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Abstract 

 

Accumulating evidence indicates that inflammation is associated with multiple 

pathological processes and induces cellular and molecular damage by activating 

inflammatory signaling pathways, including the NF-B pathway. The purpose of this 

study was to identify anti-inflammatory agents derived from natural products that target 

NF-B activity and apply them to inflammation-associated diseases. Apparently, natural 

products play a significant role in regulating the inflammatory response pathways. NF-

B is a central mediator of pro-inflammatory gene induction and functions in both innate 

and adaptive immune cells; therefore, the anti-inflammatory regulation of NF-B is 

required. In order to establish a novel therapeutic approach for inflammatory-induced 

pathogenic disease, the extensive pharmacological investigations of natural products 

were conducted to identify a potential anti-inflammatory agent by targeting NF-B 

activity. 

 

1. Firstly, the Identification of natural products as a potential source for anti-

inflammatory agents by NF-B -targeted functional screening  

 

NF-B -targeted functional screening of 112 natural products were conducted to 

determine their anti-inflammatory properties. Using a 4T1 breast cancer cell line that 

constitutively expresses the firefly luciferase gene under the control of the NF-B 

reporter, the NF-B -targeted functional screening were conducted and found that 

Sohakuhi (Morus alba Linn. bark) extract was found to significantly inhibit NF-B 

activity without affecting cell viability. Secondary, 35 natural medicinal plants cultivated 

in Indonesia traditionally used to treat skin disease symptoms were also subjected to 

the NF-B -targeted functional screening and two K. galanga extracts from different 

rhizome types were identified to exert strong suppression in NF-B activity without 

affecting cell viability.  
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2. Anti-inflammatory compounds moracin O and P from Morus alba Linn (Sohakuhi) 

target the NF-B pathway  

 

To further determine the utility of Sohakuhi extract regarding its anti-inflammatory effect, 

we examined TRAIL-induced cellular damage of HaCaT human keratinocytes. While 

TRAIL triggered the phosphorylation of p65, a subunit of NF-B, leading to cellular 

damage in HaCaT cells, treatment with Sohakuhi extract protected HaCaT cells against 

TRAIL-induced cellular damage and suppressed NF-B activation, and up-regulation of 

anti-apoptotic BCL-XL and BCL-2 expressions. This mechanism could emphasis how 

interaction between the BCL-2 family address critical importance to further evaluate 

both the concentration and affinities of BCL-2 family protein to govern cell fate based on 

Justin kale at all review.  Importantly, through chemical fractionation of Sohakuhi extract, 

we determined that Moracin O and P are responsible for the anti-inflammatory effect of 

Sohakuhi. Collectively, the present results indicate that Sohakuhi and Moracin 

compounds are promising targets for developing novel anti-inflammatory drugs.  

 

3. Anti-inflammatory and cytoprotective effect of Kaempferia galanga extracts by 

targeting NF-B activity  

 

Based on the screening of 12 selected natural medicinal plants, we identified Two K. 

galanga extracts (29 and 35) derived from distinct rhizome types strongly inhibited NF-

B activity without affecting cell viability. The biological activity of K. galanga in extracts 

29 and 35 was further evaluated by incubating HaCaT cells with recombinant TRAIL 

(rTRAIL) as a mediator of inflammatory stimuli that activate NF-B activity and 

cytotoxicity. Pretreatment with extracts 29 and 35 did not show toxic effects on HaCaT 

cells, whereas rTRAIL induced a significant reduction in the viability of cells. 

Furthermore, pretreatment with extract 29 and 35 at concentrations of 16 and 32 g/mL 

protected cell growth against rTRAIL-induced cellular damage. Cytoprotective effects of 

extracts 29 and 35 against tumour necrosis factor-related apoptosis-inducing ligand 

(rTRAIL)-induced cellular damage in human keratinocytes. These findings suggest that 
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the identified K. galanga extracts are promising candidates for the creation of novel anti-

inflammatory natural medicines.  

 

4. Ethyl P-methoxycinnamate: an active anti-metastasis agent and chemosensitizer 

targeting NF-B from Kaempferia galanga for melanoma cells  

 

The active compound in K. galanga was isolated and identified using chromatography 

and spectroscopy techniques, and given six compounds. Inhibitory activity on NF-B 

activation and cell viability was determined using reporter assay methods. Among the 

isolated compounds, ethyl p-methoxycinnamate (EPMC) demonstrated potent NF-B 

inhibitory activity against melanoma cell B16F10- NF-B-Luc2 with an IC50 of 88.7 μM. 

Further investigation was conducted by evaluating the anti-metastasis effect of EPMC in 

vitro by using wound-healing assays, invasion tests, and molecular mechanism assays 

using Western blotting. NF-B has been implicated in tumorigenesis through the 

PI3K/Akt/ NF-B pathway. The results of this study indicated that EPMCs act as 

inhibitors of p38, this protein can directly or indirectly target proteins that could be a 

pre/post transcriptional response. The result could be speculated that p38 directly 

regulate Akt phosphorylation at serine 473 however,the present of EPMC 

downregulated Akt at serine 473 posporilation. As both protein could directrly target the 

downstream transcription factor(NF-B), it can assume decrease level p38 and Akt 

affect NF-B dependent transcription. Further analysis with paclitaxel demonstrated that 

the combinations could sensitize to apoptosis in response to well-known chemotherapy 

agents. Additional studies were conducted using the human melanoma cancer cell line 

SK-Mel 28. Along with the induction of apoptosis, we observed an increase in p-γH2AX 

expression (a molecular marker for double strand breaks in DNA damage) in response 

to treatment with paclitaxel and EPMC. The result showed EPMC to be a potential, 

viable adjuvant for improving the clinical efficacy of anti-metastatic and cancer 

chemotherapy.  

 

5. Anti-inflammatory activities of isopimara-8(9),15-diene diterpenoids and mode of 

action of kaempulchraols compounds from Kaempferia pulchra rhizomes  
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Kaempulchraols, isopimara-8(9),15-diene diterpenoids isolated from Kaempferia 

pulchra rhizomes collected in Myanmar, were examined their anti-inflammatory activity. 

Among 21 isopimara-8,14(15)-diene diterpenoids, the most potent Kaempulchraols P 

and Q, with IC50 values of 39.88 and 36.05 M, respectively, inhibited the NF-B -

mediated transactivation of a luciferase reporter gene, IL-6 production, and COX-2 

expression, with an effective dose of 25 M. Furthermore, other series of 

Kaempulchraols, Kaempulchraols B-D, isolated from K.pulchra, isopimara-8(9),15-diene 

diterpenoids were also effective as inhibitor NF-B mediated transactivation of a 

luciferase reporter gene, IL-6 production, and COX-2 expression, with an effective dose 

of 25 M. Thus, isopimarane diterpenoids are suggested to be potent inhibitors of NF-

B pathways and could be further explored as potential anti-inflammatory lead 

compounds. 

In summary, these studies demonstrated the importance of natural products as a source 

of anti-inflammatory agents, particularly targeting NF-B inflammatory signal pathway. 

The clinical application of those natural anti-inflammatory agents would be beneficial to 

treat inflammation-associated diseases. 
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1.1 Background 

1.1.1 Basic Principle of Inflammation 

The ancients defined inflammation based on five cardinal signs: redness (rubor), 

swelling (tumour), heat (calor; only applicable to the body's extremities), pain (dolor), 

and loss of function (functio laesa). Celsus (30–38 B.C.) named the first four of these 

signs in ancient Rome, and Galen (A.D 130–200) named the last(1).  As it has been 

traditionally described.  

A greater blood flow through dilated vessels results in a more intense sensation 

of heat, as well as a more noticeable redness in the skin (because increase the number 

of erythrocytes passing through the area). oedema (swelling) occurs when fluid from 

dilated and permeable blood vessels enters the surrounding tissues, the cardinal sign of 

inflammation illustrated in (Figure 1). furthermore, cells invade the damaged area, and 

connective tissue accumulates as a result of an extended inflammatory response. 

Mediators, either from initial damage or caused by the inflammatory reaction itself and 

stretching of sensory nerves due to oedema, are responsible for pain. Oedema and pain 

can make a joint less mobile and cause scar tissue to replace the cells that make it 

work(2). 

Once inflammation occurs, it serves as a defense mechanism for the body 

against infection and damage to tissue.The long-term effects of inflammation can be 

extremely detrimental to health status. Recent decades have seen an increase in the 

number of cases in which persistent inducers or genetic variations alter inflammatory 

responses. Different stimuli trigger different physiological and pathological inflammatory 

responses, the causes, and physiological and pathological outcomes of inflammation 
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illustrated in (Figure 2) (3). The elimination of infectious agents may be the result of a 

successful mediators-acute inflammatory response followed by a resolution and repair 

phase mediated by tissue-resident and recruited macrophages(4). During the acute 

phase of the inflammatory response, immune system cells move to the site of the injury 

in a properly orchestrated sequence that is helped along by acute-phase proteins, 

cytokines, and chemokines, this illustrated in (Figure 3). The state of injury became the 

starting point, this initial phase may be enough to fix the problem and start the healing 

process. However, Persistent inflammation can lead to the chronic phase, where tissue 

damage and fibrosis can occur. This can happen if the body is exposed to stimulation 

for a long time or if it reacts too strongly to its own molecules. Chronic inflammation has 

been linked to a lot of diseases and conditions that come with getting older, like arthritis, 

asthma, atherosclerosis, autoimmune diseases, diabetes, cancer, and even some forms 

of dementia(5). 

 

1.1.2 NFB regulate genes encoding inflammatory mediators 

David Baltimore and Ranjan Sen discovered the transcription factor NF-B 30 years 

ago, and since then, it has been proven to be a key regulator of immune system-

inducible gene expression (6) NF-B was initially described as a specific DNA-binding 

activity in B cells that identified an enhancer element in the gene encoding the 

immunoglobulin-light chain and was designated to reflect these characteristics. 

Afterward, it was discovered that NF-B was expressed in nearly every type of cell, but 

the name NF-B forced to stick (7). NF-B regulates the expression of literally hundreds 
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of biologically significant genes (a growing list is available at (http://www.bu.edu/nnf-

kb/generesources/target-genes/) 

 Nearly all multicellular organisms depend on the nuclear factor kappa B (NF-B) 

family of dimeric transcription factors for the coordination of inflammatory responses as 

well as innate and adaptive immunity along with cell differentiation, proliferation, and 

longevity(8-11). Since its inception, NF-B research has been at the leading edge of 

biochemistry, molecular biology, and genetics scientific breakthroughs. Researchers 

highlighted the complexity of NF-B and its regulation due to its seemingly redundant 

and interconnected factors(12).  

The NF-B network in Mammalia is composed of five family member protein 

monomers (p65/RelA, RelB, cRel, p50, and p52) that form homodimers or heterodimers 

which thus connect DNA differentially(13-15) and are controlled by two different 

pathways: the canonical pathway, which is dependent on the NF-B essential modulator 

(NEMO), and the noncanonical pathway, which is independent of the NEMO. These 

pathways exert a tight control over the rates and complexities of the transcriptionally 

active NF-B dimer repertoire in both the constitutive state and in response to specific 

stimuli. As a result, they are able to regulate a wide variety of gene expression 

programs(16, 17) it is illustrated in (Figure 4). The canonical (classical) pathway core is 

IB (NF-B inhibitor) (18-20). 

 In unstimulated cells, NF-B forms a complex with IκB and is therefore blocked 

in the cytoplasm. Multiple intracellular signaling pathways are activated if the cells are 

stimulated, and these pathways converge on the IB kinase (IKK) complex. The most 

well-known form of this complex is composed of two functional non-redundant kinases 

http://www.bu.edu/nnf-kb/generesources/target-genes/
http://www.bu.edu/nnf-kb/generesources/target-genes/
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IKKα (IKK1) and IKKβ (IKK2). As well as and the regulatory subunit IKKγ, also known 

as NEMO ("basic regulator of NF-B"). the IKK complex phosphorylates IB at specific 

amino acid residues. IKKβ mainly mediates iκBα phosphorylation at Ser32 and Ser36. 

This site-specific phosphorylation is a prerequisite for subsequent post-translational 

modification, I.e., ubiquitination of IκBα, which marks the degradation of NF-B 

inhibitors in the 26S proteasome. NF-B can now be freely transferred to the nucleus, 

consequently regulating the expression of genes involved in essential physiological and 

pathophysiological cellular processes, such as controlling the immune system, 

especially the innate immune response, and the regulation of Inflammation and 

apoptosis.(21, 22) 

The Central key of the non-canonical pathway regulates of NF-B -inducing-

kinase (NIK, also known as MAP3K14)(20, 23). This NIK-modified ubiquitin ligase 

complex generally consists of the TRAF3, TRAF2 proteins, and apoptosis inhibitor 1 or 

2 (cIAP1 or 2). The non-classical NF-B pathway activators include tumor necrosis 

factor superfamily receptor ligand (TNFSFR). It can be expressed by T cells, dendritic 

cells, B cells, macrophages, granulocytes, NK cells, and some non-immune cells. In 

dendritic cells, examples of TNFSFR include CD40, CD137 (41BB, TNFRSF9) and 

lymphotoxin receptor β (LTBR)(24). Finally, The translocation of NF-B to the nucleus 

activates the transcription of several genes related to the innate and adaptive immune 

response, including inflammation and cell fates(25). 
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1.1.3 The role of NF-B in inflammation-mediated cellular damage 

NF-B can play a vital role in cell fate by opposing or promoting cell death in multiple 

circumstances(26) It has been demonstrated that NF-B has both proapoptotic and 

antiapoptotic functions(27) Necrotic cells have the potential to generate signals for 

master transcription factors such as NF-B, AP1, and others. These transcription 

factors are responsible for the regulation of hundreds of genes that are involved in 

inflammation, innate immunity, damage maintenance and cell or tissue remodeling, In 

many tissue settings, the most prominent effect of NF-B is to prevent apoptosis; 

however, in other settings, NF-B can speed up cell death(26)  

There are more than 150 stimuli that  can trigger NF-B activation therefore 

known as “central mediator of the human immune response” (28). The large majority of 

dissimilar ligands bind to similar cell surface and intracellular receptors, such as the 

cytokines (TNF-, IL-1/, and TRAIL)(29). bacterial molecules (LPS, flagellin, and non-

methylated dsDNA) thus, the binding between ligands and receptor could induce 

inflammatory responses(30).  

