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ABSTRACT 

 

Mycochemical characterization and bioactivity screening of Microporus affinis 

(Blume & T. Nees) Kunt. and M. xanthopus (Fr.) Kunt. 

Bracket fungi are valuable in research for their potential to develop new 

pharmaceuticals. In this study, the Polyporaceae family of Basidiomycetes was 

explored for its bioactivities. Microporus, a less studied genus in Polyporaceae, has 

yet to be examined in detail for medicinal impacts. This research focuses on M. 

xanthopus (Fr.) Kunt. and M. affinis (Blume & T. Nees) Kunt., distinguished by the 

lateral stipe in M. affinis and the central stipe in M. xanthopus. 

Two species of Microporus were screened for chemical constituents. 

Chemical characterization was done in four sections: preliminary qualitative 

mycochemical (fungal chemical) screening, quantitative estimation (measuring the 

amount of specific chemicals), determination of volatile chemical constituents 

through GC/MS analysis (Gas Chromatography/Mass Spectrometry), and 

identification of non-volatile chemicals through HR-LC/MS analysis (High 

Resolution Liquid Chromatography/Mass Spectrometry). Terpenoids, steroids, and 

alkaloids were observed in both species in preliminary studies. Glycosides and 

saponins were reported only in M. xanthopus. Alkaloids, terpenoids, carbohydrates, 

and proteins were determined quantitatively. GC/MS analysis of M. xanthopus 

revealed 45 compounds, while M. affinis had 46. In both species, fatty acids were the 

leading class, and linoleic acid had the highest peak area. HR-LC/MS in M. xanthopus 

reported 31 compounds, while M. affinis had about 9 mycoconstituents. Different 

types of fungal sterols (a group of steroids) with a wide spectrum of bioactivities have 

also been reported. 

Because of its diverse chemical constituents, Microporus was studied for 

bioactivities such as antioxidant (combating cell damage from oxidants), cytotoxic 

(toxic to cells), antiproliferative (preventing cell growth), and neuroprotective 

(protecting nerve cells) effects. Special emphasis was given to extended 

neuroprotective studies of M. xanthopus, confirmed by techniques like ROS (Reactive 

Oxygen Species) measurement using DCFDA (a fluorescent dye), Annexin V-FITC 

apoptosis (detection of programmed cell death using a specific marker) using flow 

cytometry (cell analysis technique), autophagy (cellular self-digestion), indirect 

ELISA (a lab method to detect proteins), and gene expression studies using qRT-PCR 

(quantitative Reverse Transcription Polymerase Chain Reaction). 



The fungal extracts were subjected to free radical scavenging assays, like 

DPPH, hydroxyl radicals, nitric oxide, and reducing power. In this scenario, M. affinis 

was found to be more potent than M. xanthopus even though both species are having 

antioxidant potential. Oxidative damage has a key role in the aging process and is 

linked to diseases like Cancer, Alzheimer's, and Parkinson's. Free radical scavengers 

can help to mitigate these effects. So, the study was carried out on cytotoxic, 

antiproliferative, and neuroprotective areas. Cytotoxic efficiency was tested in Allium 

cepa, together with the degree of mitotic index and percentage of chromosomal 

aberrations. Fungal extract was tested in vitro for antiproliferation on the DLD1 cell 

line (colorectal cancer) using the MTT assay. Comparatively, the lower LC50 value of 

M. affinis indicates its higher cytotoxic potential towards the DLD1 cell line than that 

of M. xanthopus. It was compared with the normal cell line L929. The degree of 

apoptosis was confirmed by the AO/EtBr double staining method. The presence of 

terpenoids in Microporus supports neuroprotective activities. Hence, the fungal 

extracts were subjected to the in vitro study of neuroprotective efficacy on IMR-32 

(human neuroblastoma cell line). Cell viability was assessed by using the MTT assay. 

Neurodegeneration was induced by using β-amyloid. Apoptosis determination 

using the AO/EtBr method clearly revealed the neuroprotective efficacy of M. 

xanthopus. A dose dependent increase in cell viability was noticed in M. xanthopus 

only. So, further validations on neuroprotection were carried out in M. xanthopus 

only. From the study conducted, it was clear that the increased ROS level could be 

controlled by using fungal extract on amyloid treated cells. It indirectly supports the 

recovery of cells with neurodegeneration. In indirect ELISA, the primary antibodies, 

ChAt, Glutamate Receptor 2, Tau, and alpha synuclein were used. HRP conjugate was 

used as the secondary antibody. In a study of Annexin V- FITC, it was clear that the 

sample treatment was able to reduce the late apoptotic cells, which indicates its 

potential role in neuroprotection. The effect of the parkin gene was also compared 

with the housekeeping gene actin. The present study proved that the increased cell 

viability, decreased apoptosis, and lower ROS levels are good for neuroprotection. 

Even though it is positively supporting neuroprotection, in vivo studies are also 

required to substantiate the neuroprotective efficacy of this fungal material. 

Keyword: Basidiomycetes, Microporus, Mychochemical, Bioactivity, Antioxidant, 

Anticancer, Neuroprotection 

 

 

 



സം�ഹം 

ൈമേ�ാേപാറസ് അഫിനിസ്, ൈമേ�ാേപാറസ് സാേ�ാ�സ് എ�ിവ�െട 
രാസസ�ഭാവ �പീകരണ�ം ൈജവ�വർ�ന പരിേശാധന�ം. 

 ഗേവഷണ േമഖലയിൽ �ാ��് ഫംഗ�കൾ ഔഷധ നിർ�ാണ�ിനായി 
െച��� സ�ാധീനം വിലെ��താണ്.  ബസിഡിേയാൈമസ�കൾ എ� 
വിഭാഗ�ിെല േപാളിേപാേറസി ��ംബ�ിൽെ�� ൈമേ�ാേപാറസ് അഫിനിസ്, 
ൈമേ�ാേപാറസ് സാേ�ാ�സ് എ�ിവ�െട രാസ സ�ഭാവ �പീകരണം, ൈജവ 
�വർ�ന പരിേശാധന എ�ീ കാര��ളിൽ ഈ ഗേവഷം �� േക�ീകരി��. 

 ഫംഗ�കളിെല രാസവ���െട �ാഥമിക വിലയി��ൽ, 
രാസവ���െട അളവ് കണ�ാ�ൽ, ബാ�ശീല ൈജവ സം����െട ജി. സി 

എം. എസ് വിശകലനം, അ�ിരമ�ാ� ൈജവസം����െട എ�്. ആർ-എൽ. 

സിഎം. എസ് വിശകലനം എ�ീ നാ� വിഭാഗ�ളിലായാണ് രാസ 
സ�ഭാവ�പീകരണം നട�ിയത്.  �ാഥമിക പഠന�ളിൽ ര�് �ീഷീ�കളി�ം 
െടർ�ിേനായി�കൾ, �ിേറായി�കൾ, ആൽ�േലായി�കൾ എ�ിവ 
നിരീ�ി�െ��.  ൈ�േ�ാൈസ�ക�ം സാേ�ാണി�ക�ം ൈമേ�ാേപാറസ് 
സാേ�ാ�സിൽ മാ�േമ റിേ�ാർ�് െച�ി��.  ആൽ�േലായി�കൾ, 
െടർ�ിേനായി�കൾ, കാർേബാൈഹേ��കൾ, േ�ാ�ീ�കൾ എ�ിവ 

അളവ�സരി�് നിർ�യി�െ��.  ജി. സി. എം. എസ് സംവിധാനം വഴി 45 ഓളം 
രാസവ���െട സാ�ി��ം നിർ�യി�.  ര�് �ീഷീ�കളി�ം ഫാ�ി ആസിഡ് 
എ� വിഭാഗ�ിൽെ�� രാസവ��ളാണ് �ൻ നിരയി��ത്.  രാസവ��ളിൽ 
ഏ��ം ��തൽ സാ�ി��ം കാണി��ത് ലിേനായിക് അ�ം ആണ്.  എ�്. ആർ - 

എൽ. സി  എം. എസ് എ� സംവിധാനം വഴി ൈമേ�ാേഹറസ് സാേ�ാ�സിൽ 
31 ഉം ൈമേ�ാേപാറ�് അഫിനിസിൽ 9 സം����ം റിേ�ാർ�് െച�.  
ൈവവിധ�മാർ� ൈജവ�വർ�ന�ൾ ഉ� വ�ത�� തരം ഫംഗസ് �ിേറാ�കൾ 
(�ിേറായി�ക�െട ഒ� ��ം) റിേ�ാർ�് െച�െ��ി��്. 

 ൈവവിധ�മാർ� രാസ ഘടക�ൾ കാരണം, ആ�ിഓ�ിഡ�്, 
ൈസേ�ാേടാ�ിക്, േകാശ വളർ� തടയൽ, നാഡീേകാശ��െട സംര�ണം എ�ീ 
ൈജവ�വർ�ന�െള�റി�് ൈമേ�ാേപാറസിൽ പഠനം നട�ി.  DPPH, 
Hydroxyl radical, nitric oxide, reducing power എ�ീ free radical scavenging 
assays നട�ി.  

 ൈസേ�ാ േടാ�ിക്  പരീ�ണ�ിൽ േകാശ�ിെ� കാര��മത 
മന�ിലാ��തിനായി mitotic index, chromosomal abnormality ശതമാനം 
എ�ിവ ഉ�ി (Allium cepa) യിൽ പഠനവിേധയമാ�ി.  DLDI എ� കാൻസർ 
േകാശ�ിൽ MTT assay, AO/EtBr എ�ീ പഠന�ൾ നട�ി.  ൈമേ�ാ�റസ് 
അഫിനിസ് താ� LC50 �ല�ം കാണി�ത് അതിെ� ഉയർ� ൈസേ�ാേടാ�ിക് 
സാധ�തെയ �ചി�ി��.   



 ൈമേ�ാേ�ാറസിെല െടർ�ിേനായി�ക�െട സാ�ി��ം ന�േറാ�ക�െട 
�വർ�ന�െള പി�ണ��തിനാൽ ഫംഗസ് സ�കൾ IMR32 
(Neuroblasboma cell lines) ഉപേയാഗി�് ലേബാറ�റി പഠന�ിന് വിേധയമാ�ി.  

നാഡീേകാശ��െട നാശ�ിന് (Nerodegeneration) ആയി -amyloid  
ഉപേയാഗി�.  

 നാഡീേകാശ��െട സംര�ണ സംബ�മായ പഠന�ിനായി MTT, 
AO/EtBr എ�ിവ ഉപേയാഗി�� പരീ�ണ�ൾ നട�ി.  ഈ പഠന�ിൽ മികവ് 
�ലർ�ിയത് ൈമേ�ാേ�ാറസ് സാേ�ാ�സ് ആയതിനാൽ �ടർപഠന�ിന് ഈ 
�ീഷീസ് മാ�ം ആണ് ഉപേയാഗി�ത്.  നാഡീേകാശ��െട സംര�ണം 
�ിരീകരി��തി� േവ�ി ഒ� �റെസ�് ൈഡ ആയ DCFDA ഉപേയാഗി�് 
ROS അള�ൽ, േ�ാൈസേ�ാെമ�ി എ� സാേ�തിക വിദ� ഉപേയാഗി�� 
അന�ിൻ V FITC േകാശമരണം കെ��ൽ, ഓേ�ാഫാഗി, േ�ാ�ീ�കൾ 
കെ���തി�� ലാബ് രീതി ആയ Indirect ELISA, ജീൻ �കടനം 
മനസിലാ��തി�� qRT PCR എ�ിവ�് �േത�ക ഊ�ൽ നൽകി.  ഈ 
പഠന�ളിൽ നി�ം ൈമേ�ാേ�ാറസ് സാേ�ാ�സ് ഔഷധേമഖലയിൽ 
�ാധാന�ം അർഹി��താണ് എ�് മനസിലാ��. �േത�കി�്, 
നാഡീവ�ഹെ� ബാധി�� േരാഗ�ളായ അൽഷിേമ�്, പാർ�ിൻസൺസ് 
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INTRODUCTION 

 

Fungi are generally underexplored diverse group of organisms with 

commercial significance. The species richness of mushrooms, and their natural beauty 

have long fascinated mankind. We have explored them for their medicinal properties, 

delighted in their succulent taste, and marveled at their miraculous and sudden 

appearance as fruiting bodies. Macro fungi are characterized by wide range 

distribution and are seasonal. India is one of the top 10 mega biodiversity nations of 

the world fortunate to have a varied agroclimate, abundance of agrowastes, relatively 

low-cost labour, and a rich fungal diversity (Borkar et al., 2015). Polypores are a group 

of tough, leathery mushrooms with number of minute pores, similar to boletes but 

lacking a distinct stalk.  Many polypore species are, however, employed in 

pharmacology for the treatment of a wide range of ailments including bacterial and 

viral infections, allergies, neurological problems, and cancer (Lindequist et al., 2005).  

Higher basidiomycetes well studied in previous researches for a serious 

condition of various type of tumors. Wide range of basidiomycetes are reported with 

this scenario. As these conditions are increasing day by day, there is need for exploring 

new sources of medicines. Thereby basiodiomycetes with wide spectrum of active 

chemicals play an important role as study material for cancer research. Thus, some 

researchers have combined the use of mushrooms both for nutritional and medicinal 

purposes (Wasser & Weis,1999a).  

 A large number of mushroom-derived compounds, both cellular components 

and secondary metabolites have been shown to affect the immune system and could 

be used to treat a variety of disease states (Chihara, 1992).  

 Nutritional value and pharmacological properties of edible basidiomycetes 

have been explored in various studies. Mushrooms are used as food, nutrient rich, and 

medicinally important. There are different previous records on mushrooms with 

significant role in pharmacology as it is used for treatment of diseases, maintains 

homoeostasis and biorhythm. It is being used for recovery of diseases like cancer, 
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stroke, and cardiological diseases. It is also being confirmed that mushrooms contain 

effective substances for decreasing blood cholesterol and could have hypolipidemic, 

antithrombotic, hypotensive, and various therapeutic properties like antifungal, anti-

inflammatory, antiviral, antibacterial, blood pressure regulation, cardiovascular 

regulation, antidiabetic, immunomodulating, kidney tonic, hepatoprotective, nerve 

tonic, sexual potentiator, cures chronic bronchitis, etc. (Wasser & Weis,1999b). 

 The average age of the global population is increasing and nowadays, society 

is becoming more aware of the potential side effects of prescription medicines and 

therefore seek alternative therapeutics (Ekor, 2014; Rowe et al., 2016; WHO, 2015). 

At present the importance for the area of nutraceuticals have given more attention. 

For a healthy wellbeing, traditional, quality foods are suggested to include in diet. 

These mainly target the enhancement of well-being, and quality of life, thus reducing 

the risk of disease (El Sohaimy, 2012). The term “nutraceuticals” is defined as food 

constituents that provide medical or health benefits, including the prevention and 

treatment of disease (Kalra, 2003). Nutraceuticals can be food in the form of extracts, 

single, purely natural compounds, or nutrients that have been turned into a 

pharmaceutical formulation (eg. pills or tablets) and they can be applied as dietary 

supplements or as part of a specific diet (Giavasis, 2014; Reis et al., 2017). Therefore, 

the role of functional foods is mainly related to reducing the risk of disease, while 

nutraceuticals are usually consumed to promote well-being through the prevention or 

treatment of diseases and disorders. For healthy and nutritional aspects, edible 

mushrooms are studied well. Mushrooms are ideal dietary supplements because they 

are relatively rich in proteins, contain almost no fat, and possess a variety of fibres 

and vitamins (Valverde et al., 2015). Many studies have been conducted to prove the 

benefits of functional foods and nutraceuticals derived from fungi in various 

pathological complications such as diabetes, atherosclerosis, cardiovascular diseases, 

cancer, infection, renal, gastrointestinal, and neurological disorders. 

 For thousands of years, human societies have been utilizing fungi as food 

sources (Siddiq et al., 2018). In particular, edible mushrooms are ideal for vegetarians 

because they are excellent sources of protein (typically 20–30% crude proteins as a 
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percentage of dry matter), have a low-fat content, are free of cholesterol, and contain 

most of the amino acids essential to human and animal nutrition (Kaur et al., 2018). 

Fungal taxa are utilized in the food industry, taking advantage of their metabolism and 

metabolites (Gilbert & Robinson, 1957; Moore & Chiu 2001; Adrio & Demain 2003; 

Ghorai et al., 2009).  

 Mushrooms are the chief source of both fat soluble (Vitamin D & K) and water 

soluble (vitamin B & C) vitamins, minerals (P and K) and selenium as a trace element. 

Fiber content of the mushrooms is also highlighted. Mushrooms are rich in niacin 

(B3), pantothenic acid (B5) and riboflavin (B2) (Feeney et al., 2014; Murugesan, 

2017), but other vitamins, such as thiamine (B1), pyridoxin (B6), cobalamin (B12), 

biotin (B7) and vitamin D have also been reported (Pankavec et al., 2019; Rózsa et 

al., 2019). The only non-animal-based food that contains vitamin D is mushrooms 

(Rathore et al., 2017) and curiously the content of vitamin B12 in mushrooms is 

similar to that reported for beef and fish (Feeney et al., 2014). Richness of minerals 

like P, Ca, K and Mg are also reported in various sites. Because of their low sodium 

and high potassium concentration, they have a Na+/K+ ratio of less than 0.6, being 

thus a good food option amongst other vegetables for hypertense individuals 

(Rajarathnam et al., 1998). Indeed, mushrooms are an excellent source of selenium 

and copper, with high bioavailability (Murugesan, 2017). Mushrooms have also 

interesting content in tocopherols, carotenoids, ascorbic acid, phenolics, and 

ergosterol, being even most abundant than that found in most vegetables and fruits 

(Sánchez, 2017a). 

 The main chemical constituent in the fruiting bodies of mushrooms falls 

primarily under the class of polysaccharide compounds and also includes substantial 

amounts of fibers, other saccharides, terpenoids, and proteins (Singdevsachan et al., 

2016). The micronutrients present in mushrooms include mineral elements such as 

copper, iodine, iron, potassium, selenium, and zinc, along with the vitamin groups and 

amino acids present, which permits unrestricted use, in trace amounts (Gençcelep et 

al., 2009). These constituents regulate growth, fluid balance, and bone health in 

humans, as well as serve as efficient nutraceuticals to supplement immune responses 
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(Lakhanpal & Rana, 2005; Okan et al., 2013). Furthermore, surplus levels of the 

secondary metabolites in mushrooms are responsible for their various medicinal 

properties such as antioxidant, anti-inflammatory, anticancer, antihyperlipidemic, 

immunoregulatory, and cardioprotective properties (Yu et al., 2020).  

 Mushrooms have been used all over the world as century-old traditional 

medicines (Chang, 1996). Mushrooms that belong to basidiomycetes produce various 

classes of secondary metabolites with a wide variety of biological activities, 

particularly in the antimicrobial, antitumor, and antiviral fields (Jong et al., 1989; 

Wasser et al., 1999).  

 Phenolic compounds include simple phenols and phenolic acids (gallic acid, 

benzoic acid, syringic acid, and chlorogenic acid). Flavonoids and tannins are the two 

important polyphenols. Flavonoids are a group of polyphenolic compounds with 

known health-beneficial properties, which include free radical scavenging, and 

inhibition of hydrolytic and oxidative enzymes (Frankel, 1997). Some evidence 

suggests that the biological actions of these compounds are related to their antioxidant 

activity (Gryglewski, 1987). Phenolic compounds have significant biological and 

pharmacological properties. The bioactivity of phenolics may be related to their 

ability to chelate metals, inhibit lipoxygenase, and scavenge free radicals (Decker, 

1997).  Different chromatographic methods like GC/MS, LC/MS, HR-LC/MS etc., 

widely used to detect chemicals constituents. These methods are used to detect the 

presence of biologically active chemical compounds in a sample. Even though, these 

are good for chemical characterization, crude extract may contain different chemicals. 

So, the specific compound with potent bioactivities can be eluted by combination of 

different assays. High-resolution liquid chromatography with mass spectroscopy 

(HR-LC/MS) gives information regarding the molecular structures within a complex 

database. Prohibition of anonymous drug, identification of positive and negative 

ionization compounds, identification of new metabolites, mass accuracy and resolving 

power are the highlights of HR-LC/MS technique. 

 Volatile chemical components in sample can be identify by GC/MS technique. 

In this technique, two different techniques like gas chromatography and mass 
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spectrometry are combined. Gas chromatography separates the components of the 

mixture and mass spectroscopy analyses each of the components separately (Bai et 

al., 2014). 

 Antioxidants are valuable compounds that protect cells against oxidative 

damage and promote human health. Reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) are the free radicals produced through metabolic activity of 

aerobes. Oxidative stress can be avoided by maintaining a rhythm between the 

formation of free radicals and antioxidant protective mechanism of our body. 

Endogenous defence mechanism can be boost up by the intake of food items with 

antioxidant activities which helps to overcome oxidative damage. Studies revealed 

that mushrooms are chief source antioxidants. These are mainly due to the presence 

of phenols, flavonoids, tocopherols, carotenoids, and ascorbic. Flavonoids are 

important to scavenge ROS and RNS.  The ability of hydrogen donation, metal 

chelation, superoxide scavenging and free radicals scavenging are the basis for the 

categorization of antioxidants. Phenolic compounds are the main category of chemical 

components that are responsible for the antioxidant activity of mushroom species 

(Kurutas, 2015). 

 In recent years, focus on free radicals have given more priority. Free radicals 

are chemical species possessing an unpaired electron formed by the loss of a single 

electron from a normal molecule (Ray & Husain, 2002). About 5% or more of the 

oxygen inhaled is converted to reactive oxygen species (ROS) such as O2, H2O2 and 

OH by univalent reduction of O2 (Harman, 1993). Superoxide anions, hydrogen 

peroxide, hydroxyl radicals and nitric oxide are the examples of ROS. Formation of 

these compounds will be a threat to cells in aerobic conditions. Oxidative stress may 

arise if equilibrium between the formation of ROS and the antioxidant protective 

mechanism is disturbed. Through a series of events, it deregulates the cellular 

functions leading to various pathological conditions including cardiovascular 

dysfunction, neurodegenerative diseases, gastroduodenal pathogenesis, metabolic 

dysfunction of almost all the vital organs, cancer, and premature aging (Halliwell, 

1996). There are number of studies revealed that the wide spectrum of antioxidant 
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defences to fight for the formation of free radicals. Naturally, cells are characterized 

by enzymatic and non-enzymatic defence mechanisms. But to protect cells from 

oxidative damage external supply of antioxidants are promoted. Restriction in the use 

of synthetic antioxidants paved the way for the increased interest in natural 

antioxidants (Ames, 1983; Branen, 1975). Natural antioxidants are widely known for 

their defence role against oxidative damage and are found abundant in vegetables and 

fruits, which contain phenolic compounds, carotenoids, tocopherol, ascorbic acid, etc. 

(Elmastasa et al., 2007). In recent years mushrooms also have attracted attention for 

their natural medicinal properties. 

 Oxidative stress plays a pivot role in different neurodegenerative diseases. 

Chronic responses are not developed when the stress is in low level. Mushrooms are 

a rich source of antioxidants and effectively mitigate the oxidative stress phenomenon 

in cells and neurons (Salinaro et al., 2018). 

 Reactive oxygen species (ROS) are highly reactive and short-lived small 

molecules in the form of free radicals (Sies & Jones, 2020). Normal cellular 

physiological activities are positively influenced by ROS under optimum conditions. 

The increased production of ROS has a negative impact on cells and favours oxidative 

stress. Both endogenous and exogenous sources promote ROS production. Leakage 

of mitochondrial transport chain, increased metabolic rate etc., are examples of 

endogenous source. While, exogenous sources include environmental pollutants, 

radiations, drugs, etc. ROS are responsible for activating many cellular signalling 

pathways that lead to cell survival or cell death including autophagy, apoptosis, and 

necrosis (Cosentino et al., 2019). 

 Oxidation is necessary in living organisms for the production of energy to fuel 

various biological processes (Aziz et al., 2007). However, numerous physiological 

processes and external factors including many environmental factors occasionally 

produce oxygen-centered free radicals and other reactive oxygen species (ROS), 

which may contribute to diseases including atherosclerosis, diabetes, cancer, and 

cirrhosis (Halliwell & Gutteridge, 1984). Most organisms have evolved antioxidant 

defence and repair systems to protect them against oxidative damage; however, these 
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systems are insufficient to prevent the damage entirely (Simic, 1998). The demand 

and scope of researches regarding new sources of antioxidants is becoming highly 

appreciable. DPPH (1,1-Diphenyl-2-picrylhydrazyl) is the one of the most common 

free radical scavenging assays. In the presence of an antioxidant, the DPPH radical 

obtains one more electron and the absorbance decreases (Koleva et al., 2002). SOD 

(superoxide dismutase) plays a key role in protecting organisms from oxygen derived 

free radicals and toxicity due to oxygen. One of the leading harmful free radical 

substances in nature is the superoxide, which can nutralized by SOD. 

 Ganoderma represents the most studied bracket fungus which shows strong 

antimicrobial properties. Wang & Ng (2006) isolated ‘Ganodermin’, an antifungal 

protein from fruiting bodies of G. lucidum (Curtis) Karst. In India, polypores are well 

studied for their inhibitory actions. Antimicrobial activity of various solvent (aqueous, 

ethanol, methanol, and acetone) extracts (40 μg/mL) of Ganoderma lucidum against 

six species of bacteria viz., Escherichia coli, Staphylococcus aureus, Klebsiella 

pneumoniae, Bacillus subtilis, Salmonella typhi and Pseudomonas aeruginosa was 

studied (Quereshi et al., 2010) Search for new antimicrobial agents is a demanding 

area as new diseases and microbes emerge. 

 Cytotoxicity is the quality of being toxic to cells. Treating cells with the 

cytotoxic compound can result in a variety of cell fates. Chemotherapy as a treatment 

of cancer often relies on the ability of cytotoxic agents to kill or damage the cells that 

are reproducing; this preferentially targets rapidly dividing cancer cells (Aneesh & 

Thoppil, 2019). 

 Cancer is a serious issue in present scenario, which is characterised by 

abnormal cell division and ultimately results in deaths. It is a multifactorial and 

stepwise disease. Even though, there are number of synthetic drugs, in effect these not 

economical. Thus, there is a constant need for the development of cost-effective, novel 

drugs (Aneesh & Thoppil, 2020). 

 Cancer is one of the multifactorial diseases with improper proliferation and 

cell division. These abnormal malignant cells can evade tumor suppressor factors of 

the human immune system, then develop into tumors and destroy adjacent tissues 
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(Saeidnia & Abdollahi, 2013). The mode of cancer treatments depends on the stage. 

Chemotherapy, radiation therapy, and surgery are the widely used for the treatment of 

cancer. From previous works, it was reported that number of cytotoxic substances 

effective for chemotherapy. Among these, few of them specifically target tumor cells 

and are less toxic to regular, healthy human tissue (Petrelli et al., 2012; Cai et al., 

2013; Zugazagoitia et al., 2016). Targeted therapy, usually the conjugated element for 

cancer treatments, delivers drugs to genes or proteins that are specific to cancer cells 

or the surrounding tissues that promote the growth of cancer (Padma, 2015). 

Searching for new antitumor fungal substances became a matter of great significance 

(Wasser et al., 1999b). 

 Studies reported that mushrooms can stimulate lymphocytes which shows 

their anticancer efficacy. Presence of polysaccharides in mushrooms form a key to 

anticancer properties. Mode of immune stimulation, inhibition of cell proliferation 

and induction of apoptosis are the different parameters of anticancer properties. For 

example, in the case of mushrooms, bioactive compounds such as lentinan, 

polysaccharide K (PSK), and schizophyllan are the main derivatives that are 

responsible for the anticancer potential (Lemieszek & Rzeski, 2012). 

 Colorectal cancer (CRC) means abnormal growth of cells in colon. It is mainly 

due to the development of non cancerous cell growth (polyp) in the mucosal layer of 

the colon. All polyps are not led to CRC. Only less than 10% led into cancer by 10–

20 years. CRC occurs predominantly in adults aged above 50 (ACS, 2020). In 2020, 

the third most common cancer type worldwide was CRC and it forms the second most 

common cause of cancer death. Geographically, Asian regions are leading for the 

report of CRC. The International Agency for Research on Cancer (IARC) estimated 

that the global burden of CRC will increase by 56% and CRC-related mortality will 

increase by 69% between 2020 and 2040 (Honegger et al., 2013). Therefore, research 

on the discovery of novel anticancer therapeutics is more significant. 

 Apoptosis is the process of programmed cell death and the most common 

target parameter to study cancer. Dysregulation of apoptotic signals in cancer 

promotes abnormal cell growth and tumorigenesis (Wong, 2011). The effectiveness 
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of cancer treatment is measured based on the capacity to recover the apoptotic cells. 

The initiation of apoptosis in cells can be identified by morphological changes such 

as nuclear fragmentation, condensation of chromatin, cell shrinkage, and membrane 

blebbing (Elmore, 2007; Hassan et al., 2014). Apoptosis is categorized as either 

caspase-dependent or caspase-independent. There are number of   anticancer 

substances which primarily stimulate the caspase-dependent mitochondrial pathway. 

During the last stages of apoptosis, caspases are stimulated by endoplasmic reticulum 

pathways and death receptor-mediated. Disruption of the mitochondrial membrane 

potential followed by translocation of AIF and endonuclease G to the nucleus induces 

caspase-independent apoptosis (Lee et al., 2006). Caspase-3 is the executioner caspase 

in all caspase-dependent apoptosis pathways. Caspase-3 can be cleaved and activated 

by the upstream caspase (caspase-8) in the extrinsic pathway as well as by caspase-9 

(an initiating caspase) in the intrinsic pathway (Liu et al., 2017). Cleavage of PARP 

by caspases is considered to be a hallmark of apoptosis and an indicator that caspase-

dependent apoptosis has been accomplished (Chaitanya et al., 2010). 

 In chemotherapy, substances are able to induce cytotoxicity and the death of 

cells through apoptosis. Apoptosis or programmed cell death is a cell suicide process 

that activates when continuous survival is blocked (Gerl & Vaux, 2005). Apoptotic 

cells are characterized by the presence of morphological changes like shrinkage of 

cells, chromatin condensation, nuclear fragmentation, and membrane blebbing. 

Certain biochemical changes like caspase activation, breakdown of DNA and protein 

are also observed. Conversion of normal cells into malignant cells results in mutations 

in genetic structure which in turn cause cancer cells to evade natural cell death.  

Disruption of the balance between pro-apoptotic and anti-apoptotic proteins, 

reduction in caspase function, and impairment of death receptor signalling cause 

apoptosis resistance in cancer cells (Wong, 2011). Therefore, restoration of these 

functions by therapeutics can successfully prevent cancer progression. Furthermore, 

manipulations that occur in cell cycle regulators at checkpoints cause abnormal cell 

proliferation in cancers (Kasibhatla & Tseng, 2003). 
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 Autophagy mainly involves the formation of an autophagosome by engulfing 

damaged organelles, fusion with lysosome, and degradation of cellular debris by 

lysosomal hydrolase (Yang et al., 2011; Sun et al., 2013). Spread of cancer cells may 

occur by different reasons and such important one is autophagy. Autophagy 

suppresses tumor in initial phases of cancer by keping cell homeostasis. Conversely, 

autophagy promotes tumor growth in more advanced stages of cancer by increasing 

stress tolerance (Grácio et al., 2017). Activation of autophagy can either promote or 

suppress the survival of cancer cell. Therefore, the role of autophagy is crucial in 

anticancer drug development (Sui et al., 2013). Clear cut idea about the relationship 

between autophagy and apoptosis is not yet investigated. 

 Alzheimer’s and Parkinson’s diseases are the neurodegenerative diseases in 

man. In such victims, neuronal populations are disrupted. Previous studies reported 

that there are number of chemical compounds that positively affects the functioning 

of neurons. Such compounds were reported from mushrooms such as Antrodia 

camphorata, Ganoderma spp., Hericium erinaceus, Lignosus rhinocerotis and 

Pleurotus giganteus and these are using to enhance the functioning of peripheral 

nervous system. For maintaining neuronal health in human brain nerve growth factors 

are required. Scientists have been attempting for over last few years to discover fungi-

derived neuroactive components which are able to cross the blood-brain barrier and 

induce nerve growth factor production. Hericium erinaceus was explored more for 

neurodegenerative diseases. This fungus was able to produce hericenones, and 

erinacines, common terpenoids developed from its fruiting body and mycelia, which 

can activate the synthesis of nerve growth factor via the TrkA/Erk1/2 pathway 

(Thongbai et al., 2015). Additional studies have revealed neuroprotective activities in 

extracts from medicinal mushrooms that induce nerve growth factors, but the active 

principles remain to be identified. 

