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7 HHIBLTY % 5 PTX@HSA-Ce6 BNEHE = UM S ARSI Uk . 455 24 HSA 55 Ce6 #0BHL N 10 10 B, i
£33 PTX@HSA-Ce6 MR, FHkiiE A (147.4£0.9) nm, AN (-152+20.6) mV, EH RIFHREEH.
PTX@HSA-Ce6 Al H MK, A pH BB AMERME . PTX@HSA-Ce6 7 # MCF-7 At .. FraHua, #
e PRI P AR TR R, SR RERIER G PUMEEA . 4518 PTX@HSA-Ce6 TSNS Ce6 AVEAZEE ML
Wik, RIEAST -6 R B A PR E A, AT oo IR IR T AR .
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Preparation and in vitro evaluation of human serum albumin nano-drug
delivery system loaded with paclitaxel for chemo-photodynamic combined
therapy of breast cancer
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Abstract: Objective A paclitaxel (PTX)-loaded nano-drug delivery system based on chlorin €6 (Ce6)-conjugated human serum
albumin (HSA) was prepared for chemo-photodynamic combined therapy of breast cancer to improve therapeutic efficacy. Methods
HSA-Ce6 conjugates were prepared by covalent coupling method, and their FT-IR spectra, UV-vis absorption spectra and fluorescence
spectra were analyzed. Paclitaxel-loaded HSA-Ce6 nanoparticles (PTX@HSA-Ce6) were prepared by self-assembling and their
particle distribution, { potential, morphology and stability were characterized. The drug loading and release profiles of PTX@HSA-
Ce6 were examined. The in vitro intracellular reactive oxygen species (ROS) generation, cellular uptake and cytotoxicity of
PTX@HSA-Ce6 were evaluated on human breast cancer MCF-7 cells. Results PTX@HSA-Ce6 prepared with a HSA/Ce6 molar
ratio of 1 : 10 displayed uniformly spherical shape and good stability with a mean particle size of (147.4 = 0.9) nm and  potential of

RS EHER: 2021-09-08

E4WB: BXARRFEESTHTA (81703391); AH HRFIZEEE AT E (ZR2020KB015); IARE AR %ELTH
(ZR2021IMC091); IZRAEQIAA 5 & BIBA—r 255 2k R AE IR G0 FTIF 7 FIBAITE  (10073004); Ll ZR 48 K2R BIH Bk
MR (5202010440063);  thARH KEFEAGFHEDLIIZRTR] (S202110440055)

TEEENY: T0E (1995—), Lo, WiLFsid, MEZYHTAH L. E-mail: 18766572383@163.com

HBIEEE: 5k, AIEE, AEPRGAH RGN E SN AT . E-mail: jing0126@163.com



© 994 . ¢8 B 2022628 $53% B4 Chinese Traditional and Herbal Drugs 2022 February Vol. 53 No. 4

(—-15.2 £ 0.6) mV. PTX@HSA-Ce6 could efficiently load paclitaxel and showed sustained drug release behaviors with pH-sensitivity.

PTX@HSA-Ce6 could be rapidly and continuously taken up by MCF-7 cells, and generated intracellular ROS after laser irradiation.
MTT assay indicated that PTX@HSA-Ce6 exhibited significantly higher inhibitory effect on the in vitro proliferation of MCF-7 cells
compared with the single treatment of paclitaxel or HSA-Ce6. Conclusion PTX@HSA-Ce6 could facilitate the co-loading and

intracellular delivery of Ce6 and paclitaxel, therefore enhance the therapeutic efficacy of breast cancer by chemo-photodynamic

combined therapy.

Key words: paclitaxel; chlorin e6; human serum albumin; nano-drug delivery system; chemotherapy; photodynamic therapy; breast

cancer; covalent coupling; self-assembling
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o1& R SRR, BRI e B — 69T F BAMY
M DR B IR, 34 m] RS b Rg 4t B e il 0.
TR, FIHYIKE 25 R0 B R 259 i3
ITIALIE, HERIECIN 16T 59T FIECE P
JEVER, AmoReb s — 697 77 B R EREE , dbm]
CLdE I A UG RAHBIGIT , FEMMR IR T TS R
HAMURR AR AN,
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RH2B1, A 5T DL HSA AEAEM R, 508801 =&
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Fig. 1 Schematic illustration of preparation and chemo-
photodynamic combined antitumor activity of PTX@HSA-
Ce6
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Infinite Pro 2K K 2 DIReMAR X, Hit: Tecan A ;s
BD FACS Canto I 41X, S&E BD A#];
Bugbox M il i & 57548, J&E Ruskinn A #]; 660
nm JGEFREEROGE, KEFRDGRAHCE R AT .
1.2 i\

