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W OE . AP NIERE, CERS T EOREYFEE . Xk, 45648 -APHESE (MOFs) # kLR
BB PE R LR AR R, DI DIIE il & T MOF Z AL kL ZIF-8 1F #2558 . i i AF Zn™
5 2-FH ZEBK M (2-methylimidazole) (BE /K L, FETTXT ZIF-8 1Y 1 32 1 AR B FLAR M AR HEAT A9, ARG Xtk ik
iAo (IBP) B MR PEREAATHISY . ARG REW] . 2 Zn™ 5 2- W LDk me g BE AR Lo 1 - 8 I, 4R ZIF-
8(8) HAT e K LR T AUVFIFLIRFR, 435120 1187 m*/g Fil 1.183 cm®/g,  HEXTER 14 25 Wy 413 18 25 1) 07 4 e 3k
21.8%. HZyWEARE A E IBP-ZIF-8(8) R R AP B, % pH hy 2.5 Fl 7.4 HIBEIRZ% whiE TR
H B R B 38 R 98% 22 A7 . ZIF-8(8) Ak HE Ay /N BRFRAZ B M 40 i A M %% 40 2 (Mouse mononuclear
macrophages cells, RAW246.7) 171 581 m ik 94% DL b, RILH RIFAAEY 22,
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Preparation of the porous ZIF-8 and the behaviors of loading ibuprofen

SUN Ruihua', YANG Zhuofan® , ZHANG Ruibo’ , JIANG Qi*, LU Xiaoying?, LIAO Hai"
(1. School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. School of Medicine
(Institute of Biomedical Engineering), Southwest Jiaotong University, Chengdu 610031, China; 3. Key Laboratory of
Magnetic Suspension Technology and Maglev Vehicle (Ministry of Education), Chengdu 610031, China)

Abstract: Oral bioavailability of poorly soluble drugs is severely limited due to their low solubility. In recent years,
metal-organic frameworks (MOFs) materials have attracted much attention because of their hydrophobicity and
high specific surface area. In this paper, the porous ZIF-8, one of MOF family materials, were prepared by solution
co-precipitation method. The specific surface area and pore size distribution of ZIF-8 were optimized by changing
the molar ratio of Zn** to 2-methylimidazole. In addition, ZIF-8 were used as the carrier for ibuprofen (IBP), a poorly
soluble drug, and its loading performance was studied in detail. The results showed that when the molar ratio of
7Zn** to 2-methylimidazole was 1 : 8, ZIF-8(8) had the largest specific surface area (1 187 m*/g) and pore volume
(1.183 cm®/g). And the loading capacity of ZIF-8(8) on IBP was as high as 21.8%. The drug carrier composite (IBP-
ZIF-8(8)) showed a well dissolution rate in vitro, and its cumulative dissolution rate was about 98% in phosphate
buffer solution with pH of 2.5 and 7.4. The survival rate of RAW246.7 cells treated with IBP-ZIF-8(8) was over 94%,

demonstrating satisfied biosafety. ZIF-8(8) with excellent specific surface area, pore volume, good loaded-IBP per-

W BH: 2024-01-17; {8 BH#A: 2024-02-18; KA HEH: 2024-03-01; MK EHRATE: 2024-03-20 13:04:55

48 & Hidlk: https://doi.org/10.13801/j.cnki.fhclxb.20240319.003

ESTR: ERARRYIES (51602266); V)14 T A B LT H (2021YFG2016); H1 965 | S B4 &k BV 4T HI5 H (20212YD0066); T i F AR G357
&S H (2022-YF05-00320-SN); K2z AL I 2k TR (SRTP2023187)
National Natural Science Foundation of China (51602266); Key R&D Project of Sichuan Province (2021YFG2016); Top-level Project of Central-
Guided Local Science and Technology Development Funds (2021ZYD0066); Chengdu Technological Innovation Research and Development
Project (2022-YF05-00320-SN); Innovation and Entrepreneurship Training Program for College Students (SRTP2023187)

BIEMEE: TR, Wi, BIBERZ, A S0, BFFE 7 ) A0k e] - E-mail: luxy2005@swijtu.cn;
B, T, RIS, A S, S5 05 T A AL 5 B-mail: ddliaohai@swijtu.cn

SIS e, AL, SR, S5 ZAUARL ZIF-8 i SO A s SR PERE [1]. A ATRIAAR, 2024, 41(12): 6760-6767.
SUN Ruihua, YANG Zhuofan, ZHANG Ruibo, et al. Preparation of the porous ZIF-8 and the behaviors of loading ibuprofen(J]. Acta Materiae
Compositae Sinica, 2024, 41(12): 6760-6767(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20240319.003
mailto:luxy2005@swjtu.cn
mailto:ddliaohai@swjtu.cn

AR A UM R ZIF-8 Y i 4 T X A 9 2% 1 4R 25 T e

- 6761 -

formance and biosafety has great potential applications in drug controlled-release system.

