. 4982 » PER 2022688 B53% B16H  Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 16

Box-Behnken o 5 H L X e B ) & KGR BRE AL 75 T2 B ARIMEN

Eyids L4, APARDR ¥, RERST L, MEEE !, BAER L, EHGEY, of F LY
L JVEERRERS 2%, OV BT 530021

2. JUVRRERZA RN, V6 BT 530001

3. VAR THE AR S VP E SRR E, U8 BT 530021

4. W ARER, |7V 5t# 537100

W OE: BH A EE R E 2% (ampelopsin loaded nanostructured lipid carriers, AMP-NLC) 4b7J5 Ff5 Hdk
ITIRERIL, WX SMMC-7721 M HIERFEIUG 0. 753E  RABAVIATIZKIER & AMP-NLC, 15K %Rk
JEfitl 454 Box-Behnken WS4, AMP-NLC 4b 75 5 K AT iR AE. FH MTT ¥EIlIE SMMC-7721 20 i~ H0m ik
J% (inhibitory concentration of 50%, ICso), %' FI8] B Ykl Wi LEREUE N . 45R  mtiibir Al ar e B ills S5 s =
B H B Le e 10 115, ZE R 10105, EFOPEEMEHE N 21 mg #1 P188 HIHE A 2%, Frifil AMP-NLC K-35
A (81T1£1.76) % “FIEAEN (3.861022) %. FIJRifEN (156.50+7.11) nm AP £ AN (~11.0040.95)
mV, AN R & — PR T 0=47.93(1 —e 02527), I 78] %) Al AMP-NLC X SMMC-7721 4L 1Cs0 43 51 9 44.51
41.51 pg/mL, HAIXHIEHE 2 ERZE, SMMC-7721 4Hfi%F AMP-NLC A #HFHH. 4518 Box-Behnken M N [ {55 i £ 571
A T AMP-NLC 2754k, AMP-NLC #8720 i M 4 R 7E SMMC-7721 20 i iFAH S 3R AT

KR WCHIAEK; Box-Behnken MHRMIRAL; PORGEMIMRR B FREITFAT; AUMIEREL; AARIME 1%

FESES: R283.6 YRR : A NERS: 0253 - 2670(2022)16 - 4982 - 10

DOI: 10.7501/j.issn.0253-2670.2022.16.007

Formulation optimization of ampelopsin nanostructured lipid carriers by
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Abstract: Objective To optimize the formulation of ampelopsin nanostructured lipid carriers (AMP-NLC) and to characterize its
quality, and to study its inhibitory effect on SMMC-7721 cells and its uptake. Methods AMP-NLC was prepared by organic
solvent evaporation, and based on the single factor test combined with Box-Behnken response surface, the AMP-NLC prescription
was optimized and its quality was characterized. The ICso of SMMC-7721 was measured by MTT method, and the uptake of
SMMC-7721 cells was observed by rhodamine B dye. Results The optimal formula was that the ratio of glyceryl behenate to
medium chain triglyceride was 1:11.5, the ratio of drug to lipid was 1:10.5, the dosage of egg yolk lecithin was 21 mg and the
dosage of P188 was 2%, respectively. The average encapsulation efficiency of AMP-NLC was (81.71 £ 1.76)%, the average drug
loading was (3.86 + 0.22)%, the average particle size was (156.50 = 7.11) nm and the zeta potential was (—11.00 £ 0.95) mV. The in
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vitro drug release process conformed to the primary release model Q = 47.93(1—¢ %62527), The ICso of ampelopsin and AMP-NLC
for SMMC-7721 cells were 44.51 and 41.51 pg/mL, and compared with ampelopsin, SMMC-7721 cells had a better uptake to
AMP-NLC. Conclusion The model established by Box-Behnken design-response surface could be employed to optimize the
formulation of AMP-NLC, and AMP-NLC could effectively improve the relative uptake of ampelopsin in SMMC-7721 cells.

