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(VW BE TR AR S T 2EBE, BTN 3100185 2 Wi R I E T2 el ) S5k TRE2ERE, Tk 315100)

‘]7‘6?5&1’2) %5’?’35’?’3 2)%

WE H7 0 (quantum dots, QDs) JE—MERGEFUAGR IR, PIHARFRDGA R A2, 7027 Gt B
Jio AEBAGISWITT T, QDs i1 5 BE AR AE PR HAE A= W USE AR RESCBRAAN . ZHEUY 2 A o011 7 A<
&, QDstENZOChRCHy, PN TAMIEE: . AEWEIRULSRE | B EPR S FIAR S SO ORI, i TR 2 T
RER&AE . TEBFRGIT T, QDs A/ A ZINREAOKREMA, T2 isik, B2 e it ik, RoR2itlid
FEAERIE , QDs i 1] I A EHGI sOLHON B3R, MR BN . A FI R P8y, s X W AU
Pits. SAEHTRTRE, 5 QDs MWFFEENIE R T T I 8 2 PR, anaetd . R PR AL Toll Al A 7= A Tl 3 i R il
M . ERHAR B BT Z Rkt , BN BB i Sefm) B . AR SCEES T QDs YRS, H RN 41 T HAE IR |
AR | AN | 25k ADEEh R T U R I S R, e T BRI PR I 2 E RS, HHRR T

ok S Bk A R T T AR LR T 5

KR BT, PIRIZET, BRTRIT
FESES Q616 DOI: 10.16476/j.pibb.2024.0494

A= 9153 W R B 212 W AT 3 R A 43T
LR, SERF RIS AT . SRR T SIS W
HFARMTER A 2538 0), A BARTHELL TS 40l 2 X
STk, HTRE S XL A Y o -1 k45 40
WHEFE IR 22— Fh s B ] - B Y r b2 4y
MrEe AR, FH TR 35 (A 20 23 b 4 ook 38 AR 4k 1
AR AR/, XTZHZUEAR, (H AR e AR
R AT RESZ I A= 0 2, TR A0 RNA 2806 g3
AR AT S WSS 40 i RNA sh8 7284k, (HR5r T
FriEptAl (W Col-2tH) XELIZE L AR, &5
8 Bh BRI L0 AR, AT B AAS AT 336 ) 46
3 B0, G EE A ST AE Y (4 Spinach &
45) FRCRNAMEAR, WAL, AT
AT BRORZEEN B B, Hik, YT EF R
(53 MRS WA

14 (quantum dots, QDs) - Ekimov
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(quantum light emitting diode, QLED) FI&KHfE
s QDs RIS L FIERE, HimH AT
ARHRE TE A ILRES AR I f Ay, ISRk
ae I R ] QDs /N RSl HAS 5 28 15 12 W)
JE, A 0 A5 R 1) 24 W 6 AR G R R ARt T
FIREME; QDsHREREXTANMNT . HEEL BRI T
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1 QDsZ#!

QDs 1] IR T R sl 45 M PR o328 (3R
1) BRFPEAA A MRy, XL T T
HARE PR, (L RRAEAEAS R Sl 51 H
11 RFETERSE

MR ROTRIETCR RTINS, QDssN
12Fp28R (F1): IB-VIA, IB-VIIA, IIB-VIA,
IITA-VA., IVA-VIA, IVA. VA, IB-IIl A-VIA.
RBEW S (polymer dots, Pdots) . i ¥4 @ i
% F & (transition metal dichalcogenides quantum
dots, TMDCs QDs) . MXene QDs (MXQDs) VA
KBS Bk B | F 45 (perovskite quantum dots,
PQDs) .

1.2 IR¥ELEHSE

HRARZH AR, QDs 73 Az Fe AL |
3R (R 1),

B B2 — P AT FriR e a5 i R g ok
PRE, RZPRAE T A RO, ST
T QDs g M4 HOGA e T, e 1= %
FEECKR G (photoluminescence, PL) %K. ARG

4B

Wt A e AR b BB DA LB AT Z (R A
RERR, FC2F TR R B LA K, RN
-7, RZ PR -2, ol A% 0 Sy sl iy v]
AR Toe /200 BN, IUFRA -3 e FAE Y 1-
IR FE 4 CdSe/ZnS QDs, ZnS5e/2 M 3w 17 9%¢
e R L RPOCE AR, S TOERE
PE 1O, Sun 8§ MY T PHE T B A 4 T ZnSe/
CdSe ¥ 7e 44 K747 451 (NRAs), 4l ZnSe NRAs
ATEE, X FhAZ 72 45 44 J B T K %) mT LS I iy
Bl [RIEE AT AR R A R AR A 2 2 A
R, NIHETR T RERR RO TR, X R
fi AL B Ve AL

A4 i AR R AP A _E TR, TR
PEARZER, HAT T8 A WOOR & g o il an,
CdS,,:Se,,s (CSSe) A4 QDs HIGHEILRCR L i hh
CdSe & T 74%, HRLG CASHEm T 34% 2,

B2 S TR A% P I AR AR, R
HE FEER DR, A EIRGEH, 5
WM QDs M L, HAA B ML . B BRI
Jafarova % " R A — PR R BT O, MR T
Mn,Zn, Se & 2 7E A [F] Mo ¥ B (%) B, 1 FTRE 1

Table 1 Types of QDs, their examples, properties, and applications
&1 QDsHYER, S, MR MA

bt ESit] S PR JS2 SR

TERAR IB-VIA Cu,S QDs FOEBUR IR RIFII SR e M EY/Inatd [14]
IB-VIIA AgBr QDs CINRETISY-&7 -3 SNI=1E = i e 22 T AR [15]

I B-VIA ZnS QDs PG . REETE KBAREHIB. Vg [16-17]
IMTA-VA AlISb QDs R E T bl Y =g [18]
IVA-VIA PbS QDs PR S 0 L X BH fe FLith [19]
IVA CQDs RPN, miafee it e R AR RS [20]
VA BPQDs e S 63 itk Re ZINREIKT & [21]
[ B-IITA-VIA CulnS, QDs s SN (=2 KPR BE FLIS [14]
Pdots NIR800 B AT AEMAR R EEN AR [22]

