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Preparation of HA-modified emodin-contained multi-walled carbon nanotubes drug delivery system and its
inhibitory effect on breast cancer cells

LI Yuduo, DU Juan, LIU Yunlong, GENG Feng, CHEN Xiaobing (Dept. of Clinical Pharmacy, the Second
Affiliated Hospital of Qigihar Medical College, Qiqihar, Heilongjiang 161000, China)

ABSTRACT OBJECTIVE To prepare hyaluronic acid (HA)-modified emodin (EMD)-contained multi-walled carbon nanotubes
(MWCNTs) drug delivery system (HA-MWCNTs-EMD) and explore its in vitro inhibitory effect on breast cancer cells.
METHODS EMD was loaded onto MWCNTs to prepare a drug delivery system MWCNTs-EMD; subsequently, the system was
further modified with HA to obtain the drug delivery system HA-MWCNTs-EMD. The two drug delivery systems mentioned above
were characterized. With free EMD as the reference, the drug release in vitro of the above two drug delivery systems was
investigated; the uptake of EMD by two breast cancer cells (MCF-7, MDA-MB-231 cells) was detected. The impacts of the above
two drug delivery systems on the expression of surface glycoprotein differentiation group 44 (CD44) , activity, apoptosis and
lactate dehydrogenase (LDH) release of two breast cancer cells were detected. RESULTS The encapsulation efficiencies of
MWCNTs-EMD and HA-MWCNTs-EMD were both (63.52 +2.74)% , with drug loading rates of (25.01 +1.83)% and (12.13 +
1.96)%, particle sizes of (865.95+2.16) and (351.86 + 1.68) nm, polydispersity indexes of 0.54 +0.02 and 0.23£0.01, and Zeta
potentials of (23.87+0.14) and (—42.79+0.39) mV, respectively. The 2, 4, 6, 8, 10, 12 and 24-hour cumulative release rates
of EMD in MWCNTs-EMD and HA-MWCNTs-EMD were

ABEEWE BIRITAE G R &S F R AR 55 2RI H
(N0.2022-KYYWF-0785) significantly lower than those in free EMD, while the

*B—AEE EEAIE. B 2535 E-mail: lydiacz@163. cumulative  release rate of HA-MWCNTs-EMD  was
com

# BIEIEE R AR, BH5E07 ) I IR 2% (2455002 . E-mail:
22647357@qq.com the EMD uptakes of MWCNTs-EMD and HA-MWCNTs-EMD

significantly higher than that of MWCNTs-EMD (P<<0.05) ;
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by the two types of breast cancer cells were significantly higher than their uptake of free EMD (P<C0.05). Compared with the free
EMD group, the MWCNTs-EMD and MWCNTs-EMD groups showed significantly higher apoptosis rate and LDH release,

significantly lower surface CD44 expression (except for the MWCNTs-EMD group) and cell viability in both cell types, and the
effect of HA-MWCNTs-EMD was more pronounced (P<<0.05). CONCLUSIONS A novel drug delivery system HA-MWCNTs-

EMD loaded with EMD is developed successfully; the drug delivery system has a certain slow-release effect, which can

significantly reduce the activity of breast cancer cells, promote their apoptosis and increase the release of LDH, and the above anti-

breast cancer effect is significantly stronger than that of free EMD and MWCNTs-EMD.
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FLIRIER IR YT S I 5 32 2 F ALY, K (emo-
din,EMD), XFx1,3,8- = F25L-6-H SL B , S48 I [ 1%
P 2 R B AR B AT AR, B W P s
P, BEAE I I LA AR AR g R 2R Y. SR,
TZ B3 % e 200 O P S e M 55, LA R AN
WA W T IR e 4 T EMD it 98 SR 1Y 3 25

