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 Silymarin has beneficial effects in the prevention and the treatment of liver 

disease, however, the bioavailability of silymarin is limited by its poor solubility in water. 

The preparation of silymarin by solid dispersion technique may improve the dissolution of 

silymarin. The enhancement of dissolution is caused by an interaction between drugs and 

hydrophilic carriers. The dissolution characteristics of the drug depend on the type and 

ratio of carrier used. For this reason, one of the objectives of this study was to investigate 

the effect of polyethylene glycol 4000, 6000 and polyvinylpyrrolidone  K 30 at the ratio 

silymarin to carrier for 1 : 2, 1 :  4 and 1 : 8 on the dissolution of silymarin prepared by 

solid dispersion technique using fluidized-bed coating technique. The results suggested 

that percent dissolved of silymarin solid dispersion pellets were higher than silymarin 

powder. Silymarin solid dispersion pellets using polyethylene glycol 6000 a t all ratios 

provided the higher percent dissolved of silymarin than polyethylene glycol 4000 and 
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against cisplatin-induced cytotoxicity in human kidney cells (HK-2 cells). The results 

suggested that silymarin showed protective effect against cisplatin-induced cytotoxicity in 

HK-2 cells by decreasing the number of cell death. The protective effect of silymarin may 

be due to its ability to scavenge hydrogen peroxide and hydroxyl radical. Cisplatin-

induced cytotoxicity is caused by the production of these radicals. 
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CHAPTER I 

 

INTRODUCTION 
 

 The experiments conducted in this study were divided into 2 pa rts; the first 

one concerning the enhancement of dissolution of silymarin by solid dispersion 

technique and the second one pertaining to the inhibitory effect of silymarin against 

cisplatin-induced nephrotoxicity. 

 Silymarin is a standardized extract obtained from the seeds of silybum 

marianum L. It contains 70-80% of flavonolignans and 20-30% of polyphenolic 

compounds (Kren and Walterova, 2005). Silymarin is widely used as a supportive 

therapy for liver disorders such as cirrhosis and hepatitis (Ulbricht and Basch, 2005). 

It has been shown to protect liver and other organs from toxins or drugs such as 

carbon tetrachloride (Letteron et al., 1990), ethanol (Singha et al., 2007), 

acetaminophen (Nencini et al., 2007), adriamycin (El-Shitany et al., 2008), rifampicin 

and pyrogallol (Upadhyay et al., 2007). The protective effect of silymarin may be due 

to its antioxidant activity (Kiruthiga et al., 2007), its ability to prevent the depletion of 

glutathione (Alidoost et al., 2001) and its potential to stimulate protein synthesis 

(Sonnenbichler et al., 1999).  Although silymarin has several advantages as previous 

described, the bioavailability of silymarin is limited by its poor solubility in water 

(Gazak et al., 2004). The solubility of poorly water soluble drug is often a rate 

limiting step for the permeation and the oral bioavailability. Improvement of the 

solubility can increase the rate and the extent of drug dissolution. Enhanced the 

dissolution extent resulted in the increment of bioavailability (Fernandez et al., 1993; 

Horter and Dressman, 1997; Leuner and Dressman, 2000). Many researchers have 

been tried to improve the dissolution of silymarin by using solid dispersion technique 

(Wu et al., 2006; Sun et al., 2007). The solid dispersion technique is used to improve 

the dissolution rate of poorly water-soluble drugs by changing the physical properties 

of the drugs such as transformation of the drug crystallinity to an amorphous form 

(Leuner and Dressman, 2000). The enhancement of the dissolution is due to an 

interaction between drugs and carriers such as polyethylene glycol (PEG) and 
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polyvinylpyrrolidone (PVP). These polymers are freely water soluble, non-toxic and 

compatible with the drug (Horter and Dressman, 1997; Leuner and Dressman, 2000). 

The dissolution characteristics of the dispersed drugs depends on type and ratio of the 

carrier used (Fernandez et al., 1993; Leuner and Dressman, 2000; Nair et al., 2002; 

Konno et al., 2008). The solid dispersion technique can be prepared by melting 

method and solvent method. However, the degradation of thermolabile drugs and the 

insufficiency of solvent removing are the disadvantages of these two methods, 

respectively. (Leuner and Dressman, 2000; Sun et al., 2007). Fluid-bed coating 

technique has been applied for solid dispersion preparation in order to solve the 

mentioned problems (Sun et al., 2007; Ho, et al., 1996). To date, only a few studies 

have used this technique for solid dispersion preparation. For this reason, the 

enhancement of silymarin dissolution using fluid-bed coating technique for solid 

dispersion preparation was investigated in this study. 

 From these beneficial effects as previously described, several studies have 

been attempted to use silymarin for the prevention of cancers (Bongiovanni et al., 

2007; Ramakrishnan, 2006). In addition, silymarin has been used in combination with 

cisplatin in the treatment of cancer patients    (Scambia et al., 1996). 

 Cisplatin is an effective chemotherapeutic agent for the treatment of cancers 

including ovary, bladder, head and neck cancers (Chabner, 2006). However, the 

clinical application of cisplatin is limited because of its dose-dependent 

nephrotoxicity, a severe adverse effect. Long term used of cisplatin would lead to an 

acute renal injury and renal failure (Ali and Al Moundhri, 2006). Previous studies 

found that the cytotoxicity of cisplatin in normal cells is due to the induction of 

oxidative stress and the depletion of antioxidant such as glutathione leading to 

apoptosis and necrosis cell death (Sadzuka et al., 1994; Ali and Al Moundhri, 2006; 

Okuda et al., 1999; Atessahin et al., 2005). Silymarin is found to be synergist with the 

cisplatin in the treatment of cancer (Scambia et al., 1996). In addition, the cytotoxicity 

of cisplatin in normal cells is reduced after the treatment with silymarin (Neuman et 

al., 1999; Mansour et al., 2006). However, the protective effect of silymarin against 

cisplatin-induced nephrotoxicity is unclear but its mechanism may be due to an 

antioxidant activity of silymarin. For this reason, the protective effect of silymarin 

against cisplatin was investigated in this study. 
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 As described above, the poor water solubility of silymarin affected its 

bioavailability and the protective effect of silymarin against cisplatin-induced 

nephrotoxicity remains unclear.  

 

The purposes of this study were as follows: 

 

1. To investigate the effect of PEG 4000, PEG 6000 and PVP K 30 a t various 

ratios on the dissolution of silymarin from solid dispersion pellets prepared by 

fluid-bed coating technique. 

2. To investigate the inhibition effect of silymarin against cisplatin-induced 

nephrotoxicity in HK-2 cells. 

 



CHAPTER II 

 

LITERATURE REVIEW 
 

A. Silymarin  
 Silymarin is a flavonoid complex extracted from the seeds of milk thistle 

(silybum marianum L.). Silymarin consists of approximately 70-80% flavonolignans 

and 20-30% polyphenolic compounds (Figure 1). Silibin (silibinin) is the main 

flavonolignans component of silymarin. The other components of silymarin are 

isosilybin, silydianin, silychristin, querctin and taxifolin (Kren and Walterova, 2005; 

Svobodova et al., 2006). Silymarin has been used for more than 2000 years in the 

treatment of liver diseases including hepatitis and cirrhosis (Mayer et al., 2005; Saller 

et al., 2001). It has been shown to protect the liver against toxins or drugs such as 

carbon tetrachloride (Letteron et al., 1990), ethanol (Singha et al., 2007), rifampicin 

and pyrogallol (Upadhyay et al., 2007). The protective effects of silymarin may be 

due to several mechanisms including, scavenging free radical activity (Kiruthiga et 

al., 2007), prevention of glutathione depletion (Alidoost et al., 2001), membrane 

stabilizing effect (Breschi et al., 2002) and stimulation of protein synthesis 

(Sonnenbichler et al., 1999). Recently, silymarin is received an attention due to these 

protective effects not only in the liver but also in heart (Rao and Viswanath, 2007), 

brain (Nencini et al., 2007), kidney (El-Shitany et al., 2008) and skin (Svobodova et 

al., 2003; Svobodova et al., 2007). In addition, silymarin has been used in the 

prevention and treatment of cancers (Bongiovanni et al., 2007; Kren and Walterova, 

2005; Ramakrishnan et al., 2006). Silymarin has been shown to synergist with 

chemopretherapeutic agents such as doxorubicin and cisplatin in the treatment of 

cancers (Scambia et al., 1996). Moreover, the cytotoxicity of chemotherapeutic agents 

such as methotrexate (Neuman et al., 1999) and cisplatin (Mansour et al., 2006) is 

reduced after the treatment of silymarin.  
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Figure 1. Structure of silymarin mixture (Kren and Walterova, 2005) 

 

 B. Cisplatin 
 cisplatin (cis-diamminedichloroplatinum (II) ) is a water-soluble planar 

member of the platinum coordination complex class of anticancer drugs. It is an 

organic complex formed by an atom of platinum surrounded by chloride and 

ammonium atoms in the cis position of a horizontal plane (Figure 2). Cisplatin enter 

cells by diffusion and by active Cu2+ transporter. Inside the cell, the chloride atoms 

are replaced by water, yielding a p ositively charged molecule that interacts with 

nucleophilic sites on DNA and proteins (Chabner, 2006). Cisplatin causes intrastrand 

and interstrand crosslinking probably between N7 and O6 of the adjacent guanine 

molecules, which results in local denaturation of the DNA chain (Jamieson and 

Lippard, 1999). Cisplatin is widely used for the treatment of many types of cancers 
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including ovary, bladder, head and neck cancer (Chabner, 2006). However, the 

clinical application of cisplatin is limited because of its dose-dependent 

nephrotoxicity, a severe adverse effect. Long term used of cisplatin would lead to an 

acute renal injury and renal failure (Ali and Moundhri, 2006; Atessahin et al., 2005; 

Sadzuka et al., 1994).  

 

Cl   Cl 

 

Pt 

 

NH3   NH3 

 

Figure 2. Structure of cisplatin 

 

 The exact mechanism of cisplatin-induced nephrotoxicity is not completely 

understood but current studies have been suggested a role for p53 i n tubular cell 

apoptosis (Jiang et al., 2007; Pabla and Dong, 2008; Seth et al., 2005; Yang et al., 

2007). On the other hand, there are well-known evidences that oxidative and 

nitrosative stress is involved in kidney damage after cisplatin administration. (Chirino 

et al., 2008; Daugaard and Abildgaard, 1989; Fukutomi et al., 2006; Kuhad et al., 

2006). Many researchers have been tried to reduce the cisplatin cytotoxicity by using 

less intensive treatment, the replacement of cisplatin analogue and the combination of 

cisplatin and antioxidant agents such as lycopene (Atessahin et al., 2005), melatonin 

(Hara et al., 2001) and vitamin E (Naziroglu et al., 2004).  

 

C. Reactive Oxygen Species (ROS) 
 Free radicals can be defined as molecules or molecular fragments containing 

one or more unpaired electrons in atomic or molecular orbitals. This unpaired electron 

usually gives a considerable degree of reactivity to the free radical. Radicals derived 

from oxygen, for examples, superoxide anion, hydroxyl radical and peroxyl radical. 

represent the most important class of radical species generated in living systems.  

Other reactive molecules such as molecular oxygen, singlet oxygen and hydrogen 
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peroxide are not free radicals but are capable of initiating oxidative reactions and 

generating free radical species. Together, these free radicals and reactive oxygen 

species are called ROS (Pinnell, 2003; Valko et al., 2007). The generation of ROS in 

biological systems may be endogenous, through metabolic processes or by exogenous 

sources like ultraviolet light (Wlaschek et al., 2001), ionising radiation (Leach et al., 

2001), drugs (Atessahin et al., 2005) or exposure to environmental contaminants of 

pollution (Becker et al., 2002). Pathways of ROS formation are shown in Figure 3 

(Valko et al., 2007). 

 ROS are well recognised for playing a dual role as both deleterious and 

beneficial species, since they can be either harmful or beneficial to living systems. 

Beneficial effects of ROS occur at low or moderate concentrations and involve 

physiological roles in cellular responses as for example in defense against infectious 

agents (Kazura et al., 1981) and in the function of a number of cellular signaling 

systems (Lander, 1997). The harmful effect of free radicals causing potential 

biological damage is termed oxidative stress. Under normal conditions, there is a 

balance between both the ROS and the intracellular levels of the antioxidants. The 

balance is essential for the survival of organisms and their health. The unbalance of 

oxidative stress and the antioxidant systems can cause cell damage and finally cell 

death (Valko et al., 2007). The excess ROS can damage cellular lipids, proteins, or 

DNA inhibiting their normal functions (Bandyopadhyay et al., 1999; Valko et al., 

2004). Mitochondria represent the first target. Alterations of mitochondrial membrane 

are the consequence of lipid peroxidation, causes harm to cell membranes and thiol 

residue damage that lead to aging, atherosclerosis and other diseases (Batandier et al., 

2002; Suematsu et al., 2003; Wei et al., 2006). 
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Figure 3 Pathways of ROS formation (Valko et al., 2007) 

 

 1. Superoxide anion radical 

 The addition of one electron to dioxygen forms the superoxide anion radical 

(O2
•−). Superoxide anion is produced within the mitochondria and is considered as a 

primary ROS, and can further interact with other molecules to generate secondary 

ROS, either directly or prevalently through enzyme- or metal-catalysed processes  

This superoxide anion is scavenged by intramitochondrial Super Oxide Dismutase 

(Mn SOD) leading to hydrogen peroxyde (H2O2) (Fridovich 1983; Valko et al., 

2007)..  
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 2. Hydrogen peroxide 

 Hydrogen peroxide is not a radical, for it has no unpaired electrons, and it 

displays a moderate chemical reactivity. However, this chemical reactivity is 

substantially enhanced by two features of hydrogen peroxide: First, hydrogen 

peroxide can cross freely biological membrane. Second, hydrogen peroxide is 

required for the formation of more potent oxidants, such as the hydroxyl radical (•OH) 

The released Fe2+ and hydrogen peroxide can participate in the Fenton reaction, 

generating highly reactive hydroxyl radical (Fe2+ +H2O2→Fe3+ + •OH+OH−). The 

superoxide radical also participates in the Haber–Weiss reaction (O2
•− +H2O2→O2 

+ •OH+OH−), generating reactive hydroxyl radical (Batandier et al., 2002; Cadenas 

and Davies, 2000; Valko et al., 2007). 

 

 3. Hydroxyl radical 

 The hydroxyl radical is the neutral form of the hydroxide ion. The hydroxyl 

radical has a high reactivity, making it a very dangerous radical with a very short in 

vivo half-life of approximately 10−9 s. The hydroxyl radical is known to react with all 

components of the DNA molecule, damaging both the purine and pyrimidine bases 

and also the deoxyribose backbone (Cader et al., 1999; Valko et al., 2007). 

 

D. Detection of ROS 
 The three reactive oxygen species superoxide anion radical, hydrogen 

peroxide and hydroxyl radical are scavenged spontaneously by enzymatic 

dismutation. Hydroxyl radical is the most unstable with a half-life of 10-9 sec. 

Hydrogen peroxide is more stable, but it is  highly metabolized either enzymatically 

by catalase and glutathione peroxidase, or low concentrations of transitional metals 

such as iron. Thus, the lifetime of hydrogen peroxide in the cell is depending on the 

concentration of protective enzymes in the closed environment and its high 

diffusibility of hydrogen peroxide crossing the membranes. The lifetime of 

superoxide anion radical cannot be calculated without a precision of local 

concentration of SOD and other substrates. However, the lifetime of superoxide anion 

radical in a cellular environment is expected to be very short. Therefore the highly 

sensitive analytical techniques for ROS detection is required (Batandier et al., 2002). 
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 Hydroethidine (dihydroethidium, HE) is a cell-permeant compound that can 

undergo a two-electron oxidation to form the DNA-binding fluorophore ethidium 

bromide or a structurally similar product. The reaction is relatively specific for 

superoxide, with minimal oxidation induced by hydrogen peroxide (Budd et al., 1997; 

Tarpey et al., 2004). The oxidation of 2-7-dichlorofluorescin diacetate (DCFH) to the 

fluorescent compound 2-7-dichlorofluorescein (DCF) was initially thought to be a 

relatively specific indicator of hydrogen peroxide formation. The diacetate form of 

DCFH-DA is taken up by cells, where DCFH-DA is metabolized by intracellular 

esterases to DCFH, which has been suggested to trap intracellularly. In the presence 

of hydrogen peroxide, DCFH is oxidized to DCF; fluorescence is measured with 

excitation at 498 nm and emission at 522 nm. (Shen et al., 1996; Tarpey et al., 2004). 

 

E. Defence mechanism against ROS 

 Exposure to free radicals from a v ariety of sources has led organisms to 

develop a s eries of defence mechanisms. Defence mechanisms against free radical-

induced oxidative stress involve in antioxidant defences (Pinnell, 2003; Valko et al., 

2007).  Various kinds of antioxidants with different functions play an important role 

in these defense systems. The preventive antioxidants such as catalase and glutathione 

peroxidase acting in the first defense line suppress the formation of ROS (Yabe et al., 

2001). The radical scavenging antioxidants such as flavonoids are responsible in the 

second defense line and inhibit chain initiation and break the chain propagation (Salah 

et al., 1995). The antioxidant enzymes such as phospholipases and DNA repair 

enzymes act as the third line defense in repairing the damage (Barnett and King, 

1995). Antioxidants can be classified into two major groups: enzymatic and non 

enzymatic antioxidants. Enzymatic antioxidant defences are mainly endogenously 

produced including superoxide dismutase, glutathione peroxidase and catalase. Non-

enzymatic antioxidants are mainly obtained from dietary sources. Dietary antioxidants 

can be classified into various classes, polyphenols is the largest class. Polyphenols 

consist of phenolic acids and flavonoids. (Ratnam et al., 2006).    
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F. Flavonoids 
 Flavonoids are benzo-γ-pyrone derivatives consisting of phenolic and pyrane 

rings (Figure 4) and are classified according to substitutions. Dietary flavonoids differ 

in the arrangement of hydroxyl, methoxy, glycosidic side groups and in the 

conjugation between the A- and B-rings (Heim et al., 2002). There is great interest in 

flavonoids because of their potential role as cancer chemopreventive agents such as 

quercetin (Yang et al., 2006) and epigallocathecin-3 gallate (Pianetti et al., 2002). 

This beneficial effect is considered to be mainly due to their antioxidant and chelating 

activities. The antioxidant activity of flavonoids and their metabolites in vitro depends 

on the arrangement of functional groups of the nuclear structure (Heim et al., 2002; 

Rice-Evans et al., 1996). The B-ring hydroxyl configuration is the most significant in 

scavenging of ROS. Flavonoids with 2,3 doub le bond i n conjugation with a 4-

carbonyl group exhibit stronger antioxidant activity compared to those saturated with 

a 4-carbonyl group (Heim et al., 2002). However, some flavonoids have been reported 

to be mutagenic or co-carcigenic. These effects may due to their pro-oxidant activities 

of flavonoids generating ROS under certain conditions such as in the presence of 

metal ions (Cao et al. 1997; Rietjens, et al., 2002) 

 
Figure 4. The nuclear structure of flavonoids (Heim et al., 2002) 

 

G. Apoptosis and Necrosis Cell Death 
 Cell death is part of the normal development, maturation cycle, maintenance 

of tissue homeostasis, and the response patterns of living tissues to xenobiotic agents. 

