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CHAPTER I 

INTRODUCTION 

 

Damaging cellular components including keratinocytes and fibroblasts results  

in skin complications such as aging and cancer (Guo et al., 2010; Matito et al., 2011). 

Keratinocyte, a principle cellular component of outmost layer of skin, has been shown 

to be the most affected by the ultraviolet (UV) radiation (Fisher et al., 1996; Kraemer 

et al., 1997). Indeed, ROS like superoxide anion (•O2
−), hydrogen peroxide (H2O2), 

and hydroxyl radical (•OH) are continuously generated in human cells along with 

cellular energy production via mitochondrial electron transport reaction (Kirkinezos 

and Moraes, 2001; Liu et al., 2002; Chen et al., 2007). Firstly, electrons leaking out 

of transport chain react with oxygen to form superoxide anion (Halliwell and 

Gutteridge, 1984; Devasagayam et al., 2004). Then superoxide anion is transformed 

by a catalytic activity of superoxide dismutase enzyme to hydrogen peroxide and in 

the presence of metal, hydrogen peroxide is converted to hydroxyl radical via the 

Fenton reaction (Halliwell and Gutteridge, 1984; Salganik, 2011). Also, glutathione 

peroxidase and catalase are able to detoxify hydrogen peroxide to non-reactive water. 

Basically, approximately 1-3% of oxygen consumed by the cells will be converted to 

superoxide anion; however, in response to several stimuli including UV irradiation, 

increased cellular ROS production is frequently occurred (Bossi et al., 2008). 

Increased levels of cellular ROS overwhelm the cellular antioxidant mechanisms, 

excess ROS interaction with cellular DNA, proteins, and lipids can cause significant 

impact on cell signaling, behaviors, and survival (Thannickal and Fanburg et al., 

2000; Saitoh et al., 2011). 
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 There are 3 types of solar UV radiation, UVA (315-400 nm), UVB (280-315 

nm), and UVC (wavelength < 280 nm). Among these, UVB has been recognized as 

the most severe damaging to the epidermis layer of skin (Wang and Kochevar, 2005). 

In particular, UVB-mediated DNA damage through oxidative stress-dependent 

mechanism in keratinocyte was demonstrated in many studies (Maccubin et al., 1995; 

Lisby et al., 2005). Although much attempt has been made for the evaluation of 

cytotoxic effects caused by UVB exposure, the information involving kinetics of ROS 

production and in particular specific oxidative species induction after UVB exposure 

has not been evaluated. Study of the kinetics and species of induced ROS may help to 

understand the mechanism of UVB-induced cell damage and related cellular 

responses. In addition, vitamin C, vitamin E, and silymarin are used as an antioxidant 

for attenuating ROS production induced by UVB in this experiment. All antioxidants 

are used as an active ingredient in many commercial products available in the market.  

The main focuses of this study are to investigate the ROS generating kinetics 

and to identify the responsible specific ROS species for cellular oxidative stress and 

damage in UVB-exposed keratinocytes. It has been known that UVB could induced 

ROS generation in skin keratinocytes; however, there is no detail regarding the type 

of specific ROS generated. Besides, the kinetic of ROS production in such condition 

is still unknown. According to the basis that the information regarding ROS 

producing kinetic as well as the type of ROS could render the better explanation about 

ROS species and time that is critical to oxidative cell damage. This information may 

lead to the development of more precise strategies in protecting skin cells. 

The data may facilitate the development of effective strategies in attenuating 

undesirable effects on UV-exposed skin and may help in developing methods for 
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evaluation of cosmeceutical products claiming for oxidative stress and UV-relief 

approaches. 

!!



CHAPTER II 

LITERATURE REVIEWS 

 

Ultraviolet  

Skin cancer had become one of the most dreadful skin problems known 

worldwide. Skin is exposed to broad variety of environmental hazards everyday, such 

as biological, chemical, and physical insults (Saliou et al., 1998). The number one 

environmental factor that causes many skin problems including cancer, skin aging, 

and immunosuppression is ultraviolet (UV) radiation. UV is a part of electromagnetic 

spectrum in the range between the X-ray regions and visible light. From total radiant 

energy from the sun received at the earth’s surface , UV consist of approximately 5-

10%, followed by 40% of visible light and 50% of infrared radiation (Costin and 

Hearing, 2007). 

 

Figure 2.1 Wavelength of three ultraviolet irradiations 
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 UVR (100-400 nm) is divided in long wavelength UVA (320-400), short 

wavelength UVB (290-320 nm), and UVC (100-290 nm) as show in figure 2.1. The 

wavelengths below 280 nm are normally screened by the ozone layer and are not 

allowed to reach the earth’s surface (Sinha and Hader, 2002). Therefore, from these 

three radiations, both UVA and UVB can reach to the earth’s surface, thus only UVC 

cannot pass through the atmospheric ozone layer. 

 UVA causes oxidation of cellular components such as lipids, DNA, and 

proteins that induced the frequent lesions. The oxygen intermediates will cause the 

formation of strand break and oxidized bases in DNA. Most of UVA can pass through 

automobiles, office, glass windows, and can also penetrate deeply into the dermis of 

skin approximately 19-50% (Garland C, Garland F, and Gorham, 1993). In contrast, 

UVB is blocked by glass window and only 9-14% of solar UVB can reach the depth 

of melanocytes (Costin and Hearing, 2007). UVB absorbed to the epidermis and 

upper dermis of the skin is responsible for causing sunburn reaction, induction of 

cyclobutane pyramidine dimer (CPD) (Lehmann et al., 1998), lipid peroxidation, and 

an accurate inflammatory response. Moreover, the production of melanin is 

stimulated by UVB. This may be associated with increase risk of skin cancer if the 

UV exposure has been prolonged and repeated (Costin and Hearing, 2007). 

 UVB radiation damages keratinocyte DNA by suppressing the immune 

system, cutaneous malignancy, non-melanoma skin cancer, and induction chronic 

skin damage. UVB exposure can induce DNA damage both directly and indirectly 

(Cunningham et al., 1985; Hattori et al., 1996). Direct damage to DNA occurs from 

the formation of cyclobutane-pyrimidine dimers and 6-4 pyrimidine-pyrimidone 
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photoproducts, while indirect DNA damage leads to up-regulation in the level of 

reactive oxygen species that simplify DNA oxidation. 

 Interestingly, it has been vastly reported that UVB radiation mediates the 

production of ROS and induces stimulation of some specific signal transduction 

pathways leading to cell death, cell cycle progression arrest, as well as altered gene 

expression (Tyrrell, 1995; Bender et al., 1997; Scharffetter-Kochanek et al., 1997). 

Reactive Oxygen Species 

 Reactive oxygen species (ROS) are constantly produced within cell or 

mammalian tissues by mitochondria via the release of electron from mitochondria 

electron transport chain and the redox reactions implicating electron transfer group 

such as their phenolic precursors, quinolones, some metal complexes, conjugated 

imines, and aromatic nitro compounds (Heck et al., 2003). Normally, the formation of 

ROS occurs in the cells by two ways, which are enzymatic and non-enzymatic 

reaction. Most cells generated three main types of ROS, namely superoxide anion 

(O2
•), hydrogen peroxide (H2O2), and hydroxyl radical (OH•). Among them, 

superoxide and hydrogen peroxide is the cellular ROS that are the most aggressive 

entity. 
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Figure 2.2 Reactive Oxygen Species (ROS) 

Superoxide is the first and main cellular ROS that produced from non-

enzymatic process, generated in mitochondria via electron released from electron 

transport chain and reduction of oxygen molecules to superoxide to form superoxide 

anion radical. Even though, superoxide anion radical is unable to penetrate in lipid 

membranes, the two molecules of superoxide anion radical rapidly form hydrogen 

peroxide (H2O2) via superoxide dismutase (SOD), which is able to penetrate easily to 

the cell membranes. Hydrogen peroxide acts as inter or intracellular signaling 

molecule and is able to cross in the cell membrane, so hydrogen peroxide can react 

with some antioxidant enzyme such as catalase and glutathione peroxidase to form 

water. While, some of hydrogen peroxide atom would react with metal ions, namely 

(Fe2+ or Cu+) to generate the hydroxyl radical (˙OH) in the cell via Fenton reaction, 

very toxicity and reactive than other ROS as shown in figure 2.2. However, 

superoxide anion radical and hydrogen peroxide occurred intermediate reaction with 
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some metal ions (Fe2+ or Cu+) via reduction of metal ions (Thannickal and Fanburg, 

2000; Devasagayam et al., 2004). These two reactions are called Haber-Weiss 

reaction as demonstrated below. 

  Fenton reaction:  H2O2 + Fe2+ /Cu+  ˙OH + OH-+ Fe3+ / Cu2+ 

Reduction of metal ions: O2˙- + Fe3+ / Cu2+  O2 + Fe2+ /Cu+  

Haber-Weiss reaction:  H2O2 + O2˙-    ˙OH + OH-+ O2 

The concentration of ROS is very important to the function of the cell. The 

low or moderate ROS level can be useful for biological molecular functions, whereas 

the high concentration of ROS will be harmful and cause danger to cells. The 

overproduction of ROS production may lead to oxidative stress, which the formation 

of ROS and antioxidant defenses are imbalance. The excess of ROS in the cells react 

with biological molecules, namely protein, lipid, lipid peroxidation, DNA and protein 

(Nordberg and Arner, 2001; Young and Woodside, 2001; Valko et al., 2007; Pham-

Huy He, and Pham-Huy C, 2008) and cause the cell death such as apoptosis and 

necrosis or loss of cell function.  

• Lipids and lipid peroxidation 

Membrane lipid exists in every subcellular organelles are highly sensitive 

to the free radical damage. Many previous studies has been provided that lipid interact 

with free radical can undergo the highly damaging chain reaction of lipid peroxidation 

(LP) in both direct and indirect effects, especially produced hydroxyl radical. 

According to the plasma membrane it damage and cause further oxidation of 

membrane resulting in cell injury (Gutteridge, 1982; Teiero et al., 2007). 
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• DNA 

The excess ROS will react with DNA and resulting in the oxidative 

damage in our body. It not only causes DNA damage, but also inhibit DNA-repairing 

process in the cells, which implicated in carcinogenesis and mutagenesis (Marnett, 

2000; Nordberg and Arner, 2001; Devasagayam et al., 2004). 

• Protein 

The structural change and enzyme inactivation in the cells such as DNA 

repairing enzyme, membrane transporter proteins, and DNA polymerase occurred 

from the excess of ROS production reacted with the several amino acids like amino 

acids, proteins, and peptides, which develops pathophysiology of various diseases and 

cellular damage to the cells (Butterfield et al., 1998; Nordberg and Arner, 2001).  

In addition, the excess ROS production effect that was induced by UVB 

has been reported as destroying cells function in our body including cell death, which 

are apoptosis and necrosis. 

UVB irradiation-induced apoptosis and necrosis 

UVB is the most important environmental effect that can go deep through the 

skin. From that effect, it may cause cell death that may represent as physical effect on 

skin such as sunburn. Cell death may occur by one of three paths, termed which are 

apoptosis, necrosis, and differentiation (Beaulaton and Lockshin, 1982; Mammone, 

2000). 

 Apoptosis is morphologically difference form of cell death that controlled by 

mechanism. It can be induced by pharmacological or physiological stimuli especially 

by UVB (Kerr et al., 1972). The characteristic of apoptosis cell death is represented 
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by the chromatin condensation and cytoplasm, cell shrinkage, nucleus fragmentation, 

membrane blebbing and fragmentation of cell into apoptotic body that is phagocytized 

via neighboring cell (Kerr, 1971). When the normal human skin is exposed to UVB, 

some of keratinocytes in epidermis change into apoptotic cells that are expressed as 

sunburn cells. The observation of sunburn cells or apoptotic cells in human 

keratinocytes has been understood to mean that the apoptotic cell death is active in 

progressing process in the formation of the skin (Young et al., 1987, Haake and 

Polakowska, 1993). 

Figure 2.3 demonstrated the pathways involved apoptosis program induced by 

UV. DNA damage in nucleus is induced via activation of p53 that cause apoptosis in 

cells. In addition, UV stimulates death receptors via induction of increase or release of 

death ligands revealed on the cell surface. However, UV also directly stimulates death 

receptors in the ligands-independent way via induce receptor clustering. Motivated 

the death receptors and transduce the signal of apoptotic via their intra-cytoplasmic 

death domain (DD). Lastly, UV also induced the release of cytochrome C in 

mitochondria (Kulms and Schwarz, 2000). 
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Figure 2.3 UV-induced apoptosis program 

In contrast, necrosis cell death is induced by extreme damage (Caricchio, 

McPhie, and Cohen, 2003). It is caused by the physical pain to the cells that result in 

the disturbance of cell organelles and ultimately cell death that can be readily 

observed in the skin after exposed to the high doses of UVB (Mammone et al., 2000). 