 Chemical components like hericenones, erinacines, scabronines, and 

dictyophorines reported from mushrooms were found to favor the formation of nerve 

growth factors. Studies also revealed that it protects the brain from neurodegeneration 

by hindering the production of beta-amyloid and the protein tau. Mushroom extracts 
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and their isolated compounds have many important health benefits, including 

immune-modulating effects on brain cells (Phan et al., 2017). Numerous studies on 

culinary and medicinal mushrooms have established their neuroprotective effects with 

the ability to prevent neuronal death and control neurodegenerative diseases and 

neurotrauma (Wong et al., 2017). Age-related neurological disorders can be rectified 

by using wild mushrooms. Basidiomycetes, especially mushrooms exhibit a wide 

range of health benefits such as immunological, anticancer, neuroprotective, and 

nephroprotective activities due to the presence of various biologically active 

ingredients with many pharmaceutical properties (He et al., 2017). Future perspectives 

of mushrooms and their bioactivities in the treatment of neurodegenerative diseases 

are more significant as it supplements pharmaceutical ingredients. 

 Alzheimer’s disease is the most common type of neuronal disorder. It is 

associated with notable degeneration and loss of cholinergic neurons in the basal 

forebrain, which is correlated with the formation of senile plaques and neurofibrillary 

tangles (Yankner, 1996). The main component of senile plaques is the amyloid β (Aβ) 

peptide which comprises 39-42 amino acids (Tordera et al., 2007). 

 Among dementia the most prevalent one is Alzheimer’s disease (AD).  Studies 

by Selkoe & Hardy, 2016 reported that there are more than 40 million people 

worldwide suffering from AD. AD is an age-related physical change, usually occur 

after the age of 60. But its origin and establishment happen during the initial phases 

of life (Yang et al., 2013; Selkoe & Hardy, 2016). According to the amyloid cascade 

hypothesis, AD is caused by the accumulation of amyloid beta peptide (Aβ), derived 

from the plasma membrane-bound amyloid precursor protein (APP), either inside the 

neurons or outside the neurons. Aβ aggregates cause neuronal cell toxicity, cell 

function loss, and cell death leading to AD complications (Selkoe & Hardy, 2016). 

Oxidative stress and an elevated level of blood cholesterol are the most common 

etiological factors leading to AD. In the plasma membrane bilayer, elevated level of 

plasma cholesterol, through the formation of “lipid rafts” facilitates the deposition of 

the neurotoxic Aβ (Stampfer, 2006). 

 Majority of the neurodegenerative diseases (NDs) are age-related, i.e., their 

incidence progresses with an increasing age. An expanding body of evidence argues 
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that different NDs are caused by prions, which are formed from normal proteins 

(Prusiner, 2012). Prions are emerged when normal proteins acquire an additional 

conformation. PrPSc, tau, and α-synuclein are the prion proteins that cause CJD, AD, 

and Parkinson’s disease respectively. There is no any single medication effective for 

ND at present.  

 Bracket fungi are a complex group of mushrooms formed by different 

representatives of Basidiomycetes (Agaricomycetes). Among basidiomycetes, 

polypores represent the most important bracket fungi with diverse morphology of 

fruiting bodies (Hibbett et al., 2014). The polypores are wood-inhabiting bracket fungi 

with potentially useful economic and medicinal properties (Sanchez, 2009; Wasser, 

2010). 

 Polyporaceae is the most striking family of Basidiomycetes explored for the 

genera Ganoderma. Microporus is the least explored bracket fungus with 12 genera, 

which have not yet been studied more to reveal its medicinal impacts. So, the present 

study is mainly focused on the two species of the least explored Microporus (M. affinis 

and M. xanthopus). 

 Microporus xanthopus (Fr.) Kunt., a tropical lignicolous species is found on 

rotting wood. The fruiting body is dark brown with white margin and a stipe of 2.5 

cm long. The upper portion is dark brown in color and the lower surface is white with 

numerous minute pores. The initial stage of the fruiting body is simply a white fleck 

on the wood surface. This enlarges into a hemispherical cushion up to a millimetre 

wide and elongates to develop the stipe. Mature fruiting bodies have funnel-shaped 

caps that are thin and concentrically zoned in various shades of brown, usually with a 

pale margin (sometimes wavy). The cap can be up to 150 mm wide. The fertile lower 

surface of the cap is white to dull yellow and can extend down the stipe. The central 

or off-centre stipe can be up to 40 mm long and 5 mm wide, expanding at the top. It 

is included in medicinal mushrooms (Bagyalakshmi et al., 2016). The vernacular 

name is ‘kulat lading’ (Torres et al., 2020). 

 Microporus affinis (Blume T. & Nees) Kunt., is an important polypore that 

grows on dead trunks of trees. It was earlier known under the genera Polyporus. It is 

a thin, flat, leathery bracket fungus banded with colour varying from light yellowish, 

brown to black usually darker at the centre and creamy white margin in the upper 
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surface and white fine pores on the lower surface with an eroded edge and lateral stipe. 

The vernacular name is ‘kulat bitakan’ (Torres et al., 2020). 

 Briefly, considering all these aspects, the present study was set with a focus 

on the exploration of the two species of Microporus viz., M. xanthopus and M. affinis. 

Based on the aforesaid background, the study emphasized the following objectives: 

 To reveal chemical constituents by qualitative and quantitative analyses 

 To unravel the non-volatile and volatile metabolites of the fungus by HR- 

LC/MS and GC/MS analysis. 

 To evaluate the free radical scavenging potential of the fungi 

 To screen the cytotoxic potential of two fungal species using Allium cepa 

bioassay 

 To decipher the antiproliferative potential of fungi on the DLD1 (Human 

Colorectal Adenocarcinoma) cell line. 

 To determine the in vitro neuroprotective effect of two species of fungi on 

IMR 32 (Neuroblastoma cells) cell line by MTT assay  

 To determine apoptosis by acridine orange and ethidium bromide double 

staining 

 To carry out in vitro ROS measurement using DCFDA (2, 7 –

Dichlorofluorescein diacetate) 

 To validate apoptosis by flow cytometry 

 To elucidate gene expression analysis by qRT PCR 
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REVIEW OF LITERATURE 

  

The term mycology is derived from the Greek words, ‘Mykes’ which means 

mushroom and ‘Logos’ that means discourse or ‘study of’. Etymologically, it is the 

study of mushrooms and indeed that was how mycology began in the dim past. 

Antonio Von Leeuwenhoek’s invention of microscope in 17th century led to the 

beginning of systematic study of fungi. The man who deserves the honor of being 

called as the founder of the science of Mycology is Pier’ Antonio Michelli, the Italian 

botanist who in 1729 published Nova Plantarum Genera in which his researches on 

fungi were included (Alexopoulos et al., 1996).   

Fungi are the group of organisms with diverse nature. In the past, their quick 

arrival has stimulated the talk of “spontaneous generation”. What we see as the fungus 

is only a fruiting body, one stage of a complex life history that takes place mostly 

underground (Hall, 1977). 

Nowadays, there are so many scientists, biologists and botanists studying and 

exploring the world of fungi. At the same time, many people have a very negative 

concept regarding fungi as they are disease causing organisms. Although this 

impression is not entirely wrong, importance of fungi are far better than already 

assumed. Their significant role is also highlighted. The wonder drug “penicillin” is 

the most important example. Without fungi, we would not have leavened bread, 

cheeses, beer, wine, and other alcoholic beverages (Idaya, 2001).  This kind of focus 

on fungi have given extra attention in the 1970s and many researches were done to 

ensure the safety of medicinal impacts and the role of chemical constituents found in 

these fungi. In the past decade, this research has accelerated and the products of 

importance have been marketed in larger amounts (Miles & Chang, 1997).  In 1991, 

different products from fungi have marketed at an approximate rate of US$1.2 billion 

due to their medicinal and tonic significance. This was based on the sale value of the 

products from Coriolus, Ganoderma, Lentinula, Schizophyllum and few other 

mushrooms (Chang & Miles., 1993). An estimated value of US$8.5 billion was there 

for edible fungi in that year. Thus, one can see that the value of mushroom products 
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was not an insignificant amount. It has been proved that mushrooms are useful in 

different ways especially in medicinal aspects that led to the large-scale production of 

mushrooms. In 1999, world production of mushrooms amounted to US$18 billion, 

roughly equal to the value of coffee sales (Wassor, 2002).       

i. Fungal systematics 

Fungi represent a heterogenous (polyphyletic) group of organisms. While 

mycologists have learned a great deal about fungi in the last 30 – 35 years, there was 

still no agreement as to how the best to classify the fungi nor will there likely be any 

agreement at a later time (Idaya, 2001).  Basidiomycetes are a large and diverse group 

of fungi and include different forms commonly known as mushrooms, boletes, 

puffballs, earthstar, stinkhorns, bird’s–nest fungi, jelly fungi, bracket or shelf fungi, 

rust, and smut fungi (Reshetnikov & Tan, 2001).  

Basidiomycetes are considered to be a very interesting group of fungi given 

their exceptional adjustment abilities to accommodate themselves to the detrimental 

conditions of the environment where they constantly act as natural lignocellulose 

destroyers (Peralta et al., 2017).  

Distribution of macro fungi decreases day by day mainly because of  the 

improper handling of mushrooms in collection site, destruction of forest, and by 

varying climate. Macro fungi are cosmopolitan in nature and occur seasonally in 

various habitats all over the world (Ao et al., 2016). 
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 Systematics of Basidiomycetes: 

(Source: Gams, 2002) 
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Polyporales represent the most explored group of fungi. According to 

MycoBank, there have been 577 taxonomic proposals in Polyporales from 2010 to 

2017, including 42 new genera and one new family, Fragiliporiaceae (Zhao et al., 

2015). Over the same period, 2183 publications with the keyword “Polyporales” are 

recorded in PubMed. 2183 publications are reported in PubMed with a keyword of 

“Polyporales” during that period. Because of the role as decomposers, Polyporales are 

taken into special attention by mycologists.  

Bracket fungi are the representatives of Polyporales, a group of 

morphologically distinct, basidiomycetes. Most of them grow on dead and decayed 

wood. Shelf fungi or bracket fungi are one among them with a woody and 

semicircular/ circular fruiting body (conks) Bracket fungi are characterized by the 

short or absence of stipe. (Fogel & Rogers, 2006). These fungi are reported to possess 

various medicinal activities. Johnston (2005) reported that Ganoderma lucidum is 

used in TCM (Traditional Chinese Medicine) for the treatment of cancers. Sliva 

(2006) and Stanley et al. (2005) also mentioned that G. lucidum is a popular medicinal 

mushroom and used in TCM in Asian countries over the past two millennia and 

preserve human vitality and promote longevity. G. lucidum is one of the most used 

“herbs” in Asia and preclinical studies have established that the polysaccharide 

fractions have potent effects (Chen et al., 2006). Lin et al. (2006) referred G. tsugae 

Murrill as the Chinese mushroom ‘Songshan lingzhi’, which is cultivated in Taiwan 

and used extensively to treat diseases. Stanley et al. (2005) have demonstrated that G. 

lucidum induces apoptosis, inhibits cell proliferation and suppress cell migration of 

highly invasive human prostate cancer cells PC-3. 

ii. Medicinal importance of Basidiomycetes 

Folk medicines use mushrooms for the treatment of various ailments. 

Polypores have been of great interest to those looking for novel medicinal compounds, 

owing to their rich history of medicinal use by various cultures (Ryvarden, 1993). The 

activities of hypertension, hyperglycemia, hepatitis, chronic bronchitis, bronchial 

asthma and liver protection have been demonstrated from the fruiting bodies and 

cultured mycelia of G. lucidum (Yuen & Gohel, 2005).  Shieh et al., 2001 reported 
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the superoxide scavenging activity of G. lucidum may led to the hepatic and renal 

protection. According to Lakshmi et al., 2006, fruiting bodies of G. lucidum collected 

from South India is found to possess antimutagenic activity. Antioxidant defense was 

restored with the extract of G. lucidum and reported to prevent hepatic injury. Besides 

this, several compounds with medicinal properties like triterpenoids and 

polysaccharides. They have been isolated from Ganoderma species. Antifungal and 

antibacterial activity was also reported. Wang & Ng (2006), isolated ‘Ganodermin’, 

an antifungal protein from fruiting bodies of G. lucidum (Curtis) Karst. Ganodermin 

was found to possess antifungal activity. Wang et al. (2006) isolated an antifungal 

polypeptide from fresh fruiting bodies of Polyporus alveolaris.  

Studies on macrofungi have been an area of importance for scientists in 

particular and people in general, because of their role in human welfare, in food 

industry, in medicines and biodegradation (Ozturk et al., 2003). Diversity studies 

macrofungi have been conducted long years ago, but worldwide distribution is 

understudied. Mycologists continue to unravel the unexplored, hidden and fascinating 

fungal biodiversity as many macrofungi are becoming extinct or facing the threat of 

extinction because of habitat destruction and global climate change (Swapana et al., 

2008). 

 Nowadays, medicinal mushrooms are regarded as functional foods and exist 

as over-the-counter health supplements used in complementary and alternative 

medicines (Rathees et al., 2012; Ayeka, 2018).  

Traditional medicine was found to use Inonotus obliquus, commonly known 

chaga in Russia. Since the 16th century, it has been used as a folk remedy to treat 

cancer, diseases of the digestive system, and tuberculosis (Zjawiony, 2004). Recent 

studies claim its anti-AIDS, anti-aging, blood lipid decreasing, blood pressure 

lowering and immune-stimulating effects (Zhang et al., 2009).  

To treat headache, nausea, and hepatic problems, Fomitopsis pinicola was 

used. Moreover, due to their astringent effects the fruit bodies have been used as 

haemostatics and anti-inflammatory agents (Leeser, 1987).  
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Many reviews focused exclusively on polypores, which are considered a major 

source of pharmacologically active natural products. The secondary metabolites of 

polypores exhibit a wide range of biological activities such as antimicrobial, antiviral, 

antifungal, anticancer, cardiovascular, anti-inflammatory, antioxidant, 

immunostimulating, nematocidal, and other activities (Stametes, 2002). 

Table 1: List of some mushrooms with medicinal importance: 

Mushroom species Medicinal uses 
Auricularia auricula - 
judae 

Antitumor, to prevent coagulation, 
hypocholesterolemia 

Auricularia polytricha Anticoagulant, reduction in cholesterol level 
Cantharellus cibarius Antimicrobial 
Coprinus disseminatus Antitumor 
Daldinia concentrica  Remedy for allergic problems in skin and wound 

healing 
Fomes fomentarius Fever 
Ganoderma lucidum  Antiviral, to eradicate bacteria and fungi anticancer  
Hygrocybe conica Antitumor 
Lactarius piperatus  Antitumor, antibacterial, antioxidant 
Lentinus edodes Antitumor,  to treat HIV, natural antitode  
Lentinus squarrosulus Used as nutraceutical  
Phellinus linteus To treat blood circulation disorders, cancer 
Pleurotus ostreatus Antibacterial, hypocholesterolemic, anticancer, 

antiviral 
Pleurotus pulmonarius  Anti-HIV, hyperglycemic 
Pycnoporus cinnabarinus  Wound healing 
Microporus xanthopus To prevent children from breastfeeding 
Russula cyanoxantha  Antitumor, antioxidant  
Schizophyllum commune  Anticancer (drug Schizophyllan) 
Trametes gibbosa  Anti inflammatory, antitumor, antiviral 
Trametes versicolor Anticancer (drug Krestin), antiviral, antibacterial, 

antifungal  
Lycoperdon perlatum Against microbes 

Sources: Chang & Miles, 2004; Das, 2009; Deshmukh, 2004; Ao et al., 2016; Khastini et al., 
2018 
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iii. Edible mushrooms 

In earlier studies, mushrooms are evaluated for nutritional value and 

pharmacological importance. Mushrooms form an important source of active 

pharmaceutical products. Medicinal mushrooms represent an important source of 

polysaccharides. Higher Basidiomycetes mushrooms contain biologically active 

polysaccharides in fruit bodies, cultured mycelia and cultured broth (Wasser, 2002; 

Wasser, 2010; Smith et al., 2003). Moreover, mushrooms are rich in minerals like K, 

Ca, P, and Mg. Because of low sodium and high potassium concentration, they have 

a Na+/ K+ ratio of less than 0.6, being thus a good food option amongst other 

vegetables for hypertensive individuals (Rajarathnam et al., 1998).  Mushrooms are 

an excellent source of selenium and copper (Feeney et al., 2014; Murugesan, 2017).  

In comparison to vegetables and fruits, mushrooms contain tocopherols, carotenoids, 

ascorbic acid, phenolics, and ergosterol being most abundant (Sánchez, 2010).  

Due to hard and corky nature, many of the polypores are not edible with some 

exceptions like young fruiting body of Laetiporus sulphureus which is commonly 

called “chicken polypore” or “chicken of the woods”. In some parts of Germany and 

North America, it is being used as an alternative for chicken. However, 

gastrointestinal problems have been reported after eating this fungus as well as the 

occurrence of severe adverse effects including allergic reactions, vomiting, and fever 

(Jordan, 1995; Watling, 1997).  

Anti-β-glucan antibodies in man has been increased by the intake of fresh 

mushrooms. There was also a report to provide better defense against pathogenic fungi 

by the Ohno group from Japan (Ishibashi et al., 2001).  Edible mushroom comprises 

a maximum number of all essential amino acids (Hyes, 1978) with arginine, glutamic 

acid and aspartic acid being the most abundant ones (Manzi et al., 1999). In 2010, 

Dembitsky et al., reported that mushrooms can be considered as a great alternative to 

animal products. Indeed, lysine and tryptophan, which are absent in vegetables, are 

present at high concentrations when compared to cysteine and methionine 

(Murugesan, 2017).  



Review of Literature 

 22

Consumption of edible mushrooms can provide up to 25% of the 

recommended dietary fiber intake since mushrooms are a good source of different 

dietary fiber including ß-glucans, polysaccharide-protein complexes (PSPC), chitin, 

hemicellulose, mannans and xylans (Rathore et al., 2017).  

Many edible mushrooms (mostly Basidiomycetes) are good sources of 

carbohydrates such as β-glucans; phenolics such as tocopherols; B-vitamins such as 

niacin, flavin and pyridoxine; organic acids such as ascorbate, shikimate, malate and 

fumarate; monoterpenoids and diterpenoids; lipids; proteins such as hydrophobins and 

trace elements such as selenium (Aggarwal et al., 2012; Iwalokun et al., 2007; Yim et 

al., 2010). These substances are found to be responsible for the antimicrobial, 

antitumor, anti-aging, and antioxidant potentials of mushrooms (Lindequist et al., 

2005). 

iv. Nutraceutical values of Basidiomycetes 

Mushrooms have got global attention because of their significant role in 

medicine and for culinary purposes. Some mushrooms are regarded as nutraceuticals 

(Ribeiro et al., 2007; Yaltirak, 2009). In 2018, Muszy`nska et al., reported that low-

fat content of mushrooms is the remarkable feature of their low calories. The total 

energetic value of 1 kg of fresh mushroom is between 250 to 350 calories 

(Panneerselvam et al, 2009; Sánchez, 2010). The dry matter of mushrooms comprises 

around 50% - 65% carbohydrates, 19% - 35% proteins, and 2 % - 6% fat (Rathore et 

al., 2017). Regarding fats, mushrooms are rich in polyunsaturated, monounsaturated, 

and saturated fatty acids such as palmitic acid, oleic acid, and linoleic acid (Kavishree 

et al., 2008; Muszy’nska et al., 2018). There are some reports on mushroom products 

for culinary and medicinal purposes. Thereby consumers are interested in these so-

called “mushroom nutraceuticals”. The market value of mushroom dietary 

supplement products from Ganoderma lucidum species alone worldwide is estimated 

to be $5-6 billion per year, with $1.6 billion for the United States (Chang & Buswell, 

1999; Wasser et al., 2000). Since mushrooms grow in any kind of waste materials 

such as decayed wood, dried leaves of paddy, sawdust etc., wild edible mushrooms 

form the major source of nutrient rich food for tribes. In general, mushrooms are the 
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chief source of nutritional food and are often regarded as “poor man’s meat”. It is very 

clear that mushrooms have the potential to provide a healthy diet to the rural tribal 

population (Ao et al., 2016). Mushrooms are called  “host defense potentiators” as 

they are abundant in different nutrients, antioxidant substances and  the property of 

lowering cholesterol level (Wani et al., 2010). Many workers have carried out studies 

on the nutritional analysis of different species of mushrooms where it is reported that 

the different species of mushrooms are rich in protein (30% - 48%), carbohydrate 

(12.5% - 40%), fat (1% - 4%), ash (7% - 17%), fiber (16% - 20%) etc. (Pushpa & 

Purushothama, 2010; Manikandan, 2011). Reports by Feeney et al. (2014) and 

Murugesan (2017) revealed the richness of vitamins like niacin (B3), pantothenic acid 

(B5), and riboflavin (B2). Studies conducted by Pankavec et al. (2019) and Rὀzsa et 

al. (2019) have also mentioned the presence of other vitamins such as thiamin (B1), 

pyridoxin (B6), cobalamin (B12), biotin (B7) and calcipherol (Vitamin D). The only 

non - animal-based food that contains vitamin D are mushrooms (Feeney et al., 2014; 

Murugesan, 2017). 

v. Secondary metabolites       

Secondary metabolites are the key for drug development. Mushroom 

compounds of therapeutic interest are secondary metabolites like lactones, terpenes, 

alkaloids, antibiotics etc., strengthen the therapeutic value of mushrooms, which 

favors the functioning of immune system. Different enzymes like laccase, superoxide 

dismutase, glucose oxidase and peroxidase were reported in various medicinally 

important mushrooms. It has been shown that enzyme therapy plays an important role 

in cancer treatment preventing oxidative stress and inhibiting cell growth (Wasser & 

Weis, 1999b; Zaidman et al., 2005).  

For the discovery of drugs, medicinally important mushrooms play a pivot 

role. “Blockbuster drugs” like antibiotics (penicillin, tetracycline and erythromycin), 

antiparasitics (avermectin), antimalarials (quinine, artemisinin), lipid control agents 

(lovastatin and analogs), immunosuppressant for organ transplants (cyclosporin, 

rapamycin) and anticancer drugs (taxol, doxorubicin) revolutionized medicine (Li & 
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Vederas, 2009). Different chemicals present in fungi led to the discovery drugs as 

listed above.     

Several excellent review articles have been published on the subject of 

biologically active secondary metabolites from Basidiomycetes (Wasser & Weis, 

1999c; Reshetnikow & Wasser, 2001). There are a number of publications describing 

the antimicrobial properties of secondary metabolites isolated from various polypores 

(Mothana et al., 2000; Smania et al., 1998; Abate & Abraham, 1994). Extracts of 

fruiting bodies of Ganoderma lucidum, G. pfeifferi and G. resinaceum found to 

possess antibacterial activity against Bacillus subtilis. For example, two secondary 

metabolites, ganomycin A and ganomycin B isolated from G. pfeifferi showed 

moderate growth inhibition of several bacterial strains, particularly Gram-positive 

strains such as B. subtilis, Staphylococcus aureus, and Micrococcus flavus (Mothana 

et al., 2000). In 2007, Ribeiro et al. reported that the mushrooms contain several 

bioactive compounds such as cinnamic acid, ergosterol and p-coumaric acid, p-

hydroxyl benzoic acid, and protocatechuic acids. 

Consumption of Laetiporus sulphureus has been reported to cause 

hallucinations. Therefore, it has been assumed that this species might contain 

alkaloids similar to those found in psychoactive plants (Appleton et al., 1988). 

Polypore species are mainly noted for this kind of hallucinogenic effects. 

Previous studies on crude extract of the European wood-rotting fungus 

Trametes versicolor (as Polyporus versicolor) reported the presence of cytotoxic, 

polyoxygenated ergosterol derivatives (Valisolalao, 1983).  

Mushrooms are well known for their nutritional and medicinal value (Acharya 

et al., 2007; Chatterjee et al., 2011; Biswas et al., 2012; Acharya et al., 2012; 

Chatterjee et al., 2013). In 2012, Chen et al. reported that mushrooms play a crucial 

role in treating various diseases. Many edible mushrooms especially Basidiomycetes 

are good sources of carbohydrates such as β-glucans; phenolics such as tocopherols; 

B-vitamins such as niacin, flavin and pyridoxine; organic acids such as ascorbate, 

shikimate, malate and fumarate; monoterpenoids and diterpenoids; lipids and proteins 

such as hydrophobins (Yim et al., 2010; Aggarwal et al., 2012; Iwalokun et al., 2007). 
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These substances in mushrooms are found to be responsible for their antimicrobial, 

antitumor, anti-aging, and antioxidant potentials (Lindequist et al., 2005).  

Terpenes are the compounds responsible for the antioxidant, anticancer and 

anti- inflammatory activities among many other biological activities exerted by 

mushrooms (Sánchez, 2017b; Ruan & Popovich, 2012).  

In a study conducted by Chepkirui et al. (2018), revealed the isolation, 

structure elucidation, and biological activity of microporenic acid A−G (1−7) as well 

as seven new diterpenes with an attached isocitric acid moiety from cultures of a 

Microporus species (Polyporales). This forms the first reported metabolites from this 

group of fungi. 

In an earlier study by Liew et al. (2015), Microporus xanthopus indicated the 

absence of triterpene, alkaloid and steroid content and demonstrated weak saponin 

activities. 

The chemical profiling of the methanolic extract of Hexagonia tenuis was 

determined by using GC/MS analysis. Different types of compounds were determined 

and were categorized into 13 classes of compounds such as esters, alcohols, acyl 

halides, ketones, quinolines, phenols, carboxylic acids, fatty acid esters, fatty acids, 

alkenes, sterols, triterpenoids and hydrocarbons (Aneesh & Thoppil, 2019). 

Previous works of Takaku et al. (2001) have shown that ergosterol may exhibit 

some degree of antitumor property. According to Rajakumar et al. (2007), ergosterols 

are known to act as biological precursors of vitamin D hence they can be grouped as 

provitamins. GC/MS analysis of Agrocybe aegerita conducted by Zhang et al. (2003) 

revealed the presence of linoleic acids and ergosterol. Ergosterol has shown mild 

antioxidant activities. 

vi. Important bioactivities 

a. Antimicrobial activity 

Nature is the ultimate source of wide range of medicinally important 

compounds for many years. Emergence of antibiotic resistant bacteria is a major issue. 
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Nowadays, the need to discover new and more potent agents as accessories or 

alternatives to antibiotic therapy is stronger (Butler, 2004; Lam, 2007). 

Earlier studies reported the antimicrobial activities of extract of Ganoderma 

lucidum. Wang & Ng (2006) isolated ‘Ganodermin’, an antifungal protein from 

fruiting bodies of G. lucidum. Ganodermin is reported to hinder the growth of 

mycelium of Botrytis cinerea, Fusarium oxysporum, and Physalaspora piricola. 

Wang et al. (2006) isolated an antifungal polypeptide from fresh fruiting bodies of 

Polyporus alveolaris. Growth of mycelium in B. cinerea, F. oxysporum, 

Mycosphaerella arachidicola and P. piricola, can be controlled by antifungal 

polypeptide called alveolarin.  

A study conducted by Parkash & Sharma (2016) revealed the antimicrobial 

potential of aqueous and ethanolic extracts of bracket fungi such as Ganoderma 

lucidum and Polyporus officinalis against four phytopathogenic fungi (Alternaria 

solani, Curvularia lunata, Aspergillus terreus and F. oxysporum) along with bacteria 

(E. coli and Bacillus subtilis). Ethanolic extract of G. lucidum was found to retard the 

growth of A. solani, C. lunata, A. terreus and F. oxysporum at the concentrations of 

500 ppm and 1000 ppm. While the aqueous extract was able to prevent completely 

the growth of A. terreus and F. oxysporum at 1000 ppm and 500 ppm concentrations. 

Anti-fungal activity of ethanolic extract of P. officinalis, against A. solani and A. 

terreus was reported at 1000 ppm concentration. In case of C. lunata and F. 

oxysporum, complete inhibition was reported at the concentration of 1000 ppm and 

250 ppm. Ethanolic extract of G. lucidum was screened for antibacterial properties 

and it was found a zone of inhibition of 0.09 mm against E. coli at a concentration of 

1000 ppm and the inhibitory zone of 0.05 mm against B. subtilis at the concentration 

of 250 ppm. Aqueous extract of G. lucidum was not able to show any inhibitory action 

against E.  coli and B. subtilis. A maximum inhibitory zone of 10 mm was reported 

for E. coli at a concentration of 1000 ppm in the ethanolic extract of P. officinalis and 

for B. subtilis a mild inhibitory zone having a diameter of 0.2 mm was reported at 250 

ppm concentration. From these studies it was clear that G. lucidum and P. officinalis 

are having considerable amount of antimicrobial properties.  
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According to Hleba et al. (2014) the methanolic extracts of both fungi 

Ganoderma lucidum and Trametes versicolor showed the strongest antimicrobial 

activity against Saccharomyces cerevisiae. However, these fungal extracts exhibited 

a lower antimicrobial activity against Gram positive microorganisms. On the other 

hand, antibacterial activity has been observed against Gram-positive bacteria using 

the basidocarp extract of G. lucidum and G. orogonense Murr.  (Kim et al., 1993). 

Sudirman & Muziyati (1997) observed that seven Indonesian Ganoderma species 

inhibit the growth of Bacillus subtilis. Coletto & Mondino (1991) noted that 

methanolic extract of G. recinaceum Boud and G. lucidum inhibited Bacillus subtilis 

Cohn. G. recinaceum also inhibited Staphylococcus aureus Rosen.  

Studies conducted on antimicrobial activity by Keypour et al. (2008) showed 

that the chloroform extract of G. lucidum had antibacterial effect against two Gram 

positive bacteria, Bacillus subtilis and staphylococcus aureus. However, negative 

results were observed against the other tested bacteria such as E. coli and 

Pseuedomonas aeruginosa. 

In a study conducted by Chepkirui et al. (2018), all the compounds 

(microporenic acids A-G) were tested for their antimicrobial activities against various 

bacteria (Bacillus subtilis DSM 10, Micrococcus luteus DSM 1790, Staphylococcus 

aureus DSM 346 and Escherichia coli DSM 498) and some fungi (Mucor plumbeus 

MUCL 49355, Candida tenuis MUCL 29982 and Pichia anomala DSM 6766). 

Moderate antimicrobial activities were observed against Bacillus subtilis, 

Micrococcus luteus, and Staphylococcus aureus for compounds 4 and 5. While, 

compounds 1-5 were observed for moderate activity against M. luteus. Compounds 4 

and 5 also showed better activity against fungi such as Candida tenuis and M. 

plumbeus. 

Fomitopsis officinalis exhibits many vital biological activities. Chlorinated 

coumarin from mycelia has been used for the treatment of pulmonary diseases, 

especially tuberculosis, and pneumonia, where it showed antibacterial activities 

toward M. tuberculosis and Bacillus pneumoniae as well as other microorganisms 

(Girometta, 2019).  
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Liew et al. (2015) reported the high antimicrobial activity of Microporus xanthopus 

against Clostridium difficile, Streptococcus pyogenes, Pseudomonas aeruginosa, 

Staphylococcus aureus and Escherichia coli. 

b. Antioxidant activity 

Oxidation is a necessary process for many living organisms for the production 

of energy (Aziz et al., 2007). However, numerous physiological processes and 

external factors (Fig. 1) occasionally produce oxygen centered free radicals and other 

reactive oxygen species (ROS), which may contribute to diseases like atherosclerosis, 

diabetes, cancer, and cirrhosis (Halliwell & Gutteridge, 1984).  

