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Controlled Release of Silymarin from Chitosan Carrier
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The experiment was designed to investigate the sustained release dosage form of silymarin (SL) from
chitosan (CS) carrier. Solid dispersed system was prepared by mixing the drug with chitosan. This solid
dispersed system was cross-linked by glutaraldehyde, formaldehyde, acetaldehyde and butylaldehyde,
respectively. The dissolution rates of these preparations were compared with each other in vitro. The
silymarin was mixed with anionic alginate gel and bead was prepared by dropping this mixture to cationic
chitosan solution including calcium chloride. Chitosan encapsulated alginate bead after drying in the oven
was investigated for the dissolution rate. The dissolution rate of SL-CS mixture was delayed with increase
in the amounts of CS and the concentration of aldehyde. The effect on the delay of dissolution rate
was in the increasing order of formaldehyde, glutaraldehyde, acetaldehyde, butylaldehyde. The dissolution
rate of chitosan encapsulated alginate bead was parallel with the concentration of chitosan in diluted
hydrochloric acid solution and delayed with increase in the concentration of chitosan in phosphate buffer
solution.

Keywards — Sustained release, Silymarin, Chitosan, Solid dispersion system, Cross linking, Dissolution
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Figure 1-Dissolution profiles of silymarine in diluted
hydrochloric acid(pH 1.2) and buffer solution(pH 6.8).
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Figure 2— Dissolution profiles of silymarine from solid di-

spersed systems with chitosan.
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Figure 3—Dissolution profiles of silymarine from solid di-
spersed systems with chitosan(1:1) added formaldehyde at
37¢C.
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Figure 4— Dissolution profiles of silymarine from solid di-
spersed systems with chitosan(1:5) added formaldehyde at
377C.
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Figure 5— Dissolution profiles of silymarine from solid di-
spersed systems with chitosan(1:1) added glutaraldehyde
at 37C.
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Figure 6— Dissolution profiles of silymarine from solid di-
spersed systems with chitosan(1:5) added glutaraldehyde
at 37C.
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Figure 7— Dissolution profiles of silymarine from solid di-
spersed systems with chitosan(1:1) added acetaldehyde at
37¢C.
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Figure 8— Dissolution profiles of silymarine from solid di-
spersed systems with chitosan(1:5) added acetaldehyde at
37T.
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Figure 9— Dissolution profiles of silymarine from solid di-
spersed systems with chitosan(1:1) added butyraldehyde
at 37C.
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Figure 10— Dissolution profiles of silymarine from solid
dispersed systems with chitosan(1:5) added butyraldehyde
at 37C.
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Table 1—Effect of Chitosan Concentration on the Release Profile of Silymarin from Sodium Alginate Beads Prepared with
Calcium Chloride in Diluted Hydrochloric Acid at 37C

Samples Cumulative concentration(%)
5 10 20 30 60 90 120 180 240 300 360 min
0.1%(2:1)1.5% 4.90 7.10 10.20 11.40 14.80 16.60 17.90 20.50 22.80 24.30 25.90
0.2%(2:1)1.5% 278 4.92 8.05 10.80 15.59 17.69 1922 2119 2329 24.74 2647
0.4%(2:1)15% 342 491 824 10.87 16.51 1941 2244 2511 2666 2840  29.85
0.1%(1:1)1.5% 4.50 7.20 11.60 14.40 1830 2070 2290 2620 2840 30.00 32.00
0.2%(1:1)1.5% 4.33 5.69 9.37 12.11 18.21 2161 2380 2665 2922 3107 3244
0.4%(1:1)1.5% 413 6.34 1045 13,51 19.70 22.69 25.74 28.81 31.02 32.57 3454
0.1%(1:2)1.5% 3.30 4.90 8.00 10.90 15.70 1850 2020 2270 2460 2650  28.60
0.2%(1:2)1.5% 391 5.36 8.57 1110 17.06 1997 2221 2496 2750 29.68 31.84
0.4%(1:2)1.5% 342 491 8.24 10.87 16.51 1941 2244  25.11 26.66 2840 29.85
0.1%(2:1)2.0% 2.60 3.30 4.80 6.10 9.50 11.60 13.20 16.40 1850 2040  21.60
0.2%(2:1)2.0% 340 4.10 6.40 7.60 11.00 13.90 15.90 18.60 21.10 23.20 24.10
0.4%(2:1)2.0% 1.60 290 5.50 7.30 12.40 15.50 1780 2250 2500 2790 2910
0.1%(1:1)2.0% 3.40 430 6.20 7.80 11.30 14.40 17.40 1980 2090 21.70 2250
0.2%(1:1)2.0% 395 4.85 7.33 9.08 13.83 16.37 1930 2235 2538 27.71 29.26
0.4%(1:1)2.0% 211 340 599 821 12.54 16.32 1914 2319 2650 29.06 3145
0.1%(1:2)2.0% 3.70 440 6.40 7.60 10.40 13.00 15.80 18.50 20.60 22.20 23.30
0.2%(1:2)2.0% 2.31 413 6.94 9.32 13.59 16.96 1936 2276 26.05 2914 30.11
0.4%(1:2)2.0% 194 3.14 5.38 749 13,57 18.87 21.45 2451 26.39 27.99 29.69
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Table 11— Effect of Chitosan Concentration on the Release Profile of Silymarin from Sodium Alginate Beads Prepared with

