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FIK 77.56%; CuB@ZIF-8 AL HepG2 4 MLAIAFEIE A (18.82+£3.52) %, 4L ROS &8 A (123.61£0.03) %, Ziffl
T2 H (98.61£0.02) %o Z5iE  HISHIGORRIERY —, WMAERS, W EIERAMBTIREIT R, M & B 90K
HIFITF R SR 4

KHEIR): B R B BEEESEANUELE ZIF-8; 4Kk PURME: otk MAMEZAT N, dHRuNGSERE s AMRIAT 0
MR

FESHES: R283.6 NHRFRERE: A NEHS: 0253 - 2670(2025)16 - 5739 - 10

DOI: 10.7501/5.issn.0253-2670.2025.16.004

Preparation, characterization, and antitumor efficacy evaluation of cucurbitacin
B-loaded ZIF-8 metal-organic framework nanoparticles for hepatocellular
carcinoma therapy
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Abstract: Objective To prepare cucurbitacin B-loaded Zinc-based metal organic skeleton (ZIF-8) nanoparticles (CuB@ZIF-8 NPs),
systematically characterize their physicochemical properties, and evaluate their anti-hepatoma activity in vitro. Methods CuB@ZIF-
8 NPs were synthesized using a one-pot method. Drug loading capacity and encapsulation efficiency of cucurbitacin B were quantified
via HPLC. Physicochemical characterization included Malvern laser particle size analysis, transmission electron microscope (TEM)

observation, scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR),
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thermogravimetric analysis (TGA), Brunauer-Emmett-Teller (BET) surface area measurement, dynamic light scattering (DLS), and
potential analysis. Stability under physiological conditions and pH-responsive drug release kinetics were evaluated using
centrifugation. /n vitro anti-hepatoma efficacy was assessed using HepG2 cells: cytotoxicity via MTT assay, apoptosis via Annexin V-
FITC/PI staining and nuclear morphological analysis, and intracellular reactive oxygen species (ROS) generation via flow cytometry.
Results The optimized CuB@ZIF-8 NPs exhibited a uniform rhombic dodecahedral morphology with a hydrodynamic diameter of
(182.43 + 1.88) nm, { potential of (24.80 + 0.52) mV, high specific surface area (1 391.10 m?/g), drug loading of (16.62 =+ 1.20)%, and
encapsulation efficiency (EE) of (66.73 + 2.30)%. The nanoparticles demonstrated exceptional colloidal stability and pH-dependent
drug release, achieving 77.56% cumulative cucurbitacin B release in acidic buffer (pH 5.5). The survival rate of HepG2 cells treated
with CuB@ZIF-8 was (18.82 + 3.52)%, the intracellular ROS content was (123.61 £ 0.03)%, and the apoptosis rate was (98.61 +
0.02)%. Conclusion The prepared nanoparticles have uniform shapes and high drug loading capacity, significantly enhancing the
therapeutic effect against liver tumors and providing a reference for the development of new cucurbitacin B nano-preparations.

Key words: cucurbitacin B; Zinc-based metal organic skeleton ZIF-8; nanoparticles; anti-liver tumor; stability; drug release behavior
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Fig.1 HPLC of cucurbitacin B reference substance (A),
CuB@ZIF-8 NPs sample (B) and ZIF-8 NPs sample (C)
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Fig. 2 Size (A) and { potential (B) of ZIF-8 NPs (a) and
CuB@ZIF-8 NPs (b)
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2.3.2 TEM MEYPKRIES  BUE R ZIF-8 NPs.
CuB@ZIF-8 NPs 7y T Hi g+, 75 &b 2 30 min,
WM b, Rl R RS, EEMERE 2~3
K, BEHEMEET, HidxkEE. K 3-A 2R,
ZIF-8 NPs AL A+ TR 4549, Rifeds—, o8k
PR 7.