 

Fig. 1: Factors affecting ROS 
[Reference: Das & Roychoudhary, 2014] 

Most organisms have evolved antioxidant defense and repair systems to 

protect them against oxidative damage; however, these systems are insufficient to 

prevent the damage entirely (Simic, 1998). Thus, the researches on finding 

antioxidants in normal food items is highly appreciable. Free radical scavenging assay 

like DPPH assay is the common and reliable method for screening antioxidants. In the 

presence of an antioxidant, the DPPH radical obtains one more electron, and the 

absorbance decreases (Koleva et al., 2002).  
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Antioxidant activity may vary with the nature of the extract and the portion of 

mushroom used. Alcohol extract of Tricholoma giganteum possesses better 

antioxidant activity than water and ethyl acetate extract (Chatterjee et al., 2011). 

Antioxidant activity depends on the portion of the mushroom. Methanol extract of the 

cap portion from T. portentosum showed better antioxidant activity than its stipe 

portion, although both are lower than the entire mushroom (Ferreira et al., 2007).    

Studies conducted by Kim et al. (2008) reported that medicinal mushrooms 

had various phenolic compounds that have shown limitless potential in functional 

foods and medicinal industries and also confirmed that the phenolic content of 

mushroom could make a significant contribution to the antioxidant properties. Brief 

study on different mushroom species such as Pleurotus tuber-regium, Termitomyces 

robustus, Lentinus squarrosulus, Pleurotus ostreatus, Pleurotus sajor-caju and 

Auricularia auricula conducted by Obodai et al. (2014) has reported a trend in 

decreasing order of elements and that was Fe > Pb > Zn > Cu > Mn respectively.  

Reactive oxygen species (ROS) are induced by various sources which can be 

endogenous or exogenous (Fig. 2). 

 

Fig. 2: Endogenous and exogenous sources of ROS 
[Reference: Pandey & Rizvi, 2010] 
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Complete prevention of damages induced by oxidation stress is not possible 

even when organisms show antioxidant properties. Thus, there is need for external 

supply of antioxidants to reduce oxidative damage in human beings. 

  Nowadays, the consumption of mushrooms has increased in large amounts 

even when it has been used for many years. Phenolic acid, flavonoids, tocopherols, 

ascorbic acid, and carotenoids are the major components of mushrooms. 

Polysaccharides are also important biologically active ingredients (Khatua et al., 

2013). Free radicals like reactive oxygen species (ROS) and reactive nitrogen species 

(RNS) are produced in aerobic organisms through normal cellular metabolism. 

Oxidative stress can be avoided by maintaining the balance between antioxidant 

defense system and free radicals. Natural antioxidants promote the endogenous 

defense system to reduce damages due to oxidative stress. In general, mushrooms 

contain oxidative resistant constituents such as phenols, flavonoids, tocopherols, 

carotenoids and ascorbic acid that act as a rich source of antioxidants (Anusiya et al., 

2021). Based on the ability of donating hydrogen ions, chelating metals and 

scavenging superoxide and free radicals, antioxidant properties of mushroom extracts 

can be classified. Phenolic compounds are responsible for antioxidant activities in 

mushroom extracts through acting as decomposers of peroxidase, activators of metals, 

oxygen scavengers or inhibitors of free radicals (Dziezak, 1986). Phenolic compounds 

are the main category of chemical components that are responsible for the antioxidant 

activity of mushroom species (Kurutas, 2015). Phenolic compounds are aromatic 

hydroxylated compounds, possessing aromatic rings with one or more hydroxyl 

groups (Apak et al., 2007).  Mushrooms contain phenolic acid, which forms the major 

phenolic compound. Due to the presence of phenolic hydrogen, phenolic acid shows 

antioxidant properties. Studies by Ferreira et al. (2009) reported that gallic acid, 

caffeic acid, quercetin, rutin, vanillin etc., are a variety of phenolic compounds 

detected in wild mushrooms. Flavonoids are actually phenolic compounds having 

antioxidant properties. Generally, fungi are not able to produce flavonoids. 

Exceptionally, flavonoids have been reported in some mushrooms such as Lactarius 

piperatus (Barros et al., 2007). Tocopherol is the essential component of biological 
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membrane. Among the four different types (α, β, γ and δ), α-tocopherol has the highest 

antioxidant activity (Kamal-Eldin & Appelqvist., 1996). 

In an earlier study, ethanolic extract of Agaricus bisporus was screened for 

antioxidant properties. For the antioxidant assay, the extract exhibited greater 

antioxidant activities against superoxide radicals, hydroxyl radicals and reduction of 

ferric ions (Liu et al., 2013).  

Another study revealed the antioxidant property of Inonotus obliquus, which 

is commonly used for the treatment of therapy. The methanolic extract of the fungus 

was identified with a strong scavenging effect against DPPH and ABTS radicals (Lee 

et al., 2007a). The methanolic extract of Pleurotus florida was examined for its higher 

antioxidant activity as established by DPPH, hydroxyl and superoxide radical assays 

together with nitric oxide, reducing power and metal chelating assays (Menaga et al., 

2013).  

Fortunately, organisms are able to fight against the damages caused by free 

radicals. If the equilibrium of this antioxidant defense system is disturbed, 

deterioration of physiological functions may occur (Mau, 2002). Thus, use of dietary 

supplements that contain antioxidants is highly promoted. Butylated hydroxyanisole 

(BHA), butylhydroxytoluene (BHT), propyl gallate and tert-butylhydroxyquinone are 

the widely used synthetic antioxidants. But these have restricted use in the food 

industry because of its harmful effects in causing liver damage and carcinogenic. 

Therefore, there is great interest in using natural additives as potential antioxidants 

(Sherwin et al., 1990).  

Free radicals are molecules or molecular fragments containing one or more 

unpaired electrons (Halliwell & Gutteridge, 1997). In general, these are unstable and 

attack easily the nearest stable molecule to acquire the required electron for attaining 

stability. From the previous study reports, different sources of free radicals are 

represented in Fig. 3. Free radicals derived from molecular oxygen are usually known 

as ROS and represent the most important class of radical species generated in living 

systems (Ferreira et al., 2009). 
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Fig. 3: Major sources of free radicals and chemistry behind the generation of 
free radicals (Blokhina et al., 2003; Cheeseman & Slater, 1993). 

 

The term ROS includes not only free radicals such as superoxide radical and 

hydroxyl radical but also molecules such as hydrogen peroxide, singlet oxygen and 

ozone (Blokhina et al., 2003) Superoxide anion is considered as the primary ROS as 

it forms by addition of one electron to molecular oxygen. 

Over production of free radicals and different conditions like atherosclerosis, 

cardiovascular diseases, cancer, cirrhosis, diabetes, lung diseases, neurological 

disorders etc., are correlated. Valko et al. (2007) and Rai et al., 2011 have published 

excellent reviews on the effect of free radicals on diseases. In 2007, Valko et al. 

pointed out that there is correlation between O2 intake and aging process. i.e., oxygen 

consumption and the life span are inversely propotional.  
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Different types of reactive oxygen species of biological interest with their 

mode of generation are summarized as follows: 

 

(Resource: Blokhina et al., 2003; Valko et al., 2007; Cheeseman & Slater, 1993; Muller et al., 
2004; Pastor et al., 2000; Gill & Tuteja, 2010; Devasagayam et al., 2004; Schweitzer & 
Schmidt, 2003) 

The degenerative diseases associated with aging include cancer, 

cardiovascular disease, immune system decline, brain dysfunction and cataracts 

(Ames et al., 1993). They are also associated with free radicals because oxidative 

damage to DNA, proteins and other macromolecules accumulates with age and has 

been postulated as a major type of endogenous damage leading to aging (Fraga et al., 

1990). Earlier studies suggested that tissue damage and cell death are mainly due to 

O2 centered free radicals and ROS. Fig.4 represents the different sources and 

formation of free radicals. 
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Fig. 4: Formation of free radicals 
[Saha & Roy, 2017] 

c. Cytotoxicity 

The cytotoxicity of aqueous extracts from fruiting bodies of polypore species 

such as Fomes fomentarius, Fomotopsis pinicola and Inonotus obliquus were reported 

in earlier studies (Cheng et al., 2008; Chen et al., 2011; Song et al., 2008). The 

cytotoxic activity of polypore extracts is mostly associated with the presence of 

polysaccharides, although numerous smaller molecular weight cytotoxic polypore 

metabolites also are known (Mizuno, 1999; Mizuno et al., 1995). A rare example of a 

cytotoxic monoterpene is montadial A, which is isolated from the polypore 

Bondarzewia montana (Sontag, 1999). In a previous study, Montadial A is reported 

for its cytotoxic effects against cancer cell lines L1210 (lymphocytic leukemia cells) 

in mice at a concentration of 10 µg/mL and also against HL60 (promyelocytic human 

leukemia cells) at 5 µg/mL. Studies conducted by Elbatrawy et al. (2015) reported 

that Agaricus bisporus and Pleurotus sajor-caju shows cytotoxicity against both the 

larynx and breast carcinoma cell lines.   

In vitro cytotoxicity (IC50) of compounds 1− 5 and 7−9 (microporenic acids 

A-G from Microporus species) was determined by Chepkirui et al. (2018) against 
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mouse fibroblast L929 and HeLa (KB-3.1) cell lines. Mild cytotoxicity was observed 

against KB3.1 cell line by compound 1. But no activity was noticed for the remaining 

compounds against KB3.1 and L929 cell lines.  

In a study conducted by Wu et al. (2009) lanostane-type triterpenoids,which 

was reported in F. officinalis extract, showed anticancer activity. It was found to 

inhibit eukaryotic DNA polymerase, a feature which allows it to be a cytotoxic agent 

and helpful as a cancer chemotherapeutic agent (Kim et al., 2002).  

Earlier studies conducted by Aneesh & Thoppil (2019) reported the cytotoxic 

impetus of Hexagonia tenuis in Allium cepa root tip. The studies revealed a number 

of chromosomal aberrations such as chromatin erosion, bizarre nucleus, chromosome 

laggards, pulverized chromosomes, binucleate cell, nuclear lesions, chromosome 

bridge, chromosome rosette, hyperchromasia, coagulated chromosomes, stathmo-

anaphase, ghost cell, cytomixis, cytostasis, shift in microtubule organizing centre 

(MTOC), C-metaphase, macro and micro cell, hypoploid cell, diagonal chromosomes, 

stickiness, tripolar anaphase and strap cell. This potential of inducing different types 

of chromosomal aberrations will be a stepping stone towards the antitumor activities 

of the fungal extract.  

 In an earlier study by Aneesh & Thoppil (2020), Micrporus affinis has been 

tested for in vitro anticancer efficacy by using MTT assay on DLD1 cell line. 

Antitumor and antioxidant properties may be due to the presence of sterols and esters. 

Morphological changes in cells like rounding and shrinkage forms the indicator of 

cytotoxicity.  

In a study conducted by Elbatrawy et al. (2015), the cytotoxic effects of 

extracts of four different mushrooms such as Pleurotus ostreatus, P. sajor-caju, 

Agaricus campestris and A. bisporus were evaluated using 2 cancer cell lines of larynx 

carcinoma (HEp-2) and breast carcinoma (MCF-7). 

d. Anticancer activity 

Cancer is a multifactorial condition which is characterized by the loss of 

growth factors. These abnormal malignant cells can evade the tumor suppressor 
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factors of the human immune system, then develop to tumors and destroy adjacent 

tissues (Saeidnia & Abdollahi, 2014). Chemotherapy, radiation therapy, surgery and 

immunotherapy are the widely accepted treatments for cancer. However, while many 

cytotoxic agents are known to science (which could in principle serve as 

chemotherapeutic agents), only few of them specifically target tumor cells and are less 

toxic to regular, healthy human tissue (Petrelli et al., 2012; Cai et al., 2013; 

Zugazagoitia et al., 2016). 

Tumor is a malignant neoplasm, an abnormal mass of tissue which results due 

to the abnormal proliferation of cells (Nowell, 1986; Franks, 1997; Anand et al., 2008; 

Place et al., 2011). Antitumor agent is the substance that able to act against the 

malignant tumor. Triterpenes isolated from Ganoderma species have been identified 

as a potent anticancer agent (Paterson, 2006; Cheng et al., 2010; de Silva et al., 2012a; 

Wu et al., 2012). Medicinal mushrooms are the source of biologically active 

metabolites which shows anticancer properties at low level of side effects. Previous 

studies reported that bioactive metabolites isolated from mushrooms provide 

favorable effects in controlling and preventing development of tumors (de Silva et al., 

2012b; Petrova, 2012; Xu et al., 2012a).  

Some Basidiomycetes like Trametes versicolor, Ganoderma lucidum, 

Lentinus edodes, Grifola frondosa are clinically used for cancer treatment in Asian 

countries (Mizuno et al., 1995; Wasser et al., 1997). Activity of these mushrooms is 

generally related to the presence of polysaccharides which are considered as 

‘Biological Response Modifiers’ (BRM).  

In 2004, Thomasi et al., tested the crude methanol extracts of Basidiomycetes 

fruiting bodies for their ability to inhibit the in vitro the growth of two murine cancer 

cell lines: L1210 (lymphocytic leukemia) and 3LL (Lewis lung carcinoma). IC50 

values were compared with the methanol extract of the bark of Taxus baccata. Against 

both the cell lines fungal extract shown to possess less IC50 than that of 100 mg/mL. 

According to the standards of the National Cancer Institute (NCI), a crude extract may 

be considered significantly cytotoxic with IC50≤ 20 mg/mL (Cordell, 1993). The 

extracts from Suillus granulatus and Ganoderma lucidum were more active and 

exhibited a significant cytotoxic activity against both cell lines, IC50 L1210 ═ 4.7 
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mg/mL; IC50 3LL ═ 6.8 mg/mL and IC50 L1210 ═ 15 mg/mL; IC50 3LL ═ 10 mg/mL 

respectively.  

There is some promising evidence, indicating that the consumption of some 

fungal extracts helps in protecting against certain cancers especially breast and 

gastrointestinal (Kim et al., 2002; Hara et al., 2003). Johnston (2005), reported that 

Ganoderma lucidum is used in TCM (Traditional Chinese Medicine) for the treatment 

of cancers. Stanley et al., 2005 conducted studies in prostate cancer cells PC-3 and 

reported that G. lucidum induced apoptosis and thereby inhibit the proliferation of 

cells. Lanostane-type triterpenoids, which was reported in Fomitopsis officinalis 

extract, showed anticancer activity (Wu et al., 2009). It was found to inhibit eukaryotic 

DNA polymerase, a feature which allows it to be a cytotoxic agent and helpful as a 

cancer chemotherapeutic agent (Akihsa et al., 2004). 

Wu et al. (2014) reported that the ethanol extracts of F. officinalis exhibit 

stronger anticancer activities than that of water extracts toward human breast cancer 

(MDA-MB-231) cells, hepatoma (HepG2), colon cancer (HCT-116), lung cancer 

(A549), and mouse sarcoma 180 cells (S-180).  

Table 2: mushroom species with effect on different types of cancer  

Mushrooms Cancer type Reference 

Grifola frondosa Liver cancer 

Breast cancer 

Lin et al., 2016 

Soares et al., 2011 

Lentinus critinus Breast cancer Arora et al., 2014 

Lentinula edodes Lung cancer Liu et al., 2012 

Pleurotus ferulae Gastric cancer Wang et al., 2014 

Termitomyces clypeatus Brain, lung, breast and 
ovary cancer 

Mondal et al., 2016 

Ganoderma lucidum Liver cancer Yang et al., 2013 

Fomes fomantarius Lung cancer Kim et al., 2015 

Inonatus obliquus Colorectal cancer Kang et al., 2015 

Phellinus linteus Colon cancer 

Liver cancer 

Song et al., 2011 

Yang et al., 2013 

Pleurotus pulmonarius Liver cancer Xu et al., 2012b 

Fomitopsis officinalis Breast, colon and lung 
cancer 

Wu et al., 2014 
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e. Apoptosis 

Apoptosis is a type of programmed cell death in which unwanted cells are 

eliminated to maintain homeostasis. Cell proliferation and apoptosis are two related 

conditions and are important for regulating tumor growth.  Mostly studies are focused 

on bringing cell death via apoptosis so that cellular contents could be eliminated from 

the system without spillage. The process of apoptosis is represented as follows (Fig. 

5): 

 

Fig. 5: Mechanism of apoptosis 
[Reference: Abou-Ghali & Stiban, 2015] 

 

Suppressed cell death and dysregulated cell proliferation together provide 

underlying platform for the neoplastic progression (Evan & Vousden, 2001). 

According to Tu et al. (1996) loss of apoptotic control in favor of cell proliferation is 

responsible for prostate cancer initiation and progression. Lesions suppress the rate of 

apoptosis in tumor cells. Thus, targeting these lesions is the major strategy in cancer 

treatments. It has been found that many cancer chemotherapy drugs exert anticancer 

effects on malignant cells by inducing apoptosis. In a study by Oh et al. (2008) 

demonstrated that the extracellular polysaccharide peptide complexes (PPC) obtained 

by submerged mycelial culture of Cordyceps sphecocephala strongly inhibited the 

growth of human hepatocarcinoma (HepG2) and human neuroblastoma (SK-N-SH) 
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cells by promoting cell apoptosis involving the expression of apoptosis related 

proteins.  

According to Kobayashi et al. (1998), one of the major genes that regulate 

apoptosis is the proto oncogene Bcl-2., Bax death promoting molecule which 

counteracts the anti-apoptotic effects of Bcl-2. The ratio of Bcl-2 to Bax, rather than 

the levels of individual proteins are considered to be critical in determining the 

survival or death of cells (Fukamachi et al., 1998; Oltvai et al., 1993).  

In cells undergoing apoptosis, there is an activation of proteases known as 

caspases, which have an obligatory cysteine residue with the active site and cleaves 

peptides adjacent to an aspartic acid residue (Thornberry, 1997). Caspase cascade has 

been extensively demonstrated to be involved in apoptotic signal transduction and 

execution (Budihardjo et al., 1999; Salvesen & Dixit, 1997). Human caspases 1-10 

have been described and activation of the caspase cascade is involved in chemical 

induced apoptosis (Martin & Green, 1995). Inactive proenzymes contain caspases 

which are activated by proteolytic cleavage.  

There are two major pathways involved in apoptosis viz., intrinsic and 

extrinsic (Fig. 6). Each pathway is coordinated by several apoptotic factors including 

caspases and cytochromes. 

 
Fig. 6: Intrinsic and extrinsic pathway of apoptosis    

[Reference: Badalzadeh et al., 2015]                    
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 Cancer cell lines 

Normal cells follow a typical cycle growth, division and death. While cancer 

cells, don't follow this pattern. Cancer cells multiply and continue to reproduce other 

abnormal cells. Cancer cell lines widely used to study different types of cancer. These 

cell lines can invade breast, liver, lungs, pancreas etc., of human body.  

Table. 3 types of cancer cell lines 

Cancer cell lines Cancer type References 

H157, H226, H358, H661, 
H460, H322, H187, N417                     

Lung cancer Viallet et al., 1996 

Kessler et al., 2007 

MCF-7, MDA-MB- 435, B-
Cap37, MDA-MB231, SKBr-3, 
BT-474, MCF7/HER2-18 

Breast cancer  Liu et al., 1996 

Staveren et al., 2009 

Kobayashi et al., 1999 

PC-3, DU 145, LN CaP, TSU-
Pr1, LAPC4, C4-2b, 22Rv1 

Prostate cancer Li et al., 2004 

Polkowski et al., 2004 

Brussel et al., 1999 

Siddique et al., 2011 

LoVo, Colo-205, WiDr, DLD1, 
HCT 116, HT-29, HCT-15, 
COLO 320DM,   

Colorectal cancer Csernus et al., 1999 

Polkowski et al., 2004 

Akutsu et al., 1995 

Chen et al., 1995 

Tarapore et al., 2013 

Farah et al., 2003 

Awad et al., 1996 

Baskar et al., 2010 

H-4-II-E, HepG2, SK-HEP-1, 
Hep3B, MHCC-LM3, HLF, 
KYN-1, KYN-2, KYN-3, HAK-
1A, HAK-1B, HAK-2, HAK-3, 
HAK-4, HAK-5, HAK-6 

Liver cancer Watjen et al., 2007 

Selvendiran et al., 2006 

Lee et al., 2011 

Oh et al., 2006 

Li et al., 2010a 

SGC-7901, KATOIII, EPG85-
257RDB, EPG85 -257RNOV,   
AGS, MKN-28, MKN-45 

Gastric cancer Drag et al., 2009 

Zhao et al., 2009 

Wu et al., 2008 

Zhang et al., 2009 

Kobayashi et al., 1999 

GBC-SD Gall bladder cancer Lee et al., 2011 
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SW-1990, CAPAN-2, CfPAC1, 
AsPC1, Mia PaCa-2 

Pancreatic cancer Zhou et al., 2010 

Miyazawa et al., 2011 

Csernus et al., 1999 

Morrissey et al., 2005 

A2780, OV-1063, OAW28, 
OAW41M, OAW42, OAW59M, 
HO-8910, MCAS, TYK-Nu 

 

Ovarian cancer Król et al., 2015 

Turner et al., 1995 

Chen et al., 2003 

Treeck et al., 2005 

Kawakami et al., 2000 

Csernus et al., 1999 

GOTO, NB-1, SK-N-AS Neuroblastoma Rzeski et al., 2009 

Król et al., 2015 

Mullauer et al., 2009 

SF295 Brain cancer Oliveira et al., 2007 

U937, K562, Jurkat E 6.1, HL-
60 

Leukemia Król et al., 2015 

Rzeski et al., 2009 

Li et al., 2010a 

Park et al., 2007 

HeLa, SiHa Cervical cancer Liu et al., 2007 

Wang et al., 2006 

MDA1986, TU159, SCC-4, 
HSC-3, HSC-4, Ca9-22, KB, 
Ho-1-u-1 

Oral cancer Lee et al., 2007b 

Yang et al., 2008 

Sato et al., 1997 

Otsubo et al., 2007 

 

According to Kishida et al. (1998), DLD1 is the colorectal adenocarcinoma 

cell line that shows a truncated adenomatous polyposis coli (APC) protein. It has been 

isolated from the large intestine of a colon adenocarcinoma patient which displayed 

epithelial properties such as a cobblestone cell shape and can be used in cancer 

research. These DLD1 cells are adherent, with a doubling time of approximately 20 

hours.  

MTT assay is widely used to characterize the cell viability. It is used to 

measure the viability of cells.  In this assay, yellow tetrazolium salt is reduced to the 

violet-blue formazan compounds with the activity of succinate dehydrogenase 

enzyme present in mitochondria. The absorbance of formazan solution obtained after 
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solubilizing formazan crystals in an organic solvent like DMSO can be measured 

spectrophotometrically at 570 nm (Stockert et al., 2018). 

f. Neuroprotective effects: 

Neurodegenerative conditions are most common in aged people. Most 

common neurodegenerative disorders include Parkinson’s disease, amyotrophic 

lateral sclerosis and Alzheimer’s disease (Brown et al., 2005). Memory loss and a lack 

of neuronal function are most important symptoms. These disorders are increasing 

day by day. Developing treatments for these conditions remains challenging with the 

forthcoming increase in neurodegenerative disorders (Khan et al., 2020). 

Genetic risk factors play a role in neurodegeneration’s causes, such as the 

aggregation of toxic proteins and mitochondrial dysfunction (Meek et al., 1998; Khan 

et al., 2020). The common risk factor is age for these disorders. Other possible 

components may include oxidative stress, neuroinflammation, vitamin deficiencies, 

lifestyle behaviors, diabetes, hypertension, stroke and other pre-existing conditions 

(Brown et al., 2005). 

 

Fig. 7: Different causes of neurodegeneration 
[Reference: Patel & Mandal, 2019] 
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Number of environmental factors are included in the process of 

neurodegeneration. Cellular homeostatic disruption can happens due to various stress, 

which ultimately leads to changes in normal cellular function and  finally results in 

cell death. 

The mechanism of cell death and dysfunction occurring in neurodegenerative 

diseases are represented in Fig. 8. 

 

Fig. 8: Mechanism of cell death and cell dysfunctioning 

In normal conditions process of autophagy is in low level. According to 

Adinew et al. (2021), autophagy is controlled by numerous pathways targeting 

multiple disease states, including viral and bacterial infections, cancer, diabetes and 

neurodegenerative diseases. Under stressful conditions autophagy is activated to 

eliminate excess damaged cellular proteins and organelles. It is the report in case of 

several neurodegenerative diseases. Autophagic dysfunction contributes mainly  to 

these disorders. 
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Recently, flavonoids have been investigated for their anti-inflammatory and 

antitumor properties and their connection to autophagy (Zhang et al., 2018; Zhang et 

al., 2013). Some beneficial effects of flavonoids in oncology and pathology are 

commonly coupled with their activity on autophagy and non-apoptotic cell death (Li 

et al., 2008). Multiple articles showed that flavonoids could induce autophagy both, 

in vivo and in vitro, resulting from their antioxidant activity in proteosomes and 

mitochondrial endoplasmic reticulum (Hasima & Ozpolat, 2014). Earlier studies show 

flavonoids to possess antibacterial and antiviral activities which in turn promotes the 

activation of autophagy. 

Neuroinflammation and oxidative stress can initiate neurodegeneration. 

Neuroinflammation is an inflammatory response of the central nervous system (CNS) 

caused by complex immune responses to injury in the brain (Brown et al., 2005; Khan 

et al., 2020; Meek et al., 1998). These injuries lead to the stimulation of glial cells and 

the secretion of inflammatory cytokines, which cause complications associated with 

neurodegenerative disorders (Disabato et al., 2016). Oxidative stress is generated from 

numerous factors, such as abnormal protein accumulation, high trafficking of calcium 

ions across the neurons, disturbance in peroxidation, and polyunsaturated fatty acid 

homeostasis (Cobley et al., 2018). The activation of multiple biochemical pathways 

induces damage to proteins, DNA and lipids, resulting in the death of neuronal cells 

(Guo et al., 2014). 

Studies have shown that the expression and activity of Nrf2 are reduced in 

both aged mice and humans (Duan et al., 2010; Suh et al., 2004). Since oxidative 

stress, mitochondrial dysfunction, and inflammation are characteristics of the aging 

brain and aging is the leading risk factor of neurodegeneration, Nrf2 is an appealing 

target for clinical medication (Brandes & Gray, 2020). 

According to Chen et al. (2017), one of the most common (60–75%) forms of 

dementia is Alzheimer’s disease (AD). Accumulation of amyloid-beta (Aβ) is the 

characteristic feature of AD. Amyloid-beta is a long polypeptide which contain 37–

49 amino acids. It commonly seen in the external part of neurons in the brain. Some 

metabolic defects such as hyperglycemia, insulin resistance, dyslipidemia, increased 
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biomarkers of inflammation, chronic neuroinflammation, and oxidative stress can 

cause AD. 

Alpha synuclein is a protein with 140 amino acids. It is encoded by the gene 

(SNCA gene) that provides instructions for the formation of a small protein called 

alpha- synuclein. These are mainly seen in neural tissue. It is a member of the protein 

family of synuclein which includes β-Synuclein and γ-Synuclein. Presynaptic nerve 

terminals of neurons are characterized by the presence of alpha synuclein. Alpha 

synuclein is a major constituent of Lewy Bodies. This protein has an important role 

in dopamine metabolism (Nimmo et al., 2021). According to Nimmo et al. (2021), 

amyloid beta and alpha-synuclein are the two key proteins involved in the 

pathogenesis of these neurodegenerative diseases.  

 

Fig. 9: Comparative changes in a healthy man and a man with Parkinson’s 
disease [Reference: Fields et al., 2019] 

 

The effect of some compounds isolated from mushrooms, such as muscarine, 

muscimol and ibotenic acid, on the nervous system has been studied (Yavorsky & 

Lukyanetz, 1997). Neurotrophic effects of extracts of H. erinaceus (Grygansky et al., 

2001; Moldavan et al., 1999a), Amanita sp. (Moldavan et al., 1999b; Moldavan et al., 

2000a), Lentinus edodes (Moldavan et al., 2001a; Moldavan et al., 2002), 
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hallucinogenic mushroom Psilocybe cubensis (Moldavan et al., 2000b) and other 

higher Basidiomycetes (Moldavan et al., 1999c; Moldavan et al., 2001b) have also 

been reported. 
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MATERIALS AND METHODS 

 

The present work has been designed to study mycochemical characterization 

and bioactive screening of Microporus xanthopus (Fr.) Kunt. and Microporus affinis 

(Blume & T. Nees) Kunt. The experimental procedures and protocols followed 

throughout the entire study are presented in this section. Mycochemical 

characterization was carried out by qualitative and quantitative estimation as well as 

with HR-LC/MS and GC/MS techniques. Bioactive screening was mainly focused on 

the antioxidant, antimicrobial, cytotoxic, antiproliferative and neuroprotective 

potential of two species of Microporus. Special emphasis was given to the 

neuroprotective effects of M. xanthopus.  

1. FUNGAL MATERIALS 

Two species of Microporus (M. affinis and M. xanthopus) were selected for 

the present study. Fruiting bodies of both the species were collected from the premises 

of Pookode lake, Wayanad; Thusharagiri wild life sanctuary, Kozhikode; Iringole 

kavu (near Perumbavur), Ernakulam; Kava (behind Malampuzha), Palakad; 

Paithalmala, Kannur and Sky walk area (premises of Calicut University campus), 

Malappuram, Kerala. Collected specimens were authenticated by Dr P. 

Manimohanan, Professor (Retd), Department of Botany, University of Calicut and Dr 

Arun Kumar T. K., Assistant Professor, Department of Botany, Zamorin’s 

Guruvayurappan College, Kozhikode. 

Description of fungal specimens collected  

Among the 12 species of Microporus (accepted by Index fungorum as on 

2017), two species were selected.  

Division : Basidiomycota 

Class  :  Basidiomycetes 

Order  :  Polyporales 

Family  :  Polyporaceae 

Genus  :  Microporus 
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a). Microporus xanthopus (Fr.) Kunt. 

M. xanthopus (Plate 1) is commonly called yellow footed polypore. 

It is mainly distributed in moist deciduous to evergreen forests and occurs 

solitary or in large clusters on decaying wood, branches and twigs. The term 

xanthopus is derived from two Greek words and literally means ‘yellow foot’. The 

mature fruiting bodies have thin, funnel shaped caps that are concentrically zoned in 

various shades of brown. Mushroom cap 4-9 cm wide, dark brown, violet brown at 

disc, brownish orange towards margin, shiny, concentrically sulcate, radially 

fibrillose with concentric zonation. Margin of cap is thin and wavy. The lower surface 

is white to pale brown in colour and is covered with numerous minute pores (6-8 pores 

per mm), hence the general name polypore. Pore surface off white becomes brownish 

orange. Pores are round, smooth and shiny. Stipe is central to excentric, yellowish 

white, round, slightly expanded upwards and expanded to a disc like base. Stipe is 4-

10 cm long and 2-6 cm wide.  

b). Microporus affinis (Blume & T. Nees) Kunt. 

In 1826, German botanists Carl Ludwig Blume and Theodor Nees described 

first it as a species of Polyporus. Otto Kuntze transferred it to Microporus in 1898. It 

is a widespread polypore that is common in tropical and subtropical regions of both 

the Northern and Southern hemispheres. Usually members grow in groups on fallen 

wood. 

M. affinis (Plate 2) looks like a tiny Ganoderma species, but it has thinner 

context than Ganoderma. It is found to be growing gregariously and sometimes the 

caps are fused with each other.  

Fruiting body is thin and leathery. Cap is 1-5 cm in size. Upper surface is dry 

with a velvety texture due to an irregular covering of fine hairs. It is characterized by 

the presence of approximately parallel bands of purple, brown, cream or black of 

varying widths with the outer margin white. Lower surface is white to fawn and finely 

pored (3-5 pores per mm). Stipe is up to 2 cm long, hard and brown to reddish often 

black coloured. It has lateral stipe. M. affinis is distinguished from M. xanthopus by 
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its lateral stipe which never has the yellow disc. Pores are thick walled, squarish to 

oval shaped, white or pale pink in colour. Spore print is white. The literature suggests 

that spores are colourless and do not stain in iodine solution. Flesh is tough and 

leathery white. From literature, M. affinis is found to be edible.  

2. METHODOLOGY 

For the convenience, work has been divided into three phases. 

