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Figure 1 Synthesis and chemical structure of amphiphilic chitosan
WA (LO)
m—m,
EE(%) = X 100% @)
m—m,
LC(%) = X 100 % (2)

TE BRI R o S I A HUE Y B o S DY TR E R A WO B 2 R R ) R
1.3 M5 R4

(1) LR W i 5 46 FEAF < 2R JH 55 [ FE B RS ) Nexus 670 f# B A8 21 4R 63 (FT-1R) X 3 ‘%%%E
e A AT R AF L IZOGTE L B~ 400~4000 cm ', 2R Bruker 2 B AV600 #% i FE 4R 5 335 4% FE &
17235 43 AT R DY JERE B CTMS)AE i AR K AE R S 00, e S R 4544

(2)ZR25 I R A PEBE FAE 8 1L 3h B OGHEL TN (Zetasizer Nano ZS, 92 [H) I 58 40 K i o1 A8 S 259 K7 5 i
O FE A3 AT 5 2R A3 1 008 (S-4800, H AS) WLEE ™ W () S WL TE 5
1.4 ZFEMRE

B 20 mL ) CTD@U-CMCS-g-ALA #2544 K I A WOCE T B A 48 vh G 43 5t 2 3500 Da) ,
TEWEIR 6 22 vh ER VS W (pH 435 0y 6. 5.7. 4.8 0) Wi #r . 43 Sl HRUAS (] B ) 50 A0 325 A7 9, R 58 40 43 ol
BETH 005 259 B ik O 45 1Y PBS 28 i s W AR R B B AT
1.5 FHlEege

it N TTAREHE AR W H R T E B P OFF U-CMCS-g-ALA.CTD #1 CTD@U-CMCS-g-

10. 14028/j. enki. 1003-3726. 2022. 10. 011



< 102 - [ o ¥ i} Eiid 2022 4F 10 H

ALA S35 A SN TR 8 6 2550 48 A 25 W i it 20 W R D 0. 16,0, 306 A1 0. 506, £l ek 2
1.0 go HEARHRAS A9 B A5 R/ — Ry =l 4y BUCULIR 3 h) 230 BCE T 100 FLARA A TUAR FR A% 1A 5 (1R
BAK. it 24 h A BRE o2 HIRR S 25 0 BB T AL L AR 3 AN TS AT
B 20 Sk P IR S A EHOCE T TR WIRAAFAT AR 271 °C AR 6026 ~7006 50k
A1 14 h:10 h(L:D), % 48 h 5 i MAE T HATHIET R ARG AT 2 2 H DU Rim 1k

N T4 R EH
(0 — 0
FET-F (%) LV X 100 % (3

2 HREW#®

2.1 U-CMCS-g-ALA HJ4I4MRAE
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Figure 3 'H-NMR spectra of ALA, CMCS, CMCS-g-ALA and U-CMCS-g-ALA
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FE A 5 K 70 o0 ke A VRS B P R DR /D B K I A 2 TRD A ELAE R R AR T R R PSR R
WETE K T2 2 ) 100 A% 58 435 0 1) o AV R 32 A s A J RV B (CMIC) . #E U-CMICS-g-ALA ¥ . i T
EHA BRI 5 ABUK A% . LS, ORI RS B R SOGIE R E & A AR YR EOR
Ligy /105 VOB PR ELERARZE 500 I B RS AR 3 05 &1 4 7R 38 i 28 58 % 7 ik A5 19 U-CMCS-g-ALA
R I S JE AR B R 5. 67 pg/mlL,
2.4 CID@U-CMCS-g-ALA B RM#HBFHE