Key words: ampelopsin; Box-Behnken response surface optimization; nanostructured lipid carriers; quality evaluation; cellular

uptake; in vitro targeting
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TR — IR (25 2 75); ARFAAE 1 mL/min;
KK 291 nm; #E:E 30 °C, #EFEE 20 L, 4%
SRR RE ), 5 R L 1.
223 KiEEEHL

(1) HAREREE: B 10, 50, 100 pg/mL k7
RN ST, $ “2.2.27 TR AMIE, 1d
HEEEERE 6 X, ICRUEAR, 115 RSD. 45 EH],

| | T 7 2%
A | |
[
[
- I‘k_ ~_—
I T T T 1
"3 T T T 1
{”ﬂﬂl’lﬁ'ﬁ]ﬁ%
(|
I
||
C IR
A
I T T T 1
0 2 4 6 8

t/min
1 WEERWES (A)B-NLC#& (B) 1 AMP-NLC
¥ (C) B HPLC
Fig. 1
B-NLC sample (B) and AMP-NLC sample (C)

HPLC of ampelopsin reference substance (A),
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DAL 3 B Mg 2 B TR bR i AT B 52 . A5 RERY,
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R E NIRRT L. SRR, AR
BN 55.28%- 81.41%- 95.72%. 96.92%, #HZ§®
AN 1.45%. 3.45%. 2.50%. 2.44%. BEZ P188
MHEZ, fERFHNA, HREH T &
A, H AR S, BrLliksE P188 FHE AN 2%.
2.4.7 BHHAMHFKMER LIRSS S H P
A HCA AR SE AR, A HUAHFIZK AR AR LG 4y
BINT 101020 153014, % “2.17 R
fil# AMP-NLC, LAE 2z & hiatniliit%
2, SRR, GWEFESIN 79.71%. 73.31%.
91.50%- 86.97%, #FHZiENMN 1.14% 2.62%-
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Table 1 Design and results of response surface experimental
1Eac] Xi/mg X X; Y1/% Y2/% Y3/nm Ya/mV oD {H
1 25.5(0) 1:75(0) 1:58(0) 60.85 1.71 344.0 —10.07 0.64
2 25.5(0) 1:75(0) 1:58(0) 59.98 1.74 332.6 —4.84 0.75
3 25.5(0) 11251 10115 (+1) 65.00 4.30 1679.3 —6.77 0.00
4 30 (+1) 1:2125(+1) 1:58(0) 89.20 1.54 259.6 -11.97 0.65
5 25.5(0) 12125+ 10115 (+1) 57.11 2.00 200.4 —9.75 0.91
6 21 (-1 1:2125(+1) 1:58(0) 59.53 1.22 257.9 —-16.83 0.54
7 30 (+1) 11251 1:58(0) 50.93 3.40 13557 —13.23 0.46
8 21 (-1 1:75(0) 1:11.5(+1) 97.55 3.73 286.0 —6.93 0.98
9 25.5(0) 11251 1:01(¢1) 48.97 2.00 331.7 -7.92 0.75
10 25.5(0) 1:7.5(0) 1:58(0) 80.99 2.24 365.5 —-7.58 0.70
11 25.5(0) 1:7.5(0) 1:58(0) 71.19 2.07 136.1 —8.58 0.83
12 30 (+1) 1:7.5(0) 10115 (+1) 64.14 4.50 556.2 —6.77 0.57
13 25.5(0) 1:75(0) 1:58(0) 54.55 2.01 169.4 —9.68 0.84
14 21 (-1) 11251 1:58(0) 81.77 1.00 181.0 —6.25 0.95
15 30 (+1) 1:75(0) 1:01(¢1) 74.00 2.40 135.7 —7.62 0.83
16 21 (-1 1:7.5(0) 1:0.1(-1) 55.48 1.51 184.6 -5.79 0.74
17 25.5(0) 1:125(+1) 1:0.1(-1) 63.96 0.92 107.8 —8.59 0.00
251 HEPFHE HERUGEE (Yo, BEGE BRAAMEN,, AMIEKRT 5 um KRR, #HEg

(Y2). Ktz (Y B4 ¢ AL (Yo AEETER,
MEFUER F AT Re A EP i, Rk, seie
W ANH—ZEE1E (outside diameter, OD ),

R LHRFR LR E RO ARHE Hassan J77E0191%f &>
FEPREAT A — AR BE, S0 T8GR B i KA R bR,

g, #E, ETANAR 3 T
ISR BME RN, WikifR, THE AR (@,
OD {HitHANAR (5). MF&%MEX PDI LA
W, P PARIEECHAE e NAR, 15 2 R E R R 4
Rk 1 Pios.