Phase I:   Mycochemical characterization 

Phase II:  Bioactivity screening 

Phase III: Detailed study on neuroprotection in M. xanthopus 

PHASE I: MYCOCHEMICAL CHARACTERIZATION 

To detect the presence of metabolites in the methanolic extract, different 

standard qualitative tests were used. For the determination of non-volatile and volatile 

compounds in the fungal extract, chromatographic techniques like HR-LC/MS and 

GC/MS were used.  

a). Qualitative mycochemical screening 

   The entire fruiting body was used for the present study. For the preparation of 

extract, collected specimens were shade dried and powdered using blender and stored 

in moist free sealed containers for further use. For preliminary mycochemical 

screening, 3 different extracts were prepared using the solvents like hexane, methanol 

and distilled water. Extracts were prepared by mixing   10 g of powder of fungal 

material with 100 mL of each solvent separately and were allowed to stand overnight. 

Then these extracts were filtered using Whatman filter paper No.1 and the filtrates 

thus obtained were used for qualitative mycochemical analyses.  

The 3 different extracts of fungal materials were subjected to preliminary 

mycochemical analyses to detect the presence of bioactive secondary metabolites 

using standard protocols (Sofowara, 1993; 2005; Harborne, 1998). 



Materials and Methods 

 50

i. Tests for alkaloids 

 Wagner’s test 

A few drops of Wagner’s reagent (Appendix 1) are added to the test tube 

containing 1 mL of the extract. The formation of reddish-brown precipitate indicates 

the presence of alkaloids 

 Hager’s test 

To 1 mL of the extract, Hager’s reagent (saturated picric acid solution) is 

added. The formation of an orange-yellow coloured precipitate indicates a positive 

test. 

ii. Tests for flavonoids 

 Alkaline reagent test 

One mL of the extract was treated with a few drops of NaOH solution. 

Formation of an intense yellow colour which disappears on the addition of dilute HCl 

indicates the presence of flavonoids. 

 Lead acetate test 

A few drops of lead acetate solution were added to 1 mL of the extract. 

Precipitate with yellow colour indicates the presence of flavonoids. 

iii. Test for phenolic compounds 

 FeCl3 test 

2 mL of the extract was treated with a few drops of Ferric chloride solution. 

Formation of blue-black colour indicates the presence of phenols. 

iv. Test for glycosides 

 Keller Killiani test 

Five mL of the extract was treated with 2 mL of glacial acetic acid and a drop 

of FeCl3 was added to it. It was underlaid by 2-3 drops of concentrated H2SO4. Glacial 
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acetic acid containing 1% (w/v) FeCl3 gives a brown ring in the presence of 2- 

deoxysugar in the glycone portion the mycochemical.   

v. Test for saponins 

 Foam test 

About 2 mL of the extract is diluted with 2 mL of distilled water. The 

suspension was shaken well and observed for a stable persistent froth. Formation of a 

persistent layer of foam indicates the presence of saponins.  

vi. Test for steroids 

 Leibermann- Burchard test 

The extract was mixed with 1 mL of chloroform and 3 mL of acetic anhydride. 

Concentrated H2SO4 was added to the mixture along the sides of test tube to form a 

layer underneath. Formation of blue-green colour indicates the presence of steroids. 

vii. Test for tannins 

 Braymer’s test 

About 2 mL of the extract is treated with 10% alcoholic FeCl3 solution. 

Development of blue green colour indicates the presence of tannins. 

viii. Test for terpenoids 

 Salkowski test 

Three mL of chloroform was added to 5 mL of the extract and mixed well. 

Concentrated H2SO4 was added to this mixture along the sides of the test tube to form 

a layer.  

b). Quantitative mycochemical screening 

 Preparation of extract: 

Methanolic extract showed higher amount of precipitation as well as colour 

intensity in most preliminary mycochemical tests among the three different fungal 
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extracts prepared. It indicates the grater quantity of secondary metabolites and also 

exhibited maximum number of chemical constituents. Thus, methanol was selected as 

the solvent for the preparation of fungal extracts for all further studies.  

For a duration of 10 hours, 30 g of powdered samples were subjected to 

Soxhlet extraction using methanol as a solvent. The methanolic extract thus obtained 

was cooled, filtered through a Whatman No. 1 filter paper and concentrated by 

removing entire solvent. For further experiments, final extract was stored in amber 

coloured glass bottles at 40C. 

Among the major chemical constituents revealed from qualitative 

mycochemical screening, alkaloids, terpenoids, total carbohydrate and proteins were 

estimated using standard protocols as described below. 

i. Estimation of alkaloids:  

The total alkaloid estimation was performed by spectrophotometric method of 

Dragendorff’s reagent (Appendix 2) as it was described by Sreevidya & Mehrotra 

(2003). Caffeine was used as the standard. For stock preparation, 1 mg of each extract 

was accurately weighed and made upto 1 mL with DMSO. 0.5 mL of samples were 

mixed with 1 mL of 0.5 N HCl. Then 0.25 mL of Dragendroffs reagent was added to 

this mixture for precipitation and the precipitate was centrifuged over 5 minutes at 

3000 rpm. This precipitate was further washed with 0.25 mL of ethanol. The filtrate 

was discarded and the residue was then treated with 0.25 mL of disodium solution 

(1%). The brownish black precipitate formed was then centrifuged for 5 minutes at 

3000 rpm. This residue was dissolved in 0.2 mL of concentrated nitric acid and 0.1 

mL was then pipetted out and mixed with 0.5 mL of thiourea solution (3%). The 

absorbance of this solution was measured at 435 nm using UV-visible 

spectrophotometer (Agilent, Cary 60) against a blank containing 0.1 mL of 

concentrated nitric acid and 0.25 mL of thiourea solution (3%) and the total alkaloid 

content of the extracts were calculated and expressed in milligram caffeine equivalent 

per gram of dry weight (mg CE/g DW).  All the samples were analysed in triplicates.  
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ii. Estimation of terpenoids: 

The total terpenoid content was determined by spectrophotometric method 

using the following procedure (Biswas et al., 2021). Lupeol was used as the standard. 

One mg of extract was dissolved in 1 mL of methanol. Then, 100 µL of each 

of these solutions was mixed with 150 µL of vanillin – glacial acetic acid solution 

(Appendix 3) and 500 µL of perchloric acid solution (Appendix 4). The sample 

solutions were heated for 45 min at 60ºC and then cooled in an ice – water bath to 

ambient temperature. After the addition of glacial acetic acid (2.25 mL), each sample 

solution’s absorbance was measured at 548 nm using a UV-Visible 

spectrophotometer.  The calibration curve was plotted with the concentrations of 

lupeol as 100, 200, 400, 800 and 1000 µg/mL. The total terpenoid content of the 

extract was expressed in milligram lupeol equivalent per gram of dry weight (mg LE/g 

DW).  All the samples were analysed in triplicates.  

iii. Estimation of total protein: 

The total protein estimation was done by Lowry’s method. Bovine Serum 

Albumin (BSA) was used as the standard. Protein solution was prepared by dissolving 

50 mg of BSA in distilled water and made up to 50 mL. 0.1 mL of the sample was 

taken and made up to the volume of 1 mL. Then 5 mL of alkaline copper solution 

(Appendix 5) was added to each test tube including the blank (water), mixed well and 

incubated at 37˚C for 3 minutes. Then 0.5 ml of Folin-Ciocalteau reagent (Appendix 

6) was added, mixed well and incubated at 37˚C for 3 minutes. Absorbance was 

measured at 660 nm. A standard graph was plotted and calculated the amount of 

protein in the sample. 

iv. Estimation of total carbohydrate: 

The estimation of total carbohydrates is done by phenol sulphuric acid method. 

Glucose was used as the standard. To 500 µL of the sample, 1 mL of phenol solution 

was added. To this solution, 5 mL of 96% sulphuric acid was added and shaken well. 

After 10 minutes, it was placed in water bath at 25-300 C for 20 minutes. After cooling, 
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the absorbance was taken at 490 nm. The amount of total carbohydrate present in the 

sample was calculated using the standard graph of glucose.  

c).  High Resolution - Liquid Chromatography/ Mass Spectrometry (HR-

LC/MS) analysis 

Identification of non-volatile components in the methanol extract of selected 

species of Microporus was done with HR-LC/MS analysis. Chromatographic 

separations were performed using HR-LC/MS Q-TOF (Agilent, USA) equipped with 

an electrospray ionization source maintained at 400 C. Column employed for 

separation is G4226A, 4.6 mm × 250 mm dimensions with a particle size of 5 µm. 

The gradient flow was at the rate of 0.3 mL/min. The elution was performed using a 

mobile phase consisting of 95% water and 5% acetonitrile. Injection volume was 3 

µL and the total run time was 30 min. The eluted compounds were detected with MS 

Q-TOF equipped with an electrospray ion source in positive ion modes using 

nebulizer gas as nitrogen 13 L/min; gas temperature at 2500 C and nozzle voltage as 

1000 V. 

d). Gas Chromatography/ Mass Spectrometry (GC/MS) analysis 

The volatile compounds present in the methanolic extracts were mainly 

evaluated by using GC/MS (Shimadzu QP-2010 plus) analysis with a thermal 

desorption system TD 20, fitted with 60 m × 0.25 mm × 0.25 m WCOT column coated 

with diethylene glycol (AB-Innowax 703142, Japan).  Helium was used as the carrier 

gas at a flow rate of 1.2 mL/min at a column pressure of 77.6 kPa. The temperature of 

injector and detector were maintained at 2600 C. Samples (8 µL) were injected into 

column with a split ratio of 10:0. Separation of the components was achieved with a 

linear temperature program of 70-2600 C at 30 C/min and then held at 2600 C for 6 

min. The total run time was 40-45 min. The parameters used for Mass Spectrometry 

were electron ionisation (EI) voltage 70 eV, peak width 2 s and detector voltage 1.5 

V. The constituents were identified by comparison of their linear retention indices. 

The MS pattern was checked with pure compounds of known composition and 

compared with MS fragmentation patterns of National Institute of Standards and 

Technology (NIST) libraries and quantification was done by using percentage peak 

area calculation.  
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 PHASE II: BIOACTIVITY SCREENING 

a) Free radical scavenging assays 

Extract stock preparation 

To prepare stock solution for antioxidant activity of the methanolic extracts, 

10 mg of extract was dissolved in 1 mL of DMSO. From the stock, different 

concentrations like 125, 250, 500, 1000 and 2000 µg/mL were prepared for the assays 

such as nitric oxide free radical scavenging activity, hydroxyl radical scavenging 

assay and reducing power activity. The concentrations like 12.5, 25, 50, 100 and 200 

µg/mL were taken for DPPH assay. In reducing power assay, the absorbance itself is 

considered as a percentage of inhibition. While the inhibition percentage in all the 

three assays were calculated as follows: 

Inhibition (%) = 
�����

��
 × 100 

Where ‘Ac’ and ‘As’ are the absorbance values of control and sample respectively. 

Each extract was tested in triplicates and values expressed in mean ± SE. 

i. DPPH scavenging assay 

The radical scavenging activity of different extracts was determined by using 

DPPH assay according to Chang et al. (2001). 0.1 mM DPPH solution was prepared 

by dissolving 4 mg of DPPH in 100 mL of methanol. Ascorbic acid (10 mg/mL 

DMSO) was used as standard. Different concentrations of sample such as 12.5 µg/mL 

- 200 µg/mL from stock solution of 10 mg/mL were made up to a final volume of 20 

µL with DMSO and 1.48 mL DPPH (0.1 mM) solution was added. A control without 

the test compound, but an equivalent amount of distilled water was taken. The reaction 

mixture was incubated in dark at room temperature for 20 minutes. Then the 

absorbance of mixture was taken at 517 nm. 3 mL of DPPH was taken as control. The 

percentage of inhibition was calculated using the above-mentioned formula. 
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ii. Hydroxyl radical scavenging assay 

For this assay, gallic acid was taken as the standard. Different concentrations 

of sample such as 125 – 2000 µL were mixed with 500 μL reaction mixture [2-Deoxy 

2 ribose (2.8 mM), FeCl3 (100 µm), EDTA (100 μm), H2O2 (1.0 mM), ascorbic acid 

(100 μm) in KH2PO4 - KOH buffer (20 mM of pH 7.4)] and was made up to a final 

volume of 1 mL (Elizabeth & Rao, 1990). Distilled water without test compound was 

taken as the control. After incubation for 1 hour at 37°C, added 1 mL of 2.8% TCA, 

then 1 mL 1% aqueous TBA was added and the mixture was incubated at 90°C for 15 

minutes to develop the colour. After cooling the absorbance was measured at 532 nm 

against an appropriate blank solution. The percentage of inhibition was calculated 

using the above-mentioned formula. 

iii. Nitric oxide radical scavenging activity 

The determination of nitric oxide free radical scavenging activity was done by 

using the method of Kumaran & Karunakaran (2006). Sodium nitroprusside (5 

mmolL-1) in phosphate buffered saline (Appendix 7) with pH 7.4, was mixed with 

different concentrations of sample such as 125 µg/mL - 2000 μg/mL and incubated at 

25° C for 30 minutes. Distilled water without test compound was taken as the control. 

After 30 minutes, 1.5 mL of the incubated solution was removed and diluted with 1.5 

mL of Griess reagent (Appendix 8). Absorbance was measured at 546 nm and the 

percentage of scavenging activity was measured with reference to the standard as 

gallic acid.  

iv. Reducing power activity 

The reducing power of the extract was determined by the method of Yen & 

Duh (1993). Quercetin (10 mg/mL of DMSO) was used as a standard. Different 

concentrations of sample such as 125 µg/mL-2000 µg/mL were mixed with 2.5 mL 

of phosphate buffer (200 mM) with pH 6.6 and 2.5 mL of 1% potassium ferric cyanide 

was added, then boiled for 20 minutes at 50°C. Distilled water without test compound 

was taken as the control. After incubation, 2.5 mL of 10% TCA were added to the 

mixtures followed by   centrifugation at 3000 rpm for 10 minutes. The upper layer (5 
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mL) was mixed with 5 mL of distilled water and 1 mL of 0.1% ferric chloride was 

added and absorbance was taken at 700 nm. 

b). Cytotoxicity by Allium cepa assay 

Germinated bulbs with roots having 1-2 cm length were collected at the peak 

mitotic period (09 - 09.30 am) and washed thoroughly with distilled water. Roots of 

germinated bulbs were treated with varying concentrations (5 µg/mL, 10 µg/mL, 50 

µg/mL and 100 µg/mL) of the extracts taken in bottles, in such a way that only the 

roots were immersed in the solution. Root tips were cut from bulbs placed in the 

samples of each concentration at different time intervals such as ½ h, 1 h, 2 h, 3 h and 

24 h. Hydrogen peroxide and distilled water were taken as the positive and negative 

control respectively.  

The treated root tips were washed thoroughly with distilled water and 

immediately fixed in modified Carnoy’s fluid (Appendix 9) for a period of 1 h. With 

the help of improved techniques (Sharma & Sharma, 1990), mitotic squash 

preparation was done. After 1 h of fixation, root tips were washed with distilled water 

and hydrolysed using 1N HCl for 5 min to separate the cells during squashing. Then 

it was washed and stained with 2% acetocarmine (Appendix 10) for 3 h. Destaining 

was done by using 45% acetic acid. Finally, it was squashed and mounted on clean 

glass slides. 

Mitotic index and percentage of abnormality were calculated using the 

following formulas: 

                             Mitotic index =  100
cells ofnumber  Total

cells dividing ofNumber 
  

   Abnormality percentage = 100
cells ofnumber  Total

cellsaberrant  ofNumber 
  
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c). Antiproliferative efficacy of Microporus  

 For antiproliferative studies, two cell lines were selected: 

 Human colorectal adenocarcinoma cell line (DLD1) 

 Normal fibroblast cells (L929) 

i. In vitro anticancer activity on DLD1 cell line using MTT assay 

DLD1 (Human Colorectal Adenocarcinoma) cells were initially procured 

from National Centre for Cell Sciences (NCCS), Pune, India and maintained in 

DMEM medium (Appendix 11). The cell line was cultured in 25 cm2 tissue culture 

flask with DMEM supplemented with 10% FBS, L-glutamine, sodium bicarbonate 

(Merck, Germany) and antibiotic solution containing: Penicillin (100 µg/mL), 

Streptomycin (100 µg/mL) and Amphoteracin B (2.5 µg/mL). Cultured cell lines were 

kept at 37ºC in a humidified 5% CO2 incubator (NBS Eppendorf, Germany). The 

viability of cells was evaluated by direct observation of cells using Inverted phase 

contrast microscope and followed by MTT assay.  

 Cells seeding in 96 well plate: 

Two days old confluent monolayer of cells was trypsinized and the cells were 

suspended in 10% growth medium. The 100 µL cell suspension was seeded in culture 

plate with 96 well and incubated at 37ºC in a humidified 5 % CO2 incubator.  

 Preparation of the extract and anticancer evaluation: 

One mg of sample was weighed and dissolved in 1 mL DMEM using a 

cyclomixer. The sample solution was filtered through Millipore syringe (0.22 µm) 

filter to ensure the sterility.  

After 24 hours, the growth medium was removed and different concentrations 

(100 µg, 50 µg, 25 µg, 12.5 µg and 6.25 µg in 500 µL of 5% DMEM) were prepared. 

From each concentration, 100 µL were added in triplicates to the respective wells and 

incubated at 37ºC in a humidified 5% CO2 incubator. Non-treated control cells were 

also maintained. 
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Anticancer assay by direct microscopic observation: 

Entire plate was observed after 24 hours of treatment in an inverted phase 

contrast tissue culture microscope (Olympus CKX41 with Optika Pro5 CCD camera) 

and microscopic observations were recorded as images.  Any detectable changes in 

the morphology of the cells, such as rounding or shrinking of cells, granulation and 

vacuolization in the cytoplasm of cells were considered as indicators of cytotoxicity.      

Anticancer assay by MTT method: 

Fifteen mg of MTT (Sigma, M-5655) was dissolved in 3 mL PBS and 

sterilized by filter sterilization. After 24 hours of incubation period, the sample 

content in wells were removed and 30 µL of reconstituted MTT solution was added 

to all test and cell control wells, the plate was gently shaken well, then incubated at 

37ºC in a humidified 5% CO2 incubator for 4 hours. After the incubation period, the 

supernatant was removed and 100 µL of MTT solubilization solution (Dimethyl 

sulphoxide, DMSO - Sigma Aldrich, USA) was added and the wells were mixed 

gently by pipetting up and down in order to solubilize the formazan crystals. The 

absorbance was measured by using microplate reader at a wavelength of 540 nm 

(Talarico et al., 2004). 

The percentage of growth inhibition was calculated using the formula: 

% of viability = 
���� �� �� ������

���� �� �� �������
 ×100 

ii. In vitro anticancer activity on L929 cell lines 

L929 (Fibroblast) cells were initially procured from National Centre for Cell 

Sciences (NCCS), Pune, India and maintained in Dulbecco’s modified Eagles 

medium, DMEM (Sigma Aldrich, USA). The cell line was cultured in 25 cm2 culture 

flask with DMEM supplemented with 10% FBS, L-glutamine, sodium bicarbonate 

(Merck, Germany) and antibiotic solution containing: Penicillin (100 µg/mL), 

Streptomycin (100 µg/mL), and Amphoteracin B (2.5 µg/mL). Cultured cell lines 

were kept at 37ºC in a humidified 5% CO2 incubator (NBS Eppendorf, Germany). 
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The viability of cells was evaluated by direct observation of cells by inverted phase 

contrast microscope and followed by MTT assay method.  

Cells seeding in 96 well plate: 

 Two days old confluent monolayer of cells were trypsinized and the cells were 

suspended in 10% growth medium, 100 µL cell suspension was seeded in 96 well 

tissue culture plate and incubated at 37ºC in a humidified 5% CO2 incubator.  

 Preparation of compound stock: 

One mg of sample was weighed and dissolved in 1 mL DMEM using a 

cyclomixer. The sample solution was filtered through 0.22 µm Millipore syringe filter 

to ensure the sterility.  

Cytotoxicity evaluation:  

After 24 hours, the growth medium was removed. The freshly prepared 

compound in 5% DMEM were five times serially diluted by two-fold dilution (100 

µg, 50 µg, 25 µg, 12.5 µg, 6.25 µg in 500 µL of 5% DMEM) and each concentration 

of 100 µL were added in triplicates to the respective wells and incubated at 37ºC in a 

humidified 5% CO2 incubator. Non-treated control cells were also maintained. 

Cytotoxicity assay by direct microscopic observation: 

Entire plate was observed after 24 hours of treatment in an inverted phase 

contrast tissue culture microscope (Olympus CKX41 with Optika Pro5 CCD camera) 

and microscopic observations were recorded as images.  Any detectable changes in 

the morphology of cells such as rounding or shrinking of cells, granulation and 

vacuolization in the cytoplasm of cells were considered as indicators of cytotoxicity.      

Cytotoxicity assay by MTT method: 

Fifteen mg of MTT (Sigma, M-5655) was reconstituted in 3 mL PBS until 

completely dissolved and sterilized by filter sterilization. 
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After 24 hours of incubation period, the sample contents in wells were 

removed and 30 µL of reconstituted MTT solution was added to all test and cell 

control wells, the plate was gently shaken well and incubated at 37ºC in a humidified 

5% CO2 incubator for 4 hours. After the incubation period, the supernatant was 

removed and 100 µL of MTT solubilization solution (Dimethyl sulphoxide: DMSO, 

Sigma Aldrich, USA) was added and the wells were mixed gently by pipetting up and 

down in order to solubilize the formazan crystals. The absorbance was measured by 

using microplate reader at a wavelength of 540 nm (Talarico et al., 2004). 

The percentage of growth inhibition was calculated using the formula: 

% of viability = 
���� �� �� ������

���� �� �� �������
 ×100 

iii. Determination of apoptosis using acridine orange and ethidium bromide 

(AO- EtBr) double staining 

Acridine Orange (AO) and Ethidium Bromide (EtBr) are the DNA binding 

fluorescent dyes (Sigma, USA) and were used for the morphological detection of 

apoptotic and necrotic cells (Zhang et al, 1998). AO is taken up by both viable and 

non-viable cells and emits green fluorescence if intercalated into DNA. EtBr is taken 

up only by non-viable cells and emits red fluorescence by intercalation into DNA. 

After attaining sufficient confluency of DLD1 cell lines, LC50 concentration 

of samples were added. The LC50 concentrations were 171.759 µg/mL and   193.243 

µg/mL for M. affinis and M. xanthopus respectively. After treatment with the samples, 

the cells were washed by cold PBS and then stained with a mixture of AO (100 μg/mL) 

and EtBr (100 μg/mL) at room temperature for 10 min. The stained cells were washed 

twice with 1X PBS and observed in blue filter of fluorescent microscope (Olympus 

CKX 41 with Optika Pro5 camera).  

 The cells were divided into four categories as follows: living cells (normal 

green nucleus), early apoptotic (bright green nucleus with condensed or fragmented 

chromatin), late apoptotic (orange stained nuclei with chromatin condensation or 

fragmentation) and necrotic cells (uniformly orange stained cell nuclei). 
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d. Preliminary neuroprotective study: 

Neuroprotective studies were carried out by using neuroblastoma cells (IMR 

32 cell line), purchased from NCCS (National Centre for Cell Sciences), Pune and 

was maintained in Dulbecco’s modified eagles media (HIMEDIA).  

i. In vitro neuroprotective effect determination by MTT assay 

The cell line was cultured in 25 cm2 tissue culture flask with DMEM 

supplemented with 10% FBS, L-glutamine, sodium bicarbonate and antibiotic 

solution containing: Penicillin (100 µg/mL), Streptomycin (100 µg/mL) and 

Amphoteracin B (2.5 µg/mL). Cultured cell lines were kept at 37ºC in a humidified 

5% CO2 incubator (NBS Eppendorf, Germany).  

The viability of cells was evaluated by direct observation of cells by an 

inverted phase contrast microscope and followed by MTT assay method.  

 Cells seeding in 96 well plate: 

Two days old confluent monolayer of cells were trypsinized and the cells were 

suspended in 10% growth medium, 100 µL of cell suspension (5 x 104 cells/well) was 

seeded in 96 well tissue culture plate and incubated at 37ºC in a humidified 5% CO2 

incubator.  

 Preparation of compound stock: 

 One mg of the sample was dissolved in 1 mL of DMEM using a cyclomixer. 

The extract solution was filtered through 0.22 µm Millipore syringe filter to ensure 

the sterility. Amyloid (10 µM) was added to induce toxicity. 

Cytotoxicity evaluation: 

The prepared extracts in 5% DMEM were five times serially diluted by two-

fold dilution (100 µg, 50 µg, 25 µg, 12.5 µg and 6.25 µg in 500 µL of 5% DMEM) 

and each concentration of 100 µL were added in triplicates to the respective wells and 

incubated at 37ºC in a humidified 5 % CO2 incubator. 
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Cytotoxicity assay by direct microscopic observation: 

Entire plate was observed at an interval of each 24 hours for 3 days in an 

inverted phase contrast tissue culture microscope (Olympus CKX41 with Optika Pro5 

CCD camera) and microscopic observations were recorded as images.  Any detectable 

changes in the morphology of the cells, such as rounding or shrinking of cells, 

granulation and vacuolization in cytoplasm of the cells were considered as indicators 

of cytotoxicity.      

Cytotoxicity assay by MTT method: 

Fifteen mg of MTT (Sigma, M-5655) was dissolved in 3 mL PBS and 

sterilized by filter sterilization. 

After 24 hours of incubation period, the sample contents in wells were 

removed and 30 µL of reconstituted MTT solution was added to all the test and control 

wells. The plate was gently shaken well and incubated at 37ºC in a humidified 5% 

CO2 incubator for 4 hours. After the incubation period, the supernatant was removed 

and 100 µL of MTT Solubilization Solution (DMSO) was added and the wells were 

mixed gently by pipetting up and down in order to solubilize the formazan crystals. 

The absorbance was measured by using microplate reader at a wavelength of 540 nm 

(Talarico et al., 2004). 

The percentage of growth inhibition was calculated using the formula: 

% of viability = 
���� �� �� ������

���� �� �� �������
 ×100 

ii. Apoptosis determination by using acridine orange and ethidium bromide 

(AO- EtBr) double staining 

DNA-binding dyes Acridine Orange (AO) and Ethidium Bromide (EtBr) 

(Sigma, USA) were used for the morphological detection of apoptotic and necrotic 

cells (Zhang et al, 1998). AO is taken up by both viable and non-viable cells and emits 

green fluorescence if intercalated into DNA. EtBr is taken up only by non-viable cells 

and emits red fluorescence by intercalation into DNA.  
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After treatment with samples (M. affinis and M. xanthopus) for 24 hours, the 

cells were washed by cold PBS and then stained with a mixture of AO (100 μg/mL) 

and EtBr (100 μg/mL) at room temperature for 10 min. The stained cells were washed 

twice with 1X PBS and observed by a fluorescence microscope in blue filter of 

fluorescent microscope and images were taken (Olympus CKX41 with Optika Pro5 

camera).  

  The cells were divided into four categories as follows: living cells (normal 

green nucleus), early apoptotic (bright green nucleus with condensed or fragmented 

chromatin), late apoptotic (orange stained nuclei with chromatin condensation or 

fragmentation) and necrotic cells (uniformly orange stained cell nuclei). 

PHASE III: DETAILED STUDY ON NEUROPROTECTION IN  

M. XANTHOPUS  

Since M. xanthopus is found to be more potent than M. affinis in 

neuroprotective studies, further detailed studies are carried only in M. xanthopus. The 

potential of M. xanthopus in neuroprotective studies was evaluated by using in vitro 

ROS measurement using DCFDA, indirect ELISA, autophagy, Annexin-V FITC 

apoptosis determination using flow cytometry and gene expression study using qRT 

PCR.  

i. In vitro ROS measurement using DCFDA 

DCFDA (2,7 – Dichloro fluorescein diacetate; Sigma Aldrich) is a fluorogenic 

dye that measures hydroxyl, peroxyl and the other ROS activity within the cell. After 

diffusion in to the cell, DCFDA is deacetylated by cellular esterases to a non-

fluorescent compound, which is later oxidized by ROS into 2, 7 – dichlorofluorescein 

(DCF) which emits green fluorescence upon excitation with blue filter. Carboxy 

H2DCFDA is non-fluorescent but in the presence of ROS, when this reagent is 

oxidized, it becomes green fluorescent in colour.  

The cells were washed with PBS and then added with 50 µL of DCFDA and 

incubated for 30 minutes. After incubation, excess dye was washed with PBS and 

fluorescence was imaged in a fluorescent microscope (Olympus CKX41 with Optika 
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Pro5 CCD camera) and fluorescence was measured using a fluorimeter at 470 nm 

excitation and emission at 635 nm (Qubit 3.0, Life technologies, USA) and expressed 

in arbitrary units (AU). 

ii. Indirect ELISA 

Indirect ELISA is a two-step ELISA which involves a double binding process 

of primary antibody. The primary antibody is incubated with the antigen followed by 

the incubation with the secondary antibody. 

After attaining sufficient confluency, cells were exposed with sample (M. 

xanthopus) from a stock of 1 mg/mL and incubated for 24 hours at 37ºC in a 

humidified 5% CO2 incubator. Non-treated control cells and Amyloid treated cells 

were also maintained. After incubation, the supernatant was collected and 100 μL of 

each was added to the 96 well plate and kept in incubation at 370C overnight. The 

following day, the wells were drained and washed with PBS for 2 times. 200 μL of 

freshly prepared blocking buffer (Appendix 12) in PBS was added and incubated for 

1 hour at room temperature. It was washed twice with PBS Tween. 100 μL of primary 

antibodies (ChAt, Glutamate Receptor 2, Alpha Synuclein and Tau) were added and 

left for 2 hours at room temperature. After incubation it was washed 2 times with PBS 

Tween. 100 µL of secondary antibody (HRP conjugate, Santacruez, USA) was added 

and left it for 1 hour at room temperature.  It was then washed with PBS Tween for 

two times. 200 µL of O-dianisidine hydrochloride (Appendix 13) was added and left 

for 30 minutes at room temperature. The reaction was stopped by adding 5N HCl (50 

μL). OD value was taken at 415 nm in an ELISA reader. Concentration of protein was 

also estimated. 

iii. Autophagy 

Under physiological conditions, autophagy plays a variety of important roles 

including maintenance of the amino acid pool during starvation, damaged protein and 

organelle turnover, prevention of neurodegeneration, tumor suppression, cellular 

differentiation, clearance of intracellular microbes and regulation of innate and 
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adaptive immunity. Autophagy is considered to be a dynamic, multi-step process 

which can be regulated at several steps, in both positive and negative manner. 

For the analysis of live cells by flow cytometry, cells should be maintained via 

standard tissue culture practice. Cells were grown overnight to log phase at 37ºC in a 

humidified 5% CO2 incubator. At the end of the treatment of cells with compound of 

interest, cells were trypsinized and centrifuged at 1000 rpm for 5 min to pellet the 

cells. 

 Cells were washed with 1X assay buffer by suspending the cell pellet in cell 

culture medium. 250 μL of diluted cyto-ID® Green stain solution (Appendix 14) was 

added to the sample and mixed well. It was then incubated for 30 minutes at room 

temperature in the dark, gently pipetting up and down repeatedly. After treatment, 

collect the cells by centrifugation and wash with 1X assay buffer. Resuspend the cell 

pellets in 500 μL of fresh 1X assay buffer. Incubate for 20 min with 4% formaldehyde. 

Wash 3 times with 1X assay buffer. Samples were analysed with dual fluorescence in 

green (FL1) or orange (FL2) channel of a flow cytometer. 

iv. Annexin V- FITC apoptosis determination by flow cytometry 

Fluorescein isothiocyanate (FITC) is a derivative of fluorescein used in flow 

cytometry. Annexin V staining is used to detect apoptotic cells, which can only be 

done on live cells and tissue. 

