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Abstract: Objective To prepare dihydromyricetin (Dmy) loaded by zeolitic imidazolate framework-8 (ZIF-8) nanoparticles
(Dmy@ZIF-8), characterize its physicochemical properties, evaluate its antitumor effects in vivo and in vitro. Methods Dmy@ZIF-8
nanoparticles were prepared by impregnation method. The main influencing factors of Dmy@ZIF-8 nanoparticles were investigated
by single factor, and the mass ratio of ZIF-8 to Dmy, the mass concentration of Dmy and the preparation time were selected as the main
influencing factors. Box-Behnken response surface design method was employed to optimize prescriptions of Dmy@ZIF-8
nanoparticles. X-ray powder diffraction (XRPD), Fourier transform infrared spectroscopy (FT-IR) and scanning electron microscopy
(SEM) were used for characterization. The drug release behavior of Dmy@ZIF-8 nanoparticles in phosphate buffer solution with pH
5.5, 6.5, 7.4 was investigated. MTT method and Annexin V/PI double staining method were used to investigate the inhibitory and pro-
apoptotic effects of Dmy@Z-8 nanoparticles on Hep3B cells, respectively. Hep3B cell was used to establish the mouse model of
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hepatocellular carcinoma, and the in vivo antitumor effect of Dmy@IF-8 nanoparticles was investigated. Results Optimal formulation
of Dmy@ZIF-8 nanoparticles as follows: mass ratio of ZIF-8 to Dmy was 2.43 : 1, mass concentration of Dmy was 1.51 mg-mL™!,
and preparation time was 24.50 h. Envelopment efficiency, drug loading, average particle size and ¢ potential were (85.96 = 1.17) %,
(24.96 £0.25) %, (53.49 £4.17) nm and —(15.69 + 1.04) mV, respectively. Dmy@ZIF-8 nanoparticles were uniform in size. Dmy was
transformed into amorphous state in Dmy@ZIF-8 nanoparticles. Drug release behavior of Dmy@ZIF-8 nanoparticles accorded with
Weibull model in phosphate buffer solution with pH 5.5 and 6.5, and the in vitro drug release was pH sensitive. MTT method results
shows that ICso of Dmy and Dmy@ZIF-8 nanoparticles on Hep3B cells were 74.6, 55.89 pg-mL™!, respectively. In vivo
pharmacodynamic experiment results shows that Dmy@ZIF-8 nanoparticles significantly inhibited tumor growth in nude mice
comparing to model group, and tumor inhibition rate of Dmy@ZIF-8 nanoparticles group (25 mg-kg™!) was 66.28%. Conclusion
Dmy@ZIF-8 nanoparticles with excellent physicochemical properties and pH sensitivity were successfully prepared, significantly
enhancing the in vitro and in vivo anti-tumor effects of Dmy.

Key words: dihydromyricetin; nanoparticles; zeolitic imidazolate framework-8 (ZIF-8); Box-Behnken design response surface method

(BBD-RSM); pH-sensitive; antitumor; impregnation method
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Fig.1 HPLC spectrum of dihydromyricetin reference
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Fig.2 Effects of ZIF-8 to Dmy mass ratio on encapsulation
efficiency ( X £s, n =3)

ZIF-8 5 Dmy il 41 F1 311 B
my@ZIF-8 émﬁk*‘z@iu‘%i’ﬂjﬁ 80%, P JiE
EERRESE 101 B RACT 80%, AL ZIF-8 H
Xt Dmy@ZIF-8 geRp R BEABOREm. %5
FEZ) ZIF-8 &t Z 2520 Dmy@ZIF-8 44Kk
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2.5 Box-Behnken i&it-3{ N E% (BBD-RSM)
1t Dmy@ZIF-8 &5 TZ

251 SEIRHTE ¥ ZIF-8 5 Dmy FiE L. Dmy i
JEE A A5 B B 2 A E R R BRI R 3R X Xos XGs AR
8 “2.47 BUNHHRAR, ¥ Dmy@ZIF-8 fE%
(V) {EANMNAE, 1#iH Design-Expert 12 #4F ¥t 3
K2R 3 ACPRRIaE:, M) T2 &3
FACFEE . AR T AW A KA R NE 1,
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Table 1 Experiments design and results