TMDCs MoS, QDs R E M X R B NSE R RITRIE . ObHAS M [23-24]

MXene Nb,C QDs PSR P 5 S L feikas . HH TR [25-26]

Perovskite CsPbl, QDs s da etk 5 gl Ho i AR . IRINES [27-28]
4Ky e I-%  CdSe/ZnS QDs AR E M G HLER I [29]
-7 CulnSe,/CulnS, QDs Ot LR e Ak 2 [30]
JI-%! ZnSe/CdSe QDs PRSI L T kB AR [31]
HaR InGaAs QDs TSGR T 15 e K it [32]
BIRA Mn: ZnSe QDs FRRTEER, AT RS R [33]

Pdots: AW A (polymer dots), MR HEMBNIEENITEEERESYWAH M ; TMDCs: ¥4 )8 —Hifk¥ (transition metal dichalco-
genides), HTIEAE (W4HEE) AETEICE (CANBRECE) 48y 2ol VR R IR IR MXene: HSIES miRILY) . H Pk
RAMLLNL; Perovskite: FHERW Z5HA KL, ma)E kb, 2r=UhABX, (ALEAHLIHE Fl CHLINE 7, Bi2&EE T+, X
PR EE T ). CQDs: fkitF s (carbon quantum dots); BPQDs: R#fiET & (black phosphorus quantum dots) .
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AE. 4R ERM, ZnSe M MBS M J5 B4 BRE
Jl/IN, Mn @ ZnSe /K F H Zn 25 BOLETESE M BG4 L ik
JZ, H M BB ETEIREE, RUIHEA
VER BRI T

2 QDsTE&FISIT HEIA A

2.1 QDs5&ERFISHT
211 AEYIUR

AW AR B AR AT LIS B 5% N D TR A HBAR ST
YRS RITIRE, BT ARRERSH . &5
A DGR P ASR AR — 5 5 i, ok
PRHHF A R E PG5S, QDs Al LLd i il A1
FZEA LA, S B ) 20 A5 B A= 0 sk 7 W
JFHEASMEEAYE, Hobfbeth e,
WaE TR R U5 R AE ) B s R,
CdSe/ZnS QDs I Fe & PE &G H KHE P 6G 1)
10045 B0 BeAh, (EGATHLGYRHIR 9IRS
FIRARR, G TF R 20737 ag =,
11T QDs HA A 55 1Y A& G338 2o el A8 R
FVZH R, AT LLSE B0 DA 56 A1 31 21 Ah 9 B 1Y %<
K5

QDs 7E UG T A 28 375 R B 6 T 42 i A% 3 BF
B WA URERA ZUBAG RE ) DA R S R AR R A
YWEENGAAREEZE LY, HESREZHA
SRS . RS IR R A, K
ARSI A ) TR S s SRR 2L A M i
KA A DTS, SNBSS, AR AR 4L
A —IX (near-infrared II, NIRII, 1 000~1 700 nm)
JEENAY QDs, HEUHBUESS, &6 HTIRZH
g™ = R BUE R . Wang
5 D00 A B R SR W 5 B9 CdSe/CdS/ZnS
QDs, #Em V7%, H =00l o 5
5k, £ 1600 nm KAMEOL#A R, SEBL 550 um
{18 Pk AR TR B

QDs il #5 DR AL S 2O G E RE AR
FEPE, 18T NIR B 7 BRI . G AH T8
JZ 14 (optical coherence tomography, OCT) 7E
e R O MR 2= AR BL g 12 W B E 2
H, fetsititm PRy A S -G, srtsn]
IRBIHOKR RS, WARIRE KRS, GOK R
(nanoparticles, NPs) A LAFGGREHECR, Mg
58 OCT Xf L J#E o Coro 45 ™ ifi JT} Ag,S NPs 1EHy
OCT FAE ) USRI AT BEFR AT % /)y BRUHR 35K 144 7 40F
9% TERE R IRk, 38 AN ] 7 A ) b 2

Ag,S NPs AR VEFT OCT g, K&l Ab
P (0 min) MBS AZLEE (30 min) YRR FRAE T
TR X, NIR BUGINAFR P, XS NPs 44
PRTE 1 150 nm PR AL R T Bk (55, BRETH
BT URIIR PR | R IR A RAAR SR 2548 o Rty
RE AR AT LASR =5 NIR SRR BE R OCT X LU EE
AT SE IR 15 0 R A NIR A%, A HRE A= g T
R TSR

PN LTI e R =S NS N T T S
FESU AELAIERR R, AR RENGYT, FTREIR DR
HareE i . Zhou%E Y FH Zn - Ag,Te s
Z% QDs FHATIR LA LR, T2 A G M i 3
XL QDs A X 43 WL 5 J& o8 23.2 um 1Y B 40 1
SEBE T /ISR B9 R 3 BER R . QDs SEBE T /MR
i A8 ) A BER TR U, RERS IX /B AN M A
AT FH TR PR Bl 45 i 7N OB PR 2 g Jas ]

TCSHIA YT (radiation therapy, RT) i i fig
R SRS O 9 20 LY DNACKIG TR E , (B4R Geny o
— YR B XELIH IR TR R, BT REDG
EH AL, QDs FEAHIG IR IR L ZUNAR 1 fig
BT A U S | S B IR YT T AS B W . La
& 12 S g% — B pH i B B 2% fk #E 9 (AuNNPs-
Ag,S vesica), H AuNNPs#l1Ag,S QDs ik, HT
JI e AR BUSEZS NIR -GS AR A UL 5 | R kS
MERT, IZHEMAE TR IE PR v T 4 S MO, R
Ag,S QDs LIFFJi NIR-ITZE AT, [l el 28 St
T, SR BORSHEE LB o RSN R
W1, %16 B0 S 10 T8 S 1 S8 R RN A7 e 8 1
fig, [T/ IE & A 80N, B R4
IREGARIE T
2.1.2 EYIRIERGS

