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Abstract

Objective: The purpose of this study was to formulate and evaluate the metal organic framework
modified with glycyrrhetinic acid (UiO-66-NH;-GA). Methods: The metal organic framework
(Ui0-66-NH;) was prepared via one pad method, and modified by glycyrrhetinic acid. 5-FU@UiO-
66-NH,-GA was generated by impregnation method. It was characterized by X-ray diffraction
(XRD), infrared spectroscopy (IR), differential scanning calorimetry (DSC) and scanning electron
microscopy (SEM). The loading capacity, release capacity, and anticancer effect were also investi-
gated. Results: The characterization experiments indicated that Ui0-66-NH; and Ui0-66-NH:-GA
were both regular octahedral structure and the crystal structure were stable. The drug loading
reached 80.90%. 5-FU@Ui0-66-NH2-GA showed a higher cumulative release rate at pH 5.5 than
that at pH 6.5 and 7.4. The results from MTT suggested that UiO-66-NH,-GA significantly improved
the anticancer effect of 5-FU. Conclusion: This paper provided a powerful basis for UiO-66-NH,-GA
as a good drug carrier.
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Wk Hi: 20194F4H4H; FAHHEHB: 20194F4H17H; KA HB: 201944724 H

R

Hi#: UEBAEIIEEMBIUIO-66-NH AE A, DIHERR(GA)N Ht T REMF B, HEUI0-66-
NHz-GA, EBERFIEANAYBRBHRARS. Hik: U—REEREAUI0-66-NH,, FEUI0-66-NH, L&
MiGA, LPLRBEH] &3 5-FUR5-FU@UIO-66-NH2-GA, BITXHHERATEH:(XRD). LA 6iEEE(IR)-
Z R HH B H R (DSC) M # B85 (SEM) X Ui0-66-NH2-GA & 5-FU@Ui0-66-NH»-GA ] 5 KL 45 1) K 824
PHREFATRAE, BIEMTTZIH 5T 5-FU@UI0-66-NH,-GA IR SM iR iE . 455 Ui0-66-NH, %
Ui0-66-NH»-GA ¥4 5 IE )\ H A 451 B S B S5 78 %€, Ui0-66-NH-GA XY 5-FU FJ # 2 % 145 80.9%
5-FU@Ui0-66-NH2-GAZEpH 5.5 KB4 R tEpH 6.5, 7.47 IEFHIA MR, 5-FU@UI0-66-NH2-GA
t5-FURA EmMMFIREARAKNRE . G R RRIhH & HEA RIS R R ZmE 4
Ui0-66-NH2-GA, A& BANAELRIERGMBAERES /1 HKSE .

XK ia
ERAVUERMR, HEXR, FFEim:, HpaEt
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1. 5|8

B A HIHESL(Metal organic frameworks, MOFs) & HH A A UAHZERC {8 o W A7 B Jo L 46 8 25 B RS ik
FE B AR E AL — T U AT SRR I DI B A MR R 1], MOFs Ik~ Bl 1 fos. BT
MOFs HAm bR AR, il LS. SRS B A IhRedt. AW m] BT R4 1 AR AR
PE[2][3] [415500 A, #OATVE N RAFRI 293K . Ui0-66-NH, /& &8 B T Zr 5&E I 4 i@ fiefi /e
51856 B R A 2LV RIE IR Z5 1) ) MOFs #1EH6], #ASEthm, A R0 b5 K, 727K NN-
TR . TOER . ORERVA TR R] DLYERR S A I RE I, 38 B AR BR N BT — € IR ER TR 7] -

Figure 1. The structural representation of MOFs (image from Baidu Pictures)

