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CHAPTER I 

INTRODUCTION 

1.1  Background 
Noncommunicable diseases (NCDs) caused by inflammation have emerged as 

the leading cause of mortality in Thailand. These NCDs, namely cancer, cardiovascular 

diseases, diabetes, and chronic obstructive pulmonary disease (COPD), account for a 

staggering , annual fatalities, equivalent to over , lives lost per day. 

Remarkably, these conditions contribute to approximately of all deaths in the 

country. The economic impact of NCDs, including premature deaths and reduced 

productivity due to absenteeism and presenteeism (when employees cannot fully 

function at work), imposes a significant burden. While the precise figures detailing this 

economic burden remain elusive, it is well-recognized that NCDs have substantial 

implications for both individual productivity and the overall economy (Organization, 

2022). 
Inflammation is a complex physiological response to injury, infection, or tissue 

damage. Inflammatory responses involve in the activation of immune cells, i.e. 

macrophages, which play a crucial role in the initiation and resolution of inflammation 

(Murray and Wynn, 2011). During the inflammatory response, macrophages release pro-

inflammatory cytokines, including interleukin-1 beta (IL-1 ), interleukin-6 (IL-6), and 

tumor necrosis factor alpha (TNF- ). These cytokines play a key role in the 

inflammatory process by attracting and activating other immune cells, such as 

neutrophils, and promoting the production of nitric oxide (NO) (Nathan and Xie, 1994). 

Nitric oxide (NO) is a small gaseous molecule that plays a crucial role in the immune 

response. In macrophages, NO is produced by the enzyme inducible nitric oxide 

synthase (iNOS) and is involved in the destruction of invading pathogens. However, 

overproduction of NO has been associated with various inflammatory diseases, such 

as rheumatoid arthritis, asthma, and atherosclerosis. 
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Currently, non-steroidal anti-inflammatory drugs (NSAIDs) for example 

ibuprofen, Diclofenac, Naproxen and Aspirin are commonly prescribed for the 

treatment of inflammation and pain by inhibiting the activity of cyclooxygenase (COX) 

enzymes, which are involved in the production of prostaglandins, a group of 

inflammatory mediators. However, prolonged NSAIDs usage has several side effects, 

including gastrointestinal bleeding, renal dysfunction, and cardiovascular events. These 

side effects are attributed to the inhibition of COX enzymes, which are also involved 

in the production of protective prostaglandins that maintain the integrity of the 

gastrointestinal tract, regulate renal blood flow, and protect against cardiovascular 

disease (Johnson and Day, 1991; Wong, 2019). Consequently, researchers are exploring 

alternative approaches involving natural metabolites that exhibit comparable anti-

inflammatory properties without the undesirable side effects of NSAIDs.  

Natural products, such as medicinal plants and mushrooms, have been used 

for centuries to treat various diseases, including inflammation. Examples of mushrooms 

known for their potential anti-inflammatory properties include shiitake mushrooms, 

Reishi mushrooms, Maitake mushrooms, and bamboo mushrooms. For the bamboo 

mushroom species have been widely studied and have their origins in China. In 

particular, the bamboo mushroom, Dictyophora indusiata, has garnered significant 

attention in research due to its impressive effects. In Thailand, there have been reports 

of long white skirt and short white skirt bamboo mushrooms (Phallus sp.) some of 

which are cultivated commercially. However, there is a scarcity of studies investigating 

the active ingredients and anti-inflammatory effects of these mushroom species found 

in Thailand. Thai isolated bamboo mushrooms (Phallus sp.) are species of mushroom 

that have not been extensively studied for their anti-inflammatory potential. Thai 

isolate bamboo mushrooms are unique species that found in Thailand and known as 

their have cylindrical shape and long stalks. They are commonly used in traditional 

Thai medicine to treat various ailments, including inflammation. These mushrooms 

contain a diverse array of bioactive compounds that can modulate immune responses 

and alleviate inflammation. 

The present study aimed to identification of bamboo mushroom samples (short 

and long skirt) and evaluate the anti-inflammatory potential of Thai isolate bamboo 
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mushrooms (short skirt) on macrophage cells, specifically RAW 264.7 cells. 

Understanding the phylogenetic relationship of these mushrooms will provide 

information of their genetic diversity and evolutionary history of edible bamboo 

mushroom in Thailand. Additionally, we aimed to explore the cytotoxicity of the 

bamboo mushrooms on RAW 264.7 cells and investigate the concentration response 

of NO and mRNA expression of IL-1 , IL-6, and TNF- .  

The results of this study could provide fundamental information for the 

development of novel anti-inflammatory agents from natural sources, such as Thai 

isolate bamboo mushrooms, that could alleviate inflammation and pain with small of 

side effects associated with NSAIDs. The findings of this study could have significant 

implications for the development of new therapies for inflammatory diseases. 
 

1.2  Research objectives 
1.2.1 To Identify bamboo mushroom specimens up to species level. 

1.2.2 To extract the fruiting body using ethanol and water to obtain crude 

extracts. 

1.2.3 To evaluate the anti-inflammatory activities of these crude extracts on 

LPS-induced inflammation in RAW 264.7 macrophage cell lines. 
 

1.3  Scope of the study 
The scope of this study is to investigate the anti-inflammatory activities of crude 

extracts from bamboo mushrooms using in vitro assays. The study involved identifying 

different species of bamboo mushrooms from the data base sequence, extracting the 

fruiting body using ethanol and water to obtain crude extracts, and evaluating the anti-

inflammatory properties of these extracts on LPS-induced inflammation in RAW 264.7 

macrophage cell lines as shown in figure 1.  
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Figure 1 Schematic diagram of scope of the study. 

 

 



 

 

CHAPTER II 

LITERATURE REVIEWS 
 

The potential use of bamboo mushrooms as a source of anti-inflammatory agents. 

Bamboo mushrooms have been traditionally used in Chinese medicine for their 

medicinal properties, and several studies have shown that they contain various 

bioactive compounds and also included the anti-inflammatory effects (Mazumder, Roy 

and Sarkar, 2022). Inflammation is a natural response of the body to infection or injury, 

however chronic inflammation can lead to various noncommunicable diseases (NCDs) 

such as cancer, diabetes, and cardiovascular diseases (Eid et al., 2001). Therefore, 

finding natural sources of anti-inflammatory agents are the importance for developing 

the efficient alternative therapeutic drugs.  

 

2.1 The Inflammations  
Inflammation is a biological response of the body to harmful stimuli such as injury, 

infection, or irritation. It is a complex process involving various cells, chemicals, and 

immune responses. The main goal of inflammation is to protect the body and promote 

healing by eliminating the harmful stimuli and initiating tissue repair. It is characterized 

by symptoms such as redness, swelling, heat, pain, and loss of function in the affected 

area. Inflammation can be classified into two types: acute and chronic. Acute 

inflammation is a short-term response that occurs immediately after injury, while 

chronic inflammation is a long-lasting response that can persist for weeks, months, or 

even years. Chronic inflammation is often associated with various diseases such as 

rheumatoid arthritis, asthma, and cardiovascular diseases (Coleman, King and Andrade, 

1974). 

