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BARR S MR B F LT ERAFIERES S, A XA RAARBHR, HR ERAF LIRS ERA T ER L,
BEBREAFIEFR Y fk-Sah ) BAMAE B E RS REAYN 24 h wb o], A BRT 5 R4 4 80% M5, WA 1R4EH,216 h
Bt 5 SR 4 R 100% ; 38R & Frk ERRE2h 5 3k T rb 2 B ARBLGY BURT G G0 B2 S AR AT 45 R AN B 5
EAT RMA T ERG L, T S AR RGIRARITE R, BHIE A KIS R A HRA T BakE-4h g TACE 16 R 8 A RAA
kA€l B

KB BT A E IS4 s SRR Tk 2 TR ik
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Preparation and Its in vitro/in vivo Antitumor Activity of Epirubicin Hydrochloride TempSLE

WANG Guangxue, WANG Jingwen, TIAN Yubo, ZHAO Heng, GUO Songqi, LI Zhuoyue, WANG Jingru, WANG Hui,
YU Jianming, LIU Junwei, WEI Qingchao, ZHANG Xuan " ( Department of Pharmaceutics, School of Pharmaceutical Sciences,
Peking University, Beijing 100191, China)

ABSTRACT: OBJECTIVE To investigatte antitumor agent epirubicin hydrochloride loaded in TempSLE in wvitro/in vivo antitumor activity
and provide evidence in clinical use of transcatheter arterial chemoembolization(TACE). METHODS In this study, the TempSLE was se-
lected as the embolic agent, and epirubicin hydrochloride for injection was used as the chemotherapy drug. Epirubicin hydrochloride
TempSLE was prepared and its physical and chemical properties and drug release behavior were investigated. Human liver cancer HepG2
cells were selected. The anti-tumor activity of epirubicin hydrochloride TempSLE was evaluated in vitro HepG2 cells. The anti-tumor efficacy
of EPI TempSLE in HepG2 tumor-bearing nude mice was evaluated by singly administered EPI TempSLE via peri-tumoral injection.
RESULTS The method for preparation of EPI TempSLE was simple; the added EPI did not affect the temperature-sensitive characteristics
of TempSLE. The released EPI from EPI TempSLE was about 80% at 24 h time point, after that, EPI was sustained release for 216h and
nearly released 100% ; the in vitro antitumor activity of EPI TempSLE in HepG2 cells was similar with that of EPI; the in vivo anti-tumor effi-
cacy of EPI TempSLE was observed in HepG2 tumor-bearing nude mice. CONCLUSION The obtained results would help to support the
clinical application of epirubicin hydrochloride TempSLE in TACE.

KEY WORDS:: transcatheter arterial chemoembolization (TACE) ; TempSLE; epirubicin hydrochloride ; antitumor activity
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AR #a: ZE ) [ 40 Onyx , PHIL ., N-butyl-2-cyanoacrylate
(NBCA) |55

Jk¥E4f (TempSLE) J2Fk [ A FHFA I —FHi
T RURIRA R ZER) , il F T ki 2800 7 P e
T 2020 AELZR[E S 2 it W B A BRI E BT IRl
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SRR AN N-IE NS IR ISR (1 LR ), 454

NH NH
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O
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.
SO
NH

NH

b

I 1A) B (LR ) Rian] (CERRERK) o Ik
TR A RS, MO AT, RN,
AT SECFE AT AT TL AR A I , AR, Xt SR A 17 T 2
B ARHE e 77 SRR ZEVE P, EL AT AR S 5%, S
P FERUR

ISR LR IR PR R R B 245 , 55X
TP 1B AT F A (LRI M 4R i A R
W) VAT , 03 P T M R M 9 1 T30 ik
ALY, J TACE #7258 =

Y TACE JAy7-210b IR a H9FF9 58 5 1 1 vk
TR ABISE R A JER, T IR iR 25
T 7254 e R 5 22 LU Ik 4, o e
A 5 J% 25 W) B AT M AT 25 5, Ve B A T
HepG2 4 A2 MRS R , 5 52 £h W2 46 22 LS K 2% 44 1)
PRINANIL IR I 1, SRR R 3 32 b 2 R4 £ TACE
I R A 25 AR A S

A =28 N, N-SE IR RTE I ST V-5 NS ARTBEI RN N-IE N AL 2R )5 B — SRR LA (EPT)
A - copolymer of N-isopropylacrylamide and N-propylacrylamide cross linked by N, N-methylene diacrylamide; B —epirubicin hydrochloride (EPI).

