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FEE: DL 2-HJLpkmE (2-MelM ) Fl Zn(NOs), MR, 4 T ¥ AT DKk 48-8 ( ZIF-8 ) ZKM R}, K HAE
AT 2R, FEL N ANE B AT 2R N VD AL (CIP ) A2 IR ( TAX), e B B L U (PDA)
F# T ZIF-8 : CIP@ZIF-8 : TAX@PDA AL 25F- 15 ( ZCZTP )o R TEM. GK KL Tk Zeta HLALATHTAYL
XRD. EDS X ZCZTP #17 T Ak, #il CCK-8 LiTAh T ZCZTP AW & e MAN M s, Wdinic S
HiFF B (RhB) MEOCHRERM BB (CLSM ), M T 4T1 400E%F ZCZTP WHERE S, 458K,
ZCZTP hifg¥)—, HIESHMWEST7k; CIP 5 TAX 4rilESMAENINZE; ZCZTP 1Y Zeta HLAIH
(-13.23£2.29) mV, H: CIP Fl TAX W2 25870510 4.28%F01 8.57%, fuE K750 42.8%F1 85.7%, CIP Fil
TAX K 48 h (pH=6.5 ) 254 REVRE R 40 B 46.0%5 61.1%, BERLEA pH WM, 7EBRTES M T ol LAk
E 225 ; ZCZTP BA RIFm AW a5 m A A, BT 400 g/L i) ZCZTP %t Balb/c /MR IfiL
FRI5 1ML %6 <5% , ZCZTP Al LAIE i A A FHiE A 4T 40 M FAE v B R h R 3R 2 BB vk B o 10 mg/L 1) ZCZTP
AEFRIS Y 4T AN MIAFNG SR AT DA A 6] B2 R 1% 62.49%
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Construction and performance of ZIF-8 nanodrug delivery
platform loaded with ciprofloxacin and paclitaxel

ZHU Wei, XU Jianxiang, JIANG Jinghao, ZHU Limin"
( College of Biological and Medical Engineering, Donghua University, Shanghai 201620, China )

Abstract: Zeolite imidazole-8 (ZIF-8) nanomaterial as chemotherapy drug carrier was prepared from
2-methylimidazole (2-MelM) and Zn(NO;),, loaded with chemotherapy drugs ciprofloxacin (CIP) and
paclitaxel (TAX) in the inner and outer layers, respectively, and finally was coated with polydopamine
(PDA) to obtain a ZIF-8 : CIP@ZIF-8 : TAX@PDA nano drug delivery platform (ZCZTP), which was
further characterized by TEM, nano particle size and Zeta potential analyzer, XRD and EDS. The biosafety
and cytotoxicity of ZCZTP were evaluated by CCK-8 method, and the ZCZTP uptake ability of 4T1 cells
was analyzed by labeling with Rhodamine B (RhB) and confocal laser scanning microscopy (CLSM). The
results indicated that ZCZTP exhibited a uniform particle size and a regular cubic morphology, with the CIP
and TAX loaded on the inner and outer layers, respectively. Moreover, the ZCZTP showed a Zeta potential
of (-13.2342.29) mV, a drug loading capacity for CIP and TAX of 4.28% and 8.57%, respectively, an
encapsulation efficiency of 42.8% and 85.7%, respectively, and a cumulative drug release at 48 h (pH=6.5)
of 46.0% and 61.1%, respectively. The release was pH responsive and could release more drugs under
acidic conditions. ZCZTP also displayed good blood compatibility, with the Balb/c mouse blood hemolysis
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rate of ZCZTP with a mass concentration of 400 mg/L less than 5%. ZCZTP could enter 4T1 cells through
endocytosis and accumulate in lysosomes. The survival rate of 4T1 cells treated by ZCZTP with a mass
concentration 10 mg/L decreased by 62.49% compared with control group without addition of medicine.

Key words. metal organic frameworks; zeolite imidazole framework-8; partition drug loading; chemotherapy;

synergistic therapy; bioengineering
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[, PR— 7 38 W AN RS AR BR IR . A2
(TAX) E—Fhrai i dri iy, HAEM TG,
AT SR B S AR B A R IR Z R s A
A, HFIHRAMEEARE, PR, B2
EMAE M A 2R, RRD A
(CIP) A RS =0 WS hu i 25, BT
WEPTREEE, Hamad i &l DNA B . DNA [l
it RN F 0 S AR T IV S5 SCBE R 7 M, TIRER A B
ARG, NI AP VE RO, X238 ad A TR Y3
TP 20 M i 1 ARG, T A R e X e A0 LY
e C

AR SCHRLE o — R kPR il I ANE R ZIF-8
(9 K FORL, 4> 9 CIP F TAX (30T s ),
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HIRE, o/L; p s NIIA ZCZTP AYZERAL2Y i B
W, g/l
14 FRetEnik