% 49 & 4 (carbon nanotubes, CNTs) & — Fift 357 A4 i3
ARG AT SRR R BT O BB AN KA SURE B 2
KA N £ BE ik 90 K 45 (multi-walled carbon nanotubes,
MWCNTs) 3 Ff 258, Hirh MWCNTSs 8 Ay 2 50 BAT T
A L R TR B AR A3t . BFFE R, CNTs AEHE
2505y F i ik 2 MR ANAE , B R A7 7R (AN R 1 RE
A Bl A 1 e 200, DA T B S B T 24 40 %) A A )
IEAE R 25 2 0T %, 3 B IR (hyaluronic acid,
HA) & —Fhs g M, BA Rt RS i ol £ )
R ik T IR A SR |, RE R BEME M 25 5 v 8 T 3L
A5 22 P S AR AN 2 T 1 W 2R 11 4 fR BE 44 (cluster of
differentiation 44,CD44) , #%) 1z H THUHE 259 CNTs F
Bl ) 36 24 R RO R A0, T AT EMD A G ik
25 RGO A R, AR T HA 8 4 1) £ 2
EMD ) MWCNTSs = 4 [n] 15 24 22 48 Al e A Bl TadE—20
B EMD X ZLARE I PTIETE E o SE T I, ARHIE G L
£ HA & 46 () 71 2% EMD 59 MWCNTs 33825 2 45 (UL R i
FR“HA-MWCNTs-EMD” ) , 344 5% H X L B g 40 i ) 44
SNIFRIVE T, L g 32 7+ EMD AR S F R SR AT
T 2 ROR RIS

1 ##E
1.1 FE{EE

AT T FH 2 B A% 0 5 Attune NxT 9 =X 40 i
% Multiskan SkyHigh %4 K F ghfi#r{ \EVOS #l%¢
6 8] & 5 3345 (25 [ Thermo Fisher Scientific 23 &) ) ,
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Tecnai F20 %4 % 1 B3 7 2 534 5% ( 32 & FEI /A 7] ) , Nano-
ZS90 AUHOGAN KA BEAX (3 5] Malvern 23 H] ) , UV 2550
Y B 53566 B 3 ( H AR Shimadzu 23 7 ) , EClassical
3200L U 8 e 2k v AH (5,38 (UPLC ) A (R MR FAR 3BT
FABRZ ] ) ,OLS5100-LAF RU#OE R 42 s ( B A
Olympus 22 7] ) , VCX2500 #3875 8 #4{% ( 3& [ Sonics
JNF))  HH.CP-01T RIS 340 (11| B A
BT AR S
12 FEHRSKH

EMD X} B8 5 (415 110756-201913 , 4 i 96.0% ) I
FI R 24 0 R B9 B 2 i MWCNTs (45
XFM62, #h 4% 8~15 nm, & i 50 wm, 4 B >95% ) Il [
B 505 T AR AR BB FR 2 B HA X BR (A5
LMI1078, 4 [if =95.0%) W F i A=y TRABRA
Al 3 FLIER Wi & i (lactate dehydrogenase, LDH) £ il i 7]
& i %2 P B (sulforhodamine B, SRB) ¥l 71 4 |
TUNEL &R 5) & \FITC % 6hRic B9 BT CDA4 Hifk
FITC O hRic i L =EHt A\ S Bk 8 1 G oA (5435
1 ab102526 ,ab235935 .ab66108 ,ab30405 . ab81051) 414
[ 9 [ Abcam 2\ 7] s MCF-7 400 & FHR; 375  Leibovitz’s
L-15 SEfili b5 57 5 (75 -0 85 200 G 4R I (L5430
1 CM-0149 . PM151010, PB180120, 164210-50) 34 It [
R EFE A R A FR 2 F]
1.3 KIGHRE

N FL MG 40 MCF-7 .MDA-MB-231 (41t 53 %1 4
CL-0149, CL-0150) ¥111y [ 2 I 3% i 38 2E A B 4% A R
Nl
2 HAEEER
2.1 BHRZEMHIESRA
2.1.1 112 EMD i MWCNTs i 24 2 52 1 1 %

