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E: NETHEBRKEIRE (MH) 4T HBERTERACR, FIARF R (CMS) 5 Sn® P sg ik il & 44k
B (CSN) , IFE S E R M (CS) BEsmal | ZE MM, /s MH #l& TERAHAWELSY
(CS/CSN@MH ) . it 'THNMR, FTIR, HifeHl Zeta Hifii . TEM £AE T CS/CSN@MH Z5 41 A S OIS
MRXT CS/CSN@MH 2t B, IR T HyOAESE . YA 45578, CS/ICSN@MH
) MH f2EPRFIZRZG R 9T 15 76.48%H1 10.64%; CS/CSN@MH 7E 48 h NI MH ZFBICR N 47.46%. 4
CS/CSN@MH AbHd J5 (19 A T AERR R AE W IRER B =R 13.76%, PUREMEIL TR MH 23R (69.87% ) , FF
I TEACH YL ] SEM FoRME—LIUE T MR PETERE . ARSI SR, CS/CSN@MH Ab T 1)
N H AT A A A5 R >90%, DA R BLA B 1 AR A A 1

KEIE: AWBEWIL; S8, RERIEN; 90KER; WLV ; R, whibm
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Preparation of starch-based drug-loaded nanogel and its
effect on dental plaque biofilm removal

ZHANG Yuyuan'?, HONG Liu'*’, YANG Cheng'?
(1. School of Chemical and Material Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China; 2. Key Laboratory of
Synthetic and Biological Colloids, Ministry of Education, Wuxi 214122, Jiangsu, China )

Abstract: To improve the dental plaque removal efficacy of minocycline hydrochloride (MH), the
gel-encapsulated drug complex (CS/CSN@MH) was prepared by encapsulation of MH with nanogel (CSN)
synthesized from physical cross-linking of carboxymethyl starch (CMS) and Sn**, which was further
compounded with chitosan (CS) for enhancement in targeted adhesion, and characterized by 'HNMR, FTIR,
particle size and Zeta potential as well as TEM. The encapsulation rate and drug loading rate of
CS/CSN@MH were measured, while its antibacterial activity and biocompatibility were further analyzed. The
results showed that encapsulation rate and drug loading rate were 76.48% and 10.64%, respectively. The
cumulative MH release rate from CS/CSN@MH within 48 h was 47.46%. After CS/CSN@MH treatment, the
residual amount of Streptococcus mutans biofilm was only 13.76%, higher than that by free MH treatment
(69.8%). The antibacterial performance of the material were further verified by live/dead bacteria staining and
SEM technology. The results from cytotoxicity experiment displayed that the survival rate of human gingival
fibroblasts treated with CS/CSN@MH was >90%, indicating that good cytocompatibility of the material.

Key words. dental plaque biofilm; slow release; carboxymethyl starch; nanogels; stannous fluoride;
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Bl D7 2 1 H— o DL B AN T PR, WA B
IFAL TR, W] 5| % MRS FE 48 F - 4 S5 e [ i, B
= SHECFRBIEN ik, BRI U A R
EEREEN., MEAEYE (BN TR EhE
Folv ol A= 0 R0 4T R 9 22 0 R R G, R S O A )
FEEUR R o BTN B R Y an SR AR T AR,
B AL A T 259 i B ZE A BB ik
("] A85E P14 A% 52 Ty i 32 S a3 ] 24 8 3545 FH 3k 11 7K
e, SR, A DXBORT 2 4% DX ok ) 2 S LA T
BOMELIE T sE 4, IF B FRER T shTE, KE52
YIAE O R IR AR R R, A RE I A ),

