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Abstract: Objective To prepare tobramycin-loaded carboxymethyl chitosan microspheres (Tob-loaded CMCMs) for ophthalmology
and evaluate their in vitro release properties. Methods The Tob-loaded CMCMs were prepared by emulsification-crosslinking curing
method. The yield, particle size distribution and encapsulation efficiency of microspheres were used as evaluation indexes. The Box-
Behnken experimental design was used to obtain the optimal formulation of the Tob-loaded CMCMs. The particle size distribution
of the Tob-loaded CMCMs was measured by Malvern laser particle size analyzer. The microstructure was observed by scanning
electron microscopy. The in vitro release properties of the microspheres were investigated in artificial tears. Results The optimal
formulation of the Tob-loaded CMCMs was optimized as followed: The carboxymethyl chitosan concentration was 3.5%, the
formaldehyde concentration was 1.5%, the Span-80 surfactant concentration was 0.8%. The average particle size of Tob-loaded
CMCMs was (12.3+0.4) um, which had a regular spherical distribution and no aggregation. /n vitro release was faster in the early
stage and slower in the later stage, which was consistent with the Higuchi model. Conclusion The formulation of Tob-loaded
CMCMs was optimized by Box-Behnken experimental design. The preparation process was simple, and the reproducibility was
good. The Tob-loaded CMCMs could delay drug release, which laid the experimental foundation for animal experiments.
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Table 1 Variables and levels in Box-Behnken

experimental design
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X 1% 3% 5% Y, TN
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Y,=62.27+11.05 X,+1.46 X,+4.76 X,+1.08 X.X,—
0.98 X,.X,—0.85 X,X;—9.43 X>—0.46 X,>—1.86 X;*(R*=0.986 5)

Y,=—14.574+1.10 X,+0.050 X,+3.67 X,—0.10 X X,+
0.05 X.X,—0.50 X,X,+0.37 X*>—043 X/—0.83 X} (R’=
0.982 8)

Y,=—61.40+4.81 X, +1.57 X, +12.56 X,—1.25 X X,+0.78
XX +0.75X,X,—1.19 X,*+0.088 X,"—4.89 X;(R*=0.973 8)

TN R 3TTE A R, X X Y,
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Table2 Optimization of Box-Behnken experimental design

. AR USRI
X, X, X Y, 7 Y
1 1 1.25 1 42.9 16.3 63.8
2 5 2 0.6 64.8 14.2 65.5
3 3 0.5 1 64.7 16.9 68.4
4 5 0.5 0.6 61.0 14.8 65.1
5 5 1.25 1 64.7 20.1 72.2
6 3 2 0.2 57.1 10.3 44.0
7 5 1.25 0.2 61.1 11.5 47.2
8 3 1.25 0.6 62.2 15.1 65.6
9 3 0.5 0.2 51.2 9.2 432
10 3 1.25 0.6 61.8 14.1 63.0
11 1 2 0.6 41.6 14.2 58.8
12 3 2 1 67.1 15.9 71.1
13 3 1.25 0.6 63.2 15.1 56.9
14 1 1.25 0.2 354 9.2 395
15 1 0.5 0.6 42.0 13.2 51.8
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X% Y, B iR 2 (P<<0.05) o 3 i e 5 g i PR (A
1~3) B g ELA 73 M1 3 A AR 5 55 i AR 2 8] R G R o
243 RTINS AT E R H 4 1
AT B B PR A 50 SR IR ) e A OB K
T/ IN BRI, 0, J5F 26RO R, 28 S 58 A Tl
TUAT B IR 1 B R A J7 4 RSNy = R 30 RO T ik
504 3.5%  FH R 51 5K O 1.5%  Span-80 Jii &K i
9 0.8% » TR WL 2 e KT ik 3] 64.8% , FiAE e /N A
12.7 um, B R KN 62.9%. 1% IR Ab 7 7% 45

RI AEDWER

Table 3 Results of variance analysis

S F-J7F Fii PiA
Y, Y, Y, Y, Y, Y, Y, Y, Y,

(i 152049 12265 1570.22 40.62 31.67 20.63 0.000 4 0.000 7 0.001 9
X, 976.82 9.68 185.28 234.88 22.49 0.91 <0.000 1 0.005 1 0.395 4
X, 17.11 0.020 19.85 4.11 0.046 15.47 0.098 3 0.837 8 0.018 4
X, 181.45  108.04 1262.53 3.63 251.07 43.28 0.1347  <0.000 1 0.009 4
XX, 4.62 0.004 0 6.25 1.11 0.083 0.74 0.340 0 0.772 7 0.429 3
XX, 3.80 0.001 2.40 0.91 0.023 0.28 0.3829 0.884 8 0.6169
XX, 2.89 1.00 225 0.69 232 0.27 0.442 5 0.1879 0.628 0
X2 328.57 0.50 521 79.01 1.15 0.62 0.000 3 0.3319 0.468 2
X2 0.78 0.69 0.028 0.19 1.61 0.003 3 0.683 8 0.260 2 0.956 1
X2 12.75 2.56 88.20 3.07 5.96 10.43 0.140 3 0.058 6 0.023 2
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Fig. 1 Response surface of carboxymethyl chitosan (X,), formaldehyde (X,) and Span-80 (X,) to microsphere yield (Y,)
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Fig. 2 Response surface of carboxymethyl chitosan (X,), formaldehyde (X,) and Span-80 (X,) to microsphere size (Y,)
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Fig. 3 Response surface of carboxymethyl chitosan (X,), formaldehyde (X,) and Span-80 (X,) to encapsulation efficiency

of microspheres (Y,)
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Fig. 4 Particle size distribution of tobramycin carboxy-

methyl chitosan microspheres
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Fig.5 Scanning electron microscope of tobramycin car-

boxymethyl chitosan microspheres
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Fig. 6 Release curve of tobramycin carboxymethyl chito-
san microspheres in vitro (n=6)
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Table 4 Drug release model fitting results
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