HEMD Xif 18 5 Fl 4 35 L MWCNTSs 4% 10 mg, 431
T 10 mL Jo/K SEEH 874 (D) #6400 W, 414 40 kHz ) &b
FH6 hy 25808 70 Tl 100 kDa Ao B IS, 5505 (9 000
r/min, 30 min) , & 38 AR R, T2 T B2 T4 30
min J5 , 78T 10 mL K, FRUGE 75 (T2 400 W, 4%
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40 kHz) Kb B 6 hy FHFLAE N 5 mm By U8 ML U8 , AR 2%
U 25 1Y) EMD; U8 W 22 % Uk T 45, B 1% £ 2k EMD 1
MWCNTs #8825 &4 (LA T ffiFR“MWCNTs-EMD”) , 153
4162.35%.,

2.1.2  HA-MWCNTs-EMD 11 %

HUHA X B 40 mg, DU IR 6 22 1 (PBS) ¥ i#
i 1) B J E h 2 mg/mL B9V . BBGZYA 20 mL,
fA“2.1.1” i F MWCNTs-EMD 20 mg, 3£ /r &% 1 h
J&i B0 (9 000 r/min, 30 min) ; BUITHE , DLZK IR 3 WK 5 UK
FEVLE, T F T, B3 HA-MWCNTs-EMD, 5%
$67.20%.

2.1.3 B RGMIRIE

(D)L E R i R SN OB TE T 254
nm P REIAE & EMD BB . DL EMD IO
B (Y) % LBt v B (0 #EA T4 1A, A5 105 75 78 oy
Y=0.011 3X+0.012 1(»=0.999 7) , EMD ¥ il J5i & ¢ J&
IR APEYE I 0.2~80 o/mL s K55 B MERR L | 3245
D7 2F 2 BTG 2020 A R [ 24 3 ) (DU A 56

H“2.1.17 300 F ] 4 MWCNTs-EMD B 5 Y085 it
TEFTAFIY_ L E W, DL FLAR 5 mm JE AR 8 A IR (B
Ui 25 EMD) , 43 5l FHZKGE 76 B, % Lk 58 4040 O B
LRI H EMD L, P Z R R il £ MW CNTs-
EMD B} o #% 12 £ EMD A9 & 5 B “2.1.27 300 T il %5 HA-
MWCNTs-EMD B} 28 7K U ¥ 3 Uk 5 1 F 38 W (3 Ui 5
EMD) , 43 5| FH7KGE S B, #c R 05043 B s
B EMD (1 i, =35 Z FED R i 4 HA-MWCNTs-
EMD i} AR 42 8F EMD (11 ; EMD it Ry itk 25 R Se il 4
BT EMID 9 4 5 388 2 FR 40 it Ay S 2 A a5 ) o
Fe R ARG TR E R 2 B AR = (EMD
S — R AL B EMD 1Y # )/EMD i fi X 100%, 2 24
i = (EMD B2 — A9 605 EMD (193 )/ 25 R 40 8
i X100%, B A AT E 3 IR . 45 R BoOR
MWCNTs-EMD , HA-MWCNTs-EMD f4 41, &f 3 15 2
(63.52+£2.74)% , 8 2§ & 43 il Ky (25.01+1.83)% .
(12.13+1.96)%.

(2)RiA2 N Zeta HEL AT - 45242.1.17“2.1.2" 1 F 5k
Sl £ 3t MWCNTs-EMD . HA-MWCNTs-EMD., I+
RIS L mg, LK 2 mL Ay B0 , (3 5 i 7 B s
W AL A | FE R O C AN KR S0 5 R A%
25301 2 8 (polydispersity index, PDI) £l Zeta Hi, 1/
RGN (K1, K 2,3 1), MWCNTs-EMD, HA-
MWCNTs-EMD #J 5451k , MWCNTs-EMD %7 1% 5 K H.
Ay ECPE S, T HA-MWCNTs-EMD U558 0 B4 R4

T2 2025 4F5 36 45 12 ]

/N H A B PEAR ;s MWCNTs-EMD . HA-MWCNTs-EMD [
B AR 5 OFE A4 A ; MWCNTs-EMD £ 1F H |, i HA-
MWCNTs-EMD fi 7 H, .