1. MOFs YR EE (B kiR E EE )

HEIRER(GA) & WAL Gt 245 4 H R 3 B0 B tH ) — Fhod 1 T B mR 7, I PR 70 3% B 78 JH- 448 it st
FEEREVTZ GA Fr IR AR, GA A1 5 GA ZMFE ks &, UISEIUHERME. Bl K GA fE AR
FFUS R 25 Bk OO IR T R IR T s . AN 5 B S il 4% &SR A HLEZR 34k Ui0-66-NH,,
SRIGAE UiO-66-NH, 45149 F12M GA, W LASRTGHA R4 8 ) 1 ) 25 ) 84k Ui0-66-NH,-GA ,
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UiO-66-NH,-GA {F 2% 8 i 259 iR ] LA 25 8 i I 29 T T R, 1R 2 e &tk
AR 5-FU VE R 2590} UiO-66-NH,-GA [I#25 fHE /13T HALE .
AW 7O LT A 1 (IR) A 22 s B GE(DS C) X Ui0-66-NH,-GA %24t J1BE AT M S RAE M X
SR ATFHE(XRD) 33 H82(SEM) Rt Ui0-66-NH, . UiO-66-NH,-GA 1 5-FU@UIO-66-NH,-GA ] #4514
HHTRAL[8]. 5 R MTT 34 FHE 40 HepG2 IR 5-FU@UIO-66-NH,-GA HIR SN IR E P

2. SCIEHFEL

Shimadzu FTIR-8400S £L4MEHAX(H A Byt A w]), HRFE)-FER] 2 Stare £4t DSC1 #r AT (AL H1H
ARHFEAL A AR A F]), Bruker D8 Advance X S AT (AL R BRI R AR AF]), JEM-2100 B &5
HEFE S B BB (AR, Tecan BEARL (ARG R ARA R A R]), UV-2550 5000
FEFEA(H AR B B G PR A F]), Thermo fH IR F# 4 (LI ARNR LI W %A FRA ), Agilent 1200 &
RCBAE TS A(H A B EE A HT A IR A A,

FHXN K HIR(EERESE > 98%, RETH KK AAARAHE]), NN-F I H 5% (DMF)
(faithal, REWAKKERAGRAT), WEAE(ZClL) (FREREDE > 99.9%, RENH &R0
A BRAT]), 5-FU (B EFUEDE > 99.9%, B+ TG0 BlA R AR, HERR(E BRES 2 > 98%,
Brhr T B AR AR, A4 HepG2 (1L 7 K22 45 # e deflt), MTT (FERESE >99%, B
P TR R R A D).

3. L E
3.1. UiO-66-NH, U & X

FIFH 475914 Bl £ UiO-66-NH,, fill# T2 F: FREL 1.0 g ZrCly 5 0.75 RN K —HEKR, BT
50 mL [REHEM, A 29 mL RS 67 mL NN-—H 3L FHFE%(DMF), a5 mL 87K 0k
5o KERGME T 100°CHi RN 15 min, fHREERER, AHNEFR, HHEE 50 mL BO0E
202(5000 r/min, 15 min). 285 HTEK LEESR S (40 Hz, 5 min). 25/0(5000 r/min, 15 min), ¥EiEidE
HE SR BOEKWET 60°CENTEEF T AT T, 15 Ui0-66-NH,, THE™ZH 87%.

3.2. Ui0-66-NH,-GA RIS A%

FREL UiO-66-NH, 185 mg, GA 270 mg il 1-(3- - HI & L A 3)-3- 2. JL ik — Vi #h % £h(EDC-HCI) 85.5
mg, BT 50 mL BREHEF, M 25 mL DMF, =ZiREEFER N 24 h (F 8 B0 BB C 3043, Bk
DMF 4% K), i 5 B 2%, B5.0(5000 r/min, 15 min)fF /24, K =W & T4 W% T 10 h, 3843 UiO-66-NH,-GA,
HRER LA 2 B .

