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Preparation of carboxymethyl chitosan—nano sliver nanoparticles by orthogonal design
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(1.Department of Pharmacology, Tianjin Medical University, Tianjin 300070, China; 2.Medical biological material supervision and
research center, Tianjin Institute of Medical and Pharmaceutical Sciences, Tianjin 300020, China)

Abstract Objective: To prepare carboxymethyl chitosan drug—loaded nanoparticles with nano silver as model drug the influence of the
drug—loaded nanoparticles preparing conditions on the particle size and the encapsulation efficiency to select the optimum conditions for
preparation. Methods: With sodium tripolyphosphate as crosslinking agent, Drug—loaded nanoparticles were prepared by ionic cross—
Linking method. The drug encapsulation efficiency and particle size were measured. The release of nano —sliver from preparations
byultraviolet spectrophotometry was observed. Results: Through the orthogonal design, preparation method was optimized. The optimum
conditions included the carboxymethyl chitosan concentration of 4.2 mg/mL., speed of 5 s/drops,and the best dosage of nano sliver for 20 mg
(500 pL). In this experiment,the mean size of the preparation drug—loaded nanoparticles was 514.1 nm with the polydispersity index of
0.204,and the encapsulation efficiency was 61.67% .The accumulated amount of release in the preparations is more than 80% at 8 h.
Equation of in vitro release model fitted best to Kinetic equation. Conclusion:This preparation method is simple and stable. The
carboxymethyl chitosan—nano sliver nanoparticles can be prepared with a high encapsulation efficiency and suitable particle size.

Key words carboxymethyl chitosan; nano sliver; nanoparticles; ionic cross—linking method
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80% ), = RWEIREN(TPP, 0474k ) , 258 F/K (A ).
1.1.2 {X4%F AL204 LT RV (M8 —4E R 2 A B
5w)) , KQ-50E TR HeA (B Ll /e A3 A R
N, T6 Fr it ae AT WA e BE T (Jb 5 i
FIALZ AT BRIFAEZAE] ), Model J2-21 5 1 /85 380 25 .0
ML, Zetasize FiA2 ML (Malvern 23 &) ), i 148 (15
i 4 T i 8 000-14 000,sigma), 24 4 i A
(RCI2A, KK K%K )

12 7%

12,1 YORBERGIED L 0.5%ER R A5, Bl
4.2.6.3 Fl 8.4 mg/mL (] CMC % ; L 0.5%Fh R N
), e 2.8.3.7.4.7.5.6.6.5.7.5 Fl 8.4 mg/mL i)
TPP ¥R o 25T 28Ik Il 45 25 FAGRIER B — 2 ik
JERY CMC % 20 mL, B A IRAES T A — & WY
TPP ¥, SR 15 min, AR REL 0 S AN I e
T R ZR B AARIRAS 1R 2R 2 LG A IE B4 oK B
BRIEBM

1.2.2 GRS T e ik i

1.2.2.1 MK e RE RS % 200 pl. 9K
BT 1000 mL AR gssifirh, A K
25, T A 9K 50.00 me/L HAE AT, DL 25
HKERAZI, RIS Wb 7E
200~900 nm i [l N FEA T A K8

1.2.2.2 bRk 2l R WS I & TGS 1
K 6 P ) B 2 A 2.00 mg/IL . 4.00 mg/L.8.00 mg/L .
10.00 mg/L (A KRRIAT . LEE T KIS, 7
410 nm i AT UL ER A0 0BT L OB EE
RRAATINAE 30K ML 3 YOI, IF DA € %
JCEE A VR,

1.2.2.3 R ML UKl 8.00 mg/L KR
& 50 mL, = kR A ARCE, T 0.2.4.6.8 h Hig)
KARIEWE 3 mL, M HAE 410 nm ARG, BR4H
AT 3 e

1.2.2.4 AEE R . F IR 1.2.2.2 TR g5k B
el 4.00.6.00.8.00 mg/L AU KEIA 3 mL, —
RWNEZWE SIRIGESNE S, 2HEH N,
H )48 5+ 250

1.2.2.5  HERGEEIRER . BV — & R AY 4 K AR
VR, 25 PBS 2% IR B 3 AR TS A i vk B Oy 4.58
mg/L.7.95 mg/L F1 9.24 mg/L (A AKERIR . Bk
FEGREREW 3 mL, € H: 410 nm ZEMOGRE , 44>
VP 3 U BRI 25 v B WO B (AR 1
TR IR R B TR DR, DARIeR
FORUERAE .

