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CHAPTER

INTRODUCTION

The experiments conducted in this study were divided into 2 parts; 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



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.



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 at 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 11

LITERATURE REVIEW

A. Silymarin

Silymarin is a flavonoid complex extracted from the seeds of milk thistle
(silypbum 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 Cu”" 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



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).

C 1

1 C
P
NH; 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 in 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



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).



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"7). 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 (H,O;) (Fridovich 1983; Valko et al.,
2007)..



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 Fe** and hydrogen peroxide can participate in the Fenton reaction,
generating highly reactive hydroxyl radical (Fe*" +H,0,—Fe’" + "OH+OH ). The
superoxide radical also participates in the Haber—Weiss reaction (O;" +H;0,—0;
+ '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~ 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” 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 av ariety of sources has led organisms to
develop a series 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-y-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 bondin 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



12

two classes, apoptosis and necrosis. Apoptosis is usually called programmed cell
death as it is a cell-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 2500
15 8000
17 10000
25 30000
30 50000
60 400000
90 1000000

120 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, 10m g
streptomycin and 25 pg amphotericin B per ml) (Sigma-Aldrich Inc., USA,
Lot n0.028K2402)

Dulbecco’s Modified Eagle Medium (DMEM) (Invitrogen Corporation, USA,
Lot n0.1384657)

Fetal Bovine Serum (FBS) (Research grade) EU approved triple 0.1 um sterile
filtered (Thermo Fisher Scientific Inc., USA, Lot no.CSE0441)

Phosphate Buffered Saline (PBS)10X pH 7.4 (Invitrogen Corporation, USA,
Lot n0.1395685)

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

Lot n0.1256246)

Accessories for Cell cultures

1.

Disposable Sterile Pipette 5m 1 (Corning Incorporated, USA, Lot
10.09008003)

Disposable Sterile Pipette 10m 1 (Corning Incorporated, USA, Lot
n0.08108002)

96-well Cell Cultured plate (Corning Incorporated, USA, Lot n0.1208022)

25 cm® Cell Culture Flask, Canted Neck with 0.2 pm Vent Cap (Corning
Incorporated, USA)

Cryogenic Vial (Corning Incorporated, USA, Lot no.15508044)
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8
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. Microcentrifuge Tube 1.5 ml (Corning Incorporated, USA)

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

. Centrifuge tube 50 ml, Plug Seal Cap (Corning Incorporated, USA)
. Pipette Tips, 1-200 1 Universal Fit Pipette Tips (Corning Incorporated, USA)
10.

Pipette Tips, 100-1000 1 Universal Fit Pipette Tips (Corning Incorporated,
USA)

Chemicals for cell cultures tests

1.

N » bk

10.

11

14.

2,3-Dimethoxy-1,4-naphthoquinone (DMNQ) (Sigma-Aldrich Inc., USA, Lot
n0.086K 1983)

2, 7 -dichlorofluorescein diacetate (DCF-DA) (Sigma-Aldrich Inc., USA, Lot
no. 115K4039)

biz Benzimide H33342 trihydrochloride (Sigma-Aldrich Inc., USA, Lot
n0.G46K4017)

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

Dihydroethidium (DHE) (Fluka, USA)

Dimethylsulfoxide (DMSO) Analytical Grade (Labscan Asia., Ltd., Thailand,
Lot n0.07030033)

Ferrous sulphate (FeSO4.7H,0) (Ajax Finechem, Australia, Lot
no.AF511300)

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

Mn (III) tetrakis (4-benzoic acid) porphyrin (MnTBAP) (EMD Chemicals
Inc., Germany, Lot n0.D0030652)

. Propidium Iodide (Sigma-Aldrich Inc., USA, Lot n0.037K3676)
12.
13.

Sodium formate (Sigma-Aldrich Inc., USA, Lot n0.05227CE)

Thiazolyl Blue Tetrazolium Bromide, approx. 98% TLC (Sigma-Aldrich Inc.,
USA, Lot n0.085K5304)

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

Chemicals for preparation of solid dispersions and dissolution testing
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9.