Abnormalities of the cell death are important in cancer development, cancer 

prevention and cancer therapy (Kanduc et al., 2002). Cell death can be divided into 
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two classes, apoptosis and necrosis. Apoptosis is usually called programmed cell 

death as it is a cel l-intrinsic mechanism for suicide that is regulated by a variety of 

cellular signaling pathways such as caspase. Apoptosis involves cellular shrinkage, 

condensation of nuclear chromatin, DNA fragmentation and the formation of 

apoptotic bodies and engulfment of apoptotic fragments by phagocytic cell. Theses 

alterations occur before membrane integrity is lost. Necrosis is usually called 

accidental type of death that cells receive a structural or chemical stimulation which 

cell are damaged and cannot recover. In contrast to apoptosis, early event of necrosis 

is the loss of plasma membrane integrity and allows water into the dying cell causing 

it to swell so that plasma and membrane burst. As a result, cells are released from the 

cytoplasmic contents into the surroundings and produces local inflammation. (Edinger 

and Thompson, 2004; Krysko et al., 2008; Lee et al., 2009; Schulze-Bergkamen et al., 

2006).  

 Oxidative stress is one of the major factors associated with cell death. The 

intensity of the oxidative stress may determine the selection between apoptosis and 

necrosis (Baigi et al., 2008). It has been shown that cells divert the mode of cell death 

from apoptosis to necrosis after exposure with hydrogen peroxide (Gardner et al., 

2007) or some alkylating compounds (Zong et al., 2004) . 

  The detection of apoptosis and necrosis generally used the fluorescent dyes, 

Hoechst 33342 and Propidium iodide (PI). During apoptosis, the plasma membrane 

undergoes multiple changes. Hoechst 33342, a blue fluorescence dye can diffuse 

through intact cell membrane stains the condensed chromatin in apoptotic cells more 

brightly than chromatin in normal cells. Propidium iodide, a red fluorescence dye 

cannot diffuse through intact cell membrane but only permeant to dead cell that 

membrane integrity was lost. The staining pattern from these dyes make the 

distinguish of normal, apoptosis and necrosis cell death (Sgonc and Gruber, 1998). 

  

H. Bioavailability of Silymarin 
 The absorption and the solubility of the drug are the keys determinants of its 

oral bioavailability. Since the absorption of orally solid dosage forms occur when 

drugs were dissolved in the gastrointestinal tract. The solubility of poorly water 

soluble drug is a rate limiting step for permeation and oral bioavailability. 
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Improvement of the solubility increases the rate and extent of drug dissolution. An 

enhancement in the dissolution rate and extent of poorly water soluble drugs should 

increase the absorption and the bioavailability (Horter and Dressman, 1997; Leuner 

and Dressman, 2000).    

 The effectiveness of silymarin is limited because of its poor water solubility 

(430 mg/l) leads to low bioavailability after oral administration (Gazak et al., 2004). 

The oral absorption of silymarin is only about 23-47% and peak plasma concentration 

is about 6-8 hr. Eighty percent of absorbed silymarin is excreted via bile as 

glucuronide and sulfate conjugates and only 3-8% is excreted in the urine (Dixit et al., 

2007). Many researchers have been investigated the preparations to improve the 

dissolution of silymarin including self-microemulsifying (Wu et al., 2006) and  solid 

dispersion technique (Sun et al., 2007). 

 

I. Solid Dispersion 
 Solid dispersion is the dispersion of the drug compound in a hydrophilic 

carrier and when the solid dispersion was exposed to water or gastrointestinal fluids, 

the soluble carrier would dissolve rapidly and the finely dispersed drug particles 

would then be released in very fine almost in micron or submicron range. There are 

many mechanisms for increasing dissolution of drug: the reduction of particle size of 

the drug within the dispersion, increasing wettability and dispersibility of a drug, 

formation of soluble compound or complex between drug and carrier, and 

transformed the crystalline from of the drug to an amorphous form (Craig, 2002; 

Leuner and Dressman, 2000; Sethia and Squillante, 2004; Verheyen et al., 2002). 

 There are two conventional methods of preparation solid dispersion, melting 

(fusion) and solvent method. Melting method is prepared by melt the drug and carrier 

and cool to form a homogeneous solid dispersion. This method is simplicity and 

economy but the disadvantages of melting method are immiscibility between drug and 

carrier may occur during fusion, only low melting point drugs or carriers can be used 

due to the problems of thermal degradation, and the solid dispersion product may be 

tacky and hard to fill into capsule. Solvent method is prepared by dissolve drug and 

carrier in suitable organic solvent and evaporate the solvent, finally, pulverize the 

product. The advantages of solvent method is the prevention of thermal degradation 
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of drugs or carriers but the disadvantages of this method is the difficulty in completely 

removing liquid solvent which may lead to toxicity problem (Leuner and Dressman, 

2000; Sun et al., 2007). Sun et al., 2007 prepared the solid dispersion using fluidized-

bed coating. The fluidized-bed coating method is more advantages than both 

conventional methods that the solid dispersions from fluidized-bed coating are easy to 

fill into capsule and the fluidized-bed coating is highly efficient for remove the 

solvent. 

 

J. Carriers 
 The selection of the carrier has influence on the dissolution characteristics of 

the dispersed drug. Using a water soluble carrier combined with poorly water soluble 

drug resulted in a fast release of drug from the matrix (Khan and Zhu, 1999). Whereas 

using a poorly water soluble carrier combined with a good water soluble drug leads to 

a retardation of drug release from the matrix (Tiwari, et al., 2003). To increase the 

dissolution of drug, hydrophilic carrier chosen for the preparation of solid dispersion 

should meet the following criteria: freely water soluble, non-toxic, compatible with 

the drug, and pharmacologically inert (Leuner and Dressman, 2000). The interesting 

hydrophilic carriers which are widely used are polymers, especially, polyethylene 

glycols (PEGs) and polyvinylpyrrolidone (PVP). Other hydrophilic carriers used are 

urea, bile acids and surfactants. 

 

 1. Polyethylene glycols (Macrogols, Polyoxyethylene glycols, PEGs) 

 Polyethylene glycols are mixture of condensation polymers of ethylene oxide 

and water. The molecular weight, indicated the number in the name, vary from 200 to 

300000 and the molecular weight used for solid dispersions vary from 1500 to 20000. 

Their solubility in water is good but decrease with molecular weight. PEGs of 

molecular weight 4000-6000 are the most frequently used for solid dispersion 

preparation because in these molecular weights the water solubility is still very high 

(Craig, 1995; Leuner and Dressman, 2000). Many researchers have been improve the 

dissolution of poorly water soluble drug by using PEGs 4000-6000 as carrier in solid 

dispersion preparation including alkyl p-aminobenzoates (Saers and Craig, 1992), 

diazepam (Rabasco et al., 1991),  fenofibrate (Sheu et al., 1994), ketoprofen (Margarit 
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et al., 1994), nifedipine (Law et al., 1992), phenytoin (Franco et al., 2001), and 

piroxicam (Fernandez et al., 1993). An advangtage of PEGs for the formation of solid 

dispersions is that they have good solubility in many organic solvents. In addition, the 

benefits of the PEGs including their ability to solubilize some compounds and also 

improve compound wettability.  

 

 2. Polyvinyl pyrrolidone (Povidone, Polyvidone, Kollidon, PVP) 

 Polyvinyl pyrrolidone is the polymerized of vinylpyrrolidone. Molecular 

weights of PVP ranging from 2500-3000000. PVP can be classified to the K value 

(Table 1). Likewise PEGs, PVP is good water solubility and can improve the 

wettability of the dispersed drug. Molecular weights of PVP have an influence on the 

dissolution of the drug. The solubility in water of PVP decreases with increasing 

molecular weight due to their much higher viscosity (Leuner and Dressman, 2000). 

Most studied of PVP solid dispersion have used PVP of molecular weight ranging 

from 2500-50000 (K12-K30) and especially, PVP K30. The enhancement of poorly 

water soluble drugs using PVP as carrier in solid dispersion including indomethacin 

(Hilton and Summer, 1986), frusemide (Doherty and York, 1987), albendazole 

(Torrado et al., 1996) and silymarin (Sun et al., 2007) 

 

Table 1 K values and the molecular weights of PVP (Leuner and Dressman, 2000) 

K value Approximate molecular weight 

12 

15 

17 

25 

30 

60 

90 

120 

2500 

8000 

10000 

30000 

50000 

400000 

1000000 

3000000 

 



 

CHAPTER III 

 

MATERIALS AND METHODS 
 

Cell cultures 
Normal human kidney cell, HK-2 cells (ATCC®, USA, Lot no. 4738634) 

 

Cell cultures medium 
1. Antibiotic Antimycotic Solution 100X (10,000 units penicillin, 10 m g 

streptomycin and 25 µg amphotericin B per ml) (Sigma-Aldrich Inc., USA, 

Lot no.028K2402) 

2. Dulbecco’s Modified Eagle Medium (DMEM) (Invitrogen Corporation, USA, 

Lot no.1384657) 

3. Fetal Bovine Serum (FBS) (Research grade) EU approved triple 0.1 µm sterile 

filtered (Thermo Fisher Scientific Inc., USA, Lot no.CSE0441) 

4. Phosphate Buffered Saline (PBS)10X pH 7.4 ( Invitrogen Corporation, USA, 

Lot no.1395685) 

5. Trypsin (1:250) porcine parvovirus tested (Invitrogen Corporation, Canada, 

Lot no.1256246) 

 

Accessories for Cell cultures 
1. Disposable Sterile Pipette 5 m l (Corning Incorporated, USA, Lot 

no.09008003) 

2. Disposable Sterile Pipette 10 m l (Corning Incorporated, USA, Lot 

no.08108002) 

3. 96-well Cell Cultured plate (Corning Incorporated, USA, Lot no.1208022) 

4. 25 cm2 Cell Culture Flask, Canted Neck with 0.2 µm Vent Cap (Corning 

Incorporated, USA) 

5. Cryogenic Vial (Corning Incorporated, USA, Lot no.15508044) 
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6. Microcentrifuge Tube 1.5 ml (Corning Incorporated, USA) 

7. Centrifuge tube 15 ml, Plug Seal Cap (Corning Incorporated, USA) 

8. Centrifuge tube 50 ml, Plug Seal Cap (Corning Incorporated, USA) 

9. Pipette Tips, 1-200 l Universal Fit Pipette Tips (Corning Incorporated, USA) 

10. Pipette Tips, 100-1000 l Universal Fit Pipette Tips (Corning Incorporated, 

USA) 

 

Chemicals for cell cultures tests 
1. 2,3-Dimethoxy-1,4-naphthoquinone (DMNQ) (Sigma-Aldrich Inc., USA, Lot 

no.086K1983) 

2. 2’, 7’-dichlorofluorescein diacetate (DCF-DA) (Sigma-Aldrich Inc., USA, Lot 

no. 115K4039) 

3. biz Benzimide H33342 trihydrochloride (Sigma-Aldrich Inc., USA, Lot 

no.G46K4017) 

4. Catalase from bovine liver (Sigma-Aldrich Inc., USA, Lot no.G34K7064) 

5. Cisplatin (Sigma-Aldrich Inc., USA) 

6. Dihydroethidium (DHE) (Fluka, USA) 

7. Dimethylsulfoxide (DMSO) Analytical Grade (Labscan Asia., Ltd., Thailand, 

Lot no.07030033) 

8. Ferrous sulphate (FeSO4.7H2O) (Ajax Finechem, Australia, Lot 

no.AF511300) 

9. Hydrogen peroxide solution (3%w/v) (Siribancha, Thailand) 

10. Mn (III) tetrakis (4-benzoic acid) porphyrin (MnTBAP) (EMD Chemicals 

Inc., Germany, Lot no.D0030652) 

11. Propidium Iodide (Sigma-Aldrich Inc., USA, Lot no.037K3676)  

12. Sodium formate (Sigma-Aldrich Inc., USA, Lot no.O5227CE) 

13. Thiazolyl Blue Tetrazolium Bromide, approx. 98% TLC (Sigma-Aldrich Inc., 

USA, Lot no.085K5304) 

14. Trypan blue stain 0.4% (Invitrogen Corporation, USA, Lot no.1368311) 

 

Chemicals for preparation of solid dispersions and dissolution testing 
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1.   14/18 CH Sugar Spheres, NF White (CHR HANSEN, USA, Lot no.2534480) 

2. Absolute Ethanol, AR grade (Labscan Asia., Ltd., Thailand, Lot no.07080175) 

3. Avicel PH101 (Ajax Finechem, Australia) 

4. Methanol, HPLC grade (Lab Scan Co., Ltd., Thailand, Lot no.06080013) 

5. Polyethylene glycol 4000 (Srichand United Dispensary Co., Ltd., Thailand, 

Lot no.PHF05700) 

6. Polyethylene glycol 6000 (Ajax Finechem, Australia, Lot no.AF401212) 

7. Polyvinylpyrrolidone K30 (BASF, Germany) 

8. Silymarin Soluble (Powdered Milk Thistle Extract) (Berlin Pharmaceutical 

Industry Co., Ltd., Thailand, Lot no. 0710220) 

9. Sodium dihydrogen phosphate (Ajax Finechem, Australia, Lot no.0710220) 

10. Sodium hydroxide (Merck, Germany, Lot no.B020089880B) 

11. Sodium lauryl sulphate (Ajax Finechem, New Zealand, Lot no.0802175) 

 

Apparatus  
1. Analytical balance (Model AX105, Mettler Toledo, Switzerland) 

2. CO2 Incubator (Model 311, Thermo Electron Corp., USA) 

3. Dissolution testing station (Model VK7000, Vankel Industries, Inc., USA) 

4. Flow cytometry (Becton Dickinson, USA) 

5. Fluid bed coating (Aeromatic Fielder AG, Germany) 

6. Laminar hood biosafety cabinet class II (Model ABS1200CL32MK2, ASTEC 

Microflow, UK) 

7. Magnetic stirrer (Model RCT basic, KIKA Works Guangzhou, China) 

8. Micropipette (Biohit, Finland) 

9. Microplate reader (Anthos Labtec, UK) 

10. Microscope (Model CKX41, OLYMPUS®, Germany) 

11. pH meter (Orion model 420A, Orion Research Inc., USA) 

12. Reversed microscope (Model IX, OLYMPUS®, Germany) 

13. Scanning Electron Spectroscopy (SEM) (Shimadzu, Japan) 

14. Sonicator (Model TP680DH, Elma, Germany) 

15. UV-Vis spectophotometer (UV-1601, Shimadzu, Japan) 

16. Vortex mixer (Vortex Ginies-2, Scientific Industries, USA) 
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17. Water bath (Model WB22, Memmert, Germany) 

 

Methods 

A. Preparation of Silymarin Solid Dispersion by Fluidized-Bed 

Coating Technique 

 
1. Calculation of silymarin amount for fluid-bed coating 

 Non-pareil sugar beads in the amount of 60 g  were used as cores of solid 

dispersion. Silymarin in the amount of 8.4 m g was accurately weighed to give an 

equivalent amount of silymarin 70 mg in 500 mg of non-pariel sugar beads. 

 

2. Preparation of silymarin and carrier solution 

 The carriers used for this study were PEG 4000, PEG 6000 and PVP K30. The 

ratios between silymarin and carriers were varied as shown in Table 2. An accurately 

weighed amount of carriers were melted at 50°C in a water bath. Silymarin and 

melted carrier were dissolved in 1200 ml of 40% absolute ethanol and stirred 

continuously to give a homogeneous solution. Avicel PH101 was added at 6%w/v as a 

glidant in the preparation of silymarin solid dispersion by fluidized-bed coating. 

 

Table 2. Ratios varied and carrier used in preparation of silymarin solid dispersions 

 

Formulation Carrier Silymarin:Carrier (%w/w) 

F1 

F2 

F3 

PEG 4000 

 

 

1:2 

1:4 

1:8 

F4 

F5 

F6 

PEG 6000 

 

1:2 

1:4 

1:8 

F7 

F8 

F9 

PVP K30 1:2 

1:4 

1:8 
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3. Fluidized-bed coating condition 

 Preparation of silymarin and carriers solid dispersion on non -pariel sugar 

beads were performed in a f luid-bed coater. The solution of silymarin and carriers 

were sprayed through a nozzle onto the fluidized non-pariel sugar beads. The 

operating conditions were as follow: 

 Inlet air temperature:  47°C 

 Fan capacity:   90-130 m3/h 

 Atomizing air pressure: 2 bar 

 Spray rate:   2 ml/min 

 After finished spraying, the silymarin solid dispersion pellets were dried for 

15-20 min at 30°C in a coating chamber. Pellets were stored in sealed containers until 

analysis. 

 

4. Characteristics of solid dispersion 

 The surface and cross-section morphology of silymarin solid dispersion pellets 

were investigated under Scanning Electron Microscopy.  
 

B. Determination of Silymarin Content in Solid Dispersions Pellets 

 UV-VIS spectrophotometric method was used for analyzing of silymarin 

content in solid dispersion pellets. 

. 

1. Preparation of standard solutions  

 Silymarin in the amount of 2.41 m g was accurately weighed and then 

transferred to a 25 ml volumetric flask. Methanol was used to dissolve and adjust the 

volume to make the final concentration of silymarin stock solution at 200 µmol/l. 

Standard solutions of silymarin were prepared by pipetting 250, 375, 50 0, 625, 750, 

875, 1000 a nd 1125 µl of silymarin stock solutions into 5 m l volumetric flasks, 

diluted and adjusted to volume with methanol to give the final concentrations of the 

solution to 10, 15, 20,  25, 30, 35, 40 a nd 45 µmol/l respectively. Then, standard 
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solutions prepared were analyzed spectrophotometrically at the wavelength 288 nm. 

Methanol was used as a blank. The standard curve was plotted between concentration 

and absorbance. 

 

2. Validation of UV-vis spectrophotometric method 

 The analytical parameters used for the assay validation were specificity, 

linearity, accuracy and precision. 

 

  2.1 Specificity 

  Specificity is the ability to assess non-interference of an analyte in the 

presence of components which may be expected to be present. Silymarin and other 

components of solid dispersion pellets: non-pariel sugar beads, PEG and PVP K 30 in 

methanol were analyzed by UV-VIS spectrophotometric method. Under the condition 

selected for study, the absorbance of silymarin must not be interfered by the 

absorbance of other components in the sample. 

 

  2.2 Linearity 

  The linearity of an analytical procedure is its ability to obtain test 

results, which are directly proportional to the concentration of analyte in the sample. 

Three sets of nine standard solutions of silymarin ranging from 10 to 45 µmol/l were 

prepared and analyzed. Linear regression analysis of the absorbances versus their 

concentrations was performed. The linearity was determined from the coefficient of 

determination (R2). 