Figure 2. The synthesis route of UiO-66-NH,-GA
[ 2. UiO-66-NH,-GA & Al B £k an &l
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3.3. 5-FU@UiO-66-NH,-GA Ei$&
FREL 0.3 g 5-FU ¥ T 10 mL 57K, FREL UiO-66-NH,-GA 0.1 g VT 10 mL 2., K PiRAER S

SHIRAT, B 10 min J5 RIZIE T 78R & 2 mLCRR B 2 550 B 3T 5 02(10,000 r/min, 5 min),
REH 3G, S mL FEEEGEVE =P = IR AR AL =) R T 1Y 5-FU, REAVEE. K- ME T T
BL%T 10 h, 133] 5-FU@UIO-66-NH,-GA . ¥ iR 5 Beili 78 /1R S, HUE S0 R 28 0d B Rk B =k
TR e SO 52 RS 5-FU 108, 5 5-FU HIWIIRIR T ELRE, TR,

4. LR 5FRLE
4.1. 5-FU RO ZARFM

4.1.1. WMFEKOTE

FE#FREL 0.1 mg 5-FU BT 50 mL Btrrf, M ESEFEE, REMEREE 10 mL AERER,
3] 10 mg/L [ 5-FU H LW, DAFBEAE 928 0 HR, 7E 200~500 nm F3 0% K PO AE S B AT 58 A4,
73K 3, HiE 5-FU 1 266 nm AbA SRR, Huk$8 266 nm 5 & 240 €38 (A I K

- 5-FU

/ 266 nm

200 250 300 350 400 450 500

Absorbance

S = N W Ol
T

Wavelength (nm)

Figure 3. The UV-scanning spectrum of 5-FU in methyl alcohol
3.5-FU ZE Bz E) UV 1356 [E

4.1.2. tRERMZREL

AR € 2% A«

Agilent 1200 =808 AH €154, HCE DAD kil 4%

Bk EE: C18 RAHKE, (4.6 x 250 mm, 5 um);

FEi: 25°C;

Frll K 266 nm;

VRENA: WEE K =10:90; LLBERRIE pH N 6.2

JiE: 0.8 mL/min;

HEFEE: 20 pL;

KRR 1 mg 5-FU FREXT A, N 2588 T /KBCHI SR B 0.1 mg/mL BIARAESE #5704k 2L
R FERRFE A 5, 10, 20, 40, 80, 160 pg/mL AW, FEANMREERE 4> AR 3 &1, 5-FU 7 F BE-7K(10:90)
WA EIE R 4 R, EEZ&MERIETRE, 5K 5.

[FH5FE: A=117.53C+696.18, R =10.9999;

LMV . 0~160 pg/mL;
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Figure 4. The chromatograph of 5-FU (methanol-water 10:90, v/v)
B 4. 5-FU 7£ FAEZ-7K (10:90)R 50 R A0 & i E

24000

A=117.53C+696.18
20000 R=0.9999
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Figure 5. The standard curve map of 5-FU
[ 5. 5-FU trfEh 2 [El

4.1.3. HARPMNE

B 3.3 Hiill %% 5-FU@UIO-66-NH,-GA R B8 1 FiE e, 34T I8 B R i 3t v A0 o il R N 13
WHH 5-FU & &, 5EAFMA 5-FU BIPIGEE T, 45 RRR R EE T LA Rl
UiO-66-NH,-GA X} 5-FU [)3$s%k, H#ZZ S0k 80.9 %.
4.2. LIIMIERAE

il FHZLAMEREACH 5-FUL Ui0-66-NH,. 5-FU@UiO-66-NH,-GA #il 5-FU 5 UiO-66-NH,-GA 43
RAYI(5-FU&UIO-66-NH,-GA)EATRAE . 43 IFREUD &) 5-FU. UiO-66-NH,. 5-FU@UiO-66-NH,-GA
1 5-FU&Ui0-66-NH,-GA 1K 5 KBr W2 2I[10], HFSEGWIERIT B Sk K G, EHBGERE R, H45M0
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Figure 6. The IR spectrograms of 5-FU, UiO-66-NH,-GA, 5-FU@UiO-66-NH,-GA and
5-FU&UiI0-66-NH,-GA (physical mixture of 5-FU and UiO-66-NH,-GA)

B 6. 5-FU. Ui0-66-NH,-GA\ 5-FU@UiO-66-NH,-GA F1 5-FU&Ui0-66-NH,-GA (5-FU
5 Ui0-66-NH,-GA B4R SRS AIEE

W 6 i, 2ot Ui0-66-NH,-GA X B7 3 B : 3500~3000 cm ™" [X 35 55 04, %t T O-H 45 4R i ;
1650~1570 cm™' X N OCO A FRAH 47 PR 51706 1440~1380 ecm ™' XiF B OCO X BRI 4ii iR 5 ; 1220~1300 cm™
XF R C-N 4Rzl i .

