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Research progress on nano-drug delivery systems for antitumor active components
of traditional Chinese medicine
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School of Chinese Materia Medica, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China

Abstract: Compared with traditional chemotherapeutic drugs, antitumor active components of traditional Chinese medicine have
unique advantages, such as multi-target, multi-level, and coordinated intervention. However, most active components of traditional
Chinese medicine often have poor water solubility, low bioavailability and so on, which limit their clinical applications. Nano-delivery
system is expected to improve the application limitations of antitumor components of traditional Chinese medicine. Compared with
free drugs, nano-drug delivery system shows improved bioavailability, enhanced tissue targeting, reduced off-target side effects, and
greater in vivo stability. The two most commonly used nano-delivery systems for antitumor active components of traditional Chinese
medicine, namely, encapsulated delivery system and covalently bound prodrug system are reviewed in this article, the problems and
future developments in them are discussed, in order to provide reference for promoting the clinical application of nano-drug delivery
systems for antitumor active components of traditional Chinese medicine.
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EIRTZEYE R B R B P HRE RCR,
HAAAE— 2 | 5 RRRYE, ARG PR 52 2
PR S5 —, VA MARTEZE AR FEAR . R i
BITANERARO), S, RREMEZE, Wt rh 2Tk
o BACBUIERT, Gt K e 5
=, —EHXT RO SRR 55 I R 24 T 1
BRI, FEEEMRZE. Y, PEAEE
BT BRIV AIE BA J A 6 5 5 JHL 24 LTS 1A
XL PR ER 2 T B YILE MR S AL IR L VRIT AL
RAEE,

AL RG] Lo 25k, il g ez
75 A B 280 A 2 A ) s AR - 52 A VR ) T B B 1
YEFIGIMZGMLE R A AR B, I mia T AL
SRR AS RN, W 5 N 2G5 o 45 2
HYE R GIRIT RS . OfF 2 i ghKisiz
RGENHTHHER. £3HE. WER. SAHYR
A B R S (B VR IT , SRR A M L,
YUK R G EA BRI E R R B
FES IR A 1 S SR PR . H AT R B YR
FERL AR 2 Fh 7 2B rh 255U S R AR BIN
BGREARS AIR EE S IR RGN AT
IR RS . AL 7K 2 P AR IBIE RS
WEFCRERE, 43 e HAR S st A R BRER AT R,
D B R A R 2 B R I P R A B R R A
B,

1 SHBXRS
1.1 BERMWKIEERS

NE R A K 515 FR 40 BA 1K 24575 1 o AR A
[ Eiabtisd= <1 ) IS [ O A s e =
B G KEk 2R GEARAE 9K BRI R 2R B s
JAAR [E ARG 48Kk (solid lipid nanoparlicles,
SLNs) . #4K 45 #4 Jli Jii 848 (nanostructured lipid
carriers, NLCs). 7L & ATUAL 2 R G5 -

111 fEEfk ARBUA 2 BRSO o0 S A8 B —
Fhid g0, H 5K 5 EMEARRL. iRk
ANTFIRRAE (e vh 25 0 bR i Ve e 20, AT A v Al PR S
SRS, HEZ A (D AEAET
IK KPR ZE ) 2 B R TE Ly, G A
PERIRSE R o G0 - R Jok B PR HL V5 A 1k R A i 1
72 ] R AE DR FH BEARG T 32 2 R (101 Zheng 55012
K O-FiF 5= = B0 o ik v S R A B IR o A4
Fh, I 20 R B BEL R AR TSI T R AR 2 Y
PuREER, FHABRDIARKRM, (2) EKH

2R IE PR B LEAA N IR AR I [R]U3], Tang £ 0141
il T RETEIRGNK N B A, FEX AR PR B AT T
ifl, AR EPEIRARA 75 nm WIR A, HiF
BRI L, HAEM I, Bl s Y
o (3) B AR 2GR IS 1 o) I 2 B A 2R
oy, BEIREEYE, PEEAITTREEDS). DT
JAAR S o 1 BRI T, D 7O HRR R R R R
wEERE R T BTG ST AR E, Yu SRR H
M EER & T NS B Res lBfE (liposomal
ginsenoside Rgs, L-Rgsz), 7EIEHH, L-Rgs 4l
FHEMEEE S TS ASEEH (G-Rgy), 1M
O 55 FE TG B S 52, L-Rgs ) I 2% #5 oK I 25
WREEANZG I} 28 T [ # (area under the cure, AUC)
A HE G-Rgs 19 1.19+ 152 fi5. (4) SEHLZGHIN
52y, AP FEER . Ochi ZEMONE I H#EE K A 1
DT H LR R AN 7K YA 5 [R] I 3 2 B 442K g o 4
g SRR B TR I AR 1 3R 24 T DASR i 2
AYNENE, $REK R E R E M, XS HepG2
A B R EIRIER . (5 MR, $En
PRI ROR . Yoshizawa 2520048 T 5 £ BB
FIEAZBENR A (polyethylene glycol liposomalization
of paclitaxel, PTX-PEG), X faf Colon26 SZAAJE /N il
AR Y AIE FTIESE, PTX-PEG 3458 1 842 B 1E IR 41
AR 73 AT - PTX-PEG [7) I8 2H 23 515 1 S8 A2 e B
B2 TR S, HHGUMEE-ET
UiE B 25 A2 I  Chen S5 RV £ 1 RS2 AR B [ 2 25
NEBAAR, 57 1 5 PR e e R 2ok SRR AR R S
(6) AFEN P2 Ve 7R RAR i3k v 250 M8 v 1 s 70 e
JEENE AN HTHIREH «  Zhao SEP20 £ 1 28 T H B IR
TR BN AR AT LAEE T A B ik 4R S 58, 42
FPEREHA G MM K&, BG5S AR
Wik RENRBUARGEZ ISR, H2 0Bk
Mo R AT E, g 24U ik
SRR Gy R A K AR S, s AR B, AR
HAE Tl A PRl R R FH AT 52 21 PR )