HSA (JFi&453%8>96%, #it'5 SLCH5923), 3%
Sigma-Aldrich A 7]; #2ME (B 48>99%,
45 12028191) 1- £ FE-(3- = H SR A 228 ) e — W fi
EhEREL [ 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride, EDC ] Fl N-J2JE38FI®EW % (N-
hydroxysuccinimide, NHS), iR+ T A AL RHS 5
HABRAF ;s Ceo UiiEDH>90%, #L5 N1127A)
R 2R A5 S 28 (0 0 OB IR % (singlet oxygen sensor
green, SOSG), KIEFECEMHEAGRAR; fat
% (fetal bovine serum, FBS), 3E[E Gibco A H];
Hoechst 33342 I A8, b2 KERHARA
7]; Dulbecco’s modified eagle medium (DMEM) X%
Fidk, £ Hyclone AF]; 2/,7- SR IMGH N LR
#h (2", 7'-dichlorodihydrofluorescein diacetate, DCFH-
DA)ROS tillidifl &, FigE s REVEARARA
Ay O, ik, REmRAERAERA R,
FAb s A o ira, 258 B 2R A F] .
1.3 #hff

N FL 4Rk MCF-7 408, 1 3 B R
b
2 Ik
2.1 HSA-Ce6 &SI
2.1.1 HSA-Ce6 AR ZIRICHRITEIS), FREL
20 mg HSA %+ 9 mL pH 8.0 ) PBS (0.1 mol/L,
NaC10.05 mol/L) "', FRH{—E & Ce6 (HSA &5 Ceb6
VIR 105, 10100 11200 T 1mL
DMSO 1, I A NHS #! EDC (Ce6. NHS. EDC ff]
YIRRIREEN 1045 145, =il NP
24 h. KRG ALE 1) Ce6 WHR AN HSA ¥+, $i
PN 24 h, TEBETKPENT GEE X215
14 000D 48 ho KZEHTK 5000 r/min £.0r 10 min
(B0PAR 123 em), B EFER R, 20 nll %
19 2 A [ He ) B iR R4 KL HSA-Ce6 (1 ¢ 5), HSA-Ce6
(1:10) A1 HSA-Ce6 (1:20),

2.1.2 HSA-Ce6 HJZRAL {5 H AR 21 41
W% (Fourier transform infrared spectroscopy, FT-IR)
X HSA-Ce6 MIZEHEATRAE, IO 06T
RIS . B ERAN G BEVEIE HSA-

Ceb T Ce6 HIREIRE, FIFH BCA &z H
H HSA [T EWREE, MRAELL T AIHE Ce6 B
BRRE (m) D6l

m=Wces/ Whsa
Wees NVETRH Ce6 HIFiE, Wasa NIHTRH HSA K&

(1)HSA-Ce6 [1] FT-IR K AE: HSA.Ce6 Fll HSA-
Ce6 1) FT-IR i Wil 2 fin. HSA [ FT-IR J6i
e T E AR A I, 45 3289, 1658,
1546 e ALt Ji 225 46 B ARFAE W, 2960 2915 em™!
Aib RS (AN RRA A 4R IS4 s Ce6 1 FT-IR O
W R 5 (2964 cm D AR C=0(1711em™)
PIRFEMR L, DL SR S 2 H IR B (955, 895
em™) 071, AN[EFRE Y HSA-Ce6 £ FT-IR Yt
T2 H B R RHE RS, B 1711 om™! Ab BRI
WS R RIS, HSA-Ce6 (11 5) £E 951, 860 cm™!
4k, HSA-Ce6 (1 :10) 7E 944, 859 cm' 4k, HSA-
Ce6 (1:20) 7E 945, 858 cm™! Ab¥y HIBUIHEA IS
MIRESNIE, ESE Ce6 5 HSA RINHEL.

(2) HSA-Ce6 HIEAM-1T WOGIE 5758 6kik %R
fIE: HSA-Ce6 [1)5540-1] WOt 5 58 etk i 3 B
o HIPE 3-A AL, HSA 7E 280 nm AbA5 f KR UL
Bk, Ce6 1E 404, 660 nm b H BURFAE RIS . HSA-
Ce6 (1:5). HSA-Ce6 (1 :10) F1 HSA-Ce6 (1 :
20) ik E s AT A ) Ce6 A1 HSA [RFIEIE,

A
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D

E

r T T T T T T 1
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v/em™!