3 26 AN 3 6 BE T 5T 18 R B R X CTD@U-CMCS-g-ALA (4 3 R F 4% 25 B 52 L 1| 5
J AR ] e Ul S B N B CTD@ U-CMCS-g-ALA B3 R (EE) f# 25 8 (LO KR K. MWE R LUE
L E UM 9 M N 2 mg/L B F] 30 mg/L, CTD @ U-CMCS-g-ALA 3£ % EE { &% 1Y
85. 14 % 2 FBE 2 43. 25 %0 , 22 Ji Bl 2 W H e ok BE 0 34 0, EE {E AR 43. 250 218 K& 2 39. 79 %0, 1M 3
2% LC B B A WE P BTk 3 AR 386 00 22 b 1, Y WE MR 3 30 mg/L B, LC E I h 17. 18 %, 4k &:
e R R B, LC {E AR AN G . R, 25 L 3 5 (EED) FER 24 i (LO) I 50 , 1 R e S5 3l HC 1Y)
WM BE R 30 mg/ L.
2.5 CID@U-CMCS-g-ALA H MK R P FIF SRR

Kl 6 CTD@U-CMCS-g-ALA RLAZ - A F B 18 . A 6 () th ] LU ), CTD@ U-CMCS-
g-ALA B2 B IIES S, FEAEPLE 400~600 nm Z 0], FEERAZEL N 465 nm. MNE 6(b) 1] LLE
i CTD@U-CMCS-g-ALA Uk Ry JL8E (4 3 KT . BB 5 R R AR R AE L4 .
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Figure 4 Fluorescence spectra of pyrene in U-CMCS-g-ALA aqueous solution with different concentrations (a) ;

Plot of the intensity ratio I, 43 as a function of 1gC (b)

100
—s—EE
—o—LC
80
X 60
&}
—
3
m 401
’ .’..‘./_.—"/‘
0 1 1 1 1 1

0 10 20 30 40 50 60
Concentration/(mg/L)

Pl 5 W B BR824 1 5 TR
Figure 5 EE and LC values of CTD@U-CMCS-g-ALA with different CTD concentrations
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I T 1 R B RIUE 717 35090 oK B R i) 25 R I L 25 ) AR K IS R N b B i, X S5 AN TR] pH R 28
YKL Zeta BRI IR —F ., 8 A ARTE pH H F CTD@U-CMCS-g-ALA 1) Zeta {7 il £&
B, NE T LLE T CTD@U-CMCS-g-ALA ) Zeta LB pH BYB/N M K, Y pH=4. 67 i} ,CTD
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Figure 7 In vitro release of CTD@U-CMCS-g-ALA pH for CTD@U-CMCS-g-ALA

at different pH
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AT A TAREHE AL I e H R g i IE B0 . R 1 o T OH REE gl o AE AN )R R U-
CMCS-g-ALA .CTD fil CTD@ U-CMCS-g-ALA F M FifE &G, MWFE P LA H U-CMCS-g-ALA
Xof H R A o 4 ol TEAE G L B2 2 K R CTD@ U-CMCS-g-ALA 7E e AR 3k B 1 (0. 1%) R i
h 62. 6 00 MIFE R FE SR m VR BE (0. 5 00 I HAE B 3k 85. 706, BN TR SE Mk 2T CTD 4E & % (76. 324
F1100.0%), A LLFE . P 26T 5T B U-CMCS-g-ALA XF B gt iz CTD #4843 CTD@U-CMCS-g-
ALA (W46 £ R B 53 0 B AR X 5 32 BE AT U-CMCS-g-ALA XM dt iz CTD (%43 35 75 F {8 75 0 %F 4 it
4 B M BB IR AR, DT 22 3 A B 4 ) R TR

&9 S AN [m] A BEH REMR do 2l 5 57 48 h 5 BB . AWEH el LIE Y % BEF U-CMCS-g-ALA 44t
P4 R 5 L B CTD AL BEAY & A3 98 A8 22, 1 CTD@ U-CMCS-g-ALA 4 AN 4h & & A UTH
98 ST ELAE DN, X e gE R ] U-CMCS-g-ALA A3 CTD 0] DL A R il H e s o 4h s i 4 K 5F
i CTD WA HAET .
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1 FREKEH U-CMCS-g-ALA.CTD 1 CTD@ U-CMCS-g-ALA X HEE R4 HiEE ZM N
Table 1 Effects of U-CMCS-g-ALA, CTD and CTD@ U-CMCS-g-ALA on the antifeeding rate of sugarcane borer larvae