2.3.3  FfEH T 2B (scanning electron microscope
SEM) WMLERGNAKKIES  HUE & ZIF-8 NPs. CuB@
ZIF-8 NPs 73BT Fifgr, #7542 30 min, 5
BOtomE TR B, IR i R
DB EARFE R X 2 g Kobi AT 30 E .
& 3-B 78, CuB@ZIF-8 NPs 57454 ZIF-8 NPs
ESERSFEHEZER, KiES 5SRO R
BeA—5,

3 ZIF-8 NPs (a) #1 CuB@ZIF-8 (b) £J TEM (A) #0
SEM (B) M8
Fig.3 TEM (A) and SEM (B) observation of ZIF-8 NPs (a)
and CuB@ZIF-8 NPs (b)

2.3.4 XRD 7r#fr HUEE#H % B iR, ZIF-8
NPs. CuB@ZIF-8 NPs, i i 5 B T FF i, HAE
ZRIEFEM G b, FESH O SO iE, BB
WBHCN Cu-Co P2 (y=0.154 1 nm), i 40 mA,
R 40 kV, FAHEE I 5°~80°, FHHH# AN 2°/min.
S5 4 B, il £ 8 ZIF-8 NPs il CuB@ZIF-8
NPs ¥ HA—E RIS mE, H ZIF-8 NPs [ g
Rl 4 — 27, £ 5.9°0 10.3°. 12.6°, 17.9°
AbAE W S AEIE . CuB@ZIF-8 NPs 55 ZIF-8 NPs
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Lk
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20/(°)
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Fig. 4 XRD curves of cucurbitacin B, ZIF-8 NPs and
CuB@ZIF-8 NPs

£ 5.9°0 12.6° 17.9°KbMIRFAEIGESR FE Ty, R BH#
% B AT ZIF-8NPs Y, H#iP % B # &
T34 CuB@ZIF-8 NPs H# /3 {# H

2.3.5 FTIR 7r#r  FREUE & ZIF-8 NPs.CuB@ZIF-
8 NPs, 511 55 2 J5 e v, 7£ 4000~
400 cm™ SRR FTIR K. 451k 5 FioR,
76 1 580 cm™' F1 500~1 500 cm™! HUHL T B HA
) C=N. C-N Al N-H I 4aiRzhg, ks ZIF-8
NPs HI&Ih& . CuB@ZIF-8 NPs HIZL4MEIE: 5
ZIF-8 NPs FEAR—F, WEH#H & B IS IE A I
RiGA8 ZIF-8 NPs [I45H
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| |
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m‘ f{"“ e

w | 275\
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Fig. 5 FTIR spectra of ZIF-8 NPs and CuB@ZIF-8 NPs

2.3.6 FE/MHT (thermogravimetric analysis, TGA)
FREUE & ZIF-8 NPs. CuB@ZIF-8 NPs & T-#E AL,
RSP LL 10 C/min (THEEZR MM 30 Tl
#Z 800 C, Mot BRI 43 e S iR R TR 1)
B A RUWE 6 Fios, Lk EILT 500 CHY,
ZIF-8 fil CuB@ZIF-8 JimABE/N; HiREIAE
500 CHf, —3& i S8l TP A H, ZIF-8 NPs
A CuB@ZIF-8 NPs B A R iFi#da et . 78 200~
500 ‘C, CuB@ZIF-8 NPs K E % (KT ZIF-8 NPs, ilf
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6 ZIF-8 1 CuB@ZIF-8 NPs i TGA Hh%k
Fig. 6 TGA curves of ZIF-8 and CuB@ZIF-8 NPs

WIEA 73R B I T] LASe i ZIF-8 - ZELE X [ 1)
e .