123 IEACIEE %48 CMC IR E (A), TPP %

W H (B, KA AR (C) M I ZRE (D) A 4
AMRES R R TPP WO B2 D 3.1 W BT E TPP ¥
TR o BRI 3 K, 4218 Lo(34) 1IEAC BT
(WL 1), ALE 3 GORGIERRAR M 2508 R BUE
KRR bR, R T . W BRI E R
R 0.4, GOKRTERRLAR AR RECH 0.3, 2401
FEIBERECN 0.3, 261F45r=0.4X/61.67+0.3
(1 000-Y )/485.9+0.3(1-7)/0.808 Ix100% . 4 KR
VSN AN G 9 20 mL CMC %W b, B S
10 min, FFHSE AR, 1P RS T Fe BERH I 2%
AAEI LR TPP IR 5 mL, 4SS 10 min, 45
H A AR TIERIEZ W T 4 °C, 16 000 /min B0
10 min, B FI5 W, E & E 25 mL, #i Bt 50 1%, #4218
1EAZARE6 243 F B 3 mL ISR OB, R ARR
HERMAIT A G W b AR BRI R B A 52

A B = (PR AR B B~ 8 W 90 K R
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Tab 1 Table of orthogonal factors

HE  CMC IR T GRG0
KN (mg/mL,A) (s/7#,B) (uL) (D)
1 8.4 5 750(30 mg) -
2 6.3 2 500(20 mg) -
3 4.2 1 250(10 mg) -

1.2.4  HUORBEERARINRERORLE 456 IE A8
SO BEIER AT e 1 3 L SCE T2 A
YORBIERVEA T RSN GRS o BF 45 2 3R 25 9 KBk
TR 10 mL B TAHUS BT A4S, FLZE Wi,
T AR FEAE o BEAc AT pH 7.4 1Y PBS
22wk 500 mL, 37 °C,50 r/min, fE 15.30.45 min.
1.2.3.4.5.6.7.8 h Bkt 3 mL, #hFeMRIAREAG A
JBio SN E RN AL 410 nm AR GAE -
173 W Bl 2RI 28 . R4
T BRI 3 HERE S AT A , S5 RO
1.2.5  HUORBERIRSMREGUA  E8 B BeE
e, ] Origin 8 #HATHLG, 1T R2,
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Tab 2 Phase transition of the reaction system ~2.000
CMC(mg/ TPP(mg/mL) 200.00 400.00 500.00 800.00 900.00
mL) 2.8 3.7 4.7 5.6 6.5 7.5 8.4 Pk mm
8.4 + + * * * * * Bl 1 ZARRIERETEIN-FT IR 1 ( 20.00 mg/mL )
6.3 _ _ + + + * * Fig 1 UV - Vis spectra of nanosilver solutions(20.00 mg/mL )
42 - - - + + + * 1.8
—BEE A FLDG, AR L6
Note:— represents Clarity, + represents opalescence, *represents floc };
22 HRPIERSZME I R AE % 0; A=0.1541C +0,008
22,1 DMERERKAERE  HHRZERILE 1 BRgpk % 06 R 09999
HUAWCTE 410 nm AL HBL—FFIERE . BOOE 410m 0
AR VE I SE AR AR B B R T AT 0 :
0 2 4 6 8 10 12

222 trdEM L gl AR E )RR A=
0.1541C+0.008,R2=0.9999 , Z5 . ILIE 2., /R ghKAR
TR VR FE SO Z ARG R .

223 foEtEike  S5R0ER 3. WORIEHAE 8h N
FoETERLT

F3 MKRETERBER (ve,n=3)

Tab 3 Results of stability test of nanosilver

c(mg/L)
B2 HRIRIARIRHEHZ(410 nm)
Fig 2 Standard curveof nanosilver solutions(410 nm )
224 WEPEEAY ZORUWE 4. HAHEREE
Y Al oK

A7) /h 0 2 4 6 8
W' 1.242 1.243 1.240 1.243 1.242
1.241 1243 1.240 1.241 1.240
1.240 1.242 1.241 1.245 1.241
s 1.241£0.001 1.243+0.001 1.242+0.002 1.243+0.002 1.241x0.001
RSD/% 0.08 0.05 0.17 0.16 0.08

R4 MRBEZERLELSE R (xs,n=3)

Tab 4 Results of accuracy test of nanosliver(xs,n=3)

JnAE(mg/L)  HWAESRZE(n=5) H 045 5 2% (n=5)

£S5 MARROKERIRIEE R (xxs,n=3)