JR i M G B R G AE D TP R N — TR
AT DA LR i U L RE (0 A= 4 R 1 A 25 4
WP AT v, T AR i 24 40 O A 3B 3B 0 A g
WIZ, MWIIRICANE, REy e EmARE, it
Hg/ b 2R 2575 RINTT R, s g AR,
EILHER, HEY, BREYMES | B2 5
RGECHN B O A2y, Hd, B —Fb
LA 1o B A AR A RN 2 ) 6 %5 BE T B R L I S A
1 45t v vz w5 1Y, RIBEIRO 28l R 7 —Fh
AT S R R S A B A A I SR TS E S ( GelMA)
IKEERE , KBRS T AN PRIV B (CTP ) P S 40
KEFYE T DY AYIAIT . XU SIS 50
B-H i e A i R SRR, S T — Rl AR K
VRIS, K 358 M 1T R 4 88 i BT ) DT PR RN i 2T 240 g A=
MERTIRIT A&, G, RSB o]
Free iy O s g i i ), W —F Ik A= 9
I BRI 1) R M K AT 28 e H B

TERS S AT A DR A A 7 ARG L A AR
T 01 A 0 i P 1 S A A 0 IR 2 UK 45 7
TR BE RN (CMS) — a5
A TRTETNE S T KA SR R R Tl 4%, B 2.
3. 6 Tk F AR I AR TR B SR, A
FAES FHAAEN) ) HE K ARTERY, CMS HAT 7K
Tk, EESBEEAMAEAZYNCT, AN SR
TR CMS FIIvE b A L 1 42847 0 A ok
BRI, BT M ERETILEREE TREEMIET
FH B SR ERE . A, CMS i8] LI i e
AT . A I 5 A AR 25 AT, SnF,
BUE W e —Fh B I O 2 4 . A ROy, TR
T W KRS D U0, SRR (CS) 2
FAR B —HF IR AR AR 20, HARZ S St
Tf AR RS A, I A RHR A A P B R

AR SC AL FH B AR 1B 2 A i 5 ok s, DA
VB R — P 2 W3k % 22 48 2 B 10 1 A 0 i v e 35 A
TEAEBRTR o B TER e L CMS, SR 5 il B A
RILE SnF, Y Sn* 2 (Bl A ECA | LA EAE R

R EYIRENR, HM CS B 1A FFa s 1Bt
e, R R ER ORI R (MH ) AR AR 25 1) 40 £F
TEBEI il s B LB 25 51 . HHEE Y
Hil 4 25 0F, TR HES R RS YR BT
PESFHEAT PR . B TR R ATE PR DR B A R BE, T
17 1A S 2F A 9 2 i (9 2R, DU R AR R R
TFIEE ) P85 B 1 1) G R A K BE G o) A BRI 2%

1 SEEES

1.1 RAFI 5N

 ELEEVER (HAS) |, FHZ & S lEHA FRA
Ay CCK-8 ikl &, g = RAEYH AR AR
AFE BDR W (BHL) KigRdt, #HBiEHAEY
FARABRA ] ZBIREEERE (ATCC 25175) , IR
WA THA R/ F]; LIVE/DEAD®BacLightTM
AN TG Sk £, 25 Thermo Fisher Scientific 23
Al BAEBEIKA (HAP, HA28mm) , ME(HIAE
J7 A IR A Al s AN A WAL ET 4E 40l ( HGF-1,
ATCC®™ CRL-2014) , M EWRHABRA A
fi54E My (FBS-AUS00) , MK Newzerum 2
Al HER-HEEZENP. DMEM SRl s, %
¥ Gibco A7); NaOH, —# LR (MCA) | RNEE
(IPA) | JoKCEE, —HIETH (DMSO) , AR,
A g (PBS, pH=7.4) , HZi%ER Lk
AN A BR AR CSOEBIFAX 7T B 250000 ).,
ZFHH B (RhB) , AR, _ifEd s kA AL Rh 7 By
ABRAT; SnF,, AR, dbntbHisdl R A BRAF
MH, AR, ifgBTHn T A bR B A BR 2 A
3-(4,5- — H L WE Mk 2)-2,5- % L DO mk R R
(MTT) , AR, LiBZRHBHERGARAR .