IMR32 (neuroblastoma cell line) cells were cultured as per standard 

procedures described earlier. Cells were treated with LC50 concentration of the extract 

and incubated for 24 hours. The cells were trypsinized after incubation and 100 μL of 

cells in suspension was transferred to separate tubes.  100 μL of the Muse™ Annexin 

V & Dead Cell Reagent were added to each tube. The tubes were mixed thoroughly 

by pipetting up and down or vortexing at medium speed for 3 to 5 s followed by 

incubation for 20 min at room temperature in the dark. The cells were analysed in a 

flow cytometer using Muse flow cytometry software. Cells were gated against 

untreated control cells and analysed for apoptosis using Muse FCS 3.0 software. 
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v. Gene expression studies using qRT PCR 

Regulation of the gene Parkin (PRKN gene) in the human neuroblastoma cell 

line IMR-32 by effective extract was analysed as follows: 

a. Isolation of total RNA (TRIzol method) 

Total RNA was isolated using the total RNA isolation kit (Invitrogen, USA). 

Addition of TRIzol solution (Appendix 15) causes the disruption of cells and the 

release of RNA. On mixing with isopropanol, RNA gets precipitated as a white pellet 

on the side and the bottom of the tube.  

After attaining 70% confluency of cells in 6 well plate, the cells were treated 

with IC50 concentration of sample and incubated for 24 hours. A set of untreated 

control cells was also incubated at 370C for 24 hours in a CO2 incubator. After 

incubation, DMEM medium was removed aseptically and 200 µL of TRIzol reagent 

was added to culture plate and incubated for 5 minutes. The contents were then 

transferred to a fresh sterile eppendorf tube. 200 µL of chloroform was added and 

vigorously shaken for 15 seconds and incubated for 2-3 minutes at room temperature, 

followed by centrifugation at 14000 rpm for 15 minutes at 40C. The aqueous layer 

was collected and 500 µL of 100% isopropanol was added. It was incubated for 10 

min at room temperature and then centrifuged at 14000 rpm for 15 min at 40C. The 

supernatant was discarded and pellet thus obtained was washed with 200 µL of 75 % 

ethanol. It was then centrifuged at 14000 rpm for 5 min at 40C in a cooling centrifuge 

(Remi CM12). The RNA pellet was dried and suspended in TE buffer (Appendix 16). 

b. Synthesis of cDNA 

Template cDNA was synthesized using the cDNA preparation kit (Thermo 

scientific, Verso cDNA Synthesis kit). About 4 µL of 5X cDNA synthesis buffer, 2 

µL of dNTP mix, 1 µL of oligo dT, 1 µL of RT Enhancer, 1 µL of verso enzyme mix 

and 5 μL of RNA template (0.5 µg of total RNA) were added to an RNAse free tube. 

Then the total reaction volume was made up to 20 μL with the addition of sterile 

distilled water. The solution was mixed by pipetting gently up and down. The thermal 
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cycler (Eppendorf Master Cycler) was   programmed to undergo cDNA synthesis. The 

following cycling conditions were employed for 30 min at 42ºC and 2 min at 95ºC.  

Step Temperature (oC) Time (min) Number of cycles 

cDNA synthesis 42 30 1 

Inactivation 95 2 1 

 

c. Gene expression analysis by qRT PCR  

Real-Time qRT PCR analysis was carried out using SYBR Green Master Mix 

(Applied Biosystem, Life technologies). All reactions were performed in triplicates 

and data were analysed according to ΔΔCt method using Light Cycler 96 SW 1.1 

Software. 

The time and temperature for each step involved in the process are represented 

below. 

 

The primer sequences used for the genes B-actin and Parkin are summarised 

as follows: 

Oligo 
name 

Forward Reverse 

Sequence (5’ ->3’) Tm Sequence (5’ ->3’) Tm 

Human-
B actin 

TCACCCACACTGTGCCCATCTACGA 
(25) 66.3 

CAGCGGAACCGCTCATTGCCAATGG 
(25) 67.9 

Human-
Parkin 

GGCTGGCTGTCATTCTGCACAC 64.0 TCCCGGCTGCACTCTTTGAC 61.4 

Steps Time required Temperature 

Initial activation step 2 min 95oC 

3 step cycling: 

Denaturation 10 s 94oC 

Annealing 1 min 55oC 

Extension 1 min/kb 72oC 

Number of cycles 40 cycles 68oC 

End of PCR cycling indefinite 4oC 
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d. Agarose gel electrophoresis 

Agarose gel electrophoresis is a method for separating and visualizing DNA 

fragments. The separation of fragments is based on charge and size. When an electric 

field is applied, DNA moves through a matrix called agarose gel. The electric field is 

generated by applying potential across an electrolyte solution (buffer). When boiled 

in an aqueous buffer, agar dissolves and upon cooling solidifies to a gel. 1.5% of 

agarose gel was prepared in 1X TE buffer and melted in hot water bath at 90◦C. Then 

the melted agarose was cooled down to 450C.  

6 µL of 10 mg/mL of ethidium bromide was added and poured into a gel 

casting apparatus with the gel comb. After setting, the comb was removed from the 

gel. The electrophoresis buffer was poured in the gel tank and the platform with the 

gel was placed in it so as to immerse the gel. The gel was loaded with the samples and 

run at 50 V for 30 min. The stained gel was visualized using a gel documentation 

system (E-gel imager, Invitrogen).  
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RESULTS 

 

PHASE I: MYCOCHEMICAL CHARACTERIZATION 

Fungi are the treasure house of potential drugs and in the recent years, there 

has been an increasing awareness about the importance of mushrooms for the diverse 

spectra of chemicals. Chemical characterization in the two species of Microporus was 

carried out in four sections. Preliminary qualitative mycochemical screening, 

quantitative estimation, identification of non-volatile chemicals through HR-LC/MS 

analysis and determination of volatile chemical constituents through GC/MS analysis. 

a) Qualitative mycochemical screening 

To determine the presence or absence of various classes of chemicals, the 

standard colour reactions and precipitation protocols were adopted in three different 

extracts of two species of Microporus. Among these, methanol extract was found to 

be more effective having different classes of chemicals.  Methanolic extracts in both 

the species of Microporus revealed the presence of major chemical compounds such 

as terpenoids, steroids and alkaloids. Glycosides and saponins were also reported in 

M. xanthopus. Results of preliminary mycochemical analyses are summarized in 

Table 4. 

Table 4: Qualitative mycochemical analysis of Microporus affinis and  
M. xanthopus  

Sl 
No. 

Class of 
compounds 

Tests 
MA MX 

H M DW H M DW 
1 Alkaloids Wagner’s test - + + - + + 

Hager’s test - + + - + + 
2 Flavonoids Alkaline reagent test - -__ - - - - 

Lead acetate test - - - - - - 
3 Phenols FeCl3 test - - - - - - 
4 Glycosides Keller Killiani test - - - - + - 
5 Saponins Foam test - - - - + - 
6 Steroids Leibermann - 

Burchard test 
- + - - + - 

7 Tannins Braymer’s test - - - - - - 
8 Terpenoids Salkowski test + + + + + + 

MA - Microporus affinis; MX - M. xanthopus; H - Hexane; M - Methanol;  
DW -Distilled water; (+) - Presence; (-) - Absence 
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b) Quantitative mycochemical screening 

Quantitative analyses of four different classes of compounds like alkaloids, 

terpenoids, carbohydrates and proteins were conducted. The methanolic fraction of 

fungal extract was used for the assays. The alkaloid content was quantified using the 

standard compound caffeine. M. xanthopus showed the maximum value (189 ± 0.316 

mg CE /g of DW extract) than M. affinis (169.3 ± 0.158 mg CE /g of DW extract) 

(Fig. 10a, 10b). The total terpenoids were quantified by using the standard compound 

lupeol. Both the species showed comparatively high amount of terpenoids.  M. 

xanthopus showed the maximum concentration (282.3 ± 0.52 mg LE/g of DW extract) 

than   M. affinis (237.3 ± 0.34 mg LE/g of DW extract) (Fig. 11a, 11b). The total 

protein estimation was done by Lowry’s   method.  Bovine Serum Albumin (BSA) 

was used as the standard. Both the species showed a minimum amount of protein.  M. 

affinis   showed a higher amount (0.211 ± 0.0003 mg/g DW) than   M. xanthopus 

(0.153 ± 0.0002 mg/g DW) (Fig. 12a, 12b).   Total carbohydrate was estimated by 

using the standard glucose. Both the species showed high amount of carbohydrates. 

Among these, M. affinis   showed a higher amount (442.83 ± 0.79 mg GE /g DW) than   

M. xanthopus (392 ± 0.79 mg GE /g DW) (Fig. 13a, 13b).                                                                        

 

Fig. 10a:  Standard calibration graph of caffeine to determine the alkaloid 
content 
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Fig. 10b:  Quantitative estimation of alkaloids in the methanolic extract of M. 
affinis (MA) and M. xanthopus (MX) 

 

Fig. 11a:  Standard calibration graph of lupeol for the quantification of terpenoid 
content 
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Fig. 11b:  Quantitative estimation of terpenoids in the methanolic extract of M. 
affinis (MA) and M. xanthopus (MX) 

 

Fig. 12a:  Standard calibration graph of Bovine Serum Albumin (BSA) for the 
quantification of protein content 
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Fig. 12b:  Quantitative estimation of protein in the methanolic extract of M. 
affinis (MA) and M. xanthopus (MX) 

 

Fig. 13a:  Standard calibration graph of glucose for the quantification of 
carbohydrate content 
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Fig. 13b:  Quantitative estimation of carbohydrate in the methanolic extract of 
M. affinis (MA) and M. xanthopus (MX) 

 

c) High Resolution - Liquid Chromatography/Mass Spectrometry (HR-LC/MS) 

analysis  

  The non-volatile chemical constituents in the two species of Microporus were 

revealed by HR-LC/MS analysis. The identified compounds, their    retention time, 

molecular mass and class of compounds are listed in Table 5 & 6. The liquid 

chromatograms (Fig. 14a-b; 15a-b) and mass spectrums (Fig. 14 i-vi;      15 i-ii)are 

represented. 

In M. xanthopus, a total of 31 compounds were revealed through HR-LC/MS 

analysis. The compounds obtained are grouped into 16 classes (Table 5). These are 

alkyl amine, amine, amino glycoside, dipeptide, ether, fatty acid, glycoside, 

monoamine neurotransmitter, organic compound, peptide, phospholipid, 

sphingolipid, steroid, terpene, diterpene and vitamin.  Among these, 6 compounds 

were fatty acids. A monoamine neurotransmitter called serotonin was also obtained.                   

442.83

392

360

370

380

390

400

410

420

430

440

450

MA MX

T
o

ta
l 

ca
rb

o
h

y
d

ra
te

 c
o

n
te

n
t 

(m
g

 G
E

/g
 D

W
)

Fungal species



Results 

 77

In case of M. affinis, a total of 9 compounds were revealed. These are 

belonging to 6 classes. Carboxylic acid, fatty acid, fatty acid ester, organic compound, 

steroid and terpene are the various classes (Table 6). Among these, fatty acid 

represents the predominant class. Out of the 9 compounds, 4 compounds were found 

to be fatty acids. HR-LC/MS provided a vivid picture of various mycoconstituents 

that will not be revealed by GC/MS.               

d) Gas chromatography/ Mass spectrometry (GC/MS) analysis 

         In order to determine the volatile components of the fungal extracts, two taxa 

of Microporus were subjected to GC/MS analysis.  Compounds were resolved 

according to their retention time and those which are present in trace amount were 

also detected.  The structural identification was done by using the NIST libraries. 

Chromatograms of two taxa of Microporus and mass spectra of each compounds 

obtained were also plotted. Each peak in the chromatogram specify the respective 

compounds and they had a peak area denoting their abundance in the sample (Fig. 

16a: GC of M. xanthopus and 16b: GC of M. affinis). The compounds thus obtained 

were analyzed   using PubChem. 

In M. xanthopus, a total of 45 compounds were obtained. The compounds had 

retention indices ranging from 7.242 to 41.043. The compounds are grouped into 11 

classes such as alkane, alkene, aldehyde, alcohol, ester, ether, fatty acid, fatty acid 

ester, ketone, organic compound and sterol (Table 7). Among these, leading classes 

of compounds are fatty acids (72.66 %), sterols (15.21 %) and fatty acid esters (10.05 

%). Linoleic acid represents the compound with highest peak area (26.86 %). Other 

leading compounds are oleic acid (17.97 %), palmitic acid (15.81%), stellasterol (8.43 

%), pentadecanoic acid (6.68 %), monoolein (6.45 %), ergosterol (5.6 %) etc.  Mass 

spectra of each compounds are shown in Fig. 17 (i-vii).                                                                                                                            

In case of M. affinis, a total of 46 compounds were detected through GC/MS 

analysis.  As in M. xanthopus, here also compounds are grouped into 11 classes. 

Majority of classes are similar in both the species. Aldehyde, alkane, alkene, alcohol, 

ester, fatty acid, fatty acid ester, hexose, ketone, sterol and terpenoid represent various 

classes of compounds (Table 8). Fatty acids are found to be the leading class (48.70 
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%). Other leading classes are fatty acid esters (28.38 %), sterols (13.07 %), alcohols 

(3.23 %), ketones (2.80 %) esters (1.59 %) etc. Linoleic acid was found to be with 

highest peak area (26.35 %) which is followed by palmitic acid (13.73 %),  

2-monopalmitin (11.73 %), stellasterol (9.61 %), linoleic acid methyl ester (8.53 %), 

monoolein (5.93 %), pentadecanoic acid (2. 67 %) and methyl palmitate (2.17 %). 

Mass spectra of all the compounds are shown in Fig. 18 (i-viii).    

Table 5: Mycochemical constituents detected from the methanolic extracts of  
M. xanthopus using HR-LC/MS analysis  

Sl 
No. 

RT 
(min) 

Compound Class 
Molecular 

mass 

1 1.060 Nefopam Alkylamine 253.15 

2 1.066 Muramic acid Ether  251.09 

3 1.107 3,7-Epoxycaryophyllan-6-one Organic 
compound  

236.17 

4 1.107 11-Aminoundecanoic acid Fatty acid  201.17 

5 1.108 Pro leu Dipeptide 228.15 

6 1.568 Arg Pro Peptide 271.16 

7 3.677 Serotonin Monoamine 
neurotransmitter 

176.09 

8 4.348 Ile Leu Leu Tripeptide 357.26 

9 5.872 Lys Met Lys Tripeptide 405.23 

10 7.168 10-Nitrolinoleic acid Organic 
compound 

325.22 

11 8.251 Phosphatidyl myoinositol-3-
phosphate 

Phospholipid 470.25 

12 8.998 Desoxymycin Glycoside 567.28 

13 10.074 Sphinganine Organic 
compound 

273.26 

14 10.075 Chloropromazine Organic 
compound 

256.10 

15 10.625 Tetradecylamine Amine 213.45 

16 11.487 Phytosphingosine Sphingolipid 317.29 

17 11.891 6b,11b,16a,17a, 21- 
Pentahydroxypregna-1,4-diene-
3,20-dione 16,17-acetonide 

Terpene 432.21 

18 12.162 Anandamide Fatty acid 317.28 

19 12.910 Naproxen glucuronide Organic 
compound 

406.13 

20 13.291 Kanamycin Aminoglycoside 484.28 
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21 13.430 8-Oxo 9, 11-octadecadienoic 
acid 

Fatty acid 290.18 

22 13.684 13-Hydroxy 9, 12-
octadecadienoic acid 

Fatty acid 296.23 

23 13.927 Tilamulin Diterpene 493.37 

24 14.173 9,14-Dihydroxy10,12-
octadecadienoic acid 

Fatty acid 312.23 

25 15.089 2- Tetracos15-
enamidoethanesulfonic acid 

Organic 
compound 

473.35 

26 15.164 Ambroxol Amine 375.98 

27 15.973 1,24,25-Trihydroxy vitamin D2 Vitamin  444.32 

28 18.206 17α-Hydroxypregnenolone Steroid 323.23 

29 18.382 1α,25-Dihydroxyvitamin D2 Vitamin  428.33 

30 19.701 Calciferol  Vitamin 410.32 

31 26.655 14-Hydroxy 5-tetradecenoic 
acid 

Fatty acid 242.18 

 

Table 6: Mycochemical constituents detected from the methanolic extracts of  
M. affinis using HR-LC/MS analysis  

Sl 
No. 

RT 
(min) 

Compound Class Molecular 
mass 

1 1.149 Glucaric acid Organic 
compound 

210.25 

2 9.163 Sativic acid Fatty acid 348.25 

3 14.234 Methyl 9,12-dihydroxy-13 
oxo10-octadecenoate 

Fatty acid ester 342.24 

4 16.865 Jalapinolic acid Fatty acid 272.23 

5 17.691 9-Hydroxy 12-octadecenoic acid Fatty acid 298.25 

6 18.421 3,4-Dihydroxy- 9,10 
secoandrosta 1,3,5 (10) triene-
9,17-dione 

Steroid 316.17 

7 18.577 Dihydroartemisinin Sesquiterpene 284.16 

8 18.640 10-Hydroxystearic acid Fatty acid 316.17 

9 27.061 16-Hydroxy – 4- oxoretinoic 
acid 

Carboxylic 
acid 

330.18 
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Table 7: Mycochemical constituents detected from the methanolic extracts of  
M. xanthopus using GC/MS analysis  

Sl 
No. 

RT 
(min) 

Compound Class 
Peak 

area % 

1 7.242 Caprylic acid Fatty acid 0.300 

2 8.554 2,6-Dihydro-2H-pyran -3-one Ester 0.110 

3 8.749 Phenylacetaldehyde Aldehyde 0.131 

4 9.490 Maltol Ketone 0.186 

5 10.939 3,5-Dihydroxy-6-methyl-2,3-
dihydropyran-4-one 

Ketone 0.951 

6 11.610 Glutamine Amine 1.080 

7 15.570 Tetradecene Alkene 0.235 

8 15.704 Tetradecane Alkane 0.144 

9 18.727 Hexadecene Alkene 0.034 

10 18.839 Hexadecane Alkane 0.023 

11 19.722 Dodecylcyclohexane Alkane 0.148 

12 19.862 8-Pentadecanone Ketone 0.301 

13 21.054 Myristic acid                Fatty acid 0.344 

14 21.542 Octadecene Alkene 1.028 

15 21.634 Heneicosane Alkane 0.195 

16 22.385 Pentadecanoic acid Fatty acid 6.685 

17 22.582 8-Octadecanone Ketone 0.231 

18 23.226 Methyl palmitate Fatty acid 
ester 

0.458 

19 23.299 Benzenepropanoic acid 3,5-bis (1,1-
dimethylethyl)-4-hydroxy methyl 
ester 

Fatty acid 
ester 

0.139 

20 23.420 Palmitoleic acid Fatty acid 0.762 

21 23.739 Palmitic acid Fatty acid 15.810 

22 24.094 Nonadecene Alkene 0.558 

23 24.613 Cis-10-heptadecenoic acid Fatty acid 0.418 

24 24.864 Margaric acid (Heptadecenoic acid) Fatty acid 0.273 

25 25.256 Linoleic acid methyl ester Fatty acid 
ester 

0.648 

26 25.336 Oleic acid methyl ester Fatty acid 
ester 

0.623 

27 25.804 Linoleic acid Fatty acid 26.863 
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28 25.874 Oleic acid Fatty acid 17.970 

29 26.077 Stearic acid (Octadecanoic acid) Fatty acid 2.791 

30 26.419 Behenic alcohol (Docosanol) Alcohol 0.128 

31 26.497 Dodecyl 4-nitrophenyl ether Ether 0.086 

32 27.371 Fumaric acid 2-dimethylaminoethyl 
octadecyl ester 

Ester 0.119 

33 27.764 9,12-Octadecadienal dimethyl acetal Organic 
compound 

0.328 

34 27.890 13,16- Docosadienoic acid Fatty acid 0.102 

35 27.966 9-Octadecenal Aldehyde 0.493 

36 29.334 3-Cyclopentylpropionic acid 2-
dimethylamino ethyl ester 

Ester 0.270 

37 30.137 2- Monopalmitin Fatty acid 
ester 

1.732 

38 30.769 Behenic acid (Docosanoic acid) Fatty acid 0.108 

39 31.155 Tetracontane Alkane 0.294 

40 32.013 Monoolein Fatty acid 
ester 

6.454 

41 32.764 Lignoceric acid (Tetracosanoic acid) Fatty acid 0.234 

42 35.124 Dehydroergosterol Sterol 0.502 

43 39.220 Ergosterol Sterol 5.600 

44 39.595 Stellasterol Sterol 8.431 

45 41.043 Fungisterol Sterol 0.680 

 

Table 8: Mycochemical constituents detected from the methanolic extracts of  
M. affinis using GC/MS analysis  

Sl 
No. 

RT 
(min) 

Compound Class Peak area 
% 

1 7.239 2,4-Dihydroxy-2,5-
dimethylfuran-3-one 

Ketone 0.408 

2 9.537 Maltol Pyranone (Ketone) 0.396 

3 10.946 3,5-Dihydroxy-6-methyl-2,3-
dihydropyran-4-one 

Pyranone (Ketone) 0.980 

4 12.344 1,4:3,6- Dianhydro-alpha-d-
glucopyranose 

Hexose 0.408 

5 12.579 5-Hydroxymethylfurfural Aldehyde 0.336 
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6 14.803 Neric acid Acyclic 
monoterpenoid 

0.125 

7 15.393 5-Oxo-DL- proline methyl 
ester 

Ester 1.399 

8 15.565 1-Tetradecene Alkene 0.081 

9 15.702 Tetradecane Alkane 0.090 

10 17.139 Hydroxycitronellal Aldehyde 0.094 

11 17.194 2,6- Difluorobenzoic acid 
tridec-2-ynyl ester 

Ester 0.068 

12 18.723 1-Heptadecene Alkene 0.192 

13 18.835 Nonadecane Alkane 0.191 

14 20.580 Ribitol Alcohol 1.995 

15 21.057 Myristic acid (Tetradecanoic 
acid) 

Fatty acid 0.316 

16 21.633 Octadecane Alkane 0.115 

17 21.936 Pentadecanoic acid methyl 
ester 

Fatty acid ester 0.408 

18 22.412 Pentadecanoic acid Fatty acid 2.675 

19 22.959 Methyl palmitoleate Fatty acid ester 0.094 

20 23.227 Methyl palmitate Fatty acid  2.179 

21 23.299 Benzene propanoic acid 3,5-bis 
(1,1 dimethyl) -4-hydroxy ester 

Fatty acid ester 0.203 

22 23.417 Palmitoleic acid Fatty acid 0.915 

23 23.742 Palmitic acid Fatty acid 13.73 

24 24.358 2-Hydroxycyclopentadecanone Ketone 1.019 

25 24.611 10-Heptadecenoic acid Fatty acid 0.375 

26 24.866 Margaric acid (Heptadecanoic 
acid) 

Fatty acid 0.336 

27 25.268 Linoleic acid methyl ester Fatty acid ester 8.537 

28 25.336 Oleic acid methyl ester Fatty acid ester 1.349 

29 25.844 Linoleic acid Fatty acid 26.356 

30 25.879 Oleic acid Fatty acid 0.478 

31 26.070 Stearic acid Fatty acid 1.017 

32 26.306 Geranyl geraniol Diterpenoid alcohol 0.953 

33 26.976 Farnesol Sesqiterpene 
alcohol 

0.155 



 

Fig. 14a Liquid chromatogram for positive ionization compounds in the methanolic 

extract of M. xanthopus 

 

 

Fig. 14b Liquid chromatogram for negative ionization compounds in the methanolic 

extract of M. xanthopus 

  















 

Fig. 15a Liquid chromatogram for positive ionization compounds in the methanolic 

extract of M. affinis 

 

Fig. 15b Liquid chromatogram for negative ionization compounds in the methanolic 

extract of M. affinis 

 

 







 

Fig. 16a: Gas chromatogram of methanolic extract of M. xanthopus 

 

















 

Fig. 16b: Gas chromatogram of methanolic extract of M. affinis 
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34 27.375 3-Cyclopentylpropionic acid 2-
dimethylaminoethyl ester 

Fatty acid ester 0.127 

35 28.014 Cyclobutane carboxylic acid 
undec-2-enyl ester 

Ester 0.124 

36 30.126 2-Monopalmitin Fatty acid ester 11.733 

37 31.151 Tetracontane Alkane  0.238 

38 32.005 Monoolein Fatty acid ester 5.938 

39 32.760 Tetracosanoic acid (Lignoceric 
acid) 

Fatty acid 0.330 

40 33.096 Tetratriacontane Alkane 0.181 

41 33.808 1- Heptacosanol Alcohol 0.127 

42 34.244 Tetratetracontane Alkane 0.146 

43 35.121 Dehydroergosterol Sterol 0.829 

44 39.249 Ergosterol Sterol 1.180 

45 39.610 Stellasterol Sterol 9.610 

46 41.032 Fungisterol Sterol 1.460 
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PHASE II: BIOACTIVITY SCREENING 

a) Free radical scavenging assays (Antioxidant activities) 

Antioxidants are the substances that neutralize free radicals, which are 

unstable molecules that can damage cells. Free radicals are the byproducts of body’s 

metabolism and other processes, and they become harmful if their levels become too 

high. Antioxidants donate electrons to free radicals, thereby stabilizing and preventing 

them from causing damage. Thus, antioxidants are often called free radical 

scavengers. Excess free radicals, leading to oxidative stress, have been linked to 

various health issues such as heart diseases, cancer, aging etc. Hence the importance 

of antioxidants is increasing day by day. The efficacy of methanolic extract of two 

species of Microporus, M. xanthopus and M. affinis has been assessed by using four 

different assays. The important antioxidant assays tested are reducing power activity, 

DPPH radical, hydroxyl radical and nitric oxide radical scavenging activities. 

i. DPPH radical scavenging assay 

The DPPH (2, 2-Diphenyl-2-picryl hydrazyl) radical was scavenged by the 

methanolic extract of both M. xanthopus and M. affinis. Activity was dose dependent 

against various concentrations of the samples tested (12.5, 25, 50, 100 and 200 

µg/mL). Ascorbic acid was used as the standard. Scavenging potential was measured 

based on the discolouration of purple colour of DPPH to yellow. IC50 values were 

calculated for both samples and standard. Inhibition percentage measured at a 

maximum concentration of 200 µg/mL for M. xanthopus and M. affinis was 41.32 ± 

0.32 and 63.95 ± 0.02 respectively. IC50 value of standard was calculated as 38.42 ± 

0.04 µg/mL. IC50 values for M. xanthopus was 232.73 ± 0.24 µg/mL and for M. affinis 

was 140.26 ± 0.16 µg/mL. Though in a moderate range, M. affinis has better DPPH 

scavenging potential in comparison with the standard. The results are graphically 

plotted (Fig. 19). 

ii. Hydroxyl radical scavenging assay 

Hydroxyl radical scavenging activity was assessed on both the species of 

Microporus by using various concentrations of the methanolic extract (125, 250, 500, 
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1000 and 2000 µg/mL). Percentage of inhibition at maximum concentration (2000 

µg/mL) for M. xanthopus was 72.55 ± 0.15 and for M. affinis was 79.08 ± 0.16 %. 

Percentage inhibition of the samples and the standard was plotted graphically (Fig. 

20). IC 50 values of the standard gallic acid and the extracts of M. xanthopus and M. 

affinis were 477.49 ± 0.19 µg/mL, 802.31 ± 0.24 µg/mL and 371. 37 ± 0.13 µg/mL 

respectively. In this study, the extract of M. affinis was found to be more potent in 

scavenging hydroxyl radicals when compared to the standard gallic acid used, which 

seems to be significant. 

iii. Nitric oxide radical scavenging assay 

Different concentrations (125, 250, 500, 1000 and 2000 µg/mL) of the fungal 

extracts were tested for nitric oxide scavenging assay. Gallic acid was used as the 

standard. At a maximum concentration of 2000 µg/mL, percentage of inhibition was 

found to be 79 ± 0.23 and 80.46 ± 0.37 for M. affinis and M. xanthopus respectively. 

Maximum percentage of inhibition observed for gallic acid was 92.9 ± 0.26 % 

(Fig. 21). The IC50 values of the standard gallic acid, extracts of M. xanthopus and M. 

affinis were 108.81 ± 0.13, 742.00 ± 0.22 and 477.04 ± 0.24 respectively. The extract 

of M. affinis was found to possess more scavenging activity for nitric oxide radicals 

than that of M. xanthopus. 

iv. Reducing power activity 

The reducing power assay is often used to evaluate the ability of an antioxidant 

to donate an electron.  The reduction of Fe3+ (Ferric ion) to Fe2+ (Ferrous ion) resulted 

in the change of test solution from green to blue. Dose dependent effect was noticed 

for different concentrations of the extract. The absorbance was found to increase from 

0.0597 ± 0.002 to 0.1474 ± 0.002 for M. affinis. While, M. xanthopus showed an 

increase in reducing power from 0.0521 ± 0.002 to 0.347 ± 0.01 with respect to 

increase in concentration (Fig. 22).  

Among the antioxidant activities tested in various concentrations of the fungal 

extract against respective standards, M. affinis was found to be more potent than M. 

xanthopus.  
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Fig. 19: In vitro DPPH free radical scavenging activity of M. affinis (MA) and M. 
xanthopus (MX) against standard ascorbic acid. 

 

 

Fig. 20: In vitro hydroxyl free radical scavenging activity of M. affinis (MA) and  
M. xanthopus (MX) against standard gallic acid. 
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Fig. 21: In vitro nitric oxide free radical scavenging activity of M. affinis (MA) 
and M. xanthopus (MX) against standard gallic acid. 

 

Fig. 22: In vitro reducing power activity of M. affinis (MA) and M. xanthopus 
(MX) against standard quercetin.  
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b) Cytotoxicity studies using Allium cepa bioassay:     

For the study of induced cytotoxicity and chromosomal aberrations, the root 

meristems of Allium cepa L. are most frequently used as experimental materials. In 

the present study, root tip meristems of A. cepa were treated with the different 

concentrations (05, 10, 50 and 100 µg/mL) of methanolic extracts of two species of 

Microporus for different time intervals (1 h, 12 h and 24 h). Distilled water was taken 

as the negative control and hydrogen peroxide (100 µL/mL) as the positive control. 

Mitotic index and chromosome aberrations were the two important parameters taken 

to study the cytotoxicity potential of fungal extracts on A. cepa root tip meristems.  

Reduction in mitotic index and increase in the abnormality percentage are regarded as 

the indicators of cytotoxicity potential. The aberrations induced were apparently 

different from that of normal stages of mitosis. In both the species of Microporus, 

mitotic index was found to exhibit a dose dependent reduction as the concentration of 

extract increases. While abnormality percentage was found to be increasing as the 

concentration increases.  An increase in the period of time was also found to have a 

significant effect on these parameters. The results are depicted in Fig. 23-25 and 

Plates 4-12.  

Mitotic index (MI) and chromosomal aberration percentage are the widely 

accepted parameters to measure the cytotoxic potential of fungal extracts.  Mitotic 

index and percentage of chromosomal aberrations were found to be concentration 

dependent. After 1 h incubation for lowest concentration (5 µg/mL), mitotic index 

was found to be 85 ± 0.33 % and 75 ± 0.88 % for M. xanthopus and M. affinis 

respectively. At the highest concentration (100 µg/mL), mitotic index declined and 

was found to be 38 ± 0.33 % and 41 ± 0.88 % for M. xanthopus and M. affinis 

respectively (Fig. 23a). While chromosomal aberration percentage at 1 h treatment 

for M. xanthopus ranges from 29 ± 0.33 % to 79 ± 0.33 % and for M. affinis it ranges 

from 25 ± 0.33 % to 67 ± 0.33 % (Fig. 23b). It was compared with the high percentage 

of aberration (90 ± 1.52 %) of positive control. 

At 12 h incubation, mitotic index showed further reduction with respect to 

concentration. At lowest concentration, it was found to be 82 ± 0.88 % and 72 ± 1.15 



Results 

 89

% for M. xanthopus and M. affinis respectively. It was found to be 33 ± 0.88 % and 

36 ± 0.24 % for M. xanthopus and M. affinis respectively at highest concentration of 

100 µg/mL (Fig. 24a). At the same time period, percentage of aberration was found 

in the range of 32 ± 1.2 % to 81 ± 0.88 % for M. xanthopus and for M. affinis, it was 

in the range of 28 ± 1.45 % to 69 ± 1.2 % (Fig. 24b). 

