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ABSTRACT 

Title THE PROTECTIVE EFFECTS OF PURPLE CORN SILK CRUDE 
EXTRACT  
ON UVB-IRRADIATED KERATINOCYTE CELL LINE (HACAT) 

Author WATCHARAPORN POORAHONG 
Degree DOCTOR OF PHILOSOPHY 
Academic Year 2021 
Thesis Advisor Professor Dr. Ramida Watanapokasin  

  
The exposure of skin to UVB could lead to inflammation and apoptosis. 

Purple corn silk (PCS), which is agricultural waste, has multiple pharmacological 
properties. This study aims to determine the protective effects of PCS extract on UVB-
induced cell damage on human keratinocyte HaCaT cells. The results showed that the 
PCS extract strongly absorbed UVB spectrum and showed antioxidant activity. The cells 
were pre-treated with PCS extract, followed by UVB exposure showed the increase in 

cell viability and a decrease in ROS, DNA damage via reduced γ-H2AX as well as the 
DNA in the comet tail. Moreover, the PCS extract decreased inflammatory response in 

cells via the reduction of NF-ƙB, iNOS, and COX-2, as well as attenuated UVB-mediated 
apoptosis through the decrease in apoptotic bodies, sub-G1 DNA content, cleaved-
caspases 8, -9, and -7, and cleaved-PARP. The PCS extract also stabilized the potential 
of the mitochondrial membrane via enhanced anti-apoptotic protein and inhibited pro-
apoptotic proteins, including suppressed p-c-Jun when compared with the UVB control 
group. These findings suggested that the PCS extract reduces the deleterious effects 
from UVB exposure through decreased DNA damage, inflammatory response, and 
apoptosis induction in human keratinocyte HaCaT cells. Therefore, to enhance the value 
of agricultural waste, PCS extract could be a new candidate for development as an UVB 
preventive agent in skincare products 
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CHAPTER 1 
INTRODUCTION 

 
1.1 Background 

Ultraviolet (UV) radiation could induce skin carcinogenesis, 10%decreased 
ozone layer leading to an additional skin cancer cases. Besides, the risk of skin cancer 
is increasing with UV exposure time, especially in people who work outdoors and those 
prefer to sunbathe (1). 

Three components of solar UV radiation, UVC can be blocked by the ozone 
layer, with only 90-95 % of UVA and 5-10% of UVB showed impact on the human skin (2, 

3). Exposure of the skin to UVB causes intracellular ROS overproduction and induces 
DNA single- and double-strand break leads to increased γ-H2AX and DNA 
photoproducts such as 8-hydroxyguanine (8-OHdG) and cyclobutane pyrimidine dimers 
(CPDs) (4). Moreover, UVB and intracellular ROS also oxidizing various molecules such 
as lipid and proteins, resulting in lipid and protein peroxidation, impaired mitochondrial 
membrane function as well as inflammatory response stimulation via increasing 
inflammatory cytokines such as COX-2 and iNOS. However, the damaged cells can be 
fixed by the repair mechanism. Nevertheless, unrepairable cells were eliminated by 
apoptosis induction via the decreased expression of anti-apoptotic proteins and an 
increased pro-apoptotic proteins which promote cytochrome c release leading to 
activate caspase cascade resulting in apoptosis cell death induction (5, 6). Furthermore, 
UVB can activate MAPK and Akt signaling pathways, which are a key mediator of cell 
inflammation, survival and apoptosis, through the change of various protein expression 
such as IL-1β, iNOS, NF-ƙB, p53, FasL, and Bcl-2 (7, 8). 

Recently, many plants have been used as ingredients, supplements, or 
medicine. Corn silk (female flower part), is an agricultural waste (9). Corn silk was 
processed into cosmetic ingredients, tea, and corn powder in many countries such as 
China, Korea, and France. In traditional medicine, corn silk has been used for the 
treatment of many diseases such as edema, urinary infection, and obesity (6, 9-14). These 
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reports suggest that corn silk is abundant with phenolic content exhibited antioxidant 
activity. Additionally, corn silk extract also showed antibacterial activities, immune 
enhancement, and neuroprotective effect against oxidative stress (10, 11, 15, 16). Previous 
studies reported that purple corn silk rich in phenolic, flavonoid, and anthocyanins 
contents had antioxidant activities by free radical scavenging, antioxidant enzyme 
enhancing, lipid peroxidation inhibition, hypertension, and against diabetes and cancer 
(9, 11-13, 17). However, purple corn silk is a waste material from cultivation without value and, 
is not popular for the development of commercial skincare products. Furthermore, the 
study of hydroglycolic purple corn silk extract on UVB-induced cell damage in human 
keratinocytes has not yet been reported. Therefore, in this study, we investigated the 
effects of hydroglycolic purple corn silk (PCS) extract on UVB-induced cell damage in 
human keratinocytes by using the HaCaT cell line as a model. In addition, we 
investigated the effect of PCS extract on the stress-sensitive MAPK and Akt signaling 
pathways, which are essential in regulating cell inflammation, cellular stress, cell survival 
and death. This finding is basic knowledge for developing hydroglycolic purple corn silk 
extract to be cosmetic ingredients such as cream and sunscreen resulting in increased 
waste-material value. 

 
1.2 Objective 

1.2.1 To investigate the protective effects of purple corn silk crude extract on 
UVB-induced cell damage in human keratinocyte (HaCaT) cell line. 

1.2.2 To investigate the protective effects of purple corn silk crude extract on 
signaling pathway associate cell survival, inflammation, and cell death induction on 
UVB-induced cell damage in HaCaT cell line. 
  



  3 

CHAPTER 2 
REVIEW LITTERATURE 

 
2.1 The skin structure 

Skin is the largest organ of the body. The skins act as a barrier between 
intracellular and extracellular environments. It has various functions such as protecting 
the body against pathogens, waterproof, thermoregulation, recognize sensation (pain, 
heat, and cold), and Vitamin D production (18). The skin is composed of three layers 
including epidermis, dermis, and subcutaneous layer. The epidermis is the outermost 
layers of the skin mainly composed of keratinocytes. Whereas the dermis is the thick 
layer below the epidermis composed of collagen and elastin. This layer allows skin 
tough, flexible, and is locating of appendages derived such as hair follicles and sweat 
glands. The lowest layer of skin is subcutaneous tissue containing fat cells (lipocytes) 
and large blood vessels. This layer protects the body from cold and pressure, and also 
attaches the skin to the muscles and connective tissue lying below it (19, 20). 

2.1.1 Epidermis layer 
The epidermis consists of keratinocyte and dendritic cells. The average 

thickness of this layer is 0.1 mm (20). This layer is a continuous renewing layer. Cells in 
this layer are characterized into two type consisting of keratinocyte and non-keratinocyte 
(18). The keratinocyte is divided into four layers stratum basale, stratum spinosum, 
stratum granulosum, and stratum corneum. The stratum spinosum together with stratum 
corneum referred to Malpighian layer. In addition, in the thick epidermis, also appears 
the stratum lucidum as a thin layer presents a transform of stratum granulosum to 
stratum corneum which unfound in the thin epidermis (Fig. 1) (21). 
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Figure 1 The layer of epidermis.  
 

Source: Ramadon D, McCrudden MTC, Courtenay AJ, and Donnelly RF. (2021). 
Enhancement strategies for transdermal drug delivery systems: current trends and 
applications. Drug Delivery and Translational Research. p. 3. 

 
2.1.1.1 Keratinocyte 

The keratinocytes are the composition of at least 80% of cells in the 
epidermis (18), bridged together by desmosomes protein. The renewing of epidermis 
associated with the process is called keratinization or maturation of the skin cells. The 
keratinization consists of the synthesis and degradation (19). The differentiation of 
keratinocyte leads to cell migration from the basal layer to the surface of the skin. In the 
synthesis phase, the keratinocyte cells produce keratin proteins in alpha-helical fibrous 
intermediate filament, which acts as a waterproof structure and cell cytoskeleton. While 
the degradation phase, keratinocytes are pushed away and activated program cell 
death. The cellular organelles and the nuclei is degraded. Finally, cells death and 
remain resemble flat dead, called corneocytes in a horny layer (19, 20, 22). 
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The basal cell layer (stratum germinativum) is a column shaped 
keratinocyte interact with basement membrane by hemidesmosomes lies adjacent to the 
dermis layer. This layer contains stem cells, important to the epidermis renewing. The 
stem cells act as precursors of the keratinocytes and activate cell division. In normal 
condition, epidermal stem cell has a long lifespan because of the slowly of cell cycle but 
hyperplasiogenic conditions can be stimulated the division of stem cells such as 
wounding. 

The squamous cell layer (stratum spinosum) consists of cells developed 
from stratum germinativum. Cells in this layer are high variation in shapes, structures, 
and subcellular properties, which depend on the localization of cells. For example, 
polyhedral keratinocytes function to produce the fibrillar proteins (cytokeratin) lead to 
tonofibrils and desmosomes forming, which enhance strong connections between 
adjacent keratinocytes. Moreover, in this layer found Langerhans cells, the dendritic cell 
which function as a macrophage on against the pathogens entering such as bacteria. 

The granular cell layer (stratum granulosum) consists of living keratinocytes 
migrating from stratum spinosum containing all organelles. The cells are abundant with 
keratohyalin granules in the cytoplasm which are responsible for further synthesis and 
modification of proteins in keratinization through adding the histidine- and cysteine-rich 
resulting in holding the keratin filaments together. Furthermore, cells secrete lamellar 
bodies consist of lipids and proteins to the extracellular space at the transition zone 
between the granular and the stratum corneum leads to hydrophobic lipid envelope 
formation, which acts as skin's barrier properties. After that, these cells develop into 
flattened cells and transit to stratum corneum (18-20, 22). 

The cornified or horny cell layer (stratum corneum) consist of death cells 
(horny cells or corneocytes). This layer is the outermost of the epidermis, a barrier 
between the body and the external environment. This layer plays an important role to 
protect infection, dehydration, chemicals, and mechanical stress in skin. The thickness 
of this layer is due to involucrin protein production from both of stratum granulosum and 
stratum corneum, which forming on the inner side of the plasma membrane. Cells in this 
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layer is transition from the granular cell layer, become mature keratinized and begin to 
flatten out. Then, cells fused with lipids secreted from the stratum granulosum and push 
away to outermost of the skin. The desquamation (die and break apart) of skin cells 
associated with lysosomal enzymes activities to break down complex molecules 
resulting in cell death and break apart to skin. 

2.1.1.2 Non-keratinocyte 
Non-keratinocyte cells consist of melanocytes, Langerhans cells, and 

Markel cells. Melanocyte is a dendritic that synthesize the melanin pigments. In white 
skin, the melanosomes are small and the melanin can be removed rapidly. Whereas in 
dark skin, the melanosomes are larger and containing more melanin. Langerhans cells 
are other cells found in epidermis about 2-8% of the total epidermis. It is a variety of T-
cell which migrated from the bone marrow to dominantly in stratum spinosum serve as 
recognize the antigens found in skin tissue. While, Markel cell is a dendritic cell found in 
basal layer which functions as a receptor to response for stimulating sensory nerves by 
secreting a chemical signal such as catecholamine and generates an action potential to 
transduce signal to the brain (20, 22). 

2.1.2 Dermis layer 
The dermis is the thickest layer of skin cells (1.5-4 mm thick) presented 

under the epidermis, locate of blood vessel function to support nutrients and oxygen 
and regulate the temperature. Moreover, this layer is a connective tissue abundance 
with collagen, elastin produced from fibroblasts, and other molecules necessary for 
support the elasticity of the skin. Dermis layer can be divided into 2 types consisting of 
papillary layer and reticular layer. Papillary layer, the superficial layer of the dermis 
which built up from loose connective tissue contains fibroblast and connected with 
epidermis layer at basal layer. This layer also consists of phagocytes, lymphatic 
capillaries, nerve fibers, and abundance of small blood vessels. Whereas in reticular 
layer, underlying the papillary layer and thicker than papillary layer. It composes of 
dense together with irregular connective tissue and a rich sensory and sympathetic 
nerve. The reticular layer contains the tight network of fibers including elastin fibers. In 
addition, this layer consists of collagen fibers provide tensile strength. Moreover, in 
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dermis found the specialized neurons consist of Pacinian corpuscles and 
mechanoreceptor nerves, are localized deep in the skin response to heavy pressure. 
Meissner’s corpuscles are localized close to the skin surface response to light touch. 
Krause end bulbs and Ruffian end organs detect cold temperature, warm temperature 
changes, touch, and pressure. And the nerve endings are lying close to the dermal 
surface for response to pain (19). 

2.1.3 Subcutaneous layer 
The lowest of the skin is the subcutaneous layer (hypodermis layer) serves to 

connect the skin to the bones and muscles. This slayer is loosely attached to connective 
tissue leading to the skin can move relatively freely. This layer abundance of fat cells 
provides to store fat and energy, and provides insulation and cushioning for the 
integument. In addition, the subcutaneous layer is localized of root hair follicles and 
blood vessels (19, 20, 22). 

 
2.2 The radiation and sunlight 

The electromagnetic radiation (EMR) spectrum is divided into two part based 
on the wavelength range; first is non-ionizing radiation consists of with three mains 
spectrum regions include ultraviolet (UV); region covers the wavelength range 100-400 
nm, visible; region wavelengths range from approximately 400-700 nm, and infrared 
radiation; region wavelengths range higher than 700 nm (4). Another EMR spectrum is 
ionizing radiation including gamma-ray and X-ray (Fig. 2) (23). 
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Figure 2 The electromagnetic spectrum (EMR). 
 

Source: Ultraviolet Radiation. Available from: 
https://www.ccohs.ca/oshanswers/phys_agents/ultravioletradiation.html. 

 
The sunlight consists of various types of UV radiation as shown in table1. The 

intensity of each radiation is different between Earth’s surface and outside of 
atmosphere. Because the ozone layer of earth can block some radiation before through 
into the Earth’s surface as shown in table1 (24). 

 
Table 1 The component of radiation in sunlight  

 
Wavelength 

(nm) 

Irradiance 

(W/cm2) 

Outside of atmosphere 

(%) 

Inside of atmosphere 

(%) 

UVC 6.4 0.5 0 

UVB 21.1 1.5 0.5 

UVA 85.7 6.3 6.3 

Visible 352 38.9 38.9 

Solar constant 1.37 kW/m2 100 100 
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2.2.1 UV radiation (UVR) 
The UVR radiation is divided into three sections include UVA, UVB, and UVC 

(25). 
Ultraviolet A: is region covers the wavelength range 400-320 nm, referring as 

a longest wavelength of UV radiation which present the deepest permeability properties, 
but lowest energy. In the solar UV radiation, it consists of 90-95% of UV radiation which 
can be penetrated through water, fog, clouds, and deeper into the dermis layer of the 
skin (Fig. 3). The UVA is the main cause of skin sagging and wrinkling.  Hence, UVA is 
considered as the aging ray.  

Ultraviolet B: region covers the wavelength range 320-290 nm. UVB is a 
middle wavelength between UVA and UVC. Although UVB has lower permeability 
properties than UVA and some can be blocked by the ozone layer, but amount 5% of 
the total solar UV radiation is UVB reaching the Earth's surface. The UVB is mainly cause 
of variety of skin diseases, especially skin carcinogenesis (Fig. 3). 

Ultraviolet C: is the shortest wavelength was found between 200-280 nm of 
UV radiation, which has lowest permeability properties. It is absolutely blocked by the 
atmospheric ozone layer. Thus, UVC does not appear in surface’s Earth but also found 
in artificial lamp that uses for wastewater treatment, laboratories, medical, and hospital 
for satirizing instruments, work surfaces and the air (26). The UVC is causing damage to 
the cornea, painful burns, and erythema, (Fig. 3) (27, 28). 
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Figure 3 The permeability properties of solar UV radiation and their effects on human 
skin. UVC is completely absorbed by the ozone layer. Therefore, it is not affected human 
skin; UVB can reach the epidermis and directly induces DNA breaks, skin cell death 
and inflammation; UVA penetrates the dermis and indirectly induces DNA damage and 
aging on the skin. 

