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Abstract: In this study, the lipid membrane-wrapped nanoparticles loaded with metformin polymer (PolyMet)
and doxorubicin (DOX) was prepared and then evaluated therapeutic effect on breast cancer. An anionic chain PGA-
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DOX based on y-polyglutamic acid (PGA) with DOX was synthesized via amidation reaction and characterized
by 'H NMR. The PGA-DOX and PolyMet were loaded via electrostatic attraction to prepare the co-delivery
nanoparticles system (PolyMet-DOX-NPs). Then, PolyMet-DOX-NPs were coated with cationic liposome
membrane to form the core-membrane structural system (PolyMet-DOX-lipid-nanoparticles, PolyMet-DOX-LNPs).
The structure and morphology of PolyMet-DOX-LNPs were observed by transmission electron microscope. The
particle size, zeta potential, encapsulation efficiency (EE), drug loading (DL), release behavior in vitro of PolyMet-
DOX-LNPs were investigated. The MTT assay was used to examine the cytotoxicity of PolyMet combined with
DOX on 4T-1 cells. The 4T1™° tumor-bearing mice model was used to evaluate the therapeutic efficacy of
PolyMet-DOX-LNPs in vivo. All animal experiments were performed in line with ethical standards and approved
by the Animal Experiments Ethical Committee of Zhejiang Chinese Medical University. '"H NMR spectrum showed
that PGA-DOX was successfully synthesized with DOX grafting rate of (72.03 + 1.29) %. The EE and DL of
PolyMet-DOX-LNPs was (72.76 + 1.92) % and (1.16 £ 0.12) %, respectively. PolyMet-DOX-LNPs exhibited a
suitable size of (159.3 = 7.4) nm and positive charge of (+36.3 = 1.9) mV with good spheroidal morphology and
dispersibility. The release profiles in vitro showed that PolyMet-DOX-LNPs exhibited a slowly and maintained
release behavior at physiological pH value (pH 7.4) within 48 h. Further studies showed that PolyMet combined
with DOX could synergistically enhance the cytotoxicity on 4T-1 cells. Bioluminescence imaging (BLI) result
showed that the luminescence signal intensity of 4T-17" cells was reduced after treatment with PolyMet-DOX-
LNPs and the tumor volume growth was also inhibited. Additionally, the H&E staining and changes of body weight
showed that PolyMet could reduce the toxicity of DOX. To sum up, PolyMet has a good synergistic effect with

DOX in the treatment of breast cancer, which provide the foundation for this novel metformin polymer on the anti-

tumor application.
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Figure 1 Lipid membrane-wrapped nanoparticles loaded with

metformin polymer (PolyMet) and doxorubicin (DOX) (PolyMet-
DOX-LNPs). PGA: Polyglutamic acid; PEG-DSPE: Polyethylene
glycol-distearoyl phosphoethanolamine; DOTAP: (2, 3-Dioleoy-

loxy-propyl)-trimethylammonium
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MR 5RF R L FZ LA (doxorubicin, DOX,

afi £ 99.9%, 1 [ ¥ 1F 1 5 A 7]); PolyMet (A% 5256
= 47 k), = DMEM 85 9% 55 5 /85 5 3% (P/S).0.25%
Jih 2 A B (35 [® Gibico 2 A]); B 4 i (FBS, 3%
Corning 2~ 7); — F I (DMSO). 3-(4,5- - F Fk 1
ME-2)-2,5- 7 R HE DY MR (MTT ik5)) 75 AR VBHAL
(3% H Sigma-Aldrich 24 &]); B Jlf (DOTAP, mPEG2000-
DSPE, malPEG3400-DSPE, i 3 F5 47 < 25 BB A BR
AFE]); 1-(3- = R HE TN 28)-3- £ B i — W0 i #h g 6

(EDC-HCI). 1-2 3£ 2K F£ = (HOBY) (L ifgFhz T 4E 4k
et BRARD; p- KA AR (PGA) IH [ BE (it
R IR\, D-92)G 2 81 (35 B Thermo A 7);
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(H 4% Nikon 2 #]); IVIS /N W iE R iR R 4 (35 [
Xenogen A #); cope Al Y62 Wi (£8[E EISS A #]).

