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Preparation of co-loading photosensitizer/UCNPs/dihydroartemisinin liposomes
and evaluation of its in vitro antitumor activity
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Abstract: Objective To develop the photosensitizer rose-bengal (RB)/upconverting nanoparticles (UCNPs)/dihydroartemisinin
(DHA) co-encapsulated liposomes (LIP-RUD) and preliminarily study the in vitro inhibition effects on human colon cancer. Methods
The hydrophilic UCNPs were synthesized by solvothermal and ligand conversion and RB/UCNPs/DHA were encapsulated by
thin-film dispersion method to obtain LIP-RUD. HPLC was performed to determine the loading ratio (LR) of RB and DHA. Zetasizer
was used to evaluate the physiochemical properties of liposomes. The production of ROS was investigated by SOSG probe. In vitro
cellular uptake of LIP-RUD was observed by confocal laser scanning microscopy (CLSM) and the cytotoxicity on HCT-116 cells was
estimated by MTT assay. Results LIP-RUD showed an average particle diameter of 150 nm with zeta potential of =12 mV. The LR of
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RB and DHA were 54.5% and 86.5%, respectively. The energy conversion efficiency of UCNPs and RB reached 49.8%. After
irradiation, the singlet oxygen (102) was generated and 74.9% of encapsulated DHA was released from LIP-RUD at 12 h, which

showed an improvement of up to 25.6% compared to the absence of laser irradiation group. In cellular experiments, LIP-RUD exerted

improved cytotoxicity on HCT-116 cells. 1Cso was 15.33 pmol/L under laser irradiation. Conclusion LIP-RUD provides a new thought

in the treatment of human colon cancer by the combination of photodynamic therapy (PDT) and chemotherapy, which is expected to

enhance the penetration depth of PDT and the therapeutic effect of combination therapy.

Key words: upconverting nanoparticles; rose-bengal; dihydroartemisinin; reactive oxygen; liposomes; photosensitizer; colon cancer;

solvothermal method; ligand exchange method; film-dispersion method; cellular uptake; MTT method; singlet oxygen; inhibitory

effects
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&, JCHGRIUR A LA E ] WG N,
KR ZEE 155, R B Az B AR 0 i 5 iR
SITEREZE.
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(upconverting nanoparticles, UCNPs), EA5 K
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BN B — 18T T BAE MR IR T TR BN 2 . %
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S EAHIE A, 55—/~ RB. UCNPs Al DHA
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W, H T 4ldmiaTT B6Eh D17 9K S &
PRHE TR
1 XEEHR

Agilent 1260 Y= RGHAHE IR (HPLC), %
R (FED FRAR; AUW-120D AUFE % 55
TR, Byl 3 Cr ED A FR A 75 Beidi-650E
TR0 75 I A PR AN, Bl T DL SEBR AR A BR A ) 5
HW-80A Zjigimik &4y, Lilgdt BT HIRAF;
Hedera ODS-Cig ta i, JTLIRIIRRIEA IR AR
LSMB800 B IR ERH BMEE (CLSM), {E[H
RR%A (R HHAMRAF; RES2AA ek
AR T SRAAAES] s H AL F-7000 260t
WA, REFZNUEBARAF; SHZ-DC (D 1
HARKZHETE, MRS aRA A,
Tecnail2 AUFE SR8 (TEMD, fif == CRIH
AIRAF; TG16 BHEE.OHL, i WA O
WX E IR /A 5] ; Zetasizer Nano-ZS90 AR 4t
PHE, DR ERAA .