dimax= ( Yi— Ymin)/( Ymax— Ymin) (3 )
dimin= ( Ymax— Yl)/( Ymax— Ymin) (4 )
n
op=(] Jay" (5)
i=1

Yi NSEBRI A, Yonax AT Yonin 73 50 85 FE B 1] 15252 1) e AR
Fil g /ME

YT ARG, Bk P R T 80T Vi
BBON 1, RZANT Yo WBEON 0 X T A0 (4D,
YIRS T EHE I Yo BN 0, RZ/D
FEEET Yinin WA 16

R4 E 250 2020 EhCE SR A AR T
FLeh 245 2 40 EAR bR H IR BEAMIKT 80%, ik A
FURVE AL ST 90% B AL RAZ NAE 1 pm LAF,

KRLEAR AL T RARTERA 250 nm LR, AR¥EFTHA
TR 25 R E BBV EA 2%~10%.

252 2 RIEVABAKEST  RH Design-Expert
V8.0.6 T Y1y Yau Yau YaF1ODfHS X1 Xo A
Xs #7200 2 B RENE. AR KT
0.8, RTINS TR T &= as R IE 2,
B p<0.05, A BEMZER, KU P>0.05,
KPR ARE . UETET AN Y1=400.29—
26.04 X1—6.29 X>+1.53 X31+0.34 X1.X,—0.051 X1.X3—
0.01 X2X3+0.46 X12—0.05 X2, R*=0.814 5, P=
0.0257; Y,=2.677 76 X;—0.411 95 X,—0.000 06 X;—
0.011 56 XiX,—0.000 01 X.X3—0.000 05 X>X;+
0.013 99 X;2—0.000 04 X22+0.000 02 X2, R2=0.956 2,
P=0.000 6; Y3;=-2339.45+118.53 X,+84.45 X,+
3.11 X3—6.52 X1X2+0.31 X1.X3+0.55 XoX3+2.65 X>+
0.01 X32, R2=0.893 0, P=0.003 5; Y4=-8.15—0.47
Xi—1.62 X,—0.037 X3+2.96 X:.X,—0.50 X1.X3—0.58
XoXa— 122 X2—2.7 X2+2.59 X2, R*=0.8506, P=
0.031 3; OD=5.924 31—0.364 97 X;—0.057 69 X,—
0.000 56 X3+0.000 33 X1.X,—0.000 05 X;X5-+0.000 07
X2X3+0.000 63 X;2—0.000 23 X>2—0.000 003 X32,
R*=0.959 4, P=0.000 4. L\ OD {H NI 5 Ar5T 2
H R AR 2D A1 3D SR E LA 2.
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x2 HESHER (ODH)
Table 2 ANOVA results (OD value)
wWEXKE  HHE  BYWEFILIM OFH P1iH WEKE  HHE O BYEFLIM OFHE PiH

A 9 1.25 18.37 0.000 4 Xi2 1 0.07 9.25 0.0188
Xi 1 0.06 8.25 0.0239 X2 1 0.23 30.41 0.0009
Xo 1 0.00 0.07 0.8050 X3? 1 0.05 6.08 0.0430
X 1 0.00 0.26 0.623 5 Bz 7 0.053

XXz 1 0.09 11.83 0.010 8 L1 3 0.022 0.92  0.5083
XiX3 1 0.06 8.45 0.022 8 iRz 4 0.031

XoX3 1 0.69 91.65 <<0.0001 SRS 16 1.30

20

X5

10

23 28
X\/mg

253 wMALTTRIRAE AR R, R
PRA G Ab T A R B . Gl AR H B 5 e =
BEH s 1115, 2Rk 1105, &
FUNIEAE N 21 mg, P188 WM& N 2%, 5
B FRCINAEL RN SR ) AR 22 O A SR (6D,
SERNER 3. LI RRM, BREZERM OD fE4t,
BER PR ¢ BA W ZEBE £10%5 4, Al
RESEfEf s I FE A BRI a8 B AR AR Y
FFE—ArE, HRHBHEEE R — Mm% It
Ab, KR 70 CHREHARERFHEE, BEA—E
A5k 2= 540 AMP-NLC ) %

LS 2 = [T — S T 6
2.6 [FREIFIME
2.6.1 FIfRAN ¢ AZHIIIE  HU AMP-NLC Mok
20 fi%, T ERSCREAG kiR A (156.50 +
7.11) nm. { BAA (-11.00£0.95) mV, Z5HEI
3-A. B.