10.
11.
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14/18 CH Sugar Spheres, NF White (CHR HANSEN, USA, Lot n0.2534480)
Absolute Ethanol, AR grade (Labscan Asia., Ltd., Thailand, Lot n0.07080175)
Avicel PH101 (Ajax Finechem, Australia)

Methanol, HPLC grade (Lab Scan Co., Ltd., Thailand, Lot n0.06080013)
Polyethylene glycol 4000 (Srichand United Dispensary Co., Ltd., Thailand,
Lot no.PHF05700)

Polyethylene glycol 6000 (Ajax Finechem, Australia, Lot no.AF401212)
Polyvinylpyrrolidone K30 (BASF, Germany)

Silymarin Soluble (Powdered Milk Thistle Extract) (Berlin Pharmaceutical
Industry Co., Ltd., Thailand, Lot no. 0710220)

Sodium dihydrogen phosphate (Ajax Finechem, Australia, Lot n0.0710220)
Sodium hydroxide (Merck, Germany, Lot n0.B020089880B)

Sodium lauryl sulphate (Ajax Finechem, New Zealand, Lot n0.0802175)

Apparatus

1.

AN i

10.
11.
12.
13.
14.
15.
16.

Analytical balance (Model AX105, Mettler Toledo, Switzerland)

CO; Incubator (Model 311, Thermo Electron Corp., USA)

Dissolution testing station (Model VK7000, Vankel Industries, Inc., USA)
Flow cytometry (Becton Dickinson, USA)

Fluid bed coating (Aeromatic Fielder AG, Germany)

Laminar hood biosafety cabinet class II (Model ABS1200CL32MK?2, ASTEC
Microflow, UK)

Magnetic stirrer (Model RCT basic, KIKA® Works Guangzhou, China)
Micropipette (Biohit, Finland)

Microplate reader (Anthos Labtec, UK)

Microscope (Model CKX41, OLYMPUS®, Germany)

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

Reversed microscope (Model IX, OLYMPUS®, Germany)

Scanning Electron Spectroscopy (SEM) (Shimadzu, Japan)

Sonicator (Model TP680DH, Elma, Germany)

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

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 mg 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 (%ow/w)
F1 PEG 4000 1:2
F2 1:4
F3 1:8
F4 PEG 6000 1:2
F5 1:4
F6 1:8
F7 PVP K30 1:2
F8 1:4

F9 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 fluid-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 m’/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 umol/l.
Standard solutions of silymarin were prepared by pipetting 250, 375, 50 0, 625, 750,
875, 1000 and 1125 pl of silymarin stock solutions into 5 m1 volumetric flasks,
diluted and adjusted to volume with methanol to give the final concentrations of the

solution to 10, 15,20, 25, 30,35,40a nd 45 pumol/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 pmol/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 (R?).

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 umol/l were prepared and analyzed. These solutions were prepared by
pipetting stock solution of silymarin for 875, 1375 and 1875 ul 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, 27.5and 37.5 umol/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 pmol/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 pm 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 m1 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 mol/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 7.5,6.8a nd 1.2 were 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 pm 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 pg/ml). Cells were cultured in a humidified
atmosphere with 5% CO; at 37+ 0.5 °C. For all experiments in this section, cells
were seeded in 96-well cell cultured plates at density of 1x10° 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 12.05m g was dissolved in 1m 1 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 umol/I.

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 ml
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 pumol/I.

2). Preparation of hydrogen peroxide solution

Hydrogen peroxide 3% v/v was used to generate hydrogen peroxide in
cells. Forty-five ul 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 pmol/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 ul of 3%
v/v hydrogen peroxide were dissolved with 1 m1 of 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 pmol/I.

3. Cytotoxicity of ROS generators in HK-2 cells

Cells were treated with either silymarin or ROS generators (10 ul/well) at
various concentrations and were placed in 5% CO, 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 ul PBS for 2 times. Then the medium was replaced by MTT
solution for 50 ul/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% CO, at 37 + 0.5
°C incubator for 4 hr. The MTT solution was removed and 100 ul 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 (ICsp) of ROS generators were chosen for evaluating the cytoprotective

effect of silymarin against ROS.

% cell viability = absorbance of treatment x 100 (equationl)

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 ICsy and were placed in 5% CO, 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% CO, at 37 + 0.5 °C.
For all experiments in this section, cells were seeded in 96-well cultured plate at
density of 1x10° cells/well or were cultured in 25-cm? 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 pmol/l and diluted with serum-free medium to

final concentration of 50 pmol/I.

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

umol/1.