INIKFEMEL (YClz*6H0, #it5 Y119236). 75
KEALEE (YbCl3*6H0, b5 Y119057). 757/K&
tL5] (ErClze6H0, #t5 CD123704), i3
%1=98%, B HE FigE AR AR A
1,2- RS AR R RE AR (DOPC), #it 5 LP-R4-070,
s $1=98%, ¥+t Corden Pharma A &]; HH[HE
fiZ (Cholesterol, Chol, #t'5 C104028, Fig 5% =
95%). FriEER (b5 C112635, Jii&E/r%1=99%).
R (35 0108484, i /r¥0=95%). & hnHiIk
W (RB, #it'5 R104991, JFi&E/r%=95%). &
A5 E % (DHA, #t'5 D110217, JR & $=>98%).
¥ 100 T R RIS (PEG-s100, fit'5 P139719,
JRE S =99%), ¥ E TRTH TG0 (R f
FRAT; BR4-IMiE (Fetal Calf Serum, FBS, %5
12003), Sigma-Aldrich ( E¥#§) S 5 R A A
HCT-116 il (IS CM-H097), E Rl 2L 4w
12 SRV ERE TR IR, RS AS
R JPRER (SOSG, #t*5 S36002), Thermo Fisher
(Molecular Probe) 4 5]; Slow Fade Diamond $T#
KF) (5 S36972), Thermo Fisher Scientific; J
FRILE M (MTT, #it5 ST316), o RAEMH
ARHBFFTHT; Hoechst 33342 4H A% YL 55 (L5
C0031), Solarbio AF]; HEE. LNEAEGA, ¥
T EBTRE TRAA R AIRAR; HAWKRI N
GyMTat, P E E PSR A PR A F

2 REEHER
2.1 ARUKAM NaYF.Yb3 Erdt UCNPs K EHF
s

PLVE T HGIE S B NaYFqa: Y3 Er¥t E#4 kot
g, fe et B AR E 0.78 mmol YClse
6H,0. 0.2 mmol YbClz*6H,0 F1 0.02 mmol ErClz*
6H20, INE B /)\FR AW+, T 160 C
4k 30 min. FRE 0.1 g NaOH £ 0.148 g NH4F fiiA
AR, e LRBAWT, &R THES
75 CHHEFE 60 min, BRIHEEAAS, FINATE
% 300 C, fREFULIEFESFE 90 min. #5 H AR
HZE 30 C, AWM. B0, EE 3R, &
JE 1331 NaYFs: Yb3 Er¥* UCNPs 4> B33k Cbe
S e al

T I R AGE R - T R T 2 2 1 ST E)L UCNPs [ 7K AH
I3 B8, K] 4% ) UCNPs 2R Sk 5 0.2 mol/L
IR AE TR AT SRR A, pH A 4, BK
WBIRRE 3 h, FEBZESWIR}, UCNPs H FJEH
W OB T E TR, UK,
AT IE R AL B0 78 (1) BRI T RNVEE G,
INAERYTAL . B0y, BEE 2K, BAFE T E RS
7E 10 mL E&ETF K.

B — & & UCNPs [} 1%M40me s, a4 H
R L, FET KSR, 16 120 KV I LR T R4
TEM EUE, Wsse R~ #ES. Wil 1-A. B
F7ne UCNPs -3 RS20 30 nm, B RIFHY
SIEUE R —R RS oA, BISAWIE: M
J& UCNPs [ RSFRI 23 i G B 84k, 1A
PR R B ERTE , 30 AR R HIA 2 B A &
iy, HENTTRER LR T KRR A .

1 HEEBEGHAMIEERN UCNPs (A) BB EITE
BEERFR EAY/KIBME UCNPs (B)

Fig. 1 Oil soluble stable UCNPs before phase transition (A)
and citrate stable hydrophilic UCNPs after phase transition

(B)
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2.2 # RB/UCNPs/DHA RIS Rix&I& RERS
Uk

i

K FH B4y B0 ) 2% 359 RB/UCNPS/DHA 1)
REFAAR . IR B EL 30 2 30 3 ¢ 1 A2 HRIL DOPC.
Chol. PEG-s100 Il DHA, & & &M, 40 C
e Dok e 28 R B A NUET, e I RT3 5]
(AR RS, e 22 s T MR v O R R R 1)
4. 2 mL ) PBS(# 20 mg UCNPs 12 mg RB)
BRI AKAL, 7630 CRimiE, FERHE ARV,
B 5 min (ThE 360 W, TAE2s, fkE 39),
4 000X g &» 10 min, EBRAREEH UCNPs, 0.45
um FLIEE ROk, RI43 34 RB/UCNPS/DHA [HIfE
itk LIP-RUD. [Fli%, 23l & sk RB /15
itk (LIP-R), HpflEk DHA & (LIP-D)
AMIFLE RB/UCNPs [ figsif& (LIP-RUD 1EAXTHE.

