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ABSTRACT 

Entada phaseoloides (Family Fabaceae) leaf is a large, woody climber, stem often spirally 

twisted. The components and biological activities (such as anti-inflammatory activity and 

antioxidant) of the seeds and stems of E. phaseoloides have been investigated. Also, 

entadamide C has been reported to be contain in E. phaseoloides leaves.  However, the 

bioactivity of E. phaseoloides leaves are mostly remains unknown. 

Human skin is the body’s most exposed organ, and it protects the body from a rage of 

environmental afflictions such as ultraviolet (UV), dust, pollen, and PM 2.5. Meanwhile, 

human skin is subjected to chronic and repeated environmental damage. Chronic UV 

exposure produces oxidative stress, molecular damage, and aging-related signal 

transduction, all of which contribute to skin photoaging. The UVB, a large part of the solar 

UV, is ineffective in penetrating into the deep skin layer, however, it particularly influences 

the epidermis (the skin’s superficial layer which mostly comprises of keratinocytes), and 

it cause skin diseases. Consequently, they decrease intracellular reactive oxygen species 

(ROS) levels that might be the powerful strategy for the protection of skin damage. In this 

study, the acetone extract of E. phaseoloides leaves was investigated for the antioxidant 

and protective effect on UVB-irradiated human keratinocytes (HaCaT cells). The acetone 

extract showed antioxidant activity in 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 2,2-

azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) assays with IC50 values of 

125.4±35.7 and 704.6±56.0 µg/mL, respectively. Acetone extract of E. phaseoloides at a 

concentration of 40 µg/mL, increased cell survival rate of the UVB-damaged HaCaT cells. 

Moreover, the acetone extract suppressed gene expression of iNOS and COX-2 in UVB-
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induced HaCaT cells, on the other hand, decreased UVB-induced apoptosis in HaCaT cells 

by regulating the gene expression of caspase-3.  

Further, the extract from E. phaseoloides was employed as an active ingredient of natural 

origin into cosmetic products, while the components analysis was barely reported.  

Eleven compounds, protocatechuic acid, 4-hydroxybenzoic acid, luteolin-7-O-b-D-

glucoside, cirsimaritin, luteolin, quercetin, (+)-dihydrokaempferol, and apigenin, were 

identified or tentatively identified in acetone extract of E. phaseoloides leaves by LC-

DAD-MS/qTOF. Among them, six phenolic compounds, protocatechuic acid, 4-

hydroxybenzoic acid, luteolin-7-O-b-D-glucoside, cirsimaritin, (+)-dihydrokaempferol, 

and apigenin, were isolated by various chromatographic techniques such as open column 

chromatography, preparative thin-layer chromatography (TLC), and medium pressure 

liquid chromatography (MPLC). The chemical structure of isolated compounds was 

confirmed by NMR and MS data. The cytotoxicity of isolated/standard compounds on 

HaCaT cells were performed by using MTT assay. The results showed that luteolin and 

apigenin (100 µM) have toxicity while all the other compounds did not affect cell viability. 

The protective effect of isolated/standard compounds against UVB irradiation (30 mJ/cm2) 

were determined with different concentrations. The cell viability of HaCaT cells pre-

treated with protocatechuic acid, (-)-epicatechin, and kaempferol for 24 h were increased 

compared with control group. HaCaT cells migration is critical for skin wound healing. 

The effect of protocatechuic acid, (-)-epicatechin, and kaempferol on HaCaT cells 

migration were assessed using an in vitro HaCaT cell scratch assay. After wounding, at 0 

and 24 h the wound area surrounded by the edges of the wound monolayer was measured. 
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The findings revealed that protocatechuic acid and (-)-epicatechin helped to reverse the 

effect of UVB on wounded skin compared with non-treated group. COX-2 and iNOS are 

the remarkable inflammatory markers, and their overexpression reduced HaCaT cell 

proliferation and differentiation. UVB irradiation increased the expression of COX- 2 and 

iNOS markers in HaCaT cells in the current investigation. Meanwhile, pre-treatment by 

100 μM of protocatechuic acid, (-)-epicatechin, and kaempferol show diminished 

expression of both COX-2 and iNOS in HaCaT cells. These results suggested that acetone 

extract of E. phaseoloides leaves and also protocatechuic acid, (-)-epicatechin, and 

kaempferol from the acetone extract, have anti-photoaging properties and could be a good 

candidate to be employed in pharmaceutical and cosmeceutical products. 
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CHAPTER 1 

Introduction



 

1.1 Natural products  

A chemical compound or material derived from natural sources such as plants, 

animals, or microbes is known as a natural product. It continues to be a critical aspect in 

the development of novel chemical properties such as therapeutic leads or aesthetic 

chemicals. All living organisms produce a variety of metabolites that include essential 

primary metabolites for their growth, evolution, and reproduction, as well as secondary 

metabolites that aren't necessary for existence. [1]. Among natural resources, plant-derived 

natural products are still being admitted as the most important source for drug and cosmetic 

discovery and development [2]. Plant-derived natural compounds are employed in a 

significant proportion of pharmaceuticals and cosmetics, making terrestrial plants an 

important but depleted resource. Furthermore, ethnomedical knowledge acquired over 

hundreds of years of human use, has been accumulated and proven for their lower toxicity. 

These compounds also serve as lead structures/compounds to aid in the development of 

more effective cosmetics. 

 The cosmetic and personal care businesses have grown dramatically in this century. 

During the forecast period (2016-2022), the global cosmetics market is expected to develop 

at a compound yearly growth rate of 4.3%, reaching 429.8 billion USD [3]. Natural 

cosmetics are becoming increasingly fashionable. A cosmetic can be classified “green” if 

it contains active ingredients obtained from plant rather than chemically produced 

comparable active ingredients. [4]. 
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1.2 Natural Antiaging 

Natural antiaging ingredients include barrier repair, moisturizing, anti-

inflammatory, skin lightening, and sunblock agent. 

1.2.1 Anti-Inflammatory Ingredients 

Exogenous stimuli can influence wound healing, skin aging, inflammatory 

dermatoses, and skin cancer. The inflammatory response, which offers tissue repair and 

infection control, is triggered when the skin barrier is damaged. Initially, keratinocytes and 

innate immune cells (such as leukocytes, dendritic cells, and mast cells) are activated. 

Then, cytokines (such as IL-1a IL-6, and TNF-a) are produced which invite immune cells 

to the injury site, regulates acquired immune cell’s differentiation and proliferation, and 

also enhance antibody responses. Finally, reactive oxygen species (ROS), elastases, and 

proteinases are created [5]. As a result, inflammation plays a role in the development of 

acne and is responsible for discomfort, swelling, and redness in the skin. Some foods such 

as licorice root, turmeric, oats, and almonds are known to have anti-inflammatory 

properties [6,7]. 

1.2.2 Ultraviolet Radiation and Sunblock Ingredients 

Ultraviolet (UV), which is abundant in the environment, is linked to a number of 

skin problems, including inflammation, aging, and cancer [8]. UV radiation is classified 

into three types based on wavelength: UV-A (320–400 nm), UV-B (280–320 nm), and UV-

C (100–280 nm) [3]. Depending on the intensity and spectrum of UV radiation, it can cause 

edema, erythema, hyperpigmentation, photoaging, immunological suppression, and skin 

cancer [9]. Continuous UV exposure can be resulted in pigmentation, lesions, sunburn, 
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dark spots, collagen fiber breakdown, wrinkles, photoaging, and cancer. Fibroblasts and 

keratinocytes are both damaged by UV-A photons [10]. Reactive oxygen species (ROS) 

(e.g., superoxide, hydrogen peroxide, and hydroxyl radicals) are formed when UV 

absorbed by cellular chromophores in the skin. DNA damage can be caused by oxidative 

stress [11]. UV-B is also known as "burning rays" and are the most active component of 

solar energy. It can cause immunosuppression and skin cancer by having both direct and 

indirect negative effects on DNA and proteins [12]. UV-C is the most harmful UV 

wavelength. Fortunately, the atmosphere absorbs these radiations before they reach our 

skin. They are powerful mutagens that have the potential to cause cancer and immune-

mediated illness [13]. 
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Figure 1 Spectrum of ultraviolet (UV) light and wavelength-dependent penetration of 

UV in the skin. 
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1.2.3 Skin antioxidant systems 

 Atoms or molecules having unpaired electrons in their final electronic layer, as well 

as molecules of excited oxygen, are known as reactive oxygen species (ROS). Molecular 

oxygen, hydrogen peroxide, and singlet oxygen are not free radicals but stimulate oxidative 

reactions and generate free radicals. Together, these species are defined as ROS. Lipids, 

proteins and DNA are the molecules most subjected to oxidative damage. When ROS 

attack polyunsaturated fatty acids (lipid peroxidation), it changes membrane fluidity, 

composition, selectivity, and causes transepidermal water loss, which resulting in skin 

dryness. Mutagenesis, cancer, and aging are all caused by ROSs attacking the nucleic acid 

[14]. 
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1.3 Human skin 

The human skin is the body’s most exposed organ that defends against a variety of 

environmental ailments. However, chronic, and recurrent environmental harm to human 

skin is a serious problem. The skin is made up of three tissue layers: the epidermis, the 

dermis, and the hypodermis (Figure 2) [15].  

 

Figure 2 The structure of human skin 

(https://www.vectorstock.com/royalty-free-vector/human-anatomy-skin-and-hair-

diagram-vector-17150654 Accessed: 10th December 2021) 
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The epidermis is the body's outermost layer and serves as a point of contact with 

the outside world. Therefore, epidermal biological and physical properties play a critical 

role in resistance to environmental stresses like pathogenic infections, chemical reagents, 

and UV. Keratinocytes constitute the majority of epidermis, and they have crucial role in 

initiation, maintenance, and completion of wound healing [16].  

The dermis, derived from mesoderm, underlies the epidermis and harbors 

cutaneous structures including hair follicles, nerves, sebaceous glands and sweat glands. 

The dermis also contains abundant immune cells and fibroblasts, which actively participate 

in many physiologic responses in the skin [17]. 

The hypodermis is the subcutaneous adipose layer underneath the dermis that 

surrounds hair follicles and connects the skin to muscles and bones. Hypodermis consists 

largely of fat. It provides the main structural support for the skin, as well as insulating the 

body from cold and aiding shock absorption. It is interlaced with blood vessels and nerves 

[18].  
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1.5 Plant-based anti-aging inhibitors  

There has been an increase in scientific interest in reducing the consequences of 

aging in recent years [19]. Although current technology that requires more intrusive 

procedures is effective in healing aging skin, the usage of herbs and herbal products is more 

relevant. Combining these herbal preparations with molecular techniques will assist in 

maximizing effectiveness and in maintaining the desired anti-aging skin benefits. Several 

studies that examined the plant extracts and their ingredients and action mechanisms, have 

reported the presence of anti-aging properties in plants.  

1.5.1 Curcuma longa 

Phenolic compounds from Curcuma longa [20] such as curcumin, galangin, 

kaempferol, quercetin, and myricetin all have the ability to inhibit elastase [21]. The 

condensed tannin pentagalloylglucose and ellagic acid are indicated said to assist in 

binding elastin and preventing it from degrading [22]. 
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1.5.2 Vitis vinifera 

Resveratrol, a stilbene with antioxidant properties, is found in grape seed and can 

help to prevent skin cancer, UV light-induced skin cancer, and other inflammatory 

disorders [23]. Because they can inhibit ROS and scavenge free radicals, grape seed 

polyphenolic chemicals (proanthocyanins and procyanidins) have skin-lightening 

properties [24-26]. 

 

Figure 3 The chemical structures of curcumin and resveratrol 
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1.5.3 Punica granatum 

Ellagic acid, punicalagin, and punicic acid are found in Punica granatum 

(pomegranate). By inhibiting tyrosinase and increasing antifungal and anti-inflammatory 

effects, ellagic acid and punicalagin can improve skin health [26-28]. Punicic acid also 

protects skin against UV-induced radiation. Ellagic acid is phenolic component allowed 

for use in cosmetic ingredient as a lighting agent because it chelates copper ions found in 

tyrosinase enzymes and reduces UVB-induced hyperpigmentation [29-31]. 

 

Figure 4 The chemical structures of Ellagic acid, punicalagin, and punicic acid 
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1.6 Introduction of Entada phaseoloides 

Entada phaseoloides (L.) Merr. (藻玉 (Modama) in Japanese) is a large evergreen 

liana that climbs high into the tropical forest and can be found in lowland coastal forests 

of Africa, Asia, and Australia. The pods can grow up to 2 m long and 130 mm wide, and 

they contain 10 to 20 brown seeds with a diameter of up to 100 mm.   