 
Source: Amaro-Ortiz A, Yan B, and D'Orazio JA. (2014). Ultraviolet radiation, aging 

and the skin: prevention of damage by topical cAMP manipulation. Molecules. p. 6203. 
 

2.3 The effects of UV radiation on the skin cells 
Usually, the UV radiation is spread out which humans has been exposed to and 

cannot be avoided. The atmosphere consists of the ozone layer is serves as the 
radiation barrier and plays a key role in blocking some part of harmful radiation from the 
sun reaching into the Earth. Unfortunately, the industry and daily consumer products 
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such as air-conditioning, hair spray, and body spray are contained chlorofluorocarbons 
(CFCs) as a component lead to the leaking of the ozone layer. The depleting of the 
ozone layer enhances the UV radiation intensity on the Earth’s surface and affects skin 
health (30). The excessive UV exposure on skin causes inflammation, epidermal 
hyperplasia, immune suppression, photoaging, and carcinogenesis of the skin. In 
contrast, UV radiation is also necessary for vitamin D synthesis, killing skin pathogens, 
treating skin disorder such as psoriasis and vitiligo. World Health Organization reported 
that at low levels of UV exposure induce dysfunction of the musculoskeletal system and 
may increase risk of various autoimmune (31). Thus, the appropriate UV intensity on the 
skin is important with human health.  

2.3.1 Advantage of the UV exposure 
2.3.1.1 Vitamin D synthesis 

The UV sunlight is an initiator for vitamin D synthesis in the skin. Over 90% 
of vitamin D is stimulated by UVB act as a precursors (32) During UV exposure, UVB in 
sunlight changes photolyzes 7-dehydrocholesterol (7-DHC) in the epidermis layer into 
pre-vitamin D3. The body heat isomerizes pre-vitamin D to generate vitamin D3 and 
transport it through the blood to the liver and converted to 25-hydroxyvitamin D 
(25(OH)D) before transport to the kidney. At the kidney, it is modified to the active form 
of vitamin D; 1, 25(OH) 2D, which is controlled by the parathyroid hormone (PTH) and 
transported to other tissues, respectively (33). The important vitamin D is maintaining the 
serum calcium and phosphorous level to support most of the metabolism. Moreover, 
vitamin D is an important enhancer in neuromuscular transmission, bone mineralization, 
and immune system functioning against bacterial and viral, and fungal infections (31). The 
effectiveness of vitamin D3 synthesis depends on the solar angle (season and latitude), 
time of day, and individual skin tone (34). The low levels of UV exposure of skin lead to 
lacking vitamin D and reduction of bone mass (35). Besides, vitamin D deficiency  leading 
to rickets and lack of calcium in bone in children, and leading to osteomalacia in elderly 
(31). Moreover, many reports showed that vitamin D level is involving many diseases such 
as tuberculosis and cancer. For example, in vivo study, have shown that vitamin D 
showed a direct relationship with tuberculosis. Briefly, a high level of vitamin D 
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enhanced the monocyte activities against intracellular TB growth. Additionally, the 
results suggested that greater sunlight exposure or supplement diet contain vitamin D 
leading to a decreasing in breast and prostate cancer mortality, and against colorectal 
cancer growth via increases calcium levels on cancer cell (30). 

2.3.1.2 Phototherapy 
Some UV radiation at low energy such as UVB broadband, UVA 

broadband, UVA-1, and UVA in combination with a light-sensitive drug known as 
psoralen (36) present potency for treating various diseases such as psoriasis, vitiligo, 
large-plaque parapsoriasis, and cutaneous T-cell lymphoma (CTCL) (Table 2) (36). For 
example, psoriasis is an autoimmune disease due to the dysfunction of helper T cells 
resulting in stimulatinghost immune to induce the overexpression of cytokines. Three 
main T helper subsets in Th1-, Th2- and Th17-helper associated with psoriasis disease. 
The overexpression of Th1 and Th17 lead to cytokines secretion such as IL-12, IL-17, 
and IL-23, interferon (INFα), and Tumor necrosis factor (TNFγ) resulting in 
hyperproliferation, inflammation, painful, scaly, and inflamed patches of skin (plaques) 
(37, 38). Psoriasis can be treated by using a combination psoralen drug with the UVA, 
called this PUVA treatment. Indeed, psoralen is a novel treatment agent, is act as a TNF 
inhibitor and interfere T cell activation. The combination between psoralen drug and 
UVA resulting in shifting the immune response towards the counter-regulatory Th2. This 
event leads to the increasing of IL-10 and IL-4 and suppressed Th1 and Th2 levels, 
resulting in attenuated keratinocyte proliferation and skin inflammation. Moreover, PUVA 
also activates apoptosis of T lymphocytes in psoriatic lesions and keratinocyte cells 
through the increased p53 protein level (36). 
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Table 2 Clinical phototherapy modalities  
 

Type of 

phototherapy 

Wavelength used 

(nm) 

Photosensitizer Most common responsive diseases 

UVB broadband 290-320 None Psoriasis, atopic eczema, polymorphic light 

eruption, pruritus 

UVB 311 nm 311-313 None Psoriasis, atopic eczema, vitiligo, polymorphic 

light 

eruption, cutaneous T cell lymphoma (CTCL) 

UVA broadband 320-400 None Atopic eczema 

UVA-1 340-400 None Atopic eczema, localized scleroderma, urticaria 

pigmentosa (mastocytosis) 

Psoralen + UVA 

photochemotherapy 

(PUVA) 

340-400 5- or 8-

Methoxypsoralen, 

trioxsalen 

Psoriasis, atopic eczema, vitiligo, polymorphic light 

eruption, urticaria pigmentosa, graft-versus-host 

disease 

(GVHD), CTCL 

Extracorporeal 

photochemotherapy 

(photopheresis) 

340-400 8-

Methoxypsoralen 

Sezary syndrome, CTCL, GVHD, systemic 

scleroderma 

Photodynamic 

therapy (PDT) 

400-700 porphyrin 

derivatives and 

precursors 

(aminolevulinic 

acid or methyl 

aminolevulinate) 

Basal cell carcinoma, actinic keratosis, Morbus 

Bowen 

(in situ squamous cell carcinoma) 

 
2.3.2 Disadvantage of the UV exposure 
2.3.2.1 Short-term effects of UV on human skin 

Acute UV radiation causes DNA damage such as CPDs and pyrimidine 6-
4PPs, and oxidative stress induction. Moreover, UV radiation can cause damage of the 
number of macromolecules and organelles in cells including proteins and lipid which 
lead to inflammation and cell death (4). 
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2.3.2.1.1 UV-induced genotoxicity 
The DNA molecules can be absorbed in a range wavelength of the UV 

spectrum, especially UVB and UVC. This absorbing results in DNA breakage and gene 
mutations. While UVA is poorly absorbed by DNA molecules. Thus, UVA is less harmful 
than UVB and UVC (39). However, UVA can induce singlet oxygen and hydroxyl free 
radical overproduction causing oxidative stress. The evidence demonstrated that UVA 
significantly increases oxidative stress and causing photoaging such as skin sagging 
and wrinkling in human skin (27). While UVB and UVC produce single molecular oxygen, 
one-electron, and hydroxyl radical to interfere guanine and pyrimidine base in DNA 
chain led to the formation of 8-OHdG and 6-4PPs. In addition, UVB and UVC can 
directly induce CPDs in DNA molecules in both hetero and euchromatin regions. 
Importantly, it induces single and double-strand breaks of DNA. This lesion can cause 
skin carcinogenesis (40). 

Furthermore, the RNA base can absorb UVB, causing breakage in the 
mRNA structure and translated to dysfunctional proteins. While the aromatic amino acid 
in epidermal proteins such as tryptophan (Trp), tyrosine (Tyr), and cysteine (Cys) is 
oxidized after absorbing UVB, called photooxidation. This event generates 
photoproducts such as carbonyl proteins. The photooxidation of protein is divided into 
two sub-types. Type I photooxidation is a directly interacting of one-electron with 
disulphide bonds of Trp and Tyr resulting in disulphide redical anion (RSSR-•) formation 
(41). RSSR-• react with oxygen molecule producing •O2

- and RSSR. Type II photooxidation 
is UV-induced protein modification by reaction with single oxygen. The modification of 
proteins due to UV exposure leads to lose function of proteins including enzymes and 
cell components (42). 

Tropically, the undamaged DNA is wrapped with a core histone and form 
nucleosome complex. Histone cores consist of H2A, H2B, H3, and H4. The H2A family 
proteins have many variants; H2A1, H2A2, H2AX, and H2AZ. H2AX is a key mediator 
protein which promotes DNA repair through phosphorylation at the serine 139 (Ser139) 
residue, called γ-H2AX, and then recruited to damage sites. In mammalian cells, ATM 
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and ATR are responsible for the DNA repair by transforming the signaling via γ-H2AX 
activation (43). The γ-H2AX are colocalizing with DNA repair proteins and maintenance of 
these factors at damaged sites to activate downstream factors (Fig. 4) (44, 45). 

 

 
 

Figure 4 Mechanism of cellular response to DNA damage. Upon sensing DNA damage, 
cells are activating the sensors (green), mediators (pink), signal transducing kinases 
(purple), effector kinases (pink), and effector proteins (blue) proteins. 
 

Source: Freeman AK and Monteiro AN. (2010). Phosphatases in the cellular 
response to DNA damage. Cell Communication and Signaling. p. 2. 

 
Moreover, ATM/ATR also directly inhibits Mdm2 by phosphorylated on 

Ser395 and Ser407 of Mdm2 leads to activation and accumulation of tumor protein 53 
(p53) (45, 46). p53 serves as DNA damage checkpoint in G1 phase. The accumulation of 
p53 triggers the transcription of cyclin-dependent kinase inhibitors (CKIs). The 
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increasing of p21 resulting in suppression of cyclin E and cyclin A complex with cyclin-
dependent kinase 2 (CDK2) activities lead to prevent G1/S phase progression (47). 
Whereas p27 bind to Cyclin E-CDK2 to inhibit their activities to block the G1/S transition. 
Moreover, ATM/ATR activates Chk1 and Chk2, which lead to the phosphorylation of p53 
and cell division cycle 25 (Cdc25). Cdc25A is phosphorylated at Ser123 residue and 
rapidly degraded and inhibits activating cyclin A-CDK2, cyclin E-CDK2, and cyclin B-
CDK1 resulting in G1 and G2 arrest (46, 48, 49). In addition, Chk1 and Chk2 phosphorylated 
Cdc25c at Ser216 lead to Cdc25c facilitated from nucleus to cytosol and bind to 14-3-
3σ proteins resulting in attenuated activity. Furthermore, the UV also induce p38 
activities. The active p38 inhibit cyclin B-CDK1 activity via the phosphorylation of 
Cdc25B at the position Ser309 in G2 arrest (Fig. 5) (48, 50, 51). 

 

 
 

Figure 5 The regulation of Cdc25 proteins in response to UV radiation. After UV 
irradiation, the checkpoint kinases (Chk2 and Chk1) and Cdc25 proteins (Cdc25A and 
Cdc25C) are activated by ATM/ATR proteins. Phosphorylated Cdc25A and Cdc25C are 
degraded through the ubiquitin (Ub)-proteasome pathway or binds to 14-3-3 proteins, 
which prevent Cdk1/cyclin B (CycB) forming resulting in G1 and G2 arrest. In addition, 
p38 MAPKs protein phosphorylates Cdc25B, resulting in G2 arrest. 

 
Source: Donzelli M and Draetta GF. (2003). Regulating mammalian checkpoints 

through Cdc25 inactivation. European Molecular Biology Organization reports. p.674-75. 
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2.3.2.1.2 UV-induced apoptosis 
DNA damage due to UV exposure activates p53 mediated apoptosis. 

Briefly, DNA damage promotes an increase of p53 protein level and activate their 
activities through the phosphorylation at Ser15 and Ser20 of p53 protein (27). Moreover, 
p53 induces p21WAF1/CIP1 accumulation. p21 is an inhibitor of CDK via competitively react 
with CDK leads to blocking cyclin-CDK complex in the G1 arrest. Active p53 inhibits the 
cell cycle to repair DNA damage before continuing to the S phase. However, in 
unrepairable cases, p53 plays a role in inducing apoptotic pathways through 
upregulation of proapoptotic proteins and downregulating antiapoptotic (2, 27). 
Furthermore, UV activates p53-independent apoptosis through stimulating death 
receptors on skin cells. p53-independent apoptosis corresponds with death receptor 
activities and mitochondrial dysfunction (4). Generally, the epidermis is the area exposed 
to the chemical, mechanical stress, wind, radiation, and wounding. Thus, this layer is 
abundance with the expression of Bcl-xL to prevent skin cell death. After UV exposure to 
skin, cells enhance several antioxidant enzymes such as SOD, GPx, and CAT. These 
enzymes is activated to remove free-radical from UV exposure and block apoptosis (27, 

52). The depletion of endogenous antioxidants resulting in insufficient protection (53). The 
UVB exposure in high intensity and long periods induces apoptosis in keratinocytes via 
depleting antioxidant enzymes, suppress antiapoptotic proteins, and enhance caspases 
activities which subsequently inactivate Poly (ADP-ribose) polymerase (PARP) (2, 27, 52). 
Furthermore, UV induces multimerization of CD95 to activating the recruitment of Fas 
associated death domain (FADD). This event induces caspase8 and -7 activities 
resulting in apoptosis (54). Recent reports showed that UVB and UVC induce various 
initiator apoptotic signals including DNA damage, intracellular ROS, and cytokine 
deprivation lead to mitochondrial dysfunction and apoptosis induction (Fig. 6) (2, 27, 52). 
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Figure 6 Diagram of cellular response to UV radiation through the apoptosis induction. 
(I) UV induces DNA damages; (II) UV activating death receptors (extrinsic pathway); (III) 
UV promote the Bax activity; (IV) UV induces overproduction of intracellular ROS, leads 
to apoptosis induction. 

 
Source: Lee CH, Wu SB, Hong CH, Yu HS, and Wei YH. (2013). Molecular 

mechanisms of UV-Induced apoptosis and its effects on skin residential cells: the 
implication in UV-based phototherapy. International Journal of Molecular Sciences. p. 
6418. 

 
2.3.2.1.3 UV-induced sunburn inflammation  

The major acute clinical effects of UV radiation on human skin are sunburn 
and inflammation. UV causes histological changes such as edema and perivascular 
infiltration (4). Excessive exposure to UVB induces intracellular ROS leads to oxidative 
stress and play a critical role in the inflammatory response. This event leads to activating 
the nuclear factor kappa B (NF-ƙB) pathway (55). NF-ƙB is a member of the Rel family 
proteins composed of heterodimer p50 and p65 subunits (56). In a latent form, NF-ƙB is 
bound to the NF-ƙB inhibitor (IƙBα). The stimulation of ROS and cytokines consequence 
activating NF-ƙB and degradation of the IƙBα (56, 57). The overproduction of intracellular 
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ROS promotes the p65 phosphorylation and active p65 translocation into the nucleus 
and enhance the expression of inflammatory cytokines such as COX-2, iNOS, IL-1, IL-6, 
and TNFα as shown in figure 7 (55). The COX-2 is a rate-limiting factor, is convert 
arachidonic acid (AA) into prostaglandins (PGs) and prostaglandins E2 (PGE2). This 
change leading to an increase vascular permeability and promote inflammation and 
edema (58). Normally, COX-2 highly inducible by infection and UVB exposure, serves as 
a marker of acute skin inflammation. UVB exposed HaCat cell line with high intrcellular 
ROS leads to an increase of the COX-2 levels (59). Meanwhile, the production of TNFα, 
IL-1, and IL-6 enhance proliferation of keratinocytes mainly in stratum basale, which 
related to hyperplasia in the skin (60). While UVB exposure enhances iNOS converts L-
arginine and oxygen into citrulline and nitric oxide (NO). Moreover, the increased NO 
subsequently stimulates peroxynitrite (ONOO-), which can react with superoxide radicals 
(O2

-), to be more stable free radical and directly damage DNA molecules. This event has 
been linked to cell necrosis, cell injury and chronic inflammation (53, 55, 56, 61). 
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Figure 7 The inflammatory response of cell after UV exposure. Cells respond to UV 
irradiation by activating NF-ƙB translocate into the nucleus follow by transcript the 
inflammatory genes, which leads to cellular inflammation.  
 

