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Preparation and in vitro antitumor evaluation of PLGA nanoparticles co-loaded
with curcumin and IR780
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Abstract: Objective To prepare curcumin-IR780 nanoparticles (Cur/IR780-NPs) and investigate their characterization and
antitumor activity in vitro. Methods Cur/IR780-NPs were prepared by emulsion solvent evaporation method, and characterized
them by Malvern laser particle size analyzer, X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), UV-visible
spectrophotometer, transmission electron microscopy (TEM). The drug loading of curcumin and IR780 were determined by HPLC
and UV-visible spectrophotometer respectively, and the stability and release profiles of Cur/IR780-NPs were examined. The cellular
uptake and cytotoxicity of Cur/IR780-NPs were evaluated on human liver cancer HepG2 cells. Results Cur/IR780-NPs displayed
spherical shape and good stability, with a mean particle size of (224.10 + 7.06) nm, polydispersity index (PDI) of 0.081 £ 0.013 and {
potential of (—9.84 £ 0.16) mV. Cur/IR780-NPs could effectively load curcumin and IR780, and the drug loading was (2.21 = 0.07)%
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and (2.35 + 0.31)%, respectively. Cur/IR780-NPs could be effectively take up by HepG2 cells, and generated photothermal therapy
after irradiation by 808 nm laser (2.0 W/cm?, 5 min), and combined with curcumin to improve anti-tumor efficiency. Conclusion
Cur/IR780-NPs were helpful to deliver curcumin and IR780 into HepG2 cells and exerted the anti-tumor effect of

chemo-photothermal therapy, which could improve the treatment efficiency of liver cancer.

Key words: curcumin; IR780; nanoparticles; PLGA; anti-tumor; combination therapy; chemo-photothermal therapy; emulsion solvent

evaporation method

WEFCIRAE , 2020 SFABRBE IR AR AL N
1930 /3, T AHLIH 1000 5, ™ fd N
FRW, S5AGRZYNRTT . YT TR YIBRERIT
TIFEMLG, SCRITIERA QN BRAERI R, R
P AN RRSNNEAL R, BN IR TR AT 7T #4
R, YTk (photothermal therapy, PTT) s&fg
KHBE AN GHOROE AT, ARG RERE 1 #
A, I RIHRCRIEME AR, TRk, RE R
A RAFGHERERIOE RGN 2 N T b g itk
BAETHOCRE AR (e R AR RE 1R
EEEN . 4G A A UG gk
MR ORI EeREE. o T EEaWRSE) U5 H
T BRSO BB R A R SR
TGRS I, B RIB T AR R MR
R ZE AR . B, ST Eia T I
TUH IR U HL 7 751670,

LW R NER LW BB LN Curcuma
longa L. PR U7 B AG 2 o 0 2 Wy - o, e ml il
AR A I . R . AR R
A HR LB A s 5 3 e 4 L R 1
TS . WL 22 2T 24555 2 ML AU AR
M, WABERRBEIE -3 B/ REHE B
( phosphatidylinositol 3-kinase/protein kinase B,
PI3K/ Akt). Janus ¥/(5 53 5% FWE T
( Janus kinase/signal transducer and activator of
transcription, JAK/STAT ). #zZ4 54k &5 H
(mitogen- activated protein kinase, MAPK). Jo#i7
MMTV BEEA47 5 K R/P-EHREH (wingless type
MMTV
Wnt/B-catenin) p53. #%[FF-xB (nuclear factor-kB,
NF-xB) £ 5 Tilk, Ok E E et 5T
Ffi (National Cancer Institute, NCI) %1458 3 {0
s 25181 SR 2 B RATAE AR TEZE Ok
TEREAN 11 pg/L), FEARNAS BRI, 231
AR AR A SR B A, 7 R R A I PR S FH 012

IR780 /& —F2RARPE N 7> TAE T R Uk 1 780
nm AH KWL BA RIFFDEAEACTERE . 72

integration  site  family/p-catenin ,

SEME VLR IR R, AE T P e Sie sz 21T
ZRE. AR, IR780 MEVAT /K. AR RA —
SERFME, PRI E— I AR 03141,

N R R, HORER 2 KA 2 R R
BT e SR I B TP ieg i ik s, sl
A REAERPUMIR SRS . RALR-F2H 4
RILEY) (poly lactic-co-glycolic acid, PLGA) H
FLIR NI PR IPARYL I 75 LU SR G e, =& —
WERER MM EEMA (Food and Drug
Administration, FDA) ft#ER &7 T90KkM kL, R
B AV E AR AN R AR . SR mTE
PEL B2 n R R, BT T 2
WU, Rk, AWFFLCL PLGA AR, it b
VA TR A 4% LA 2 T 3OF IR780 1) PLGA 44K
$i (curcumin/IR 780 PLGA nanoparticles, Cur/IR780-
NPs), DUHESCEZ5Y) 3 SAFAER R PR, 72 MR 4
JfL A SIS T G IIR G R TT, AR m MR T 3.
1 UESHH
1.1 Y88