Acute inflammation is the initial and short-term phase of the body's response to 

harmful stimuli, such as infections, injuries, or tissue damage. It is a vital protective 

mechanism aimed at eliminating the source of the injury or infection and initiating the 
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healing process. During acute inflammation, various proinflammatory cytokines and 

chemokines are released from immune cells, particularly neutrophils, which are one 

of the first responders to the site of inflammation. Neutrophils are a type of white 

blood cell and play a critical role in the early stages of acute inflammation. They 

migrate to the site of injury or infection, where they release inflammatory mediators 

and enzymes to neutralize pathogens, remove damaged tissue, and attract other 

immune cells to the area (Margraf, Lowell and Zarbock, 2022). In many cases, the body 

successfully resolves acute inflammation, leading to the restoration of normal tissue 

structure and function. However, if the inflammatory response persists or becomes 

dysregulated, it can lead to chronic inflammation (Sanada et al., 2018). Chronic 

inflammation is a complex biological process that involves multiple factors, including 

both plasma-driven and cell-driven mediators 

Sousa, 2018). As shown in the table 2.1 below the plasma-driven mediators include 

proteins and molecules found in the blood, such as cytokines, acute-phase proteins, 

and complement factors, which play a role in the inflammatory response. On the other 

hand, cell-driven mediators are produced by various immune cells, such as 

macrophages, lymphocytes, and neutrophils, which infiltrate tissues and release pro-

inflammatory substances (Yao and Narumiya, 2019). 

 

Table 2.1 Plasma and cell-driven mediators. 

List  Functions 

Plasma-driven mediators 

Bradykinin  A vasoactive protein that causes vasodilation, 

higher permeability of the vascular system, 

smooth muscle contraction, and ache. 

Plasmin Capable of dissolving fibrin clots, activating 

Factor XII, and cleaving complement protein C3. 

Thrombin Releases insoluble fibrin, which combines to 

form a blood clot, from the soluble plasma 

protein fibrinogen.  

 

 



 

 

7 

Table 2.1 Plasma and cell-driven mediators (Continued). 

List  Functions 

Thrombin In addition to causing nitric oxide and 

chemokine synthesis, thrombin may 

attach to cells via the PAR1 receptor to 

cause additional inflammatory reactions. 

 

Cell-driven mediators  

Tumor necrosis factor alpha (TNF-

) and interleukin-1 (IL-1) 

Both cause comparable inflammatory 

responses in a wide range of cell types, 

including cytokine production, 

endothelial gene regulation, chemotaxis, 

leukocyte adherence, and fibroblast 

activation. cause of the systemic 

consequences of inflammation, including 

decreased appetite and accelerated 

heartbeat. Osteoblast differentiation is 

impeded by TNF- . 

Interleukin-6 (IL-6) The pro-inflammatory cytokine that 

promotes inflammation released by 

macrophages in response to PAMPs, or 

pathogen-associated molecular patterns. 

Nitric oxide Moderate vasodilator; relaxes smooth 

muscle; decreases platelet aggregation; 

promotes leukocyte recruitment; and, at 

high quantities, has a direct antibacterial 

effect. 

 

To fully understand the mechanisms underlying chronic inflammation, a 

comprehensive investigation of both plasma-driven and cell-driven mediators would 

be necessary. It's possible that these mediators interact with each other, and their 
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contributions may vary depending on the specific inflammatory condition or disease. 

In this study, we focus on evaluated the cell-driven mediators including IL-1 , IL-6, and 

TNF- . 

Inflammation mechanisms inside the body involve in multiple pathways including 

the activation of immune cells, production of inflammatory mediators, and recruitment 

of additional immune cells to the site of injury or infection follow as figure 2.1. These 

mechanisms are triggered by a variety of stimuli, including pathogens, toxins, and 

physical injury (Ahmed, 2011). The initial phase of inflammation is characterized by the 

release of cytokines and chemokines, such as IL-1 , IL-6, and TNF- , which are 

produced by immune cells, including macrophages, dendritic cells, and mast cells. 

These cytokines and chemokines act as signaling molecules that attract other immune 

cells, such as neutrophils and monocytes, to the site of injury or infection. Once at the 

site of inflammation, these cells work to remove damaged tissue, debris, and invading 

pathogens (Lentsch, Kato, Yoshidome, McMasters and Edwards, 2000). The second 

phase of inflammation is characterized by the activation of immune cells, such as 

macrophages and dendritic cells, which phagocytose and destroy invading pathogens 

and other foreign particles. During this process, these cells also release additional 

cytokines and chemokines that recruit more immune cells to the site of inflammation. 

This leads to the formation of an inflammatory infiltrate, which is a complex mixture 

of immune cells, including neutrophils, monocytes, and lymphocytes (Pankuweit, 

Ruppert and Maisch, 2004). The third phase of inflammation is characterized by the 

resolution of the inflammatory response. This involves the removal of damaged tissue 

and the restoration of normal tissue function. The resolution of inflammation is 

controlled by several mechanisms, including the production of anti-inflammatory 

cytokines, such as IL-10 and TGF- , which suppress the production of pro-inflammatory 

cytokines, such as IL-1 , IL-6, and TNF-  (Medzhitov, 2008). 
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Figure 2.1 Substances that promote the resolution of the inflammatory processes 

(Sugimoto, Vago, Perretti and Teixeira, 2019). 

 

In addition to cytokines and chemokines, other inflammatory mediators, such as 

nitric oxide (NO) and prostaglandins, also play a role in the inflammatory response. NO 

is produced by immune cells, such as macrophages and endothelial cells, and acts as 

a potent vasodilator, promoting blood flow to the site of inflammation. Prostaglandins 

are produced by various cells, including immune cells and damaged tissue, and 

contribute to the development of pain, fever, and swelling during inflammation. 

Pro-inflammatory cytokines, such as interleukin-1 beta (IL-1 ), interleukin-6 (IL-6), 

tumor necrosis factor alpha (TNF- ), and nitric oxide (NO), play a key role in the 

inflammatory response. These cytokines act as signaling molecules that attract 

immune cells to the site of inflammation, stimulate the production of other cytokines 

and chemokines, and regulate the function of immune cells (Yu, Kuan, Wong, Li and 

Tam, 2012). 
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IL-1  is a pro-inflammatory cytokine that is produced by immune cells, including 

macrophages, dendritic cells, and mast cells. It acts as a signaling molecule to attract 

other immune cells, such as neutrophils and monocytes, to the site of inflammation. 

In addition, IL-1  stimulates the production of other cytokines and chemokines, 

including IL-6 and TNF- . A study published in the Journal of Immunology found that 

blocking IL-1  with a specific inhibitor reduced inflammation and tissue damage in a 

mouse model of rheumatoid arthritis (Joosten et al., 1999). 

IL-6 is another pro-inflammatory cytokine that is produced by a variety of cells, 

including immune cells, endothelial cells, and fibroblasts. It acts as a signaling 

molecule to attract immune cells to the site of inflammation and stimulates the 

production of acute-phase proteins, such as C-reactive protein. IL-6 has been 

implicated in the pathogenesis of several inflammatory conditions, including 

rheumatoid arthritis and systemic lupus erythematosus. A study published in the 

Journal of Experimental Medicine found that blocking IL-6 with a specific inhibitor 

reduced inflammation and joint destruction in a mouse model of rheumatoid arthritis 

(Ohshima et al., 1998). 

TNF-  is a pro-inflammatory cytokine that is produced by immune cells, including 

macrophages and T cells. It acts as a signaling molecule to attract other immune cells, 

such as neutrophils and monocytes, to the site of inflammation, and stimulates the 

production of other cytokines and chemokines, such as IL-1  and IL-6. TNF-  is 

involved in the pathogenesis of several inflammatory conditions, including rheumatoid 

arthritis and inflammatory bowel disease. A study published in the New England 

Journal of Medicine found that blocking TNF-  with a specific inhibitor reduced 

inflammation and joint destruction in patients with rheumatoid arthritis (Elliott et al., 

1994). 

