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ME H7 a0 (quantum dots, QDs) JE—FEKGE UG, PIHARFRDGA R A2k, 7RO 27 Gl B
Jio AEPAGISWITT T, QDs i1 5 BE AR P AR A= W UGB AR T RESCERAAN . ZHEUY 2 S 20T 19 70 A<
8 QDsENZOHRCYy, P THMIEER . AEWEIRUAIRE | B EPR S FIAR SO ORI, S TR 12 W T
RERT&RAE . TEBFIGIT T, QDs A/ A ZINREAOREMA, I THLm 25481k, Y Bh2h ) el fik , R 2iflidan
RERCEERIE ;s QDs i AT LM R EHORN sSOLHOUN AR, SEREtERR B EAAE . i A AN e, I8l 0 I 44U
Wi, SUSHIET R, (2. QDs ISRk AR FAT I i 2P0, st | FRE PR AL Tl A A= A5 Rl . 3 id 3 1
A EPREOR B 5 T R kE , DR SUEB A i DX SE ] L, AR SCRSS T QDs 1A, TG4 T HAEA WU |
A IR ISR | 25k FDGE TR R R B B AT R, T T BEL AR PR Y 2 RS, JFRR T

X LE PR BT TR R T 3

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

A=) G A R B 2 A2 W G5O 3 AR LS 53
ZAR . SERF RIS AT AL . R AT 512 W
HORWTFR A 453810, A BORCHELL 58 40l /L 1X
SR, HATRE X MU AE M) 0 T3 ik 24
WHAE IR 2 —Fh i I ) o3 e i ra b2 4
BroR TR R 20 Uh ) ik B AR Ak
HH ke A2/, RZHARFEAR, (H A R s
LRI RESZ A 50+ 25 1% 4 RNA DR
AR AT S R 40 i e RNA sh 8284k, (HR4rT
JREESEH (U0 Col-26H) MELAZE S A, =&
{5 DR BT e A, AT REE LA P 4
P B0, G EE A ST AR (A Spinach &
4:) PRCRNARIEOR, WIFFESE AR, AT E
FT S RORZEME B Hik, BYHREF KB
0K U 5 2 NS

714 (quantum dots, QDs) - Ekimov
11 Onushenko T 1981 47 3% B 58 I b gy (A ik 1,
1998 4F 15 IR AGE 1 HAEAE W LG H1 ™. QDs 1
H—Fp TR G ARG, B ARE R TE 1~
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10 nm Z i), LTS5 RG24 T 5L Go b ) i 2
ANTR, ol 8 R 4 1 O S B BRAE R R
T TR AR, R T RO R
(quantum light emitting diode, QLED) FHIKFHEE

s QDs RIS FIERE, Him A AT
RS E IS AR AT RO I Ay, 38 B 1AL
ae I ] QDs /N RSl - b 28 5 12 W)
5, Ry 200 ML RS AG R [ 245 ) ik R e B B AL 1
FIREME; QDsREREXTANMT . AL R BRA LY o1
BT R PR R, AR R BRI B
W7 QDsIE A LUHFESOhRIC, T 40K
B RIS AE Y AR, JF REASHE ) 4y
SEANNE, FTAEYIARC I
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1 QDsZZE!

QDs 1] IR T R sl 45 M PR 328 (3R
1), HRERIAEA MR AL, XS T T
HRFERPERT, RS AE A [RI4s R
11 RIFETESE

MR MoC R AE TR IR 0 &, QDs
N I12Fh26%: IB-VIA, IB-VIIA, IIB-VIA, III
A-VA,. IVA-VIA, IVA, VA, IB-llT A-VI A,
BEW A (polymer dots, Pdots) . i J¥ 4@ — X
%5 F &5 (transition metal dichalcogenides quantum
dots, TMDCs QDs) ., MXene QDs (MXQDs) LI
PSaE T N
PQDs).

1.2 WRIFEFHEHZE

RIGEERIAF, QDs /3 WAZFEAL . &4
3B (R 1),

Bt B2 — R AT Rz e a5 e AR gk
ML, BARUL T TR RO T, SRR
T QDs ffs e M I m HOG St BT, nfe 1 %
FECL G (photoluminescence, PL) 0%, AR E

(perovskite quantum dots,

D

FR1 QDsHyZERL

Wt A e AR b BB DA B AT Z R A A
AEBR, F2)2F AR BRI K, BRI
R, R INFR R B 1R s B R Sl s P g
BTS2 BT BRI, RRA - 5 R R E Y 178
7% S CdSe/ZnS QDs, ZnS7e/2 W ERE T 960
PR RPUOCEAE S, 1A TR E
PE DO Sun 8 MY T PHE P B A 4 T ZnSe/
CdSe #5e 9 KA BEH] (NRAs), 54l ZnSe NRAs
FALE, B Rh A% 7 25 F B B R A ] L e IR i
ML, [l LA AR AR ) i A RRA A R 7
B, NG T R IR T, X — 45k
A AR b B TR A E

B4 R PR AR L AR AL, TR
WS ARSEH, HLA B W ISR & g . i,
CdS,,sSe,,s (CSSe) &4 QDs HGHEALRCK L b
CdSe#ifm T 7%, HOJRLG CdS & T 345 12