Inflammatory and epithelial cells secrete reactive oxygen (ROS) and nitrogen 

species (RNS) during inflammatory process, which can damage DNA and cause 

mutations and genomic instability if not repaired. DNA damage response can also 

induce an inflammatory microenvironment characterized by hypoxia. Hypoxia increases 

intracellular RNS and ROS, causing DNA damage and a poor prognosis. DNA damage-

producing inflammation can induce NFB, resulting in iNOS-dependent DNA damage. 

Additionally, to date, all eukaryotic cells studied have used PI3-kinase-related protein 

kinases from the ATM/ATR family to initiate a variety of DNA damage responses. H2AX 
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is a variant histone that is specifically and rapidly phosphorylated within its C-terminal 

tail by both ATM and ATR in the nuclear microenvironment adjacent to DNA damage. 

(31-33) 

 

1.1.4 The role of NF-B in inflammation-associated carcinogenesis, metastasis and 

chemo resistant 

NF-B, a transcriptional factor, is involved in the regulation of inflammatory responses. 

which can be stimulated by a variety of stimuli such as proinflammatory cytokines, 

infectious agents, and cellular stresses, has been linked to carcinogenesis, metastasis 

and resistance to multiple drug therapy(34). Crosstalk between DNA damage and 

inflammation in the various stages of carcinogenesis (35) illustrated in (Figure 5). 

Because of the inflammatory microenvironment and various oncogenic mutations, a 

significant number of human cancers have constitutive NF-B activity (35). Not only 

does NF-B activity promote tumor cell proliferation, suppress apoptosis, and attract 

angiogenesis, but it also induces epithelial mesenchymal transition, which aids in distant 

metastasis.  

Inflammation is a significant feature of cancer that can both initiate and sustain 

tumor development. In immuno-oncology, melanoma serves as a model tumor. 

Because of its rapid evolution and acquired drug resistance, metastatic melanoma 

remains one of the most aggressive and feared types of skin cancer. Because of the 

disease's ever-increasing prevalence, there is an urgent need to develop more effective 

follow-up and treatment options for melanoma patients(36-38).  
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Mechanisms of inflammation-associated melanoma figure out at (Figure 6). UVA 

and UVB rays both stimulate the production of high levels of ROS to induced such 

inflammation step in exposed skin, which can then activate three important pathways: 

MAPK cascade (a protein family that includes JNK and p38) with further activation of 

AP-1 transcription factor, AKT/PKB cascade with modulation of IKK via activation p50 

and p65 proteins to enhance transcription factor NF-B, via anti-apoptotic (the Bcl-2) 

pathway , JAK-2 and STAT-3 activation All of these pathways are linked to chronic 

inflammation and promote tumor progression by upregulating COX-2 and producing 

PGE2 at the tumor site(39). As a result, strategies to inhibit inflammation-induced 

disease via those pathways are still required. 

 

1.1.5 NF-B; target for Inflammation and inflammation-associated disease 

The activation of NF-B is triggered by a cocktail of proinflammatory agents. This 

inducible transcription factor controls the expression of a plethora of target genes. 

Because some target genes are also NF-B activators, activating this transcription 

factor contributes to the establishment of a signal amplification loop. When the adaptive 

immune response against self-antigens builds up, some autoimmune diseases are often 

linked to dysregulation of the NF-B mechanism and overexpression of inflammatory 

mediators(40). In order to anticipate several problems induced by NF-B, it was 

important to searching new approach to inhibit NF-B. Extensive research has revealed 

that several plants can inhibit NF-B at the molecular level. Natural chemo preventive 

agents such as emodin, gingerol, resveratrol, lycopene, indole-3-carbinol, vitamin C, 

sulphoraphane, and ellagic acid have been found to be potent NF-B inhibitors(41) 
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5.2 Aim and Purpose 

As traditional medicine, hundreds of natural remedies have been widely used. Japan 

and Indonesia are well-known for their traditional medicines, Kampo and Jamu, 

respectively. Various anti-tumor, anti-inflammatory, and anti-aging activities derived 

from natural medicines have been identified, but the majority have not been investigated 

for their potential medical applications. Accumulating evidence suggests that 

inflammation is linked to multiple pathological processes and induces cellular and 

molecular damage through the activation of inflammatory signaling pathways, including 

the NF-B pathway. The aim of the present study was to identify natural product  as 

anti-inflammatory  that can target NF-B activity. Natural products reportedly play an 

important role in controlling the inflammatory response pathways. NF-B is a central 

mediator of pro-inflammatory gene induction and functions in both innate and adaptive 

immune cells; therefore, the anti-inflammatory regulation of NF-B is needed, 

 in order to establish a novel therapeutic approach for identify inflammatory agent 

induced pathogenic disease, I develop strategy to identify active anti-inflammatory 

agent from Morus alba, Kaempferia galanga and Kaempferia pulchra and their possible 

application on Inflammatory-associated disease. There is evidence to suggest that 

natural products play a significant part in the regulation of inflammatory response 

pathways, and the general introduction regarding inflammation and disease link to 

inflammation explained in this Chapter 1. I screened 112 natural products collected in 

institute of natural medicine library, Toyama university were tested for their anti-

inflammatory properties, Sohakuhi (Morus alba Linn. bark) extract was observed to 

strongly suppress NF-B activity without affecting cell  viability. Furthermore, the aim in 
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this chapter is identify natural product by screening Indonesian medicinal plants that 

could target NF-B activity as well, Yet, in chapter 2, I investigated the inhibition of NF-

B activation in 35 natural medicinal plants (1–35) cultivated in Indonesia traditionally 

used to treat skin disease symptoms. with particular focus given to Kaempferia galanga 

extracts as promising candidates. Based on the screening of 35 natural medicinal plants, 

we identified two K. galanga extracts (29 and 35) from different rhizome types that 

strongly suppressed NF-B activity without affecting cell viability. To seeking their 

application on inflammation-associated cellular damage, I illustrated in chapter 3. 

Sohakuhi (Morus alba Linn. bark) extract was observed to strongly suppress NF-B 

activity without affecting cell viability.  

To further examine the anti-inflammatory effect of Sohakuhi, tumor necrosis 

factor-related apoptosis-inducing ligand (TRAIL)-induced cellular damage of human 

HaCaT keratinocytes was evaluated. While TRAIL triggered the phosphorylation of the 

p65 subunit of NF-B, leading to cellular damage in HaCaT cells, treatment with 

Sohakuhi extract protected HaCaT cells against TRAIL-induced cellular damage. 

Moreover, Sohakuhi treatment also upregulated the anti-apoptotic proteins Bcl-xL and 

Bcl-2. Importantly, through chemical fractionation of Sohakuhi extract, moracin O and P 

were confirmed to mediate its anti-inflammatory effects.  

Collectively, the present results indicated that Sohakuhi and moracin may 

represent potential candidates for the development of novel anti-inflammatory drugs. 

Future research to Kaempferia galanga, regarding to its potential anti-inflammatory 

effects, it exhibited the same profiles as Morus alba in terms of its cell-protective effect. 

The objective of purification is to identify compounds containing pharmacologically 
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active ingredient. I anticipated that unique active components would possess anti-

inflammatory properties, and that their application in inflammation-associated disease 

efficacy.  

Futhermore, Through a series of identification process we identified the active 

compound in Kaempferia galanga, Ethyl Para Methoxy cinnamate (EPMC) which could 

be used to treat melanoma as an anti-metastasis and chemosensitizer agent that could 

be trough NF-B inflammatory signal. In this chapter 4 The purpose of this study was to 

identify the active compound in Kaempferia galanga, the active compound in K. galanga 

was isolated and identified using chromatography and spectroscopy techniques, and 

given six compounds. Inhibitory activity on NF-B activation and cell viability was 

determined using reporter assay methods. Among the isolated compounds, ethyl p-

methoxycinnamate (EPMC) demonstrated potent NF-B inhibitory activity against 

melanoma cell B16F10- NF-B Luc2.Further investigation was conducted by evaluating 

the anti-metastasis effect of EPMC in vitro by using wound-healing assays, invasion 

tests, and molecular mechanism assays using Western blotting. NF-B has been 

implicated in tumorigenesis through the p38/Akt/NF-B pathway. According to the 

findings of this study, EPMCs act as p38 and thus Akt phosphorylation inhibitors at 

serine 473, inhibiting NF-B-dependent transcription. Future investigation with paclitaxel 

demonstrated that the combinations could sensitize to apoptosis in response to its well- 

known chemotherapy agents. Additional studies were conducted using the human 

melanoma cancer cell line SK-Mel 28. Along with the induction of apoptosis, we 

observed an increase in p-γH2AX expression (a molecular marker for double strand 

breaks in DNA damage) in response to treatment with paclitaxel and EPMC. The result 
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showed EPMC to be a potential, viable adjuvant for improving the clinical efficacy of 

anti-metastatic and cancer chemotherapy. However, Further confirmation of in vivo 

efficacy is still required. 

In addition, Myanmar medicinal plants have pharmacological activity in inhibiting 

NF-B activity without causing cell death was investigated. Kaempferia pulchra 

rhizomes compounds were collected in Myanmar further explore in this chapter 5. the 

anti-inflammatory activities of isopimara-8,14(15)-diene diterpenoids kaempulchraols P 

and Q, and isopimara-8(9),15-diene diterpenoids Kaempulchraols B-D have not yet 

been fully elucidated. Investigations of the mechanisms of action of those compounds 

revealed that they inhibit the NF-B mediated transactivation of a luciferase reporter 

gene, IL-6 production, and COX-2 expression Thus, isopimarane diterpenoids are 

suggested to be potent inhibitors of NF-B pathways and could be further explored as 

potential anti-inflammatory lead compounds. 

Collectively, Anti-inflammatory agents isolated from natural products by targeting 

NF-B activity and their application to inflammation-related diseases conducted to 

represent prospective candidates for novel anti-inflammatory drug development. 
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Chapter 2 

Identification of natural products as a potential source for 

anti-inflammatory agents by NF-kB -targeted functional 

screening 
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2.1 Background 

The World Health Organization defines traditional medicine as "the sum total of 

knowledge, skills, and practices based on theories, beliefs, and experiences indigenous 

to different cultures, whether explicable or not, used in the maintenance of health as 

well as the prevention, diagnosis, improvement, or treatment of physical and mental 

illness." (42)  

Natural remedies and traditional medicines are extremely valuable. Traditional 

Chinese medicine, Ayurveda, Kampo, traditional Korean medicine, Jamu and Unani 

have all been performed in some parts of the world and have flourished into well-

organized medical systems(43). Over 80% of Japanese doctors practice Kampo, a 

traditional Japanese medicine. Kampo is used in western medicine because it is safe 

and effective. As of 2010, there were 345 randomized controlled trials in Japan that 

used Kampo(44) while Jamu is an Indonesian traditional medicinal herb that has been 

used for centuries to maintain health and treat the disease in the Indonesian society. 

Because jamu's biological activity is largely based on empirical data, more research is 

required to scientifically prove efficacy and ensure safety(45). Kampo and Jamu both 

primarily used herb as an ingredient that well known in Japan or in Indonesia. (46). 

 In traditional medicine, plants are used as natural resources to produce 

treatments that have traditionally been applied in human healthcare since ancient times. 

Generally, single plants or plant formulas are used to treat or prevent disease(47). This 

implies that natural products are a valuable source of new drugs, as well as good lead 

compoundsfor further modifications during drug development. Medicinal plants are the 

main source of drug discovery in traditional medicine. They have a secondary 
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metabolite, which has been reported for its pharmacological activity. In the past, drug 

discovery screening largely occurred by chance and drug development was based on 

clinical practice. In many plants, secondary metabolites possess structural diversity that 

makes them promising candidates in terms of their medicinal properties. Indeed, 

medicinal plants have played an important role in the development of the 

pharmaceutical industry(48, 49) 

 

2.2 Materials and Methods. 

2.2.1 Plant extracts 

Total 112 Extracts from Japan collected in Library of institute of Natural medicines while 

extracts from Indonesia were collected from the South Sulawesi Province, Indonesia. 

The leaves or rhizomes of plants were extracted with 70% ethanol using the maceration 

method. Liquid extracts were then evaporated and lyophilized to obtain an EtOH extract. 

In total, extracts were collected from 35 natural medicinal plants, which were collected 

from a local traditional healer. 

 

2.2.2 Cells and reagents 

The murine B16F10 and 4T1 cell lines were obtained from American Type Culture 

Collection and maintained at 37˚C in Eagle’s minimal essential medium (EMEM) or 

RPMI-1640 (Nissui Pharmaceutical Co., Ltd.) medium, respectively, supplemented with 

10% FBS (Nichirei Biosciences, Inc.), 100 U/l penicillin G and 100 mg/L streptomycin at 

37˚C with 5% CO2.  
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2.2.3 In vitro NF-κB luciferase reporter assay.  

B16F10 NF-B, 4T1 NF-B cells  and of RAW264.7-NF-B-luc2 cells expressing firefly 

luciferase under the control of an NF-κB response element were established as 

previously described (11,12) and maintained at 37˚C in RPMI-1640 medium containing 

10% FBS. Briefly, B16F10 NF-B and 4T1 NF-B cells were generated by transfecting 

the B16F10 and 4T1 cell lines with pGL4.32-luc2P/NF-κB-RE/Hygro vector (Promega 

Corporation) using Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The 

cells were selected on hygromycin B and cloned by limiting dilution. B16F10NF-B cells 

and 4T1NF-B cells in the exponential growth phase were seeded at a final 

concentration of 4x104 cells/well in a 96-well plate. After 3-h incubation, the cells were 

co-cultured with 50 µg/mL extract from 112 natural products for 24 h. At the end of the 

assay, 900 µg/mL D-luciferin was added, and the plates were incubated for another 30 

min. Luciferase activity was measured by the GloMax®-Multi Detection System 

(Promega Corporation).  

Mouse RAW264.7-NF-B-luc2 cells were cultured in DMEM containing 10% FBS, 

100 U/L penicillin G, and 100 mg/L streptomycin in a 5% CO2 atmosphere at 37°C. In 

the experiments, cells were seeded in 35-mm dishes (Corning Inc., Corning, NY, USA), 

and confluent cells were incubated in medium DMEM for 24 h. To establish RAW264.7 

cells expressing the NF-B -mediated luciferase gene (RAW264.7-NF-B-luc2), RAW 

264.7 cells (RCB0535) (2 ×105/well) were seeded in 6-well plates and transfected with 

the pGL4.32 vector using Lipofectamine 2000. The cells were selected with hygromycin 

B (100 μg/mL) and cloned by limiting dilution. To evaluate the cellular response to NF-

B in vitro, RAW264.7-NF-B-luc2 transfectants or RAW CMV control cells (2 × 
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105/well) were cultured in 96-well plates and treated with LPS (100 ng/mL). After 6 h of 

incubation, the luciferase activity of cells was measured with a microplate reader. 