Nitric oxide (NO) is a gas that is produced by immune cells, such as macrophages 

and endothelial cells, as well as neurons and other cells. It acts as a potent vasodilator, 

promoting blood flow to the site of inflammation. In addition, NO has been shown to 

play a role in the regulation of immune cell function and the production of other 

inflammatory mediators, such as cytokines and chemokines. (Wakabayashi, 1999). 
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NSAIDs (Nonsteroidal anti -inflammatory drugs) are commonly used to treat 

inflammation such as ibuprofen, Diclofenan, Naproxen and Aspirin (Bindu, Mazumder 

and Bandyopadhyay, 2020). However, they can cause severe side effects such as 

gastrointestinal bleeding and cardiovascular problems. As an alternative, there is 

growing interest in the use of natural plant-based treatments for inflammation. One 

such example is mushrooms, which have been found to possess anti-inflammatory 

properties. The extracts from various mushroom species have been shown to inhibit 

the production of pro-inflammatory cytokines and reduce inflammation in both animal 

and human studies (Assemie and Abaya, 2022) . 

 

2.2 Medicinal mushroom 
Medicinal mushrooms have been used for centuries in traditional medicine 

systems worldwide, particularly in East Asian cultures. In recent years, their therapeutic 

potential has gained scientific recognition, and several clinical studies have investigated 

their pharmacological properties. One of the most extensively studied medicinal 

mushrooms is the shiitake mushroom (Lentinula edodes). Shiitake mushrooms contain 

beta-glucans, polysaccharides that have immune-modulating effects and can enhance 

the body's ability to fight infections. Additionally, shiitake mushrooms contain 

ergothioneine, an antioxidant that may have protective effects against chronic diseases 

(Dai et al., 2015). Another commonly studied medicinal mushroom is the reishi 

mushroom (Ganoderma lucidum). Reishi mushrooms contain polysaccharides and 

triterpenoids that have been shown to have anti-inflammatory and antioxidant 

properties (Saylam Kurtipek, Ataseven, Kurtipek, Kucukosmanoglu and Toksoz, 2016). 

Clinical studies have suggested that reishi mushrooms may have a range of therapeutic 

effects, including immune system modulation, improved sleep quality, and reduced 

fatigue (Smith, Thayer, Malta and Utz, 1961). Other medicinal mushrooms that have 

been studied include Cordyceps sinensis, Agaricus blazei, and Coriolus versicolor. 

Cordyceps sinensis is known for its potential to improve athletic performance, while 

Agaricus blazei has been shown to have anti-cancer properties (Smith, Thayer, Malta 

and Utz, 1961). Coriolus versicolor contains polysaccharides that may have immune-
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boosting effects and has been used as an adjuvant therapy in cancer treatment 

(Singdevsachan et al., 2016). 

While the scientific evidence for the therapeutic potential of medicinal 

mushrooms is still emerging, their long history of use in traditional medicine systems 

and the growing body of research suggested that they may be a promising avenue for 

the development of novel therapies (Wasser, 2010). However, with any natural 

product, it is important to consult with a healthcare provider before using medicinal 

mushrooms as a treatment for any condition. 

 

2.3 Mechanism of mushroom biomolecules for treating inflammation 
There is growing interest in the potential of mushrooms and their bioactive 

compounds as natural remedies for inflammation and related disorders. Several 

studies have investigated the anti-inflammatory mechanisms of various bioactive 

compounds found in mushrooms, including beta-glucans, ergothioneine, triterpenoids, 

and phenolic compounds (Kozarski et al., 2023). 
Beta-glucans are complex polysaccharides that are found in the cell walls of many 

mushrooms. They have been shown to have immunomodulatory effects, including the 

ability to activate immune cells such as macrophages and natural killer cells, and to 

reduce the production of pro-inflammatory cytokines (Vetvicka and Vetvickova, 2014). 

The study in 2012 anti-inflammatory effects of beta-glucans from mushrooms such as 

shiitake, reishi, and maitake, highlighting their potential as natural therapies for 

inflammatory disorders (Patel and Goyal, 2012). Ergothioneine is another important 

bioactive compound found in mushrooms, that is a potent antioxidant that has been 

shown to reduce oxidative stress and inflammation in the body (Mapelli et al., 2012). 

A study in 2017 reported that ergothioneine treatment reduced inflammation and 

oxidative stress by suppressing the production of pro-inflammatory cytokines and 

increasing the activity of antioxidant enzymes (Silva et al., 2017). Triterpenoids are a 

class of compounds found in many mushrooms that have been shown the potential 

of anti-inflammatory effects from investigated the anti-inflammatory activity of 

triterpenoids from the mushroom Ganoderma lucidum, triterpenoids inhibited the 

production of pro-inflammatory cytokines and reduced inflammation in a RAW 264.7 
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model (Wu et al., 2019). Moreover, phenolic compound extract from mushroom 

Hericium erinaceu has been reported that reduced the production of pro-inflammatory 

cytokines and inhibited the activity of inflammatory enzymes in a mouse model of 

acute liver injury (Hui Chen, 2015). 

For this reason, the study on anti-inflammatory mechanisms of bioactive 

compounds extracted from edible mushrooms are needed to fully understand, the 

knowledge from this would be beneficial to develop the novel drug in the near future. 

 

2.4 Bamboo mushroom 
Bamboo mushrooms belong to the genus Phallus and are a group of fungi found 

in tropical and subtropical regions of Asia, Africa, and South America. These mushrooms 

have been used in traditional medicine and cuisine for centuries. The first recorded 

description of bamboo mushrooms dates back to the 18th century, with the species 

Phallus indusiatus being described in 1753 by the Swedish botanist Carl Linnaeus 

(Shukla, Singh, Tiwari and Ahirwar, 2016). The stage development of Bamboo 

mushroom like most fungi Phallus species have a complex life cycle that involves 

both sexual and asexual reproduction start at spore germination: The bamboo 

mushroom reproduces through spores, which are produced in the gills on the 

underside of the cap. When the spores are released into the environment, they need 

to find a suitable substrate to germinate. The ideal substrate for bamboo mushrooms 

is a mixture of sawdust, rice bran, and wheat bran then mycelial growth: Once the 

spores have found a suitable substrate, they begin to grow and form a network of fine, 

white filaments called mycelium. The mycelium is the vegetative part of the fungus 

and is responsible for absorbing nutrients from the substrate. Colonization of substrate: 

As the mycelium grows, it begins to colonize the entire substrate. This process can 

take several weeks, during which the substrate needs to be kept at the right 

temperature and humidity to ensure optimal growth. Primordia formation: After the 

substrate has been fully colonized by the mycelium, the bamboo mushroom begins 

to form primordia, which are the small, immature fruiting bodies of the mushroom. 

These primordia develop into the mature fruiting bodies that we eat. Fruiting body 

development: The primordia continue to develop and grow into the mature fruiting 
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bodies of the bamboo mushroom as figure 2.2. The fruiting bodies are typically long, 

thin, and cylindrical, with a characteristic frilly, skirt-like structure at the base. 

Harvesting: Once the fruiting bodies have reached maturity, they are ready to be 

harvested. Harvesting is typically done by hand, and the mushrooms are cut off at the 

base of the stem. The mushrooms are then cleaned, sorted, and packaged for 

distribution. Spore production: As the fruiting bodies mature, they also begin to 

produce spores, which are released into the environment and start the cycle over 

again (Dorr, Koegler, Gabrielle and Aubry, 2021; Miles and Chang, 2004; Smith, Thayer, 

Malta and Utz, 1961; Sridhar and Karun, 2013). 