AVANCEITHD 400 MHz %I 4507 Ak A% 1%
FEPE LY (NMR ) , 2 E Bruker 2 7] ; Nicolet iS5
AU B S 2T AR (FTIR ) , 368 Thermo
Fisher Scientific /A7) ; NanoBrook Omni % £ ff & ki
FE R R Zeta A7 43111, 22 Brookhaven X
N s JEM-2100P1us #8937 5 HL - 2 6455 ( TEM )
HAH TRk 2c ks TU-1950 922 4h-1] L4360 B
I (UV-Vis) |, dtatEHrs G A R ITHEA A
Tecan Infinite 200 PRO FUfEHRAL, b5 1 E bR 5
WA BRI ; TCS SP8 M5 A 8 47 4 W i B
(CLSM) , fE[F Leica 24 H],
12 ZLWHE
1.2.1 CMS ##] &

CMS il %5 2 BTk [22] 7 LW A sl .
13.8 g (0.074 mol ) HAS M A %4 108 mL 7 [N fi
M =Hipeii; FEfS, TEESEHE T 222N 10.3 mL
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(110.78 mol/L )NaOH 7K ¥ ¥ o % i 52 it J& , 78 40 °C
THFERN 20 min, 2RJ5, A 2.8 g (0.03 mol)
MCA, IR GWTE 40 CRHEHER N 2.5 ho [
S, et U e BT FARFUN L 95% 1 £ 1
L, IR S0% M L RRIETRVE T pH &
5.5~6.5, FRRITuE, FIRFSMEL 85% M LR Uk g
BF, EEIH AgNO; % (0.1 mol/L ) Kii A CI,
FEFHIC/K BEPEB PIREK 4 BT A8 UL W AE 45 °C
PEAETH TR 24 ho BJE, KREMOTE ik, Jfid
60 Hifi, 138 @ EEm A, B CMS, i 8 1,
FEH Ny 78.86%, 'HNMR (400 MHz, D,0), 4: 5.40 (s,
1H, CH), 5.75 (s, 1H, CH), 4.30~3.20 (m, 1H, CH),
3.90 (s, 2H, CH,).

P4 7 2 v I R T BB (DS
1.2.2 S RBIRBEIR 0.3 254 B oM e &

¥ CS R E0R 1% BE R A, 25 0
WP 1.25~7.50 g/L B CS AW, %M.

B MH IS ffAE TR N 15.0 g/L CMS KR,
#1145 MH FREWRIE 2.0 g/L 1Y MH-CMS /KE#, 5.

¥ pH=~4.5 1Y) CMS /KW (10 mL, Uik
1.25~20.00 g/L ) ZZ18 s n 2 wE S i 54 38 1000
t/min ) SnF, % (10 mL, Fi ik 6.28 g/L) 1,
KN 10 min R RHIRER-UHE TEZ 5D
(CSN) . FfifEHNA CS¥ MW (5 mL) , J2Ji 20 min
Ja B D UTTEIFEIEES, iCh CS/CSN. fifi LB FIK
PR 3 W RPRERI RN, BRI 4-80 °C
BT 240 5, %

fii 1l MH-CMS 7KiFWACE CMS KiFH (Bt
W 15 g/L) , HAtd BAy kS LiRMIE, 6l
G EE AR B YIIF4-80 CIRA T 24 h,
it iy CS/CSN@MH,

fii HH MH-CMS /KIS WA CMS KW, R
FRT5EE, I SnF, WY 10 min, {HASIA
CS W, BV BB B 25 R -5 W 7180 °C
BT 24 h, i2 8 CSN@MH,

¥ 3R CSN@MH Il CS/CSN@MH i % 1 2 rh
) MH-CMS ##t RhB-CMS ( i RhB Ji & ik i
2mg/L. CMS BTk R 15.0 g/L) , &3]
CSN@RhB FlI CS/CSN@RhB.,
1.3 LR

