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Abstract: Persistent luminescent materials are photoluminescent materials that can store external light emission
energy and continue to emit luminescence after the cessation of excitation. Due to long afterglow lifetime, no need for
in-situ excitation, no interference from tissue background signals, and high signal-to-noise ratio, persistent lumines-
cent nanoparticles (PLNPs) are widely used in biomedical detection, biological imaging, and tumor therapy. This ar-
ticle reviews the application progress of the PLNPs in biomedical detection, biological imaging and tumor therapy
(chemotherapy, photothermal therapy, photodynamic therapy, and immunotherapy) in recent years, and further ex-

plores the challenges in biomedical applications and prospects the future development trends.
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Tab. 1 Summary of the PLNPs for biomarker detection
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i3 A W b A5 . .
CIEZID S Ca, (Mg, ,,ZnSi,0,:Eu*",Dy*/ZnGa,0,: Mo™ [28-29]
T BT I Zn,Ga0,:Cr’*/Zn,Ge0,: Mn™, Pr'™* [30-31]
miRNA ZGO:Mn [32-33]
PR IR Sr,MgSi,0,:Eu, Dy [34]
Z W% StMgSi,0,:Eu, ;- Dy, o [35]
e R g-CN, [36]
5 2F e R g-CN, [36]
AW A 5 I H ik g-C,N,/ Sr,MgSi,0,: Eu, Dy/ZGO@mSi0, [36-38]
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MLET 3R 1 ZnGa,0,:Cr’" [40]
K H ZnGeO,: Th*, Bi’* [41]
NGB I R SrALO,:Eu*,Dy™ [42]
R R Bl ZnGa,)0,:Cr [43]
K AT TR B 4 2 Bk ZnGe,0,: Mn™ [44]
R stwﬁ? Zn,GeO,: Mn™ [45]
TR A ZnGeO: Mn [46]
T2HE Zn,GeO,: Mn [47]
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mL GSH % AL B, 4K J5 71 0.1 mL(1 mg/mL)MnO,-PLNPs (34 5 10 min i #1455 F 365 nm 45406 B 5 ) Ab BE, 284
W (b) BB R G (o) 25 48T T H/N B Ak oy 1A%

(a) Schematic illustration of the ZGO: Mn persistent luminescent nanorod for lysozyme detection. The mice were treated

with PBS7.4 buffer(left mice) and 0.1 mL GSH solution (right mice) , respectively. Then, 0.1 mL(1 mg/mL) of MnO,-

Fig. 1

PLNPs(pre-irradiated with 365 nm ultraviolet light 10 minutes before injection) were injected into the same area into two

mice to investigate in vivo imaging with laser irradiation(b) or without laser irradiation(¢)



%2

EOR, S YUK KA R CA R A W B A TN AR AR 5 R A 9T BRI 5 B TR 255

PN S A W R R ) SR AT LR . 10, Tang 557"
BT —F MnO,-PLNPs I TR P27 Bt H K (GSH) Y
B . RN LIS 45 R R W], 7E 420 nm RGO
T AE TR S S S T (B 1(b)) . fE
BB AN B S T
PRET (/I8 B B3R 1 AR 5 (BT 1(e) ), RGN
KIRETREME E IR N XF GSH WA , FEBEA RO BR JEA
Wk R AL A & TR RS T, T R
XoF G 40 ) AR RV M B . AR KA R e
HHSR TN T 88 A= A A R AR W T T ) I Y
R, 38 ] DL F s A W i A . 91 4, Yuan

SEE Python FMRIAL I AR BB L T4 K KA &
MR SR A b Mg T — AN ST LA
P58 1) 12 W0 22 8 FH 1 A6 0 R 8 R A v 1) 40 1 (R
2)o VUM AT Zn,GeOy: Mn 40K K A5 &6 H1 B
(ZGO:Mn PLNPs) i 3 Ho & -5t i U0 R S5 45 6
JEHAR B A S W S M ERE T
F AR B AE 6 R L ZGO: Mn PLNPs & 5 Hi 4455 fiy
PN (A SR EREE & ) N =R BUR | Kt 2N RPN
BB BCEAR S E 1 h AT AR I S 40 PR A A1 Y
WeBE S 10° CFU/mL, Jo i B 5% i 4 R &l 1 43R
BT Sz 30 BR 9 P A0 B A E RS

h 1
! <! A Excitation Emission :
! () ; [ | i LN i
: ‘ Incubation 1. Separation ’n{ 1
N — Y e i * — A i
1 , | - A suspensi . i
1 | c 1 2. Resuspension H
1 e @€ SRR :
: Enhancement :
P |
EA
3 B e
=R |
: e
Analysis Zlg=--=7CIE}
= mp => .
@)
. 2
) 4 N
— Image Identification Calculation Signal

N, Antibody-ZGO:Mn NPs

‘ Photonic crystal-based biochip

©  Antibody-MNPs

@ Bcteria

n Machine vision

P2 ST HLas WA A2 I 28 48 T A8 000 D RO A vb 4l s 3 1R

Fig.2 Schematic illustration of a machine vision-based diagnostic system for detecting bacteria in urine samples
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Fig.3 The comparison of ZGGO: Cr PLNPs(left), fluorescent dye(middle), and Ag,Se QDs(right) for tumor imaging in vivo
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(a)Schematic illustration of the X-ray activated near infrared Il (NIR-1 ) emission persistent luminescent nanoparticles
(PLNPs). TEM image(b) and the afterglow emission spectra(c) of the NIR- I emission PLNPs. The vascular(d) and tu-
mor(e) afterglow imaging from mice injected with the NIR-II emission PLNPs. (f)—(g) Afterglow imaging-guided ureter-

al identification. (h)Multiplexed NIR- I afterglow imaging of the main organs of the mice
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Fig.5 (a)Schematic illustration of the synthesis of the ultrasmall PLNPs. (b) TEM images of the nanoparticles after each step:

the degradable mesoporous silica nanoparticles (MSN) , MSN labeled by the precursor of the PLNPs, MSN-PLNPs com-

plex after high temperature calcination, the ultrasmall PLNPs, the ultrasmall PLNPs modified by polyethylene glycol

(PEG). (¢)The afterglow imaging of the main organs of the mice at different time points in vitro. (d) The longitudinal re-

laxation rate (r;) and Tj-weighted imaging of the ultrasmall PLNPs. (e)—(f) The magnetic resonance imaging at different

time intervals after intravenous injection of the ultrasmall PLNPs
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(a)Schematic illustration of the synthesis and functionalization of the hollow PLNPs. (b) TEM images of the nanoparticles

after each step: carbon spheres, carbon spheres labeled by the precursor of the PLNPs, hollow PLNPs, the hollow

PLNPs modified by bovine serum albumin(BSA). (¢)The afterglow imaging of the tumor at different time points after in-

travenous injection of the hollow PLNPs. The body weight(d) and tumor growth curves(e) after different treatments
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