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Preparation and characterization of restructured vesicles of grape-derived
multicomponents for active peptides loading
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Abstract: Objective To reconstruct the functional vesicles by using the components isolated from grapes, and investigate its
properties of the loading of peptides . Methods Grape polyphenols (GP) were extracted by ethanol, and the extraction technology of
GP was optimized by single factor and orthogonal experiments. GP was purified by macroporous resin adsorption and the purification
technology. The preparation of GP and melittin (Mel) complexes (GPMC) were determined by orthogonal tests, and Sucrose density
gradient centrifugation was used to extract grape-derived vesicles (GDVs) for loading complex GPMC to get GPMC-GDVs. The
stability of GPMC-GDVs in PBS, DMEM, and 10% FBS were investigated. The cytotoxicity of GPMC and GPMC-GDVs on
SMMC-7721 or HepG 2 cells was investigated by MTT method. Results The extraction process of GP was as follows: the extraction
solvent was 60% ethanol solution, the heating temperature was 50 ‘C, the solid-liquid ratio was 1 : 10, the extraction time was 50 min
and extract 2 times. The purification conditions of GP were as follows: 4 mg/mL GP crude sample volume was 7 times of bed volume
(BV), the washing dosage was 5 BV, and the elution volume of 60% ethanol was 5 BV. The preparation of GPMC-GDVs was as
follows: 0.4 mg/mL GDVs was slowly dripped into GPMC solution with equal volume of Mel containing 2 mg/mL and incubated at
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room temperature for 30 min. As-prepared GPMC-GDVs had good stability in PBS, DMEM, and 10% FBS. The results of MTT
method showed that GPMC-GDVs had a better tumor inhibitive effect. Conclusion By extracting the components of grape GP and

GDVs and reorganizing the structures, the vesicles can be prepared for the loading of active melittin, which has a good application

prospect in the field of delivery and anti-tumor effect of polypeptide drugs.

Key words: grape polyphenols; melittin; vesicles; nanoscale delivery; antitumor; synergistic effect

Hii%] Vitis vinifera L. 2% (Vitaceae) M
AR B AS G W ) B SRS, et 5 B 2 )
Rz —. THSR, #HEREREARENE
FHEFE FEMETT Z BN E R, g —
FhEA IR AR KRN, (R H ) 08 “
B FIEH AR, WmAEIRE, S NEE. WL
HANFE. A, BHAZESE. AEN. &K, F
ME, BRIGEA, Rk, RAEEAE, B2,
SRR, ELP  BUARHI ATk IR A B A HL Ak
VIS BRI Rk TReR,

HIE AT O BEELAE AR T . BER AR A A Y
PR, LS e R AR, 2y,
% 2 (grape polyphenols, GP) 58k hlifig 28
ghpmn A RRPUE . PLREES ], NHEE RS
wEix A E PIEERS S, AR T & SR
781 FACHE FTIE S GP B B2 4R 1
HAE A @2 F L OFEH SR T, fSgnfiu)H
HABH W . PEARKE i 4 8 8 A B (matrix metallo-
proteinases, MMP) i 14 33t i 400l frfr g i #% LA S 14
SEHLAR S e, B TNy TRy, WA
WEAREMNEDR T R, % R
PR HR A7 AE K B 1) B T O 5 4 R SV 454 (grape-
derived vesicles, GDVs), 1XE645 1) 1] e & 41 il 4 4h
PO R A (0 AP, IR 2 iy A g i
FEA ) oA B e, ARSI AR GP Al
GDVs 7 hlfE UG AT E A, Re s it SEA 21
MRICR Sig. R, ZHAARBKNED/
ZIRITIEME VY, H R T —F SRR RE E MThRE
fi] 44 o

AR 2H i O ] & ok 2y A g B IR
(melittin, MeD) E&4), WIME T 9K HAL
ARG, RO E TR ks,
ASLIGA P Mel 1R ARERLZ5Y), FIFFES GP (%
SEVE RIS ERE T, A AR 2 IR 4
Tl (GPMC-GDVs), i tRALH] s F e it 2
UL 25RO, BIH B 2 ISR 25 1)
ETTG NARREE IR 25 0B B R RN s 24 1 A A
SEAL T B HIH A S % .