The necrosis cell tolerates the different biochemical and morphological changes 

recently known to be well controlled under certain conditions (Martelli et al., 2001). 

Necrosis cells have been shown to induce an inflammatory response by the 

phagocytic cell, to initiate the immune response, and stimulate the expert APCs 

(Gallucci, Lolkema, and Matzinger, 1999; Caricchio, McPhie, and Cohen, 2003). 

The normal differentiation of human skin can be supposed to a form of cell 

death program that result in the formation of non-metabolic, corneocyte or the 

differentiated of cells, and enucleated. It is lose of nucleus, mitochondria and 
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ribosomes in the basal cell that completely formed corneocyte in the keratinocyte 

progresses (Lavker and Matoltsy, 1970; Mammone et al., 2000).  

Vitamin C 

 Vitamin C or ascorbic acid consists of six-carbon lactone as demonstrated in 

figure 2.4. It is synthesized from glucose in most mammalian liver, but not from 

guinea pig human, and non-human primate because these species do no have the 

gulonolactone oxidase enzyme which is the essential for synthesis the ascorbic acid. 

Vitamin C is known as a good electron donor and also a reducing agent in 

biochemical and physiological actions. It donates two of its electron from the double 

bond between the second and third carbons from the six-carbon molecule. It is 

remarkable that when vitamin C donates electrons to others, it is lost sequentially. The 

species formed of vitamin C that loss one electron is called free radical, ascorbyl 

radical or semidehydroascorbic acid. While vitamin C that loss two of its electron is 

called dehydroascorbic acid, in which its stability depends on many factors such as 

pH, and temperature (Washko, Wang, and Levine, 1993). Dehydroascorbic acid form 

may exist in several different structures, but the vitamin C dominant form in vivo still 

has not been clarified. 
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Figure 2.4 the structure of Vitamin C (ascorbic acid) 

 Vitamin C is a powerful water-soluble antioxidant found in intracellular and 

extracellular compartments due to donation of its electrons. Vitamin C can prevent 

others compound from being oxidized, but by the nature of reaction, vitamin C is 

oxidized in the process by itself. Ascorbyl radical is quite stable with half-life around 

10-5 seconds and is fairly unreactive compared to other free radicals (the unpaired 

electron species). The formation of ascorbyle radical and dehydraascorbic acid are 

mediated by broad variety of oxidants in a biological systems, including superoxide, 

molecular oxygen, hypochlorous acid, hydroxyl radical, iron, copper, and reactive 

nitrogen specie. In a simple terms, a possibly and reactive harmful free radicals can 

interact with an ascorbate. Then the reactive free radicals are reduced and form the 

ascorbyl radical that is a less reactive compound. The formation of the less reactive 

compound is called quenching or free radical scavenging. However, the adcorbate is a 

very good free radical scavenger because of its chemical property (Bielski, Richter, 

and Chan, 1975; Buettner and Moseley, 1993; Sebastian et al., 2003).  
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 Because of its properties, vitamin C is one important antioxidant that is used 

for destructing ROS that may be induced by UVB, especially hydrogen peroxide 

(Liebler, Kling, and Reed, 1986; Padh, 1990; Foyer, Descourvieres, and Kunert, 

1994). Furthermore, vitamin C can protect two effects of UVB exposure, which are 

induction of cell death and up-regulation of peroxide level. However, there are many 

researches reported about vitamin C activity that it able to stimulate the proliferation 

of dermal fibroblasts in human skin and also collagen synthesis in both of collagen 

and monolayer lattice cultures. In addition, ascorbic acid shows very good properties 

that it can prevent UVB irradiation injury in human keratinocytes. As free radical 

generated by UVB, vitamin C scavenges peroxides and reduces the level of steady 

state in endogenous peroxides (Savini et al., 1999). 

Vitamin E 

 Vitamin E has been discovered by Bishop and Evans as a factor of necessary 

dietary for rat reproduction since 1922 (Evans and Bishop, 1922; Traber and 

Atkinson, 2007). Vitamin E is a fat-soluble antioxidant that is a family of β-, α-, γ-, 

and δ-tocopherols and tocotrienols demonstrated in figure 2.6. All of them are found 

in various food types, but only α -tocopherol is the most active type of vitamin E that 

is required for human. It can protect cell membranes from oxidation via react with 

lipid radicals that are produced in lipid peroxidation chain reaction and ROS.  
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Figure 2.5 the structure of vitamin E, tocopherol and tocotrienol 

 Due to the facts that α –tocopherol have a higher ability to compete for the 

peroxyl radicals much faster than it can polyunsaturated with fatty acids. Therefore, α 

–tocopherol in a small amounts are able to shield polyunsaturated in a large amount. 

In biological membrane, the concentration of α –tocopherol is approximately 1 

part/1000 of lipid molecules (Burton, Joyce, and Ingold, 1983). However, vitamin E is 

eventually consumed while protecting against lipid peroxidation. Though, the 

effectiveness of vitamin E in the lipid peroxidation effect on the living cell system is 

difficult and rare to obtain, some report had indicated that “pentane”, the minor 

product released while polyunsaturated fat peroxidation is reduced in the human 

supplement breath with vitamin E. These findings strongly indicated that vitamin E is 

superior in preventing the lipid peroxidation of the polyunsaturated fat (Lemoyne et 

al., 1987, 1988). 

!
!
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Antioxidant function of vitamin E is well known by many researchers as a 

peroxyl radical scavenger that stops chain reactions. The different form of vitamin E 

measured in vitro is very important for respecting their antioxidant activities. These 

consequences are due to the ability of donating H-atom of different tocols that 

increases in the efficiency with the greater ring of methyl substitution (Traber and 

Atkinson, 2007). In the actual membrane, the power of antioxidant may include the 

ability of H-atom donating, movement within membrane, location (penetration) plus 

with the recycling efficiency of tocopheroxyl radicals by the cytosolic reductant. 

Comparing the capacity of α-tocotrienols and α-tocopherols in the system of 

microsomal membrane and their antioxidant activities, results had revealed that 

tocotrienols is a better antioxidants in bio-membrane and is able to penetrates through 

the skin much faster (Suzuki et al., 1993). 

 There are many reports indicating that vitamin E shows powerful antioxidant 

ability in decreasing ROS production induced by UVB irradiation. Vitamin E is 

especially plentiful in the stratum corneum of our cells, being delivered there by the 

sebum. Stratum corneum is the first barrier that absorbs the oxidative stress induced 

by pollution and sunlight. From this exposure effect, some of vitamin E is exhausted 

and some of them would react with ROS induced oxidative stress by donating its 

phenolic hydrogen to the lipid radicals (Santa-Maria et al., 2010). Some researches 

have reported that vitamin E may act as the lipid-blocking agent that will block the 

lipid peroxidation chain in the cells. Surprisingly, the peak of UV absorption of 

vitamin E is at 295 nm, which is in the range of UVB. Therefore, photons transferred 

by UVB could be blocked by vitamin E for decreasing the attacks in the target of 

biological molecules (Jin et al., 2007). 
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Silymarin 

 Silymarin scientifically named Silybum marianum, is a flavonolignan mixture 

compound extracted from the Milk thistle seed. There are four flavonolignan isomers 

(C25H22O11), including silibinin (silybin), isosilibinin (isosilybin), silydianin, and 

silychristin generally found in Silybum marianum as shown in figure 1.4. The 

structure of four flavonolignan isomers shown in figure 1.5. Among these 

flavonolignan isomers, silibinin is the major constituent of silymarin which shown the 

greatest degree of biology that represented around 50-60%, then 20% of silychristin, 

10% of silydrianin and 5% isosilibinin respectively (Ghosh A, Ghosh T, and Jain, 

2010). 

 

Figure 2.6 Silymarin or Silybum marianum 
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Figure 2.7 Four isomers of silymarin strutures (Sonnenbichler et al., 1999)  

 Silymarin has been known and used for more than 2000 years. It is not only 

used for treating many liver diseases such as hepatitis, cirrhosis, and also the disease 

of alcoholic liver (Flora et al., 1998; Saller, Meier, and Brignoli, 2001), but it also 

detoxify a broad range of toxic substances, for example, carbontetrachloride, 

halothane, galactosamine, phenylhydrazine, amanita phalloides toxin, paracetamol, 

erythromycin estolate and thioacetamide that are a hepatoprotective agent (Muriel et 

al., 1992; Dixit et al., 2007). There are many abilities of silymarin that are generally 

due to its pharmacological properties such as antioxidant activity, anti-inflammatory, 

anticancer activity and tissue regenerate stimulation.  

Silymarin is not water-soluble and normally administered as an encapsulated, 

capsule or tablet forms that standardized extract having 70-80% of silibinin. The 

silibinin has an estimate half-life around 6 hours. The oral absorption approximately 

around 20-40% is restored from the enterohepatic circulation like sulfate conjugates 

and glucoronide, whereas around 3-8% is eliminated in urine (Dixit et al., 2007).   
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 The antioxidant property of silymarin is ROS-scavenging and its capability to 

inhibit the lipid peroxidation. Many past studies suggested that silymarin is a poor 

scavenger in superoxide anion radicals; instead, the reaction with the hydrogen 

peroxide was detected. However, silymarin reacts rapidly with the hydroxyl radical 

and very effectively inhibits the lipid peroxidation in the system of cell-free 

(Velenzuela et al., 1985; Muriel et al., 1992; Asghar and Masood, 2008; Jadhav, 

Upasani, and Pingale, 2009). Furthermore, some toxic such as ethanol, 

carbontetrachloride, and paracatamol stimulate and induce lipid peroxidation in rat 

(Velenzuela et al., 1985; Muriel et al., 1992) as well as ultraviolet radiation, 

especially UVB mediated oxidative stress in human keratinocyte is prevented by 

silymarin. In addition, lipid peroxidation in the microsome of rat liver is also inhibited 

by silymarin (Feher et al., 1987; Valenzuela et al., 1989).  

 The properties of silymarin that has been reported from many researches is 

that it can block apoptosis induced by the low doses of UVB (15-30 mJ/cm2) in 

HaCaT cells. On the other hand, at a high dose of UVB, silymarin surprisingly 

enhanced UVB-initiated apoptosis with a strong down-regulation of AP-1 activation. 

Moreover, silymarin also inhibited UVB-induced proliferation of epidermal cell and 

sunburn or apoptotic cell formation. Some studies suggested that the protective effect 

of silymarin in vivo against UVB-induced DNA damage of epidermal is possibly by 

the increase of p53-Cip1/p21 resulting in the decrease in both apoptosis and cell 

proliferation (Agarwal et. al., 2006).  

!



CHAPTER III 

MATERIALS AND METHODS 

 

 In this research, cell viability in response to UVB was determined by MTT 

assay, and mode of cell death was confirmed using Hoechst 33342 and propidium 

iodide (PI) co-staining. After that, reactive oxygen species (ROS)-induced by UVB 

was investigated in the human keratinocyte cells model (HaCaT), and the appropriate 

kinetic equation was identified. Then, specific ROS probes were investigated in 

HaCaT cells and generated appropriate kinetic equation. HaCaT cells were pretreated 

with vitamin C, vitamin E, and silymarin, well-known antioxidants, prior to exposed 

with several doses of UVB. The ROS level and kinetic constant were investigated. 

Finally, the correlation of cell death and kinetic constant k value was identified the 

most effective factor that induces HaCaT cell death.  

 

Materials  

1. Cells culture 

Human keratinocyte (HaCaT) cells were obtained from the Cell Lines Service 

(Heidelberg, Germany). HaCaT cells were cultured in Dulbecco’s modified Eagle’s 

medium, or DMEM medium (GIBCO, USA) containing 10% fetal bovine serum 

(FBS), 2 mM L-glutamine, and 100 units /mL penicillin/streptomycin in a 5% CO2 

environment at 37 °C. The experiments were performed when the cells grow to 60-

80% confluence, and the cells were sub-cultured at the interval times of 48 h. 
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 2. Reagents 

The vitamin C, vitamin E, silymarin, dimethysulfoxide (DMSO), 

ethylenediaminetetraacetic acid (EDTA), DMEM, 7’-dichlorofluorescein diacetate 

(DCFH2-DA), 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 

propidium iodide (PI), and Hoechst 33342 were obtained from Sigma Chemical, Inc. 