1.1.2 SLNs SLNs /2 ffHif2E 10~1000 nm ]
AT, & LA S R IR B B 2R AR an GBS |
=B AR, A EEECRIR TR T
i) S [ A g 4K 25 24 R 45123, SLNs [RI R ar
WEERE R, AE TR PR I Y R i iE B R
71, BFECLTEA: (1) $EmiEmEmEYFR H
J& o Yang S524R FH i Hs 35 Jo0 02 ) 4 TRV V0 4 188 £
EWZE W (camptothecin, CPT) [E4& Mg 5 g8 K KL
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(CPT-SLN), CPT-SLN 7E¥#R H 1) AUC FI¥-¥315 B
N F) 35 235 K T AR, il P9 AUC ferm, R
CPT-SLN 1] DA e 2 S0 ) e S ) PR AR R 0 A4
FIFE. (2) AToASEEZY, SEIBCA 4524, Zhu 25029
K23 & (curcumin, Cur) -[E4RARFigh KR, (SLN-
Cur) Al 5-FRMENE-JZ R WA AN (5-fluorouracil-
layered double hydroxide, LDH-5-Fu) tHE.£54, J
DARIELMERE AU AE 1. 259 % W], SLN-Cur 5
LDH-5-Fu BcA1ERE NI SMMC-7721 41381
T2 80.1%, & 2 i@ s RAGAMET- R 2
A 1.7 f5. SLN-Cur 5 LDH-5-Fu B &1
[F B R A A, T e — 20 F T AR SR B R 18T
SLNs {577 — 2L, a2 Re 1 B — 2 M RER
PE, ZIWIRE IR 5 %2 BIBR$11 552627, T 5l SLNs
(X e R, NLCs 75 PLBEHT 7T o

1.1.3 NLCs NLCs /2 H [El 14 Jig 5 4 KRR e 1 ok
(17, ARELEL 2 RIEFRYKIBRL. NLCs [ R 2
o A2 [ B ORIV PR B R VR 59, AH LT SN,
NLCs A RE I8 5, ZIMTEREAT AN 5 ik g5 1281,
e H AT DI Ik 39 0 25 A e M RN 7 AR SRR AR SR 4
KABIRES ], $& R T7 AR, Zhang 26 B0 DL B A
JIE TR H ek B R 5 2, i BTG g R T )Y 5 A [ A
RER, AR, & TERES TR
BRI NLCs, &5 FR AT AR R,
PPN i BRI AT RE K, B2 Il 2H 23 ()95 0 1 1
SR, PR VAT RCR . NLCs 38 /] L 48 1 25 45¢
JIF R Vi e 2 S 5 e AN A R P SRR T R
Yuan 5B % K40 M 5B KB AR R
(celastrol, CT) K S5 /I NG 24k (CT-NLCs),
L NBRARIFEZPFLE, CT-NLCs fEMA4Rn]
R PUAT S IR TS . NLCs 7R3 i% R 25 B
IRV 1 o I AR A — S R, sk 25
ST AR, R BR SRR AT
J& - H AR E I R BB TR DR R R
114 WALEMALZLG RS WARNGAEM. K
K FSEW R AN B . #0722 8% 58 BT VA -
LA EZ BN T 0.1 nm. — BT, AL
FHZKAH S JHIAR S R TETE 157 S B R TGP 77 4 3543
Ho MAMNGER ER 5 KA (O/w).
IKIL (W/O) FRUESRY 5 e 14 o 25 0 g8 i
PERR T N, BEEIR M A IE IR, it
WAL - B2 i PR i 1 29, Rahdar 25524 5 i DL
F127 REEFMZEE XM EE R m, 2R E

Ko RAMIFFTEERIA, iR 20 AR b T N A 22 0
FMATEBUR. AUILA ARG LM A,
TV A 791 B By 2 T v A ) 1 [ A ) R i v A 7]
B, AEIKH, WLMEEE TS (37 C. 7KH.
BRI T B R IEGFLIN G 25 R 4153 3L
LU RIS EMRI AL, RO EATOR R
/N, RIBUK, M-S Er 7RIS VA AR AR T 2041,
Liu SEBIFFRIT A T — Rt i 2 sm R B 2 S
ITLLAMERL IRT780 TR & B a2 R 4t, BLIAE
BRE T AT AL I R ORI E 124524
RGNEE T NSRS Caco-2 AHARMANERHL, $2
i R IRTR0 1EK AN B HIRAEVIFIH
FE3am/N R T 4T1 4HR a1, $0I TS
A28, ALK& BTS2 R G BREAEZ IR,
R E AR TGRS Heses b, 32 S RIE T e It
s FHOR IR TV 14 77 S B R TRV 1 771, TR R
TR ) 2™ A B R TE AN RS o
1.2 REVIKIBE RS

REWN K IE R RAESEL G 250 T
PE RT3 B It S 252 #2357 TR R I T R 1)
RIS . SIRRATKIEIE RGAHLL, BEWMHIK
Ik R BA LY NE . BB DL IR
M S A4 55 20 T oURE PR PE BT, B RGBR 22 R g S FH T I
Ko TREMENAKIEEIE RGARIE BAR IR H
REMRH . AP BRCIR RS Fi
TG INARE .
121 EEVIKRK REVIRHZ HPERBELE
YIE /Kb B AT ) AR A Bk 2R, AT AR 4
T A 2R RIS . Zhang FEBOLUILERY)
P123 R#EMASI & T RS HIRG KON, 58 7 {5 H
PR RTE. At SIEEh RS, m
HVR B IO it B 4 i ) £ B e 1G5, LA
U e 9 190 > A VA P AL 2 P AIC » Pang S5 P7NE T
375 W 5T R - e AR IR ) B L3, % 1 aE
MR - Mt B2 OB R ( hyaluronic  acid-quercetin
conjugate micelles, HA-QCT). ZK W EA pH =&
BURIBEZGPERE . XA CD44 =3k N AL e
MCF-7 2 Rk (%) 55 P A2 13 VR T Ui S i 1) 4 £
FE Hoo ffJ8 /0 SRS E R H LU B 29 S 3
W BRI AUC FISE S Hu b 250OR . Ik, Bl
X RE VAT TR, AR ZHE i ik AR
RIRPT B, HEA TR A HURE N R B A IR
WRZ BB TR =B, FEER R A 25t
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I8 Vi 1 S 2 AN B (1) B B 24 ER AR AN 5 4 B AT