 

 
Figure 2.2 Different stages in growth and development of a fruiting body of 

Dictyophora duplicata: (A) inoculated log buried in soil, (B) development of 

rhizomorphs, (C) formation of primordium, (D) mushroom ball formed, (E) apical 

protrusion, (F) apical breakage and opening, (G) stalk elongation, and (H) mature fruiting 

body (Miles and Chang, 2004). 
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Figure 2.3 The morphology of Phallus sp. (Thailand) in the immature stage or egg stage 

(A) and fruiting body (B). 

 

2.4.1 Utilization: 

Bamboo mushrooms are highly valued for their unique flavor and texture 

and are commonly used in Asian cuisine. They can be used in a variety of dishes, 

including stir-fries, soups, stews, and curries. The delicate indusium, or veil, can also 

be used in various dishes, such as salads, to add a subtle flavor and texture. Several 

studies have been conducted to evaluate the nutritional composition of bamboo 

mushrooms. The studies found that bamboo mushrooms are a good source of protein, 

carbohydrates, dietary fiber, vitamins, and minerals. The study also found that bamboo 

mushrooms contain high levels of potassium, calcium, and phosphorus, which are 

essential for maintaining good health (Balan et al., 2022; Vivek and Venkitasamy, 2023). 

Moreover, in traditional Chinese medicine, bamboo mushrooms have been used to 

treat a variety of health conditions, including respiratory and digestive disorders, and 

as an immune system booster. Several studies have been conducted to evaluate the 

medicinal properties of bamboo mushrooms.  reported of Thai strains 

of bamboo mushrooms extractions shown the significant of antioxidant, anti-

inflammatory properties, anti-cancer properties in invitro experiments (Chantree, 

(A)  (B)  
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Chumkiew, Jamklang and Martviset, 2022; Pak, Chen, Ma, Hu and Ji, 2021; Wu et al., 

2020). 

 

2.4.2 Species: 

Bamboo mushrooms belong to the genus Phallus, which includes around 

30 species which can be found worldwide especially, in Asia, Africa, America (Table 

2.1). Interestingly, several species of bamboo mushrooms have been reported in 

Thailand, such as Phallus indusiatus, Phallus merulinus, Phallus atrovolvatus, and 

Phallus ravenelii. The finding of new mushroom species which related to the study of 

their bioactive compounds and their properties are required (Ainsworth, 2008; 

Chaiyama, Mau and Keawsompong, 2020; Hawkeswood and Sommung, 2019; Li, 

MORTIMER, Karunarathna, Xu and Hyde, 2014; Moreno, Khalid and Alvarado, 2009; Reid, 

1975; Zhou et al., 2023). 

 

Table 2.2 Phallus spp. and their potential medicinal properties. 

Species Activities Founded regions References 

Phallus atrovolvatus Antioxidant, 

immune 

modulating 

activities 

Costa Rica, 

Thailand, Brazil, 

Australia, Myanmar 

(Calonge, Kreisel 

and Mata, 2005; 

Chaiyama et al., 

2020; Chaiyama, 

Mau and 

Keawsompong, 

2020) 

Phallus chiangmaiensis 

 

- Thailand (Sommai, 

Khamsuntorn, 

Somrithipol, 

Luangsa-Ard and 

Pinruan, 2021) 

Phallus cinnabarinus - Thailand (Hawkeswood 

and Sommung, 

2019) 
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Table 2.2 Phallus spp. and their potential medicinal properties (Continued). 

Species Activities Founded regions References 

Phallus duplicatus  Thailand, Japan, 

North America, 

China 

(Hosaka, 2012) 

Phallus impudicus - Thailand, Japan, 

China, Taiwan, 

Myanmar, Europe 

(Hosaka, 2012) 

Phallus indusiatus Antioxidant, Anti-

inflammatory, 

Wound healing  

Thailand, Japan, 

China, North 

America, Australia, 

Myanmar South 

America, India  

(Hosaka, 2012; Lai 

et al., 2023; Nazir 

et al., 2021) 

Phallus merulinus - India, Brazil, 

Thailand 

(Braga-Neto and 

Baseia, 2014; 

Sridhar and Karun, 

2013) 

Phallus multicolor - Thailand, Australia, 

China, Indonesia, Sri 

Lanka, Malaysia, 

Papua New Guinea, 

Taiwan, Zaire 

(Hosaka, 2012) 

Phallus rubicundus - Thailand, Japan, 

Taiwan, Australia, 

China, India, West 

Indies, North 

America, Myanmar, 

Hawaii, Africa 

(Hosaka, 2012) 

Phallus rugulosus - Japan, Taiwan (Hosaka, 2012) 
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2.4.3 Cultivation: 

Bamboo mushrooms have traditionally been wild harvested, but there is 

growing interest in cultivating them due to their popularity as a delicacy and their 

potential medicinal properties. The cultivation of bamboo mushrooms has the 

potential to provide a sustainable and reliable source of mushrooms while also 

reducing the pressure on wild populations. Cultivation of bamboo mushrooms involves 

a series of steps, including substrate preparation, spawn inoculation, and fruiting body 

formation. The substrate used for cultivation is typically a mixture of various organic 

materials, such as sawdust, rice straw, and cottonseed hulls. The substrate is sterilized 

to kill off any competing microorganisms before being inoculated with the spawn of 

the desired mushroom species. After inoculation, the substrate is incubated under 

specific temperature and humidity conditions to promote the growth of mycelium, the 

vegetative part of the fungus. Once the mycelium has colonized the substrate, it is 

ready for fruiting body formation. Fruiting bodies are formed by exposing the colonized 

substrate to specific environmental conditions, including a drop in temperature and 

an increase in humidity. The cultivation of bamboo mushrooms requires careful 

management of environmental factors, such as temperature, humidity, and light, to 

promote optimal growth and fruiting. The timing and duration of each stage of 

cultivation, such as spawn inoculation and fruiting body formation, can also impact 

the quality and yield of the final product (Razin and Volkov, 2019). 

Several studies have been conducted to evaluate the feasibility of 

cultivating bamboo mushrooms, and the results suggest that it is a viable option for 

producing high-quality mushrooms. Bunroj (2019) reported the cultivation of bamboo 

mushrooms was successful, and that the mushrooms had similar nutritional and 

medicinal properties to wild-harvested mushrooms. However, the study also noted 

that more research is needed to optimize cultivation practices and improve the overall 

efficiency of the process (Bunroj, 2019). In conclusion, the cultivation of bamboo 

mushrooms has the potential to provide a sustainable and reliable source of 

mushrooms while also reducing the pressure on wild populations. However, successful 

cultivation requires careful management of environmental factors and timing, and 
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more research is needed to optimize cultivation practices and improve the overall 

efficiency of the process. 

 

2.4.4 Environmental Impact: 

The wild harvesting of bamboo mushrooms has raised concerns about their 

impact on the environment, particularly in regions where they are heavily harvested. 

Several studies have been conducted to evaluate the ecological impact of bamboo 

mushroom harvesting, which there had a minimal impact on forest ecosystems when 

conducted sustainably (Langenberger, Cadisch, Martin, Min and Waibel, 2017). 