(St. Louis, MO, USA). Dihydroethidium (DHE), 3’-(p-hydroxyphenyl) fluorescein 

(HPF), and 10-acetyl-3, 7-dihydroxyphenoxazine (Amplex Red) were obtained from 

Molecular Probes Inc. (Eugene, OR, USA).  

Instruments 

- Fluorescence microplate reader (Beckton Dickinson, Rutherford, NJ) 

- Fluorescent microscope (Olympus IX51 with DP70) 

- UV irradiator IL 1700 (Newburyport, Massachusetts)  

- UV detector SED 007 (Newburyport, Massachusetts) 

 

Methods 

1. Sample preparation 

Vitamin C was freshly prepared by diluting with PBS to obtain the desired 

concentrations. Vitamin E and silymarin were prepared by diluting with DMSO at the 

first step, then diluting with PBS to obtain the desired concentrations. The final 

concentration of DMSO in cell culture medium should be less than (v/v) 0.5%. 

 

 

 

 



! 22 

2. Ultraviolet irradiation 

The aim of this study was to investigate the effect of ultraviolet B (UVB) 

irradiation on HaCaT cells. UVB was used as a source of ultraviolet irradiation in this 

study. 

UV irradiator IL 1700(Newburyport, Massachusetts) was used as a source of 

UVB, which signal of UVB at the basement level is 1.750E-03 W/cm2. Briefly, HaCaT 

cells at density of 10,000 cells per well were plated into 96-well plates in growth 

medium. After cell attachment, the growth medium was removed and the fresh serum 

free medium was immediately added. Serum free medium were removed before the 

cells are exposed with the several doses of UVB from (0, 40, 60, and 90 J/m2). Non-

irradiated cells were used as a control, and the results were collected in specified time 

intervals. 

3. Cytotoxicity assay 

The purpose of this study was to investigate the effect of UVB on cell 

viability, which examined mitochondria dehydrogenase enzyme activity. After 

irradiation, cells in 96-well plates were incubated with 500 µg/ml of MTT at 37° C for 

4 h. The supernatant was removed and replaced with 100 µl of DMSO to dissolve the 

formazan crystal. The intensity of formazan product was measured at 570 nm using a 

microplate reader. The percent of cell viability compared with non-irradiated or non-

treated control were calculated and represented as relative cell viability. 

 

  Cell viability (%) =  A570 of  treatment × 100 

                           A570 of control 
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4. Apoptosis and necrosis assay 

Apoptotic and necrotic cell death were determined using Hoechst 33342 and 

propidium iodide (PI) co-staining. After UVB exposure, cells were incubated with 10 

µM of Hoechst and 5 µg/ml of PI dye for 30 m at 37°C. Condensed chromatin and/or 

fragmented nuclei of apoptotic and PI-positive necrotic cells were visualized under a 

fluorescence microscope.  

5. ROS detection 

 Intracellular ROS was determined by using a specific fluorescent probe 

(DCFH2-DA), superoxide anion was determined by dihydroethidium (DHE), 

hydroxyl radical was determined by 3’-(p-hydroxyphenyl) fluorescein (HPF), and 

hydrogen peroxide was determined by 10-acetyl-3, 7-dihydroxyphenoxazine (Amplex 

Red). After irradiation, the mixture of fresh serum free medium and specific ROS 

detector probe, 10 µM of DCFH2-DA and HPF, 20 µM of DHE, and 10 µM of 1 X 

Amplex Red kit, were immediately added to the cells. After indicated times, cellular 

ROS signal was visualized under fluorescence microscope, and analyzed by 

fluorescence microplate reader (Beckton Dickinson, Rutherford, NJ) using a 488-nm 

excitation beam and a 530-nm band-pass filter for detecting DCFH2-DA, a 490-nm 

excitation beam and a 515-nm band-pass filter for HPF, a 488-nm excitation beam 

and a 610-nm band-pass filter for DHE, a 530-nm excitation beam, and a 590-nm 

band-pass filter for Amplex Red. The ROS values were calculated, and compared to 

non-irradiation and non-treated control cells.  
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Experimental Design 

1. Investigation on the cytotoxic effect of UVB in HaCaT cells  

To investigate HaCaT cell death, cytotoxicity assay was performed in this 

experiment. HaCaT cells were plated at the density of 1 x 104 cells per well in a 96-

well plate. After the cells were completely attached, the serum-containing medium 

was replaced with serum-free medium. The cells are exposed with the various doses 

of UVB (0, 40, 60, 90 J/m2), and cell viability was analyzed by MTT assay for 

various time points (0, 6, 12, 24 h) after UVB exposure. Mode of cell death was 

determined using Hoechst 33342 and propidium iodide (PI) co-staining assay. 

2. Investigation on the UVB-mediated ROS generation and kinetics 

in HaCaT cells 

Cells were seeded at the density of 10,000 cells per well in 96 well plate and 

incubated in serum-free condition overnight. Then cells were exposed with three 

doses (0, 40, 60, 90 J/m2) of UVB. After that, the intracellular ROS probe, DCFH2-

DA was added to the cell. The results were collected in the specified time intervals (0-

6 h), and the results of intracellular fluorescence intensity were obtained using 

fluorescent microplate reader. After that, the results were used to fit the appropriate 

kinetic equations. 

3. Identify the specific ROS and their kinetics after UVB irradiation 

Briefly, cells were seeded at the density of 10,000 cells per well in 96-well 

plate, and incubated in serum-free condition overnight. Cells were exposed with three 

doses of UVB (0, 40, 60, 90 J/m2), then immediately treated with the various specific 

ROS probe, DHE, HPF, and Amplex Red. Fluorescence intensity was collected in the 

specified time intervals (0-6 h) using the fluorescence microplate reader.  



! 25 

In this study, the specific ROS-induced by UVB was compared and the most 

effective ROS generation was obtained. After that, the results were determined to fit 

the appropriate kinetic equations. 

4. The effect of vitamin C, vitamin E, and silymarin on UVB-induced 

ROS generation and kinetics in HaCaT cells 

Firstly, cells were seeded at the density of 1×104 cells per well and then 

incubated with various concentrations of vitamin C (0.1, 0.5, 1, 2.5, 5, 10 mM), 

vitamin E (0.1, 0.5, 1, 2.5, 5, 10 mM) and silymarin (0.01, 0.1, 0.5, 1, 2.5, 5 mM) for 

24 h. Cells viability was determined by MTT assay, and non-toxic dose was further 

used in the next experiment. 

The effect of known antioxidant on general ROS level was investigated in 

HaCaT cells using DCFH2-DA as a probe. Cells were seeded at the density of 10,000 

cells per well in 96-well plate, and incubated in serum-free condition overnight. Next, 

HaCaT cells were pretreated with non-toxic concentrations of vitamin C (0.1, 0.5, 1 

mM), vitamin E (0.1, 0.5, 1 mM), and silymarin (0.01, 0.1, 0.5 mM), then incubated 

at 37°C for 1 h. After that, cells were exposed with various doses of UVB (0, 40, 60, 

90 J/m2). The intracellular ROS was investigated by DCFH2-DA at the different times 

(0-6 h). After that, the appropriate kinetic equations were generated.  

5. Investigation on the correlation between the kinetic constant value 

and cell death effect.  

Cells were seeded at the density of 10,000 cells per well in 96-well plate and 

incubated in serum-free condition overnight. After cells were exposed with UVB, the 

results were obtained, and identified for the appropriate kinetic equations in order to 

obtained the kinetic constant value. The kinetic constants values of non-irradiation 
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and UVB-irradiation were used to plot the correlation graph with percentage of cell 

viability and apoptosis.  

6. Statistical Analysis 

Data are demonstrated as the means ± S.D. from three or more independent 

experiments. Statistical analysis was performed using one-way ANOVA and post hoc 

test (Dunnett’s test). A P-value of less than 0.05 would be considered as statistically 

significant. Correlation analysis will be performed by SPSS program version 17. 
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CHAPTER IV 

RESULTS 

1. Investigation of the cytotoxic effect of UVB in HaCaT cells  

Cytotoxic effect of UVB was first observed in term of cell viability, 

apoptosis and necrosis assays. Human keratinocytes were seeded in 96-well plate and 

then incubated in the serum free condition overnight. Cells were exposed with the 

various doses of UVB (0, 40, 60, and 90 J/m2) for 0-24 h. Cell viability and cell death 

(apoptosis and necrosis) were measured. 

The results demonstrated that viability of the cells exposed to UVB at 40, 

60, and 90 J/m2 for 6 h were significantly decreased as compared to that of non-

treated cells (0 J/m2). Cell viability was continuously decreased up to 24 h in a time-

dependent manner which cell viability was remained 50% after irradiation with 90 

J/m2 UVB for 24 h as shown in figure 4.1A. For the nuclear morphology study, 

apoptosis cell death was significantly detected at 6 h in response to 40, 60, and 90 

J/m2 of UVB, respectively (Figure 4.1B), while propidium iodide (PI) stained cells 

were observed after UVB exposure for 12 h, indicating late apoptosis as shown in 

figure 4.1C. These results suggested that UVB-induced apoptosis in HaCaT was 

observed as early as 6 h, corresponding with the decrease in cell viability. 
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A. 

 

 

B. 
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C. 

 

Figure 4.1 Effect of UVB on HaCaT cells. A) Cells were exposed with several 

doses of UVB (0, 40, 60, 90 J/m2) for 0, 6, 12, and 24 h, and cell viability was 

measured by MTT assay. B) Nuclear morphology of apoptosis cells was detected 

using Hoechst 33342. C) Nuclear morphology of late apoptosis cells was detected 

using PI assays. Values represented the mean ± S.D. (n = 4) *, P < 0.05 versus 

non-treated control cells. 
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2. Investigation of the UVB-mediated ROS generation and kinetics in 

HaCaT cells 

2.1 UVB-induced the intracellular ROS production in HaCaT cells 

To investigate the effect of UVB on oxidative status of human keratinocytes 

(HaCaT), cells were exposed to several doses of UVB (0, 40, 60, and 90 J/m2) and the 

intracellular ROS signals were evaluated using DCFH2-DA probe at 0-6 h. Figure 

4.2A shows a time-dependent accumulative ROS signal in the cells. Importantly, 

UVB irradiation caused an extreme increase in the rate of intracellular ROS 

accumulation in a dose-dependent manner. In response to UVB irritation, the 

induction of ROS signal was significantly detected as early as 1 h after exposure and 

such an increase of oxidative stress in keratinocytes was found to be in a dose-

dependent manner up to 90 J/m2 of UVB. Also, the ROS signal representing by an 

increase of intracellular DCF fluorescence signal was demonstrated in figure 4.2B. 
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A.  

B. 

 

 

 

 

 

 

 

 

Figure 4.2 UVB induced intracellular ROS generation in keratinocytes. A) Cells 

were exposed to various doses of UVB (0-90 J/m2) for 0-6 h, and intracellular ROS 

was detected by DCFH2-DA probe using fluorescence microplate reader. Data point 

represent the mean ± S.D. (n = 4) *, P < 0.05 versus non-irradiation control cells at 

the same time point. B) Cellular ROS signal were determined by DCFH2-DA 

fluorescence measurements.  
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2.2 The Kinetics of intracellular ROS in response to UVB in HaCaT 

cells 

It was very interesting that the rate of ROS production in the UVB-treated cells 

appeared to be accelerated in the first 2 h period in comparison to that of control cells 

and then rate decreased to the level of basal ROS generation after 2-6 h. These 

kinetics data suggested that UVB mediated intracellular oxidative stress in an early 

phase (~2 h) after an exposure to the UVB. The 2 distinct phases of ROS production 

were evaluated and found that the pattern of ROS induction rate was fitted to the 

linear trend line in both phases. The R2 were more than 0.97 was accepted as shown in 

Figure 4.3A and B. The rate constant (k) of each UVB dose was then verified by 

linear equation as y = k0t + y0. Figure 4.3A demonstrated that 90 J/m2 of UVB 

exhibited the highest k value which was 0.6376, compared to that of 60, 40, and 0 

J/m2 which were 0.5484, 0.5054, and 0.2695, respectively. Next, the difference of 

ROS production rate in these cells seems to be minimal at the time of 2-6 h as shown 

in figure 4.3B. These data suggested that the oxidative stress in keratinocyte in 

response to UVB exposure was mainly caused by the induction of cellular ROS with 

in 2 h after irritation. 
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A.  