AR TR D, I RO, AR
1.2.2 FEWPURRRL  BEE9RBRL (BUKERD
S MRERGIRRL T, AT DORHE P i 3 26 1 el 3R
GV EDEBURIRZ O, R R B Bk T B 3R
EMAKRI E B AH: (1) AT ME 259085 7= 1
B BEINZWia 7 RURES1, Bai S5B0H| £ 1 —
o) e L [P SR S 0B TR A (graphene
oxide-gambogic acid, GO-GA), FHRIESEIHIATT I
NEWHEA P AR 256 T LR R YT« I LLA RS
A S T A B IR R AT R IR, PRI R
P IBHA N . 1% GO-GA EAYIREW (R k47
pH filk WARIR (45 °C) JeRGITY, EHFMEMIES
IR AR T, FFAEA SRR IGO0 T 53 2L
HEMRPTHLM AR, (2) BAEMHAEMNSRAE
M, HARHR T ZRREMRERAR. KR
K HIL R RN LN - B (polylactide-ethyl
lactide, PLGA ). Snima 541 5R F S 7LV I Rk ]
%7K R HEI 3 PLGA 4KKL, il 45 Kok 3 2Rk
60%, 7K & BAEBEEMN . RIME U4
60 5 1 S 56 2 B G EL AT 8 e 0 L P A R R T 1 e
JEA MR, B T HAERT SRR G R
Pg 71, (3) Gy TeM, Ik &Fhose b 5
BEVPKKLT o« WA T ISP ORI TT T 4%
T ZEE(D,L-FLIR) [oridonin-poly(D,L-lactic acid),
ORI-PLA J9K BRI, FRS 22 H 2 - R A 2R
Z Ik (arginine-glycine-aspartate, RGD) &1 K FLIR
YA RAE =y LG BE [ 12, A4 A 41981 S8R 22 B RGD
&1 i) RGD-ORI-PLA H A EE & 122 55 HH 20 I W B
ORI-PLA ZHKR0RL 4 BB MR G . (4) W] DABK
H IR HA BAMUMIRE L B 25 . Zhang W
KT — e SR 2R (B- = R ) L IR MR B L 3
FEE R MZE RN pH BURINKEZ KRG, HE 0
AR, R, MR SRS PR .

WA, H5iEE AL, LA REENTE
SMMC7721 ZHREAN Mk A B2 4 ) A A0 5
1.2.3 WER K1 BEDIRR S =2 B b,

A BT AN AR St i B T ZH R I RIR S R A

HHAMREWAALE, WK G5 S K
ATME I SO AR ], AR AP IR L &
B AR DR AR NS R A AR, A
] R BCIR R 70 Cp FH T 250 R8O 7, Gn SR sk

J¥ . SREBERGAE WU 3R 4% M i AU R RO 23
R, BIEATCALL, RADHh Ry, W
RE. ZWER. AESE JRIREMBHATTRE
FLERAERBLR R 7>+ %), Wang SEUOME 20 26
FAERBIERECR Ko7 rh, SRER 25 R IR IR
Ko FREG IR L ZE m ARG 193 15, #2
i 1B MR A R R . R I, Y
WBCIRR 7 7 183%E — 2 B H BA TR B BE R 2y
PUMBEPE RO I, 25UV R R BCIR IR S )
PR A L 138 i DN AT 5 BSOEEAS 73 (R A 12k o
%, 1T ELARSCIR K 73 B AN PT A A A2 T A )
KEHE T A< BRSO K
TR 6 ) R R TR SR 6 BB A O AE T MR 24 3K
A N FH R SR 47T

124 FETHEMREVNNAESE ETAEVMES
LUNERY SRR S VRIS I EN PN NE XY o
G, L ROX e i AT AR B IR A S « A2 5R
G EAMERIRE, AR ARV R
VIbEfEYE . ToRE. S ABIHAN G 0 TRt i 4849, )
bb, BT VRGN GNAREAR AT DL R AR R i
AR RLRE T8 58 BE 5 304 0 25 I3 A HH R R
Mo HAZVIRENGE R, AT IR N 3EAT A
E ARSI S SRR R . Bk, BT
AW TGV G FARAE T 2535V R 73 B 23 R A
KT Z B 2 I oeE. U2 TAMES
PITIAKBBAR ARG T (1) AW ERE AR
FORbER —PHE T 20, O T4k 2R,
AP RSV T 25 1 gy, B A R
PR VEMRYE L VA BEANEE )M . Zhou S5 020K BB
5 N-=HREFBREEL S CPT-TMC, 1t
BALB/c /NG R AR 2 sc /)N UM 4 Bt A7 0
e SRR CPT-TMC B &5l e A= Atk
R, wKAFY, HEWEARKRM. (2) 4
YIRS KB B S BRI SR SR 4%, 9K
PR IR GRESR L T AGNS K AR 2 [8)53, B
A REFPEYIASE . 0T FEEK B R K, — B2
R pH (EME TR AR, Hia kit
FHAZ, HALBRFFISEAK IS AR AL SR VF 25 P 45k
BN, (3) VRSP ILPE R R AR 2 K
(elastin-like polypeptides, ELP) & H —> Val-Pro-
Gly-XaaGly kEEHIT, & Mgt Em RS
Y, AEARTR T A A] RE I IE T AN I RV SR A
N T A R BUMR R, Sinclair 550 22 5
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FiE B ELP b, JER ELP-Z 8 KB EL
Yo FIF ELP MU, 1245 S0 LB ZS 251
FRAEREAR I, RV R ERRFER, 45 RERW
ELP-22 3 MBI & T AR FE . BURiyT 2
Az 4tk
1.3 FTHKE K

AER, SFIICHLGRER, EFE SR PR
WAL ARG BN . REVEGK Bk . KA
% B A PUHEZE# KBl (metal-organic frameworks ,
MOF) A7 88J5%%5, HA MR A E Y21
UF GRS, A EA TR 230345 5
Ko AE AP ETUMRIETE R AR, ALK E
IRTEZSN R T T R RPN AT 5. &9k
TR AT SR 55 B IR SR A S A 2 R, Al
RSN A BAE R 25, I R TR AR
ZRI0), RGN R TR B F R IR A S ), FRIE
IR = R R R 23D RE T WK 7R TR K
FIREPE FesO4 YRKL T H IR T RS IR /KA,
T BRAR PANC-1 4355 FER LT, gKeE
M EAEIERER (WM. WARFITKE S BIZ
950 15, 800 nm) MR, WA YER,
AT DA AL S S Ry . RGN W R LR 3%
BEaE G, POREIRBUT NS EIRER], JEE™
AN D o MTT A 831 SEI0 R, 9KRE#H,
PR AT 58 (4 2 S G MCF-7 40 i 4m i 2 bk, I65
SYIET:. MOF T BA 2 L4, gz,
TR A S S R IR B T T M
M. Hr, 2 MOF H 1454 17 MOF B s DL AL
BRAE MR IR T R EIER, TER RS S 52 A S
YR IT A A R BN AT . Wan ZE589F &
T —Fh CaCOs B 1L 1B IE MOF #i% /&4t (NMOF)
SEILNE R = 2 (dihydroartemisinin, DHA) R
PERE. utidik R ENE MRS, AR
RIAMEH K (glutathione, GSH) A1 Fe3 " 22 [a] 14k
W JE N il R DHA B RS 4,4,4,4-(0 T -
5,10,15,20- DY Pt %) DY (7% H ) [ 4,4,4,4-(porphine-
5,10,15,20-tetrayl) tetrakis(benzoic acid), TCPP ] i
1k, HEIMSEEL Fe? -DHA /- T 1162380 7124 A1 TCPP
SRS I FENETT . RSN SIS R, Rk
40 i 1 NMOF@CaCOs AP (4R A5 IE 5
F NMOF@DHA 4t # ) 41 i 24 fi# %6 17
NMOF@DHA@CaCOs f A & T Hohhiss R g
I H AL By X6 4 M 1 3514 v 2SN T . A SRR TR

w2 B IR I 7 TR A LA VBT I PR
FAVME . T 38 w5 = b e s R OR,
Zhang SFENETT T —FR o fE FH SR MR R B T R 1S
W R R S0 SR M e R 10 2 R B pH
U, 7RG SBIE IR S E] 350 pg/mL B
VI EA RAFHILEVIMIA M . SF B i AL, 624
REMPURRCRSE S T 15 A FaRp st
14 Hftb