BZAE L TE A P S AR AR T, AR
HH FEE AV AR, MIASMAR TR, 5
HE QDs M b, HAB ML . B mi .
Jafarova % "% R S — PR R O, MR T
Mn,Zn, Se & Z 1A [R] Mn ¥k T 1) B 7 ARG TERE
5L RM, ZnSe i M ARTE 2% Mn J5 197 BRAE /N,

L. MR

Tablel Types of QDs, their examples, properties, and applications

it HA oe]| PR 1 S CHR

IB-VIA Cu,S QDs BRI RIFIIL S RE T AL [14]
IB-VIIA AgBr QDs AR K. mER IR TR AL [15]

I B-VIA ZnS QDs [, )L AN (13 G KPERERIL. AMRug  [16-17]
IA-VA AlSb QDs bR JaH AR [18]
IV A-VIA PbS QDs P S 14 HL X BH R HL it [19]
-~ ‘ IVA Carbon QDs RAFIAEMARARTE . et e e AR Rkt [20]
SR Black Phosphorus QDs b b ey AR Z UK & [21]
[ B-IIIA-VIA CulnS, QDs P v T S (12 3 C R FHE b [14]
Pdots NIR800 WS RAFIAE AR EINRITEN AP EE [22]

TMDCs MoS: QDs AR M X AT I A B R ITHERE S DGR [23-24]

MXene Nb,C QDs P e 2R P 5 S L feikas. MR [25-26]

Perovskite CsPbl, QDs PRI E 1 5 A JeRL TR g [27-28]
I-71 CdSe/ZnS QDs et E F: EERI AR [29]
(it II-%  CulnSe,/CulnS,QDs G HL JerHAL A R [30]
Gh) 17 ZnSe/CdSe QDs PR S R L Yl fi% [31]
Hail InGaAs QDs AR AR G 15 Y R [32]
B Mn: ZnSe QDs R AT R K KA R [33]

Pdots: AW (polymer dots), HIRZ ZEEAIRNIGBERESEA LR GWAI; TMDCs: of 48 ik (transition metal dichalco-
genides), MIALIE4A)E (CAAHZEY) FiBiEocR Cngnskil) 4U8m 2 sV R FRERM R MXene: HSIES BALY) . AP
WA Perovskite: FHERTZ5Hb L, &)@ bANL, 2EFNABX, (ANEAPLINE PRI E 7, BAiUE&E T, X

RERERET)
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MEE, %&: BETRERRSTPHA °3:

Mn: ZnSefkZH Zn 23 (i (FEAEE A REILSREE , H.
Mn B2 RF IR, WA 50
FORHTE T

2 QDsTEHRFISIT HEIA A

21 QDs5&RISH
211 AEYRU%

A= ) W AGFE AR T LAKHS BhAFF 58 B3 R A MR 5T
EYREZERI IR, BT AR BRI, 45
A ALY 2 PRER AN SR R — S5 5 6, ek
PO A B MPEAE S, QDs il LGE T A1
FAREA LA, ST ) 200 B 5 B A 4 ot A W
IR EA RS WmEE A, Hob bR tkm,
T3 P T s ) L R A ) B 4 A%, 4 CdSe/
ZnS QDs I Fa 7 Tk 2 28 6 kL E P 6G 1 100
fi5 B4, BEAh, RS MLYRE IR 96 GG T
WA, AT B2 R 7 T i g >,
11 QDs EAT I8 (1 K G il , il s AR HL RS
AL R, ] DL S BN 56 A B 21 40 Ok B 1 58 Ol
P2 |

QDs 7F B A% A 25 355 TR BE X T4 1o A5 o0 9
R IR GESRA SRR EE 1 LU S e R U A A
PG A EEE Y Y, KB iEZHA
B BRSO T A& SRR T R AR . fER
(R SRR T A A TR S s RS R AR 2T A
KT LI, S5 GIR R, RN A AT
A — X (near-infrared 1I, NIR II, 1 000~1 700
nm) JEE NI QDs, HEBUHBUNES, EAMHT
WAL Y &7 7= R m T R IR
Wang 45 ' 3 1o 47 B T F2 5% i A 7 19 CdSe/CdS/
ZnS QDs, 4w &R, H=0b I @
EHIOR, 761600 nm CRMEOGIOL T, LB 550
wm (14 0 AR T

QDs il & H 2 B R S 1y 2 v RE R
M, TG NIR S HERIOERR . a2 A0 T
JZH14# (optical coherence tomography, OCT) 7£
R O R AR RO 12 W B A T
., BERSHRALE A HER IV E ARG, HeRT]
RBIOKR S, RRIREE 2 K . oK kL
(nanoparticles, NPs) AJLAHESROGATHUR, MG
5% OCT Xt b B . Coro %5 ) fifi il Ag,S NPs /£ A
OCT FA: 9 A5 ) XL REFR AT X /N BRI B 148 4 7k
9o TEMREEMHRER T, 30 3o AS ) P s [ Ak B
Ag,S NPs AR HEAT OCT i f%ili, K& kb

P (0 min) FMUEFSAZLEE (30 min) AYFEMFEAE T
SR X FORE s NIR USRS NPs B2
RTE 1 150 nm R AR L T B ES, BRUETH
BT PO AR PR ZE | IR R IRAAR SR S5 4 . ORPRLTl
AE AR EREL TT USR5 NIR AL R BE AT OCT X H B,
M SEEE = 7 HER I NIR A%, W HR A= 90 A8 T
R TR