B. 

 

 

Figure 4.3 Kinetics of intracellular ROS production. A) Kinetics of intracellular 

ROS in response to UVB (0-90 J/m2) at 0-2 h after UVB irradiation. B) Kinetics of 

intracellular ROS in response to UVB (0-90 J/m2) at 2-6 h after UVB irradiation. 

Accumulative intracellular ROS content was evaluated by fluorescence microplate 

reader, n = 4. 

3. Identify the specific ROS and their kinetics after UVB irradiation 

3.1  The specific ROS induced by UVB irradiation 
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The specific probes as DHE, Amplex Red, and HPF were used in this experiment 

in order to detect the specific ROS generated after UVB exposure. HaCaT cells were 

seeded in a 96-well plate and incubated in a serum-free medium over night before 

exposed to several doses of UVB (0-90 J/m2). The specific probes were added after 

cells were exposed and the results of fluorescence intensity were collected in the time-

dependent manner from 0-6 h. Figure 4.4 reveals that superoxide anion, hydrogen 

peroxide, and hydroxyl radical increased in response to UVB in time and dose-

dependent manners. 

However, the rate of each ROS production was significantly distinguishable. 

Figure 4.4A shows that HPF signal indicating hydroxyl radical level was found to 

increase as early as 15 min after UVB irradiation and the rate of hydroxyl radical 

increase was significantly higher in the UVB-treated cells over control in the early 

phase (0-1 h). Also, Amplex Red data demonstrated that H2O2 was gradually 

generated in the cells in time-dependent manner and the effect of UVB on H2O2 

production could be detected only after 2 h of UVB exposure as shown in figure 4.4B. 

However, DHE intensity representing superoxide anion (•O2
−) level indicated that the 

dramatic increase of superoxide anion in response to UVB was observed in the early 2 

h after UVB exposure as shown in figure 4.4C. The superoxide signal representing by 

an increase of DHE fluorescence signal was confirmed in figure 4.4D. 

It is worthy to note herein that superoxide anion and hydroxyl radical were found 

to be specific ROS affected by an UVB exposure in the early phase and superoxide 

anion which was the most affected one with approximately 2.5-fold induction could 

be detected in response to 90 J/m2 of UVB. Thus, superoxide anion and hydroxyl 
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radical could be the principal specific ROS produced in keratinocytes and responsible 

for the oxidative stress mediated by UVB irradiation. 

 

A.  

B. 
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 C. 

 

    

D. 

 

 

 

 

 

 

Figure 4.4 Identification of specific ROS generation in response to UVB 

irradiation. Cells were exposed to various doses of UVB and accumulation of 

specific ROS was determined by specific ROS probes. A) HPF probe was used for the 

detection of hydroxyl radical accumulation. B) Amplex Red was used as a specific 

probe to detect hydrogen peroxide level. C) DHE fluorescence probe was used for the 

detection of superoxide anion level. Data point represent the mean ± S.D. (n = 4) *, P 

< 0.05 versus non-treated control cells at the same time point. D) Superoxide anion 

induction in HaCaT were stained with DHE and visualized under fluorescence 

microscope. 
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3.2  The kinetics of specific ROS production mediated by UVB 

Using the data of 90 J/m2 UVB, the plots representing each specific ROS 

generation were generated. Figure 4.5 demonstrated the graph plotting signals of 

DHE, Amplex Red, and HPF in the keratinocytes exposure to UVB against time. The 

results revealed that DHE induction was fitted to the polynomial trend line with the k 

value = 0.3993 and R2 = 0.9955 (Figure 4.5C). Amplex Red induction was aligned 

with the exponential equation to obtain the k value of 0.3109 and the R2 = 0.99344 

(Figure 4.5B), while the rate of HPF increase fitted with linear equation exhibited the 

lowest k value = 0.1697 and the R2 = 0.98706 as shown in figure 4.5A. This 

information led to the understanding that specific ROS generated in response to UVB 

exposure in human keratinocytes was found to be in the different kinetics.  

 

A.  
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B. 

 

C. 

 

Figure 4.5 Kinetics of specific ROS generated in response to UVB irradiation. A) 

Kinetics of hydroxyl radical in response to 90 J/m2 UVB was determined using HPF 

as specific probe. B) Kinetics of hydrogen peroxide in response to 90 J/m2 UVB was 

determined using Amplex Red as specific probe. C) Kinetics of superoxide anion in 

response to 90 J/m2 UVB was determined using DHE as specific probe. Data points 

represent the mean ± S.D. (n = 4). 
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4. The effect of vitamin C, vitamin E, and silymarin on UVB induced ROS 

generation and kinetics in HaCaT cells. 

4.1 Effect of vitamin C on HaCaT cells. 

4.1.1 Effect of vitamin C on cell viability in HaCaT cells. 

To investigate the cytotoxicity effect of vitamin C, HaCaT cells were 

treated with vitamin C at the concentrations of 0.1, 0.5, 1, 2.5, 5, 10 mM, and cell 

viability was examined by MTT assay.  

The result suggested clearly that cell viability was decreased on 

response to vitamin C treatment in dose-dependent manner. After treatment for 

24 h, cell viability was significantly decreased to 66.78 ± 4.21, 52.00 ± 2.25, and 

40.56 ± 1.08 in cells treated with 2.5, 5, and 10 mM of vitamin C, respectively 

(figure 4.6), where as no significant change were observed in cells treated with 

0.1-1 mM of vitamin C. 

These results suggested that the low doses of vitamin C (0.1-1 mM) 

were non-toxic to cells. These concentrations therefore would be used in further 

experiment to investigate whether UVB was able to induced ROS generation in 

HaCaT under the presence of vitamin C. 
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Figure 4.6 Cytotoxicity of vitamin C on HaCaT. Cells were treated with various 

concentrations of vitamin C (0.1, 0.5, 1, 2.5, 5, and 10 mM) for 24 h. Cell viability 

was determined by MTT assay. Values represent the mean ± S.D. (n = 4) *, P < 0.05 

versus non-treated control cells. 
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4.1.2 Effect of vitamin C on ROS production-induced by UVB in HaCaT 

cells. 

In order to investigate the effect of vitamin C on ROS production-

induced by UVB, HaCaT were pretreated with vitamin C for 1 hour prior to UVB 

irradiation (0, 40, 60, and 90 J/m2). After an UVB exposure, intracellular ROS 

was detected using ROS detection probe, DCFH2-DA and analyzed by 

fluorescence microplate reader as described. The non-toxic concentrations of 

vitamin C (0.1, 0.5, and 1 mM) were used in this experiment.  

The results indicated that the elevation of ROS in response to UVB 

exposure as shown in figure 4.2A could be protected by pretreatment of vitamin 

C. In response to UVB irradiation in vitamin C treated cells (0.1, 0.5, and 1 mM), 

the induction of ROS signal still caused significant increased in accumulated 

ROS level in a dose-dependent manner. The irradiation of 90 J/m2 of UVB had 

shown the highest ROS signal followed by 60, 40, and 0 J/m2 (Figure 4.7). 

Figure 4.8A confirmed that the protective effect of vitamin C on 

oxidative status in cells exposed with 90 J/m2 of UVB compared to non-treated 

cells. Vitamin C (0.1, 0.5, and 1 mM) caused a significant decrease in UVB-

induced ROS generation in dose-dependent manner as compared to non-treated 

cells. The alteration of ROS generating rate could be detected during 0 to 6 h 

after an UVB exposure in the present of 1 and 0.5 mM vitamin C. In contrast, 0.1 

mM of vitamin C only slightly decreased ROS level during at 3 to 6 h after UVB 

exposure as compared to control cells. The results were confirmed by 

fluorescence microscope as shown in figure 4.8B, suggesting that non-toxic doses 



! 42 

of vitamin C suppress ROS-induced by UVB exposure as compared to non-

treated cells in a concentration-dependent manner. 

 

A.  

 

B. 
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C. 

 

Figure 4.7 Effect of vitamin C on accumulated intracellular ROS generated by 

UVB. Cells were pretreated with A) 0.1 mM, B) 0.5 mM, C) 1 mM of vitamin C prior 

to UVB exposure. ROS generation was detected by DCFH2-DA. Data point represent 

the mean ± S.D. (n = 4) *, P < 0.05 versus non-irradiation cells at the same time 

point. 
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A. 

 

B. 

 

Figure 4.8 Effect of various concentrations of vitamin C on ROS production. 

Cells were treated with 0.1, 0.5, and 1 mM of vitamin C for 1 h prior to 90 J/m2 UVB 

irradiation. A) ROS level was determined by DCFH2-DA probe using fluorescence 

microplate reader. Data point represent the mean ± S.D. (n = 4) *, P < 0.05 versus 

non-treated cells at the same time point. B) Cellular ROS signal were visualized under 

fluorescence microscope using ROS detection probe, DCFH2-DA. 
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4.2 Effect of vitamin E on HaCaT cells. 

4.2.1 Cytotoxicity effect of vitamin E in HaCaT cells. 

To investigate the cytotoxicity effect of vitamin E, HaCaT cells 

were treated with vitamin E at various concentrations of 0.1, 0.5, 1, 2.5, 5, 10 

mM, and cell viability was examined by MTT assay.  

The results indicated that cell viability was decreased in response to 

vitamin E treatment in dose-dependent manner. After treatment for 24 h, cell 

viability was significant decreased to 80.91 ± 1.15, 75.43 ± 1.02, 70.90 ± 0.94 in 

cells treated with 2.5, 5, and 10 mM of vitamin E, respectively (figure 4.9), 

whereas no significant change was observed in cells treated with 0.1-1 mM of 

vitamin E. 

These results suggested that the low doses of vitamin E (0.1-1 mM) 

were non-toxic to cells. These concentrations would be therefore used in further 

experiment to investigate whether UVB was able to induced ROS generation in 

HaCaT in presence of vitamin E. 
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Figure 4.9 Cytotoxicity of vitamin E on HaCaT. Cells were treated with various 

concentrations of vitamin E (0.1, 0.5, 1, 2.5, 5, and 10 mM) for 24 h. Cell viability 

was measured by MTT assay. Values represent the mean ± S.D. (n = 4) *, P < 0.05 

versus non-treated control cells. 
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4.2.2 Effect of vitamin E on ROS production-induced by UVB 

in HaCaT cells. 

In order to investigate the effect of vitamin E on ROS production-

induced by UVB, HaCaT cells were incubated with vitamin E for 1 hour prior to 

UVB irradiation (0, 40, 60, and 90 J/m2). After an UVB exposure, intracellular 

ROS was detected using ROS detection probe, DCFH2-DA and analyzed by 

fluorescence microplate reader as described. Only non-toxic concentrations of 

vitamin E (0.1, 0.5, and 1 mM) were used in this experiment.  

The results indicated that the elevation of ROS in response to UVB 

exposure as shown in figure 4.2A could be protected by pretreatment of vitamin 

E. In response to UVB irradiation in vitamin E treated cells (0.1, 0.5, and 1 mM), 

the induction of ROS signal still caused significant increased in accumulated 

ROS level in a dose-dependent manner. The irradiation of 90 J/m2 of UVB had 

shown the highest ROS signal followed by 60, 40, and 0 J/m2 (Figure 4.10). 

Figure 4.11A confirmed the protective effect of vitamin E on 

oxidative stress in cells exposed with 90 J/m2 of UVB compared to non-treated 

cells. Vitamin E (0.1, 0.5, and 1 mM) caused a significant decrease in ROS-

induced by UVB in dose-dependent manner as compared to non-treated cells. 

The alteration of ROS generating rate could be detected during 0 to 6 h after an 

UVB exposure in the present of 1 and 0.5 mM vitamin E. In contrast, 0.1 mM 

vitamin E only slightly decreased in accumulated ROS level during 2 to 6 h after 

UVB exposure as compared to control cells. The results were confirmed by 

fluorescence microscope as shown in figure 4.11B, suggesting that non-toxic 
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doses of vitamin E suppress ROS-induced by UVB exposure as compared to non-

treated cells in a concentration-dependent manner. 

A. 

 

B. 

 

 

 

 



! 49 

C.  

 

Figure 4.10 Effect of vitamin E on accumulated intracellular ROS generated by 

UVB. Cells were pretreated with A) 0.1 mM, B) 0.5 mM, C) 1 mM of vitamin E prior 

to UVB exposure. ROS generation was detected by DCFH2-DA. Data point represent 

the mean ± S.D. (n = 4) *, P < 0.05 versus non-irradiation cells at the same time 

point. 
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A. 