 

2.2.4 Cell viability assay 

Cell viability was quantified using the WST-1 cell proliferation reagent (Dojindo 

Molecular Technologies, Inc.). B16F10NF-B , 4T1NF-B or RAW 264.7 NF-B cells 

were seeded on a 96-well plate and co-cultured with extracts from 112 natural products 

at 50 µg/mL for 24 h. on the other hand, 35 Indonesia extract were evaluated in the 

same technic in a separate experiment. After incubation, WST-1 solution was added 

and used according to the manufacturer’s instructions, and absorbance was measured 

at 450 nm using a microplate reader. Cell viability was calculated as a percentage of the 

control.  

 

2.3  Result 

2.3.1 Sohakuhi suppresses NF-B activity in murine cancer cell lines.  

To identify novel anti-inflammatory agents in plant products, 112 medicinal plant 

extracts (Table 1) were screened for their effect on NF-B activity using cell lines that 

express luciferase under the control of an NF-B response element. Among the tested 

extracts, Sohakuhi markedly suppressed NF-B activity without affecting the viability of 

4T1 cells (Fig. 7A). Furthermore, NF-B activity was suppressed by Sohakuhi extract in 

4T1 cells and B16F10 cells in a dose-dependent manner (Fig. 7B). However, Sohakuhi 

extract did not display any cytotoxic effect, even at doses reaching 50 µg/mL (Fig. 7C).  
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2.3.2 Kaempferia galanga extract supress NF-B activation versus cell viability in 

murine 4T1-NF-B-Luc2 cells and RAW264.7-NF-B-luc2 cells 

We investigated the inhibition of NF-B activation in 12 Indonesia natural medicinal 

plants from among collection extracts (table 2). Those extract reported traditionally used 

to treat skin disease symptoms: these were screened using a reporter assay method. 

Inhibitory activity against NF-B was determined by co-culturing 4T1-NF-B -Luc2 cells 

with extracts at 1 and 50 µg/mL for 24 hrs (Fig. 8A). Twelve extracts showed active 

inhibition of NF-B in transfected cells. NF-B inhibition results were compared with 

those from a viability assay in which WST-8 was used (Figure 8A) 

The result of Fig. 8B illustrated the RAW264.7-NF-B-luc2 cells were co-cultured with 

extracts 29, this extract effectively inhibited NF-B activity without affecting viability 

cells.The result of Fig. 8C illustrated the RAW264.7-NF-B-luc2 cells were co-cultured 

with extracts 35, this extract effectively inhibited NF-B activity without affecting viability 

cells. The inhibitory effect (grey) of each plant extract on NF-B activation relative to 

untreated controls is shown. Cell viability (black) was determined using a WST-8 assay 

and is shown as a percentage of untreated control cell viability 

 

2.4 Discussion 

The aim of the present study was to identify a novel anti-inflammatory drug candidate 

that can target NF-κB activation. A total of 112 Japan plant extracts were screened and 

among 35 extracts from Indonesia, identifying Sohakuhi and Kaempferia galanga as a 

promising anti-inflammatory extract. Sohakuhi in Japan is Morus alba species. The 
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white mulberry tree (Morus alba Linn.) is a deciduous tree originating from Asia, 

especially China, but currently cultivated in subtropical, tropical and mild environmental 

conditions(50, 51). Morus alba Linn. tree bark, fruits and leaves contain proteins, 

carbohydrates, calcium, iron, ascorbic acid, thiamine, folic acid and vitamin D (52). It 

has been used in conventional and natural medicine to treat diabetes, atherosclerosis, 

hyperlipidemia, hypertension, neurodegenerative disease and cancer (50). 

 Morus alba leaves have been investigated to contain constituents of its butanol 

extracts. Such as prenylflavanes and a glycoside, isoquercitrin, astragalin, scopolamine, 

skimming, roseoside II, and benzyl D-glucopyranoside (53).  The fruit constituent 

existed; polyphenols, minerals, and vitamins beneficial to reduce hypertension, liver and 

kidney damage, and improving eyesight(54), Cyanidin-3-rutinoside and cyanidin-3-

glucoside are the major anthocyanins isolated from mulberry fruits which reported have 

anti-cholesterol, anti-diabetic, antioxidative, and antiobesity effects (55, 56) stearic acids, 

myristic and fatty acid(57) ascorbic acid(58), many types of essential amino acids and 

non-essential where found in fruit with high antioxidant properties(59).  

The root bark of Morus alba Linn contains 2-arylbenzofuran derivatives as good 

natural antioxidants and mulberrofuran H as a promising antioxidant and anti-browning 

agent that can be applied as a functional food additive(60). Phytochemical studies have 

reported that alkaloids, flavonoids, flavones, flavanones, stilbenes, benzophenones, 

coumarin derivatives, terpenoid stilbenes, oxyresveratrol and resveratrol were present 

in Morus species(61-63). Moreover, oxyresveratrol can suppress inflammation by 

inhibiting nitric oxide (NO) production, inducible NO synthase expression, prostaglandin 
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E2 production and NF-κB activation in macrophages (19). Moracin R, C, O, P and D 

belong to the 2-arylbenzofuran group, and display inhibitory activity against the 

differentiation of 3T3-L1 adipocytes and NO production in RAW264.7 cells(64). The 2-

arylbenzofurans of Morus species, moracin O and P, markedly suppress hypoxia-

inducible factor-1 (HIF-1) activity in the human Hep3B hepatocellular carcinoma cell 

line(65-67). Moracin-M-3’-O-β-D-glucopyranoside has been reported to suppress 12-O-

tetradecanoylphorbol-13-acetate-induced tumor progression in mouse skin, and the 

underlying mechanism may involve the inhibition of leukocyte infiltration, epidermal 

hyper-proliferation, oxidative stress, and the endogenous tumor promoter TNF (68). 

 On the other hand, Screening resulted potent inhibitor extract from Indonesia 

were found on Kaempferia galanga. Almost all the plant family have been reported for 

their biological activity, including Zingiberaceae. An investigation of an isolated 

compound from K. galanga mainly reported it to contain essential oil(69);  however, it is 

widely known that plants collected from distinct altitude habitats possess distinct 

essential oil characteristics(70). Kaempferia galanga, belonging to the Zingiberaceae 

family, is a plant that is widely used as a traditional medicine in Asia. According to the 

study by Khairullah at al., the plant is a stemless herb derived from tuberous rootstocks 

with a fibrous cylindrical root. It has dark reddish-brown skin, and the soft interior is 

nearly white(71). It is empirically used as a single plant or as a complementary 

ingredient in a medicinal formula. This plant grows easily and thrives in tropical climates 

such as Southeast Asia. The rhizome of the plant is mostly used as a traditional 

medicine, either in its fresh or in dry form. The empirical uses of the rhizome K. galanga 

were reported by Elshamy et al., as a cure for metabolic disorder, inflammation, urinary 
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tract infection, fever, coughs, hyper- tension, erectile dysfunction, abdominal and 

gastrointestinal ailment, asthma, wounds, rheumatism, epilepsy, and skin diseases(72). 

In Southeast Asian countries, this plant is used for the treatment of different kinds of 

diseases(73). Various research results have proven that this plant has anti-

inflammatory(74), anti-angiogenic(75), anti-cancer and anti- proliferative activities, 

among others(76) in tests of murine RAW 264.7, stable cells transfected with NF-B 

extracts 29 and 35 (Kaempferia galanga) were nontoxic to macrophage cells while NF-

B activity decreased significantly. Collectively, these data indicate that extracts 29 and 

35 are promising candidates for targeting NF-B in application inflammatory-associated 

disease particularly because they do not affect normal cell viability. Furthermore, these 

extracts might be useful candidates for advancing proinflammatory research. 
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Chapter 3 

Anti-inflammatory compounds moracin O and P from Morus 

alba Linn (Sohakuhi) target the NF-B pathway 
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3.1 Background  

Mulberry (Morus L.) is an indigenous tree crop that provides long-term financial and 

environmental benefits to a great amount of people in rural areas across many Asian 

countries. Only a few of the 68 species globally recognized, such as M. alba, M. 

bombycis, M. indica, M. latifolia, and M. multicaulis, are cultivated for foliage, and M. 

nigra for fruit. The remaining species, as well as several landraces of the cultivated 

species, are considered wild, and thus have received little attention(77). Special focus 

on this chapter was given on Morus alba also known as mulberry or Sohakuhi. 

Sohakuhi was clinically prescribed for catharsis, diuresis, cough, edema, fever relief, 

and palsy prevention in two well-known Chinese medicine technical books, "Wakansho" 

and "Kampo Shoho Kaisetsu"(78). As found previously that Morus alba have effective 

inhibition to NF-B.  

Future research conducted to Morus alba determine their application on 

inflammation-induced cellular damage to normal human keratinocytes cells. The aim of 

the present study was to investigate anti-inflammatory properties of Sohakuhi, it was 

identified that Sohakuhi (Morus alba Linn. bark) extract markedly suppressed NF-B-

dependent luciferase reporter activity in murine 4T1 cells without affecting cell viability. 

The anti-inflammatory effect of Sohakuhi on tumor necrosis factor-related apoptosis-

inducing ligand (TRAIL)-induced cellular damage was evaluated in human HaCaT 

keratinocytes. TRAIL triggered the phosphorylation of p65, a subunit of NF-B, leading 

to cellular damage in HaCaT cells. However, treatment with Sohakuhi extract protected 

HaCaT cells against TRAIL-induced damage. Moreover, Sohakuhi also upregulated the 

expression of the anti-apoptotic proteins Bcl-xL and Bcl-2. Importantly, through chemical 
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fractionation of Sohakuhi extract, moracin O and P were determined to mediate its anti-

inflammatory effect. 

 

3.2  Materials and Methods 

3.2.1 Cells and reagents 

The murine B16F10 and 4T1 cell lines were obtained from American Type Culture 

Collection and maintained at 37˚C in Eagle’s minimal essential medium (EMEM) or 

RPMI-1640 medium (Nissui Pharmaceutical Co., Ltd.) containing 10% FBS (Nichirei 

Biosciences, Inc.), respectively. Human HaCaT keratinocytes (provided by Dr Takeda, 

Juntendo University) were maintained at 37˚C in culture medium consisting of DMEM 

(Nissui Pharmaceutical Co., Ltd.) supplemented with 10% FBS, 100 U/l penicillin G and 

100 mg/l streptomycin at 37˚C with 5% CO2. Human recombinant TRAIL (rTRAIL) was 

purchased from PeproTech, Inc. 

 

3.2.2 In vitro NF-B luciferase reporter assay.  

B16F10 NF-B and 4T1-NF-B cells expressing firefly luciferase under the control of an 

NF-B response element were established as previously described (11,12) and 

maintained at 37˚C in RPMI-1640 medium containing 10% FBS. Briefly, B16F10 NF-B 

and 4T1 NF-B cells were generated by transfecting the B16F10 and 4T1 cell lines with 

pGL4.32-luc2P/NF-B-RE/Hygro vector (Promega Corporation) using Lipofectamine® 

2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The cells were selected on hygromycin 

B and cloned by limiting dilution. B16F10NFκB cells and 4T1NF-B cells in the 

exponential growth phase were seeded at a final concentration of 4x104 cells/well in a 



 39 

96-well plate. After 3-h incubation, the cells were co-cultured with 50 µg/mL extract from 

112 natural products (Table 1) for 24 h. At the end of the assay, 900 µg/ml D-luciferin 

was added, and the plates were incubated for another 30 min. Luciferase activity was 

measured by the GloMax®-Multi Detection System (Promega Corporation).  

 

3.2.3 Cell viability assay 

Cell viability was quantified using the WST-1 cell proliferation reagent (Dojindo 

Molecular Technologies, Inc.). B16F10NF-B or 4T1NF-B cells were seeded on a 96-

well plate and co-cultured with extracts from 112 natural products (Table 1) at 50 µg/mL 

for 24 h. In a separate experiment, HaCaT cells were seeded on a 96-well plate at a 

density of 104 cells/well and pre-treated with 20 ng/ml rTRAIL for 1 h. The cells were 

then cultured with or without Sohakuhi extract (6. 25 to 50 µg/mL) for 24 h. After 

incubation, WST-1 solution was added and used according to the manufacturer’s 

instructions, and absorbance was measured at 450 nm using a microplate reader. Cell 

viability was calculated as a percentage of  the control. 

 

3.2.4 Caspase-3 and -7 activity assay 

For measurement of the activities of caspase-3 and -7, the Caspase-Glo® 3/7 assay 

system (Promega Corporation) was used according to the manufacturer’s instructions. 

Briefly, HaCaT cells (5x103 cells/well in a 96-well plate) were pre-treated with 20 ng/mL 

rTRAIL for 1 h. The cells were then cultured with Sohakuhi extract for 24 h, and the 

Caspase-Glo® 3/7 reagent was then added. After 30-min incubation, caspase-3 and -7 
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activities were measured using the GloMax®-Multi Detection System (Promega 

Corporation). 

 

3.2.5 Identification of the active components of Sohakuhi extract 

To identify the bioactive components of Sohakuhi extract, 200 g root bark of Morus alba 

Linn. was decocted in 1 liter water for 50 min. The water extract was fractionated by 

water-methanol gradient reverse-phase medium-pressure liquid chromatography (RP-

MPLC) fractionation. Mass spectrometry and 1H-nuclear magnetic resonance (NMR) 

analysis were used to identify compounds in the isolated fractions. Extraction and 

isolation of Sohakuhi was conducted using a water-methanol gradient MPLC 

fractionation system and high- performance liquid chromatography (Accela™ HPLC 

system; Thermo Fisher Scientific, Inc.) profiles of water extracts of Sohakuhi were 

determined at 254-nm ultraviolet wavelength. A Capcell Pak C18 MG III S-5 (4.5x250 

mm, 5 μm; Shiseido Co., Ltd.) column was used for HPLC analysis at a flow rate of 1 

ml/min at 40˚C. A gradient elution system composed of 5% CH3CN (v/v) (A) and H2O 

was used as follows: 0-4 min, 5% A; 4-8 min, 5-10% B; 8-12 min, 10-15% B; 12-15 min, 

15-20% B; 15-18 min, 20-25% B; 18-21 min, 25-30% B; 21-25 min, 30-35% B; 25 min, 

40% B. The active fraction was further analyzed using a CHCl3-MeOH gradient RP-

MPLC fractionation system with mass spectrometry and 1H-NMR analysis to identify the 

active compounds of Sohakuhi. The MS conditions were set as follows: Negative ESI 

mode, spray voltage 4.5 kV, capillary voltage 40.0 kV, tube lens 150 V, capillary 

temperature 270˚C, sheath gas flow rate 50 units, aux gas flow rate 10 units, and scan 
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range m/z 50-2,000. A polytyrosine solution was used for instrument calibration before 

each experiment. 

