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¥ 250 nm, F&E MERYIE GO-PEG /K1 PBS ZZniR 1 v] LLRIF-Hh 4 L. FIFI #1411 GO-PEG 15 4 Zidigk, Wit
WRLILIR M AR T Gk ESUIR A —— B E L3, RAMNGEENRER AR 18.8%. EFFM 4 A549 FIFLIR
FE AL MCF-7 X 8 244 R Al O B PEEAT T 00F 9, 45 AR I RIS 7R Ak 100 mg/L MR BE T 15 5% 48 h, GO-PEG # A4 %}
PR AT AR LA AR /NI BE R R OGS 40 BT 395 2R > 85%), 1T I I 28k 7k 471 3 B 2 L 32 5 (7 80 BT 1 o, e 40 i L
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Functionalized Graphene Oxide as a Nanocarrier for Loading and
Delivering of Eriocalyxin B

Xu, Zhiyuan“** Li, Yongjun® Shi, Ping™** Wang, Bochan® Huang, Xiaoyu™®”
(“ State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai 200237)
(® Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032)
(“School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237)

Abstract Graphene oxide (GO) was firstly prepared by modified Hummers method. In order to improve its water solubility
and biocompatibility, 6-arm PEG was grafted to GO via a facile amidation reaction. The size of obtained GO-PEG was less
than 250 nm. Stability test indicated the good dispersibility of GO-PEG in water and PBS buffer. Furthermore, eriocalyxin B, a
widely used cancer chemotherapy drug, is adsorbed onto GO-PEG via physical blending with a drug loading ratio of 18.8%
obtained by UV spectrum. Lung cancer cell A549 and breast cancer cell MCF-7 were selected to study the cytotoxicity of
GO-PEG/eriocalyxin B, GO-PEG, and free eriocalyxin B. The results demonstrated that GO-PEG nano-carrier possessed low
toxicity (relative cell viability>>85%), even cultivated for 48 h at a relatively high concentration of 100 mg/L. Compared to
pure drug, GO-PEG/eriocalyxin B nanocarrier shows higher cytotoxicity in A549 and MCF-7 cells.

Keywords graphene oxide; eriocalyxin B; drug delivery; cell viability
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Figure 1 Chemical structure of eriocalyxin B

LENATHY), FEREFT T SL0T R 40 f i 4 B s k. 4R
MM, FET/Nor A2 G 29D I K PRI %,
IR L RN R T, A e e 25 ) K
LN AT R4 FH DL R s 2 1 F 1 R 261, i 24R3)
325 AN AR A 250 (R RROsZ B, s B AR
G5 R RIRE 50T 5 A QU I 8wl i PR A L 1
Ah, i igvERe ZE . e EZE . AARKAR
B R TE DL AR LA A S 55

K2 R S (nanoparticle drug delivery system,
NDDS) rJ DA R G L FR ik 5, 45 € U (50~200
nm) (K G KRE 1508 Jih 67 20 0 5 AT 38 5 i 03 RS B 280,
(EPR, enhanced permeability and retention effect), ft
BB R H LU0 N RO ERAE, I HAT S I ROR,
] DL R AT 29 0 2k, BRARIL AR ME D) ST A
s I R BV TR 30 2 R 3R 2 0 J LA R R SR 1R 388 Ay 7
AR R R, o] DUAR S 82y &, B aF e s
KT 2 0 h 28,

A S BRI T UL sp” 2% BEIE I) HLAT BEAR
YRR B R TR SR AT, R AR A AN
B2 WA SIS AEY F 2R DR A A R AL
£ 55 M (graphene oxide, GO+ HH AT S5 027461k
R R, AR AN IR, BT ERAR I A AL A SR
JT AL T KB LE AR ek 2 0. A A
SO RE M E AR TR, Wik, RIS
&, PR 7 HSROKYE, RIS R) A AE Dh e AR A i,
DLk B0 A ) AT N 16 AL ks A Al 2 R i
REW T, WERLZRE(PEG). 7o2HH(CS) LR B
A S5 2 T AT ) T o83 G AR A A DLIS 31 A ) 4
sk 1 P,

ATAES, LLPEG YyRef i)t S50 A Bk, Xt
BELFEHEAT T HEGAR, JEHEIE T IS 2 gk 25
BARM A M EEYE, B AR R R B S A YA 25
Bk, FEmBUR 2P BRI R, RS RL

1 ZR5i1E

1.1 PEG h#efk GO By#I& R KA
H AR GO-PEG W& L 2510 S B 26 0 Scheme
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1 fi7R. 90K /NE PEG bR S et o &3, LLR
mHEH GO FRIEN V. LRSS PEG
IR N B RIS, PSR R .