)
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Bl HEAHRFERUFSHESFBEFERER

100 100

80 80

60 60

R /%
/%

40 40

20 20

0 0
100 500 1000 2000 100 200 500 1000

RifEmm i /mm

A. MWCNTs-EMD B. HA-MWCNTs-EMD
B2 ‘HARFEHAEZESHE
Rl BRHBHZRFEHFEHRE PDI. Zeta BATLEE (x +
s,n=3)

HEY Hifeinm PDI
MWCNTs-EMD 865.95+2.16 054£0.02
HA-MWCNTs-EMD 35186 1.68 0232001

2.2 WIMEHRRAER

K F UPLC 50 2 325 B A & i EMID 1) JoT ¥R
{6345 i ACQUITY UPLC BEH Cis(2.1 mmX 50 mm,
L7 pm) , i shAH A H BE-7K - £ 12 (60 35: 65, VIVIV) , i
R KRBT 9K 495 545 nm, AT R 35 °C, T
0.3 mL, JEFERA 3 L, LI EMD T R (Y) X H 5T
R (O SEATZPE RN 45 B J5 S Y=0.010 9X+
0.011 8(+=0.998 9) , EMD £ Il Jit t ¥ J&£ 1) £ M3 Bl oy
2.01~40.20 wg/mL; K% 8 HERG L | ISR ik g 2%
ZEIRTA 2020 4F R 24 810 )) (PO A AR DG EEK

K FH BTN H R RSP 15 L . HCEMD X
B AR (2,117 “2.1.27 IR 1) MWCNTs-EMD ., HA-
MWCNTs-EMD 443 1 (L EMD 3, 55 50 wg) , Pk 1
mL 38, P8 TaEN Rt B Er e mm L g, 8T
30 mL B3 (PBS) 1, T 37 °CTR LA 100 r/min 4 %%
PRFE ;73 F0.2.4.6.8,10,12 .24 h P EUH B HTAE A 1
mL, JF#b SR A AR R BT . B BT i roim A
B, i BT 8 2 2 mL, FR A bk UPLC L9015 i35
BrE &b b EMD (&, 4% T A BRI - BRURE
Jift i = AT A EMD B 5/EMD S i X 100%., R H]

ZetaHifii/mV
2387+0.14
—42.79£039
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SPSS 26.0 BAFHATHE 27 M. IR D x s K
7N, ] SR R R 7 2200, i — 20 P LU 3R
K SNK-g K 56 5 K 56 K M «=0.05 (G i1 15 IR .

g W on (K 3), 51 2 EMD # Lt , MWCNTSs-
EMD . HA-MWCNTs-EMD 7 2~24 h 5 iJ [1] 15 (1) 2 1
BRI B F K (P<<0.05) , 1fif HA-MWCNTs-EMD 75
AR s R S SRR ik 34 S 2 T[] 3 MWCNTSs-
EMD(P<0.05),

150

8- jjit 5 EMD
- MWCNTs-EMD
—&— HA-MWCNTs-EMD

0 5 10 15 20 25
IR i /h

a: 5IFEEMDAH HE, P<0.05;b: 5[ PIHA-MWCNTs-EMDAf L,
P<0.05,

E3 AEEZFESGHEMDHRRBMELLE
2.3 FLEREMMXAREEA RS A EMD BREUER
gl

2.3.1 kiR

B MCF-7 4 g, $5 7 F MCF-7 & F 55 38 35 v B
MDA-MB-231 4l ity , 2 Ff F MDA-MB-231 % [ 1% 7 &
(Leibovitz’ s L-15 JERfi % 35 3+ 19 77 -85 55 2 WL +10%