Source: Park J, et al. (2021). Heat treatment improves UV photoprotective effects of 
licorice in human dermal fibroblasts. Processes. p. 10. 

 
2.3.2.2 Long-term UV effects on human skin 
2.3.2.2.1 UV-induced skin photoaging 

Around 80% of facial aging is due to the UV exposure. The characteristic 
of skin aging includes wrinkling, sagging, and skin laxity. Exposure to UV radiation, 
especially UVA is the primary factor of skin aging. Photoaging is caused by damage to 
the structural components of connective tissue, referred to the dermal extracellular 
matrix (ECM) of the dermis. The main function of ECM is to maintain the elasticity and 
hydration of the skin. Collagen type I and III in skin supported the tensile strength of the 
dermal tissue. UV exposure induces intracellular ROS mediating collagen degradation 
via the activation matrixdegenerating metalloproteases (MMPs) which play key role to 
degrade ECM. In addition, UV can activated various intracellular signaling including 
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MAPK and NF-ƙB signaling pathway which regulates the transcription of MMPs. 
Moreover, activation of AP-1 downregulates TGFβRII and decrease Smad signaling 
pathway resulting in the reduced COL3A1 and COL1A1 genes expression which 
encoded collagen type III and I. While glycosaminoglycans support strength, flexibility 
and maintain connective tissue hydration. Glycosaminoglycans is a long chain of 
polysaccharide component with hexuronic acid. UV destroys these structures through 
producing ROS via breaking the disaccharide backbone of GAG (42). 

2.3.2.2.2 UV-induced skin carcinogenesis  
Carcinogenesis is multiple step of gene mutation. The accumulation of 

mutant genes, especially genes that encode cell proliferation, cell differentiation, and 
cell death proteins, increase high risk on carcinogenesis. The uncontrolled proliferation 
and cell growth lead to carcinogenesis (4, 62). UV radiation has been reported to cause 
several genes mutation in skin cells such as p53, p19, and ras genes. The evidence 
reported that non-melanoma skin cancer exerted p53 gene mutation found to be 50-
90% frequency are mainly mutations of C to T and CC to TT transitions at dipyrimidine 
sites. In addition, UV radiation induced mutation of patched (Ptc), p16INK4a, and p19ARF 
(p14ARF) genes. In the basal cell carcinoma (BCCs) 41% frequency of Ptc gene mutation 
at chromosome 9q22-31 was found. While 75% gene mutations at p16INK4a and p19ARF 

was found in squamous cell carcinoma. Furthermore, UV radiation also induces skin 
carcinogenesis via Initiation of ras gene mutations (4). 

 
2.4 Cell Cycle  

Cell cycle composes of two main processes included DNA replication and 
segregation of replicated chromosomes into two daughter cells regulating DNA 
replication, cell division, and cell growth (63, 64). The mitotic phase consists of five phases 
include prophase, metaphase, anaphase, and telophase. In this phase, cells divide 
nuclear and cytoplasm to make two new cells. Another is the interphase where cells 
synthesize biomolecules and replicate the DNA before entering the mitotic phase (63). 
The interphase consists of G1, S and G2 phases. G1 phase, the cell is preparing 
biomolecules for DNA synthesis. Then, cells are transmitted to S phase for DNA 
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replication. G2 phase, the cell prepares biomolecules and replicated DNA for entering 
the mitotic phase. While non-proliferating cells exit from the G1 phase of the cell cycle to 
a quiescent state or a resting state referred to as G0 (Fig. 8) (64, 66). 

To prevent accumulating genetic abnormalities in the cell cycle, each stage of 
the cell cycle is controlled with multiple regulatory proteins such as CDKs and cyclins. 
Briefly, CDKs bind to the specific cyclins, then cyclin-CDK complexes activate 
transforming in each stage. In case of DNA damage during cell cycle progression, CKIs 
arrest the cell cycle and trigger to repair the damage before resuming to cell division. 
The unrepairable damage is eliminated through apoptosis cell death (65). 

 

 
 

Figure 8 Cell cycle distribution. Cell division consists of the mitotic phase (M) and 
interphase. M-phase is divided into 5 phases; prophase, metaphase, anaphase, and 
telophase. While the interphase is divided into 3 phases; G1, S, and G2. G0 is the 
resting state. 

 
Source: Wang Y, McIntyre C, and Mittar D. Cell cycle and DNA content analysis 

using the BD Cycletest assay on the BD FACSVerse™ system. Available from: 
https://www.bdbiosciences.com/content/dam/bdb/marketing-
documents/BD_Instruments_FACSVerse_CellCycle_DNA_Analysis_AppNote.pdf. 
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2.4.1 Cyclin-dependent kinase (CDK) regulation 
The cyclin-CDK complex regulates the progression of the cell cycle. The 

CDKs is a family of serine/threonine protein kinases consists of CDK1, CDK2, CDK4, 
and CDK6. To initiate cell progression, CDK activate the catalytic subunit of specific 
cyclin proteins in the cell cycle (64, 67). CDK activation is required by two steps; 1) the 
binding between cyclin and CDK. 2) CDK activating kinase, called CAK, phosphorylate 
CDK on the Thr160 acts as positive regulation (68). While, the negative regulation is 
controlled by Wee1-type protein kinases and myelin Transcription Factor 1 (Myt1), which 
phosphorylate inhibitory site of CDK at the Thr14 and Thr15 residues. The inhibitory 
effect is exerted until dephosphorylation by Cdc25 to activate CDK activity. Cdc25 is 
phosphatases serving as key regulators of the cell cycle consisting of three related 
proteins; Cdc25A, Cdc25B, and Cdc25C. Cdc25A regulates both early and late cell 
cycle transitions by activating the CDK2 activity whereas Cdc25B and Cdc25C have 
more limited roles in promoting progression from G2 phase to mitosis (Fig. 9) (48, 49, 51, 66). 

 
 
 
 



  24 

 
 

Figure 9 The Cdc25 phosphatases control cell cycle progression. A) CDK/cyclin activity 
is activated through Cdc25-dependent dephosphorylation. In contrast, the inactivation 
can be occurred by phosphorylation by the Wee1 and Myt1 kinases. B) The transition of 
cell cycle processes after activate CDK/cyclin complexes by three Cdc25 
phosphatases. 

 
Source: Boutros R, Dozier C, and Ducommun B. (2006). The when and wheres of 

CDC25 phosphatases. Current Opinion in Cell Biology. p. 186. 
 

During the cell cycle, the specific cyclin proteins are required and increased 
in each phase (65). The various types of cyclins are required at specific phases in the cell 
cycle. For example, D-CDK complexes are necessary to the entry in the G1 phase in the 
initiation of the cell cycle (69). Cyclin D is not expressed periodically but is synthesized if 
growth factor stimulation persists. The Cyclin D-CDK complex phosphorylate the 
retinoblastoma leads to activating E2F which serve as a transcription factor triggers 
transcription of S phase promoting factors (SPF) genes such as cyclin A and cyclin E. 
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Then cyclin E bind to CDK2 to control the transition from G1 to S phase. In S phase, 
cyclin D and cyclin E is degraded by proteasome 26s. Then cyclin A binds to CDK2 and 
stimulates DNA replication. In late G2 phase and early mitotic phase, cyclin A 
complexes with CDK1 (Cdc2) to promote transition to mitotic phase. Mitosis is further 
regulated by cyclin B in complex with CDK1 (Table 3) (64, 69). Cyclin B-CDK1 
phosphorylate at the Thr14 and Thr15 of CDK1 resulting in activating Cyclin B-CDK1 
activity leads to spindle fiber formation. At the end of cell division, cyclin B is degraded 
by proteasome 26s (51). 

 
Table 3 Cyclin-CDK complexes and their activities 

 
CDK Cyclin Cell cycle phase activity 

CDK4 Cyclin D1, D2, D3 G1 phase 

CDK6 Cyclin D1, D2, D3 G1 phase 

CDK2 Cyclin E G1/S phase transition 

CDK2 Cyclin A S phase 

CDK1 (Cdc2) Cyclin A G2/M phase transition 

CDK1 (Cdc2) Cyclin B Mitotic phase 

CDK7 Cyclin H CAK, all cell cycle phase 

 
2.4.2 Cyclin-dependent kinases inhibitors 

The CDK activity can be inhibited by CKIs via binding to CDK only and CDK-
cyclin complex (Table 4). CKIs is divided into two families include INK4 and Cip/Kip 
family. The INK4 family proteins consist of p15 (INK4b), p16 (INK4a), p18 (INK4c), and 
p19 (INK4d), which specifically suppress CDK4 and CDK6 in G1 phase through binding 
to CDK proteins before the CDK-cyclin formation. This event is resulting in destabilizing 
the binding between cyclin and CDK. The Cip/Kip family protein consists of p21 
(Waf1/Cip1), p27 (Cip2), and p57 (Kip2), which inactivate cyclin-CDK complexes, 
contributing to cell cycle arrest as shown in table 4 (64). CKIs activities are occurring due 
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to the mistakes during the cell cycle process to trigger cell cycle arrest. However, if the 
mistake cannot be repaired, CKIs stimulate apoptosis cell death. 

 
Table 4 The function of cyclin-dependent kinases inhibitors 

 
CKI family Function Family members  
IKK4 family Inactivation of G1 CDK 

(CDK4, CDK6) 
p15 
p16 
p18 
p19 

(INK4b) 
(INK4a) 
(INK4c) 
(INK4d) 

Cip/Kip family Inactivation of cyclin-CDK 
complexes   

p21 
p27 
p57 

(Waf1, Cip1) 
(Cip2) 
(Kip2) 

 
Normally, cells are resting in G0 phase without DNA replication until cells 

receiving transduction signals such as growth factors to promote cell proliferation. Cells 
exit from the G0 phase and enter the G1 phase. At this stage, the diploid cells have two 
complete sets of chromosomes (2N). After cells transit into the S phase, DNA replication 
is started. DNA synthesis is continuing until the DNA content increase into four complete 
sets of chromosomes (4N) in the G2 phase where cells prepare the macromolecules 
associated with mitotic phase such as maturation promoting factor (MPF); Cyclin B and 
CDK1. Followed by dividing cells into diploid daughter cells containing two complete 
sets of chromosomes (2N) (51, 66). In contrast, if cells damage and cannot repair or 
senescence, program cell death or apoptosis is required. Then, DNA is cleaved into 
smaller fragments as oligonucleosomal-sized fragments and removed by phagocytosis 
(70). Consequently, apoptotic cells contain lower DNA content than the living cells, which 
appear in sub-G1 peak in flow cytometer (Fig. 10) (71). 
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Figure 10 The histogram shows DNA content in the interphase. A) DNA content in G1/G0 
phase, cells contain 2N amount of DNA. S-phase, the original cell is duplicate DNA, 
which increase amount of DNA from 2N to 4N. Once the cell has finished synthesizing, 
its DNA contains 4N of DNA in G2/M phase. B) In contrast, DNA fragments in apoptotic 
cells contain an amount of DNA less than 2N, called as Sub-G1 phase.  

 
Source: Phoenix flow systems. Available from: 

http://www.phnxflow.com/MultiCycle.stand.alone.html 
 

2.5 Apoptosis 
Apoptosis is necessary in the essential physiological processes such as 

remodeling during fetal development and senescence. Furthermore, apoptosis serves 
as a homeostatic mechanism maintaining cell population through eliminated of aged, 
damaged, and mutant cells in the unicellular and multicellular organism (72). In contrast, 
apoptosis is also involved in many diseases such as acute neurological injuries, 
cardiovascular diseases, and cancer (73). Apoptosis is stimulated by both of exogenous 
and endogenous signals such as cytokines, UV radiation, stress, and chemicals (74). This 
process can be characterized through morphological and biochemical changes such as 
cell shrinkage, chromatin condensation, exposing phosphatidylserine (PS) on the outer 
membrane, and apoptotic bodies (73). The apoptotic bodies can be found in late 
apoptosis, are the budding of plasma membrane consist of cytoplasm packing with 
with/without a nuclear fragment which are eliminated through phagocytosis by 
neighboring phagocytic cells or macrophages without inflammatory reactions (72). 
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2.5.1 Morphology of Apoptosis 
During apoptosis, cells present morphological changes, which can be 

observed under the microscopes. Chromatin condensation, cell shrinkage, and 
cytoplasmic condensation are the characteristic of cells in the early apoptosis. After 
that, cellular organelles are tightly packed into cytoplasm together with membrane 
blebbing with/without a nuclear fragment and form apoptotic bodies, referring to late 
apoptosis. The apoptotic bodies are subsequently engulfed and digested by phagocytic 
cells without stimulating inflammation (72). In contract, necrosis is a pathological mode of 
cell death resulting in the inflammatory reaction. The different characteristics of 
morphological changes between necrosis and apoptosis is that necrosis induces 
cytoplasm and organelles swelling lead to cell lysis. The releasing cellular contents and 
cytokines in necrosis cells resulting in the inflammation reactions on the neighboring 
cells (Fig. 11) (75, 76). 

 

 
 

Figure 11 The characteristic of apoptosis versus necrosis. Left) present characteristic of 
necrotic cells; cell swelling, loss membrane integrity and releases cell contents. Right) 
Shows characteristic of apoptotic cells; nuclear being condense, cell shrinkage and 
blebbing, and breaks into apoptotic bodies. Finally, apoptotic bodies are eliminated by 
phagocytosis. 

 
Source: Priante G, Gianesello L, Ceol M, Prete DD, and Franca Anglani F. (2019). 

Cell death in the Kidney. International Journal of Molecular Sciences. p. 2. 
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2.5.2 Biochemical change of apoptosis 
Apoptotic cells demonstrate multiple biochemical modifications such as 

protein cleavage and phagocytic recognition. Caspase enzymes are one of the 
apoptosis markers. In a latent stage, the enzymes are present in an inactive proenzyme 
(procaspase) form. When apoptosis occur, the protease caspase cascade amplifis the 
apoptotic signaling through activators and effectors caspases pathway and resulting in 
rapid cell death (72). 

2.5.3 Mediators of apoptosis 
2.5.3.1 Caspases 

Cysteinyl aspartate proteinases (Caspases) family proteins consist of 14 
members (77). Major caspases have been characterized into initiators (caspase2,-8,-9, 
and -10), effectors or executioners (caspase3,-6, and -7), and inflammatory caspases 
(caspase1,-4, and -5). First, caspase enzymes are synthesized as inactive zymogens 
consisting of p20 large subunit as a prodomain and p10 small subunit. Caspases, 
activated through proteolytic cleavage to remove prodomain, are divided into two 
groups: initiators caspases including caspase2,-8,-9, and -10 and effectors caspases or 
apoptosis executioner including caspase3, -6, and -7. The protein-protein interaction 
motifs in the prodomain of Initiator caspases consist of the death effector domain (DED), 
or caspase recruitment domain (CARD). These domains are associated with interacting 
with the upstream adapter molecules. Effector caspases , consisting of short prodomain, 
stimulate the cleavage of multiple cellular substrates such as PARP, PKCδ, ICAD, 
ROCK1, MST1, and transcription and translation initiation factors (Fig. 12) (55, 78-80). 
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Figure 12 Structure and domain organization of mammalian caspases including; CARD, 
DED), the large (p20), and the small (p10) catalytic subunits are indicated 

 
Source: Ribe EM, Serrano-Saiz E, Akpan N, and Troy CM. (2008). Mechanisms of 

neuronal death in disease: defining the models and the players. Biochemical Journal. 
p.166. 