Keywords: metal-organic frameworks; ZIF-8; ibuprofen; poorly soluble drugs; oral bioavailability
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fif B, ANANCRT DA R0 Hh ok O 1 IR AR W R R
[Fi] Fsf 3 B 3 B Sy 38 3] 24 24T R 5] e il FH BT e >k 1Y)
AR RO AT, B e T 2 0 A R
B R EGRR A GRS . R e AR
ORI RS ™ A

4 J& A Pl HE Z¢ (Metal-organic frameworks,
MOFs) M BHE — 28 i i ¥ 4 )8 55 1 5 A AL 7K 8
it A RIE O AR 2 FLA R, B Ry e ER
L e I LB R R B A 2 0y AT AL A Ry
6T A5 Sy 2 ) 1 v B AR AL T AT RE
(), L T 5 A A IR sl 880 0 e 75 24 0 X LA LA
g I AR e, LA TEE I MR A7 T L
W, XBER KA WA, ERZNEEA
HLAEZE B R, ZIF-8 i B K PE . FLB R
IARE MM AE WA A R AT 5 o R A o)
G, LR R

1 3% 25 (Ibuprofen, IBP) fE iy — i E f§ {4k 41T
K2y, NAREFEMESR AR, AT TH R
1R 9R R A g0 Sy R AR 25, Ko
PR FI 2R, TR e 3 E A g 3 P 4 R
YEH . KWk, FIH ZIF-8 #8457 4 A, DAL
VE sl 2 BRI, X eV M 25 Wy kAT Tk, g
A4 Kb 0 RV 25 W ) R AE W R R . HLAH
X T AL LB AR BB, ZIP-8 X pH U, 75 5
R PR 58 T BE PR A A, (A5 25 1 i DA Bt Y B
R R, DA R — R IR IR W oK .
B, A AR BT R B 1Y) Zn® AN S N AR T 06 75 1 1
WICRZ —, M H X E W itz E 2 —E
WAEEMPY, B MIEIFMRIEM . A& 3CL
ZIF-8 it A L SR A VDA A, B A %
SR T ZIF-8 b, BE MR T 2G W A
F, HAiwE vl R, il & i ZIF-8 A
R 4F i A= Wy k.
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Table1 Reagents used during the experiment

Name of reagents Purity Source
Zinc nitrate
hydrate

Ethanol AR
2-methylimidazole AR

AR Kelong Chemical Reagent Co., Ltd.

Kelong Chemical Reagent Co., Ltd.
Zhenri Chemical Co., Ltd.
Ibuprofen (IBP) AR Solarbio Science & Technology Co.,
Ltd.
Phosphate

. AR Pricella Biotechnology Co., Ltd.
solution

1.2 ZIF-8 H#I &

FREL 595 mg Zn(NO;),-6H,0, JIA 20 mL 2.,
Pobt, AT T, IC/E AR . FREX 659 mg
2-HI B ks i A 20mL LB, B, HEA T
SRV, CAE B . TERERRNE L A MR
A B H, 4Rk 30min 5, # 1k 12h, K
NG BRI ES L, OBEVEY 3 IR, IR H A DLTE,
80°C H.25 T4 . 15 B/ )™ Yy 44 0 ZIF-8 (4), HP
SIREFHAVRARYE/RI N1 4, 2 2-H
FLokms g A, 15 4 )8 B 5 A WLBCAR 9 EE R
oM 1:8F1:12, ELEmmAEM LAY —2, 15
F| b1 kw44 4 ZIF-8 (8) Fil ZIF-8 (12) (3 2).

®2 AEMEHEEIR

Table 2 Names of different materials

MZ! /Mc, N, Name of ZIF-8 Load IBP

1:4 ZIF-8 (4) IBP-ZIF-8 (4)
1:8 ZIF-8(8) IBP-ZIF-8 (8)
1:12 ZIF-8 (12) IBP-ZIF-8 (12)

Note: C4HgN, is the chemical formula of dimethylimidazole.