 

B. 

 

Figure 4.11 Effect of various concentrations of vitamin E on ROS production. 

Cells were pretreated with 0.1, 0.5, and 1 mM of vitamin E for 1 h prior to 90 J/m2 

UVB irradiation. A) ROS level was determined by DCFH2-DA probe using 

fluorescence microplate reader. Data point represent the mean ± S.D. (n = 4) *, P < 

0.05 versus non-treated cells at the same time point. B) Cellular ROS signal were 

visualized under fluorescence microscope using ROS detection probe, DCFH2-DA. 
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4.3 Effect of silymarin on HaCaT cells. 

4.3.1 Cytotoxicity effect of silymarin in HaCaT cells. 

To investigate the cytotoxicity effect of silymarin, HaCaT cells, 

cells were treated with various concentrations of silymarin (0.01, 0.1, 0.5, 1, 

2.5, and 5 mM) and cell viability was examined by MTT assay. 

The results clearly indicated that cell viability was decreased in 

response to silymarin treatment in dose-dependent manner. After treatment for 

24 h, cell viability was significantly decreased to 74.29 ± 0.01, 52.43 ± 0.01, 

24.53 ± 0.08 in cells treatment with 1, 2.5, and 5 mM of silymarin, 

respectively (figure 4.12), whereas no significant change was observed in cells 

treatment with 0.01-0.5 mM of silymarin. 

These results suggested that the low doses of silymarin (0.01-

0.5 mM) were non-toxic to cells. These concentrations therefore would be 

used in further experiment to investigate whether UVB was able to induced 

ROS generation in HaCaT under the presence of silymarin. 
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Figure 4.12 Cytotoxicity of silymarin on HaCaT. Cells were treated with various 

concentrations of silymarin (0.01, 0.1, 0.5, 1, 2.5, and 5 mM) for 24 h. Cell viability 

was determined by MTT assay. Values represent the mean ± S.D. (n = 4) *, P < 0.05 

versus non-treated control cells. 
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4.3.2 Effect of silymarin on ROS production-induced by UVB 

in HaCaT cells. 

In order to investigate the effect of silymarin on ROS production-

induced by UVB, HaCaT cells were incubated with silymarin for 1 hour prior to 

UVB irradiation (0, 40, 60, and 90 J/m2). After an UVB exposure, intracellular 

ROS was detected using ROS detection probe, DCFH2-DA and analyzed by 

fluorescence microplate reader as described. Only the non-toxic concentrations of 

silymarin (0.01, 0.1, and 0.5 mM) were used in this experiment.  

The results indicated that the elevation of ROS in response to UVB 

exposure as shown in figure 4.2A could be protected by pretreatment of 

silymarin. In response to UVB irradiation in silymarin treated cells (0.01, 0.1, and 

0.5 mM), the induction of ROS signal still caused significant increased in 

accumulated ROS level in a dose-dependent manner. The irradiation of 90 J/m2 

of UVB had shown the highest ROS signal followed by 60, 40, and 0 J/m2 

(Figure 4.13). 

Figure 4.14A confirmed the protective effect of silymarin on oxidative 

status in cells exposed with 90 J/m2 of UVB compared to non-treated cells. 

Silymarin (0.01, 0.1, and 0.5 mM) caused a significant decrease in ROS-induced 

by UVB in dose-dependent manner as compared to non-treated cells. The 

alteration of ROS generating rate could be detected during 0 to 6 h after an UVB 

exposure in the present of 0.5 and 0.1 mM of silymarin, while 0.01 mM of 

silymarin only slightly decreased in ROS level only at 6 h after UVB exposure as 

compared to control cells. The results were confirmed by fluorescence 

microscope shown in figure 4.14B, suggesting that non-toxic doses of silymarin 
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suppress ROS production induced by UVB exposure as compared to non-treated 

cells in a concentration-dependent manner. 

 

A. 

 

B. 
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C. 

 

Figure 4.13 Effect of silymarin on accumulated intracellular ROS generated by 

UVB. Cells were pretreated with A) 0.01 mM, B) 0.1 mM, C) 0.5 mM of silymarin 

prior to UVB exposure, ROS generation was detected by DCFH2-DA. Data point 

represent the mean ± S.D. (n = 4) *, P < 0.05 versus non-irradiation cells at the same 

time point. 
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A. 

 

B. 

 

Figure 4.14 Effect of various concentrations of silymarin on ROS production. 

Cells were treated with 0.01, 0.1, and 0.5 mM of silymarin for 1 h prior to 90 J/m2 

UVB irradiation. A) ROS level was determined by DCFH2-DA probe using 

fluorescence microplate reader. Data point represent the mean ± S.D. (n = 4) *, P < 

0.05 versus non-treated cells at the same time point. B) Cellular ROS signal were 

visualized under fluorescence microscope using ROS detection probe, DCFH2-DA. 
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4.4 Comparison of known antioxidant effect on oxidative stress 

induced by UVB in HaCaT cells. 

To investigate the effect of vitamin C, vitamin E, and silymarin on 

ROS generation-induced by UVB exposure, HaCaT cells were incubated with 

antioxidants at concentration of 0.5 and 0.1 mM for 1 h prior to expose with 90 J/m2 

of UVB. Intracellular ROS was measured by DCFH2-DA as a ROS detection probe 

and analyzed by fluorescence microplate reader as described.  

The results indicated that all antioxidants attenuated the increase of 

ROS-induced by UVB exposure (Figure 4.15). After UVB (90 J/m2), the 

accumulated intracellular ROS was markedly reduced in cells treated with 0.5 mM 

of antioxidants at all experiment times as compared to non-treated cells exposed to 

90 J/m2 as shown in figure 4.15A. Surprisingly, all antioxidants clearly decrease 

ROS production to the basal ROS generation as compare to control (0 J/m2). 

The concentration of 0.1 mM antioxidants, silymarin shown the 

significantly decreased in dose-dependent manner at all experiment times, while 

vitamin E showed the protective effect in response to ROS during 2 to 6 h and 

vitamin C had significantly reduced ROS production during 3 to 6 h after UVB 

exposure as compared to non-treated cells at 90 J/m2 of UVB (Figure 4.15B), but at 

dose of 0.1 mM, all antioxidants cannot decrease ROS production to the basal ROS 

generation as compared to ROS production generated in the control (0 J/m2). 

These results suggested that antioxidants at the concentration of 0.5 and 0.1 

mM clearly decreased intracellular ROS-generated by 90 J/m2 of UVB, but only 0.5 

mM of antioxidants decrease the ROS production to the basal ROS. Thus, 0.5 mM 

was used for find the appropriate kinetic in further experiment. 
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A. 

 

B. 

 

Figure 4.15 Effect of known antioxidants on ROS generated by UVB. A) Cells 

were treated with 0.5 mM of vitamin C, vitamin E, and silymarin for 1 h before 

exposed with 90 J/m2 UVB. B) Cells were treated with 0.1 mM of vitamin C, vitamin 

E, and silymarin for 1 h before exposed with 90 J/m2 UVB. Intracellular ROS level 

was determined by DCFH2-DA probe using fluorescence microplate reader. Data 

point represent the mean ± S.D. (n = 4) *, P < 0.05 versus non-treated cells at the 

same time point. 
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4.5 The kinetics of vitamin C, vitamin E, and silymarin on ROS 

production in HaCaT cells. 

To study the kinetics of vitamin C, vitamin E, and silymarin, cells were 

incubated with antioxidants at concentration of 0.5 mM for 1 h before exposed to 90 

J/m2 of UVB. The data was plotted representing the intracellular ROS generation in 2 

distinguished periods, which were 0-2 h, and 2-6 h. Figure 4.16 demonstrated the 

graph plotting of ROS signals in the HaCaT in response to UVB versus time.  

At the early stage (0-2 h), the results revealed that all antioxidants including 

control were verified to linear trend line with the R2 more than 0.97. The highest rate 

constant value (k) in cells exposed to 90 J/m2 was approximately 0.1494 with R2 

equal to 0.99427, k value in silymarin treated cells was 0.1438 and R2 was 0.99653. 

The k value in vitamin C treated cells was 0.1223 and R2 was 0.99734. The k value in 

vitamin E treated cells was 0.0871 and R2 was 0.99398 and the k value in control (0 

J/m2) was 0.0718 and R2 was 0.98846, respectively as shown in figure 4.16A. In 

addition, the k value of vitamin E treated cells exposed to 90 J/m2 was quite nearly to 

k value of 0 J/m2, so the results suggested that cells pretreated with vitamin E exposed 

to 90 J/m2 of UVB suppress rate of ROS production to the level of basal ROS 

generation. Surprisingly, cells pretreated with antioxidants were continuously 

suppress rate of ROS production up to 6 h as compare to cell exposed to 90 J/m2 of 

UVB as shown in figure 4.16B.!

These results indicated that all antioxidants down-regulated the intracellular 

ROS-induced by UVB (90 J/m2) in human keratinocytes in time-dependent manner. 

This suppression can be observed in all experiment times as illustrated by kinetic 
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equations and vitamin E was the effective antioxidant that suppress rate of ROS 

production to the basal ROS induced by UVB within 2 h after irradiation. 

A. 

 

B. 

 

Figure 4.16 Kinetics of well-known antioxidants on ROS signal generated by 

UVB. A) Kinetics of antioxidants in response to 90 J/m2 UVB during 0-2 h after UVB 

irradiation. B) Kinetics of antioxidants in response to 90 J/m2 UVB during 2-6 h after 

UVB irradiation. Accumulative intracellular ROS content was evaluated by 

fluorescence microplate reader, n = 4. 
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5. Investigate on the correlation between the kinetic constant value of ROS 

and cell death effect 

To determine the correlation between kinetic constant value of ROS 

and cytotoxicity induced by UVB in HaCaT cells, firstly cells were seeded at the 

density of 10,000 cells per wells in 96 well plate and incubated in serum free 

condition overnight. After that, cells were exposed with the several doses of UVB (0, 

40, 60, 90 J/m2). The ROS profile of all UVB doses was obtained and generated for 

an appropriate kinetic constant value during 0-2 h after UVB exposure. The kinetic 

constant value was plotted versus the percentage of cell viability and apoptosis. 

Figure 4.17 demonstrated the correlation between kinetic constant 

value of intracellular ROS and cell viability and apoptosis at 24 h after UVB 

exposure. All correlations were fitted with linear equation as y = βx+c which were 

then verified by F test. The analysis will accept the equation if the P value less that 

significant level (<0.05) as shown in table 1.  

These results demonstrated that, base on considering beta value (slope) 

of correlation equation; apoptosis was the principal mode of cell death induced by 

ROS generated by UVB.  
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A. 

 

B. 

 

Figure 4.17 The correlation between the rate constant value of ROS and cell 

death effect induced by UVB. Cells were exposed with several doses of UVB (0, 40, 

60, and 90 J/m2) before examined by MTT and Hoechst 33342 A) The correlation of 

% cell viability and K value of ROS. B) The correlation of % apoptosis and K value 

of ROS. Correlation was evaluated by SPSS statistic program (n = 4) *, P < 0.05. 
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Table 1 The linear regression between the rate constant of ROS and cell death 

effect induced by UVB. This table was demonstrated the equation, R2, Beta, and P 

value of cell viability and apoptosis. 

 

!



CHAPTER V 

DISCUSSION AND CONCLUSION 

Increasing evidence has supported the significant damaging effects of UVB 

irradiation on human skin including aging and cancer (Yaar and Gilchrest, 1990; 

Emerit, 1992; Cleaver and Crowley, 2002; Sander et al., 2004). The present study 

provided information regarding the ROS generating profile in UVB-exposed 

keratinocytes and reported herein for the first time that superoxide anion and hydroxyl 

radical are the main specific ROS produced and responsible for oxidative stress in 

response to UVB. 

Oxidative stress caused by the excess amount of intracellular ROS is shown to 

be an important cause of damage to cellular components. Three main types of ROS 

were identified and evidence indicated that superoxide anion (•O2
−), hydrogen 

peroxide (H2O2), and hydroxyl radical (•OH) were generated continuously in the 

living cells (Liu et al., 2009; Swalwell et al., 2011). Superoxide anion after generated 

could be converted to hydrogen peroxide by the function of superoxide dismutase 

enzyme. Consistent with this notion, these results revealed that hydrogen peroxide 

induction in UVB-exposure keratinocytes was found to follow the induction of 

superoxide anion. However, the increasing level of hydroxyl radical was detectable at 

the very early time after UVB irritation has indicated the possibility that this free 

radical may be generated by the direct effect of UVB. Previous study indicated that 

UVB-mediated damage of pyrimidine base of DNA is tightly associated with cellular 

oxidative stress (Ichihashi et al., 2003; Wiswedel et al., 2007; Guo et al., 2010). Also, 
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UVB-induced DNA damage through hydroxyl radical formation was previously 

demonstrated (Pelle et al., 2003). 