 

3.2.6 Western blot analysis  

HaCaT cells were seeded at a density of 5x105 cells/well and cultured for 24 h in a 6-

well plate. After treatment, the cells were washed in cold PBS, scraped and lysed in 

whole-cell lysis buffer (25 mmol/l HEPES, pH 7.7; 300 mmol/l NaCl; 1.5 mmol/l MgCl2; 

0.2 mmol/l EDTA; 0.1% Triton X-100; 20 mmol/l -glycerophosphate; 1 mmol/l Na3VO4; 

1 mmol/l phenylmethylsulfonylfluoride; 1 mmol/l dithiothreitol; 10 mg/ml aprotinin; 10 

mg/ml leupeptin). Cell lysates (10 µL/lane) were resolved by SDS-PAGE on 7.5-15% 

gels, then transferred to an Immobilon-P nylon membrane (EMD Millipore). The 

membranes were treated with Block Ace (Dainippon Sumimoto Pharma Co., Ltd.) for at 

least 2 h at room temperature, then probed with primary antibodies at  4˚C  for overnight, 

followed by horseradish peroxidase- conjugated secondary antibodies (P0448 or P0260, 

Dako; Agilent Technologies, Inc., used at 1:2,000 dilution). Bands were visualized using 

ECL reagents (Amersham; Cytiva). The primary antibodies used were specific for Bcl-2 

(clone no. D55G8; cat. no. 4223), Bcl-xL (clone no. 54H6; cat. no. 2764), p65 (clone no. 

L8F6; cat. no. 6956), phosphorylated-p65, (clone no. 93H1; cat. no. 3033; all Cell 

Signaling Technology, Inc.) and β-actin (clone no. C4; cat. no. sc-47778; Santa Cruz 

Biotechnology, Inc.). All primary antibodies were used at 1:1,000 dilution. 
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3.2.7 Statistical analysis.  

All data are presented as the mean ± SEM of three independent experiments. SPSS 

versions 23 and 25 software (IBM Corp.) were used to analyze data. Statistical analysis 

was carried out using one-way ANOVA followed by Bonferroni correction. P<0.05 was 

considered to indicate a statistically significant difference.  

 

3.3 Result 

3.3.1 Cytoprotective effect of Sohakuhi extract on TRAIL-induced cellular damage in 

human keratinocytes. 

 To examine the biological utility of Sohakuhi extract, human HaCaT keratinocytes were 

incubated with rTRAIL as an inflammatory stimulus to induce NF-B activation and 

cytotoxicity. Compared with the control, rTRAIL treatment induced significant 

cytotoxicity in HaCaT cells. However, pre-treatment with Sohakuhi extract significantly 

protected HaCaT cells from TRAIL-induced cytotoxicity in a dose-dependent manner 

(Fig. 9A). The cytoprotective effect of Sohakuhi extract was evident from microscopic 

observation of cell morphology (Fig. 9B). These results indicated the cytoprotective 

effect of Sohakuhi extract against TRAIL-induced cellular damage in human 

keratinocytes. 

 

3.3.2 Anti-apoptotic effect of Sohakuhi extract on HaCaT cells.  

To confirm whether Sohakuhi extract affects NF-B activation in HaCaT cells, the 

expression of the p65 subunit of NF-B and its phosphorylation status following rTRAIL 

stimulation was assessed in the presence or absence of Sohakuhi extract (Fig. 10A). 
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Phosphorylation of p65 was detectable in HaCaT cells following rTRAIL stimulation, but 

suppressed in the presence of Sohakuhi extract. While Sohakuhi extract treatment 

reduced total p65 expression in rTRAIL-stimulated HaCaT cells, there was almost no 

effect on the basal expression of p65 in unstimulated HaCaT cells, suggesting that the 

effect of Sohakuhi extract might be specific to TRAIL-induced NF-B activity. Treatment 

with the Sohakuhi extract also showed an inhibitory effect on TRAIL-induced apoptosis, 

as seen in the suppression of caspase-3/7 activation (Fig. 10B). Importantly, the anti-

apoptotic proteins Bcl-xL and Bcl-2 were upregulated in Sohakuhi extract-treated 

HaCaT cells following TRAIL stimulation (Fig. 10C). These results indicated that the 

cytoprotective effect of Sohakuhi extract might result to inhibit  TRAIL-induced apoptosis 

via upregulation NF-B as transcription factor which involve in regulation of pro-

apoptotic proteins.  

 

3.3.3 Identification of the active component of Sohakuhi extract to inhibit NF-B 

activation. 

 As Sohakuhi extract significantly inhibited NF-B activity and displayed a cytoprotective 

effect against inflammation-associated cellular damage of human keratinocytes, the 

bioactive components of Sohakuhi extract were then analyzed. A total of 8 yield 

fractions were isolated from a Sohakuhi water extract using RP-MPLC with methanol-

water gradient (Fig. 11A). The preparative HPLC data for these 8 yield fractions are 

presented in Fig. 11B. Amongst those fractions, fraction 8 effectively and exclusively 

inhibited NF-B activity (Fig. 11C).  
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Considering that fraction 8 was eluted with 100% methanol in the water-methanol 

gradient, the methanol extract of Sohakuhi was then fractionated into hexane, ethyl 

acetate, n-butanol and a residual water layer (Fig. 12A) to test the activity of each layer 

with respect to NF-κB inhibition. Amongst those layers, the ethyl acetate layer displayed 

very potent inhibition of NF-B activity in 4T1 cells, even at the lowest dose tested, 5 

µg/mL (Fig. 12B). These results indicated that the active component of Sohakuhi was 

fractionated into an ethyl acetate layer from the methanol extract. 

 

3.3.4 Isolation of moracin O and P as active compounds of Sohakuhi 

Using a CHCl3-MeOH gradient RP-MPLC fractionation system with mass spectrometry 

and 1H-NMR analysis, two major compounds, moracin O and P, were identified in the 

ethyl acetate layer of Sohakuhi methanol extract (Fig. 13A). Importantly, both moracin O 

and P significantly inhibited NF-B activity in 4T1 cells, starting at a dose of 3 nM (Fig. 

13B). Additionally, both moracin O and P showed significant cytoprotective effects 

against TRAIL-induced cellular damage in HaCaT cells (Fig. 13C). Thus, moracin O and 

P were identified as active compounds of Sohakuhi that suppressed NF-B activity and 

exerted a cytoprotective effect against TRAIL-induced damage in HaCaT cells. 

 

3.4 Discussion 

NF-κB plays a central role in inflammation, immunity and several other cellular 

responses (79). A variety of ligands and receptors can activate the NF-B signaling 

pathway, including TNF and TNF receptor superfamily molecules that are key to 

inflammatory responses,  Amongst these TNF superfamily members, TRAIL is known to 
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be a potent inducer of apoptosis through activation of inflammatory signaling pathways 

(80-82). In the present study, TRAIL induced cellular damage of HaCaT keratinocytes 

through NF-B activation. Moreover, both moracin O and P significantly protected 

HaCaT cells against TRAIL-induced cytotoxicity, possibly through the inhibition of 

apoptosis. Considering that NF-B -mediated inflammation has been implicated in the 

regulation of cellular damage by balancing anti- and pro-apoptotic protein expression 

(83-86).moracin O and P may protect against HaCaT cell damage through their anti-

inflammatory activity by targeting the NF-κB pathway. In the present study, moracin O 

and P as novel anti-inflammatory compounds inhibiting cellular damage induced by NF-

κB activation. 

The aforementioned effects of Sohakuhi extract and its active components, 

moracin O and P, suggested that these compounds may prove beneficial for the 

treatment of inflammatory diseases. Although the exact mechanism of action remains to 

be determined, the present study demonstrated that both moracin O and P represent 

promising phytochemicals that may act as novel anti-inflammatory or cytoprotective 

agents through the suppression of the NF-B pathway.  
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Chapter 4 

Anti-inflammatory and cytoprotective effect of Kaempferia 

galanga extracts by targeting NF-B activity 
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4.1 Background 

Kaempferia galanga in Indonesia, it is commonly known as “kencur” and is used in local 

cuisines and traditional medicine. The rhizome of the plant has long been used in 

Indonesian traditional medicine as “jamu,” a plant material for “Jamu gendong” (a 

traditional medicine in liquid or other forms that is freshly prepared without preservation 

and sold without a label)(87). Many Southeast Asian countries use K. galanga as a 

traditional medicine or in other products. In Chinese traditional medicine, it used to treat 

cholera, contusion, constipation, and stomach ache; in Thailand, it is used as a 

treatment for menstrual disorder and dyspepsia; in Bangladesh, it is used for scenting 

vinegar, hair shampoo, cosmetics, flavorings, and beverages; and in Indian Ayurveda, it 

is used to treat muscular swelling and rheumatism (88-90). 

Analysis of the macro- and micro-components of K. galanga has shown that it 

contains protein, fiber, and high amounts of essential minerals (e.g., potassium, 

phosphorous, and magnesium), along with considerable amounts of iron, manganese, 

zinc, cobalt, and nickel(73). In addition, compounds such as isopimarane, abietane, 

labdane, and clerodane diterpenoids, along with flavonoids, phenolic acids, phenyl-

heptanoids, curcuminoids, tetrahydropyrano-phenolics, and steroids have been isolated 

from Kaempferia species(72). Previous studies have also reported that the biological 

activities of the plant include larvicidal, insect repellant, anticancer, antimicrobial, 

antioxidant, anti-obesity–induced dermatopathy, anticholinesterase, wound healing, 

antinociceptive, neuroprotective, antiallergenic, and anti-inflammatory activities(72, 91). 

The empirical uses of the rhizome K. galanga were reported by Elshamy et al., as a 

cure for metabolic disorder, inflammation, urinary tract infection, fever, coughs, hyper- 
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tension, erectile dysfunction, abdominal and gastrointestinal ailment, asthma, wounds, 

rheumatism, epilepsy, and skin diseases (72). 

 In Southeast Asian countries, this plant is used for the treatment of different 

kinds of diseases(73). Various research results have proven that this plant has anti-

inflammatory(74), anti-angiogenic(75), anti-cancer and anti- proliferative activities, 

among others(76). Kumar et al. researched the chemical constituent of K. galanga 

rhizome, showing that this plant contains compounds such as esters, terpenoids, 

flavonoids, thiourea derivatives, polysaccharides, diarylheptanoids, phenolic acids, 

phenolic glycoside and cyclic lipodepsipeptide types(92). Propanoic acid, pentadecane, 

and ethyl p-methoxycinnamate (EPMC) compounds were reported as the most 

abundant compounds from the essential oil of this plant(91). 

 Various testing methods have been developed to explore the potential of 

materials that can be used as drugs, especially for cancer. Several drugs were found 

and used but were not able to completely overcome the problem of the disease. Efforts 

were made to find cancer drugs that can inhibit NF-B activity and are not cytotoxic to 

normal cells. The NF-B gene plays a role in the development of cancer in humans. 

There have been important concerns about NF-B’s role in the initiation, development, 

metastatic, and treatment resistance of human cancer. The suppression of NF-B in 

myeloid cells or tumor cells usually leads to tumor regression, which makes the NF-B 

pathway a promising therapeutic target(35). This study aimed to find medicinal 

ingredients sourced from traditional medicines, which have the ability to inhibit NF-B 

with low toxicity.  
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As numerous reports have explained, inflammation is the primary control in the 

disease's development.  

Consequently, the search for new anti-inflammatory medications is deemed 

essential. Inhibition of proinflammatory gene expression controlled by NF-B is likely to 

reduce the production of inflammatory mediators and control excessive inflammation, 

thereby aiding in the prevention of inflammatory-associated diseases(93). So, the goal 

of this study was to find natural anti-inflammatory agents that could target NF-B 

activity by looking at Indonesian medicinal plants, with a focus on K. galanga extracts 

and its compounds as promising candidates to anti-inflammatory-associated melanoma. 

 

4.2 Materials and Methods 

4.2.1 Extracts and Compounds from Plants 

K. galanga was collected in the Indonesian province of South Sulawesi. Using the 

maceration technique, the rhizomes of plants were extracted with 70 percent ethanol. 

After liquid extracts were evaporated and lyophilized, an Et-OH extract was obtained 

(89). Using a combination of column chromatography and preparative thin layer 

chromatography (PTLC), six isolated compounds were obtained. To obtain six pure 

compounds, the isolated compounds were purified with PLTC silica gel and n-

hexane:EtoAc (7:3) as the mobile phase. Using NMR and MS spectroscopy, the 

structure of the isolated compounds was determined and compared to the references. 

Paclitaxel was obtained from Fuji film Wako Pure Chemical Co., Osaka, Japan, under 

the SKN 5312 number. 
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4.2.2 Cells and Reagents  

Human HaCaT keratinocytes (provided by Dr Takeda, Juntendo University) were 

maintained at 37˚C in culture medium consisting of DMEM (Nissui Pharmaceutical Co., 

Ltd.) supplemented with 10% FBS, 100 U/l penicillin G and 100 mg/l streptomycin at 

37˚C with 5% CO2. Human recombinant TRAIL (rTRAIL) was purchased from 

PeproTech, Inc. Mouse RAW264.7-NF-B-luc2 cells were cultured in DMEM containing 

10% FBS, 100 U/L penicillin G, and 100 mg/L streptomycin in a 5% CO2 atmosphere at 

37°C further transfection process as previous chapter. 

B16F10 and SK-Mel 28 cell lin lines were obtained from the American Type 

Culture Collection and maintained at 37oC in Eagle’s minimal essential medium (Nissui 

Pharmaceutical Co., Ltd., Tokyo, Japan) containing 10% fetal bovine serum (FBS; 

Nichirei Biosciences, Inc., Tokyo, Japan). In order to create an NF-B-mediated 

luciferase gene expressing B16F10 cells (B16F10 NF-B), B16F10 cells (5 × 105/well) 

were seeded in a 6-well plate and the pGL4.32 vector was transfected with 

Lipofectamine 2000. 

