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ABSTRACT 

(+)-Goniofufurone, a styryl lactone, isolated from leaves and twigs of 

Polyalthia crassa was reported to have the antiproliferative activity against various 

cancer cells. In present study, the cytotoxic effect of (+)-goniofufurone was 

investigated in RAW264.7 macrophages by MTT assay. The result showed low 

cytotoxicity of (+)-goniofufurone to RAW264.7 cells with the IC50 of 2.08 mM. The 

anti-inflammatory effect of this compound was also studied. RAW264.7 cells 

stimulated with lipopolysaccharide (LPS) of Escherichia coli exhibited the expression 

of inflammatory-related genes in this study including TNF-α, IFN-β, IL-1β, IL-6,     

IL-12p40, COX-2 and iNOS, and increase the production of mediators including NO 

and PGE2. Treated RAW264.7 cells with (+)-goniofufurone could suppress LPS-

induced inflammatory responses suggesting the effect of (+)-goniofufurone activity on 

inflammatory genes and cytokines through both MyD88-dependent and-independent 

pathways. 
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บทคดัยอ่ 

(+)-โกนิโอฟุฟูโรนเป็นสารในกลุ่มสไตริลแลคโตน สกดัจากใบและก่ิงของพืชโพลี

อาวเทีย คราสซ่า ซ่ึงมีรายงานถึงฤทธ์ิในการตา้นเซลลม์ะเร็ง สาํหรับการศึกษาน้ีไดท้ดสอบความ

เป็นพิษต่อเซลลข์องสารกดั (+)-โกนิโอฟุฟูโรนในเซลลแ์มคโครฟาจของหนู โดยการทดสอบดว้ย

วธีิ MTT ผลการทดลองพบวา่สารสกดั (+)-โกนิโอฟุฟูโรนมีความเป็นพิษต่อเซลลแ์มคโครฟาจของ

หนูตํ่า โดยมีค่าความเขม้ขน้ท่ีสามารถยบัย ั้งเซลลไ์ด ้ 50% ท่ี 2.08 มิลลิโมลาร์ นอกจากน้ี ได้

ทาํการศึกษาฤทธ์ิในการตา้นการอกัเสบของสารสกดั (+)-โกนิโอฟุฟูโรน พบวา่เซลลแ์มคโคร-       

ฟาจของหนูท่ีถูกกระตุน้ดว้ยไลโปโพลีแซคคาไรคข์องแบคทีเรียอีโคไล จะมีการแสดงออกของยีนท่ี

เก่ียวขอ้งกบัการอกัเสบ ไดแ้ก่ TNF-alfa, IFN-beta, IL-1beta, IL-6, IL-12p40, COX-2 และ iNOS 

อีกทั้งเพิ่มการผลิตของสารส่ือกลางการอกัเสบ ไดแ้ก่ NO และ PGE2 เพิ่มข้ึนดว้ย การตอบสนอง

เหล่าน้ีสามารถยบัย ั้งไดโ้ดย (+)-โกนิโอฟุฟูโรน ซ่ึงช้ีใหเ้ห็นวา่ สารสกดั (+)-โกนิโอฟุฟูโรนมีผลต่อ

ยนีท่ีเก่ียวขอ้งกบัการอกัเสบและไซโตไคน์ผา่นทั้งวถีิ MyD88-dependent และ MyD88-indepndent  
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CHAPTER I 

INTRODUCTION 

 

 

Inflammation is a natural response of the mammalian body to a variety of 

harmful stimuli including parasite, pathogenic microorganism, toxic chemical 

substances and physical damage to tissue. Once an inflammation occurs, the 

macrophages release pro-inflammatory mediators such as nitric oxide (NO), 

prostaglandin E2 (PGE2), and various cytokines, in response to activation signals, 

including lipopolysaccharide (LPS) of bacteria, cytokines and chemical mediators. 

Majority of human population worldwide is getting affected by the inflammation 

related disorders. It is believed that current analgesia inducing drugs such as non-

steroidal anti-inflammatory drugs (NSAIDs) is not useful in all cases, because of their 

side effects like gastrointestinal irritation, liver dysfunction and many others [1-5]. 

Accordingly, therapeutic agents suitable for the treatment of chronic inflammatory 

diseases are highly desirable, which has resulted in an increased interest in 

complementary and alternative medicines. 

Large number of herbal species has been used traditionally or as folk 

medicines against inflammatory. Many of them have been studied scientifically and 

proved to be beneficial anti-inflammatory agents. The success has been attained to 

isolate various single chemical responsible for anti-inflammatory activity. However, 

still many herbal folk medicines for inflammation have not undergone through 

scientific investigations and careful assessment of their toxic effects. So, it is a need of 

time to consider herbal medicines for determining their pharmacological activities that 

responsible for anti-inflammatory effect and developing suitable formulation, 

beneficial against inflammatory disorders. The plant compounds from genus 

Polyalthia have long been used in traditional medicine in Asia. Study in                  

(+)-goniofufurone extracted from Polyalthia crassa reviewed antitumor activity in 

various cancer cells [107]. However, the anti-inflammatory activity of this compound 

has not been reported previously. To study anti-inflammatory property, macrophage 
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cell lines (RAW264.7) were used as a model of study because they play an important 

anti-inflammatory role and can decrease immune reaction through the release of 

cytokines. The LPS of Escherichia coli was used to stimulate RAW264.7 cells to 

express inflammatory genes studied in this research. Bacterial LPS can trigger innate 

immune responses through Toll-like receptor (TLR) 4 which is a member of the TLR 

family. Upon pathogen recognition, MyD88 (a cytoplasmic protein) is recruited by 

TLRs. There are two major pathways downstream of TLR4 in response to LPS : the 

MyD88-dependent and-independent pathways as shown in Figure 1.1. In this study the 

effects of (+)-goniofufurone activity on gene expression downstream of these two 

pathways were investigated. 

 

 

Figure 1.1 Innate immune responses triggered by bacterial LPS through TLR4. There 

are two major pathways downstream of TLR4 in response to LPS : the MyD88-

dependent and-independent pathways 
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Objective : 

1. To study the cytotoxicity of (+)-goniofufurone to RAW264.7 cells. 

2. To study the effects of (+)-goniofufurone activity on gene expression 

downstream of MyD88-dependent and-independent pathways in RAW264.7 cells. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Medicinal Plant 

Several plants can produce substances from their parts espectially seeds, 

flowers, roots, twigs and leaves protecting them to survive. For example, some plants 

release bad smelling substances to protect themselves against herbivore. In the past, 

people had gathered these substances to create herbal medicines for disease treatment 

and later, ethnobotany (the study of using plants in the past of human) became the way 

to discover future medicines. Fourteen years ago, researchers identified more than a 

hundred compounds that were used in modern medicine by developing from 

ethnomedical plant sources. Eighty percentage of the compounds from ethnomedical 

were identical or related to current use of the active constituents of the plant [6]. Many 

of current drugs originated in plants. 

 

 

2.2 Phytochemistry 

Chemical compounds are produced in plants as their normal metabolic 

activities which known as phytochemicals. These phytochemicals are classifided into 

2 groups including primary metabolites such as sugars and fats which are found in all 

plants, and secondary metabolites which are produced in some of plants. The 

secondary metabolites have specific function more than primary metabolites. For 

examples, toxins for protecting itself from herbivore and pheromones for attracting 

insects for pollination. Interestingly, the secondary metabolites and pigments from 

plant contain therapeutic activity to humans which can be purified to produce and 

developed for disease treatment. Examples are inulin from the roots of dahlias, quinine 

from the cinchona, morphine and codeine from the poppy, and digoxin from the 

foxglove [7]. In addition, toxic plants also have been used in development of 
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pharmaceuticals [8]. The examples of phytochemicals that are synthesized from plants 

include alkaloids, polyphenols, glycosides, terpenes and styryl lactones [9]. 

 

2.2.1 Alkaloids  

Alkaloids are chemical compounds that contain a nitrogen ring in the 

structure. These compound can be produced from many organisms including bacteria, 

fungi, plants, and animals. They are the natural products and secondary metabolites. 

Many of them can be purified from crude extracts by acid-base extraction which most 

alkaloids are toxic to organisms. In addition, alkaloids also have pharmacological 

activities and are used as medicines. Examples of alkaloids are cocaine, caffeine and 

nicotine used for stimulant, psilocin used for psychedelic, morphine used for 

analgesic, berberine used for antibacterial, vincristine compound used for anticancer, 

reserpine agent used for anti-hypertension, galatamine used as cholinomimeric, 

atropine agent used for spasmolysis, vincamine used for vasodilator, quinidine 

compound used for anti-arhythmia, ephedrine used for anti-asthma, and quinine drug 

used for antimalarial.  

 

2.2.2 Polyphenols  

Polyphenols or phenolics are compounds containing phenol rings. 

Example of polyphenols include the anthocyanins from purple grapes, the isoflavones 

and the phytoestrogens from soy, and the tannin from tea. 

 

2.2.3 Glycosides  

Glycosides are molecules that contain a sugar part bound to a non-

carbohydrate, usually a small organic molecule. Glycosides play important function in 

living organisms. Normally the plants store chemical compounds in the inactive form 

and can be activated by breaking off the sugar part using enzyme hydrolysis, making 

the chemical compounds are activated. Many plant glycosides are used as medicine to 

treat disease. Examples of glycosides are the cyanoglycosides produced from cherry 

pits which there toxins will be released only when bitten by herbivore. 
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2.2.4 Terpenes  

Terpenes are organic compounds produced from plants such as conifers 

which have strong smelling and may have function to protect plant. Terpenes are the 

major components of resin, turpentine (terpene was derived from turpentine), and are 

the major biosynthetic within living creature. Steroids are the example of triterpene 

derivatives. The modification of terpenes by the oxidation or rearrangement at the 

carbon skeleton leads to the terpenoids. Terpenes and terpenoids are used in the 

primary constituents of the essential oils in many types of plants and flower. Essential 

oils are extracted from plant to use as natural flavor additives for food, as fragrances in 

perfumery, and in traditional and alternative medicines, mainly aroma therapy. 