FTIR M. SRANRACH R A%k CMS. CSN
I CS/CSN K i 2470, 9% 44075 4000~400 em ™
TEM M3 : K il 25 A i 2 OB FE A ) |, T4
HLE 200 kV, Rife 5 Zeta BN . 546l %5 49 CSN
K CS/CSN LB Pk G B T 22 5 F /K8 AN R pH
MIFFIERR/PBS H, P38 AT 2 f BB 1 5 R A Zeta

HLA A W SRR A% S Zeta HLAV .
1.4 PEEENHK
1.4.1 &3t R fe 8 25 FegalX

ZIESCHR[241 077, RS RIS 3% 75 I
CS/CSN@MH (1) 254 f0 £ A48 25 %6

RS 1.2.2 W05kl &nyHiéf CS/CSN@MH
AR LA 10000 r/min B5.0> 10 min, Y8 FIEW, #
58 A1 -1T UL A3 S BE T T O S, AR A
349 nm AU SE 1) MH BT E (x, mg/L) -G

(y) bRl LG FE y=5.5728x-0.0186 ( R*=
0.99834 ), THEINE W W B EEXT N MH [ T i
WeRE, FAT 3 wdllE ., MREEC (1) A (2) iHEA
BRI
@,iﬁ%/%:(m w—m gy;;‘;)/m #%x100 ( 1)
2GR %=(m s—m wes)/m g emx 100 (2)
A m o AEINE] CS/ICSN@MH 1 MH B JF
mg; m N ETERCPRIASIIGES MH i, mg; m s
9 CS/ICSN@MH HY i, mg.
142 MH #3353

Wt BT EFSE CS/ICSN@MH FEREL A T
MER P MH ()3 R G R . N TR A B =
H8 ISO/TR10271—2020 J:W§ A &0k, HARE Iy .
NaCl . KCl . CaClL*2H,O . NaH,PO.2H,0 .
Na,S*2H,0 . JRZ it i 5350 0.400. 0.400 .
0.795. 0.780. 0.050. 1.000 g/L, a-TEH &>
10 U/mL. i 1 mol/L NaOH &K A\ T MEW iy pH
=TT R 6.7,

FREX 20 mg % T CSN@MH 1 CS/CSN@MH &
T 2 mL N THERPBENTEE (R A X i
3500 Da)N, iZ A 80 mL AR LA T WE BB T,
fE 37 °CF 100 r/min BT 48 h FEWF E L,
TETRSEHAE B mHE] S U 1 mL B B, 85284
AT UL 6 BTN VW WO R , AR AE 349 nm 4b
I7E B9 MH R (pg/mL ) WG RE b ifis i 28 401
A y=5.5728x-0.0186 ( R’=0.99834 ), {5l
VA VRO ' BE G IO 1 MIHL 1 S B . RIS i A B i
AT N T MW, PREFBIA PR PR E & o M =X

(3) 25 BRI

2 BAURICR Y= Z%x 100 (3)

t=0 "0

A m, ST ¢ A BT 250 SRR, pg;
mo N % T CSN@MH 5 CS/CSN@MH H 259 %) B
i, ugo
1.5 E&#HEaEniK
1.5.1 A A Myt AR 5K

DAAE T 4t 35K DA Ay 1] B 40 A 2 2 R P T 24 R
¥ 1x10° CFU/mL 1975 JE S5 BR B 76 5 2 /3 B0 1%
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JERE BHI 855556 R A5 5% 24 h IR AR, JFH
4' 6- IR HE-2- 2R N ( DAPL) Y48 10 min, W5
B JE M 0.25 g/L CS/CSN@RB 5 CSN@RhB 7K 43
HBOREE 15 min, BUH J5FJCH PBS #hik 3 1k, B
T, 3t R AR O 1 RS AE 408 A1 522 nm P
KM HFE M EMR, AT H Image T RMATHHES
BTN, DAUBCTTAN PO 3 0 26 P I R B 1 i
1.5.2  HH Ak X