7 X1 Xa/(mg mL™) Xs/h Y% 75 X1 Xa/(mg mL™) Xa/h Y%
1 3:1(1) 1.5(0) 20(-1) 7641 | 10 3:1 1.0 24 80.26
2 21 1(0) 2.0(1) 28(1) 7715 | 11 3:1 15 28 82.63
3 1:1(-1) 1.5 20 73.81 12 11 15 28 71.84
4 2:1 15 24(0) 86.22 13 11 1.0 24 72.75
5 1:1 2.0 24 70.51 14 2:1 15 24 85.15
6 2:1 15 24 84.24 15 2:1 15 24 86.34
7 2:1 15 24 83.54 16 2:1 1.0 28 73.62
8 2:1 1.0(-1) 20 7491 17 3:1 2.0 24 78.33
9 2:1 2.0 20 76.37

252 AEFHCEFEREN . BT S LT
fifiE  fd % Design Expert V12 BEHLAE A 17
RIGH A CEIE 5 A0SR, 7 3% A F A
77 L2 Dmy@ZIF-8 4K, F44% “2.37 iR 732
e B gt e o MRS S0 45 A5 19 3] Dmy@ZIF-8 £
B IREZITCHFEN: Y=85.10+3.59 X;—0.10
X, +0.47 X340.08 Xi.X2+2.05 Xi.X3+0.52 XoXs —
449 X2—5.15X2—4.44 X2, JFEDTERNE 2,
AL Dmy@ZIF-8 HKHL 0 Ze 4 2 A A 2 AT W)
EEMZER(P<0.0D), KU P{H=0.1527>0.05,
TRFEMZE R, R THRECA R 25 45 R
S A] 204 . Dmy@ZIF-8 fL35 R2 Fll Rygi? 73 5K
0.956 5 11 0.900 6, >0.9, i B4l 1E Az

EAH M BT BB XX B B ZER
(P<<0.05), 1M X1+ X2 X2, X2 BB EHER
(P<<0.01). FAEK/NATHI, & KIZA Dmy@ZIF-8 44
KR IR LZMITE N Xi>X>X. KR BAE
FZBITE LB S5, KA Dmy@ZIF-8 4Kt
() KA DA B R, RAGIX RN 60%~100%, 13
Dmy@ZIF-8 9K 4k 77 T 204 ZIF-8 5 Dmy
it 2.43 1 1, Dmy JiEKE 1.51 mg'mL™',
24 FTE] 24.50 h, FNALE 2N 87.69%.

253 Dmy@ZIF-8 LZKiF “FAr#l#& 3 it
Dmy@ZIF-8 #KKL, WSV # K (85.96+
1.17) %o MRABRTNAIZE (87.69%), THEHAF S
A0 RAIHIR Z AU N—1.97%, IUEBH BT 57 () AL

=2 RHESH

Table 2 Variance analysis
iH P BERE B F1{E P18 TiH PR BHE ¥77 FIE PfH
AL 434.72 9 4830 1711 0.0006 | Xi2 84.80 1 84.80 30.04 0.0009
X1 103.10 1 103.10  36.53 0.0005 | X2? 111.58 1 111.58 39.53  0.000 4
X2 0.09 1 0.09 0.03 0.8679 | Xa? 82.93 1 82.93 29.38  0.0001
X3 1.75 1 1.75 0.62 04571 | W% 19.76 7 2.82
X1X2 0.02 1 0.02 851X103 09291 | JALLI 13.79 3 4.60 3.08 01527
X1X3 16.77 1 16.77 5.94 0.0449 | ZALXHRZE 5.97 4 1.49
X2X3 1.07 1 1.07 0.38 0.557 4 | A0 45449 16
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Fig. 5 Three-dimensional plot of independent factors and response values
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Fig. 8 XRPD results of Dmy, ZIF-8, physical mixture and
Dmy@ZIF-8 nanoparticles
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Fig. 9 SEM of ZIF-8 (A) and Dmy@ZIF-8 nanoparticles (B)

AR 3 AR ZIF-8 F1 Dmy@ZIF-8 HLZR THiFH
AIFLAE50 A1 . ZIF-8 Fil Dmy@ZIF-8 #KKE Ny W[}
(Ads) -Jilit (Des) Z&LIZE WL 10-A, FHXTE I8¢
/NIF N R BIHARRGE TS, BT Y] Langmuir 1
BUSEIRWC PN, No WPV SR H R AR T S, Ui
ZIF-8 1 Dmy@ZIF-8 2R BAGTHALEM, fL4%
I3ATEIZE WL 10-B,  ZIF-8 F1 Dmy@ZIF-8 44KkiFL
RAE 0.4~1.8 nm. HK 3 &5 %, Dmy@ZIF-8 44
KBLLER A SALEFIALFLS KIEEEFEAR, X m]
&5 Dmy i | ZIF-8 NHRFLIEA 04,