 

  2.3 Accuracy 

  The accuracy of an analytical procedure expresses the closeness of 

agreement between the value, which is accepted as a conventional true value and the 

value found. Five sets of three concentrations of silymarin in methanol at 17.5, 27.5 

and 37.5 µmol/l were prepared and analyzed. These solutions were prepared by 

pipetting stock solution of silymarin for 875, 1375 and 1875 µl respectively into 10 ml 

volumetric flasks, diluted and adjusted to volume with methanol. The accuracy of this 

method was determined from the percentage of recovery. The percentage of recovery 
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of each concentration was calculated from the estimated concentration to known 

concentration multiplied by 100. Acceptance criteria for the accuracy, the percentage 

of recovery should be within 98%-102% (USP 29, 2006). 

 

  2.4 Precision 

  The precision of an analytical procedure expresses the closeness of 

agreement between a series of measurements obtained from multiple sampling of the 

same homogeneous sample under the same conditions. Precision may be considered at 

two levels: within run precision and between run precision. Acceptance criteria for the 

accuracy, the percent coefficient of variation should be less than 2% (USP 29. 2006). 

 

  1). Within run precision 

  Within run precision expresses the precision under the same operating 

conditions over a short interval of time. The within run precision was determined by 

analyzed five sets of three concentrations (low, medium and high) of silymarin at 

17.5, 27.5 a nd 37.5 µmol/l in the same day.  C oncentration of  s ilymarin was 

calculated and the percent of coefficient of variation (%CV) of each concentration 

was determined. 

 

  2). Between run precision 

  Between run precision expresses within-laboratories variations: 

different days, different analysts, different equipment, etc. The precision during the 

operation run was determined by analyzing three concentrations (low, medium and 

high) of silymarin at 17.5, 27.5 and 37.5 µmol/l on five different days. Concentration 

of silymarin was calculated and the percent of coefficient of variation of each 

concentration was determined. 

 

3. Assay of silymarin content in solid dispersions pellets 

 Silymarin solid dispersions pellets in the amount of 500 mg were accurately 

weighed and transferred to 25 ml volumetric flask. Methanol was used to dissolve and 

adjust to volume. The solution was sonicated for 30 min. Then, solution was diluted 

and adjusted to volume with methanol. The solution was filtered through 0.45 µm of 
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filtered membrane and analyzed by UV-VIS spectrophotometric method. The content 

of silymarin was calculated from standard curve. The percent recovery was calculated 

from the estimated concentration to known concentration multiplied by 100. 

 

C. Dissolution Testing of Silymarin Solid Dispersions  

 
1. Preparation of dissolution medium (USP 29, 2006) 

 

  1.1 Preparation of dissolution medium pH 7.5 

  Monobasic sodium phosphate in the amount of 27.6 g, sodium 

hydroxide in the amount of 6.08 g, and  sodium lauryl sulfate in the amount of 80 g 

were dissolved in water and diluted with water to 4000 ml. 

  

  1.2 Preparation of dissolution medium pH 6.8 

  Fifty ml of 0.2 m ol/l monobasic potassium phosphate solution was 

placed in a 200 ml volumetric flask, 22.4 ml of 0.2 mol/l sodium hydroxide solution 

was added. The mixture was diluted with water to volume. Monobasic potassium 

phosphate at the concentration of 0.2 m ol/l was prepared by dissolve 27.22 g  of 

monobasic potassium phosphate in water and diluted with water to 1000 ml. Sodium 

hydroxide solution at the concentration of 0.2 mol/l was prepared by dissolve 32.4 g 

of sodilum hydroxide in 150 ml of water and dilute to 1000 ml with water. 

 

  1.3 Preparation of dissolution medium pH 1.2 

  Fifty ml of 0.2 mol/l potassium chloride solution was placed in a 200 

ml volumetric flask, 85 ml of 0.2 mol/l hydrochloric acid was added. The mixture was 

diluted with water to volume. Potassium chloride at the concentration of 0.2 mol/l was 

prepared by dissolved 14.91 g potassium chloride in water and diluted with water to 

1000 ml. Hydrochloric acid at the concentration of 0.2 M  was prepared by aliquot 

hydrochloric acid for 85 ml and dilute with water to 1000 ml. 
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2 Validation of UV-VIS spectrophotometric method  

 The analytical parameters used for the assay validation method in dissolution 

media pH 7.5, 6.8 a nd 1.2  w ere specificity, linearity, accuracy and precision as 

previously described.   

 

3. Dissolution testing of silymarin solid dispersions 

 Silymarin pellets (500 mg or equivalent to 70 m g of silymarin) were 

transferred to capsule no.2. Dissolution test of silymarin solid dispersions were 

carried out in 900 ml of dissolution medium equilibrated at 37 ± 0.5°C. Dissolution 

tests were performed with USP apparatus type II (paddle) at the rate of 100 r pm.  

Silymarin capsule (n=6) were random by introduced in each vessel. Three milliliter of 

samples were collected at 10, 25, 45, 60, 120, 24 0 and 480 min and filtered through 

0.45 µm of membrane filter. The volume withdrawn each time was then replaced by 

equivalent amount of dissolution medium to maintain a constant volume of 

dissolution medium during the test. The concentration of drug dissolved was analyzed 

using UV-VIS spectrophotometric method and calculated from standard curve. No 

less than 75% of silymarin is dissolved in 45 minutes (USP 29, 2006). 
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D. Cytoprotectivity of Silymarin against ROS in HK-2 Cells 
 

 1. Cell cultures 

 Human Kidney cells (HK-2) were grown in DMEM supplemented with 

heat-inactivated FBS (10% v/v), penicillin (10,000 units/ml), streptomycin (10 

mg/ml) and amphotericin B (25 µg/ml). Cells were cultured in a humidified 

atmosphere with 5% CO2 at 37 ±  0.5 °C. For all experiments in this section, cells 

were seeded in 96-well cell cultured plates at density of 1×105 cells/well and grew 

near 70-80% confluence in 24 hr. 

 

 2. Sample preparation 

 

  2.1 Preparation of silymarin solution 

  Silymarin in the amount of 12.05 m g was dissolved in 1 m l of 

methanol to give a stock solution at concentration of 40 mmol/l and diluted with PBS 

to give concentrations of 250, 500, 1000, 2000 and 4000 µmol/l. 

 

  2.2 Preparation of ROS generators solutions 

   

  1). Preparation of superoxide anion radical solution 

  DMNQ (2, 3-Dimethoxy-1,4-naphthoquinone)  was used to generate 

superoxide anion radical in cells. One milligram of DMNQ was dissolved in 1 m l 

DMSO to make 4 mmol/l of stock solution. The solution was then diluted with PBS to 

give concentrations of 100, 200, 300 and 400 µmol/l. 

 

  2). Preparation of hydrogen peroxide solution 

   Hydrogen peroxide 3% v/v was used to generate hydrogen peroxide in 

cells. Forty-five µl of hydrogen peroxide 3% v/v was diluted with PBS to give a stock 

solution at concentration of 40 mmol/l and diluted with PBS to give concentrations of 

1000, 2500, 5000 and 10000 µmol/l. 
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  3). Preparation of hydrogen peroxide/ferrous sulfate solution 

  Ferrous sulfate and 3% v/v hydrogen peroxide were used to generate 

hydroxyl radical in cells. Ferrous sulfate in the amount of 11.2 mg and 45 µl of 3% 

v/v hydrogen peroxide were dissolved with 1 ml of PBS to give a stock solution at 

concentration of 40 m mol/l. and diluted with PBS to give concentrations of 1000, 

2500, 5000 and 10000 µmol/l. 

 

 3. Cytotoxicity of ROS generators in HK-2 cells 

 Cells were treated with either silymarin or ROS generators (10 µl/well) at 

various concentrations and were placed in 5% CO2 at 37 ± 0.5 °C for 24 hr. Control 

cells contained only medium with the same aliquot of DMSO/PBS or methanol/PBS 

instead of test compounds. The final concentration of DMSO and methanol in 

medium were 0.5%. The cytotoxicity after treatment was examined using MTT assay. 

Briefly, after treatment incubation, medium containing test compounds were removed 

and washed with 100 µl PBS for 2 times. Then the medium was replaced by MTT 

solution for 50 µl/well. This MTT solution was freshly prepared in serum free 

medium to give a final concentration of 0.45 mg/ml. The plates with added MTT 

solution were then wrapped in aluminium foil and were placed in 5% CO2 at 37 ± 0.5 

°C incubator for 4 h r. The MTT solution was removed and 100 µl of DMSO was 

added to each well to dissolve the formazan crystals. Read the absorbance at 

wavelength 570 nm and 620 nm as a background wavelength using microplate reader. 

All experiments were performed with three replicates for each sample. The 

cytotoxicity of silymarin and ROS generators were expressed as the percentage of cell 

viability. The percentange cell viability was calculated using equation 1. The non-

toxic concentration of silymarin and the half-maximal concentration of inhibitory 

concentration (IC50) of ROS generators were chosen for evaluating the cytoprotective 

effect of silymarin against ROS. 

 

% cell viability  = absorbance of treatment  ×  100         (equation1) 

                                                            absorbance of control 
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 4. Cytoprotective effect of silymarin against ROS generators in HK-2 

cells 

 Cells were pretreated with silymarin solution at non-toxic concentration for 

30 min followed by ROS generator solutions at IC50 and were placed in 5% CO2 at 37 

± 0.5 °C incubator for 24 hr. After treatment, the protective effect of silymarin was 

estimated using MTT assay as previously described. The cytoprotectivity of silymarin 

against ROS was expressed as the percent cell viability.  

 

E. ROS Scavenging Activity of Silymarin against ROS Generators-

Induced ROS Production in HK-2 Cells 

 
 1. Cell cultures 

 Cells were cultured in a humidified atmosphere with 5% CO2 at 37 ± 0.5 °C. 

For all experiments in this section, cells were seeded in 96-well cultured plate at 

density of 1×105 cells/well or were cultured in 25-cm2 cultured flask and grew near 

70-80% confluence in 24 hr. 

 

 2. Preparation of fluorescent compounds for ROS detection 

  

  2.1  Detection of superoxide anion radical generation 

  Dihydroethidium (DHE) was used as a fluorescent probe for detecting 

superoxide anion radical. One mg of DHE was freshly prepared in 1 ml of DMSO to 

give a stock at concentration of 500 µmol/l and diluted with serum-free medium to 

final concentration of 50 µmol/l.  

 

  2.2 Detection of hydrogen peroxide and hydroxyl radical 

generation  

  2’, 7’ dichlorodihydrofluorescein diacetate (DCFH-DA) was used as a 

fluorescent probe for detecting hydrogen peroxide and hydroxyl radical. DCFH-DA in 

the amount of 0.5 mg was freshly prepared in 1 ml of DMSO to give a stock solution 
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at concentration of 1 mmol/l and diluted with PBS to give a final concentration of 100 

µmol/l.  

 

 3. Investigation intracellular ROS response from ROS generators in 

HK-2 cells 

 Medium were removed, cell were washed with 1 ml PBS for 2 times and 

incubated with 5 µmol/l of DHE or 10 µmol/l of DCFH-DA at 4 °C for 30 min. After 

incubation, cells were placed on ice, the DHE or DCFH-DA solution were removed, 

washed with 1 ml PBS for 3 times and added with 12 ml of serum-free medium. Cells 

were scrapped from 25 cm2-cell cultured flask using cell scrapper and suspended in 

microcentrifuge tube for 1 m l of serum free medium/tube. ROS generators (10 µl) 

were added and were placed in 5% CO2 at 37 ±  0.5 °C incubator for 30 min for 

hydrogen peroxide and hydrogen peroxide/ferrous sulphate and 3 hr of DMNQ. After 

incubation, ROS production from ROS generators was investigated as fluorescent 

intensity of DHE or DCFH-DA using reversed microscope and flow cytometer. 

 

 4. Investigation of ROS scavenging activity of silymarin in HK-2 cells 

 Medium were removed, cell were washed with 1 ml P BS for 2 times and 

incubated with either 5 µmol/l of DHE or 10 µmol/l of DCFH-DA at 4 °C for 30 min. 

After incubation, Cells were placed on i ce, the DHE or DCFH-DA solution were 

removed, washed with 1 ml PBS for 3 t imes and added 12 ml serum-free medium . 

Cells were scrapped from 25 cm2-cell cultured flask and suspended in microcentrifuge 

tube for 1 ml/tube. Cells were pre-treated with non-toxic concentration of silymarin 

solution for 30 min followed by ROS generators at mentioned time in 5% CO2 at 37 ± 

0.5 °C incubator. After incubation, the ROS scavenging activity of silymarin was 

evaluated as the fluorescent intensity of DHE or DCFH-DA using reversed 

microscope and flow cytometer. 
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F. Cytoprotectivity of Silymarin against Cisplatin-Induced 

Cytotoxicity in HK-2 Cells 

 

 1. Cell cultures 

 Cells were cultured in a humidified atmosphere with 5% CO2 at 37 ± 0.5 °C. 

For all experiments in this section, cells were seeded in 96-well cell cultured plates at 

density of 1×105 cells/well and grew near 70-80% confluence in 24 hr. 

 

 2. Sample preparation 

 

  2.1 Preparation of cisplatin solution 

  Cisplatin in the amount of 3 m g was dissolved in 1 ml of DMSO to 

give a stock solution at concentration of 10 m mol/l and diluted with PBS to give 

concentrations of 200, 400, 600, 800 and 1000 µmol/l. 

 

 3. Investigation the cytotoxicity of cisplatin in HK-2 cells 

 Cells were treated with cisplatin solution at various concentrations for 10 

µl/well and were placed in 5% CO2 at 37 ±  0.5 °C incubator for 24. C ontrol cells 

contain only medium with the same aliquot of DMSO/PBS or methanol/PBS instead 

of the test compounds. The final concentration of DMSO and methanol in medium 

were 0.5%. The cytotoxicity of cisplatin was examined using MTT assay as 

previously described. The cytotoxicity of cisplatin was expressed as the percent cell 

viability. The IC50 of cisplatin was selected for determining the cytoprotectivitiy of 

silymarin against cisplatin.  

  

 4. Investigation the cisplatin-induced apoptosis and necrosis in HK-2 

cells 

 Cells were treated with cisplatin at IC50 and were incubated for 24 hr in 5% 

CO2 at 37 ± 0.5 °C. After incubation, medium were removed and cells were washed 

with PBS (100 µl/well). Apoptosis and necrosis cell death were investigated using 

hoescht 33342 and propidium iodide (PI) staining respectively. Hoescht 33342 and PI 
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were added (100 µl/well) and kept in the dark for 15 m in. Then, the apoptosis and 

necrosis were characterized by the fluorescent intensity of hoescht 33342 and PI using 

reversed microscope. 

 

 5. Investigation of the cytoprotectivity of silymarin against cisplatin in 

HK-2 cells 

 Cells were pre-treated with silymarin solution at non-toxic concentration for 

30 min followed by cisplatin at IC50 and were placed in 5% CO2 at 37 ± 0.5 °C 

incubator for 24 hr. After treatment, the protective of silymarin was estimated using 

MTT assay as previously described. The cytoprotectivity of silymarin against 

cisplatin was expressed as the percent cell viability. 

 

 6. Effect of silymarin against cisplatin-induced apoptosis and necrosis in 

HK-2 cells 

 Cells were pre-treated with silymarin solution at non-toxic concentration for 

30 min followed by cisplatin at IC50 and were were placed in 5% CO2 at 37 ± 0.5 °C 

incubator for 24 hr . After incubation, cells were removed medium and washed with 

PBS 100 µl/well. Apoptosis and necrosis cell death were investigated using hoescht 

33342 and PI staining as previously described. 

 

G. Antioxidant Activity of Silymarin against Cisplatin-Induced ROS 

Production in HK-2 Cells 
 

 1. Cell cultures 

 Cells were cultured in a humidified atmosphere with 5% CO2 at 37 ± 0.5 °C. 

For all experiments in this section, cells were seeded in 96-well cell cultured plates at 

density of 1×105 cells/well or were cultured in 25-cm2 cultured flask and grew near 

70-80% confluence in 24 hr. 
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 2. Sample preparation 

 

  2.1 Preparation of ROS scavengers solution 

 

  1). Preparation of MnTBAP solution 

  MnTBAP was used as a superoxide anion scavenger. MnTBAP in the 

amount of 4.23 m g was dissolved in 1 m l of DMSO to make a stock solution at 

concentration of 5 mmol/l and diluted with PBS to give a concentration of 50 µmol/l. 

 

  2). Preparation of catalase solution 

  Catalase was used as a hydrogen peroxide scavenger. Catalase in the 

amount of 3 m g was dissolved in 1 m l of PBS to make a stock solution at 

concentration of 150,000 units/ml and diluted with PBS to give a concentration of 

15,000 units/ml. 

 

  3). Preparation of sodium formate solution 

  Sodium formate was used as a hydroxyl radical scavenger. Sodium 

formate in the amount of  3.4 m g was dissolved in 1 m l of PBS to make a stock 

solution at concentration of 500 mmol/l and diluted with PBS to give a concentration 

for 50 mmol/l 

 

  4). Preparation of deferoxamine solution 

  Deferoxamine was used as an iron chelator, inhibit conversion of 

hydrogen peroxide to hydroxyl radical. Deferoxamine in the amount of 3.3 mg was 

dissolved in 1 ml of PBS to make a stock solution at concentration of 1000 µmol/l and 

diluted with PBS to give a concentration of 100 µmol/l 

 

 3. Investigation of cisplatin-induced ROS production in HK-2 cells 

 Medium were removed, cell were washed with 1 ml PBS for 2 times and 

incubated with 10 µmol/l of DCFH-DA at 4 °C for 30 m in. After incubation, cells 

were placed on ice, the DCFH-DA solution were removed, washed with 1 ml PBS for 

3 times and added 12 ml serum-free medium. Cells were scrapped from 25 cm2-cell 
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cultured flask using cell scrapper and suspended in microcentrifuge tube for 1 ml of 

serum free medium/tube. Cisplatin at IC50 were added for 10 µl and were placed in 

5% CO2 at 37 ±  0.5 °C incubator for 2 hr . After incubation, ROS production from 

cisplatin was investigated as fluorescent intensity of DCFH-DA using reversed 

microscope and flow cytometer. 

 

 4. Investigation the cytotoxicity of ROS scavengers 

 Cells were pre-treated with MnTBAP, catalase, deferoxamine and sodium 

formate solution at concentrations above for 10 µl/well and were were placed in 5% 

CO2 at 37 ± 0.5 °C incubator for 24 and 48 hr. After incubation, the cytotoxicity of 

ROS scavengers were evaluated by the MTT assay as previously described. 

 
 5. Determination of primary mechanism of cisplatin-induced cell death 

 Cells were pre-treated with MnTBAP, catalase, deferoxamine and sodium 

formate solution at concentrations above for 10 µl/well and placed in 5% CO2 

incubator for 30 min followed by cisplatin at IC50 were added for 10 µl/well and were 

placed in 5% CO2 at 37 ± 0.5 °C incubator for 24 and 48 hr.  After incubation, the 

MTT assay was used for determination the percent cell viability as previously 

described. The types of ROS production from cisplatin were determined.  