PR PEREVE M 1 R 2 BESCHR [ 2510w A& 4

16 48 FLARH A& 1x10° CFU/mL 28 I 55 3K 14
FUTE AT HON 1%ERE Y BHI 559538 R &85 9% 24 h
TERCAE Y . FJCH PBS Wk 25 A Wy 15 26 1 i 5 21
Ja . P BUIMA SR N 0.25 g/L A& T &k
JEh 25 mg/L i## MH 5 HALWEF 15 min, FJCH
PBS Wik 3 IREBRARMERE G . A YRR S s 57
FEH SR 24 h, H] PBS VERTRURANTA, AT
4 0.5 g/L () MTT #EAHIFIFE 3 he KBk MTT,
BFFLINA 300 pL i DMSO, ¥ 40 it v 1 B 58 4 v il
G, %R 96 LA I FBEARAE 550 nm Ab I £
MY SGRE

3 2 37 B0 A A G ST SR A AR it AR TR T
FA P 20 B A T 00 HAP B SRR A
24 hifil s RN, PRI S BTkl 0.25 /L K
TR 25 mg/L iF2 MH 0% F 15 min, )5
FHICEE PBS BEi 3 K, KBRARM AR, dhaihnikss
FIRAERTE 24 h 5, ¥ LIVE/DEAD"BacLightTM
IS HIRF A SYTO 9 (5 umol/L, YeiEH )
AL BE (PI, 30 umol/L, ZLFEH ) MRSV
5 HAP R 7E#EE 4 T AL E 15 min, 285, i H
B 20 %5455/ CLSM, i@ I K 488 nm A
JEEEHE S R A BIRE, I Image J #F
PEAR 16 /AC 40 B 1 R

Wk SEM PEAG A W) B R R TP S . Bk
CSN@MH,. CS/CSN@MH Flij# & MH Ab#id i A4
VIR PBS ¥R 3 WK, DAEBRUFES IR . FRHIA
BB 2.5%)% WS 2 12 h, SR AN R BT 4%
B(25%., 50%. 75%. 95%. 100% ) Y Z 45 MK
10 min, F¢ 5 X G &I BE R, Jfi@id SEM UL
SR AN TR A PR A K
1.5.3  zmfe ez,

FH CCK-8 :ll5E HGF-1 R4S 11, P4
R 200 B 75 1

HGF-1 75 KR40 15%00 6 4 1l 35 AR R
BO1%HEHE-5E5 Z ) DMEM WG, HREEIRE
37 °C, &R 5% CO,, FIRHERE 95%. 6 HGF-1
BERIAE 96 FLAR I, 40H%% B 1x10* 4~/4L. BFE 24 h
Ja , KRR 100 uL SRR BTk B ( 0.0625~

0.5000 g/L) i CSN@MH 5§ CS/CSN@MH 143 fit
Wik, T8 37 CYRZGSE 24 h, WEE, &AL
A 10 uL CCK-8 i3, 4kZ:0% % 2 h, MIEFE 450 nm
AR FIWERE . HRPES (3) T15 HGF-1 47 R,
RFANNETE S1

LTS 71/%=(A oA 50)/(A sm—A »1)x100 (3)
X A wa. 4w A sa3 B RS S BT A 41
JH . A A TR A0 i R R RE A RO RE

2 HRSIE

21 RRMEHEI CMSEUKRER ST

TEAHL CMS [, JEMYES NaOH AEBiE
N, TEREN TR A S G MCA Hii C—Cl,
BRI B 33 141 I A il CMSPY, 1 8 s o T
40 °C, #%%% n(NaOH) : n(MCA) : n(AGU)%f CMS
BB RS2 m , Hodh AGU M IC/K A B BT, 455
mzkE 1,

F 1 I LM CMS BURE Y2 0A

Table 1 Effect of reaction conditions on degree of substitution

of CMS
FE & n(NaOH) : n(MCA) : n(AGU) itfEl/h - DS
1 15:04:1.0 25 024
2 1.5:0.6:1.0 25  0.38
3 15:0.8:1.0 25 030
4 20:08:1.0 25 0.50
5 20:1.0:1.0 2.5 048
6 30:14:1.0 1.5 071