B R & o oy IR GOM R 2 B R 2 b B (EPT) 9 2 A X

Fig.1 Structural formula of the copolymer of N-isopropylacrylamide and N-propylacrylamide cross linked by N, N-methylene diacrylamide

and the epirubicin hydrochloride

1 SN
L1 #850E

FESFFHARRRTET: LR J T, ML FLSS2S, Bt
10 e, FERHRIZG (T4 AR )B4 (TempSLE,
5 20210901, BLiK 5 L, L SOE A TR TR A

rPE 242 2k 2024 4 3 55 59 55 6 )

) s A= BRI s HABAP RIS Ry A ARG bR
HUPVEIEDK RS SYG-AL2 (R =i A A
BRAFD) s AL AR LT A {X (ThermoFisher 23],
SEIE) s ERVO8S Az VR T (Millrock 23], E[H) 5
Gk AL FE - SEM( HASHL 23 w], HAS) 5 B
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HELC - 20AT AR (035 A, 52 Ot 2 D6 Ot & 11 (RF-
5301PC) (SHIMADZU /A 7], H 4%) ; Bio-rad 680 T8 AR
A (Bio-rad , 35 ) .
L2 %

NG HepG2 40 il 2 (v [ B 27 B2 g ik
filt = 2 WF 5T B AN B BT P b ) FE SRR 8 10%
FBS ) DMEM B F2 b 55 5% , HoBs 35 4510 37 C
R I8 5% CO,
L3 smzhdy

BALB/c nude #f 5, #ith: 4 ~6 JEIS, (&E 16 ~
18 g, Il F b 5t K2 e 2 3R SL g 2h i oo 1R 3R 36
BE R 20 ~25 C 3R 50% ~60% , H ARG EH
S R IR sUR S S Yy 9L B0 48 5 U 2R AT,
SEG B A B ATHIESS SCXK (5T) 2022-0009,

2 /&
2.1 HBMAFWERAGRE A NH & T %

B 2 mL HURS HES4% RS % R 1.5 mlL A3
AU 3 32 3 55 FH AR R 22 5 Lb &2 PU MO
25 58 2R, Z 05, 1 2 mL JURS I 5, I
B RV R 20, K% G g 5 R 3 1) — ity AH
B (EHELRS A 10 mL BT 55 2%, 43I 1 32k
a5 A A 55— i A S S A B 2
SRS aR A 20 WA ST, EERWRE @S], Frid
il 1 R PR 28 5% Eb R 4 3 A SRR R HL R 30 mg,
YRR 4.6 mg - mL7'

2.2 BBmEAFUERL S WL

2.2.1  FRUBEIREE M OBSEERT ] A e Al Y i
VETELRE UMK 20, 0ol A BR SR K R AT A5 RS, Ik
e i AR B EE 43 51 R 100% . 90% 80% ,70% |
60% .50% 40% 30% 20% . 4y $NEC iR A [a) AR
7 FE B K20 300 wL, filA 4.5 mm 4% B 58 4
H,F 4 CHE 15 min, fHEE F)%RER 76 2 TORE T 3%
B RHE, Z G B SRR 15 min il HE K
R FR IR R % R D) e
WEHN32C(+0.1 C), a6 & BRI E AR
) AR 5 B oA 2 ) SRR

R PR T Ll SR R A 1 J R B - R R R R
Fb AL IR 4, 2835 A PR /K B, A5 K 2 AR R
A5k 70% 60% 50% 40% [1ERIR 5 L & ik
e [a] by, 00 R BRI

b PR 2 T L B2 RS 24 1 JS S5 EF [ = 43 1) BB
ah ) R R 28 e 2 IS4 300 pL, A 4.5 mm [
BIBEEE b, T4 CHUE 15 min, fiEE FAGEERE
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UM T B RS IRH, Z S5 B, E R CE 15 min
R BRI 2 R T A IR K T 5, A % TR L
JEIRBEBEE N 37 C(£0.1°C) , & ik ah feEh
PR32 5 Lb L IR 4 11 e 5 sF ]

2.2.2  H#HBDWEE 5B A KRR L
b R4 2 VR T 48 h R THES DI R, Has 4%
N4, R Y & S i FE-SEM (JSM-
7900F) 75 2 kV T URELBERE 1) N TES . o3 UK
aft, [\ b yk e, e R .