1 XEEHH

JA-SERIES 7T RV, EM M BT IR&EH
FRaw]; Bl1-3 fHIRMEIhidEas, il a SRGEA
FR/AF; Lambda 35 4h-1 Wy b, KE
PerkinElmer A #]; IKARVS JEZ%1%, 5K A8
WA MRAR: WIE2802D ¥EHHL, SEHIEFFA R
A F]; Nano ZS90 WOLKLEEAY, JE[E Malvern 2 H];
Optima TM XPN & 2 041, 52 [E Beckman Coulter
AT]; MCO-15AC 43246, HA Sanyo A
Sorvall ST 16R E.0a#1. Varioskan Flash BFFRiX, &
Thermo A ] .

Bl s, R, SpnhERAgRE
22 5 T8 HORIT 5 A S SB S B DTS S R A R
E§H %] Vitis vinifera cv. Kyoho SR 5Z; Mel, #it
5 201505001, JiRESE>98%, il IRAEMA
FBRAF] WETRMIES, #t5 IBZ-0431, gy
B =98%; T/KOEE. To/KBREREN, ZhHral, [EZh
LML RF AR AR RR-B, FE4 99%:;
D101. AB-8. XAD-7Hp. NKA-9 KfLWAE, L
VR AR R A R BEREE (MTT), g4
H>98%, FREMAEMARAF; M4, 3%
Gibco A F]; 1640 K775k, PBS, 3E[H Hyclone
N, ZHETH (DMSO), ZE[E Amreso A .

N BP0 2 SMMC-7721 J HepG2 21 it 341
T E R e T B TR R TR e A PR
2 HESHR
2.1 GPEEMNE
2.1 IS VERECH]  BOR B P EON I 5 mg,
R E, BT SomL ®P, BETKEREEZ
FE, $&5), HRIREREN 0.1 mg/mL FIK & TR
SHHE SRR, —4 CIRAF%H .

212 HHSAERECH O FSEAREC GP HHEY 2
mg, BT 100 mL &4, LETKEREZE,
AR, T, JELEIE, —4 CIAEE .

213 RO KAREM-E} (Folin-phenol) ¥
HEATE A, BUFIVE 1 mL T 10 mL &I, KK
IO 3mL 258 7K, 1.5 mL FEAR-BHt 7], TR,
5 min PHIA 3 mL 20%BRBRANVEM, 228 T/KER
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%10 mL, = THEAFE 2 h. | mL £EFKE
AR S VTR A% o J7 VAR 2 VTR

2.1.4 MEREKRER BERE 10 FEMEET
TR HE VAR 1 mL T 10 mL &, %18 “2.1.3”7
TR kit D Rl AE NS, Ehh-mT Iy
N EETHHEAT 200~800 nm 4 K A3, Ik

WS KA 760 nm.
2.1.5 ZRPEVERIEEE WA R R A

025, 0.5, 0.75. 1.25. 2.0 mL F 25 mL ki o
i, EETREERZIRE. %B “2.137 UFJT
A, T 760 nm AANEROGEE (4D {H, FAFE
mi AT 3 R, BAE IR T IR B AR A AR (X0,
AR (V) 2flbriEfh 2k 45 R EREET
FRTE 0.001~0.008 mg/mL 5 A {E 2 I K U7 i 2k 5%
Z, AN Y=111.83 X+0.011 5, *=0.999 5.
2.1.6 FEEEALE REHEULE GP HEY, %
“2.1.27 TR 7 A g A, BRI 2137
TR I, F 760 nm AEESENE 6 %, i3 4
fH, H5 RSD {54 0.98%, FIHIZZM NUEFE%
ARSI

2.1.7 FREtlE BEHRIUEE GP MY, %
H“2.1.27 U J7 i AR am i, i “2.1.37
WURJERA, S AHEAFRA A 0. 1. 24 4. 6h
M AME, 15 RSDHN 1.95%, IR IER
7E 6 h HFAE .