         

 6. Antioxidant activity of silymarin against cisplatin in HK-2 cells 

 Medium were removed, cell were washed with 1 ml P BS for 2 times and 

incubated with 10 µmol/l of DCFH-DA at 4 °C for 30 m in. After incubation, cells 

were placed on ice, the DCFH-DA solution were removed, washed with 1 ml PBS for 

3 times and added 12 ml serum-free medium. Cells were scrapped from 25 cm2-cell 

cultured flask using cell scrapper and suspended in microcentrifuge tube for 1 ml of 

serum free medium/tube. Cells were pre-treated with non-toxic concentration of 

silymarin for 30 min followed by cisplatin at IC50 for 10 µl and were placed in 5% 

CO2 at 37 ±  0.5 °C incubator for 2 hr . After incubation, ROS production from 

cisplatin was investigated as fluorescent intensity of DCFH-DA using reversed 

microscope and flow cytometer. 
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H. Statistical Analysis 

 Data are represented as mean ± SD (standard deviation). Statistical analysis 

was performed using one-way analysis of variance (ANOVA). p-value of less than 

0.05 was considered significantly.



CHAPTER IV 

 

RESULTS AND DISCUSSION 
 

A. Analytical Method Validation of Silymarin by UV-VIS 

Spectrophotometry  
 The silymarin contents in methanol, dissolution media pH 1.2, 6.8 a nd the 

medium pH 7.5 w ith 2% SLS were determined using a validated UV-VIS 

spectrophotometric method. The analytical method of silymarin was validated in 

various media to ensure suitability and reliability of the test method. The analytical 

parameters were specificity, linearity, accuracy and precision. 

 

 1. Specificity 

 The UV absorption spectra of silymarin in methanol and dissolution media are 

shown in Figures 5-8. The maximum absorption was found at the wavelength of 288 

nm. The blank solution (non-pariel sugar beads and PEG or PVP K 30) did not show 

any peak at 288 nm  suggesting that the components in the formulation was not 

interfered with the peak of silymarin in all media. These results demonstrated that 

UV-VIS spectrophotometric method used in this study was able to detect and separate 

silymarin from other components in the formulation. 
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(A) 

 
 

(B) 

 
 

(C) 

 
 

Figure 5 A bsorption spectra of (A) 0.7 m g/ml of silymarin in methanol, (B) blank 

solution: non-pareil sugar beads and PEG or PVP K30 in methanol (C) silymarin solid 

dispersion pellets in methanol.  

 

silymarin 

silymarin 
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(A) 

 
 

(B) 

 
 

(C) 

 
 

Figure 6 Absorption spectra of (A) 0.7 mg/ml of silymarin in dissolution medium pH 

1.2, (B) blank solution: non-pareil sugar beads and PEG or PVP K30 in dissolution 

medium pH 1.2 (C) silymarin solid dispersion pellets in dissolution medium pH 1.2.  

 

silymarin 

silymarin 
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(A) 

 
 

(B) 

 
 

(C) 

 
Figure 7 Absorption spectra of (A) 0.7 mg/ml of silymarin in dissolution medium pH 

6.8, (B) blank solution: non-pariel sugar beads and PEG or PVP K30 in dissolution 

medium pH 6.8 (C) silymarin solid dispersion pellets in dissolution medium pH 6.8.  

 

 

silymarin 

silymarin 
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(A) 

 
 

(B) 

 
 

(C) 

 
 

Figure 8 Absorption spectra of (A) 0.7 mg/ml of silymarin in dissolution medium pH 

7.5 with 2% SLS, (B) blank solution: non-pariel sugar beads and PEG or PVP K30 in 

dissolution medium pH 7.5 w ith 2% SLS (C) silymarin solid dispersion pellets in 

dissolution medium pH 7.5 with 2% SLS.  

silymarin 

silymarin 
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 2. Linearity 

 The calibration curves of silymarin in methanol, dissolution media pH 1.2, 6.8 

and 7.5 with 2% SLS are shown in Figures 9-12. The calibration data were found to 

be linear with coefficient of determination (R2) of 0.9997, 0.9995, 0.9992 and 0.9999 

in methanol, dissolution medium pH 1.2, 6.8 and 7.5 with 2% SLS respectively (Table 

3) The acceptance criteria for coefficient of determination is more than 0.9990. These 

results indicated that UV-VIS spectrophotometric method was acceptable for the 

quantitative analysis of silymarin in the studied concentration range. 
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Figure 9 Calibration curve of silymarin in methanol. Data are represented as mean ± 

SD (n=3). 

y = 0.0143x + 0.003
R2 = 0.9995

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

0 10 20 30 40 50

Concentration of silymarin (µmol/l)

A
bs

or
ba

nc
e

 
Figure 10 C alibration curve of silymarin in dissolution medium pH 1.2. Data are 

represented as mean ± SD (n=3). 
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Figure 11 C alibration curve of silymarin in dissolution medium pH 6.8. Data are 

represented as mean ± SD (n=3). 
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Figure 12  Calibration curve of silymarin in dissolution medium pH 7.5 with 2% SLS. 

Data are represented as mean ± SD (n=3). 
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Table 3 UV absorption data of silymarin in methanol, dissolution media pH 1.2, 6.8 

and 7.5 with 2% SLS.  

 
Concentration 

(µmol/l) 

Absorbance of silymarin at 288 nm 

methanol pH  1.2 

 

pH 6.8 pH  7.5 

with 2% SLS 

10 

15 

20 

25 

30 

35 

40 

45 

0.1982 ± 0.003 

0.2879 ± 0.003 

0.3833 ± 0.002 

0.4879 ± 0.002 

0.5835 ± 0.003 

0.6891 ± 0.005 

0.7901 ± 0.003 

0.8877 ± 0.005 

0.1434 ± 0.002 

0.2176 ± 0.001 

0.2934 ± 0.002 

0.3670 ± 0.001 

0.4259 ± 0.001 

0.5028 ± 0.003 

0.5759 ± 0.004 

0.6486 ± 0.001 

0.1355 ± 0.002 

0.2011 ± 0.003 

0.2671 ± 0.003 

0.3382 ± 0.005 

0.4106 ± 0.002 

0.4850 ± 0.003 

0.5619 ± 0.003 

0.6368 ± 0.006 

0.1907 ± 0.0004 

0.2841 ± 0.002 

0.3767 ± 0.005 

0.4741 ± 0.007 

0.5662 ± 0.009 

0.6605 ± 0.007 

0.7551 ± 0.002 

0.8435 ± 0.001 

R2 0.9997 0.9995 0.9992 0.9999 

Data are represented as mean ± SD (n=3). 

 

 3. Accuracy 

 The accuracy of an analytical method is the closeness of test results obtained 

by the method to the true value. The recovery percentage of silymarin in methanol 

and dissolution media pH 1.2, 6.8 a nd 7.5 with 2% SLS are shown in Table 4. The 

acceptance criteria for the percentage of recovery should be within 98-102% (USP 29, 

2006).The percentages of analytical recovery were in the range of 99.48-99.95%, 

98.86-99.93%, 99.37-100.66% and 99.44-100.2%  in methanol, dissolution media pH 

1.2, 6.8 and 7.5 with 2% SLS respectively which indicated the high accuracy of the 

method. Therefore, this method could be used for the analysis of silymarin in all 

concentrations studied. 
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Table 4 The percentage of analytical recovery of silymarin in methanol and 

dissolution media pH 1.2, 6.8 and 7.5 with 2% SLS.  

 
Concentration 

(µmol/l) 

% Analytical recovery of silymarin 

methanol pH 1.2 

 

pH 6.8 pH 7.5 

with 2% SLS 

17.5 

27.5 

37.5 

99.48 ± 1.31 

99.95 ± 0.35 

99.87 ± 0.39 

98.86 ± 0.58 

99.93 ± 0.96 

99.33 ± 0.44 

99.37 ± 1.08 

100.66 ± 1.03 

99.45 ± 0.85 

100.2 ±1.79 

99.46 ± 0.96 

99.44 ± 0.53 

Data are represented as mean ± SD (n=5). 

 

 4. Precision 

 The precision of the analytical method of silymarin in methanol and 

dissolution media pH 1.2, 6.8 and 7.5 with 2% SLS were determined both within run 

precision and between run precision (Table 5 and Table 6). The coefficients of 

variation values were in range of 0.32-0.94%, 0.44-0.96%, 1.04-1.86% and 0.33-

0.93% in methanol and dissolution media pH 1.2, 6.8 a nd 7.5 w ith 2% SLS 

respectively. The acceptance criteria of the coefficient of variation (CV) should 

generally be less than 2% (USP 29, 2006). Therefore, the UV-VIS spectrophotometric 

method was precise for quantitative analysis of silymarin in the studied range.  

 

Table 5 The within run precisions of silymarin in methanol and dissolution media pH 

1.2, 6.8 and 7.5 with 2% SLS.  

 
Concentration 

(µmol/l) 

% CV 

methanol pH 1.2 pH 6.8 pH 7.5 

with 2% SLS 

17.5 

27.5 

37.5 

0.94 

0.68 

0.32 

0.59 

0.68 

0.33 

1.04 

1.86 

1.29 

0.93 

0.68 

0.33 

 
Data are represented as mean ± SD (n=5). 
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Table 6 The between run precisions of silymarin in methanol and dissolution media 

pH 1.2, 6.8 and 7.5 with 2% SLS.  

Concentration 

(µmol/l) 

% CV 

methanol pH 1.2 pH 6.8 pH 7.5 

with 2% SLS 

17.5 

27.5 

37.5 

1.32 

0.35 

0.39 

1.06 

0.45 

0.45 

0.66 

0.79 

1.10 

1.89 

0.89 

0.91 

Data are represented as mean ± SD (n=5). 

 

 

B. Dissolution Studies of Silymarin Solid Dispersion Pellets 

 All formulations of silymarin solid dispersion pellets were spherical and intact 

in shape with yellow color. The surface and cross-section of silymarin solid 

dispersion pellets were investigated using SEM (Figures 13-15). Under SEM, the 

silymarin solid dispersions pellets from PEG 4000 and PEG 6000 showed a smooth 

surface while the silymarin solid dispersion pellets from PVP K30 showed a coarse 

surface. The coarse surface from PVP K30 coating is similar with previous studied by 

Sun et al., 2008. The cross-section of pellets showed a layer of carriers and silymarin 

coating around the non-pariel core.  
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       (1A)                             (2A) 
 

                              (1B)                                              (2B) 
 

                            (1C)                                                          (2C) 
 

Figure 13 Scanning electron micrograph of the surface (1) and cross-section (2) of the 

silymarin/PEG 4000 solid dispersion pellets at ratio of PEG 4000 to silymarin of (A) 

1 : 2, (B) 1 : 4 and (C) 1 : 8 respectively.
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                             (1A)                                                         (2A) 
 
 

 
        (1B)                                              (2B) 
 
 

                               (1C)                                               (2C) 
Figure 14 Scanning electron micrograph of the surface (1) and cross-section (2) of the 

silymarin/PEG 6000 solid dispersions pellet at ratio of PEG 6000 to silymarin of (A) 

1 : 2, (B) 1 : 4 and (C) 1 : 8 respectively.
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                              (1A)                                               (2A) 
 

 

 
                               (1B)                                                           (2B) 
 
 

 
                                (1C)                                               (2C) 

 
Figure 15 Scanning electron micrograph of the surface (1) and cross-section (2) of the 

silymarin/PVP K 30 solid dispersion pellets at ratio of PVP K 30 to silymarin of (A)  

1 : 2, (B) 1 : 4 and (C)1 : 8 respectively. 
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 The recoveries of silymarin from all formulations were in range of 78%-83% 

(Table 7).  

 

Table 7 Drug recovery (%) of silymarin from all formulations.  

Formulations Carrier Ratio of 

silymarin:carrier 

(% w/w) 

Percent recovery of silymarin 

(mean ± SD) 

F1 

F2 

F3 

F4 

F5 

F6 

F7 

F8 

F9 

PEG 4000 

PEG 4000 

PEG 4000 

PEG 6000 

PEG 6000 

PEG 6000 

PVP K 30 

PVP K 30 

PVP K 30 

1 : 2 

1 : 4 

1 : 8 

1 : 2 

1 : 4 

1 : 8 

1 : 2 

1 : 4 

1 : 8 

83.50 ± 2.00 

79.80 ± 1.43 

80.32 ± 2.12 

81.83 ± 1.69 

81.25 ± 1.40 

78.75 ± 1.90 

78.69 ± 1.35 

78.58 ± 1.54 

82.49 ± 2.00 

Data are represented as mean ± SD (n=22). 

 

 Each silymarin solid dispersion pellets and silymarin powder was transferred 

to capsule for equivalent amount of 70 m g silymarin. The dissolution profiles of 

silymarin solid dispersion pellets and silymarin powder were performed in dissolution 

media pH 1.2, 6.8 and 7.5 with 2% SLS. Qtx min, the amount of drug dissolved in that 

time, is used as an acceptance limit o f the dissolution test. USP 29 determined the 

release of silymarin is not less than 75% in 45 min (Qt45 min > 75%). The t45 min of 

silymarin solid dispersion pellets and silymarin powder are shown in Table 8. 
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Table 8 Percent dissolved of silymarin solid dispersion pellets and silymarin powder 

in dissolution media pH 1.2, 6.8 and 7.5 with 2% SLS at time 45 min (Qt45 min).  

 

Formulations Qt45 min (%) 

pH 1.2 

 

Qt45 min (%) 

pH 6.8 

 

Qt45 min (%) 

pH 7.5 with 2% 

SLS 

Silymarin powder 

O1 

O2 

F1 

F2 

F3 

F4 

F5 

F6 

F7 

F8 

F9 

54.43 ± 0.44 

43.36 ± 0.30 

57.01 ± 0.33* 

81.50 ± 1.45* 

91.37 ± 1.02* 

89.35 ± 0.98* 

100.71 ± 1.15* 

98.94 ± 0.49* 

98.93 ± 0.67* 

43.40 ± 0.92 

38.44 ± 2.18 

92.48 ±1.15* 

53.43 ± 0.22 

40.09 ± 0.40 

49.32 ± 0.36 

61.44 ± 1.04* 

75.99 ± 0.92* 

76.94 ± 1.80* 

87.43 ± 1.57* 

93.12 ± 1.60* 

99.37 ± 1.04* 

84.98 ± 0.58* 

98.24 ± 0.50* 

84.14 ± 0.46* 

90.49 ± 0.34 

94.71 ± 0.34* 

90.23 ± 0.71 

75.25 ± 0.40 

93.71 ± 0.91* 

97.50 ± 2.36* 

97.22 ± 0.39* 

98.01 ± 0.60* 

99.04 ± 0.55* 

99.32 ± 0.53* 

98.44 ± 0.23* 

80.11 ± 0.41 

Data are represented as mean ± SD (n=6). 

* significant difference from the control at a level of p-value < 0.05 

  

 The result suggested that percent dissolved of silymarin solid dispersion 

pellets in 45 min were more than 75% in all dissolution media excepted silymarin 

solid dispersion pellets at ratio of silymarin : PVP K 30 of 1 : 2 (F7) and 1 : 4 (F8) in 

dissolution medium pH 1.2. T he results may be due to less effective surface area 

because of adsorption of bubble at the surface of pellets. In addition, this result 

showed that the percent dissolved of silymarin solid dispersions (F1-F9) were better 

than silymarin powder and two commercial products (O1 and O2) in dissolution 

medium pH 6.8. In dissolution medium pH 1.2, percent dissolved of silymarin solid 

dispersion pellets were better than silymarin powder and two commercial products 

excepted silymarin solid dispersion pellets at ratio of silymarin:PVP K 30 of 1 : 2 and 

1 : 4. I n dissolution medium pH 7.5 w ith 2% SLS, percent dissolved of silymarin 
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solid dispersion pellets were better than silymarin powder and two commercial 

products excepted silymarin solid dispersion pellets at ratio of silymarin:PEG 4000 

for 1:2 (F1) and silymarin : PVP K 30 for 1 : 8. The enhancement of the percent 

dissolved of silymarin may increase the drug permeation and the bioavailability of 

silymarin. The results may be due to the increasing of surface area and the 

improvement of the wettability of silymarin solid dispersion pellets. According to the 

Noyes-Whitney equation, the higher surface area leads to improve the dissolution of 

the poor water soluble drug (Ho et al., 1996; Leuner and Dressman, 2000; Lheritier et 

al., 1995). In addition, the increase in the percent dissolved of silymarin solid 

dispersion pellets may be due to the reduction of the drug particle size in the carrier 

matrix and the solubilizing effect of the carrier (Rabasco et al., 1991). However, the 

differences in types, ratios of carrier and pH of dissolution medium could affect the 

percent dissolved of silymarin solid dispersion pellets. 

 

 1. Effect of ratios of carrier on the percent dissolved of silymarin 

 The result showed that the percent dissolved of silymarin depended on the 

ratios of carrier in all dissolution media (Figures 16-18). Increasing the ratio of 

silymarin to PEG 4000 a nd 6000 f rom 1 :  2 t o 1 :  8 r esulted in increased percent 

dissolved of silymarin in all dissolution mediums compared to silymarin powder. In 

contrast for PVP K 30, increasing the ratio of silymarin to PVP K 30 from 1 :  2 to      

1 : 8 resulted in decreased percent dissolved of silymarin in dissolution medium pH 

6.8 and 7.5 with 2% SLS. Meanwhile, increasing the ratio of silymarin to PVP K 30 

only at 1 :  8 r esulted in increased percent dissolved of silymarin in dissolution 

medium pH 1.2 compared to silymarin powder. This result may be due to the high 

percentage of the carriers which lead to the complete absence of crystallinity of the 

drug and thereby increase in the solubility and release rate of the drug (Lin and Cham, 

1996; Nair et al., 2002; Torrado et al., 1996).  
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Figure 16 C umulative percent dissolved of silymarin powder, two commercial 

products and silymarin : PEG 4000 ( A), silymarin : PEG 6000 ( B) and silymarin : 

PVP K 30 (C) solid dispersion pellets at ratio of silymarin to carrier for 1 : 2, 1 : 4 and 

1 : 8 in dissolution medium pH 1.2. Data are represented as mean ± SD (n=6).
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Figure 17 C umulative percent dissolved of silymarin powder, two commercial 

products and silymarin:PEG 4000 (A), silymarin:PEG 6000 (B) and silymarin:PVP K 

30 (C) solid dispersion pellets at ratio of silymarin to carrier for 1:2, 1:4 and 1:8 in 

dissolution medium pH 6.8. Data are represented as mean ± SD (n=6). 
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Figure 18 C umulative percent dissolved of silymarin powder, two commercial 

products and silymarin:PEG 4000 (A), silymarin:PEG 6000 (B) and silymarin:PVP K 

30 (C) solid dispersion pellets at ratio of silymarin to carrier for 1:2, 1:4 and 1:8 in 

dissolution medium pH 7.5 with 2% SLS. Data are represented as mean ± SD (n=6). 