2.10 {RIMEHITALLR

2.10.1 ENTAEEENTEESE A Dmy Xof I TR
W, M 1000 mL pH 5.0 BEEZEE2 T (V)),
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Fig. 10 N: adsorption-desorption isotherms (A) and pore-

size distribution (B)

# 3 ZIF-8 71 Dmy@ZIF-8 HKRitb /REFH . FLAEFFLY
LR (X £5,n=3)
Table 3 Specific surface area, pore volume and average pore

size of ZIF-8 and Dmy@ZIF-8 nanoparticles ( X *s,n=3)

B bbxRmEAY Bl BElila TR
(mg") (mPg!) (cmig?)  f&nm

spg  L7825% 070+ 064+ 055+
53.61 0.11 0.12 0.06

Dmy@ 33514+ 017+ 013+ 051+

ZIF-8 8.17 0.03 0.02 0.03
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SN BUENTER B 77t 8 0000, A pH
5.0 BERR TR 10 mL (1), 1ENEN AW, 7
BTANBCEE N (37+02) °C, #3475 r-min™!
ZAF N HRREE 48 h, HUFEIIE ENT /N Dmy &
WRE (CO, THEBENTRR 2,

R =[CoX Vi—Ci (Vi+V2) 1/ (CoX V1)

[FVEELLE pH 5.5 6.5, 7.4 BEER ER G20 b
W, 455 B, pH5.04 5.5, 6.5, 7.4 Wil th o7
MR IEATEENT Dmy W AR RN 2.53%2.16%
2.69%F1 1.77%, ZEATEL I 2235 /N T 3.00%, X4
REZMEL/N
2.10.2 BZAT RN HL Dmy@ZIF-8 ¥ Ki& &
(Dmy & &A4 10 mg), M pH 5.0 BEER #5242 itk
10mL, ZHEFJNEEF . KA pH 5.0 BEER £ 2% i
W 1000 mL EABZAANE, RS R (37.0+
02) C, ¥ N 75rmin”!, F0.5. 1.0, 2.0, 4.0.

100 4 A

80 A

FBVBEICE%

0 6 12 18 24 30 36 42 48
th

6.0~ 9.0, 12.0. 18.0. 24.0. 48.0h HUFE 3mL, #Min
3mLpH 5.0 BERRER 2, WIE Dmy &, 2k
2. [FiE%%E Dmy@ZIF-8 7£ pH 5.5, 6.5. 7.4
WRR Eh 22 PR 2515 . B 10 mg Dmy, [Fli%
ZAE pH 5.00 5.5, 6.5 7.4 BEFEEEhLZ b R 21
o SERILE 11,

B pH {E AU/, Dmy@ZIF-8 98Kk F: 2
A OFORE R W K (B 11-A), R
Dmy@ZIF-8 E.A W5 (1) pH {E W NRs o5, X Rl
SR LA bR T R 1 PR 85 v IR R B, A T 4
S A ] P L PRI 2 A R S PSR 151 25 3L - {H Dmy
SRR AE & pH Nl BEZAT AT R pH H
Wi N 45 5 (B 11-B). Dmy@ZIF-8 49K KifE pH
5.0, 5.5 BEIR Eh 2 P B B L SR 4, AR AH
R H - T H, Dmy@ZIF-8 99K RIR 2517 A 5
Weibull #5284 48 & B % 155

B -#-pH 5.0
-+pH55
--pH 6.5
-pH7.4

0 6 12 18 24 30 36 42 48
th

11 Dmy@ZIF-8 (A) 1 Dmy (B) 7EA[E) pH EMERELE AR P AINEHEIL (n=06)
Fig. 11 Release profiles of Dmy@ZIF-8(A) and Dmy(B) in vitro in phosphate buffer with different pH values (n = 6)

T4 FINBRHRENYSER

Table 4 Fitting results of drug release model in vitro

eI A WEITE r

pH 5.0 — TR In(1—M¢Mx)=-0.056 3t—0.803 5 0.6570
Higuchi M¢/M».=0.143 3 t/2+0.205 1 0.768 6
Weibull InIN[1/(1—Mt/Mx)]=0.643 1 Int—1.076 3 0.918 2

pH 5.5 — BRI In(1—M¢Ms)=-0.059 1 t—0.580 3 0.7726
Higuchi Mi/M.=0.149 6 t12+0.143 9 0.8256
Weibull InIN[1/(1—Mi/Mx)]=0.744 2 Int—1.486 0 0.952 8

MM I FRARETRET 3, M9 ¢ I BRI, Mo Jgoolth BARBETR .