 The cells were cloned using limiting dilution after being selected with 

Hygromycin B (200 g/mL). B16F10 NF-B transfectants, or B16F10 CMV control cells 

(1 × 105/well), were cultured in a 96-well plate and treated with TNF (0.1–100 ng/mL) to 

assess the NF-B response in vitro. After 6 h of incubation, luciferase activity was 

measured using a multiplate reader (2030 ARVO X; Perkin Elmer Life Sciences, Boston, 

MA, USA)(94). 
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4.2.3 Cell Viability  

RAW264.7-NF-B-Luc and B16F10-NF-B-Luc2 cells were plated at a final 

concentration of 2 × 104 cells/well in a 96-well plate. After 24 h of incubation, the cells 

were pretreated with 50 μg/mL of extract or compounds and further incubated for 24 h. 

Subsequently, 10 μL of WST-8 (FUJIFILM Wako Pure Chemical Corporation) solution 

was added to the cells, which were incubated for an additional 1 h in a humidified 

atmosphere (37◦C and 5% CO2) to allow for the formation of formazan dye and to 

increase sensitivity. Then, the absorbance was measured with a microplate reader 

(SunriseTM; Tecan Group Ltd., Männedorf, Switzerland) at wavelengths of 450/620 nm. 

Cell viability was determined based on the absorbance of the soluble formazan dye 

generated by the living cells. The same method was followed to determine the viability 

of B16F10-NF-B-luc2 cells treated with selected extracts in a concentration-dependent 

manner. The WST-8 solution was added and used according to the manufacturer’s 

instructions. The viability of the treated cells was calculated as a percentage(94, 95). 

 

4.2.4 NF-B Reporter Gene Assay 

B16F10-NF-B-luc2 cells were maintained in EMEM supplemented with 10% FBS, 1 

mM L-glutamine, and antibiotics (100 U/L penicillin and 100 mg/L streptomycins) at 37 

◦C in a humidified atmosphere containing 95% air and 5% CO2. The cells were seeded 

in black 96-well plates at a density of 2 × 104 cells per well and then incubated for 24 h. 

Subsequently, they were treated with the extracts, and an equal concentration of the 

solvent vehicle was included as a control after 24 h. At the end of the assay, 900 μg/mL 

D-luciferin was added, and the plates were incubated for another 30 min. Luciferase 
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activity was measured according to the luminescence of firefly luciferase, which was 

quantified using IVIS LUMINA II and Living Image 4.2 software (Caliper Life Science, 

Waltham, MA, USA) by determining the light emitted from cells. Data were expressed 

as photons/s and the fold NFκB activity was calculated as a total flux of extracts 

(photons/s) is divided by a total flux of vehicle as control (photons/s)(94, 95). 

 

4.2.5 Wound Healing Assay  

B16F10G5-Luc cells were seeded at a concentration of 1 × 105 cells/well in a 24-well 

plate and allowed to form a confluent mono-layer for 24 h. After scratching the mono- 

layer with a sterile pipette tip (1 mL), it was washed with medium to remove floating and 

detached cells and photographed (time 0 h). For 24 h, these cells were treated in 

medium containing 50 μM concentrations of EPMC. Scratched areas were 

photographed (magnification ×10 using a Biozero BZ-8000 microscope, Osaka, Japan) 

at 0 h as T-0 and again 24 h later as T-24 to assess wound healing. The wound closure 

percentage was calculated as follows: wound closure percent = 1 (wound area at T-

24/wound area at T-0) 100 percent, where T-24 is the time after wounding and T-0 is 

the time immediately after wounding(96, 97). 

 

4.2.6 Transwell Invasion Assay 

A transwell chamber (Costar No. 3422, Cambridge, MA, USA) with an 8.0 μm pore size 

polycarbonate filter (Whatman, Clifton, NJ, USA) on the lower part and 1 g of Matrigel 

on the upper part of the filter was pre-coated with 10 g fibronectin (Fujifilm Wako Pure 

Chemical Corporation, Tokyo, Japan). B16F10 G5-Luc cells were pre-treated with 50 
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μM EPMC overnight before being suspended in serum-free media in the upper transwell 

chamber (3 × 105cells/100 μL/chamber) and placed in a 24-well plate (lower 

compartment of chamber) with media containing 0.1 percent (v/v) BSA, then incubated 

at 37◦C for 7 h. Following incubation, the invading cells on the membrane’s lower 

surface were fixed in methanol, stained with hematoxylin and eosin, and wiped with 

cotton swabs to remove non-invasive cells. The cells that invaded through the filter were 

photographed at magnification ×10 using a Biozero BZ-8000 microscope (Keyence, 

Osaka, Japan). Invading cells on the membrane were randomly selected in five visual 

fields, and the average value in the five fields was used to calculate the migration index. 

Image J software was used to count the cells that had infiltrated the filter(98). 

 

4.2.7 Western Blotting 

B16F10 G5-Luc Cells (106 cells/well) were treated for 12 h with the tested compounds 

EPMC 50 μM and PTX 20 μM. Trypsinized cells were harvested by adding PBS and 

centrifuged for 10 min at 14,000 rpm and 4◦C. The supernatant was then discarded, and 

the cells were lysed in a whole-cell lysis buffer (25 mmol/L HEPES, pH 7.7, 300 mmol/L 

NaCl, 1.5 mmol/L MgCl2, 0.2 mmol/L EDTA, 0.1 percent Triton X-100, 20 mM β-

glycerophosphate, 1 mM sodium orthovanadate, 1 mM phenyl-methylsulfonyl fluoride, 1 

mM dithiothreitol, 10 mg/mL of aprotinin, and 10 mg/mL of leupeptin). Cell lysates were 

electrophoretically separated using 10% SDS-PAGE and electrophoretically transferred 

to Immobilon-P nylon membranes (Millipore, Bedford, MA, USA). The membranes were 

blocked for at least 2 h with Block Ace (Dainippon Pharmaceutical, Co. Ltd., Osaka, 

Japan) before being probed with the indicated primary antibodies at 4◦C overnight, 
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followed by incubation with horseradish-peroxidase-conjugated secondary antibodies 

(1:1000 dilutions) at room temperature. ECL reagents were used to visualize the bands 

(Amersham Bioscience, Piscataway, NJ, USA). Primary antibodies used were specific 

to p65 (LF6, #6956), p-p65 (93H1, #3033) (Cell Signaling Technology, Beverly, MA, 

USA), β-actin (C4, sc-47778) (Santa Cruz, CA, USA). Phospho-Akt (Ser473) Antibody 

#9271 Cell signaling (Beverly, MA, USA), p38α, sc-535 C20, (Santa Cruz, CA, USA), 

IKKβ #2684, Cell signaling (Beverly, MA, USA)(94). 

 

4.2.8 Statistical analysis 

All data are presented as the mean ± standard error of the mean of three independent 

experiments. SPSS version 25 software (IBM Corp., New York, NY, USA) was used to 

analyze data. Data were analyzed using a one-way analysis of variance, followed by a 

Bonferroni correction. p-values of <0.05 were considered to indicate a statistically 

significant difference(94, 95). 

 

 

4.3 Result 

4.3.1 Cytoprotective effects of K. galanga extract on TRAIL- induced cytotoxicity in 

HaCaT cells 

The biological activity of K. galanga in extracts 29 and 35 was evaluated by incubating 

HaCaT cells with rTRAIL as a mediator of inflammatory stimuli that activate NF-κB 

activity and cytotoxicity. Pretreatment with extracts 29 and 35 did not show toxic effects 

on HaCaT cells, whereas rTRAIL induced a significant reduction in the viability of cells. 

Furthermore, pretreatment with extract 29 and 35 at concentrations of 16 and 32 g/mL 
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protected cell growth against rTRAIL-induced cellular damage (Fig. 14a-b). 

Cytoprotective effects of extracts 29 (Fig. 14a) and 35 (Fig. 14b) against tumour 

necrosis factor-related apoptosis-inducing ligand (rTRAIL)-induced cellular damage in 

human keratinocytes. 

 

4.3.2 Active Compounds of Kaempferia galanga 

Dried rhizome of K. galanga was extracted with 70% EtOH to produce the ethanolic 

extract, and the compounds were isolated using a combination of column and prepara- 

tive chromatography techniques, with silica gel as a stationary phase and various eluent 

systems. Six pure compounds were obtained. The compound’s structure was identified 

using NMR and MS spectrometry and by comparing the existing reference data for the 

compound(99-102). The structure of the compound was obtained as shown in Figure 15. 

The compounds are diethyl-phthalate (1) with H-NMR (500 MHz, CDCl3) δ 7.70 (2H, m), 

7.53 (2H, m), 4.21 (4H, m), 1.28 (6H, m), MS: m/z 222; ethyl-p-methoxycinnamate (2) 

H- NMR (500 MHz, CDCl3) 7.64 (1H, d,16 Hz), 7.46 (2H, d, 8 Hz), 6.88 (2H, d, 8 Hz), 

6.30 (1H, d, 16 Hz), 4.25 (2H, q, 7.5 Hz), 3.81 (3H, s), 1.32 (3H, t, 8 Hz), MS: m/z 206; 

methyl-p- methoxycinnamate (3), H-NMR (500 MHz, CDCl3) 7.64 (1H, d, 16 Hz), 7.47 

(2H, d, 8.5 Hz), 6.90 (2H, d, 8.5 Hz), 6.30 (1H, d, 16 Hz), 3.83 (3H, s), 3.79 (3H, s), MS: 

m/z 192; ethyl cinnamate (4), H-NMR (500 MHz, CDCl3) 7.69 (1H, d, 16 Hz), 7.51 (2H, 

m), 7.38 (3H, m), 6.43 (1H, d, 16 Hz), 4.27 (2H, m), 1.34 (3H, m), MS: m/z 176; p-

hydroxycinnamic acid (103), H-NMR (500 MHz, CDCl3) 7.50 (1H, d, 16 Hz), 7.47 (2H, d, 

16 Hz), 6.78 (2H, d, 16 Hz), 6.27 (1H, 8 Hz), MS: m/z 164; and p-methoxybenzoic acid 
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(6) H-NMR (500 MHz, CD3OD) 7.96 (2H, d, 8 Hz), 6.97 (2H, d, 8 Hz), 3.82 (3H, s), MS: 

m/z 152. 

 

4.3.3 NF-B Inhibition and Viability Cell against B16F10 Melanoma  

As part of the process of exploring new bioactive components from K. galanga, the six 

isolates were then tested for their effects on NF-B gene activity and cell viability for 

B16F10 melanoma skin cancer cells using the luciferin/luciferase reporter assay/WST-8 

method. An investigation into the activity of nuclear factor-kappaB (NF-B) and the 

viability of B16F10-NF-B-luc cells was carried out, as shown in Figure 16A, B. BAY-11-

7082 was applied as a positive control. 

 

4.3.4 Evaluation Relative inhibitory versus viability effect of active compound EPMC on 

normal cell (RAW264.7-NF-B-luc2) 

Evaluation Relative inhibitory versus viability effect of active compound EPMC on 

normal cell (RAW264.7- NF-B-luc2) As illustrated in Figure 17, RAW264.7-NF-B-luc2 

cells were co-cultured with EPMC at various concentrations and incubated for 24 hrs(10, 

20, 40, 80 and 100 M). The inhibitory effect of EPMC (bar graph) on NF-B activation 

relative to untreated controls is shown. Cell viability (line) was determined using a WST-

8 assay and is shown as percentage of viability cell compare to untreated control cell. 

 

4.3.5 Molecular mechanism of EPMC 

B16F10 G5-luc cells were cultured for 12 h and treated with EPMC before harvesting 

the protein. Furthermore, the molecular mechanism of EPMC 50 μM treatment’s effect 
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on B16F10 G5-Luc cells was investigated. The Western blotting analysis result showed 

that EPMC 50 μM downregulated P38/ MAPK, and p-Akt could be interacted with Akt-at 

serine 473. We hypothesize that Akt kinase interaction is required for Akt-mediated NF-

B activation. Additionally, IKK- β and p-P65’s serine536 level decreased (Figure 18).  

 

4.3.6 Migration Assay 

To better understand EPMC’s possible effect on cancer activity, whether migratory or 

invasive, we performed a migration assay over 24 h. A concentration of 50 μM 

decreased melanoma cell migration from the clear area. The same result was found in 

invasion assay, while a 50 μM administration of EPMC was observed in B16F10G5-Luc 

cells (Figure 19A,B). Migration assay of B16F10G5-Luc in the presence of EPMC 

evaluated by the wound- healing method (19A) and invasion using transwell. The 

transwell cell migration assay measures the chemotactic ability of cells toward a chemo-

attractant (19B). IC50 Paclitaxel against B16F10 G5-Luc Cells was shown inn Figure 20. 

Paclitaxel-treated effect on B16F10 G5-Luc. IC50 Paclitaxel on this cell is 23.8102 M. 

 

4.3.7 Sensivity test 

When testing sensitized paclitaxel (PTX) 1–30 μM on B16F10 G5-Luc, PTX remained 

resistant, with IC50 = 23.81 μM. (Figure 20). Furthermore, both compounds were used 

for treatment at a nontoxic dose, EMPC 50 μM and PTX 20 μM, together with the co-

treatment with both EPMC and PTX of B16F10 G5-Luc and human SK-Mel 28 

melanoma cancer cells. The combination showed a toxic effect compared to single 

treatment (Figure 21A,B). The Western blotting results indicated that SK-Mel 28 has an 
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effect on EPMC and, combined with PTX, could activate the phosphorylation of γ-H2AX, 

causing a double-stranded DNA break in the cell and resulting in apoptosis induction 

(Figure 21C). 

 

4.3.8  Dose response EPMC on both B16F10-NF-B-luc cells and B16F10 G5-Luc 

Figure 22 reveals B16F10-NF-B-luc cells were cultured for 24 h and BAY-11-7082 was 

used as a positive control. The test was repeated at least three times, unless explicitly 

stated otherwise. Inhibitory activity of NF-B (A) and cell viability for B16F10-NF-B-luc 

(B) of 5, 10 and 20 μM and (C) dose response IC50 evaluated on B16F10 G5-Luc cells 

of EPMC was calculated using a calculator tool(103).  