RGP 48— R GE, KA R
FESU M AELAERR W, AR EHGYT, FTRETR PR
ik i . ZhouZE Y HZn: Ag,Tes
A% QDs FEATIR LA LR, T2 A G M i 5
XL QDs 1] X 43 26 WL 9 B R 23.2 pm 1Y B 41 1L 7S
SEPE T /INERUAL A 4 i 3 BERAUS . QDs LB T/MR
ki 046 v 0 R AR, REAE DX o B A LA,
AL FH TR PR i 4 5 7> BUBBBR 20 1) Han]

TCHEIY  (radiation therapy, RT) i /& fig
RSP 3 9 20 L ) DNA KIR YT, (HAR Gy i
— YRS HELL A TEAIRTTR R, BT RER G
IER AL, QDs B HIGTR IR ER L ZUNAR M e
BAEAE ) AR S | 2 G AR BN H . L
A Wl bl & — B pH i N 0 % fE € 0 (AuNNPs-
Ag,S vesica), Hi AuNNPsFl1Ag,S QDsZHi%, HT
i (4 AU S NIR-TIDG P AR RSG5 | Sk
HERCAYT o B M AE TR M PR vh v R S M B
B Ag,S QDs LUIF i NIR-TI %6155, ] ek A8
HerE S, SEIUMRE RS R AL ATRYT o RN AR
BRI, 2V 6 BA R U S SO A g
PERE, [RIBFRXT IEH 20, L R AF
Il RS AT T
2.1.2 AWML

A AR AR T — PP RE S X R A= Wk R = A mT
MEE SRS, T QDs HA L5 HAks 1ot
SRR, AT G RV EYIEBER R G T, MaksE
PR R HERR PRSI R AR LR 1R G
H, XA EE T QDs WY AE WG AR v Tz W H T2
Wi, BB LR Sk B 2E N AR 24k

AMEHIE (glutathione, GSH) i # HEVF
ZYIRIZWIAE bR S, AR5 GSH AN 7 12
(s OB AR 6l . IS AF ) BRI BRI,
{HAERT 22 2 R S WAL B | Lo lb 3N 5
W, B, R QDs L5 By tas e Bt A Pk |
R GSH il Iy v BAA S 20 i M E . Zhao
8 BT O S R A8 1R T A (dragon fruit

peel-carbon QDs, D-CQDs) #1 T-Hg (II) -T 4%
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BL, JFE TR (BOERLE) A e kas
TR GSH. 1E2eR A, GSH 5 Hg (1)
254, WEIRT-Hg (1) -T4#EEC, B D-CQDs
PO FEEBIATS, BB, G-IURE A/
MR G Y AR A 2, 2-BRA-XL (3-
CFEIR T BEME I -6-ftfi iR ) 4%k (2, 2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) , ABTS) ,
FRAEB AR, SCELI ARG, A U AR
TR (R 1 B R Ay e 1R 2
J&, X GSH By i FR 2351 2 0.089 pmol/L #1 0.26
umol/L, TERRARTARE S A, 12 A JRRas i T i
HAE 95.59%~102.92% Z 0], /s R4 04 v
.

PA N T ik 400 e e T AL
(human T-cell leukemia virus type 1, HTLV-1) £
W 5k (il B¢ B 58 W B 3 B (enzyme-linked
immunosorbent assay, ELISA) . & [ it B b 7%
(Western blotting) Fl1SZHf PCR) AR A AL, (HEE:
VES Je . FERHC | A S 4E . Zibadi 55 ™ I
58 CQDs@AuNPs il 5 7 —FEF 1 LAk~ A= )
LIRS, LA S B A28 R, SR 220k
AR AR, ATFE 20 min P58 AL PR AS I 38
o TOA IR RFE LI, LKA HE 5% 55 PCR 43T,
A ) AR s B R S R 96.67%, R
100%, ] AF g HTLV-1 BB RS o A6 T A9
TH,

il & 2 2 (nitrotyrosine, NTS) 4 K%L N
B A UbRaRY), ERT R R Y 2 b B
AHEEZ L, Ry 7S AR NTS (195
Benjamin 5 7 X b E A JE AL . BB B S
et (Pt@CQDs) KPR TR,
K H T %z K HLE  (density functional theory,
DFT) RA T i NTSVE KB /R BB A Wbr )
MRS . BEREPE . ROWAMEFIARAOR . 45 R EP],
B A& 1 (1 Pt@CQDs 14 & H A f i WM RE (—
666.673 kecal/mol) , JEAZl NTS A= Wyhr &4 i BLAE
TRZ, YRR R FA2 W] R 2 BRI 1) NTS
AR A TR

SMMALE R BB LE IARE Y, TR 2R Y2
Wrrb AT, U B S A 2 i g 1
P JE S N A ¢ Y Li % JF & T % F SnS,
QDs@M Xene R4k B 2 T 45 B AR A B Ak 2R &
ot (surface

electrochemiluminescence,

plasmon-coupled
SPC-ECL) f&i&s, #I

FH CD9 38 it A 5 1l Y /1 WA A 1) 2 S 0 ) R e S
ity , Wk e HALBERNE, SCE T X R ST
WA CDY # ARSI . HLAS I FRAIC 22 2.5%10™" g/
L, HA @RS MR EIRKEEA S,
AL SRR AR S PRI LB MR, AT DR IE R
R £ 3 PREAS X 3 FEo I HLRB IS 22 iy £
H S RAE RS SR R AR AR X Ik,
HA R Sl 171
2.1.3 i JEAARAG I