 



2. Effect of carriers on percent dissolved of silymarin 

 The result suggested that carriers used in solid dispersion affected the percent 

dissolved of silymarin. At the same ratio of carrier to drug and the same dissolution 

medium, using PEG 6000 as a carrier showed the best percent dissolved of silymarin 

than other carriers and silymarin powder and two commercial products. PEG affects 

the diffusion layer surrounding the particle of poor water soluble drug that improve 

wettability and the dissolution (Fernandez et al., 1993; Verheyen et al., 2002). Ford et 

al. (1986) indicated that the dissolution rate is inversely proportional to the chain 

length of the PEG. However, these results found that increasing chain length of PEG 

from 4000 to 6000 resulted in increased dissolution. This result was in agreement with 

Betageri and Makarla (1995) that the dissolution rate from a solid dispersion in PEG 

6000 was faster than a similar dispersion in PEG 4000 and PVP K 30. This result may 

be explained by the ability of PEG 6000 to dissolve more of drug than the PEG 4000 

and PVP K 30, l eading to a greater percentage of drug in the dispersed form. In 

addition, the high ratio of the PEG 6000 prevented precipitation of the drug (Leuner 

and Dressman, 2000). PVP K 30 gave the better enhancement of dissolution of 

silymarin as compared to PEG 4000 except in the dissolution medium pH 1.2. This 

may be due to the more solubilizing and wetting effect of PVP compared to PEG 

4000 (Shah et al., 2009).  

 

 3. Effect of pH on percent dissolved of silymarin 

 The results found that the percent dissolved of silymarin solid dispersion 

pellets of all formulations were higher in pH 1.2 than pH 6.8 except for PVP at ratio 

of silymarin to carrier of 1 : 2 and 1 : 4. The results is in agreement with Qui et al., 

2005 that silymarin was dissolved higher in pH 1.2 than pH 6.8 This result may be 

due to the solubility of silymarin in pH 1.2 i s more than pH 6.8. T he solubility of 

silymarin in pH 1.2 a nd pH 6.8 a re 0.209 m g/ml and 0.148 mg/ml respectively 

(Nakhat et al., 2007). However, Yanyu et al., 2006 found that dissolution of silybin 

complex with phospholipid in pH 6.8 was significantly more than pH 1.2. This result 

may due to the complexation of phospholipid with silybin. 
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C. Cytoprotectivity of Silymarin against ROS in HK-2 Cells 
 The objective of this study was to investigate the cytoprotectivity of 

silymarin against ROS. The cytotoxicity of silymarin and ROS generators were firstly 

investigated. Non-cytotoxic concentration of silymarin and the half-maximal 

inhibitory concentration (IC50) of ROS generators were used for determining the 

cytoprotectivity of silymarin against ROS. 

 

 1. Investigation of the cytotoxicity of silymarin  

 HK-2 cells were treated with silymarin at a co ncentration range of 25-400 

µmol/l. The cytotoxicity of silymarin was evaluated after 24 and 48 hr of treatment. 

The results are shown in Figure 19 and Figure 20. The cytotoxicity of silymarin was 

similar to those reported elsewhere (Svobodova et al., 2006). Silymarin was non-toxic 

in the studied concentration range in HK-2 cells. Moreover, significant increase in the 

percent cell viability was observed in cells exposed to silymarin at concentration 

above 100 µmol/l for 24 hr (p-value < 0.05) and above 50 µmol/l for 48 hr (p-value < 

0.05). The percentages of cell viability were approximately 8% higher than the control 

after 24 h r treatment with silymarin at concentration above 100 µmol/l and 13% 

higher than the control after 48 hr treatment with silymarin at concentration above 50 

µmol/l. The result of this study suggested that silymarin not only non-toxic in HK-2 

cells, but also increased the proliferation response of HK-2 cells. The proliferative 

effect of silymarin may be due to the stimulatory effect on biosynthesis of protein and 

DNA (Alidoost et al., 2006; Sonnenbichler et al., 1999). 
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Figure 19 The cytotoxicity of silymarin in HK-2 cells. Cells were incubated for 24 hr 

at 37°C with 25-400 µmol/l silymarin. Controls were untreated cells. Cell viability 

was examined using MTT assay. Data are represented as mean ± SD (n=3).                 

∗ = significant difference from the control at a level of p-value < 0.05. 
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Figure 20 The cytotoxicity of silymarin in HK-2 cells. Cells were incubated for 48 hr 

at 37°C with 25-400 µmol/l silymarin. Controls were untreated cells. Cell viability 

was examined using MTT assay. Data are represented as mean ± SD (n=3).                 

∗ = significant difference from the control at a level of p-value < 0.05. 

 



 56 

 2. Investigation of the cytotoxicity of ROS generators 

 

   2.1 The cytotoxicity of DMNQ 

  HK–2 cells were treated with DMNQ at a concentration range of 10-30 

µmol/l. The cytotoxicity of DMNQ was evaluated after 24 hr of treatment. The 

cytotoxicity of DMNQ was concentration dependent manner (Figure 21). As the 

concentration increased from 10 to 30 µmol/l, the percentages of cell viability after 24 

of treatment were decreased from 91% to 22% respectively. The IC50 of DMNQ after 

24 hr of DMNQ exposure was 20 µmol/l. DMNQ at concentration of 20 µmol/l was 

chosen for determining the cytoprotectivity of silymarin against DMNQ. DMNQ is 

one of the quinine analogues that can generate the superoxide anion radical (Ishihara 

et al., 2006). Several mechanisms have been proposed to explain the effects of 

superoxide anion radical on the induction of toxicity in cells. The superoxide anion 

radical may deplete the intracellular glutathione content (Park et al., 2007) or may 

increase the oxidative stress via redox cycle and arylation of nucleophile (Lee et al., 

2001; Ishihara et al., 2006). Since DMNQ has no arylating moiety in its structure, its 

toxicity is mediated by redox cycle or glutathione depletion. 
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Figure 21 The cytotoxicity of DMNQ in HK-2 cells. Cells were incubated for 24 hr at 

37°C with 10-30 µmol/l. Controls were untreated cells Cell viability was examined 

using MTT assay. Data are represented as mean ± SD (n=3).  

∗ = significant difference from the control at a level of p-value < 0.05.   
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  2.2 The cytotoxicity of hydrogen peroxide 

  HK-2 cells were treated with hydrogen peroxide at a concentration 

range of 200–1000 µmol/l. The cytotoxicity of hydrogen peroxide was evaluated after 

24 hr of treatment. The result was shown in Figure 22. As the concentration increased 

from 200 t o 1000 µmol/l, the percentages of cell viability after 24 hr of treatment 

decreased from 50% to 10% respectively. However, the percent cell viability at 

concentration of 800 µmol/l incubated for 24 hr was higher than lower concentrations. 

These results showed that hydrogen peroxide was cytotoxic to HK-2 cells in the 

studied concentration range. The result was in agreement with previous studied by 

Walker and Shah, 1991 that hydrogen peroxide was cytotoxic in pig’s renal cells. The 

IC50 of hydrogen peroxide after 24 of hydrogen peroxide exposure was 400 µmol/l. 

Therefore, this concentration was chosen for determining the cytoprotectivity of 

silymarin against hydrogen peroxide. The cytotoxicity of the hydrogen peroxide may 

be due to DNA breakage (Cantoni et al., 1989) or may be due to an interaction with 

the iron forming the iron-oxygen species such as hydroxyl radical and ferryl radical. 

These iron-oxygen species play a critical role in hydrogen peroxide-mediated 

cytotoxicity (Walker and Shah, 1991). 
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Figure 22 The cytotoxicity of hydrogen peroxide in HK-2 cells. Cells were incubated 

for 24 hr at 37°C with 200-1000 µmol/l. Controls were untreated cells. Cell viability 

was examined using MTT assay. Data are represented as mean ± SD (n=3).  

∗ = significant difference from the control at a level of p-value < 0.05. 
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  2.3 The cytotoxicity of hydrogen peroxide/ferrous sulphate 

  HK–2 cells were treated with hydrogen peroxide/ferrous sulphate at a 

concentration range of 600-1000 µmol/l. The cytotoxicity of hydrogen 

peroxide/ferrous sulphate was evaluated after 24 hr of treatment. The cytotoxicity of 

hydrogen peroxide/ferrous sulphate was concentration dependent manner (Figure 23). 

As the concentration increased from 600 t o 1000 µmol/l, the percentages of cell 

viability after 24 hr of treatment decreased from 82% to 72% respectively. The IC25 

of hydrogen peroxide/ferrous sulphate after 24 of incubation was 1000 µmol/l. The 

concentration of 1000 µmol/l was chosen for determining the cytoprotectivity of 

silymarin against hydrogen peroxide/ferrous sulphate. Hydrogen peroxide/ferrous 

sulphate is used as the hydroxyl radical generator. The cytotoxicity of hydroxyl 

radical may be due to its ability to withdraw an electron from atoms, organic and 

inorganic molecules. These molecules and atoms may crosslink with DNA and react 

with other nucleophiles such as glutathione, lipids and proteins, resulting in the 

disruption of cellular homeostasis followed by cell injury and cell death. In addition, 

hydroxyl radical may involve with p53 causing apoptosis cell death (Jiang et al., 

2007; Wang et al., 2000). 
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Figure 23 The cytotoxicity of hydrogen peroxide/ferrous sulphate in HK-2 cells. Cells 

were incubated for 24 hr at 37°C with 200-1000 µmol/l. Controls were untreated cells. 

Cell viability was examined using MTT assay. Data are represented as mean ± SD 

(n=3).  

∗ = significant difference from the control at a level of p-value < 0.05.  
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 3. Investigation of the cytoprotectivity of silymarin against ROS 

generators 

  3.1 The cytoprotectivity of silymarin against DMNQ 

  HK-2 cells were pre-treated with silymarin at concentration range of 

25- 400 µmol/l for 30 min followed by DMNQ at concentration of 20 µmol/l (IC50) 

for 24 hr. The cytoprotectivity of silymarin against DMNQ was evaluated after 24 hr 

of treatment. Pre-treatment with silymarin at concentration of 25 a nd 50 µmol/l 

provided significantly increased in the percent cell viability as compared to cells 

treated with DMNQ alone (p-value < 0.05) (Figure 24). As the concentration of 

silymarin increased from 25 t o 200 µmol/l, the percentages of cell viability were 

approximately 23.91%, 19.23%, 12.39% and 2.33% higher than cells treated with 

DMNQ alone. Meanwhile, at the concentration of 400 µmol/l, the percentage of cell 

viability was significantly lower than cells treated with DMNQ alone (p-value < 

0.05).   
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Figure 24 The cytoprotectivity of silymarin against DMNQ in HK-2 cells. Cells were 

incubated at 37°C with 25-400 µmol/l silymarin for 30 min followed by 20 µmol/l 

DMNQ for 24 hr . Controls were untreated cells. Cell viability was examined using 

MTT assay. Data are represented as mean ± SD (n=3). 

 ∗ = significant difference from the control at a level of p-value < 0.05.       

 # = significant difference from treated with DMNQ alone at a level of p-value < 0.05. 
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  3.2 The cytoprotectivity of silymarin against hydrogen peroxide 

  HK-2 cells were pre-treated with silymarin solution at concentration 

range of 25-400 µmol/l for 30 m in followed by 400 µmol/l hydrogen peroxide. 

Cytoprotectivity of silymarin against hydrogen peroxide was evaluated after 24 hr of 

treatment. Cytoprotective of silymarin against hydrogen peroxide was concentration 

dependent (Figure 25). The percentages of cell viability were approximately 25% 

higher than cells treated with hydrogen peroxide alone after 24 hr  treatment with 

silymarin at concentration above 100 µmol/l. The result suggested that silymarin was 

cytoprotective against hydrogen peroxide-induced cytotoxicity in HK-2 cells. 

Cytoprotectivity of silymarin against hydrogen peroxide induced cytotoxicity may be 

due to the antioxidant activity (Svobodova et al, 2006). 
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Figure 25 The cytoprotectivity of silymarin against hydrogen peroxide in HK-2 cells. 

Cells were incubated at 37°C with 25-400 µmol/l silymarin and 400 µmol/l hydrogen 

peroxide for 24 hr. Controls were untreated cells. Cell viability was examined using 

MTT assay. Data are represented as mean ± SD (n=3).  

∗ = significant difference from the control at a level of p-value < 0.05.      

# = significant difference from treated with hydrogen peroxide alone at a level of p-

value < 0.05. 
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  3.3 The cytoprotectivity of silymarin against hydrogen peroxide / 

ferrous sulphate 

  HK-2 cells were pre-treated with silymarin solution at concentrations 

for 25- 400 µmol/l for 30 m in followed by hydrogen peroxide/ferrous sulphate 

solution at concentration of  1000 µmol/l for 24 hr. Cytoprotectivity of silymarin 

against hydrogen peroxide/ferrous sulphate was evaluated after 24 hr of treatment. 

The percentages of cell viability were approximately 30% higher than cells treated 

with hydrogen peroxide/ferrous sulphate after 24 hr treatment with silymarin at all 

concentrations (Figure 26). Moreover, the percentages of cell viability were 

approximately 12% and 20% higher than the control after 24 hr  incubation with 

silymarin at concentration of 25 and 50 µmol/l respectively. The result suggested that 

silymarin was cytoprotective against hydroxyl radical generator-induced cytotoxicity 

in HK-2 cells. Cytoprotective of silymarin against hydroxyl radical may be due to the 

antioxidant activity and the prevention of antioxidant enzymes depletion.  
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Figure 26 The cytoprotectivity of silymarin against hydrogen peroxide/ferrous 

sulphate on HK-2 cells. Cells were incubated at 37°C with 25-400 µmol/l silymarin  

followed by 1000 µmol/l hydrogen peroxide/ferrous sulphate for 24 hr. Controls were 

untreated cells. Cell viability was examined using MTT assay. Data are represented as 

mean ± SD (n=3).  

∗ = significant difference from the control at a level of p-value < 0.05.      
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# = significant difference from treated with hydrogen peroxide alone at a level of p-

value < 0.05.  

 

D. ROS Scavenging Activity of Silymarin against ROS Generators-

Induced ROS Production in HK-2 Cells 
 The results from previous section suggested that silymarin was cytoprotective 

against hydrogen peroxide and hydroxyl radical. The result may be due to the 

scavenging activity of silymarin against these ROS. The objective of this study was to 

evaluate the scavenging activity of silymarin against ROS.  

 
 1. Investigation of intracellular ROS production from ROS generators 

 To investigate the intracellular ROS production, cells were treated with ROS 

generators at IC50. ROS production was measured based on the DCFH-DA and DHE 

fluorescent intensity using reversed microscope and flow cytometer.   

  

  1.1 Intracellular ROS production in response to DMNQ 

  Cells were treated with DMNQ at concentration 20 µmol/l for 3 hr. 

The result showed that DHE and DCFH-DA fluorescent intensity increased after 

DMNQ exposure for 3 hr as compared to control (Figure 27 and Figure 28). After 3 hr 

exposure with 20 µmol/l DMNQ, no s igns of cell death were observed under the 

microscope. The result suggested that treatment with  20  µmol/l DMNQ for 3 hr 

increased the ROS production without any cytotoxic in HK-2 cells. Thus, this 

condition was used for evaluation the radical scavenging activity of silymarin against 

DMNQ. 
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Figure 27 Fluorescent intensity of DHE after DMNQ exposure. Cells were treated 

with 20 µmol/l DMNQ for 3 hr. Controls were untreated cells. Cells were investigated 

the fluorescent intensity of DHE using reversed microscope (n=3). (A) control: 3 hr  

incubation time and (B) DMNQ: 3 hr incubation time. 
 

 
Figure 28 F luorescent intensity of DCFH-DA after DMNQ exposure. Cells were 

treated with 20 µmol/l DMNQ for 3 hr . Controls were untreated cells. Cells were 

investigated the fluorescent intensity of DCFH-DA using reversed microscope (n=3). 

(A) control: 3 hr incubation time and (B) DMNQ: 3 hr incubation time. 

(A) 

(B) 

(A) 

(B) 



 64 

  1.2 ROS production from hydrogen peroxide and hydrogen 

peroxide/ferrous sulphate 

  Cells were treated with hydrogen peroxide at concentration of 400 

µmol/l or hydrogen peroxide/ferrous sulphate at concentration of 1000 µmol/l for 30 

min. The result showed that DCFH-DA fluorescent intensity increased after hydrogen 

peroxide or hydrogen peroxide/ferrous sulphate exposure for 30 min as compared to 

control (Figure 29 and Figure 30). After 30 min exposure to both ROS, no s igns of 

cell death were observed under the microscope. The result suggested that treatment 

with  400 µmol/l hydrogen peroxide or 1000 µmol/l hydrogen peroxide/ferrous 

sulphate for 30 m in increased the ROS production without any cytotoxic in HK-2 

cells. Thus, this condition was used for evaluation the radical scavenging activity of 

silymarin against hydrogen peroxide and hydrogen peroxide/ferrous sulphate. 

  

 
Figure 29 Fluorescent intensity of DCFH-DA after hydrogen peroxide exposure. Cells 

were treated with 400 µmol/l hydrogen peroxide for 30 min. Controls were untreated 

cells. Cells were investigated the fluorescent intensity of DCFH-DA using reversed 

microscope (n=3). (A) control: 30 min incubation time and (B) hydrogen peroxide: 30 

min incubation time. 

 

(A) 

(B) 
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Figure 30 Fluorescent intensity of DCFH-DA after hydrogen peroxide/ferrous 

sulphate exposure. Cells were treated with 1000 µmol/l hydrogen peroxide/ferrous 

sulphate for 30 m in. Controls were untreated cells. Cells were investigated the 

fluorescent intensity of DCFH-DA using reversed microscope (n=3). (A) control: 30 

min incubation time and (B) hydrogen peroxide/ferrous sulphate: 30 min incubation 

time. 

 

 2. Investigation of radical scavenging activity of silymarin against ROS 

 Cells were pre-treated with silymarin solution at a concentration of 100 µmol/l 

for 30 min followed by 20 µmol/l DMNQ for 3 hr or 400 µmol/l hydrogen peroxide 

for 30 m in or 1000 µmol/l hydrogen peroxide/ferrous sulphate for 30 min. The 

fluorescent intensity of DHE or DCF-DA was investigated in order to determine the 

ROS scavenging activity of silymarin using reversed microscope and flow cytometer. 

 

  2.1  Radical scavenging activity of silymarin against DMNQ 

  The fluorescent intensity of DHE, a specific fluorescence dye for 

superoxide anion detection, after DMNQ exposure was increased in the presence of 

silymarin (Figure 31). These results indicated that silymarin has no scavenging effect 

against DMNQ in HK-2 cells. The result was similar to previous reported (Dehmlow 

et al., 1996; Varga et al., 2006). This result may be due to the structure of silymarin. 