Taxonomy of E. phaseoloides is classified as [34];  

 

Kingdom: Plantae 

 Division: Tracheophyta 

  Class: Magnoliopsida 

   Order: Fabales 

    Family: Fabaceae 

     Genus: Entada 

               Species: Entada phaseoloides (L.) Merr. 

Even if the seeds have been floating in saline water for a long time, they retain their 

germination ability [33]. In Thailand and other tropics, the seeds of Entada species are used 

as a folk medicine to treat skin ailments and as a soap plant [34]. 

In 1956, the first report on E. phaseoloides by Barua et al. describing the isolation 

of a triterpene named entagenic acid, just proposed that entagenic acid had an a-glycol 

moiety in the D or E ring of the triterpene skeleton [35]. In 1983, Barua et al. revealed the 

structure of entagenic acid, which is seen in Figure 5 [36]. The NMR evidence for 

entagenic acid was then presented by Okada et al. [37]. 
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Figure 5 The structures of echinocystic acid and entagenic acid from E. phaseoloides 

 

Ikegami et al. isolated thioamide derivatives, referred to as entadamides A–C 

(Figure 6), from E. phaseoloides seed kernels and leaves and identified their structures 

using synthetic methods [38-40]. 

 

Figure 6 The structures of entadamide A-C, sulphur-containing amides from kernel seeds 

and stems of E. phaseoloides 
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In the DPPH assay, phenolic compounds extracted from E. phaseoloides stems 

displayed radical scavenging activity, as shown in Figure 7, with ortho-dihydroxy moieties 

showing higher activity [41]. 

 

 

Figure 7 The structures of antioxidant phenolic compounds from E. phaseoloides 
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1.7 Objectives of the present study 

Although some phenolic compounds from E. phaseoloides stems have been 

reported to possess antioxidant, their active compounds from leaves have been scarcely 

reported. Thus, in the present study we focused on isolation and identification of active 

compounds from leaves E. phaseoloides to evaluate their anti-phototoxicity activity. 

Therefore, the results of this study should provide a new material for protection against UV 

damage. The objectives of this study are as follows; 

1. To extract and isolate anti-phototoxicity active compounds from E. phaseoloides 

leaves. 

2. To elucidate structures of isolated compounds. 

3. To evaluate the isolated compounds anti-phototoxicity activity. 

4. To study action mechanism of selected compounds on inflammation gene. 
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CHAPTER 2 

Antioxidant and Protective Effect of Acetone Extract of Entada phaseoloides Leaves 

on UVB-irradiated Human Keratinocytes 
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Part I: INTRODUCTION 

2.1.2 Exposure to solar ultraviolet radiation on human skin 

Human skin serves as the primary barrier against environmental pollutants while 

also providing external beauty. Extrinsic skin aging, also known as skin photoaging, is 

caused by prolonged exposure to external stimuli, with UVB and UVB irradiation being 

one of the most damaging culprits. UVB increases ROS generation while lowering 

endogenous antioxidants, causing molecular damage, and triggering aging-related signal 

transduction. UVB-induced changes can cause additional skin problems, including skin 

cancer, in addition to photoaging [42]. 

Photo chronical production of ROS is induced by UV irradiation, which activates 

cell surface growth factors, cytokine receptors, and the nicotinamide adenine dinucleotide 

phosphate (NADPH) oxidase enzyme [43]. The phosphorylation of tyrosine residues on 

receptors and their associated adaptor proteins causes signal propagation inside the cell 

[44]. Activator protein 1 (AP-1) and nuclear factor-KB (NF-KB), two nuclear transcription 

factors involved in the transcription of genes encoding matrix-degrading enzymes and 

proinflammatory cytokines, respectively, are activated [45]. The inflammatory enzyme 

cyclooxygenase-2 (COX- 2) is activated by NF-KB activation and transforms arachidonic 

acid into prostaglandins (PGE2). These transcription factors are associated with skin 

dryness, pigmentation, laxity, deep wrinkling [46-47], and apoptosis activation [48-49]. 
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2.1.2 Antioxidants as Antagonists of ROS in Skin Disorders 

Antioxidants in the first line of defense prevent free radical generation, whereas 

antioxidants in the second line prevent free radical chain initiation and/or break chain 

propagation reactions. The cell can induce the transcription and translation of de novo 

enzymes involved in repair pathways in response to oxidative stress. If the cell can 

overcome the deleterious consequences of stress damage, it will adapt and recover 

physiological antioxidant levels. On the other hand, in the case of chronic or extreme stress, 

the cell will undergo programmed cell death, as shown schematically in Figure 8 [50].  
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Figure 8 A scheme of the cell antioxidant response following oxidative stress injury. 

 

2.1.3 Sources of antiaging antioxidants  

Exogenous antioxidant supplementation and/or skin pretreatment with antioxidant-

based lotions before to sun exposure may be a successful technique for preventing age-

related skin oxidative damage [51]. Vitamins, polyunsaturated fatty acids, and polyphenols 

from plant sources have been found to help prevent age-related disorders when consumed 

on a regular basis. In recent years, the search for effective natural chemicals that can protect 
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against the harmful effects of photoaging has increased. Indeed, the number of antiaging 

compounds isolated from various portions of a variety of plant species is constantly 

increasing [52-53]. To defend themselves from UV radiation, plants create a large number 

of secondary metabolites, which can be used as natural antioxidants to protect the skin from 

photoaging. These active compounds can protect the skin by absorbing UV rays, blocking 

UV-induced free radical reactions in cells, and modifying the skin's endogenous 

antioxidant and inflammatory systems [54]. 

Moreover, E. phaseoloides leaves haven’t been studied for their protective effect 

on UVB-induced human keratinocytes. Also, it is barely reporting the active compounds 

from E. phaseoloides leaves Thus, this chapter investigated the antioxidant activity and 

protective effect of E. phaseoloides leaves (AE) on UVB-induced HaCaT cells.  
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Part II: EXPERIMENTAL 

2.2.1 Material 

Leaves of E. phaseoloides were collected from Kanchanaburi Province, Thailand, 

in June 2019 and authenticated by Mr. Ratanachai Suthima, a staff of Forestry Center in 

Kanchanaburi. The sample was dried under the shade for four days and then ground into a 

fine powder.  

 

2.2.2 Chemicals and reagents  

The standard phenolic compounds, gallic acid and 4-hydroxybenzoic acid were 

purchased from Wako Pure Chemical Industries (Osaka, Japan). Quercetin and luteolin 

were purchased from Sigma-Aldrich (St. Louis, MO, USA). Protocatechuic acid, 

kaempferol, and apigenin were purchased from Tokyo Chemical Industry (Tokyo, Japan). 

2,2-diphynyl-1-picrylhydrazyl (DPPH) was purchased from Wako Pure Chemical 

Industries (Osaka, Japan). 2,2-azinobis-3-ethylbenzo-thiazoline-6-sulphonic acid (ABTS) 

and potassium persulfate (K2S2O8) were purchased from Sigma-Aldrich (St. Louis, MO, 

USA).  Ascorbic acid was purchased from Tokyo Chemical Industry (Tokyo, Japan). Folin-

Ciocalteu reagent was purchased from Merck (Darmstadt, Germany). Sodium bicarbonate 

(NaHCO3) was purchased from Wako Pure Chemical Industries (Osaka, Japan). The 

solvents, ethyl acetate (EtOAc), acetone, methanol (MeOH), ethanol (EtOH), and dimethyl 

sulfoxide (DMSO) were purchased from Wako Pure Chemical Industries (Osaka, Japan). 
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2.2.3 Preparation of the extracts of E. phaseoloides leaves  

The powdered E. phaseoloides leaves (200 mg) were extracted by a sonicator bath 

at 50oC with 70% EtOH, EtOH, 70% MeOH, MeOH, acetone, and EtOAc four times (300 

mL, 60 min each). The extracts were evaporated under reduced pressure, using a rotary 

vacuum evaporator at 45oC. 

 

2.2.4 HPLC Analysis of the Chemical Profile of extracts 

The secondary metabolites of E. phaseoloides extracts were analyzed by high-

performance liquid chromatography (HPLC) using standard compounds such as gallic 

acid, protocatechuic acid, 4-hydroxybenzoic acid, quercetin, luteolin, and apigenin. All 

experiments were performed on a 1260 infinity II LC (Agilent Technologies, Santa Clara, 

CA, USA) with a 1290 Infinity II ELSD (Agilent Technologies, Santa Clara, CA, USA). 

The extracts were dissolved in MeOH at the concentration of 3 mg/mL, then 5 µL of each 

was injected and flow rate 0.4 mL/min. The separation was performed on YMC triart-C18 

column (4.6 ´ 150 mm, 5 µm) (YMC Company, Kyoto, Japan) at 40oC with the gradient 

system of 0.1% formic acid in water (solvent A) and 0.1% formic acid in MeOH (solvent 

B) as follows 0-2 min, 20% B; 2-22 min, 20-100% B; 22-30 min, 100% B, finally the B 

content was decreased to the initial conditions in 5 min and the column re-equilibrate for 5 

min. The diode array detector (DAD) was measured over the range of 200-600 nm. The 

evaporation temperature of the ELSD detector was set at 80oC. The nebulizer temperature 

of the ELSD detector was set at 30oC. The gas flow ratio was 1.6 mL/min. Agilent 
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OpenLAB chromatography Data System (CDS) EZChrom software (Agilent 

Technologies, Santa Clara, CA, USA) was used to collect data and monitor the hardware. 

 

2.2.5 Total Phenolic Content Assay 

The amount of total soluble phenolics was determined according to the Folin-

Ciocalteu method [55] with some modifications. Standard gallic acid solution was prepared 

by dissolving 100 mg in 1000 µL of MeOH (1000 µg/mL). Various concentrations of gallic 

acid solutions in methanol (6.25, 12.5, 25, 50, and 100 µg/mL) were prepared from the 

standard solution and pipetted (100 µL) to a 96-well plate. Then, 50 µL of Folin-Ciocalteu 

reagent diluted 5-fold with 70% methanol and 50 µL of 7% (w/v) sodium bicarbonate 

(NaHCO3) were added to each well. The final volume in each well was 200 µL. The plate 

was incubated at room temperature for 5 min. Color development at 650 nm was then 

determined using a BioTek Synergy HTX Multi-Mode Reader. The Folin-Ciocalteu 

reagent oxidized phenols in extract and changed into a dark blue color. All experiments 

were carried out in the triplicates, and the average absorbance values obtained at different 

concentration of gallic acid were used to plot the calibration curve. 

The AE had been diluted with methanol stepwise. The diluted sample (100 µL) was 

pipetted into a 96-well plate. The procedure as described for standard gallic acid was 

followed, and absorbance for each concentration of the AE was recorded. The color 

development intensities of the AE are shown as gallic acid equivalents (GAE) per gram of 

AE (µg GAE/mg extract). The total phenolic contents in AE were calculated by the using 

the formula: 
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C = c V
m

 

Where; 

C is total phenolic content µg/mg extract. 

C is concentration of gallic acid obtained from calibration curve in mg/mL. 

m is mass of extract in gram. 

 

2.2.6 Scavenging Activity of DPPH Radical 

The DPPH• (2,2-diphynyl-1-picrylhydrazyl) scavenging ability of AE was 

evaluated by mixing 50 µL of DPPH• methanol solution (0.06 mM) with 50 µL of AE or 

ascorbic acid (AA as positive control) dissolved in methanol at different concentrations. 