A PR IS — R R AR e A W ™ A T
M F SRS, HT QDs AL HAks 1ot
PR, AL G B AEYGIRER R G, Kk
PR AR HERR PR S AN R A AR B RS
Hr XA T QDs YA WAL AR AT Tz T T2
Wi, BEHAE LS S e A A 2 A

BIEH K (glutathione, GSH) 38 8% HI/ELF
ZPIRIZWI AR EY), MBS GSH AR )y ik
(I BORAR B . DIk AE) BRI BRI,
{EFERT B A2 R A AL | B L BN B 5
W, B, R QDs L5 itz Bt A Pk |
R GSH G J5 2 BA B S0 W AN H . Zhao
2 R K e A R ) 24 B i 5 (dragon fruit
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peel-carbon QDs, D-CQDs) Fl T-Hg (1) -T %4 Bic ,
TER T —MAUER (FOLME) EYe s T
Kl GSH. 1EZOLRIUT, GSH 5 He(ID &5 45,
WA T-Hg (1D -T 55HBC, B D-CQDs Y%t 1
ROBTT, 8, G-IUEEMA/MmaRE
A WAk AT A SRR 2,2 BR AL - B (3- 2 R
JOf E W O -6- i R ) Bk 4 (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) , ABTS), ;=
ABEAAL, SCBL ORI, AR YL RSO
B L (R0 1 BAT R RSB R %,
X GSH Y & 5 BR 43 %1 24 0.089 pmol/L F
0.26 pmol/L, TERIIUMAIEHFE i, A WG AR Y
ISR AE 95.59%~102.92% Z 1], §i Hh B AF (1 5
1.

A BN ZE T Uk 40 B I e e B 1A
(human T-cell leukemia virus type 1, HTLV-1) £l
J7 vk (g B¢ e 9% W B 4> 1 (enzyme-linked
immunosorbent assay, ELISA) . & H it B b 3
(Western blotting) F15LHf PCR) mARA AL, (HEE
YRS % . FEIIC . AR 2% . Zibadi 55 1 FI IR
58 CQDs@AuNPs il 55 7 —F I 1 Ak~ A= )
s, DU Ry A4 on i), SR 2200k
AR AR, ATFE 20 min P58 ALEREAG I . 38
iF 10N IREE SR, DL AR iE % 5 PCR 430#T
A ) AR A B R S R 96.67%, R BN
100%, AJ #f Jg HTLV-1 B30 Pl | kS o A I /Y
TH,

% 2. (nitrotyrosine, NTS) 1E NEALN L
MIAEIbREY) . TEBT R SRR s 1 2 B b HAT
B Sy TS — MR NTS B 5,
Benjamin 25 7 X P 4 Jm AL . BRI ) A5
Febixit 1 L (Pt@CQDs) KBTI,
KM T % Bz R L (density functional theory,
DFT) TR T i NTS HE Bl R 5 300 A= Wb 540
MR . SEBEPE . SO PE R ARACR . 25 R R,
B A& i 19 Pt@CQDs 1& & B A & & W K fg
(=666.673 kcal/mol) , JEAS N NTS A= ¥yr 4 iy B
R ZR L AR SR G 0 A SR 92 W ) 2% % T R 1)
NTS EYhr SR AER

SMMALE R B LE IR, TEZ R Y2
Wrrb BT, UM A S A 2 i 1 1
PERGE RN A XM, LisEW kT ET
SnS, QDs@MXene KX 4} 45 i % 11 55 & ¥ {1k
A H Mk 2% & Jt  (surface plasmon-coupled

electrochemiluminescence, SPC-ECL) f£/&%%, #)
FH CD 3 FC 1A 5 W &1 A AR 1) o 4 11 g Ry S
ey, MR I AR, S TR A
WA CDO RN, HAGIIFRARZE 2.5%107™" g/L,
BA &R . (eI REEA M b, %1%
JEASAE PRI LB R A, AT DL IEH AR
W hiy L REAS X231, I HBERS I i i FRE 1Y
AR SRERE MR X Tk, BA
EYSIETA ICIE Y i

2.1.3 LA I

1% G s i A I Xof T3t 2 A7) ORI S
PRIGTT IR R O . AR5 s I A A I - B 45 s I
LN AR (N X ol Ul 1R e VS e
VERFEEI . A ] T DA S AU AR S AN
R A R]

HIFH QDs 1 15 28 G BE FAGE 1, ey )2
#rix (immuno chromatographic assay, ICA) R4t
H i ] QDs N2 GHRIC ), AT S B R A Y
Bl & %', Zhang % ' %L F CRISPR/Cas £ R
M ZMr AR, ¥ QDshric —bt, & T —Fh
BRI, T E SRS B R T AR B 2
(severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) WP . % T7 ik BA 6
By REE, HARRAKE 1 copy/ml, BENE AN 2
WAV B ) SARS-CoV-2 2 . [FIRY, Z i BA
REFRe S, Tl S FhE Wi, IEMNHZIT %
BA mF AP Tiae /1, AEREUERA X 5> SARS-
CoV-2 5 HAbARIEMAR, HrT7EEnf RN Em, T
S RYIRAERN B SR ICAT . Wang 55 2 R 1 —Fil
XUHIE 526 ICA, Sl 7E Si0, 2R 1 W b 22 )2 8U%
QDs, il 1A HA 3 2 QDs 78 )2 1 — 4k
FE-QDs YK E G 41K (SITQD), 1ENICA RGN
AOGhRIE, PRIUE T AN A e R AR AR E TR,
7 i AE SITQD 2 1 & 1fii SARS-Co V-2 il F i 55 4%
HEMAITREDUR, B REER%, % SiITQD/MR
BERER GV AT AN ORI 2 (TZ)  FRHiZk
PO, bt 2B Al g 2RI B DO IE 5 o 107
% E W% [W] i 4G I SARS-CoV-2 11 H i 9 7, X
SARS-CoV-2 1 ¥ 78 i Jg s 7 ) A6 I 1 R 23531
5 ng/L A1 50 000 pfw/L, % T 154K % T AuNPs
M ICA J5 vk RBUESR = T 2910045, L ELISA A
S T 205 DL b Ak, AR A R AT AR
15 min N5, ATRIME D —FPbRod . RGH0 . e R A
FER B A I TR, T B e R 2l e
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H AR ARSI . Yang 25 ) R QDs 28GRI
KT HIEETRAC, v — PSS [R] A I SARS-
CoV-2 LRI g, Jl/D T RIERAR L T80
BWHER o XA R T —FPa o s s fRE
BAF . ARBUNG R, JFRE SRR TS
AR &, AT AR T