Bamboo mushrooms are a diverse group of fungi with a long history of use 

in traditional medicine and cuisine. Several studies have been conducted to evaluate 

their nutritional and medicinal properties, as well as their cultivation and 

environmental impact. Moreover, the China strain of bamboo mushroom, especially 

Phallus indusiatus (Dictyophora indusiata) has been the subject of much study and 

research over the years, particularly in terms of its medicinal properties and potential 

health benefits. This strain is known for its high levels of polysaccharides, which have 

been shown to have immune-boosting and anti-tumor properties (Bai and Bai, 2021; 

Fu et al., 2015; Lai et al., 2023; Liao et al., 2015). In Thailand also found the edible 

bamboo mushroom strains and there is growing interested in studying and cultivating 

of this strain. However, Thai strains have not been studied as extensively as the China 

strain, there is preliminary studies have suggested that the Thai strain of bamboo 

mushroom may have antioxidant and anti-inflammatory properties and could 

potentially be used to help prevent or treat a range of health conditions, including 

cancer, diabetes, and cardiovascular disease (Chaiyama et al., 2020; Chaiyama, Mau 

and Keawsompong, 2020; Chantree, Chumkiew, Jamklang and Martviset, 2022). 

Promoting the cultivation of the Thai strain of bamboo mushroom is therefore seen as 

an important priority, both for its potential health benefits and to support local farmers 

and communities. Efforts are underway to study the optimal growing conditions for 

this strain, and to develop strategies for increasing its yield and availability. 

Overall, while the China strain of bamboo mushroom has been in the focus 

of research attention, the recent discovery of the Thai strain highlights the importance 
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of continuing to explore the diversity of fungal species and the potential health 

benefits they provide. 

 

2.5 Review of related studies 
Bamboo mushrooms, also known as Phallus species, there are a type of edible 

fungi commonly found in Southeast Asia. A few studies have investigated the potential 

anti-inflammatory effects of bamboo mushrooms and their bioactive compounds on 

various biological systems, including RAW 264.7 cell line (Nazir et al., 2021).  

Huang and faculties (2011) identified the chemical components of Dictyophora 

indusiata and evaluate their antibiotic properties, various extraction, and purification 

methods to isolate the compounds from the mushroom were used, and then analyzed 

their chemical structures using techniques such as gas chromatography-mass 

spectrometry and nuclear magnetic resonance spectroscopy. The antibiotic activity of 

the compounds was also evaluated using standard methods such as the disc diffusion 

assay. The study found that albaflavenone was the major antibiotic compound in 

Dictyophora indusiata, and that it exhibited broad-spectrum activity against both 

Gram-positive and Gram-negative bacteria. The chemical analysis revealed that 

albaflavenone had a unique chemical structure with a fused bicyclic ring system and 

a long alkyl side chain, which may contribute to its antibiotic activity (Huang, Chen, 

Tian, Sun and Chen, 2011).  

Fu and faculty (2015) evaluated the effects of the polysaccharide on the immune 

response of RAW 264.7 macrophages, a type of immune cell that plays a crucial role 

in the inflammatory response. Macrophages were treated with different concentrations 

of the polysaccharide and then measured various immune parameters, such as nitric 

oxide production, phagocytosis activity, and cytokine secretion. The structural features 

of the polysaccharide were evaluated using gel permeation chromatography and 

nuclear magnetic resonance spectroscopy. The study found that the polysaccharide 

from Dictyophora indusiata significantly increased the production of nitric oxide and 

cytokines in RAW 264.7 macrophages, suggesting the extraction provided an 

immunostimulatory effect. The polysaccharide also enhanced the phagocytic activity 

of the macrophages, indicating a potential role in promoting immune defense against 
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pathogens. The structural analysis revealed that the polysaccharide consisted of a 

complex arrangement of monosaccharides, which may contribute to its bioactivity (Fu 

et al., 2015). 

Deng and faculty (2015) evaluate the effects of phosphorylation on the 

physiochemical and biological properties of polysaccharides from Dictyophora 

indusiata. The chemical modification was used to phosphorylate the polysaccharides, 

and then analyzed the resulting compounds using various techniques such as gel 

permeation chromatography, Fourier-transform infrared spectroscopy, and nuclear 

magnetic resonance spectroscopy. The biological activities of the phosphorylated 

polysaccharides were also evaluated, including their antioxidant and 

immunomodulatory properties. The study found that phosphorylation of the 

polysaccharides from Dictyophora indusiata improved their solubility and thermal 

stability and altered their structural features. The phosphorylated polysaccharides also 

exhibited enhanced antioxidant and immunomodulatory activities, as demonstrated 

by their ability to scavenge free radicals and stimulate the immune response of 

macrophages (Deng, Fu, Xu, Shang and Cheng, 2015). 

Wang and faculties (2018) were isolated and characterized a bioactive 

polysaccharide from the fruiting bodies of Dictyophora indusiata and Dictyophora 

echinovolvata, two edible fungi found in China with potential health benefits. Various 

extraction and purification methods were used to isolate the polysaccharide, and then 

analyzed its structural features using techniques such as high-performance liquid 

chromatography and nuclear magnetic resonance spectroscopy. The bioactivities of 

the polysaccharide were also evaluated, including its antioxidant and 

immunomodulatory properties (Wang, Shi, Yin and Nie, 2018)  

Nazir and faculties (2021) aimed to evaluate the effects of extracts from 

Dictyophora indusiata on in vitro wound healing models, including their ability to 

inhibit inflammation and stimulate collagen synthesis. The researchers used various 

extraction methods to prepare the extracts, and then analyzed their chemical 

compositions using techniques such as gas chromatography-mass spectrometry and 

high-performance liquid chromatography. The biological activities of the extracts were 

also evaluated, including their effects on cell viability, inflammation, and collagen 
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synthesis. The study found that extracts from Dictyophora indusiata exhibited high 

efficiency in promoting in vitro wound healing, as demonstrated by their ability to 

reduce inflammation and stimulate collagen synthesis. The extracts inhibited the 

activity of matrix metalloproteinase-2 (MMP-2), an enzyme that plays a key role in the 

breakdown of collagen, and thus contributed to the accumulation of collagen in the 

wound bed. The chemical analysis revealed that the extracts contained various 

bioactive compounds, including polysaccharides, fatty acids, and phenolic 

compounds, which may contribute to their wound healing properties (Nazir et al., 

2021). 

Overall, these studies suggest that bamboo mushrooms and their bioactive 

compounds may have potential anti-inflammatory effects on various biological 

systems, including the RAW 264.7 cell line. However, further research is needed to 

fully understand the mechanisms of action and potential therapeutic applications of 

these compounds.

 



 

 

CHAPTER III 

MATERIALS AND METHODS 
 

3.1 Bamboo mushroom samples  
Two mushroom samples suspected of the China strain (Phallus indusciatus) which 

has a long indusium, and the short indusium Thai strain (Phallus sp.) were prepared. 

In this study, we used two stages of fresh bamboo mushrooms, i.e., egg stage and 

fruiting body for mushroom species identification and extraction, respectively. The egg 

stage samples were stored at -20  until used and the fruiting body samples were 

dried at 50  for 2 or 3 days to extract by ethanol and water. 

 

3.2 Isolation of genomic DNA, PCR amplification of ITS regions, and DNA 

sequencing 
3.2.1 Isolation of genomic DNA 

A rapid, simple, and low-cost protocol for DNA extraction was followed with 

slight modifications from previous study that they modified protocol for extracting DNA 

from mushrooms and other fungal taxa that is faster, simpler, and more cost-effective 

than traditional methods. (Izumitsu et al., 2012). In this study we used a combination 

of physical disruption and chemical lysis to extract high-quality genomic DNA from a 

range of mushroom species, including Phallus sp. Thai strain Phallus sp. China strain. 