Bl 2 HSA (A). Ce6 (B). HSA-Ce6 (1 : 5,C)~ HSA-Ce6 (1 :
10, D). HSA-Ce6 (1 : 20, E) #J FT-IR

Fig. 2 FT-IR spectra of HSA (A), Ce6 (B), HSA-Ce6 (1 - 5,
C), HSA-Ce6 (1 : 10, D) and HSA-Ce6 (1 : 20, E)
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Fig. 3 UV-vis absorption spectra (A) and fluorescence
spectra (B) of HSA-Ce6 conjugates

5 CHlkoE — 308, BEE Ce6 BoRIEMIIE M, FIA
HSA EFEH ) Ceo # Hdt—21m, R KM
YGRS HSA-Ce6 (1 :5). HSA-Ce6 (1 :10)

FTHSA-Ce6 (1 :20) 1 Ce6 MIMBIELREE 7354 34.6.
59.3. 72.7 ug/mg. HFE 3-B 7] L, HSA-Ce6 fil Ceb
£ 660 nm AbF5A B 9 K i, KE HSA 5
Ce6 HIHBA 2 AR Ce6 FYEIR IR, . HSA-Ce6
(P 6 EEBE Ce6 BORLE I3 0T FEAK, X ]2
H T 3 BB Ce6 2> M B EHE B 1N, (M EEAE /)N,
[ B Je3 00 P58 16 5235 Ce6 9% 64 KT,

2.2 BFAGKK PTX@HSA-Ce6 HUHI& SRIE

B /K g5 f s (B i i K AH HAE %5 S HSA-Ce6 H
AT AR 25 9Kk PTX@HSA-Ce6120, FREX 10 mg
HSA-Ce6 (1:5.1:10.1:20) T 10mLpHS.0
) PBS (0.1 mol/L, NaCl 0.05 mol/L) 1, FREX 2
mg EEET | mL K CEEH . A 542
WL TEK Z B IR TR I %S HSA-Ce6 Y8, BT
TEBEFARPENT GREEAX 77 PTE 14 000) 48
h, FHEHT 5000 r/min B0 (BSOFAR 123 cm)
10 min, EiEWEI N PTX@HSA-Ce6 £
2.2.2 PTX@HSA-Ce6 WIRAE  FIFHGKBOERE
A PTX@HSA-Ce6 HIRLAZ /340« M ¢ HAL L
Z B R L (polydispersity index, PDD), F| i 5
HL5% (transmission electron microscope, TEM) M%Z
HIES. 4 RS EE . HSA-Ce6. PTX@HSA-Ce6
DL EAZIE 5 HSA-Ce6 [FVREYN, 1E 25~300 C
HEAT 2278 AR H (differential scanning calorimetry s
DSC) Zr#r2U, ¥ PTX@HSA-Ce6 735 F 37 C.
% 10% FBS ] DMEM 5S¢ 45535 M 4 'C. pH 7.4
PBS % E 7d, AR SR ¢ AR
L, FEEHAR N R ARG AR AR E PE
2.2.3 PTX@HSA-Ce6 [MEH R S5HARENE B
1 mL PTX@HSA-Ce6 £, A 9mL 2N, #H
PR R A2, 12 000 r/min 250 (B0
£ 12.3cm) 10min, HU_EJEREEFE HPLC #HT 542
FE e R, ARE LR AUHE PTX@HSA-Ce6
P EE R R

B EFR = Wned W spm

WAE=Wred W
Wips N PTX@HSA-Ceb HFEME MR R, W wpn NEIEEN
28, W~ 1 mL PTX@ HSA-Ce6 ERA TG 1 &
R

HYKHL PTX@HSA-Ce6 IR 253
RUAREL (polydispersity index, PDI). I ¢ HLAZ.
S ER A R R 1 ME 4 . BEE
Ce6 HRIREAI N, PTX@HSA-Ce6 I TR M
(138.6%+3.9) nm IHINZE (169.5+7.9) nm, #H/hTF

221 PTX@HSA-Ce6 il % FITEMEISHSA 200 nm, 455 T{% B S 4R ) 75 38 1 A0
£ 1 PTX@HSA-Ce6 HIFRAE
Table 1 Characterization of PTX@HSA-Ce6
BRILE (HSA : Ce6) SRS /mm PDI ¢ HA/mV /% W/ %
1:5 138.6+3.9 0.206+0.030 -13.940.7 36.7 7.8
1:10 147.440.9 0.229+0.040 -15240.6 46.4 9.5
1:20 169.54+7.9 0.258+0.030 -19.1+1.1 53.8 102
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Fig. 4 Particle size (A) and { potential (B) of PTX@HSA-
Ce6