The absorbance was measured at 517 nm (BioTek Synergy HTX Multi-Mode Reader) after 

45 min of incubation at room temperature in the dark. A negative control was produced 

with 50 µL of methanol mixed in 50 µL of DPPH• and maintained under the same 

conditions as sample [56]. The antioxidant activity of AE and AA were calculated by using 

the following equation: 

Inhibition (%) = Abs517control-Abs517sample

Abs517control
 ´ 100 

Where: 

Abs517control is the absorbance at 517 nm of the control well (DMSO) 

Abs517sample is the absorbance at 517 nm of the test well (test extract) 
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2.2.7 Scavenging Activity of ABTS Radical 

The ABTS•+ (2,2-azinobis-3-ethylbenzo-thiazoline-6-sulphonic acid) scavenging 

ability of AE was evaluated by ABTS assay [56]. To produce ABTS•+ radical cations, 7 

mM ABTS stock solution was mixed with 2.45 mM potassium persulfate (K2S2O8) at room 

temperature in the dark for 16 h. The ABTS•+ solution was diluted with methanol to obtain 

an absorbance of 0.70±0.02 at 734 nm (BioTek Synergy HTX Multi-Mode Reader). Then, 

20 µL of AE or AA (as positive control) dissolved in methanol at different concentrations 

was added to 180 µL of the ABTS•+ solution. The absorbance was measured after 6 min at 

room temperature in the dark. The antioxidant activity of AE and AA were calculated by 

using the following equation: 

Inhibition (%) = Abs734control-Abs734sample

Abs734control
 ´ 100 

Where: 

Abs734control is the absorbance at 734 nm of the control well (DMSO) 

Abs734sample is the absorbance at 734 nm of the test well (test extract) 

 

2.2.8 Cell Culture 

Human spontaneously transformed keratinocyte (HaCaT) cells were cultured in 

Dulbecco’s Modified Eagle’s medium (DMEM) high glucose supplemented with 10% 

heat-inactivated fetal bovine serum (FBS) and 100 U/mL penicillin-streptomycin at 37oC 

in a 5% CO2 humidified incubator. 
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2.2.9 Cytotoxicity Assay 

Bioassay of cytotoxic activity was performed in vitro by colorimetric method that 

measures the reaction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphynyltrazoliumbromide 

(MTT) by mitochondrial succinate dehydrogenase. The MTT enters cells and passes into 

the mitochondria, reducing to a dark purple color(formazan). This is then followed by 

solubilization and measurement by spectrophotometry. Generally, reduction of MTT 

occurs in metabolically active cells, the level of activity is thus measured from the viability 

of the cells, which is proportional [57-58].  

HaCaT cells were seeded into 96-well plate at a density of 1´105 cells/mL and were 

incubated overnight at 37oC in a humidified atmosphere of 5% CO2. Then, the cells were 

treated with acetone extract at various concentrations for 24 h. Subsequently, 10 µL of 

MTT solution (5 mg/mL in phosphate buffered saline, PBS) was added to each well and 

incubated for an additional 4 h. Then, supernatant was discarded, and 40 mM HCl-

isopropanol (100 µL) was added to dissolve the formazan crystals. The absorbance was 

measured at 570 nm using Microplate Reader 310-Lab (Corona Electric Company, Ibaraki, 

Japan). Cell viability was calculated as percentage of the viability measured in control cells 

treated with DMSO without samples. 

The results were presented as the percentage of cell viability. Cell viability was 

calculated using the following formula: 
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Cell viability (%) = Abs570 of tested cells
Abs570 of control cells

 ´ 100 

Where; 

Abs570control is the absorbance at 570 nm of the control well (DMSO) 

Abs570sample is the absorbance at 570 nm of the test well (test extract) 

 

2.2.10 UVB-irradiation 

HaCaT cells were seeded into a  96-well plate for 24 h and pre-treated with the 

testing compounds at various concentrations for 24 h at 37oC in 5% CO2 humidified 

incubator. The cells were washed with phosphate buffered saline (PBS) and 100 µL of PBS 

was added. After that, UVB-irradiation were exposed to HaCaT cells (30 mJ/cm2 for 20 

sec). UVB-irradiation was performed with UVP CL-1000 Ultraviolet Crosslinker (Vilber 

Lourmat, Torcy, France). The UVB radiation source was a fluorescent lamp that emitted 

energy with a peak at 312 nm. After removing PBS, serum-free DMEM was added into 

cells and were incubated for 24 h. Cell viability was evaluated by MTT assay and calculated 

using the following formula: 

Cell viability (%) = Abs570 of tested cells
Abs570 of control cells

 ´ 100 

Where; 

Abs570control is the absorbance at 570 nm of the control well (DMSO) 

Abs570sample is the absorbance at 570 nm of the test well (test extract) 
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Figure 9 A schematic presentation of protocols for HaCaT cells (A) cytotoxicity 

(B) UVB-irradiation 

 

2.2.11 Real-Time Quantitative PCR Analysis for UVB-irradiation 

HaCaT cells were seeded at 1´105 cells/mL in a 24-well plate and incubated for 24 

h at 37oC in a 5% CO2. Then, the cells were pre-treated with acetone extract (10, 20, and 

40 µg/mL). This was followed by exposure to UVB (30 mJ/cm2, 20 sec) and further 

incubation with serum-free medium for 24 h. After cell collection, total RNA was prepared 

using RNeasy Mini kit (Qiagen Hilden, Germany) following the manufacturer’s 
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instructions. cDNA was synthesized from the extracted total RNA by ReverTra Ace qPCR 

RT Master Mix with gDNA Remover (TOYOBO, Osaka, Japan). Real-Time quantitative 

PCR was performed using the synthesized cDNA as a template with AriaMX (Agilent 

Technologies, Japan). THUNDERBIRD SYBR qPCRMix (TOYOBO, Osaka, Japan) was 

used for the real-time PCR reaction. The real-time PCR reaction conditions were initial 

denaturation at 95oC for 60 sec. cDNA samples were amplified for 40 cycles (95oC for 15 

sec and 60oC for 60 sec). Real-time quantitative PCR was performed using specific forward 

and reverse primer (Table 1). 

Table 1 Sequences of primers (human) used in real-time quantitative PCR. 

Target Primer Sequence (5’ to 3’) 

GADPH 
Forward 

Reverse 

GCACCGTCAAGGCTGAGAAC 

ATGGTGGTGAAGACGCCAGT 

COX-2 
Forward 

Reverse 

AAGTTGGCAGCAAATTGAGCA 

TCCTTTTCTCCTGTGAAGGCG 

iNOS 
Forward 

Reverse 

TACTCCACCAACAATGGCAA 

ATAGCGGATGAGCTGAGCAT 

Caspase-3 
Forward 

Reverse 

AGGACTCTAGACGGCATCCA 

CAGTGAGACTTGGTGCAGTGA 
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2.2.12 Circadian Rhythm Activity 

HaCaT cells were seed into a 24-wells plate at a density 1 ´ 105 cells/well in 1 mL 

and cells were incubated for 24 h. After removed the medium, serum-free DMEM was 

added into cells and were incubated for 24 h. The medium was exchanged with serum-rich 

medium DMEM (50% FBS + 1% penicillin) and after 2 h the cells were treated with 100 

µg/mL of extracts and resveratrol as positive control (100 µM), dissolved in DMSO. The 

cells then were collected for RT-qPCR at intervals between 12 and 16 h time points.  

 

Figure 10 A schematic presentation of protocols for circadian rhythm activity. 

 

2.2.13 Real-Time Quantitative PCR Analysis for Circadian Rhythm 

Total RNA was extracted from HaCaT cells which performed as 2.2.11 described. 

The gene expression levels were normalized to the corresponding b-actin level. The primer 

sequences are shown in Table 2. 
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Table 2 Sequences of primers (human) used in real-time quantitative PCR. 

Target Primer Sequence (5’ to 3’) 

b-actin 
Forward 

Reverse 

CGCGTCCGCCCCGCGAGC 

CGTCCCAGTTGGTGACGATGCCGTGCT 

Bmal1 
Forward 

Reverse 

CGTCGGGATAAAATGAACAG 

GGAAGTCCAGTTTTTGCATC 

Per1 
Forward 

Reverse 

AGCAGCAGCCTCGGTTTT 

CTCCTCCTCCATAGCCAAGT 

 

2.2.14 Statistical Analysis 

Data are expressed as mean values and standard deviation (SD) of at least three 

independent experiments (n=3). Significance was analyzed by one-way analysis of 

variance and Dunnett’s multiple comparison test by ANOVA. A p-value of * £ 0.01, 

** £ 0.05 were considered statistically significance.   
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Part III: RESULTS AND DISCUSSION 

2.3.1 Preliminary Screening 

Circadian clocks are biological molecular oscillator that generate rhythms of 24 h. 

The circadian phenomenon refers to the daily rhythmicity in the biochemistry, physiology 

and behavior of living organism, and is controlled by a molecular time-keeping system 

called the circadian clock nucleus (SCN), otherwise referred to as the master or core clock. 

The circadian clock nucleus is located in the anterior hypothalamus of the brain. The master 

clock receives external light cues from the environment via the optic nerve and uses 

systemic signals to synchronize the independent peripheral clocks in other body organs like 

the liver, kidney, lungs, heart, and skin. [59].  

The skin is exposed to different environmental stimuli at different times of the day. 

As a result, the skin's primary duty is to shield the body from viruses, poisons, physical 

traumas, and ultraviolet radiation [60]. While the skin is a protective organ, it is also 

important that it maintains its own integrity. Given the high growth rates of skin cells, the 

skin keeps its integrity by a variety of mechanisms, including cell cycle regulation. The 

DNA repair, checkpoint and apoptosis activities address the role of caregivers in 

maintaining the integrity of genetic information in the skin [61-62.]. As a result, it's not 

surprising that the circadian clock, an old evolutionary system that adjusts organismal 

physiology to diurnal changes caused by Earth's rotation, affects skin functions. 

The circadian gene expressions on HaCaT cells were investigated.  HaCaT cells 

were treated with 100 µg/mL extracts; 70% EtOH, EtOH, 70% MeOH, MeOH, acetone 

and EtOAc, for 0, 12 and 16 h (Figure 11). The results showed that the acetone extract 
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significantly increased the expression of clock genes, Per1 in HaCaT cells after addition 

of acetone extract at 12 h, while Bmal1 was displayed less active. The other extracts were 

less active on both Per1 and Bmal1 genes. According to circadian gene expression, acetone 

extract was chosen for further isolation of active compounds.  
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Figure 11 Protective effects of E. phaseoloides leaves extracts on circadian gene 

expression in HaCaT cells. After 2 h serum shock, the HaCaT cells were treated with E. 

phaseoloides extracts (100 µg/mL). Cells then were collected for RT-qPCR at intervals 

between 12 and 16 h time points. Gene expression of (A) Bmal1 and (B) Per1 were 

normalized to b-actin gene expression. Data are presented as the mean ± SD; n = 3. 

* p £ 0.01 ** p £ 0.05 compared with the control group. 
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2.3.2 Chemical Components of E. phaseoloides Extracts 

The chemical properties of each extract were investigated by performing HPLC 

analysis. Although most extracts resulted in similar HPLC chromatogram (Figure 12), 

acetone and EtOAc extract showed different chromatographic profiles.  

 

Figure 12 HPLC chromatogram of each extract of E. phaseoloides leaves (DAD set at l = 

280 nm) (A) 70% EtOH extract, (B) EtOH extract, (C) 70% MeOH extract, (D) MeOH 

extract, (E) acetone extract, and (F) EtOAc extract. 
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To determinate the secondary metabolites in the extracts, a high-performance liquid 

chromatographic method coupled with UV was performed with standard phenolic and 

flavonoid compounds (Figure 13).  

 

Figure 13 HPLC chromatogram of standard phenolic compounds, DAD set at l = 280 nm 
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Interestingly, the acetone extract demonstrated several peaks, with the retention 

times to be harmonized in the following standard compounds: gallic acid (9.181 min), 

protocatechuic acid (13.173 min), 4-hydroxybenzoic acid (16.079 min), quercetin (22.955 

min), luteolin (23.607 min), kaempferol (24.610 min), and apigenin (24.987 min).  

 

Figure 14 (A) HPLC chromatogram of the AE (DAD set at l = 280 nm). Seven compounds 

were proposed by comparing their retention time and UV absorption spectra. (B) Chemical 

structure of standard compounds; gallic acid (1), protocatechuic acid (2), 4-

hydroxybenzoic acid (3), luteolin (7), quercetin (8), apigenin (10), and kaempferol (11). 
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2.3.3 Determination of total phenolic content 

The content of total phenolics in AE was determined by a modified Folin-Ciocalteu 

method using gallic acid as the standard. The absorbance values obtained at different 

concentrations of gallic acid were used for the construction of calibration curve. Total 

phenolic content of the extracts was calculated from the regression equation of calibration 

curve (y = 0.0131x + 1.1139, R2 = 0.974) and expressed as µg gallic acid equivalents 

(GAE) per milligram of AE (µg GAE/mg extract). 

 

Figure 15 Gallic acid standard calibration curve for the quantification of total phenolic 

content. 