Xi/mg X2

B2 HEZREZEERANLE 2D B0 3D E (0D &)
Fig. 2 Response surface 2D plot and 3D plot of the interaction between factors (OD value)

2.6.2 DSC 7t HUle# & R AR . AMP-NLC
NLC % H K47 DSC W&, DSC HHMiFINEA
R, FEEE 30~300 C, FHEEF 10 ‘C/min,
SARRFRFE 50 mL/min, 4558 WLE 4. W 2y
R R AT RR T SR 2 e 2 2 1 AT
T, WX )i EIR RS (AHgsion) FHZS
it (AHoys)o DSC #AGE B, de78 & R G S
248.5 C (AHgusion=91.89 J/g), Bt4h, DSC #Hik K
HEIL 3 AN ARG RT 1 AN ARG , RO SCRRARE PO X
AT 2 AN ARG 54 93.17 'C - ( AHrusion=80.38 1/g)
11415 C (AHpsion=23.80 J/g), A ATRER 2 IR
KFE Hl% R NLC LUS, REHi% R 248.5 TR
BRI K, e EORH G SRR A 1T 8 2 250 58
SRFEEEFR PR EN, AREICHYR T,
W e 8 4 2 LR AE NLC B,

2.6.3 XRD /i B # =M A . AMP-NLC Fl
NLC # TR AT XRD Wi, WEMF: Cu Ka
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&3 mMATSHIEIE
Table 3 Validation of optimal prescription

S 03 2/% /Y% Hr % /mm ¢ AL /mV oD ff
SEAE 81.71+1.76 3.86+0.22 156.50+7.11 -11.00£0.95 0.88+0.03
T{E 82.73 3.11 174.99 -10.51 1.08
X 22 /% 1.23 2422 10.56 4.66 18.51

_ \
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3 AMP-NLC HIRIE 3 (A) F1 ¢ EAL (B)
Fig. 3 Particle size (A) and ¢ potential (B) of AMP-NLC

NLC

T]i - ﬂ\rfﬁ\[
#Mi% ‘\\\ J/d—_\/\

50 l(I)O 1%0 2(I)0 25IO 3(I)0
R/ C

& 4 AMP-NLC HJ DSC &

Fig. 4 DSC of AMP-NLC
R (0.154 056 nm), FAFETERE] 5°~45°, FHHE
R 5°/min, SR WE 5. EREW, WHEREY
AR LRI, TMH %R NLC 5, R T 2 Ml
BTG, 2R 23.16°F0 19.03°, HIE —E
(P&t fhahii. X5 DSC 455 —3, Uile & 2=k
Z e LG e AU S H A Tl .
2,64 FT-IR WllsE U3 4 =8 K. AMP-
NLC. NLC #T#A. W& EMAE NLC % T
MARMYEIR GYE R S5 100 mg {RALHEL R
REWIES, 10 MPa R, B TAAMGIECT
I, SRIE 6. 45K, Hl&K AMP-NLC
JE A A R EREIE 1640 cm™! (C=0) %k, &
HH i T e ] 4 3 5 7E NLC 1, JZ i AMP-NLC .
2.6.5 TEM fl SEM JE&MEE  HUHHI %1 AMP-
NLC FH/KIE S8, B Vi 2 6 A R 1 4 Y

AMP-NLC
T T
30 40

M-

20/(°)
5 AMP-NLC AJ XRD
Fig.5 XRD of AMP-NLC

4000 3000 2000 1000
viem™

E 6 AMP-NLC A9 FT-IR &
Fig.6 FT-IR of AMP-NLC

F, H 2% g, s, H TEM FMEIf
R, ERE 7-A. B2 2% T AMP-NLC #;
RFEEZMTIWEEET SEM P, 4550
Kl 7-B. 4K, Hl& AMP-NLC BEREKIE,
FIFELE 150 nm £ 4.

