1440 - $F45E5 FETH 2022F78 ’é!ﬁ-#‘[ﬂi Drug Evaluation Research ~ Vol. 45 No.7 July 2022

ZHEFENKFIFIPUEU R G BN AIEIERARER

SRIESE, JulRik, BB, BIrT
R AR A Rt R B ERRE, ST VEFH 110004

W E: ZWFE (curcumin) RMNEHPRIWZWMAAEY, HAHME. Pk, WS ZNA8ESE, HHERE
ISy AR B 2. Zishaezs, BRI T ZAMIRKN A . Dk, EFHRERMAGWHIZE RS (FEUREYURBR. e
Btk RH . BEY . PUKEIRS ARCE T EEE MR BEREMRLE, ITR T IRN AT w2 R YUKk HIA
MRS (B, e, SEWE. BIEnae®m FrMNHEETSE, BENEHRRICKEFINE SRS
FIRREES %,

KRR EWE: HARGMIE: YUKk JERA: RE: BEY: YPKER

FESHES: RI78.7 XEKARERS: A YERS: 1674-6376 (2022) 07-1440-06

DOI: 10.7501/j.issn.1674-6376.2022.07.028

Pharmacological progress of curcumin nanoparticles against tumor of digestive
system
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Abstract: Curcumin, a polyphenol compound extracted from Curcuma longa L., has a wide range of pharmacological properties
such as anti-tumor, anti-inflammatory and antibacterial. However, its low solubility, poor bioavailability and poor pharmacokinetics
which limit its therapeutic application. In recent years, the drug delivery system based on nanotechnology has effectively improved
the bioavailability and solubility of curcumin, and improved the activity of this natural drug, mainly including nanoparticles,
liposomes, micelles, polymers, and nanogels. This article reviews the application of curcumin nanoparticles in digestive system
tumors (gastric cancer, liver cancer, colorectal cancer, pancreatic cancer and esophageal cancer), aiming to provide reference for
further research and utilization of curcumin.

Key words: curcumin; digestive system tumor; nanoparticles; liposomes; micelles; polymers; nanogels

2020 4, HEE AL RS ME L) SR MBS AR RS HOT ROV PR 2. AUKREOR
fK141.5%, S RE B BB 49% ), 2 — KRR FR B REFHOR K385, B2 25 AR R 99Kk SR
AR R IR SR TS ZR0H WU, H AR AT FB OB EER IS A EY R, BRI 2
PR AT ARG TT U7 T RBIRIT N T B ARG SRR R R I R, B R
W SE AR, ERBUS, RS2 Gk RSP AR BT 255 B4R
FRZE FRTIREEY .. LRRLNEHR BRI G A R R E 9K bt
PRI K2 AL S, 70 T O8N CuH, O, IRUVAR AT A R0 L AR R Y FE A K S 1 5
BAT 2 (S L, P8 SN PUR R U 25 ROF BRI % 400 1Bk, B AT AR VR T AT
RES AT B e A EEDTE L SEESTTIIS TR ET Y. EE LN
i A6 2R SR o R ANOK R AE T AL R SR R T S EL

REZWRA) Z R0 EHILEME 8 SRR &) o 8 Bt et AT B 45, B 1
ZVEVAM R AR B B AR TR 0 R IR YRR B — SRR S % .

ks BHA: 2022-03-14
FB—EE: IRIEZ (1997, L, WL AE B, BT 5T 77 A 9 VG B2 25 SR 97 T AL R GE P « E-mail : 2096422454@qq.com
RIEEE P, B, BB WA ST BT 78 07 1) A FR T B 45 4 JR 97 TH AL R G5 » B-mail: liangjj@sj-hospital.org