Synthetic derivatives of terpenes and terpenoids also expand distribute the variety of 

aromas used in perfumery and flavors used in food additives. An example of a terpene 

is vitamin A. Monoterpenes cause odor of rose and lavender. The carotenoids are 

component of the red, yellow and orange colors of pumpkin, corn and tomatoes, 

respectively. 

 

2.2.5 Styryl lactones 

Styryl lactones are secondary metabolites purified from plant in  the genus 

Goniothalamus and Polyalthia [16]. They have important biological properties in the 

antiproliferative activity against cancer cells. Nomally, the styryl lactones have 

toxicity specific to cancer cells. Many reports suggests that antiproliferative activity of 

styryl lactones is involved with the induction of apoptosis in cancer cells [75]. Some 

research reported styryl lactone with activity against several human tumor cell line and 

inhibition of inflammatory related genes such as NF-κB, iNOS and COX-2 in LPS-

activated RAW264.7 macrophage cells [107]. 

 

 

2.3 Polyalthia crassa 

Polyalthia spp. are classified in Annonaceae family which consists of 

about 150 genera and 2,500 species. Polyalthia spp. are found in tropical Africa and 

Asia [109]. Chemical analysis of Polyalthia spp. has revealed the compounds 

including alkaloids, diterpenes, triterpenes, clerodane, benzopyran derivatives, 
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polyacetylenic compounds and styryl lactones. Several genus of Polyalthia have been 

widely used in traditional medicine in Asia. In Thailand, extracts from the roots of P. 

evecta and P. debilis are used as drug for stimulate secretion of milk in mother with 

her infant (galactagogue) and for abdominal pain relieve [10], respectively. In 

Malaysia, Polyalthia bullata is used as drug for stimulating sex requirement 

(aphrodisiac) [11]. Purified compounds from Polyalthia species show bioactivities, 

including the purified compounds from P. sclerophylla with anti-HIV activities [12], 

from P. suberosa with anti-HIV activity [14] , anti-oxidative stress and cell death 

activities [13], and from P.longifolia with antifungal activity [15]. Some compounds 

from the extract of P. crassa (or Nom maeo noi as the local name) show cytotoxicity 

against human cancer cells [75]. There are 11 compounds isolated from an ethyl 

acetate-soluble extract of the leaves and twigs of P. crassa including (1-4) 

crassalactones A–D, (5) (+)-howiinol A, (6) (+)-goniofufurone, (7) (+)-altholactone, 

(8) (+)-3-acetylaltholactone, (9) (+)-goniopypyrone, (10) aristolactam AII, and (11) 

cinnamic acid as shown in Figure 2.1 [16]. 

 

 

 

Figure 2.1 Eleven compounds from the leaves and twigs of P. crassa [16]. 
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(+)-Goniofufurone is one of an interesting natural compound because it 

possesses significant cytotoxic activity to several human tumor cell lines [16]. This 

compound is a styryl lactone (Figure 2.2). Previously, the (+)-goniofufurone was 

isolated from stem bark of Goniothalamus giganteus which is classified in 

Annonaceae family by McLaughlin and co-workers [76, 77]. Plants of the genus 

Goniothalamus have been known for a long time in South East Asia for their 

properties in folk medicine. This plant genus provides active molecules known as 

styryl lactones which associated with a biological activity in anti-tumor, anti-parasitic, 

abortifacient, and preventing plant from insect. Structure of styryl lactones can be 

classified into six main groups as shown in Figure 2.3 [110]. The extract of the seeds 

of Goniothalamus amuyon from Taiwan was reported to be used for the treatment of 

edema and rheumatism [78]. The leaves of Goniothalamus sesquipedalis have been 

used as drug to relieve labor pain in women, and the burning leaves have been used to 

dispel the mosquitoes [79]. The leaves of Goniothalamus macrophyllus have been 

used for abortion in rural areas of North Malaysia [80]. 

 

 

Figure 2.2. Chemical structure of (+)-goniofufurone. Molecular formula : C13H14O5 ; 

molecular weight : 250.247 dalton. 
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Figure 2.3. Main styryl lactones skeletons found in plants of Goniothalamus genus 

[110]. 

 

 

2.4 Inflammation  

Inflammation is a response of physiological body to harmful stimuli such 

as heat shock protein, cellular stress, physical injury, chemical or toxin, and 

microorganisms. This is a process of body protection to destroy invading organisms or 

to repair tissues after injury [17,18]. This process works together with a regulation of 

immunological and physiological processes under the controling of cytokines.  

When the body is affected by inflammation, signs and symtoms of 

inflammation include pain, heat, redness, swelling, and loss of function [115,130] 

which are defined from mechanism of the body response to tissue injury involving 

vascular, humoral and cellular factors. Redness and heat occur from increasing of 

blood flow to the inflamed tissues. Accumulation of the fluid in the inflamed tissues 

results to swelling and releasing of chemicals to stimulate nerve endings leads to pain, 

Finally, loss of function occurs from a combination of many factors from various 

causes [115]. Inflammation is divided into 2 types including acute and chronic 

inflammation which occurs over seconds or days, and over longer times, respectively. 
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2.4.1 Acute inflammation 

Acute inflammation is the first process of the body responding to 

inflammatory harmful stimuli by increasing the movement of plasma and leukocytes 

from the blood vessels into the injured tissues [112]. Process of inflammatory response 

involves with vascular system, immune system and various immune cells within the 

injured tissue to remove pathogens or stimuli. The first step of the inflammation is 

recognition of infection or damage. Initiation occurs by the detection of pathogen-

associated molecular patterns (PAMPs) which are specific to general molecules 

expressed by pathogens and essential for pathogen survival. During infection, the 

levels of heat shock proteins (HSPs) are increased [49], which the HSPs function as 

intracellular molecular chaperones of newly synthesized polypeptide chains, 

preventing protein denaturation and loss of function. HSPs are classified into 6 

families, but there are only 2 families that have potential to trigger immunoregulatory 

pathways (including the HSP60 and HSP70). During bacterial infections, the bacterial 

members of the HSP60 and HSP70 families are common targets of humoral and cell-

mediated immune responses [57, 58]. For the response of damage cells or foreign 

particles, damage-associated molecular patterns (DAMPs) are molecules that signal 

damage and are recognized by the innate immune system. This response has been 

characterized by receptors, mainly Toll-like receptors (TLRs) and nucleotide binding 

domain and leucine-rich-repeat-containing receptors (NLRs) [59, 60, 113, 122]. This 

initial recognition is mediated by macrophages, leading to the production of variety of 

inflammatory mediators including chemokines, cytokines, vasoactive amines and 

eicosanoids. A successful response of acute inflammatory results in elimination of the 

infectious agents or harmful stimuli followed by the resolution and repairing [114]. 

2.4.1.1 Process of acute inflammation 

There are 2 phases involving in the process of acute 

inflammation including a vascular phase that occurs first, followed by a cellular phase 

involving immune cells. The process of acute inflammation is initiated by immune 

cells, mainly macrophages, dendritic cells, histiocytes, Kupffer cells and mastocytes. 

These cells contain receptors on their surfaces which known as pattern recognition 

receptors (PRRs). PRRs recognize generic molecules such as PAMPs and DAMPs. 

Upon harmful stimuli, contacting with PAMPs or DAMPs at the origin of an infection, 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Biotechnology) / 11 

 

or physical injuries, immune cells are activated and release inflammatory mediators 

such as NO and PGE2 responsible for the signs of inflammation. These mediators 

stimulate the vasodilation, leading to the increase of blood flow which can cause 

redness and heat at the inflammatory areas. Increase of the permeability of blood 

vessels results in an exudation of plasma proteins including fibrin and 

immunoglobulins (antibodies) and fluid into the tissue, which exhibits swelling tissue. 

This exuded tissue fluid contains several antimicrobial mediators, mainly complement, 

lysozyme and antibodies to destroy the microbes, and prepare the microbes for the 

cellular phase by opsonization. Some of the exuded tissue fluid also works like funnel 

to the region of lymph nodes to flushing bacteria together with initiating the 

recognition and preparing to adaptive immune system. Some of the released mediators 

such as bradykinin increase the sensitivity to pain. The mediator molecules also 

control the blood vessels to permit the migration of leukocytes such as neutrophils 

from blood vessels into the injury tissue to attract with harmful stimuli which the 

leukocytes migrate to reach the site of injury by chemotactic. The process of leukocyte 

movement from the blood to the tissues is known as extravasation. Some leukocytes 

act as phagocytic cells to ingest bacteria, viruses and cellular debris. Most PAMPs that 

bind to PRRs and initiate phagocytosis are cell wall components of leukocytes 

including complex carbohydrates, lipopolysaccharides (LPS), peptidoglycans, and 

surface proteins. Some leukocytes such as mast cells, neutrophils, eosinophils, 

macrophages, lymphocytes, endothelial cells and platelets can release inflammatory 

mediators that develop and maintain the inflammatory response which several 

mediators have been demonstrated to play an essential role in inflammation as shown 

in Table 2.1.  
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Table 2.1 Cell derived mediators 

Name Type Source Description 

Lysosome 

granules 

Enzymes Granulocytes These cells contain enzymes that 

perform a functions to break down a 

number of substances. 

Histamine Vasoactive 

amine 

Mast cells, 

basophils, 

platelets 

Histamine is stored in granules and 

released to response harmful stimuli of 

inflammatory. It causes arteriole 

dilation and increased venous 

permeability. 

IFN-γ Cytokine T-cells, NK 

cells 

IFN-γ has antiviral activities, 

immunoregulatory and anti-tumour 

properties. This interferon is 

macrophage-activating factor, and is 

important in the maintenance of 

chronic inflammation. 

IL-8 Chemokine Macrophages IL-8 activates and induces chemotaxis 

in target cells, mainly neutrophils. 

Leukotriene 

B4 

Eicosanoid Leukocytes Leukotriene is able to mediate 

leukocyte adhesion and activation to 

bind with endothelium of vessels and 

migrate across it.. 

