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Pharmaceutics

effective in certain 
[1-5] The poor aqueous solubility of  the drug may 

approaches such as solubilization with surfactant systems, 
formation of  water soluble complexes, and use of  pro-drugs 
and soluble salt formation have been reported for improving 
the solubility and dissolution, and in turn the bioavailability 

[6-8]

important role in the formulation development due to their 
effect on solubility, dissolution rate, chemical stability, and 

[9] et al. reported faster 
dissolution and better bioavailability of  ketorolac solid 
dispersion with HP-b [10] Reddy et al. reported enhanced 

with b [11] The objective of  the present 
study is to investigate the possibility of  improving the 
solubility and dissolution rate of  silymarin by complexation 
with b-cyclodextrin and also to compare the different 
complexation methods with respect to their dissolution 

INTRODUCTION

47%, leading to low bioavailability of  the drug, which 

namely, silybin, silydianin, and silicristine, with silybin being 

liver disorders, including acute and chronic liver hepatitis, 
cirrhosis, and alcoholic 
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ABSTRACT

Silymarin is a hepatoprotective agent, having poor water solubility and 
to low bioavailability of the drug. The aim of the present study is to improve the solubility and dissolution rate and in 
turn the hepatoprotective activity of the drug, by formulating its inclusion complex with beta (b)-cyclodextrin, using 

c  with b-cyclodextrin complex. The 
inclusion complexes were prepared by four different methods, namely, physical mixing, kneading, co-precipitation, 
and solvent evaporation. The prepared complexes were characterized using differential scanning colorimetry, 
scanning electron microscopy, and x-ray diffractometry. The inclusion complex prepared by the co-precipitation 
methods exhibits an overall best result, with respect to the formulation of sustained release formulations.
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MATERIA S AND MET ODS

b-cyclodextrin 

methanol potassium dihydrogen phosphate, and sodium 

Phase solubility studies were performed to determine 
the stoichiometric proportions of  silymarin with 
b [12,13] The data was used to determined the 

b-cyclodextrin was prepared using 

b

[7,14] The vials 
were shaken at an ambient temperature, for 48 hours, using 

complexation with cyclodextrin, hence absorbance of  the 

0) 
of  the phase solubility curve, a stability constant (Kc) was 

K 0 

Physical mixture method
The required molar (1 : 1) quantities of  the drug and 
cyclodextrin were weighted accurately and mixed together 
thoroughly in a mortar, with vigorous trituration, for about 

[7,15,16]

Kneading method
The required quantities of  the drug (Silymarin) and 
b

was added further to maintain suitable consistency of  the 
∞–50∞ 

[15]

Co-precipitation method

∞– 50∞ for 
48 hours, collected, and stored in airtight containers till 

[16]

Solvent evaporation method

such as acetone were dissolved at 25∞
the required moles of  b-cyclodextrin in hot distilled water 
were added dropwise into this solution, with continuous 

was stored in a desiccator under vacuum to a constant 

Drug content estimation
The quantities of  inclusion complex equivalent to 70 mg of  

Scanning electron microscopy
The morphology of  the inclusion complexes by physical 
mixture, kneading method, and co-precipitation method 

platinum to provide a conductive layer for observing 

IR spectrum analysis
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correction was made using dried potassium bromide, and 
then the spectra of  the dried mixtures of  drug and inclusion 

Differential scanning calorimetric analysis

rate of  10o o to 310o [16]

X-ray diffraction study
The X-ray diffraction pattern of  the selected inclusion 

4∞ to 50∞ ∞–001∞ on an X-ray 

Dissolution study of silymarin and its inclusion complexes
Dissolution of  inclusion complexes (equivalent to 70 mg 

The dissolution was carried out in 900 ml of  Phosphate 

were withdrawn periodically and replaced with 10 mL 

drug in the samples were determined by measuring their 

90 (time required for 90% 
dissolution of  drug) of  various solid dispersions were 

[17,18]