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 umol/l of DHE or 10 umol/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 cm?-cell cultured flask using cell scrapper and suspended in
microcentrifuge tube for 1 m1 of serum free medium/tube. ROS generators (10 pl)
were added and were placed in 5% CO, 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 PBS for 2 times and
incubated with either 5 umol/l of DHE or 10 umol/l of DCFH-DA at 4 °C for 30 min.
After incubation, Cells were placed onice, the DHE or 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 cm’-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% CO, 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% CO, at 37 + 0.5 °C.
For all experiments in this section, cells were seeded in 96-well cell cultured plates at

density of 1x10° 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 mg was dissolved in 1 m1 of DMSO to
give a stock solution at concentration of 10 mmol/l and diluted with PBS to give

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

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

Cells were treated with cisplatin solution at various concentrations for 10
ul/well and were placed in 5% CO, at 37+ 0.5 °C incubator for 24. Control 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 ICsy 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 ICsy and were incubated for 24 hr in 5%
CO; at 37 £ 0.5 °C. After incubation, medium were removed and cells were washed
with PBS (100 pl/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 pl/well) and kept in the dark for 15 min. 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 ICsy and were placed in 5% CO, 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 ICsy and were were placed in 5% CO, at 37 £ 0.5 °C
incubator for 24 hr. After incubation, cells were removed medium and washed with
PBS 100 ul/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% CO, at 37 £ 0.5 °C.
For all experiments in this section, cells were seeded in 96-well cell cultured plates at

density of 1x10° cells/well or were cultured in 25-cm? 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 mg was dissolved in 1 m1 of DMSO to make a stock solution at

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

2). Preparation of catalase solution

Catalase was used as a hydrogen peroxide scavenger. Catalase in the
amount of 3m g was dissolved in 1 m1 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 m1 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 umol/l and

diluted with PBS to give a concentration of 100 pumol/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 umol/l of DCFH-DA at 4 °C for 30 min. 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 cm’-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 ICsy were added for 10 ul and were placed in
5% CO; 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 pl/well and were were placed in 5%
CO; 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 pl/well and placed in 5% CO,
incubator for 30 min followed by cisplatin at ICsy were added for 10 ul/well and were
placed in 5% CO; at 37 = 0.5 °C incubator for 24 and 48 hr. A fter 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 PBS for 2 times and
incubated with 10 umol/l of DCFH-DA at 4 °C for 30 min. 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 cm’-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 ICsy for 10 pl and were placed in 5%
CO; 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.



33

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 7.5w 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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Figure 5 Absorption spectra of (A) 0.7 mg/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.
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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.
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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.



38

(A)

silymarin

(B)

2.500,

b 1.250)

a DDDW\

200.0

400.0 E00.0
"W avelength (nm.]

©)

silymarin

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 with 2% SLS (C) silymarin solid dispersion pellets in
dissolution medium pH 7.5 with 2% SLS.
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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 (R?) 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.

1 y=0.0199x - 0.0083
0.8 - R = 0.9997
8
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0 I I I I 1
0 10 20 30 40 50

Concentration of sitymarin (umol/l)

Figure 9 Calibration curve of silymarin in methanol. Data are represented as mean +

SD (n=3).
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Concentration of silymarin (umol/l)

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

represented as mean = SD (n=3).
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Figure 11 Calibration 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 Absorbance of silymarin at 288 nm
(umol/1) methanol pH 1.2 pH 6.8 pH 7.5
with 2% SLS

10 0.1982 +0.003 0.1434+£0.002 0.1355+0.002 0.1907 + 0.0004
15 0.2879+£0.003 0.2176 £0.001 0.2011 +0.003 0.2841 £+ 0.002
20 0.3833+0.002 0.2934+0.002 0.2671 +£0.003 0.3767 = 0.005
25 0.4879 +0.002 0.3670+0.001 0.3382+0.005 0.4741 +0.007
30 0.5835+0.003 0.4259+£0.001 0.4106 +0.002 0.5662 + 0.009
35 0.6891 +£0.005 0.5028 £ 0.003 0.4850 +0.003 0.6605 £ 0.007
40 0.7901 +£0.003  0.5759 £ 0.004 0.5619 +0.003 0.7551 +0.002
45 0.8877 +£0.005 0.6486 £0.001 0.6368 +0.006 0.8435+0.001
R’ 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 and 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 % Analytical recovery of silymarin
(umol/l) methanol pH 1.2 pH 6.8 pH7.5
with 2% SLS
17.5 99.48 +1.31 98.86 +0.58 99.37 £1.08 100.2 +1.79
27.5 99.95 +0.35 99.93+0.96  100.66 + 1.03 99.46 + 0.96
37.5 99.87 £0.39 99.33 +0.44 99.45 +0.85 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 1.2,6.8a nd 7.5w 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 % CV
(umol/T) methanol pH 1.2 pH 6.8 pH 7.5
with 2% SLS
17.5 0.94 0.59 1.04 0.93
27.5 0.68 0.68 1.86 0.68
37.5 0.32 0.33 1.29 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 % CV
(umol/T) methanol pH 1.2 pH 6.8 pH 7.5
with 2% SLS
17.5 1.32 1.06 0.66 1.89
27.5 0.35 0.45 0.79 0.89
37.5 0.39 0.45 1.10 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)
(10) (20)