At the time period of 24 h incubation, there was a notable reduction in the 

mitotic index as concentration increased. At the lowest concentration, mitotic index 

was found to be 82 ± 1.52 % and 70 ± 0.88 % for M. xanthopus and M. affinis 

respectively. While at highest concentrations, it was declined to 31 ± 0.88 % for M. 

xanthopus and 36 ± 1.76 % for M. affinis (Fig. 25a). While in case of chromosomal 

aberrations at the same time period, highest concentration showed 82 ± 1.15 % for M. 

xanthopus and 71 ± 0.88 % for M. affinis (Fig. 25b). It was highly comparable to that 

of positive control (90 ± 0.88 %) used for the highest concentration. From these, it is 

clear that mitotic index and abnormality percentage are time and dose dependent. 

Mitotic index was found to be inversely proportional and percentage of aberration was 

found to be directly proportional to the concentration of both fungal extracts used. 

Nevertheless, positive control showed greater percentage of aberration irrespective of 

concentration and time period in all the treatments. 

Cytotoxic study on two species of Microporus revealed wide range of 

chromosomal aberrations, which are broadly classified into clastogenic and non-

clastogenic aberrations. Chromosome stickiness, pulverization, nuclear lesions, 

nuclear erosion, nuclear extrusion, nuclear disintegration, nuclear budding, nuclear 

peak, giant cell formation, coagulated chromosomes, chromosome gap, chromosome 

bridges, chromosome fragmentation, ring chromosomes, contorted chromosomes, 

hyperchromasia, cytomixis etc., are the important clastogenic aberrations observed. 

Non-clastogenic aberrations include hypoploid, polyploid, vagrants, laggards, shift in 

microtubule organizing center (MTOC), ball metaphase, misorientation, binucleate 

cell, stellate chromosomes, C-metaphase, diagonal arrangement of chromosomes, 

disturbed chromosomes, stathmo anaphase, scattering of chromosomes, micronuclei, 
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early movement of chromosomes, somatic pairing, tropokinesis, macro and micro cell 

formation, chained chromosomes etc. (plates 4-12).         

 

 

Fig. 23: The effect of varying concentrations of methanolic extracts of selected 
species of Microporus on Allium cepa root tip meristems after a period of 1 h 
treatment.  a. Mitotic index b. chromosome aberrations                          

 (MX- Microporus xanthopus, MA- Microporus affinis, PC-positive control, NC-negative 
control) 
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Fig. 24: The effect of varying concentrations of methanolic extracts of selected 
species of Microporus on Allium cepa root tip meristems after a period of 12 h 
treatment.  a. Mitotic index b. chromosome aberrations                              

 (MX- Microporus xanthopus, MA- Microporus affinis, PC-positive control, NC-negative 
control) 
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Fig. 25: The effect of varying concentrations of methanolic extracts of selected 
species of Microporus on Allium cepa root tip meristems after a period of 24 h 
treatment.  a. Mitotic index b. chromosome aberrations                              

 (MX- Microporus xanthopus, MA- Microporus affinis, PC-positive control, NC-negative 
control) 
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c). Antiproliferative efficacy of Microporus species 

 i) In vitro activity on DLD1 cell line using MTT assay 

As a safety measure, in vitro cytotoxic tests on mammalian cell lines are primarily 

adopted before proceeding into animal models. In the present study, antiproliferative 

activity of M. xanthopus and M. affinis against human adenocarcinoma cell line, 

DLD1 was tested by using MTT assay.  MTT assay was used for the colorimetric 

determination of the toxic potential of the extracts. DLD1 cell lines were incubated in 

various concentrations (6.25, 12.5, 25, 50 and 100 µg/mL) of fungal extracts for 24 h. 

LC50 values for each fungal extract was determined.  A dose dependent toxicity was 

obtained and reflected in the percentage of viable cells in the cultures (Fig. 26). The 

morphology of the treated cells was also affected similarly and microphotographs 

were taken (Plates: 13- 14). The highest percentage of toxicity was shown at 100 

µg/mL concentration of M. affinis with 66.81 ± 0.11 cell viability percentage and M. 

xanthopus with a 67.15 ± 0.12 percentage of viability. LC50 values were calculated as 

171.76 ± 0.43 µg/mL in M. affinis   and 193.24 ± 0.32 µg/mL in M. xanthopus (Table: 

9). This clearly depicted that the lower LC50 value will be more efficient against 

cancer cell lines. Morphological investigations of the treated cells clearly displayed 

many apoptotic characters like cell rounding, blebbing, shrinkage and formation of 

apoptotic bodies.  

 

Fig. 26: Effect on the cell viability of DLD1 cell line treated with methanolic 
extracts of M. xanthopus and M. affinis using MTT assay 
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ii). In vitro activity on L929 cells using MTT assay 

Fungal extracts of   M. xanthopus and M. affinis were analysed for cytotoxicity on 

normal L929 cells (normal mouse fibroblast cell line) by MTT assay. Different 

concentrations in the range of 6.25 µg/mL to 100 µg/mL were tested and LC50   was 

calculated.   The cell viability was found to be decreasing in a dose dependent manner 

(Fig. 27). Images of cytotoxic effects were recorded for different concentrations 

(Plates: 15 - 16). Cell viability percentage at 100 µg/mL for M. affinis and M. 

xanthopus were observed as 68 ± 0.44 and 70.67 ± 0.26 respectively. LC50 was found 

to be 166.98 ± 0.35 µg/mL and 164.61 ± 0.34 µg/mL for M. affinis and M. xanthopus 

respectively.   

  

Fig. 27: Effect on the cell viability of L929 fibroblast cells treated with methanolic 
extracts of M. xanthopus and M. affinis using MTT assay 

Table 9: LC50 concentrations of methanolic extracts of M. xanthopus and  
M. affinis against DLD1 cell line and L929 fibroblast cells using MTT assay 

Fungal species LC50 - DLD1 cell line (µg/mL)  LC 50 - L929 (µg/mL) 

M. xanthopus 193.24 ± 0.32 164.61 ± 0.34 

M. affinis 171.76 ± 0.43 166.98 ± 0.35 
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Comparatively less LC50 value of M. affinis indicates its more cytotoxic 

potential towards DLD1 cell line than that of M. xanthopus.  

iii).   Determination of apoptosis by using Acridine Orange (AO) and 

Ethidium Bromide (EtBr) double staining method 

DNA binding dyes Acridine Orange (AO) and Ethidium Bromide (EtBr) were 

used for the morphological detection of apoptotic and necrotic cells. Cell death can 

easily be distinguishable by using AO/EtBr staining. DLD1 cells were treated with 

LC50 concentration of each of the methanolic extracts. Clear-cut image of the live and 

dead cells will be obtained by this double staining method. LC50 concentrations of the 

methanolic extracts of two species of Microporus were treated with DLD1 cell lines 

and were stained using AO/EtBr double staining technique. This is the good method 

to differentiate apoptotic and necrotic cells from the normal cell lines. 

Morphologically 4 different cells can be observed after staining. The normal cells are 

having green nucleus which is clearly seen in the control. Bright green colour of the 

condensed or fragmented chromatin indicates the early apoptotic cells. While the late 

apoptotic cells have orange-red stained nucleus with chromatin condensation or 

fragmentation. Necrotic cells are uniformly stained with orange colour (Plates: 17-

18). 

d). Preliminary neuroprotective study 

On a global scale, neurodegenerative diseases like Alzheimer’s, Parkinson’s, 

stroke etc., are increasing nowadays. Hence there is need for the studies on 

neuroprotective areas. Neuroprotective effects refer to the ability of substances or 

interventions to protect the nervous system from acute injuries or neurodegenerative 

diseases. Neuroprotective agents can work by various mechanisms, including 

inhibiting apoptosis, improving mitochondrial function, scavenging free radicals etc.  

The preliminary study on neuroprotective effect of two species of Microporus was 

evaluated in IMR 32 neuroblastoma cell lines using different assays like MTT and 

apoptosis determination by AO/EtBr double staining. 
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i. In vitro neuroprotective effect determination by MTT assay 

Neuroprotective effect of methanolic extract of M. affinis and M. xanthopus 

was determined using MTT assay in IMR 32 cell line.  The cell viability of the fungal 

extract was compared with control and the cells were treated with amyloid. Cell 

viability was found to be declined in cells treated with amyloid (44.84 ± 0.33).  

In the case of cells treated with the extract of M. affinis, percentage of cell 

viability increased from 51.70 ± 0.32 (for the concentration of 6.25 µg/mL) to 57.87 

± 0.08 (for the concentration of 100 µg/mL). Even though, there is an increase in 

percentage of viability, it is not concentration dependent as viability percentage was 

found to be greater in 25 µg/mL and 50 µg/mL than 100 µg/mL of the extract. 

Photographs of the morphology of treated cells are given in Plate 19. 

There is a gradual increase in the percentage of cell viability for cells treated 

with the extract of M. xanthopus (Fig. 28). For the lowest concentration (6.25 µg/mL) 

it was found to be 46.20 ± 0.63 and for the highest concentration (100 µg/mL) viability 

percentage was increased to 84.51 ± 0.34.  This clearly indicates dose dependent 

efficiency of M. xanthopus in the recovery of degenerated neuronal cells. 

Microphotographs of the morphology of treated cells was also affected similarly and 

was recorded in Plate 20.  

 

Fig. 28: Determination of cell viability percentage using MTT assay in the cells 
treated with amyloid, different concentrations of Microporus and the control. 
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ii. Apoptosis determination by using acridine orange and ethidium bromide (AO- 

EtBr) double staining 

For the morphological detection of apoptotic and necrotic cells, DNA-binding 

dyes Acridine Orange (AO) and Ethidium Bromide (EtBr) are used. AO is taken up 

by both viable and non-viable cells and emits green fluorescence. EtBr is taken up by 

only non-viable cells and emits red fluorescence. By observing the stained cells under 

fluorescence microscope, four categories of cells are obtained: living cells with 

normal green nuclei, early apoptotic cells with bright green nuclei, late apoptotic cells 

having orange stained nuclei with chromatin condensation or fragmentation and 

finally apoptotic cells with uniformly orange stained cell nuclei. In comparison with 

the extract of M. affinis, the extract of M. xanthopus was found to be more effective 

in neuroprotective aspects. The result was compared with the control and cells treated 

with amyloid. Thus, further studies are carried out in the extract of M. xanthopus only. 

Photographs taken are given in Plate 21. 
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PHASE III: DETAILED STUDY ON NEUROPROTECTION IN   

MICROPORUS XANTHOPUS  

The preliminary study on neuroprotective effect of two species of Microporus 

was evaluated in IMR 32 neuroblastoma cell lines using different assays like MTT 

and apoptosis determination by AO/EtBr double staining. From these data it was clear 

that M. xanthopus is having a potential role in neuroprotection than M. affinis. Hence 

further studies are carried out on M. xanthopus only. Different assays were undertaken 

like ROS determination by using DCFDA, indirect ELISA, Autophagy, Annexin V- 

FITC apoptosis determination by flow cytometry and finally gene expression studies 

using qRT PCR.  

i. In vitro ROS measurement using DCFDA  

Dichlorodihydrofluoresceindiacetate (DCFDA) is initially a non-fluorescent, 

reduced form of dye that is permeable to cell membranes, that measures the ROS 

activity within the cell. After diffusion into the cell, DCFDA is deacetylated to another 

non - fluorescent compound, DCFH (2,7-Dichlorodihydrofluorescein), which is later 

oxidized to 2, 7 – Dichloroflourescein (DCF). DCF exhibits strong green 

fluorescence. The intensity of the green fluorescence is directly proportional to the 

concentration of ROS within the cell (Plate: 22). Normally cells may contain ROS at 

low level. But as cells progresses with neurodegeneration, ROS increases. 

The following represents the fluorescence measured by a fluorimeter at 470 

nm excitation and emission at 635 nm (Fig. 29) and are expressed in arbitrary units 

(AU) 
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Fig. 29: Fluorescence observed for ROS study using DCFDA 

ii. Indirect ELISA 

 An indirect ELISA offers a unique advantage over direct ELISA because it 

uses secondary antibody. It increases the sensitivity of the test. High sensitivity is 

crucial when detecting low levels of antigen in a sample. In general, indirect ELISA 

is used to determine the total antibody concentration in the sample. The accumulation 

of β – amyloid is a significant pathological characteristic of neurodegenerative 

diseases like Alzheimer’s disease (AD). 

Neuroprotective effect of methanolic extract of M. xanthopus was further 

substantiated by quantifying the expression of ChAt, Glutamate Receptor 2, Tau and 

alpha synuclein. IMR- 32 neuroblastoma cells were treated with previously calculated 

LC50 concentration of the extract (61.34 ± 0.32 µg/mL) and subjected to indirect 

ELISA. The absorbance was measured and protein concentration was calculated for 

untreated control, amyloid treated cells and amyloid + MX treated cells. From this 

value, protein activity (Fig. 30-33) was calculated (OD value/protein concentration).  

In case of almost all the proteins used, amyloid induced cells showed decline 

in the protein activity.  While treating with the extract, protein activity gets recovered. 

This support the neuroprotective effect of the extract.  
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Fig. 30: Activity of protein (ChAt) using indirect ELISA 

0.775 

0.457 

0.706 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Control Amyloid Amyloid + MX

P
ro

te
in

 a
c
ti

v
it

y
 (

U
n

it
s
 /
 m

g
) 

Glutamate Receptor 2 

 

Fig. 31: Activity of protein (Glutamate Receptor 2) using indirect ELISA 
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Fig. 32: Activity of protein (Tau) using indirect ELISA 
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Fig. 33: Activity of protein (Alpha synuclein) using indirect ELISA 
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iii. Autophagy 

When subjected to certain hostile conditions that threaten survival, such as 

when extracellular nutrients are limiting, eukaryotic cells employ a lysosome-

mediated intracellular bulk degradation pathway for digesting their own cellular 

contents by a process referred to as autophagy. Under physiological conditions, 

autophagy plays a variety of important roles including maintenance of the amino acid 

pool during starvation, damaged protein and organelle turnover, prevention of 

neurodegeneration, tumour suppression, cellular differentiation, clearance of 

intracellular microbes and regulation of innate and adaptive immunity. Autophagy is 

considered to be a dynamic, multi-step process which can be regulated at several steps, 

in both a positive and negative manner. Autophagic activity is typically low under 

basal conditions, but can be markedly up-regulated, both in cultured cells and intact 

organisms, by a variety of physiological stimuli. 

Population profile describe the characteristics of a cell population, while 

autophagy intensity reflects the extent of the autophagy process within those cells. 

Autophagy intensity is typically measured by observing the formation of 

autophagosomes (the vesicles that contain cellular waste) and the level of LC3 -II (a 

protein marker of autophagosomes). The amount of LC3-II reflects the number of 

autophagosomes. LC3 (Light chain 3) is a protein crucial for autophagy. Autophagy 

induction ratio is often measured as the ratio of GFP (Green Fluorescence Protein) 

LC3 to RFP (Red Fluorescence Protein) LC3 (Fig. 34-42). Low autophagy induction 

ratio suggests increased autophagy as GFP is degraded during autophagic flux while 

RFP – LC3 remains in the cytosol. Autophagy induction ratio in the cells treated with 

the extract of M. xanthopus was found (1.4) to be higher than that of cells treated with 

amyloid (1.0). This high ratio indicates that autophagy is blocked or not being 

effectively cleared. Thus, it is clear that M. xanthopus has the potential to trigger 

autophagy. 
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Fig. 34: Population profile of untreated control cells 

 

Fig. 35: Autophagy profile of untreated control cells 

 

 

Fig. 36: Autophagy intensity in untreated control cells 
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Fig. 37: Population profile of cells treated with Amyloid 

 

Fig. 38: Autophagy profile of cells treated with Amyloid 

 

 

Fig. 39: Autophagy intensity in cells treated with Amyloid 
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Fig. 40: Population profile of cells treated with sample 

 

Fig. 41: Autophagy profile of cells treated with sample 

 

 

 

Fig. 42: Autophagy intensity in cells treated with sample 
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iv. Annexin V- FITC apoptosis by flow cytometry 

Apoptosis is a carefully regulated process of cell death that occurs as a normal 

part of development. Inappropriately regulated apoptosis is implicated in disease 

states, such as Alzheimer’s disease and cancer. Apoptosis is distinguished from 

necrosis or accidental cell death by characteristic morphological and biochemical 

changes including compaction and fragmentation of the nuclear chromatin, shrinkage 

of the cytoplasm and loss of membrane asymmetry. 

 Annexin V- FITC is a fluorescent probe used to detect apoptosis, specifically 

identifying cells undergoing early apoptosis by binding to phosphatylserine (PS) 

exposed on the cell surface. PI (Propidium Iodide) is a nucleic acid dye which enter 

cells that have lost membrane integrity such as late apoptotic or necrotic cells. Thus, 

Annexin FITC is combined with (PI) to distinguish viable, early apoptotic and late 

apoptotic/necrotic cells. Annexin V is a calcium dependent phospholipid binding 

protein with a high affinity for PS. In healthy cells, PS is primarily found on the inner 

part of the cell membrane. During apoptosis, PS translocates to outer environment. 

Annexin V is labelled with FITC, a fluorescent dye that allows for the visualization 

of the binding of Annexin V to PS on the cell surface.   

From the flow cytometry analysis, cells can be distinguished as follows: 

 Viable cells: Negative for both Annexin V- FITC and PI 

 Early apoptotic cells: Positive for Annexin V-FITC and negative for PI 

 Late apoptotic cells: Positive for both Annexin V- FITC and PI 

 Necrotic cells: Negative for Annexin V- FITC and positive for PI 

 After staining a cell population with FITC Annexin V and PI in the provided 

binding buffer, apoptotic cells show green fluorescence, dead cells show red 

fluorescence and live cells show little or no fluorescence (Fig. 43-48).  
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Fig. 43: Population profile of 

untreated cells (control) 

 
Fig. 44: Apoptosis profile of 

untreated cells (control) 
 

 

 
Fig. 45: Population profile of     
            amyloid treated cells  

 

              
Fig. 46: Apoptosis profile of 

amyloid treated cells  
 
 

             
       Fig. 47: Population profile of sample 
 

           
          Fig. 48: Apoptosis profile of cells  
                        treated with sample
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Table: 10: Distribution of cells in control, cells treated with amyloid and cells 
treated with sample 

Cells 

Cell concentration (cells /mL) % gated 

Control 
Amyloid 
treated 

Sample 
treated 

Control 
Amyloid 
treated 

Sample 
treated 

Live cells 2.10E+06 1.95E+06 6.18E+06 91.66 74.22 94.02 

Early 
apoptotic 

1.23E+04 3.25E+04 4.73E+04 0.54 1.24 0.72 

Late 
apoptotic 

9.92E+04 3.77E+05 3.20E+05 4.34 14.38 4.86 

Debris / 
necrotic 

7.91E+04 2.66E+05 2.63+04 3.46 10.16 0.40 

Total 
apoptotic 

1.12E+05 4.10E+05 3.67E+05 4.88 15.62 5.58 

 

v. Gene expression studies using qRT PCR 

 Gene expression and regulation are the basis of cell development and 

differentiation. qRT PCR (quantitative reverse transcription polymerase chain 

reaction) is a highly sensitive and accurate method for measuring gene expression 

levels. The ability of methanolic extract of M. xanthopus in neuroprotection was 

studied by analysing the expression of Parkin gene. The Parkin gene plays a crucial 

role in neuroprotection, particularly by promoting the clearance of amyloid, a 

hallmark of Alzheimer’s disease (AD) and other neurodegenerative disorders.  Parkin 

knock down led to accumulation of beta amyloid. In AD brain, Parkin was found to 

interact with beta amyloid and its levels were reduced. Thus, Parkin is cytoprotective, 

partially by increasing the removal of cellular amyloid through a proteasome 

dependent pathway. Mutations in Parkin cause autosomal recessive Parkinson’s 

disease. 

In the expression study of Parkin gene, control, amyloid treated cells and 

sample treated cells showed a change in expression fold as 1, -0.323 and 1.29 

respectively (Fig. 49). Fungal extract has the potential for upregulation of Parkin’s 

activity. Parkin can influence the processing of APP, the precursor protein for 

amyloid. 
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Parkin may directly participate in the degradation of beta amyloid, helping to clear 

them from the brain and reduce amyloid plaques. 

 

Fig. 49: Expression fold changes of Parkin gene in IMR 32 cell lines treated with 
amyloid and the sample 
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DISCUSSION 

 

Fungi and humans have a long history together, especially in terms of their 

chemical interactions. This strong connection was depicted by Alexander Flemming 

in 1928, who observed the efficiency of killing bacterium by a fungus 

called Penicillium notatum on a Petri dish inoculated with Staphylococcus aureus 

(Steffan et al., 2020). Fungi, a diverse group of organisms, have developed several 

communication and protection strategies, one of which involves the synthesis of a 

diverse group of bioactive compounds, also known as secondary metabolites (Kaneria 

et al., 2024; Elhamouly et al., 2022). These secondary metabolites are important for 

fungi for the interaction with the environment and for survival but are not required for 

reproduction of the fungi. The fungi have played an important role in shaping human 

society, which is evident from the discovery of penicillin (Moonjely, 2022). Due to 

the continuous investigations on fungal secondary metabolites today, several life-

saving drugs are available in the market. 

A good number of macrofungi produce large and conspicuous fruiting bodies. 

These macrofungi mainly belong to two orders, Polyporales and Agaricales, of class 

Basidiomycetes. Most of the polypores are wood inhabiting and rest are terrestrial. 

Beyond the ecological roles, polypores may have diverse industrial applications due 

to the capability of selective delignification (Wu et al., 2005). Many bioactive 

compounds which impart the medicinal polypore properties are still being isolated (Grienke, 

2014). Bracket fungi are a complex group of species formed by different 

representatives of Basidiomycetes. 

Indian mushroom industry is witnessing a fabulous change in the recent years 

with respect to its diversity, as a source for different types of chemicals, culinary 

properties and significant role in therapeutic field. Historically, medicinal mushrooms 

(especially Basidiomycetes) have been shown to have profound health promoting 

benefits and recent studies are now confirming their medical efficacy and identifying 

many of the bioactivities. Mushrooms are advantageous as source of bioactive 

compounds over plants because their fruiting body can be produced in shorter period 
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of time. Different wild mushrooms have been previously reported to have high 

antimicrobial and antioxidant activity. Mycochemical analysis from previous studies 

have shown that antioxidants found in mushrooms are mainly from phenolic 

compounds (phenolic acids and flavonoids), tocopherols, ascorbic acid and 

carotenoids (Ferreira et al., 2009). 

Bracket fungi are one important group of mushroom family, a member of the 

division Basidiomycota with a woody and circular fruiting body called conks. A 

distinguishing factor of common mushroom and bracket fungi is the lack of a stipe, 

only a few of them have a short stipe. Otherwise, they grow directly from the wood 

on which they live (Fogel & Rogers, 2006). Bracket fungi are agents of root and wood 

destruction in the woody plants. Most of them are inedible and only a few bracket 

fungi species are edible. People consumed these fungi because of their nutritional and 

medicinal properties. Ganoderma lucidum (W. Curt. Fr.) P. Karst., is one of the 

examples of edible bracket fungi. Based on traditional knowledge, it is being used for 

the treatment of different ailments (Morris et al., 2017) and boosts the immune system 

(Wachtel-Galor et al., 2004). 

Many polypore species are however, employed in pharmacology for the 

treatment of a wide range of ailments including bacterial and viral infections, 

allergies, neurological problems and cancer (Lindequist et al., 2005). Indeed, 

Fomitopsis betulina is reported to have been used as an antibacterial agent as long as 

5300 years ago (Capasso, 1998) and has a long history of use in folk medicine. In 

modern day, its biotechnological potential has been highlighted recently with 

pharmacological studies indicating significant antimicrobial, anticancer, anti-

inflammatory and neuroprotective activities (Pleszczyn´ska et al., 2017).  

Studies conducted by Ao et al. (2016), reported that M. xanthopus is an 

inedible bracket fungus which grows in the fallen branches and twigs. It is distributed 

round the year. There is a report on the use of M. xanthopus to stop child from breast 

feeding (Chang & Miles, 2004; Das, 2009; Deshmukh, 2004). 

 Since ancient times, mushrooms were widely appreciated all over the world, 

particularly in China, Korea, Japan, Central and North American countries for their 
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nutritional value and medicinal properties. Mushrooms contain substantial amount of 

dietary fibers, as well. Modern scientific data has documented that mushrooms 

represent an unlimited source of bioactive molecules as an example of molecular 

diversity with recognized potential in drug discovery and development. 

Basidiomycetes mushrooms (phylum Basidiomycota) including agaric and bracket 

fungi are natural source of bioactive molecules and valuable enzymes with around 

126 therapeutic effects (Wasser, 2002; Wasser, 2010; Badalyan, 2012). Therefore, 

they are considered as perspective organisms to develop different healthcare biotech-

products. Basidiomycetes are the major class of fungi, able to grow at different 

environmental conditions and leads to the creation of a range of secondary 

metabolites. As opposed to ascomycetes fungi, basidiomycetes exhibit a diverse 

nature in their morphology and secondary metabolites.  

PHASE I: MYCOCHEMICAL CHARACTERIZATION 

i. Mycochemical characterization by qualitative & quantitative analysis, HR-

LC/MS and GC/MS  analysis 

Mushrooms have a low fat, high protein content and a high content of several 

vitamins (B, C, D, K). In the present study, the presence of vitamin D (calciferol) is 

reported through HR-LC/MS in the extracts of M. xanthopus. GC/MS analysis 

conducted in both the species of Microporus reported to possess ergosterol. According 

to Phillips et al. (2011), ergosterol is the provitamin of ergocalciferol (Vitamin D2). 

 The main chemical constituent in the fruiting bodies of mushrooms falls 

primarily under the class of polysaccharide and also includes substantial amounts of 

fibers, other saccharides, terpenoids and proteins (Singdevsachan et al., 2016). A 

comprehensive study on various bioactive ingredients such as polysaccharides, 

terpenoids, steroids, phenolics and alkaloids isolated from mushrooms has been 

reported for their chemical and pharmacological properties (Öztürk et al., 2015). A 

diverse spectrum of chemical compounds with potential pharmacological activity has 

been isolated from the fruiting bodies of Ganoderma mushrooms: triterpenoids, 

polysaccharides, proteins, amino acids, alkaloids, steroids, fatty acids and enzymes 

(Becovic et al., 2014). Bracket fungi, also known as polypores, are known to produce 
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a wide variety of secondary metabolites, including alkaloids, terpenoids and steroids, 

which play important roles in their defence mechanisms and potential applications in 

medicine and other fields. These compounds are produced through complex 

biosynthetic pathways and can exhibit diverse biological activities.  Present study 

revealed the presence of alkaloids, steroids and terpenoids in both species of 

Microporus. Saponins and glycosides are reported only in M. xanthopus. Qualitative 

analysis in both the species of Microporus showed negative results for flavonoids, 

phenols and tannins (Table 4).  

 Fungi are the rich source of bioactive secondary metabolites, many of which 

have been instrumental in transforming medicine and pharmaceuticals. Fungal 

metabolites have led to the discovery of several life-saving drugs, including 

antibiotics, anticancer agents, immunosuppressants and more.  

 Alkaloids are the nitrogen-containing compounds that are often derived from 

amino acids and exhibit a wide range of biological activities including antimicrobial 

and anticancer properties. Fungal alkaloids such as ergot alkaloids are well-known for 

their toxic and medicinal properties. Alkaloids are a major class of fungal secondary 

metabolites with several biological and therapeutic uses. Fungi synthesize these 

compounds through their secondary metabolism, which is not involved in their growth 

or reproduction. Alkaloids from fungi have shown significant promise in 

pharmaceutical applications. For example, verticillins, a group of 

epipolythiodioxopiperazine alkaloids, exhibit potent cytotoxicity against cancer cell 

lines and are being explored for their chemotherapeutic potential. These compounds 

probably function as specific inhibitors of histone methyltransferases, therefore 

affecting apoptosis and immune recognition (Jakubczyk & Dussart, 2020). 

 The wide range of activity demonstrated by fungal alkaloids, encompassing 

antibacterial, antifungal and immunosuppressive properties, highlights their promise 

as therapeutic agents. Their wide-ranging uses in medicine, particularly in Ayurvedic 

practices, emphasize the need for additional investigation and application (Roy et al., 

2021). 
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 Terpenes are one of the major fungal organic compounds. Terpenes 

demonstrate a wide range of biological actions, comprising antioxidative, anti-

inflammatory, antiviral and antitumor activities. The aforementioned activities render 

them highly attractive contenders for pharmaceutical applications, including the 

development of anticancer medications and antibiotics. As a subset of terpenoids, 

diterpenes are known for their wide range of biological activities and applications in 

the fields of medicine, agriculture and personal care (Masyita et al., 2022). 

 Due to their low-fat content, mushrooms are low in calories (Muszynska et al., 

2018). The total energetic value of mushrooms is between 250 and 350 calories/kg of 

fresh mushrooms (Panneerselvam et al., 2009; Sanchez, 2010). The dry matter of 

mushrooms comprises around 50% to 65% total carbohydrates, 19% to 35% proteins, 

and 2% to 6% fat (Rathore et al., 2017). While, the quantitative mycochemical 

screening resulted in the high amount of carbohydrate and minimal quantity of protein 

in the two species of Microporus. Comparatively, higher amount of carbohydrate in 

M. affinis substantiates its culinary property. In the present study, protein content was 

found to be minimum (0.21 mg/g for M. affinis and 0.15 mg/g for M. xanthopus) when 

compared with the total protein content of Ganodema applanatum (9.19 mg/g) and G. 

lucidum (16.29 mg/g) obtained in a study conducted by Mohammadifar et al. (2020).  

Edible mushroom comprises a maximum number of all essential amino acids (Hayes, 

1976), with arginine, glutamic acid, and aspartic acid being the most abundant ones 

(Manzi et al., 1999). Thus, mushrooms can be considered as a great alternative to 

animal products (Dembitsky et al., 2010). Mycophagy or mushroom eating is 

inextricably linked to mushroom poisoning (Kumar & Kaviyarasan, 1976). 

Mushroom foraging involves a high risk of confusion, wherein the poisonous 

mushrooms are mistaken for their edible looks. Macroscopic characters cannot be the 

basis to differentiate poisonous mushrooms as it is the chemical nature of the 

mushroom which determines its edibility or toxicity. 

 Mushrooms are rich in essential nutrients with high contents of dietary fibre, 

significant contents of vitamins (B1, B2, B12, C, D and E), trace elements, a high 

quality of proteins including important content of essential amino acids. They may 
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however be limited in the cystine, methionine and sulphur-containing amino acids, 

carbohydrates and fats but with excellent important fatty acid content, low or no 

calories and cholesterol and antioxidants (Agrahar- Murugkar & Subbulakshmi, 

2005; Heleno et al., 2010; Wani et al., 2010; Niazi & Ghafoor, 2021). Mushrooms 

also have bioactive nutraceuticals such as polysaccharides (Ruthes et al., 2016), 

phenolic compounds (Heleno et al., 2015a), glycoproteins (Kumar, 2015), ergosterols 

(Barreira et al., 2014), unsaturated fatty acids (Tel-Cayan et al., 2017) and tocopherols 

(Khatua et al., 2013). These mushrooms also contain four influential nutrients like 

ergothioneine, glutathione, vitamin D and selenium which serve to alleviate oxidative 

tension as well as possesses antioxidant property (CNN, 2018). 

 GC/MS analysis is used to identify and quantify volatile compounds in the 

fungal extract. GC/MS separates and identifies volatile compounds based on their 

boiling points and mass to charge ratio. By using GC/MS analysis, an array of 

chemicals was analysed in earlier studies conducted in a well explored bracket fungus 

called Ganoderma (Liu et al., 2023). GC/MS method can serve as an interesting tool 

for identification of active principles in extracts. It combines two analytical techniques 

to a single method of analysing mixtures of chemical compounds. Gas 

chromatography separates the components of the mixture and mass spectroscopy 

analyses each of the components separately (Bai et al., 2014). Gas chromatography 

coupled with mass spectrometry is a commonly used technique for the separation and 

identification of the components of complex volatile mixtures. GC is known for its 

high-resolution separation of structurally similar compounds. The use of electron 

ionization in mass spectrometry produces distinctive mass spectral fragmentation 

patterns enabling mass spectra of unknown compounds to be searched against libraries 

(Nguyen & Kimaru, 2014).  So, in the present study, fungal extracts were subjected 

to GC/MS analysis which revealed a wide spectrum of chemicals. Regarding fats, 

mushrooms are rich in polyunsaturated, monounsaturated and saturated fatty acids 

such as palmitic, oleic and linoleic acids (Kavishree et al., 2008; Muszynska et al., 

2018).  
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Mushrooms have a low fat, high protein content and a high content of several 

vitamins (B, C, D, K). In the present study, the presence of vitamin D (calciferol) is 

reported through HR-LC/MS in the extracts of M. xanthopus (Table 5). GC/MS 

analysis conducted in both the species of Microporus reported to possess ergosterol. 