 

4.4 Discussion 

Continuing to evaluate the application of Kaempferia galanga, which has shown 

promising candidates for targeting NF-B in cancer cells, these extracts may be useful 

candidates for advancing proinflammatory research regarding inflammatory agents that 

can be applied in skin cancer-related inflammation. Evaluating the efficacy of extracts 

29 and 35 in the HaCaT cell line as protector agent was further conducted, HaCaT cell 

has been widely used in the studies of skin biology and differentiation. At concentrations 

of 4, 8, 16 and 32 μg mL-1 extract 29 and 35 did not affect the viability of HaCaT cells, 

whereas, at concentrations of 16 and 32 μg mL-1, the extracts showed protective effects 

in cells pretreated with TRAIL (Fig 14A,B).  

Resistance of TRAIL can occur at different points in the TRAIL-induced apoptosis 

signalling pathway(104). Thus, these findings provide further evidence that the identified 
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Kaempferia species extracts may be beneficial for the treatment of inflammatory 

disease. Although their exact mechanism of action remains to be determined, the 

extracts may act as novel anti-inflammatory or cytoprotective agents through the 

suppression of the NF-κB pathway.  

Futher research was conducted, the main compounds of Kaempferia galanga 

were analyzed in this study. The major compound was crystallized from the ethanolic 

extract at room temperature. Pure crystals were obtained after further purification via 

chromatography and recrystallization. The extract was further isolated, finding Six other 

compounds, identified in the results. In this research, activity of six compounds from K. 

galanga, of NF-B inhibition and the viability of B16F10 NF-B luc cells were identified, 

as shown in Figure 16. BAY-11-7082 was used as a positive control for NFκB inhibition, 

even though it continued to be cytotoxic to the cancer cell line that was used(105). The 

results of this study indicated that compound 2 (ethyl-p-methoxycinnamate, EPMC) 

inhibited cells that were transfected with the NF-B luc gene in B16F10 cells (B16F10-

NF-B-Luc2). However, the other compounds demonstrated relatively similar results, 

with weak inhibition activity. Cytotoxicity testing on these cells revealed that none of the 

obtained compounds were toxic. This demonstrates that EPMC inhibits the activity of 

the NF-B gene and is not toxic (Figure 16A, B).  

 To ensure the anti-inflammatory effect of the selected compound (EPMC), the 

ability to inhibit NF-B and the cytotoxic effect on macrophages transfected with NF-B 

(RAW246.7 NF-B -Luc cells) were evaluated. This data indicated that EPMC could be 

a promising candidate for the treatment of inflammation-related skin diseases, 

specifically melanoma. Similarly, the objective of this research was to identify 
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compounds that, when used clinically would not harm normal human cells but would kill 

cancer cells that rely on the NF-B gene for survival. As many reports has revealed that 

this gene is typically manipulated in abnormal cells, such as cancer cells, to allow cells 

to continue activating this primary regulatory gene, which in turn allows cells to survive, 

multiply, and stop producing the pro-inflammatory proteins that are used to inhibit 

cancer cell growth(106). 

 An additional investigation of the EPMC at concentrations of 5, 10, and 20 μM 

revealed a concentration-dependent activity and established that the compound is not 

cytotoxic at these concentrations (Figure 22A,B). These data indicate that EPMC  is 

highly effective at inhibiting the NF-B gene’s activity, but it does not cause cell death at 

the tested concentrations (5, 10 and 20 μM). Additionally, the ensuing tests the were 

conducted to determine the compound’s safety level using a parental cell transfected 

with luciferin (B16F10G5Luc cells). As can be seen, EPMC is cytotoxic at 

concentrations greater than 100 μM, with an IC50 of 88.7 μM (Figure 22C). As a result, 

further investigation with a nontoxic dose and a high level of NF-B inhibition is 

necessary. This research was able to inhibit the NF-B regulatory gene’s activity in 

these melanoma cancer cells.  

NF-B has been shown to evoke invasion and metastasis and pro-inflammatory 

genes in cancerous cells, making them more resistant to therapy. Hence, inhibiting NF-

B has long been considered an effective strategy for delaying the onset of cancer(107). 

To assess NF-B’s role as a transcription factor, we examined the mechanism of action 

of this targeted therapy. Additionally, we discovered that the downregulation of NF-B is 
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regulated by their upstream proteins p38 and AKT. The changes in NF-B play a critical 

role on phosphorylation of serine536 and NF-B’s transcriptional activity.  

EPMC treatment could dephosphorylate the p65 NF-B sub-unit and inhibit 

transcriptional activity. The research showed that EPMC could interacts on 

phosphorylation Akt serine473 by dephosphorylation this protein. It also hypothesized 

that Akt interaction is required for the Akt-mediated regulation of NF-B activity, it could 

depend on the level of inhibition of p38/MAPK. This is intimately connected to the 

signaling pathways p38MAPK/Akt/NFκB (Figure 18). However, further investigation of 

EPMC regulation in membrane-bound receptors is required. 

Furthermore, while gaining a b 

etter understanding of the possible effect of EPMC on cancer cells’ ability to 

migrate or invade in relation to their ability to regulate the P38/AKT/ NF-B pathway, it 

was found that EPMC administration also had an effect on B16F10G5-Luc cells’ ability 

to migrate or invade (Figure 19A,B). The Boyden Chamber system was utilized in the 

invasion assay. The movement of a cell was tested in response to a chemical stimulus. 

Simple staining was used to investigate cell movement, with the morphology of the cells 

increasing as they move. Cells in melanoma usually acquire invasive abilities through 

the process known as epithelial-to-mesenchymal transition (EMT)(108). A similar 

migratory pattern was observed in B16F10G5-Luc cells in both wound healing and 

Boyden chamber migratory assays, suggesting that they may be related. 

A new way to beat cancer chemoresistance with natural compounds could be by 

using the B16F10-NF-B-Luc cell line(109). EPMC was identified to be an effective 

inhibitor of NF-B activation in B16F10-NF-B -Luc cells, while paclitaxel (PTX) 



 62 

reportedly induced NF-B activation, which affected resistance to cancer cell 

treatment(110).  

To determine EPMC’s ability to sensitize PTX, both compounds were co-treated 

in a non-toxic dose. The result indicated that PTX maintains resistance with IC50 23.81 

μM on B16F10 G5-Luc melanoma cancer cells (Figure 20). Interestingly, the addition of 

EPMC (50 μM) to PTX (20 μM) activates the PLX’s sensitivity to kill B16F10 cancer cells 

(Figure 21A). Thus, it will be necessary to determine whether the sensitivity of the two 

compounds is due to the reduction in these cells’ ability to survive, because of the NF-

B gene being inhibited by the NF-B inhibitor compound that was discovered in EPMC. 

The activity was continued for paclitaxel in combination with EPMC 50 μM using human 

malignant melanoma cancer cells, SK-Mel 28 a V600E type BRAF Mutation (Figure 

21B). The molecular mechanism, as determined by protein expression, indicates that 

this is due to EPMC’s ability to activate the phosphorylation of γ-H2AX, which means 

that the co-culture of EPMC and PTX resulted in a double-stranded DNA break in the 

cell, resulting in cell viability reduction (Figure 21C). EPMC significantly enhances the 

toxicity of PLX against the SK-Mel 28 cell line. Interestingly, our findings might show the 

phosphorylation of Akt residues, Ser473 in response to DNA damage. As this has been 

reported to be necessary for the full activation of Akt(110), we believe that Akt signaling 

may play an important role in the regulation of γH2A.X phosphorylation as well(111, 

112).  

As it was identified that the two compounds’ sensitivity is due to an increase in 

phosporilation-γH2A.X expression, a molecular marker for DNA damage might be 

caused by NF-B regulation. This demonstrates EPMC’s potential for clinical trials with 
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human melanoma cancer cells. Some natural products have been reported for the 

inhibitory activity on melanoma cancer cell line: resveratrol, with an IC50 value range of 

120–257 μM, and saikosaponin B, from Bupleurum falcatnum, which showed inhibitory 

activity with an IC50 value of 200 μM(109, 113). However, when comparing the 

inhibitory activity, EPMC performed more strongly than the previous reported natural 

products. EPMC was reported as the major compound from K. galanga. Other studies 

have reported the methanolic extract of this plant was 78% EPMC(114). High 

concentrations of EPMC from this plant provide natural resources for developing a new 

drug and its potential use. 
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Chapter 5 

Anti-inflammatory activities of isopimara-8(9),15-diene 

diterpenoids and mode of action of kaempulchraols 

compounds from Kaempferia pulchra rhizome 
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5.1 Background 

NF-B stimulates the expression of enzymes, including the inducible cyclo-oxygenase 

(COX-2) that produces prostanoids (115-118). These metabolites contribute to the 

pathogenesis of the inflammatory process, which is activated by pro-inflammatory 

stimuli such as tumor necrosis factor (TNF-) and lipopolysaccharide (LPS)(119).  

Since NF-B represents an important and very attractive therapeutic target for drugs 

to treat many inflammatory disorders, extensive attention has been paid to the 

identification of compounds that selectively interfere with this pathway. Natural products 

from herbal plants have contributed significantly to drug discovery in the past, and still 

provide effective leads for structure identification(120).  

Numerous plant-derived substances have been evaluated as possible inhibitors of 

the NF-B pathway. These plant-derived substances include several distinct classes of 

compounds, such as phenols and polyphenols (curcumin, resveratrol, caffeic acid 

phenethyl ester (CAPE), quercetin, apigenin, epigallocatechin-3-gallate), lignans 

(manassantins, (+)-saucernetin, ()-saucerneol methyl ether), sesquiterpenes 

(costunolide, parthenolide), diterpenes (helenalin, excisanin, kamebakaurin), triterpenes 

(avicin, oleandrin), etc. [9]. The majority of these compounds act by blocking the protein 

kinase-mediated IB degradation, thereby preventing NF-B activation. The 

diterpenoids isolated from medicinal plants exert potent anti-NF-κB activities by acting 

on a different level of the NF-κB pathway(121-123). Among the different types of 

diterpenoids, isopimarane diterpenoids are structurally diverse and functionally 

noteworthy natural products. They are abundantly found in plants(124, 125)  and 

fungi(126) and possess various biological activities, such as cytotoxicity(127), anti-
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microbial (128), anti-malarial(129), anti-inflammatory(130), and anti-viral(131) properties, 

as well as inhibitory activities against acetylcholinesterase(132), -glucosidase(126), 

and nitric oxide production(133). However, the NF-B inhibition activities of the 

isopimarane diterpenoids have not been investigated widely. In our previous study, we 

isolated two types of isopimarane diterpenoids, isopimara-8(14),15-dienes and 

isopimara-8(9),15-dienes from Kaempferia pulchra rhizomes (Zingiberaceae). Some of 

the isopimara-8(14),15-dienes were potent NF-B inhibitors as well as NO 

inhibitors(134). Herein, we report the anti-inflammatory effects of the second type of 

isopimara-8(9),15-dienes, including kaempulchraols AD (14), G (103), N (6), O (7), 

and S (8) (Fig. 1), which were previously isolated from Kaempferia pulchra rhizomes as 

new compounds(124, 125, 135, 136). 

 

5.2  Materials and methods 

5.2.1 Chemicals and reagents 

Lipopolysaccharide (LPS) from E. coli, sulfanilamide, N-1-naphthylethylene diamine 

dihydrochloride, -MEM with L-glutamine and phenol red, the WST-8 cell counting kit, 

and the penicillin-streptomycin solution (100) were purchased from Wako (Osaka, 

Japan). Fetal bovine serum (FBS) was purchased from Sigma-Aldrich. Antibodies 

against COX-2 and β-actin were obtained from Santa Cruz Biotechnology (Santa Cruz, 

CA, USA). The GmbH (Jena, pGL4.32 [luc2P/NF-κB-RE/Hygro] vector and D-luciferin 

were obtained from Promega (Sunnyvale, CA, USA). Lipofectamine 2000 was 

purchased from Invitrogen (Carlsbad, CA, USA). Hygromycin B and phosphoric acid 

were obtained from Nacalai Tesque (Kyoto, Japan). 
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5.2.2 Cell culture  

Mouse RAW264.7-NF-B-luc cells were cultured in DMEM, containing 10% FBS, 100 

unit/L penicillin G, and 100 mg/L streptomycin (DMEM culture medium), in a 5% CO2 

atmosphere at 37 °C. For experiments, the cells were seeded in 35 mm dishes (Corning 

Inc., Corning, NY, U.S.A.), and confluent cells were incubated in DMEM for 24 h. To 

establish RAW264.7 cells expressing the NF-B-mediated luciferase gene (RAW264.7-

NF-B-luc), RAW 264.7 cells (RCB0535) (5  105/well) were seeded in 6-well plates and 

transfected with the pGL4.32 vector, using Lipofectamine 2000. The cells were selected 

with hygromycin B (100 µg/mL) and cloned by limiting dilution. To evaluate the cellular 

response to NF-B in vitro, RAW264.7-NF-B transfectants or RAW CMV control cells 

(1  105/well) were cultured in 96-well plates and treated with LPS (100 ng/mL). After 6 

h incubation, the luciferase activity was measured with a microplate reader (2030 ARVO 

X, Perkin Elmer Life Science, Boston, MA). 

 

3.2.3 Cell viability 

RAW264.7-NF-B-luc cells were plated at a final concentration of 2 × 104 cells/well in a 

96-well plate. After 3 h incubation, the cells were pretreated with different doses of 

compound, followed by induction with or without 100 ng/mL of LPS for 1 h. After 24 h 

treatment, 10 µL of WST-8 solution was added. The cells were incubated for another 1 

h in a humidified atmosphere (37 C, 5% CO2) to allow the formation of the formazan 

dye and to obtain higher sensitivity. The absorbance was measured with a microplate 

reader (Sunrise™; Tecan Group Ltd., Männedorf, Switzerland) at wavelengths of 
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450/620 nm. Cell viability was determined from the absorbance of the soluble formazan 

dye generated by the living cells. 

 

3.2.4 NF-B reporter gene assay 

RAW264.7-NF-B-luc cells (stable RAW cell line with NF-B-driven luciferase reporter) 

were maintained in DMEM, supplemented with 10% FBS, 1 mM L-glutamine, and 

antibiotics (100 units/L penicillin and 100 mg/L streptomycin), in a humidified 

atmosphere of 95% air and 5% CO2 at 37 °C. The cells were seeded in black 96-well 

plates at a density of 2  104  cells per well, and incubated for 3 h. The cells were then 

treated with the compounds, and an equal concentration of the solvent vehicle was 

always included as a control after 24 h. The luminescence of the firefly luciferase and 

the fluorescence of EGFP were quantified using the Living Image 4.2 software (Caliper 

Life Science) to determine the light emitted from the cells. All values were determined 

as photons per second (photon/sec). 