A% oo LA ARG I XS 188 il A B4 11
PRIGTEABCN R o 550 378 I (A ARG T B A H 95 i
IR B EESR . AR R T 27 B 5, A7 e
VEITREZEB AR ) TTA DA S AR AR S AN
RS

FIH QDs By 28 Ha ok B ARG e M, e g 2
#Hrik (immuno chromatographic assay, ICA) FR 4
W QDs fE M A hRic Y, RIS e R AU 1Y)
FE I B0 Zhang %5 B 3£ F CRISPR/Cas % A
MG RN R A, ¥ QDs#ric i, LT —Fh
BRI AL, T E S AR RN 2
(severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) HJPHELIAKM . 2071k HA
() RABUE , HAGI BRI 1 copy/ml, FE IS4G I 5]
AR R FORRE AR . R, 2k AT AT
e, E A R W EE, 2O AR
m RS MY YERE f1, BEWEVE 1 IX 4 SARS-
CoV-2 5 HAbRIEAR, HAT7EEm N se, T
BRI B S ()15 £ . Wang 55 2 FF R T —F
NUE B 2 ICA, 38 1 7E Si0, 3% WL [t 2 2 8%
QDs, fil# T AN HA =2 QDs 57¢)/2 M) — A ikt
-QDs YK E A8 (SITQD), 1EHNICA RGN
RIFMC, PRUE TR s R AR e e . %O
1AE SITQD K i & 1 SARS-CoV-2 Fl FH i s 75 4% 4
FH PR REDUIR, TR RIEPREE, 1% SITQD/R &
e S A W TR I 1Y T 28 b A SR BT AU, i
W7 A AT B 5 . 2% TR AR R R R
I SARS-CoV-2 FIH it g %, X SARS-CoV-2 Al
TR I 8% 7 PRI T R 43331 R 5 ng/L 11 50 000 pfu/
L, FHE TAESHHET AuNPs [ ICA J7 ¥ 72 U 12
BT 2510045, HELISAIH &4 1T 2075 L) E
BEAL, B AR I FE AT AE 15 min PISERL, W] LIAE
P KRG L R R AR A B A R A T
H, 0 0 gt R o 25 R e R R R R A R U
Yang 5 % | H QDs Gk & T g Z ik
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4%, A—PEAT A [A] N AT SARS-Co V-2 Fll & B i
BYwEE, D T RERAR L S B IZ W ER 1A
BRI BT T — B B S B AR TR AR BV
g AR, JFie 5 R THLEC & FH AR i
7, AP T

% ﬁlﬁ ;j\: EHI:? ﬁE E % *Z (ﬂuorescence resonance
energy transfer, FRET) J&—F i K H U1 44k
& J5 3, QDs J2 FRET 40 K A% J8& 2% v 14 56 f b4
$}. Bardajee 5% U @t FCR STV, B s AL
) DNA (#ili3k DNA) %42 %] CdTe/ZnS QDs 2 i,
JE WK 1 P B9 QDs-DNA, 24 # DNA 77 1E I},
QDs-DNA 5% K| DNATE e DA 3s ik . i 7%
KFIDNA (fERZAR) FQDs (FEAMHLA) e
$23, FRET ML E it 1A QDs 26K, RUITF
WAL TR A AE o 45 SR 3% W R 09 28 ' otk B Tl 7
DNA ¥ BE B9 3G I FEAR . 3207 VR AT e I R A AR
Faril b I R4, A HBR 4 0.000 823 mmol/L, iE
SET HAE B IS Wi A
2.2 QDs5%&fRAIT
221 Yk

QDs AT ME R 25 4 oKk BidAk, 5 B2 S8l
Wk, WoRAY R AR L. 255
QDs W45 & TR 25 A 2 AR sl Ak 2 A& s
REGYAEMRRE >, XTERERYT L2
Iz R

B2 2 (doxorubicin, DOX) J&—Ff4 FHIY
254, AR THAY R AR . i 22 i
[ RE SR A R A R, PR T HARSRAE 16T v Y b
H 29 8 DOX 5 QDs 45 &8 BN 40K A BT LIAT
RO X SRR, NI AR TR T HH Rk
. Rahmani 5§ “7 #5717 2k DOX 1Y pH e Ji 4

Fo B BE  (chitosan, cs) - % o+
(montmorillonite, MMT) -&A &2k T 45 (N-

CQDs) kB A M B, AT DL & 259 in gk 5k0%
(49%) FIUERER (91%), WIRZER, iS40
PAT, AR — AT TS A VAT 5. Liu
A SR T AR DOX B AL T4 (MoSa
QDs) MR L "B (polyethylene glycol, PEG) 1k
kAR (MoS:2 -PEG), FHF T3 i A1 pH IR L7 ()
fRI7 2k ik o BRI N 25 A PEG 0% T
MoS> QDs M /E WM M e, T
DOX. %55 % W, MoS: -PEG-DOX fER LIRS
H BB I R i DOX, 3 5 A AR X fe o A4 i 1) sl 4
FH RIS AT (8 2 SRt vl SR I 00 24 4