Mi/M=is cumulative release percentage at time ¢, M:is cumulative release rate at time #, and M« is cumulative release rate at time oo.

2.11 Dmy@ZIF-8 AR K72 E 1% 52

B Dmy@ZIF-8 K0 A % B T v b
BTEE 60%. #HE 30°CHEIREEMAF . 25
FiLE 0. 1. 2 3. 6 AR, Ingitb/Kr#UE,

PR €237 TR ke ks & . ke Al PDIA.
SR WK 5.

Dmy@ZIF-8 ZHARLKY RAENE %A FTHE 6
ANAJERE R KT 80%, kifEi/NTF 60 nm, PDI
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%5 Dmy@ZIF-8 KRR EMERLER (X £5,n=3)
Table 5 Results of Dmy@ZIF-8 nanoparticles stability
study (X *s,n=3)

INFTE H BLEZ% RifEnm PDI 18
0 8514+116  52.11+4.02 0.091+0.009
1 8517+£094  5286+356 0.096+0.011
2 84.08+090 51.87+472 0.103+0.012
3 8410+137 55144598  0.095+0.008
6 83.79+095 53994523  0.098+0.010

H290.1, RIRAEE—MERLF. Hik Dmy@ZIF-8
PURRLAE 6 N H N fERR e YRR, TP H R Zh
PESRE T 2%,
212 RIMRBRESEIE
2.12.1 Hep3B My4uplA= KA s BONEUEK
1 Hep3B MU 0.25%J5RE B TIH AL, fukEF
WREE . 5104 > mL, BT 96 FLikH, AL
100 L, BRFA (37 C, 5% COy) W§HE 24 ho K
FH 5 77 W0 W R T ) A [F] BT & W B2 Y Dmy Al
Dmy@ZIF-8 25, W B2 [ 4H (55773, 0.5% MTT
A DMSO). XHHEZH (Hep3B 40l }5373E. 0.5%
MTT Al DMSO). ZIF-8 41 (20, 40. 60. 80. 100
120 pg'mL™"). Dmy 41 (20. 40. 60. 80. 100.
120 ug'mL™") A1 Dmy@ZIF-8 41 (20. 40. 60+ 80.
100, 120 pgmL ™), FEHKER 6 NMEfL. HFEIF%
R 48 h, H100.5% MTT ¥ 20 uL, 7 4 h,
FEEBEIEW, 437N 150 uL DMSO, 3% 2 min,
FERGHRAY (490 nm) MEWOCEE (4D 1H, THE
e, 2R NE 12,

HHER= (Asp—A ) | (Aaw—A =)
oZIF-8

1001 NEM N C <5 sDmy
N sDmy@ZIF-8

Nl o] o NS NS =
20 40 60 80
JR IR/ (ug ML)

& 12 Dmy 1 Dmy@ZIF-8 KRt Hep3B ZAAEE K1Y
2 (X £s5,n=3)
Fig. 12 Inhibitory effects of dihydromyricetin and
Dmy@ZIF-8 nanoparticles on Hep3B cells ( X *s,n=3)