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)1:4and (C) 1 : 8respectively.
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(10) (20)

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)1:4and (C) 1 : 8 respectively.
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(1B) (2B)
(10) (20)

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)1:4and (C)I : 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 Percent recovery of silymarin
silymarin:carrier (mean = SD)
(% w/w)

F1 PEG 4000 1:2 83.50 £2.00
F2 PEG 4000 1:4 79.80 = 1.43
F3 PEG 4000 1:8 80.32 +2.12
F4 PEG 6000 1:2 81.83 +1.69
F5 PEG 6000 1:4 81.25+1.40
F6 PEG 6000 1:8 78.75 +1.90
F7 PVP K 30 1:2 78.69 £ 1.35
F8 PVP K 30 1:4 78.58 £ 1.54
F9 PVP K 30 1:8 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. Qty min, the amount of drug dissolved in that

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

release of silymarin is not less than 75% in 45 min (Qt4s min > 75%). The tas 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 (Qt4s min).

Formulations Qt4s min (%) Qt s min (%0) Qt4s min (%)
pH 1.2 pH 6.8 pH 7.5 with 2%
SLS

Silymarin powder 5443 +0.44 53.43+0.22 90.49 +0.34
Ol 43.36 £ 0.30 40.09 + 0.40 94.71 £0.34*

02 57.01 £0.33* 49.32 +0.36 90.23 £0.71

F1 81.50 £ 1.45* 61.44 £ 1.04* 75.25+0.40
F2 91.37 £ 1.02* 75.99 £ 0.92* 93.71 £0.91*

F3 89.35 +0.98* 76.94 + 1.80* 97.50 £2.36*

F4 100.71 £ 1.15%* 87.43 £1.57* 97.22 +£0.39*

F5 98.94 + 0.49* 93.12 £ 1.60* 98.01 = 0.60*

F6 98.93 £ 0.67* 99.37 £ 1.04* 99.04 + 0.55*

F7 43.40 +£0.92 84.98 +£0.58* 99.32 +£0.53*

F8 38.44+2.18 98.24 £ 0.50* 98.44 +0.23*

F9 92.48 £1.15%* 84.14 £ 0.46* 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. In dissolution medium pH 7.5 with 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 and 6000 from 1: 2to 1: 8resulted 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: 8resulted 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=0).
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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, leading 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 is more than pH 6.8. The solubility of
silymarin in pH 1.2and pH 6.8are 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.



54

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 (ICsy) 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
umol/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 umol/l for 24 hr (p-value < 0.05) and above 50 umol/l for 48 hr (p-value <
0.05). The percentages of cell viability were approximately 8% higher than the control
after 24 hr treatment with silymarin at concentration above 100 umol/l and 13%
higher than the control after 48 hr treatment with silymarin at concentration above 50
umol/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 umol/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 umol/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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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
umol/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 umol/l, the percentages of cell viability after 24
of treatment were decreased from 91% to 22% respectively. The ICsy of DMNQ after
24 hr of DMNQ exposure was 20 umol/l. DMNQ at concentration of 20 umol/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 pmol/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 umol/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 to 1000 umol/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 umol/I 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
ICsp of hydrogen peroxide after 24 of hydrogen peroxide exposure was 400 pmol/I.
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 pmol/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 umol/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 600to 1000 umol/l, the percentages of cell
viability after 24 hr of treatment decreased from 82% to 72% respectively. The IC;s
of hydrogen peroxide/ferrous sulphate after 24 of incubation was 1000 umol/l. The
concentration of 1000 pumol/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 umol/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 umol/l for 30 min followed by DMNQ at concentration of 20 umol/l (ICsg)
for 24 hr. The cytoprotectivity of silymarin against DMNQ was evaluated after 24 hr
of treatment. Pre-treatment with silymarin at concentration of 25and 50 pmol/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 25to 200 pumol/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 umol/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 pmol/l silymarin for 30 min followed by 20 umol/Il
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 pmol/l for 30 min followed by 400 pmol/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 pmol/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 pmol/l silymarin and 400 umol/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 pmol/l for 30 m in followed by hydrogen peroxide/ferrous sulphate
solution at concentration of 1000 pmol/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 umol/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 umol/l silymarin
followed by 1000 umol/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 ICsyo. 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 umol/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 pmol/l DMNQ, no signs of cell death were observed under the
microscope. The result suggested that treatment with 20 pmol/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 pmol/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 umol/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.
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1.2 ROS production from hydrogen peroxide and hydrogen
peroxide/ferrous sulphate