 
2.5.3.2 Bcl-2 family proteins 

B-cell lymphoma 2 (Bcl-2) family proteins consist of 20 members which 
control apoptosis through promotion or suppression. The Bcl-2 family members have 
Bcl-2 homology domain as a conserved region include BH1, BH2, BH3, and BH4 
domain. The Bcl-2 family is classified into three subfamilies according to the homology 
and functions of each protein. Group1 is prosurvival or Bcl-2 subfamily serve as anti-cell 
death such as Bcl-2, Bcl-xL, and Mcl-1. Proteins in this group consist of BH4 conserved 
domain which suppress cell death induction. In contrast, group 2 is proapoptosis or Bax 
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subfamily consists of homology BH1, BH2, and BH3 except BH4 domain. Proteins in this 
group function as apoptosis induction such as Bax and Bak. Group 3 is proapoptosis or 
BH3 subfamily consists of BH3 domain only such as Bid and Bik (Fig. 13) (81, 82). 

 

 
 

Figure 13 Members and domain structure of Bcl-2 family proteins. According to their 
activities. The general architecture of the proteins is shown; Bcl-2 homology domains 
(BH); Transmembrane domain (TM) 

 
Source: Kuwana T and Newmeyer DD. (2003). Bcl-2-family proteins and the role of 

mitochondria in apoptosis. Current Opinion in Cell Biology. p.693. 
 

The BH domains of Bcl-2 family proteins is essential for their activity. The 
BH4 domain serve as antiapoptosis molecules or death inhibition function. BH1 and BH2 
plays an important role in death repression. Whereas BH3 consists of death promoters 
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which are essential for apoptosis induction (83). The intrinsic apoptosis is mainly 
regulated by Bcl-2 family proteins. Once the imbalance between pro-and anti-apoptotic 
proteins is occurring by proapoptotic proteins (Bax and Bak) are increased and 
antiapoptotic proteins (Bcl-2 and Bcl-xL) are decreased led to the loss of the 
permeabilization mitochondrial membrane. Mitochondrial dysfunction leads to the 
releasing apoptosis induction molecules such as cytochrome c and activation of 
caspase cascade, respectively resulting in intrinsic apoptosis (84). 

2.5.3.3 Poly (ADP-ribose) polymerase (PARP) 
PARP is a family of proteins play an important role in cellular processes 

including chromatin modulation, recombination, and DNA repair. PARP proteins consist 
of 18 members localized in the nucleus. Many evidence support that PARP play a key 
role in DNA repairing. The genotoxic agents, oxidative stress, and radiation can induce 
DNA damage leading to the accumulation of DNA lesions and significantly increase in 
PARP activities in cells (85, 86). PARP mainly repair single- and double-strand breaks 
(SSBs and DSBs) (87). PARP1 and PARP2 are the best isoforms demonstrate DNA repair 
process. Several studies related DNA repair to PARP expression, referring to PARP1 
isoform (87, 88). In the DNA repair, PARP bind to DNA breaks with strong affinity. The 
nicotinamide adenine dinucleotide (NAD+) is cleaved by PARP generating nicotinamide 
and ADP-ribose. Higher levels of ADP-ribose enhance long and branched chains of PAR 
formation. PAR covalently attached to receptor proteins and DNA repair proteins lead to 
the initiation of DNA repair mechanism (Fig. 14) (86). 

In contrast, PARP is also widely known as the death substrate of various 
proteins such as calpains, cathepsins, granzymes, and especially effectors caspases 
(Fig. 13). PARP contains a protease cleavage site for caspase3 (DEVD) can be 
recognized and cleaved by caspases at this site. During apoptosis, PARP is cleaved by 
caspase7 and caspase3 into inactive form (cleaved-PARP). The cleaved-PARP 
separating into 2 fragments include 89 kDa and 24 kDa. This event contributes to 
suppress PARP activity because the 89 kDa fragment containing the catalytic domain. 
The loss catalytic domain of PARP leads to a reduction of DNA binding capacity and the 
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89 kDa fragment is translocated from the nucleus into the cytosol. While 24 kDa 
fragment consists of DNA-specific binding domain (DBD) which remained binding with 
DNA lesions. Thus, this event leads to irreversibly inhibits PARP activities and inhibits 
DNA repairing. Finally, cells are undergoing apoptosis (87, 88). Thus, the expression of 
cleaved-PARP protein is popular to investigate apoptosis induction. 

 

 
 

Figure 14 Mechanism of PARP on DNA repair. PARP recruit the protein involved in DNA 
repair, leads to DNA repairing and cell survival. However, cells undergoing apoptosis, 
PARP is inhibited via cleavage by caspase3/7.  
 

Source: PARP screening and profiling services. Available from: 
https://scienceofparkinsons.com/2018/11/03/parp/. 

 
2.5.4 The apoptosis signaling 

Apoptosis pathway consists of two major pathways include extrinsic and 
intrinsic pathway. The extrinsic pathway is associated with death receptor, also known 
as a death receptor apoptotic pathway. This pathway can be activated through 
extracellular signaling, while the intrinsic pathway can be activated through the change 
of mitochondria (51). 
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2.5.4.1 The Extrinsic pathway 
The extrinsic pathway is activated by the transmembrane death receptors 

(DRs) in TNFR Family proteins such as FasL/FasR, Apo3L/DR3, and Apo2L/DR5 (89). The 
TNFR consist of cysteine-rich in the extracellular domain and death domain (DD) 
containing 80 amino acids in the cytoplasmic domain (90). The death domain of DRs is 
important to induce apoptosis by transduction signal through the binding with adaptor 
proteins such as FADD, TNF receptor-associated death domain proteins (TRADD), and 
death domain-associated protein (DAXX). These adaptor proteins consist of DED 
homologous DED motif to procaspase8. The complex forming of Fas and FADD together 
with procaspase8 are called the death-inducing signaling complex (DISC). The DISC 
complex activates self-cleavage of procaspase8. The active caspase8 subsequently 
activates effector caspases (caspase3,-6, and -7) resulting in apoptosis induction (Fig. 
15) (72, 91). 
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Figure 15 Overview of the extrinsic and intrinsic apoptosis pathways. Left) The extrinsic 
pathway is initiated by the binding of cell membrane receptor in TNF family, leads to the 
activation of downstream signaling proteins; FADD, TTRADD, and caspase8. Right) the 
intrinsic pathway, is initiated by radiation, DNA damage, and cellular stress causes BH3 
activation, cytochrome c release, and caspase9 activation. Both pathways activate the 
effector caspase3/7 and promote apoptosis. In addition, cross-talk between extrinsic 
and intrinsic is activated by caspase8 leads to the translocation of tBid to mitochondrial 
membrane and activating intrinsic pathway. 

 
Source: Yuan CH, Filippova M, and Duerksen-Hughes P. (2012). Modulation of 

apoptotic pathways by human papillomaviruses (HPV): mechanisms and implications for 
therapy. Viruses. p.3834. 
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2.5.4.2 The intrinsic pathway 
The intrinsic pathway is activated by various molecules such as the 

absence of certain growth factors, UV radiation, toxins, hypoxia, DNA damage, and 
oxidative stress. This pathway affects directly primary cellular components and 
mitochondrial-initiated events. This activation leads to an imbalance of Bcl-2 family 
proteins by suppressing anti-apoptotic protein and increasing the pro-apoptotic proteins 
(92). Proapoptotic proteins are oligomerized at the mitochondrial membrane. This event 
leads to depolarization of mitochondrial membrane potential resulting in the efflux of 
cytochrome c and AIF from the intermembrane space of mitochondria into the cytosol. 
After that, cytochrome c is associated with Apaf-1 together with procaspase9 in 
heptamer, called apoptosome. The apoptosome activates autocleavage of procaspase9 
into an active form, cleaved-caspase9 which subsequently activating effectors 
caspases (caspase3,-6, and -7) resulting in apoptosis. (Fig. 15) (72). 

Furthermore, the cross-talk between the extrinsic pathway and the intrinsic 
pathway can be activated through Bid activities. Bid protein is activated by caspase8 
(extrinsic pathway) which cleavage Bid into 2 fragments include p17 (17 kDa) and p15 
(15 kDa). The p15 is truncated Bid (tBid), translocate and insert into the mitochondrial 
outer membrane to produce mitochondrial pore and enhance the recruitment of 
cytosolic Bax into the mitochondrial membrane (intrinsic pathway) leading to 
cytochrome c release and caspase3/7 activation resulting in the apoptosis (Fig. 15) (72, 

93). 
 

2.6 Mitogen-activated protein kinase (MAPK) signaling pathway 
MAPK is a protein Serine/threonine (Ser/Thr) kinases response to the 

extracellular signals such as mitogens, growth factors, stress, osmotic shock, UV 
radiation, and cytokines (51). This signaling pathway leads to activate or inhibit some 
cellular mechanisms through regulating protein activities and genes expression, 
involving, survival, apoptosis, inflammation, development, and differentiation of cells (94). 
MAPKs signaling pathway compose three enzymes cascade that is activated via series 
phosphorylation of MAPKK kinase (MAPKKK), MAPK kinase (MAPKK), and MAPK, 
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respectively (50). The active MAPKKKs phosphorylated MAPKKs and MAPKs at the Thr 
and Tyr residue, respectively, to activation their activities. The classical MAPKs is 
consist of ERK1/2, JNK1/2/3, p38 isoforms, and ERK5. The ERK1/2, JNKs, and p38 are 
the most extensively studied groups in the mammalian cells (Fig. 16) (94, 95). 

 

 
 

Figure 16 Schematic of the MAPK cascades and their nuclear targets. The MAPK core 
consists of three kinases (MAPKKK, MAPKK, and MAPK), which form a signal 
transduction cascade by phosphorylation. The MAPK cascade is stimulated by several 
stimuli including UV radiation, cytokines, growth factor, and mitogens. Each MAPKs 
regulating gene expression leads to various biological response of cells. 

 
Source: Plotnikov A, et al. (2011). The MAPK cascades: Signaling components, 

nuclear roles and mechanisms of nuclear translocation. Biochimica et Biophysica Acta. 
p. 1621. 
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2.6.1 The extracellular signal-regulated kinases 1/2 (ERK1/2) signaling 
pathway 

The ERK signaling pathway is a cascade of protein kinases, which play an 
important role in promoting growth, differentiation, and mitosis. This pathway can be 
stimulated by growth factors such as EGF, PDGF, and FGF. These signals are 
transmitted through cell surface receptor include tyrosine kinase receptor (TKR) and 
heterotrimeric G-protein coupled receptor (GPCRs). Then, the signal transduction is 
delivered via the phosphorylation of Ras/Raf proteins which serve as MAPKKK. The 
active MAPKKK activate MAP/ERK kinase1 and -2 (MEK1/2) and ERK1/2 through the 
phosphorylation at Ser residue of MAP/ERK, and Thr202 and Tyr204 residues of ERK1/2, 
respectively. ERK1 is 44 kDa and ERK2 is 42 kDa, thus ERK1/2 referring as p44/p42 
MAPK. The activate ERK1/2 plays a key role to activate transcription factors such as 
Fos, Myc, ATF-2, Ets2, and STAT1/3 (Fig. 16) (51). For example, the ERK1/2 signaling 
pathway regulates cell proliferation through Ras/Raf/MEK/ERK1/2 cascade to activate c-
Myc, which controls the expression of genes in the cell cycle such as Cdc25 (Cdc25A, 
B, C). Moreover, ERK1/2 stabilizes c-Fos protein to promote AP-1 complexes and 
increases cyclin D1 expression in cell cycle progression, respectively (94). In addition, 
the high level of c-Myc prevents the association of p27 with Cyclin E-CDK2 complexes. 
This event results in p27kip1 protein facilitating ubiquitination and degradation. In 
contrast, the reduction of ERK1/2 activity increases p27 and p15 expression to delay the 
G1/S transition of the cell cycle (50). 

2.6.2 c-Jun amino (N)-terminal kinases 1/2 (JNK) signaling pathway 
JNK is a stress-activated protein kinase (SAPK). JNK is activated mainly 

through stress signals such as UV radiation, ionizing radiation, oxidative stress, 
cytokines, and heat shock. The JNK family proteins consist of three JNK isoforms 
include JNK1, JNK2, and JNK3. JNK1/2 is widely distributed in tissue, whereas JNK3 is 
primary localized in the neuron, testis, and cardiac tissue. JNKs is activated by several 
MAPKKKs such as MEKK1-4, MLKs, Tpl-2, DLK, TAO1/2, TAK1, and ASK1/2. Then, 
MAPKKKs phosphorylate MAPKK, MKK4/7, and MAPKs; JNKs as a cascade.  The 
active JNKs induce the activities of transcription factor such as p53, ATF-2, NF-ATc1, 
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Elk-1, HSF-1, STAT3, and c-Myc. JNK1/2 is plays important roles in the control of cellular 
responses through phosphorylation of  AP-1 transcription factor subunit, c-Fos and c-
Jun at Ser63 and Ser73 residues to promotes AP-1 activities and transcribe genes such 
as cyclinD1, Fas-L, MMP9, and COX-2 (94, 96, 97). Chen, et al (2016) suggest that the JNK 
induces AP-1 activities through phosphorylation c-Jun and c-Fos proteins resulting in 
increases iNOS and COX-2 expression in the inflammatory response in LPS-induced 
RAW264.7 cells (97). Furthermore, many reports suggest that UV induce apoptosis 
through activities of JNK to promote cytochrome C release (98). Briefly, the prolonged 
JNK activation leads to the cleavage of Bid into tBid and 21 kDa fragment (jBid), which 
is a novel proteolytic fragment of Bid. The tBid and jBid translocate to mitochondria and 
promotes Bax activities and the Smac releasing lead to the inhibition of IAP-1 (Fig. 16) 
(98). In addition, JNK regulates apoptosis via p53 mediated DNA damage responses. The 
active p53 acts as the transcription factor to transcribe proapoptotic genes such as Bax. 
Moreover, p53 increases the modulator of apoptosis (PUMA). Previous study reported 
that the  UV  responding of cells, the JNK signaling pathway is activated through 
enhancing c-Jun activities to promoting p53-mediated apoptosis (99). 

2.6.3 p38 MAPK signaling pathway 
p38 is a classical MAPK. The p38 MAPK is consists of 4 isoforms include 

p38α, p38β, p38γ, and p38δ. In mammalian cells, p38 is predominantly activated 
through environmental stresses such as oxidative stress, UV radiation, hypoxia, 
ischemia, IL-1, and TNFα. p38 is involving in the various physiological processes 
include apoptosis differentiation, proliferation, inflammation, and other stress responses. 
The p38 is activated by activation of MAPKKKs such as MAPKK1-4, MLK2, MLK3, DLK, 
ASK1, TPL2, and TAK1. Then, the active MAPKKKs phosphorylated MAPKKs including 
MKK3 and MKK6, and p38, respectively. The active p38 activates the substrates include 
cPLA2, MNK1/2, MK2/3, Bax, and Tau (cytoplasm), and ATF1/2/6, MEF2, Elk-1, Ets1, 
p53, and MSK1/2 (nucleus) (Fig. 16) (50, 94). For example, a previous study reported that 
p38 plays important roles in UV-induced inflammation and apoptosis in skin cells 
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through increases COX-2, IL-6, and IL-8 as well as activates the translocation of Bax to 
mitochondrial membrane in apoptosis induction (100). 
2.7 Akt Signaling Pathway 

Akt is Ser/Thr protein kinase, also known as protein kinase B (PKB). Akt plays 
an important role in various processes such as cell proliferation, growth, angiogenesis, 
and migration. This pathway activated by growth factor, neuronal growth factor (NGF), 
UV radiation, heat shock, ischemia, hypoxia, and oxidative stress (101). Akt has three 
isoforms include Akt1 (Aktα), Akt2 (Aktβ), and Akt3 (Aktγ). The Akt1 isoform found in the 
most tissue. The signals activate Akt through tyrosine kinase receptor (TKR) activation 
which lead to the activation of phosphatidylinositol 3-kinase (PI3K). PI3K phosphorylates 
phosphatidylinositol 4 phosphate and PI(4,5)P2 to generate the second messengers 
PI(3,4)P2 and PI(3,4,5)P3, which lead to stimulation of cell survival through the PDK1/PKB 
mediated pathway. In addition, PDK1 activates Akt through the phosphorylation at 
Thr308 and Ser473. PDK1 is has a pleckstrin homology (PH) domain which binds to the 
second messengers PI(3,4)P2 and PI(3,4,5)P3 and leading to their membrane 
translocation. The PDK1 is activated Akt by phosphorylation resulting phosphorylation 
the numerous downstream substrates. For example, Activated Akt has phosphorylated 
Bad at Ser136 resulting Bad inhibition via the forming complex with Bcl-2/Bcl-xL proteins 
leading to block of releasing of cytochrome c from mitochondria, preventing activation of 
caspases. In addition, caspase9 has been reported to be phosphorylated on Ser196 by 
Akt resulting in attenuation of its activity and result in prevent apoptotic cell death (101). 
Moreover, Akt also phosphorylate of forkhead box transcription factors (FOXO) to inhibit 
their activity leading to inhibition of FOXO-induce the expression of multiple proapoptotic 
members (Bcl2-family) and cell cycle inhibitory genes (p21WAF and p27Kip1). In addition, 
Akt also phosphorylates p21WAF and p27Kip1 proteins resulting in cell cycle 
progression (102, 103). In addition, Akt also stimulates cell cycle progression by stabilizing 
cyclin D1 expression which activates cellular proliferation (104). Furthermore, Akt has the 
ability to phosphorylate GSK3 and PFK2 enzymes which activate metabolic processes 
necessary for growth such as glycogen biosynthesis. Akt can also activate NK-ƙB 
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through regulation of IƙB (IKK) leading to the transcription of the prosurvival gene such 
as including Bcl-xL, caspase inhibitors, and c-Myb (Fig. 17) (101, 102, 105). Thus, PDK1 and 
Akt are importent enzymes in the cell survival pathway, transduce cell growth and 
survival messages between cell compartments (102). 