2.6.6 RIMEZRFE T L AMP-NLC 1 mL Ji
NIEAENTES GBI AR 20 Pl E 8 X 100~1 X
107) o, Pisidl's, B+ 10 mL i pH N 5.0 () PBS
BT, F (37.0£0.5) ClEEIREG &S, 7
SIZE 0.5, 1.0 1.5, 2.0, 4.0, 6.0, 8.0, 10.0. 12.0.
24.0. 48.0. 72.0 h X 1 mL B, FHab s st
BRI BT B PIREBGRANM 0.5 mL H IR
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7 AMP-NLC B TEM (A) #1 SEM (B) [&

Fig. 7 TEM (A) and SEM (B) images of AMP-NLC

5, ik 022 pm JERE, % “2.2.27 FHENGE,

ORISR, THECRFRE S, 2R ot 2 0 &
8, HBHTRRABERAE, MUAELRINK 4. 4
BRI, ZHI% M NLC, 0.5 h WARTEESRRE, HAE
12 h WRZERAER, 12 h BURIL 45%. B4k, e
%] 2 M AMP-NLC 1E—Z¢ 1 Riger-Peppas Ff 5%
B4 B R . R2 35163 0.80 DL |, Zead i)+
J NLC, AR BB, (BRSPS 18
B, R H %S AMP-NLC, AEARSZERAE .
2.6.7 MTTR¥: # SMMC-7721 4HHE4%EFT 96 FL

807 .
] j,.{-—-ﬁ-—--i . _% 3
60 }/i/ 7
Z% =l «"‘; } A1 %
] [0 t1
20_‘-""‘ % ; . R
11/ —e— AMP-NLC

0+— . : ‘ - : -
0 05 1.0 1.5 2.0 40 6.0 8.0 10.012.024.048.072.0
t/h

8 WEEEZREM AMP-NLC {FIMNEREIZ (X+5,n=3)
Fig. 8
AMP-NLC (Xts,n=3)

£ 4 WEERM AMP-NLC HBRHERNA SR
Table 4 Drug release model fitting equations of AMP and
AMP-NLC

Release profiles in vitro of ampelopsin and

7)) TitE AT
WHEHER FRE 0=158231 R*=03223
— R 0=70.51(1—e 2%, R2=0.9880

Riger-Peppas 12 0=64.00 9354, R2=0.959 8
AMP-NLC Z4 )i 2 0=1.10t, R*=04553

— T8 0=47.93 (1—¢062521), R2=(948 2

Riger-Peppas 2 0=29.43 {1573, R?=0.903 0

2, 2000 4N/4L, BFL 100 pL, B T4 s 9546 37 C.
5% CO2 FEMGEE . MEEESS, F¢ 2 IHREFREE, AT
I35 5 77 FEEC I 19 B A BN 104 204 404 80+ 100
ng/mL 875 % ZE A AMP-NLC, #4Hi%E 3 MEAL,
BTG E 24 h J5, FEEHW, M MTT
TAEW (5 mg/mL) 100 pL, & T-4ME: 554 m S
4h, JEHIA 100 uL DMSO, F 490 nm 4L 5E WO
B, AR H M BE (inhibitory concentration of
50%, ICso)o £, M % R A AMP-NLC [
ICso 7354 44.51. 41.51 pg/mL.
2.6.8 IHHUBEHM AL SMMC-7721 g Efh+
12 LAk, 10000 4~/FL, H&FFL 500 uL, B RhB1EN
X, 2525208 RnB-NLC B T 408 77560 E 12
24 h Ja, FFELW, HBWA PBS ¥t 2 &, MIA
Hoechst33342 ekl 30 min, FH 4 PBS ¥ 2
W THEIE O RME TSRS (B 9. 4
HE 8], RhB-NLC 7£ SMMC-7721 40 5% Yo i
T RhB 41, #H] NLC % SMMC-7721 4Hffi4 —
SE WS EREE
3 it

W R A R A — P AT A e P I B R AR B
P2 1 5 30 R 52 B bk 1 22 [ PN 4102 35 1) O
SR, AR R A 1 R RS23RN
AR KRR FE BRI 7 e 28] 2% IR R R o 5
SRR R E M RA — € RIR . TEAHT
For, Wt T Rl B K 4 R A R A SR T
TEFE =1 250 25 M R DA R K A &4 B8 11 B2