 

Total phenolic content value of AE was 83.53±3.02 µg GAE/mg extract was 

obtained. In the previous reports, many active compounds have been isolated from E. 

phaseoloides seeds and stems such as quercetin, luteolin, apigenin, and kaempferol [41]. 
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The antioxidant response of phenolic compounds varies remarkably, depending on their 

chemical structure [63] In addition, there may be some interference rising from other 

chemical components present in the AE, such as sugars or ascorbic acid [64]. 

 

2.3.3 Antioxidant potential of acetone extract 

2.3.3.1 DPPH assay 

 Antioxidant activity of AE was determined by DPPH free radical scavenging assay, 

and its reducing power was determined on the basis of their concentration providing 50% 

inhibition (IC50) values, or in other words, the amount required to scavenge 50% DPPH 

free radicals. The radical scavenging activity of AE is shown in Table 3. Ascorbic acid 

(AA) was used as the standard. The IC50 value of AA was 2.3 ± 0.4 µg/mL. Lower radical 

scavenging activity or antioxidant potential is indicated by a greater IC50 value. The radical 

scavenging activity of AE may be due to the presence of polyphenolic and flavonoids 

compounds [65].  

Plant-based antioxidants are responsible for suppressing or avoiding the negative 

effects of oxidative stress. DPPH assay among many other assays is one of the convenient 

methods for determining the antioxidant potential of plants. The methanolic DPPH solution 

is reduced due to the generation of nonradicals when antioxidant compounds containing 

hydrogen-donating groups, such as flavonoids and phenols, are present [66]. Apart from 

antioxidant properties, flavonoids and other phenolics also exhibit several biological 

activities such as antimicrobial, antiviral, and anticancer [67]. These biological and 



 40 

pharmacological activities are usually associated with their ability of binding proteins and 

free radical scavenging properties [68]. 

2.3.3.2 ABTS assay 

Antioxidant activity has been shown to impact a variety of bioactivities such as 

whitening, anti-inflammation, and high blood pressure. The ABTS radical scavenging 

assay provides a redox functioned proton ion for unstable free radicals, which is important 

for stabilizing harmful free radicals in the body. This is generally achieved by taking 

advantage of the fact that unstable blue/green ABTS free radicals transform to stable free 

radicals by accepting a hydrogen ion from antioxidants. In terms of the antioxidant activity, 

the ability to eliminate hydroxyl radicals or superoxide radicals through a physiological 

action or through oxidation is evaluated, with a high index indicating a strong antioxidant 

activity. The ABTS assay has been widely used to determine the antioxidant capacity of 

plant extracts. Because it involves fairly common equipment and produce quick and 

repeatable outcomes Indeed, a recent interlaboratory comparison of other techniques for 

determining antioxidant potential found that the DPPH and ABTS assays are the easiest to 

use and produce the most consistent findings [69]. The ABTS assay is particularly 

interesting in plant extracts because the wavelength absorption at 734 nm eliminates color 

interference [70]. 

The radical scavenging activity of ABTS were found to be positively correlated 

with the concentration of AE. IC50 value of the AE evaluated in this study are shown in 

Table 3. These tests evaluated the ability of AE to donate an electron or hydrogen to DPPH• 
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and transfer an electron to ABTS•+.  The results showed that AE presents antioxidant 

properties in the methodologies evaluated.  

Table 3 Antioxidant activity of AE and AA. 

Samples DPPH! IC"# (µg/mL) ABTS!$ IC"# (µg/mL) 

AE 125.4 ± 35.7 704.6 ± 56.0 

AA$ 2.3 ± 0.4 51.5 ± 1.9 

Values are the average of three replicates ± SD and expressed in IC50 in µg/mL. IC50: 

inhibitory concentration to 50%, $ positive control. 

 

2.3.4 Effect of AE on cell viability of HaCaT cells 

The cytotoxic effect of AE on the HaCaT cell line was investigated with different 

concentration (2.5, 5.0, 10.0, 20.0 and 40.0 µg/mL) for 24 h, and cell viability was 

examined by the MTT assay. As shown in Figure 16, AE did not show any toxicity up to 

a concentration of 10 µg/mL. At concentrations of 20 and 40 µg/mL, AE displayed around 

80% cell viability. Therefore, a concentration of 40 µg/mL was considered the highest 

concentration for further experiments. 
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Figure 16 Cell viability of AE was evaluated by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) assay. HaCaT cells (1´105 cells/mL) were seeded into 

a 96-well plate and pretreated with AE at concentrations of 2.5, 5, 10, 20, and 40 µg/mL. 

Cell viability was performed by (MTT) assay. The data are expressed as mean ± SD of at 

least three independent experiments in each group.; ** p £ 0.05 compared with the control 

group. 
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2.3.5 Effect of AE on UVB-induced cell oxidative damage 

To determine the UVB intensity used in the analysis, the cell viability of the cells 

was examined by UVB irradiation. Cells were irradiated with UVB at 30 mJ/cm2 for 10, 

20, 30, 40, 50 and 60 sec. Cell viability was evaluated by MTT assay after irradiation for 

24 h. The survival rate of HaCaT cells in the UVB-irradiation was in a time-dependent 

manner, as shown in Figure 17.  

 

Figure 17 Cell viability of HaCaT cells irradiated with UVB for different irradiation times. 

HaCaT cells were seeded followed by incubation for 24 h. HaCaT cells were irradiated 

with 30 mJ/cm2 of UVB then, cultured with DMEM serum-free medium for 24 h. After 24 

h irradiation, the cell viability was measured by MTT assay. The data are expressed as 

mean ± SD of at least three independent experiments in each group.; * p £ 0.01 compared 

with the control group. 
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The cell survival rate of the HaCaT cells was about 86% for UVB-irradiation for 

10 sec, and 78% for 20 sec. UVB-irradiation showed significant reduction in cell viability 

in an intensity dependent manner. Thus, the intensity was used 30 mJ/cm2 for 20 sec for 

our UVB dose in all further experiments. In this study, AE was evaluated for its protective 

effect on keratinocyte cells. Pretreatment with AE increased cell viability of UVB-

irradiated HaCaT cells at the dose of 30 mJ/cm2 for 20 sec. The cell viability was 82% and 

65% at concentrations of 40 µg/mL and 2.5 µg/mL, respectively. These results suggest that 

AE abolished the effects of UVB-induced HaCaT cell damage (Figure 18). 
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Figure 18 Phototoxicity of HaCaT cells (1´105 cells/mL) pretreated with AE at 

concentrations of 2.5, 5, 10, 20, and 40 µg/mL. After 24 h, the cells were irradiated with 

UVB (30 mJ/cm2) and cultured in serum-free medium for 24 h. Cell viability was 

performed by MTT assay. The data are expressed as mean ± SD of at least three 

independent experiments in each group; # p £ 0.01, compared with the non-treated control; 

* p £ 0.01, compared with the UV control group. 

 

2.3.6 Effect of AE on UVB-induced gene expression of COX-2, iNOS and Caspase-3  

UVB radiation plays an important role in ROS production compared with non-

irradiated cells. ROS have a role in the cellular signaling pathway of UV-induced 

hypersensitivity, inflammation-related redness, and carcinogenic development by acting as 

a secondary messenger. Cyclooxygenase-2 (COX-2) and nitric oxide synthase (iNOS) gene 

expression are mediated by UVB-induced inflammation reactions and skin cell apoptosis 
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[71]. Dong et al. reported that phenolic compounds and flavonoids isolated from E. 

phaseoloides stems show radical scavenging activity in the DPPH assay [41]. 

Rheediinoside A and B (triterpenoid saponins) isolated from kernels of Entada rheedii 

showed moderate cytotoxic potency and antioxidant activity [72]. Therefore, reducing 

intercellular ROS generation and inhibiting COX-2 and iNOS expression may represent an 

effective strategy for preventing diseases from photodamage. Real-time qPCR analysis was 

used to examine the ability of gene expression of COX-2 and iNOS. Pretreatment with AE 

at a concentration 40 µg/mL suppressed the expression of COX-2 when compared with 

non-treated cells (Figure 19A). The mRNA expression of iNOS, compared with the non-

treated control after UVB irradiation, was increased in HaCaT cells. In the pretreatment 

group with AE, after UVB irradiation, the expression of iNOS was down-regulated, as 

shown in Figure 19B. Several studies have shown that UVB irradiation considerably 

augments both protein and mRNA levels of iNOS and COX-2. COX-2 and iNOS are 

inflammatory products triggered by external and endogenous stimuli such as growth 

factors, tumor promoters, and cytokines [73]. Thus, AE can play a role in controlling 

inflammatory responses. UVB irradiation is thought to be a potent inducer of cell death. 

Internal cell death, also known as apoptosis, can be triggered by the production of ROS 

[74]. Real-time qPCR analysis showed increased expression levels of caspase-3 in UVB-

induced HaCaT cells. Pretreatment of AE suppressed the apoptotic death in UVB irradiated 

HaCaT cells by downregulating the expression level of caspase-3 (Figure 19C). However, 

higher concentrations (20, and 40 µg/mL) interestingly showed an increased caspase-3 

gene expression level compared to 10 µg/mL due to hormesis, which is a dose response 



 47 

phenomenon explaining the inhibition caused by high-dosage, as well as stimulation by 

low-dosage. Hormesis is a redox-dependent aging process linked to the production of free 

radical species, which are inflammatory responses that have a role in neurodegenerative 

and neuroprotective pathway in Parkinson’s disease neurobiology [75-78] . Thus, these 

results suggest that AE protected the cells by inhibiting caspase-3 activation since caspase-

3 is the last effector caspase in the apoptosis pathway. 
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Figure 19 Gene expression in UVB-irradiated HaCaT cells. AE was added to HaCaT cells 

and incubated for 24 h. The cells were irradiated with 30 mJ/cm2 UVB and cultured with 

serum-free medium for 24 h. The gene expression was measured by RT-qPCR. (A) gene 

expression level of COX-2, (B) iNOS, and (C) caspase-3. The data are expressed as mean 

± SD of at least three independent experiments in each group; # p £ 0.01, compared with 

the non-treated control; ** p £ 0.05 compared with the UV control group. 
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PART IV CONCLUSION 

 

In this study, seven phenolic compounds, gallic acid (1), protocatechuic acid (2), 4-

hydroxybenzoic acid (3), quercetin (7), luteolin (8), apigenin (10), and kaempferol (11) 

were identified by HPLC. This study demonstrated for the first time that AE had potential 

antioxidant properties and inhibited UVB-induced phototoxicity, which was verified by 

MTT assay. UVB irradiation (30 mJ/cm2) for 10-60 seconds significantly reduced HaCaT 

cell viability after 24 h incubation. AE reduced ROS generation and down-regulated the 

expression of COX-2 and iNOS in UVB-irradiated HaCaT cells. It also decreased the 

apoptotic cell death, which had been identified by a down-regulated level of caspase-3 in 

UVB-irradiated HaCaT cells. However, Chapter 3 studies on the isolation of the active 

components of AE and their skin protection on UVB- treated HaCaT cells should be carried 

out. 
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CHAPTER 3 

Protective Effect of Phenolic Compounds of Acetone Extract of 

Entada phaseoloides leaves on UVB-irradiated Human Keratinocytes



 

Part I: INTRODUCTION 

The UVB, a large part of the solar UV, is ineffective in penetrating into the deep 

skin layer, however, it particularly influences the epidermis (the skin’s superficial layer 

which mostly comprises of keratinocytes) [79]. The reactive oxygen species (ROS), such 

as peroxyl radicals, hydroxyl radicals, active precursors so-called singlet oxygen and 

superoxide radicals, such ROS could attack cellular organelles as well as cells membrane 

causing not only the damage in organelle but also lipid peroxidation. There are three 

consequences of UVB irradiation of HaCaT. Firstly, the growth of post-irradiation-

dependent in ROS, secondly decline of subsequent cell membrane fluidity, and lastly the 

mitochondrial membrane depolarization. Moreover, solar radiation is one of the important 

factors potentially causing skin diseases and specialized epithelium [80]. Consequently, 

they decrease intracellular ROS levels that might be the powerful strategy for the protection 

of skin damage. Over the past years, the development of natural compounds and flavonoids 

(can be generally found in fruits, vegetables, green tea, red wine, and a variety of biological 

activities like antioxidation) have drawn attention significantly as preventive agents for 

fighting against UVB-induced skin damage via scavenging ROS [81-82]. 