H 25 B R o M R L R 1% R G I L
T, W BOERYLRAESE. BTN, X
X BRI RGN TR IR, AR AT R I
IMEFFRE. KRR BPREMESGREE S
MM KR H IR R G, A %-Te45i . I
SR NI E T TS B 2 ThRE 9K I 5, DA
$RAS A FAE (R RS . Ghosh Z5I0HF 5 T R FLIR-2
AR R R BB 23 T = LA i
FFRRIE HCC dRrmmfER . Siits 2
TRALL, GUORTTR A I 22 2 3] B3 0K B
S L PR R AR AT R o 2 35 T Tl e 5 -5 P e 4
P, SRR DRI . g R4t T F VRS
PRSREIE L), Luo SOV NKG 4 W Ik 4] 5 4R ) v P i
QB (D,L-TIACTE)- 5 (2 ) 45 5 T AT 1 56
VI, AR E I A e g 22 A e
FAF IR IRTT o TERTE NN ZET4E T, REEAT 2K
PR A K I R 4R T SR RS AT
R, RERAT 2 1 BT eF 4 S RN TR TR
Jiv g JR3 ER v o7 RN TR A i e Igd B2 A AR R o
2 HNEERARERS

AT 25 AR TE AL 1 I R P R R CTE VEARRAE, T 2
L BIRRR 58 O B 2B — 8 25 F IS 113 )
BRGSO &Y. B2y n]
WA AT AT AE B E AR e M - S
Pe2-631 iy 245 1) M R A 3 R AR TE AR I L AR P
MURRIRAS B . AHZIE e o i iR R 5%
REFTIT 3B 106 2 A 5 249 2 ) 1) L o B A TG 5 BRI 24
MAE NG o T 5] ORI 1) 4 25 i m 2 e 1 Y
T 25388308 ZRGR164-65), i FHY 1) i 7 244, 2 i e
ARFEE. YRS, FBIEmRAEE . AR AT iR 20
Hh it B S 1 B RURR P 5 At e 7 2 P 4
K% RGUARIR], T 7 24 p e B Lg% R G
A FLAE eI 30 PR S MR 24 1T DA s R 8 R
2.1 pH M BEIAIBEIXE RS

pH Wi 3 BY 1T 24 30 R G E gkt RS
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— 7, BFE pH WML pH M B4 IR BT AA AT pH
Me N REIS S, BAEA KA 2eafeRett, BEvT
SEHL IR O B B B AL 1], SR e 22 HR R 24 1
B R R 2500 (97 2066671, D 25108161 2 7 — b pH/
R I B 70 JRE N SR AZ BE T 240K 3% R 5
(Chierarchical-responsive nanoconjugates, HRNs),
HRNs 7E MG BA T E K4S (40 nm),
A ROAE R AR AL AR R, E i R 4H AR A R 95 1R
PEISE% S HRNs PO B R g a4 (5nm),
{3 PR IR TR B AR AL, BRI h ve ik i
18 TR T AR B A R B A TR A 12K A R 4
W ARBOCI R B RS 1 4T1 410 A HRN
VARG L e i, Z55RAUESE T HRNs 7ER I A4
e gk ATURE TSCSE A2 0 1 A P ot 2 i e N A A A
HENEBEARM . SIS ss REW], HRNs fE 4T1
240 0 A0/ B 6 3R 4 B16O VA iR 52 rp HAT
SERHNETTROR, JHFRAR/MUR 5.
22 EREMN BRI ZIEE RS

IR A GSH B R AT ik 2~10 mmol/L,
T IR 21230 GSH 1)l &R A 2~ 10 pmol/L,
H1 TR 22 GSH 1 Tk BE it i T IE R 2044,
KK GSH otk B2 225 ) 1340 Ji e J32 204 i 245 38
R RGN, Horh i R e IR B GK
BRI RT 25 W SR I AL 2, ] DAAE
BRI GSH KR A B i B e, 21
PEHIRELS . Zhang SFUOLRE TR R B A BRI B
ABERRIZ M) DNA SN BRAT I8 R Wi S i
[125%)-DNA 357y, il id 77 DNA 5 EiiABiR
ERIECEFIA B, LR 254)-DNA A1
JRIKME,  DURREHOKIEMEA 2 TR R ). &
W HAH BT RS DNA PUTHAR, 2% DY TR
ARSI r R I SE N A 5 4 55 EBR ik g 4 i
BEVE, ARSI T R B B B 24 B 5 A MR
HRMPREHIZCR, JF B4 SR8t Zug At
Chen S| & 1 —FrH R A 1 0340 i o o7 7Y
R R G T3k S HAlla . H R RER HE 0% LR T
FEANNIE FERIA I A, IS R AR
HAE . ZRA RS REFLEK TS 1 B
I TR AR AR B AR . B, fE
7N GRS T e R A 2 b 5 2 4 R A K IR e
AAIGI ] Shi ST & 1 e A S B g oK kL
(upconversion nanoparticles, UCNP), 3 [HIf 5% [il {4 —
AT A T3 PS BORAL I i B S

Bl PRAL) UCNP Fil PS BORL A A{H457E 808 nm i
fRHEE (0.30 W/em?) OB RS T AR ™ 4 T
BNIPTIERE R 2 A B AR RIURL B 4 i P 7
FHBPIMIN GSH B “Ristgi s, SRS
F BRI GSH #ER o A7 77 AR 1A MIEAE P [R]
JSE AR FHR  JOACARE s e 550 40 A A 0 205 %2 [ i 4
T TR, W, ZERIT ARG EE BEN
BRI, FF B R M B e
23 ZERMEBFHEERS