Silymarin has no the double bond between the C2 and C3 in the ring C. This structure 

(A) 

(B) 
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is important for the improvement of superoxide anion radicals scavenging activity 

(Cos et al., 1998; Varga et al., 2006).  However, DMNQ significantly increased 

intracellular ROS which was detected by a p an ROS fluorescence dye DCFH-DA 

(Figure 32), suggesting that superoxide anion generated by DMNQ in these cells 

converted to another species of ROS. Interestingly, addition of sylimarin significantly 

reduced the DCFH-DA intensity. These results indicated that silymarin had an ability 

to scavenge other ROS species generated in these cells, but superoxide anion. The 

results is associated with the previous results that silymarin cannot protect against 

DMNQ-induced cytotoxicity in HK-2 cells.  
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                control                                  DMNQ                              silymarin+DMNQ 
 

Figure 31 ROS scavenging activity of silymarin against DMNQ. Cells were incubated 

with 20 µmol/l DMNQ for 3 hr. Controls were untreated cells. Intensity of DHE was 

investigated using flow cytometry. (A) control, (B) DMNQ, (C) silymarin + DMNQ 

and (D) histogram charting the number of cells counted and the fluorescent intensity 

of DHE.       

 

(A) 

(B) 

(C) 

(D) 
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   (D) 

 

                 control                                  DMNQ                              silymarin+DMNQ 

 

Figure 32 ROS scavenging activity of silymarin against DMNQ. Cells were incubated 

with 20 µmol/l DMNQ for 3 hr. Controls were untreated cells. Intensity of DCFH-DA 

was investigated using flow cytometry. (A) control, (B) DMNQ, (C) silymarin + 

DMNQ and (D) histogram charting the number of cells counted and the fluorescent 

intensity of DCFH-DA.       

(A) 

(B) 

(C) 
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     2.2  Radical scavenging activity of silymarin against hydrogen peroxide 

and hydrogen peroxide/ferrous sulphate 

 The DCFH-DA intensity after hydrogen peroxide or hydrogen 

peroxide/ferrous sulphate exposure was decreased in the presence of silymarin (Figure 

33 and Figure 34). The result suggested that silymarin has ROS scavenging activity 

against hydrogen peroxide and hydroxyl radical in HK-2 cells. The antioxidant 

activity of silymarin against these ROS may be due to its structure that contains many 

hydroxyl groups. The 3, 5, 7-OH are important in the electron donating to hydroxyl 

radicals, stabilizing them and giving a stable flavonoid radical (Cos et al., 1998; Heim 

et al., 2002; Kiruthiga et al., 2007; Varga et al., 2006). The results are associated with 

previous studied that silymarin can prevent hydrogen peroxide or hydrogen 

peroxide/ferrous sulphate-induced cytotoxicity in HK-2 cells. 
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                control                         hydrogen peroxide        silymarin + hydrogen peroxide   

                                                                                            
Figure 33 ROS scavenging activity of silymarin against hydrogen peroxide. Cells 

were incubated with 400 µmol/l hydrogen peroxide for 30 m in. Controls were 

untreated cells. Intensity of DCFH-DA was investigated using reveresd microscope 

and flow cytometry. (A) control, (B) hydrogen peroxide, (C) silymarin and hydrogen 

peroxide and (D) histogram charting the number of cells counted and the fluorescent 

intensity of DCFH-DA. 

 

(A) 

(B) 

(C) 

(D) 
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 (D) 

 
            control                            hydrogen peroxide/          silymarin + hydrogen  

                                                        ferrous sulphate               peroxide/ferrous sulphate 

 

Figure 34 R OS scavenging activity of silymarin against hydrogen peroxide/ferrous 

sulphate. Cells were incubated with 1000 µmol/l hydrogen peroxide/ferrous sulphate 

for 30 m in. Controls were untreated cells. Intensity of DCFH-DA was investigated 

using reveresd microscope and flow cytometry. (A) control, (B) hydrogen 

peroxide/ferrous sulphate, (C) silymarin and hydrogen peroxide/ferrous sulphate and 

(D) histogram charting the number of cells counted and the fluorescent intensity of 

DCFH-DA. 

(A) 

(B) 

(C) 
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E. Cytoprotectivity of Silymarin against Cisplatin-Induced 

Cytotoxicity in HK-2 Cells 
 The results from the previous section suggested that silymarin showed the  

scavenging activity against hydrogen peroxide and hydroxyl radical in HK-2 cells. 

Therefore, silymarin may be cytoprotective against cisplatin-induced cytotoxicity 

since the cytotoxicity of cisplatin may be involved in ROS formation. The objective 

of this study was to evaluate the cytoprotectivity of silymarin against cisplatin in    

HK-2 cells. The cytotoxicity of cisplatin was firstly investigated and the IC50 of 

cisplatin was chosen for determining the cytoprotectivity of silymarin against 

cisplatin. 

 

 1. Investigation of the cytotoxicity of cisplatin 

 HK–2 cells were treated with cisplatin at a co ncentration range of 20–100 

µmol/l. The cytotoxicity of cisplatin was evaluated after 24 hr of treatment. The 

percent cell viability significantly decreased at all concentrations studied after 24 hr of 

treatment as compared to the control (p-value < 0.05). The percentages of cell 

viability were 62.32%, 61.49%, 61.18%, 61.39% and 48.14% at concentration of 20, 

40, 60, 80 a nd 100 µmol/l respectively (Figure 35). These results suggested that 

cisplatin was cytotoxic in HK-2 cells. The IC50 of cisplatin after 24 hr treatment was 

100 µmol/l and was chosen for determining the cytoprotective of silymarin against 

cisplatin. The cytotoxicity of cisplatin is caused by DNA damage (Jordan and 

Fonesca, 2000) especially mitochondrial DNA damage (Singh, 1989). Mitochondrial 

damage is the primary event in renal injury with an overproduction of ROS, lipid 

peroxidation and enzyme leakage as a later consequence (Kruidering et al., 1997; 

Matsushima et al., 1998; Mcguinness and Ryan, 1994). In addition, cisplatin can lead 

to the depletion of antioxidants levels in the tissue (Sadzuka et al., 1994; Sueishi, et 

al., 2002).  
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Figure 35 The cytotoxicity of cisplatin in HK-2 cells. Cells were incubated for 24 hr 

at 37°C with 20-100 µmol/l cisplatin. Controls were untreated cells. Cell viability was 

examined using MTT assay. Data are represented as mean ± SD (n=3).                 

 ∗ = significant difference from the control at a level of p-value < 0.05.  

  

 In order to investigate the types of cell death from cisplatin, cells were treated 

with cisplatin at concentrations of 20, 60 and 100 µmol/l. The types of cell death were 

investigated using hoescht 33342 and PI staining after 24 hr of treatment. The results 

showed that cisplatin led to both apoptosis and necrosis cell death (Figure 36 and 37). 

The effect of cisplatin on t he induction of apoptosis and necrosis cell death were 

similar to previous studies (Dunkern et al., 2001; Ramesh and Reeves, 2003; Faubel et 

al., 2004). The effect of cisplatin on the induction of apoptosis and necrosis in HK-2 

cells depended on concentration. Low concentration of cisplatin led to more apoptosis 

than necrosis cell death (Figure 38). It has been reported that apoptosis cell death 

from cisplatin may be due to the ROS-activated apoptotic pathway including p53, 

caspase and tumor necrosis factor activation (Dunkern et al., 2001; Jiang et al., 2007). 

Necrosis cell death may be due to an overproduction of ROS and the induction of 

anti-inflammatory signal activation (Ali and Moundhri, 2006).  
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Figure 36 Cisplatin-induced apoptosis in HK-2 cells. Cells were incubated for 24 hr 

with 100 µmol/l cisplatin. Apoptosis cell death was investigated using hoescht 33342 

staining (n=3). Controls were untreated cells; (A) control and (B) cisplatin.   

 

 
Figure 37 Cisplatin-induced necrosis in HK-2 cells. Cells were incubated for 24 h r 

with 100 µmol/l cisplatin. Necrosis cell death was investigated using PI staining 

(n=3). Controls were untreated cells. (A) control and (B) cisplatin. 

 

. 
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(B) 

(A) 

(B) 
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 (1A)   (2A)   (3A)   (4A)                   

 
 (1B)   (2B)   (3B)   (4B) 

 
Figure 38 Cisplatin-induced apoptosis and necrosis in HK-2 cells. Cells were 

incubated for 24 hr with 20, 60 and 100 µmol/l cisplatin. Apoptosis and necrosis cell 

death were investigated using hoescht 33342 (A) and PI (B) staining, respectively. 

Controls were untreated cells. (1) control, (2) cisplatin 20 µmol/l, (3) cisplatin 60 

µmol/l and (4) cisplatin 100 µmol/l. 

 

 

 2. Investigation of the cytoprotectivity of silymarin against cisplatin 

 HK-2 cells were pre-treated with silymarin at concentrations range of 25-400 

µmol/l for 30 min followed by 100 µmol/l of cisplatin. Cytoprotectivity of silymarin 

against cisplatin was evaluated after 24 of treatment.  All concentrations of silymarin 

significantly increased the percent cell viability in HK-2 cells compared to cells 

treated with cisplatin alone (p-value < 0.05) (Figure 39). For 24 hr  incubation time, 

the percentages of cell viability were 83.58%, 82.59%, 86.77%, 92.16% and 103.18% 

at silymarin concentration of 25, 50, 100, 200 and 400 µmol/l respectively. The result 

suggested that silymarin had a protective effect against cisplatin-induced cytotoxicity 

in HK-2 cells. Cytoprotective effect of silymarin may be due to its antioxidant activity 

and its ability to stimulate protein and DNA synthesis (El-Shitany et al., 2008; 

Mansour et al., 2006; Pradeep et al., 2006; Sonnenbichler et al., 1999; Soto et al., 

2003; Toklu et al., 2007). 
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Figure 39 The cytoprotectivity of silymarin against cisplatin in HK-2 cells. Cells were 

pre-treated with 25-400 µmol/l silymarin for 30 min followed by 100 µmol/l cisplatin. 

Controls were untreated cells. Cell viability was examined using MTT assay after 24 

of treatment. Data are represented as mean ± SD (n=3).  

∗ = significant difference from the control at a level of p-value < 0.05.   

# = significant difference from treated with cisplatin alone at a level of p-value < 0.05. 

 

 In order to determine the effect of silymarin against the types of cell death 

induced by cisplatin, HK-2 cells were pre-treated with 100 µmol/l silymarin for 30 

min followed by 100 µmol/l cisplatin. The effect of silymarin against cisplatin-

induced apoptosis and necrosis in HK-2 cells were investigated using hoescht 33342 

and PI staining after 24 hr of treatment. The number of apoptosis and necrosis in HK-

2 cells pre-treated with silymarin significantly decreased as compared to cells treated 

with cisplatin alone (Figure 40, Figure 41 and Figure 42) (p-value < 0.05). The result 

from this study suggested that silymarin inhibited the effect of cisplatin on t he 

induction of both apoptosis and necrosis in HK-2 cells. The inhibitory effect of 

silymarin against cisplatin may be due to the inhibition of silymarin against tumor 

necrosis factor activation and caspase mediator (Manna et al., 1999; Kren and 

Walterova, 2005; Wang et al., 2005). In addition, reduction of cisplatin-induced cell 

death may be due to the antioxidant activity of silymarin (Wang et al., 2005).  
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Figure 40 Effect of silymarin against cisplatin-induced apoptosis in HK-2 cells. Cells 

were pre-treated with 100 µmol/l silymarin for 30 min followed with 100 µmol/l 

cisplatin. Apoptosis cell death was investigated using hoescht 33342 staining after 24 

incubation (n=3). Controls were untreated cells;  (A) control, (B) cisplatin and  (C) 

pre-treated with silymarin. 
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Figure 41 Effect of silymarin against cisplatin-induced necrosis in HK-2 cells. Cells 

were pre-treated with 100 µmol/l silymarin for 30 m in followed with 100 µmol/l 

cisplatin. Necrosis cell death was investigated using PI staining after 24 hr incubation 

(n=3). Controls were untreated cells;  (A) control, (B) cisplatin and (C) pre-treated 

with silymarin. 

(A) 

(B) 

(C) 
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Figure 42 Percent apoptosis and necrosis cell death. Cells were pre-treated with 100 

µmol/l silymarin for 30 min followed with 100 µmol/l cisplatin. Controls were 

untreated cells. Apoptosis and necrosis cell death was investigated using hoescht 

33342 and PI staining after 24 hr incubation. Data are represented as mean ± SD 

(n=3).  

∗ = significant difference from the control at a level of p-value < 0.05.   

# = significant difference from treated with cisplatin alone at a level of p-value < 0.05. 

 

 

F. Antioxidant Activity of Silymarin against Cisplatin-Induced ROS 

Production in HK-2 Cells 
 The result from the previous section suggested that silymarin was 

cytoprotective against cisplatin-induced cytotoxicity. This result may be due to the 

antioxidant activity of silymarin. Therefore, the objective of this section was to 

evaluate the antioxidant activity of silymarin against cisplatin-induced cytotoxicity in 

HK-2 cells. 

 

 1. Investigation of cisplatin-induced ROS production 

 Cells were treated with 100 µmol/l cisplatin for 2 hr. The result showed that 

DCFH-DA fluorescent intensity increased after cisplatin exposure for 2 hr as 

compared to control (Figure 43). After 2 hr  exposure with 100 µmol/l cisplatin, no 

signs of cell death were observed under the microscope. The result showed that 
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treatment with 100 µmol/l cisplatin for 2 hr increased the ROS production without any 

cytotoxic in HK-2 cells. Thus, this condition was chosen for evaluating the radical 

scavenging activity of silymarin against cisplatin.  

 

 
Figure 43 Fluorescent intensity of DCFH-DA after cisplatin exposure. Cells were 

treated with 100 µmol/l cisplatin for 2 hr . Control was untreated cells. DCFH-DA 

fluorescent intensity were investigated using microscope (n=3). (A) control and (B) 

cisplatin. 

 

 2. Investigation of the types of ROS production from cisplatin  

 ROS scavengers were used to determine the types of ROS production from 

cisplatin. To avoid the interferences between ROS scavengers and cisplatin on percent 

cell viability, cytotoxicity of ROS scavengers were investigated. HK-2 cells were 

treated with MnTBAP for 50 µmol/l, catalase for 1500 units/ml, sodium formate for 5 

mmol/l and  deferoxamine for 50 µmol/l. Cytotoxicity of these ROS scavengers were 

evaluated for 24 and 48 hr of treatment. Treatment with MnTBAP, catalase and 

sodium formate for 24 hr significantly increased the percent cell viability as compared 

to control (p-value < 0.05) (Figure 44). In addition, after treatment with all ROS 

scavengers for 48 hr, percent cell viability was similar to control (Figure 45). The 

(A) 

(B) 
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results suggested that all ROS scavengers at concentration studied were non-toxic to 

HK-2 cells.   
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Figure 44 The cytotoxicity of ROS scavengers in HK-2 cells. Cells were incubated for 

24 hr at 37°C with 50 µmol/l MnTBAP, 1500 units/ml catalase, 5 mmol/l sodium 

formate and 50 µmol/l deferoxamine. Controls were untreated cells. Cell viability was 

examined using MTT assay. Data are represented as mean ± SD (n=3).                  

  ∗ = significant difference from the control at a level of p-value < 0.05. 
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Figure 45 The cytotoxicity of ROS scavengers in HK-2 cells. Cells were incubated for 

48 hr at 37°C with 50 µmol/l MnTBAP, 1500 units/ml catalase, 5 mmol/l sodium 

formate and 50 µmol/l deferoxamine. Controls were untreated cells. Cell viability was 

examined using MTT assay. Data are represented as mean ± SD (n=3).                  
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 In order to determine the type of ROS production from cisplatin using ROS 

scavengers, HK-2 cells were pre-treated with all ROS scavengers at concentration 

above for 30 min followed by 100 µmol/l cisplatin. Cytotoxicity of  ROS scavengers 

were evaluated for 24 and 48 hr. All ROS scavengers significantly increased percent 

cell viability from cisplatin (p-value < 0.05) (Figure 46 a nd Figure 47). MnTBAP 

increased percent cell viability to 89.99% and 84.35% for 24 and 48 hr respectively. 

MnTBAP is a superoxide anion radical scavenger (Quagliaro et al., 2007). Increasing 

percent cell viability as scavenging the radical suggested that superoxide anion radical 

play an important role in cisplatin-induced cytotoxicity. This result was in consistent 

with Chirino et al. (2008) and Nishikawa et al. (2001) that cisplatin-induced 

superoxide anion radical production caused the cytotoxicity in the rat’s renal. Sodium 

formate increased percent cell viability to 89.61% and 81.74% for 24 and 48 hr 

respectively. Sodium formate is a hydroxyl radical scavenger. Scavenging the radical 

resulted in the increasing of percent cell viability. The result suggested that hydroxyl 

radicals play an important role in cisplatin-induced cytotoxicity. This result was 

similar to previous studied by Beak et al. (2003) and Yoshida et al.(2003) that 

scavenging hydroxyl radical lead to prevention of cisplatin-induced cytotoxicity. 

Catalase combined with deferoxamine increased percent cell viability to 76.58% and 

71.30% respectively. Deferoxamine is an iron chelator, prevents the conversion of 

hydrogen peroxide to hydroxyl radical. Catalase is a hydrogen peroxide scavenger. 

Increasing percent cell viability due to the hydrogen peroxide scavenger suggested 

that cytotoxicity of cisplatin involved with hydrogen peroxide production. This result 

was in agreement with Tsutsumishita et al.(1998) that cisplatin-induced hydrogen 

peroxide in proximal tubule cells and this cytotoxicity was reduced by catalase. The 

result suggested that cytotoxicity of cisplatin involved with ROS generation, 

particularly, superoxide anion radicals and hydroxyl radicals.  
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Figure 46 The cytotoprotectivity of ROS scavengers against cisplatin in HK-2 cells. 

Cells were pre-treated with 50 µmol/l MnTBAP, 1500 uni ts/ml catalase, 5 mmol/l 

sodium formate and 50 µmol/l deferoxamine for 30 m in followed by 100 µmol/l 

cisplatin. Controls were untreated cells. Cell viability was examined using MTT assay 

after 24 hr of treatment. Data is represented as mean ± SD (n=3).  

∗ = significant difference from the control at a level of p-value < 0.05.    
# =  significant difference from treated with cisplatin alone at a level of p-value < 0.05
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Figure 47 The cytotoprotectivity of ROS scavengers against cisplatin in HK-2 cells. 

Cells were pre-treated with 50 µmol/l MnTBAP, 1500 uni ts/ml catalase, 5 mmol/l 

sodium formate and 50 µmol/l deferoxamine for 30 m in followed by 100 µmol/l 

cisplatin. Controls were untreated cells. Cell viability was examined using MTT assay 

after 48 hr of treatment. Data is represented as mean ± SD (n=3).  

∗ = significant difference from the control at a level of p-value < 0.05.    
# =  significant difference from treated with cisplatin alone at a level of p-value < 0.05 

 

 3. Antioxidant activity of silymarin against cisplatin 

 Cells were pre-treated with 100 µmol/l silymarin for 30 min followed by 100 

µmol/l cisplatin for 2 hr. The DCFH-DA fluorescent intensity after cisplatin exposure 

was decreased in the presence of silymarin (Figure 48). The result suggested that 

silymarin had an antioxidant activity against cisplatin-induced ROS production in 

HK-2 cells.  
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                    control                            cisplatin                     silymarin+cisplatin 
 

Figure 48   Antioxidant activity of silymarin against cisplatin. Cells  were  pre-treated 

with  100  µmol/l  silymarin  for 30 min  followed  by 100  µmol/l  cisplatin  for  2  hr. 