Cells were treated with hydrogen peroxide at concentration of 400
umol/l or hydrogen peroxide/ferrous sulphate at concentration of 1000 pmol/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 signs of
cell death were observed under the microscope. The result suggested that treatment
with 400 pmol/l hydrogen peroxide or 1000 umol/l hydrogen peroxide/ferrous
sulphate for 30 min 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 umol/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.
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Figure 30 Fluorescent intensity of DCFH-DA after hydrogen peroxide/ferrous
sulphate exposure. Cells were treated with 1000 pmol/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 umol/l
for 30 min followed by 20 umol/l DMNQ for 3 hr or 400 umol/l hydrogen peroxide
for 30 min or 1000 umol/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 C, and Cj in the ring C. This structure



66

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 pan 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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Figure 31 ROS scavenging activity of silymarin against DMNQ. Cells were incubated
with 20 umol/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.
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Figure 32 ROS scavenging activity of silymarin against DMNQ. Cells were incubated
with 20 umol/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.
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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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Figure 33 ROS scavenging activity of silymarin against hydrogen peroxide. Cells
were incubated with 400 pmol/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.
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Figure 34 ROS scavenging activity of silymarin against hydrogen peroxide/ferrous
sulphate. Cells were incubated with 1000 umol/l hydrogen peroxide/ferrous sulphate
for 30 min. 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.
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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 ICsy 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
umol/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 pumol/l respectively (Figure 35). These results suggested that
cisplatin was cytotoxic in HK-2 cells. The ICsy of cisplatin after 24 hr treatment was
100 pmol/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 umol/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 pmol/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 the 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 umol/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 hr
with 100 pmol/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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Figure 38 Cisplatin-induced apoptosis and necrosis in HK-2 cells. Cells were
incubated for 24 hr with 20, 60 and 100 umol/I 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 pmol/l, (3) cisplatin 60
umol/l and (4) cisplatin 100 umol/I.

2. Investigation of the cytoprotectivity of silymarin against cisplatin

HK-2 cells were pre-treated with silymarin at concentrations range of 25-400
umol/l for 30 min followed by 100 umol/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 umol/I 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 (EI-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 umol/I silymarin for 30 min followed by 100 umol/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 pmol/l silymarin for 30
min followed by 100 umol/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 ont 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 umol/l silymarin for 30 min followed with 100 pmol/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 umol/l silymarin for 30 min followed with 100 pmol/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.
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Figure 42 Percent apoptosis and necrosis cell death. Cells were pre-treated with 100
umol/l silymarin for 30 min followed with 100 umol/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 umol/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 umol/I cisplatin, no

signs of cell death were observed under the microscope. The result showed that
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treatment with 100 umol/I 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.

(A)

(B)

Figure 43 Fluorescent intensity of DCFH-DA after cisplatin exposure. Cells were
treated with 100 umol/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 umol/l, catalase for 1500 units/ml, sodium formate for 5
mmol/l and deferoxamine for 50 umol/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
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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 pmol/l MnTBAP, 1500 units/ml catalase, 5 mmol/l sodium
formate and 50 umol/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 umol/l MnTBAP, 1500 units/ml catalase, 5 mmol/l sodium
formate and 50 pmol/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 umol/I 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 and 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 pmol/l MnTBAP, 1500 units/ml catalase, 5 mmol/l
sodium formate and 50 umol/l deferoxamine for 30 min followed by 100 pumol/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 pmol/l MnTBAP, 1500 units/ml catalase, 5 mmol/l
sodium formate and 50 umol/l deferoxamine for 30 min followed by 100 pumol/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 umol/l silymarin for 30 min followed by 100
umol/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.



85

(A)

©)

(D)

control cisplatin silymarin+cisplatin

Figure 48 Antioxidant activity of silymarin against cisplatin. Cells were pre-treated
with 100 pumol/l silymarin for 30 min followed by 100 umol/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.



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 and 6.8, the
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 as 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.
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