Nitric-oxide Soluble gas Macrophag, 

endothelial 

cells, some 

neurons 

NO has potential to be a vasodilator. 

NO relaxes smooth muscle, reduces 

platelet aggregation and has 

antimicrobial activity in high 

concentrations. 

Prostaglan-

dins 

Eicosanoid Mast cells Prostaglandins are cause of 

vasodilation, fever and pain in the 

response of inflammatory. 
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Table 2.1 Cell derived mediators (Cont.) 

Name Type Source Description 

TNF-α and 

IL-1 

Cytokines Macrophages Both affect induce inflammatory 

reactions: fever, production of 

cytokines, gene regulation, chemotaxis 

and leukocyte adherence. 

 

2.4.2. Chronic inflammation  

Prolonged inflammation is known as chronic inflammation which occurs 

over several months and even year. It results from failure to pathogen elimination or 

stimuli agent, self antigen response, and irritant from chronic disease. Chronic 

inflammation can lead to a severity in the cells that present in the site of inflammation 

and is characterized by having the destruction of tissue and reparing the tissue from 

the inflammatory process. 

Chronic inflammation results in the up-regulation of enzymes and 

signaling proteins in affected tissues and cells. These proinflammatory enzymes 

include the inducible forms of nitric oxide synthase (iNOS) and cyclooxygenase-2 

(COX-2), which are responsible for the increasing of NO and prostaglandins (PGs), 

respectively. They are involved in the pathogenesis of many chronic diseases 

including multiple sclerosis, Parkinson’s and Alzheimer’s diseases, and colon cancer 

[124]. The proinflammatory activity of NO lead to the excessive production of NO by 

iNOS and is stimulated by factor such as interaction of NO with other oxidants and 

during of NO production. Previous study showed that the chronic inflammation 

correlates with the increasing of iNOS activity [125]. The evidence that NO is a 

mediator of tissue injury is obtained from studies on an animal arthritis model, human 

osteoarthritis, and rheumatoid arthritis [126]. In contrast, iNOS is constitutively 

expressed in epithelial and neuronal cell which forms of NOS are known to involve 

with inflammation and carcinogenesis slightly. COX is the enzyme that converts 

arachidonic acid to PGs. COX-2 is an inducible form responsible for the production of 

PGs at the inflammatory site [127]. Furthermore, tumor necrosis factor (TNF)-α is 

proinflammatory cytokine that plays an important role in immunity and inflammation. 

It activates vascular endothelium and increases permeability leading to the increasing 
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entry of IgG, complement, and cells to tissue at the site of inflammatory and increases 

fluid drainage to lymph nodes. It also has systemic effects such as fever, systemic 

edema and shock [128]. 

 

 

2.5 Toll like receptor (TLR) 

Toll-like receptors (TLRs) are Type I transmembrane receptors in 

recognition site of conserved patterns characteristic of bacterial, viral or fungal 

invasions, but distinguishable from host molecules, the so-called Pathogen-Associated 

Molecular Patterns (PAMPs) [120]. Their activation induces the secretion of pro-

inflammatory mediators such as cytokines, chemokines, type I interferon (IFN), 

reactive oxygen species, and other mediators.  

TLR signaling pathway is mediated through the cytoplasmic Toll/IL-1 

receptor (TIR) domain that associates with a TIR domain-containing adaptor protein. 

Five TIR-domain-containing adapter molecules are known to activate TLRs signaling 

including (1) myeloid differentiation factor 88 (MyD88), (2) MyD88 adapter-like 

(Mal), also called TIR-domain-containing adapter protein (TIRAP), (3) TIR-domain-

containing adapter including interferon-β (TRIF), (4) TRIF-related adapter molecule 

(TRAM), and (5) sterile alpha and HEAT/armadillo motif protein (SARM) [23]. The 

first four adaptor proteins have activating function but SARM functions as a negative 

regulator of TRIF-dependent signaling [24].  

 

2.5.1 Signaling pathways via TLRs 

The signalling cascades induced by TLR ligands can be divided into two 

main cascades depending on the intracellular adaptor molecules they recruit. The 

MyD88 is the main adaptor of the first signaling cascade leading to the activation of 

Nuclear Factor-κB (NF-κB) and Activated Protein-1 (AP-1) transcription factors. The 

second cascade is dependent on the activation of interferon (IFN)-regulatory factors 

(IRFs) by TRIF or MyD88-independent.  

2.5.1.1 MyD88-dependent pathway 

MyD88 is the immediate adapter protein which is common to 

all mammalian TLRs except for TLR3. Upon LPS stimulation, MyD88 induces 
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signalling cascades downstream of IKK (IκB kinase) and MAPK (mitogen-activated 

protein kinase) pathways such as JNK, and induces the activation of the transcription 

factors AP-1 [29-32]. A complex of IKK phosphorylates IκB (inhibitor of NF-κB 

transcription factor) proteins. The phosphorylation of IκB leads to degradation the IκB 

from transcription factor NF-κB and NF-κB is translocated into the nucleus (Figure 

2.4) to control the expression of proinflammatory cytokines including tumor necrosis 

factor-alpha (TNF-α), interleukin-6 (IL-6), IL-12, and IL-1β, and also inducible 

enzymes including COX-2 [33]. Interestingly, LPS-stimulated MyD88 knockout 

macrophages can not induce proinflammatory cytokines. 

 

 

 

Figure 2.4 TLR-mediated MyD88-dependent signaling pathway [143].  

 

2.5.1.2 MyD88-independent pathway 

TRIF is an important adaptor protein that mediates MyD88-

independent signaling by activating the signalling through TLR3 and TLR4. Initiation 

of signaling induces activation of TRIF adaptor. TRIF activates the downstream 

kinases leading to the activation of IFN refulatory factor 3 (IRF3) [34] and also 

induces delayed activation of NF-kB [35] (Figure 2.5). Target genes that are regulated 
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through TRIF signaling pathways include IFNβ and IFN-inducible genes such as 

inducible nitric oxide synthase (iNOS) and inducible protein-10 (IP-10) [36,37].  

 

 

 

Figure 2.5 TLR-mediated MyD88-independent signaling pathway [143].  

 

 

2.6 Cytokines 

Cytokine is a protein secreted largely by activated cells. The responding 

cells bear matching transmembrane receptor. Cytokines play a major role in the 

communication between cells especially in immune system. They regulate the 

survival, proliferation, differentiation and function of immune cells. Cytokines can be 

classified into proinflammatory cytokine and interferon-β. Examples of 

proinflammatory cytokines are IL-1β, IL-6, IL-12 and TNF-α. 

 

2.6.1 Interleukin-1 (IL-1)β 

IL-1β is proinflammatory cytokine that plays roles in acute and chronic 

inflammatory. This cytokine is produced by activated macrophages and important for 

the response of inflammatory. It is involved in activity of  immune cells, mainly cell 

proliferation, differentiation and apoptosis. In the central nervous system (CNS), IL-1β 

can induce COX-2 to contribute inflammatory pain hypersensitivity [38].  
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2.6.2 Interleukin-6 (IL-6) 

IL-6 is a cytokine that functions in both innate and adaptive immunity 

[39]. It is synthesized by a number of cell types including fibroblast, macrophages, 

dendritic cells, T and B lymphocytes, endothelial cells, glia cells and keratinocytes 

[40]. IL-6 has several diverse functions. In innate immunity, it stimulates the synthesis 

of acute phase response proteins by hepatocytes and thus contributes to the systemic 

effects of inflammation [39]. In adaptive immunity, IL-6 stimulates terminal 

differentiation of B cells to antibody producing plasma cells, differentiation of 

monocytes to macrophages, and growth of hematopoetic stem cells [40]. IL-6 uses the 

common receptor subunit gp130 for signal transduction [41]. After IL-6 binds to the 

surface, IL-6 receptor (IL-6R)α (gp130) is dimeried and forms the receptor complex 

before activating two intracellular signaling pathways including JAK-STAT pathway 

and the CCAAT/enhancer binding protein (C/EBP) pathway [42,43]. 

  

2.6.3 Interleukin-12 (IL-12) 

IL-12 is expressed in macrophages, dendritic cells and B cells [20-22,25]. 

IL-12 is believed to be a central mediator in the development of T cell responding to 

exogenous microbes or noninfectious by the induction of IFN-γ production [28].      

IL-12 is produced mainly by activated monocytes, macrophages, neutrophils, B cells 

and dendritic cells. From the study of Wang SZ, et. al. 2015, it was suggested that    

IL-12p40 deficiency increased Respiratory Syncytial Virus (RSV)-induced lung 

inflammation. IL-12 is composed of two subunits, IL-12p35 and IL-p40. However, 

p35 shares homology with other cytokines such as IL-6 [117], whereas p40 is 

homologous to the receptor of IL-12. The major functions of IL-12 include induction 

IFN-γ production from natural killer (NK) cells and T cells, which in turn activates 

monocytes/macrophages for production of IL-12 [118], enhancement of cytotoxity of 

NK and cytotoxic T cells, differentiation of naïve T cells into Th1 effectors [44,116]. 

Although IL-12 is important for host defence, over expression of IL-12 can cause 

persistent inflammation leading to autoimmune disorders.  
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2.6.4 Tumor necrosis factor-alpha (TNF-α) 

TNF-α is the principal mediator of the acute inflammatory response to 

Gram negative bacteria and other infectious microbes. It is not usually detectable in 

healthy persons, but elevated levels in inflammatory and infectious conditions [39,46]. 

TNF-α is mainly expressed by activating macrophages, NK-cells, T-cells, fibroblasts, 

astrocytes, Kupffer cells, smooth-muscle cells, keratinocytes and tumor cells [45]. 

Cytokine binding to TNF receptor leads to recruitment and signaling cascades are 

initiated resulting in the activation of effector proteins and protein kinases (MAPK, 

IKK) followed by the activation of transcription factors (AP-1, NF-kB) [45]. TNF-α 

also induces expression of COX-2 resulting in vasodilation [47], causing redness and 

heat through increased local blood flow. In addition, TNF-α has been implicated in 

many inflammatory lung diseases [119]. For example, TNF-α is increasingly released 

in lung of asthma patients [121]. 