KB ) Hummers V5 HI4 S 88, Wbk
DI s AR . 2rAMERE (] 2)h, 3400 em ' AbFR
LRI . 1732 em ™' (C=0)}% 1622 em ™' (C=C)
Ak PRYREAE U 1) BRIE SE T S TR 4R
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4000 3500 3000 2500 2000 1500 1000 500

-1
Wavenumber/cm
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Figure 2 FT-IR spectra of graphite and graphene oxide

GO 5 PEG &MY, T55E1E NaOH %l 14 GO I
I R, Ut S PEG &M AR,
H T oAk AELE, GO HYBLYE, RNVIEFEH GO ks
W JFA AR 2R iE TR 2 NaOH J5, GO 45 m] AR
I o BUfE K . GO-PEG [R4L4ME B H 2870 (CH,),
1652 (NH—CO)F1 1105 cm™ ' (C—O)WR Wi 1) B BRI B
PEG MIhEAL #5844 8545 L. FIH AFM X} GO 5
GO-PEG [MIESHIHATRAE, 4550 WE 3 Fros. GO [
BEOREHT T A%, RSFIEAAE T 50~450 nm 2 [/], JEEH
0.8~1.4 nm, T PEG [MH N LLAHE RIS 7S o 1 7
AbEE, GO-PEG MR HH A RLRS H AT 84, RSFih
) 50~300 nm, JEEEIEHNY 6.0~8.5 nm.

R B4 0.5 mg/mL (1) GO 5 GO-PEG 4354 HiAr:
& /KE PBS Zrpiith, Wikl 4 fis. GO 5 GO-PEG
BT AR K rh AR L oy 8K, #E — A JE o iiie SR 4R
M%; GO f& PBS Ml itE 1 d 5 HILREDUE,
GO-PEG 15n LI4E PBS ZEyihisae /i, g — 1 H
TERAEVEIS, $iHH GO 5| AJKETELEIR PEG )5,
(PRI T DA et FEor /K I DA R SRV R A e .

1.2 PEG IfEfk GO MEZZEM K E

7 Ik PEG Zhfgth GO X B2 2 H a4 1, Tk
IZEME T 8% L AL SRR Ibs e ih 2. FoE AN [k
J%(1, 2.5, 5, 10, 20, 40 mg/L)H B2 2,3 LB, e
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Figure 3 AFM images of GO (a) and GO-PEG (b)

B4 GO (a)5 GO-PEG (b)#£/K 5 PBS & M
Figure 4 Stability of GO (a) and GO-PEG (b) in water and PBS

HAE 230 nm AERIWROGEE, FFAEWRIE S WROGE RIbRHE i
(K 5), F2MIATAL BRASFRVE I 26 75 R (Eq. 1).
Abs=0.07139+0.04845[eriocalyxin B] (1)

FIF GO-PEG M HHTBE L% 6#, MAKEEL
W T 40, 5 GO-PEG MKW B 7, SR)5 18
PSR IR R I EE LR, HERS
AN A B IE A /K o B 2 R R, A
SRR 2GR R AE 230 nm AL RO R 2 1% K Ak
GO-PEG MWBRE, mT LAHEST 71 201 B2 L R Mo
JE, X BEbRE 2 B 0T 15 2 B LR IIREE. AR
SR 20 o R DA TR i, BT B AR R I 2
FN 18.8 wtY.

1.3 SR

PRI 40 e AS49 FNFLIRE 41 M MCF-7 %f 2% 24 &
AN FE AT TREST, SR 40 P 38 30— 2 PR A Dk
FIEL(CCK-8)M LA i £73 210, 25 1t l&] 6 fiow.