DL 1929 ZHf A SL gt %, ffi ] CCK-8 ihE
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[ AL AR R BT B2 (0. 2. 4. 6. 8. 10 mg/L)
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R (5) I AERE R (CS', % ):
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PDA-RhB W35 3534k 2 B4 M 12 he WEE LS
Ja, FRERRER IR, A PBS UEIRAIM 3 K.
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SEANM 15 min, WCBREEEWRE, PR PBS Va4l
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Be i A [6] 5T & Wk B 9 ZIF-8 @ CIP@ZIF :
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WA (6) AN M= (HR, % ):

HR/%=(0OD,"-ODy¢)/(ODgc—ODyc ) x100  (6)
K. OD;"'. ODyc 1 ODge 43l A SE 840 . FIPEXT



© 2186 ¢

M 4m 4 T FINE CHEMICALS

42

HE 2 R0 B o) R A P IR O
1.8 EHEE/N

B il i W N 3 /L 1Y ZIF-8*@PDA ¥,
i FHAR SR FR VR 5 VI pH=6.5. I A 257737 1 3
% (MB), JREWE N2 mg/L, MiFIRA), 4k8H
B 24h, HIFESE 2. 4. 6. 8, 10, 12, 24 h
SRR IR TE 664 nm 1 WE G AR (6 8 A

2 #R5iTe

21 REEHEHSH
1y ZIF-8' \ZIF-8* Fil ZIF-8*@PDA 1) TEM [&,

& 1 ZIF-8' (a), ZIF-8* (b), ZIF-8’@PDA (c¢) 1Y
TEM K
TEM images of ZIF-8' (a), ZIF-8* (b), ZIF-8’@
PDA (c)

M 1 ATLLEH, ZIF-8' #1 ZIF-8% () K/ NFIIE
YRR — 2, SIS T RTEAR . ZIF-8°
FRIARAES T ZIF-8' A T, X &M, ZIF-8'
Wt RN, TIRAEKE )2 ZIF-8, £ PDA
)G, ZIF-8*@PDA FE 1 n] W— JZ 1A i

& 2 & ZIF-8' Fll ZIF-8°@PDA 7E/K H1 7> By

Fig. 1

& 2 ZIF-8'  ZIF-8*@PDA /K i 4Bl i B
Fig. 2 Photos of ZIF-8' and ZIF-8’@PDA dispersed in
water

MWE 2 /AN, 453 12 h lEE, ZIF-8' I
ZIF-8*@PDA 7K B i 35 A H BLIA W (i SR EE L4
T B B AP e SR v
22 MBRSBEBSH

Kl 3k ZIF-8' : CIP 1 ZIF-8* [k i A,
L} ZIF-8' . ZIF-8*@PDA #l ZIF-8 : CIP@ZIF-8 :
TAX@PDA [ Zeta HL{v o

MK 3a FTLAFE 1, ZIF-8' : CIP I ZIF-8 1)°F
BIRiAR525 0 92.8 F1169.1 nm, M & 3b 1] LAFE H,
ZIF-8'. ZIF-8*@PDA Hl ZIF-8 : CIP@ZIF-8 : TAX@
PDA [ Zeta L7 5358 (40.32+1.66 ), (-8.10+0.47 )
M (-13.23£2.29 ) mV, M2y ( CIP fl TAX ) fzkfifi
ZIF-8' 1) Zeta HANTREAG, MIEHAS A H(E, hifef
PDA J5 Zeta FLNOGi#F— 0 FEAK . S5 RUESE, X252 A
ARG L, Itk PDA I,
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K3 ZIF-8' : CIP Ml ZIF-8* fikite Al (a); ZIF-8',
ZIF-8’@PDA FI ZIF-8 : CIP@ZIF-8 : TAX@PDA
BY Zeta A7 (b)
Fig. 3 Particle size distribution diagram of ZIF-8' : CIP
and ZIF-82 (a); Zeta potential of ZIF-8', ZIF-8’@
PDA and ZIF-8 : CIP@ZIF-8 : TAX@PDA (b)

2.3 XRD 4#f
& 4 & ZIF-8' 5 ZIF-8 iR & A4l Yy XRD
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ZIF-81&4L

5 IIO 15 2IO 2I5 3|O 3I5 40
20/(°)
Kl 4 ZIF-8' 58 % KK ZIF-8 fIRG MBI XRD
Gl
Fig. 4 XRD patterns of ZIF-8 and published ZIF-8 crystal
structure simulation

MIE 4 FTLLE S, ZIF-8' (4G s 5hRiERLS
FUAH EETCHH s, 2RHH ZIF-8' BBl 4 .
24 TTEMSSHSM

5}y ZIF-8 : CIP@ZIF-8 : TAX HeR - Am .

[ 5 ZIF-8 : CIP@ZIF-8 : TAX WICZ 4 4 &l
Fig. 5 Element distribution images of ZIF-8 : CIP@ZIF-
8 : TAX

M 5 LA S, ZIF-8 : CIP@ZIF-8 : TAX £
ffiZn, C. N, O, F 5Fc®g, HEK TN
%], CIP ( C7HsFN;03) HUHFIEICE F R A fE
ZIF-8 W2, tAXTHL, HAMNZXT TAX (Cy7Hs5NOyy)
gk, O MEAINZEREED TWNZ. 455E
5, ZIF-8 WANZXT CIP Fll TAX g ais.