RESU TS AND DISCUSSION

The phase solubility study was done to determine the 
stoichiometric proportion of  silymarin with complexing 
agent b
the formation of  a 1 : 1 molar inclusion complex of  the 
drug with b
for silymarin (Kc) was 722 K 1 with the b-cyclodextrin 

methods, such as, physical mixture, kneading method, co-
precipitation, and solvent evaporation method were found 

complex prepared by kneading, physical mixture, and solvent 
evaporation shows slightly less drug content as compared to 

method, inclusion complex by kneading method, and co-

in the physical mixture method were very small in size with 

remained dispersed and physically adsorbed on the surface 
of  b
distributed on the surface of  b
and the co-precipitated systems show a homogeneity, 

system is of  poor crystal structure, lacks distinct crystal 

also have contributed to faster dissolution compared to 

IR spectral analysis

b
T90 (min)

Silymarin (alone) - <120
Silymarin : b cyclodextrin (PM) 97.140 62
Silymarin : b cyclodextrin (KN) 91.420 47
Silymarin : b cyclodextrin (CP) 99.995 94
Silymarin : b cyclodextrin (SE) 97.135 92
PM: Physical mixture, KN: Kneading, CP: Co-precipitation, SE: Solvent evaporation

Figure 1: b
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Figure 2: b

Figure 3: b

Figure 4: b
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SANTANU-SILIMARIN
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SANTANU-SILYMARIN-PHYSICAL MIXTURE
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SANTANU-SILYMARIN-KNEADING 
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SANTANU-SILYMARIN-CO PRECIPATION
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SANTANU-SILYMARIN-solvent evaporation

(a)

(c)

(b)

(d)

(e)
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b

Time
(PM) (KN) 9 (CP) (SE)

5 7.57 34.94 31.71 24.055 15.32
15 14.20 49.56 53.52 27.481 39.25
30 20.05 60.82 83.58 59.763 47.01
45 23.45 80.61 99.08 66.686 77.05
60 27.70 97.76 - 69.520 84.23
75 32.79 - - 87.200 86.41
90 43.67 - - 93.455 98.80
105 46.34 - - 95.320 -
120 49.13 - - - -
PM: Physical mixture, KN: Kneading, CP: Co-precipitation, SE: Solvent evaporation

silymarin with b-cyclodextrin, by different methods, are 

cyclodextrin cavity show in their peaks or show peaks of  

Silymarin, b-cyclodextrin, and the complex prepared by 
the co-precipitation method were subjected to differential 

one characteristic sharp endothermic peak at around 
150∞
curve shows that the sharp endothermic peak at around 
150∞

90∞ b-cyclodextrin, shifts to 60∞
in the inclusion complex, indicating that the inclusion 
complex does not contain much residue of  silymarin 
or b-cyclodextrin, thus suggesting that the drug is well 
dispersed in the b

X-ray diffraction study

The inclusion complex of  the drug prepared with 
b-cyclodextrin, using the co-precipitation method, which 
showed a good result overall, was characterized further 
by an XRD study The X-ray diffraction patterns of  
pure silymarin, as well as the silymarin–b
complex obtained by using the co-precipitation method 

diffraction) is an indication of  the amorphous nature of  the 

in case of  silymarin complexed with b
diffractogram, it attributes to a new solid phase with low 

crystallinity, indicating inclusion complex formation (more 

low intensity, are noticeable in the complex, indicating 
the greater amorphous nature of  the inclusion complex 

The inclusion complexes of  silymarin with b-cyclodextrin 
produce pronounced enhancement in its dissolution as 

90 value 
for kneading shows the quickest rate of  dissolution as 
compared to the other inclusion complexes, prepared by 

Figure 5:
b b

Figure 6:
with b

Figure 7:
b
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by the co-precipitation methods show their T90 in about 

CONC USION

The phase solubility data suggest a 1 : 1 complex formation 
with b

of  the drug prepared by the co-precipitation method 
shows the best results overall, in terms of  drug content 

result of  a preliminary study of  b-cyclodextrin inclusion 
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