5-FU X R . 1680~1630 cm ™ X C=0 HIZEHRENIE; 1655~1590 cm ™' Xt N-H 25 R 5hiE,
W R EAAEAE, W15 5-FU B Ih# N Ui0-66-NH,-GA 1.

5-FU@UiO-66-NH,-GA F1 5-FU&Ui0-66-NH,-GA L4t EIXT LR B, 5-FU@UI0-66-NH,-GA
F 5-FU&UI0-66-NH,-GA FIZLAME KB R AR, #i8] 5-FU &R Ui0-66-NH-GA 1, A2 H
T IO ) 15 FR A BV A

4.3. DSC R{E

KA ZRFAMEHGEN 5-FU. Ui0-66-NH,-GA. 5-FU@Ui0-66-NH,-GA Fll 5-FU&UIO-66-NH,-GA
BEAT O MTRAE, MERR VSR 25°C~400°C, LA 10 ‘C/min FhHE#Z M EFE &) DSC ihzk, 5%
UiO-66-NH,-GA 1 5-FU@UIO-66-NH,-GA ] # e 1t 0 L3 2 /2 A3 B[ 1] RG] 7 DO S Hmifi it
AR, 5-FU@UI0-66-NH,-GA 5 UiO-66-NH,-GA 214, A H B 5-FU i . 5-FU@UI0-66-NH,-GA
Al 5-FU&UI0-66-NH,-GA [fI# IR i i 28 B R AR, BB 5-FU #6385 8 #i/k Ui0-66-NH,-GA H1, T A&
PR (TR B BRI A
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— 5-FU@UIO-66-NH,-GA|
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Figure 7. The DSC chromatograms of 5-FU, UiO-66-NH,-GA, 5-FU@UiO-66-NH,-GA
and 5-FU&UiO-66-NH,-GA (physical mixture of 5-FU and UiO-66-NH,-GA)

7. 5-FU. Ui0-66-NH,-GA. 5-FU@Ui0-66-NH,-GA 0 5-FU&UiO-66-NH,-GA
(5-FU 5 Ui0-66-NH,-GA BI¥IIER & 4)#) DSC Elig

4.4. XRD FRAE

A FH X 5 R AT BHOR FAE 5-FU. Ui0-66-NH,-GA L 5-FU@Ui0-66-NH,-GA Fl1 5-FU&UiI0-66-NH,-GA.,
FREGE & T 5-FU. UiO0-66-NH,-GA . 5-FU@Ui0-66-NH,-GA Fl 5-FU&UIO-66-NH,-GA ¥ K IMAF] X
SFERATHHA RS BIAH N AT ST 2R, &l 8 TR, Ui0-66-NH,-GA il 5-FU@UIO-66-NH,-GA 1] i T 45 1y
FAL, A R RBATH G, ARG WRE. 1£20=746". 12.09°. 14.21°. 16.85°. 22.38°, 31.32°
Ab HBVEREIE, 23915 (111), (022), (113), (004), (115), (121)&HTAIXT R[12]. #2510 )5 UiO-66-NH,-GA
e B A R AR R AR R, U B AR 2 T FE A 2 521 Ui0-66-NH,-GA 1 i B 4544