KQ-500DE A fz il i i e an, BRI As
XA IR AR ; CIB-S-10D B % Sl Jitidtas, K
PN BRAX R B A BRA R BY-G20 AR A BS.OAL,
L BT SMAE R A SHA-BA BUKIAHIR
PR3Z o, i T R A #R s A PR /] s MS105DU
R HT R, MR E-FER 248 (R FRRA ]
JY92-IIN AU 5 I MM ANl T8 2 AR
AR A PR AT FD-1A-80+M A1 T4, dbotiH
ZE RE S I A AR A PR AR ZEN-3600 %45 /R S0k
RLEEA, BEE B /R AF]; APEXIIDUO Y X 448
W ARATHA, 1 [E Bruker A #); ThermolS5 H{H B
AL ARG TEAY, SEE Thermo A #]; TU-1810
RV A o] WAy BT, bRt AT ie A A A R 91
FEAF]; 1200 B GliAe G4, 58 B 2o R
AF]; Epoch BEFR{X, ZEE BioTek {254 FRA 7;
JEM-1230 Y3 i 7 A (TEMD, HZ JEOL
nE]; SP8 MUMOLIL R AR, EHE Leica A H];
Ts2 MO E B, HAJERAR; BD FACS
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Canto I B4y A HfY, £E BD A+
1.2 ##

PLGA (50 : 50, AHX4r+ & 7000~17 000,
fit 5 MI17GS141856 ) . XF M i K (5
R12A10S85604, [t/ 98%), gt Y%L
HABRAF; IR780, #t5 C11417798, Fimsr%
98%, BEIKREMMELRIHARAR: RN
(polyvinyl alcohol, PVA), iz aMEMHEIRA
Ay BAE, gk, RET ORI R
240 80, REHHAEMHARERAT; HEE.
LG UKEERR . S R b b el 4l N HepG2
M, IS YRR R A R ;. DMEM K 5%
%L PBS Z20 . MTT 3300 | 2= RS AV AR A
FR/AW]; Annexin V-FITC/PI 40y T4 A7) &
HEREMEARFRAR: dmig, WEEEY
BHEAIR AT ;s DAPL W, LR ZEEERH AR
ANF 0.25%RE AR . =HiWHE Gibco AT
96 FLAR - 24 FLAR . F5 7235 B 3 [E Corning A 75
ZHEEHA, £ Sigma AT,

2 FAEEHR
2.1 Cur/IR780-NPs B0 &

K FH FLAGIE 4 A58 £ Cur/IR780-NPs,
FREL 50 mg PLGA. 2 mg 2% & fll 2 mg IR780, 3t
FAEMRT 2 mL & Wb, 1EvmiAl; FES
P4 A IZ 7 0 22 R S P (T 600 t/minD ) 10 mL
2% PVA /KIER GKMD . nseses, fEukK
BN, R B4 M A LAR R 3 min(ZhZE 180 W,
F5s, x5s), REE OWRYKA; BTN
BEFERs E ksl s (F53K 600 r/min) 3 h, #ERHHL
#57, 10 000 r/min 250 GE0Y442 8.7 cm) 30 min,
WERTTIE, 2B F/KE 3 WG, AT, A
Cur/IR780-NPs. $% b3 #H [F) 77455 hll il & 2= E 4K
Fi (B-NPs). ZHRIIKRL (Cur-NPs) K IR780
Kk (IR780-NPs).

2.2 YERRIRIFRIE

221 YUKKRIRifE. 2583 (polydispersity
index, PDD 5 ¢ HAf7 552 43 G % AR UG & Cur-
NPs. IR780-NPs } Cur/IR780-NPs, F PBS HifE3
MRS, SR SCHOERLEE 2 B Ao il e 3 %
[FFgkife . PDI AN ¢ HAfr, S5 L3R 1 ATE 1. 2.
45 KW, Cur-NPs. IR780-NPs £ Cur/IR780-NPs
(T Bki 420 Ao (241.70+1.62). (318.20+
11.50). (224.10%£7.06) nm, PDI 4% 0.108+

R 1 TREHRBFIIREZE. PDI K {BAL

Table 1 Average particle size, PDI and { potential of

different samples

FE i SEH R A% /mm PDI ¢ A /mV
Cur-NPs 241.7£1.6 0.108+0.031 —13.53+0.01
IR780-NPs 3182%11.5 0.198+0.029 -11.15%0.12
Cur/IR780-NPs 224.1+7.1 0.081%£0.013 —9.84%0.16