% ﬁlf} ;:E‘ yf‘i ﬁE % $§ *Z (ﬂuorescence resonance
energy transfer, FRET) J&—Fii A H U144k
IR J5 3, QDs J2 FRET 40 K A% J8& 28 v 14 56 f b4
¥}. Bardajee 5% " i@ it FCR ST VL, B s AL
) DNA (#ili3k DNA) %4 %] CdTe/ZnS QDs i,
JE WK 3 1 ) QDs-DNA., 24 8 DNA 77 7& i,
QDs-DNA 57 K] DNA JE I 0488k . i T2
KHKIDNA (fER3ZiK) MQDs (FERHtAAR) e
$23, FRET ML E itk QDs 20K, RUITF
WAL PR AFAE . G5 R R], TREF B9 0R B Bl 25 4
DNA V& B (R BE I BEAIS o 3207 1 A8 7 2 e bR s 2
YL IR A A R b R R A, KRR
0.000 823 mmol/L, 5L | HAE BT A s PR w5 Sk e
W .
2.2 QDs5%&fwAIT
221 Z5¥kanak

QDs 1 LIVE 25 gk a8k, 5 B2 9 s i
Mk, RN AR . 255
QDs 45 & AR 25 A Z AR B A= 1B i i
S EYRRE Y, XERERYT L2 2
IReE SE

2% (doxorubicin, DOX) Z&—Fh¥ M1k
ST, (R TR BEAR . Vi 2 A )
SRS AR, AR AR IR YT v i N 32 BB
il **'. % DOX 5 QDs Z55 T MU 9 KA BT LI
B MR e JR R, TR T AR 157 P K
W Rahmani %5 57 #1457 12 DOX A9 pH i )i Y
ST B (chitosan, CS) -+ (montmorillonite,
MMT) -EB4&0k T 5 (N-CQDs) 4KkE G H
Bl AT LU S ARG (49%) P ER0ER
(91%), SRR, HSAMET, AEM—Fh
BRI IR & Lin % S Hl & T ik
DOX B —Hifb 4+ A& (MoS, QDs) MR L —EE
(polyethylene glycol, PEG) fb 4K #Z Kk (MoS,-
PEG), FHT Al 38 i H pH i 7 (AL P25 ik 1% . 1%
R MGE I 25 A PEG B T MoS, QDs (4= 941
FYEMBENE, JEE T DOX., MR EMN,
MoS,-PEG-DOX 7 i 14 ¥4 5% v B Jin 1 ¢ jik DOX,

LA R AN ML BIVE R L TR R A 1 7
R T SIS O A R O 25 ) R

R AR AR R BCAA, ] 59 40 i 2 T ik ek i
RS2 IREE A, SR 2GR vk, BRI RETLAN
KA AT E— 2P m P, Pilch 55 ) W5 T3t
B84 A VU T Zn-Ag-In-S (ZAIS) QDs 58 —1%
ST LGP AEXS IR BEAL A (UAs) 45 &1l
FHRCR . IRAMSLEG R . a 2 S WAEH % pH G
FINES e, EMKpHE T4, Pnl @iy pH
B 6 UAs IR b 2 S i R b
P R, FEMEANIE R (H460) HHHE%s
by WAL P s i, T 7E 180 AR AN (HCT
116) HUAEXEeSS, HAEIER 4R (NRC-5FI
CCD 841) T HEHARMPYIYER. B2, KN
WiR, 4017 dMIRYT, RE B YIRS ZANHIH
FUHCT 16 &5 i p A . Eilt— s,
RGP AMTRENR, H2iWhsk R 1
JiR 0, SRR, IR AP A I g 20
it R BRI (AUFERR RUHCT 116 45149 4N
1), 259 SCRAAT EIEE T, R R A
AW HURMERR MG . PT84
ZAIS QDs-UAs Z AW i s A2 T4, [H
X I 200 L B A e R A1

fg A& (liposomes) & — 2% 55 () 47¢ i J8d 44
KPR, R RV ST gk 254 Y,
T8 7 I SR TFEAS ] pH (T A sk 26 455 RN 25 9 1
HOR ST IRAG AR 19 4 9 50 A RN 2450 156 1%
"R XEE, ki ¥ s (carbon quantum dots,
CQDs) 7 Wil 259 7E 4 L0 20 A Bl . B ECRn
AR DT AR R AE Ty 1 Zhu 5 9 HEN T —
F 442 4% CQDs 5 R Fi{& (lipo/Bi-doped CQDs)
FHES G A= 5O nT AL 2 R iR TR T &6
lipo/Bi-doped CQDs EAT B # B 7K i AR AL 14 o
AT FH 45 9 20 8 CT26 BRI MRIc FA iy e il
1% E N EREE WS, lipo/Bi-doped CQDs 7EANA] pH {H.
TP AR R, R R R TR 55 R IE B
(pH 5) 2Rl . RN ER, &
1t 15 d 93697, lipo/Bi-doped CQDs & 4 i 1 i
A, R ARRURD B 34 K R > (5 PBS 4l
FHLE) o [FIEE,  H T2 CQDs I 5 /4 pH Uk
ME T8, e H TR I8 R /e AN A pH
H 2GR, ERNPTIRE R R R
77,

HERAE R —FiEgerh 2, HAT s 2R K
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Fig.1 Schematic diagram of the drug delivery mechanism of folic acid—functionalized QDs
Bl HEEIh AL QDsHIZa M iz AL Hl R = B
WAL /S (M QDs-UAsE SR A R IIfE, @il - B R R 25 4, IR E SN I BN D, pHTRE, {2
25N QDs /3 & I BRI 2 Bt v

W, (SRR A Y R K. Wang &5 oxygen species, ROS) /K-, $EEHUTREL. 7/
Tk T —Fp 5T 95 K 1 ¥ i 7 &5 (nano-realgar RUBLIRLH  ZK B ST 45 A e ] 1 R A
quantum dots, NRA QDs) HY 22 T RE 4H K K B8 12 £, SR T/NRAAA, HoARWEEE] B B A dE
TR IBE AN RE A 250400 i e 93 A48 L %) 185 5 R % EH.