5-FU@Ui0-66-NH 2-GA

5-FU&UiO-66-NH>-GA

Ui0-66-NH2-GA

5-FU

. _JLA_A AP | w

Intensity
&
3
1

10 20 30 40
Degree
Figure 8. The XRD images of morphology of 5-FU, UiO-66-NH,-GA, 5-FU@UiO-
66-NH,-GA and 5-FU& UiO-66-NH,-GA (physical mixture of 5-FU and UiO-66-
NH,-GA)
8. 5-FU. Ui0-66-NH,-GA.\ 5-FU@UiO-66-NH,-GA X 5-FU&UiO-66-NH,-GA
(5-FU 5 Ui0-66-NH,-GA HI4IFER A48 XRD Eig
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4.5. SEM F1F

3 o TR T %2 S-FU@UIO-66-NH,-GA 1 36 1 45 M JE SR AR AE[13], W sl 9 Fiow,
5-FU@UiIO-66-NH,-GA ) &h 251 52 %, B8 \IHRS ), Rt mids), Rifth 200 +10 nm. #Z5)5
1] UiO-66-NH,-GA g R S5 FIT59A8 5B RUF (1 1E )\ TR S50, U BH #0251 FEXT Ui0-66-NH,-GA 1 & Y 45 1)
KPEARm

. 3 o
SWU80AQ 10.0kV:8 4mm X60.0k SE(UL) 500nm

I oo o Tad A

Figure 9. The SEM images of morphology of UiO-66-NH,-GA
and 5-FU@Ui0-66-NH,-GA
9. Ui0-66-NH,-GA 5 5-FU@Ui0-66-NH,-GA 9 SEM [El{%

4.6. 5-FU BO{FINEERR SR

A IE MBS E T 14106 5-FU BB G AT, 2 5lfict pH = 7.4, pH = 6.5, pH = 5.5 [1] PBS
MR IAE RN, RS B FRIUE & 5S-FU@UIO-66-NH,-GA 4} BU7E 5 mL ¥) PBS ZZMiailit, B Ti&
HrES(MWCO: 3500 D), M BN 48 R % % 3 S TN S 250 mL PBS 2l M HE I b, 78 37° ClER
PR s iE (100 t/min). 705 F 0.5. 1. 1.5. 2. 3. 4. 6. 8. 10, 12. 24, 36. 48, 60. 72 h I} a]
M2 mL PBS BTSN ST, SN Ab R i PBS G2 . IR IR (R AU SRARRR AR, I R] AU SR AR
BB (QIHRE AN

Q(%)=(V0 -C, +V.’§_1:c,j.100%-W-1
n—1
At €, &I ] SR 52 o (250U FE (mg/mL), W AR NZGHII B (mg), Vo JREIA 52 1) 5
WAL, VR IR

WiE 10 fizR, 5-FU@UI0-66-NH,-GA 7E pH 5.5 I i H 5 i 1) RARBE I3, XA [E] pH T AR 8 T8
AT T, M pH = 5.5 B, 5-FU 7ERT 12 h BEBORE, 29 70%, 48 h J5FaETE 84%, 48 h FEARSE
4 M pH=6.5 1, 7ERT 12 h BURIE, 2] 60%, 48 h JGf2EfE 73%, 48 h FEAREU5E4; pH = 7.4 i,
TEAT 12 h BERCRIE, 29 50%, 48 h J5RE1E 56%, 48 h FEARRGE 4.

4.7. 5-FU@UiO-66-NH,-GA Ei{E5hHi B ST

AT MTT VER L% 82 5-FU@UIO-66-NH,-GA H1 5-FU FI44 Mt ieg (1035 1
MTT %W AIBCH] . FREL 0.5 ¢ MTT #3A, 3T 100 mL PBS &, HSAFREIREN 5 mg/L 1)
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Figure 10. The release profile medias of 5-FU@Ui0O-66-NH,-GA in pH 5.5, 6.5, 7.4
& 10. 5-FU@Ui0-66-NH,-GA #£ pH 5.5, pH 6.5 1 pH 7.4 BRI/ R P B FE 2k B