AL ST WAL AN B 4T-1, R R 2
K o G A . AT-1 4 A 1% P/S AT 10%
FBS [ = §% DMEM #5352 7E 37 °C 5% CO, 15 77 4
B8, B 1~2 R, ALK £ 80%~90% £ &
B, SR BV 4% 12 AT AR AR

ST Balb/c /MR, HETE, 4~6 FUE, 18~20 g,
B i 3 v SE IS S A PR 54T A ml 4R 4, AR P2 R aT
iE: SCXK () 2017-0005. 2 ¥ 5L 56 7F A 46 2 b
1, FEIRTFWTTL P R 24 K% St ge s W10 B 25 2 kit
NI, FIES~6 X, TAFR Tl i B 25 K2
BN SEI O, BRI IR SRR IRERIRLE (25 £ 2) °C, AHX
B RE 50%~60%. #h435 H KK B

REFRFAT-1 KRR DO E A KM 4T-1
40 1 FH 0.25% Jik a1 g T A, ) i = T 8.0x10% N 4H
JH B, % 100 pL/AL Y 513 T 96 FLAR H, #5975t
o FFAMIC A 5 30% A2 47 B4l fIR A& BUF i 55 2%
IE R, A R K U O FRBAR T 5 ORI 8 T
FH TG P/S 135 772 WM R 3 75 B AN [A) 26 e 2 40 (muwlti-
plicity of infection, MOI), 4% 100 pL/LI0IA 96 FLAR, 73
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BLIL,). Uik & OGAS 5 5 B 0 40 B A MR A B R
(1 pgmL") {58 4 55 75 JE 85 7% 1 8 4 H A% 8 R & Fluc,
T G 8525 .

PolyMet Bt & DOX RSN A S M SEIE BN 4L
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PGA-DOXZEHMIFMEFEREMNE KH 'HNMR
36 1F PGA-DOX /& 15 B H) & o Wl 52 77 25 BUiE &=
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1 mL 58 45 V5 R, FHAZ G 36 R S0 A3 73 -1k & P 1)
'H NMR B, % A & R0l AH €% % (high performance
liquid chromatography, HPLC) #ll 52 PGA-DOX 1] & Ji%
A B kA Aglient ZORBAX Eclipse
Plus C #F (250 mmx4.6 mm, 5 um); ¥ s N+ 565
LB R BN VA W - L TG — W BF (5002500160, wiw); Vit I& :
1.00 mL-min™'; A& & : 254 nm; #3623 °C; kL E
5 uLo W5E J7i%: A % & B JE 44k 5 1 PGA-DOX
W1 mL, T 5 mL & i sh A e A 220, R

FH HPLC il '8 PGA-DOX % £, 3% Cpgapoxe [FIIEM
JE [F) 25 432 24 B 1K) DOX I WUIF I 7€ &5 &, il 5% Cpoy, T
B4 R (synthesis efficiency, SE%), SE%=(Cpaanox/
Cpox)*100%.
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FA 22 3L 7] 5 43 B0 1) 4% 25 1 R O R A KR
R % B B Ak 77 2 DOTAP. JH [# B . mPEG2000-DSPE
malPEG3400-DSPE (BE/REE N 1:1:0.12:0.11) B T
JE B, H &5 2 mL & iR, 7F 40 °C T 980k B £ 5
15, Rl e M RE F IR — 2 5 IS, 1 mL
Z TR KR G TR K A a1, AR O T 2R ik IR T i
(100 nmx5 %, 50 nmx5 %) $F th BI 157 [ BH B 1 i6 o
AW . F4 18 PolyMet-DOX-NPs 5 DOTAP 1) /K Eb
N 116 THE, IR 5 AR O ON 2 PolyMet-DOX-
NPs 1) 7K ¥ W, /K 8 5 IR A, B 43 PolyMet-DOX-
LNPs (& 1), R4 AH [ 1) 77 7% ) % 2 DOX 1) iF Jii 44
K K (DOX-LNPs) 1 # PolyMet [f] g Jii 44 K ki
(PolyMet-LNPs). K H 1 /R SCRLAR A & K45 Al zeta
HLAr, 3% 5 LB LR LRSS .
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FIE (5001500160, w/w); JiLiE: 1.00 mL-min'; A5 9
£ 254 nm; KR 23 °C; FEFEE S uL. W e ik W
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0.22 pm S FLIEME, K HPLC I 52 I )5 99 K ki DOX
B (Wpox) A1 PolyMet 1) & (Weoigmed)s MR 22 50 (1)~
(3) it 5 EEf1 DL,

EE% = (Wpox/W pox) * 100% (1)
DLpox% = (Wpox! Wines i) % 100% (2)
DLPo]yMct% = (WPOIyMct/WLNPSEl%) X 100% (3)

Hr, Wy nox N DOX L& W,y MR LN
KRR E .