According to Phillips et al. (2011), ergosterol is the provitamin of ergocalciferol 

(Vitamin D2). 

In the present study, fatty acids were found to be the leading compound,     

72.66 % in M. xanthopus and 48.70% in M. affinis. Fatty acids like sativic acid, 

jalapinolic acid, decanoic acid, myristic acid, stearic acid, palmitic acid, palmitoleic 

acid, linoleic acid, oleic acid and linoceric acid are obtained through chromatographic 

methods in M. affinis. HR-LC/MS is another chromatographic method which is a 

valuable tool for studying bracket fungi, allowing researchers to explore their 

chemical composition, identify potentially bioactive compounds and gain insights into 

their metabolic processes. This powerful technique combines liquid chromatography 

for separating different compounds from a sample with mass spectrometry for 

accurately determining their masses. The ‘HR’ in HR-LC/MS stands for ‘high 

resolution’ which means the mass spectrometer can resolve very similar masses, 

providing more precise structural information. HR- LC/MS (Table 5) and GC/MS 

(Table 7) in M. xanthopus revealed the presence of fatty acids like decanoic acid, 

anandamide, caprylic acid, myristic acid, palmitic acid, palmitoleic acid, linoleic acid, 

margaric acid, stearic acid, oleic acid, behenic acid and lignoceric acid. The typical 

compounds of edible mushrooms can be divided into volatile and non-volatile 

components. Volatile components include alcohols, aldehydes, ketones and esters 

(Chao et al., 2008). While non-volatile components mainly consist of carbohydrate, 

polysaccharide, crude fibre, crude fat, mineral elements and amino acids (Quo et al., 

2007).  

In M. xanthopus, a total of 45 compounds were obtained through GC/MS 

analysis (Table 7). The compounds were grouped into 11 classes such as alkane, 

alkene, aldehyde, alcohol, ester, ether, fatty acid, fatty acid ester, ketone, organic 

compound and sterol. Among these, leading classes of compounds were fatty acids 
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(72.66 %), sterols (15.21 %) and fatty acid esters (10.05 %). Linoleic acid represents 

the compound with highest peak area (26.86 %). Other leading compounds are oleic 

acid (17.97 %), palmitic acid (15.81%), stellasterol (8.43 %), pentadecanoic acid (6.68 

%), monoolein (6.45 %), ergosterol (5.6 %) etc.  

In case of M. affinis, a total of 46 compounds were detected through GC/MS 

analysis (Table 8).  As in M. xanthopus, here also compounds are grouped into 11 

classes. Majority of classes are similar in both the species. Aldehydes, alkanes, 

alkenes, alcohols, esters, fatty acids, fatty acid esters, hexose sugar, ketones, sterols 

and terpenoids represent various classes of compounds. Fatty acids were found to be 

the leading class (48.70%). Other leading classes were fatty acid esters (28.38%), 

sterols (13.07%), alcohols (3.23%), ketones (2.80%) esters (1.59%) etc. Linoleic acid 

was found to be with highest peak area (26.35%) which is followed by palmitic acid 

(13.73%), 2-monopalmitin (11.73%), stellasterol (9.61%), linoleic acid methyl ester 

(8.53%), monoolein (5.93%), pentadecanoic acid (2. 67%) and methyl palmitate 

(2.17%).  

GC/MS analysis of Microporus revealed the presence of different fungal 

sterols like stigmasterol, stellasterol, ergosterol etc., which are already reported in 

various earlier studies and reported to possess potent antiproliferative, antitumor and 

anticancer activities (Chakraborty et al., 2023).  

Farnesol, a sesquiterpene alcohol,  which is a fungal quorum-sensing 

molecule (QSM) is produced by Candida albicans. It plays a significant role in 

fungal morphogenesis and biofilm formation.  Farnesol also 

exhibits neuropharmacological properties and has been shown to have potential 

therapeutic effects (Jadhav & Karuppayil, 2020). Farnesol may influence these 

effects by interacting with the nervous system and potentially affecting 

neurotransmitter levels. The ability of farnesol to modulate fungal behaviour and its 

neuropharmacological effects make it a promising candidate for drug 

development. Fortunately, M. affinis is shown to possess the presence of farnesol, 

which was screened through GC/MS analysis in the present study. 
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Mostly the edible mushrooms contained polyunsaturated fatty acids and help 

to decrease the level of serum cholesterol. Tocopherols are the natural antioxidant 

compounds found in the lipidic fraction as they act as free radical scavenging peroxyl 

components produced from several reactions. These antioxidants are protective 

against cardiovascular diseases, degenerative malfunctions and cancer. Linoleic acid, 

an essential fatty acid to humans, decreases triglyceride levels, arthritis, 

cardiovascular diseases and blood pressure (Hensley et al., 2004; Ferreira et al., 

2009; Heleno et al., 2012; Reis et al., 2012). As discussed here, both species were 

shown to possess fatty acids as the leading class of compound. Linoleic acid 

represents the compound with highest peak area for both M. xanthopus and M. affinis.  

Ergosterol is one of the major sterols produced by mushrooms and has shown 

important antioxidant properties (Guillamon et al., 2010). It also plays a major role in 

the prevention of cardiovascular diseases (Kalac, 2013). In the present study, GC/MS 

analysis revealed the presence of ergosterol in both the species of M. affinis and  

M. xanthopus. They are detected as tocopherols and considered as effective as well as 

novel natural antioxidants and have major biological activities for the protection 

against microbial and cardiovascular diseases and degenerative malfunctions (Heleno 

et al., 2012a, 2015b; Jaworska et al., 2015).  

Polysaccharides are the best known and most potent mushroom-derived 

substances with antitumor and immunomodulating properties (Lorenzen & Anke, 

1998; Mizuno et al., 1996; Borchers et al., 1999; Mizuno et al., 1999; Reshetnikov  

et al., 2001).  In 1969, Ikekawa et al., published one of the first scientific reports on 

antitumor activities of essences obtained from fruiting bodies of mushrooms 

belonging to the family Polyporaceae and a few other families, manifested as host-

mediated activity against grafted cancer – such as Sarcoma 180 – in animals (Ikekawa 

et al., 1982; Ikekawa et al., 1992). Soon thereafter the first three major drugs were 

developed from medicinal mushrooms. All three were polysaccharides, specifically 

β-glucans: krestin from cultured mycelial biomass of Trametes versicolor (Turkey tail 

mushroom), lentinan from fruiting bodies of L. edodes, and schizophyllan from the 

liquid cultured broth product of Schizophyllum commune. In the light of these, least 
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explored Microporus (polyporaceae) was screened for antitumor activities since it is 

rich in carbohydrate content.  Mushrooms are rich sources of β-glucan, proteoglycan, 

lectin, phenolic compounds, flavonoids, polysaccharides, triterpenoids, dietary fibre, 

lentinan, schizophyllan, steroids, glycopeptides, terpenes, saponins, xanthones, 

coumarins, alkaloids etc., and also have been used extensively in traditional medicine 

for curing various types of diseases such as antimicrobial, antiviral, anticancer, 

antitumor, anti-inflammatory, cardiovascular diseases, immunomodulating etc. 

(Wasser & Weis, 1999; Chihara, 1992; Wan et al., 2000; Bobek et al., 2001). 

Medicinal mushroom research has focused on discovery of compounds that can 

modulate positively or negatively the biologic response of immune cells. An earlier 

study on M. affinis has reported a new cadinane type sesquiterpenoid (Zhao et al., 

2019).  

Presence of pyranone in M.  affinis revealed through GC/MS analysis is a 

hallmark to antiproliferative activities. This was discussed in detail in an earlier 

study of Chakraborty et al. (2023). Those compounds, which appear to stimulate the 

human immune response, are being sought for the treatment of cancer. The presence 

of some of these chemicals in Microporus acts as stepping stone for assessing its 

potential in anticancer activities.  

There was a report on monoolein (Park et al., 2021), a lipid, which has 

demonstrated anti-cancer activity against the U937 leukemia cell line in 

vitro. Specifically, it has shown the ability to inhibit the proliferation of these cancer 

cells, likely through inducing apoptosis and cell cycle arrest. GC/MS analysis of  

M. affinis revealed the presence of this active compound in the present study. Study 

conducted by Park et al. 2021 suggests that monoolein can trigger programmed cell 

death in U937 cells, further contributing to its anti-cancer effect. The anti-cancer 

effects of monoolein may be linked to its ability to induce the production of ROS, 

which can damage cancer cells. The precise mechanisms by which monoolein exerts 

its effects on U937 cells are still being investigated, but evidence suggests that it is 

involved in ROS-dependent apoptosis and cell cycle arrest, along with potential 

mitochondrial dysfunction (Park et al., 2021).  
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GC/MS analysis of M. xanthopus in the present study revealed the presence of 

palmitoleic acid, a monosaturated fatty acid. It is reported to possess ability to 

prevent diabetes, cardiovascular diseases and have anti-thrombotic effect, which 

may reduce the risk of stroke (Hu et al., 2019).  

Present study on M. affinis through HR-LC/MS analysis reported the 

presence of a bioactive compound called 16-Hydroxy-4-oxoretinoic acid. There is 

an earlier report on retinoic acid, a derivative of vitamin A, which shows promise in 

cancer treatment by inhibiting the growth and differentiation of various cancer cells. It 

can induce cell cycle arrest and apoptosis and also modulate signalling pathways 

involved in cancer progression (Chen et al., 2014).  

In the present study, the presence of serotonin is reported through HR-

LC/MS analysis in M. xanthopus. Serotonin is a neurotransmitter, that transmits 

signals between nerve cells and it also functions as a hormone. It plays a key role in 

regulating mood, sleep, appetite and other bodily functions. Most of the body's 

serotonin is found in the digestive tract and blood platelets, while the brain contains a 

smaller amount that is crucial for its various functions (Thébaut et al., 2018).  

PHASE II: BIOACTIVITY SCREENING 

a.) Free radical scavenging assays 

 The unstable molecules that damage cells are generally termed as free radicals. 

Free radical scavenging is crucial for maintaining cellular health and preventing 

disease. By nullifying harmful free radicals, antioxidants and other scavengers protect 

cells against oxidative stress which is a process linked to aging and various 

diseases. This protection is crucial for preventing cellular damage, maintaining proper 

physiological function and potentially reducing the risk of cancer and 

neurodegenerative diseases. The disturbance in equilibrium between free radical 

production and the body's ability to neutralize them is said to be an oxidative stress, 

which is implicated in many diseases. Free radical scavengers help to restore this 

balance and thereby reduce oxidative stress (Hatwalne, 2012).  
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Nitric oxide, DPPH, hydroxyl free radical and reducing power assays are the widely 

used free radical scavenging assays which are used to evaluate the antioxidant activity 

of a substance. These methods assess the ability of a compound to negate harmful free 

radicals (molecules with unpaired electrons that can damage cells). DPPH and 

hydroxyl radical assays asses the direct scavenging of free radicals, while nitric oxide 

and reducing power assays measures the ability to inhibit the formation or reaction of 

nitric oxide and to donate electrons respectively (Baliyan et al., 2022).  

Formation of free radicals is a natural process associated with metabolism of 

cells. These free radicals can interact with macromolecules in cells like proteins, DNA 

and lipids, generating more reactive molecules as new radicals and lipid peroxides 

(Torel et al., 1986; Pryor et al., 1982; Gyamfi et al., 1999). These free radicals can 

damage the living system and are causative of many diseases such as cancer, coronary 

heart diseases and aging (Keys, 1995; Lipworth et al., 1997). Antioxidants are free 

radical scavengers and thus limit action of free radicals on cellular biomolecules 

(Halliwell, 1997; Hu, 2002). The results of the previous studies on antioxidant assays 

showed that Ganoderma lucidum (a well-studied member of Polyporaceae) occurring 

in south of India were found to possess in vitro antioxidant activities and scavenged 

free radicals (Lakshmi et al., 2008). In earlier studies conducted on Ganoderma, the 

antioxidant activity was measured using DPPH method to evaluate free radicals 

scavenging shown as IC50. IC50 indicates the extract concentration providing 50% 

inhibition of DPPH free radicals. The lower the IC50, the higher the antioxidant power 

(Mohammadifar et al., 2020). In 2018, Gaylan et al. performed an antioxidant activity 

using DPPH scavenging assay in the ethanolic extract of M. xanthopus and revealed 

statistically comparable DPPH scavenging effects with the standard vitamin C.  

Previous reports on M. xanthopus showed it contains high amount of ascorbic acid 

and significant antioxidant activity (Tripathy et al., 2014). In an earlier study, M. 

xanthopus showed low level of DPPH scavenging activity (Liew et al., 2015). DPPH 

assay uses the stable free radical DPPH (with a characteristic purple colour). When 

an antioxidant is added, it donates a hydrogen atom to DPPH, resulting the purple 

colour to fade and the decline in absorbance at a specific wavelength is measured to 

quantify the scavenging activity.  
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According to Sowndhararajan & Kang (2013), hydroxyl radical assay 

measures the ability of a substance to scavenge hydroxyl radicals, which are highly 

reactive and causes significant cellular damage. The assay often involves producing 

hydroxyl radicals through the Fenton reaction (using Fe2+ and H2O2) and then 

assessing the antioxidant's ability to inhibit radical-mediated reactions like DNA 

damage or lipid peroxidation. In the present study, the extract of M. affinis, was 

found to be more potent in scavenging hydroxyl radicals when compared to the 

standard gallic acid used. 

 In nitric oxide scavenging assay, the ability of a compound to scavenge 

nitric oxide (NO) is evaluated. Nitric oxide can react with other molecules to form 

harmful species like peroxynitrite. Antioxidants can scavenge nitric oxide, which 

prevents the formation of these damaging by-products. While in reducing power 

assay, the ability of a substance to reduce ferric ions (Fe3+) to ferrous ions (Fe2+) is 

measured. A higher reducing power indicates a greater ability to donate electrons, 

which is a characteristic of antioxidants (Chrocho et al., 2022).  Present study 

evaluated the potential for nitric oxide scavenging (Fig. 21) and reducing power 

assay (Fig. 22), where M. affinis was found to be more effective than M. xanthopus 

in both assays. These, potential antioxidant activity of M. affinis might be due to 

various active chemicals. Present study is a direct evidence with the presence of 

strong antioxidant substance called maltol, screened through GC/MS analysis. 

Oxidative damage is a major contributor to the aging process and is linked 

to diseases like Alzheimer's, Parkinson's and cancer. Free radical scavengers can 

help to mitigate these diseases. 

b.) Cytotoxicity by Allium cepa assay 

 In an earlier study, there is a report on the activity of ergosterol obtained from 

Fomitopsis pinicola to induce ROS mediated apoptosis in colorectal cancer cell lines 

(Wang et al., 2014). Ergost-5-en-3-ol (Campesterol) and Stigmasta-5, 22-dien-3-ol 

(Stigmasterol) both are anti-cancerous phytosterols (Arora, 2017). Chemical profiling 

on Microporus revealed the presence of ergosterol which thus point out its potential 

in anticancer activities. Previous works have shown that, ergosterol exhibit some 
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degree of antitumor activities (Yazawa et al., 2000; Takaku et al., 2001) which will 

be a stepping stone for further studies in anticancer assays. 

 Clinical trials are costly in time and resources and consequently, efficiency of 

fungal extracts in preventing and treating cancer is still largely unproven. More and 

rigorous investigation is essential to explore this complex topic further. Nevertheless, 

there is some promising evidence, indicating that the consumption of some fungal 

extracts helps in protecting against some cancer types, especially breast and 

gastrointestinal cancers (Kim et al., 2002; Hara et al., 2003). 

 According to several previous studies (Klis & Hellingwerf, 2001; McIntosh et 

al., 2005; Schmid et al., 2001), β-glucans are the main polysaccharides that are found 

in mushrooms whereas 50% of the fungal cell wall mass is formed by β-glucans. For 

the industry, it is very essential due to their excretion into the cell growth medium and 

making their recovery possible. Its chemical characterization and purification are very 

simple. These β- glucans are highly responsible for the antioxidant, 

anticholesterolemic, anticancer, neuroprotective, immunomodulating activities of 

several edible mushrooms (Falch et al., 2000; Ishibashi et al., 2001; Kataoka et al., 

2002; Khan et al., 2013). They are also essential in protection from cancer as well as 

infectious diseases and also recovered the patients from radiotherapy and 

chemotherapy (Manzi et al., 2001; Chen & Seviour, 2007). Consequently, reinforcing 

as well as activating the host immune system is the best strategy for inhibiting the 

cancer cells’ growth (Daba & Ezeronye, 2003; Finimundy et al., 2013). 

 Furthermore, fungal metabolites play a significant role in the advancement of 

anticancer and immunomodulatory chemotherapy. These chemicals demonstrate 

several modes of action, such as triggering apoptosis in cancer cells, suppression of 

cell division and regulation of the immune system. Fungi synthesize wide range of 

secondary metabolites including amino acids, alkaloids, anthraquinones, and terpenes, 

that have notable anticancer effects (Behar et al., 2024; Evidente, 2024). 

 The induction of apoptosis in cancer cells by fungal metabolites is a vital 

mechanism underlying their anticancer action. The efficacy of these compounds in 

combating medication resistance has been especially observed in pancreatic cancer. 
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The metabolites exert their effects via diverse biosynthetic routes, selectively 

targeting molecular processes exclusive to cancer cells, thereby inducing cell cycle 

arrest and apoptosis (Giurini et al., 2024). Apoptosis is the process of programmed 

cell death and the most popular target of different anticancer therapies. Dysregulation 

of apoptosis signals in cancer promotes abnormal cell growth and tumorigenesis 

(Wong, 2011). The main objective of cancer treatments is the restoring of lost 

apoptotic function in cancer cells. The initiation of apoptosis in cells can be identified 

by morphological changes such as nuclear fragmentation, chromatin condensation, 

cell shrinkage and membrane blebbing (Elmore, 2007; Hassan et al., 2014). Similar 

morphological changes are observed for both species of Microporus in the present 

study.  

 In a previous study conducted on Ganoderma, it was reported that greater 

antioxidant activity will be a better option for the production of anticancer drugs 

(Mohammadifar et al., 2020). In the present study, Microporus has shown better 

antioxidant activities and thus it was screened for in vitro anticancer activities. 

 In earlier studies, polysaccharide from Inonotus obliquus has been shown to 

possess in vivo tumor growth inhibition via immunostimulation in colorectal and 

gastric cancers (Kim et al., 2006; Fan et al., 2012; Won et al., 2011; Kim et al., 2005). 

This correlates with the anticancer efficacy of Microporus since it possesses 

polysaccharides. Many of the purified mushroom polysaccharides have been in 

clinical use in Japan, China and Korea for many years, with no reports of any 

significant short term or long-term adverse effects. These compounds are not miracle 

drugs but can improve the quality of life of cancer patients and may offer increased 

survival rates for some types of cancer (Kidd, 2000).  

 The Allium cepa bioassay is a widely used method to assess the cytotoxic and 

genotoxic effects of various substances. It utilizes the rapid root growth of Allium 

cepa (common onion) as a sensitive indicator of cellular damage. This assay allows 

for the evaluation of several toxicity endpoints, such as chromosomal aberrations and 

mitotic index alterations (Wijeyaratne & Wadasinghe, 2019).  
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 Root tip cells are examined under a microscope to determine the proportion 

of cells undergoing division (mitosis). The mitotic index and chromosomal 

aberrations are two key indicators used in cytogenetics to assess the effects of various 

factors on cell division. The mitotic index reflects the rate of cell division and a 

decrease in the mitotic index can indicate cytotoxic effects. The mitotic index is the 

proportion of cells undergoing mitosis within a population of cells. It is generally 

expressed as percentage and is the ratio of number of cells in mitosis to that of total 

number of cells in a field studied. Higher mitotic index might suggest increased cell 

division, potentially linked to cell damage or the presence of certain 

stimuli. Conversely, a lower mitotic index can indicate reduced cell proliferation due 

to toxicity or other factors inhibiting cell division (Nefic et al., 2013). Current study 

also revealed a reduction in mitotic index from lower concentration to higher 

concentration of the extracts of both M. affinis and M. xanthopus.  

 Structural or numerical changes in chromosomes are generally referred as 

chromosomal aberrations. These changes can involve breaks, deletions, 

rearrangements or changes in chromosome number. Chromosomal aberrations can be 

structural (morphological) or numerical (extra or missing of chromosomes). 

Normally, aberrations can arise from DNA damage caused by exposure to certain 

chemicals, radiation or other genotoxic agents (Nefic et al., 2013). In the present 

study, fungal extracts of both M. affinis and M. xanthopus possess increase in the 

percentage of chromosomal aberrations from lower concentrations to higher 

concentrations of the extract (Fig. 23).  

 There are some reports on cytotoxic studies on fungal extracts which resulted 

in various chromosomal aberrations (Aneesh & Thoppil, 2019; Aneesh & Thoppil, 

2020). In the present study, cytotoxic screening on two species of Microporus 

revealed wide spectra of chromosomal aberrations, which are broadly classified into 

clastogenic and non-clastogenic aberrations (Plates 4-12). Chromosome stickiness, 

pulverization, nuclear lesions, nuclear erosion, nuclear extrusion, nuclear 

disintegration, nuclear budding, nuclear peak, giant cell formation, coagulated 

chromosomes, chromosome gap, chromosome bridges, chromosome fragmentation, 
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ring chromosomes, contorted chromosomes, hyperchromasia, cytomixis etc., are the 

important clastogenic aberrations observed. Non-clastogenic aberrations include 

hypoploid, hyperploid and polyploid conditions, vagrants, laggards, shift in 

microtubule organizing center (MTOC), ball metaphase, misorientation, binucleate 

cell, stellate metaphase, C-metaphase, diagonal arrangement of chromosomes, 

disturbed chromosomes, stathmo-anaphase, scattering of chromosomes, micronuclei, 

early movement of chromosomes, somatic pairing, tropokinesis, macro and micro cell 

formation, chained chromosomes, etc. The highlights of the present study include the 

induction of certain rare abnormalities (Plate 12) like somatic pairing in hyperploid 

cell, hyperchromasia at interphase, cytomixis at interphase, contorted strap cell 

showing disintegrated nucleus, cytostasis in a hypoploid cell, cytostasis in a polyploid 

cell, etc. 

c.) Antiproliferative efficacy of Microporus using DLD1 cell line 

 Cancer fungotherapy is a promising scientific field, which deals with 

antitumor substances derived from mushrooms. It has been an integral part of the 

world traditional medicine since the antiquity (Xu et al., 2012a). Although the 

chemical composition of the mushroom is very complex which comprise nucleosides, 

steroids, fatty acids, alkaloids, proteins, peptides, amino acids, vitamins and inorganic 

elements (Niu et al., 2002), most studies have linked the antitumor effect of 

Ganoderma lucidum extracts to the presence of different polysaccharides and 

triterpenoids. During the past two decades more than 200 polysaccharides and 130 

triterpene structures have been isolated from its fruiting bodies, spores and mycelia 

(Zhou et al., 2007). It is believed that these two classes of mushroom-derived 

compounds have completely different modes of anti-tumor action. Whereas 

triterpenoids directly suppress growth and invasive behavior of cancer cells, 

polysaccharides stimulate anticancer immune responses (Siva, 2006). The complex 

anticancer potential of mushrooms is mainly based on the different groups of 

characteristic compounds that interact with malignant tissues and cells through a wide 

range of biological processes. The features of fungal therapy for tumor treatment are 

usually studied by identifying the metabolism of cancer susceptible cells to fungi-
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based bioactivities. There are several studies on the role of bracket fungi with 

antiproliferative effects. In a study (Blagodatski et al., 2018) a bracket fungus called 

Trametes versicolor (member of Polyporaceae) was found to possess significant 

potential in preventing the proliferation of breast cancer cell line (4T1) and prostate 

cancer cell line (DU145).  

 An abnormal cell growth that occurs in the colon or rectum is simply 

recognized as colorectal cancer (CRC). A non-cancerous cell growth known as a 

polyp, can develop in the mucosal layer of the colon or rectum and may develop into 

CRC. Less than 10% of polyps have a high potential to progress into invasive cancer 

over 10–20 years. CRC occurs predominantly in adults aged 50 and above (ACS, 

2020). In 2020, CRC was recognized as the third most common cancer type 

worldwide and the second most common cause of cancer death. DLD1 cell line is a 

valuable and frequently used model for studying CRC. Thus, human colorectal cancer 

cell line such as DLD1 is used in the present study. Geographically, the occurrence of 

CRC is highest in Asian regions. The International Agency for Research on Cancer 

(IARC) estimated that the global burden of CRC will increase by 56% and CRC 

related mortality will increase by 69% between 2020 - 2040 (Honegger et al., 2013). 

Therefore, a strong research on the discovery of novel anticancer therapeutics is 

urgently required. Hence the present study was focussed on CRC cell lines using the 

fungal extracts of M. xanthopus and M. affinis.  

Due to the presence of various active chemical constituents obtained through 

chromatographic methods, the emergence of various chromosome abnormalities 

obtained through cytotoxic assay in Allium cepa and also due to the potential 

antioxidant activities, fungal extract was subjected to antiproliferative assay. In the 

present study, antiproliferative effect of Microporus was elucidated by using MTT 

assay (Fig. 26) and Acridine Orange and Ethidium Bromide (AO/EtBr) double 

staining methods (Plates 17 & 18). Both MTT assay and AO/EtBr staining are used 

to study apoptosis, but they offer different insights. MTT assay measures cell viability 

by assessing mitochondrial dehydrogenase activity, which indirectly indicate cell 

survival and proliferation. AO/EtBr staining, on the other hand, directly visualizes 
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apoptotic and necrotic cells actually based on their DNA structure and membrane 

integrity. But the emission of fluorescence make it observe and distinguish 

clearly. MTT provides a quantitative aspect of cell viability, while AO/EtBr allows 

for qualitative assessment of cell death morphology. In the present study, cells with 

different morphology such as blebbing, shrinkage, rounding etc. are observed. MTT 

assay is being widely used to study apoptosis by observing the decrease in cell 

viability in response to apoptotic stimuli. It has been used to investigate the pro-

apoptotic effects of chemotherapeutic drugs on cancer cells (Ariffin et al., 2015) In 

this method, the resulting formazan product is quantified and the percentage of cell 

viability is calculated relative to untreated controls. In the MTT assay, the LC50 value 

(Lethal Concentration 50%) represents the concentration of a substance that causes 

50% cell death, while antiproliferative effects refer to the inhibition of cell growth and 

division. A lower LC50 value in the MTT assay typically indicates a stronger 

antiproliferative effect, meaning a smaller amount of the substance is needed to inhibit 

cell growth by 50%.  A substance with low LC50 in the MTT assay is more potent in 

causing cell death, which in turn indicates a stronger antiproliferative 

effect. Conversely, high LC50 suggests that a larger concentration is required to 

induce the same level of cell death, which implies a weaker antiproliferative effect 

(Pinheiro et al., 2023). In the present study, M. affinis showed comparatively less 

LC50 value (171.76 ± 0.43 µg/mL) to that of M. xanthopus (with LC50 value of 193.24 

± 0.32 µg/mL).  From these data, it was obviously clear that Microporus can induce 

antiproliferation but not very effective in inhibiting the proliferation to a great extent. 

Reduction in cell viability noticed by MTT assay can indicate apoptosis, but it can 

also be due to other forms of cell death such as necrosis. Therefore, it is essential to 

use additional methods for the confirmation of degree of apoptosis.  

 This method seems to be more significant since it is easy to carry out, as it 

allows simultaneous analysis of multiple samples and also the quantitative data which 

gives accurate assessment of cytotoxicity and apoptosis. Still, it has some limitations 

like specificity to apoptotic cells, but not necrotic cells and there is chance for the 

interference of certain compounds, such as antioxidants and reducing agents, which 
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can interfere with MTT assay by reducing MTT to formazan, resulting in false-

positive results.  

In AO/EtBr method, AO enters all the cells and stains nucleic acids green. 

While, EtBr enters only cells with compromised membrane integrity such as late 

apoptotic and necrotic cells and it stains orange (Plates 17 & 18). The nuclei of cells 

undergone apoptosis has conjugation with green, although the nuclei come out and 

disintegrated. Late apoptotic and necrotic cells appear orange and red, respectively 

(Karami et al., 2012). The important advantage of AO/ EtBr method over MTT assay 

is that it gives a clear visual information about cell morphology and it allows 

distinguishing apoptotic and necrotic cells.  

Many chemotherapeutics exert cytotoxicity and trigger cancer cell death by 

inducing apoptosis in cells. Apoptosis or programmed cell death is a cell suicide 

process that activates when their continuous survival is blocked (Gerl & Vaux, 2005). 

Morphological and biochemical changes such as chromatin condensation, nuclear 

fragmentation, cell shrinkage, membrane blebbing, DNA & protein breakdown and 

caspase activation can be observed in apoptotic cells. Cancer cells evade natural cell 

death as a result of genetic mutations acquired during transformation from normal 

cells to malignant cells. Disruption of the balance between pro-apoptotic and anti-

apoptotic proteins, reduction in caspase function and impairment of death receptor 

signalling, all cause apoptosis resistance in cancer cells (Wong, 2011). Therefore, 

restoration of these functions by therapeutics can successfully prevent cancer 

progression. Furthermore, alterations that occur in cell cycle regulators at check points 

cause abnormal cell proliferation during various cancers (Kasibhatla & Tseng, 2003). 

Thus, the induction of G2/M phase arrest is another target of many anti-cancer agents. 

Controlling cell progression through the cell cycle by regulating related proteins or 

disrupting tubulin organization eventually leads cells to G2/M phase arrest and 

subsequent cell death (Choi & Yoo, 2012; Arora et al., 2009). Apoptosis is the process 

of programmed cell death and the most popular target of many anticancer therapies. 

Dysregulation of apoptosis signals in cancers promotes abnormal cell growth and 

tumorigenesis (Wong, 2011). Restoring the lost apoptotic function in cancer cells is 
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the main objective of much of the research that contribute into cancer treatments. The 

initiation of apoptosis in cells can be identified by morphological changes such as 

nuclear fragmentation, chromatin condensation, cell shrinkage and membrane 

blebbing (Elmore, 2007; Hassan et al., 2014). 

Autophagy mainly involves the formation of an autophagosome by engulfing 

damaged organelles, fusion with lysosome and degradation of cellular debris by 

lysosomal hydrolase (Yang et al., 2011; Sun et al., 2013). Autophagy plays a 

paradoxical role in cancer progression. In the early stage of many cancers, autophagy 

acts as a tumor suppressor by protecting cell homeostasis. Conversely, autophagy 

promotes tumor growth in more advanced stages of cancer by increasing stress 

tolerance (Grácio et al., 2017). Many anticancer therapeutics are known to activate 

autophagy concurrently with apoptosis. This activation of autophagy can either 

promote or suppress cancer cell survival. Therefore, the role of autophagy is crucial 

in anticancer drug development (Sui et al., 2013). 

d.) Preliminary neuroprotective study 

 There are several mental health disorders, including addiction disorders, mood 

disorders, impulse control issues, eating disorders, obsessive-compulsive disorders 

(OCD), anxiety disorders, psychotic disorders, post-traumatic stress disorders (PTSD) 

and personality disorders (Choudhari et al., 2024). Diagnostic and Statistical Manual 

of Mental Disorders 5 (DSM-5) 2013 states that “A mental disorder is a syndrome 

defined by a clinically significant disturbance in an individual’s cognition, emotion 

regulation or behaviour that reflects malfunction in the biological, psychological or 

developmental processes that underlies mental functioning in an individual.” 