 

2.6.5 Interferons-beta (IFN-β) 

IFN-β is produced by several cell types including macrophages, 

fibroblasts, NK cells, T cells, dendritic cells and plasmacytoid monocytes [50-54]. 

However, macrophages are the major cellular source of IFN-β in the immune system 

[55]. Several reports demonstrated a low-level constitutive expression of IFN-β in 

resting macrophages [50, 56]. IFN-β is expressed in rheumatoid arthritis (RA) and can 

enhance the production of anti-inflammmatory mediators [48]. Futhermore, IFN-β is 

essential in the induction of iNOS by LPS stimulation [61]. Expression of IFN-β gene 

is rapidly induced by TLR4 activation in an MyD88-independent manner [62]. 

Binding of these cytokines to cell surface receptors generates an intracellular signal 

through the JAKs. Activated JAKs phosphorylates STAT-1 which then translocates to 

nucleus and regulates cytokine-dependent transcription [63]. 

 

 

2.7 Mediators 

Mediators are the chemical released during inflammation and propagate 

the inflammatory response. These mediators are soluble and diffusible molecules that 
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can act locally and systemically. The mediators that involved in inflammation are 

PGE2 and NO.  

 

2.7.1 Prostaglandins (PGs) 

Prostaglandins (PGs) are small lipid messengers and have a wide variety 

of biological activities. They belong to the class of prostanoid fatty acid derivatives of 

arachidonic acid and participate in pain and inflammation responses. Arachidonic acid 

is liberated from membrane phospholipids by the action of phospholipases, 

metabolized into PGG2 and PGH2 by the cyclooxygenases. Both prostaglandin G2 

(PGG2) and prostaglandin H2 (PGH2) are unstable and rapidly converted into PGE2 by 

prostaglandin E synthetase (PGES) [132], which PGE2 is the main form of 

prostaglandins as shown in Figure 2.6 [142]. They have potency to dilate arteriol and 

enhance the effects of other mediators by increasing small vein permeability. 

Cyclooxygenases (COX) is a key enzyme in the biosynthetic pathway of prostaglandin 

(PG) synthesis. COX-1 and COX-2 are the two isoforms of COX [136]. COX-1 is 

constitutively expressed in all tissues and is involved in many physiological functions 

[133], while COX-2 is an enzyme to generate prostaglandins from arachidonic acid 

and is associated with inflammation and tumorigenesis [129,134]. Over-expression of 

COX-2 catalyzes the synthesis of PGE2 through the transcription factor NF-κB, 

contributing to physiological processes including transformation, survival, 

proliferation, metastasis and angiogenesis by up-regulating several signaling pathways 

and down-regulating apoptotic protein [137]. COX-2 can be induced by several 

intracellular and extracellular factors including lipopolysaccharide (LPS), epidermal 

growth factor (EGF), and tumor necrosis factor [138].  
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Figure 2.6 Prostaglandin E2 biosynthesis. Upon phospholipids release from plasma 

membrane by phospholipase A2, arachidonic acid is converted to prostaglandin G2 

(PGG2) and prostaglandin H2 (PGH2) by the endocyclooxygenases (COX-1 and 

COX-2). Both COX isoforms catalyze the same reaction. While COX-1 is 

constitutively expressed, COX-2 is upregulated by cytokines and growth factors. 

Terminal synthases convert both PGG2 and PGH2 into prostaglandins, which PGE2 is 

the main form of prostaglandins [142].  

 

2.7.2 Nitric oxide (NO) 

One of the most studied molecules secreted by macrophage is NO. NO is 

an important cell-signaling molecule that directly regulates the activity of intracellular 

proteins promoting inflammation, tumor angiogenesis [135] and mediates the 

oxidative burst leading to cell death in the hypersensitive response. Small amounts of 

NO play a role in maintaining resting vascular tone, vasodilation, and antiagregation 

of platelets. In response to cytokines (TNF-α, IL-1) and other inflammatory mediators, 

the production of large quantities of NO is stimulated. In larger quantities, NO is a 

potent vasodilator, facilitates macrophage-induced cytotoxicity, and may contribute to 

joint destruction in some type of arthritis. NO is produced by the deamination of L-

arginine, catalyzed by NO synthases as shown in Figure 2.7 [141]. At least two NO 

synthases exist, one is constitutive NOS (cNOS) and the other is cytokine-inducble 
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NOS (iNOS), have been reported. NO is increased in inflammation and has pro-

inflammatory and regulatory effects [131]. iNOS, induced by bacterial products and 

inflammatory cytokines through the transcription factor NF-κB in macrophages and 

responsible for prolonged production of larger amounts of NO. 

 

 

 

Figure 2.7 NO biosynthetic pathway. Inducible nitric oxide synthase catalyzes the 

oxidation-reduction reaction of L-arginine to form the free radical NO. iNOS 

expression is upregulated by cytokines through the transcription factor NF-κB [141].  
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Cell culture 

Mouse macrophage cell line (RAW264.7), obtained from ATCC 

(American Type Culture Collection, Rockville, MD, USA) was cultured and 

maintained in Dulbecco’s modified Eagle’s medium (DMEM) (Hyclone, Logan, UT, 

USA) with 10% fetal bovine serum (FBS) (Hyclone). The cells were incubated at 

37°C under 5% CO2 atmosphere. The cells were subcultured at 80-90% confluency 

before detaching from plastic surface using cell scraper. The cell suspension was 

centrifuged at 1000 rpm, 4 °C, for 5 min and packed cells were suspended in 1 ml of 

supplemented DMEM medium before transferring to fresh medium and cultured as 

decribed. 

 

 

3.2 Purified compound 

Purified compound from leaves and twigs of Polyalthia crassa was 

obtained from Prof. Patoomratana Tuchinda. The air-dried and finely powdered mixed 

leaves and twigs of P. crassa were sequentially percolated with hexane, EtOAc, and 

MeOH, at room temperature. The solvents of the hexane, EtOAc, and MeOH extracts 

were removed, respectively. The EtOAc extract was subjected to column 

chromatography, eluting with EtOAc-hexane, followed by MeOH-EtOAc to give 

fractions A1-A11. The fraction A9 (eluted with 40-50% EtOAc-hexane) was 

rechromatographed on a Sephadex LH-20 column (MeOH as eluent) to give fractions 

C1-C4. Further separation of fraction C4 on a silica gel column (MeOH-CH2Cl2-

hexane, 1:12:7, as eluent) yielded fractions D1-D5. Fraction D4 was further separated 

by passage on a silica gel column (10% EtOH-CH2Cl2 as eluent) to yield fractions G1-

G6. Fraction G3 provided (+)-goniofufurone after column chromatography 

(50%EtOAc-hexane as eluent) and recrystallization with EtOAc-hexane [16]. 
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3.3 Cell viability by trypan blue dye exclusion 

The cells were detached from plastic surface with cell scraper. The cell 

suspension was centrifuged at 1000 rpm, 4 °C, for 5 min and packed cells were 

suspended in 1 ml of supplemented DMEM medium. A 10 μl of cell suspension was 

mixed with 590 μl of 1X trypan blue dye solution (Sigma-Aldrich, USA) and stained 

cells were counted using hemacytometer under light microscope. The amount of viable 

cell was counted and % cell viability was calculated from below equation. 

 

Viable cells/ml = viable cells counted   
               

            
  10,000 cells/ml 

 

% Viability = 
                 

                
   100 

  

 

3.4 Determination of cytotoxicity using MTT assay 

RAW264.7 cells were seeded at 5.0x10
4
 cells/well (150 μl of medium) in 

96-well plates and incubated for overnight. The cells were treated with tested samples 

by various concentrations at 0-800 μg/ml (total volume was 100 μl per well) for 24 h 

and 20 μl of MTT solution (Sigma-Aldrich,USA) ( stock concentration 5 mg/ml) was 

added. The cells were incubated at 37 °C for 3.5 h. The MTT solution will be reduced 

to purple formazan in the mitochondria of living cells. Then, the solution was 

discarded and 150 μl of DMSO was added. The absorbance at 590 nm was read and 

calculated % cell viabllity from below equation. 

 

% Cell viability = 
                  

                   
 x 100 

 

 

3.5 Treatment of mouse macrophage cell line (RAW 264.7) 

Mouse macrophage cells at initial density of 5×10
5
 cells were cultured 

overnight in 6-well plate. When the cell density reached 1x10
6
 cells/ml, the medium 

was replaced with fresh medium. The cells were pretreated with compound at various 
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concentrations for 2 h and co-treated with or without 100 ng/ml of LPS from 

Escherichia coli strain 0111:B4 (Sigma, St Louis, MO) for 22 h. 

 

 

3.6 Determination of NO production using Griess reagent system 

After the RAW264.7 cells were pre-treated with tested sample for 2 h and 

co-treated with or without 100 ng/ml of LPS for 22 h. The supernatant was collected to 

analyze NO production using Griess reagent kit (Invitrogen
TM

, USA) according to the 

manufacturer’s instructions. In brief, solutions A and solution B were mixed in the 

ratio 1:1 which was called Griess reagent. For the analytical, 150 μl of cultured 

medium samples, 20 μl of griess reagent and 130 μl of distilled water were added 

respectively and mixed in 96 well assay plate. NO production was determined by 

measuring absorption at 548 nm and absorbance reading was converted to nitrite 

concentrations by comparing with standard curve (see appendix). 

 

 

3.7 Enzyme-linked immunosorbent assay (ELISA) 

The level of prostaglandin E2 production was determined using ELISA 

assays. The culture supernatant obtained from the stimulated or unstimulated cell 

cultures were kept at 80 °C until used. 