10 100 1000 10 000
HRifE/nm

1 Cur/IR780-NPs f9Ki12 4> 7
Fig. 1 Particle size distribution of Cur/IR780-NPs

-100 =50 0 50 100
¢ i /mV

2 Cur/IR780-NPs #J { B9 7R
Fig. 2 ( Potential distribution of Cur/IR780-NPs

0.031. 0.198+0.029. 0.081+0.013, ¢ HA7551 AN
(-13.534£0.01). (-11.15£0.12). (—9.84+0.16)

mV. A 5 Cur-NPs. IR780-NPs #H L, Cur/IR780-
NPs HIFIRAR /N HRAR A5 . 1 3 4 C H
MLRAE, SR PLGA 85 F A7 7R A Uiy 2 4

fEAF AR HT F7 A

222 HKKITEL I Cur/IR780-NPs i&
B, EE KRR, W 1~2 MM, #E 2~
3 min, AEFBNEMFLA, FH 2% R 4
t, JEAR LSRG, EiRET, B TEM
TSGR A IR 1WA 3 o,

Cur/IR780-NPs [{JRi4E4E 200 nm LA T, A0S0
BROR. RN —. FE, RAYPPKRITES RITF.

223 X BERMRATE (XRD) S5 B b AR 2r 4
Hit (FT-IR)
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5

3 Cur/IR780-NPs A TEM [E (X20 000)
Fig. 3 TEM image of Cur/IR780-NPs (x 20 000)

(1) XRD: ;AR HZEE 3. IR780. B-NPs,
Cur/IR780-NPs i&E &, H X HLmRATHOGEIT 2
Mo S3MTokft: Cu-K a4 (1=1.541 nm), fiT4f
A (20) FHETEE Ny 5°~80°, FAHHEZ N 1°/min,
B 50kV, B 200 mA.

(2) FT-IR: 7 5IFREXEZER{ R IR780. B-NPs,
Cur/IR780-NPs & &, M55 sEsikal i e
TRERE, BHEEY S5 R, 43 IHE 4000~400 cm'™!
HEAT FT-IR 7347 .

(D RGM&E J - 25 F i 4 FrzR, Cur/IR780-NPs

A Cur/IR780-NPs

e kA,

IR780

L —— B-NPs

B Cur/IR780-NPs

IR780

%W

4000 3000 2000 1000
viem™!

4 AE#ERAEY XRD EiE (A) # FT-IR EiE (B)
Fig. 4 XRD (A) and FT-IR (B) patterns of different samples

B R IR780 [MAFEATHS I AN FT-IR W ficidds)
T, FULEFERM IRTS0 KINHH E PLGA #1E
H, ELGRORR 2R THT A A R PR ) 25 223 R IR780.
2.2.4 Cur/IR780-NPs [f1£8 4h-n] WL e 6 0% 43 Bt
S AIFRELZE R . IR780 B-NPs. Cur/IR780-NPs it
&2, FF B S BOE YR, SR R Ah-nT W4
FERE T AT RIS (200~800 nm), 4540
B 5 Fiome AL, ZEFHERTE 430 nm OFH HRRIK
I, TR780 7E 780 nm AbA fi KW UsU&, £ Cur/
IR780-NPs &3 68 B 2 2 225 KA IR780 [4F
TEMR Wi, 7 B-NPs 7£ 430, 780 nm AWMU, 3
] B-NPs T4
- - EWE 3

IR780 '
B-NPs !

---=- Cur/IR780-NPs i

200 ' 400 ‘ 600 ' 800
A/mm
Bl 5 Cur/IR780-NPs BJ£5M-AT IL IR Uik
Fig. 5 UV-Vis absorption spectra of Cur/IR780-NPs
23 EEZRPHERNNE
231 @ik AN Hypersil Cis 4 (250
mmX4.6 mm, 5 um); BIAHNLNE-4% LFRIKE
(52 1 48); Kl K 430 nm; AR 1 mL/min;
FEIR 30 °C; BEREE 10 uL; FEGESHCECH 8406,
2.3.2 MR R TR  FE R R 2 B0 R
miEE, BT 50 mL &R, I BRSO
SERBZIE, P85, HIEUREIKEH 104.00 pg/mL
R0 TRt i 25 Vo
233 AEElmIEBMEIS R FREL Cur/IR780-
NPs i&fE, M SUFEEHAE, Mg9K0 AN 258
W, IMHBREHERZZE, B2, H 045 um
LR R, B P8 N B VA
234 THEMEW  FEWE B-NPs &=, [
“2.3.37 T S IR A T A T R IR TR
235 ZRPERARFE LA ELHI 0 TR I
fifi 2, FH R T R R 1) 49 T B Ak BE O A
52.00. 26.00. 13.00. 6.50. 3.25 pug/mL [¥] Z& 41 %}
IR, BL“2.3.17 TR AR AR AT R, ek