RSN RUERME SR FH & BT 75 % PGA-DOX #
PolyMet-DOX-LNPs H DOX IRttt Wl Jrid: B
PBS{E B, # 2 mL DOX.PGA-DOX il PolyMet-
DOX-LNPs ¥ i 53 5l 2 N\ Pl 5 Ab BRI )i A 48 9, B
T2 30 mL B BT EUfHR, T (37 £ 0.5) °ClE
I A PA 75 rmin 389, 4001 0.1,0.25.0.75.1. 1.5,
2.4.6.8.10.12.24 .36 F1 48 h INF 7] s W BUE H7 A o
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T A RO R R AR AR, g R R R AR K il 2k
Jif g AR R B 3 v=1/2xex 2. 3k v O iR A
P LR AR, WO R SRR . DS AR RO K
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15 100 o
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e, BERIE S TEE . i 'H NMR 1 B3k 47
a0 (B13), H A DOX b i E (a, b, ¢, d)
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DOX M PGA. %4, PGA-DOX K1 17 § 6.0 3Tt
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Figure 2  Cell proliferation of 4T-1 for 48 h after treatment with different drugs (A). The combination index (CI) curve of different combi-

nation groups (B). Fa: Inhibition rate. n = 6, x + s
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Figure 3 Nuclear magnetic resonance hydrogen spectroscopy of

DOX (A), PGA (B), PGA-DOX (C)
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Table 1
of PGA-DOX, blank liposomal membrane, PolyMet-DOX-NPs and
PolyMet-DOX-LNPs. n =3, x £ s

Average size, polydispersity index (PDI) and zeta potentials

Diameter Zeta potential
Group PDI
/nm /mV
PGA-DOX - - -57.0+1.23

+43.0 £ 0.50
-272+1.10
+36.3 £ 1.90

Blank liposomal membrane 164.7 +0.60 0.100 + 0.00
PolyMet-DOX-NPs 119.9£2.00 0.200+0.10
PolyMet-DOX-LNPs 159.3 +£7.40 0.200 + 0.10

DOX 5 PolyMet [1] B /R Lty 302 I, 1% 44 K i ki 45
N (119.9 £ 2.00) nm, zeta AL A (-27.2 £ 1.10) mV; =¥
6 AR VA WORL AR A (164.7 + 0.55) nm, zeta HL A7 N
(+43.0+0.50) mV (£ 1). 24 PolyMet-DOX-NPs il A\ £
ZPH BT ARG, HRAR A (159.3 + 7.40) nm,
PDI ¥ 0.20 + 0.01, zeta HiL A7 HH 1t HLfif 4% 48y (+36.3 +
1.90) nm, 3% 5 H 7 2 B85 45 3 W1 B 4A BT, 1% 16 it
g oKRL B A0 B A 2 AR B BROE, IR AT
AW 0 AR RO R L 2 IR T R A K R A T ) R
IR . PR, AR 5286 25 JAIE B PolyMet-DOX-NPs # /i
FELA 5 J5 T2 BT %~ HEL 45 ) I 5 44 K Kt PolyMet-DOX-
LNPs.

J i HPLC 74143 LNPs 71 DOX &34 B K s 25 24
W)k FE 3111 55 LNPs ] EE A1 DL, 5 %] PolyMet-DOX-
LNPsHIEE N (72.76 +1.92) %, DLy N (1.16 £0.12) %,
DLpyyme N (10.45 +0.63) %

BT EMTIE % 22 PGA-DOX Al PolyMet-DOX-LNPs
H DOX IR I L, 45 R AN 4B. i 25 DOX A1 B¢
AR PR, 7F 4 h 9B K20 90%; PGA-DOX 7 12 h ) 2
FURE I (66.04 £ 1.02) %, 7 48 h J5 R FURE i v] ik 2|
(71.3 £ 0.93) %, HBEJHUAT N EIF & DOX 218 . L4k,
PolyMet-DOX-LNPs 7 48 h P 5 Bl H 3& 24 1) B i is
ROBIOE R I B 18 T PGA-DOX 1 DOX (P<0.05), Fl
12 h i R BB R A (55.05 + 0.69)%, 1t BH % i 5T 44
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Figure 4 Transmission electron microscope (TEM) images of PolyMet-DOX-LNPs (A). Release of DOX from PGA-DOX or PolyMet-

DOX-LNPs in vitro (B). n=3,x£s
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Figure 5 Tumor inhibition effects of PolyMet-DOX-LNPs on 4T-1 tumor-bearing mice. A: Tumor volume curve after treatment with different

drugs for different times in vivo; B: The changes of tumor luminescent intensity of tumor-bearing mice; C: BLI  signal photon-time curve

after treatment with different drugs for different times in vivo; D: Effect of different drugs on body weight of tumor bearing mice. n =6, x £ s.

