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Research on “unification of medicines and excipients” nanosystem comprising tea
polyphenol and melittin for antitumor therapy
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Abstract: Objective To prepare nanocomplex comprising tea polyphenol and melittin (EMN) with synergistic effect for antitumor
therapy. Methods Poly-epigallocatechin gallate (polyEGCG) was synthesized by Bayer reaction and characterized by 'H-NMR and
MS spectra. The preparation process of EMN was optimized by orthogonal test, and the in vitro release of EMN was conducted at
different medium with different pH. The cell uptake of FITC-labeled Mel and EMN was measured by flow cytometry. The
synergistic antitumor effect of polyEGCG and Mel was investigated using B16F10 and A549 cells by MTT assay. Results The
structure of polyEGCG was confirmed by 'H-NMR and MS. The optimized preparation process of EMN was as follws: 0.5 mg/mL
polyEGCG solution was added dropwise to 1 mg/mL equal volume of Mel solution, and then incubated at room temperature for 30
min. In vitro release studies showed that acidic environment could accelerate the release of Mel. Cell uptake experiments showed that
the cell uptake of Mel and EMN was comparable. MTT assay results showed the combination index (CI) of polyEGCG and Mel was
less than 1, which intimated the synergistic effect when combined therapy with polyEGCG and Mel. Conclusion EMN was prepared
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by a self-assembly method, which has a simple preparation process, a suitable particle size, and synergistic antitumor effect, and it is

worthy of further studies.

Key words: unification of medicines and excipients; melittin; tea polyphenols; nanocomplex; epigallocatechin gallate; in vitro release;

cell uptake; antitumor; synergistic effect; orthogonal test; MTT assay; self-assembly
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Fig. 1 Synthesis of polyEGCG
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Fig.2 "H-NMR spectrum of EGCG and polyEGCG

FREL Mel #1 polyEGCG ¥ T~ pH fH 4.5+ 6.5+ 7.4 1)
ZMR RS, fEREWREN 1.0 mg/mL ] Mel ER
HROZ I SRR AN [ T B Y polyEGCG(O.1+
0.5. 1.0 mg/mL) &K, f£25. 37. 60 CHRE T
% E 30 min, /R SCEOGKIEE LGN E EMN 73
Kife M £ B &% (PDD), MM E & it B+
(IIV3.1) XEE BT . R WK 1. 2. HE 1
AL, LSRR A EMN 64 T2 e R, 3
AR ZS I T2 IR T N Mel 5 polyEGCG
HA >S5 G >pH E.

K 2 PIERZ RIS 7 Z T 45 AT A1, Mel 5
polyEGCG E & tHIFIE &R FEXNT EMN Rift B A

#£1 LG EXAWEHSER

Table 1 Results of orthogonal experimental design

N oass A B c/C D (H) P4k % /mm PDI
1 1:1(1) 4.5(1) 25 (1) (1) 256.5+4.1 0.375+0.017
2 1:1 6.5(2) 37 (2) ) 267.0+3.7 0.34740.007
3 1:1 7.4 (3) 60 (3) 3) 371.6+6.6 0.464+0.006
4 2:1(2) 4.5 37 A3) 1293422 0.236+0.005
5 2:1 6.5 60 (1) 208.6+2.8 0.247+0.014
6 2:1 7.4 25 ) 124.6+3.4 0.211£0.017
7 10:1(3) 4.5 60 ) 194.8+6.4 0.2040.024
8 10:1 6.5 25 3) 124.0+2.4 0.206+0.010
9 10:1 7.5 37 (1) 133.842.1 0.196%0.019
K, 895.1 580.6 505.1 598.9
K, 462.5 599.6 530.1 586.4
K, 452.6 630.0 775.0 624.9
R 4425 49.4 269.9 38.5
x2 EXRWHEDH 350

Table 2 Variance analysis of orthogonal test

WKW WEFM O HME FE BEM
A 42 560.780 0 2 1654988 P<0.01
B 413.946 7 2 1.609 6

C 14 827.446 7 2 57.6570 P<0.05
D (iR %) 257.166 7 2

F0>05(2, 2) =19.00 F0,01(2, 2) =99.00

B (P<0.05), TfAERE pH EXT EMN ¥
FLAZ L5 520 .