25 HYBHSBEHRSHT

23 (1) A (2) 34, CIP Fl TAX fIZk2h 4
K 4.28%F1 8.57%, I 42.8%F1 85.7%.

%l 6 4 CIP Fil TAX 7EANIA] pH T Fili % B[R] 1) 24
YR

MWK 6 ATLLE 1, fEHPE (pH=7.4) FRYE

(pH=6.5) £&MF, CIP Fl TAX iz Aisf [a] A 386 it
2y RRUB IO ST R A A, e e R
AR, dRME L PR, CIP Fil TAX [ 48 h
(pH=6.5) Wi BB E 775 46.0% 5

61.1%., TAX 3 CIP BaE R, nlaeEh, TAX
WAETESNZ , B 5 B R MR RS i R

100

a —=— pH=6.5
L —e— pH=74
< 80
i
& 60
&
Bk 40
N
= 20
0 1 L L L L
0 20 40 60 80 100 120
At iE)/h
100
b —=— pH=6.5
80 L —eo— pH=7.4
R
b i
2 ol 48h
g 61.1% !
o
BG40 |
&
" 20
0 1 1 1 1
0 10 20 30 40 50
A fa/h
B 6 CIP (a) fl TAX (b) ZEAM pH 484 FZi &
TR

Fig. 6 CIP (a) and TAX (b) accumulated drug releases at
different pH conditions

e (pH=7.4) 4FF, CIP fil TAX 254
ERBR A R (pH=6.5) &FTFHI—2F, i
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Fig. 7 UV-Vis absorption spectra of ZIF-8°@PDA during
degradation
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Fig. 8 Under the action of ZIF-8’@PDA, UV-Vis absorption

spectra of MB solution (a) and absorbance at 675 nm
changes over time (b)
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Fig. 9 Effect of ZIF-8°@PDA concentration on survival
rate of L929 cells
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Fig. 10 Cytotoxicity of 4T1 cells evaluated by MTT assay

MIE 10 7T LA i, ZIF-8°@PDA | ZIF-8 : CIP@
ZIF-8 : TAX@PDA ., CIP, TAX X} 4T1 H{&&M A
BE PR RS B Wk R SR m R, B —E
Jo7 s R BE AR . AR BT ER I (2~10 mg/L) 1Y
ZIF-8°@PDA Xf 4T1 BREMIERETE G HLX ], 4T1
HIAIMEAETS K 86.7%~96.8%; 5 L2 W ds A Xf
MEHAAEL, 42 10 mg/L 1Y CIP Ml TAX 4bPRf5 4TI
(R 20 LA 35 2R 43 ) R [ 47.60% .39.15% 5 25 10 mg/L
f) ZIF-8 : CIP@ZIF-8 : TAX@PDA kb3 J5 T [%
62.49%, JH., iSRS (CIP B TAX) S5
K- ( ZIF-8 : CIP@ZIF-8 : TAX@PDA ) 4b
P2 R B E 2257 (P<0.01), WEBZRIAR T
WEEEES

K11 k9 CLSM Kl i) 4T 1 2 Xt 45 25°F 5 1Y
T BLIPAR S5 2R o 1 ETOEMRLE DAPT QLA
MR, ML EFENIET RhB R HAFR 9k
L AR



5510 AOBL, S AUERIRATY R RVEAZRER ZIF-8 YKL 25 6 Bk S PR RE

* 2189 ¢

a

m
2
<
a
-
S
o
<
N

PBS

K 11 ZIF-8°@PDA-RhB fJ DAPI e f 40t (a) 5
ZIF-8*@PDA-RhB [ DAPI £Z1.t05¢5% (b); PEIE
i (c)

ZIF-SZ@PDA-RhB's DAPI stained nuclei (a) and

ZIF-82@PDA-RhB's DAPI red fluorescence (b);
Superposition of two figures (c)

Fig. 11

M 11 1 4T1 408N RhB 7 5 B A8 fk ]
IEH, & 2hFEE, 4T1 4 i 9Kk Btk
H LT (A5G B 3558 TUF 5 RhB 41, UE I 40 K Jki g
AR AT 4R 7T BEAYIR 1R R, ZIF-8*@PDA-
RhB 44K JUkE 38 o 9 & A SE AL, JF7E s A
PR YA RS AT, RhB PR a2 40 i o,
T B T P

Kl 12 & ZIF-8 : CIP@ZIF-8 : TAX@PDA X
Balb/c /) R A ¥ 1L 23R 0 5 25

50 ——
25 50 100 200 400 PBS H,0
s =t o B BN B M-
) :
e /
X 30 Y ¥ 9 9 ¥ w
-
E 20t
10}
Y ——
0 100 200 300 400 500

[ /(mg/L)
1 E R H EOF B0 S WAL R IR, B5-1RR ZIF-8 : CIP@ZIF-
8 : TAX@PDA 4 J5i & ¢ &
12 ZIF-8 : CIP@ZIF-8 : TAX@PDA %f Balb/c /)s KL ifil
FR 75 1 %6
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