G4 1ML ) B, F 37 °C L 5%CO. I XHEJE 95% &4 F

Higt.
2.3.2 Y MOEG IR Gl ASI

SR FH AN B S B A . B MCF-7 . MDA-MB-231
YA, 4% 2.3.17 T T SR L AR AR 2 UG L H Rl T

LR L H 24 FLARIN , 3555 24 h 5 WS35 92, 4 L

25 PBS It 3 K5 Bl #L 43 Ui 25 EMD 4 . MWCNTs-
EMD 21 . HA-MWCNTs-EMD 4 , B4l % & 6 &2 L. 3
ZH 2RS35 L EMD \MWCNTs-EMD . HA-MWCNTs-EMD
VSV (2 AAS 35 IR 1 L S 3R 3 v 30, 20k B
EMD 13524 40 pmol/L"") 5535 ;3 h )& , W AE 4 g, AT
I PBSE VL , 48 4% 2 5 VA I [ 7€ . Hoechst33258
JutyJ , fift IO SR A 1 s WS | SR 4 45 20 240 it %]
1651 5 B 43 4% 2H 40 O Y EMID 45 B3O ( RIS 56 26 40 fifg
YNGR 517 25 EMD ZH 41 i ¢ eai B Y FUAED o

R R (K143 2; B T/ i , MDA-MB-231 4fiff]
(AR 235 SR T AR SO 00 AR A 2 T < i
Ji” AR ety B IR 1), 5597 25 EMD 2HAH G, MWCNTSs-
EMD .HA-MWCNTs-EMD ZH FFP i () EMD $ i 15
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I (P<0.05) ; 5 MWCNTs-EMD 4 48 [t , HA-
MWCNTs-EMD £ 7% 4 2 Jitd ) EMD $5% B 78 ik 25 T 5
(P<<0.05).

Hoechst33258

7B EMD 41

MWCNTs-EMD 41

HA-MWCNTs-EMD 41

E4 %T\ 25 R 5 A3 J5 MCF- 7%5@&’]%&:& HE
£E

x2 BMHARNESTELZREREMD HENELLER
(xts,n=6)

ik MCF-7411} MDA-MB-231 4t

JiFE EMDAL 1 I

MWCNTs-EMD 4 2941048 3.05£043°
HA-MWCNTs-EMD 4l 5.03+0.57° 6.12+0.56°

a: S EMDA A Y, P<<0.05;b: 5SMWCNTs-EMDAH A [, P<
0.05,

24 AEEZ
i 30

K A S g A . B MCF-7 .MDA-MB-231
YA, 4% 2.3 17T N SR Rl 2 UG 4. 42.3.27 30
TS (R E 6 R FL) KbBE L, BEFE3 h)E  IE
AN, AT B T0% £ [ 72 11 B 1 X 10°4~/mL
1Y) B 20 AR o R BT A Ry, — By A 10
pg/mL FITC % %4710 19 CD44 Bk , 55 — 6y i A 10
pg/mL FITC 28 ARic 1Y S % Bk 8 11 G ok, ot &
20 min; YCHE LM, LA PBS 15 Uk , Al FH O =X 240 Jf AR
W, L CD44 HtiR 9t B s HZRA K-

S50 s (5. 3% 35 BR 77 i , MDA-MB-231 4l ifd
(14 S5 SR P A S 0 R 42 0 T < 1
Ji " AR B A B 2) , 5 2 EMD 24 \MWCNTs-EMD
ZHAH b , HA-MWCNTs-EMD 20 9 h 4 ifd 2 1] CD44 Y 36
IRF I (P<<0.05),

Aot LR IE YA O R T CD44 RIZWI=
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200 4 200

SESESE S U, e — [ e R —
10° 10' 10° 10° 10" 10° 10' 10° 10° 10°
YOLIRE PENCHRE

A JiFE EMD 4 B. MWCNTs-EMD 24

200,

oy
2100
é |

10° 10’ 10° 10° 10°
DENGHE
C. HA-MWCNTs-EMD 41

2144, : CDA4BHYELN ; S8 . CDA4BA 41 .
B5 AREEZERSEIT MCF-7 4R CD44 Rk
B 4 e
*3 AREEZLRS X MCF-7. MDA-MB-231 20 R &
CD44 RIEHIZ M (x £ 5,n=6)