Calcium Chloride in Phosphate Buffer Solution at 37C

Samples Cumulative concentration(%)
5 10 20 30 60 90 120 180 240 300 360 min

0.1%(2:1)1.5% 2.20 | 440 9.70 16.60 39.90 61.80 75.50 85.90 91.50 94.50 96.30
0.2%(2:1)1.5% 2.06 3.76 791 1145 31.28 50.35 65.38 76.25 82.93 86.22 88.12
0.4%(2:1)1.5% 3.08 5.02 8.95 12.72 23.24 31.22 40.98 56.41 63.68 70.17 74.93
0.1%(1:1)1.5% 220 4.30 6.80 12.40 34.60 57.30 69.20 84.90 91.20 93.90 95.80
0.2%(1:1)1.5% 3.08 478 9.07 13.28 24.09 31.62 38.29 49.67 57.10 64.80 72.66
0.4%(1:1)1.5% 3.84 6.70 10.93 13.70 23.71 32.09 37.75 46.81 54.99 60.89 67.28
0.1%(1:2)1.5% 2.12 351 6.54 10.24 29.60 45.21 63.34 84.07 91.74 94.89 98.75
0.2%(1:2)1.5% 2.36 454 850 12.29 22,19 29.63 _ 28.03 55.06 64.70 74.12 82.44
0.4%(1:2)1.5% 3.17 5.32 9.54 13.37 24.12 31.92 39.17 52.59 63.35 70.14 77.59
0.1%(2:1)2.0% 2.10 391 8.21 12.79 35.65 5045  68.73 86.58 94.26 99.35 99.52
0.2%(2:1)2.0% 1.27 2.29 5.29 8.61 23.99 40.02 57.40 77.84 88.28 94.25 97.40
0.4%(2:1)2.0% 201 367 7.29 1084 1891 2566 3109 4083 4935 5549 60.16
0.1%(1:1)2.0% 1.23 2.80 6.89 11.01 26.65 4772 66.51 85.43 94.08 96.52 98.62
0.2%(1:1)2.0% 201 6.91 1044 1426 2568 3985 5892 7729 8895 9450 9753
0.4%(1:1)2.0% 1.98 3.17 6.92 10.28 18.58 2548 31.81 42.59 51.27 57.77 64.16
0.1%(1:2)2.0% 1.69 3.21 6.86 10.76 22.47 38.90 55.76 80.28 9143 95.28 98.71
0.2%(1:2)2.0% 119 2.82 5.00 11.75 23.67 39.25 53.80 73.30 84.03 91.77 97.63
0.4%(1:2)2.0% 2.62 5.27 8.10 11.26 19.14 25.13 30.15 37.87 4481 51.69 58.80
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Figure 11-Drug inclusion efficiency of 15% alginate
beads.

Key : A-1; 0.1% CS-1.5% SA bead(CaCl. 50 ml), A-2; 0.1%
CS-1.5% SA bead(CaCl: 100 ml), A-3; 0.1% CS-15% SA
bead(CaCl: 200 m/), A4; 0.2% CS-1.5% SA bead(CaCl: 50
ml), A-5; 0.2% CS-1.5% SA bead(CaCl: 100 m}), A-6; 0.2%
CS-1.5% SA bead(CaCl: 200 mi), A-7; 04% CS-1.5% SA
bead(CaCl: 50 m/), A-8; 0.4% CS-1.5% SA bead(CaCl: 100
m), A-9; 04% CS-15% SA head(CaClz: 200 m/)
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Figure 12—Drug inclusion efficiency of 2.0% alginate
beads.

Key : B-1; 0.1% CS-2.0% SA bead(CaCl: 50 m)), B-2; 0.1%
CS-2.0% SA bead(CaCl, 100 m/), B-3; 0.1% CS-2.0% SA
bead(CaCl: 200 m/), B-4; 0.2% CS-2.0% SA bead(CaCl: 50
ml), B-5; 0.2% CS-2.0% SA bead(CaCl: 100 m/), B-6; 0.2%
CS-2.0% SA bead(CaCl: 200 m/), B-7; 04% CS-2.0% SA
bead(CaCl: 50 ml), B-8; 0.4% CS-2.0% SA bead(CaCl: 100
ml), B-9; 04% CS-2.0% SA bead(CaCl: 200 mf)
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