F455 FETH 2022F7H %Kﬁiﬂ'm‘ti Drug Evaluation Research

Vol. 45 No. 7 July 2022 + 1441 -

1 B
1.1 gk

T2 98 Ut R PR o % SRS TR I AL
JIE5 499 K K 1~ (Cur-RBC-NPs) , 75 3% 5 HL8 T A&
I F [ BR o7 2 KL 4% (274.942.6) nm, £ £ F
(64712, 10%, 82K (5.2441021)%, B4 R UT
2R REREVE . £ N 1B 8 40 i Ak MKIN4S #R R 2
IR AR P ST 223K R F 2R R A A A
JibJg A A5 4 (1.69£0.15)mm?*, Cur-RBC-NPs J8 J& 13
B 25 SR AR AR O (1.20+0.33)mm?, 7] WL Ji5 3 40
il Jilt 988 RE 77 BE 5 . A4 A 48 B B P S 58 HIE SE Cur-
RBC-NPs R B [ 22 5 22 1) 24 BRUE 14 , A7 0 355 10 5% Ji
IR 20 L e
1.2 FERRiE

Jiang S5 SR B VA R0 9 O R ) A% Bk R
H (ETP) F1 22 15 2% 1 44 2K 45 #4) I i3 4k (ETP-CUR-
NLCs) , $i 4% 114 nm, EPT # %] & 83%, 2 1 K
i 82%. fERP N B4 SGC7901 faf 8 BALB/c
BREUA A R ETP M 22 3 3/ ETP+ £ i = H )
A P 3 B4 A A O IE AT JUE L 1 /£ ETP-CUR-NLCs
21 = By A 75 bR 20 23 IX R AT DL D R IR T
I FE A RN 4, ETP-CUR-NLCs 20 [ fif
JR 41 % (90.02%) W & 55 T ETP £ (29.61%) « = 5
FH(25.17%) M ETP+ 2235 R 4 (55.87%) , R L
3 PR AR
1.3 &9KH

ALK EYE R EERNKE
# (Cur@Au NRs) K 4 40 nm, % £ 5 10 nm,
4.0, KORHEIN T 22 38 32 I /K W 14, 44 1 240 i
M SL K £ W Cur@Au NRs xF A B 9@ 40 f
SGC7901 F 4 il & 7 1% 22 3 3R , L~ H 4 i) ok
i (IC,,) A LAIA F](10.5+4. g mL ™" ; 4, & A
W Cur@Au NRs 1E H 11 SGC-7901 41 g , b & B
) 3R A 386 5 TC 5 B 3203 T B4, e 200 i 2 K 4
PO o FE AR N BEPESZIE 1, 4 ip Cur@Au NRs %
Gl 4% 2 mg-kg™) 15,20 d Y HE e o, 45 5 3% 1
Has [t A I B 2 5 U Cur@Au NRs &
BEES
2 nftRE
2.1 YKL

A B A R R H R -4 & A (Cur@Hb)
YK TR, IE B 250 pg-mL™ Cur@Hb 7] B & 341 A
JiF96E SMMC 7721 200 i 338 58 FE A2 6 77, A2 i3k 240 i 9
oo EH BB R, 7300 2 iv 45 20 IR £ %

M (PBS) Hb 10 mgmL™' 2 # % 1 mg-mL™'\
Cur@Hb 10 mg'mL"12 h 5, i K4 FEARL T3
WX ek, 55 20 K Hb 21 . 22 3% K 41 . Cur@Hb
FI9RT 2R 43 51 M 21.61%33.62%38.02% , 41 K il 71)
TANHIR R R K

75 e ARSI £ S A fL AR - R R YK
Fi ¥ (HMS-CUR) , iff 58 H 4k A SMMC-7721 44
JiL F1 HepG2 41 A 458 5 A1 T2 Y 52 0, 45 5 HMS-
CUR X JH-J8 48 ff A7 38 G #0ik 1E FH , HL B S8R 2808
REA ST T, Hol EHE T M E A
cleaved-PARP. cleaved-Caspase-3 [ % 15 , [A] B S 3%
7 JFF 9 41 AR A W s Western blotting 43 #T 45 B 2
HMS-CUR 4b 2 -8 40 ff J5 , B W il 80 A O B 1 4%
BE3(LC3)-11A) LC3-I1 AL 239, H W AH 2k 82
Beclinl 15 i,

Chen 25157 I LAk 922 R0 771 76 2 1 4% 1 3
LW REPPKRL(CPTN) B % N (83.2+£2.7)%, 2
HA01£1.5%. 1N HepG2 41 g 7 , % 25
£ R M IC, A 32.2 pumol-L™, CPTN [ IC,, N
16.3 pmol L™ . Zh#fA A 5256 45 SR K B CPTN MY
RE SE K 25 W00 A Y 1 3 B B IR, 1T L RE 38 n 245 0 7
JHF U B B, HL CPTN F 4 3 it i Jeg 6 FH A6 T 25
2.2 FERRfK