In Chapter 2, the protective effect of acetone extract from E. phaseoloides leaves 

on UVB-irradiated HaCaT cells. However, it is not unknown the active compounds from 

acetone extract. Currently, we isolated the components and investigated the protective 

effect of UVB-irradiated on HaCaT cells. 
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Part II: EXPERIMENTAL 

3.2.1 Materials and Sample 

Leaves of E. phaseoloides were collected from Kanchanaburi Province, Thailand, 

in June 2019 and authenticated by Mr. Ratanachai Suthima, a staff of Forestry Center in 

Kanchanaburi. The sample was dried under the shade for four days and then ground into a 

fine powder.  

 

3.2.2 Chemicals and reagents  

The standard phenolic compounds, (-)-epicatechin, gallic acid and 4-

hydroxybenzoic acid were purchased from Wako Pure Chemical Industries (Osaka, Japan). 

Quercetin and luteolin were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Protocatechuic acid, kaempferol, and apigenin were purchased from Tokyo Chemical 

Industry (Tokyo, Japan). TLC silica gel 60 F254 plates were purchased from Merck 

(Darmstadt, Germany); methanol-d4 (CD3OD-d4) and chloroform-d (CDCl3-d) were 

purchased from Cambridge Isotope Laboratories (Andover, MA, USA) For extraction and 

column chromatography: silica gel (Wakogel C200, pore size 4 nm, particle diameter 75-

15 µm). The solvents, n-hexane, dichloromethane (DCM), ethyl acetate (EtOAc), acetone, 

methanol (MeOH), ethanol (EtOH) and dimethyl sulfoxide (DMSO) were purchased from 

Wako Pure Chemical Industries (Osaka, Japan). 
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3.2.3 Analysis of the acetone extract by LC-DAD-MS/qTOF 

The powered E. phaseoloides leaves (100 mg) was extracted by sonication with 15 

mL of acetone for 60 min at 50oC. The extracted solution was filtered and then evaporated 

under reduced pressure. The acetone extract was prepared in methanol to concentration 

500 ppm, it was filtered twice through Millipore 0.20 µm PTFE filters (Millex-LG, Japan). 

The experiments were performed on an Agilent 1290 Series UPLC system equipped with 

a 1290 photodiode array detector (DAD) (Agilent Technologies, Santa Clara, CA, USA) 

coupled to an Agilent 6545 q-TOF hybrid mass spectrometer (MS) with a dual electrospray 

ionization (ESI) source for simultaneous spraying of a mass reference solution that enabled 

continuous calibration of detected m/z values was used for the analysis of the samples. The 

column was a Poroshell 120 EC-C18 (2.1 ´ 100 mm, 2.7 µm), Agilent Technologies, Santa 

Clara, CA, USA). The gradient system of 0.1% formic acid in water (solvent A) and 0.1% 

formic acid in acetonitrile (solvent B) as follows 0-20 min, 10% - 95% B; 20-25 min, 95% 

B. The time for re-equilibration to initial conditions was 5 min. 
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3.2.4 Extraction and Isolation  

The powdered E. phaseoloides leaves (200 g) were extracted by a sonicator bath at 

50oC with acetone four times (4 L, 4 times, 60 min each). The acetone extract was 

evaporated under reduced pressure, using a rotary vacuum evaporator at 45oC to give 9.592 

g acetone extract (EPL; extraction yield was 4.8%). 

 

Figure 20 Preparation of acetone extract of E. phaseoloides leaves 
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The acetone extract was chromatographed over a silica gel column with gradient 

EtOAc: n-hexane mixture (1:9 to 1:0) and then eluted with 100% MeOH. TLC analysis, 

detected by irradiating UV light at 254 nm and 365 nm, and spot visualization, in which 

the TLC plate was sprayed with anisaldehyde sulfuric reagent and heat at 100-140oC, were 

used to collect similar fractions together based on similar Rf values.  Finally, 27 

subfractions (EPL 1-EPL 27) were obtain, with each fraction being analyzed by HPLC. 

 

Figure 21 Isolation procedure of EPL 
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Fraction EPL 21 (43.24 mg) was separated by silica gel open column 

chromatography (MeOH: DCM, 0:1 to 1:19 v/v) to give 5 subfractions (21-1 to 21-5). 

Subfraction 21-3 (37.04 mg) was purified by preparative TLC (acetone: n-hexane, 3:7 v/v) 

to obtain compound 9 (0.62 mg). 

Next, fraction EPL 22 (83.28 mg) was fractionated by silica gel column 

chromatography eluted with acetone: n-hexane (1:9 to 1:0 v/v) mixture to afford compound 

3 (6.01 mg). 

 

Figure 22 Isolation procedure of EPL 21 and EPL 22 
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Fraction EPL 23 (335.8 mg) was subjected to MPLC system (EPCLC, Yamazen, 

Osaka, Japan) and eluted with EtOAc: n-hexane gradient (0:1 to 1:0 v/v) and then 100% 

MeOH to obtain eight subfractions (23-1 to 23-8). The purification of the fraction EPL23, 

subfraction 23-4 (26.95 mg), it was, firstly, loading to preparative TLC using acetone: n-

hexane (2:3 v/v) to obtain six sub-subfractions. The second sub-subfractions (23-4-2; 2.34 

mg) was purified by using TLC (acetone: n-hexane, 2:3 v/v) to afford compound 6 (0.55 

mg). Then, subfraction 23-5 (47.27 mg) was further purified by preparative TLC using 

acetone: n-hexane (2:3 v/v) to afford two compounds 3 (2.97 mg) and 10 (1.32 mg), 

respectively. The seventh subfraction (72.35 mg) was further purified by silica gel open 

column chromatography eluted with MeOH: DCM (0:1 to 1:9 v/v) to afford pure 

compound 9 (7.61 mg) – making a total of 8.23 mg for compound 9. 

 

Figure 23 Isolation procedure of EPL 23 
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EPL 24 (195.40 mg) was subjected to MPLC system (BUCHI, Reverelis Prep 

Purification System, Switzerland) connected with columns of silica gel flashed with 

MeOH: DCM (0:1 to 1:0 v/v) to obtain four subfractions (24-1 to 24-4). The subfraction 

24-3 (52.30 mg) was purified by preparative TLC (MeOH: DCM, 1:9 v/v) to afford 

compound 2 (12.11 mg).  

EPL 27 (2387.83 mg) was purified using BUCHI MPLC system connected with 

columns of silica gel packed with DCM and flashed white MeOH: DCM gradient (0:1 to 

1:0 v/v) to obtain five subfractions and pure compound 5 (6.88 mg). Purification and 

isolation of all compounds are summarized in Figure 21-24. In summary, a total of six 

compounds were isolated, of which, four were flavonoid compounds and two phenolic acid 

compounds. 

 

Figure 24 Isolation procedure of EPL 24 and EPL 27 
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3.2.5 Structure Elucidation of Isolated Compounds 

The isolated compounds were identified by measuring the nuclear magnetic 

resonance (NMR) spectroscopy; mass spectrometry (MS) to determine their one–

dimensional (1D) for the elucidation of their molecular structures, molecular weights, and 

optical rotations respectively. In the measurement of the NMR spectroscopy, 1H- and 13C- 

spectra were obtained from an NMR spectrometer (Bruker DRX- 600; Bruker Daltonics, 

Billerica MA, USA) at room temperature with trimethylsilane (TMS) as an internal 

standard of the chemical shifts, and CD3OD or CDCl3 as dissolving solvents, while 

EI/FAB-MS was performed on JMS 700 MStation mass spectrometer (JEOL, Tokyo, 

Japan). Optical rotations were measured with a JASCO DIP-370 polarimeter (JASCO, 

Tokyo, Japan).  

 

3.2.6 Cell Culture 

Human spontaneously transformed keratinocyte (HaCaT) cells were cultured in 

Dulbecco’s Modified Eagle’s medium (DMEM) high glucose supplemented with 10% 

heat-inactivated fetal bovine serum (FBS) and 100 U/mL penicillin-streptomycin at 37oC 

in a 5% CO2 humidified incubator. 

 

3.2.7 Cytotoxicity Assay 

Bioassay of cytotoxic activity was performed in vitro by calorimetric method that 

measures the reaction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphynyltrazoliumbromide 

(MTT) by mitochondrial succinate dehydrogenase. The MTT enters cells and passes into 
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the mitochondria, it is reduced to dark purple (formazan), followed by solubilization and 

measurement by spectrophotometry [57-58]. 

HaCaT cells were seeded into 96-well plate at a density 1´105 cells/mL and were 

incubated overnight at 37oC in humidified atmosphere of 5% CO2. Then, the cells were 

treated with acetone extract, or isolated compounds at various concentrations for 24 h. 

Subsequently, 10 µL of MTT solution (5 mg/mL in phosphate buffered saline, PBS) was 

added to each well and incubated for additional 4 h. Then, supernatant was discarded, and 

40 mM HCl-isopropanol (100 µL) was added to dissolve formazan crystals. The 

absorbance was measured at 570 nm using Microplate Reader (iMark, Bio-Rad, Hercules, 

CA, US). Cell viability was calculated as percentage of the viability measured in control 

cells treated with DMSO without samples. 

The results were presented as the percentage of cell viability. Cell viability was calculated 

using the following formula: 

Cell viability (%) = Abs570 of tested cells
Abs570 of control cells

 ´ 100 

Where; 

Abs570control is the absorbance at 570 nm of the control well (DMSO). 

Abs570sample is the absorbance at 570 nm of the test well (test compounds). 

 

3.2.8 UVB-irradiation 

HaCaT cells were seeded into a 96-well plate for 24 h and then pre-treatment with 

the testing compounds at various concentrations for 24 h at 37oC in 5% CO2 humidified 

incubator. The cells were washed with phosphate buffered saline (PBS) one time and added 



 62 

100 µL of PBS. After that, UVB-irradiation were exposed to HaCaT cells (30, 50, and 100 

mJ/cm2). UVB-irradiation was performed with Bio-Link Crosslinker (Vilber Loubert 

BiolinkTM BLX UVB, Cedex, France). UVB radiation source was a fluorescent lamp that 

emitted an energy peak at 312 nm. After removed PBS, serum-free DMEM was added into 

cells and were incubated for 24 h. Cell viability was evaluated by MTT assay. Cell viability 

was calculated using the following formula: 

Cell viability (%) = Abs570 of tested cells
Abs570 of control cells

 ´ 100 

Where; 

Abs570control is the absorbance at 570 nm of the control well (DMSO). 

Abs570sample is the absorbance at 570 nm of the test well (test compounds). 
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Figure 25 A schematic presentation of protocols for HaCaT cells (A) cytotoxicity 

(B) UVB-irradiation 

3.2.9 Wound-healing Assay 

HaCaT cell migration was determined using wound-healing assay. Cells were 

seeded into a 24-well plate with a density 1´105 cells/mL. After the cell monolayer was 

formed, a 200 µL micropipette tip was used to scratch the attached cells to generate a 

wound space. Then, the cells were wash with PBS and replaced with by 100 µL of PBS. 

UVB-irradiation was irradiated to HaCaT cells at a dose 30 mJ/cm2. After removing PBS, 



 64 

the growth medium containing 100 µM  of samples was added to cells. The cells were 

photographed at 0 and 24 h using inverted microscope (Leica DM IL LED, ´10 

magnification). The wounding closure of HaCaT keratinocytes at 0 and 24 h after UVB-

irradiation was analyzed using ImageJ. The wound area of cells was calculated based on 

the formula as below: 

Wounding closure (%) = Ato-At24
At0

 ´ 100 

Where; 

At0 is wound area measured at 0 h after UVB-irradiation. 

At24 is wound area measured at 24 h after UVB-irradiation. 

 

3.2.10 Real-Time Quantitative PCR Analysis 

HaCaT cells (1´105 cells/mL) were pre-treated with compounds 2, 4, and 11 (25, 

50, and 100 µM) in 24-well plates for 24 h. UVB-irradiation was irradiated to HaCaT cells 

at dose 30 mJ/cm2 and then incubated 24 h. The RNeasy Mini kit (Qiagen, Hilden, 

Germany) was used to extract total RNA from cells according to the manufacturer’s 

instructions. ReverTra Ace qPCR RT Master Mix with gDNA Remover (TOYOBO, 

Osaka, Japan) was used to synthesize cDNA from the extracted total RNA. Real-Time 

quantitative PCR was performed using the synthesized cDNA as a template with an 

AriaMX (Agilent Technologies, Japan). Using the THUNDERBIRD SYBR qPCRMix 

(TOYOBO, Osaka, Japan) for the real-time qPCR reaction. The real-time qPCR reaction 

conditions were initial denaturation at 95 °C for 60 sec. cDNA samples were amplified for 

40 cycles (95 °C for 15 sec and 60 °C for 60 sec). The samples tested in three replicate and 
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COX-2, and iNOS gene expression levels were normalized to the corresponding GADPH 

level. The primer sequences are shown in Table 4. 