2.3.7 HRIEAE (Brunauer-Emmett-Teller, BET)
AT RIS FLE FREUE = ZIF-8 NPs, LA
10 C/min FHEEZRNME 120 C, HAELEE T
i 6 h, FHUABR IR, B 5 2E47 BRI B -l
B SEe, 0 dpe 28 A I B 1R AT BORE i F LA A B 3R
AR I T g5 7 Fow, Bl & gkl
24 22nm, HREAY 1391.10 m%/g.
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o RCEmOn o -
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~ 400 l
»
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2
E:(
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AR ) (PIPy)
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Fig. 7 Isothermal adsorption-desorption curve of ZIF-8 NPs

2.4 CuB@ZIF-8 NPs faE14£ %

F& % FREL 1 mg CuB@ZIF-8 NPs T 15 mL &0
B, AN 10mL £BFIK, 30 min 5 HUE B
TRIKFES, 20T 58 1~3 KEFE, MlEgkh:
PIkife. 4R 1 fix, 3 d N CuB@ZIF-8 NPs
ke —8, RUHLEKPIRE MR,

2.5 RSMEZAMEREE R

5 55 FEFREL CuB@ZIF-8 NPs 1 mg, 737738

F 5 mLpH 7.4. 6.5 [f] PBS (0.5% % iLi%4f5-80)

# 1 CuB@ZIF-8 NPs3d WK EDH (X+s,n=3)
Table 1 Particle size distribution at CuB@ZIF-8 NPs in 3
days (X ts,n=3)

#d 4 /mm RSD/%
193.43+3.12 2.70

2 183.27+3.51

3 187.93+2.01

i, BEE T 37 CIERZEZCF (200 r/min), 1E
TR HA] A ERE (1. 24 44 8. 12, 24, 48, 72h)
1mL, B (17000 /min, 15min), W& FIHWH,
AN . %8R “2.2.17 TN ik %
Fl_EIEWR P A R, TR A BRI .
ZER NP 8 fias, CuB@ZIF-8 NPs 7F pH 7.4 Al pH
55 ZMF 72 h BIREBUBEIBE DM 56.11%A
77.56%, FILHBE ) pH Wi SRR BRI . FEER
[A}y ZIF-8 MOFs A pH Ui, fERM4M1A 5
Fef@t, Mt 29t Rk .

100 1

80 1

60 1

40

LAY ERT)

20 1

‘ 0 2IO 4.0 6.0 8'0
t/h
8 CuB@ZIF-8 NPs 7E1N[E] pH {E &1 T B0 RS MR
% (X+ts,n=3)
Fig. 8 Cumulative release curves of CuB@ZIF-8 NPs
(X+s,n=3)

2.6 RINAEME

2.6.1 4fiEiEsKard BT ET 37 C, 5%
CO, B M PSR 2 5 AR K A AR BE AL 2 At IR 41
PR B 4. CuB@ZIF-8 £ [ LL#i & B R4k
J¥ (half maximal inhibitory concentration, 1Cso) 11 J.
2.6.2 MTT LA A SR B EEKDR
HepG2 4fEzFF 96 fLAR (5 000 ML), %
“2.6.17 WU N ¢HACEEAHY 48 h, RAHKE 4 M
Lo EREFLFINA 20 uL 19 MTT %3 (5 mg/mL),
REEIEFE 4h, KBREEFRI, ERAFLAIA 100 uL
DMSO. EEFpIEE 5 min J5 490 nm AL 5E WO
(A, THEAMAAER. 4558 (K2) £, 0~1.0
umol/L ZIF-8 NPs Xt HepG2 4Hi LA 1EH, 40
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R T 85%, R ZIF-8 B 425t HepG2 41
BA B4R A 24 CuB@ZIF-8 ZH 41 i 7735 %
H5#M R BAME G RENER, RIH FEHE
2R HIE R, S5RI%K 3.