Jii £11/2 3% 2% 3% #0055 44 (CDDP/CUR-Lip) AJ
SIEELE e 4 R ) R AR . S0 S 2 e
259597 M HL , CDDP/CUR-Lip ‘&7~ 1 5 i i 44 &b
PUR i . b 4h , CDDP/CUR-Lip i 7£ AT 92 48 Jfg
TEIT BTG 0T 4 B P9 vE PR EU(ROSD K P k4h,
55 8 — 25 W4 570 A EL , CDDP/CUR-Lip 7£ /N 53 AT J28
H,, 48 i AT\ 88 Hep G2 4 it S5t b 74 i A B o i BY
I 5] ZE K , B8 AR i, LRI b0
23 KR

Zhang UV & T — BB B 9 oK R
W (PPNMs) , B35 F N 96.7% , AT LA it S8 4k ik )5 sz
B2 i) 22 8 R AT AAR 29I R . Bk 4h , PPNMs 7E A
JH e HepG2 40 A 2 7 H 55 00 25 22 38 3 AR B 41
JifBE 55 14, (HE 1 mmol-L™ 23 Bt H Bk (GSHD i 4b 2
J 20 B PR R S A 0 . B A R IR I ) AE KRN
GSH HI M A , HepG2 4l fig %} PPNMs 1) 4 ffg 45 BUR
g, £ e hid iR EH R, A, PPNMs %
U R AR AR 2 3L 3 1 (e ) R )
FE 2w T 2R (4008 106,107 %) . X
e 5 S 3K B PPNMs & — Pl IR A 11 5% 1) 25 4 i ik



-+ 1442 - $F45E5 FETH 2022F78 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research

Vol. 45 No. 7 July 2022

Zhang SEPHIF R T X T B E BUEK 1) 40 K RS
FHF Bk A 38 325 B 25 & (DOX) F 223 2, Bl (D+C)/
NPs, A] il i % i 28 kL fk 5 W 47 3 5 AN 0
SMMCT7721 4 1. BeAh, 5 23 = f DOX
AHEE , (D4 C)/NPs 78 44 &0 FA P 35 2 30 HY 5 5 1)
ET = A (S I S I NG i o T g
fil (HUVEC) 458 1T #% A2 22 F I 5 U8 T8 - 2
(LA P R 4 i AR K R (VEGE) 1842
3 MEERE
3. KR

Xiao F™ R IWT TR AM- B R I E
¥ (PLGA) 11 4 = 4 f (CPT) #1122 35 & (CURD R 3&
5t 325 Wy ) 2808, 75 BIF 0B 1], 3 6 290 K Sz %o 7 A
2GR R D RE SR, LB o 401 P B
F CPT/CUR G K FURLAE P T Bel-2 3k A5 5 46
PR T 0 TR I A R P v M . AR E YR
BEAT T 1 R AR 7T, F 32 B R A B 52 SR 0 , &
A 5 R - = B4 B/ 22 35 2% 40 K kL 7 (HA-CPT/CUR-
NPs) B A e 55 11 &5 i e 40 B 0 ) 8 0, IR0 /DN B &5
J¥ 9 Colon-26 2 i 22 Bt B 2 i ¥ [ /E A (HA-
CPT/CUR-NPs) it 8 12 3% AL 45 I Mg A 8, (1
ANBEAEARIE R4S I L LR AR R, AT VR N 45 e
B ) B AT A 25 )

LT R YK TR Cor@HKUST-1@PVP 5 45
T TN 1 2k I RRAL L (H,S) J 8 A B A 4 3 B i
L E, T SE I 45 M o R4 A A T D #A ) [ VR
I7 5 /N B Y S2 56 R, A EL T PBS SR ZH L 352K = H
g # (HKUST-1) 41 2 3 % 41 , Cur@HKUST-
1@PVP 4 i Je8 A B I8 - 268 79.21%, 326 1y T HoAth 3
Y, HAE B P A R R B
32 BBRk