 

 
 

Figure 17 The overview of Akt signaling pathway. Receptor tyrosine kinase (RTK) 
induces PI3K activaties leads to synthesis of the second messengers PIP3, PIP2, PDK1 
and mTORC2. p-Akt activates/inhibits several proteins involved in cell progression, 
apoptosis, cell growth, and angiogenesis. 

 
Source: Klungsaeng S and Senggunprai L. (2020). Protein serine-threonine kinases 

as drug target in cancer treatment. Srinagarind Medical Journal. p. 492. 
 

2.8 Purple corn silk (Zea mays L.)  
Purple corn is a large grain plant in the Poaceae family. Purple corn is a 

pigmented variety of Zea mays L., originally cultivated in Latin America and was 
introduced in China. Nowadays, purple corn is a widely cultivated cereal around the 
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world. Many studies suggest that purple corn is an important source of anthocyanins, 
phenolic compounds, and carotenoid (106-109). The anthocyanins and phenolic 
compounds are known that high-antioxidant activity. Ramos-Escudero F, et al (2012) 
found that the purple corn has antioxidant activity. The results showed that the purple 
corn extract reduced lipid peroxidation and increased CAT, GPx, and SOD activities in 
hydrogen peroxide-induced oxidative stress in mouse organs (mouse kidney, liver, and 
brain) (109). In 2003, Zhang Z, et al. demonstrated that purple corn extract showed 
potential against fluoride-induced oxidative damage in livers and kidneys in rats. 
Moreover, the purple corn extract significantly inhibited pathological changes in cells 
included nuclear shrinkage, mitochondrial swelling, and vacuole formation. In addition, 
their results demonstrated that purple corn extract-treated rats significantly enhanced 
antioxidant enzymes (SOD and GPx) compared with the fluoride-treated alone. 
Meanwhile, purple corn extract also reduced the decreasing of Bcl-2 protein expression 
and the increasing of Bax protein expression in cells induced by fluoride (108). While, 
Fukamachi K, et al (2008) exhibited that the purple corn extract and its major 
component, cyanidin 3-O-β-d-glucoside (C3G), significantly inhibited DMBA-induced 
mammary carcinogenesis. In addition, purple corn extract and C3G inhibited cell 
survival rate and increased apoptosis in mammary tumor cells derived from human c-
Ha-ras proto-oncogene transgenic (Hras128) rats through induced of caspase3 activity 
and reduced Ras protein levels in tumor cells (110). 

Corn silk is an agricultural waste. It is a part of stigma/style or female flower of 
corn silk, commonly known as “corn/maize silk or stigma maydis”. It has been used in 
traditional Chinese medicine for treatment of various diseases such as edema, prostate 
disorder, and urinary infections (9). Moreover, in China, Japan, Korea, the USA, and 
France also modified the corn silk to cosmetics ingredients in cosmetics formulation, 
tea, and corn powder (14). The previous studies reported that corn silk contains proteins, 
vitamins, carbohydrates, flavonoids, and is rich in phenolic compounds such as 
anthocyanins, p-coumaric acid, vanillic acid, protocatechuic acid, and quercetin (9, 10). 
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Ebrahimzadeh MA, et al (2008) demonstrated that corn silk extract has 
antioxidant properties when compared with the standard compounds, butylated 
hydroxytoluene; BHT and quercetin analysis by using DPPH assay, were found IC50 
value at 0.59, 0.053, and 0.025 mg/mL, respectively (10). Furthermore, Olaniyan MF, et al 
(2016) suggested that corn silk extract increased the GPx and CAT in corticosterone-
induced oxidative stress in rabbits (111). While, in 2013, Nessa F, at el. reported that the 
corn silk extract against pathogenic bacteria such as Bacillus cereus, , Staphylococcus 
aureus, Pseudomonas aeruginosa, Enterobacter aerogenes, Salmonella typhi, 
Escherichia coli, and one yeast Candida albicans (112). Furthermore, the maysin from the 
corn silk reduced intracellular ROS level, inhibited PARP cleavage, inhibit DNA damage 
via increased mRNA levels of antioxidant enzymes in a dose-dependent manner (13). In 
the same year, Lee J, et al. demonstrated that maysin isolated from the corn silk 
induced apoptosis in prostate cancer PC-3 cell line through reducing the cell viability, 
Bcl-2 and procaspase3 levels. Furthermore, a combined treatment between maysin and 
other known anticancer agents include fluorouracil (5-FU), etoposide, cisplatin, and 
camptothecin, synergistically enhanced PC-3 cell death (12). While, Choi SY, et al. 
demonstrated that corn silk extract decreased melanin production, was found to be 
37.2% inhibition without cytotoxicity in cells. This result showed corn silk extract had 
higher efficiency than arbutin (whitening agent), which exhibited 26.8% inhibition at the 
same concentration. However, they suggested that the corn silk extract did not 
suppress tyrosinase activities but greatly decreased the protein expression of tyrosinase 
enzyme in Melan-A cells. In addition, the application of corn silk extract on faces with 
hyperpigmentation volunteers significantly reduced skin pigmentation (15). 

The purple corn silk is a style present purple color, is rich in fiber, anthocyanins, 
and flavonoids. When compare phytochemicals and antioxidant activity between corn 
silk from purple waxy corn, white waxy corn, sweet corn, and baby corn found that 
purple waxy corn silk showed the highest phenolics, flavonoids, and anthocyanins 
content, and antioxidant activities (14). Chaiittianan R, et al. (2017) reported that purple 
corn silk extract contains anthocyanins, quercetin, and phenolic acids as major 



  44 

components. Moreover, purple corn silk extract showed potential against obesity in 
adipocytes cells (Mouse 3T3-L1) via significant inhibited preadipocyte proliferation and 
decreased total lipid accumulation. At the same time, the purple corn silk extract 
induced lipolysis and apoptosis through enhanced the releasing of glycerol content and 
increased nuclei condensing and apoptotic bodies in cells (113). Recently, Rimdusit, et al. 
(2019) demonstrated that cob and silk extract from purple waxy corn is abundant with 
anthocyanins. They found that cob and silk extract increased collagen production in 
human skin fibroblast cells (114). However, the purple corn silk is an agricultural waste 
without value and is not popular for the development of commercial skincare products. 
Furthermore, the study of hydroglycolic purple corn silk extract on UVB-induced cell 
damage in human keratinocytes has not yet been reported.



 

CHAPTER 3 
METERIALS AND METHODS 

 
3.1 Conceptual framework 
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3.2 Material and Chemical reagents 
Dulbecco’s modified Eagle’s medium (DMEM) medium, penicillin-streptomycin, 

bovine serum albumin, 0.25% trypsin-EDTA, and fetal bovine serum (FBS) were 
purchased from HiMedia (HiMedia, Mumbai, India), MTT was purchased from USB Corp 
(USB Corp, USA), dimethyl sulfoxide (DMSO) was purchased from RCI Labscan (RCI 
labscan CO., Thailand), polyvinylidene difluoride membrane (PVDF), EDTA, β-
mercaptoethanol, bromophenol blue, trypan blue, glycine and phenylmethylsulphonyl 
fluoride (PMSF), DPPH, L-ascorbic acid was purchased from Sigma (Sigma-Aldrich, 
USA), SYBR® gold fluorescent dye, TEMED, sodium dodecyl sulfate (SDS), 40% 
acrylamide, immobilon Western chemiluminescent-HRP substrate, guava cell cycle® 
reagent, and 2',7'-dichlorofluorescin diacetate (DCFH-DA) dye were purchased from 
Merck Millipore (Merck Millipore Corp., Germany), JC-1 and H33342 dye were 
purchased from Thermo Fisher Scientific (InvitrogenTM, Thermo Fisher Scientific Inc., 
USA), mouse monoclonal antibodies; γ-H2AX (Ser139) and β-actin were purchased from 
Merck Millipore were purchased from Merck Millipore (Merck Millipore Corp., Germany), 
rabbit monoclonal antibodies; NF-ƙB, COX-2, c-PARP/PARP, Cleaved-
caspase9/Caspaes9, Cleaved-caspase7/Caspaes7, Bax, Bak, Bcl-2, Bcl-xL, p-p38, 
p38, p-c-Jun, c-Jun, p-Akt (Ser473), p-Akt (Thr308), and Akt were purchased from Cell 
signaling (Cell signaling Technology, Danvers, MA), Mouse monoclonal antibodies; 
Cleaved-caspase8/Caspaes8 was purchased from Cell signaling (Cell signaling 
Technology, Danvers, MA), anti-mouse and rabbit IgG conjugated with HRP secondary 
antibody, and anti-mouse IgG conjugated with FITC fluorescent dye were purchased 
from Cell signaling (Cell signaling Technology, Danvers, MA), anti-rabbit IgG conjugated 
with Alexa fluoro546 fluorescent dye was purchased from Thermo Fisher Scientific 
(InvitrogenTM, Thermo Fisher Scientific Inc., USA), mini protease inhibitor cocktail was 
purchased from Roche (Roche Diagnostics GmbH, Germany) protein assay kit was 
purchased from Bio-Red (Bio-Red Lad, USA), tris-base was purchased from Vivantis 
(Vivantis, USA), and triton X-100 was purchased from Pharmacia (Pamacia, Sweden). 
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3.3 Preparation of purple corn silk (PCS) extract  
The crude PCS extract is purple stigma of Zea mays L., obtained from Prof. Dr. 

Malyn Ungsurungsie, S & J International Enterprises Public Company Limited, Bangkok, 
Thailand. The fresh purple stigma was harvested from Khonkaen province in March, 
2014 (Voucher sample Number 050914T001). The extraction was following previously 
published (115). Briefly, the fresh purple corn silk was dried at 50°C and ground. Then, the 
crude powder was immersed in propylene glycol (PG): water at 50% PG (10% W/V) for 2 
days and was filtered through the cheesecloth and filter paper Whatman No.4, 
respectively. After that, the PCS extract was evaporated and kept in 4ᵒC before use(116). 
The PCS extract was dissolved in dimethyl sulfoxide (DMSO) for experiments. The crude 
extract were dissolved in 100% DMSO at the stock concentration of 200 mg/ml for 
experiments. 

 
3.4 Measurement of antioxidant activities  

The antioxidant activity of PCS extract was carried out by 2,2-Diphenyl-1-(2,4,6-
trinitrophenyl) hydrazyl (DPPH) assay base on the colorimetric method described by 
Oliveira, et al (2019) (7). Briefly, 100 μL PCS extract at a concentration of 0, 0.2, 0.4, 0.6, 
0.8, and 1 mg/mL were added in 96-wells plate. Then, PCS extract was mixed with 100 
μL of 65 μM DPPH solution. L-ascorbic acid at a concentration of 0, 0.005, 0.01, 0.02, 
0.04, 0.08, and 0.1 mg/mL was used as standard antioxidant agent. The mixture was 
placed for 30 min in the dark and the absorbance was measured at 517 nm by using a 
microplate reader spectrophotometer (Multiskan Sky, Thermo Fisher Scientific Inc., 
USA). A negative control solution 100 μL of methanol mixed with 100 μL of DPPH were 
used. The results demonstrated that L-ascorbic acid, a positive control agent showed 
strong antioxidant activity with the EC50 values of 0.009 mg/mL. While the PCS extract 
showed antioxidant activity in a dose-dependent manner, which presented EC50 values 
at 0.53 mg/mL as shown in figure 18. 
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Figure 18 The DPPH scavenging activity of A) L-ascorbic acid and B) PCS extract. 
. 

3.5 Cell culture  
Spontaneously immortalized human keratinocyte (HaCaT) cell line was obtained 

from American Type Culture Collection (ATCC, Manassas, VA). The cells were 
maintained as a monolayer in Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin and 100 μg/mL 
streptomycin at 37°C in a humidified atmosphere of 5% carbon dioxide (CO2). 

 
3.6 Ultraviolet-B (UVB) irradiation system and UVB-irradiation on HaCaT cells 

The UVB light source for the studies is a UV incubator (Vilber UV Bio-Sun, Vilber 
Lourmat, France). There are consist of two UV sources (4 x 30 W 365 nm and 2 x 30 W 
312 nm) and cooled UV irradiation system. Irradiation distance was 25 mm and the 
irradiation stopped automatically when the energy received matches the programmed 
energy. Before UVB irradiation, cells were covered with thin layer of phosphate buffer 
saline (PBS) and irradiated without plastic dish lid. While, the non-UVB group, cells were 
treated the same conditions without UVB exposure. After UVB irradiation, cells were 
returned to medium and subsequent experiments. 
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3.7 Cell viability assay 
MTT assay is based on a colorimetric principle to assess the mitochondrial 

reductase enzymes activity, indicating cell viability. This enzyme is found in viable cells, 
which can reduce MTT (yellow color) to generating solid formazan crystal in purple 
color. In contrast, dead cells lack this enzyme resulting in yellow color without formazan 
crystal production. The solid formazan crystals can be dissolved in DMSO, present as 
the purple color solution, which absorbs a range wavelength at 570 nm correlate with 
survival rate of cells. 

To determine the cytotoxicity of PCS extract on HaCaT cells, cells were seeded 
in a 96-wells plate (0.7 x 104 cells/well) and incubated overnight. Then, cells were 
treated with various concentrations of PCS extract (0-1 mg/mL) in complete medium 
while the control group was treated with 0.5% DMSO for 24 h. After that, the medium 
was removed and 0.5 mg/mL MTT solution was added to each well and incubated at 
37°C for 2-4 h. Then, the MTT solution was removed and DMSO was added into each 
well, respectively. The absorbance was measured at 570 nm by using the 
spectrophotometer (UV/visible, Biotek Epoch). The percentage of cell viability was 
calculated related to the non-treated group. Finally, the PCS extract at concentrations of 
0.3, 0.5, and 1 mg/mL were chosen for the subsequent experiments. 