 

5.2.5 ELISA 

The supernatants from RAW264.7 cells (4  104/well) seeded in 96 well plates were 

collected to measure the IL-6 content, using a commercially available enzyme-linked 

immunosorbent assay (121) kit (mouse IL-6 ELISA MAXTM standard set, Biolegend), 

according to the manufacturer’s instructions. The absorbance was measured with a 

microplate reader (Sunrise™; Tecan Group Ltd., Männedorf, Switzerland) at 

wavelengths of 450/570 nm. 
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5.2.6 Western blotting 

RAW264.7 cells (5  105 cells/well) were seeded in 6-well plates for 24 h. The cells 

were treated with compounds for 1 h, and then induced with or without 100 ng/mL of 

LPS. After incubations for 12 h and 24 h, the treated cells were collected, washed with 

phosphate-buffered saline (PBS), and lysed in lysis buffer [25 mM HEPES (pH 7.7), 0.3 

M NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 0.1% Triton X-100, 20 mM -glycerophosphate, 

0.1 mM sodium orthovanadate, 0.5 mM phenylmethylsulfonyl fluoride (PMSF), 1 mM 

dithiothreitol, 10 mg/mL aprotinin, and 10 mg/mL leupeptin]. 

 The cell lysates were fractionated by 10% SDS-PAGE and transferred to 

polyvinylidene fluoride (PVDF) membranes, using glycine transfer buffer [192 mM 

glycine, 25 mM Tris-HCl (pH 8.8), and 20% (v/v) methanol]. After blocking with Block 

Ace for 4 h at room temperature, the membrane was incubated overnight with the 

primary antibodies (1:1,000), and then for 60 min with the secondary antibody 

(horseradish peroxidase-conjugated goat anti-mouse IgG, 1:2,000). Immunoreactive 

proteins of interest were visualized with an enhanced chemiluminescence system 

(Amersham Biosciences), and emitted signals were captured on Fuji X-ray film (Wako, 

Osaka, Japan). Equal protein loading was verified by –actin. 

 

5.2.7 Statistical analysis 

Each experiment was performed three times, and all data are presented as mean ± 

standard deviation (38). All statistical analyses were done with JMP11.0 software. 

Comparisons between positive control and tested compounds were made by the 

student’s t-test. p values less than 0.05 were assumed to indicate significance. 
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5.3 Result 

 

5.3.1 Identification 21 isopimara-8,14(15)-diene diterpenoids 

In a previous study, we identified 21 isopimara-8,14(15)-diene diterpenoids, including 

kaempulchraols E (1), F (2), H-M (3-8), P-R (9-11), T (12), V (13), W (14), 9-

hydroxyisopimara-8(14),15-dien-7-one (15), 7,9-dihydroxypimara-8(14),15-diene 

(16),(1S,5S,9S,10S,11R,13R)-1,11-dihydroxypimara-8(14),15-diene(17), 

sandaracopimaradien-1,2-diol (18), (2R)-ent-2-hydroxyisopimara-8(14),15-diene(19), 

(1R,2S,5S,9S,10S,11R,13R)-1,2,11-trihydroxypimara-8(14),15-diene (20), and 7-

hydroxyisopimara-8(14),15-diene (21), from a CHCl3-soluble extract of Kaempferia 

pulchra rhizomes (Fig. 23) and also Figure 24 illustrated Effects of 9 and 10 on NF-B 

activation by a reporter gene assay (A), and on cell viability (B) in RAW 264.7- NF-B -

luc cells. 

 

5.3.2 Identification isopimara-8(9),15-dienes 1–8 

Structures of isopimara-8(9),15-dienes 1–8 isolated from K. pulchra rhizomes shown in 

the (Figure 25). Structures of isopimara-8(9),15-dienes 1–8 isolated from K. pulchra 

rhizomes and further NFB activation as well as cytotoxicity of isopimara-8(9),15-dienes 

1–8 isolated from K. pulchra rhizomes. Effects of compounds 1–8 on NF-κB activation 

by the reporter gene assay (25B) and on the viability (25C) of RAW264.7-NF-κB-luc 

cells.  
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5.3.3  IL-6 and COX-2 effect of compound 9 and 10 

The effect of compounds 9 and 10 on IL-6 production indicated very significantly 

different from the LPS-treated control (Figure 26A) Effects of 9 and 10 on COX-2 

expression in LPS-induced RAW 264.7 cells, analyzed by western blotting(Figure 26B). 

The data points and bars represent mean  SD (n= 3). ***, P < 0.0001, Very significantly 

different from the LPS-treated control(26B) 

 

5.3.4 IL-6 and COX-2 effect of compound 2,3 and 4 

the isopimara-8(14),15-diene type kaempulchraols P and Q inhibited IL-6 production 

and COX-2 expression, with an effective dose of 25 M (Figure 27 A, B ) (134). As in 

the cases of kaempulchraols P and Q, the effects of 24 on the levels of IL-6 production 

and COX-2 expression in the LPS-induced macrophage RAW264.7 cells were analyzed 

by using enzyme-linked immunosorbent assay(ELISA) and western blot,respectively. 

 

5-4 Discussion 

Natural products reportedly play an important role in controlling the inflammatory 

response pathways. However, the anti-inflammatory activities of isopimara-8,14(15)-

diene diterpenoids and isopimara-8(9),15-dienes have not yet been fully elucidated. 

Thus, some of the isolated 21 isopimara-8,14(15)-diene diterpenoids could be the anti-

inflammatory phytoconstituents in this plant. To test this hypothesis, we investigated the 

anti-inflammatory activities of the 21 compounds and the more detailed inhibitory modes 

of action of two highly potent compounds. In particular, kaempulchraols P (9), Q (10). 

We selected compounds 9 and 10 and investigated their dose-dependent effects on the 
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activation of NF-B, a central mediator of the human immune response in inflammation, 

by a reporter gene assay. As shown in Fig. 24A and 2B, both compounds inhibited the 

activation of NF-B in RAW 264.7-NF-B-luc cells at doses of 5, 10, and 25 M. The 

preliminary NF-B inhibition activities of 18 were evaluated against RAW 264.7-NF-B-

luc cells (Fig. 25B). The 50 M concentrations of 24 and 5 inhibited the activation of 

NF-B. The treatment with 50 M of 2 and 4 reduced the cell viability, while 3 and 5 did 

not exhibit any cytotoxicity with RAW264.7-NF-B-luc cells (Fig. 25A, B).   

Altogether study, we reported that the isopimara-8(14),15-diene type 

kaempulchraols P and Q inhibited IL-6 production and COX-2 expression to prevent the 

NF-B-mediated transactivation of a luciferase reporter gene, with an effective dose of 

25 M (Figure 26 A,B)(134). As in the cases of kaempulchraols P and Q, the effects of 

24 on the levels of IL-6 production and COX-2 expression in the LPS-induced 

macrophage RAW264.7 cells were analyzed by using enzyme-linked immunosorbent 

assay (121) kits and western blotting, respectively. The immunosorbent assay revealed 

that 25 M of 24 significantly inhibited the production of IL-6 (Fig. 27A). Furthermore, 

the western blotting analysis suggested that a 25 M concentration of 24 inhibited the 

expression of COX-2 in the LPS-induced RAW264.7 macrophages (Fig. 27B). 

In summary, kaempulchraols B (2), C (3), and D (4) were identified as potent 

anti-inflammatory agents, as in the case of the previously reported isopimara-8(14),15-

diene type kaempulchraols P and Q isolated from K. pulchra rhizomes. These 

compounds functioned as potent inhibitors of the pro-inflammatory agent NO and the 

NF-B signaling, which in turn reduces COX-2 gene expression and subsequent IL6 

production. In addition to kaempulchraols P and Q, compounds 24 may also be 
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promising natural products to manage inflammation diseases through the inhibition of 

NF-B. 
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Concluding remark 

The topic of inflammation and the role of NFB related to inflammation and 

inflammation-associated disease was covered in chapter 1. Furthermore, identification 

natural products from Morus alba Linn. Bark and Kaempferia galanga is covered in 

Chapter 2 of this dissertation. When 112 natural products collected in Institute of natural 

medicine, University of Toyama library were evaluated, the extract of Sohakuhi (Morus 

alba Linn. bark) was found to have a significant suppressive effect on NF-B activity 

without having an adverse effect on cell viability. And also, we investigated the inhibition 

of NF-B activation in 35 Indonesian medicinal plants (1–35) traditionally used to treat 

symptoms of skin condition and selected 12 active plants. especially from extracts of 

Kaempferia galanga, Two different K. galanga rhizome extracts strongly suppressed 

NF-B activity without affecting cell viability.  

  In order to gain a deeper understanding of the anti-inflammatory properties of 

Sohakuhi and potential application regarding inflammatory-associated skin disease, the 

cellular damage that is caused by the tumor necrosis factor-related apoptosis-inducing 

ligand (TRAIL) in human HaCaT keratinocytes was investigated. Treatment with 

Sohakuhi extract protected HaCaT cells against the cellular damage that was induced 

by TRAIL. TRAIL was found to trigger the phosphorylation of the p65 subunit of NF-B, 

which led to cellular damage in HaCaT cells. In addition, treatment with Sohakuhi led to 

an increase in the levels of the anti-apoptotic proteins Bcl-xL and Bcl-2. Importantly, a 

chemical fractionation of the Sohakuhi extract confirmed that moracin O and P are the 

anti-inflammatory agents that mediate the effects of the Sohakuhi extract. Based on the 
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results shown here, Sohakuhi and moracin could be looked at as possible candidates 

for the development of new anti-inflammatory drugs. 

TRAIL damages human HaCaT keratinocytes; however, K. galanga extracts 29 

and 35 provide protection against TRAIL. On the basis of these results, it appears that K. 

galanga extracts could be used to produce natural inflammatory illustration all this 

things covered in chapter 3.  

Furthermore, we identified the active compound in Kaempferia galanga as Ethyl 

Para Methoxy cinnamate (EPMC), which could be used to treat melanoma as an anti-

metastasis and chemosensitizer agent that could be trough NF-B inflammatory signal. 

This chapter's objective was to identify the active ingredient in Kaempferia galanga. 

Using chromatography and spectroscopy techniques, six compounds were assigned to 

the isolated and identified active component of K. galanga.. Among the isolated 

compounds, ethyl p-methoxycinnamate (EPMC) exhibited potent NF-B inhibitory 

activity against melanoma cell B16F10- NF-B-Luc2 with an IC50 value of 88.7 M. 

Evaluating the anti-metastasis effect of EPMC in vitro. Through the p38/Akt/NF-B 

pathway, NF-B has been associated with tumorigenesis. According to the findings of 

this study, EPMCs inhibit p38 and Akt phosphorylation at serine 473, thereby inhibiting 

NF-B-dependent transcription. Additional analysis with paclitaxel revealed that the 

combinations could increase sensitivity to apoptosis in response to well-known 

chemotherapy agents. The human melanoma cancer cell line SK-Mel 28 was utilized in 

additional research. In addition to inducing apoptosis, treatment with paclitaxel and 

EPMC led to an increase in p-H2AX expression (a molecular marker for double-strand 
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breaks in DNA damage). The results demonstrated that EPMC is a viable potential 

adjuvant for enhancing the clinical efficacy of anti-metastatic and cancer chemotherapy. 

Additionally, Kaempferia pulchra was collected in Myanmar. More information 

about its compounds in chapters 5; The anti-inflammatory effects of isopimara-8(14),-

15-diene diterpenoids and the mechanism of action of kaempulchraols P and Q, 

extracted from the rhizomes of Kaempferia pulchra, were investigated. Not yet fully 

understood are the anti-inflammatory effects of isopimara-8,14(15)-diene diterpenoids. 

To determine how isopimara-8,14(15)-diene diterpenoids reduce inflammation, we 

analyzed 21 isopimara-8,14(15)-diene diterpenoids isolated from Kaempferia pulchra 

rhizomes. At a concentration of 25 M, the most potent kaempulchraols, P and Q, with 

respective IC50 values of 39.88 and 36.05 M, inhibited the NF-B -mediated 

transactivation of a luciferase reporter gene, IL-6 production, and COX-2 expression. 

Futhher research also evaluation the effects of isopimara-8(9),15-diene 

diterpenoids on inflammation and how kaempulchraols B-D from Kaempferia pulchra 

rhizomes were conducted. In this chapter, we found that Kaempulchraols B-D (2-4), 

which are isopimara-8(9), 15-diene diterpenoids, are strong NF-B inhibitors.  Inhibit the 

production of IL-6 and the expression of COX-2. So, it seems likely that isopimarane 

diterpenoids are strong NF-B pathway inhibitors and could be looked into further as 

possible anti-inflammatory lead compounds. 
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9. Table and Figure 

 

Table 1 

 

 

Table 1. Natural products from Japanese plant extracts were screening on mouse 

mammary carcinoma 4T1 and B16F10 cells that express luciferin reporter assay.  

 

 

Table 2 

No. Local 

Name 

Plant 

Part 

Latin Name Family 

1 Klika Lelak Bark Uvaria rufa Blume Annonaceae 

2 Akar wangi Root Chrysopogon zizanioides 

(L.) Roberty 

Poaceae 
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No. Local 

Name 

Plant 

Part 

Latin Name Family 

3 Kersen Leaf Muntingia calabura Muntingiaceae 

4 Afrika Leaf Vernonia amygdalina Delile Compositae 

5 Rambai 

Laut 

Leaf Sonneratia caseolaris (L.) 

Engl 

Lythraceae 

6 Lakka-lakka Rhizome Curculigo orchioides Gaertn Hypoxidaceae 

7 Temu Kunci Rhizome Boesenbergia rotunda (L.) 

Mansf 

Zingiberaceae 

8 Kapuk 

Randu 

Leaf Ceiba pentandra (L.) Gaertn Malvaceae 

9 Faloak Stem Sterculia abbreviata 

E.L.Taylor ex Mondragón 

Malvaceae 

10 Degan Fruit Dillenia serrata Thunb Dilleniaceae 

11 Degan Leaf Dillenia serrata Thunb Dilleniaceae 

12 Kapuk 

Randu 

Root Ceiba pentandra (L.) Gaertn Malvaceae 

13 Kesambi Leaf Schleichera oleosa (Lour.) 

Merr 

Sapindaceae 

14 Faloak Bark terculia abbreviata 

E.L.Taylor ex Mondragón 

Malvaceae 

15 Leileum Leaf terculia abbreviata 

E.L.Taylor ex Mondragón 

Malvaceae 
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No. Local 

Name 

Plant 

Part 

Latin Name Family 

16 Kersen Leaf Muntingia calabura L Muntingiaceae 

17 Akar Laka Leaf Dalbergia parviflora Roxb Leguminosae 

18 Temu Ireng Rhizome Curcuma aeruginosa Roxb Zingiberaceae 

19 Temu Putih Rhizome 
Curcuma zedoaria (Christm.) 
Roscoe 

Zingiberaceae 

20 Curcuma 

Mangga 

Rhizome Curcuma mangga Valeton & 

Zijp 

Zingiberaceae 

21 Brotowali Leaf Tinospora crispa (L.) Hook. f. 

& Thomson 

Menispermaceae 

22 Bangle Rhizome Zingiber montanum 

(J.Koenig) Link ex A.Dietr. 