Table 4 Sequences of primers (human) used in real-time quantitative PCR. 

Target Primer Sequence (5’ to 3’) 

GADPH 
Forward 

Reverse 

GCACCGTCAAGGCTGAGAAC 

ATGGTGGTGAAGACGCCAGT 

COX-2 
Forward 

Reverse 

AAGTTGGCAGCAAATTGAGCA 

TCCTTTTCTCCTGTGAAGGCG 

iNOS 
Forward 

Reverse 

TACTCCACCAACAATGGCAA 

ATAGCGGATGAGCTGAGCAT 

 

3.2.11 Statistical Analysis 

Data are expressed as mean values and standard deviation (SD) of at least three 

independent experiments (n=3). Significance was analyzed by one-way analysis of 

variance and Dunnett’s multiple comparison test by ANOVA. A p-value of * £ 0.01, 

** £ 0.05 were considered statistically significance.   
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Part III: RESULTS AND DISCUSSION 

3.3.1 Chemical Profile of EPL by LC-MS-DAD/qTOF 

Eleven compounds were identified or proposed in EPL as shown in Figure 26-27, 

and Table 5, identifications of the peaks were based on the retention characteristics, UV, 

and the accurate mass values, as well as comparisons with the reference standard 

compounds and the literature. Among these compounds, gallic acid, protocatechuic acid, 

4-hydroxybenzoic acid, (-)-epicatechin, luteolin-7-O-b-D-glucoside, luteolin, quercetin, 

(+)-dihydrokaempferol, apigenin, and kaempferol were confirmed by comparison with 

authentic standard. In all cases, the identification of the compounds in the EPL was highly 

accurate with an error of ± 5 ppm only. 
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Figure 26 Chemical structures of isolated and/or standard compounds from EPL. 
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Figure 27 LC-DAD-MS chromatograms of the acetone extract of E. phaseoloides leaves. 

(A) Total ion chromatogram (TIC) spectrum (B) Detected at 280 nm (C) Detected at 330 

nm. The numbering and identification of the peaks refer to Table 4. 
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Table 5. Characterization of the isolated and/or standard compounds from AE by LC-

DAD-MS/qTOF. 

Peak 

no. 

Retention 

time (min) 
Formula 

[M-H]%&

(m/z exp) 

Exact 

mass 

Error 

(ppm) 
Identification 

1 1.80 C7H6O5 169.0142 170.0215 -0.19 Gallic acid 

2 2.67 C7H6O4 153.0199 154.0271 4.04 Protocatechuic 

acid 

3 3.57 C7H6O3 137.0243 138.0322 -0.9 4-Hydroxybenzoic 

acid 

4 3.90 C15H14O6 289.0734 290.0795 5.29 (-)-Epicatechin 

5 5.69 C21H20O11 447.0941 448.1011 1.71 Luteolin-7-O-b-D-

glucoside 

6 7.27 C17H14O6 313.0716 314.0790 -0.26 Cirsimaritin 

7 7.57 C15H10O6 285.0408 286.0477 1.24 Luteolin 

8 7.65 C15H10O7 301.0358 302.0432 0.68 Quercetin 

9 7.92 C15H12O6 287.0567 288.2500 -1.55 (+)-Dihydro 

kaempferol 

10 8.65 C15H10O5 269.0459 270.0533 0.78 Apigenin 

11 8.90 C15H10O6 285.0408 286.0477 1.24 Kaempferol 
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3.3.2 Isolated phenolic compounds from EPL 

The EPL was purified by chromatographic techniques to afford six compounds, 

namely protocatechuic acid (2), 4-hydroxybenzoic acid (3), luteolin-7-O-b-D-glucoside 

(5), cirsimaritin (6), (+)-dihydrokaempferol (9), and apigenin (10). Their structures (Figure 

28) were established by 1D NMR analysis, LC-ESI-MS and by comparing the NMR data 

with those reported in the literature. 

 

Figure 28 Structures of isolated phenolic compounds from EPL 

 

3.3.3 Structure elucidation of isolated phenolic compounds 

Compound 2:  C7H6O4, white amorphous powder, UV (MeOH) lmax = 206, 260, 294 nm. 

1H NMR (600 MHz, DMSO-d6) d 7.32 (1H, d, J=1.80, H-2), 7.22 (1H, d, J=8.40, H-5), 

6.66 (1H, dd, J=7.80, 1.80, H-6); 13C NMR (150 MHz,  DMSO-d6) d 169.8 (C-7), 148.3 

(C-3), 144.5 (C-4), 127.5 (C-6), 121.1 (C-1), 117.2 (C-5), 114.8 (C-2) [83].  
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Compound 3: C7H6O3, white amorphous powder, UV (MeOH) lmax = 204, 260, 294 nm. 

1H NMR (600 MHz, CDCl3: CD3OD (1:1)) d 8.12 (2H, d, J=8.40, H-2, H-6), 7.06 (2H, d, 

J=9.00, H-3, H-5); 13C NMR (150 MHz, CDCl3: CD3OD (1:1)) d 169.9 (C-7), 162.3 (C-4), 

132.5 (C-1), 122.4 (C-2, C-6), 115.5 (C-3, C-5) [84].  

 

Compound 6 was obtained as a white amorphous powder. 1H NMR (600 MHz, CD3OD) d 

7.92 (2H, s), 6.92 (2H, s), 6.33 (1H, d, J=1.80), 6.22 (1H, d, J=1.80), 3.86 (1H, s, -OMe), 

3.76 (1H, s, -OMe); 13C NMR (150 MHz, CD3OD) d 182.3 (C-4), 164.1 (C-2), 161.3 (C-

4’), 158.6 (C-7), 152.7 (C-5), 152.1 (C-9), 131.9 (C-6), 128.6 (C-2’), 121.1 (C-1’), 116.0 

(C-3’, C-5’), 105.1 (C-10), 102.7 (C-3), 91.6 (C-8), 60.1 (-OMe), 56.5 (-OMe) [85]. 

 

Compound 9 was obtained as a yellow amorphous powder. 1H NMR (600 MHz, CDCl3: 

CD3OD (1:1)) d 7.35 (2H, m), 6.83 (2H, m), 5.93 (1H, d, J=2.00), 5.88 (1H, d, J=2.00), 

4,98 (1H, d, J=11.00), 4.54 (1H, d, J=11.00); 13C NMR (150 MHz, CDCl3: CD3OD (1:1)) 

d 197.2 (C-4), 167.8 (C-7), 164.3 (C-5), 163.7 (C-9), 158.4 (C-4’), 129.6 (C-6), 129.6 (C-

2’), 128.1 (C-1’), 115,8 (C-3’), 101.2 (C-10). 97.1 (C-6), 96.1 (C-8), 84.1 (C-2), 72.0 (C-

3) [86].   

 

Compound 5 [87] and compound 10 [88] were elucidated the structures by comparing LC-

ESI-MS, m/z 447.0941 and 269.0459 [M-H-] and co-elution of standards, in HPLC, 

respectively. 
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3.3.4 Cytotoxicity of Isolated and/or Standard Compounds 

The effect of isolated and/or standard compounds on normal HaCaT cells viabilities 

were performed by using MTT assay. Cytotoxicity of isolated and/or standard compounds 

from EPL on HaCaT cells was measured by MTT after the treatment 24  h. The results 

showed that compounds 7  and 10  ( 100  µM) have toxicity while all other compounds 

displayed no toxicity (Figure 29). 
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Figure 29 Effect of isolated and/or standard compounds on viability of the HaCaT cells. 

Cell viability was measured by MTT assay. HaCaT cells (1´105 cell/well) were seeded to 

96-well plate and then incubated overnight. The cell viability was performed after treated 

with isolated compounds for 24 h. Values are presented as the mean ± SD of three wells.; 

* p £ 0.01 compared with the control group; ** p £ 0.05 compared with the control group 
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3.3.5 UVB-induced HaCaT cell damage 

Human keratinocyte cells were irradiated with 30, 50, and 100 mJ/cm2 UVB and 

cultured with DMEM serum-free medium for 24 h. The cell viability was measured by 

MTT assay. The cell viability of the 30, 50, and 100 mJ/cm2 UVB-irradiated was 79.9, 

55.4, and 48.0% respectively (Figure 30B). The result indicated that 30 mJ/cm2 was a 

proper UVB irradiation dose for inducing decrease in cell survival of HaCaT cells. Thus, 

the intensity at 30 mJ/cm2 was selected to use in further experiments. 
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Figure 30 Effect of UVB radiation on the cell viability of HaCaT cells. (A) Morphology 

of HaCaT cells before and after 24 h UVB-irradiation (30 mJ/cm2). (B) The cell viability 

in the UVB-irradiated HaCaT cells was performed using MTT assay. HaCaT cells (1´105 

cell/well) were seeded into 96-well plate and then incubated for 24 h. The HaCaT cells 

were irradiated with 30, 50, and 100 mJ/cm2 of UVB. After UVB-irradiation, the HaCaT 

cells were incubated with DMEM serum-free medium for 24 h. Values are presented as the 

mean ± SD of three wells.; * p £ 0.01 compared with the control group. 
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3.3.6 Protective effects of isolated and/or standard compounds against UVB-

irradiation 

This study was determined the UVB protection effects of isolated and/or standard 

compounds with different concentrations 25, 50 and 100 µM. As shown in Figure 31, the 

cell viability pre-treated with isolated and/or standard compounds compared with UVB-

group indicated that pre-treatment with 25, 50 and 100 µM of compounds 2, 4, and 11 for 

24 h promoted cell viability. Based on these results, pre-treatment with 25, 50 and 100 µM 

of compounds 2, 4, and 11 were used for RT-qPCR. 
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Figure 31 Phototoxicity of the pre-treatment of isolated and/or standard compounds in 

HaCaT cells (1´105 cells/mL) with concentrations 25, 50, and 100 µM. After 24 h, UVB 

(30 mJ/cm2) was irradiated, and the cells were cultured in serum-free medium for 24 h. The 

cell viability was performed by MTT assay. The data are expressed as mean ± SD of at 

least three independent experiments in each group; # p £ 0.01, compared with the non-

treated control; * p £ 0.01; ** p £ 0.05 compared with the UV control group. 
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3.3.7 Protocatechuic acid, (-)-epicatechin, and kaempferol rescue UVB-induced 

migration defect in HaCaT cells. 

HaCaT cell migration is critical for skin wound healing. The effect of 

protocatechuic acid (2), (-)-epicatechin (4), and kaempferol (11) on keratinocyte migration 

was assessed using an in vitro HaCaT cell scratch assay. After wounding, at 0 and 24 h the 

wound area surrounded by the edges of the wound monolayer was measured and expressed. 

Wounds pre-treated with 100 µM of compounds 2, and 4 had a narrow region than wounds 

that had not been pre-treated (Figure 32A). Additionally, wound area with of compounds 

2, 4, and 11 showed percentage differences after 24 h incubation (Figure 32B). The 

findings revealed that (-)-epicatechin, and protocatechuic acid helped to reverse the effects 

of UVB on wound healing. 
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Figure 32 UVB-induced defect in HaCaT cells migration is decreased by protocatechuic 

acid (2), (-)-epicatechin (4), and kaempferol (11) pre-treatment. (A) Wound areas were 

formed in confluent layers of untreated and treated HaCaT cells prior to UVB irradiation. 

Phase-contrast images of the wounds were captured 0 and 24 h following irradiation. (B) 

The percentage of cell migration indicates the wound area at 0 and 24 h after making wound 

area and UVB-induced, compared with the initial area at 0 h. 
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3.3.8 Effect of protocatechuic acid, (-)-epicatechin, and kaempferol on UVB-

irradiated inflammatory marker in HaCaT cells. 

COX-2 and iNOS are the remarkable inflammatory markers, and over expression 

of these markers inhibited HaCaT cells growth and differentiation. RT-qPCR was used to 

examine COX-2 and iNOS expression. UVB irradiation increased the expression of COX-

2 and iNOS markers in HaCaT cells in the current investigation. Meanwhile, pre-treatment 

of 100 µM of compounds 2, 4, and 11 show diminished expression of both COX-2 and 

iNOS in HaCaT cells. This was shown in Figure 33A and 33B. The results show 

downregulation of COX-2 and iNOS in UVB-irradiated human keratinocytes.  