I i o3 A 1R 1% K P P R RN Jo X931 2 45
¥y, s KRR RB AT UCNPs 787K & i LA\ IR i
AR, TR AEYE DHA L8 R BosHE A\ B g
M1 2, S28l RB/UCNPS/DHA H3L [R5
F| LIP-RUD, HaitmsmEwE 2 s, & “2.17
TigbEJr k@i TEM M2 Alamfk (LIP) 5
LIP-RUD #MWiEA. Wi 3-A 1 B fi, LIP 5
LIP-RUD 2R [FTE 454, HI5A B0 IE B 2 ;

°* RB

@UCNPs
° DHA

drugs loading

LIP LIP-RUD

2 LIP#1 LIP-RUD HIZ#g R =R
Fig. 2 Structural representations of LIP and LIP-RUD

3 @i TEM YU LIP (A) #1 LIP-RUD (B) HIFZ5R
Fig. 3 Morphology of LIP (A) and LIP-RUD (B) observed
by TEM

LIP B —, 1 LIP-RUD W EEHIREAS—, A%
Y. WHAE TEM s AT LA LIP RiAE424 140
nm, LIP-RUD %if2£)>4 150 nm, 1fj LIP-RUD %544
W — SR R BRI A R Y ) B4R 4078 20~30 nm,
HEM )y UCNPs. [, TEM f4h 52 B i v e
IIBUR I H 4% T3 T RB/UCNPS/DHA iR Jii
A& LIP-RUD.
2.3 AYBEEHMENE

WA MRtk 1 mL, e 10mL, #
75 15 min R B B4RV # RB F1 DHA, R H HPLC
EME IR 25 & & . RB HIVBRAHIIE kN
Hedera ODS-Cyg it 41 (50 mm X 4.6 mm, 5pum),
HIE-0.02 mol/L Z R4 /K (35 1 65), K 556
nm, AR 1 mL/min, Fif 35 °C, #EFf & 20 pl.
DHA FI¥ AR 5E 77724 Hedera ODS-Cig il i
(250 mm X 4.6 mm, 5um), JshAHA ZHE-7K (60 :
40), KEMIPK 210 nm, AFRE 1 mL/min,
35 C, #FfRE 20 ub. ZRRA I AWI AL ERL
% (loading ratio, LR), X ML ELE N7
2R, Ma RZPRIRZE.

LR=M./Ma

LR 1, AT LIP-R, LIP-RU 1 RB [
LR Hf 84.8%[4{%% 55.2%. Hi T UCNPs #il RB &
FE7K B I I e sh A 24 3k 1) 7 N IR oA, HEM AT
e & T RB 5 UCNPs [&] A BAEH , LA S UCNPs
TR SRR EAE R, BHAS T RB i AHGEN R
k. $R1, DHA ] LR ¥ KA RB fil UCNPs
AR N %, {E LIP-D 1 LIP-RUD ' DHA fJ LR
BIRT 85%.
24 hifRFRIFRERBAL

HU— WY LIP. LIP-RU. LIP-D. LIP-RUD,
I B IR SCRLAR LSO I AR RAR . RLAR 70 AT
AN AL T E « 45 R A05R 2 Fiow, LIP-RU (1)
KM LT LIP 8 R A BRARE, HEN 2 KA RB
FUCNPs #i 08T g RSk Az, X HE Bk

£1 LKHIFIED RB F1 DHA B LR (X £s,n=23)
Table 1 LR of RB and DHA in different preparations
(X £s,n=3)

2H 51 LRre/% LRoHA/%
LIP-R 848122 —
LIP-RU 55.2+35 —
LIP-D — 87.71£23
LIP-RUD 5451+0.8 86.5t2.7
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2 BHEIFERREMEBNM (X Ls,n=3)
Table 2 Size and potential of all preparations ( X s, n = 3)

259 Kifgnm KRR Zeta HAZ/mV
LIP 1435+09 0.18040.024 -8.66+1.08
LIP-RU 143.2+09 0.15140.032 —7.86£1.60
LIP-D 150.7+£3.2 0.204%0.022 -12.40%+1.22
LIP-RUD 150.6%+1.1 0.19840.013 -11.97+1.14