Zingiberaceae 

23 Lengkuas Rhizome Alpinia galanga (L.) Willd Zingiberaceae 

24 Jahe Merah Rhizome Zingiber officinale Roscoe Zingiberaceae 

25 Jahe Segar Rhizome 

(fresh) 

Zingiber officinale Roscoe Zingiberaceae 

26 Kunyit Putih Rhizome Curcuma zedoaria (Christm.) 

Roscoe 

Zingiberaceae 

27 Kunyit Rhizome Curcuma longa L Zingiberaceae 

28 Pangkal 

Kunyit Putih 

Stem Curcuma zedoaria (Christm.) 

Roscoe 

Zingiberaceae 

29 Kencur Rhizome Kaempferia galanga L Zingiberaceae 
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No. Local 

Name 

Plant 

Part 

Latin Name Family 

Besar (large) 

30 Temulawak Rhizome Curcuma zanthorrhiza Roxb Zingiberaceae 

31 Jahe kering Rhizome 

(137) 

Zingiber officinale Roscoe Zingiberaceae 

32 Bawang 

Putih 

Tunggal 

Tuber 

(single) 

Allium sativum L Amaryllidaceae 

33 Lempuyang Rhizome Zingiber zerumbet (L.) 

Roscoe ex Sm 

Zingiberaceae 

34 Temu Giring Rhizome Curcuma heyneana Valeton 

& Zijp 

Zingiberaceae 

35 Kencur 

Kecil 

Rhizome 

(small) 

Kaempferia galanga L Zingiberaceae 

 

Table 2. Natural products from Indonesian Plant extracts were screening on mouse 

mammary carcinoma 4T1 cells that express luciferin reporter assay.  
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Figure 

 

 

Figure 1. Basic cardinal sign of inflammation 

 heat and redness (due to the additional number of erythrocytes passing through 

the area).  

 Oedema is caused by increased fluid passage from dilated and permeable blood 

vessels into surrounding tissues, cell infiltration, and connective tissue deposition 

in prolonged inflammatory responses.  

 Pain is caused by mediators from initial damage or the inflammatory response, 

and by oedema stretching sensory nerves. 

 Loss of function refers to joint mobility due to oedema and pain or replacement of 

functional cells with scar tissue. 
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Figure 2. Causes, physiological and pathological outcomes of inflammation 

Different stimuli elicit various physiological and pathological inflammatory responses, 

inflammatory causes, and physiological and pathological outcomes. 
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Figure 3. Mediators in the process inflammation from acute to chronic inflammation 

 

Figure 4. The canonical and non-canonical pathway on activation of NFB  
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Figure 5. Crosstalk between DNA damage and inflammation in the various stages of 

carcinogenesis  
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Figure 6. Mechanism of inflammation-associated melanoma 

 

Figure 7. Sohakuhi water extract suppresses NF-κB activity in murine cancer cell 

lines. (A) 4T1NFκB cells were co-cultured with extracts from 112 natural products (50 

µg/ml) for 24h. The inhibitory effect of each plant extract on NF-κB activation relative 

to untreated controls was determined. Cell viability was determined using a WST-1 
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assay and shown as a percentage of the untreated control. (B) NF-κB activation and 

(C) cell viability was determined in 4T1NFκB cells or B16F10NFκB cells treated with 

Sohakuhi extract at the indicated doses for 24 h. Data are normalized to the untreated 

controls and presented as the mean ± SEM; n=3. *P<0.05 vs. untreated control. 

 

 

 

29    35 
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Figure. 8 Inhibitory activities against NF- B was determined by co-culturing 4T1- NF- 

B -Luc2 cells with extracts at 1 and 50 µg/ml for 24 hrs. Twelve extracts showed 

active inhibition of Figure 24. Effects of 9 and 10 on NF-B activation by a reporter 

gene assay (A), and on cell viability (B) in RAW 264.7- NF- B -luc cells. in 

transfected cells. NF-B inhibition results were compared with those from a viability 

assay in which WST-8 was used (A) Futhermore, RAW264.7- NFB -luc2 cells 

were co-cultured with extracts 29, this extract effectively inhibited NF- B activity 

without affecting viability cells(B). RAW264.7- NF- B -luc2 cells were co-cultured 

with extracts 35, this extract effectively inhibited NFB activity without affecting 

viability cells(C). The inhibitory effect (grey) of each plant extract on NF- B activation 

relative to untreated at various concentrations for 24 hrs. The inhibitory effect (grey) of 

each plant extract on NF-B activation relative to untreated controls is shown. Cell 

viability (black) was determined using a WST-8 assay and is shown as a percentage 

of untreated control cell viability. 
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Figure 9. Cytoprotective effect of Sohakuhi extract against TRAIL‐ induced cellular 

damage in human keratinocytes. HaCaT cells were co‐cultured with 20 ng/ml rTRAIL 

with or without Sohakuhi extract at the indicated doses. (A) Cell viability was determined 

using a WST‐1 assay. Data are normalized to the untreated controls and presented as 

the mean ± SEM; n=3. *P<0.05 vs. 0 μg/ml Sohakuhi. (B) Representative images of 

the culture (magnification, x100). TRAIL, tumor necrosis factor‐related apoptosis‐

inducing ligand; r, recombinant. 
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Figure 10. Anti‐apoptotic effect of Sohakuhi extract on HaCaT cells. HaCaT cells were 

co-‐cultured with 20 ng/ml rTRAIL with or without Sohakuhi extract at the indicated 

doses. After 24‐hr incubation, cell lysates were prepared for (A) western blot analysis 

of p65 and p‐p65, and (B) measure- ment of caspase‐3/7 activity using a commercial 

kit. (C) Protein levels of Bcl‐xL, Bcl‐2 are determined by western blot analysis.  Data are 

presented as the mean ± SEM; n=3. *P<0.05 vs. untreated control. TRAIL, tumor 

necrosis factor‐related apoptosis‐inducing ligand; r, recombinant; p‐, phosphorylated. 
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Figure 11. Identification of the active fraction of Sohakuhi extract that inhibit NF- B 

activation. (A) Extraction and isolation flowchart for the identification of the active 

component of Sohakuhi extract using a water‐methanol gradient MPLC fractionation. 

(B) High‐performance liquid chromatography profile of water extracts of Sohakuhi at 

254‐nm UV wavelength (C)  4T1  NF-B  cells  were  co‐cultured  with  the  indicated  

fraction  of Sohakuhi at 25 or 50 μg/ml for 24 h. Inhibition of NF-B activation was 

determined relative to the untreated control. Data are presented as the mean ± SEM; 
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n=3. *P<0.05 vs. untreated control. UV, ultraviolet; MeOH, methanol; Fr, fraction; 

MPLC, medium‐pressure liquid chromatography. 

 

Figure 12. Identification of the active components of Sohakuhi that inhibit NF-B 

activation. 

(A) Extraction flowchart for the identification of the active frac- tion of Sohakuhi. (B) 

4T1 NF-B cells were co‐cultured with the indicated solvent fraction at the indicated 

dose for 24 h. Inhibition of NF‐κB activation was determined relative to the untreated 

control. Data are presented as the mean ± SEM; n=3. *P<0.05 vs. untreated control. 

MeOH, methanol; EtOAc, ethyl acetate; n‐BuOH, n‐butanol. 
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Figure 13. Isolation of moracin O and P as active compounds of Sohakuhi. (A) 

Chemicalstructures of moracin O and P. (B) 4T1NFκB cells were co‐cultured with 

the indicated dose of moracin O or moracin P for 24 h. The inhibitory effect on NF‐κB 

activation was determined relative to the untreated control. (C) HaCaT cells were pre‐

incubated with 10 μM of moracin O or moracin P for 1 h, then co‐cultured with 20 ng/ml 

TRAIL for 24 h. Cell viability was determined using a WST‐1 assay and normalized to 

the untreated control. Data are presented as the mean ± SEM; n=3. *P<0.05 vs. 
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untreated control. TRAIL, tumor necrosis factor‐related apoptosis‐inducing ligand; r, 

recombinant. 

 

Figure 14. Cytoprotective effects of extracts 29 (A) and 35 (B) against rTRAIL-

induced cellular damage in human keratinocytes Data are normalized to the 

untreated controls and presented as Mean± standard error of the mean (n = 3: 

*p<0.05 vs. cells without extract treatments) 
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Figure 15. Chemical structure of the isolated compounds from Kaempferia galanga

Figure 16. (A) Inhibitory activity regarding NFB and (B) cell viability of B16F10-NF-

B - luc for isolated compounds. B16F10- NFB-luc cells were cultured for 24 h, in 

10 μg/mL and 10 μM extracts and compounds, respectively, with the positive control 

BAY-11-7082. The test was repeated at least three times, unless explicitly stated 
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otherwise. NF-B activity and cell viability are expressed as the percentage of viability 

observed in untreated cells (Bonferroni post hoc test; **** p < 0.0001; ns, 

nonsignificant). 

 

 

Figure 17. RAW264.7-NFB-luc2 cells were co-cultured with EPMC at various 

concentrations and incubated for 24 hrs (10, 20, 40, 80 and 100M). The inhibitory 

effect of EPMC (bar graph) on NF-B activation relative to untreated controls is 

shown. Cell viability (line) was determined using a WST-8 assay and is shown as 

percentage of viability cell compare to untreated control cell. 
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Figure 18. B16F10 G5-luc cells were cultured for 12 h and treated with EPMC before 

harvesting the protein. Furthermore, the molecular mechanism of EPMC 50 μM 

treatment’s effect on B16F10 G5-Luc cells was investigated by Western blotting. In the 

protein level, pretreated B16F10 G5-Luc cells with EPMC detected the expression of 

p65 subunit of NFkB and its phosphorylation at serine 536, P38/MAPK and p-AKT ser-

473 by western blotting. 
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Figure 19. Migration assay of B16F10G5-Luc in the presence of EPMC evaluated by 

the wound-healing method (A) and invasion using transwell. The transwell cell 

migration assay measures the chemotactic ability of cells toward a chemo-attractant 

(B). Wound closure and invasion cells compared with untreated cells (Analyzed by 

one-way Anova followed by Bonferronni post hoc test; * p< 0.05). 
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Figure 20. Paclitaxel-treated effect on B16F10 G5-Luc normalized by percentage of 

viability observed in untreated cells (Bonferroni post hoc test). IC50 Paclitaxel on this 

cell is 23.8102 M. 
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Figure 21. Paclitaxel and EPMC chemo-sensitizing effect on B16F10 G5-Luc (A) and 

human SK-Mel 28 melanoma cell line (B); cell viability normalized by percentage of 

viability observed in untreated cells, SK-Mel 28 cells were cultured for 12 h, then the 

protein was harvested. Additionally, the molecular mechanisms of EPMC 50 μM and 

PTX 20 μM co-treatment were analyzed using western blotting (C). Statistical analysis 

by one- way Anova followed by Bonferroni post hoc test; ** p < 0.01, **** p < 0.0001. 
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Figure 22. B16F10-NF-B-luc cells were cultured for 24 h. BAY-11-7082 was used as a 

positive control. The test was repeated at least three times, unless explicitly stated 

otherwise. Inhibitory activity of NFB (A) and cell viability for B16F10-NF-B-luc (B) of 

5, 10 and 20 μM and (C) dose response IC50 evaluated on B16F10 G5-Luc cells of 

EPMC was calculated using a calculator tool (104). Cell viability is expressed as 

percentage of viability observed in untreated cells (Bonferroni post hoc test; ** p < 0.01, 

*** p < 0.001,**** p < 0.0001). 
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Figure 23. Identified 21 isopimara-8,14(15)-diene diterpenoids, including kaempulchraols  

E  (1),  F  (2),  H-M  (3-8),  P-R  (9-11),  T  (12),  V  (13),  W  (14),  9hydroxyisopimara-

8(14),15-dien-7-one(15),79-dihydroxypimara-8(14),15-

diene(16),(1S,5S,9S,10S,11R,13R)-1,11-dihydroxypimara-8(14),15-diene(17), 

sandaracopimaradien-12-diol (18), (2R)-ent-2-hydroxyisopimara-8(14),15-diene(19), 

(1R,2S,5S,9S,10S,11R,13R)-1,2,11-trihydroxypimara-8(14),15-diene (20), and 7- 

hydroxyisopimara-8(14),15-diene (21), from a CHCl3-soluble extract of Kaempferia pulchra 

rhizomes 
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Figure 24. Effects of 9 and 10 on NF-B activation by a reporter gene assay (A), and on 

cell viability (B) in RAW 264.7-NF-B-luc cells. The data points and bars represent mean 

SD (n = 3). 
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Figure 25. Structures of isopimara-8(9),15-dienes 1–8 isolated from K. pulchra rhizomes 

(A)and further effects of compounds 1–8 on NF-κB activation by the reporter gene 

assay (B) and on the viability (C) of RAW264.7- NF-κB-luc cells. The data points and 

bars represent mean ± SD (n=3). *P<0.05, significantly different from the control. 
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Figure 26. (A )Effects of compound 9 and 10 on IL-6 production. The data points and 

bars represent mean  SD (n= 3). ***, P < 0.0001, very significantly different from the 

LPS-treated control (B) Effects of 9 and 10 on COX-2 expression in LPS-induced RAW 

264.7 cells, analyzed by western blotting.
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Figure 27. (A)Effects of 2,3 and 4 on IL-6 production. The data points and bars 

represent mean SD (n= 3). ***, P < 0.0001, Very significantly different from 

the LPS-treated control. (B) Effects of 2,3 and 4 on COX-2 expression in LPS-

induced RAW 264.7 cells, analyzed by western blotting. 
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