HE 3 oA, Mel ERERFEAZR (1.0
mg/mL), FEENIA polyEGCG & iIl, EMN [
PR SR FEA AR T S, &= polyEGCG
AIRES SEEMN (R4, 7825 CHI37 CiFR IR

T4 /mm
[y )
3
L

150

T T T T T T T T T
131 221101 45 65 74 25 37 60

A B c/C
3 IEXRAIEHI B E

Effect of each factor on size in orthogonal

Fig. 3

experimental design

EF, EMN BJPFSRAE LA, HiREAEE
60 CItf, ~FRpkife W88k, 1€ 3 M pH (%M F
TE, PRRRKRAE BEERMN. BT ERER,
EMN (1)l #& T Z A8 N FE 1.0 mg/mL Mel KIE R+
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Z NN ZAATR 0.5 mg/mL polyEGCG /KR, 4
WhndsiRE, =R E 30 min.

¥ IR T ZH1 419 EMN RiA2 2 A FliE i 1
B (TEMD B LK 4 FIE S, 2B, EMN
REERIE, “FIkiEAN (127.6745.17) nm, PDI
90.24+0.04, REHEMA (25.4+1.8) mV, Frifl
#1 EMN RAREUR, KR —.

10 30 100 300 1 000
$i 4% /mm
4 EMN H9%ifZ (polyEGCG-Mel 1 : 2)
Fig. 4 Size of EMN (polyEGCG-Mel 1 : 2)

E 5 EMN B#37 (polyEGCG-Mel 1 : 2)
Fig.5 Morphology of EMN (polyEGCG-Mel 1 : 2)

2.3 ROMERILIRAR

231 ORE&AE OREHCANUT Cig bt (250 mm X
4.6 mm, 5 pum); WBIHHA LNE-0.2% =5 LK
(44.5 :55.5); MABUREN 1 mL/min; A 25 C;
R 220 nm; FEAEE 20 pl; BRREEARELLL
Mel i+ AMEKT 3 000.

232 ALMEXRRFELE FEFRE12.59 mg Mel BT
A, IKEZRF] 10 mL, FE%E 1 mL T 10 mL
A, B Mel #RER 125 ug/mL 1E NBEE, 535
FHEL 0.02. 0.04. 0.08. 0.20. 0.40. 1.00 mL &%
T 10 mL &, hiKES, BT 0.25. 0.50, 1.00.
2.50. 5.00. 12.50 pg/mL X MR VER, AR BERE
E o JGUETHIAY (YD) X RERE (O AT IH,
3 EA 2k Y=406 337 X+81 486, r=0.9997, 4

R Mel 7£ 0.25~12.50 pg/mL 515 R R 1f.

2.3.3 EMN BARSMREAEEES: B 2 mL EMN &)
N M, 25 000 FEHTEEH, BT 18 mL pH
4.5, 6.5\ 7.4 K&+, A (37.0£0.5) CH
SRR, BRIREEEN 600 r/min. 43 5T 0.25,
0.5. 1. 2. 4. 6. 8. 12. 24 h B 0.2 mL B8R,
[FE$h 78 0.2 mL BrEEN . A SRR E Mel
=, TAT31. ERIEG6, 1F pH 7.4 MZEMA R
t1, EMN BN, 24 h () EFBEAR L 10%,
EMN HJ 7EFR PEAR BRI IR FEFRE s 76 pH 6.5 5%
R, 24 h FIRBUBEBEN (23.40+2.87) %, Lt
W PR RIS 1IN 1T AE pH 4.5 IAEE R, EMN
(BT R B, 24 h ) RFUR R N =
(49.2745.36)% 1t BAER T A BT RE IR Mel [FIRETIS
97 _g—pH4s

| -m-pH65
—A—pH 7.4

BRI %
(98]
T

T T T T T T T T T
025 0.5 1 2 4 5 8 12 24

t/h

6 EMN 7 pH4.5. 6.5 1 7.4 EERDHORRMEZ
Fig. 6 Release behavior of EMN in pH 4.5, 6.5, and 7.4

buffer solutions

2.4 YHREIRENSCEIG

O B0 /N BB B 2R 4 B16F10 41
g, LAEESL 1 mL 1X 10° FI40M 35 efh T 12 L4
JEETRAR, EMURE FRAR PR R 24 h,  Frdm ol EE A
KJa, Mo Egifuisss, A 1 mL & FITC br
10 Mel. EMN 55553 (FITC AR/ Mel 2857
IR 5 pg/mL), 37 CHEE 1. 2. 4. 6 h,
BIIAE FITC ARic i Mel 28 5Kk E N 1.04 2.5,
5.0, 7.5 pg/mL i) Mel. EMN [J853:%E, 37 CH¥
H 4h. FEY), 01 mL HAK PBS ¥ 2 &, I
[l 0.4 mL 446, B 1 mL 5848 R Rk Wik,
B EER] 2 mL B0+, 1 000 t/min B0 5
min, 328 FE3E, 10 0.5 mL T4 i) PBS H 241,
e kefEugid, wmAMBANE. 4RNE 3. 4,
B16F10 21 ff1 %} Mel A1 EMN 1t 40 g 5% B & 1) BE % i
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R3I RABES Mel REREHXHR
Table 3 Relationship between fluorescence intensity and

concentrations of Mel

R S/ PR

(ngmL™) Mel EMN
1.0 16 039.885+1402.24 16 810.200%3 298.16
25 38432.430+4254.87 36091.900%6 592.68
50  58840.795+2447.75 60 136.21546 891.44
75 70150.600+3 819.83 72 508.970+1 944.54