ZERRZHIIR M B E R —, EE T
T8 A B 1) 42 28 1 14 5 5 R DO FE AR SR LA R 22
[ (AN P38 PR U730 6 B ARRAIE P75 T 2 4]
RLEZIRSE, Zhou SEVAMRGZ SN KA BERT 24
(PTX>-Azo) BT B Ceo BRI IKILRY
il £ 45 2 H W B g K18 RS (Ce6/PTX2-Azo
NP), —J7 iR B (b2 7E 4k A )t Rttt 5, 59
— J7 AE Z S8 55 N BA S SR SR ] 1) A ks i
PERTZG 7T LR ORI . B TRl 1R T AR R
FEAETE TR, (R A B A R I,
— AR UM R, BT B R PR S
Mo RN SLEG L5 K] Ce6/PTX2-Azo NP+L
RIS o, MR AR, 20 R/NERME 58
LK. HE Yot U2 1) 1 35 2 A B 8g Jor 2 A e g
S 3 T B HE— P S T OB 2 AT I P
[FIFE A, B4R 7 PUMRE R . Zhao ZE750Ks 2 BB AN
Z AR AT 25 PRI04A i —HREESE & AT 2
P N AR Ry A e Wi e e SR A
A, T PR104A PRIFAETEVEIRAS o Tl 1¥ 2 Bl T
DU T /MR Rt g 21 Py iR iR an e b,
I3 05 1) PR104A KAE RN EEME, E— R
Pl SR IR SIS, IX 2 FR2GY R P R A AT
DA o IR AT 250N ) JR R 5 TR N S A7 e R 338 47 4 M
JAIR .
24 FEMEMNBEFIHERE RS

TSR ORI H AR H B, AR
ST, IR A ThRE IO BT, 8 DL
ZFEAGAE, BFEALY). B RS AEA
HEMNEE, AR RGN, 7R X
WS EEK FREE ST IESHL, HibtEarr
Jo (PG HE AL AL b R P BRI e
o] IR AT M2 Wi 867 T2 R 4. i
Al B — P A AT )R Ak 22 B, (B4R [
RO T SRR A, IR DIE e . SERGTIREA 2L



7664

¢EH 2021128 $52% B 248 Chinese Traditional and Herbal Drugs 2021 December Vol. 52 No. 24

FEARTE TR, BB TR M KT T R A 4 T
BB, FIFX—HRE, TR T O EGT A R 46
Pl ) o P R U AT 2R TR e, A R BB O IR
SF ST AT 25 (1 e N 2P RE T, Chu S8 UOF R T —
Ty e S e 2 28 () AT R Bl B B YR 9T AT 2510k
ARG, MEIZRGH, SRR ERR -2 4>
) 368 3 T 4 T R P B R B R (4 ) e L
SR JE DA 7K (1) 5 A R AR IR £h-a 1 A %, DA
SR B R (2 ) H Tk A R A1 2 A 2R T el oK kL
TR (L ) F T - (Tt 4 T - R0 0 ) - £ PR 2 -a
[MPEG-(TK-CPT)-ppa]. 4MZ 15 (L 1) H ik 52 48
KT YKL RS0 MG (], FEBERR £h-a A
IR RIS, 1 BB 2 E IiRe . TR
ST, BotRMERMIEHL, SO
TR BIGORR= HEIE PR, AN D) B 45 45
AR TR T EL A 6B IR YT AR R AL
JEANNL, AR ERTT R IR R B . I
DAL IR AR R UG R NA JAR 2 E B A #ir
TEHEECERTE, 2GR T EROE IR S T g
R PRI a2 ER T O B S S5 AR JSORN A BT
AR SN L FEE R S . S sEitah Rk
BHAZ 4R P 1 PR 443 v B R AR R R Ig A
JHIRE o Jiang U7V £ 7 — i P A B (1 T R
WHTZI RSB T4 iy, Hh e W
), P T OV T e S B AR R . 1% R
Gtk O\ IR 4 i P YR 9 T AR D) B B 4 e
WA ORI, T A MR A, JRiE
AT OGSl S R A R A AR K, Rk
KT /N RAEAFIA I BA B NI R R BL
25 ZEMRBFHRERS

T B R A — P R R B, K 2 YEIRYT
PR EE G e — RS 1 SRS A B R AR, PRI aT A
TERAFIZIEIE RS 5] N 2 FPER 2 F DL _F 3
Wi B H TG, DA R KRS B R E 25 6T 3R
Li SEUSIFR T — Mgk B A 2 AR R 1) A e 5L/
pH XU B2 W F 2 R AT ROR 258, T 2 42
PERIFLIRE R . RH SRS s T7 K
TSR 2 R Bl R AR IR R 4 RSB DL SR AS B
AIELW) Pep-PEG-SS-PPT 5t PEG-SS-PPT. ¥ 2 #f
REVIRG S EH B33 5 5s— B e R
A A PEG-SS-NPs, A&~ i #5514 505632 B PEG-
SS-NPs S A~ [ i 24 it 8 200 g 2% (i 24 i B2 L 4R
Bk 2 I ALK 57~270 £ . SxFHR4LAREL,

PEG-SS-NPs 1] DA 25 5 e 40 i S5 e 70 9 HL ek
M 32 7718 R E I . AR BT SR B PEG-SS-NPs {2
FHIGOR 10 AR AR UM BOR . Yin SR
KT —Fh GSH FHE 1 00 B8 7 5 ik B L SR )
HlZ4j (reactive oxygen species dual-responsive block
copolymer prodrugs, GR-BCP), AU H 5 2 %
R 5 i 368 o i PR B £ BEK 1) B R R D R R P I AL
B8 FH TR A e S AR 24 AN s B R 2K [
Il 2% 1 GSH FRMI R T2 548 (G-BCP) B
SR . (Y BT 25 248 (R-BCP) A T LA . 5 G-BCP.
R-BCP #HLt, GR-BCP 7EMRZHAL A &t A AL
2P R AEAR N PURMR 5 T, =3 A VB
AR SR AR R DL AU ROCR - AR, GR-
BCP I 1 A B R, HA R MR,
3 HFiEERE

R ER G R R R EENRE L
—, IEH #8238 FRIE KRR KT . BEHE D5
BOR B SN Z5 A E FINLEI R ZR, 2550 s
P o £E IR IR T 5 T AR PRGBS e, AHEE T
B, HA 2B REFr7 R, JEHA
A AR R E A U R . SR, 2y
PR 5 1 S KV AR E P22 VA ZNBE V2
RPTERR R H A e, 7ERRAHZIN AR R AR,
BRI 5 T2 B R S P RS R AN BE AL . FE T 9K
BRI 25 2] R Geil i 1 s 230 1 MEsGE 1 2t
W TR 2 B2 ROV 22 BR800, el R A S F AN R
SSE, A TR A R E AN R A R