«502 . PED 2023F 18 B54% B2 Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 2

TR . DAZEEERIEHIAN (4 WHFEEIRE (O
HATEAMERNE, F2EATTHEN 4=8191 C—
80.161, R*=0.999 8, FIETHEKIE 3.25~104.00
ng/mL ZE1E ¢ R R AT

23.6 LEMHEE B LIRS 00 RS AR
TEFEME . B, DL €237 TR
FAFHEREHT, EIEERIE 6. 48R BT AME
X220 2 I E o, A AT AR B It R A .

A Aiﬁ?

0 5 10 15 20
t/min
El6 HEEZEXEM (A) Cur/IR780-NPs ¥ (B). B-NPs
¥& (C) B HPLC
Fig. 6
Cur/IR780-NPs sample (B) and B-NPs sample (C)

237 KRR RERINEE RN ELEE,

BT 50mL &, IANHEE IR E SR 2 X
B, $RE], WIS IREEN 127.0 pg/mL R4 R 5L
Wil. LA “23.17 TR BRI, ESHFE 6
EF, idsrZE I RIEH AN, 153 RSD N 0.18%, #
HIZA#s RGURE S R AT

2.3.8 EEMAE FREUE—Ht Cur/IR780-NPs ¥
a6 47, IdE R E R BIE RS T A NIER,
% S I RIS B S AR, IR D
“23.17 TUN G FAHT 2R AR ER,
Cur/IR780-NPs #2845 114 1.91%.1.90%- 1.94%.
1.90%- 1.93%. 1.92%, RSD N 0.85%, F W%k
WKEEM R,

239 fREtEis  FEAH Cur/IR780-NPs 14
&, [A “2.3.37 i & ks AnR miEw, )
FE0. 1. 2. 4. 6. 8. 12h L “23.17 Wi F it 4%
PEEAT 228 A o 45 AR 223 R IE AR M) RSD
9 0.55%, FRAMRSIEHRAE 12 h HERE MR T.

2.3.10 SiFEREGERREE FEFRE 10 mg ZH R
YRR E 10 mL &=, Hl& SR REIREN 1
mg/mL % R IR P54 A FREL 5 mg B-NPs, 3t
6 17, 73 E 10 mL EHHF, F7r 5k % &=L 0.5 mL

HPLC of curcumin reference substance (A),

SR SERE S BT, HFUREEE2ZIE. LA
“2.3.17 WU NG EHATIEI . EREIR, EHER
B InRE RIS %R 101.94%, RSD N 0.24%, #F

I E ER
2301 EHEARBAEMME 7208 = R

Cur-NPs 1 Cur/IR780-NPs £/ 1 mg, 1 & H
PR, fEPRRL N 2Rt fa, IR R A
ERBZIE, FBA), H 045 um MALIEMRER, H
SRUEMAE MRS A, DL “2.3.17 T il 451k,
FJ HPLC A&l 5 ity vh 22 3 SRS T AR . AR “2.3.5”
TR AT AR AR R 2 s R IR 2 & (R E =
PR 2B R R/ D, 45 R EoR, Cur-
NPs Fl Cur/IR780-NPs 132238 2 I 2 & 507l N
(2.05£0.02) %. (2.2140.07) %.
2.4 IR780 HAHERINE
2401 AMEXRRFL  FEEPREIRT80 0.50 mg, &
F 100 mL &I, I DMSO & 5 £ %1,
AT, i BUR B FE N 5.00 pg/mL fRINT B LA TR .
T F DMSO Hi B il 15 )51 S FERRE N 3.75 3.00.
2.50. 1.25 pg/mL [P RFIN IR, FBEARAE
780 nm ALK E (A4) . LLIR780 [ A fEX)
HREWRE (O SATLMERIE, [REETEAN
A=0.196 5 C—0.016, R*=1.000, %% %1 IR780
£ 1.25~5.00 pg/mL £t & B
242 FWAERINE 7550k % FREC IR780-NPs il
Cur/IR780-NPs 1 mg, JIA\ DMSO &I e w2 %l
FE, 25, WM RIAW . FBEARXAE 780 nm
AT A E, ¥ A ERABIEA S, 15240
MR IR, D R RI KR IR780
EZ R RAE =900 IR780 i &/ KL
), 458 5E/R, IR780-NPs Al Cur/IR780-NPs H?
IR780 HI#ZiEHIA (1.09+£0.22) %. (2.35+
0.31) %.
2.5 Cur/IR780-NPs HIfa E 14 £ R
¥R BU% T )5 Cur/IR780-NPs 1 mg, JIA 10
mL BRI (PBS, pH7.4) i, B4R
(37 ‘C+ 100 r/min), 25T 5 1. 2. 3. 4. 5. 6,
7 REFENE KRR IRAE, 255 Cur/IR780-NPs
F YR A2y 5 (244.440.8). (243.2+17.6)
(2402+12.6). (2273+12.0). (237.6+18.6).
(242.5+16.0). (254.1+14.3) nm. 45REH, Cur/
IR780-NPs 7E 7 d WRifEA KA B, KHH
et RIT.
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2.6 RINERIARS