W4 H: 28290 DOX F CUR-CD L %% 3k i Ji 44
FEXRMmMBM LEmERHSE-RC ZF-%
Jik (cRGD) , 15 #] cRGD-(CUR-CD+DOX)-LPs(2:
Do BB AR A AR N &5 B i HCT-8/TAX 4]
L BH T 2273 2419 G,/M 11, 6 B 2 e 40 B R 1
YER, 16 BA — @ i i 2 25 2505 ), ot k4
s 4K i % R SR T SRR
33 KR

FCIENE R — FhGK B RIS i/ 4y T 259, SN38
SEALTT 25 B ST 8 BECCPT-11) 3 PEAR =4, %
705 B 5 22 3 3 A SN38 Ak 2 N FH B/ BR 20
AH I s (CACO I 1E B T 545 4 259 A

bU B AT PR T 280 R TN RN, B2 T A %
4 RO A2 M, N B0 CAC 19T AR At T S5
A,

CSO-SA/Cur & A 7E K W A R 4T 1% f#
RE 1, HREMRFF MM R » fEAR SN, CSO-SA/Cur i
SRS AT 40 1) K ¥ s 240 L 2R P T ik, 3 VT 2 A% K
JE T AL (CSCs) o 1 CSO-SA/Cur i H i ik 45 25 A
ASC B 1) K o s o LR P 2B A, B T B M R A
CSCs, 1fif H X & 7R 34 (1 35 PR R

Yang 5 A K L Rm M H AR K 2 =
BE(MPEG) IR W, R FIAZ I HORT /N BR 45 W e CT26 4
IR P 5 UG T 5 S A R v e AN I 5 A A R
ToHE TN . AN, 75 R P9 22 55 R R 6T CT26 41 Ml 1)
AR A I A B 5, 32 S 0 g ) R A I
Az B AR BESR B T K.
3.4 KERR

Madhusudana 2&5 i) 2 17 H 2 5 A W) 4% - il
iz H i (IPN-NGs) 99K EERL , FF B s Bk 2 38 &R
INELEI IPN-NGs 1, 322 355 38 1) 99 K B Jie 32 I HE o6
PH B BUBE YRR , T 3K PR P A 0 DK 8 Je 7 A B R
BT (pH 7.4 BA B I ifa e v, NTff R £
2R BLAh, 573025 36 Z 1 IPN-NGs 7E 14
A5 N &5 B e HCT116 41 i 2 7 H A R Bt e 0
P, R TT K 1) % 22 38 & 1) IPN-NGs 7] H T KX
T (25 it
3.5 SRR

Au-CRC-TRC-NPs 4 F 2 3 & [ & 44 K il
L, 2R I HE O 22 B 3R ) S 4 R TSORN 5 - 4 L U
Too BEAh, il 2 A0 75 & 7~ Au-CRC-TRC-NPs 7£
iR o OR B 1R SR AL T S AU B R VR T I AE
Hrig ety
4 IBRRREE
4.1 BERiK

JIE 03k 22 3 25 7E N\ R I MiaPaCa-2 21 i 7% fE
/N BRASE Y H (1 B /N A RRR) 20 mgekg T RER L
BRI 25 3 UK, LUk B e A (0 B g A K4 X
J TE KR RH 0 A 28 o i e I o A 22 3 R I e A
AR 52V P I PR HIBIF 90 Hh R 1R 7R R

Mahmud 2555941 % 7 AR R B 1 3 E R
KAGHNE A, RILFT A & 2238 R Wl ok 35 B &
75 5 ROS /K *F Ff I ] caspase-3 caspase-7 £ i& , F
oo N R i AsPC-1 41 ffd Al BxPC-3 40 fil A 5 1)
P vE PR, AR IE 4 B R I R RN o FEAR AN,
JIE 0T Ak 22 B 3 T A% % 5 K F -« B (NF-kB) , M



F455 FETH 2022F7H %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 45 No. 7 July 2022 + 1443 -