Although a UVB exposure caused significant ROS up-regulation in 

keratinocytes up to 24 h (data not shown), this result was found the significant 

induction of ROS accumulation only at 0-2 h after a UVB exposure compared to that 

of non-irradiated control. These results probably implied that oxidative stress 

generated in this study was mediated by the induction of specific ROS in the early 

time. This study was found that superoxide anion and hydroxyl radical were increased 

in UVB-treated cells in the higher rate over that of control cells, while a rate of 

hydrogen peroxide increasing is of minimal difference. Therefore, the results have 

provided the novel information that oxidative stress caused by UVB is generated at 

the 2 h-period after exposure by cellular induction of superoxide anion and hydroxyl 

radical. 

Various non-enzymatic dietary antioxidants can protect cells within the body 

from ROS-induced oxidative damage (Bagchi et al., 1999; Al-Gubory et al., 2010). 

Among them, vitamin C is a powerful antioxidant that was shown to reduce an 

oxidative damage induced by UVB in mouse keratinocytes in vitro (Stewart et al., 

1996). In the present study, vitamin C at the concentration of 0.1, 0.5, and 1 mM 

could suppress the generation of ROS induced by all doses of UVB irradiation. The 

effect of vitamin C on ROS generation in response to UVB could be detected as early 

as 15 min, and the explanation of such prompt effect may be due to the reducing 

property of vitamin C. Vitamin C was shown to reduce and to maintain function of 

glutathione in human keratinocytes (Mcardle et al., 2002). 

Vitamin E is another antioxidant that was shown to protect the human 
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keratinocytes from UVA-induced lipid peroxidation (Mcardle et al., 2002) and also 

protects the cell membrane from oxidative stress (Traber et al., 2007). It has been 

shown in this study that vitamin E at the non-toxic concentrations (0.1, 0.5, and 1 

mM) decreased the intracellular ROS-generated by UVB. Vitamin E seems to be the 

most effective in protecting ROS generation in comparison to vitamin C and 

silymarin. These effects may due to vitamin E able to block the lipid peroxidation 

chain as a soluble lipid-blocking agent (Jin et al., 2007).  

Previous studies demonstrated that silymarin is the effective antioxidant that 

protects the oxidative damage in HaCaT cells induced by hydrogen peroxide 

generated during an UVA exposure (Svobodova et al., 2007). In this present study 

shown that non-toxic doses of silymarin (0.01, 0.1 and 0.5 mM) were able to suppress 

the ROS induction induced by UVB exposure. Since silymarin has minimal effect on 

inhibition of superoxide anion generation (Upasani, and Pingale, 2009), a major 

specific ROS generated by UVB irradiation, this may be the reason why silymarin 

showed the lowest effective in this study. 

Previous research had reported that the intracellular ROS generated by UVB 

induces apoptosis programmed cell death. The results obtained from the present study 

had shown reduction in the percentage of cell viability in cells that were exposed with 

UVB (40, 60, and 90 J/m2) after 6 hours while the percentage of cell viability of non-

irradiated cells stays constant. The correlation identified was used to investigate the 

ROS factors that play a dominant role in this mechanism. The results demonstrated 

that apoptosis was the principal mode of cell death induced by ROS production in the 

early period (0-2 h) of UVB irradiation. 
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In conclusion, this present study revealed herein the kinetic of ROS generation 

and identified specific ROS in UVB-exposed human skin keratinocytes. The kinetic 

plots demonstrated that all antioxidants were able to suppress ROS production in 

response to UVB in time and dose-dependent manner. These data enhance the 

understanding on skin biology and benefit the development of strategies in protection 

of UVB-mediated damages. 
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APPENDIX 
 
 

TABLES OF EXPERIMENTAL RESULTS  
 
 

Table 2 The percentage of cell survival after exposed with several doses of UVB was 

evaluated by MTT assay at the end of each time point (time dependency). 

 

Time (hour) 
Cell viability (%) 

0 J/m2 40 J/m2 60 J/m2 90 J/m2 

0  100.00 ± 0.00 99.25 ± 0.04 99.29 ± 0.01 99.25 ± 0.07 

6 100.00 ± 0.00 86.97 ± 4.23* 82.41 ± 5.48* 74.68 ± 4.79* 

12 100.00 ± 0.00 82.18 ± 2.17* 65.11 ± 3.75* 57.47 ± 2.67* 

24 100.00 ± 0.00 77.89 ± 2.61* 58.72 ± 1.27* 51.89 ± 2.69* 

 

 

 Each value represents the mean ± S.D. of four independent experiments. 

Symbols refer significant different from the control group (time = 0 h): *, p < 0.05 

determined by One-way ANOVA. 
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Table 3 ROS intensity of HaCaT cells after exposed with several doses of UVB using 

DCFH2-DA probe (time dependency). 

Time (hour) 
Relative DCF intensity 

0 J/m2 (control) 40 J/m2 60 J/m2 90 J/m2 

0 0.99 ± 0.03 0.99 ± 0.06 1.01 ± 0.06 1.07 ± 0.03 

1 1.30 ± 0.03 1.42 ± 0.07* 1.57 ± 0.05* 1.72 ± 0.05* 

2 1.48 ± 0.04 1.95 ± 0.05* 2.13 ± 0.05* 2.31 ± 0.07* 

3 1.64 ± 0.03 2.22 ± 0.05* 2.42 ± 0.09* 2.65 ± 0.09* 

4 1.86 ± 0.02 2.46 ± 0.05* 2.68 ± 0.08* 2.92 ± 0.09* 

5 2.04 ± 0.03 2.65 ± 0.05* 2.85 ± 0.07* 3.05 ± 0.08* 

6 2.22 ± 0.03 2.82 ± 0.06* 3.05 ± 0.08* 3.28 ± 0.08* 

 

  

The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group (0 J/m2): *, p < 0.05 determined by One-way ANOVA. 
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Table 4 ROS intensity of HaCaT cells after exposed with several doses of UVB by 

using DCFH2-DA probe (time dependency). Accumulative intracellular ROS content 

was evaluated using fluorescence microplate reader. Each value represents the mean ± 

S.D. of four independent experiments. This result was used for finding kinetic 

equation. 

 

 

Time (hour) 
Relative DCF intensity 

0 J/m2 (control) 40 J/m2 60 J/m2 90 J/m2 

0 1.00 ± 0.00 1.01 ± 0.10 1.02 ± 0.10 1.04 ± 0.02 

0.5 1.20 ± 0.10 1.36 ± 0.10 1.44 ± 0.11 1.52 ± 0.02 

1 1.35 ± 0.11 1.53 ± 0.01 1.70 ± 0.10 1.82 ± 0.05 

1.5 1.45 ± 0.10 1.80 ± 0.01 1.95 ± 0.10 2.11 ± 0.05 

2 1.55 ± 0.10 2.06 ± 0.05 2.14 ± 0.05 2.35 ± 0.01 

3 1.64 ± 0.40 2.10 ± 0.05 2.42 ± 0.09 2.65 ± 0.01 

4 1.86 ± 0.23 2.22 ± 0.05 2.68 ± 0.07 2.92 ± 0.08 

5 2.04 ± 0.12 2.46 ± 0.05 2.85 ± 0.07 3.05 ± 0.09 

6 2.22 ± 0.45 2.82 ± 0.06 3.05 ± 0.08 3.28 ± 0.08 
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Table 5 Specific hydroxyl radical intensity of HaCaT cells after exposed with various 

doses of UVB and determined by using HPF as a specific probe.  

Time (hour) 
Relative HPF intensity 

0 J/m2 (control) 40 J/m2 60 J/m2 90 J/m2 

0 1.01 ± 0.01 1.06 ± 0.04* 1.06 ± 0.04* 1.07 ± 0.04* 

1 1.02 ± 0.02 1.12 ± 0.02* 1.21 ± 0.03* 1.36 ± 0.02* 

2 1.06 ± 0.02 1.20 ± 0.04* 1.27 ± 0.03* 1.44 ± 0.03* 

3 1.24 ± 0.05 1.29 ± 0.04* 1.36 ± 0.03* 1.45 ± 0.01* 

4 1.33 ± 0.04 1.43 ± 0.05* 1.47 ± 0.04* 1.49 ± 0.02* 

5 1.34 ± 0.04 1.44 ± 0.06* 1.50 ± 0.05* 1.56 ± 0.04* 

6 1.37 ± 0.03 1.45 ± 0.05* 1.51 ± 0.05* 1.62 ± 0.05* 

 

The HPF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative HPF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group (0 J/m2): *, p < 0.05 determined by One-way ANOVA. 
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Table 6 Specific hydrogen peroxide intensity of HaCaT cells after exposed with 

various doses of UVB and determined by using Amplex Red as a specific probe. 

Time (hour) 
Relative Amplex Red intensity 

0 J/m2 (control) 40 J/m2 60 J/m2 90 J/m2 

0 1.00 ± 0.02 1.33 ± 0.06* 1.42 ± 0.04* 1.49 ± 0.03* 

1 1.69 ± 0.05 1.87 ± 0.06* 1.91 ± 0.09* 1.96 ± 0.05* 

2 2.26 ± 0.10 2.47 ± 0.07* 2.72 ± 0.12* 2.77 ± 0.11* 

3 2.91 ± 0.12 3.31 ± 0.13* 3.68 ± 0.17* 4.00 ± 0.26* 

4 3.62 ± 0.24 4.24 ± 0.26* 4.57 ± 0.24* 5.23 ± 0.41* 

5 4.38 ± 0.31 4.89 ± 0.38* 5.50 ± 0.65* 6.17 ± 0.47* 

6 5.29 ± 0.36 5.90 ± 0.45* 6.56 ± 0.58* 7.31 ± 0.62* 

 

The Amplex Red signal of each dose at each time point was normalized to 

non-irradiation cells and reported as relative Amplex Red intensity. Each value 

represents the mean ± S.D. of four independent experiments. Symbols refer 

significant different from the control group (0 J/m2): *, p < 0.05 determined by One-

way ANOVA. 
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Table 7 Specific superoxide intensity of HaCaT cells after exposed with various 

doses of UVB and determined by using DHE as a specific probe. 

Time (hour) 
Relative DHE intensity 

0 J/m2 (control) 40 J/m2 60 J/m2 90 J/m2 

0 1.00 ± 0.01 1.07 ± 0.04* 1.11 ± 0.02* 1.17 ± 0.04* 

1 1.22 ± 0.14 1.58 ± 0.06* 1.59 ± 0.06* 2.18 ± 0.16* 

2 2.45 ± 0.13 3.77 ± 0.20* 3.97 ± 0.18* 4.44 ± 0.10* 

3 3.58 ± 0.20 4.30 ± 0.16* 4.55 ± 0.30* 5.26 ± 0.19* 

4 4.06 ± 0.30 4.65 ± 0.23* 4.84 ± 0.27* 5.38 ± 0.16* 

5 4.18 ± 0.30 4.83 ± 0.26* 5.11 ± 0.21* 5.61 ± 0.17* 

6 4.20 ± 0.27 4.88 ± 0.26* 5.17 ± 0.17* 5.79 ± 0.20* 

 

The DHE signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DHE intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group (0 J/m2): *, p < 0.05 determined by One-way ANOVA. 
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Table 8 Specific hydroxyl radical intensity of HaCaT cells after exposed to 90 J/m2 

UVB and determined by using HPF as a specific probe. Accumulative specific ROS 

content was evaluated using fluorescence microplate reader. Each value represents the 

mean ± S.D. of four independent experiments. 

Time (hour) Relative fluorescence intensity 

HPF + 90 J/m2 UVB 

0 1.17 ± 0.01 

0.5 1.28 ± 0.01 

1 1.37 ± 0.05 

1.5 1.40 ±0.05 

2 1.45 ± 0.10 

3 1.47 ± 0.12 

4 1.51 ± 0.01 

5 1.56 ± 0.04 

6 1.62 ± 0.04 
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Table 9 Specific hydrogen peroxide intensity of HaCaT cells after exposed to 90 J/m2 

UVB and determined by using Amplex Red as a specific probe. Accumulative 

specific ROS content was evaluated using fluorescence microplate reader. Each value 

represents the mean ± S.D. of four independent experiments. 