A fig 38 Gk 38 i g A TS M 4 2E (reactive QDs TE 2454 ik i FH i oA 51 WL 3R 2.

Table 2 QDs in drug delivery applications
R2  QDsTEZMEE P HI R A

i) S5 T R 5%
HA 3Lk
PTX ZnSe:Mn/ZnS QDs JiiE PTXMITEMAE 63015, o T RZMR [65]
DOX ZnO QDs FE M T B AR R T A (La-ZnO) QDsHIZMIEIE T &, 2RI 2R 1 W E 58 L66]
DTX GQDs FERE SRR K4, R GQDsAIDTX, i i 21 46 BR G Se Bl 25 MR T A s 18 2 [67]
DDP GQDs JEIE GQDs T3 I 1 I 20 IR 036 375 1k ke (12 HE DDP A 41 i $5EX [68]
GEM CQDs AME 5% T (quinic acid) A AN-CQDs-quinic acid# 2 )5 -5 GEM S 4ARA] LLfifsg I g8 /158 [69]
GEM  CdSe/ZnS QDs  Jiflitia 4Bt i 41418 AR B/K T T, GEMES BRI, 48 1 299 i0s AR = fe g 2148 [70]
IR
5-FU CQDs Wis 4% 7 I TR RBEB IR E A R A RIS 4 T CQDsIITIO AN K S &M B 251, sk m sk [71]
WUERAR R, A A % S5-FU
MTX GQDs JERE  GQDs 5MTXINHE G AT 35 FEK T Ja8 40 M 1) 4707 22 [72]

PTX: %KM (paclitaxel); DOX: FJ#:Z (doxorubicin); DTX: LVFGEAZMEE (docetaxel); DDP: Jlii4H (cisplatin); GEM: 75 FH{ihiiE
(gemcitabine) ; 5-FU: S-FURMERE (5-fluorouracil) ; MTX: FZUENS (methotrexate) ; GQDs: f1#2/iie T 5 (graphene quantum dots) ;
CQDs: fhtF44 (carbon quantum dots) .
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222 JtEhiJiyrik (PDT)

S8 7197 (photodynamic therapy, PDT) J&
— ARG . R B RO R S AR EAR
H, A ROS, BEEEMEHLIG T B I L i A
o 28 FIR A= R S R AR RS R T AR
T WA AE AR N 2 B B i ST B TRIT RBCRAN
£, QDs AT LAFE = YRR B A e M A ) PR sl A
SERGA SRR A, BEaRE R, AT
1= PDT (RIER .

T35 X3 5 4 e 4k, PDT A —
P ARE A 388 /I8 1 36 97 20 B 1 O 9k Y Bl
(carbon dots, CDs) [FIHAGSFIZENCERE . A4
DL R Gy il & S A s A2 B G 7, Xu 8F 70
BT MERAT R B 45 CDs, L 630 nm i K % I
FEAFUBE AN MCF-7, BEA U4 ROS, CDs
HA RGN, G853 81 40 i
o Yao %5 UG KE 5 DOX/Met/BSA-HA-CDs
YE R P67 Jr %8, A %% CDs 5 — H UK
(metformin) IR/ A SIEFE, I 5B R
(hyaluronic acid, HA) fHEKI#E /] MCF-7, BSA
JHTARHE 21535, CDs TELT A5G IX Il & H1 58
oo ZMBHE 532 nm P T REME A AL ROS, R
HHAPDT W J1. BV 0T . 2 R iR B3 11
FOMAE, DEREE T MIEIRIT R, R T PDT
AT AR TSR

e 344 Bi,0,Br, j&—Fh B Z 1 S 4H s 1k, A
AR R ZEA O S G PE T, eGR4
Bz B 7z R Y, He %5 7 BFSE T B CQDs Fil
Bi,O.Br, 20 W A GHEAL T D E s J12A B, 7R 580
A ) BERT B[R] RO ORI VR B 1 24, X AS49
YNMIARUEAT PDT 3250, 13X AN S H0 0 34 in 1 35 4
T PDTRCR ., 52FSKBi,0Br, L, &K
FAREIR ARG T . FEARAEEtE . SR An A
ROS A= B LA K 25 5y 35 3o A RS Ay R

I B-1II A-VI A %4 QDs 7 PDT H %) i FH A/ 5% th
AR, Sheng &5 ™ 3l i P 5%k A B[]
Ag/In Hb B i ZATS QDs, I fifi F P 2% P kil otk 3t
B R (R R EF -alt-1-+ /& ) (poly (maleic
anhydride-alt-1-octadecene) , PMAO) #17 3% 1 &
M, Al AR AL BK A . BT IEAS T ZATS
QDs X} A S0 2598 21 it A2058 () PDT AR . 4 i
Yefa B4 R0, ZAIS QDs 56 I [a] 2 3 AT A
BRI A2058 AL, I H ZAIS QDs /K FIA: )
RIS E M, ERrHEZ e