MPAATER =4 s — A )4 e — A )

&2 ZIF-8NPs £YIHEEM (Xts,n=4)
Fig. 2 Biocompatibility of ZIF-8 NPs (X +s,n =4)

W/ IS 2/ W/ A M A7 2/
(umol-L1) % (umol-L1) %
0 100.00£0.00 0.6 102.75+2.97
0.2 101.51£3.09 0.8 98.67+7.27
0.4 101.59£2.77 1.0 88.02£0.86

%3 TREAF HepG2 MMFEE (Xts,n=4)
Table 3 HepG2 cells survival rates in different groups
(X+s,n=4)

2H 5 5 &/(umol-L ™) AT R %
of R - 100.00+2.53
ZIF-8 6.0 91.89+5.12
WM B 6.0 50.86+2.81**
CuB@ZIF-8 6.0 18.8243.52%*48

SR TP<0.01; 5HiER B ALE: 24P<0.01; K 4.
5 [,

**P < 0.01 vs control group; **P < 0.01 vs cucurbitacin B group; same
as tables 4, 5.

2.6.3 Annexin V-FITC PI &y 41 i 1%
FEXFEUE K HepG2 diffutft+ 6 LAk (7X10°
AL, 2 “2.6.17 BT 73 HACFESHNE 48 he UK
AT, B 5.0X 10%~1.0X 105 > H 2 4111,
B0 JEHZIF N 195 uL Annexin V-FITC 254
5 uL Annexin V-FITC. 10 pL BfLABEG AW,
BIRA). 37 CHEOLIEE 30 min J5 B UK+, F
ARG OGEATAE I . 455 N3R 4 foR, MRT
XTHEZH, #ir &R B TSI E, CuB@ZIF-8 4
T HRT RN EE, KUY CuB@ZIF-8 NPs At

40 pm
r ) % B

9 T [EI4E%] HepG2 MHAAZILASTLL

Fig. 9 Nuclear morphological changes of HepG2 cells in different groups

#z 4 TEAER HepG2 MRATER (X£s,n=3)
Table 4 Apoptosis rates of HepG2 cells in different groups

(X+s,n=3)

ZH 5 5l 5%/(umol-L ") RFETER /%
X iR - 9.3140.87
iR B 6.0 18.2940.03*
CuB@ZIF-8 6.0 98.6140.02""24
il 1R e i b/

2.6.4 DAPI kMMM IEELIL  Fxd 4L
A K1 HepG2 4Hfu4ZFh T 6 FLAR (7X10° /4L,
R “2.6.17 TURN 4 ALFRAIAE 48 h, R X LG,
PBS &, ML 1 mL DAPI %4t (10
pg/mL), FEREEHFE 5 min, X L&, PBS Uk
3R, FOLRMEIIRIFREEEIR . 5X IR,
B B AL I, BRCRE, R
% B fi HepG2 Aliffl k4= —E F2EE I8 T2 . 1 CuB@
ZIF-8 A% e 22 A, B2 8RR, 29
HAA5'F HepG2 AP 280 82, H 45 5 54y
PoE R R—8. S4RNE 9.
2.6.5 4iMi N ROS /KFAE1L B 5 H 2k K i
HepG2 #M#EEMT 6 FLAR (7X105 A~/AL), %8
“2.6.17 T F o HACEEAHAE 48 h, BALIIA 2 mL
DCFH-DA #F (10 pmol/L), 37 CHELIE 20
min, PBS ¥t 3 K, 26BN ER G W
L4, AN OGEATA I .

PRI R B M SR WA WL, S IEZAEL, #
P B AN ROS /KT CuB@ ZIF-8 141
FI ROS 7K Fidk—D 7w, R KR b
B % B AR BRI S ROS A RRE
X} HepG2 4 445 7158 ik o i N4 B AR I 45 SR
DB R R, SXTIRAIAEL, B R
B 3¢ S 5, CuB@ZIF-8 2H 7% Y5 Kl
Thim, SR 10 F1E 5.