2.2.3 BB AMSERE I E i UK
A S R PR TR Eb A IR A v R TR o R TR AL
B (KBr) JE F 325, $14# 2 % 400 ~4 000 em ™", i 5
JURHF &aft % 5 1% 3% 5 b AL IR 2 1% e B i A e 21 41
T

2.3 HHYEAEKR

SR PR R 0, I R R 2% 2 L B2 IR 4 op
ERIR T LU B AR SN, BT A A R K B
A BARF 9. 0 mL; BERGELE B o 37 °C il ad
PENATEETE, I Eh R 2 52 L AL
BB R E 5 BT RcE . BRI s
T AEERIBGER IR T LR 2, ZRF0N 15 mL
P20 BEAE 37 °C HIR K 2 58 2 ek AF % A
BT T 9. 0 mL, BURE B[] 4 43 501 F 1.2.4.6.8
12 24 48 72 .96 .120 144 168 192 #1216 h, #£ 4%
AR A] 88 K 9. 0 mL B B o8 e B, 1+F
Mo ZJa, SEEIA 9. 0 mL B .

K DG4 E R TR 25y B HEA T E
PR A 506 nm 5 555 nm, I H A6
BEAE, TR BORE I B) SR BRI A 4323 AR 451
BB R BRI 40 R T3 BT R 4 %, 22 R AR
FEHCE 43 2R - 1R] i 2k o
2.4 HBKFEWE KL S 00K 41 R

PEFE N ST 20 MUk HepG2 Sy A IR R, R H]
A A I 5 5 2 ¢ 2 B A RS 4 ) A4 L R B
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PABESL 2 x 10° A4 o 2 B e fh T 12 FLAnffa s 55
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WREAE A FER IR, Rl A& SRR
VAW ER PR 358 L B IR 4 i B 7R i (Bh IR R R
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B2 A AL . RS S R 1.5 mL
B (EP) 1,1 000 r - min ™' 2.3 min, A PBS
VEVRAIME 3 IR F A5 T 300 pL i1y PBS it {iff
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2 L £5 I O

2.5 HEBKFEIEIKG MR

e HepG2 iy 4f O A5 7Y, SR A It & /1] B
( Sulforhodamine B,SRB) £ 52 £h 8 35 ¢ kb & Ik 3%
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A K1 HepG2 41 LAAEFL 8 x 10° 4~ 4il Jifa 1) %5 i
FERTE 96 Ltk h ,37 CHEF 24 h (EANAIITEEA: K
DAA: BRER K R, W B b PR 3R 28 LU B IR 4, T T
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JH SRB 3 , 153 R 4 22 bb AL IR 4 i)~ 4k
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TR EEAL > 2 (4L 6 H) , 25 FIA BRA
TR AR 2 1 2 T SRR R 3% b B IR 4
(FIRLASRRR R R 2T 10 mg - kg™') IR 55 A
KT T -

U5 S T AR AR B E) 300 mm® A Ay K
TR BBEAL > 2 H (fEdH 6 H) , 25 FIA IRAH
AT REERIK RN 2 4 T ER PR R T L B IR 4
(GRIEE IR AR R R HL AL T 10 mg - kg™') Wi o5 o
WM T o

U % = AR ALK 21 800 mm’ ZE A K
TR EFEAL S 2 A (4 3 H) , 25 FIA BRA
T BRI AR 2 3 4 T ER R R b B IR 4
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KT -

Tr IR Bl 45 251 S 4 245 05, B W R GE o b -
JUI 2 e A AN S, R R AR (AR 1)
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e L N SRt 1 2 i = R
(A2):

MR (%) = (Vi = Vi )/ (Vi = Vi) X

100% NA(2)
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2.7 JitFEFE
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Fig. 2 The gelation temperature of TempSLE and EPI
TempSLE after diluted with saline. n=3,x +s
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AEPRZ, 1 650 em ™" Bl i A4 3 3L 14 1 46 9 30
1550 em ™' yfERE T N — H B2 di 4R 30, ok fi
FRREAE I IR I8, 1 400 em ™' fy C — N Y i 45 4R 21,
1250 em™ K B O — H /94 il 9= 3h, [ 6t
1 100 cm "' A1 1 000 em ™A C — O B4R
ZE LR P L AR 2T A AR, S I A
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Fig.3 The FTIR of EPI TempSLE and TempSLE
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3.5 HEwERELER

UKL 2 e R R A SC LG B I 24 14 37 R S 1
Gzt R ILIE] 4 2R R IR 2 A S TR IR R R T
R 2 AR R Z2 LI AR S5 H , — 38 R
FRARL, T, BRI 28 52 LU A2 A AT B ikt 2 A
PR LATH

FE(FFR A 10 pm)