T 00 A1) N Jik B 4 i 2 K IR 15 5 L T, FE B R Y
D) X 2% 380 SHL AT B Mo AN I A A e/ Y
42 BR

SMA-CDF 9K Jig o B A A 5 B 7K i 1 Faoe
P B LT A I Y8R 25 R 24 ) G R A, o N J
Ji& MiaPaCa-2 41 il A1 AsPC-1 40 M 7= 4= 1 & 2 (1 Bt
JiEE A S . Bh Ak, EAIE St 3R ik CD44 32 1kt
FUR e 2 A A4 B R 2 —. Hih, i
T 375 B 5 R 1Y) 3 B0 B [ SR A ] R BB SR 1k CD44 1
i 96 240 B TT B A R T AR Bk 2 25 24 IR . HA-
SMA-CDF 48 K % 52 4 55 14 4171 1] CD44” 41 B H (1)
NF-«xB, M 1] 8 4% S 38 58 F1 17 28 , 2 B CD44 #1744
K SRR 1R 97 TR TR TR A R 1) 5 VR
43 BEY

Bisht 578 1F T —Fl R G W 9K Uk L 5 1
F 3 Z ] 77 (NanoCure) , 7K #h 25 25 ), 1% 1] 571 AT 32
EeE YR B AR N R g R R R P A
Hoeb v BF NanoCurc R 35 25 $01 1) 5z 7 A1 JEA7 i 9 1)
A, f g i e 1 A IR B 5 NF-xB 2 kb, DA
Jo e 4 @ R -9 (MMP-9) A1 41 i A 1 & A
D1 (eyelin DD B> H L. S8 —ZYHL,
NanoCurc 5 7 P8 At 5 5 A 5 FH R 348 535 o8 A= 4 4l
2 X PRI A F 2 56 A T B T DR A7 1 B S P RS
TR (1) 4 B 5 7%
4.4 TSR

L TIOR3 v L I N O A
1 (MNP-CURD 0] A R4l N g Jlt Ji HPAF-11 44 ff
H Panc-1 2 Jfd (1 3% 5 FHAE V& T2 R, 38 3ok 48 38 Jiv 93 A=
Kitm /D RAaAEE. hoh, S5 s £ R,
MNP-CUR W] {8 22 38 3 7 /I8 UL H 0 A= 4 R 2
PEm 2.5 1%, HA S i
5 mMRERE

% ¥ K Y K ki PEG-TE10@PLGA@DOX-Cur
NPs (PMPNs) A B 4 # i) A £ % % TE10 41 g £l
TE10/DOX 41 i 5%, TE10/DOX 7 Filt % 48 77 , i i Bk
BHYMERERMEZRFRIREEREZ AWML,
ROAms & B K. A, PMPNs A B m 4
LY/ A A

Niu Z4 1 & 7 2235 2 90K R rtHGFI-Cur 7] LA
e 3F 22 3 3% 0 ORE RO 3G m oKV M, B B R
J9(13.27£0.87)% , % 245 & 9 (4.11£0.27)% , 74 4k
O B B 1 S0 45 R R, B A Ui B 22 3 3 Al tHGFI-
Cur ¥R FE (138 i, A £ 8 98 TE-1 40 M 1) 345 M 43 591 A
85.2% I [% %] 46.75% A1 85.63% K [4 % 38.57%, v

DL rHGFI-Cur X A\ £ & %5 TE-1 40 Mg (1) 40 A 55 75 7
RS TS LR,
6 %5iE

L RN NH B Z A ER, S5
TE i 38 R 22 5 7 I 3% R0 BT R AR T B, BELAS T H %
N— MR A — B N . 2T O
iE B 22 08 R AR AR KAERE BT DASE s Z i R
{100 A A AR MR B, FE IR 9TV A0 TE iR U TH R
ST A RE IR e