2.1.8 HEEMIAK BRI GP HIEY 6 1, 1%
H“2.1.27 BUR 7 & AU ia i, ik “2.1.37
TR ke, F 760 nm A0E 4 H, 15 GP
FEN RSD A 1.87%, RIIZFIEER MR,
2.1.9 AR REEFRAC 6 i CE I
GP H3Wy, % “2.1.27 TUT J7 vkl 24 st i v
SEAIINER 0.1 mg/mL BB TR IR AR,
R “21.37 TR ik, e A{E, HEIRE
M. g5 BN, MRS 3N 98.91%,
RSD 4 2.57%, FHT7ERIRE R LT,

22 GPIEHIZHR

221 HEACEL TRRIDUE E SR R TR,
g .

222 PAKNERSIEE  UERFREUE & R SRR R
(I A5 1) 5.00g, KHOEEEBRIENZ N,
I3 IR CEERAR . RHR G SRIGR . SREU
B SRHREGIAT RN HE S . ZMPEIER 760
nm &b 4 HERR, H A ERNIEE “2.1.37 U7

EE . ARER GP I 208 LR 51
60%, EHELL 1110, $EHCEAE 45 °C, $#HL2 Kk,
FFRFZEL 60 min.

223 IERRRIFELE N T LREHLEZ IR RN
GP $EHUSE 5o, (RN 3 g2 25 R Bk ali |,
HHE 4 BRIE 3 K IEAS S /it ik GP $2H T
2o UZMmRaEsHOsTEiR, RIURE (AD. $2HL
WA (B). BhREE (C). $2EUKEL (D) NHEER
%, KM Lo(3Y BT, WEKTFREIE
REERWFR 1, HESITEERNE 2.

F1 L3 EXRRZITSERNN

Table 1 Results of orthogonal experimental design

e  A/C B/min C D  GP/%
1 40(1) 50(1) 1:8(1) 1(1) 1991
2 40(1) 60(2) 1:10(2) 2(2) 2199
3 40(1) 703 1:12(3) 3(3) 1889
4 45(2) 50(1) 1:10(2) 33 23.09
5 452) 60(2) 1:12(3) 1(1) 2054
6 452) 70(3) 1:8(1) 2(2) 2094
7 503) 50(1) 1:12(3) 2(2) 2576
8 503 60(2) 1:8(1) 3(3) 2498
9 503 703) 1:10(2) 1(1) 2587
K 60.79  68.76 65.83 66.32
K, 64.57  67.51 70.95 68.69
K; 76.61  65.70 65.19 66.96
R 15.82 3.06 5.76 2.37

®2 RENH
Table 2 Variance analysis
Wz EZETITM AHE Fa B
A 45.502 5 2 454046  P<0.05
B 1.578 0 2 1.574 6
C 6.644 6 2 6.6303
D 1.002 2 2 1.000 0

Fo05(2,2)=19.00 Fo01(2,2)=99.00

HRYE EARIGLE AT A, A3BCD, HE X GP
IR R i, BIRL 60% ZBE 7], BL 1210 /Y
BHE LG, 7550 CZAM T, #2050 min, $2HL 2 K.
HEMHATH, 4 FhEEXT GP BRI L
ERIR A>C>B>D, HI3EHGREXT GP #2HUK
R R, HUGRERR L, $RE A ALK
G AL U

224 RIS FREUEIE B SRR 3 4, $%IE
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EMSL R I T 2T IR, 193] GP KLY,
W h 2 W &g, SR ERZHm TS
N 25.15%, RSD N 2.28%. % L2 % MfaE, fit
W T GP HIHREL.

23 GPHALIZHR

2.3.1 WARTRE I RS XA i (R Bt
A R A A O G SO0, BRER 4 Bl A %
5.0 ¢ THE=MIMF, IO 100 mL FIEIRE N 4
mg/mL GP &, = T 12 h, 38, 38
T 760 nm &b A H B IE A ZHAF N 100 mL,
RSN 80% LB, T2 T 12 h,
Jeit, MM A fH. 45 AB-8 HIWLFTERA
80.82%, FRWLZE N 74.45%;: D101 WL B2 Ky
79.03%, fRWRZEHN 75.21%; NKA-9 (IR E K
67.05%, MR ZE A 61.08%; XAD-7THp I N
89.50%, FEMLE A 81.31%. Rt 22 Byt B A P E K
IR IR s EEIE R, AMUA R S I, 1 H
RS e KRS b RIS 2 Iy 2K 53 - XAD-7THp UM IR
AN W B R0 R R B v, PRI EL XAD-
7Hp BUR IR T f5 2 2 My ai L i) T 225 7t
232 _LFFEE FREL XAD-7Hp #JE 20.0 g, i
¥, L2y BN 4 mg/mL (1) GP ¥R _EFE,
R ESRHIE 1 BV/Ah, & 1 BV Ik 1 R,
MEGEmmERPEHEM GP &, Hl&Mwihg.
I 1 A&, 7 FFET7 BV R, MERRHERH 2
Ty o R B ) T AR E ,  ER IR T JIE X 22 1
WP R B R, kel ERE, 2B B R
AR . Hit EREREE N 7BV,