JEE AR Bl R T A R 5 s T DHA 218
IR AR X5 T 2 G5 1 7 S A, TRtk
SO T IR B PR R L S, R AR I O K A
150.7 nm. M4IL[FE G 3 FhZi¥iE, LIP-RUD Fift
79°150.6 nm, ZMELRE TEM WML R 2.
JEFAA Zeta HALE—T~—-12 mV, FHIZW6Ext
JE R AR SR THT ST S/ BRI R DAHEI K5 43 24
Wl 0B N R T A4, W B A o A T )b
25 LEEHRTSEIIERN UCNPs REE fH B3R EN

7E 980 nm - FARBOCIEAK T, KRAZIEH
EAGHAT FE RO b, SR 4 Fos.
B, WE T LIP-U Miad B ke R RB
s, B 4-A Ltz 980 nm KT
LIP-U i EiHotit, stk RB W OLEE,
ARG RS AE 510 £ 570 nm AT RB I
WOk R AEES, 245K W], UCNPs 1 RB 431
PLA3r ) 78 M e i AR F e fE 3244, UCNPs FI4% Kk
SHE Sy AT LARE RB MRS, B AR RN, H
&, KRR IR R AR T2
R L N A 2 kA, R H UCNPs fIS6is
Yo R SHAEKE0, Kk, 24 RB A1 UCNPs [F] A (%
THE A, W EAE S e R B R 4-B
Fian, LIP-RU (SE£i#f4k) 78 980 nm Uk T HIK
JEE B RN Re AR R R ZE T B R, T R
LR M2 1 e e B I AR FEAAS . pH R B T aE
4 RB 1 UCNPs [ 35 36 76 i ot A4 P 356, 1T ASIH
M UCNPs £t 26 HGT RB 1) RERAL 1%

R4 A THH UCNPs feEA LS A0R (BE), X
W, 1 N R AERE R AL T UCNPs 4R 6 RO
SREL, 1 AR AR EALIE G UCNPs ERH 46T K
JHREE . 455K, UCNPs 5 RB M B L 5%
N 49.8%.

E=(li— 12/
2.6 TRAIREHEN ROS =4

SOSG ZIGHRET HA M HE (5, WOk

A !

Ly
fi
LI
! L
1
! i
An

450 500 550 600 650 700
Alnm

4 LIP-U E¥#5% 5 AEFN RB KR5M-7T WIRWLE (A)
PAK 980 nm K& T LIP-U 0 LIP-RU 4%k 5158
& (B)

Fig. 4 Upconversion emission spectrum of LIP-U and
UV-vis absorption spectrum of RB (A) and upconversion
emission spectra of LIP-U and LIP-RU under 980 nm

excitation (B)
K (Ex) A 372 nm #1393 nm, KREHK (Em) A
395 nm Al 416 nmi202, ij 2 B2k AR 4R, Csinglet
oxygen, 10p) fF{ERF, SOSG #RE AT PAK th &k ik
Y (Ex/Em 504/525 nm). # 2 mL ffgffifk5 10 pL
) SOSG (0.5 mmol/L) JEAHE THtamdg, 4k
Je (ERE = H R A 980 nm 2% PA 1.5 W/em? TR i
TR S, 465 1 min 7€ EJ/Em 504/525 nm 251+
TNIE SOSG G fE . MR A ot H ARSI A] 5
(1) SOSG R IEHEEEMA M E /3% (), ZaHilFfi i [A] AR
1Lk

p=t—lo)/lo

IR BRZERE i t B ) 5000 5 1 SOSG B3R, 1o 24
ZHRE BTG A SOSG 3% 6 ik i

ZER UL 5, LIP. LIP-U F1 LIP-R 3 /Ml 74
B A G HR ST (A ZE &, D8G5 5 I A 0 8 32 1 o,
FB 43 ) AL RB 5 UCNPs [ ig i A 7E 980
nm OGRS R IIANRE A A 10,; 1 BE 2 ' IR I A )
K, LIP-RU 1 LIP-RUD 34774 7 522 i e 't 1
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] —e—LIP
——LIP-U
2001 —=—LIP-R
——LIP-RU

| —~—LIP-RUD

0 1 2 3 4 5
O IR S I 18] /min

5 SOSG RAIBEIBMBENE (p) B 980 nm RS
BB RN (n=23)
Fig. 5 Increased percentage of SOSG fluorescence
intensities (p) exposed to 980 nm laser at different
irradiation time (n = 3)
5, FHHA UCNPs f1 RB [F] N7 i 4
A ReAE I E AR 102,
2.7 LIP-RUD #k5MERE R