1.3 tRAEMZERLE

PRI 20 mg A1 1% S5 JsUkH2Y DL SRR S
i 100 mL 25 B0, Zefiml . FRRE, 19 B
A 20 pg/mL B9 A 9% 55 B . A DL AR,
{6 FH pH 23 531 S 2.5 1 7.4 0B 18R 28 ol i A Oy
U, A B e BE AR ] 0 A7 I S WE IR 2 vh S W . TH 56
Hh 4 ot Ot it (3% BX K Multiskan Sky High
A51119500C, 3 ) Mk iR s W g WOt B, 78
WKL LA 200-400 nm AT AU EHE, DLEGE A
W55 B A K

FRUX 25 mg 11 3% 75 kL2, DL G EEAE R A,
i 100 mL A B, 2 Wihl . Wik, 153
— RYVA T BERS B . [RIAE 7 i i A At R AR
[F) e s A U R TR R . R4 o B TR
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VEIRTE DK N 222 nm FAMOLEE, #rbRifEliZ .
1.4 B

Fr B ) 4% 4 (9 ZIF-8(4), ZIF-8(8) Fll ZIF-
8 (12) 45 20mg, 435 E T 45 Pk 50 mL 1) % [4] it
fEfH, A 40mL W TE/K OB, B, FEFREL
40 mg 1 7 3% S5 R 25 3 00, A3 il A 3 %% A i
M, BB HE 2ah, R0 FE oy AT A
REGE N, RGBT E O, BRIDIE, K
25T, JERE N 60°C., 15F] AP Blid N
IBP-ZIF-8 (4). IBP-ZIF-8 (8) #l IBP-ZIF-8 (12).
1.5 HHEHE

PR — 2 12 1) 25 W 8Kk B 5 ) IBP-ZIF-8 (4) .
IBP-ZIF-8 (8) il IBP-ZIF-8 (12), 4 %Il ‘& T % M1 fif
fEMiH, JMA 100mL Z B, 75 40 min 5, ##
B, BE 10mL, ] 0.22 pm B EEAR T 5T A
Uk uE, BUT BRI . AN T (UV-
1800PC, I ¥ff 3& 35 3K AN 2% A B 2> ) ) A6 ) 8 v 7%
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ONF() TR A SR IR B 2 i B A

N ="2100% (1)
mp

Ay NHEZ S m, J 25 EA P A i 25 1 B
it omy, YRR ST
1.6 ZA¥EIMEH LI

SRR IE H pH AR P 45 14 F 1Y IBP-ZIF-
8 (8) MM REAT . HR 2 iy — & & 1) IBP-ZIF-
8(8), B T @M, 405 A A K IE %
pH=7.4 PR 1k pH=2.5 B R 2% " ¥ W 4 mL, %5
MrAS Wi s Je 13, ¥R HAE 100 mL X R ) 8 R 2% oh i
Wb, SR wE i EE, )RR S R R 5 mL
BRI, TR LR I KR
Jin 5 mL AH B 27 vh %W T B A4S A, KR E
222nm, CEE, TR BB R,
1.7 S HE

h VA T 4% ZIE-8 (8) #4 R 4 AR 4 A 25 1
K /N BUCBLAZ B OWE 20 M I RS 40 i (Mouse
mononuclear macrophages cells, RAW246.7) /£
Z AL, R CCK8 3k 7 Al b1 R Y 20 A 35 1 .
1 20 2 W T 96 fLAR T, DRIEAL Hh A 40 i £k
278 5x10° >, A 100 UL, BEJE & T & 5%
TAEALER B SR A P E 24 h, A WAC W 22 IH
BB IR I, A& A ZIF-8 (8) bR Y 58 45 15 55 5
(# B 4y 9 N opg/mL. 20 pg/mL. 40 pug/mL,
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H24h)5, BREIHMERIL, 20 FFLhmA
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AERIROEEE , A56 a2 (2) TR AN A TG R
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Fig.1 XRD patterns (a) and FTIR spectras (b) of ZIF-8 materials
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) (111), (220). (311). (222). (400). (422). (511)
1 (440) S >, JoH AL ZR0E, BEAA T 3 Fh AR
A AR ZIF-8 BB, &l 1(b) Sy JLAP R BB 215156
T, OGP W SR TS W ks
[ 1 45 P 3 B 8, Hovb 3143 em™ A1 2 927 cm™!
A (1% T WS I XoF 7 K A i R R F R v ) C—H e
1578 co™" Xof o7 WK I 22 1) C=N %, i1 145 cm™
1996 cm™ Xf i C—N &, XFF 421 cm™ Ab A% 1%
W e ) 2 Zn—N B . DL R E R R SRS

XRD MY455RAH—%, B TR AR T ZIF-8 Ak},

&l 2 TS 41k SEM B4 . W] LLE
e, G L ZIF-8 MR R ZE Y+ Tk, Hi,
MK ZIF-8 (4) MR AR K, 292k 2~3um, HK R
ERBR, AP RGIS . Mk ZIF-8 (8) 1Y
R ) —, OB A 5), 2928 1.5 um, #F
BE ZIF-8 (12) MR AR B /N, K 2 8O0k 9 R 42 7
1pm 7247, AH R4 MORL Y 25 46 A SE F2 T 30 B

&1 3 Ay i A A4 R 0 /L B RS o Hi D 3(a)