CuB@ZIF-8
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Xt B B

10 A[E14E%! HepG2 #HREA ROS K FE4L KA [E40 5] HepG2 4HREA DCFH HE3 A8 E
Fig. 10 Changes of ROS levels in HepG2 cells of different groups and relative fluorescence intensity of DCFH in HepG2 cells

CuB@ZIF-8

of different groups

&5 A[EHF HepG2 A DCFH HHRI LR E
(Xts,n=3)
Table 5 Relative fluorescence intensity of DCFH in HepG2
cells of different groups (X £s,n=3)

2H 5 7 &/(umol-L ™) AR R TR %
Xif - 100.000.06
WM B 6.0 111.384+0.001*
CuB@ZIF-8 6.0 123.610.03**44

27 GitERE

K H GraphPad Prism 8 X PFHET ST 240041 I
TEE, TR BRI X £ 5 Row, WidLIal ELER FH One-
way ANOVA 36, DL P<0.05 ZRA 41T Lo
3 e

ZIF-8 MOFs £ R #5775 T N2
AU TCIRIE, KRS, (R PR, AR
FOOGE 2GR S 11T ZIF-8 NPs 1, A 230k
3T AR R A AEYR R AR A, AR
i CuB@ZIF-8 NPs #2458 5 H R,
Kiiety—, RPHBIL T e, BAERE
TRy AR AR AE TR, R R
B W%, BET Z553%K ], ZIF-8 NPs R H £
fLgity, HERMBECK, XA R T8 %
B (1 sk, HBEEZPMEN, #Ell CuB@ZIF-8 NPs
fIFLAZ AT BER /BT, XRD. FTIR 45 &8, BP9 &
B I T ZIF-8 NPs 1. TGA Ml 45 R R,
FiP R B Al LU S ZIF-8 5 444E 200~500 C H#k
FasE . CuB@ZIF-8 NPs /RAMNRE L AE SRK I, 49K
RLAE R A 55 T BRI B BCE Z I3 % B, X H
FIT 253 N 40 M T A FE SR AR

B B A —FORIRBIPUIR By, P
WL BRI AL R T4 R 2 AT 2/ AL A
fig-1 (nuclear factor erythroid 2-related factor 2/heme

oxygenase-1, Nrf2/HO-1) HUA LIEEE, 75 F40 ek
HETIB21; KA B BN B/E A R E A 1 (protein
kinase B/mechanistic target of rapamycin complex 1,
AKT/mTORC1) {5 5@ B fig i A &R
AR & BB A3, ) Janus WBE/(E 5L 5 0%
K IE I 7 (Janus kinase/signal transducers and
activators of transcription, JAK/STAT) {55 @13,
7% ROS /1311 DNA #i475. 4 TG4 1t 5
MR 344, LA IR T ) 3 0, 355 41 o 200 B A AT
P01, | STAT3 BRI, BH i 40 i Ji 3157
ROS J&— M), v LLE I AN AR BN BT
AFABAL 7 — RIS N, SR 4534798 4
Jfs), 3 EENLH S S MR A B R T
FETC. BRAETC. DNA Hif5j. {40 i f 1040,
ROS Z 5 HiyblLl i) 2 Al , Wiz H 5 «B
(nuclear factor kappa-B, NF-xB). #2Z4JF 51k H
P (mitogen-activated protein kinase, MAPKs)
Tl A Bk WLEE 3-3 B ( phosphoinositide 3-kinase ,
PI3K) /AKT Al Kelch # ECH fHREH 1-#H 71
CLLAHBATAE 2080 KR 7 2-40 A SR T (Keleh-
like ECH-associated protein 1-nuclear factor erythroid
2-related factor 2-antioxidant response element ,
Keapl-Nrf2-ARE) 11, #iff 50580, ROS [ F =6 Bl
T g A0 R T2

KSLIGHIEF 4L T CuB@ZIF-8 NPs % HepG2
MM IRIME . 5 EH TR B AHEL, S
# B [ ZIF-8 NPs fgfS 5 R FZ A0 HepG2 4 g
W, R HepG2 4HM T 340 HepG2 4HffL N
ROS 74, &7~ CuB@ZIF-8 NPs HA 55 (118
HIVER, TR T CuB@ZIF-8 NPs B4 pH i
L, FERR R N BRI 1S 5 HepG2 ZH A 254
MR R . BLsh, AOFFEN, #/ R B A LU
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