2.3.3 JKitE FREL XAD-7Hp B 20.0 g, i3
FE, DL EIRE N 4 mg/mL /AFA 70 mL ()
GP HHIE FE, AR RN 1 BV/A, R R
BTG, AR EN 1 BV/Ah, &1 BVAIEN
1 trim i, WERER RS ET GP &&,

]} = R
s * ik
1\ - - Kk
~ 6= \\ o A
‘é A
£ A
on
E 4 \ W ST DI
S \\ f’-
. s
2= l\\ ,_.‘
o e ~
o~
e - & i
gy
1 3 5 7 9
VIBV

1 XAD-7Hp WBgithim. 7Kt BEitAtmhsk
Fig. 1 Curves of leaking, washing, and alcohol elution of
XAD-7Hp resin

HAKYerhZk. P 1 A&, KEEE S BV &, W
(R R 2 By R ) TR, BRER 5
AR B FOORE B R AR T ok, TRl K e
HEN 5BV,

234 CLEEAEREL FREX XAD-7Hp #lE 20.0 g,
WiELeHE, CLZMmEREN 4 mg/mL A 70
mL ) GP W B4, AR EN 1 BV, g
M. 50 mL & B -FoKmkdk, WK . 45
Fi 50 mL A& F 4 H0N 20%- 30%- 50%- 60%- 70%-
80% ZIEGE L, ARSI BV/h, WCEEREVEM
T WA R GP 5 & 3R 3 7] A, 60%~
70% LGSR e, IR A m . ISR A
R, IR 60% LT TR .

235 ZEEFAR  FRIUXAD-7Hp g 20.0 g, Wik
BAE, DLZ R ERE N 4 mg/mL 7AFK 70 mL (¥
GP HMHIRWGEAT EAE, AFUREN | BV/A, YRR
H . 50 mL 2B F7Kibke, KB . K H 60%
(1) AR G A AT e, AFIRE N 1 BV/,
MR EE S e E, Sflvebithsd. hE
1 o5, ZBEHEIES 5BV G, W2 a4kt
ARG o FRA RIS e, e i 2. 1 &

®3 CERHROEEE

Table 3 Ethanol concentration selection

LWEY% FitiE/mg JKER/mg WM E/mg BFUEIE/mg FEMUEBER/% B EICE% 5 mL B E/mg 2 /%

20 79.81 46.01 154.18 108.31
40 70.17 46.37 163.47 127.76
50 73.17 46.37 160.46 134.02
60 74.30 42.16 163.54 140.28
70 77.30 42.97 159.73 138.72
80 84.82 38.41 156.78 137.60

70.25 38.68 26.64 40.66
78.16 45.63 27.09 47.16
83.52 47.86 26.39 50.78
85.78 50.10 26.61 52.72
86.84 49.54 25.96 5343
87.77 49.14 27.57 59.91
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ENSBV.

2.3.6 IAFiRL  FREX 3 3 XAD-7Hp # /i 20.0 g,
WV, LA 2 W B B E N 4 mg/mL (1) 70 mL GP
FHIRW ERE, ABUREN 1 BV/Ah, WEER . 50
mL % B 7KiMBE, IR KSR . RT3 80h 60%
LML 5 BV, ARUREA 1 BV/Ah, BUERBEMIK
WAR, WETR, GRTRE, HEBSE GP #2H
VIR AR o S FRHL 3 0 AT S UYIH R, A AR vkl
E A SREIR, 3 RS 2 iR 2 E
N 54.03%, AT GP MK, ZWMEERA T 1
i, B8 GP M4l TEE NFE