NLC RefS e 25 s iR EE 3G n, RS2
VI G EPD, VPRI, T
JURF e TS IR PO AT IS R TR . TR SE Rk
A s T 22 2 CE RS =R A VA AR e, ELAR
1 NLC 3 28 e ey, 109 B0 T I T ER T 254 1)
WEHT AT 2Ok UL, FEANIE G H 4 NLC, SCHRTR
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RhB

RhB-NLC

Hoechst33342
9 SMMC-7721 %} RhB-NLC EiREESR
Fig. 9 Uptake of RhB-NLC by SMMC-7721

TEBR A 24547 S 2R B AV FH ol B ) % NLC R38R
FEORFRAR . PR, Bk R = H A T
AMP-NLC. 118782 H B8 b s fE 2 B m i
Hl e B A BIE A 2R AKCE M P45 fH  Chydrophile
lipophilic balance, HLB), {5 %¥ 5 /K il
PRI A 2R . LLar R H )5 ) AMP-NLC Lt
A 5 25 i B R 4 NLC s R o i AR .
NLC H A4 IR o2 F0 ] 44 I8 o2 () 40 B ] 280G B 2
I INBERE AT AE N — R BhA R, B L EROK,
0 2B, MOEFR RN 30 mg TGP
AT . P188 AN — PR SR, HEBK,
LR A RN, (H2HT v i, A
BRI, MUEREKN 2% T, i
MERMIE TR, BAPERMKSERE, XL
R P A T 4 2R 5 VR T A R S PR A 2
TEIE BRI JEA B, )& AMP-NLC f£— &%
FE bR 1 e A R ) A R

NLC S5 R 43 0 3 Fl: SRR, LML )2
GERRY . R P VRS IR T 22 7 A T e B S,
EIXFEE R, o3 B-BU R4 i FEA S R,
NI 815 15 25 )76 it A7 A TERE JBC S, DA i & S 4
W, Bkl AMP-NLC Mg TEe®. Hil, M
RAG W A B 45 R NLC, (B S5 0300} 77 5%
Vg L] £ B i 526 P P 25 B NG, ARG il £
IR, AT ZEAERE, BRI AMP-NLC kifz
BN, BEFER GEE| 80%LA L), N %
HIFIPTREF A FT iv 45245, XRD AR, &l

il £ B AMP-NLC, ¥¢%#%) %= H S ATHE 5 H K,
FE 19°F1 2372 A B AT it U6, W] AMP-NLC £
HETRER TR, £ TEM F ] i %3
AMP-NLC 2 ERIEECGEBRIE 4041, Kift 254 100 nm,
HANEZHE —ZBRZ 0%, Gl e T —=mtHb
T OB R AN L R H R R — 2R R A5 R Ak
Z. 4, AMP-NLC [1J Riger-Peppas 5 2415741
G, S [FN Riger-Peppas B U T 1) IR A5
RIGKERIRR0), W ) 2 v Re i iR e 2, 254
e IX EMR R R, HAELINET Y HUBIE,
TR AT EENE

A TR H LR 2R 5256 45 4 Box-Behnken M v
AT T2, Il T AMP-NLC, X
HHTOHER MR R K Zeta AL, BB
A+ DSC. XRD. IR KARIMERE S ERAE, H
MTT 3ERFFE T HoxF SMMC-7721 4 i 40 6
HERZ5MHE, AMP-NLC % SMMC-7721 4 E.
A RGN, JEVEE T SMMC-7721 41
BRI Re 0. MR, AW F BT & &R
AMP-NLC HA 35 122 R8N N4 ey (1 A e Pk
AMP-NLC il T2 A, MR &S
i RLARTE /N, TR TR VST 45 2. AMP-NLC
BFEE T SMMC-7721 4 i 4 2 2% 1A 1 5%
By, MImEEEE 7% SMMC-7721 BIH0#IER . Fik
Bt 9. 25 SRR A 9K S5 K IR R 844 A2 — o & e i 46
RIES A AW BRI 24584k, N AMP-NLC J&5
SRIPIR PY 2458505 B ) M % 24 80 2 ST 5 B v B
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