 

3.7.1 ELISA for mouse prostaglandin E2 

The production of PGE2 in culture supernatant was analyzed using 

commercially available ELISA kit (R&D system, Inc., Minneapolis, MN). The 96-

well plate was coated with goat anti-mouse. The 150 μl of sample or PGE2 standard 

(dilute 1:3 with calibrator diluent) (see appendix) was added, then 50 μl of primary 

antibody solution was added to each well and incubated at RT for 1 h on a shaker set 

at 500 rpm. Then 50 μl of PGE2 conjugate was added to each well and incubated at RT 

for 2 h on a shaker set at 500 rpm. Plate was then washed for 4 times with washing 

buffer and 200 μl of substrate solution (color reagent A and color reagent B mixed 1:1) 

was added to each well and incubated at RT for 30 min in dark. The reaction was 

stopped by adding 100 μl of stop solution (2N H2SO4). The intensity of color was 
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determined immediately by measurement with microplate reader (Softmax) at 

absorbance 450 nm. A standard curve was prepared for each microtiter plate and used 

to quantify the amount of PGE2 present in test samples (see appendix). 

 

 

3.8 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-

PAGE) analysis 

 

3.8.1 Preparation of separating and stacking gels 

Electrophoresis was performed on 8x10x0.1 cm gel. A 5 ml of an 8% 

acrylamide solution in 3.0 M gel buffer pH 8.8 containing 1% sodium dodecyl sulfate 

(SDS) (Plusone, Uppsala, Sweden), 0.05% (v/v) N,N,N’,N’-tetrametyhlethylene 

diamine (TEMED) (Plusone) and 0.05% ammonium persulfate (APS) (Plusone) was 

carefully added and allowed to polymerize at RT for at least 1 h. The gel prepared as 

described could be kept at 4 °C with distilled water covering the top surface if the 

electrophoresis was not performed immediately. Distilled water was removed and the 

comb was gently inserted on the top of the gel to make wells for sample application 

before adding stacking gel solution. Five millilitre of 30% acrylamide in 0.5 M gel 

buffer pH 6.8 (see appendix) used as stacking gel was layered over the separating gel 

and left for 30 min before used. After polymerization, the comb was carefully 

removed, samples then electrophoresed immediately. 

 

3.8.2 Preparation of samples 

Cell samples were centrifugated at 10,000 rpm. Supernatant was discarded 

and the pellet was solubilized in lysis buffer (see appendix) containing 0.0625 M Tris-

HCl (USB) pH 6.8, 1% SDS, 10% glycerol (Sigma), 5% 2-mercaptoethanol (2-ME) 

(BDH) and bromophenol blue. The solution was sonicated on ice for 1 min before 

heated for 5 min in the heat box. The samples were centrifuged at 10,000 rpm for 5 

min at 4 °C and the supernatant was subjected to electrophoresis. Protein marker 

(Infinigen Biotechnology, USA) was used to indicate the size of aspected protein. 
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3.8.3 Electrophoresis 

The electrophoresis chamber (Hoefer Scientific Instruments, San 

Francisco, CA) was prepared with cathode at the top and the anode at the bottom 

chambers. Electrophoresis was carried out at the room temperature with a constant 

current of 20 mA per gel in descending direction until the blue dye marker reached the 

bottom of the gel, approximately 1 h to complete this process. 

 

 

3.9 Immunobloting 

After electrophoresis, the gels were electrotransferred to nitrocellulose 

membrane (Amersham Biosciences, Buckinghamshire, England) at a constant voltage 

(80 volts) for 3 h. The membrane was blocked with 5% blocking solution (Roche 

Diagnostics, Mannheim, Germany) in 1X PBS (see appendix) for 1 h before 

incubating at 4 °C for overnight with rabbit anti-mouse iNOS antibody (Santa Cruz, 

Santa Cruz, CA) in 5% blocking solution in 1X PBS. The concentration of each 

antibody was used as manufacturer’s recommendation. The membranes were washed 

for 3 times with 0.1% Tween20 in PBS for 10 min. After that, the blots were then 

allowed to react with horseradish peroxidase (HRP)-conjugated swine anti-rabbit IgG 

(Pierce, Rockford, IL) or HRP-conjugated goat anti-rabbit IgG (Pierce). Protein bands 

were detected by enhanced chemiluminescence as recommended by the manufacturer 

(Roche Diagnostics) which nitrocellulose membrane was exposed to hyperfilm 

(Amersham Biosciences). The intensity of each bands measured by using Gel 

Documentation (GeneSystem). 

 

 

3.10 Reverse transcription-polymerase chain reaction (RT-PCR) 

assay 

 

3.10.1 Total cellular RNA extraction 

Total RNA was extractd from the treated cells according to the 

manufacture’s instruction (GE healthcare). In brief, after the culture medium was 
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removed, the cells were washed three time with 1 ml of PBS. The cells were lyzed 

with 350 μl of lysis buffer (RA1 buffer with 3.5 μl of β-mercaptoethanol) before 

transferred to a sterile 1.5 ml-microcentrifuge tube and centrifuged at 14,000 rpm for 5 

min. The supernatant was added with 350 μl of 70% alcohol and gently mixed before 

transferred to an RNA binding column. The homogenized lysate was added with 700 

μl of low stringency wash solution and centrifuged at 14,000 rpm for 30 sec. The 

supernatant was discarded before adding diluted DNase I and incubated at room 

temperature for 15 min. The samples were subjected to centrifugation at 14,000 rpm 

for 30 sec. This step was repeated twice. The RNA binding column was transferred to 

a new tube. Forty microliters of RNA elution (RNase-free H2O) was added to the 

sample and incubated at room temperature for 1 min. The sample was then centrifuged 

at 14,000 rpm for 2 min. Total RNA concentration in solution was determined by 

spectrophotometer at 260/280 nm (Multiskan Spectrum, ThermoLabsystems, Helsinki, 

Finland). The mRNA samples were used for cDNA synthesis. 

 

3.10.2 First-strand cDNA synthesis 

First-strand cDNA was synthesized from the mRNA. Total RNA (0.1 μg) 

was used to synthesize cDNA in 20 μl of reaction. One reaction contained 4 μl of 5X 

AMV reverse transcriptase reaction buffer, 1 μl of 100 mM dTT, 2 μl of 100 mM 

dNTP, 1 μl of 500 μg/ml oligo (dT), 100 units of RNase Ribonuclease inhibitors, 30 

units of AMV reverse transcriptase and nuclease-free water to make final volume of 

20 μl. After incubation at 42 °C for 1 h, the first-strand cDNA was synthesized. The 

reaction mixture was kept at -20 °C until used. 

 

3.10.3 Polymerase-chain reaction (PCR) 

The PCR reaction was performed in a 25 μl of total volume using 10X 

PCR buffer (Invitrogen, Carlsbad, CA), 20 μM of specific primer, 5U/μl of Thermus 

aquaticus (Taq) DNA polymerase (Invitrogen, Carlsbad, CA) and DNase-RNase free 

water (Gibco Labs). The nucleotide primers specific for all genes of interested and 

their expected size used in the PCR amplification were shown in Table 3.1. The 

TGradiant thermalcycler 96 (Biometra, Goettingen) was used for PCR amplification. 

The conditions for all PCR amplification were shown in Table 3.2. 
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3.10.4 Detection of PCR products 

All amplified products were mixed with loading dye in the ratio of 5:1. 

The mixture was electrophoresed in 1.5% agarose gel (see appendix). After finished, 

the gel was stained with 0.01% ethidium bromide (Plusone, Amersham Pharmacia 

Biotech). The gel was electrophoresed in 1X TBE buffer (see appendix) at a constant 

voltage (90 volts) for 40 min. Quantitative analysis of PCR band was done by using 

Gel Documentation (GeneSystem). 

 

Table 3.1: Primer specifications for RT-PCR 

Gene Primer Sequence (5’        3’) Size (bp) (Refs.) 

 

TNF-α 

Forward gta gcc cac gtc gta gca aa  

350 

 

65 Reverse ccc ttc tcc agc tgg gag ac 

 

IL-1β 

Forward tca tgg gat gat gat gat aac ctg ct  

502 

 

- Reverse ccc ata ctt tag gaa gac acg gga tt 

 

IL-6 

Forward aac gat gat gca ctt gca ga  

452 

 

- Reverse gag cat tgg aaa ttg ggg ta 

 

IL-12p40 

Forward agg tgc gtt cct cgt aga ga  

241 

 

- Reverse aaa gcc aac caa gca gaa ga 

 

COX-2 

Forward aga agg aaa tgg ctg cag aa  

291 

 

- Reverse gct cgg ctt cca gta ttg ag 

 

IFN-β 

Forward tcc aag aaa gga cga aca ttc g  

312 

 

64 Reverse tga gga cat ctc cca cgt caa 

 

iNOS 

Forward gca gaa tgt gac cat cat gg  

414 

 

65 Reverse aca acc ttg gtg ttg aag gc 

 

Actin 

Forward cca gag caa gag agg tat cc  

436 

 

66 Reverse ctg tgg tgg tga agc tgt ag 
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Table 3.2 The conditions for all PCR amplification 

A. 

Gene Parameter 

 

 

COX-2 

First denature 94°C 

94°C 

54.5°C 

72°C 

72°C 

5 min 

45 sec 

1 min 

1 min 

7 min 

1 cycle 

Denature  

30 cycles Annealing 

Extention 

Final extension 1 cycle 

 

B. 

Gene Parameter 

 

IL-1β, 

IFN-β, and 

iNOS 

 

First denature 94°C 

94°C 

55°C 

72°C 

72°C 

5 min 

45 sec 

1 min 

1 min 

7 min 

1 cycle 

Denature  

30 cycles Annealing 

Extention 

Final extension 1 cycle 

 

C. 

Gene Parameter 

 

TNF-α, 

IL-12p40, and  

Actin 

First denature 94°C 

94°C 

58°C 

72°C 

72°C 

5 min 

45 sec 

1 min 

1 min 

7 min 

1 cycle 

Denature  

30 cycles Annealing 

Extention 

Final extension 1 cycle 
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Table 3.2 The conditions for all PCR amplification (Cont.) 

D. 