The procedure of the experiment as following this. First, 100 l of TE buffer (1x, pH 8) 

was added to a 1.5 ml tube that contained the mycelium of mushroom samples that 

had been obtained using toothpicks during the egg phase. The tubes were 

subsequently microwaved twice for one minute each at 600W. The tube was then 

centrifuged for 5 minutes at 10,000 rpm after being kept at -20  for at least 10 

minutes. The PCR was carried out using the supernatants as templates
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3.2.2 PCR amplification of ITS regions 

PCR was performed using specific primers Dict_03 and Dict_04 obtained from 

a recent study that identified mushroom samples (Dictyophora indusiata) and also 

evaluated the wound healing activities (Nazir et al., 2021). These primers were designed 

from the internal transcribed spacer 1 (ITS1) and internal transcribed spacer 2 (ITS2), 

respectively, which are conservative non-coding sequences and present in high copy 

numbers. These primers have shown specificity for Dictyophora indusiata among other 

primers. The sequences of these primer show on the table 3.1. The PCR products were 

visualized on a 1.5% agarose gel and purified using a PCR purification kit. 

 

Table 3.1 Primer sequences for sample amplification. 

 

To minimize pipetting errors and ensure consistency across multiple PCR 

reactions, a PCR master mix was prepared by combining water, buffer, dNTPs, primers, 

and Taq DNA polymerase in a single tube, plus an additional reaction's worth of the 

master mix to account for any loss during pipetting. The master mix was then 

distributed evenly among individual PCR tubes, and template DNA was added to each 

tube. 

 

Table 3.2 Polymerized Chain Reaction condition for amplify isolated DNA. 

Components  

DNA template 1 

 0.5 

 0.5 

Mixed dNTPs (2.5 mM each) 0.5 

 

Sequence primer Size 

Dict 03 Forward TGCCTGTTTGAGTGTCGTGA 20 

Dict 03 Reverse ACGGACGACGCAAGACTTAT 20 

Dict 04 Forward GGAAGTAAAAGTCGTAACAAGG 22 

Dict 04 Reverse TCCTCCGCTTATTGATATGC 20 
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Table 3.2 Polymerized Chain Reaction condition for amplify isolated DNA 

(Continued). 

Components  

10X ((NH4))2SO4 buffer 2.5 

MgCl2 (25 mM) 1.5 

 0.25 

 Ultrapure water  18.25 

Total volume 25.00 

 

The PCR reactions were carried out in several cycles, beginning with an initial 

denaturation step at 94  for 5 minutes. This was followed by 35 cycles of 

amplification, consisting of a 1- -minute annealing 

and 1- After completion of the cycles, a final extension 

step was carried out at 72  for 10 minutes. The amplified DNA products were 

visualized by subjecting them to 0.2% (w/v) agarose gel electrophoresis. 

 

3.2.3 DNA sequencing by using pGEM-T easy vector 

Since the size of the PCR product is small, it is necessary to clone it into a 

vector. In this experiment, the PCR product was inserted into the pGEM-T easy vector 

(Promega, USA) and transformed into XL-1 blue competent cells. The resulting DNA 

products was sent for sequencing by Solgent Co. Ltd. (South Korea). The obtained 

nucleotide sequences were aligned using the Clustal Omega program and compared 

to sequences in the GenBank databases using BLAST analysis. Phylogenetic trees were 

constructed using the Molecular Evolutionary Genetics Analysis (MEGA) XI software. 
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Figure 3.1 Convenient systems for the routine subcloning of PCR products. -T 

Vector sequence reference points. 

 

3.3 Phylogenetic analysis 
The ITS sequences of Phallus sp. (CH0306, CH0407, TH0306, and TH0406) which 

were the samples strain amplified by primer Dict 03 and Dict 04 from selected colonies 

number 06, 07 were aligned with selected Phallus sp. and Mutinus albotruncatus using 

muscle alignments. The Neighbor-Joining method was used to generate the 

evolutionary history. The branches indicate the percentage of replicate trees in which 

the associated taxa clustered together in the bootstrap test (1000 replicates). The tree 

was drawn to scale, with branch lengths in the same units as those of the evolutionary 

distances used to infer the phylogenetic tree. Each analysis involved 29 nucleotide 

sequences, and all ambiguous positions were removed for each sequence pair using 

the pairwise deletion option. The evolutionary analyses were conducted in MEGA11 

(https://www.megasoftware.net). 
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Table 3.3 List of species, collection code, and GenBank accession number. 

Species 

 

Collection code 

(Voucher/Strain) 

ITS GenBank acc. no 

Mutinus albotruncatus UFRN Fungos 2025  MF447826  

Phallus atrovolvatus INPA 240016 MG678531  

Phallus aureolatus ICN 176962T MF372135  

Phallus campanulatus ICN 176970 MF372138  

Phallus chiangmaiensis BCC 92055 MT452883  

Phallus cinnabarinus NPA 255835 KJ764821  

Phallus coronatus LE 295238 MG678522  

Phallus denigricans UFRN Fungos 2805  MG678485  

Phallus dongsun GDGM 29086  MN307394  

Phallus echinovolvatus GDGM 79020  MN523216  

Phallus flavocostatus RE 2004  MG67852 

Phallus hadriani AH 39161  KF481956  

Phallus haitangensis HKAS 88197T KU705383  

Phallus impudicus GDGM 77656  MN307393  

Phallus indusiatus INPA 264931  MG678500  

Phallus hadriani AH 39161  KF481956  

Phallus haitangensis HKAS 88197T KU705383  

Phallus impudicus GDGM 77656  MN307393  

Phallus lutescens GDGM 72218T  MN131079  

Phallus luteus TNS Kasuya B 218  KP222543  

Phallus mengsongensis HKAS 78343T  KF052624  

Phallus merulinus INPA 240010  MG678530  

Phallus multicolor MEL 2382891 KP012762  

Phallus purpurascens UFRN Fungos 2808 T  MG678487  

Phallus rubrovolvatus YZS 040 KF939503  
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Table 3.3 Species, Collection Code and GenBank Accession Number (Continued). 

Species Collection code 

(Voucher/Strain) 

ITS GenBank acc. no 

Phallus rugulosus TNS F 46049 MF372142  

Phallus serratus HKAS 78340T KF052622  

Phallus squamulosus UFRN Fungos 2806T  MG678497  

Phallus ultraduplicatus HMAS 253050T  KJ591584  

In this study, the ex-holotype strains are denoted by the letter "T". An outgroup, 

Mutinus albotruncatus, was also included. 

 

3.4 Crude extracts preparation  
To extract compounds from Phallus sp. fruiting bodies, the fruiting bodies were 

first dried at 50  for 2-3 days and then ground into a powder at a concentration of 

33g/L. The powder is then soaked in 95% ethanol for 7 days in an amber glass bottle. 

Additionally, a hot water extraction method was used in which the same powder mixed 

with distilled water at a ratio of 10:1 and heated to 95  for 2 hours. The resulting 

solution is then centrifuged at 25 , 3214 rcf for 10 minutes, and the supernatant was 

collected. Both the ethanol (ThE) and water (ThW) extracted samples were then 

filtered through filter paper and the extracts were freeze-dried and stored at -20  

until further used. 