W2y e A

R AR AR [ BC A, ] 59 40 i 2 T 2ok 2k iy
RS2 IREE A, SR 2GR vk, BRI RETLAN
KT 2P m M. Pilech &8 ) BF5Y T 3L
BrAB 4 A VU T Zn-Ag-In-S  (ZAIS) QDs 53—t
ST 25 AEXT R BEAAL A (UAs) IZ5 &1
FHRCR . IRANSLE6 BoR . a ZE A WAE T E pHIE
FlNEaE, FEMRpHAE T 20, PR nT 3 a3 15 pH
{4 H UAs B, b B SWTEi i R b %
P RN, MR R (H460) HHHE%E
by WAL PE L S i, T 7E J A AR AN il (HCT
116) HNFEXTESS, HAFIER4ifi R (NRC-5F1
CCD 841) T HARMMBIER . ()2, (kHNE
BN, 417 dIRYY, B B YIRS ZANHIH
FUHCT 116 5@ aniu B . et — a5,
ERGYTHEI AM BRI, H2Yak R E a1
Jiw 0 SRR, A YR BT A I Y 9 4
it R BRI R (AUFGRR BUHCT 116 45149 4N
M), 25k SR A BT, RIS R 4
AW HURNMEREAMG . PTOL,  E ad 48 6 R T A
ZAIS QDs-UAs Z 5 p FFE B2 TR, [F
X I 200 L B R A1

fg A& (liposomes) & — 2% 5 B 1 41 i Jed 4h
KAPRE, AR PRIV ST gk 24 Y, i
T 48 7 i S AR FEAS ] pH (LT A sk 26 452 RN 25 W 1
WCR X PEAGHAE AR A= 9 o0 A RN 2450 156 326
BELELE, kim0 (carbon quantum dots,
CQDs) W25 e AL 2 (g Rk . FRIRURD
YA T AR R A ) ' Zhu 5 N T —
Fief X452 CQDs 5 g ik (lipo/Bi-doped CQDs)
FHES G LA RSO T AL I R iR TR T &8
HEA AR KB e, w45 4n
Je (CT26) AYMRIMRIC AR P38 A% R 7 R i
W, W5 &P, lipo/Bi-doped CQDs 7EAA] pH {H
TSR E AR, IR A AR R A (pH
5) IR CR R R . RN SEE R, & 15
d#93R97 , lipo/Bi-doped CQDs & & #1 ] T s 2k
e, Bios 1A BURN I i 38 K iR /> (55 PBS 414
) o R, PB4 CQDs {5 Ay pH &gt Al
BB, e H T 7 iR B IR ZE A ] pH(E
TSR, AERNPUIE AT T R T R AF
Wi,

MERAE R —FiEgerh 2y, HAT s R K
W, AR A PR FH R AR . Wang 5§ 1
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Fig. 1 Schematic diagram of the drug delivery mechanism of folic acid—functionalized QDs
E1 MEEINEELQDsHIZS AN I R = E
MR REAL)S QDs-UASSE G A ¥E M ThEE, T R-M FRZ AR RE R4S &, R AW N A Ik E NIRRT, pH FRE, ek
279 \NQDs /3 B IR B i B

Tk T —Ff 5T 94 K 1 ¥ 8 F &5 (nano-realgar NS R 2K BEIE ST A5 A A TR T R
quantum dots, NRA QDs) 12 I fig 40 KK &E i, AR, R T/NRPAAAE, BAWEER W0
TR BE AN AN RE A 50400 T e 9 240 e %) 14 5 R RS RIVERL

A fig 38 2k 38 i g A P 36 P 4L E (reactive QDs 7E 245 v FH i A 71 WL 3R 2.
oxygen species, ROS) /K, REHUTR . 1

R2  QDsTEZSMHIE AR
Table2 QDs in drug delivery applications

BIT R Z%
5 5 73
ESL) Sl i RES Cih
PTX ZnSe: Mn/ZnS QDs J#iE PTX[IVEARE$26307%, MR TR AR [65]

DOX ZnO QDs JEE M TS L EA R R T S (La-ZnO) QDsIIZWIhi%EF 6, 9¢ AT R AR 11 XU Y 5 [66]
S FH 4T 40 o S0 78 O 9 K Mg 40, 3k GQDsFIDTX, 3 3 30 21 411 't e ST 2 I 24 W B TS R e 2 J 2

DTX GQDs JEE [67]
FiE
DDP GQDs FEAE  GQDs ] I ik 58 i 2 At A (4 368 35 1 SR AL HEDDP (14 48 fifd £ H [68]