PDT S SO £ Ji A A0 B RS 6 7 b B AR 41
w1

3 QDs*ElEK R AR FERS

3.1 QDsHiE

QDs £ AE 9y B 22 sl A R 41 2% g FH i
5, BWAFEEAESENE . QDs 0] LIS A: ¥ Ht el
WA A BERIK A 25 5 Z PR iR ik A K,
FETERTRES | R B MEVE M2 B AL ™Y AR
PRI X QDs IS E M A VI T i, B4
AL QDs BB . A . AR, HEME R, B
B PN R N R DA NS R AW U o
QDs 1] RE R i sl R T LR 2 AR MBI . B
BB T, WIHZEE S B S £,
QDs Ay EE M HA R R v . fFldn, &R
(25 mg/kg) CulnS,/ZnS QDs & T8l . FF. Mg .
(SR LR N N R I 7 TR 1| I 0 o ) %
(2.5 mg/kg) £ W) 2 &% 45 € R K28 E M
fi B BeAh, BARST ) QDs H T MEHEE, %%
SHERNEIIAR, R HEE R K ™,
3.1.1 QDsEMENLH

QDs W TE B B 5 HALSA AU C, LR
RS e . REESRE THQDs (E2).

QDs 5HE 4B 454 T e X I i % . QDs
AT LS5 ROS YT A&, B Cd>, 14 T il I 241
PR SO DNA 4544 %, QDs i AJ LA i 4t ff
Ca® KV, PELPRNGE S, FSAaMET,
B PN %l (alanine aminotransferase, ALT)
K& & TR 5 2 T (aspartate aminotransferase,
AST) KFFEr, shEFg . Rk, e
/NI 5~10 nmol (957 /KT, K/ A 4 nm ()
CdSe QDs R ] Wi g 2% FF A Bk 0

QDs A LA i<k il W A 7E Bl AR 3R -5 e ™ F 1Y)
JEARAE . 4N CdSe/ZnS QDs £33 i &l i) S ALK
FLIR I BN 8 K, I I Z 4/
LT 41 10 nmol/kg QDs 23 51 2 100% I 5L T- %K,
QDs I LIRS Cd>, 381 0 VR K300 3 552 M 290 L%
WA —LEe M QDs, U PL ¥4k GQDs Filfit 5L QDs,
AIRED IR R Ge AR

QDs H g B EACHE, BERCH AR . S E SRR
T, XSS JE Bl RS R B /IVE R AR
BE . SRR L B/NER D EAUNE I . CdSe
QDs #1 InGaP QDs 77l 7 10 F1 100 nmo/L ¥ T~ 1]
VR 4 Jm 5 3 Y B A M AR AR . 1 R GSHL %
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HEFEAL

QDs AT LAZE M ki e, Bk MpZeoT, 1R
KA EERRE XU . QDs AT LAXE I KA 2121 ROS 7K F-,
TR R P i S A SR A . QDs 1T 43 i B
BT, XL EE s BAB0EYE, JfAT
SERAEFEALN . QDs-PEG-OMe 1£ 0.1 pmol/L
(R B BIAT 75 S T A 2 11 1) 1 FRA A AR T
RERREAT, 1 umol/L RIWT 34 iwstr- - ¥/,

QDsIE AT REF AT R YIRE . TEMEM: BALB/c

NECAFSE & B, CdSe/ZnS QDs MG T % /L
WG IR A RS R gR, iR EE R, B
I 52 6 K SF-, 34 R A= i F (luteinizing
hormone, LH) 7K. 7& Mt BALB/c /M B,
CdSe/ZnS QDs 3 # fi& ¥ 1 ¥ R (follicle-
stimulating hormone, FSH) F1LH T, BE+HE4Mf
B> S I, FEAEYIBE ST N T,
7% 1 QDs W AE M BETERLY, , TR ABEFETT & T
LA QDs, JheRsr RIEHE 1.

LR NI
ENEZ

SEEE AN P
ezl

LR B
A
ARt EAk

— (RIHEY
69 5T R bt
e — B A
W TR g ey [

Fig.2 Toxicity of QDs in different organs and the pathogenesis of associated diseases
E2 QDs#EA[EREE H RS HEAE X Bk & Rl
AST: RAGFR M (aspartate aminotransferase); ALT: A% % [ (alanine aminotransferase ) .

3.1.2  FEARQDsEEE MY i

#r QDs B0 IUHAE BT G 1, B4
SR HAEPIARAS A, R M EE I 2 O E

PEPRAL R o G FE 1Y QDs A1, FFEFETF AW
] R4 BHA) QDs., Ui Pdots, i PEG FIER 45
% (polyethylenimine, PEI) %545 #L1k& %W 4H Ak,
X QDs 7EMR N AT B [ SRARIE, DA AR 0 5
PR, BA )RR 1. tAh, CQDs A E
HEJR, AR T NAFE TR R TR
VRGN RRAHAE, BA RAFRAEYAEZS AR

B, 2 FIBTERIREE QDs AL,

XF QDs & M EAT IR Z i sl s e fEHT,
R QDs R HFT L — Z IR ZE, DR
HHOGMERE . XA E Ty 0T LI T+ QDs 1Y 52t
PERE, [P Ik Cd™ NEREEA b i, i/l Cd™
e A E BB AL, NIRRT . a1
(Scenedesmus obliquus) AN RGYSIE N —Fh
R, I HBEE RN AE CdSe/ZnS QDs |, i
1M 2% QDs Y BAL e, 8/ 5518 40 i 4
BRI RERER, ML QDs H HA:MIAHZAE .
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Zheng 55 ' F FHBE 5 £ IR i LA 1B AT AR IL AN
S LMY CdSe/ZnS QDs (YA N TEME. BFFE LRI, P
Flr QDs BIREAR T 5 5 £ (4715 % . AR AR IR
B3, FECAKI L EDIRERERT, X FRU] QDs
AP R Cd™ RO B AT 520 . Hrh R 3 QDs
BEPERIR, AT ARG FNZ) HU i 22 A 7 LA SORE
1§ NS

s QDs 34 7E PEG )i 2 —FP P I QDs 7f
PERY T, XA AR T ROS A7 A2 3B 1L 40
MIHEHC > . 5 TiO, [l HK 1Y NPs 28 B 1 40 it 2 k
FOREEAG i ROS YR, T 3K N-GQDs W Fit
£ TiO, NPs K [fil, ¥ i, N-GQDs/TiO, 4} K &2 5 i
KL, AT LAY L ik s m] il > 4k, CdSe QDs
M R B Cd™, M= AEREE, Sl NN ZnS
SeIE R AN R
3.2 REMEE