(enhanced permeability and retention, EPR) XN &
LT HiRi 24U B 23], PTX@HSA-Ce6 {103 Al
WY EBE Ce6 BRI I I IE I, X T §E5 Ceb
HICREIG IS 3 HSA BUKMIGsRA . TR
pH fE 5 T HSA %5 Hi i, Bk PTX@HSA-Ce6 K
N, ARTRCSRN B RGBT
B, H ¢ HAZ46HERE Ce6 SRR MM IR A,
XA REE HSA RMZEEY Ce6 BURA K. HHR
B, Ce6 ZHFESREM FERNIEK, HlFHE
T BES B IGINvT e et Ce6 A, MBI F1I6TT
R0, K, NARIE PTX@HSA-Ce6 BEW K 1E4L,
IT-JENIBRETRITIER, 456 POtk il 4h
HEF HSA-Ce6 (1:10) FT /5 8L 90 KA 1]
2 FSLIOHIF 5T o

TEM W% PTX@HSA-Ce6 IS NE 5-A Fr
o PTX@HSA-Ce6 EMEEMIBRIE, kifth 100~

Ce6 HSA-Ce6  PTX@HSA-Ce6

C 200~
150 W
g
@ 100 -e-PBS
iﬁ
50 -8 DMEM+10% FBS
0 1 1 1 1 ] 1 1 1
0 1 2 3 4 5 6 7
t/d
D -10-
th
E
= —20 1
iy -e- PBS
95
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E \\/\/’\
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Fig. 5 TEM images (A), sample pictures (B), particle size
(C), ¢ potential (D) and DSC thermograms (E) of
PTX@HSA-Ce6
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150 nm. HSA-Ce6 1 PTX@HSA-Ce6 {E/KH 1B R
R I R B, TS Ce6 JLT-AN,
KW HSA 5 Ce6 L/ RENE T Ceo MMM
(Kl 5-B). FEAFZM TIRE 7d, PTX@HSA-Ce6
(RIRLAE A K € BRI IS AT 203, HIBBh a4 /s (PBS
kI AN 142.8~178.9 nm, { HLA7 N—14.1~-19.2
mV; & 10% FBS () DMEM 4%k 138.4~192.0
nm, { HEAIAN-13.4~-18.1 mV), IESLH HA R
AR e R R EvE (] 5-C. D). HIE 5-E
AL, HSA-Ce6 55 2B G J5E 220,237 C
Aab HH USRS I 1) s AR WA W AT 7 g T e, R B4R
EEENSEFRES, 11 PTX@HSA-Ce6 [f] DSC Hii 2k
5 HSA-Ce6 AHAL, A HEIAR Fib B WA 0 AR figh TC A
g, KL 7T PTX@HSA-Ce6 H1124,
2.3 PTX@HSA-Ce6 BIKRINAHIFE AT

7 B 0.2% 58 1L A4 80 1A pH [#) PBS
S MIRAE R BT, %% PTX@HSA-Ce6 144
IR LS. B 3 mL PTX@HSA-Ce6 2 &
TN RN & 14 0000 1, ¥R
& 30 mL ARBHN R ARG, 37 CEER
o AT 0.5, 1. 24 4. 8. 12, 24, 48, 72h ¥
H 3 mL BB, FEAMINGEAARAR A RSN
FIFH HPLC M€ 7% PR P B2 i & &, iR
FELLF AR PTX@HSA-Ce6 ) RFRZHWRE L
K (Q), hlZarethz .

0=VCu+V; nj C)/Mo

i=0

Mo N PTX@HSA-Ce6 HELEEMSE, VBB TME
R n NEEEIREL, Vil i IR BB R AR, R
i BV RETBUY o A BE R TR B IR

Gy SR AR BT (pH 7.4) My 4aiffa o
W (pH 6.5) AfiJs 40 i i B A% (pH 5.0)
%52 PTX@HSA-Ce6 FIARSMGYIRE B L. Wil 6
Fi7r, PTX@HSA-Ce6 fEAF pH 26F 5 8 8h I

60 T PpH30 T

< f
5 40 i pH6.5
Py
= I pH74 T
X 20
e

0 T T T 1

36 48 60 72

t/h

6 PTX@HSA-Ce6 RI{ARIN TR BhLk
Fig. 6 In vitro drug release curve of PTX@HSA-Ce6

PG R, T Ea T2 . PTX@HSA-Ce6
R R IA R pH PRSI N, 72 h I pH 5.0 2%
PER 1) B R TICR (56.2% ) 38 2 15 T pH 7.4(33.6%)
I pH 6.5 (46.7%) NI RFBEHCE, XnlHe 5mRMk
AT HSA 1 R ECE LB S HSA-Ce6 [AI 7S
H R 7K A FLAE s A7 k200 X — BT A
FI T3 PTX@HSA-Ce6 5% 61 FE (A2 e
itk PTX@HSA-Ce6 4 i Jed 40 45 50U (R 25 V0 ke
B RT3 m A IR TT AR -
2.4 PTX@HSA-Ce6 HIFALF MR