 

3.5 Cell culture and cell viability analysis 
3.5.1 Cell culture 

The RAW 264.7 cell line was used in this study. Cultured in DMEM containing 

10% fetal bovine serum (FBS) and 1% anti-anti (a mixture of 100 IU/ml penicillin and 

100 ug/ml streptomycin) to make the completed medium, at a temperature of 37  

and with 5% CO2. When the cells reach 80% confluence in the flask, they were sub-

cultured into new flasks by removing the old medium, rinsing with PBS (pH 7.4), and 

adding trypsin (0.025%,1X) to detach the cells for 5 min at 37  in an environment 

containing 5% CO2. The reaction was then stopped with completed medium (at twice 
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the volume of trypsin used). The cells were then centrifuged at 2,000 rpm for 5 min, 

the supernatant was discarded, and the cells were resuspended in completed medium 

and transferred to a new flask for further growth. 

 

3.5.2 Cell viability analysis 

The MTT assay was a method used to determine the percentage of viable 

cells in a culture treated with various concentrations of crude extracts from Phallus 

sp. To begin the process, 10,000 cells were seeded into each well of a 96-well plate 

2 for 24 hours. The cell quality was checked using 

an inverted light microscope before treating the cells with various concentrations of 

ethanol, ranging from 5% to 1% with a control group that concentration has no 

cytotoxicity was chosen for further experiment. The Phallus sp. ethanol crude extract 

was then dissolved in ethanol and used to treat the cells, while the water crude 

extracts are dissolved in Milli-Q water (18 M -cm). The cells were then treated with 

different concentrations of the crude extracts for 24 or 48 hours include 10 conditions 

which 1000 g/ml was highest concentration then 2-fold dilution and control. 

After treatment, 20 l of MTT solution (5 mg/ml filtered) was added to each 

well without mixing and incubated for 3 hours. The supernatant was aspirated, and 

100 l of DMSO is added to each well. The plate was then placed in a plate-reader 

for 10 minutes, and the absorbance at 562 nm was read. The cell viability was 

presented as a ratio following the equation, and the experiment is performed in 

triplicate. The IC50 value is calculated and three concentrations, including upper, 

equal, and lower than the IC50 value, are chosen for further experiments. 

 

Equation: 

 

 

Which A was the absorbance at 562 nm. 
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3.6 Anti-inflammatory effects determination 
The purpose of this study was to investigate anti-inflammatory effect of Phallus 

sp. Thai strain by determining the levels of proinflammatory mediators such as TNF- , 

IL-1 , IL-6 and nitric oxide (NO). To ensure proper comparison, four control groups 

were included in the experiment: a negative control group (not treated), a group 

treated with the highest concentration of crude extract without LPS, a group treated 

with LPS (0.5 g/ml) only, and a group treated with standard medicine; dexamethasone 

(5 g/ml) and LPS (0.5 g/ml). Additionally, there were three experimental groups 

which were treated with three different concentrations of crude extract. 

3.6.1 Nitric oxide assay 

To determine nitric oxide (NO) concentration which produced by LPS-induce 

inflammation on RAW 264.7 macrophage cells.  The Griess test was the technique 

chosen for evaluated NO concentration in this experiment. The protocol follow as the 

culture supernatant was first collected from the treated cells. Then, 50 L of culture 

supernatant was mixed with 50 L of Griess reagent (equal volume of 1% 

sulphanilamide in 5% phosphoric acid and 0.1% naphthyl ethylenediamine 

dihydrochloride in water) in a 96-well plate. The mixture was incubated for 10 min at 

room temperature in the dark. The absorbance of the samples is measured at 540 nm 

using a microplate reader. The concentration of NO was determined using a sodium 

nitrite standard curve. 

Note that the Griess test measures the concentration of nitrite, which was a 

stable oxidation product of nitric oxide. Therefore, the nitrite concentration was used 

as an indirect measurement of nitric oxide concentration. 

 

3.6.2 Semiquantitative real-time RT-PCR 

Semiquantitative real-time RT-PCR (reverse transcription polymerase chain 

reaction) was used to measure the mRNA expression of proinflammatory cytokines in 

the RAW 264.7 macrophage cells. Total RNA was extracted from the cells using the 

TRIzol reagent following the manufacturer's instructions. The concentration and purity 

of the RNA were determined by measuring the absorbance at 260 nm and 280 nm 

using a spectrophotometer (nanodrop). The RNA was then reverse transcribed into 
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complementary DNA (cDNA) using a reverse transcription kit. The kit used oligo(dT) 

primers and random hexamers to initiate the reverse transcription reaction. The 

oligo(dT) primers selectively anneal to the poly(A) tail of mRNA molecules, while the 

random hexamers anneal to random regions throughout the RNA sample. This 

approach ensures that cDNA synthesis is not limited to specific transcripts and allows 

for a more comprehensive analysis of gene expression. The resulting cDNA was used 

as a template for the PCR amplification of the target genes and GAPDH. 

The expression of target genes, including TNF- , IL-1 , and IL-6, was 

measured by real-time PCR using the SYBR Green PCR master mix consist of specific 

primers for the target genes and GAPDH. The thermal cycling conditions were as 

cycles of denaturation 

fluorescence signal was monitored during the annealing step, and the cycle threshold 

(Ct) value was determined for each gene. 

In this study, we used GAPDH as a reference gene for the semiquantitative 

real-time RT-PCR analysis. The GAPDH gene was commonly used as a reference gene 

due to its stable expression in various cell types and under different experimental 

conditions. The relative expression levels of the target genes were calculated using 

the comparative CT (2- CT) method, with GAPDH as the reference gene. The PCR 

amplification efficiency was determined by the slope of the standard curve generated 

from a dilution series of cDNA samples. The specificity of the PCR amplification was 

confirmed by melting curve analysis and agarose gel electrophoresis of the PCR 

products. T  

 

3.7 Statistic analysis 
The data analysis was performed with three replicates and presented as the mean 

and standard deviation. To determine significant differences between the data groups, 

the one-way ANOVA with Dunnett

p<0.05. The SPSS Statistics Software (Chicago, IL, USA) was used for data analysis and 

using independent T-test to compare different value between two group condition 

which has one factor of interest.  

 



 

 

CHAPTER IV 

RESULTS AND DISCUSSIONS 
 

4.1 Bamboo mushroom identification 
Molecular phylogenetic analyses results based on sequences of the ITS1 and ITS2 

gene regions shown in Figure 4.1, the results shown that Thai isolate bamboo 

mushroom species separately from other Phallus species indicated with high bootstrap 

values. The results shown that, Phallus atrovolvatus and Phallus merulinus which 

found in Thailand are closely related to our Thai isolation sample. Those three species 

had shared character as a short white indusium (Sommai et al., 2021). The results from 

phylogenetic analysis clearly shown the unsimilar between Thai-isolated Phallus 

(TH0306) and Chinese strain, Phallus sp. (CH0306), by high bootstrap values. However, 

the results shown the similarity between Phallus sp. (China strain) and Phallus 

echinovalvotus and Phallus chiangmaiensis which reported to find in North Thailand 

as Thai isolated (Nazir et al., 2021; Sommai, Khamsuntorn, Somrithipol, Luangsa-Ard 

and Pinruan, 2021). These suggested that our Phallus sp. Which we expected to be 

Chinese strain should be one of Thai strain. To confirm these assumption, there are 

more information needed such as mushroom morphology i.e., shape and surface 

configuration of the receptacle, the coloration of the receptacle, volva with 

rhizomorphs, the presence of an erect to curved sponge-like and hollow pseudo stipe, 

the size of the basidium, and the presence or absence of indusia (skirt-like structures) 

(Yan, Liu, Li and Wang, 2023).
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Figure 4.1 The phylogenetic relationship of Thai bamboo mushrooms (Phallus sp.; 

TH0306) was inferred from ITS-1 sequences. The number at the significant nodes 

represents the bootstrap value. Mutinus albotruncatus was used as the outgroup 

control.