K BT AL Cur/IR780-NPs £ TCik
IS 2 N AR ANREZAT N . Ol RE Cur/
IR780-NPs & &, ] 2 mL 5 F/K o BUR #8218
a8, HEHON pH 7.4 () PBS (& 5%%1L5L
fig 800, B T HEIAR A /KIBRE (37 C. 100 r/min),
WG, PATERME 3 3. 43T 1. 24 4. 8. 104 12,
24, 36+ 48. 60 h W HL 3.0 mL iBEHTR, HAb7eHR
SRR, ARG L A-0] or Ao BTN 2 i3
PR ZER RS E, THHEEPRRE, ShlER%
Wk, Heb, BosRSHY KBRS 12 h A 808
nm FEOE K S (2.0 Wiem?) T 5 min.

iR 7, Cur/IR780-NPs+ 808 nm 4L #
Cur/IR780-NPs ZH7E 60 h N fFELZ BRI E R =,
BRI BN 61.76%. 48.73%, EHLH RUFIK)
SRR . RS 12 h 0 (2.0 Wiem?) BRET 5 min
5, ZHEERMGURR USRI, 3 EZ A KRR
A R Ri 2L Gk m SR ECERE AT R R A
JCHRSR R KRR L R, DR SR g, kT
TEHEZEMIBE . Cur/IR780-NPs [ 2Rk It AT 21
bR e SV AT e 2 b 25 YD AE AR R B i BB
T FEREINZPNTE IR AL R E R, A Bh TR
e AR BT R 2%

80

BRI/ %
£

—— Cur/IR780-NPs+808 nm
—=— Cur/IR780-NPs

0 12 24 36 48 60
t/h

b AR 808 nm LA AR (2.0 Weem™) 5 min
| represent 808 nm near infrared light irradiation (2.0 W-cm™) for 5 min
7 Cur/IR780-NPs £ iR LI ShFE BR S = B R A 1S
Bk (X+s,n=3)
Fig. 7 In vitro release profile of Cur/IR780-NPs with or

without NIR laser irradiation (X £ s, n =3)

2.7 Cur/IR780-NPs B34 RETTM

F 808 nm BOB K A% (1.0, 1.5, 2.0 W/em?)
43 ) BB AN ) R B FE Y Cur/IR780-NPs ¥ (LA
LR EWET: 5. 100 20 pg/mL), & 30 s
LM OGRS, Bt 5 mine REAME
WEWE 3ANEIL, SHHRihgk. MK 8 na,

Haax A (PBS) A, AFRFERE Cur/
IR780-NPs £t 808 nm WO AR YT 5 min J& il & 7 il F+
A 319, 35.5, 43.7 C, BN RUFHEIREA
Kotk BB 9 RN, BUEWEN 20 pg/mL [#) Cur/
IR780-NPs it AR TR (1.04 1.5+ 2.0 W/em?) 1]
808 nm WOLERIRST 5 min 5, HElEE S M EE
33.8. 38.7. 43.7 'C, FRHJMY KN HA LI
FEORBEA M AR, SR K MR 2 A 1 B AR
43 CRO, [R, 5 SR A 24 R S U6 A E R
RN 2.0 W/em? [ 808 nm ¥ 23 18 5t 5 mins

501

P
"
-8~ PBS
20 - 5pgmL™!
—— 10 pg'mL™!
¥~ 20 pg'mL™!
10 T L T L L] T L T T 1
0 60 120 180 240 300

t/s
8 808 nm N ELEEE (2.0 Wem?) BETARRER
& Cur/IR780-NPs BIFHiE %k
Fig. 8
concentrations of Cur/IR780-NPs under irradiation of 808

Temperature rise curves with different mass

nm laser emitter (2.0 W-cm™2)
509

o
=
,D;[\_E
-9~ 1.0 W-em?
20 & 1.5 Weem2
—&— 2.0 W-em™
10 L] L L] L L] L Ll T T 1
0 60 120 180 240 300

t/s
9 AEINETH 808 nm HI LGRS T Cur/IR780-
NPs (20 png-mL™") H9FHErhzk
Fig. 9 Temperature rise curves with different powers of
808 nm laser emitter at Cur/IR780-NPs (20 pg-mL™")