Controls were untreated cells. Intensity of DCFH-DA was investigated using reveresd 

microscope  and  flow  cytometry.  (A)  ontrol, (B) cisplatin, (C) silymarin + cisplatin 

and  (D)  histogram charting the number of cells counted and the fluorescent intensity 

of DCFH-DA.    

(C) 

(A) 

(B) 



CHAPTER V 

 

CONCLUSIONS 
 
 

The purposes of this study were to investigate the effect of PEG 4000, PEG 

6000 and PVP K 30 at various ratios on the dissolution of silymarin solid dispersion 

pellets prepared by fluidized-bed coating technique and the inhibition effect of 

silymarin against cisplatin-induced cytotoxicity in HK-2 cells. The results of this 

study could be concluded as follows: 

All formulations of silymarin solid dispersion pellets prepared by fluidized-

bed coating technique were intact in shape with yellow color. The carriers used in this 

study were PEG 4000, PEG 6000 and PVP K 30 at the ratio of carrier to silymarin for 

1:2, 1:4 and 1:8. The percent dissolved of silymarin depended on the type of carriers, 

ratio of carrier and pH of the dissolution media. In the dissolution medium pH 7.5 

with 2% SLS, the percent dissolved of silymarin solid dispersion pellets were 

comparable with silymarin powder. In the dissolution media pH 1.2 a nd 6.8, t he 

percent dissolved of silymarin solid dispersion pellets in all formulations significantly 

increased as compared to silymarin powder except the ratio of silymarin to PVP K30 

for 1:2 and 1:4 in dissolution medium pH 1.2. Increasing the ratio of PEG 4000 and 

PEG 6000 resulted in increasing the percent dissolved of silymarin solid dispersion 

pellets. Silymarin solid dispersion pellets using PEG 6000 a s carriers provided the 

higher percent dissolved of silymarin than other carriers at the same ratio and the 

same dissolution medium. 

Silymarin showed the protective effect against cisplatin-induced cytotoxicity 

in human kidney cells, HK-2 cells. In addition, the cytotoxicity of cisplatin caused 

apoptosis and necrosis cell death. Pre-treatment with silymarin decreased the number 

of apoptosis and necrosis cell death. Cisplatin-induced cytotoxicity in HK-2 is caused 

by the production of ROS, especially, superoxide anion radical, hydrogen peroxide 

and hydroxyl radical. Silymarin was cytoprotective against hydrogen peroxide and 

hydroxyl radical-induced cytotoxicity in HK-2 cells. The protective effect of 
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silymarin against cisplatin may be due to the hydroxyl radical scavenging activity of 

silymarin.  

The results showed that the preparation of silymarin solid dispersion by 

fluidized-bed coating technique improved the dissolution of silymarin. Therefore the 

bioavailability of silymarin may be increased. In addition, silymarin was 

cytoprotective against cisplatin-induced cytotoxicity in HK-2 cells. The further study 

should investigate the protective effect of silymarin against cisplatin in in vivo study 

by using solid dispersion pellets compared to silymarin powder. 



REFERENCES 
 

Ali, B.H. and Al Moundhri, M.S. 2006. A gents ameliorating or augmenting the   

nephrotoxicity of cisplatin and other platinum compounds: A review of 

some recent research. Food and Chemical Toxicology 44: 1173-1183. 

Alidoost, F., Gharagozloo, M., Bagherpour, B., Jafarian, A., Sajjadi, S.E., Hourfar, H. 

and Moayedi, B. 2006. Effects of silymarin on the proliferation and 

glutathione levels of peripheral blood mononuclear cells from β-

thalassemia major patients. International Immunopharmacology 6: 1305-

1310. 

Atessahin, A., Yilmaz, S., Karahan, I., Osman, A. and Karaoglu, A.  2005.  Effects of 

lycopene against cisplatin-induced nephrotoxicity and oxidative stress in 

rats.  Toxicology 212: 116-123. 

Bandyopadhyay, U., Das, D. and Banerjee, R.K. 1999. R eactive oxygen species: 

oxidative damage and pathogenesis. Current Science 77: 658-666. 

Barnett, Y.A. and King, C.M. 1995. An investigation of antioxidant status, DNA 

repair capacity and mutation as a function of age in humans. Mutation 

Research 338: 115-128. 

Batandier C., Fontaine, E., Kriel, C. and Leverve, X.M. 2002. D etermination of 

mitochondrial reactive oxygen species: methodological aspects. Journal of 

Cellular Molecular Medicine 6: 175-187. 

Beak, S.M., Kwon, C.H., Kim, J.H., Woo, J.S., Jung, J.S. and Kim, Y.K. 2003. 

Differential roles of hydrogen peroxide and hydroxyl radical in cisplatin-

induced cell death in renal proximal tubular epithelial cells. Journal of 

Laboratory Clinical Medicine 142: 178-186. 

Becker, S., Soukup, J.M. and Gallagher, J.E. 2002. D ifferential particulate air 

pollution induced oxidant stress in human granulocytes, monocytes and 

alveolar macrophages. Toxicology in Vitro 16: 209-218. 

Baigi, M.G., Brault, L., Neguesque, A., Beley, M., El Hilali, R., Gauzere, F. And 

Bagrel, D. 2008. Apoptosis/necrosis switch in two different cancer cell 

lines: Influence of benzoquinone- and hydrogen peroxide-induced 



 89 

oxidative stress intensity, and glutathione Toxicology in Vitro 22: 1547-

1554. 

Bongiovanni, G. A., Soria, E. A., and Eynard, A. R.  2007.   E ffects of the plant 

flavonoids silymarin and quercetin on arsenite-induced oxidative stress in 

CHO-K1 cells.  Food and Chemical Toxicology 45: 971-976. 

Breschi, M.C., Martinotti, E., Apostoliti, F. and Nieri, P. 2002. P rotective effect of 

silymarin in antigen challenge- and histamine- induced 

bronchoconstriction in vivo guinea-pigs. European Journal of 

Pharmacology 437: 91-95. 

Budd, S.L., Castilho, R.F. and Nicholls, D.G. 1997. M itochondrial membrane 

potential and hydroethidine-monitored superoxide generation in cultured 

cerebellar granule cells. The FEBS Letters 415: 21-24. 

Cadenas, E. and Davies, K.J.A. 2000. Mitochondrial free radical generation, oxidative 

stress and aging. Free Radical Biology and Medicine 29: 222-230. 

Cader, J., Delatour, T., Douki, T., Gasparutto, D., Pouget, J., Ravanat, J. and 

Sauvaigo, S. 1999. H ydroxyl radicals and DNA base damage. Mutation 

Research 424: 9-21. 

Cantoni, O., Catlabeni, F., Stocchi, V., Meyn, R.E., Cerutti, P. and Murray, D. 1989. 

Hydrogen peroxide insult in cultured mammalian cells: relationships 

between DNA single-strand breakage, poly (ADP-ribose) metabolism and 

cell killing. Biochimica et Biophysica Acta 1014: 1-7. 

Cao, G., Sofic, E. and Prior, R.L. 1997. A ntioxidant and prooxidant behavior of 

flavonoids: structure-activity relationships. Free Radical Biology and 

Medicine 22: 749-760. 

Chabner, B. A.  2006.  Antineoplastic agents. In L. Sanford, A. Gilman, and A. G. 

Gilman (eds.). Goodman and Gilman’s the Pharmacological Basis of 

Therapeutics, pp1315-1403. New York: Macmillan. 

Chirino, Y.I., Sanchez-Gonzalez, D.J., Martinez-Martinez, C.M., Cruz, C. And 

Pedraza-Chaverri, J. 2008. Protective effects of apocynin against cisplatin-

induced oxidative stress and nephrotoxicity. Toxicology 245: 18-23. 

Choie, D.D., Longnecker, D.S. and Copley, M.P. 1981. Cytotoxicity of cisplatin in rat 

intestine. Toxicology and Applied Pharmacology 60: 354-359.  



 90 

Cos, P., Ying, L., Calomme, M., Hu, J.P., Cimanga, K., Poel, B.V., Vlietnck, A.J. and 

Berghe, D.V. 1998. S tructure-activity relationsphip and classification of 

flavonoid as inhibitors of xanthine oxidase and superoxide scavengers. 

Journal of Natural Product 61: 71-76. 

Craig, D.Q.M. 1995. A review of thermal methods used for the analysis of the crystal 

form, solution thermodynamics and glass transition behaviour of 

polyethylene glycols. Thermochimica Acta 248: 189-203. 

Craig, D.Q.M. 2002. The mechanisms of drug release from solid dispersions in water 

soluble polymers. International Journal of Pharmaceutics 231: 131-144. 

Daugaard, G. and Abildgaard, U. 1989. C isplatin 

nephrotoxicity. Cancer Chemotherapy and Pharmacology 25: 1-9.  

Dehmlow, C., Murawski, N. and Groot, H. 1996. Scavenging of reactive oxygen 

species and inhibition of arachidonic acid metabolism by silibinin in 

human cells. Life Sciences 58: 1591-1600. 

Dixit, N., Baboota, S., Kohli, K., Ahmad, S. and Ali, J. 2007. Silymarin: a review of 

pharmacological aspects and bioavailability enhancement 

approaches. Indian Journal of Pharmacology 39: 172-179. 

Doherty, C. and York, P. 1987. M echanisms of dissolution of frusemide/PVP solid 

dispersions. International Journal of Pharmaceutics 34: 197-205. 

Dunkern, T.R., Fritz, G. and Kaina, B. 2001. C isplatin-induced apoptosis in 43-3B 

and 27-1 cells defective in nucleotide excision repair. Mutation Research 

486: 249-258. 

Edinger, A.L. and Thompson, C.B. 2004. D eath by design: apoptosis, necrosis and 

autography. Current Opinion in Cell Biology 16: 663-669. 

El-Shitany, N.A., El-hagger, S. and El-desoky, K. 2008. Silymarin prevents 

adriamycin-induced cardiotoxicity and nephrotoxicity in rats. Food and 

Chemical Toxicology 46: 2422-2428. 

Fabuel, S., Ljubanovic, D., Reznikov, L., Somerset, H., Dinarello, C.A. and Edelstein, 

C.L. 2004. C aspase-1-deficient mice are protected against cisplatin-

induced apoptosis and acute tubular necrosis. Kidney International 66: 

2202-2213. 



 91 

Fernandez, M., Margarit, M.V., Rodriguez, I.C. and Cerezo, A. 1993. Dissolution 

kinetics of piroxicam in solid dispersions with polyethylene glycol 

4000. International of Journal Pharmaceutics 98: 29-35. 

Ford, J.L., Stewart, A.F. and Dubois, J.L. 1986. The properties of solid dispersions of 

indomethacin or phenylbutazone in polyethylene glycol. International 

Journal of Pharmaceutics 28: 11–22. 

Franco, M., Trapani, G., Latrofa, A., Tullio, C., Provenzano, M.R., Serra, M., 

Muggironi, M., Biggio, G. And Liso, G. 2001. Dissolution properties and 

anticonvulsant activity of phenytoin-polyethylene glycol 6000 and –

polyvinlypyrrolidone K30 solid dispersion. International Journal of 

Pharmaceutics 225: 63-73. 

Freiberg, S. and Zhu, X.X. 2004. P olymer microspheres for controlled drug 

release. International Journal of Pharmaceutics 282: 1-18. 

Fukutomi, J. Fukuda, A., Fukuda, S., Hara, M., Terada, A. And Yoshida, M. 2006. 

Scavenging activity of indole compounds against cisplatin-induced 

reactive oxygen species. Life Sciences 80: 254-257. 

Gardner, A.M., Xu, F.H., Fady, C., Jacoby, F.J., Duffey, D.C., Tu, Y., Lichtenstein, 

A., 1997. A poptotic vs. nonapoptotic cytotoxicity induced by hydrogen 

peroxide. Free Radical. Biology and  Medicine 22, 73–83. 

Gazak, R., Svobodova, A., Psotova, J., Sedmera, P., Prikrylova, V., Walterova, D., 

and Kren, V. 2004.  O xidised derivatives of silybin and their antiradical 

and antioxidant activity. Bioorganic and Medicinal Chemistry 12: 5677-

5687. 

Heim, K.E., Tagiaferro, A.R. and Bobilya, D.J. 2002. F lavonoid antioxidants: 

chemistry, metabolism and structure-activity relationships. Journal of 

Nutritional Biochemistry 13: 572-584. 

Hilton, J.E. and Summers, M.P. 1986. The effect of wetting agents on the dissolution 

of indomethacin solid dispersion system. International Journal of 

Pharmaceutics 31: 157-164. 

Ho, H., Su, H., Tsai, T. And Sheu, M. 1996. The preparation and characterization of 

solid dispersions on pellet using a fluidized-bed system. International 

Journal of Pharmaceutics 139: 223-229. 



 92 

Horter, D. and Dressman, J.B. 1997. I nfluence of physicochemical properties on 

dissolution of drugs in the gastrointestinal tract. Advanced Drug Delivery 

Reviews 25: 3–14. 

Ishihara, Y., Shiba, D. and Shimamoto, N. 2006. Enhancement of DMNQ-induced 

hepatotoxicity by cytochrome P450 inhibition. Toxicology and Applied 

Pharmacology 214: 109-117. 

Jamieson, E.R. and Lippard, S.J. 1999. S tructure, recognition, and processing of 

cisplatin-DNA adducts. Chemical Reviews 99: 2467-2498. 

Jiang, M., Wei, Q., Pabla, N., Dong, G., Wang, C., Yang, T., Smith, S.B. and Dong, 

Z. 2007. Effects of hydroxyl radical scavenging on cisplatin-induced p53 

activation, tubular cell apoptosis and 

nephrotoxicity. Biochemical Pharmacology 73: 1499-1510. 

Jordan, P. and Carmo-Fonesca, M. 2000. Molecular mechanisms involved in cisplatin 

cytotoxicity. Cellular and Molecular Life Sciences 57: 1229-1235. 

Kanduc, D., Mittelman, A., Serpico, R., Sinigaglia, E., Sinha, A.A., Natale, C., 

Santacroce, R., Di Corcia, M.G., Lucchese, A., Dini, L., et al. 2002. Cell 

death: Apoptosis versus necrosis. International Journal of Oncology  21: 

165–170. 

Kazura, J.W., Fanning, M.M., Blumer, J.L. and Mahmoud, A.A.F. 1981. Role of cell-

generated hydrogen peroxide in granulocyte-mediated killing of 

Schistosomula of Schistosoma mansoni in vitro. The Journal of Clinical 

Investigation 67: 93-102. 

Khan, G.M.K. and Zhu, J. 1999. S tudies on dr ug release kinetics from ibuprofen-

carbomer hydrophilic matrix tablets: influence of co-excipients on release 

rate of the drug. Journal of Controlled Release 57: 197-203. 

Kiruthiga, P.V., Shafreen, R.B., Pandian, S.K., Arun, S., Govindu, S. and Devi, K.P. 

2007. Protective effect of silymarin on erythrocyte haemolysate against 

benzo (α) pyrene and exogenous reactive oxygen species (H2O2) induced 

oxidative stress. Chemosphere 68: 1511-1518. 

Konno, H., Handa, T., Alonzo, D.E. and Taylor, L.S. 2008. Effect of polymer type on 

the dissolution profile of amorphous solid dispersions containing 



 93 

felodipine. European Journal of Pharmaceutics and Biopharmaceutics 70: 

493-499. 

Kosmider, B., Zyne, E., Osiecka, R. and Ochocki, J. 2004. Induction of apoptosis and 

necrosis in A549 cells by the cis-Pt (II) complex of 3-aminoflavone in 

comparison with cis-DDP. Mutation Research 563: 61-70. 

Kren, V. and Walterova, D. 2005. S ilybin and silymarin-New effects and 

applications. Biomedical Papers 149: 29-41. 

Kruidering, M., Water, B.V., Heer, E., Mulder, G.J. and Nagelkerke, J.F. 1997. 

Cisplatin-induced nephrotoxicity in porcine proximal tubular cells: 

Mitochondrial dysfunction by inhibition of complexes I to IV of the 

respiratory chain. The Journal of Pharmacology and Experimental 

Therapeutics 280: 638-649. 

Krysko, D.V., Berghe, T.V., D’Herde, K. and Vandenabeele, P. 2008. Apoptosis and 

necrosis: detection, discrimination and phagocytosis. Methods 44: 205-

221. 

Kuhad, A., Tirkey, N., Pilkhwal, S. and Chopra, K. 2006. R enoprotective effect of 

Spirulina fusiformis on cisplatin-induced oxidative stress and renal 

dysfunction in rats. Renal Failure 28: 247-254. 

Lander, H.M. 1997. An essential role for free radicals and derived species in signal 

transduction. The Federation of American Societies for Experimental 

Biology 11: 118-124. 

Law, S.L., Lo, W.Y., Lin, F.M. and Chain, C.H. 1992. Dissolution and absorption of 

nifedipine in polyethylene glycol solid dispersion containing 

phosphatidylcholine. Internation Journal of Pharmaceutics 84: 161-166. 

Leach, J.K., Tuyle, G.V., Lin, P., Schmidt-Ullrich, R. and Mikkelsen, R.B. 2001. 

Ionizing radiation-induced mitochondria-dependent generation of reactive 

oxygen/nitrogen. Cancer Research 61: 3894-3901. 

Lee, J., Bae, O., Chung, S., Lee, M. and Chung, J. 2001. M enadione induces 

endothelial dysfunction mediated by oxidative stress and 

arylation. Chemico-Biological Interactions 137: 169-183. 



 94 

Lee, R.M., Choi, H., Shin, J., Kim, K. and Yoo, K. 2009. D istinguishing between 

apoptosis and necrosis using a capacitance sensor. Biosensors and 

Bioelectronics 24: 2585-2591. 

Letteron, P., Labbe, G., Degott, C., Berson, A., Fromenty, B., Delaforge, M., Larrey, 

D., and Pessayre,  D .  1990.  M echanism for the protective effects of 

silymarin against carbon tetrachloride-induced lipid peroxidation and 

hepatotoxicity in mice. Biochemical Pharmacology 39: 2027-2034. 

Leuner, C., and Dressman, J.  2000.  Improving drug solubility for oral delivery using 

solid dispersions.  European Journal of Pharmaceutics and 

Biopharmaceutics 50: 47-60. 

Lheritier, J., Chauvet, A., Abramovici, B. and Masse, J. 1995. Improvement of the 

dissolution kinetics of SR 33557 by means of solid dispersions containing 

PEG 6000. International Journal of Pharmaceutics 123: 273-279. 

.Lin, C.W. and Cham, T.M. 1996. Effect of particle size on the available surface area 

of nifedipine from nifedipine-polyethylene glycol 6000 s olid 

dispersions. International Journal of Pharmaceutics 127: 261–272. 