#IRFE ZIF-8 %I Hep3B ZHfifCH] i, 7
120 pg-mL ™! B AMAEERIIR T 90%, R %

B ZIF-8 YR EIH P B E . Dmy M
Dmy@ZIF-8 %f Hep3B 403 HAAMHIEH, B
Dmy J5i 59 FE (/)38 57 3G I i) 4 FH 0 Bl 2 18 5,
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7% BIEW, M PBS E¥E, FHX 3000 rmin ! B0
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GRS, AL ARE (PD SuL 1 E 5 min G
FEiBE%), 1 Binding buffer 500 uL, 5 min A i#E47
NG . 255 W 13, 24 Dmy JlEIRELH
60 pg-mL~' i, Dmy 2l Hep3B 41 1-% 4 33.76%,
K Dmy A HA—ERETIEH . Dmy@ZIF-8
“H Hep3B 4 Ml 8 T % 3 n & 47.58%, K
Dmy@ZIF-8 it — 5] Hep3B 4HMdT:, HI
WA W =T Dmy 41, UERH Dmy@ZIF-8 it —F
14 9% 7 Dmy HURE 255K
2.13 Dmy@ZIF-8 KR A A hE LI
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13 Dmy 71 Dmy@ZIF-8 44K Hi%t Hep3B 4 AR = #9520
Fig. 13 Effects of dihydromyricetin and Dmy@ZIF-8 nanoparticles on Hep3B cell apoptosis

198 56 = 1 — 25 24 4~ 350 e I /A TR 2 S 1) P ol i
2133 RN B AR RO AR R K
THOLLIE 14, MRS L 15, 8 a4 3 &
6. BB /NG BT = 25 R T AR, R
RUVE KRR, 15 d BB ARRLE (1 76516+
214.98) mm?. SR, 15d B, 45254
SR ARARURT g o B S R 3 TR B (P<<0.01), K
BRI RAE TR - 5 Dmy 4125 mgkg ™)
FHEL, Dmy@ZIF-8 4K R E L (15 mgkg™) 7E
TBITER 15 REIR AR EM R (P<0.05),
W] Dmy@ZIF-8 #9KRiA BT AL 2570 &, H 08
Dmy FHWEIER; EME R R EEEER (P>
0.05), W RERMIR % FEAEERCRZE RS, 5
Dmy 4 (25mg-kg™") ML, Dmy@ZIF-8 44Kk =
FIEH (25mgkg™) EIRITE 15 RIS AR
Jieg ot A R R R (P<<0.01), AT WL 24
FIEA R BIATIR T Dmy@ZIF-8 44Kk R B
MIHIR 230, RS S IR T K (66.28%), I
SRR . SN R EM L, 3R
Tt DR IOF A4 o . 2 7 98 /D BRI W O 5 1 B
(P<<0.01), ifii Dmy 4. Dmy@ZIF-8 #KKif%. =
AR R EARRAEHE R (P>0.05), Hinw
N BRORE FOIR ST B EERT 4L, #2787 Dmy K

Dmy@ZIF-8 FAKRIA R s Nz /T IRt , i
PRAE) S B ALFA L0,

24007 —=— fe sy

— IHIEAZ 20 mg kgt

—e-Dmy 25 mg kg*
Dmy@ZIF-8 15 mg kg

——-Dmy@2ZIF-8 25 mg kg *

2000+

1600+

1200
*%
**#
e

F%k

800+

Ji B A A mm®

400+

o . . . . .
0 3 6 td 9 12 15
SRREMLEL: *P<001; 5 Dmy 4MEL: *P<<0.05, #P<<0.01.

**P <0.01 vs model group; P < 0.05, P < 0.01 vs Dmy group.
14 T NRAMEAHRRENR (X £5,n=8)
Fig. 14 Tumor volume change of tumor-bearing mice ( X
+s5,n=8)

.QQ“‘. w

® 4" a8 R @ EomgKgt
‘ ' ”‘ .“’ Dmy 25 mg kg

® - ‘. ‘b . Dmy@ZIF-8 15 mg kg™
Y@ s

i ™ D@ "

ye e —

=

Dmy@ZIF-8 25 mg kg

E15 fErEREESNL (X E5,n=8)

Fig. 15 Tumor appearance of tumor-bearing mice (n = 8)

+z6 FAMERLER (X £5,1n=3)
Table 6 Antitumor inhibition rate in vivo (X *s,n= 3)

R 5 E/(mg kg ™) Jih g J3i =g 98 21% & &g
it — 0.86+0.19 — 30.14+2.01
AN AT 20 0.23+0.10™ 73.26 22.19+2.38"
Dmy 25 0.47+0.14™ 45.35 28.261+1.89
Dmy@ZIF-8 15 0.4440.20™ 48.84 28.77+£2.06

25 0.2940.17"# 66.28 29.04+2.26

HRBMAMEL: “P<0.01; 5 Dmy 4AHEL, #P<<0.01.
P <0.01 vs model group; P <0.01 vs Dmy group.
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