GEM CQDs UM 52579 (Quinic acid) iM% AN-CQDs-Quinic acid#( 24 55 GEM B A4 LL g il it 7 53 [69]
LA 2V A EFBAKE TS, GEMSX BRI, 4 1 29 ivE PEACES = M 1 I R 21 21 [70]
PR

il 2% 7 3T R R BE AR AR AV IR A WA 452k T CQDsINTIOZN K E A MR 25, A3 M 3
MR, ARG MI%IES-FU

MTX GQDs FEIE  GQDs SMTXMIAIRTT W& FRAK T IR A i fA s 2 [72]
PTX: “8#2ME¢ (Paclitaxel); DOX: F#Z (Doxorubicin); DTX: ZP4EE (Docetaxel); DDP: M4l (Cisplatin); GEM: & P4l
(Gemcitabine) ; 5-FU: 5-%JKW§IE (5-Fluorouracil) ; MTX: H ZHEI4 (Methotrexate) ; GQDs: f1 2/ i T 5 (Graphene Quantum
Dots); CQDs: fiki 74 (Carbon Quantum Dots)

GEM  CdSe/ZnS QDs it

5-FU CQDs g [71]

222 OtEhiyrik (PDT) 9 7% FI A= ) SR s S R BT Bk T SR,

68 197 (photodynamic therapy, PDT) & (G GHONAEIR N 2 B M B85 B, 1697 RORA
—FRIDCEGN . R R DR E S T EAE A, QDs AT LARR R DGEGR AR e P RN ) R A A
M, P2AEROS, EREPEMIGY SRR . MM OBBGNOEEGN R, BRI IECR, T
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15 PDT AR .

T35 XI5 5 e 2k, PDT B AE—
A= A 388 /8 19 3 97 0 B 1 O R Y L Bk R
(carbon dots, CDs) HIAGSFAIZE R . A AH
BV DL R Gy il B A A s A2 B 06 7 Xu dF Y
BT MR AR B 45 CDs, L 630 nm i K (% IR
S NFLIRE AR (MCE-7), REMS A 2™/ ROS.,
CDs HLA RV, BEFL/MB 3 BRI 40
. Yao 55 74 44 K F- 5 DOX/Met/BSA-HA-
CDsYE NIRRT T4, AT %% CDs 5 —HI UK
(Metformin) IR LIS/ HFE, 58 R
(hyaluronic acid, HA) fHIIHE [ MCF-7, BSA
FHTAR 251533, CDs 7E 21 6 )63 X 5l & 5%
o ZMBHE 532 nm K T g 4L M ROS, £
HHEAPDTH 1. V-5 7] I 3 AR iR AL 1
FUHFE, WERSE TIMEIRITACE, R T PDT
FEI T DM RAR TR

4K Bi,0,Br, & — PP E 2 S A K 1L,
AR ORGSR RO S A I, A8
Bz B 7z ke Y, He %5 7 BFSE T B CQDs Fll
Bi,0,Br, 41 G AL RN 63l 124 E T, A2 5540
A ) R B (] RO ORIV B i 2514 R, X AS49
MR EAT PDT SE50, 53X PS8R 3 i 25 42
B T PDTRUR,, 55K Bi,OBr, MLk, & &4k
BRI 7 . PRARA R . HEaR 40
ROS A= B A K 45 57y 375 3o A RS Ay R

I B-III A-VI A %1 QDs 7£ PDT H 59 i H#F 58
BEKVERE . Sheng &5 ) 3l i P B i A WA )
Ag/In LI ZAIS QDs, F{s W SE MR LR Py
(5 ok iR B -alt-1- + )\ 4% ) (poly (maleic
anhydride-alt-1-octadecene) , PMAO) 47 Il &
B, AF DT AR B RS BOK A o B SR IEAL T ZAIS
QDs ¥ AA (A ZIANM (A2058) HIPDTRCE. 4
Jn e (o KR 2B, ZALS QDs 5 % B 5t e [v] kb 2 m]
AR A2058 S 40AE, Jf H ZAIS QDs fE/K ik
Yh BRI LR R e, EE R 2 Yihe
PDT 't S50 78 Ji 0 A0 B R G367 b B AR G 1)
Wi,

3  QDsTElG KRN ARIBERS
31 QDsH
QDs 7E A= = 2 U 2L AT R 19 5 & 1 i

S, (BRI TERENE . QDs 1] LA A 4) o il
WA BEA SRS 2555 Z AR E AN,

JEETTRES | R EVE AR B AR Y, AR
RSMA LS X QDs TS TEREMEA VI AL T, E4m
TEAL QDs IIMZB . 2 Am . AR . HEME A EE P, B
(AN, N R N R R e N A R AW I P U o
QDs FJ RE R i sl R T LR 2 AR MR . B
HEEET, WNELEEE S Y iR,
QDs B REPEEA F AN [ ARORVE . Bl , i
(25 mg/kg) CulnS,/ZnS QDs 2> F&Ufili . AT . M .
B R IR BRAS AT 36 gt 5, B ZE AR (2.5
mg/kg) KHWIRFEMSTIRERMEERD ™ 1
Ah, BERRSE QDs TR XEHEME, 255 fER N
KRR, LSRR
3.1.1 QDsEMEHLHI

QDs T B 5 HALSA A A G, TR
ARSI . REELIRETHIQDs (E2).