2.8 YHBEERENSLLG

Bk F 3 A KA HepG2 4, LARRAL
15X 10° MERTHOCILRE /NI, R AE
BEJS, BEFRGTR AN ZETE . Cur-NPs K&
Cur/IR780-NPs (¥JVAZ B i EIKETT 20 pg/mL)
F-IAM, 2 X R R EAT AT B 4HM . 2.5 h
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JETEF IR780 IREFLSI N 808 nm ¥t K AT 4% (2.0
W/em?) B S min, 4k2EKEE3% 0.5 h, A PBS il
YA 2 K, SR EOEER IR AR BB S HepG2
YR ZE RSO LR (F 488 nm BOLER),

ZER I 10 fon. R R, 5EFERHAML, Cur-
NPs 01 Cur/IR780-NPs+808 nm Z1 /) 4% (0.5 % i
SR, KA PLGA KR 0] AR 5 254033k N\ 21 f

100 pm

i

2.9 MTT AN EH AN XS HepG2 LHARIETEKT
A

29.1 ZFHFEYIMEEME SR MTT 5% EiR
214N (near-infrared, NIR) H&&} N HepG2 4ifi 5
AN R B LY B-NPs 55577 24 h J5 BAHAME . Bk
T BUE K HepG2 40, PAERFL 8X 103 AN
BT 96 fLER H, WREHNGEE S, AT,
FIINASF i m vk FE (1254 250+ 500+ 1000 pg/mL)
(1) B-NPs -1t 12 h J&, B 5 IARF IR 5 IF hug i 455 57
%, F 808 nm WO KA (2.0 W/iem?) HESS 5 min
o, MREHEEFE 12 he BIIATHN A5 &FLIIMIA 5
mg/mL MTT 20 uL, 464203 4 h, /NOFERRIAREFE
%, I\ 100 uL DMSO, B #2 K FAKI# IR 10 min,
BEFRACINE 490 nm &b A . R HI A5l
HAFIE 2

ITETE R =(A s A w2)/(A ww—A )

Jo A FE N 125,250,500 1000 pug/mL [ B-NPs
T 24 h 5, HepG2 AMMMIAEISEZH AN (97.4+
3.1)%- (96.0£2.3)%.(94.1+1.3)%.(91.1£2.5)%
(n=3), SiFEWY, 7£ 808 nm WOLK H2$IEN T,
B-NPs 7E R &K Z ik 1000 pg/mL I, HepG2 #H
PRLFIAE TS RAK H AR TE 90% L E, W] B-NPs A
K07 H A PR AR AR A
2.9.2 Cur/IR780-NPs % HepG2 il fifl frt) & 14 % 52
W AT R B, 5. 100 20 pg/mL EHRY
HepG2 4N & 24 h J5 (45445 12 h J5 HFniEss 7%

fIBE71; 55 Cur-NPs 4140, Cur/IR780-NPs—+808 nm
HEAGHEEM I, R84 808 nm BOLHE ST
SR RN AT LS S M ead B R n, (e ik
LR MU0 AR R 45 3B, PLGA
IR L RN FA KON TT DA S 3 R v 24 0 11 44 R B
&, NRIEIT FOEGETT A BUMR 1 FH 352
T AR

Cur-NPs

10 Cur/IR780-NPs H{AIMNARIREIR (X 400)
Fig. 10 In vitro cellular uptake profiles of Cur/IR780-NPs by HepG2 cells (x 400)

Cur/IR780-NPs—+808 nm

BV HE AR, EE 12 K4S 5
AR (95.64+2.5) % (77.0£3.8) %. (46.84+4.3) %
(n=3), Hri {ZE R EIRE N 20 pg/mL K41
T TR B B (half inhibition concentration,
ICso) 18, BEh, PAEZmEmmERAE N 20 pg/mL
1) Cur/IR780-NPs T 5240 Mu 58t . HUAb T4 4L
A KA HepG2 i, LATEAL 8 X103 MEFFT 96
Ubcrh, R HNGEEfS, B REEIREL i
F K Cur-NPs. Cur/IR780-NPs /% IR780-NPs (1
DL R EIRE T 20 pg/mL) TFidife, =Ext
A ARAATTA IR LEM . 120 f5, KA HEER:
FRIEB S R, BEES IR780 LTI
808 nm FOLKHF 2% (2.0 Wiem?) WS 5 min, 4k4:
13 12 he