Tab 5 Results of recovery test of nanosliver(xs,n=3)

BCHIVR I WOCRE AR xts/

il (mg/L) A (mg/L) i (mg/L)

RSD/%

xs/( mg/L ) RSD/% xs/( mg/L ) RSD/%
4.00 4.00+0.10 1.14 4.00+0.10 1.49
6.00 6.00+0.00 0.41 6.10+0.10 1.11
8.00 8.00+0.00 0.52 8.00+0.10 1.52
22,5 WEREERL: SR UWER S, B R PIICRIRT

Ao millE sk,
23 EZGRE SR 6. FIH SPSS21.0 XT1EAL
RIS ZE R T 22500 G5 R IR 7.

FH 2% 6 P IKT LR A8 T 8 PR 227K 13 L, 45 1A
EEBERF N ASB>C, BIER P 350 RO Tk

1 4.58 0.709 4.55 99.34  99.41+0.13  0.13
0.710 4.56 99.56
0.709 4.55 99.34

2 7.95 1.235 7.96 100.12 100.16+0.07  0.07
1.235 7.96 100.12
1.236 7.97 100.25

3 9.24 1.428 9.21 99.67 99.64+0.06  0.06
1.426 9.20 99.57
1.428 9.21 99.67

JESTHHESPIR AR . £ 7 WRHR Af BENE
SR TN ER B A C ANEAT BB VRN 4% A3 1E
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Tab 6 Results of orthogonal test

I oass A B C D WEE X% FHRIE Yhm  Z0WREZ LEGTEIY
1 1 1 1 1 48.84 948.8 0.799 4230
2 1 2 2 2 4322 753.9 0.830 49.54
3 1 3 3 3 30.79 888.8 0.744 36.34
4 2 1 3 2 46.73 534.9 0.291 85.35
5 2 2 1 3 43.17 636.5 0.274 77.40
6 2 3 2 1 38.59 540.0 0.355 77.38
7 3 1 2 3 61.67 514.1 0.204 99.55
8 3 2 3 1 53.76 727.4 0.192 81.70
9 3 3 1 2 56.03 666.8 0.261 84.35

K1 128.18 227.20 204.05 201.38
K2 240.13 208.64 226.47 219.24
K3 265.60 198.07 203.39 213.29
4273 75.73 68.02
80.04 69.55 75.49
88.53 66.02 67.80
R 45.80 9.71 7.69

e AR, n] LASR AR B R A, 20 B R BN
LR AER o E8E BT VE IR AL, il 45 i 4K sk
PR /N LIRS Bn , A3B1C2 Wi T 20,
24 BHEERXEE RN T ZMECEERK 3K,
WAL L2591 K 61.52% .60.33%F1 61.70%
2.5 4RI RIME AL RRIEIEASIRIG SR, ik
R 441, 25 7 4. 56 o dlT 20 & H B 9 K ek
PEATIROMEORG , 25 B i 26 DL & 3. an &l T
VLSS 7 R IAERZE A Vo e, ARAR B
FERT 2 h B 2 50% 25, 2R B b
F2%,8 h Btk 80% 2y, 555 4 LA o 4
L, 56 7 AR TIER B 253 e 42
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Fig3 Releasing curve of drug —-loadednanoparticles by different

preparation techniques in vitro(n=3)
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Tab 7 Analysis of variance

J7 25 AR B2FM BME FIb FIERE P
A 3562.864 2 30.958  19.000  <0.05
B 144.973 2 1260 19.000  >0.05
C 55.137 2 0.479  19.000  >0.05
D(i=Z250) 115.09 2 - - -

RS HAMKBIKEIMEHUSER

Tab 8 The result of drug-loaded nanonanoparticles on relevant fitting

TR A LR WA REE(R?)
EH 0=6.911+35.48 0911
—2 Q=75.49(1-e"*) 0.989
Higuchi 0=24.591""+17.91 0.942

R HAWMKBIKIBEMLER

Tab 9 The result of drug-loaded nanonanoparticles on stability

B a)/d 0 1 7 14 30

94 K 47 Wi 6.14£0.08 6.12+0.10 6.19+0.10 6.21+0.08 6.25+0.05
HeSE 6.71+0.07 6.690.11 6.7020.10 6.7520.09 6.75+0.10
xas(mg/l)  6.3320.10 6.3320.10 6.3820.12 6.3720.09 6.41=0.11
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ARSZEHd ] 4.2 mg/mL CMC %, 7.5 mg/mL
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