Phototoxicity of UVB radiation on HaCaT cells was determined by using MTT 
assay. Cells were seeded in 35-mm dish (3 x 105 cells/well) and incubated overnight, 
then exposed to UVB in a serial of UVB energy (0-50 mJ/cm2) and incubated in 
complete medium for 24 h, respectively. While the control group was treated with 0.5% 
DMSO for 24 h without UVB exposure (Non-UVB group). After treatment, the medium 
was removed and 0.5 mg/mL of MTT solution was added to each well and incubated at 
37°C for 2-4 h. After that, the MTT solution was removed and DMSO was added into 
each well. The absorbance was measured. The percentage of cell viability was 
compared with the non-UVB group. Then, the UVB energy was chosen at 25 mJ/cm2 for 
the next experiment. 
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The protective effect of PCS extract on UVB-induced cell death on HaCaT cells 
was investigated by using MTT assay. The cells were seeded in 35-mm dish (3 x105 
cells/well) and incubated overnight. Then, cells were pretreated with 0.3, 0.5, and 1 
mg/mL of PSC extract or 0.5% DMSO for 1 h before 25 mJ/cm2 UVB exposure. After 
that, cells were subsequently incubated in the medium for 24 h. While the control group 
(non-UVB group) were treated with 0.5% DMSO without UVB exposure for 24 h. After 
treatment, the medium was removed and 0.5 mg/mL MTT solution was added into each 
well and incubated at 37°C for 2-4 h, respectively. Then, the MTT solution was removed 
and replaced with DMSO into each well. The protective effect of PCS extract on UVB-
induced cell death was assessed as % of cell viability compared with non-UVB group. 

 
3.8 Intracellular ROS Measurement 

Intercellular reactive oxygen species (ROS) is associated with the generation of 
oxidative stress and inducible lipids, proteins, and DNA damage (29). Thus, intracellular 
ROS is considered as a biomarker for detecting oxidative stress which detected by 
using the cell-permeable dichlorodihydrofluorescein (DCFH-DA) dye. This dye 
permeabilize into the cells as a non-fluorescent form before deacetylation by cellular 
esterase enzymes and oxidized to a highly fluorescent compound as DCF by 
intracellular ROS, respectively. The DCF-fluorescence signals was detected by using a 
fluorescence spectroscope or flow cytometer at maximum excitation of 495 nm and 
emission of 529 nm. 

The intracellular ROS in HaCaT cells was determined by DCFH-DA assay. 
Briefly, the cells were seeded in 35-mm dish (3 x105 cells/well) and incubated overnight. 
Cells were pretreated with 0.3, 0.5, and 1 mg/mL of PCS extract or 0.5% DMSO for 1 h 
and exposed to 25 mJ/cm2 UVB, respectively. After UVB irradiation, cells were 
subsequently incubated 20 μM DCFH-DA for 30 min. Acetate group was removed from 
DCFH-DA by esterase enzyme and DCFH-DA was oxidized by intracellular ROS 
generated green-fluorescence of DCF, respectively. After staining, cells were washed 
with PBS twice and the images were acquired by using a fluorescence microscope 
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(IX71, Olympus, Japan). The relative fluorescence intensity compared with the non-UVB 
group was quantified by using Image J densitometer. 
3.9 Immunofluorescence staining 

The immunofluorescence staining is to detect the expression of interested 
biomolecules. Currently, this method is popular to investigate localization of cellular 
protein including γ-H2AX, serve as a sensor of DNA damage and NF-ƙB translocation to 
analysis inflammatory response. This method is based on the affinity between antibodies 
against target proteins. The antibodies is conjugated with fluorescent dyes. The protein 
expression is through fluorescence signals observed under a fluorescence microscope.  

To determine the γ-H2AX (Ser139) localization and the translocation of NF-ƙB, 
immunofluorescence staining was carried out. Briefly, cells were seeded in 35-mm dish 
(3 x105 cells/well) and incubated overnight. Then, cells were pretreated with 0.3, 0.5, 
and 1 mg/mL of PCS extract or 0.5% DMSO for 1 h before 25 mJ/cm2 UVB exposure. 
While the non-UVB group was treated with 0.5% DMSO without UVB exposure. After 
that, cells were incubated in medium for 1 h and 24 h to analysis of NF-ƙB translocation 
and γ-H2AX (Ser139) localization, respectively. After treatment, cells were fixed with 
absolute ice-cold methanol for 10 min. Then, cells were washed with PBS for 3 times 
and blocked non-specific proteins with 3% FBS (in PBS) for 60 min, respectively. Then, 
cells were incubated with a primary antibody against NF-ƙB (1:250 dilution), and γ-H2AX 
(Ser139) (1:250 dilution) at 4°C overnight. Then, cells were incubated with secondary 
antibody conjugated with Alexa fluoro546 (1:500 dilution) for NF-ƙB detection or 
secondary antibody conjugated with FITC (1:500 dilution) for γ-H2AX (ser139) detection 
for 60 min. After incubation, the nucleus were stained with hoechst33342 dye for 30 min. 
Images were acquired by using a fluorescence microscope (IX71, Olympus, Japan). 
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3.10 Alkaline single-cell gel electrophoresis (SCGE, Comet assay, pH > 13) 

The Comet assay or SCGE is a standard method for assessing DNA damage 
(117). Briefly, cells were embedded in agarose gel on a Comet slide. The embedded cells 
were lysed to degrade the cell membrane, cytoplasm, and nuclear membrane by using 
lysis buffer. Then, the DNA fragments were separated by using electrophoresis. After 
electrophoresis, the DNA in the Comet slide was stained with fluorescent dye and 
observed under a fluorescence microscope. The comet tail length depends on the 
migration of DNA fragments. 

The assay was modified from Calò R and Marabini L (118). Briefly, the Comet 
slide was modified by pre-coat slide with 1% normal melting-point agarose gel and 
placed at 4°C for 10 min before use. To determine DNA damage in HaCaT cells, cells 
were seeded in 35-mm dish (3 x105 cells/well) and incubated overnight. Cells were 
pretreated with 0.3, 0.5, and 1 mg/mL of PCS extract or 0.5% DMSO for 1 h and 
exposed to 25 mJ/cm2 UVB, respectively. While the non-UVB group was treated with 
0.5% DMSO without UVB exposure. Then, cells were incubated in medium for 24 h. After 
treatment, cells were collected by trypsinization and centrifuged at 2,000 rpm for 5 min, 
respectively. Cells were prepared by counting to 3 x 105 cells in 500 μL fresh medium. 
The cell suspension was mixed with 0.5% low-melting-point agarose and transferred 
onto pre-coated slides. The slides were kept at 4°C for 10 min. After that, the slides were 
immersed in lysis buffer solution (2.5 M NaCl, 100 mM Na-EDTA, 10 mM Tris-base, and 
250 mM NaOH, pH 10) at 4°C for 1 h. The cells were immersed in ice-cold alkaline 
unwinding solution or electrophoresis buffer (300 mM NaOH and 1 mM EDTA, pH 13.0) 
in a Comet tank and the electrophoresis was performed at 0.3 A for 30 min at 4°C. Then, 
the slides were washed with neutralizing solution and fixed with absolute ethanol for 5 
min. After fixation, the slides were stained with SYBR® gold for 10 min, and rinsed with 
distill water for 5 min for 3 times, respectively. The migration of DNA fragments was 
visualized using a fluorescence microscope (IX71, Olympus, Japan). The percentage of 
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DNA in the comet tail in each sample was quantified by Image J plugin OpenComet 
(version 1.3.1). 
3.11 Nuclear morphological change assay 

The nuclear condensation, membrane blebbing, and apoptotic bodies are 
characteristics of cells undergoing apoptosis. Hoechst33342 staining fluorescent dye is 
a permeable DNA stain, which binding to A-T rich of double-strand DNA. Cells present 
characteristics of apoptosis marker are showing the blue-brightness of Hoechst33342 in 
nuclei which are easily identified under a fluorescence microscope. 

The protective effect of PCS extract on UVB-induced chromatin condensation in 
HaCat cells was determined by Hoechst33342 staining. Briefly. The cells were seeded 
in 35-mm dish (3 x105 cells/well) and incubated overnight. Then, cells were pretreated 
with 0.3, 0.5, and 1 mg/mL of PCS extract or 0.5% DMSO for 1 h. After that, cells were 
exposed to 25 mJ/cm2 UVB while the non-UVB group was treated with 0.5% DMSO 
without UVB exposure. Then, cells were incubated in medium for 24 h. After treatment, 
the Hoechst33342 dye was added to each well with 5 μg/mL and incubated at 37°C for 
30 min. The stained cells were observed under a fluorescence microscope (IX71, 
Olympus, Japan). The average percentage of nuclear condensed cells compared with 
the non-UVB group was quantified using OPTIKA PROView software Version 5.0 
(OPTIKA, Srl, Italy). 

 
3.12 Cell cycle analysis 

Cell cycle is characterized into 2 phase including interphase; G0, G1, S, G2, 
and mitotic phase. The interphase, cells contain duplicate DNA represented the change 
of DNA contents during DNA synthesis (119). At the interphase, the chemicals, radiation, 
and stress can disturbed DNA synthesis leading to the changing of DNA content in each 
phase. This event can be monitored by probing the DNA with a fluorescent dye and 
analyzed by using a flow cytometer. The fluorescent dye widely used is propidium 
iodide, which interacts with DNA and absorbs in ranges wavelength at fluorescence 
excitation 535 nm and emission 615 nm. The flow cytometer sort the fluorescence 
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intensity correlated with amounts of DNA in cells and represents DNA content in each 
phase as a histograms. 

The sub-G1 content in HaCaT cells induced by UVB was determined by a flow 
cytometer. The cells were seeded in 35-mm dish (3 x105 cells/well) and incubated 
overnight. Then, cells were pretreated with 0.3, 0.5, and 1 mg/mL of PCS extract or 0.5% 
DMSO for 1 h and exposed to 25 mJ/cm2 UVB, respectively. While the non-UVB group 
was treated with 0.5% DMSO without UVB exposure and incubated for 24 h. Then, cells 
were harvested and centrifuged at 2,000 rpm for 3 min. After that, cell pellets were fixed 
with 70% cold-ethanol before flow-cytometry analysis. Then, cells were washed and 
stained with Guava cell cycle® reagent for 30 min, respectively. The percentage of sub-
G1 content was determined by using a Guava EasyCyteTM flow cytometer and 
GuavaSoftTM software (Merck Millipore Crop., Merck KGaA). 

 
3.13 Detection of mitochondrial membrane potential 

ATP synthesis is an important function of mitochondria to produce cellular 
energy. Furthermore, the mitochondria contain protein-related apoptosis such as 
cytochrome c and AIF. During apoptosis, mitochondria lose membrane potential and 
release cytochrome c to the cytosol. Cytochrome C is associated with Apaf-1 and form 
as the apoptosome. This event activate caspase9 and -7 activities resulting in 
apoptosis. Thus, the mitochondrial membrane potential is considered as apoptosis 
marker (120). JC-1, a lipophilic cationic fluorescent dye, is used to detect mitochondrial 
membrane potential. In healthy cells, JC-1 forms complex as a J-aggregates and 
presents red fluorescence signals. In contrast, in unhealthy cells, JC-1 remains 
monomeric with a green fluorescence signals. 

To investigate the change of mitochondrial membrane potential (ΔΨm) on UVB-
induced cell damage in HaCaT cells. The cells were seeded in 35-mm dish (3 x105 
cells/well) and incubated overnight. Then, cells were pretreated with 0.3, 0.5, and 1 
mg/mL of PCS extract or 0.5% DMSO for 1 h and exposed to 25 mJ/cm2 UVB, 
respectively. While the non-UVB group was treated with 0.5% DMSO without UVB 



  55 

exposure. Then, cells were incubated in medium for 24 h. After treatment, JC-1 dye was 
added to each well at final concentration of 5 μg/mL for 10 min. Then, the cells were 
washed with PBS for 3 times followed by observation under a fluorescence microscope 
(IX71, Olympus, Japan). The relative red-fluorescence intensity compared with non-UVB 
group was quantified by Image J densitometer. 

 
3.14 Western blot analysis 

Western blotting is a powerful technique for investigating protein expression. 
Briefly, protein samples were separated by using SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred onto a PVDF membrane, respectively. 
Then, the proteins on PVDF membranes were probed with the specific primary 
antibodies and secondary antibodies conjugated with enzymes such as horseradish-
peroxidase (HRP), respectively. The protein expression was enhanced the 
chemiluminescence signals by using chemiluminescence ECL regent and detected 
under gel documentary consists of CCD camera. 

3.14.1 Sample preparation 
Cells were seeded in 35-mm dish (3 x105 cells/well) and incubated 

overnight. Then, cells were pretreated with 0.3, 0.5, and 1 mg/mL of PCS extract or 0.5% 
DMSO for 1 h before exposed to 25 mJ/cm2 UVB. While the non-UVB group was treated 
with 0.5% DMSO without UVB exposure. Then, cells were incubated in medium for 1 or 
24 h. After treatment, cells were harvested by scraping and lysed with RIPA lysis buffer 
(50 mM Tris-HCl, 5 mM EDTA, 250 mM NaCl, 0.5% Triton X-100, pH 7.5) containing 10 
mM PMSF and complete with mini protease inhibitor cocktail. After that, the supernatant 
was centrifuged at 13,000 rpm at 4°C for 30 min. Protein lysates were transferred to a 
new 1.5 mL tube and the concentration of protein samples was determined by using a 
Bradford’s assay kit. 

3.14.2 Protein determination 
The concentration of total proteins was determined by Bradford’s assay kit. 

BSA was used as a standard protein diluted with Milli Q water at concentrations of 0.2, 
0.4, 0.6, 0.8, and 1 mg/mL, while the protein samples were diluted in a ratio of 1:10. 
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After protein preparation, 10 μL of the sample proteins and standard BSA was added 
into a new 1.5 ml tube and mixed with 190 μL of Bradford’s solution before measuring 
the absorbance at 595 nm by using spectrophotometer (Thermo Fisher Scientific Inc., 
MA, USA), respectively. Then, protein samples were mixed with 5X sample dye (60 mM 
Tris-HCl, 25% glycerol, 2% SDS, 14.4 mM β-mercaptoethanol, and 0.1% bromophenol 
blue) and boiled at 100°C for 5 min. The protein samples were kept at -20°C before 
being used. 

3.14.3 SDS-PAGE and Immunoblotting 
SDS-PAGE is a technique for separating proteins in an acrylamide gels 

under electrophoresis condition leads to the migration of proteins from anode to 
cathode. In general, the acrylamide gels consists of two-part of include a stacking gel 
for packing proteins in a base line before start electrophoresis. And, a separating gel is 
a part of proteins separating were begin, based on molecular weight of proteins. 

3.14.3.1 Separating gel 
The percentage of polyacrylamide gel in this layer depends on the 

molecular weight of interested proteins. The proteins with low molecular weight suit to 
separate in a high percentage of polyacrylamide gel, while a high molecular weight suit 
to separate in the low percentage of the polyacrylamide gel. The separating gel was 
prepared to follow the reference table 5. 
 
Table 5 Separating gel preparation (0.375 M Tris-HCl, pH8.8) 

 
Stock solution 10% 12%  

dH2O 2.42 ml 2.17 ml  
1.5 M Tris-HCl, pH8.8 1.25 ml 1.25 ml  
10% SDS 50 μl 50 μl  
40% acrylamide 1.25 ml 1.5 ml  
10% ammonium persulfate 25 μl 25 μl  
TEMED 2.5 μl 2.5 μl  
Total volume 5 ml 5 ml  
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3.14.3.2 Stacking gel 
After preparation the separating layer, the stacking gel is loaded between 

two glass plates in a gel caster. In this layer, proteins lysates is packed and migrated at 
the same position. The preparation of stacking gel is followed a reference table 6. After 
loading the stacking gel, the combs is suddenly inserted. After gel completely 
polymerized, the comb was removed. The proteins lysate is loaded to the gel and start 
electrophoresis, respectively. 