A R 2470 RV 1t O 9K R R Gt
FEAOPIBIERGNIN EGRHIBERSG. B
BOHIL R G IS Y R 7 2ORE I R 5N
BIGOREEN, B T7 MR, BB AR 2 B
o AHRAER AARIEIA IR Hh da5 2% BVE 1 R0A AT
RETHE R B SRR T, A L 1328 e T o ) 28
XN, & FEERA RN, H2 805K,
N T RER AR 25 LE R A R TR, T AZESR
KL RGP G NN T, BT I B
AL BRGS0, 0 R A A D S AR AR A B A Y
PERI R oA B ek, (45 35 24 R GeAE MR AL
PR, BERS AP AR 1, BETA
R, BRAAERFE AR Y. M2, 3%
Y& AT 2453818 R G s A AR I 7 K 25
HERE R EAR, TR AR YRR, Bk R
P i A PR B R HEAT 25 s A B AE M AL



¢EH 2021128 $52% B 248 Chinese Traditional and Herbal Drugs 2021 December Vol. 52 No. 24

* 7665 »

ARk 25 R A I R P ik, R IR 254
R, IR VE R 23 AL . (HRIX PR 2
ARG 25 5 AR TR AR LA BEAS ) 3
A I B3 PR R AL B T A AR IR VR 25, A
LGB, BLH 2 EIAEIR N (13538 R GE, 5
ANHTZGBIE R GEh 5IN 2 FhEl 2 Fh DAE R o 5
T, A EEHIZIN AR, BT 2R
F4h, HETRZ BT K 259K B2 R SRt 2
TGy, kX 240 KGRI, )
i R EG IR AT RORINL S o B Hh 24 R oKz
ARGAHREAE . WHFUNEMBARACT A g &,
82 SR B AR S #8547 2 21 73 1) S v 2 ZRAE [ 1 1
SRS AR AR B MR S P P 25 EL A 5 0 o2 TR 49K 3
ERY
RBHR PTAEH P RARALEA TR

SE R

[1] Slamon D J, Leyland-Jones B, Shak S, et al. Use of
chemotherapy plus a monoclonal antibody against HER2
for metastatic breast cancer that overexpresses HER2 [J].
N Engl J Med, 2001, 344(11): 783-792.

[2] van Cutsem E, Kohne C H, Hitre E, ef al. Cetuximab and
chemotherapy as initial treatment for metastatic colorectal
cancer [J]. N Engl J Med, 2009, 360(14): 1408-1417.

[3] Normile D. Asian medicine. The new face of traditional
Chinese medicine [J]. Science, 2003, 299(5604): 188-190.

[4] 2N, SRR, FLALEE, S5 P2y fy SRy e i
FAE RN FE I [J]. 82, 2020, 51(9): 2587-2592.

[5] Yang Z G, Liao X, Lu Y F, et al. Add-on therapy with
traditional Chinese medicine improves outcomes and
reduces adverse events in hepatocellular carcinoma: A
meta-analysis of randomized controlled trials [J]. Evid
Based Complement Alternat Med, 2017, 2017: 3428253.

[6] Kalepu S, Nekkanti V. Improved delivery of poorly soluble
compounds using nanoparticle technology: A review [J].
Drug Deliv Transl Res, 2016, 6(3): 319-332.

[7] Ramalingam P, Ko Y T. Improved oral delivery of
resveratrol from N-trimethyl chitosan-g-palmitic acid
surface-modified solid lipid nanoparticles [J]. Colloids
Surf B Biointerfaces, 2016, 139: 52-61.

[8] Qiao L, Han M S, Gao S J, et al. Research progress on
nanotechnology for delivery of active ingredients from
traditional Chinese medicines [J]. J Mater Chem B, 2020,
8(30): 6333-6351.

[91 Zhang X, Ng HL H, Lu A P, et al. Drug delivery system
targeting advanced hepatocellular carcinoma: Current and
future [J]. Nanomedicine, 2016, 12(4): 853-869.

[10] You J, Li X, de Cui F, et al. Folate-conjugated polymer

micelles for active targeting to cancer cells: Preparation, in

vitro evaluation of targeting ability and cytotoxicity [J].

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Nanotechnology, 2008, 19(4): 045102.

Sezgin Z, Yuksel N, Baykara T. Investigation of pluronic
and PEG-PE micelles as carriers of meso-tetraphenyl
porphine for oral administration [J]. Int J Pharm, 2007,
332(1/2): 161-167.

Zheng S Z, Chang S, Lu J L, ef al. Characterization of 9-
nitrocamptothecin liposomes: Anticancer properties and
mechanisms on hepatocellular carcinoma in vitro and in
vivo [J]. PLoS One, 2011, 6(6): €21064.

Lin J H, Wang X L, Wu Q, et al. Development of
salvianolic acid B-tanshinone IIa-glycyrrhetinic acid
compound liposomes: Formulation optimization and its
effects on proliferation of hepatic stellate cells [J]. Int J
Pharm, 2014, 462(1/2): 11-18.

Tang W L, Tang W H, Szeitz A, et al. Systemic study of
solvent-assisted active loading of gambogic acid into
liposomes and its formulation optimization for improved
delivery [J]. Biomaterials, 2018, 166: 13-26.

Chen H L, Wu J, Sun M, ef al. N-trimethyl chitosan
chloride-coated liposomes for the oral delivery of
curcumin [J]. J Liposome Res, 2012, 22(2): 100-109.

Li J, Chen J, Cai B C, et al. Preparation, characterization
and tissue distribution of brucine stealth liposomes with
different lipid composition [J]. Pharm Dev Technol, 2013,
18: 772-778.

ChenJ, Yan G J, Hu R R, et al. Improved pharmacokinetics
and reduced toxicity of brucine after encapsulation into
stealth liposomes: Role of phosphatidylcholine [J]. Int J
Nanomedicine, 2012, 7: 3567-3577.

Yu H, Teng L R, Meng Q F, et al. Development of
liposomal ginsenoside Rgs: Formulation optimization and
evaluation of its anticancer effects [J]. Int J Pharm, 2013,
450(1/2): 250-258.

Ochi M M, Amoabediny G, Rezayat S M, et al. In vitro Co-
delivery evaluation of novel pegylated nano-liposomal
herbal drugs of silibinin and glycyrrhizic acid (nano-
phytosome) to hepatocellular carcinoma cells [J]. Cell J,
2016, 18(2): 135-148.

Yoshizawa Y, Kono Y, Ogawara K, PEG
liposomalization of paclitaxel improved its in vivo

et al.

disposition and anti-tumor efficacy [J]. Int J Pharm, 2011,
412(1/2): 132-141.

Chen Y Y, Minh L V, Liu J W, et al. Baicalin loaded in
folate-PEG modified liposomes for enhanced stability and
tumor targeting [J]. Colloids Surf B Biointerfaces, 2016,
140: 74-82.

Zhao X J, LiuJ G, Hu Y L, et al. Optimization on condition
of glycyrrhetinic acid liposome by RSM and the research
of its immunological activity [J]. Int J Biol Macromol,
2012, 51(3): 299-304.