The UV percentage of sunlight is responsible for skin damage, which occurs as a 

result of delicate and long-term exposure. Acute UVB irradiation of human skin causes a 

variety of cellular and pathological changes, including cell-cycle arrest, DNA damage, 

antioxidant defense system fatigue, and inflammation. Natural substances have captivated 

significant thought as skin protection in this regard [42]. UVB irradiation arbitrated 

inflammatory in this investigation, while the isolated and/or standard chemicals from EPL 

prevented this. 

COX-2 expression caused by UVB is linked to skin redness, the creation of pro-

inflammatory cytokines, and the penetration of inflammatory cells. UVB irradiation 

increased iNOS expression and generation of its reactive product in HaCaT cells [89], 

which were successfully protected by pre-treatment with 100 µM of compounds 2, 4, and 

11. Under normal circumstances, NO plays an important role in maintaining the 

homeostasis of normal skin function; nevertheless, excess NO production caused by 
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increased iNOS has been linked to skin diseases such as redness, dermatosis, and psoriasis 

[71]. 
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Figure 33 Effects of protocatechuic acid (2), (-)-epicatechin (4), and kaempferol (11) on 

the gene expression of HaCaT cells. Cells were pre-treated with 25, 50, and 100 µM for 24 

h. After that, UVB (30 mJ/cm2) were exposed to monolayer HaCaT cells. After removed 

PBS, serum-free DMEM was added into cells and were incubated for 24 h. The gene 

expression was measured by RT-qPCR. (A) the gene expression level of COX-2, and (B) 

iNOS. The data are expressed as mean ± SD of at least three independent experiments in 

each group; # p £ 0.01, compared with the non-treated control; * p £ 0.01; ** p £ 0.05 

compared with the UV control group. 
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Part IV: CONCLUSION 

In conclusion, Using LC-DAD-MS/qTOF analysis, eleven compounds (1-11) were 

proposed or identified from acetone extract of E. phaseoloides. Among them, six phenolic 

compounds, protocatechuic acid (2), 4-hydroxybenzoic acid (3), luteolin-7-O-b-D-

glucoside (5), cirsimaritin (6), (+)-dihydrokaempferol (9), and apigenin (10), were isolated 

by various chromatographic techniques. Protocatechuic acid (2), (-)-epicatechin (4), and 

kaempferol (11) at a concentration 100 µM showed that the inhibition of UVB-induced 

inflammation, which includes the improved expression of COX-2, and iNOS gene. 

Moreover, protocatechuic acid (2), and (-)-epicatechin (4) could potently enhanced cell 

migration during wound closure. The results suggest that protocatechuic acid (2), (-)-

epicatechin (4), and kaempferol (11) from acetone extract of E. phaseoloides leaves have 

anti-photoaging properties and could be employed in pharmaceutical and cosmeceutical 

products. 
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CHAPTER 4 

Anti-phototoxicity of Flavonoids and Their Structure-Activity Relationship 
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PART I: INTRODUCTION 

Polyphenolic natural products such as stilbenoids, flavonoids and chalcones 

possess a varied and interesting pharmacological profile marked by interactions with a 

broad range of biological targets, as well as target-decoupled structurally derived 

pharmacology [90-93]. Polyphenolic compounds have been shown to modulate the redox 

status of cells, to alter cellular signaling, and to help prevent the accumulation of damage 

in long-lived biological molecules such as lipids, proteins, and nucleic acids. This is 

accomplished both directly through scavenging of reactive oxygen species, and indirectly 

via interaction with transcription factors which coordinate the antioxidant response. 

Additionally, polyphenols can damp down inflammatory signaling, modulate nutrient 

sensing pathways, and induce the selective apoptosis of senescent cells. Importantly, these 

biological processes become dysfunctional with age and are causative in the pathogenesis 

of age-related disease [94-97].  

Flavonoids are a common polyphenolic compounds of plant secondary metabolites 

containing 15 carbon atoms and two benzene rings are joined together with a linear three 

carbon chain. Flavonoids consist of 6 major subgroups such as chalcone, flavone, flavonol, 

flavanone, anthocyanins and isoflavone. These compounds have been distributed in plants 

material, dietary fruits, vegetables, nuts, and plant derived beverages like tea wine coffee, 

beer, and fruit drinks. Flavonoids have been reported a widely range of biological activities 

in the prevention of diseases, treatment of health problems, coronary heart disease, 

neurodegenerative diseases, gastrointestinal disorders, including anti-cancer, anti-allergic, 

antioxidant, anti-inflammatory, anti-viral, anti-platelet and other [98]. 
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The chemical structure of flavonoids is based on a benzene ring (A) condensed with 

a six-member ring (C) which in the 2-position carries a phenyl ring (B) as a substituent 

(Figure 33A). The six-member of flavonoids are classified according to the substitution 

patterns of ring C. Both the oxidation state of the heterocyclic ring and the position of ring 

B are important in the classification (Figure 34B) [99]. 

 

Figure 34 Chemical structure of flavonoid (A) general chemical structure (B) main 

structures classes of flavonoids. 
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When the skin is exposed to UVB, the formation of reactive oxygen species (ROS) 

increases, which can overwhelm the antioxidant defense system, resulting in oxidative 

stress and oxidative photolesions of the skin's macromolecules. Following the abstraction 

of hydrogen, polyphenols can react with ROS in a stoichiometric way to create stabilized 

radicals, as seen in Figure 34. The delocalization of radicals over flavonoid scaffold 

increases the radicals residence time and diffusion distance, allowing for stoichiometric 

clearance by endogenous antioxidants like glutathione (GSH). As shown in Figure 35, the 

presence of hydroxyl groups, which serve as sources of labile hydrogen for abstraction 

while also enhancing the radical's stability, is required for direct antioxidant activity. 

Moreover, 15 flavonoids were selected to establish their structure-activity relationship 

(SAR) profile. 

 

Figure 35 Direct antioxidant activity of polyphenols: hydrogen abstraction, quenching of 

ROS and formation of stabilized flavonoid radicals.  
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Part II: EXPERIMENTAL 

4.2.1 Chemicals and reagents  

The standard flavonoids compounds, Quercetin was purchased from Sigma-Aldrich 

(St. Louis, MO, USA). Luteolin was purchased from Wako Pure Chemical Industries 

(Osaka, Japan). Kaempferol, apigenin, taxifolin, 5-hydroxyflavone were purchased from 

Tokyo Chemical Industry (Tokyo, Japan). Diosmetin, chrysoeriol, eriodyctiol were 

purchased from Cosmo Bio Adooq BioScience LLC (Tokyo, Japan). The solvents, 

dimethyl sulfoxide (DMSO) was purchased from Wako Pure Chemical Industries (Osaka, 

Japan). 

 

4.2.2 Cell Culture 

Human spontaneously transformed keratinocyte (HaCaT) cells were cultured in 

Dulbecco’s Modified Eagle’s medium (DMEM) high glucose supplemented with 10% 

heat-inactivated fetal bovine serum (FBS) and 100 U/mL penicillin-streptomycin at 37oC 

in a 5% CO2 humidified incubator. 

 

4.2.3 Cytotoxicity Assay 

Bioassay of cytotoxic activity was performed in vitro by colorimetric method that 

measures the reaction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphynyltrazoliumbromide 

(MTT) by mitochondrial succinate dehydrogenase. The MTT enters cells and passes into 

the mitochondria, reducing to a dark purple (formazan). This is followed by solubilization 

and measurement by spectrophotometry [57-58] 
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HaCaT cells were seeded into 96-well plate at a density 1´105 cells/mL and were 

incubated overnight at 37oC in humidified atmosphere of 5% CO2. Then, the cells were 

treated with acetone extract at various concentrations for 24 h. Subsequently, 10 µL of 

MTT solution (5 mg/mL in phosphate buffered saline, PBS) was added to each well and 

incubated for additional 4 h. Then, supernatant was discarded, and 40 mM HCl-isopropanol 

(100 µL) was added to dissolve the formazan crystals. The absorbance was measured at 

570 nm using Microplate Reader (iMark, Bio-Rad, Hercules, CA, US). Cell viability was 

calculated as percentage of the viability measured in control cells treated with DMSO 

without samples. 

The results were presented as the percentage of cell viability. Cell viability was calculated 

using the following formula: 

Cell viability (%) = Abs570 of tested cells
Abs570 of control cells

 ´ 100 

Where; 

Abs570control is the absorbance at 570 nm of the control well (DMSO). 

Abs570sample is the absorbance at 570 nm of the test well (test compounds). 

 

4.2.4 UVB-irradiation 

HaCaT cells were seeded into a 96-well plate for 24 h and then pre-treatment with 

the testing compounds at various concentrations for 24 h at 37oC in 5% CO2 humidified 

incubator. The cells were washed with phosphate buffered saline (PBS) and 100 µL of PBS 

was added. After that, UVB-irradiation were exposed to HaCaT cells (30, 50, and 100 

mJ/cm2). UVB-irradiation was performed with Bio-Link Crosslinker (Vilber Loubert 
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BiolinkTM BLX UVB, Cedex, France). UVB radiation source was a fluorescent lamp that 

emitted an energy with peak at 312 nm. After removing PBS, serum-free DMEM was 

added into cells and were incubated for 24 h. Cell viability was evaluated by MTT assay. 

Cell viability was calculated using the following formula: 

Cell viability (%) = Abs570 of tested cells
Abs570 of control cells

 ´ 100 

Where; 

Abs570control is the absorbance at 570 nm of the control well (DMSO). 

Abs570sample is the absorbance at 570 nm of the test well (test compounds). 
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Figure 36 A schematic presentation of protocols for HaCaT cells (A) cytotoxicity  

(B) UVB-irradiation 
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Part III: RESULTS AND DISCUSSION 

4.3.1 The effect of selected flavonoids on cell viability of HaCaT cells  

To determine whether flavonoids are involved in the protective against UVB 

irradiation in HaCaT cells. First, the toxicity of selected flavonoids was investigated. Cell 

viability was determined using MTT assay in HaCaT cells. The cell viability of 80% was 

considered to be non-toxic. The cell viability of luteolin, chrysoeriol, 5-hydroxyflavone, 

naringenin, and eriodictyol at 100 µM decreased to under 80%, while all compounds at a 

concentration 50 µM did not show any toxicity in HaCaT cell (Figure 37). Therefore, 50 

µM was considered the highest concentration for the further experiments. 
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Figure 37 Effect of selected flavonoids on viability of the HaCaT cells. Cell viability was 

measured by MTT assay. HaCaT cells (1´105 cell/well) were seeded to a 96-well plate and 

then incubated overnight. The cell viability was performed after treated with isolated 

compounds for 24 h. Values are presented as the mean ± SD of three wells.; * p £ 0.01 

compared with the control group; ** p £ 0.05 compared with the control group. 

!

4.3.2 Protective effects of flavones, flavanones, and flavonols against UVB-irradiation 

 UVB is the most damaging component of solar radiation involved in several 

pathological conditions, including photoaging and photocarcinogenesis. Many synthetic 

sunscreen agents are available on the market but come with restrictions based on their 

ability to generate photoreaction adducts, causing negative effects on human skin. Natural 

substances can help prevent cancer, induce gene suppression, and protect DNA from 

oxidative damage among many other things. Due to their UV absorption characteristics, 
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antioxidant qualities, and modulation of various signaling pathways, natural flavonoids 

have great potential for preventing the damaging effects of UV radiation. However, in 

addition to their photoprotective properties, new compounds must establish their safety 

[100]. 

The UVB protection effects of selected flavonoids were determined with 

concentrations 50 µM. Based on the structures, the results can be divided into three groups. 

 

Figure 38 Phototoxicity of the pre-treatment of flavonoids in HaCaT cells (1´105 

cells/mL) with concentrations 50 µM. After 24 h, UVB (30 mJ/cm2) was irradiated, and 

the cells were cultured in serum-free medium for 24 h. The cell viability was performed by 

MTT assay. The data are expressed as mean ± SD of at least three independent experiments 

in each group; * p £ 0.01; ** p £ 0.05 compared with the UV control group. 
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4.3.3 Flavone 

The A-ring of flavone has four substituents positions: 5, 6, 7, and 8, and their 

changes result in the anti-phototoxic activity. Chrysin (5,7-dihydroxyflavone) differ from 

5-hydroxyflavone only in the 7-hydroxyl group (Figure 39), and their anti-phototoxicity 

were compared on UVB-induced HaCaT cells. Chrysin had higher the percentage of cell 

viability than 5-hydroxyflavone. The results indicated that the flavones lacking 7-hydroxyl 

moiety tended to have less potent activity compared to those that have it. 