EARGUK G FI T AAE — @R E EcE £ R R
MR IT R ABAT A DA 4 77 T Il 380 A5 i e < (1D
B = 6 5 30 % PR AP A« K SR S B TR S
220 AL B G K ARE ke 4w AR R RE AR DL
O 220 3R E B IR, R E A AE L O
DRI 1 75 2 3E — 3P R 2R 22 T 2 9 oK) ) 470 i 98 ) 52
HEAE ML o (2D 6 = B8 1] 14 40 K il F AL AT LUK
5717 1R 24 W s 1) e 240 L, () B 9 4 2% 3 1 2 41
AN AR, D] b T 3k — 25 BT 5 L 1) 490 K ) 771 R 4
1R 23380 o (3D Z 6 22 3 3R 40 K i) ) o Nk 22 4 1
TR BUOR R 4 4 K o RE 2 T AR W B A ) LG
B, {H7E L) 4 3 A% A s I 9 — 4550 mT R A A
IR R 0 e 4 JE AR A P A SR R R
OGBS, R 75 B AT IR AR AL, AT T
i FE PRV ], 3 — 2l /N BA B B BRI 1 PR X
6 R VP Al 22 T 28 99 K ) R0 1Y) 24 B 2 R B 4 A
R (ORI T2 K 2 B g K il ] 4 T2 1
B, MELLR N AR, B2 R A ke e
P o 4 ) S4TSR — IR T .

REGFZEEZ AR HH H ARG, ZH RN
K 700 45 T A 2R G g va 9T T T AR B L R
J& ¥ 73 R0 N F I

HBEAR PAHY S ARG LA B R

SE 0k

[1] Xz, 25, 5 BH, 55 . 2020 4 Bl iE 4o il
B ] MR ZREIRIT T AR, 2021, 7(2): 1-14.

Liu Z C, Li Z X, Zhang Y, et al. Interpretation on the
report of global cancer statistics 2020 [J]. J Multid
Cancer Man: Elec Ver, 2021, 7(2): 1-14.

[2] Mun S, Joung D, Kim Y, et al. Synergistic antibacterial
effect of curcumin against methicillin-resistant
Staphylococcus aureus [J]. Phytomedicine, 2013, 20(8):
714-718.

[3] Chauhan G, Rath G, Goyal A K. In-vitro anti-viral

screening and cytotoxicity evaluation of copper-curcumin



+ 1444 -

$F45E5 FETH 2022F78 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research

Vol. 45 No. 7 July 2022

(3]

(8]

[10]

[12]

[13]

[14]

complex [J]. Artif Cells Nanomed Biotechnol, 2013, 41
(4): 276-281.

Ghasemi F, Shafiee M, Banikazemi Z, et al. Curcumin
inhibits NF- B and Wnt/beta-catenin pathways in
cervical cancer cells [J]. Pathol Res Pract, 2019, 215(10):
152556.

Zhang X, Zhang C, Ren Z, et al. Curcumin affects gastric
cancer cell migration, invasion and cytoskeletal
remodeling through Glil-beta-catenin [J]. Cancer Manag
Res, 2020, 12: 3795-3806.

Ren B, Luo S, Tian X, et al. Curcumin inhibits liver
cancer by inhibiting DAMP molecule HSP70 and TLR4
signaling [J]. Oncol Rep, 2018, 40(2): 895-901.
Calibasi-Kocal G, Pakdemirli A, Bayrak S,
Curcumin effects on cell proliferation, angiogenesis and
metastasis in colorectal cancer [J]. ] BUON, 2019, 24(4):
1482-1487.

Jakubek M, Kejik Z, Kaplanek R, et al. Strategy for

improved therapeutic efficiency of curcumin in the

et al.

treatment of gastric cancer [J]. Biomed Pharmacother,
2019, 118: 109278.

Yang K'Y, Lin L C, Tseng T Y, et al. Oral bioavailability
of curcumin in rat and the herbal analysis from Curcuma
longa by LC-MS/MS [J]. J Chromatogr B Anal Technol
Biomed Life Sci, 2007, 853(1/2): 183-189.

BrRag e, RN, X %K, 45 LR HPURA T BUG 4
PO A7AE TR O i RS 52 (D). Hh B 24, 2020, 51(18):
4637-4645.

Chen X L, Liang X L, Liu H, et al. Effect of existing
form of curcumin on intestinal absorption after Cur-
SNEDDS dispersion [J]. Chin Tradit Herb Drugs, 2020,
51(18): 4637-4645.

Yallapu M M, Nagesh P K B, Jaggi M, et al. Therapeutic
applications of curcumin nanoformulations [J]. AAPS J,
2015, 17(6): 1341-1356.

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.