Irache J M, Esparza I, Gamazo C, et al. Nanomedicine:
Novel approaches in human and veterinary therapeutics
[J]. Vet Parasitol, 2011, 180(1/2): 47-71.



* 7666 *

¢EH 2021128 $52% B 248 Chinese Traditional and Herbal Drugs 2021 December Vol. 52 No. 24

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

(36]

[37]

[38]

Yang S, Zhu J, Lu Y, et al. Body distribution of
camptothecin solid lipid nanoparticles after

administration [J]. Pharm Res, 1999, 16(5): 751-757.
Zhu R R, Wu X Z, Xiao Y, et al. Synergetic effect of SLN-
curcumin and LDH-5-Fu on SMMC-7721 liver cancer cell
line [J]. Cancer Biother Radiopharm, 2013, 28(8): 579-587.

Xu W T, Lee M K. Development and evaluation of lipid

oral

nanoparticles for paclitaxel delivery: A comparison
between solid lipid nanoparticles and nanostructured lipid
carriers [J]. J Pharm Investig, 2015, 45(7): 675-680.
TR, BR R, T AR TG 5 40 AR AN 20 K IR o Ak — 2
R AR G RGMLLLE [1]. PEZRE, 2012,
47(17): 1350-1356.

Battaglia L, Gallarate M. Lipid nanoparticles: State of the
art, new preparation methods and challenges in drug
delivery [J]. Expert Opin Drug Deliv, 2012, 9(5): 497-508.
Liu Y, Feng N P. Nanocarriers for the delivery of active
ingredients and fractions extracted from natural products
used in traditional Chinese medicine (TCM) [J]. Adv
Colloid Interface Sci, 2015, 221: 60-76.

Zhang S, Wang J, Pan J. Baicalin-loaded PEGylated lipid
nanoparticles: Characterization, pharmacokinetics, and
protective effects on acute myocardial ischemia in rats [J].
Drug Deliv, 2016, 23(9): 3696-3703.

Yuan L, Liu C, Chen Y, et al. Antitumor activity of
tripterine via cell-penetrating peptide-coated nanostructured
lipid carriers in a prostate cancer model [J]. Int J
Nanomedicine, 2013, 8: 4339-4350.

Rahdar A, Hajinezhad M R, Sargazi S, ef al. Biochemical,
ameliorative and cytotoxic effects of newly synthesized
curcumin microemulsions: Evidence from in vitro and in
vivo studies [J]. Nanomaterials, 2021, 11(3): 817.

JEFR, K. L B B LGS 24 R G 2 2 P
[J]. PEdbzh2E28 ik, 2008, 23(1): 56-58.

Bolko K, Zvonar A, Gasperlin M. Mixed lipid phase
SMEDDS as an innovative approach to enhance
resveratrol solubility [J]. Drug Dev Ind Pharm, 2014,
40(1): 102-109.

Liu Y, Huang P, Hou X, et al. Hybrid curcumin-
phospholipid complex-near-infrared dye oral drug delivery
system to inhibit lung metastasis of breast cancer [J]. Int J
Nanomedicine, 2019, 14: 3311-3330.

Zhang H Q, Zhao L L, Chu L J, et al. Preparation,
optimization, characterization and cytotoxicity in vitro of
Baicalin-loaded mixed micelles [J]. J Colloid Interface Sci,
2014, 434: 40-47.

Pang X, Lu Z, Du H L, et al. Hyaluronic acid-quercetin
conjugate micelles: Synthesis, characterization, in vitro
and in vivo evaluation [J]. Colloids Surf B Biointerfaces,
2014, 123: 778-786.

Overcoming poor oral bioavailability using nanoparticle
formulations-opportunities and limitations [J]. Drug Discov
Today Technol, 2012, 9(2): e71-e174.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

Mittal G, Sahana D K, Bhardwaj V, et al. Estradiol loaded
PLGA nanoparticles for oral administration: Effect of
polymer molecular weight and copolymer composition on
release behavior in vitro and in vivo [J]. J Control Release,
2007, 119(1): 77-85.

Bai G, Yuan PY, Cai B L, ef al. Stimuli-responsive scaffold
for breast cancer treatment combining accurate
photothermal therapy and adipose tissue regeneration [J].
Adv Funct Mater, 2019, 29(36): 1904401.

Snima K S, Arunkumar P, Jayakumar R, et a/. Silymarin
encapsulated poly(D,L-lactic-co-glycolic acid) nanoparticles:
A prospective candidate for prostate cancer therapy [J]. J
Biomed Nanotechnol, 2014, 10(4): 559-570.

XulJ,Zhao JH, Liu Y, et al. RGD-modified poly(D,L-lactic
acid) nanoparticles enhance tumor targeting of oridonin
[J]. Int J Nanomedicine, 2012, 7: 211-219.

Zhang J, Li J, Shi Z, et al. pH-sensitive polymeric
nanoparticles for co-delivery of doxorubicin and curcumin
to treat cancer via enhanced pro-apoptotic and anti-
angiogenic activities [J]. Acta Biomater, 2017, 58: 349-364.
Oliveira J M, Salgado A J, Sousa N, et a/. Dendrimers and
derivatives as a potential therapeutic tool in regenerative
medicine strategies: A review [J]. Prog Polym Sci, 2010,
35(9): 1163-1194.

Abderrezak A, Bourassa P, Mandeville J S, et al.
Dendrimers bind antioxidant polyphenols and cisplatin
drug [J]. PLoS One, 2012, 7(3): €33102.

Wang L, Xu X P, Zhang Y, et al. Encapsulation of curcumin
within poly(amidoamine) dendrimers for delivery to cancer
cells [J]. J Mater Sci Mater Med, 2013, 24(9): 2137-2144.
F8, Ebef, AR, & @ TR R A BT
IR Zs R IF AR HERE (0] H 2y, 2021, 52(10): 3133-
3141.

Neffe A T, Wischke C, Racheva M, et al. Progress in
biopolymer-based biomaterials and their application in
controlled drug delivery [J]. Expert Rev Med Devices,
2013, 10(6): 813-833.

Shelke N B, James R, Laurencin C T, et al. Polysaccharide
biomaterials for drug delivery and regenerative
engineering [J]. Polym Adv Technol, 2014, 25(5): 448-460.
Akhtar F, Rizvi M M, Kar S K. Oral delivery of curcumin
bound to chitosan nanoparticles cured Plasmodium yoelii
infected mice [J]. Biotechnol Adv, 2012, 30(1): 310-320.
Yao Q, Gan L C, Hou S X, et al. Development and
loaded
nanoparticles with free amino groups[J]. Lat Am J Pharm,
2012, 31:1038-1042.