24 GDVsiIERIIZ

B “2.2.17 T % FRFF1 B 5 R I EEN
PEE DI RUCR . B A 2 R, BINSE AR
PBS (pH 7.4), &%, K% Rit5 PBS IR G,
4 000X g B0 1h, HUEJZEWR, 4k4E 10 000X g &
O 1 he BIEEINEIEEOE, L 150 000X g i
B0 2 he HUREPUEMA 40 mL PBS Y& 75 7
BOAS), KRB B RERE R FERR AL (8% 30%.
45%- 60%) W, 150 000 X g #BIHEE L 2 h, UK
£E 8%/30%F1 30%/45% F1H 7] FIUTREH5, A PBS
UYL IERE, BRI GDVs, %, —20 CfR
7% M. Fif3 GDVs kif& N (155.0943.03) nm,
LA (—24.51+1.43) mV, £50HE&% (PDD
4 0.21140.040.

2.5 GPMC-GDVs #HI& T EMR

2.5.1 GP 5 Mel (GPMC) EATEMR RALE
LWL GPMC E & T2 . I GP 25
Mel 73 53T pH {4 4.5+ 6.5 7.4 ] PBS Zei%
W, BAFERRERER GP % (0.5, 1.0~ 2.0
mg/mL) 1 mL ZZ187# A\ 25548 1.0 mg/mL ] Mel
W, 25, 37, 50 CHEE T E 0.5h,
ERF. NEKTFRGIELTERNE 4 (AL B. C
7GR GP 5 Mel JliE L. pHE. HIRED,
Ti BT EE R WK 5.

& 4 1T, 3 NMHENSES L ERmREE
W H GP 5 Mel KI5 & Lufs) > 5% & il >pH {H .
YOREE Mel EIREEAAR, BEE GP &=iGhN,
GPMC HKift BB EMnp &S, Mheds
GP i AMRE. BEEMT 37 CXMHT, &6
YRR B WARE, MiREAZ 50 CH, k2
Ko BbAh, RARLE 3 B pH EAF FBA W EAR.
G0, B GPMC Rl LZ2EA=ERT, ¥

F4 L3 EXHBZITSERNN

Table 4 Results of orthogonal experimental design

TS A B C/'C  D(xH) Kiff/nm
1 05(1) 45(1) 25(@1) @) 96.13
2 05(1) 652 372 2 100.06
3 05(1) 74@3) 50(3) 3) 139.26
4 1.0(2) 451) 372 3) 48.46
5 1.0(2) 65(2) 50(3) @) 78.17
6 1.0(2) 743) 25(1) 2 46.47
7 203) 45(1) 50(3) 2) 73.00
8 203 65(2) 25(1) 3) 46.69
9 203 743) 372 ) 50.14
K 33545 21759 189.29 22444
K, 173.10 22492 198.66  219.53
K; 169.83 23587 29043 23441
R 165.62  18.28 101.14 14.88
x5 RENH
Table 5 Variance analysis
WERIE  EZETVITM HHE FH wEE
A 5977.577 8 2 1559714 P<0.01
B 56.421 1 2 1.4722
C 2 082.092 2 2 543275 P<0.05
D (%) 38.324 8 2

Fo05(2,2)=19.00 Fo01(2,2)=99.00

GP WS A% 5 I 25 AR AR [ T B IR BE 1Y) Mel ¥
W, E 0.5h.
2.5.2 GPMC-GDVs [Wifil#& T2 =i &Mt
T, BUEERFERE (0. 2. 4. 10, 20 mg/mL)
(1) GP ¥ 5 mL 7EANWIHERE T 202 N\ SRR [
JREWR R Mel %H, ¥%E 0.5he ¥ SmL &
W RN 0.4 mg/mL ) GDVs E M8 AN\ Lid— &
IS ANF IR E GP () GPMC 7, SIEHEE
0.5 h, LR NTEFREE GDVs 5 GPMC (1
LA o

gtk 6 I %1, i GPMC (LA Mel Jii & 1t)
5 GDVs L (38 1, GPMC-GDV's Rif2 iz i K,
HALIZHT TR, B A L AR Ak X s 1 0 LT
FRLFTAE A, MBIk T 5 0 1 B
KRR T 200 nmo H AT R T Sk i ghRomiis
FRAE 100~200 nm*, AR I RS 18 e T
EEEL, ANFI T IHAE Eqﬂﬁhﬁuﬁ’f;@dnﬁﬁm -7
W YEYT AR . PRI, #5E  GPMC-GDVss #ill & 251
HNEET, ¥ 0.4 mg/mL GDVs 2123 NSRRI &
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6 GPMC (A Mel FTEit) 5 GDVs FREEEXIHIFIALIZ
ELALAN PDI S0
Table 6 Particle size, zeta potential, and PDI of GPMC-
GDVs prepared by different mass ratio of GPMC (Mel
mass) and GDVs