B (%)

L/
0.1 0.3 0.5
U-CMCS-g-ALA 0 0 0"
CTD 76.3+5. 2" 89.2+5.6" 100+0"
CTD@ U-CMCS-g-ALA 62. 644, 7°¢ 75.3+3.8¢ 85.7+7.2¢

H AT a,b,c KR4 LSD A I A B M 2 57 8 3% (n=3; P<C0.05),

P9 TR b 2H R e &)y R 57 48 h R R
() ZFHA ; (b) U-CMCS-g-ALA;(¢) CTD;(d) CTD@U-CMCS-g-ALA
Figure 9 Images of sugarcane borers larvae cultured for 48 h with diffrent treatments:

(a) control; (b) U-CMCS-g-ALA; (¢) CTD;(d) CTD@U-CMCS-g-ALA
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(1) 2R JH T e 527 4 T G 3 1 7 BRI AR ) U-CMCS-g-ALA 3R JH LT AN G AL A% % 9% A = AF
T U-CMCS-g-ALA 122454,

(2) 38 1 75 7 21 e vk il 4 1 B 2w SR B 20 25 9 K R CTD@ U-CMCS-g-ALA 2 380 25 44 K i o
PIRIAR L Ry 450 nm, BHAT pH i R1R AL 28 BEVE RE R S5 R A R PR R B h (pH=6. 5 Fl pH=7. 4) 7] L/
R B 2 1 259

(3) M TREM U-CMCS-g-ALA Xf ¥ U A E/EH . CTD@U-CMCS-g-ALA X H 86 i 4 iU iE &
R TG L DA 2% B0 H T e 1 % H i 4
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Preparation and Properties of Dual Modified Chitosan Based
Drug-loaded Nano-micelles
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Academy of Tropical Agricultural Sciences s Zhanjiang 524001, China ; 3. School of Chemistry and
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Abstract: In this paper, a-linolenic acid (ALA) as the hydrophobic fatty long chain and urea as the hydrophilic group
were grafted onto carboxymethyl chitosan through acylation reaction to prepare amphiphilic chitosan derivatives (U-CMCS-
g-ALA), and its structure was characterized by Fourier infrared spectroscopy and nuclear magnetic resonance hydrogen
spectroscopy. Then, the drug-loaded nano-micelles (CTD @ U-CMCS-g-ALLA) were prepared by the ultrasonic self-
assembly method using U-CMCS-g-ALA as the wall material and clothianidin (CTD) as the core material. The scanning
electron microscope (SEM) image of nano-micelles showed that the nano-micelles had a spherical shape with a uniform
particle size distribution, with an average particle size of about 465 nm. In wvitro release revealed that the CTD@ U-CMCS-
g-ALA nano-micelles exhibited a sustained and pH-responsive drug release property at room temperature. Finally, the
antifeedant activity of CTD @ U-CMCS-g-ALA nano-micelles on sugarcane borer was tested by the artificial feed
incorporation method. The results showed that the drug-loaded nano-micelles could effectively inhibit the growth and
development of the sugarcane borer and the antifeeding rate of CTD@ U-CMCS-g-ALA on sugarcane borer wend down by
more than 14. 3% compared with unembedded clothianidin, which was mainly due to the encapsulation effect of the wall
material U-CMCS-g-AlA that could reduce the antifeeding performance against larvae and thus showed better insecticidal
activity.

Key words: Carboxymethyl chitosan; Amphiphilic; Nano-micelles; Self-assembly; Insecticidal
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