Zhou L N, Li XY, Chen X C, et al. In vivo antitumor and
antimetastatic activities of camptothecin encapsulated with

biodistribution of trans-resveratrol chitosan

N-trimethyl chitosan in a preclinical mouse model of liver
cancer [J]. Cancer Lett, 2010, 297(1): 56-64.

Cirillo G, Hampel S, Spizzirri U G, et al. Carbon nanotubes
hybrid hydrogels in drug delivery: A perspective review



¢EH 2021128 $52% B 248 Chinese Traditional and Herbal Drugs 2021 December Vol. 52 No. 24

* 7667 »

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[J]. Biomed Res Int, 2014, 2014: 825017.

Islam A, Riaz M, Yasin T. Structural and viscoelastic
properties of chitosan-based hydrogel and its drug delivery
application [J]. Int J Biol Macromol, 2013, 59: 119-124.
Sinclair S M, Bhattacharyya J, McDaniel J R, ef al. A
genetically engineered thermally responsive sustained
release curcumin depot to treat neuroinflammation [J]. J
Control Release, 2013, 171(1): 38-47.

Vigderman L, Zubarev E R. Therapeutic platforms based on
gold nanoparticles and their covalent conjugates with drug
molecules [J]. Adv Drug Deliv Rev, 2013, 65(5): 663-676.
Wang C, Zhang H, Chen Y, et al. Gambogic acid-loaded
magnetic Fe(3)O(4) nanoparticles inhibit Panc-1 pancreatic
cancer cell proliferation and migration by inactivating
transcription factor ETS1 [J]. Int J Nanomedicine, 2012, 7:
781-787.

Wan X, Zhong H, Pan W, et al. Programmed release of
dihydroartemisinin for synergistic cancer therapy using a
CaCO; mineralized metal-organic framework [J]. Angew
Chem Int Ed Engl, 2019, 58(40): 14134-14139.

Zhang Q, Huang X, Pu Y, et al. pH-sensitive and
biocompatible quercetin-loaded GO-PEA-HA carrier
improved antitumour efficiency and specificity [J]. Artif
Cells Nanomed Biotechnol, 2018, 46(sup3): S28-S37.
Ghosh D, Choudhury S T, Ghosh S, et al. Nanocapsulated
curcumin: Oral chemopreventive formulation against
diethylnitrosamine induced hepatocellular carcinoma in rat
[J]. Chem Biol Interact, 2012, 195(3): 206-214.

Luo X M, Xu G S, Song H X, ef al. Promoted antitumor
activities of acid-labile electrospun fibers loaded with
hydroxycamptothecin via intratumoral implantation [J].
Eur J Pharm Biopharm, 2012, 82(3): 545-553.

Khandare J, Minko T. Polymer-drug conjugates: Progress
in polymeric prodrugs [J]. Prog Polym Sci, 2006, 31(4):
359-397.

Zawilska J B, Wojcieszak J, Olejniczak A B. Prodrugs: A
challenge for the drug development [J]. Pharmacol Rep,
2013, 65(1): 1-14.

Ge Z S, Liu S Y. Functional block copolymer assemblies
responsive to tumor and intracellular microenvironments
for site-specific drug delivery and enhanced imaging
performance [J]. Chem Soc Rev, 2013, 42(17): 7289-7325.
HuJ M, Liu S'Y. Engineering responsive polymer building
blocks with host-guest molecular recognition for
functional applications [J]. Acc Chem Res, 2014, 47(7):
2084-2095.

Kedar U, Phutane P, Shidhaye S, et al. Advances in
polymeric micelles for drug delivery and tumor targeting
[J]. Nanomed-Nanotechnol Biol Med, 2010, 6(6): 714-729.
Cukierman E, Khan D R. The benefits and challenges

[68]

[69]

[70]

(71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

associated with the use of drug delivery systems in cancer
therapy [J]. Biochem Pharmacol, 2010, 80(5): 762-770.
Du H L, Zhao S, Wang Y Q, et al. pH/Cathepsin B
hierarchical-responsive nanoconjugates for enhanced
tumor penetration and chemo-immunotherapy [J]. Adv
Funct Mater, 2020, 30(39): 2003757.
Mura S, Nicolas J, Couvreur P. Stimuli-responsive
nanocarriers for drug delivery [J]. Nat Mater,2013, 12(11):
991-1003.
Zhang J, Guo Y Y, Ding F, et al. A camptothecin-grafted
DNA tetrahedron as a precise nanomedicine to inhibit
tumor growth [J]. Angew Chem Int Ed Engl, 2019, 58(39):
13794-13798.
Chen F Q, Zhang J M, Wang Y T, ef al. Glycyrrhetinic acid-
decorated and reduction-sensitive micelles for targeted
cancer therapy [J]. J Control Release, 2015, 213: €75.
Shi J H, Wang T R, You Y Q, et al. Enhancement of
ultralow-intensity NIR light-triggered photodynamic
therapy based on exo- and endogenous synergistic effects
through combined glutathione-depletion chemotherapy [J].
Nanoscale, 2019, 11(27): 13078-13088.
Agostinis P, Berg K, Cengel K A, et al. Photodynamic
therapy of cancer: An update [J]. C4 Cancer J Clin, 2011,
61(4): 250-281.
Zhou S, Hu X, Xia R, et al. A paclitaxel prodrug activatable
by irradiation in a hypoxic microenvironment [J]. Angew
Chem Int Ed Engl, 2020, 59(51): 23198-23205.
Zhao DY, Tao W H, Li S H, et al. Apoptotic body-mediated
intercellular delivery for enhanced drug penetration and
whole tumor destruction [J]. Sci Adv, 2021, 7(16):
eabg0880.
Chu B Y, Qu Y, He X L, et al. ROS-responsive
camptothecin prodrug nanoparticles for on-demand drug
release and combination of chemotherapy and photodynamic
therapy [J]. Adv Funct Mater, 2020, 30(52): 2005918.
Jiang M J, Mu J, Jacobson O, et al. Reactive oxygen
species activatable heterodimeric prodrug as tumor-
selective nanotheranostics [J]. ACS Nano, 2020, 14(12)
Li Y F, Chen M, Yao B W, et al. Transferrin receptor-
targeted redox/pH-sensitive podophyllotoxin prodrug
micelles for multidrug-resistant breast cancer therapy [J].
J Mater Chem B, 2019, 7(38): 5814-5824.
Yin W, Ke W D, Lu N N, et al. Glutathione and reactive
oxygen species dual-responsive block copolymer prodrugs
for boosting tumor site-specific drug release and enhanced
antitumor efficacy [J]. Biomacromolecules, 2020, 21(2):
921-929.
TkEE, 22, M, % B2 URREI R
FLIPEAZBEPUAORL 1 2 S UM 7T (0], 29%00F i
5L, 2020, 43(1): 52-56.

[FTiEmiE  EHem]