 
Table 6 Stacking gel preparation (4% polyacrylamide gel, 0.125 M Tris-HCl, pH6.8) 
 

Stock solution 4% 

dH2O 1.52 ml 

1.0 M Tris-HCl, pH8.8 0.25 ml 

10% SDS 20 μl 

40% acrylamide 0.196 ml 

10% ammonium persulfate 10 μl 

TEMED 2 μl 

Total volume 5 ml 

 
20 μg protein of each samples were loaded into the stacking gel followed by 

electrophoresis at 100 V for 1.30 h in running buffer (0.025 M Tris-HCl, 0.192 M glycine, 
and 0.1% SDS). Then, the electrophoresis gels were transferred onto PVDF membrane 
by using Trans-Blot Cell® (Bio-Red Lad, Hercules, CA, USA) at 100 V for 2 h in transfer 
buffer (0.025 M Tris-HCl, 0.192 M glycine, and 20% methanol). After that, the 
membranes were washed with TBST buffer (10 mM Tris-HCl, 150 mM NaCl, and 0.1% 
tween, pH7.5) and blocked non-specific bands with 5% skim milk in TBST for 1 h, 
respectively. After blocking, the membranes were washed with TBST for 10 min for 3 
times before probed with a specific primary antibody against COX-2, iNOS, NF-ƙB, γ-

H2AX (Ser139), c-PARP/ PARP, Cleaved-caspase8/ Caspaes8, Cleaved-caspase9/ 
Caspaes9, Cleaved-caspase7/ Caspaes7, Bax, Bak, Bcl-2, Bcl-xL, p-p38, p38, p-c-Jun, 
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c-Jun, Akt (Ser473), Akt (Thr308), Akt, and β-actin at dilution of 1:1000 at 4°C overnight. 
After incubation times, the membranes were washed with TBST for 10 min for 3 times 
and probed with secondary antibody conjugated with HRP (1:10,000 dilution) for 1 h. 
The immunoreactive protein bands were detected by adding enhanced 
chemiluminescent ECL reagent and exposed to a CCD camera in a gel documentary 
(UVITEC, Alliance Q9 Advanced, Cambridge, UK). The protein band intensity compared 
with non-UVB group was quantified using Image J densitometer. 

 
3.15 Statistical analysis 

All of the data were presented as mean±standard deviation (SD) in three 
independent experiments (n=3). The fluorescence and band intensity was quantified by 
using an Image J densitometer. The percentage of DNA tail in Comet assay was 
examined by Image J plugin OpenComet (version 1.3.1). Data statistical analysis was 
performed by SPSS version 20.0 (SPSS, Inc.). Statistical significance comparisons were 
calculated by one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. 
The difference was considered statistically significant at p<0.05, p<0.01, and p<0.001. 



 

CHAPTER 4 
RESULTS 

 
4.1 UV-absorbing properties of PCS extract 

The solar UV radiation exposure to the Earth's surface ranges between the 
wavelengths of 290-400 nm, divided into UVB (280-320 nm) and UVA (320-400 nm). 
Generally, the epidermal skin layer acts as a first line of defense against solar UV 
through absorbing and reducing photons in UV radiation. Thus, UV-absorbing is one of 
the main properties of sunscreen agents or skincare products to minimize the effects of 
UV on skin cells. The absorbance data showed that 1 mg/mL of PCS extract (in 100% 
DMSO) absorbs ranges wavelengths both UVB and UVA spectrum. While, 100% of 
DMSO which performed as a control group showed slightly absorb in range of UVB 
spectrum (Fig. 19). This data indicated that PCS extract could prevent UVB energy from 
entering skin cells. Thus, we suggested that PCS extract might be a new candidate as a 
physical UV protection agent. Subsequently, we investigated the biochemical UV 
protection properties of PCS extract in keratinocyte HaCaT cells. 

 

 
 

Figure 19 UV-absorbing of PCS extract in UV-spectrum. The Gray-line shows UV-
absorbing of DMSO, it was used as a control group. The Black-line shows UV-absorbing 
of PCS extract at 1 mg/mL (in DMSO). The UV-absorbing was measured every 1 nm 
covering a range of wavelengths between 280-400 nm by using a spectrophotometer. 
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4.2 Cytotoxicity of PCS extract and UVB-irradiation in HaCaT cells 
Before investigating the UV protection properties of PCS extract in keratinocyte 

HaCaT cells, the cytotoxicity of PCS extract and UVB radiation in HaCaT cells was 
assessed by using MTT assay. The results showed that after cells treatment with PCS 
extract at the maximal concentration at 1 mg/mL for 24 h obtained 94.0±0.41% cell 
viability when compared with the non-treated cells, indicating PCS extract is safe for 
application in keratinocyte HaCaT cells (Fig. 20A). Then, we optimized UVB energy 
irradiated in HaCaT cells for the next experiments. The phototoxicity of UVB radiation in 
HaCaT cells was assessed by MTT assay. The results showed that serial UVB energy 
decreased survival rate of cells in an energy-dependent manner as shown in figure 20B. 
Based on these results, we performed using 25 mJ/cm2 of UVB radiation with 
63.15±2.494% cell viability and the PCS extract was used at 0.3, 0.5, and 1 mg/ml for 
subsequent experiments. 

 

 
 

Figure 20 The cytotoxicity of PCS extract and UVB-radiation in HaCaT cells. HaCaT cells 
were treated with various concentrations of PCS extract (0-1 mg/mL) or a serial of UVB 
energy (0-50 mJ/cm2), then cells were incubated for 24 h and the percentage of viable 
cells was examined by MTT assay, respectively. A) Shows cell viability of HaCaT cells 
after treated with PCS extract. B) Shows cell viability of HaCaT cells after treated with 
UVB radiation. Data are mean values±SD (n=3). *** p< 0.001 vs. non-UVB group. 
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4.3 Effect of PCS extract on UVB-induced cytotoxicity in HaCaT cells 
After we optimized the concentrations of PCS extract and UVB radiation, we 

monitored morphological changes of cells by a phase-contrast microscope. The results 
revealed cell shrinkage and membrane blebbing after cells exposed to UVB compared 
with the non-UVB group. Whereas pretreated-HaCaT cells at various concentration of 
0.3, 0.5, and 1 mg/mL prevented the morphological change in cells induced by UVB as 
shown in figure 21A. Additionally, the results showed that cells pre-treated with PCS 
extract for 1 h before UVB exposure showed significantly inhibited cell death induction, 
which presented cell survival rate as 72.66±2.59%, 75.42±0.68%, and 79.10±1.87% cell 
viability, respectively. While the UVB-control group was found to be 58.19±1.31% cell 
viability (Fig. 21B). These results imply that PCS extract prevents HaCaT cell death from 
UVB radiation. 

 

 
 

Figure 21 Shows the preventive effect of PCS extract against UVB-induced cell death. 
HaCaT cells were treated PCS extract for 1h, then cells were exposed to 25 mJ/cm2 

UVB. After irradiation, cells were placed in the medium for 24 h and the percentage of 
cell viability was determined by MTT assay, respectively. A) Shows an image of HaCaT 
cells observed by using a phase-contrast microscope. B) Histogram shows cell viability 
of HaCaT cells. Data are mean values±SD (n=3). *** p< 0.001 vs. non-UVB group and # 
p< 0.05 vs. UVB-control group. 
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4.4 Effect of PCS extract on UVB-induced intracellular ROS in HaCaT cells 
Several reports demonstrated that UV radiation increases intracellular ROS 

levels in skin cells. The overproduction of intracellular ROS leads to oxidative damages. 
Thus, we investigated the effect of PCS extract on UVB-induced intracellular ROS in 
HaCaT cells by using fluorescent DCFH-DA dye. The results demonstrated that UVB 
radiation strongly increased intracellular ROS levels, were found the relative DCF-
fluorescence intensity to be 5.92±0.41 fold of the non-UVB group. However, the PCS 
extract at 0.3, 0.5, and 1 mg/mL significantly attenuated intracellular ROS levels 
compared to the UVB-control group. The relative DCF-fluorescence intensity was found 
to be 3.41±0.32, 3.27±0.65, and 2.17±0.35 fold of the non-UVB group, respectively (Fig. 
22). These results suggest that the PCS extract inhibit UVB-induced oxidative stress in 
keratinocyte HaCaT cells through directly decreased intracellular ROS production. 
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Figure 22 Shows the radical scavenging effect of PCS extract on UV-induced 
intracellular ROS production. After UVB irradiated, cells were stained with 20 μM of 
DCFH-DA fluorescent dye for 30 min and the DCF-fluorescence signal was visualized by 
a fluorescence microscope. A) Shows DCF-fluorescence signal (green-color) in HaCaT 
cells observed by using a fluorescence microscope. B) Histogram represents the 
average relative DCF-fluorescence intensity values, which was quantified by Image J 
densitometer. Data are mean values±SD (n=3). *** p< 0.001 vs. non-UVB group and ## 
p< 0.01; ### p< 0.001 vs. UVB-control group. 
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4.5 Effect of PCS extract on UVB-induced DNA damage in HaCaT cells 
Then, we evaluated the effect of PCS extract on UVB-induced DNA damage by 

using immunofluorescence staining and Western blot analysis to examine γ-H2AX 
(Ser139) levels, and Comet assay. γ-H2AX (Ser139)  serves as a DNA damage sensor. 
The presence of γ-H2AX activates DNA repair, cell cycle arrest, and apoptosis. Thus, 
we studied the effect on UVB-induced DNA damage by analyzing phospho-H2AX 
(Ser139) localization and protein expression using immunofluorescence staining and 
Western blotting, respectively. The results demonstrated that γ-H2AX (Ser139) 
significantly increased in nuclei in UVB-irradiated cells compared with the non-UVB 
group, presenting green-fluorescence (FITC). While PCS extract significantly decreased 
γ-H2AX (Ser139) nuclei accumulation compared with the UVB-control group as shown in 
figure 23A. In addition, Western blot analysis also showed that UVB induced γ-H2AX 
(Ser139) protein levels which can be suppressed by PCS extract (Fig. 23B). The Comet 
assay was conducted to confirm that the decreasing of γ-H2AX (Ser139) in cells was not 
caused by lacking DNA repair mechanisms. Comet assay is based on the migrating 
DNA fragments of a single cell under electrophoresis conditions. The Comet tail 
distance referred to the movement of DNA fraction. The results showed that UVB 
significantly increased DNA in tail (%) to 15.18±6.04% compared with the non-UVB 
group (3.19±2.05%). In contrast, 0.3 and 0.5 mg/mL of PCS extract slightly decreased 
DNA tail (11.18±3.96 and 9.07±4.61%%), while 1 mg/mL of PCS extract significantly 
inhibited DNA damage, was found the percentage of DNA in tail to 4.35±1.75% (Fig. 
23C and D). These results indicate that PCS extract decrease UVB-induced DNA 
damage in keratinocyte HaCaT cells. However, the effect on DNA repair mechanism in 
HaCaT cells induced by UVB needs further studies. 
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Figure 23 Shows effect of PCS extract attenuate UVB-induced DNA damage. HaCaT 
cells were treated with PCS extract at 0.3, 0.5, and 1 mg/mL for 1 h before exposed to 
25 mJ/cm2 UVB followed by incubated in medium for 24 h. A) Representative 
immunofluorescence analysis; FITC-fluorescence (green-color) signal is indicating γ-
H2AX (Ser139), and Hoechst3342-fluorescence (blue-color) signal is indicating nuclei. 
The yellow arrows shows the localization of γ-H2AX in the nucleus. B) The proteins 
expression of γ-H2AX. β-actin was used as the internal control. C) Representative 
Comet analysis, after rewinding DNA, the comet slide was stained with SYBY-gold and 
observed by using a fluorescence microscope. D) The average of percentage DNA in 
the comet tail of 50 comets in each sample were quantified by Image J plugin 
OpenComet (version 1.3.1). Data are mean values±SD. * p< 0.05 vs. non-UVB group 
and # p< 0.05 vs. UVB-control group. 
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4.6 Effect of PCS extract on UVB-induced NF-ƙB translocation in HaCaT cells 
From the data analysis, we demonstrated that PCS extract attenuated 

overproduction of intracellular ROS in HaCaT cells induced by UVB radiation. As it is 
well known, ROS-mediated NF- ƙB activation triggers inflammatory response. Thus, we 
investigated the effect of PCS extract on the kinetics of NF-ƙB translocation and protein 
expression in HaCaT cells induced by UVB. The results exhibited that UVB activated 
NF-ƙB translocation and increased NF-ƙB protein levels. In contrast, PCS extract 
reduced NF-ƙB translocation and protein expression in HaCaT cells induced by UVB as 
shown in figure 24. 

 

 
 

Figure 24 Shows effect of PCS extract against UVB-stimulated NF-ƙB activities. After 
UVB irradiated, cells were incubated for 1 h. Then, cells were investigated by using 
immunofluorescence analysis and Western blotting. A) Images represent translocation 
activity of NF-ƙB; Alexa froro546-fluorescence (red-color) signal is indicating NF-ƙB, and 
Hoechst3342-fluorescence (blue-color) signal is indicating nuclei. B) Representative 
Western blot analysis of NF-ƙB protein levels. β-actin was used as an internal control. 
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4.7 Effect of PCS extract on UVB-induced inflammatory cytokines production in HaCaT 
cells 

Until now, we found that PCS extract inhibited UVB-enhanced NF-ƙB activities 
which possibly attenuate inflammatory response in HaCaT cells. Thus, we determined 
key inflammatory cytokines including iNOS and COX-2 protein expression. The result 
showed that UVB significantly increased the expression of iNOS and COX-2 compared 
with the non-UVB group. In contrast, concentrations of 0.3, 0.5, and 1 mg/mL of PCS 
extract decreased iNOS and COX-2 levels with a significant difference when compared 
to the UVB-control group as shown in figure 25. 

 

 
 

Figure 25 Shows the effect of PCS extract on decreasing inflammatory cytokine proteins 
expression in HaCaT cells induced by UVB. After 24 h of treatment, cells were collected 
and protein expression was perfumed by Western blot analysis. A) Shows the proteins 
level of iNOS and COX-2, β-actin was used as an internal control. B) Shows the average 
relative band intensity, was quantified by Image J densitometer. Data are mean 
values±SD (n=3). *** p< 0.001 vs. non-UVB group and # p< 0.05; ## p< 0.01; ### p< 
0.001 vs. UVB-control group. 
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4.8 Effect of PCS extract on UVB-induced nuclear condensation in HaCaT cells 
To determine the apoptosis induction of UVB and the preventive effect of PCS 

extract in UVB-induced apoptosis, Hoechst33342 nuclear staining assay was carried 
out. Cells with blue-bright fluorescence referred to nuclear condensed cells, membrane 
blebbing, and apoptotic bodies. The result showed that UVB increased nuclear 
condensation and apoptotic bodies as shown in yellow arrow in figure 26A. Whereas, 
PCS extract was significantly inhibited UVB-induced nuclear condensation compared 
with the UVB-control group (Fig. 26B). These results imply that the PCS extract probably 
attenuated UVB-induced apoptosis. 

 

 
 

Figure 26 Shows PCS extract prevents UV-induced nuclear condensation in HaCaT 
cells. After 24 h of treatment, cells were stained with Hoechst33342 dye and visualized 
by a fluorescence microscope. A) Images represent nuclear condense cells and 
apoptotic bodies (yellow arrows). B) Shows the average of fluorescence intensity values 
was quantified by OPTIKA PROView software Version 5.0 (OPTIKA, Srl, Italy). Data are 
mean values±SD (n=3). *** p< 0.001 vs. non-UVB group and ## p< 0.01; ### p< 0.001 
vs. UVB-control group. 



  69 

4.9 Effect of PCS extract on UVB-induced sub-G1 population in HaCaT cells 
During apoptosis, the cellular DNA has been degraded and represents as a 

sub-G1 peak analyzed by flow cytometer. The results showed that UVB increased the 
percentage of sub-G1 population to 2.45±0.71% changed compared with non-UVB 
group was obtained 0.54±0.10% of sub-G1. However, PCS extract at 0.3, 0.5, and 1 
mg/mL decreased sub-G1 population were found to 0.87±0.37%, 0.75±0.33%, and 
0.74±0.35%, respectively compared with the UVB-control group as shown in figure 27. 
This result indicates that PCS extract protects UVB-induced apoptosis in HaCaT cells. 