QDs 5HE & B4 4 T e X I 5% . QDs
A LA5 5 ROS YL 1, Rk Cd By 7, dEmian
21 it P9 2 11 J5RT DNAA 2544 ™, QDs 38 AT LA fin 4
M Ca K-, T E LRI R B i, 175 5400
-, SN % (alanine aminotransferase,
ALT) M K & 4 MR % 4 M (aspartate
aminotransferase, AST) 7K FThiEr, SR,
WFoE B, TERE /N RTESS 5~10 nmol (451 & /K F
T, K/NA4nm A9 CdSe QDs BV a] WAL 2 XT AFAEA
B

QDs A LA ik Fifi i A ZE i AR 3R 55 R ™ 2
IFRAE . G CdSe/ZnS QDs 2 M AR it AL
FLIR I SRR R KF, T E IS 45/
S BT 10 nmol/kg QDs 25 517 100% A9 S8 T- %,
QDs I LIRS Cd>, 381 0 VR K308 3 552 i 200 L
WA —2EH QDs, 41 PL 21k GQDs Flfit 5 QDs,
AIRES | PR R G AR

QDs AT B B EACS, BB . WEELS IR
T, XUEEE S B ARG R B /IVE R iR
BE . ZSHAEYE L B/NER . EAUNE Y . CdSe
QDs Fil InGaP QDs 43 Jl| 7E 10 £ 100 nmol ¥ & F 1]
VR 4 Ja 5 T 1 B AN M A AR N . A RN GSHL 7
HEFEAL B

QDs AT LAZEL M e R, BiAfi&on, 1R
KL XS . QDs A ARSI K i1 4L ROS /K-,
AT A B4 B o = A= SR AR . QDs AT 43 I
AR, XA E BT Re A BUEYE, JET
FECRAEFEAL N . QDs-PEG-OMe 7 0.1 umol/
L BT R AT 75 5 4 i 2 11 190 1 8 A il {4
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UigemEAT, 1 umol/L R AT & AfusET- " ¥/,

QDs i Al BEsE L R G e . fEkEYE BALB/
c/NERHFIFSE K B, CdSe/ZnS QDs ik 1 & 4,
WOKE R ARG TR gka, iR LB, B
I 52 WA K SF . 19 ¥ iR AR L E (luteinizing
LH) /K-F. 78 M Pk BALB/c /N E

hormone,

CdSe/ZnS QDs T # {2 B¥ 1 ¥ & (follicle-
FSH) MILH FiH, BR-LE4nf

stimulating hormone,

B P Nk, TEAEIBEE TR, L2
FL %5 1 QDs AR B TEVERON. , TRABFIEIT AT
LA QDs, JifiE

oy KA1

Ca A
ASTA  ALTA

&

SmFEA N
AT e

FAIRE,
A

Rt s SV
B EY

Fig.2 Toxicity of QDs in different organs and the pathogenesis of associated diseases
E2 QDsEARERE R FHEFIEXERZHEILE
AST: RAZIRYL% i} (aspartate aminotransferase); ALT: #P44%{iff (alanine aminotransferase)

3.1.2  [E{RQDsEEMERTE it

#r QDs ZE 5L I AR BT sk sy, IR 43
SR AR, BRI M E I 2 OCE

VEPEAREE o O 7E 1Y QDs £ 8, FFAEFE T AW
A A4 R QDs. Ui Pdots, HH PEG FIE 201
% (polyethylenimine, PEI) 2545 #Lib &4 4LAL,
XL QDs 7E M A AT H AR AR, DI REARC J] 27
PR, BAT) R RN H 1. Ak, CQDs AN
HEJE, AR T F TR SR 5T
YRGHRRHE, BA RAFRAEYAZ AR
BEPE, E—FNETERIREE QDs #EL,

X QDs FTH AT IR JZ M S N E RE A, 8
HE QDs R H T — 2L R IR5E )2, IR
HASEERE . X Fhdsf 2 07 20T DL T+ QDs Y2t
PERE, [FIEFB k Cd* IR i i, 92 Cd™
R A BT RIE AL, ARG . 5]
(Scenedesmus obliquus) WRLAN B G W2 —Fh
EAR”, JFHBERE K E CdSe/ZnS QDs L, i
1M 22 QDs B F eV, w2 55 7 32 40 o 45
BARERER, MnifE QDs B HA A Z M 0

Zheng 45 V| FHEE 5 40 IR G LU & T B4 SR FE
AN CdSe/ZnS QDs MY P EEME . 5T & 30 I A
QDs PIREAIL T BE Sy fa (4715 R | LR MR IR 12
g, FECOLA KM DI RERRRS, X & QDs
P BT Ca RSO B M s . PR JE QDs
FEPEHR, AT HE R ORI IG A4 B Ay S5 A DL S R
R

¥ QDs £} 4 7E PEG 56 p & — i F% I QDs
PERY 5, XFP LB FEAR T ROS 197 A2 JF BHL 1 20
L4 . 5 TiO, (5 HR 1) NPs 28 3H 13 40 i 5 1
SO ATHE T ROS (R, 3 11K N-GQDs 1 B
£ TiO, NPs & 1fi , J& Wi N-GQDs/TiO, 44 K & & i
L, AT DA S X sl g ), tbAh, CdSe QDs
W R Ca, A, Wi ZnS
SRR A
32 BREMEE