(c) ZIF-8 (12)

2 ANl ZIF-8 BPEHTY SEM &%
Fig.2 SEM images of ZIF-8 materials
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Fig.3 N, adsorption and desorption curves (a), DFT pore size curves (b), BJH pore size curves (c), and HK pore size curves (d) of ZIF-8 materials
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FIL, B AR RE A R B0 ] Gk A T 78 5 3R W I A
Mk, UiRIA R P 85 A R e LA 14 . #4fE BET
PRSI, 3 FpA4 Ry b 2 1w AL 4 il ol 872 mP/g .
1187 m*/g f1 1078 m*/g, H. v #1k ZIF-8(8)
BRI R . K 3(b)~3(d) 433 4 B i 41 K
DFT. BJH fl HKfLA2sr A M, &I w50, 3 b
MR ALFLIR M ZE AR, YA 0.9 nm 247, H
., MRl ZIB-8 (8) i A5 #B4r i fLfLAE K 1.0 nm 2
i, Bz R LA o i e o B . ik 3 el T,
EEZIF-8 (8) MY A I KBy R MR, & #A i
KB LA R, A AL A BRI A AL A B 43
0.305 cm®/g #i1 0.878 cm®/g.

F3 A[E ZIF-8 # L RERFFLESH
Table 3 Specific surface area and pore size parameters of
ZIF-8 materials

Sample SBET/ ) Vmesopzzre/ Vmicropf)re/
(mz‘g 1) (CIIlS‘g 1) (CmS'g 1)
ZIF-8 (4) 872.033 0.199 0.615
ZIF-8 (8) 1186.919 0.305 0.878
ZIF-8 (12) 1078.442 0.221 0.668
Notes: Sgr— Specific surface area; Viesopore—Mesopore volume;
Vinicropore—Micropore volume.

Sy LLZ B . pH K 7.4 Fl 2.5 1 T R 2% vh i
W, O — ZR 5 B0 FE B A 18 ORI
I W AE W K 222 nm Kb B9 SR AM I, 43 ) DLk
FE R OCAE B A b, AT PERIE, 15 345
HEMZ . mE 4R, FECEE . pHR 7.4 1 25
P Tl TR 2 DR TR, X N R ek T R A R =
0.0184 x-0.041 (R*=0.9993), ¥,=0.043 x+0.089 (R’=

1.6
—a— Ethanol

14 L —*—pH=74
’ —a—pH=2.5
1.2 +

9 1.0 +

=
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© 08 +

2
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< 06 F
04 + /:
02 | &«
0 10 20 30 40 50 60 70

Concentration/(ug-mL™)
Bl 4 A0 ISE CBREFIATAR pH T RARIEHIZE
Fig.4 Standard curves of ibuprofen in ethanol solvent and

at different pH values

0.9997), ,=0.0153x+0.1523 (R>=0.9999)., ZEFF M,
TEATRNE R eh, — 5 B B2 Y [l DY A 1 25 1 vk 2
MO RIFAAMECR . SRR EiR bR
HEh 4l & A3 (1) TR R ZIF-8 1324,
2.2 AR

Pl 5 Sy JLA AN [a] 5 50 1) A 2 25 1 W AE 4
il 200~400 nm P HGIE, HIEITAL, 2548
TEP A 222 nm AEA S5 KA, 358 B 500 0 d5e K
WSO A R, PRLEERE 222 nm AR RN £
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Fig.5 UV absorption spectra of ibuprofen in ethanol solvent and

at different pH values

R4 i, 3R T —E By,
ey 0o 11.9%. 21.8%. 18.2%, H kK
ZIF-8 (8) My #k 2y i i o, XA FHHA F& KW
b 22 BRI KA FLAR AR, B0 A 2 1L 3E Sy fi
WS T 2 s im ., R, MR AL
LA, B R 2 LA A& 25 2 o
TFAHVCRC, 3259 58L& K.

R4 AFE ZIF-8 MR HEFTHHGE
Table 4 Loading capacity of ZIF-8 material for ibuprofen

Sample Solvent Drug loading/%
ZIF-8 (4) Ethanol 11.9
ZIF-8 (8) Ethanol 21.8
ZIF-8 (12) Ethanol 18.2

1 6(a) 2 A 38 25 IR 25 5 25 W AR S 5 Y
XRD AT 51 &, B A a] LU A 3% 25 78 7 5
A 15°~40°9E [l A BE 1 Ak 22 08 IR 2R B0 A9 71T S e
XS AR S B RFAE I, BT A S BA B Y
ZEnIE . BE, Y EIRE &Y bk ek Bl
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s IR BBk, UL TR F L2 IR
REB ST # AR R . B 6(b) 24 ZIF-8(8).
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