"P<0.05, "P<0.01, ""P<0.001. BLI;: Relative bioluminescence imaging

rel®



o PEEE LT T ORI 2 S R A R TR I T 4 KO 1 6 R i T L e R 9 © 2323 -

LNPs 4b 22 Ji5 i3 £ K32 3401, 389 PolyMet H & A
A BT F PR AR, 2 — 2B E I T PolyMet 1E N %K
3% 3% DOX [l 3

6 PolyMet-DOX-LNPs 3 ZLBR & /N R (4T-1"") A
SHIFMN

6.1 PolyMet-DOX-LNPs Xt L B & /s B 8 & A9 521D
F AR N RAE LS 2 AR T . SEs S R, &
/N B R FL AR LA L 0 1 5D, 9 B DOX 41/ B 7E 55 2
R 2 5 BT 0 HH D044 B B, S IR AE LU B3
PEZE R (P<0.001), 27 ¥ 25 1) DOX 0] X /)y §i = A2 B
TR HAE TR, mMARENREEELYER
HHE T,

6.2 PolyMet-DOX-LNPs X F, B & /)y 5 =1 B /&g 4H 41
MEREXZSHEMTM HKE Y05 42 205 FU) F
g5 R An Bl 6 o, xR 2R A ik e 4 PR A AT R, 2R
2 VIR N/ T RAR % W L) TN
JE 25 A% 1 PolyMet-DOX-LNPs 41 . DOX-LNPs 4 .
PolyMet-LNPs 41 137 25 DOX £H f) Jil 78 41 it 45 J 4t 4
INTE, 20 MRz e IR, 25 BE /b, P25 VR, s e
YUMLRAE TR TSRIRBE . 54, Skt BRI 2% 1 40
RANBIS] VEBHES, 40T 088, FEAR AT KA
ToRIERBE, i 25 DOX 21 ALAH i 1) Bt 25k L %,
HEBIRA L, T3 S0, R B B DOX W] 3 BUE™ H 1)
Oy A5 5 L A 25 20 LA B 1) B 20, HEB AR A
F¥, Hod, 5 DOX-LNPs 41 L #%, PolyMet-DOX-LNPs
S0 LA PR AT B BE /D HEBI A P, 6B PolyMet R I3
% DOX 5l 2 0 F 85 1 . & 25 A B 4L Al B8
CFF T it ) A T 265 0 50 8, AR B R 3 K, R
JRTE AL

PolyMet-LNPs

g

GURE ZIHAR C AT 12 B T 5 LT 2590 1)
39 326 DA RE K A P 15 BRI () R0 B2 5 24 40 10 AR R
FARIAAE TR T Bl I8 3007 384 55 1) ¥ 385 14 AN AR B3 2
B2, A 245 5 b S T iR AT, R ) s
Je 25PN I E R, SR X 34 25 R G 3R TS 4 E 1)
YT, PR 2 B B 1 A L R Bl R A 40 R T
WA FIE AL S, A B 5T 3R B DOX A Met BX & V. g
i 762 2 BT R (A P, 40 Met RE 3% 5% MCF-7 41 Jiid X}
DOX 1 R B /b S8 Ak B 80K 38 58 Bt SR g 9T
00281, Met 388 3o 41 1] S5 420 1) Jir 988 A B, 38 58 DOX (1)
PURPIR AR FHS), {H Met B0 5 R 1) 22 0k DL S 527, 1
DOX FLA JE4F 5 M40 M B 1E, 385 £ 7= A e E A 0]
RO M, DR AE B MR N 7 T B — 2 1R
BRAE . KB AR I 2P AL 35 BV BB AE 2 A R 3L 3k
DOX/Met [fJ BEAR# /& . {H BT Met 257K M3, i 4 ik
7 3 (¥ 16 AR 2% 2 I KA B T AN KA, S8 e
HAR, R MEAN &, 25 5 R KA M 1) DOXHCI L%
il % HE 5 A BB TR M, R AN /D B A T ek K
2500 5 7K A B 6 BRI R 25 0 e 2 A A T A0,
E¥ERE—EMRER. Wik, HiioeT Met #8474k 1)
WAL, B R A DB Met 0K Kb iRl . SRER
AR, T SRR T 0 e SR T e — e B AR A R v 4 1 5,
NS N 1B I L I R e 8 R e el
PolyMet T\ 1IE 52 e H. 24 4 21 4k AN B i g v 97 S5 A 3,
AITE—EFEE b L Met 7725 47 A HUIR 20 - Xiong
LN 2% 7 PolyMet/CDDP F& 4% (1) 44 KL 3 3 ol yg 4
FPEZ AR (052 AA) Bl I 3ok 306 DK B 25 3k N i R

DOX-LNPs  PolyMet-DOX-LNPs

Figure 6 H&E staining of major tissue and tumor from tumor-bearing mice after therapy by different drugs and bar repreaents 100 pm
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