Fig. 4 Field emission scanning electron microscopy of

TempSLE(A) and EPI TempSLE(B) (the bar is 10 um)
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9PN 9% W5, 255212 B, 216 h I [E] 5, 24
YIREI 4y 3R 38 100% ,  FIRGE RFEW, 25k
WA B BRRAE 0 ~ 24 h (1 25 1) R TH0H BE A X 85
R, Z 5, 23R TIGH FE 3 8 B TR, 25 4 T R4k
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3.7 AER
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3.8 mi R

M 8 1R % 28 bb AR R R TR 3% 52 bb A K 4 Y
HepG2 4fIAFIG thER UL 7, 1158 1C,,, WLaR 1, 45
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pmol « L' H (0.353 +0.052) pg + mL™", §5i 0],

Hh [ 2205 2024 4 3 H 5 59 5 6 )



1004

804

60+

40

Percentage of release/%

20

T T T T T T T T 1

24 48 72 9 120 144 168 192 216
t/h

100

80

60+

40+

Percentage of release/%

204

REEEEEELEEEEE
t/h
BS EPIWERBHE QK. n=3,x+s
Fig.5 The percentage release of EPI from EPI TempSLE.
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Fig. 6 The cellular uptake of EPI and EPI TempSLE in HepG2

cell line. n=3,x s
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Fig.7 The survival curve of HepG2 cell line of EPI( A) and
EPI TempSLE(B). n=3,x £s
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Tab.1 The ICy, values of EPI and EPI TempSLE in HepG2

cell line. n=3,x s

Groups 1Cso/pmol - L1 ICso/pg + mL~!
EPI 0. 606 +0. 088 0.353 +0. 052
EPI TempSLE 0.551 +0. 153 0. 320 +0. 089

PR B IR A b Eh PR R T L Y 1C5,
(0.551 +0.153) pmol - L™ BI (0.320 = 0.089)
g - mL ™ DB AR R FE AT LU L IR Al v 1 R R 2
FC B 1) HepG2 AHi I 2420 SR BRAR R L AR, 3R W
LR P R IR B IS A PR R SR IR 2 R L R R
iR PR A L 245 258, JOR K AN 52 i R R R R L R
A B BT IR 2550
3.9 WEMIEA AR

BT R — TR B T ER R R S L R IR
ap, HC g (R AR ) A2 Al 2 DL IET 8 A 1R 32 45
L 2, S5 RN FhIRAR I L 2 I 4 55 0 B 2H AH
AT B 2 BT IR 25580, R 55 BRI 45 25 20 R,
IR R R IR A gy 2 A R AR R
(312 295) mm’ X BRZL PR (R BUR (1 858 £402)
mm’ , {198 %5k 88. 9% .

AT E SR i h R N e e N
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2, HRERI, Th PR A IE LE BRI 4 5 ) B AT L
HA WL AT 25280, 8855 B 25585 14 %8R
TR L BRI 4 45 245 L R AR AR (513 £ 144)
mm® 56 B R PR Ry (1858 £402) mm”, HlR 5
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Time after administration/d
A = X RARFLZ 100 mm3 i, 58 55 B 45 T EPL TempSLE, 4525 7] & Oy
10 mg « kg =13 B = 2AEHAFALY g 300 mm3 i, I 55 B 45T EPI TempSLE,
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2P <0.001,
A —when the tumor size reached approximately 100 mm?, mice were given EPI
TempSLE (10 mg + kg ~!) via peri-tumoral injection; B — when the tumor size
reached approximately 300 mm?, mice were given EPI TempSLE (10 mg - kg~!)
via peri — tumoral injection; C — when the tumor size reached approximately
800 mm?, mice were given EPI TempSLE (20 mg « kg ') via peri-tumoral injec-
tion. VP <0.01, 2P <0.001, compared with saline.
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Fig.8 The anti-tumor efficacy of EPI TempSLE in HepG2

tumor-bearing nude mice. n=3,x +s
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Tab.2 The tumor inhibition rate of EPI TempSLE

Dosage Inhibition
Administrations Groups
/mg - kg ! rate/ %

I Control / /

EPI TempSLE 10 88.9
II Control / Y

EPI TempSLE 10 87.3
1 Control / /

EPI TempSLE 20 82.6
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Tab.3 The content of EPI in tumor tissue. ng - g’l

Tumor weight/g EPL/ng - g~! Mean +SD/ng + g ~!
0. 460 43.04 37.0+8.30
0.513 40. 55
0. 892 27.47
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Fig.9 The sol-gel transition of TempSLE and EPI TempSLE (A and B) and the drug release from EPI TempSLE (C)
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