Manna, S.K., Mukhopadhyay, A., Van, N.T. and Agarwal, B.B. 1999. S ilymarin 

suppress TNF-induced activation of NF-kB, c-Jun N-terminal kinase, and 

apoptosis. The Journal of Immunology 163: 6300-6309. 

Mansour, H.H., Hafez, H.F., and Fahmy, N.M.  2006.  Silymarin modulates cisplatin-

induced oxidative stress and hepatotoxicity in rats.  Journal of 

Biochemistry and Molecular Biology 39: 656-661. 

Margarit, M.V., Rodriguez, I.C. and Cerezo, A. 1994. P hysical characteristics and 

dissolution kinetics of solid dispersions of ketoprofen and polyethylene 

glycol 6000. International Journal of Pharmaceutics 108: 101-107. 

Matsushima, H., Yonemura, K., Oishi, K. and Hishida, A. 1998. The role of oxygen 

free radicals in cisplatin-induced acute renal failure in rats. Journal of 

Laboratory Clinical Medicine 131: 518-526. 

Matsuki, N., Torri, Y. and Saito, H. 1993. E ffects of iron and deferoxamine on 

cisplatin-induced emesis: further evidence for the role of free 

radicals. European Journal of Pharmacology 248: 329-331. 

Mayer, K.E., Myers, R.P. and Lee, S.S. 2005. Silymarin treatment of viral hepatitis: a  



 95 

systematic review. Journal of Viral Hepatitis 12: 559-567. 

Mcguinness, S.J. and Ryan, M.P. 1994. Mechanism of cisplatin nephrotoxicity in rat 

renal proximal tubule suspensions. Toxicology in Vitro 8: 1203-1212. 

Nair, R., Gonen, S. and Hoag, S.W. 2002 Influence of polyethylene glycol and 

povidone on t he polymorphic transformation and solubility of 

carbamazepine. International Journal of Pharmaceutics 204: 11–22. 

Naziroglu, M., Karaoglu, A. and Aksoy, A.O. 2004. Selenium and high dose vitamin 

E administration protects cisplatin-induced oxidative damage to renal, 

liver and lens tissues in rats. Toxicology 195: 221-230. 

Nencini, C., Giorgi, G., and Micheli, L.  2007.   P rotective effect of silymarin on 

oxidative stress in rat brain.  Phytomedicine 14: 129-135. 

Neuman, M. G., Cameron, R. G., Haber, J. A., Katz, G. G., Malkiewicz, I. M., and 

Shear, N. H.  1999.  Inducers of cytochrome P450 2E1 enhance 

methotrexate-induced hepatotoxicity.  Clinical Biochemistry 32: 519-536. 

Nishikawa, M., Nagatomi, H., Chang, B., Sato, E. and Inoue, M. 2001. T argeting 

superoxide dismutase to renal proximal tubule cells inhibits mitochondrial 

injury and renal dysfunction induced by cisplatin. Archives of 

Biochemistry and Biophysics 387: 78-84. 

Pabla, N. and Dong, Z. 2008. C isplatin nephrotoxicity: Mechanisms and 

renoprotective strategies. Kidney International 73: 994-1007. 

Park, W.H., Han, Y.W., Kim, S.H. and Kim, S.Z. 2007. A  superoxide anion 

generators, pyrogallol induces apoptosis in As4.1 cells through the 

depletion of intracellular GSH content. Mutation Research 619: 81-92. 

Pianetti, S., Guo, S., Kavanagh, K.T. and Sonenshein,G.E. 2002. G reen tea 

polyphenol epigallocatechin-3 gallate inhibits Her-2/Neu signaling, 

proliferation, and transformed phenotype of breast  c ancer cells. Cancer 

Research 62: 652-655. 

Pinnell, S.R. 2003. Cutaneous photodamage, oxidative stress and topical antioxidant 

protection. Journal of American Dermatology 48: 1-22. 

Pradeep, K., Mochan, C.V.R., Gobianand, K. and Karthikeyan, S. 2007. Silymarin 

modulates the oxidant-antioxidant imbalance during diethylnitrosamine 



 96 

induced oxidative stress in rats. European Journal of Pharmacology 560: 

110-116. 

Quagliaro, L., Piconi, L., Assaloni, R., Da Ros, R., Szabo, C. and Ceriello, A. 2007. 

Primary role of superoxide anion generation in the cascade of events 

leading to endothelial dysfunction and damage in high glucose treated 

HUVEC. Nutrition Metabolism and Cardiovascular Diseases 17: 257-267. 

Rabasco, A.M., Gines, J.M., Fernandez-Arevalo, M., and Holgado, M.A. 1991. 

Dissolution rate of diazepam from polyethylene glycol 6000 solid 

dispersions. International Journal of Pharmaceutics 67: 201-205. 

Ramakrishnan, G., Raghavendran, H., Vinodhkumar, R., and Devaki, T.  2006.   

Suppression N-nitrosodiethylamine induced hepatocarcinogenesis by 

silymarin in rats.  Chemico-Biological Interactions 161: 104-114. 

Ramesh, G. and Reeves, W.B. 2003. T NFR-2-mediated apoptosis and necrosis in 

cisplatin-induced acute renal failure. American Journal of Physiological 

Renal Physiology 285: 610-618. 

Rao, P.R. and Viswanath, R.K. 2007. C ardioprotective activity of silymarin in 

ischemia-reperfusion-induced myocardial infarction in albino 

rats. Experimental and Clinical Cardiology 12: 179-187. 

Ratnam, D.V., Ankola, D.D., Bhardwaj, V., Sahana, D.K. and Kumar, M.N.V.R. 

2006. Role of antioxidants in prophylaxis and therapy: A pharmaceutical 

perspective. Journal of Controlled Release 113: 189-207. 

Rice-Evans, C., Miler, N.J. and Paganga, G. 1996. Structure-antioxidant activity 

relationships of flavonoids and phenolic acids. Free Radical Biology and 

Medicine 20: 933-956. 

Rietjens, I.M.C.M., Boersma, M.O., Haan, L., Spenkelink, B., Awad, H.M., Chubben, 

N.H., Zanden, J.J., Woude, H., Alink, G.M. and Koeman, J.H. 2002. The 

pro-oxidant chemistry of the natural antioxidants vitamin C, vitamin E, 

carotenoids and flavonoids. Environmental Toxicology and Pharmacology 

11: 321-333. 

Sadzuka, Y., Shimizu, Y. and Takino, Y. 1994. Role of glutathione S-transferase 

isoenzymes in cisplatin-induced nephrotoxicity in rats. Toxicology Letters 

70: 211-222. 



 97 

Saers, E.S. and Craig, D.Q.M. 1992. A n investigation into the mechanisms of 

dissolution of alkyl p-aminobenzoates from polyethylene glycol solid 

dispersions. Internation Journal of Pharmaceutics 83: 211-219. 

Salah, N., Miller, N.J., Paganga, G., Tijburg, L., Bolwell, P. And Rice-Evans, C. 

1995. Polyphenolics flavonoids as scavengers of aqueous phase radicals 

and as chain-breaking antioxidants. Archives of Biochemistry and 

Biophysics 322: 339-346. 

Saller, R., Meier, R. and Brignoli, R. 2001. The use of silymarin in the treatment of 

liver diseases. Drugs 61: 2035-2063. 

Scambia, G., Vincenzo, R. D., Ranelletti, F. O., Panici, P., Ferrandina, G., Agostino, 

G. D., Fattorossi, A., Bombardelli, E., and Mancuso, S.  1996.   

Antiproliferative effect of silybin on gynaecological malignancies: 

Synergism with cisplatin and doxorubicin.  European Journal of Cancer 

32: 877-882. 

Schulze-Bergkamen, H., Schuchmann, M., Fleischer, B. and Galle, P.R. 2006. T he 

role of apoptosis versus oncotic necrosis in liver injury: facts or 

faith? Journal of Hepatology 44: 984-993. 

Sgonc, R. and Gruber, J. 1998. A poptosis detection: an overview. Experimental 

Gerontology 33: 525-533. 

Seth, R., Yang, C., Kaushal, V., Shah, S.V. and Kaushal, G.P. 2005. p53-dependent 

caspase-2 activation in mitochondrial release of apoptosis-inducing factor 

and its role in renal tubular epithelial cell injury. Journal of Biological 

Chemistry 280: 230-239. 

Sethia, S. and Squillante, E. 2004. Solid dispersion of carbamazepine in PVP K30 by 

conventional solvent evaporation and supercritical methods. International 

Journal of Pharmaceutics 272: 1-10. 

Shen, H., Shi, C., Shen, Y. and Ong, C. 1996. Detection of elevated reactive oxygen 

species level in cultured rat hepatocytes treated with aflatoxin B1. Free 

Radical Biology and Medicine 21: 139-146. 

Sheu, M., Yeh, C. and Sokoloski, T.D. 1994. C haracterization and dissolution of 

fenofibrate solid dispersion systems. International Journal of 

Pharmaceutics 103: 137-146. 



 98 

Singh, G. 1989. A  possible cellular mechanism of cisplatin-induced 

nephrotoxicity. Toxicology 58: 211-222. 

Singha, P.K., Ray, S., and Dey, S.  2007.  P rotective activity of androghapholide and 

arabinogalactan proteins from Androghapholis paniculata Nee. Against 

ethanol-induced toxicity in mice. Journal of Ethnopharmacology 111: 13-

21. 

Sonnenbichler, J., Scaler, F., Sonnenbichler, I. and Weyhenmeyer, R. 1999. 

Stimulatory effects of silibinin and silichristin from the Milk Thistle 

Silybum marianum on kidney cells. The Journal of Pharmacology and 

Experimental Therapeutics 290: 1375-1383. 

Soto, C., Recoba, R., Barron, H., Alvarez, C. and Favari, L. 2003. Silymarin increases 

antioxidant enzymes in alloxan-induced diabetes in rat 

pancreas. Comparative Biochemistry and Physiology Part C 136: 205-212. 

Sueishi, K., Mishima, K., Makino, K., Itoh, Y., Tsuruya, K., Hirakata, H. and Oishi, 

R. 2002. Protection by a radical scavenger edavarone against cisplatin-

induced nephrotoxicity in rats. European Journal of Pharmacology 451: 

203-208. 

Suematsu, N., Tsutsui, H., Wen, J., Kang, D., Ikeuchi, M., Ide, T., Hayashidani, S., 

Shiomi, J., Kubota, T., Hamasaki, N. and Takeshita, A. 2003. O xidative 

stress mediates-tumor necrosis factor-α-induced mitochondrial DNA 

damage and dysfunction in cardiac myocytes. Circulation 107: 1418-1423. 

Sun, N., Wei, X., Wu, B., Chen, J., Lu, Y., and Wu, W.  2007.  Enhanced dissolution 

of silymarin/polyvinylpyrrolidone solid dispersion pellets prepared by a 

one-step fluid-bed coating technique.  Powder Technology 179: 196-204. 

Svobodova, A., Psotova, J. and Walterova, D. 2003. N atural phenolics in the 

prevention of UV-induced skin damage: A review. Biomedical Papers 147: 

137-145. 

Svobodova, A., Walterova, D. and Psotova, J. 2006. Influence of silymarin and its                                    

flavonolignans on H2O2-induced oxidative stress in human keratinocytes 

and mouse fibroblasts. Burns 32: 973-979. 



 99 

Svobodova, A., Zdarilova, A., Walterova, D. and Vostalova, J. 2003. Flavonolignans 

from Silybum marianum moderate UVA-induced oxidative damage to 

HaCaT keratinocytes. Journal of Dermatological Science 48: 213-224. 

Tarpey, M.M., Wink, D.A. and Grisham, M.B. 2004. M ethods for detection of 

reactive metabolites of oxygen and nitrogen: in vitro and in vivo 

consideration. American Journal of Physiology - Regulatory, Integrative 

and Comparative Physiology 286: 431-444. 

Tiwari, S.B., Murthy, T.K., Raveendra, P., Mehta, P.R. and Chowdary, P.B. 2003. 

Controlled release formulation of tramadol hydrochloride using 

hydrophilic and hydrophobic matrix system. AAPS Pharmaceutical 

Sciences Technology 4: 1-6. 

The United States Pharmacopeia 29 a nd the National Formulary 24.  2006.   

Washington D.C.: The United States Pharmacopeia Convention, pp.  2362-

2364. 

Toklu, H.Z., Akbay, T.T., Velioglu-Ogunc, A., Ercan, F., Gedik, N., Keyer-Uysal, M. 

and Senger, G. 2008. S ilymarin, the antioxidant component of silybum 

marianum prevents sepsis-induced acute lung and brain injury. Journal of 

Surgical Research 145: 214-222. 

Torrado, S., Torrado, S., Torrado, J.J. and Cadorniga, R. 1996. Preparation, 

dissolution and characterization of albendazole solid 

dispersions. International Journal of Pharmaceutics 140: 247-250. 

Ulbricht, C. E., and Basch, E. M.  2005.  Natural Standard Herb and Supplement 

Reference: Evidence-Based Clinical Reviews.  S t. Louis, MO: Elsevier 

Mosby. 

Upadhyay, G., Kumar, A., and Singh, M. P.  2007.  Effect of silymarin on pyrogallol- 

and rifampicin-induced hepatotoxicity in mouse.  European Journal of 

Pharmacology 565: 190-201. 

Varga, Z, Seres, I., Nagy, E., Ujhelyi, L., Balla, G., Balla, J. and Antus, S. 2006. 

Structure prerequisite for antioxidant activity of silybin in different 

biochemical systems in vitro. Phytomedicine 13: 85-93. 



 100 

Verheyen, S., Blaton, N., Kinget, R. and Mooter, G. 2002. Mechanism of increased 

dissolution of diazepam and temazepam from polyethylene glycol 6000 

solid dispersions. International Journal of Pharmaceutics 249: 45-58. 

Valko, M., Izakovic, M., Mazur, M., Rhodes, C.J. and Telser, J. 2004. Role of oxygen 

radicals in DNA damage and cancer incidence. Molecular and Cellular 

Biochemistry 266: 37-56. 

Valko, M., Leibfritz, D., Moncol, J., Cronin, M.T., Mazur, M. and Telser, J. 2007. 

Free radicals and antioxidants in normal physiological functions and 

human disease. International Journal of Biochemical Cellular Biology 39: 

44-84. 

Walker, P.D. and Shah, S.V. 1991. Hydrogen peroxide cytotoxicity in LLC-PK1 cells: 

A role for iron. Kidney International 40: 891-898. 

Wang, S., Leonard, S.S., Ye, J., Ding, M. and Shi, X. 2000. T he role of hydroxyl 

radical as a messenger in Cr (VI)-induced p53 activation. American 

Journal of Physiological Cell Physiology 279: 868-875. 

Wei, Y., Lu, C., Lee, H., Pang, C. and Ma, Y. 2006. Oxidative damage and mutation 

to mitochondrial DNA and age-dependent decline of mitochondrial 

respiratory function. Annals of The New York Academy of Sciences 854: 

155-170. 

Wlaschek, M., Tantcheva-Poor, I., Naderi, L., Ma, W., Schneider, L.A., Razi-Wolf, 

Z.,, Schuller, J. and Scharffetter-Kochanek, K. 2001. Solar UV irradiation 

and dermal photoaging. Journal of Photochemistry and Photobiology B: 

Biology 63: 41-51. 

Wu, W., Wang, Y., and Que, L.  2006.  Enhanced bioavailability of silymarin by self- 

microemulsifying drug delivery system.  European Journal of 

Pharmaceutics and Biopharmaceutics 63: 288-294. 

Yabe, Y., Kobayashi, N., Nishihashi, T., Takehashi, R., Nishikawa, M., Takakura, Y. 

and Hashida, M. 2001. Prevention of neutrophil-mediated hepatic 

ischemic/reperfusion injury by superoxide dismutase and catalase 

derivatives. Pharmacology and Experimental Therapeutics 298: 894-899. 

Yang, C., Kaushal, V., Shah, S. and Kaushal, G.P. 2007. Mcl-1 is down regulated in 

cisplatin-induced apoptosis, and proteosome inhibitor restore Mcl-1 and 



 101 

promote survival in renal tubular epithelial cells. American Journal 

of Physiological Renal Physiology 292: 1710-1717. 

Yang, K., Lamprecht S.A., Liu, Y., Shinozaki, H., Fan, H., Leung, D., Newmark, H., 

Steele, V.E., Kelloff, G.J. and Lipkin, M. 2000. Chemoprevention studies 

of the flavonoids quercetin and rutin in normal and azoxymethane-treated 

mouse colon. Carcinogenesis 21:1655-1660. 

Yang, S., Lin, J., Chen, w., and Chiu, J.  2003.  Anti-angiogenic effect of silymarin on 

colon cancer lovo cell line.  Journal of Surgical Research 113: 133-138. 

Yan-yu, X., Yun-mei, S., Zhi-peng, C. and Qi-neng, P. 2006. Preparation of silymarin 

proliposome: A new way to increase oral bioavailability of silymarin in 

beagle dogs. International Journal of Pharmaceutics 319: 162-188. 

Yoshida, M., Fukuda, A., Hara, M., Terada, A., Kitanaka, Y. And Owada, S. 2003. 

Melatonin prevents the increase in hydroxyl radical-spin trap adduct 

formation caused by the addition of cisplatin in vitro. Life Sciences 72: 

1773-1780. 

Zhang, K., Chew, M., Yang, E.B., Wong, K.P. and Mack, P. 2001. M odulation of 

cisplatin cytotoxicity and cisplatin-induced DNA cross-links in Hep G2 

cells by regulation of glutathione-related mechanisms. Molecular 

Pharmacology 59: 837-843. 

Zong, W., Ditsworth, D., Bauer, D.E. 2004. Alkylating DNA damage stimulates a 

regulated form of necrotic cell death. Genes and Development 18: 1272-

1282. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 
 

 



 103 

 

 

 

 

 

 

 

 

 

APPENDIX A 

Evaluation of Antioxidant Activity of Silymarin by 

Determining DPPH Free Radical Scavenging Activity Using 

HPLC 
 

(9th National Grad Research Conference:  Poster Presentation 

14-15 March 2008, Burapha University, Bangsaen, Chonburi, 

Thailand) 



 104 



 105 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 
 

CERTIFICATE OF ANALYSIS OF SILYMARIN 



 106 



 107 

 



 108 

 



 109 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

APPENDIX C 
 

PRODUCT INFORMATION OF HK-2 CELLS 



 110 

 



 111 

 



 112 



 113 

 
 

 

  



 114 

 VITA 
 

 

 Miss Pacharaporn Jiamchaisri was born on M arch 2, 1983 in Bangkok, 

Thailand. She received her Bachelor Degree in Pharmacy from the Faculty of 

Pharmaceutical Sciences, Chulalongkorn University in 2005. She continued the 

enrollment to the Master degree program in Pharmacy at Chulalongkorn University in 

the same year. 

 

 

 

 


	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Tables
	Figures
	Abbreviations
	Chapter I
	Chapter II
	Chapter III
	Chapter IV
	Chapter V
	References
	Appendices
	Vita