HuY, He Y, Ji J, et al. Tumor Targeted curcumin delivery
by folate-modified MPEG-PCL self-assembly micelles
for colorectal cancer therapy [J]. Int J Nanomed, 2020,
15:1239-1252.

TR TR U . 67 3N 2 R 3% M%) 0 A S 40 DK KL 1 1) 4% 2 e
iR 7 F PEAT [D]. B uL: R HK 2, 2016.

Cheng Q F, Qian H Q, Zhang D H, et al. Evaluationn for
preparation and anticancer efficacy in vitro of drug-
loaded nanoerythrosomes [J].

Nanjing:  Nanjing

[15]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

University, 2016.
Jiang H, Geng D, Liu H, et al. Co-delivery of etoposide
and curcumin by lipid nanoparticulate drug delivery
system for the treatment of gastric tumors [J]. Drug
delivery, 2016, 23(9): 3665-3673.

N, KRB TR, LS, 55 B RB MK G
il B i 41 L SGC-7901 MR [J]. L RUAO K22 5438,
2016, 43(6): 976-981.

Sun D D, Zhu M Y, Wei Y T, et al. The inhibitory effect
of gold nanorods through reduction with curcumin on
human gastric cancer SGC-7901 cells [J]. J Anhui Agric
Univ, 2016, 43(6): 976-981.

AT . Cur@Hb 44K R0 = 80 FH i 40 0 0 SR
{5 S LALHIE AT [D]. 751 95 MK 2, 2020.

Gao R L. Effect of Cur@Hb nanoparticles on the
radiosensitivity of hypoxic Hepatocellular carcinoma
cells and its [D]. Suzhou: Suzhou University, 2020.

T #E2E b L T AR — 22 B R AR AR A
T HC 8 6 40 B 0 B R TSR R S [D]. FEVL:
I3 K5, 2017,

Fang Y F. Preparation of hollow mesoporous silica-
curcumin nanoparticles and its effect on proliferation,
apoptosis and autophasy of hepatoma cancer cells [D].
Zhenjiang: Jiangsu University, 2017.
Chen X P, Li Y, Zhang Y,

characterization and evaluation of curcumin-loaded

et al. Formulation,
PLGA-TPGS nanoparticles for liver cancer treatment [J].
Drug Des Devel Ther, 2019, 13: 3569-3578.

Cheng Y, Zhao P, Wu S, et al. Cisplatin and curcumin co-
loaded nano-liposomes for the treatment of hepatocellular
carcinoma [J]. Int J Pharm, 2018, 545(1/2): 261-273.

Zhang H Y, Sun C Y, Adu-Frimpong M, et al.
Glutathione-sensitive  PEGylated curcumin prodrug
nanomicelles: Preparation, characterization, cellular

uptake and bioavailability evaluation [J]. Int J Pharm,
2019, 555: 270-279.

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.

Xiao B, Si X, Han M K, et al. Co-delivery of
camptothecin and curcumin by cationic polymeric
nanoparticles for synergistic colon cancer combination
chemotherapy [J]. J Mater Chem B, 2015, 3(39): 7724-
7733.

Xiao B, Han M K, Viennois E, et al. Hyaluronic acid-
functionalized polymeric nanoparticles for colon cancer-

targeted combination chemotherapy [J]. Nanoscale, 2015,



F455 FETH 2022F7H ﬁ!‘l-i{-‘[ﬁti Drug Evaluation Research

Vol. 45 No. 7 July 2022 + 1445 -

[25]

[27]

[28]

[29]

[30]

[31]

(32]

7(42): 17745-17755.
VEWRZR . T IR E HLS B AL B S0 ) A 2 44 K A 8L H
T & i 2 59697 (D] B BEIWIE K,
2020.

Wang X D. In

nanomaterials by endogenous H,S for colon cancer

situ  sulfidation of Copper-based
diagnosis and treatment [D]. Shanghai: Shanghai Normal
University, 2020.

WAL 21 . 2 8 3 0 2 2 UL 24 B 1) I Jo A 1 o % %
PUMRE PERT ST [D]. w08 WL P B2 245K 57, 2019.
Chen S H. Preparation and antitumor activity of co-
assembly of curcumin and doxorubicin targeted
liposomes [D]. Wuhan: Hubei University of Chinese
Medicine, 2019.