FIF SOSG %% PTX@HSA-Ce6 1£ 660
nm WOL RS 1 ROS At 7). 1] PTX@HSA-
Ce6 =R I SOSG ¥l (KRN 1 umol/L),
660 nm IS 5 FIF 4K 2 DI REREAR X (Lex=
489 nm, Agm=528 nm) W& K FE 5 1R GRS,
SN RO R IR BRUREE ROS 177 AR
5L FIH SOSG #R%HHaill PTX@HSA-Ce6 (1] ROS
A G, A5 RANER 2 s WL, ROS 7 &b
¥ PTX@HSA-Ce6 H1 Ce6 W EMFE Mg, BFH
— E IR FE AR DG o [ LS e ) 60 S 4
I, A4 22 v (1) 58 6 R BB i 12 45 R R PTX @
HSA-Ce6 A% ROS EAT— 5 [ [ 5 ik 7] A1 588 FE AH
KNECT28], FESLIG BOE M ZHGERIN, 50 mW/em?
B4} 4 min I PTX@HSA-Ce6 7= /) ROS B #: 1,
DRI b e 438 12 R B 2% A 100 AT I SR S BR t 9E
2.5 AL

I 2120 f i if S 56 % %8 PTX@HSA-Ce6 (1)
AN AR 1, B8 VRO H Tk 24 10 2 4
PEo ZHESCHR VAR, KT S ifil A2 2 R /K Ab B
JE T 2% 2T A 2 . 43 99 BUAS [R)3R FE F) HSA-
Ce6 VA EL, PTX@HSA-Ce6 27 5 21 40 i B 25 4k

F2 660 nm BT PTX@HSA-Ce6 Y ROS =4

Table 2 ROS generation of PTX@HSA-Ce6 under 660 nm

light irradiation

Ce6 FUEIRIE/ UM D g/

(ngmL™) [A]/min  (mW-cm2) RO
0.008 4 50 1932.3£537.0
0.080 4 50 5990.7£249.3
0.800 4 50 29 025.01+845.2
0.800 1 50 15641.0+3393.7
0.800 2 50 23237.0+2477.8
0.800 4 5 13391.3%£317.1
0.800 4 20 24215348053
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FURA, DAZRIEACHPIYEXT R, A3 R /K N I PEx)
M8, 37 CHEHE 2ho 2500 r/min B0 (BL2f4E 15.7
cm) 10 min, B EJERT 545 nm A0 5 FL0% 6
A i, WRIFELLF AR IE M

W MLZEE = (A4 s — Anc)/(Ape— Ane)
A wa AFEGAE A H, Anc HPIPEXTRE A {H, Ape JIPHERT IR
AfE

TE AR T A I SR BB AR B HSA-
Ce6 Ml PTX@HSA-Ce6 [MiAIMAR, 5% 7 fr
TNe FESEESBE B BRI IEE N, HSA-Ce6 A
PTX@HSA-Ce6 ¥4 Ifil Z& [ 77 594 FE 3 & A |
Th ABIIT 5%, R TH ke 25 54 RIFH)
At

Il HSA-Ce6

W

§ B PTX@HSA-Ce6

%

p
0
Ce6 2 4 8
B 25 5 10

R IR/ (ngmL™)
Bl 7 HSA-Ce6 1 PTX@HSA-Ce6 BRI %
Fig. 7 Hemolysis ratio of HSA-Ce6 and PTX@HSA-Ce6

2.6 AR ROS &

¥ MCF-7 41 LA 2 X 104 AN/ IRl 3506 L 23R
IR, 205 BT 20% O, H B IR EL 2% O,
TR AIE TR TP R TR A B S I 5 TR T 4Ry
ANFER ) PTX@HSA-Ce6 27, Ji 37464 T 4k
BEFE 4 he FEMAVEM, PBS EHEMA 1 mL
DCFH-DA ¥ (2N 10 pmol/L), 44 H
30 min. 660 nm. 50 mW/cm? BOGIE S 4 min J5,
PBS &y, B TROCHREELMSE (confocal laser
scanning microscope, CLSM) NM%E, 5240
ROS E g fE I -

ML ROS =AY e a3l 16T BRI
HEENR, PTX@HSA-Ce6 7E 660 nm OGRS~
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