T AS549 4, IBEZRWKE N 8 pmolsL™' K
B, 76 R B SFEAAAENSATT, 24 h I A549 4 )
FAXF AL A 56.5%, 1MHLEE GO-PEG fi# B 4% G,
AS549 NIRRT AR R KR TN 52.6%; £55% 48 h
Ji, T TR A0 AP R PR R 28.5%, 1 Ja 3 BRI
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Figure 5 (a) Absorbance of eriocalyxin B with different con-
centrations and its standard curve at 230 nm and (b) UV spectra
of GO-PEG before and after loading drug

H 21.8%. X1 MCF-7 4108, LB LRIKRE N 8
umoleL ™' i, 1E NG BE L EMAEMAM T, 24 h i
MCF-7 4 L A XS A7 15 5k 73.2%, Tk GO-PEG fit
B L5, MCF-7 4 LA 215 256 R B 68.6%,;
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Figure 6 Relative cell viability of cells at various drug concentrations
(a), (b) A549 cells treated with eriocalyxin B and GO-PEG/eriocalyxin B after 24 and 48 h, respectively; (c), (d) MCF-7 cells treated with eriocalyxin B

and GO-PEG/eriocalyxin B after 24 and 48 h, respectively
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Figure 7 Relative cell viability of A549 (a) and MCF-7 (b) before and after loading eriocalyxin B

Bi R 48 h J, T TRV AH 40 A A5 AR B 36%, 5 &
BEAC R 34.2%. ZiRRW], BMMEH LR GO-PEG/
eriocalyxin B X 4 i (1 # P 35 HAT — & IR 1) 55 9 B 4K
AR BRI R) S5 R BE VO TR A, B I TR) 5 9
(RO IN, 90 40 ) R A PE DO, b B B2 24
Z AL, GO-PEG/eriocalyxin B 1] LLEE AT Rih 43175 A549
20 F1 MCF-7 4ii . xof B 25 L& 7% W], BMlifE
GO-PEG ¥ J& 15 100 mg/L i, K57F 48 h Jo Wikh4i i
(AU A7 AT/ 85% LA . 15t WA 3l GO-PEG 244
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KT IR AN B BEAS AT R, R A AR I % 3 4 T
ek BT GO-PEG HAABTIE I 1B LK.

2 Hig

I T 294k GO-PEG, 4 PEG Ihfgfb/a,
AR R R 1K S AR A2, 267K ) PBS H
Byl KRR e feAE. W HKA EAE TS n-n HERAE T
TR BELE, WKL 18.8%. RS LIGIUFM, i%
WA RN A549 41 g 5 MCF-7 40 g HAT AR 4 1 A A0 1
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H, LA RE PR 2 s Ty ). ZER AR R T LAY
SN G K PRSI KR T, SR SR 29 AR
RIS, BAIR G BN 5.

3 ZEIH

3.1 UEHIKF

LI AMEIE(FTIR): Nicolet AVATAR-360, WAAKE M
BRI, T ARRE IR A R i, P20
AMEE BN 329K, RN 4.0 cm . BRIV
Cary 100,25 C FHIH#iE™E 4 &1 200~800 nm [ 43,
D5E 230 nm AL . 5T ) BB S51H Veeco
/y ], Nanoscope [Va-Multimode, #£F 5l 2 = &
b, R G SR R e I . R R A0 A 3 5 B
Tecan /A 7] {1122 D BEREFR G 52 3L 450 nm AL IR 5
R EEED

% Fr A1 55(1000 H), bifE—iA s BRA ;6 B 2
L (M, =6000), 2 EH R BELEROT%), =
BV S A HE AR A B A H]; RPMI1640 5 DMEM 4 ffil %
7%, ZE [ Invitrogen 2w, HH UGS BI AF 1 10%
JiEy 24 ML 7 TG Fs 4t T 5% 7 948 4 o 5 — R P A )
(CCK-8), HARAAL 05T o, VUSRI (THF) 240
2, JARYN, SN R ERAEAE R R R
KA RREO G, AN, el mRE m ik
2P H BT
3.2 GO #Hl&