Based on the literature 5,7-OH substituents on the A-ring are needed for flavones 

to have good anti-inflammatory activity [101]. Chrysin (5,7-dihydroxyflavone), apigenin 

(4’,5,7-trihydroxyflavone), and luteolin (3’,4’,5,7-tetrahydroxyflavone) all have such a 

pattern, and their only difference is in the position and number of hydroxyl group on the B 

ring (Figure 39). The cell viability of pretreatment (50 µM) is superior compared to UVB-

group of chrysin (119.44%) and is followed by apigenin (117.53%) and luteolin (90.35%) 

as summarized in Figure 38. This suggests that the higher the number of hydroxyl group 

on the B ring, the higher the suppression of anti-phototoxic activity. Moreover, the useful 

effect of position of methoxy group was demonstrated by diosmetin (3’,5,7-trihydroxy-4’-

methoxylflavone) and chrysoeriol (4’,5,7-trihydroxy-3’-methoxylflavone). When the 

hydroxyl group at C-4’ position of luteolin is methoxylated to 3’,5,7-trihydroxy-4’-

methoxylflavone, activity was significantly improved while chrysoeriol did not show such 

effect on HaCaT cell line at a concentration 50 µM. The cell viability pretreatment (50 µM) 

compared with UVB-group of diosmetin and chrysoeriol were 111.64% and 89.47%, 

respectively. 
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Comparing the anti-phototoxicity of chrysin and baicalein on UVB-induced HaCaT 

cells shows that baicalein demonstrated higher potential than chrysin at a concentration 50 

µM. Interestingly, baicalein, which has one more hydroxyl group at C-6 than chrysin, 

showed strong activity. This result suggests that the 6-OH group enhanced the anti-

phototoxicity.  

 

Figure 39 Chemical structure of flavones 
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4.3.2 Flavanone 

As shown in Figure 34B, flavanone is a chemically modified metabolic form of 

flavones that differs only in the bond between C-2 and C-3. The anti-phototoxic activity 

has been described in Chapter 3. 

Naringenin is a flavanone that shares the same substituent pattern as apigenin on 

the skeleton except that the former has a single C2-C3 bond. The single bond results in the 

nonplanar structure of the C-ring and breaks the conjugation between the A- and B-rings. 

It was shown that naringenin increased anti-phototoxic effect at a concentration 50 µM by 

95.80%, while apigenin inhibited phototoxicity by 117.53%. The results suggest that the 

double bond between C-2 and C-3 enhances anti-phototoxic activity. 

Additionally, the comparison of flavanones and flavonols proves the double bond 

between C-2 and C-3 enhance the anti-phototoxic activity. Another pair is (+)-

dihydrokaempferol (single bound between C-2 and C-3) and kaempferol (double bond 

between C-2 and C3). At 50 µM, (+)-dihydrokaempferol showed cell viability of 111.71% 

when compared with UVB-irradiation group. The cell viability of (+)-dihydrokaempferol 

is lower than kaempferol (118.51%). These results suggest that flavanone has weaker anti-

phototoxicity agents than their flavone complement.  
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Figure 40 Chemical structures of flavanones 
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C-3, its anti-phototoxic activity is different from apigenin. Kaempferol showed protective 

effect on UVB-induced HaCaT cells with cell viability of pretreatment (50 µM) compared 

with UVB-group of kaempferol being 118.51%.  

In addition, Galangin and quercetin are flavonols that share the same structure as 

chrysin and luteolin, respectively, except for a hydroxyl group at the C-3 position. Galangin 

and quercetin at 50 µM showed percentage of cell viability UVB-induced HaCaT cells of 

97.67% and 98.42%, respectively. The cell viability of quercetin is higher than luteolin. 

The anti-phototoxic activities of flavonoids follow similar trend to its anti-inflammatory 

activities. A hydroxyl group in the 3-position of the flavonoid and C2=C3 double bond 

flavonols were found to have higher ionization potential (IP) (e.g., donate electrons more 

efficiently), and to stabilize the resultant flavonoid cation free radical than scaffolds lacking 

theses structural feature. The flavonol scaffold is found to be one of the most potent anti-

phototoxicity structures in the flavonoids class.  
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Figure 41 Chemical structure of flavonols 
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Part IV: CONCLUSION 

 In conclusion, these results showed the rough treads for structure-activity 

relationship of flavone as summarized in Figure 42. Hydroxyl groups are considered an 

essential part for their anti-phototoxicity. The position and number of hydroxyl and 

methoxyl group all play some role in dictating the anti-phototoxicity. Specifically, the 

hydroxyl group on C-4’ confers flavones with potent anti-phototoxic activity. On the other 

hand, when the monohydroxyl group is on C-6, the anti-phototoxicity activity increases. 

Also, double bond between C-2 and C-3 position enhances the activity of flavones.  

 

Figure 42 Summary of the anti-phototoxic activity structure-activity relationship of 

flavone, flavanone, and flavonol 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 
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Entada phaseoloides (Family: Fabaceae) is a huge evergreen liana that grows high 

in the tropical forests and is native in Africa, Asia, and Australia’s lowland coastal forests. 

In Southeast Asia and tropical regions, E. phaseoloides is a well-known traditional 

medicinal plant and the components and biological activities (such as anti-inflammatory 

activity and antioxidant) of the seeds and stems have been investigated in many studies. In 

1989, the first report, E. phaseoloides leaves yielded entadamide C, a sulphur-containing 

amide that was isolated and described. In other studies, the isolated compounds from E. 

phaseoloides seeds and stems such as quercetin, luteolin, apigenin, and dihydrokaempferol 

have been reported. However, few data are available on compounds isolated from E. 

phaseoloides leaves. 

The human skin is the body's most exposed organ, and it protects the body from a 

range of environmental afflictions. The sun's ultraviolet (UV) radiation is a form of high-

energy electromagnetic radiation that is considered phototoxic to all organisms. UV-B 

(280-315 nm) is a large part of the solar UV. While it is ineffective in penetrating into the 

deep skin layer, it particularly influences the epidermis (the skin’s superficial layer which 

mostly comprises of keratinocytes). UV-B irradiation has been linked to skin inflammation 

due to oxidative stress caused by reactive oxygen species (ROS). The oxidative processes 

induced by ROS results in lipid peroxidation, DNA mutations and damage of membrane 

protein that play a key role in skin aging. Over the past years, the development of natural 

products and flavonoids have drawn attention as protective agents for preventing against 

UVB-induced skin damage via scavenging ROS. Thus, this study focused on isolation and 
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identification of active compounds from acetone extract of E. phaseoloides leaves (AE) 

and investigation of their anti-phototoxicities in keratinocytes (HaCaT cells). 

In preliminary screening, the several biological activities of E. phaseoloides 

extracts (70% EtOH, EtOH, 70% MeOH, MeOH, acetone, and ethyl acetate, respectively) 

on HaCaT cell line have been investigated (e.g., circadian rhythm, cytotoxicity). The 

results showed that acetone extract significantly increased the expression of clock genes, 

Per1 in HaCaT cells after addition of acetone extract at 12 h, while Bmal1 was weakly 

expressed. The other extracts were less active on the expression of Per1 and Bmal1 genes. 

The antioxidant and protective effect of AE on UV-B irradiated HaCaT cells was 

investigated. AE showed antioxidant activity in DPPH and ABTS assay with IC50 values 

of 125.4 ± 35.7 and 704.6 ± 56.0 µg/mL, respectively. AE at a concentration of 40 µg/mL 

increased cell viability of the UV-B damaged cells. Thus, AE was selected for further 

isolation and identification of the active compounds. 

The characteristic profile of AE was investigated with LC-DAD-MS. Eleven 

compounds were identified or proposed in AE by based on their retention times, UV, and 

the accurate mass values, as well as comparisons with the reference standard compounds. 

Among of these compounds, gallic acid (1), protocatechuic acid (2), 4-hydroxybenzoic 

acid (3), (-)-epicatechin (4), luteolin-7-O-b-D-glucoside (5), luteolin (7), quercetin (8), (+)-

dihydrokaempferol (9), apigenin (10) and kaempferol (11) were confirmed by comparison 

with authentic standards. On the other hand, the AE was also separated by various 

chromatographic techniques such as open column chromatography, MPLC and preparative 

TLC, to obtain six compounds. The chemical structure of isolated compounds, 
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protocatechuic acid (2), 4-hydroxybenzoic acid (3), luteolin-7-O-b-D-glucoside (5), 

cirsimaritin (6), (+)-dihydrokaempferol (9), and apigenin (10) were confirmed by NMR 

and MS data. 

The cytotoxicity of isolated/standard compounds on normal HaCaT cells were 

evaluated by using MTT assay. The results showed that compounds 7 and 10 (100 µM) 

have toxicity to HaCaT cells while all the other compounds showed no toxicity. The 

phototoxicity of UV-B irradiation was evaluated with 30 mJ/cm2. The protective effect 

against UV-B irradiation of isolated/standard compounds were determined at different 

concentrations of 25, 50, and 100 µM. The cell viability pre-treated with isolated/standard 

compounds were increased when compared with UV-B irradiation group, which indicated 

that pre-treatment with compounds 2, 4, and 11 protect HaCaT cells from UV-B irradiation 

damage. The effect of compounds 2, 4, and 11 on keratinocyte migration was assessed 

using an in vitro HaCaT cell scratch assay. After wounding and UV-B irradiation, at 0 and 

24 h the wound area surrounded by the edges of the wound monolayer was measured. The 

findings revealed that compounds 2, and 4 helped to reverse the effects of UV-B on wound 

healing compared with non-treated group. UV-B irradiation increased the expression of 

COX-2 and iNOS markers in HaCaT cells in the current investigation. COX-2 and iNOS 

expression were investigated using RT-qPCR. Meanwhile, pre-treatment by 100 µM of 

compounds 2, 4, and 11 reduce expression of COX-2 and iNOS in HaCaT cells. UV-B 

irradiation increased iNOS expression and generation of its reactive product in HaCaT 

cells, which were successfully protected by pre-treatment with compounds 2, 4, and 11 at 

100 µM. 
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The structure-activity relationships of flavonoids were determined by in vitro 

studies. Based on the results, the 5,7-dihydroxyl moiety is an important role in UVB- 

induced HaCaT cells. Moreover, double bond between C-2 and C-3 position and hydroxyl 

group at C-3 position on C-ring are required for anti-phototoxic activity. 

In conclusion, the anti-phototoxicity effect of isolated/standard compounds from 

AE on HaCaT cells were evaluated using MTT assay. Protocatechuic acid (2), (-)-

epicatechin (4), and kaempferol (11) from AE showed that the inhibition of UV-B induced 

inflammation, which includes the improved expression of COX-2, and iNOS gene. 

Moreover, protocatechuic acid (2), and (-)-epicatechin (4) could potently enhanced cell 

migration during wound closure. The results suggest that acetone extract of E. phaseoloides 

leaves and their active compounds, protocatechuic acid (2), (-)-epicatechin (4), and 

kaempferol (11) are potential agents for treating photoaging. 

  



 107 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 

  



 108 

 

Figure S1 1H NMR (600 MHz, DMSO-d6) spectrum of protocatechuic acid (2) 
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Figure S2 13C NMR (150 MHz, DMSO-d6) spectrum of protocatechuic acid (2) 
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Figure S3 1H NMR (600 MHz, CDCl3: CD3OD (1:1)) spectrum of 4-hydroxybenzoic 

acid (3) 
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Figure S4 13C NMR (150 MHz, CDCl3: CD3OD (1:1)) spectrum of 4-hydroxybenzoic 

acid (3) 
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Figure S5 1H NMR (600 MHz, CD3OD) spectrum of cirsimaritin (6) 
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Figure S6 13C NMR (150 MHz, CD3OD) spectrum of cirsimaritin (6) 
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Figure S7 1H NMR (600 MHz, CDCl3: CD3OD (1:1)) spectrum of (+)-

dihydrokaempferol (9) 
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Figure S8 13C NMR (150 MHz, CDCl3: CD3OD (1:1)) spectrum of (+)-

dihydrokaempferol (9) 
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