Gene Parameter 

 

 

IL-6 

First denature 94°C 

94°C 

60°C 

72°C 

72°C 

5 min 

45 sec 

1 min 

1 min 

7 min 

1 cycle 

Denature  

30 cycles Annealing 

Extention 

Final extension 1 cycle 

 

 

3.11 Statistical analysis 

All statistical analyzes reported were performed using SigmaPlot 18.0 

(SPSS). The results were expressed as mean ± standard error (SE) from three 

separated experiments. Significance of differences between stimulated groups and 

treatment groups were analyzed by the Student’s t-test. P<0.05 was considered 

statistically significance. 

 

  



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Biotechnology) / 31 

 

 

CHAPTER IV 

RESULTS 

 

 

4.1 Cytotoxicity of (+)-goniofufurone to RAW264.7 cells 

Cytotoxicity of the plant compound to mouse macrophage cells 

(RAW264.7) was determined to obtain the IC50 (inhibitory concentration 50) and the 

optimum concentration of compound was used to assess the potential anti-

inflammatory activity for further study. The compound used in this study was         

(+)-goniofufurone (C-865-1-LF+TW-1056-E002-F4) or MUC760 compound extracted 

from the leaves and twigs of Polyalthia crassa. 

RAW264.7 cells were treated with the compound at various concentrations 

(0, 6.25, 12.5, 25, 50, 100, 200, 400 and 800 μg/ml) for 24 h. MTT assay was 

performed to determine cell viability. Exposure of cells to the compound decreased 

cell viability in a dose-dependent manner (Table 4.1). The IC50 of (+)-goniofufurone  

was 520 μg/ml or 2.08 mM as shown in Figure 4.1. Exposure of cells to                   

(+)-goniofufurone at concentration less than 200 μg/ml could maintain the cell 

viability more than 80% and most cells exhibited round shape phagocytic-like 

phenotype as found with untreated control cells (Figure 4.2). However, treated cells 

with (+)-goniofufurone at the concentration between 200-800 μg/ml showed a mixture 

of round and spindle-shaped cells in which actin might be diffusely distributed 

throughout the cell and partially concentrated in the cell cortex. Concentration of the 

compound higher than 800 μg/ml displayed a large amount of cellular debris. 

Therefore, from this study the concentration of compound at 200 μg/ml or 0.8 mM 

was chosen for further experiments. 
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Table 4.1 Cell viability of RAW264.7 cells treated with (+)-goniofufurone by MTT 

assay 

Concentrations of 

compound (μg/ml) 

% Cell viability 

(mean ± SE) 

0 100.00 ± 0.00 

6.25 97.84 ± 1.74 

12.5 96.98 ± 2.25 

25 95.78 ± 2.51 

50 94.44 ± 2.90 

100 92.30 ± 4.11 

200 81.98 ± 1.34 

400 56.72 ± 4.83 

800 27.59 ± 4.40 

 

 

 
Figure 4.1 Percentage of cell viability from MTT assay and IC50 of (+)-goniofufurone 

from the leaves and twigs of Polyalthia crassa. 
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Figure 4.2 Cell morphology of macrophages. RAW264.7 cell lines were cultured 

without (+)-goniofufurone (A) and with 200 μg/ml of (+)-goniofufurone (B) for 24 h. 

The cells were visualized under the light microscope (20X). 
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4.2 Suppression of gene expression downstream of MyD88-dependent 

pathway by (+)-goniofufurone in LPS activated RAW264.7 cells 

The RAW264.7 cells were pretreated with (+)-goniofufurone at 

concentration of 200 μg/ml for 2 h before co-treated with 100 ng/ml of E.coli LPS for 

22 h. After 24 h of treatment, gene expression downstream of MyD88-dependent 

pathway was determined by RT-PCR. The results showed that LPS from E.coli could 

stimulate the gene expression studied in this experiment including TNF-α, IL-1β,    IL-

6, IL-12p40 and COX-2 (Figure 4.3A-4.3E). However, the expression of these genes 

could be reduced by (+)-goniofufurone with 100%, 42.47%, 35.96%, 100% and 

41.33% suppression, respectively (Figure 4.3F). It is suggested that this suppression is 

dependent on MyD88-downstream molecules.  

 

4.3A 

 
 

4.3B 
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4.3C 

 
 

4.3D 

 
 

4.3E 
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4.3F 

 

Figure 4.3 Effects of (+)-goniofufurone on MyD88-dependent gene expression in 

LPS-activated RAW264.7 cells. RAW264.7 cells were pretreated with 200 μg/ml of 

(+)-goniofufurone for 2 h and stimulated with 100 ng/ml of LPS for 22 h. Total 

cellular RNA was subjected to RT-PCR and PCR product was run on agarose gel 

electrophoresis. Figure 4.3A-4.3E showed PCR product of TNF-α, IL-1β, IL-6, IL-

12p40 and COX-2, respectively. Figure 4.3F showed the rrelative intensity of TNF-α, 

IL-1β, IL-6, IL-12p40 and COX-2 mRNA which were normalized with β-actin 

mRNA. The data are mean ± SE of three independent experiments. * p < 0.05 vs. LPS 

group. 
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4.3 Suppression of gene expression downstream of MyD88-

independent pathway by (+)-goniofufurone in LPS activated 

RAW264.7 cells 

Since previous results showed that (+)-goniofufurone could suppress the 

expression of genes in MyD88-dependent pathway, the next experiment was carried 

out to investigate whether the compound (+)-goniofufurone suppressed genes in 

MyD88-independent pathway. The RAW264.7 cells were pretreated with                

(+)-goniofufurone at concentration of 200 μg/ml for 2 h before co-treated with 100 

ng/ml of E.coli LPS for 22 h. After 24 h of treatment, gene expression downstream of 

MyD88-independent pathway including IFN-βwas determined by RT-PCR. The 

results showed that LPS from E.coli could induce both IFN-β and iNOS gene 

expression (Figure 4.4A-4.4B). Treatment of LPS-stimulated cells with                   

(+)-goniofufurone could suppress the expression of these genes. It is suggested that 

this suppression is dependent on TRIF-downstream molecules.  

 

4.4A 

 
 

4.4B 
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4.4C 

 

Figure 4.4 Effects of (+)-goniofufurone on MyD88-independent gene expression in 

LPS-activated RAW264.7 cells. RAW264.7 cells were pretreated with 200 μg/ml of 

(+)-goniofufurone for 2 h and stimulated with 100 ng/ml of LPS for 22 h. Total 

cellular RNA was subjected to RT-PCR and PCR product was run on agarose gel 

electrophoresis. Figure 4.4A and 4.4B showed PCR product of IFN-β and iNOS, 

respectively. Figure 4.4C showed the relative intensity of IFN-β and iNOS mRNA 

which were normalized with β-actin mRNA. The data are mean ± SE of three 

independent experiments. * p < 0.05 vs. LPS group. 
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4.4 Inhibition of nitric oxide production by (+)-goniofufurone in LPS 

activated RAW264.7 cells  

iNOS is involved in immune response by producing NO as an immune 

defense mechanism. iNOS produces large quantities of NO upon stimulation, such as 

by proinflammatory cytokines (e.g. IL-1 and TNF-α) [67, 68]. Therefore, NO is a 

critical mediator of macrophage function and its expression is associated with the 

cytotoxic activity of macrophages against transformed cell, invader and/or any 

substance. High levels of NO have the opportunity to react with superoxide leading to 

peroxynitrite formation and cell toxicity. It is the proximate cause of septic shock and 

may function in autoimmune disease. Therefore, inhibitors of NO production may 

have indications in many immune diseases. 

To measure the ability of (+)-goniofufurone to inhibit NO production, 

various concentrations of compound were pre-treated on RAW264.7 cells for 2 h and 

then, co-treated with LPS of E.coli (100 ng/ml) for 22 h. The cultured supernatant was 

collected to analyze NO productions using Griess reagent. NO production was 

determined by measuring absorption at 548 nm and converted absorbance reading to 

nitric concentrations by comparing with standard curve (see appendix). 

The results showed that (+)-goniofufurone alone did not activate NO 

production. However, RAW264.7 cells activated with LPS could increase NO unit to 

19.7 ± 3.2 μM. Furthermore, in the present of (+)-goniofufurone, the reduction of NO 

production level in LPS-treated cells was decreased as concentration-dependent (% 

reduction at 50, 100 and 200 μg/ml were 29.24, 44.16 and 66.50%, respectively, as 

shown in Figure 4.5). From this result, the inhibition concentration 50 (IC50) of       

(+)-goniofufurone on LPS induced NO production in RAW264.7 macrophage cells 

was obtained at 135 μg/ml (0.54 mM) as shown in Figure 4.6. 
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Figure 4.5 Effect of (+)-goniofufurone on LPS-activated NO production in 

RAW264.7 macrophage cells. NO production was expressed as NO concentration.      

* indicated p<0.05 as compared to LPS-alone group. 

 

 

 

Figure 4.6 IC50 of nitric oxide reduction by (+)-goniofufurone in LPS-activated 

RAW264.7 macrophage cells (data taken from Figure 4.5) 
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4.5 Suppression of iNOS protein expression by (+)-goniofufurone in 

LPS activated RAW264.7 cells 

From previous result, (+)-goniofufurone was shown to reduce NO 

production. To confirm that this reduction was a result from decreased expression of 

iNOS protein, the expression of iNOS protein was observed in LPS-activated 

RAW264.7 cells treated with (+)-goniofufurone (section 3.5). The result showed that 

(+)-goniofufurone at the concentration of 200 μg/ml could down regulate iNOS 

protein expression with 76.76% reduction in LPS-induced RAW264.7 cells compared 

with cells treated with LPS alone (Figure 4.7). 

There results indicated that inhibition of NO production by (+)-

goniofufurone (Figure 4.5) was have to the suppression of iNOS expression in LPS 

activated RAW264.7 cells. 