FIEF-1 ] 5 S LTI 5 mg/mL ] MTT
20 uL, kLR E 4 h, NOBRRIHERFREE, I 100
uL 1) DMSO, E#EK FKEIRY 10 min, FEHRAL
WFE 490 nm &b A 18 . 85 R W3 2. 45 R IR, Cur-NPs
£ A Cur-NPs+808 nm 21 (40 B A7 2 T0 5 2 P 2
5 (P>0.05), 1l Cur/IR780-NPs+808 nm %15
Cur-NPs ZH A1 IR780-NPs+-808 nm AL, 4HfAFiE
RYJBE R (P<0.001), FHITECEEHIEIT
A B AR S PR AR
2.10 EZAKKIN HepG2 HPET-520H
2.10.1 DAPI Q- dififuiz e YEsias B T- x4
KA HepG2 4Hiff, LAREAL 8 X 104 MEFNT- 24 FL



FED 2023F 18 $54% B2 Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 2 * 505 »

* 2 AESLIERLEXT HepG2 ZHAEHYASMNA RS M B R NG
(X£ts,n=3)

Table 2 In vitro cytotoxicity on HepG2 cells of different
treatment groups (X £s,n =3)

ZH HIRAFIE /Y%
X et 100.0
EWER 48.8 13 4%
Cur-NPs 46.611.6"#
Cur-NPs+808 nm 43.1 £2.4%
IR780-NPs+808 nm 68.2+3.7%

Cur/IR780-NPs+808 nm 13.5 £ 1.8

EXIIRALLE: #P<0.001; SAEEH—BITHILE:
#3 A

#p < 0.001 vs control group; *"

“p<<0.001,

P < 0.001 vs any monotherapy group,

same as table 3

S

Cur-NPs—+808 nm

IR780-NPs+808 nm

R, SRR S, B AR, RN
& . Cur-NPs. Cur/IR780-NPs K IR780-NPs (13
PAZE R R B IR 20 pg/mL) T-FR4EM, 25 Xt
AN REATE B HME . 120 )5, SRAFTEE
BB AR . BRTES IR780 M44L5]
A 808 nm ¥OE A HEE (2.0 W/em?) FEHT 5 min, 4k
SR3EFR 12 ho R F -1 8] 5 FH PBS Wik s H
4%% W EE[E 52 15 min, J5 LA DAPI Je4ifuiZ, ¥
2 IRJETEDOG B B WA TSI IR, 45 R
B 11. 48R ER, SAHHARESIEY, EKREIT,
R D A M T3S R AR B U, B e 0 i g &
YNMAZEZE%E, Ho Cur/IR780-NPs+808 nm 4H
AR TR A B R I W £

2.10.2 Annexin V-FITC/PI XLy il 4 o i 1~

50 S - -

Cur-NPs

Cur/IR780-NPs+808 nm

& 11 FE4LIELAXT HepG2 LREEAY DAPI 2 ESLIE (X200, EEBHIR =50 pm)
Fig. 11 DAPI staining experiment on HepG2 cells of different treatment groups (x 200, scale bar = 50 pm)

Y B o A AERAE R “2.9.17 T, A3 1N ] JE U
S HAM Sy M 5 uL Annexin V-FITC }%2 10 pL

AL P S, SIREEDLIE 15 min, FIR 0405
BRI T, 5 WK 12 Fisk 3. 5 R EoR,

Cur/IR780-NPs—+808 nm ZH 4 i i - % &=k 93.2%,
% T Cur-NPs (41.6%) Al IR780-NPs+ 808 nm
(72.7%) H, KHWIT 5ABEITIEREE A 20t
755 HepG2 4T,
3 it

PLGA %40 Kb TR B UEE . FLik
AR R EREEE . DUEIEHIA R g Aok e
HI, HgmRRERAGERRY, SIEEEEHT

FeBOKIEVER P A BB RS, Wl 2 2 HER2, Y
9 2 RS . FUALTEFIE R L2 H Tl 2 g Kok i
WHETE, BAERERR. BRI, #
T2 K o kR i il 4 . BRI,
AR, Gtk oK. FURFIRIFR2E Kk
& RIS (T 2R I [a] S5 35568 i) 4% (0 9K A
/%2 []r[ﬂ [24-25] R