QDs S HAT FL R TR 462 Ja e o 174 A 240 e 1
kL, Ao ZRIRA . B OB A
R, FEOOCE A AERE TR, QDsTEY)
AR B RGNS AR AT RERS G A4 e A=
WM P O TR QDs I BE . e RRRETE,
WIREMNCEHBA T REMIIE TAE, 50k QDs
XA R AR E M A RO A2
Fata e B TCHLAM e QDs #EATEEAL 7 B
SG R IR AT DA RO Ak e S, BRI A
A QDs %1, MIMHER QDs LA LAE S . Zhang
S5 %) 3 e ] = S Rl SR A X R T i T AT
JEA FTH N, PASEIN PbS QDs Ak da e Mk
it Ko &5 ™ H F i Ak 2R (HH kP A 2 FH 78 -b-
I EE N TR 4R K HhlR ) (P(MMA-bGMA )-SH) ik
BRI IR 5 A W) TS 45 R 1G58 QDs 1Y
R e, A T e B A I 0 3R TP N A TR T
fig (poly (methyl methacrylate) , PMMA) #h5¢ il
PR SSHR N e 2 ) B8 [OBUZ B2 19 QDs, 7
% QDs 5 R G WA B A3 T — AN 7
o] o Liu 55 " il & WK B 4 BT S0 (liquid-
encapsulated quantum dots, LEQD) ¥ {2 %% i I
AT T I, ZEORF AR QDs Hh LA 1) A AT RE
1, $E% QDs R OB 1 S AR E 1, 45
RV, LEQD i I LU 8] M4 1 2 5 5 45 (solid-
encapsulated quantum dots, SEQD) & {0%% i i B
A A RS SRS R e T P RE
3.3 Tl

24 QDs M\ 5256 3 AR 7 5% 2 IOHLASE A 7 ik

T — e Tl APk

Hi—, AT 2R 2. a. QDs A i &
K RO N A tF (A . mhe) . W), H
T S50 28 A5 i X A B Tk A =,
U, ST DR AESE A AR, RS R N
AV L WS =0 s SR D /s 0 L ol DAV
F, B AR RO R R —BrE, 4 CdS
QDs i 1o 3B F i 2 A i L SE L T 5.154 g/min ()
AR A R U A, B A s ik A A
BRI RS, SRR R N S, TR
R A 7= v 5 T R A AR E M, A0 “Artificial
Chemist” R4, 45& ML= Flm i shik s,
P A 7= 2 AL Y ESER A QDs ', b, i & i X
QDs MREZ CH L, (LG 2L BB 1224
YA S IR R AT Y R, T2k
B AR BAFICNEEL, IR AGHE o [ B fh 2
oY AE QDs R T B M. BN, W
FIBSRE, ] RLAES 1 QDs 1 [R] IS¢ il 2 B 1
Gao &5 1 R AT RRAE J b, LA Ik K Sy
REWEH, — LA MN-CQDs, %7 AL
T QDs s & A , WEHFRRGIAT A B
Z¢, BT T QDs B A 17K M FIURE S pH M . 1
PERE,

S, AR, QDs B AT & SR
MR AN HLA TR araRAR) , 84T A=l . A
I, T RMSA & gLk, sk G MR,
B LIS A O IR E B TR L T
ARG, DLBAE AT SO A B . e, K
B BRI EIB SR (TR, 38 1l KV i
i IO S £ e W R ER R S vl 2K i o BN
WD TS Yy, R ROVIREE . T, R
BFEIAESSIE, AT LURSER ™= i) SRS . TES0
FRiAe 1T, 4N, Chahal 45 1" SR F 7K G Rl
A7 CDs, E 120~240°C Y 24 F 1 v TR S v 28
AT, WALE TR 3~12 h, HARAS SR
AL . XMKIE O AR, B A
BRI SAR S, IF HLARS A = th P RE T 7 1Y
CDs,

B =, XFT/NSEQDs T F, 75 SL 5 % AL
T, RERREA R R o 24 T BRI R K, SR
1M, FERBBA =, it 24 A AT BB XS QDs 1Y
Jo £ VA B 1 B 2 A TR RZ I U, Peng 45 1Y
FEWRGE R B, AR SR AV 590 A AR Ak = SR
(trioctylphosphine oxide, TOPO) H {¥ ke 5 ¥k ik 11
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WERR 2 A OR A 7= 5, &%) CdSe QDs HIPERES
AR, FEODEEMEREAL 2. N T X —
[A] R, Steckel &5 " SR I —Fh A1 BT A AL 22 H R
TE Tl HIA A2 7= PbS QDs. il % [ 1162158 i
RGOk E & B 5T, ARGk 1
ALK, AL P BRI R T, DAAR

Frg s nyfaett, WX Mk, PbS QDs & F
PR T 50%,

S0, MRIREEE, KRR AE P QDs £ 7R
. SR R B EE A LA R R IR T
K, WF & JC 4 QDs LA i ph 7 4 ] B & ¢ &
B[ A G R 0 E 2Dl 2 B G AR QDs
(InP, CulnS,. AgInS,. Si. C%) Il , #
JGEEVERT . RRE AR T AL A Ty L TR G & R
QDs. JCAhQDs AT HE 48, PARAS b | 84
JETEYy, fFETIHrs R e Y, Hotetkae s
E % QDs MY HEE TR, EHTH R, M
WIFIAE YRR S, AR T AW 0
FH, IFFEARSMI AR AR pE AL S T