HU 1 mL (¥ LIP-RUD Z3EHT48H, A 50 mL 1)
PBS ZZ (pH 7.4, 10% FBS) NiEMANH, B
T 37 CHEBRGREIRF . 782 05h 5, Bt
AT (L5W/em?, 5min), T ERalS (1.
2. 4. 6. 9. 12 h) HUEHTA )i 200 pL, HE £k
ISR IENT T . HPLC W& DHA IR,
224 DHA B2k . DHA M LIP-RUD  [fBE2%
17 N0 6 TR, DHATE 12 h BRI T 50%;

*k Fk

801 —e— s TS
—e— RO *x
60 **
&\O *%k
o 409 e
X
B
<
T
[a) 20
0 . . . T . \
0 2 4 6 8 10 12
t/h

ARSI A 2 /] "P<0.01
Significant difference between with and without laser irradiation
groups is represented as **P < 0.01

E6 AETFRIAEEHT DHA M LIP-RUD Sk sMEREh
% (X £s,n=3)

Fig. 6 Release curves of DHA from LIP-RUD under
different illumination conditions ( X s, n = 3)

M 24257 5 min 204G S, DHA 78 12 h 227
BB EREE 7T4.9%. 4558% W, LIP-RUD A
A el R R 25 R o HED 2 FH T DOPC 1E NANHL
FNBERE, X 102 BUBMER E, J6ah 1A= A R K
F ROS #EfiE AL DOPC, 31 51 i A 5 44 i 25 4
FELARBI R N, B0 AR R s P, s
2y,

2.8 CLSM M HCT-116 {RAEHYIEER

I HCT-116 5@ 4iff, LA 5X10* ANHLIk4
FE5 B HERR T 35 mm BRI, R E 12 h 5%
TR N FREM BN LIP-RUD A5
W, Hrh RB B EIRE N 20 pg/mL. 37 CH%HF
T#E 05, 1. 2. 3h /)5, H 4 C PBS ¥k 5 i,
AN 1 mL s g i e i, =i FEE 15 min.
BiJ5, 4ksiH 4 'C PBS Pk 3 6, I
Yett 7] Hoechst 33342 %ttt 30 min. sl 5,
F 4 ‘C PBS ¥tk 5, inyiseks, @ aan
Fro KIRILE T CLSM EM & L, e MEEX
%R, KA RB MPOLEIE . &R wE 7 s,
TEAIf A LIP-RUD JFi¥ & 2h J5, NI
5B AL BIEME, PRI E S5 2 h /8 PDT 1
't R PR R ]

29 MTT EERAINMEES T

B A KT HCT-116 4000, WAL S i 4 40
MBI, 4% 1X10* N /mL KOOk fE e ft T 96 FL
AP RE TR, 4550 200 pl, 5537 12 h £ 40 G B
Wz EERRIR, A RFI R EIRE & HIFAH CR
TG WEE 24 ho WiE, SCHRALERTE 2 2 h i,
5] S IThER %5 FE N 1.5 W/em? ) 980 nm 30 H T 34 1
SHARAL 5 min. FERFE4R)E, WA, Bl
JON 100 pL 5723 A01 20 uL MTT ¥ (5 mg/mL),
heRiE IR 4 he RJEWFAEEFREEIFMA 150 uL 1)
DMSO ¥ fig k. e, FHERFRCE % FLEE 570
nm B (A {H, PAZS IS IR N R,
THE Y1 f 4735, ¢ A GraphPad Prism 5 %K
(GraphPad #fF2Aw], FKED THE A EA ik 5
(I1Cs0) %

Ui B8 25 A RO g SR A4 6 HCT-116 485 iz e 4
(RS S FEA R &5 R 8 fin, 7E#% DHA
WREE R LIP-RUD/Laser F 4 A 338 5 #0 i| 45 FH 40 55 3%
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Fig. 7 Cellular uptake of LIP-RUD at different time by CLSM (scale: 20 pm)
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Fig. 8 Proliferation inhibition effect of preparation groups
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