415 MCE-74i MDA-MB-231 411l
TR EMDYL 13035+ 146 16425+ 16.13
MWONTS-EMD 41 1298741541 1579241742

HA-MWCNT-EMD 4 0530+ 1159° 80.13£ 12,67

a: SIFEEMDZEAA [t , P<<0.05;b: 5MWCNTs-EMDZH A L, P<
0.05,

2.5 AERZ RS FLAREMRRTE 189 N0 i

K FH SRB LG . BUMCF-7 . MDA-MB-231 4l i1 ,
Fie 2. 317U AR AR 2 IR G DA 1 X 104/
AT 96 FLAR H, 555 15 WA A, 43531 FH AR Ve B2 )
EMD , MWCNTs-EMD , HA-MWCNTs-EMD ( 283k £ L))
EMD 34351 0.10.20 .40 .60 pmol/L"") &b 34 , I:1%
BT AT YIRS 6 R AL,
Kigt 24 n)m AR, TR 19 10% — 56 £ TRV T [
FE A 0.4%SRB 4 {6 20 min, FLA 1% Z BRI
Ve AU [ B AR ORI 25 20 240 B A RO O
Fi B AR AL 7 - AHE T (%) = (45 kB2 EMD 4k
P A A4 W Y B — R 4L A0 A4 T B /(0 mol/L
EMD #b 3 240 i (%) W 56 B — 908 2 20 40 i 08 W O B ) X
100% .,

gE R iR (F16), 5 0 wmol/L {2 EMD \MWCNTs-
EMD .HA-MWCNTs-EMD # Lt , FAxH¢ B 477 25 EMD |
MWCNTs-EMD , HA-MWCNTs-EMD 2 ] i 2 [& % |-
SR I 64 7% 77 (P<<0.05) . 5[] vk B 17 25 EMD AH
I, 22 MWCNTs-EMD . HA-MWCNTs-EMD #bF i1 |- iR

TEZED; 202545 36 4 121

PO b4 I Y 34 I S R AIG (P<<0.05) 5 5 [A] ik
MWCNTs-EMD #f [t , 2 HA-MWCNTs-EMD #b B 14 1
AL A5 175 B PRI (P<<0.05)

150

-9 liFE EMD 4l
- MWCNTs-EMD 41
—&— HA-MWCNTs-EMD 4]

0 10 20 30 40 50 60
EMD #¢JE/(pmol/L)
A. MCF-7 41ljftl

150+ —8— Ui EMD 4L

=l MWCNTs-EMD %
—h— HA-MWCNTs-EMD 41

AL F1/%

T T T T r T
0 10 20 30 10 50 60
EMD ¥J%/( pmol/L )

B. MDA-MB-231 41}y

a: 50 wmol/L EMDAH It , P<<0.05;b: 5[] v £ i 2 EMDAH [,
P<0.05;c: 5RIHKEMWCNTs-EMDAH H , P<<0.05,

6 AEAEHRENAMBAFE NI (xts,
n=06)

2.6 AREIBRA RS ILIREMALE T LDH B EN

sl

K F TUNEL 4% 68,3 46 0 41 A 0 T 1% 10 . HU MCF-
7.MDA-MB-231 400, #%“2.3.17" T F 243535 , Ff4t 2
U B A 4R 23 FOG R4 RN 25 EMID 41 .MWCNTSs-
EMD 4 \HA-MWCNTs-EMD 41 , 441 & 6 M fL. 4
LA ST IS I & HIE FR AR5 EMD \MWCN Ts-
EMD . HA-MWCNTs-EMD ¥ i (LAAS &5 1ML 19 % R 7
BRI LA L EMD 4 40 pumol/L") 15957 ;24 h
Jo , WCAE AN, 2 T4 4 PBS Y Uk 4% 22 58 WP B VA T ]
7E JTUNEL Jeff, 4", 6- — RFE-2- 283 05| W (DAPI) & 4t
Jei 6 P S A WS A5 2H A0 A R T A O (R T
WS ) , JF 4 T AT A M R T AR TR
(%) =81 40050 S 4RI E0X 100%