 

Time (hour) Relative fluorescence intensity 

Amplex Red + 90 J/m2 UVB 

0 1.52 ± 0.19 

0.5 1.70 ± 0.10 

1 1.98 ± 0.02 

1.5 2.40 ± 0.02 

2 2.79 ± 0.04 

3 4.18 ± 0.04 

4 5.23 ± 0.01 

5 6.17 ± 0.03 

6 7.31 ± 0.01 
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Table 10 Specific superoxide anion intensity of HaCaT cells after exposed to 90 J/m2 

UVB and determined by using DHE as a specific probe. Accumulative specific ROS 

content was evaluated using fluorescence microplate reader. Each value represents the 

mean ± S.D. of four independent experiments. 

 

Time (hour) Relative fluorescence intensity 

DHE + 90 J/m2 UVB 

0 1.18 ± 0.04 

0.5 1.70 ± 0.04 

1 2.24 ± 0.01 

1.5 3.10 ± 0.01 

2 4.54 ± 0.02 

3 5.26 ± 0.01 

4 5.38 ± 0.02 

5 5.61 ± 0.01 

6 5.76 ± 0.01 
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Table 11 The percentage of HaCaT cell viability was determined by MTT assay after 

treatment with various concentrations of vitamin C for 24 h (dose dependency). 

Vitamin C (mM) Cell viability (%) 

control 100 ± 1.54 

0.1 99.75 ± 1.11 

0.5 99.48 ± 1.11 

1 98.01 ± 3.12 

2.5 66.78 ± 4.21* 

5 52.00 ± 2.25* 

10 40.56 ± 1.08* 

 

 Each value represents the mean ± S.D. of four independent experiments. 

Symbols refer significant different from the control group: *, p < 0.05 determined by 

One-way ANOVA. 
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Table 12 ROS intensity of HaCaT cells after pretreatment with 0.1 mM of vitamin C 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

0.1 mM vit C + 

0 J/m2 (control) 

0.1 mM vit C + 

40 J/m2 

0.1 mM vit C + 

60 J/m2 

0.1 mM vit C + 

90 J/m2 

0 1.00 ± 0.07 1.03 ± 0.03 1.04 ± 0.02 1.24 ± 0.08* 

1 1.04 ± 0.05 1.09 ± 0.08* 1.33 ± 0.12* 1.46 ± 0.02* 

2 1.05 ± 0.01 1.12 ± 0.11* 1.41 ± 0.10* 1.51 ± 0.09* 

3 1.46 ± 0.02 1.51 ± 0.05* 1.63 ± 0.03* 1.72 ± 0.13* 

4 1.82 ± 0.01 1.94 ± 0.10* 2.05 ± 0.16* 2.18 ± 0.17* 

5 2.13 ± 0.02 2.18 ± 0.04* 2.19 ± 0.09* 2.38 ± 0.06* 

6 2.41 ± 0.05 2.50 ± 0.13* 2.78 ± 0.11* 3.11 ± 0.15* 

 

 The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA. 
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Table 13 ROS intensity of HaCaT cells after pretreatment with 0.5 mM of vitamin C 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

0.5 mM vit C + 

0 J/m2 (control) 

0.5 mM vit C + 

40 J/m2 

0.5 mM vit C + 

60 J/m2 

0.5 mM vit C + 

90 J/m2 

0 1.00 ± 0.01 1.03 ± 0.01 1.07 ± 0.02* 1.13 ± 0.11* 

1 1.00 ± 0.05 1.04 ± 0.02* 1.27 ± 0.06* 1.31 ± 0.05* 

2 1.06 ± 0.01 1.14 ± 0.07* 1.30 ± 0.09* 1.47 ± 0.05* 

3 1.21 ± 0.01 1.30 ± 0.02* 1.48 ± 0.17* 1.52 ± 0.15* 

4 1.32 ± 0.03 1.57 ± 0.06* 1.73 ± 0.13* 1.82 ± 0.13* 

5 1.57 ± 0.07 1.63 ± 0.08* 1.83 ± 0.13* 1.93 ± 0.08* 

6 1.80 ± 0.03 1.94 ± 0.09* 2.13 ± 0.10* 2.21 ± 0.13* 

 

 The DCF signal of each dose at each time point was normalized to 

non-irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA.  
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Table 14 ROS intensity of HaCaT cells after pretreatment with 1 mM of vitamin C 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

1 mM vit C + 

0 J/m2 (control) 

1 mM vit C +  

40 J/m2 

1 mM vit C +  

60 J/m2 

1 mM vit C +  

90 J/m2 

0 1.00 ± 0.01 1.00 ± 0.04 1.08 ± 0.01* 1.08 ± 0.06* 

1 1.01 ± 0.07 1.04 ± 0.04* 1.20 ± 0.05* 1.26 ± 0.07* 

2 1.01 ± 0.06 1.04 ± 0.04* 1.25 ± 0.11* 1.36 ± 0.05* 

3 1.10 ± 0.06 1.25 ± 0.04* 1.39 ± 0.10* 1.47 ± 0.16* 

4 1.24 ± 0.05 1.48 ± 0.02* 1.69 ± 0.09* 1.79 ± 0.22* 

5 1.52 ± 0.07 1.62 ± 0.07* 1.77 ± 0.03* 1.87 ± 0.06* 

6 1.81 ± 0.09 1.85 ± 0.01* 2.03 ± 0.04* 2.16 ± 0.03* 

 

 The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA. 
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Table 15 ROS intensity of HaCaT cells after pretreatment with various concentrations 

of vitamin C prior to exposed with 90 J/m2 UVB and determined by using DCFH2-

DA probe. 

Time (hour) 
Relative DCF intensity 

control (90J/m2) 0.1 mM vit C + 
90J/m2 

0.5 mM vit C + 
90J/m2 

1 mM vit C + 
90J/m2 

0 1.25 ± 0.01 1.24 ± 0.08 1.13 ± 0.11* 1.22 ± 0.06* 

1 1.45 ± 0.01 1.46 ± 0.02 1.31 ± 0.05* 1.42 ± 0.07* 

2 1.51 ± 0.01 1.51 ± 0.09 1.47 ± 0.05* 1.48 ± 0.05* 

3 1.78 ± 0.01 1.72 ± 0.13* 1.52 ± 0.15* 1.52 ± 0.16* 

4 2.23 ± 0.01 2.18 ± 0.17* 1.82 ± 0.13* 1.82 ± 0.22* 

5 2.47 ± 0.03 2.38 ± 0.06* 1.93 ± 0.08* 1.93 ± 0.06* 

6 3.37 ± 0.01 3.11 ± 0.15* 2.21 ± 0.13* 2.21 ± 0.03* 

 

 The DCF signal of each dose at each time point was normalized to non-treated 

cells and reported as relative DCF intensity. Each value represents the mean ± S.D. of 

four independent experiments. Symbols refer significant different from the control 

group: *, p < 0.05 determined by One-way ANOVA. 
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Table 16 The percentage of HaCaT cell viability was determined by MTT assay after 

treatment with various concentrations of vitamin E for 24 h (dose dependency). 

Vitamin E (mM) Cell viability (%) 

control 100 ± 2.86 

0.1 103.05 ± 3.98 

0.5 101.49 ± 1.06 

1 99.06 ± 3.06 

2.5 80.91 ± 2.15* 

5 75.43 ± 4.02* 

10 70.90 ± 5.94* 

 

 Each value represents the mean ± S.D. of four independent experiments. 

Symbols refer significant different from the control group: *, p < 0.05 determined by 

One-way ANOVA. 
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Table 17 ROS intensity of HaCaT cells after pretreatment with 0.1 mM of vitamin E 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

0.1 mM vit E + 

0 J/m2 (control) 

0.1 mM vit E + 

40 J/m2 

0.1 mM vit E + 

60 J/m2 

0.1 mM vit E + 

90 J/m2 

0 1.00 ± 0.01 1.00 ± 0.03 1.06 ± 0.01* 1.22 ± 0.01* 

1 1.01 ± 0.07 1.07 ± 0.08* 1.31 ± 0.06* 1.42 ± 0.05* 

2 1.05 ± 0.08 1.10 ± 0.06* 1.37 ± 0.12* 1.48 ± 0.01* 

3 1.43 ± 0.02 1.52 ± 0.03* 1.61 ± 0.08* 1.71 ± 0.02* 

4 1.77 ± 0.01 1.92 ± 0.05* 2.03 ± 0.05* 2.12 ± 0.06* 

5 2.09 ± 0.06 2.15 ± 0.07* 2.18 ± 0.04* 2.36 ± 0.05* 

6 2.40 ± 0.03 2.48 ± 0.03* 2.76 ± 0.02* 3.10 ± 0.01* 

 

 The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA. 
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Table 18 ROS intensity of HaCaT cells after pretreatment with 0.5 mM of vitamin E 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

0.5 mM vit E + 

0 J/m2 (control) 

0.5 mM vit E + 

40 J/m2 

0.5 mM vit E + 

60 J/m2 

0.5 mM vit E + 

90 J/m2 

0 1.00 ± 0.01 0.99 ± 0.03 1.03 ± 0.01 1.12 ± 0.01* 

1 1.04 ± 0.13 1.04 ± 0.07 1.14 ± 0.02* 1.20 ± 0.05* 

2 1.06 ± 0.13 1.07 ± 0.06 1.24 ± 0.04* 1.39 ± 0.05* 

3 1.33 ± 0.09 1.37 ± 0.07* 1.42 ± 0.01* 1.47 ± 0.08* 

4 1.35 ± 0.09 1.52 ± 0.24* 1.68 ± 0.03* 1.74 ± 0.01* 

5 1.58 ± 0.09 1.68 ± 0.07* 1.80 ± 0.01* 1.91 ± 0.01* 

6 1.80 ± 0.02 1.92 ± 0.01* 2.11 ± 0.05* 2.19 ± 0.04* 

 

 The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA. 
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Table 19 ROS intensity of HaCaT cells after pretreatment with 1 mM of vitamin E 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

1 mM vit E + 

0 J/m2 (control) 

1 mM vit E +  

40 J/m2 

1 mM vit E +  

60 J/m2 

1 mM vit E +  

90 J/m2 

0 1.00 ± 0.00 0.99 ± 0.03 1.03 ± 0.01 1.11 ± 0.01* 

1 1.02 ± 0.12 1.03 ± 0.03 1.10 ± 0.11* 1.11 ± 0.10* 

2 1.05 ± 0.05 1.05 ± 0.10 1.18 ± 0.11* 1.32 ± 0.05* 

3 1.24 ± 0.02 1.33 ± 0.06* 1.32 ± 0.06* 1.45 ± 0.05* 

4 1.32 ± 0.09 1.45 ± 0.10* 1.54 ± 0.06* 1.67 ± 0.02* 

5 1.43 ± 0.04 1.50 ± 0.06* 1.76 ± 0.05* 1.85 ± 0.07* 

6 1.76 ± 0.05 1.83 ± 0.03* 2.01± 0.13* 2.12 ± 0.08* 

 

 The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA. 
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Table 20 ROS intensity of HaCaT cells after pretreatment with various concentrations 

of vitamin E prior to exposed with 90 J/m2 UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 
Relative DCF intensity 

control (90J/m2) 0.1 mM vit E + 
90J/m2 

0.5 mM vit E + 
90J/m2 

1 mM vit E + 
90J/m2 

0 1.25 ± 0.01 1.22 ± 0.01 1.12 ± 0.01* 1.11 ± 0.01* 

1 1.45 ± 0.01 1.42 ± 0.05 1.20 ± 0.05* 1.11 ± 0.10* 

2 1.51 ± 0.01 1.48 ± 0.01* 1.39 ± 0.05* 1.32 ± 0.05* 

3 1.78 ± 0.01 1.71 ± 0.02* 1.47 ± 0.08* 1.45 ± 0.05* 

4 2.23 ± 0.01 2.12 ± 0.06* 1.74 ± 0.01* 1.67 ± 0.02* 

5 2.47 ± 0.03 2.36 ± 0.05* 1.91 ± 0.01* 1.85 ± 0.07* 

6 3.37 ± 0.01 3.10 ± 0.01* 2.19 ± 0.04* 2.12 ± 0.08* 

 

 The DCF signal of each dose at each time point was normalized to non-treated 

cells and reported as relative DCF intensity. Each value represents the mean ± S.D. of 

four independent experiments. Symbols refer significant different from the control 

group: *, p < 0.05 determined by One-way ANOVA. 