M1 RTIEH, 24 n(NaOH) : n(AGU)=1.5 :
1.0 5, % n(MCA) : n(AGU)MI I, CMS 1 DS
Fer R IF /N, 24 n(MCA) : n(AGU)=0.6 : 1.0 i},
DS (0.38) fie kK, XZEHN, 4 MCA i, &
F 1 NaOH B Fn, BRI AE 55, Bl S 38 hm
S DS FRE. 1E4THE NaOH AYARXT FH R, 437
FAE R 2 e AR R, B R R R R T Y
n(NaOH) : n(MCA) : n(AGU)=3.0 : 1.4 : 1.0 i},
CMS [ DS Al 3k 0.71, BB EFE A 1.5 h, X
By, FEH: AR E DS MZmiain, wiibk ek
ik, FERNEIIMfeasse, ik, $ERTasd g, &
PRI SN S 45 1) CMS (RESY 6 ) BEAT IR 225056
22 HEMRESH

K14 CMS ) "HNMR %4 .

ME 1 ATLAEH, 6 5.40 1 5.75 Ab oS4y
SHJE T CMS WK AR ICH C-1b Fl C-la
BT o Rk e R T 5 AN H AR SR 1 A
SR EEEARE, TR B R, T RS 2K
B, CMS 1Y C-2~C-7 BRI F 1) i F-15 5 163 el 8
03.20~4.30, M THBRRER, s &t
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1 1 1 1 1 1 1 0 : I
’ 7 6 3 ?; 3 2 ! 0 1.25 2.5 5.0 10 0 15.0 20.0
| CMSJR R /(g/L)
1 CMS i) "HNMR [ 3 CMS WA CSN 1Y Zeta HL{E (a) FIRZ (b)

Fig. 1 'HNMR spectrum of CMS

& 2 5 HAS F1 CMS B FTIR %A .

3400 ! 1150 ,I1013 |

4000 3500 3000 2500 2000 1500 1000 500
HU/em™

K2 HAS fil CMS [ FTIR ji &l
Fig. 2 FTIR spectra of HAS and CMS

MIE 2 AT LI, HAS 7E 3400, 2931 cm ' Ab
W i 43 S H 8 T—OH M 4s 4R 8 fl C—H Y
45 4E 5 ;1013 11150 cm ' A AW W% 9 % T HAS
B E C—O—H myhifhfikzl, 1080 AbHyMiiEIH
BT C—H BpE iRl ; 1640 cm ' A0 Al W g g
H IR AR AR A X H—O—H A& iR 3h 51, éuHAs
MM CMS B, I LT RS E) 1621 cm™', 1T
HTF—CO0 FEAERY, R, 1423 em' b
WET] LUHJE T CMS H—COO IR FR A 45 i 35122
23 HIEEHREST

& 3 25 CMS 15T i R BEXT CSN [ Zeta HL A Al
LR ) AT

CMS[FE R E/(g/L)
125 25 50 100 150 200

Zetal fii/mV

E A
Fig. 3 Effects of CMS mass concentration on Zeta potential
(a) and particle size (b) of CSN

M 3a ATLLE Y, B CMS J5 ik B B3 i
CSN [ Zeta HLALZEXHE A | S K s, kg
W/ IN G 2 BRI 2% CMS Bk N 15.0 g/L A,
CSN 1) Zeta Hi i faEfE—41.7 mV, I H IS 2k:
£ (354.17 nm) fe/ho L, % CMS B 5Rib ik
IR 15.0 g/L, SRS I R P o i vk A T

Bl 4 JAS[E] CS Joitde o i % B e i B 2 i
Y EHERE R

0 1.25 2.50 5.00 7.50
CSEREMKE/(g/L)

K4 CS ik BN BER B 25452 S Y A EHERERY R0
Fig. 4 Effect of CS mass concentration on the encapsulation
properties of gel-encapsulated drug complex