GPMC 5 GDVs

FiFE/Mmm HEAZ/mV PDI
te 1l
0: 155.09+£3.03 —24.51+1.43 0.211£0.04

1
2501 168.93£7.55 —-20.29%1.22 0.203+0.02
501 192.42+2.36 -16.83%£2.24 0.207%0.03
12501 246.471£7.41 -13.6910.88 0.284+0.11
2501 272.11+12.84 —12.13£2.13 0.313+0.05

Mel 2 mg/mL /] GPMC ¥, ¥ & 0.5 ho GPMC-
GDVs 148 (192.424+2.36)nm, £k & ¥ (PDD
N 0207 £0.030, KA Zeta Hfii N (-16.83+
2.24) mV.
2.6 GPMC-GDVs fa MR

HX 1 mL GPMC-GDVs 5 1 mL PBS. DMEM.
10%IfiE R A, 37 CHEE 0. 2. 4. 8. 12, 24,
48 h, RARLGNERAR. SERWE 2, f£48 h N,
GPMC-GDVs 1£ 3 Fifk & Hkiie ) o 224k, it
BH LA I % AR 40 f 3 FR 0 55 T SRR IR e 45 M
E, AR TR .

250

ZOOW -
g —F
=]
& 150 -8-PBS
=
= - DMEM
100+
=i 10% FBS
50 T T T T 1
0 10 20 30 40 50
t/h

2 GPMC-GDVs 7£ PBS. DMEM %1 10% FBS F#ifa
E M
Fig. 2 GPMC-GDVs stability in PBS, DMEM, and 10% FBS
2.7 ZHARIETERA SR

O B4 K91 SMMC-7721 8% HepG 2 Z1ifd L
IX 10U R T 96 FLANES IR0, T 40
FRAHREFR 12 h, $23 1640 U FREL, INMAAIF
iR E Mel. GP. GPMC. GPMC-GDVs %5 [
GDVs [FA5E 485 773 200 uL(GPMC H GP 5 Mel
FEL A1 1, GPMC-GDVs H' GDVs 5 Mel KIJi
BN 15, HEEEE THFRATIE 24 h,
We 52k 3REE, i\ 200 uL PBS 1&%E 1 Ik, A

200 uL & MTT [ 1640 Neaii ks, 37 Chg
H 4h, NOWFREFRE, A 150 uL ) DMSO,
A, T 570 nm bE A {H.

R 25 (CD PRE4 GP 5 Mel KIH
B, CI=D\/D,+Dy/D,n, H Dy Fl Dy 735l /2
k& 25 2518 25200 73 80 (fraction affected, F,) 4l
I GP 1 Mel WIREIREE, D, Fl D, 73 5l /&
s 2553 F, 0% I GP A Mel (R BIKE . 24
CI<I B, FAWAAEMFEEH: 4 Cl=1 K, &
IR IE AW 25N AN RN 2 CI>1 I, FoR
P S DU E

B 3 mIHL, NTAFBERE GDVs, 2 Ff
YT A7 3G R ARTE 95% LA 1, KB GDVs Xt 2 Fh4ifi
PEEPEEAR, &SNS EA. GPMC-
GDVs X} 2 A 1Cso 73514 7.74+ 10.70 pg/mL
(Mel &K E), A SMMC-7721 5%, HepG2 412,
GPMC-GDVs #ZR I H LT Mel F1 GP Kyfitfieg s
WS E . I 5L GP A Mel 19 CL, 2434 5] 50%4
HIFE, *F SMMC-7721 Al HepG2 4Hjil, GPMC
) CI 4528 0.93 A1 1.06, LT 1, & GPMC
X 2 Fr gt g ) B ORI AN ZLN, T GPMC-GDVs
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