4 BEERE

MHETFARZEISEIE A, QDs REMEXTHZIFEA
AT ARG . VS B E S S b, AR
PRAEG DGR, B A P2 il ELg )
MR RE, FEAEY AR . B | 25k ik A
PDT )y A HEEZANEM . 481, QDsAFETERERIME
R EYHAEHRGEZ R, ik, SFEEE
PIBFSE ok T ff QDs 7E AR N AR RE S 40 A, JE ot
R mEmHEA Cnpiik, K. EEARE) ,
HE 5 QDs X 45 2 AN it sl 20 2 pO ) 4 . QDs 7EAAK
N BN T oA E LA SIS W, 2 5 1297 T
MR, S8 TF R SRR AR, B HAER )
AT AR, DTSSR Y (AR i
5. RAENF) MM, JFH, SEWSAAE
ke GRS BeE . . MREEEZER)
i, FPREERL EBALERIBOS, bbkiEkeE S
b2z al Bk QDs T.25, Wy ise 5 TR 2 al HF &
QDs Fr il 5 25, IIfi IR 25 2= 545 B R T H & QDs
Bt A PRBRE AN AR, AR a2 W 04 A 1 AR
R, N QDsIZYT BB FUE T i O R R R
XHE .
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Stability issues include high susceptibility to degradation and aggregation during
storage.

Industrial issues arise from complex scale-up procedures and environmental hazards
caused by heavy metal components.

In vivo issues include increased ROS levels in brain tissue by QDs, leading to oxidative
stress on brain lipids; significant loss of a large injected dose due to renal clearance
caused by their ultrafine particle size; poor selectivity due to nonspecific interactions
with tissues and cell membranes; and intracellular toxicity caused by ROS generation or
DNA damage.

(A) Drug delivery. QDs have the ability to extravasate and penetrate tissues, and can
be used as drug carriers to deliver drugs to various tissues. (B) PDT. QDs can act as
photosensitizers to generate ROS in situ together with other photosensitizers, leading
to apoptosis of cancer cells during the cancer treatment process. (C) Diagnostic
imaging. QDs modified with specific targeting ligands are used for intravenous
injection, allowing them to accumulate in the target organ to achieve visualization of
the organ. (D) Pathogen detection. QDs serve as highly luminescent markers,
enabling the efficient utilization of test strips for rapid on-site detection of viruses.
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Abstract Quantum dots (QDs), nanoscale semiconductor crystals, have emerged as a revolutionary class of
nanomaterials with unique optical and electrochemical properties, making them highly promising for applications
in disease diagnosis and treatment. Their tunable emission spectra, long-term photostability, high quantum yield,
and excellent charge carrier mobility enable precise control over light emission and efficient charge utilization,
which are critical for biomedical applications. This article provides a comprehensive review of recent
advancements in the use of quantum dots for disease diagnosis and therapy, highlighting their potential and the

challenges involved in clinical translation. Quantum dots can be classified based on their elemental composition

* This work was supported by grants from The National Key Research and Development Program of China (2022YFD1300301), Ningbo Major
Science and Technology Research Project (2024Z180), and Ningbo Public Welfare Science and Technology Program (2023S053).

## Corresponding author.

QI Li-Li. Tel: 86-574-88130130, E-mail: gll@nbt.edu.cn

WANG Jin-Bo. Tel: 86-574-88130130, E-mail: wjb@nbt.edu.cn

Received: November 29, 2024  Accepted: April 9, 2025



2025; 52 (8) MEE, F: BETRERRSITHHINA 1931

and structural configuration. For instance, IB-IIIA-VIA group quantum dots and core-shell structured quantum
dots are among the most widely studied types. These classifications are essential for understanding their diverse
functionalities and applications. In disease diagnosis, quantum dots have demonstrated remarkable potential due
to their high brightness, photostability, and ability to provide precise biomarker detection. They are extensively
used in bioimaging technologies, enabling high-resolution imaging of cells, tissues, and even individual
biomolecules. As fluorescent markers, quantum dots facilitate cell tracking, biosensing, and the detection of
diseases such as cancer, bacterial and viral infections, and immune-related disorders. Their ability to provide real-
time, in vivo tracking of cellular processes has opened new avenues for early and accurate disease detection. In
the realm of disease treatment, quantum dots serve as versatile nanocarriers for targeted drug delivery. Their
nanoscale size and surface modifiability allow them to transport therapeutic agents to specific sites, improving
drug bioavailability and reducing off-target effects. Additionally, quantum dots have shown promise as
photosensitizers in photodynamic therapy (PDT). When exposed to specific wavelengths of light, quantum dots
interact with oxygen molecules to generate reactive oxygen species (ROS), which can selectively destroy
malignant cells, vascular lesions, and microbial infections. This targeted approach minimizes damage to healthy
tissues, making PDT a promising strategy for treating complex diseases. Despite these advancements, the
translation of quantum dots from research to clinical application faces significant challenges. Issues such as
toxicity, stability, and scalability in industrial production remain major obstacles. The potential toxicity of
quantum dots, particularly to vital organs, has raised concerns about their long-term safety. Researchers are
actively exploring strategies to mitigate these risks, including surface modification, coating, and encapsulation
techniques, which can enhance biocompatibility and reduce toxicity. Furthermore, improving the stability of
quantum dots under physiological conditions is crucial for their effective use in biomedical applications.
Advances in surface engineering and the development of novel encapsulation methods have shown promise in
addressing these stability concerns. Industrial production of quantum dots also presents challenges, particularly in
achieving consistent quality and scalability. Recent innovations in synthesis techniques and manufacturing
processes are paving the way for large-scale production, which is essential for their widespread adoption in
clinical settings. This article provides an in-depth analysis of the latest research progress in quantum dot
applications, including drug delivery, bioimaging, biosensing, photodynamic therapy, and pathogen detection. It
also discusses the multiple barriers hindering their clinical use and explores potential solutions to overcome these
challenges. The review concludes with a forward-looking perspective on the future directions of quantum dot
research, emphasizing the need for further studies on toxicity mitigation, stability enhancement, and scalable
production. By addressing these critical issues, quantum dots can realize their full potential as transformative tools

in disease diagnosis and treatment, ultimately improving patient outcomes and advancing biomedical science.
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