AR S 068 I A I TR S 06 O 45 A Sk, B e
Cur/IR780-NPs HJEALH]# 1.2 9 PLGA Jli &N 50
mg, EE A EN2mg, IR780 JliE N 2 mg, PVA
R HCN 2%, WKEEIY 105, B A 180
W, 3min. E&RHIE T4 RGN, K
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105 0.2% 105 105
< 10* QL < 10* < 10*
g g e
9 9 2
[} [} [}
- [ a
10% 10% 10%
0 . 0 : . 0
0.9% 25.9%
LUPEELLLLEE TTTIOm_ T rrrmy o 1
0 10? 10° 10* 10° 0 10% 103 10* 10° 0 10? 10° 10* 10°
FITC-A FITC-A FITC-A
X i LR Cur-NPs
10° 10° 10°
< 10* < 10° < 10°
3
AR g0 g1
2 g 2
10% 10%
0
0 56.5% 10!
T T I T T T |'|-||II'I'|_|' LBLBLILLLLL SUSLRALLALLL S L
0 10% 10° 10* 10° 0 10? 103 10* 10° 10! 10? 10° 10* 10°
FITC-A FITC-A FITC-A
Cur-NPs—+808 nm TR780-NPs+808 nm Cur/IR780-NPs—+808 nm

& 12 AEACIELEAST HepG2 LAAIAY Annexin V-FITC/PI B (n=3)
Fig. 12 Annexin V-FITC/PI double staining experiment on HepG2 cells of different treatment groups (n = 3)

F* 3 TELEEAX HepG2 4 AM4AAE T E MR

(X+s,n=3)

Table 3  Apoptosis rate on HepG2 cells of different
treatment groups (Xt s,n=3)
I3 AR T3/ %
X i 3.5£15
FWMER 46.8 £0.47%
Cur-NPs 41.6£2.9%
Cur-NPs+808 nm 38.3 £3.6"
IR780-NPs—+808 nm 72.7 £ 1.6%#

Cur/IR780-NPs+808 nm 93.2 4.8+

I Cur/IR780-NPs “F-F #7425 IR780-NPs I Cur-NPs
/N, ATRESE PLGA Jii &5 25 s it & (1) LA [F] 2
. R, BEHERKREN, ks RE
fERIARIE N, DRI 0 4 24 B R gk i) 4% (1) 5%
BRI ERZ RO, kA, Cur/IR780-NPs K ¢ HLAZEE
N, BRI BB RAERAE, (AARE MR SIS EN R IR
RAETd WA, S HER: —J7mm, 2%
PVA Bet 78 i BRIE QKRR R T, A 355 7 e
B 707, GUKRLE TRIRT (37 C.
100 r/min), 2% | 9KR IR E.

T2 R MEE ToK, ERSMR s ik
PBS sA= H R KR R B, LRl A 312
Yo 54b, EFEEA 30%LEPT PBS (pH 7.4)
VERBETRA BT, KINZETERAE 12 h JEWOLEEWE
TR, BEENTEPEK, e RE BE ORI
B, B M. N2 R TR
A CBE PBS AR E MR E . AT IR TSI
FAE B A OCSCHRIED ), IR DLEA 5% LA
fi& 80 i) PBS (pH 7.4) {E ARG, 45 RAESEI
A BERET AR IRAE AR IE, MRE A IR MR R IR
e, PRAMBERCH 5T KB, Cur/IR780-NPs 324
Ve BA RIFMSRNERE, JHEBOGR T 2R
ZLAMme OB RE . SIS S R R, 5 HAh g
2540 EL, Cur/IR780-NPs 1t 2 fifd 184 5 17 1] 5 A1 4
MO TR B RS, RIME AP iR
BT A 40 KR 1 i (1% ST A4 Jieh 988 32 35 1t R i B 20
(enhanced permeability and retention effect, EPR) 5
WOGRR S AT LA 2590 78 i i i B8 i, A )
F Cur/IR780-NPs KIFAIT - ABLA TR IER -

WIT LT AR RIS RS 2 FRTT A, e
MR T B — AT FOGIT R R, I RAF IR
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Al 5t. ZETHRA IR780 MG IR YT TEHUEBME IR 77
THI 52 3] T BRI ()i . VI 80K i o JL A2
#F| 20 VEGF S8 S 1) /L = A KR
W, RBLELEEA A5 Hela il 8 40 i R ik 99%:;
FE 2R H ONE i gl oK 4 NI 5 B 2 ) R A LA A
238 A IR780 BLZEHI A 4K br, IESEM# el
[ 00 o) L e A B 3G B AT A o AW AT LA
PLGA N#EME, SKHFAIEFIFE R i & I8 2%
F A IR780 4 Kpi HFATARSMUMIRVEANY, S5RE
B2 KRR B RO A 241, Cur/IR780-
NPs £& 808 nm O KT 45 (2.0 W/em?) J& 5} 5 min
J&, BEEEINH HepG2 4UMMIAE K, X HRTHS:#H
IR TS5 18— %4 R R W] Cur/IR780-NPs HT
HepG2 0 ALST - HGE T I a7 MRS A 77,
i — 0 I 40 B R B ) B G VR YT BT T kA
FBAR PIAVHEHYFRAREEF TR

SE R
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