 

 
 

Figure 27 Shows the inhibitory effect of PCS extract on UV-induced apoptosis through 
the decreasing of sub-G1 population. After 24 h of treatment, cells were stained with 
Guava cell cycle reagent. The cell cycle analysis was assessed by flow cytometry. The 
sub-G1 content is present as cells undergoing apoptosis. A) Shows DNA content in 
each phase. B) Histogram presents sub-G1 DNA content. Data are mean values±SD 
(n=3). *** p< 0.001 vs. non-UVB group and ### p< 0.001 vs. UVB-control group. 
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4.10 Effect of PCS extract on UVB-mediated apoptosis in HaCaT cells 
The apoptotic cells were examined by Hoechst 33342 staining and flow 

cytometry revealed that PCS extract protected nuclear condensation and decreased 
sub-G1 content in HaCaT cells induced by UVB. PCS extract may prevent UVB-
mediated apoptosis. To confirm the hypothesis, the activation of caspase8, -9, and -7 
which play an important role in apoptosis mediators were conducted by Western blot 
analysis. The result showed that UVB significantly increased cleaved form of caspase8, 
-9, and -7, and cleaved-PARP. In contrast, cleavage of caspase8, -9, and -7, and PARP 
proteins was decreased when cells were pre-treated with PCS extract at 0.3, 0.5, and 1 
mg/mL compared to the UVB-control group (Fig. 28). The results exhibit that PCS extract 
protects UVB-mediated apoptosis in HaCaT cells. 
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Figure 28 Shows the effect of PCS extract against UVB-induced apoptosis-related 
proteins. After 24 h of treatment, cells were collected and protein expression was 
performed by Western blot analysis. A) Shows the protein expression of cleaved-
caspase8/Caspase8, cleaved-caspase9/caspase9, cleaved-caspase7/caspase7, and 
cleaved-PARP/PARP. β-actin was used as the internal control. B) Shows the average 
relative band intensity was quantified by Image J densitometer. Data are mean 
values±SD (n=3). *** p< 0.001 vs. non-UVB group and ## p< 0.01; ### p< 0.001 vs. 
UVB-control group. 
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4.11 Effect of PCS extract on UVB-induced mitochondrial dysfunction in HaCaT cells 
To understand the anti-apoptosis activity of PCS extract on UVB-induced 

HaCaT cells, the expression of apoptosis-related Bcl-2 family proteins were determined. 
The results demonstrated UVB decreased Bcl-xL and Bcl-2 expression, and significantly 
increased Bax and Bak expression in HaCaT cells. Meanwhile, PCS extract at 0.3, 0.5, 
and 1 mg/mL showed the up-regulated Bcl-2 and Bcl-xL protein levels. In addition, the 
results exhibited that the PCS extract down-regulated Bax and Bak, especially PCS 
extract at 1 mg/mL, which showed significantly inhibited both pro-apoptotic proteins 
(Fig. 29A and B). As well known, the intracellular ROS and the imbalance of Bcl-2 family 
proteins are involved in mitochondrial dysfunction-mediated apoptosis. Thus, we 
investigated the mitochondrial membrane potential using a JC-1 cation fluorescent 
probe. The results demonstrated that the UVB showed red-fluorescence intensity was 
significantly lower than the non-UVB group, indicating UVB disrupted mitochondrial 
membrane potential. On the other hand, the PCS extract showed red-fluorescence 
intensity significantly higher than the UVB-control group (Fig. 29C and D). These data 
confirm that the PCS extract protects UVB-induced apoptosis via attenuated cleaved-
caspases and pro-apoptotic proteins expression. 
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Figure 29 Shows the effect of PCS extract against UVB-induced apoptosis via stabilized 
mitochondrial membrane potential. After 24 h of treatment, cells were collected and 
proteins expression was performed by Western blot analysis. While, detection of ΔΨm, 
cells were stained with JC-1 dye followed by observed under a fluorescence 
microscope. A) Shows proteins expression of Bcl-2 family proteins including Bcl-2, Bax, 
Bcl-xL, and Bak. β-actin was used as an internal control. B) Shows the average relative 
band intensity, was quantified by Image J densitometer. C) Shows the ΔΨm; green-
fluorescence preferred to unhealthy mitochondria with loss ΔΨm, red-fluorescence 
preferred to healthy mitochondria.  D) The histogram presents the average relative red-
fluorescence intensity, was quantified by Image J densitometer. Data are mean 
values±SD (n=3). ** p< 0.01; *** p< 0.001 vs. non-UVB group and ## p< 0.01; ### p< 
0.001 vs. UVB-control group. 
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4.12 Effect of PCS extract on UVB-induced stress-sensitive MAPK proteins 
phosphorylation in HaCaT cells 

The MAPK signaling pathway plays an important role to control cell 
proliferation, differentiation, inflammation, and apoptosis in mammalian cells, which can 
be activated by extracellular and intracellular signals such as intracellular ROS or UV 
radiation. Therefore, the effect of PCS extract on MAPKs protein expression in HaCaT 
cells induced by UVB was investigated. The results showed that UVB induced MAPKs 
phosphorylation by significantly increased in p-c-Jun and p-38 levels. Whereas, PCS 
extract significantly suppressed c-Jun phosphorylation in a dose-dependent manner. In 
addition, we found that PCS extract slightly decreased p38 activity without statistically 
significant difference at p<0.05 as shown in figure 30. These results indicate that PCS 
inhibited UVB-induced MAPKs phosphorylation, majorly suppressed p-c-Jun protein 
expression. 

 

 
 
Figure 30 Shows the effect of PCS extract on UVB-induced MAPKs phosphorylation. 
After 24 h of treatment, cells were collected and protein expression was performed by 
Western blot analysis. A) Shows the expression of p-c-Jun, c-Jun, p-p38, and p38. β-
actin was used as an internal control. B) Shows the average relative band intensity was 
quantified by Image J densitometer. Data are mean values±SD (n=3). * p< 0.05; *** p< 
0.001 vs. non-UVB group and ### p< 0.001 vs. UVB-control group. 
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4.13 Effect of PCS extract on UVB-induced Akt phosphorylation in HaCaT cells 
The Akt signaling pathway plays an important role in various processes such as 

cell proliferation, growth, angiogenesis, migration, and inhibit cell death. This pathway 
also activated by extracellular and intracellular signals such as intracellular ROS or UV 
radiation. Therefore, the effect of PCS extract on Akt expression in HaCaT cells induced 
by UVB was investigated. The results showed that 25 mJ/cm2 UVB increased p-Akt 
compared to the non-UVB group, which slightly reduced by PCS extract without 
statistically significant (p<0.05) as shown in figure 31. 
 

 
 
Figure 31 Shows the effect of PCS extract on UVB-induced Akt phosphorylation. After 24 
h of treatment, cells were collected and protein expression was performed by Western 
blot analysis. A) Shows the expression of p-Akt (Thr308), p-Akt (Ser473), Akt. β-actin 
was used as an internal control. B) Shows the average relative band intensity was 
quantified by Image J densitometer. Data are mean values±SD(n=3). 



 

CHAPTER 5 
SUMMARY DISCUSSION AND SUGGESTION 

 
5.1 Discussion 

It is well known that hydroglycolic extraction is a useful method in cosmetic 
applications (116). The reports demonstrated that the hydroglcolic plant extracts showed 
high phenolic content and bioactivities on skin cells such as antioxidant and anti-
tyrosinase activities (115, 121). Besides, pigments in plants/fruits range between red to deep 
blue color showed high efficiency against UV radiation such as strawberry, blueberry, 
raspberry, red grape, and black soy (122-127). These extracts are suited for skincare 
formulation development (115, 121). Currently, evidence has shown that purple corn and 
purple corn silk are rich in many phytonutrients mainly anthocyanins, and possessed 
antioxidant activities (14, 17, 113, 128). However, the phytocomponents of hydroglycolic PCS 
extracts have not yet been reported. In this study, we found that PCS extract exhibited 
high ability on UVB absorbing and antioxidant activity as shown in figure 22. Therefore, 
we hypothesized that the PCS extract might suit to be developed as a UV preventive 
agent in cosmetic ingredients. Thus, we evaluated the effect of PCS extract in UVB-
induced cell damage in human keratinocyte HaCaT cells. Previous studies showed that 
UVB radiation disrupts the balance between proliferation and cell death in keratinocyte 
cells through increasing skin cells death (2, 39, 129). Our results supported that UVB 
induced morphological changes and significantly decreased cell viability in HaCaT 
cells. While the PCS extract can inhibit these events. Thus, it is possible that PCS extract 
protects skin cell death from UVB. 

Intracellular ROS are byproducts of cell metabolism. The UVB induces 
overproduction of intracellular ROS led to an imbalance intracellular redox status, which 
mediates cellular inflammation, injury, and apoptosis (42, 130-132). Our results demonstrated 
that PCS extract reduced intracellular ROS in HaCaT cells induced by UVB correlated 
with the effect of cyanidin-3-galactoside (C3G) and cyanidin 3-lathyroside on inhibited 
UVB-induced oxidative stress via decreased hydrogen peroxide and enhanced 
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antioxidant enzyme activities (127, 133, 134). Thus, we suggest that PCS extract against UVB-
induced oxidative stress through decreased intracellular ROS. 

DNA is certainly one of the key targets for UV-induced cell damage. γ-H2AX 
(Ser139) is popular for consistent and quantitative markers of DNA damage (135). 
Previous studies demonstrated that UVB induces γ-H2AX (Ser139) nuclear accumulation 
leading to apoptosis induction (131, 136-139). These evidence correlate with our results. 
Interestingly, our finding revealed that PCS extract decreased γ-H2AX (Ser139), both of 
nuclear accumulation and protein expression. This finding in accordance with C3G 
showed inhibitory effects on UVB-induced DNA damage via decreased γ-H2AX 
(Ser139) and DNA photoproducts in skin cells (140). In fact, the absence of γ-H2AX 
(Ser139) may be leading to the accumulation of DNA breaks without repair 
enhancement, which is the cause of gene mutation and skin carcinogenesis. Hence, to 
confirm that the decreasing of γ-H2AX (Ser139) in cells was not caused by lacking DNA 
repair mechanisms, the comet assay was conducted. Comet assay is a technique for 
measuring DNA breaks in individual cells for the examination of the genotoxicity (141). In 
this study showed that PCS extract reduced the length of comet tail in UVB-treated cells. 
Thus, we confirm that PCS extract decreased DNA lesions without enhancing skin 
carcinogenesis risk. Our finding is correlated with Perde-Schrepler, et al (2013) revealed 
that anthocyanins-rich in grape seed extract inhibited UVB-induced skin cancer through 
reduced DNA photoproducts and lesion score of DNA comet tail (122). As in the previous 
study, suggested that proanthocyanins enhanced DNA repair on UVB-induced skin 
tumor development in Female C3H/HeN mice (142). However, the explanations for the 
mechanisms of the effects of hydroglycolic PCS extract against UVB-induced DNA 
damage and photocarcinogenesis need to be further studied and confirmed. 

In keratinocyte cells, NF-ƙB activities increase the sensitivity of UVB-induced 
inflammatory response through increase the expression of inflammatory cytokines such 
as COX-2 and iNOS (143-147). We found that PCS extract attenuated UVB-induced NF-ƙB 
activation and significantly decreased iNOS and COX-2. As in previous studies, 
suggested the UVA and UVB induced skin inflammation through NF-ƙB activation 
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leading to increased COX-2, PGE2, TNFα, IL-6, and IL-1β, which were attenuated by 
anthocyanins-rich extract such as raspberry, black soybean, and strawberry extract (123, 

124, 148). Thereby, we suggest PCS extract could reduce skin inflammation in skin cells 
induced by UVB. 

UVB causing apoptosis induction in keratinocyte cells (72), thus we investigated 
effect of PCS extract on UVB-induced apoptosis in HaCaT cells. Our result revealed that 
at 20 mJ/cm2 of UVB increased nuclear condensation and Sub-G1 population in cell 
cycle distribution, which can be reduced by PCS extract. Furthermore, we found that 
UVB increased cleaved-caspase8, -9, and -7 and subsequently increased cleaved-
PARP protein levels in HaCaT cells, which were inhibited by PCS extract. Our results are 
correlated with anthocyanins from black soybean coat extract, which showed an 
inhibitory effect on UVB-induced apoptotic cell death via decreased Sub-G1 and 
caspase3 activity in HaCaT cells (127). Besides, previous studies demonstrated that the 
imbalanced pro- and anti-apoptotic proteins together with overproduction of intracellular 
ROS caused mitochondrial swelling and induced the opening of large pores and 
depolarized mitochondrial membrane potential, impaired ATP production, and efflux of 
apoptogenic proteins, subsequently apoptosis induction (2, 8). These data correlated with 
our study that UVB radiation is the cause of the imbalance between pro-and anti-
apoptotic proteins and decreased mitochondrial membrane potential. Additionally, we 
found that PCS extract mainly attenuated Bax and Bak expression in UVB-treated 
HaCaT cells. 

Due to several studies, it has been suggested that the strong activation of 
stress-sensitive JNK and p38 MAPK is remarkable in dominantly responding to stress 
signals and UV. Thus, in these studies, we did not investigate the effect of UVB on 
ERK1/2 signaling pathway (8, 149, 150). The active JNK consequently improves transcription 
factor activities such as c-Jun, ATF2, and Elk (150, 151). Papavassiliou, et al (2020) 
suggested that c-Jun activity mostly activates through JNK pathway. Following 
activation, JNK phosphorylates c-Jun at Ser63 and Ser73, and Thr91 and Thr93, which 
are positive regulatory domain. This event leads to the homodimerization of c-Jun or 
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heterodimerization with c-Fos (152). While, the p38 is activated via phosphorylation of 
Thr180 and Tyr182 (151). These events regulated protein expression mediated 
inflammatory response and apoptosis, including MMPs, COX-2, iNOS, Smad3, Bcl-2 
family, p53, and cell cycle-regulated proteins (8, 150, 151, 153, 154). Likewise, Akt pathway plays 
an important role in various processes, activated by UV and oxidative stress (96). The Akt 
activation via the phosphorylation at Thr308 and Ser473, thereby the forming complex 
with Bcl-2/Bcl-xL proteins inhibiting apoptosis. In addition, Akt pathway also control 
inflammatory response through NF-ƙB and AP-1 activation (155, 156). Choi, et al (2015) 
demonstrated that UVB increased Akt and NF-ƙB activities in mice skin (156). Previous 
study demonstrated that the red raspberry extract and C3G compound inhibited skin 
damage in UVB-treated HaCaT cells through attenuated p-p38 and p-c-Jun (63, 123, 125). 
Whereas in 2014, Huh, et al. showed that Pinus densiflora leaf extract and its active 
compounds, Ttans-communic acid suppressed p-c-Jun, c-fos, and Akt pathway, but no 
effect on p38 MAPKs in UVB-induced photoaging in skin cells (155). While our results 
demonstrated that PCS extract mainly inhibited c-Jun phosphorylation in HaCaT cells 
induced by UVB. Hence, we suggest that the hydroglycolic PCS extract could attenuate 
skin inflammation and apoptosis by reduced intracellular ROS, prevented DNA damage 
as well as mainly suppressing the activities of NF-ƙB, caspases, pro-apoptotic, and c-
Jun. 

 
5.2 Conclusion 

In summary, we found that PCS extract present antioxidant activity and 
exhibited high ability on UVB absorbing. Meanwhile, PCS extract reduced intracellular 
ROS and DNA breaks in UVB-treated HaCaT cells. Moreover, PCS extract reduced NF-
ƙB activity and decreased COX-2 and iNOS levels. Interestingly, PCS extract also 
inhibited apoptosis by significantly attenuating Bax and Bak expression, and 
suppressed caspase8, -9, and -7 activities, subsequently inhibited PARP degradation in 
UVB-treated HaCaT cells. In addition, the results showed that PCS extract decreased 
UVB-induced skin inflammation and apoptosis through suppressing c-Jun 
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phosphorylation (Fig. 32). Therefore, to increase the value of agricultural waste, we 
suggest that hydroglycolic PCS extract is a new candidate suited for development as an 
UVB preventive agent in skincare products. 

 

 
 

Figure 32 Represents the summary effect of PCS extract on UVB-induced cell damage 
in keratinocyte HaCaT cells 
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