QDs J&HA B R AN 48 M5 0 A 41 e 1A
WkL, 255 BIREE . BEff . WO b= S b A
R, SO EMEAYERE T %, QDs7EY)
BRI 2R T T R VR AR AT BB X G2 e = A
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WEFLM ST R QDs UM Ak Ra e
HRENCEHBA T KEMBEE TAE. 5k QDs
XA 25 PR B AN T 0 e A RO AR F A 2R 1
[E i AL QDs AT EEAL 7. A MG
AE MY BCAAR AT LA S sl Ak FR 1w i, BRI A
QDs &1, MM & QDs Pt E AL RE 1. Zhang
A L) 3 g ol FH o B S A ) SR T AR R R A T
SR F RN, LASEELXT PbS QDs Bk 2A g e 1ok
#E . Ko &5 ) FI g B vm 2 (H P R P T -b-
H SRR IR ik Homlg) (P (MMA-bGMA) -SH)
i B AL R YLK 1) 3R B W T 45 4 K 3 58 QDs 1
AR e, T FR B I A SR S M TR
HTE (poly (methyl methacrylate), PMMA) #h5¢
FPTE A SR PN e 2 Y I [ XUZ £ 4 19 QDs, I
J7¥5: 0 QDs 5 R G W B 22 b4t T — A8
J7 ) o Liu & U ] £ W MR B3 i 7 a8 (liquid-
encapsulated quantum dots, LEQD) # (a4 4 il ik
PIHT T, AR WA QDs ThBCAA Y [ AT he
71, $&15 QDs ¥ (L i B S AP A E 1k, 45
RRW, LEQD vl JB b [5] 44 ) ¢ 5 1 i (solid-
encapsulated quantum dots, SEQD) F{f4% i H.
A A BT SR S AT R RE

3.3 TAkAEF=iE@

14 QDs M\ SE 55 FLALY e B K PUAL A= 7 N,
TG — 2L Tolk A PRAR .

B, BT ZMEZME. a QDs A T Z
K R N A (R . iRl WESE), H
TR S5 5 SR A M A BB Tl A=
I, BT DR AE S G AR, I 4 2230 0
AR G R & R N, DA G A O A
P, B A R A T A — e, ncdsS
QDs 3 ot iX Fft 7 252 75 1 S5 B 1 5,154 g/miin 1)
FARRLT A Y A, 1A A Sk A Al
BRI RS, LRI AR RN S8, iR
RUASEAE 77 v 7 il T R E E L, A “Artificial
Chemist” R4, 4GPl 2] FEmRURsh b,
P 7 AL S ERET QDs 1 b, R XT
QDs MRE R CH L, [AIEZ M 2L BEM 1. 224
T A 2R R AT P R, R 2k
BUEAR WA E L, SOMPREOARIE o {8 A ey
BB JT AR QDs RIS AT M. it
FIEE, AT LLTEG B QDs FY [F] I 58 L2 B i
Gao 55 " R AR AR bl , LA M ALK
RAHR, —HEAMN-CQDs, %7 A UESEH

T QDs Wy msk st Ak, WERERESIATAB
Z%, BT T QDs R AF 7K M FIURE 5% pH e i
PERE,

B, RIS QDs A T E A & A
MR i PLaEaraRi) , s 1T lA, A
b, TIFRARBAM A LB, ks iR,
LB SR A BT AR KA G B TR L Tk
G, VAR AT mS o A ik . e, oK
A BRI EITRT SR TR, 385 1l KV i
M, R TEGA BT R A PRI,
D> TS, AR ROV L R R
RFE A, AT LORS A4 P00 dh RS54 . TE30
FIRE#8 190, 4, Chahal 25 100 5% Bk #4 iv
A 75 CDs, 1 120~240°CHY 2141 o FH 8 15 S v 48
AT, BURVE USR] 3~12 h, HARAS SRR
A PER . XK IRG BT EAOME, it
AR SA R RS, H RS A = e RE L S Y
CDs,

=L X T/NRSF QDs 5, 765056 28 MR
T, AEREEA R B S 2 R T BRI R K. SR
M, FERFUBIA =, i 44 0 40 n] X QDs 1Y
Jo it RN BB 18 0 3 ) LRI RZ A 7, Peng A 10
FERF ST R B, A S BC A I 390 ) SRk = S g
(trioctylphosphine oxide, TOPO) H i) ke i JBlk i Al
WERRZ R AE KA 775, 23 %F CdSe QDs FUPERE S
A BEW, PEHECAMEREAEE . N TG —
[, Steckel 45 "% R —FRAHT 0 AL 2E A
TE TR 12 72 PbS QDs, a1 i %058 i
RGR; 14 E A 5 Ye, R RS EHR B 1k
SAALKUE:, A P R EARIR IR kAT, DI
R g iee e, XAk, PbS QDs T
FEPERE R T 50%.

00, MPRIREE M, KHUEA: = QDs 77 7E
. ARSI ECE A IA R SRR E
H b, W& JC4a QDs LA fif o 53 P 7] 81 & ¢ &
O A A R T 2 R 3 2 il 2 R G 5% QDs
(InP, CulnS,. AgnS,. Si. C%) WIh#l#, 7
JeEE T R R WAL O AR TS SR
QDs. TTHQDs NG EAE, MRA Likktn 7 E4
[R5 Y, AN RE L R Y, HokErREE
T QDs MY HEME AL, mHTFHRFER, B
BRI AE Y BUR AR . C A IR0 SR F A2 h
H L IFAERSNFI A IR PPAR G g
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Graphical abstract

1. Application of QDs in Disease Diagnosis and Treatment 2. Obstacles of QDs in clinical application
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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
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
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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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