the active compound 
and reduced side effects [68]. PLNPs offer several advantages 
in drug delivery systems. Firstly, their luminescent properties 
allow for real-time monitoring of drug release in specifi c 
targets, ensuring precise control over dosage and therapeutic 
effi cacy. Additionally, these particles can protect drugs from 
degradation and provide sustained release, leading to improved 
treatment outcomes. Researchers loaded PLNPs with anti-
tumor drugs to create bioimaging-guided drug delivery systems 
[69]. Shi, et al. [70] have developed a new type of nanoprobe 
that can be used for drug delivery and tumor imaging. PLNPs 
were loaded with drugs and targeted to tumors using folic acid, 
a molecule that binds to cancer cells. 

The potential applicability of the SAO nanoparticles for 
cancer cell tagging was demonstrated in a study. Breast 
adenocarcinoma cells have been bio-labeled with FA-
SAO nanoparticles and 4′,6-diamidino-2-phenylindole, 
dihydrochloride for nucleus identifi cation. By measuring the 
persistent luminescent lifetime process of the internalized SAO 
nanoparticles without additional staining, it would be possible 
to apply the proposed combination of light sheet microscopy 
system and nano phosphor tools to study the cellular dynamics 
taking advantage of their optical properties [71].

Conclusion

Lumi nescent materials that exhibit persistent or long-
lasting phosphorescence have garnered signifi cant interest 
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that combine diagnostic imaging, controlled drug release, 
and light-activated therapies. With additional research and 
development, these luminescent nanoparticles could make a 
signifi cant impact in nanomedicine and bio-photonics in the 
years to come. However, potential toxic effects must always be 
carefully evaluated when developing any new nanomaterial for 
human use.
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