K FH He (0 1 K60 48 it ) LDH B i . HUMCEF-7 .
MDA-MB-231 4l i, 4% “2.3.17 W1 T 45135 55, F 1L 2
W P AT i TUNEL SE 56 41 (R4 B 6 & AL) Ak
B, H5FE24 h)E WO B W, 20 (1 000 r/min,
10 min) , ¥ J# LDH A 3877 &5 158 BH 45 7 VA4 0L 75 T
o LDH /K-, BIA 45 41 40 A Y LDH B

5 W (K 7.3 4; BR T/ i , MDA-MB-231 4t ifd
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B RE S 485 SR ] F AR SO 0 A R R I P B
Fi AR A B B 3) , 548 O BRZHAR EL Ui EMD 4
MWCNTs-EMD 2 . HA-MWCNTs-EMD 20 i 7 40 Jifs 5
Jrkh Z  HYH T2  LDH B 34 3% T 5 (P<<0.05)
55372 EMD £HAH H , MWCNTs-EMD 2H . HA-MWCNTs-
EMD 41 J# T 40 M 7R A7 ks 22, 8 13 \LDH B i IR b
# I/ (P<<0.05) ; 5 MWCNTs-EMD 41 #f Lt , HA-
MWCNTs-EMD 4 T~ 40 i 7R A7 fT 3 %, Y8 1- % .LDH
R IR % T s (P<<0.05)
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MCF-74i MDA-MB-231 41l

bl

JiT0% LDHEHE/(UL)  Wr%%  LDHE#E/(UL)
SARRAL 1354043 16142+35.13 1354043 156.93+32.16
T EMD 4 491137 053913862 JM9IELIT 2833743960
MWCNTs-EMD#4 5826+181° 4925+ T3 58261181 461213430
HA-MWCNTSEMDA  $402£206%  635.16+5024%  84.02+2.06™  695.19+5143%

a: 555 XA AL, P<0.05;b: 57 B EMDZH A L, P<<0.05;
c: 5MWCNTs-EMD#H A 1 , P<<0.05.
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P ) 2 LR A0 B EMD gk i, BE— A 4n i
1% 77 VT2 LDH B A I 45 3R 2, Ui 25 EMD A1l
MW CNTs-EMD ) 1] I 25 54 1% 79 L s 200 R PO 375 7
T HH TS LDH BEic: , WA 24 m] A 5
) 7L s 200 L %) 1 G, 7 L T I L A TS 45
b LDH B RERL o [RI s , ASBIFG 45 S B, AR AR T 5
EMD, MWCNTs-EMD X . i 45 4 A % 410 il 4 I S 58
P&/~ LL MWCNTSs il % 587 184 338 24 2 42 Al 4 7+ EMD % %L
P A IR

CNTs g K PR, e b o) R4 (A A5 B
FMME iy o —Be SR K PR SE A A 31 ONTs 1, v]
AR 2 RGN B R E . HA W AT
CNTs 2 24 2 G5 3R TS (1) 2% K Z2 08 , v] 5 i 4 i =%
1 1Y) CDA4 5 SR 25 4, 328 17 BH S 41 1 L 4 i L ) 2
PO 24516 16 550%, e 24 e B g F o7 iy e s L Rt
TSR MOPEPU 25938 24 R G A SR ELA ) Wl )
FHRT S, AR 4E R BN, MWCNTs-EMD K Zeta
HLA R (23.87+0.14)mV, faf IE L . HA KB+ 24,
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L HAZB 2 & 42 o0 A ¥ 5, kAR L PDL ¥/ T
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