KP4 GO. 1564 KuS:05 (2 g)45 P20s (2
AR 12 mL iR, FHF 80 C, FREX 2 g )
AN FIRREBT, IFT 80 C AR MY 6 hy &
I 58 R, A8 SO VR A B S R 0.5 L 25 B 1K FRE
RE9E, 258 7KMok 2 I DABR 2 5% B R IR, T ).
SRIGARI AT AT 88 1 g I = EHR, JRIA
23 mL WKHBiER, WHIE 0 C, 22BN 6 g KMnO, I
P, EAR RIS AR 20 C; K= B A S
T35 CRM 2 h, THEZE 90 C /N 90 min; £34 [7) =
PO N 46 mL 28 1K, RRMEEEF 22100 CH4E
£ 20 min; KL 140 mL £ 1/K, 2218340 20 mL
30% H,0,, HRFRAL N LRt I-a <=k, ] 250 mL
1110 HCl ¥ACEL G b 98, IF 258 7oK =ik
TR =AM R J R AR B, FE T 12000 r/min R
L, EJEBEIFWRI ). FTIR (KBr) v: 3400, 1732,
1622 cm ™.

3.3 PEG-NH,MI& /M

¥ PEG (15 g, £92.5X10° mol). FLEiEE5 (3.1 g,

0.026 mol). PUEILI(30 mL)INIA S = LT, Hidkws
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fig, &3t 3 IR EAE, B LR E ToKkig R a2
0 C, AR MV &8 I = 4% (4.1 mL, 0.03
mol), i F, #F®. NI 32 mL Na-
HCOs (1.75 g, 0.021 mol)##i 5 NaN; (2.1 g, 0.032 mol),
INAE DU SRR 45 2, JFIE 8 h. A ZR s, =&
FREASI =k, B IFE M, NaSO, BRK, 38, ez,
T4 573 PEG-N; (723 78%). FTIR (film) v: 2104 cm .

¥ PEG-N; (5 g, £98.13X 10 * mol)¥% T~ 40 mL 1%
t1, AN 10% Pd/C (100 mg), %W R 78 H, )W 3 d, i
JEFR 2 PAIC, WEZ, TG EATYO™E 97%).
FTIR (film) v: 3560 cm .
3.4 GO-PEG #y#I&

4, MR SCER[1I3RIER GO LIRS oh R
. BRI GO (100 mL, 29 1 mg/mL)5 PEG-NH,
(300 mg)#7H 5 min, JIA EDC-HCI (30 mg), 7 40
min, k40N EDC-HCI (80 mg), HiHEidn. [ ik
HYNATIERL 5150 14000 (KBTS, B,
k2K #ER:F] GO i PEG. FTIR (KBr) v: 2870, 1625,
1105 cm ™",
35 EEZEWHEH

GO-PEG (10 mL, 0.5 mg/mL)5E% 2,210 mL,
0.5 mg/mL)[F] LB EIHEEE 12 h, B0k LT m
B LE; I 10 kDa FIREIEE, JFREMUE, BRER
B GO WM B = 4R M SRE. 2% W 82 7k R
GO-PEG/eriocalyxin B J- 4 ‘C FfiA7.
3.6 HpEESE SARINKRLE

A549 Ej MCE-7 41053 IR 3545 B 10% 64 1L i
) RPMI 1640 5 DMEM R 72 R FRIEH, K578
BT 37 CH 5% CO, WAl fussF=fa . Kadn i 2|
96 FLA 1, BESFL 100 L 57235, 40 M0%5 55 4 5X 104N/
L. B[R EE ) GO-PEG/eriocalyxin B 4[]
BELEGEE T DMSO H, FEF PBS Zibi i),
PR A BTN 25 0k 15 4.0, 0.5, 1,2, 4, 8, 16 pmolsL ™).
oy 55 24, 48 h G, [ RRFLI N 10 uL CCK-8, fFHifa
A JEAE 2 D REREAR T LR E, It SEAR XS 41 g
LRI, 0 RSN 10 AL IS R BE 1Y) GO-PEG
(0, 1, 5, 10, 20, 40, 80, 100 mg/L)}% 3% 48 h, % IhAEkkr
PCFMILAE 450 nm ALWROGRE, FH TSRS 4 2%
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