 

4.2 Cytotoxicity of ethanol and water crude extract of Phallus sp. (Thai 

isolate) from fruiting body 
Based on cell viability results from the MTT assay, it appears that both the ethanol 

and hot water crude extracts from Phallus sp. fruiting body were not cytotoxic to RAW 

264.7 macrophage cells (Figure 4.2), even at the highest concentration (1,000 g/ml). 

Additionally, the IC50 value was calculated to be more than 5,000 g/ml, indicating 

that the extracts have no significant effect on cell viability at the tested concentrations.  

These findings suggested that the extracts from Phallus sp. fruiting body may have 

potential for use in therapeutic applications, as they do not appear to have harmful 

effects on cells at concentrations that are higher than what would be expected to be 

used in such applications. However, it is important to note that further studies are 

needed to determine the safety and efficacy of these extracts in vivo and in human 

clinical trials. Our results show a similar trend with Nazir et al., 2021 studied, that even 

in high concentration of bamboo mushroom extracted (0.2 mg/ml and 2 mg/ml of 

bamboo mushroom extractions) would not have any toxicity to the normal cell line. 
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Figure 4.2 Cell viability of RAW 264.7 cells treated with various concentrations of 

TH0306 ethanolic crude extract at 24 hours (A) and 48 hours (B) and hot water crude 

extract at 24 hours (C) and 48 hours (D). 
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Figure 4.3 96-well plate of cell survival studies by MTT assay of various concentrations 

of ethanol crude extract incubated for 24 and 48 h, respectively (A, B) and various 

concentrations of aqueous crude extract incubated. for 24 and 48 hours respectively 

(C, D). 

 

4.3 Nitric oxide analysis via Griess test  
The result of the Griess test indicated that the crude extracts from Phallus sp. 

fruiting body did not induce any inflammation or reduce the production of nitric oxide 

(NO) in RAW 264.7 macrophage cells. This is demonstrated by the fact that the nitrite 

levels produced by LPS stimulation alone was significantly higher than those produced 

by crude extracts alone. However, when the crude extracts were combined with LPS, 

there was no significant difference in the nitrite levels compared to LPS stimulation 

alone. This suggests that the crude extracts did not have any inhibitory effect on the 

NO production induced by LPS, and therefore cannot be considered as a potential 

anti-inflammatory agent through NO cascade. It is worth noting that the positive 

control, dexamethasone, was able to significantly reduce the nitrite levels produced 
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by LPS stimulation, indicating its potent anti-inflammatory activity through the NO 

cascade (Figure 4.4). 

Overall, the result suggested that the crude extracts from Phallus sp. fruiting 

bodies did not possess significant anti-inflammatory activity in this model system. The 

results of my experiment suggested that the crude extracts of Phallus sp. at the 

selected concentrations did not have a significant effect on reducing nitrite levels and, 

therefore, did not show anti-inflammatory properties through the NO cascade. One 

possible explanation for this result is that the extracts may not contain enough active 

compounds, or the concentrations used were not high enough to have an effect on 

NO production.  

 

 

Figure 4.4 The nitrite concentration of RAW 264.7 cells was treated with various 

conditions. of ethanol crude extract (A, B) and hot water crude extract (C, D) *denotes 

a significant difference compared to the LPS-stimulated control group only at p<0.05. 

 



 

 

37 

 

Figure 4.5 The Griess test determined the nitrite concentration from each treatment 

condition: (1) Control, (2) LPS (0.5 g/ml), (3) Crude extract 400 g/ml, (4) LPS plus 

dexamethasone (5 g/ml), (5) LPS plus Crude extract 400 g/ml, (6) LPS plus crude 

extract 200 g/ml, and (7) LPS plus crude extract 100 g/ml. 

 

4.4 Relative mRNA level of inflammatory cytokine determined by 

semiquantitative real-time PCR 
The pro-inflammatory cytokines such as IL-1 , IL-6, and TNF-  play a key role in 

the immune response and are often elevated in response to infection, injury, or other 

inflammatory stimuli. In this study were investigating whether the ethanolic crude 

extract of TH0306 could potentially reduce the expression of these pro-inflammatory 

cytokines in LPS-stimulated RAW 264.7 cells. 
However, the results showed as in figure 4.6 no significant reduction of any of the 

cytokines (IL-1 , IL-6, and TNF- ) in the LPS plus ethanolic crude extract treated cells 

compared to LPS-treated cells alone. This suggests that at the selected concentration 
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(400 g/ml), the TH0306 crude extract was not able to effectively modulate the 

expression of these cytokines in response to LPS stimulation. 

The result is somewhat contradictory to a previous study on P. indusiatus, which 

reported that the ethanolic crude extract of mushroom eggs stage was able to 

significantly down-regulate pro-inflammatory cytokines (Nazir et al., 2021). However, 

it's important to note that the previous study used different parts of the mushroom 

and different concentration levels, so it's possible that the differences in results could 

be due to these factors. 

Overall, this result suggests that further investigation is needed to determine the 

potential anti-inflammatory effects of Phallus sp. crude extract, and additional 

concentration levels should be explored. Additionally, other assays or methods for 

measuring inflammation could be considered to apply. 

Figure 4.6 The relative mRNA expression levels of pro-inflammatory cytokines, 

including IL-1 , IL-6 and TNF-  in the only LPS treated condition and LPS plus 400 

ml of ethanolic crude extract treated RAW 264.7 cells. 

 



 

 

 

CHAPTER V 

CONCLUSIONS 
 

Based on the molecular phylogenetic analysis, the TH0306 was identified as 

different species from Phallus indusiatus. The MTT assay results showed that both the 

ethanol and hot water crude extracts from the fruiting body of Phallus sp. did not 

have cytotoxic effects on RAW 264.7 macrophage cells even at the highest 

ml (the IC50 ml). 

The nitric oxide production assay using Griess reagent indicated that NO 

production was induced by LPS, but not by the crude extracts. This finding confirmed 

that the crude extracts were endotoxin-free without any inducible inflammatory 

properties. Unfortunately, the results from LPS plus crude extracts, both ethanolic and 

hot water crude extracts, in various concentrations existed comparative level to LPS 

alone. Significant levels of nitrite were detected in LPS plus dexamethasone (positive 

control) group only. Our result suggested that TH0306 crude extracts at these selected 

concentrations could not alter the nitrite level, which inferred that the reduction of 

inflammation through NO cascade could not be concluded. 

The relative mRNA expression levels of pro-inflammatory cytokines including IL-

1 , IL-6, and TNF-  in the LPS- ml of ethanolic crude 

extract treated RAW 264.7 cells showed no significant reduction of all cytokines. 

Therefore, further investigations using different concentrations of TH0306 extracts are 

required.  

The results from this study suggested that the crude extracts from both hot water 

and ethanolic extractions of Phallus sp. fruiting body did not exhibit cytotoxicity or 

anti-inflammatory effects on RAW 264.7 cells. Further studies are needed to explore 

the potential anti-inflammatory properties of different parts and concentrations of the 

mushroom extract.
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