 

 



 100!

Table 21 The percentage of HaCaT cell viability was determined by MTT assay after 

treatment with various concentrations of silymarin for 24 h (dose dependency). 

Silymarin (mM) Cell viability (%) 

control 100 ± 7.02 

0.01 103.48 ± 5.05 

0.1 102.34 ± 3.04 

0.5 99.12 ± 3.02 

1 74.29 ± 1.01* 

2.5 52.43 ± 4.01* 

5 24.53 ± 5.08* 

 

 Each value represents the mean ± S.D. of four independent experiments. 

Symbols refer significant different from the control group: *, p < 0.05 determined by 

One-way ANOVA. 
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Table 22 ROS intensity of HaCaT cells after pretreatment with 0.01 mM of silymarin 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

0.01 mM SM + 

0 J/m2 (control) 

0.01 mM SM + 

40 J/m2 

0.01 mM SM + 

60 J/m2 

0.01 mM SM + 

90 J/m2 

0 1.00 ± 0.03 1.03 ± 0.09 1.08 ± 0.11* 1.23 ± 0.11* 

1 1.03 ± 0.10 1.08 ± 0.10* 1.33 ± 0.30* 1.43 ± 0.12* 

2 1.11 ± 0.05 1.19 ± 0.06* 1.41 ± 0.06* 1.51 ± 0.04* 

3 1.45 ± 0.07 1.56 ± 0.05* 1.65 ± 0.11* 1.76 ± 0.01* 

4 1.79 ± 0.06 1.97 ± 0.03* 2.13 ± 0.05* 2.21 ± 0.02* 

5 2.06 ± 0.10 2.19 ± 0.08* 2.21 ± 0.10* 2.45 ± 0.18* 

6 2.41 ±0.02 2.59 ± 0.13* 2.83 ± 0.08* 3.27 ± 0.08* 

 

 The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA. 
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Table 23 ROS intensity of HaCaT cells after pretreatment with 0.1 mM of silymarin 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

0.1 mM SM + 

0 J/m2 (control) 

0.1 mM SM + 

40 J/m2 

0.1 mM SM + 

60 J/m2 

0.1 mM SM + 

90 J/m2 

0 1.00 ± 0.03 1.03 ± 0.07 1.08 ± 0.11* 1.19 ± 0.09* 

1 1.04 ± 0.05 1.07 ± 0.05* 1.33 ± 0.06* 1.35 ± 0.19* 

2 1.08 ± 0.08 1.12 ± 0.04* 1.41 ± 0.05* 1.48 ± 0.10* 

3 1.43 ± 0.08 1.53 ± 0.12* 1.63 ± 0.14* 1.73 ± 0.03* 

4 1.77 ± 0.05 1.95 ± 0.09* 2.09 ± 0.13* 2.20 ± 0.03* 

5 2.10 ± 0.10 2.14 ± 0.05* 2.20 ± 0.15* 2.42 ± 0.01* 

6 2.40 ± 0.13 2.55 ± 0.05* 2.82 ± 0.04* 3.21 ± 0.09* 

 

 The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA. 
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Table 24 ROS intensity of HaCaT cells after pretreatment with 0.5 mM of silymarin 

prior to exposed with several doses of UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 

Relative DCF intensity 

0.5 mM SM + 

0 J/m2 (control) 

0.5 mM SM +  

40 J/m2 

0.5 mM SM +  

60 J/m2 

0.5 mM SM +  

90 J/m2 

0 1.00 ± 0.01 1.02 ± 0.05 1.06 ± 0.02* 1.18 ± 0.04* 

1 1.05 ± 0.02 1.05 ± 0.05 1.28 ± 0.05* 1.30 ± 0.05* 

2 1.08 ± 0.02 1.09 ± 0.01 1.34 ± 0.05* 1.48 ± 0.06* 

3 1.23 ± 0.01 1.34 ± 0.01* 1.50 ± 0.11* 1.58 ± 0.07* 

4 1.38 ± 0.01 1.62 ± 0.07* 1.75 ± 0.28* 1.88 ± 0.07* 

5 1.65 ± 0.06 1.80 ± 0.04* 1.90 ± 0.10* 2.02 ± 0.09* 

6 2.10 ± 0.05 2.18 ± 0.02* 2.22 ± 0.06* 2.57 ± 0.15* 

 

 The DCF signal of each dose at each time point was normalized to non-

irradiation cells and reported as relative DCF intensity. Each value represents the 

mean ± S.D. of four independent experiments. Symbols refer significant different 

from the control group: *, p < 0.05 determined by One-way ANOVA. 
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Table 25 ROS intensity of HaCaT cells after pretreatment with various concentrations 

of silymarin prior to exposed 90 J/m2 UVB and determined by using DCFH2-DA 

probe. 

Time (hour) 
Relative DCF intensity 

control (90J/m2) 0.01 mM SM + 
90J/m2 

0.1 mM SM + 
90J/m2 

0.5 mM SM + 
90J/m2 

0 1.25 ± 0.01 1.23 ± 0.11 1.19 ± 0.09* 1.18 ± 0.04* 

1 1.45 ± 0.01 1.43 ± 0.12 1.35 ± 0.19* 1.30 ± 0.05* 

2 1.51 ± 0.01 1.51 ± 0.04 1.48 ± 0.10* 1.48 ± 0.06* 

3 1.78 ± 0.01 1.76 ± 0.01 1.73 ± 0.03* 1.58 ± 0.07* 

4 2.23 ± 0.01 2.21 ± 0.02 2.20 ± 0.03* 1.88 ± 0.07* 

5 2.47 ± 0.03 2.45 ± 0.18 2.42 ± 0.01* 2.02 ± 0.09* 

6 3.37 ± 0.01 3.27 ± 0.08* 3.21 ± 0.09* 2.57 ± 0.15* 

 

 The DCF signal of each dose at each time point was normalized to non-treated 

cells and reported as relative DCF intensity. Each value represents the mean ± S.D. of 

four independent experiments. Symbols refer significant different from the control 

group: *, p < 0.05 determined by One-way ANOVA. 
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Table 26 ROS intensity of HaCaT cells after pretreatment with various types of 

antioxidant at concentration of 0.5 mM prior to exposed with 90J/m2 UVB. The 

results were determined by DCFH2-DA probe. 

 

Time 

(hour) 

Relative DCF intensity 
UVB 

(90J/m2) 
0.5 mM Vit E 

+ 90 J/m2 
0.5 mM Vit 
C + 90 J/m2 

0.5 mM SM 
+ 90 J/m2 

UVB (0 J/m2)!

0 1.25 ± 0.01 1.12 ± 0.01* 1.13 ± 0.11* 1.18 ± 0.04* 1.18 ± 0.13!

1 1.45 ± 0.01 1.20 ± 0.05* 1.31 ± 0.05* 1.30 ± 0.05* 1.27 ± 0.20!

2 1.51 ± 0.01 1.39 ± 0.05* 1.47 ± 0.05* 1.48 ± 0.06* 1.35 ± 0.09!

3 1.78 ± 0.01 1.47 ± 0.08* 1.52 ± 0.15* 1.58 ± 0.07* 1.43 ± 0.15!

4 2.23 ± 0.01 1.74 ± 0.01* 1.82 ± 0.13* 1.88 ± 0.07* 1.70 ± 0.13!

5 2.47 ± 0.03 1.91 ± 0.01* 1.93 ± 0.08* 2.02 ± 0.09* 1.80 ± 0.11!

6 3.37 ± 0.01 2.19 ± 0.04* 2.21 ± 0.13* 2.57 ± 0.15* 2.09 ± 0.09!

 

 

The DCF signal of each dose at each time point was normalized to non-treated 

cells and reported as relative DCF intensity. Each value represents the mean ± S.D. of 

four independent experiments. Symbols refer significant different from the control 

group (UVB 90 J/m2): *, p < 0.05 determined by One-way ANOVA. 
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Table 27 ROS intensity of HaCaT cells after pretreatment with various types of 

antioxidant at concentration of 0.1 mM prior to exposed with 90J/m2 UVB. The 

results were determined by DCFH2-DA probe. 

 

Time 

(hour) 

Relative DCF intensity 
UVB 

(90J/m2) 
0.1 mM Vit E 

+ 90 J/m2 
0.1 mM Vit 
C + 90 J/m2 

0.1 mM SM 
+ 90 J/m2 

UVB (0 J/m2)!

0 1.25 ± 0.01 1.22 ± 0.01 1.24 ± 0.08 1.19 ± 0.09* 1.18 ± 0.13!

1 1.45 ± 0.01 1.42 ± 0.05 1.46 ± 0.02 1.35 ± 0.19* 1.27 ± 0.20!

2 1.51 ± 0.01 1.48 ± 0.01* 1.51 ± 0.09 1.48 ± 0.10* 1.35 ± 0.09!

3 1.78 ± 0.01 1.71 ± 0.02* 1.72 ± 0.13* 1.73 ± 0.03* 1.43 ± 0.15!

4 2.23 ± 0.01 2.12 ± 0.06* 2.18 ± 0.17* 2.20 ± 0.03* 1.70 ± 0.13!

5 2.47 ± 0.03 2.36 ± 0.05* 2.38 ± 0.06* 2.42 ± 0.01* 1.80 ± 0.11!

6 3.37 ± 0.01 3.10 ± 0.01* 3.11 ± 0.15* 3.21 ± 0.09* 2.09 ± 0.09!

 

 

The DCF signal of each dose at each time point was normalized to non-treated 

cells and reported as relative DCF intensity. Each value represents the mean ± S.D. of 

four independent experiments. Symbols refer significant different from the control 

group (UVB 90 J/m2): *, p < 0.05 determined by One-way ANOVA. 
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Table 28 ROS intensity of HaCaT cells after pretreatment with several types of 

antioxidant at concentration of 0.5 mM prior to exposed with 90 J/m2 of UVB. The 

results were determined using DCFH2-DA probe. This result was used for finding 

kinetics of antioxidant. Each value represents the mean ± S.D. of four independent 

experiments. 

Time 

(hour) 

Relative DCF intensity 
UVB 

(90J/m2) 
0.5 mM Vit E 

+ 90 J/m2 
0.5 mM Vit 
C + 90 J/m2 

0.5 mM SM 
+ 90 J/m2 

UVB 
(0 J/m2)!

0 1.20 ± 0.01 1.17 ± 0.10 1.18 ± 0.02 1.19 ± 0.01 1.16 ± 0.07!

0.5 1.29 ± 0.02 1.21 ± 0.12 1.25 ± 0.02 1.27 ± 0.01 1.19 ± 0.05!

1 1.36 ± 0.08 1.25 ± 0.03 1.30 ± 0.02 1.33 ± 0.01 1.23 ± 0.09!

1.5 1.43 ± 0.08 1.29 ± 0.08 1.37 ± 0.03 1.41 ± 0.04 1.27 ± 0.01!

2 1.50 ± 0.09 1.35 ± 0.09 1.43 ± 0.03 1.48 ± 0.02 1.30 ± 0.03!

3 1.79 ± 0.04 1.49 ± 0.03 1.59 ± 0.05 1.63 ± 0.04 1.48 ± 0.01!

4 2.24 ± 0.03 1.75 ± 0.04 1.83 ± 0.05 1.89 ± 0.05 1.75 ± 0.04!

5 2.65 ± 0.10 1.97 ± 0.04 2.03 ± 0.01 2.19 ± 0.02 2.10 ± 0.04!

6 3.39 ± 0.12 2.29 ± 0.02 2.39 ± 0.09 2.60 ± 0.03 2.35 ± 0.05!
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Table 29 The kinetic constant of ROS production and the percentage of cell viability.  

 

At 24 hours K of ROS Cell viability (%) 

Control (0 J/m2) 0.2695 100 

40 J/m2 0.5054 77.89 

60 J/m2 0.5484 58.72 

90 J/m2 0.6376 51.89 

 

 

These results were used for correlation between kinetic constant of ROS and 

cell viability. Each value represents the mean ± S.D. of four independent experiments. 
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Table 30 The kinetic constant of ROS production and the percentage of apoptosis.  

 

At 24 hours K of ROS Apoptosis (%) 

Control (0 J/m2) 0.2695 0 

40 J/m2 0.5054 45.58 

60 J/m2 0.5484 56.01 

90 J/m2 0.6376 78.43 

 

 

These results were used for correlation between kinetic constant of ROS and 

apoptosis. Each value represents the mean ± S.D. of four independent experiments. 
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