PURIR . FETEREIE L LT SN38 X /I B A AEAH SR M
[ iR 6 AF Y [D]. BUM - Wi K2, 2018,

Li Y R. Effect of chitosan oligosaccharides connected to
curcumin and SN38 on the prevention and treatment of
colitis associated colon cancer in mice [D]. Hangzhou:
Zhejiang University, 2018.

F B B CSO-SA 5 & H s 245 W) 9 K JRe AR k] Sk
DKt TR EFIBIE AL [D]. UM #2013,
Wang K. Novel CSO-SA anticancer

formulations for eliminating colorectal cancer stem cells

drug micelle

[D]. Hangzhou: Zhejiang University, 2013.

Yang X, Li Z, Wang N, et al. Curcumin-encapsulated
polymeric micelles suppress the development of colon
cancer in vitro and in vivo [J]. Sci Rep, 2015, 5: 10322.
Madhusudana R K, Krishna R K, Ramanjaneyulu G, et
al. Curcumin encapsulated pH sensitive gelatin based
interpenetrating polymeric network nanogels for anti-
cancer drug delivery [J]. Int J Pharm, 2015, 478(2):
788-795.

Sanoj R N, Thomas R G, Muthiah M, et al. Anti-cancer,
pharmacokinetics and tumor localization studies of pH-,
RF- and thermo-responsive nanoparticles [J]. Int J Biol
Macromol, 2015, 74: 249-262.

Mach C M, Mathew L, Mosley S A, et al. Determination
of minimum effective dose and optimal dosing schedule
for liposomal curcumin in a xenograft human pancreatic
cancer model [J]. Anticancer Res, 2009, 29(6): 1895-

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

1899.

Mahmud M, Piwoni A, Filipczak N, et al. Long-
circulating curcumin-loaded liposome formulations with
high incorporation efficiency, stability and anticancer
activity towards pancreatic adenocarcinoma cell lines in
vitro [J]. PLoS One, 2016, 11(12): e167787.

Li L, Braiteh F S, Kurzrock R. Liposome-encapsulated
curcumin: in vitro and in vivo effects on proliferation,
apoptosis, signaling, and angiogenesis [J]. Cancer, 2005,
104(6): 1322-1331.

Kesharwani P, Banerjee S, Padhye S, et al. Parenterally
administrable nano-micelles of 3, 4-difluorobenzylidene
curcumin for treating pancreatic cancer [J]. Colloids Surf
B Biointerfaces, 2015, 132 :138-145.

Kesharwani P, Banerjee S, Padhye S, et al. Hyaluronic
loaded with 3, 4-
difluorobenzylidene curcumin for targeted killing of
CD44" pancreatic cells [J].
Biomacromolecules, 2015, 16(9): 3042-3053.

Bisht S, Mizuma M, Feldmann G, et al. Systemic

acid engineered nanomicelles

stem-like cancer

administration of polymeric nanoparticle-encapsulated
(NanoCurc) blocks
metastases in preclinical models of pancreatic cancer [J].
Mol Cancer Ther, 2010, 9(8): 2255-2264.

Yallapu M M, Ebeling M C, Khan S, et al. Novel
curcumin-loaded magnetic nanoparticles for pancreatic
cancer treatment [J]. Mol Cancer Ther, 2013, 12(8): 1471-
1480.

Gao Y, Zhu Y, Xu X, et al. Surface PEGylated cancer cell

curcumin tumor growth and

membrane-coated nanoparticles for codelivery of
curcumin and doxorubicin for the treatment of multidrug
resistant esophageal carcinoma [J]. Front Cell Dev Biol,
2021, 9: 688070.

Niu B, Li M, Jia J, et al. Hydrophobin-enhanced stability,
dispersions and release of curcumin nanoparticles in
water [J]. J Biomater Sci Polym Ed, 2020, 31(14): 1793-
1805.

Beyene A M, Moniruzzaman M, Karthikeyan A, et al.
with  metal oxide

Curcumin  nanoformulations

nanomaterials  for  biomedical

Nanomaterials, 2021, 11(2): 460.

[FERE  Firx]

applications  [J].