 

 

Figure 4.7 Effect of (+)-goniofufurone on LPS-induced iNOS protein expression in 

RAW264.7 cells. RAW264.7 cells were pretreated with (+)-goniofufurone at various 

concentrations (0-200 μg/ml) for 2 h and activated with LPS for 22 h. Total protein 

was extracted and subjected to electrophoresis. Beta-actin was used as loading control 

and the relative amount of iNOS protein was normalized with β-actin protein. 
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4.6 Inhibition of prostaglandin E2 production by (+)-goniofufurone in 

LPS activated RAW264.7 cells  

Prostaglandins are signaling molecules in the immune system. They are 

derived from arachidonic acid, which are catalyzed by cyclooxygenase (COX) 

enzyme. Of two COX isoforms, COX-1 is expressed in most tissues, whereas COX-2 

activated by specific cellular stimuli during inflammation. At the site of inflammation, 

this chemical mediators increase vasodilation, vascular permeability and chemotaxis 

for the accumulation of plasma proteins including cytokines and chemokines.  

To measure the ability of compound to inhibit PGE2 production, various 

concentrations of compound were pre-treated on RAW264.7 cells for 2 h befor co-

treated with LPS of E.coli (100 ng/ml) for 22 h. The supernatant was collected to 

analyze PGE2 productions using ELISA kit. PGE2 production was determined by 

measuring absorption at 450 nm and converted absorbance reading to PGE2 

concentrations by comparing with standard curve (see appendix). 

The results showed that (+)-goniofufurone alone did not activated PGE2 

production and cells treated with 200 μg/ml of (+)-goniofufurone. RAW264.7 cells 

activated with LPS could increase PGE2 at 4,516.98 ± 413.05 pg/ml. Furthermore, 

PGE2 production was decreased in concentrations-dependent in LPS-stimulated cells 

treated with (+)-goniofufurone. As shown in Figure 4.8, (+)-goniofufurone at 50, 100, 

and 200 μg/ml could reduce PGE2 production in LPS-treated cells with 9.07%, 11.96% 

and 64.38%, respectively compared to PGE2 production in LPS-treated cells without 

the compound. Furthermore, the inhibition concentration 50 (IC50) of (+)-

goniofufurone on LPS induced PGE2 production in RAW264.7 macrophage cells was 

obtained at 175 μg/ml (0.7 mM) as shown in Figure 4.9. 
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Figure 4.8 Effect of (+)-goniofufurone on LPS-induced PGE2 production in 

RAW264.7 macrophage cells. PGE2 production was expressed as PGE2 concentration. 

* indicated p<0.05 as compared with LPS-alone group. 

 

 

 

Figure 4.9 IC50 of PGE2 reduction by (+)-goniofufurone in LPS-activated RAW264.7 

macrophage cells (data taken from Figure 4.8) 
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CHAPTER V 

DISCUSSION 

 

 

Polyalthia crassa is known locally as Nom maeo noi in Thai. Several 

member of the genus Polyalthia have been widely used in traditional medicine in Asia. 

(+)-Goniofufurone, isolated from Polyalthia crassa, belongs to the chemical class of 

styryl lactones [16] that are shown to have the antiproliferative activity against cancer 

cells [75]. More recently, two stryl lactones, cheliensin and goniofufurone have been 

reported to exert cytotoxic and anti-proliferative activity in human cancer cells [98, 

99]. Other styryl-lactone, goniothalamin from Goniothalamus macrophyllus was 

reported that it could inhibit TNF-α induced NF-κB activation in Jurkat and K562 

leukemia cells at concentrations as low as 5 μM [100]. However, for                        

(+)-goniofufurone, there are no reports in literature on its anti-inflammatory activity. 

Although, (+)-goniofufurone has a unique structure features and promising antitumour 

activities [99], understanding how this compound exerts its activity as anti-

inflammatory process is essential for future development of this compound for human 

use.  

In the present study, (+)-goniofufurone, the purified compound from 

leaves and twigs of Polyalthia crassa was tested for its cytotoxicity to RAW264.7 

macrophage cell lines and its IC50 was obtained. The result from MTT assay showed 

that (+)-goniofufurone was not cytotoxic to RAW264.7 cells at concentrations upto 

0.8 mM exhibiting the percentage of cell viability more than 80% and the morphology 

of cells was not changed. In addition, (+)-goniofufurone exhibited cytotoxicity to 

RAW264.7 cells with the IC50 at 520 μg/ml or 2.08 mM which was less than an anti-

inflammatory or an immunosuppressant drug such as prednisone (a synthetic 

coticoisteroid) with IC50 values 3.81 ± 0.59 mM, reported previously by Gunawardena 

et. al (2014). However, comparing to various anti-inflammatory compounds extracted 

from medicinal plants, (+)-goniofufurone has less cytotoxicity. For example, 
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mitragynine extracted from Mitragyna speciosa inhibited the growth of RAW264.7 

cells with the IC50 at 21.23 μg/ml [81].  

Macrophage cell is one of immune cells that plays an important role in 

defense mechanism of host cells against pathogens or infections. LPS of Gram-

negative bacteria is the most common cause of macrophage activation and therefore, it 

has been widely used to induce macrophages for studying inflammatory responses. In 

response to LPS, TLR signaling pathways are stimulated. TLR signaling consists of at 

least two distinct pathways : a MyD88-dependent pathway that leads to the production 

of inflammatory cytokines, and MyD88-independent pathway associated with the IFN-

β stimulation and the maturation of dendritic cells. During the inflammatory process, 

expression of the COX-2 and iNOS is induced through MyD88-dependent and 

MyD88-independent pathways, respectively [33, 36, 37]. Our results showed the 

induction of inflammatory genes (TNF-α, IFN-β, IL-1, IL-6 and IL12-p40), mediators 

(NO and PGE2), and inducible enzymes (iNOS and COX-2) in RAW264.7 stimulated 

by LPS of E.coli. These results confirm that the expression of these molecules is a 

possible mechanism of signal transduction through MyD88-dependent and MyD88-

independent pathways in LPS-activated RAW264.7. The activation of MyD88-

dependent signaling pathways of TLR4 leads to the activation of IKK complex [70]. 

The activation of IKK complex allows migration of NF-κB to nucleus to turn on 

inflammatory genes. NF-κB is the transcription factor of pro-inflammatory enzymes 

including COX-2, iNOS, and pro-inflammatory cytokines [86] which is controlled by 

the signaling from MyD88-dependent and/or MyD88-independent pathway. Several 

natural compounds were found to have a specific anti-inflammatory potency such as 

activity of polyphenols from blueberries which inhibited the mRNA expression of 

inflammatory cytokines IL-1β, IL-6 and IL-12 in LPS-induced macrophages [85]. (-)-

Epigallocatechin-3-gallate, flavonoids compound from green tea showed the 

suppression of the inflammatory gene through both MyD88- and TRIF-dependent 

signaling pathways of TLRs, which the targets were IKKβ and TBK1 in MyD88- and 

TRIF-dependent signaling pathway, respectively [87]. 

Tricin 4'-O-(threo-β-guaiacylglyceryl) ether, flavolignan compound from 

Njavara could inhibit LPS-induced NO and ROS generation in RAW264.7 cells and 

suppressed the expression of iNOS and COX-2 genes via NF-κB and STAT3. In 
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addition, tricin 4'-O-(threo-β-guaiacylglyceryl) also reduced the symptoms of ear 

edema in mice, which blocked the induction of iNOS and COX-2 through the 

regulation of NF-κB and STAT3 [88]. Alantolactone, a sesquiterpene lactone 

compound isolated from the root of Aucklandia lappa could suppress the expression of 

iNOS and COX-2 by down-regulating NF-κB, MAPK and AP-1 via the MyD88 

signaling pathway in LPS-activated RAW264.7 cells [89]. Irigenin, flavonoid 

compounds isolated from the rhizomes of Belamcanda chinensis could suppress the 

expression of iNOS and COX-2 and reduced the level of NF-κB in LPS-activated 

RAW264.7 cells [90]. 

In this study, (+)-goniofufurone was found to suppress the expression of 

proinflammatory marker including COX-2 mRNA, and the expression of the 

inflammatory cytokines including TNF-α, IL-1β, IL-6 and IL-12p40 mRNA in LPS-

activated RAW264.7 cells. Therefore, this compound might modulate TLR-mediated 

MyD88 signaling pathway. In addition, LPS could also activate gene expression 

downstreams of MyD88-independent pathway or TRIF-dependent signaling pathways. 

The activation of TRIF-dependent signaling pathways of TLR4 leads to the 

phosphorylation of IRF3 and NF-κB resulting in the translocation into the nucleus, 

which regulated the expression of IFN-β and IFN-inducible genes such as iNOS [34]. 

Our results also demonstrated that the target of (+)-goniofufurone might be inhibited 

in MyD88-independent pathway because (+)-goniofufurone inhibited the expression of 

IFN-β and iNOS mRNA in RAW264.7 cells activated with LPS. As known that the 

inhibitory effect of (+)-goniofufurone on COX-2, iNOS, TNF-α, IL-1β, IL-6 and IL-

12p40 expression is controlled by NF-κB. However, the inhibitory potency of         

(+)-goniofufurone on COX-2, IL-1β and IL-6 was weak. This may be due to the 

requirement of other transcription factors involved in these gene expressions such as 

AP-1 activated by MAPK pathway that may be (+)-goniofufurone-insensitive. Under 

pathological conditions, excessive inflammatory mediators and pro-inflammatory 

cytokines produced by activated macrophages cause inflammatory processes and act 

synergistically with other inflammatory mediators [91, 92, 93].  

NO is a free radical synthesized from L-arginine by iNOS and it is 

involved in inflammation. Specifically, NO can react with superoxide leading to 

formation of the highly reactive peroxynitrite which can cause various kinds of 
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cellular damage and activate cell death pathway [94, 95]. Prostaglandin synthase, 

product of COX, is essential component of host innate immune and inflammatory 

responses [96, 97]. COX-2, which is inducible form in the inflammatory response, 

converts arachidonic acid into prostaglandin E2. Therefore, inhibition of the excessive 

PGE2 and NO production by blocking COX-2 and iNOS might be a useful strategy for 

the treatment of inflammatory disease. 