M 4 TTLLE S, A0 CS B, CSN@MH [#41
BRI 52.44%, BEYFR N 20.48%, 1Y CS JHm K
JF 2.50 g/L B, CS/CSN@MH W REE, X
76.48%, HZHHEN 10.64%, FEH CS itk A4k
LEHENIN, CS/CSN@MH 25 R 5 Wb, X T e
KA, AR CS i CS/CSN@MH JFi i34 iin . P,
B 2590 354 R fe i BF 0 2.50 /L AR Ry CS Y i i
R TSR S
2.4 CSICSN RIES

% 5 & CMS.CS.CSN Fl CS/CSN [ FTIR %4,

M 5 a] LAE H, 5 CMS A EE, CSN 7E 1733 cm ™!
b BTG, S C=0 BRI 44k 3l , AT RER R CMS
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SREE, A SR REEER BT 25 G W S R O TR B fiE * 407 -

FH—COO 7EMRM 4T 5 H'45H X —COOH
LM, CSN H—OH B (3423 em ™) [A) B = 1)
WHUmA, H¥gEAs%, R CSN 1 i—OH A
ZH|—COO0 M4 5 ¥ Z [ # i AE A 52, CSN
—COO L[] (1625 F1 1405 cm™ ) [OGIEA W
FAEMIMLPI, CS 1 FTIR &%, HILE 1650
11596 cm &b fl W W i T J T C—=0 S A Fir i 1% 3
(EEWe 1) At N—H R iidiRsh (B o) B,

CS/CSN & Hh—COO k%41, N—H 1y
s (B A7) AYEpZ g T, (HIgRAR ST,

CMS

CSN

4000 3000 2000 1000
B/ em™

K5 CMS. CS. CSN FI CS/CSN ] FTIR &
Fig. 5 FTIR spectra of CMS, CS, CSN and CS/CSN

[l 6 5 CSN F1 CS/CSN ki f2 1 Zeta HLA .

500 1 h - 103
400 1 -
E L 14
fﬂ 0 Vo N\ 102 %
= 200} R
101
100 £
0 0

CS/CSN

Zetai ii/mV

3 CSN
EE CS/CSN

K1 6 CSN Fl CS/CSN HJkite (a) M Zeta HLf (b)
Fig. 6 Particle size (a) and Zeta potential (b) of CSN and
CS/CSN

MK 6a TTLLE ), CS/CSN [SEHpRids f 2243k
ZH(PDI) 435318 557.56 nm 1 0.319, #)KF CSN,
ME 6b A LLFE H, CSN Hl CS/CSN (1) Zeta HiL{ 4

YHEABRE S pH BTG A, XEHA, 7Em pH
T, S CMS BRIEMFES . CSN /Y Zeta LA
A XHE = T CS/CSN, X &R, CS SR IE iR
A3F, BRATHAIT CMS HRELR T AT, Xt il g
KHF T CS 5 CSN Ish &4 .

%l 7 >k CSN F1 CS/CSN f) TEM A,

K17 CSN (a) Hil CS/CSN (b) 1§ TEM [&
Fig. 7 TEM images of CSN (a) and CS/CSN (b)

M 7 ATRLE Y, CSN RS BN 1 f 24
k1 150~300 nm P ERIE S BUBERTE A9 80k (& 7a)
1M CS/CSN S IR R H BURCIR 19 52 G MR SRR 151 76 ),
XA SRR, CMS-CS 5 CMS-Sn* # L/ I =2 ] i)
TERRAR, FECSN JFA 1 —ERIE S5 Tk .
25 CSICSN@QMH HIZ5¥ B R RE D T

& 8 MifFE MH, CSN@MH F1 CS/CSN@MH
FEN TR ) 259 2 B ith G Fnabl & it 2k

100

a 50 o) @ o)
80 | Yot
X
¥ 60|
B
i 51
% 40 - o Q/
B @éé/‘} i
20 ¢ o —s— CSN@MH
—o— CS/CSN@MH
or —o— JWEMH
0 10 20 30 40 50
MRS E] /M
50 Fy .
40 |
x 30 "
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