MTT W, B IEHEAMR, SIS ] 0.22 pm JC B T IR A b (4R, AE—20°C KA
AR B CIRAT o

AW IeiE FH NS4 HepG2 1E8 MTT Alllxt 5, WX B0 1) HepG2 4Hiff, 140N B2 10
Ji/mL, [ 96 FLARAEFLHINAN 100 L 48 H, BT 5% CO,, 37CHHEE FFMTIE, K9k 24
Ji, IMNIRERRFER) 5-FU M 5-FU@UIO-66-NH,-GA 254, # 7 MR, 23 %14 100, 200, 400, 600
800~ 1000, 1200 umol/L, W—H= X, ZEAXTHARFLIMA 100 L AFHE 4% DMEM #5377
W w6 NMEAL, HER 24 h, I 20 uL MTT 3, 4k2E555% 4 h, FFEREFR, AN 200 uL ) DMSO,
BIRY 2R 5 min, {EREFRAC OD = 490 nm AL &S5 FLIBOGEE . S JETHR S ICso fH. MTT 50 =
BRI, ik R, SRwE 11 fs.

MTT R R R
5-FU@Ui0-66-NH,-GA ICso = 869 pmol/L
5-FU ICso = 1095 pmol/L

i IR 5S-FU@UIO-66-NH,-GA 1) 1Csy {H BH & /N F o H 5-FU B 1Cso fE, 6 B 5 H
UiO-66-NH,-GA M EHEN 5-FU BIZjP#8c4nT LLEH S48 &1 5-FU 1508 R -

5. GRS

AW I Ik FH 2 H R HIRAE A DR 5 68 5 Zre 18— #E A 15 2 AR VA I R A Fa
SE ) MOFs #4 K} UiO-66-NH,, FH—48i%4a % UiO-66-NH, 3K &, #A/EMME, & m. £ Ui0-66-NH,
R EATIAE M GA, RII1EE] Ui0-66-NH,-GA. B W, K b HuEesy 5-FU Rt
Ui0-66-NH,-GA H', 13| 5-FU@UIO-66-NH,-GA, #ZjSLiss KK, 5S-FU@UIO-66-NH,-GA 1324 %
N 80.9%. LLAMNEIEERT Ui0-66-NH,-GA Fl 5-FU@UIO-66-NH,-GA [IRAELE R LW, 5-FU RIh it
Ui0-66-NH,-GA ; K =R EHIEX Ui0-66-NH,-GA 1 RH # & e YT 745 R 1,
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Figure 11. The IC5, of 5S-FU@UiO-66-NH,-GA and 5-FU
& 11. 5-FU@Ui0-66-NH,-GA 5 5-FU #J IC5, {&

UiO-66-NH,-GA E G B A Fa e, £ 400 CIRFLEMERE; X HELTHEmgsg REHN
UiO-66-NH,-GA 5 UiO-66-NH, [] s B 5 H3540L, 357t B s B2 R SR BE AT S 0e, RRAIEIE IR R . Al B
45K 5-FU@UIO-66-NH,-GA M 451508, S IE/\ARZE1, Rife A 200 nm 7247, HIZIEAS
S UiO-66-NH,-GA [ Sh IR EE 1) 290RE A IRER ] 5-FU@UI0-66-NH,-GA 7E pH 5.5 I R I H £ =11
SRVBCE, ttn] W, BEEBUE N UiO-66-NH,-GA 78 IR R85 v B 8 D B 29 e s ik, B
pH MR MTT ¥R 5-FU@UIO-66-NH,-GA X T8 4110 HepG2 HIA M8 vF 1 1 S 56 25 R B
5-FU@UiO-66-NH,-GA F I B = P osais 1k, B i 5-FU MCR B 4f .

AR SEIG R I i) £ BT L 29 R Ui0-66-NH,-GA, ARFREIRIT 4t — 1 Rz skik, A
UiO-66-NH,-GA 1 4 #E [a) PR Ak 226 T7 250 ARt T B JE Atk

E&WE

TR BB G B BT A (MR & 2k ) (UH 2% 5. 20180510016).

SE
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