From our results, (+)-goniofufurone could suppress the production of NO 

and PGE2 in a dose dependent manner with the IC50 of 135 μg/ml (0.54 mM) and 175 

μg/ml (0.7 mM), respectively. Although the IC50 value of NO production of            

(+)-goniofufurone from this experiment was less than that of other anti-inflammatory 

drug such as prednisone (with IC50 values 0.69 ± 0.26 mM) [100], (+)-goniofufurone 

was quite a weak suppressor of LPS-induced NO and PGE2 production compared to 

many other anti-inflammatory substances that are effective at low micromolar [100, 

111]. 

In this study, the mechanisms underlying the inhibitory effects of                 

(+)-goniofufuron on inflammatory responses in LPS-activated RAW264.7 cells 

remains to be clearly elucidated. Blocking some signaling pathways may clearly 

explain the potent activity of (+)-goniofufurone as an inhibitor of inflammatory 

mediators and cytokines.  

Chronic inflammation can lead to cancer and both have many similarities 

in the microenvironment, suggesting a role for inflammatory cells and cytokines in 

tumor progression and immunosuppression [101]. Key modulators, which drive 

inflammation to cancer, include various molecules such as NF-κB, TNF-α, IL-6, 

COX-2 and iNOS [102]. The active NF-κB, in normal physiology, controls the 

expression of many genes that regulate the immune, growth, and inflammation. By 

contrast, the excessive and improper activation of NF-κB can mediate inflammation 

and tumorigenesis. In addition, NF-κB acts as a linkage between inflammation and 

cancer [103, 104]. The microenvironment of tumors, as well as different inflammatory 

agents, carcinogens, and tumor promoters may activate the NF-κB [105]. In 2005, 

Abdel-latif et. al presented anticancer and anti-inflammatory activities of caffeic acid 

phenethyl ester in a gastric epithelial cell line, claiming that caffeic acid phenethyl 
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ester inhibits the production of TNF-α and IL-8 and suppresses the expression of NF-

κB, AP-1 and COX-2 [106]. 

Recently, (+)-altholactone was reported to have activity against a variety 

of human tumor cell lines and also exhibited immune modulating activity by inhibiting 

several key downstream targets in the immune pathway (NF-κB, iNOS and COX-2) in 

RAW264.7 cell lines [107]. However, some styryl lactones such as (+)-goniothalmin 

and (+)-3-O-acetylaltholactone were reported to have activity against cancer cell line 

[108] but did not exhibit the activity of anti-inflammation. These results suggest the 

action of (+)-goniothalmin and (+)-3-O-acetylaltholactone involving their cytotoxicity 

against tumor cell lines appear to arise from mechanisms independent of targets in the 

NF-κB immune mediated pathway [107].  

The derivatives of (+)-goniofufurone exhibits anti-proliferative activities 

against several human tumor cell lines as shown in Table 5.1. From the result,         

(+)-goniofufurone derivative was found to completely inactivate against HL-60 and 

MRC-5 cells [99]. Our study showed that (+)-goniofufurone had less cytotoxicity to 

RAW264.7 cells and could suppress inflammatory genes. 

 

Table 5.1 Antiproliferative activities of (+)-goniofufurone derivative [99] 

 

Compound 

IC50 (μM) 

K562 HL-60 Jurkat Raji HeLa MRC-5 

 

(+)-Goniofufurone 

 

 

0.41 

 

 

>100 

 

 

32.45 

 

 

18.45 

 

 

8.32 

 

 

>100 

 

 

To our knowledge, this is the first study exhibiting the anti-inflammatory 

effect of (+)-goniofufurone in RAW264.7 cells. Possible mechanism by which        

(+)-goniofufurone may mediate its anti-inflammatory effect is by suppressing the 

signaling cascades up stream of NK-κB transcription factor and IRF-3. It  may 

suppress the phosphorylation of IkB (inhibitor of NK-κB) so that IkB cannot be 

degraded out of transcription factor NF-κB. In addition it may suppress the 

phosphorylation of TBK1 leading to decreased expression of IRF-3. So when the 

expression of those transcription factors was decreased, the expression of 
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inflammatory related genes and mediators was also decreased. Furthermore, it was 

found that sterile alpha and HEAT/armadillo motif protein (SARM) which is a 

negative regulator of TRIF dependent pathway also up-regulated by the addition of 

(+)-goniofufurone in LPS-stimulated RAW264.7 cells (unreported). This result could 

confirm that (+)-goniofufurone could suppress the expression of inflammatory related 

genes in both MyD88-dependent and MyD88-independent pathways activated by LPS 

in RAW264.7 cells. 
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CHAPTER VI 

CONCLUSION 

 

 

Inflammation is a response of mammalian body to variety harmful stimuli 

and physical damage to tissue. Most of human population worldwide is getting 

affected by inflammation related disorders. It is believed that current drugs such as 

non-steroidal anti-inflammatory drugs (NSAIDs) is not useful in all cases, because of 

their side effects like gastrointestinal irritation, liver dysfunction and many others 

[4,5]. Accordingly, therapeutic agents suitable for the treatment of chronic 

inflammatory diseases are highly desirable, which have resulted in an increased 

interest in complementary and alternative medicines. 

The plant compound (+)-goniofufurone was isolated from leaves and twigs 

of Polyalthia crassa and it was tested for the cytotoxic and anti-inflammatory property 

in RAW264.7 macrophage cells activated with LPS from Gram negative bacteria,      

E. coli. The binding of LPS to TLR4 receptor on surface of macrophage leads to the 

activation of two signaling pathways, MyD88-dependent and MyD88-independent. 

The downstream signaling of MyD88 activates phosphorylation of IkB proteins. This 

phosphorylation leads to the degradation of IkB protein and the subsequent 

translocation of the transcription factor NF-kB, which controls the expression of 

proinflammatory cytokines, including tumor necrosis factor-alpha (TNF-α), 

interleukin-6 (IL-6), IL-12, and IL-1β, in addition to inducible enymes, including 

COX-2 [33]. For the downstream of MyD88-independent, TRIF activates downstream 

kinases, leading to the activation of IFN refulatory factor 3 (IRF3) [34]. The activation 

of TRIF pathway also induces delayed activation of NF-kB [35]. The representative 

target genes regulated through TRIF signaling pathways of TLR4 include IFNβ and 

IFN-inducible genes such as iNOS and IP-10 [36,37].  

The plant compound, (+)-goniofufurone, was tested for its cytotoxicity to 

RAW264.7 macrophage cell. The concentration up to 200 μg/ml of (+)-goniofufurone 

was not toxic to cell and proper to be used to determine the anti-inflammatory effect of 
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this compound. It was found that the plant compound (+)-goniofufurone could 

suppress inflammatory related genes including TNF-α, IL-1β, IL-6, IL-12p40, COX-2, 

IFN-β and iNOS, and mediators  including NO and PGE2.  
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Reagent for cell culture 

 

Unsupplemented DMEM medium 

Advanced D-MEM 1X 

With D-glucose at 4500 mg/l 

With NEAA 

With sodium pyruvate at 110 mg/l 

Without L-glutamine 

 

Supplemented DMEM medium 

Unsupplemented DMEM medium  94 ml 

Heat-inactivated Fetal Bovine Serum  5 ml 

(FBS was heated at 56°C for 30 min) 

L-glutamine     1 ml 

 

Phosphate-buffered saline (PBS) pH 7.0 

NaCl      8 g 

Na2HPO4      0.92 g 

KH2PO4      0.2 g 

KCl      0.2 g 

Distilled water to a final volume of  1 liter 

The solution was adjusted to pH 7.0 and sterilized by autoclaving 

 

 

Reagent for ELISA mouse PGE2 

 

Wash buffer  

Wash Buffer Concentrate    20 ml 

Distilled water to a final volume of  480 ml 

May be stored for up to 1 months (4°C storage) 
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Substrate solution-1:1 mixture of 

Color reagent A (H2O2) 

Color reagent B (Tetramethylbenzidine) 

Freshly prepared and used within 15 minutes 

 

2N H2SO4 Stop solution 

 

Sample preparation require a 3-fold dilution-1:2 of 

Samples      150 μl 

Calibrator Diluent    300 μl 

 

 

Reagents for PCR 

 

Tris-base-EDTA buffer (TBE, 10X) 

Tris base      108 g 

Boric acid      55 g 

Na2EDTA      8.3 g 

Distilled water to a final volume of  1 liter 

Adjusting pH to 8.0 

 

TBE running buffer (1X) 

10X TBE buffer     100 ml 

Distilled water     900 ml 

Agarose gel preparation 

1.5% agarose gel 

Agarose (dry powder)    1.65 g 

1X TBE buffer     110 ml 

Dissolved by boiling in microwave and cool at RT 
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Reagents for SDS-PAGE 

 

Stock acrylamide (30%w/v) 

Acrylammide     150 g 

N,N-bis-methylene acrylamide   4.5 g 

Distilled water to a final volume of  500 ml 

The solution was filtrated with Whatman filter paper No.1 and stored at 

4°C 

 

Gel buffer 1.875 M pH 8.8 

Trizma base (MW 121.14)   113.57 g 

Distilled water to a final volume of  500 ml 

Adjusting pH to 8.8 

 

Gel buffer 1.875 M pH 6.8 

Trizma base (MW 121.14)   113.57 g 

Distilled water to a final volume of  500 ml 

Adjusting pH to 6.8    

 

Electrophoresis buffer  

Trizma base     3 g 

Glycine      14.4 g 

SDS      1 g 

Distilled water to a final volume of  1 liter 

Towbin’s buffer 

Trizma base     9.1 g 

Glycine      43.2 g 

Methanol      600 ml 

Distilled water to a final volume of  3 liters 
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Phosphate-buffered saline (PBS) 

NaCl      8.9 g 

Na2HPO4      1.28 g 

Na2HPO42H2O     0.156 g 

Distilled water to a final volume of  1 liter 

 

Lysis buffer (5X) pH 6.8 

Trizma base     0.378 g 

SDS      0.5 g 

Glycerol      5 lm 

2-mercaptoethanol (2-ME)   2.5 ml 

1N HCl      1.5 ml 

Bromophenol blue    0.005 g 

Distilled water to a final volume of  10 ml 
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Standard curve of nitrite 

 

 

 

 

Standard curve of PGE2 
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