Table 4 Relationship between fluorescence intensity and

T4 TOLBEESMHERNERXR

incubation time

\ PR
I} &) /h
Mel EMN
1 16 031.240+1682.90  15047.730%2 536.55
2 29322.270+3942.79 29 666.370+2 156.71
4 53 840.795+4 643.32 55636.215+ 527.48
6 68 115.8306 628.83 67 520.715%2 297.62

TV P RTES () (PO 38 I T 3G, 2 305 A R ()
IRCHPE, EMN B0 ERHCE 5 55 Mel 028
FHEAH Y
2.5 ‘AAREMESCIE

NT #%E EMN X e 4n i i 4misl e, AR s
Bk T 2 FhASFEIIRIE A R 4. /N B Rt 308
B16F10 4 A\t fiE A549 4Hfl. LA 1X10%4L
(1) 2 P %5 P2 e M AE 96 LR |, 7E 37 °CHi¥E 12 h,
LR FREE, IMNE AR TR K E Mel, polyEGCG
FATEMN A5 455953 200 pL(EMN A polyEGCG
5 Mel &N 12, Mel FiEWE X 0.05. 0.10.
1.00. 5.00. 10.00. 25.00 pg/mL, polyEGCG Jii &
W N 0.025. 0.050. 0.500. 2.500. 5.000. 12.500
pg/mL),37 CH57% 24 h, ¥ 15775, 1 200 pL PBS
JEBE 1IN MTT A e 4859758 200 pL, 37 C
WHE 4h, LW, 0150 uL DMSO, #EKREEE],
AR 570 nm WEMOCE (4D 1H. 2R WK 7,
EMN Xf B16F10 1 A549 2 Fl4 ffa 3445 B S5 () 0 1)
YEF - EMN X 2 Fh a4t B i) - 30 SI00 i 2 FE 53 i A
Mel 1.950 pg/mL- polyEGCG 0.975 pug/mL (B16F10)
1 Mel 2.981 pg/mL. polyEGCG 1.490 pg/mL
(A549), /T Mel ) 3.785 pg/mL (B16F10)-.
6.808 pg/mL (A549) F1 polyEGCG ] 42.432 pg/mL
(BI6F10). 29.922 pg/mL (A549), FILHFEH

F48% F 161 20178 A 3305«
A polyEGCG/(ug'mL™")
0.025 0.050 0500 2500  5.000  12.500
120 . \ . . . ;
1001
80
§
m
wI o 601
2
=
404 —m-Mel
—A—polyEGCG
20{ —@—EMN
0 . ; ; . ; )
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Mel/(ng'mL ")
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120 : X . . : ;
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80
§
.
HZ 601
=2
g
40 —Mel
—&—polyEGCG
201 @—EMN
0 ; . : : . .
0.05 0.10 1.00 5.00 10.00  25.00

Mel/(ugmL ™)

&7 Mel.polyEGCG #1 EMN X} B16F10 40Af1 (A) #1A549
4hfm (B) WOLERRE

Fig. 7 Cytotoxicity of Mel, polyEGCG, and EMN on
B16F10 cells (A) and A549 cells (B)

P 1V 1

i E A% (CD PO Mel AT polyEGCG
HIEREVEIT R, CI=D,/Dx,+D,/Dx,, H:r1 D,
Dy r HR B A BT IA 2] Fa 0] K6 Mel 1
polyEGCG i &Kk, Dx, Ml Dx, 4 /& Mel
polyEGCG HUAh i F ik 21| Fa 1 2 B 1 T B9
Y CI=1.0 I, FRINERP; CI<1.0, R
B/ CI>1.0, NIRIEGLE M,

F SPSS #H48 4 Mel. polyEGCG Al EMN Xf
B16F10 Fil A549 4HffLik FIAN[E] Fa #2051 2547
JR IR EE, AF A 30 Fa $00) 200 A B R 22 8
CI{H, Fali#lZ7E CI1H 0.2~0.8 Al F FIFN 2540
(b RSP, H P 8 BT, 24 Fa 7E 0.2~0.8 i,
SR CHERI/NT 1.0, IEH Mel 5 polyEGCG &
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