According to WHO report, the prevalence of mental illness is increasing day by day 

across the world, with 20% of children and adolescents diagnosed with the disorder 

and suicide being the primary cause of death (Meade, et al., 2022). The foundation for 

the treatment of mental health disorders is combinatorial drug therapy that includes 

mood stabilizers, anti-psychoactive drugs and psychotherapeutic treatments. In many 

cases, patients suffering from mental illness frequently do not respond and are termed 

as “treatment resistant” (Howes et al., 2022). The drugs prescribed for the treatment 
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of mental illness exhibit side effects to patients, such as increased suicidal thoughts, 

declining physical health and difficulties in the workplace (Wolff et al., 2021; Stassen 

et al., 2022). To provide a good therapeutic drug in the market, scientists have brought 

up novel alternative options to treat mental illness. Fungal biologists have gathered 

attention for their potential to treat mental health disorders, using psilocybin from 

magic mushrooms, ergine from rye ergot fungus Claviceps purpurea etc. Bioactive 

compounds isolated from medicinal mushrooms are considered a new source of 

psychoactive drugs. Additionally, there is a growing interest in supporting medicinal 

mushroom companies for the development of novel therapeutic drugs. For this, the 

focus of attention will be based on bioactive compounds having low molecular weight, 

which can easily cross the blood-brain barrier (BBB) and should have similar 

structural features to available neurotransmitters (Meade et al., 2022). 

Aging is a complex natural phenomenon that is frequently accompanied by the 

occurrence of several diseases, such as cognitive impairment, Alzheimer’s and 

Parkinson’s diseases and others. Memory decline is characteristic of aging and age-

related neurodegenerative disorders, which result in a progressive loss of cognitive 

function, specifically in spatial memory (Zhang et al., 2007). Abundant evidence has 

pointed to an important role of oxidative stress during the pathogenesis of brain aging, 

age associated or neurodegenerative diseases (Reiter, 1995; Bowling & Beal, 1995; 

Perry et al., 2000). Indeed, with increasing age, accumulation of oxidant damaged 

cellular macromolecules, such as DNA, proteins and lipids of cell membranes takes 

place (Haripriya et al., 2005; Sohal, 2002). Brain is the most susceptible organ to 

oxidative damage with high oxygen demand, high level of unsaturated lipids, and 

relatively deficient in anti-oxidative defence mechanism. Thus, antioxidant assays 

may be an important area for managing neurodegenerative diseases. 

The medicinal importance of Hericium erinaceus is known for its anti-cancer, 

anti-inflammatory, antimicrobial and anti-oxidative activities, but apart from this, 

neurotropic compounds present in the mushroom are generally used for the treatment 

of neuropsychiatric disorders. Erinacines and hericenones are the biologically 

occurring neurotrophic compounds that are found in the fruiting body and mycelium 
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of H. erinaceus. These drugs are used to treat Parkinson’s and Alzheimer’s disease 

because they influence nerve growth factor (NGF) and prevent amyloid beta (Aβ) 

aggregation. Presence of caffeic acid reported in an earlier study has been 

demonstrated to exert neuroprotective effect against amyloid-beta (Aβ) induced 

neurotoxicity in vitro (Vauzour et al., 2010). Know et al. (2010) have also suggested 

that caffeic acid exerts a neuroprotective effect against the oxidative injury in the brain 

caused by hydrogen peroxide and it also ameliorates cerebral ischemia (Zhou et al., 

2007). Certain type of chemicals alone affects the nervous system of animals to cause 

the neurotoxicity and leads to promote the degeneration of neuroglial cells (Troshin, 

2009).  Earlier studies (Lee et al., 2019) reported that, edible-medicinal mushrooms 

can improve memory and cognitive functions and slow dementia and 

neurodegeneration in age-related neurodegenerative disorders, including Alzheimer’s 

and Parkinson’s. Mushrooms like Hericium erinaceus, Ganoderma 

lucidum, Lignosus rhinocerotis, Pleurotus giganteus, Sarcodon scabrosus, Antrodia 

camphorata, Paxillus panuoides, Mycoleptodonoides aitchisonii and other species 

contain bioactive secondary metabolites that exhibit neuroprotective effects through 

mechanisms like anti-acetylcholinesterase activity, neurite outgrowth stimulation, 

nerve growth factor synthesis, enhancement of mitochondrial functions, reduction of 

endoplasmic reticulum stress, as well as antioxidant and anti-inflammatory effects.  

Human neurodegenerative diseases such as Alzheimer’s, Huntington’s and 

Parkinson’s diseases are disrupting neuronal populations in adults worldwide. The 

discovery and development of neuroactive compounds from medicinal mushrooms 

with the potential to improve nerve functioning has been extensively studied. 

Mushrooms such as Ganoderma spp., Hericium erinaceus, Lignosus rhinocerotis and 

Pleurotus giganteus have a long history of use in enhancing the peripheral nervous 

system. It has been demonstrated that neurodegenerative diseases mostly occur 

because of the disappearance of nerve growth factors. Therefore, scientists have been 

attempting for over 20 years to discover fungi-derived neuroactive components which 

are able to cross the blood–brain barrier and induce the production of nerve growth 

factors. Most of the potential neuroactive compounds which may aid in the prevention 

or therapy of neurodegenerative diseases have been discovered in Hericium erinaceus. 
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This medicinal mushroom is known to produce two unique terpenoid classes, namely 

hericenones and erinacines (Thongbai et al., 2015). In the present study, both the 

species were shown to possess terpenoids which supports neuroprotective activities 

of Microporus.  

For the present study on neuroprotective effect, human neuroblastoma cell-

line (IMR-32) was used and which has been widely used in various in vitro studies on 

Alzheimer’s disease (Wang & Chang, 2020; Clementi et al., 2015). Neuroblastoma 

cells serve as an excellent in vitro model to test their effect of β-amyloid aggregation 

and release (Li et al., 2010b; Chaves et al., 2020).   In the present study, human 

neuroblastoma cells were cultured and treated with amyloid-β to simulate the AD 

model.  

In neuroprotective experiments, cell viability is often assessed using the MTT 

assay, which indicates the number of healthy, metabolically active cells surviving 

exposure to a neurotoxin or stressor (ie, amyloid β). Increased cell viability in the 

presence of a test compound suggests a neuroprotective effect, while decreased 

viability indicates toxicity (Boonyarat et al., 2023). In the present study, both the 

species of Microporus showed increase in the percentage of cell viability (Fig. 28). 

But among these, M. xanthopus developed a dose dependent increase in cell viability. 

In general, a test compound with increase in cell viability compared to a control 

group (or cells treated with a neurotoxin alone), suggests the compound has 

neuroprotective potential. 

In neuroprotective experiments, AO/EtBr staining (Plate 21) helps to 

differentiate between live, apoptotic and necrotic cells.  Acridine orange (AO) easily 

penetrates the live cells, intercalating with DNA and RNA, causing the nucleus and 

cytoplasm to emit fluorescent green colour. In early apoptosis, cells are 

characterized by green fluorescence, characterised by fragmented or condensed 

nuclei due to DNA degradation. As apoptosis progresses, the nuclear membrane 

becomes compromised and allowing ethidium bromide to enter. This results in 

orange/red fluorescence with chromatin condensation and fragmentation. Necrotic 
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cells stain orange with intact nuclear morphology (Robble et al., 2005). These 

observations clearly assess the neuroprotective effects of a substance.  

PHASE III: DETAILED STUDY ON NEUROPROTECTION IN  

M. XANTHOPUS 

In the present study, the extracts of M. xanthopus was found to be more 

effective in neuroprotective aspects. Thus, further studies are carried out only in  

M. xanthopus. The effects of treatments were assessed by using reactive oxygen 

species (ROS) levels, indirect ELISA, apoptosis flow cytometry, autophagy, qRT 

PCR  

i. In vitro ROS measurement using DCFDA 

Brain damage, depression and blurred vision are the symptoms of 

neurotoxicity (Asada et al., 2010). Neurotoxicity promoted by neurotoxins alter the 

normal functions of the nervous system due to the brain cell damage (Belyaeva et al., 

2012; Pohl et al., 2011). Fungal secondary metabolites have shown promising 

neuroprotective effects, offering potential therapeutic avenues for neurodegenerative 

diseases. These metabolites, derived from various fungi exhibit diverse mechanisms 

of action including antioxidant activity, modulation of signalling pathways and 

inhibition of apoptosis. Several fungal secondary metabolites have neuroprotective 

effects. To date, several fungal metabolites have been used as neuroprotective drugs. 

These metabolites exhibit neuroprotection in two ways, one by oxidative stress 

reduction and another one by reactive oxygen species (ROS) scavenging. In oxidative 

stress reduction, the triterpenoid 2α-hydroxy-inotodiol (2α-HI) from the 

mushroom Inonotus obliquus has been shown to mitigate oxidative stress and 

apoptosis in SH-SY5Y cells. This suggests its potential as a dietary supplement for 

neurodegenerative diseases (Kou et al., 2022). Another method is ROS scavenging, 

and to date, several metabolites from fungi, Penicillium sp., have demonstrated 

neuroprotective effects in Parkinson’s disease models by scavenging ROS, thereby 

protecting neuronal cells from oxidative damage (Yurchenko et al., 2018). 
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Reactive oxygen species (ROS) is a highly reactive and short-lived small 

molecule in the form of free radicals (Sies & Jones, 2020). ROS support many 

physiological functions in cells under balanced conditions. However, the over 

production of ROS can have a deleterious effect on cells and trigger oxidative stress. 

The generation of ROS can be triggered by both endogenous and exogenous sources 

such as mitochondrial transport chain leakage, high metabolic rate, environmental 

pollutants, radiation and the effect of drugs (Cosentino et al., 2019). ROS is 

responsible for activating many cellular signalling pathways that lead to cell survival 

or cell death including autophagy, apoptosis and necrosis. 

Dysfunction of mitochondria is well known to generate reactive oxygen 

species (ROS). Increased ROS generation with compromised mitochondrial function 

ultimately affects neurons and accelerates neurodegenerative process (Reddy & Beal, 

2005; Zeevalk, 2005). Reactive oxygen species (ROS) is a term that encompasses all 

highly reactive, oxygen containing molecules, including free radicals such as 

hydroxyl radical, the superoxide anion radical, hydrogen peroxide, singlet oxygen, 

nitric oxide radical, hypochlorite radical and various lipid peroxides. All are capable 

of reacting with membrane lipids, nucleic acids, proteins and enzymes and other small 

molecules, causing the cellular damage. ROS are generated by a number of pathways 

(Krishnamurthy & Wadhwani, 2012). Continuous synthesis of ROS promotes major 

alterations in sub cellular structural molecules such as proteins and DNA, lipid 

peroxidation (LPO) of polyunsaturated fatty acids and changes of cellular antioxidant 

system. In general, under the normal physiological condition of animal’s low level of 

lipid peroxides occurred in all the tissues (Bashandy et al., 2011; Oda & El-Ashmawy, 

2012). Different type of ROS species (•OH, RO, ROO and NO) play a pivot role in 

the promotion of chemical-induced cellular damage in tissues and induce oxidative 

stress to cause neurodegenerative disorders (Nabavi et al., 2013). The brain cell 

damages are mediated by oxygen derived free radicals by altering the membranes 

through peroxidation of polyunsaturated fatty acids (Sankarsamipillai et al., 2010; 

Malini et al., 2011). The formation of oxidative stress is a serious imbalance between 

the synthesis of free radicals and anti-oxidant properties (Halliwell, 2011). As the cells 

progress into neurodegeneration, ROS increases.  In the present study, increased ROS 
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(strong green fluorescence observed) was noticed for amyloid treated cells (Plate 22). 

The intensity of green fluorescence is directly proportional to the concentration of 

ROS.  When the cells are treated with fungal extract, ROS get declined. This clearly 

support the recovery of neurodegenerated cells. During normal condition, a cell can 

maintain an equilibrium between ROS and antioxidant defence mechanism in an 

optimum level, but exposure to certain chemicals can promote ROS in enormous level 

and simultaneously inhibit the antioxidant defence mechanisms (Nordberg & Arner, 

2001; Padma et al., 2011) which naturally lead to increased lipid peroxidation, protein 

degradation and finally cell death (Sorg et al., 1998). 

ii. Indirect ELISA 

An indirect ELISA (Enzyme-Linked Immunosorbent Assay) can be used for 

neuroprotective studies which helps to detect and quantify specific antibodies in a 

sample. This method is mainly useful to measure the levels of antibodies against 

disease-associated antigens in a sample, which provides an insight into the 

effectiveness of treatments and which is aimed at mitigating neurodegeneration.  

An indirect ELISA uses two antibodies - a primary antibody that specifically 

recognizes and binds to the target antigen, followed by a labelled secondary antibody 

that detects the secondary antibody and forms primary-secondary antibody 

combination (Sakamoto et al., 2018). In this study, ChAt, Tau, Glutamate receptor-2 

and Alpha synuclein was taken as primary antibodies.  HRP conjugates was used as 

secondary antibody.  

In indirect ELISA for neuroprotective studies, the intensity of the colour 

changes in the well indicates the amount of protein (antigen) present in the sample. It 

can then be used to assess neuroprotective effects. A stronger colour change (higher 

absorbance) typically suggests a higher concentration of the target protein, potentially 

indicating a positive neuroprotective effect. Conversely, a weaker colour change 

might suggest a lower concentration and potentially a lack of neuroprotection. The 

absorbance of each well is measured using a spectrophotometer. Higher the 

absorbance, stronger will be the colour change, which in turn suggests a greater 

amount of the target protein in the sample. In neuroprotective assays, a higher 
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concentration of the target protein, as indicated by a stronger colour change, might 

suggest that the treatment has a positive impact on the expression or release of that 

protein. This could be interpreted as a neuroprotective effect, as the protein might 

be involved in protecting neurons from damage (Sakamoto et al., 2018).   

If the wells with the drug-treated cells show a significantly stronger colour 

change (higher absorbance) than the neurotoxin-only group, it suggests that the drug 

might be increasing BDNF (brain-derived neurotrophic factor, which is a protein 

essential for the survival and differentiation of neurons) levels, potentially 

contributing to neuroprotection (Dong et al., 2023). From this, it is obviously clear 

that in case of all the antibodies used, cells treated with amyloid and the extract shows 

remarkedly stronger colour (protein activity) than that of cells treated with amyloid 

only (Fig. 30 – 33). Thus, the extract of M. xanthopus is effective in neuroprotection.  

iii. Autophagy 

Autophagy is a cellular process that removes damaged components and can 

play a neuroprotective role in the brain by clearing misfolded proteins and non-

functional organelles. However, the role of autophagy in neuroprotection is complex 

and excessive autophagy can be detrimental. It is also implicated in neurodegenerative 

diseases where it can be both a protective and a destructive force. Autophagy removes 

aggregated proteins, such as those found in Alzheimer's disease and Parkinson's 

disease, which can be toxic to neurons. In case of Alzheimer's disease, autophagy is 

impaired in the later stages and contributing to the accumulation of amyloid plaques 

and neurofibrillary tangles. While during Parkinson's disease, autophagy dysfunction 

is linked to the accumulation of a protein aggregates called alpha-synuclein. Anyhow, 

maintaining a basal level of autophagy is crucial for neuronal health and disruptions 

to this process, which can lead to neurodegeneration. One striking function of 

autophagy is to promote cell survival either by eradicating the cells of damaged 

organelles or toxic pathogens or by regenerating metabolites for energy and growth 

during nutrient-deprivation (Kim et al., 2018). However, it is important to consider 

that excess and prolonged autophagy may also promote cell death by excessive self-

digestion and degradation of essential cellular components (Wang et al., 2012). 
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Autophagy is an intracellular process responsible for the degradation and 

recycling of cytoplasmic components. It removes selectively the harmful cellular 

material and enables the cell to survive starvation by mobilizing nutrients via the bulk 

degradation of cytoplasmic components. While research over the last decades has led 

to the discovery of the key factors involved in autophagy, the pathway is not yet 

clearly understood (Toggler, 2017).  

In autophagy research, the population profile refers to the distribution and 

characteristics of cells within a population, while the autophagy profile describes the 

state and activity of the autophagy pathway in those cells. Understanding about both 

population profile and autophagy profile is crucial for assessing autophagy's role in 

neuroprotection, as it helps to determine whether autophagy is beneficial or 

detrimental (Ray, 2020). A healthy population with balanced autophagy (both 

formation and degradation of autophagosomes like LC3-II) is often associated with 

neuroprotection. This helps to clear damaged proteins and organelles, preventing 

cellular dysfunction and cell death. Dysfunctional autophagy means reduced 

autophagosome formation or inefficient degradation, which can lead to the 

accumulation of toxic substances and finally contributing to neurodegeneration 

(Cherra & Chu, 2008).  In Alzheimer's disease, autophagy is initially upregulated 

which helps to clear aggregated proteins, but it eventually becomes impaired and 

leading to the accumulation of harmful substances.  It is possible to pinpoint the 

specific stages where autophagy dysfunction occurs and potentially develop therapies 

to restore its function by assessing the population and autophagy profiles.  

Autophagy induction ratio can be measured by LC3-II turnover. This is a 

widely used and reliable method. It involves quantifying the conversion of LC3-I 

(Green fluorescent protein) to LC3-II (Red fluorescent protein). Low GFP/RFP ratio 

suggests increased autophagy as the GFP is degraded during autophagic flux. While 

RFP LC3 remains in the cytosol. High ratio indicates that autophagy is blocked or not 

being effectively cleared. Generally, the autophagy induction ratio is an important key 

for quantifying autophagy activity. Even though, there are different methods exist, 

measuring autophagic flux through techniques like LC3-II turnover represents the 
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most reliable approach for accurately assessing the dynamic nature of this essential 

cellular process. 

In amyloid-treated cells, an increase in the autophagy induction ratio, often 

measured by the LC3-II/LC3-I ratio or autophagosome/autolysosome counts, 

suggests enhanced autophagy. This can be a protective mechanism against amyloid-

induced toxicity by promoting the clearance of misfolded proteins and damaged 

organelles (Boland et al., 2008). In the context of amyloid-treated cells, increased 

autophagy can be a response to the cellular stress caused by amyloid 

accumulation. A common way to measure autophagy induction is by assessing the 

ratio of LC3-II to LC3-I, two proteins involved in autophagosome formation. An 

increased ratio indicates enhanced autophagosome formation and thus autophagy.  

In the present study, the autophagy induction ratio for the cells treated with 

amyloid β is found to be 1.0 (Fig. 39). Guo et al. (2018) suggests that the amyloid 

treatment itself doesn't significantly alter autophagy levels or that the treatment may 

have both positive and negative effects on autophagy which balance out to a ratio of 

1. From the present study, the autophagy induction ratio for the cells treated with 

the sample is observed as 1.4 (Fig. 42). This indicates that the extract is actively 

inducing autophagy. This increase in autophagy could be a beneficial effect, 

potentially leading to reduced amyloid accumulation, improved neuronal health and 

thus, neuroprotection (Wu et al., 2019). An autophagy induction ratio of 1 in 

amyloid-treated cells suggests that the amyloid treatment did not significantly alter 

autophagy levels, while a ratio of 1.4 of the sample indicates a 40% increase in 

autophagy compared to a control. In the context of neuroprotection, an increase in 

autophagy, particularly from the extract, could be a positive finding, potentially 

suggesting a protective mechanism against amyloid-induced damage (Yang et al., 

2023).  

iv. Annexin-V FITC apoptosis determination by flow cytometry 

 Apoptosis (programmed cell death), plays a complex and sometimes 

paradoxical role in neuroprotection.  Apoptosis removes cells with damaged DNA, 

misfolded proteins (like amyloid plaques) or those that have become dysfunctional, 
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preventing the spread of damage and maintaining overall tissue health. Apoptosis is 

essential for usual brain development and function, it can also be a major contributor 

to neuronal death in neurodegenerative diseases. Modulating apoptosis pathways, 

either by inhibiting excessive cell death or promoting cell survival, is a key area of 

research in developing neuroprotective therapies.  In neurodegenerative diseases like 

Alzheimer's, Parkinson's, and Huntington's, excessive apoptosis contributes to the 

loss of neurons and the progression of the disease.  On the other hand, apoptosis can 

also serve as a protective mechanism by eliminating damaged or unwanted cells, 

thereby preventing further tissue damage and promoting tissue repair (Gachabayov et 

al., 2017).  

Neuroprotection is crucial for preventing or slowing the progression of 

neurological disorders, such as Alzheimer's disease, Parkinson's disease and stroke. 

In this context, cells undergo specific changes, including the translocation of 

phosphatidylserine (PS) from the inner to the outer leaflet of the plasma membrane 

during apoptosis. Annexin V, a protein that binds to PS in a calcium-dependent 

manner is conjugated to FITC (fluorescein isothiocyanate), a fluorescent dye, which 

helps to detect this translocation. Phosphatidylserine translocation (from inner leaflet 

to outer leaflet of plasma membrane), annexin V FITC binding (with PS), detection 

of fluorescence (using flow cytometry) and detection of apoptotic or necrotic cells are 

the important areas of apoptosis in this scenario. In neuroprotection studies, Annexin 

V-FITC assays are used to assess the extent of neuronal apoptosis induced by 

neurotoxin called amyloid β and to evaluate the protective effects of potential 

therapeutic sample. By quantifying the number of apoptotic neurons, determination 

of the efficacy of neuroprotective strategies in reducing cell death is possible.  

Propidium Iodide (PI) is often used in conjugation with Annexin V-FITC. PI 

can only enter cells with damaged membranes, which is characteristic of late 

apoptosis or necrosis (Kalda et al., 2000). Therefore, cells that are Annexin V-

positive and PI-negative are typically in early apoptosis, while for late apoptosis or 

necrosis, cells will be positive for both FITC and PI.   
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In the present study, percentage gated for late apoptotic cells in amyloid-

treated cells and sample treated cells are 14.38% and 4.86 % respectively (Table 10). 

From this data it is clear that, the difference in the reduction in late apoptotic cells due 

to the sample treatment is 9.52 % (14.38 % - 4.86 %). The sample treatment reduced 

late apoptotic cells by 9.52%, indicating a neuroprotective effect.  

v. Gene expression studies using qRT PCR 

Gene expression techniques are the methods used to study the process of gene 

expression, which involves reading genes to produce functional gene products, 

primarily proteins. These techniques can be broadly categorized into those that 

measure mRNA levels (transcription) and those that measure protein levels 

(translation). Gene expression is the process by which information from a gene is used 

in the synthesis of a functional gene product that enables it to produce end products 

like proteins or non-coding RNA. There are different techniques for quantifying the 

RNA transcripts (mRNA) or the resulting protein products.  Northern blotting,  

qRT PCR, microarrays, Western blotting, etc. are the different methods for gene 

expression studies (Singh et al., 2018). Among these, qRT PCR (quantitative reverse 

transcription PCR) was used to assess the gene expression in the present study. This 

method first converts mRNA into cDNA (complementary DNA) through reverse 

transcription. Then, quantitative PCR is used to amplify and quantify the cDNA, 

providing a measure of the original mRNA levels. This method is considered as the 

gold standard for the study of changes in gene expression at the mRNA level in 

biomedical investigations (Guilder et al., 2008; Dheda et al., 2004). 

Gene expression studies are significant for understanding the effectiveness of 

neuroprotection by revealing how genes influence neuronal survival and response to 

injury.  Analysis of gene expression patterns, enables to identify genes that protect 

neurons from damage, as well as those that contribute to neurodegeneration. This 

knowledge can be employed to develop therapeutic strategies which enhance neuronal 

resilience and combat neurological diseases.  

Studies have shown that Parkin protein is present in AD (Alzheimer’s disease) 

brain lesions, specifically in amyloid plaques and blood vessels affected by amyloid 
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protein. Parkin expression is also seen to be increased in the astrocytes surrounding 

these lesions, which are cells that support and protect neurons. These findings suggest 

that Parkin might be involved in the pathological processes of AD, which potentially 

contribute to the accumulation of amyloid plaques and other abnormal protein 

deposits in the brain. Furthermore, some evidence suggests that Parkin might play an 

important role in the clearance of amyloid-beta (Aβ), a protein fragment that 

accumulates in the brains of people with AD (Takahashi & Mashima, 2022).  

In neuroprotection studies, the Parkin gene and housekeeping genes, including 

actin, are frequently examined. Parkin, is a gene associated with Parkinson's disease 

and Alzheimer’s disease, which plays a pivot role in maintaining mitochondrial 

quality through a process called mitophagy. House-keeping gene like actin, provides 

a baseline for gene expression, which is important for comparing Parkin's expression 

levels under different conditions in neuroprotection research (Alieva et al., 2021).  

Currently the expression of Parkin gene is investigated. Parkin is an E3 

ubiquitin ligase involved in the process of mitophagy (removal of damaged 

mitochondria). It helps to clear these dysfunctional organelles and preventing them 

from triggering cell death in neurons. According to Seirafi et al. (2015), the ability 

of Parkin gene to induce mitophagy is considered neuroprotective since it helps to 

maintain healthy mitochondrial populations, which are critical for the survival of 

neurons. House-keeping genes are genes that are essential for the basic cellular 

functions and are expressed at relatively constant levels in all the cells and tissues. 

Actin, GAPDH and β-tubulin are the common examples. Among these, current 

study was carried out by using Actin as the house keeping gene. 

The significance of intracellular β-amyloid (Aβ) accumulation is increasingly 

recognized in Alzheimer's disease (AD). Parkin knock-down led to accumulation of 

Aβ. In AD brain, Parkin was found to interact with Aβ and its levels were reduced. 

Thus, Parkin is cytoprotective, partially by increasing the removal of cellular Aβ 

through a proteasome-dependent pathway. Previous study conducted by Rosen et al. 

(2010), demonstrated that Parkin expression facilitates the removal of intracellular β-

amyloid. Conversely, the absence of Parkin activity tends to raise resting Aβ levels. 

In the current study, expression of Parkin gene showed a change in expression fold as 

1, -0.323 and 1.29 for control, amyloid treated cells and sample treated cells 
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respectively (Fig. 49). From this data, it is obviously clear that fungal extract has the 

potential for the upregulation of Parkin’s activity.  Parkin can influence the processing 

of the precursor protein for amyloid (APP). Parkin may directly participate in the 

degradation of beta amyloid, which in turn helps to clear them from the brain and thus 

reduce amyloid plaques. 

In general, gene expression profiling is a powerful tool for understanding the 

molecular mechanisms of disease and other biological processes by revealing which 

genes are active and how their activity changes under different conditions.  

Many modern pharmaceuticals trace their origin to plant-based sources, 

highlighting the significant contribution of herbal remedies to major pharmacopoeias. 

Ongoing research continues for herbal therapies to address numerous illnesses, 

particularly neurological disorders, where effective treatment options remain limited. 

Additionally, people consider herbal options due to their personal beliefs and 

perceived lesser toxic effects (Dhami, 2013; Zahn et al., 2019). Natural products and 

their isolated compounds are a significant source of drug discovery in the pursuit of 

more effective treatment for AD. But the present study opens a path for the 

exploitation of fungi, the biologically and biochemically diverse group of organisms. 

Despite the promising medicinal and therapeutic potential of the mushrooms, 

the pharmacological applications are not commercialized sufficiently. More efforts 

are needed on the exploration of the therapeutic potential of medicinal mushrooms 

and in the field of drug development. Essential tasks include successful human-based 

clinical studies using high-quality mushroom-derived products for the treatment of 

diseases and establishing economical ways to produce these products under controlled 

conditions (Ito et al., 2020). Nowadays, in addition to conventional medicines, 

supplementary medicines are becoming more popular among patients to manage their 

distress during and after the treatment. Supplemental non-pharmacological treatments 

utilizing medicinal mushrooms have limited data on their cost and benefits. In order 

to explore and expand the knowledge in this field and facilitate the comprehensive 

assessment of mushrooms’ therapeutic benefits, more research is needed in preclinical 

and clinical studies based on relevant data. 

Even though, the neuroprotective potential of fungal secondary metabolites 

are promising, further research is needed to obtain an in-depth understanding of their 
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mechanisms and optimize their therapeutic applications. The diversity of fungal 

metabolites and their complex interactions with cellular pathways present both 

opportunities and challenges in developing effective neuroprotective agents. 
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SUMMARY AND CONCLUSION 

 

Applied mycology is one of the most stimulating and rapidly evolving areas 

of the biological sciences. Fungal biology has great significance in the field of 

medicinal researches since it had led to the discovery of several wonder drugs. Fungi 

offer unique therapeutic compounds, especially antibiotics and 

immunosuppressants, that are not readily seen in plants. Fungi also  produce diverse 

natural products with antitumor, antioxidant, anticancer, antimicrobial, anti-

inflammatory,  immunomodulatory, and neuroprotective properties, many of which 

have been led to the development of  medicines or are being explored for potential 

health applications. Many fungal members are used for culinary and medicinal 

purposes. Among these, macro fungi (both gilled and bracket fungi) have more 

implications. Basidiomycete fungi play a pivotal role in the production of global 

edible mushroom and their wealth of metabolites, biosynthetic pathways and survival 

mechanisms are more highlighted as they have important applications in 

biotechnology and industry. Medicinal mushrooms especially those belonging to 

higher Basidiomycete groups are a reservoir of bioactive compounds with multiple 

therapeutic properties. Polyporaceae, the most important poroid family under the class 

Basidiomycetes, which has been widely explored especially for the genera like 

Agaricus, Auricularia, Phellinus, Ganoderma, Pleurotus, Trametes, Lentinus, 

Fomitopsis etc., due to their biologically active secondary metabolites. Microporus is 

a least explored genus of bracket fungi in the family Polyporaceae. As of 

January 2017, Index Fungorum accepts 12 species in Microporus. The principal aim 

of the present study was to explore the mycochemical and bioactive potential of two 

species of Microporus such as M. affinis and M. xanthopus. The presence of potential 

mycochemicals was validated by both qualitative and quantitative methods. Because 

of the presence of some active mycochemicals, antioxidant, cytotoxic, 

antiproliferative and neuroprotective studies were carried out in detail. Special 

emphasis was given to the extended neuroprotective studies of M. xanthopus which 

was confirmed by different modern techniques like ROS measurement using DCFDA, 
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Annexin V -FITC apoptosis using flow cytometry, autophagy, indirect ELISA and 

gene expression studies using qRT PCR. 

Chemical characterization in the two species of Microporus was carried out 

and revealed in four sections, viz., preliminary qualitative mycochemical screening, 

quantitative estimation, identification of non-volatile chemicals through HR-LC/MS 

analysis and determination of volatile chemical constituents through GC/MS analysis. 

The secondary metabolites are an excellent source of new medicinal compounds.   

 Methanolic extracts of both the species revealed the presence of major 

chemical compounds such as terpenoids, steroids and alkaloids. In addition, M. 

xanthopus was found to possess glycosides and saponins. Quantitative analyses of 

four different classes of compounds like alkaloids, terpenoids, carbohydrates and 

proteins were conducted. The alkaloid content was quantified using the standard 

compound caffeine. M. xanthopus showed the maximum alkaloid content than M. 

affinis. The total terpenoids were quantified by using the standard compound lupeol. 

Both the species showed comparatively high amount of terpenoids.  The total protein 

estimation was done by Lowry’s   method.  Bovine Serum Albumin (BSA) was used 

as the standard. Both the species showed a minimum amount of protein. Total 

carbohydrate was estimated by using the standard glucose. Both the species showed 

high amount of carbohydrates. Carbohydrate and protein contents were higher in M. 

affinis than that of M. xanthopus. HR-LC/MS analysis in M. xanthopus, revealed the 

presence of 31 compounds. The compounds obtained were grouped into 16 classes. 

These are alkyl amines, amines, amino glycosides, dipeptides, ethers, fatty acids, 

glycosides, monoamine neurotransmitters, organic compounds, peptides, 

phospholipids, sphingolipids, steroids, terpenes, diterpenes and vitamins.  In case of 

M. affinis, 9 compounds were revealed. These are belonging to 6 classes. Carboxylic 

acids, fatty acids, fatty acid esters, organic compounds, steroids and terpenes are the 

various classes. GC/MS analysis of both the fungal extracts had shown to possess 

more than forty compounds under 11 classes. Both the species are reported to possess 

fatty acids as the predominant class of compounds with the leading compound being 

linoleic acid in GC/MS. Different types of fungal sterols with a wide spectrum of 

bioactivities have also been reported.  
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Free radicals are unstable molecules that are made during normal cell 

metabolism. Free radicals can disrupt normal cellular processes. By removing them, 

free radical scavengers ensure cells to function optimally. So, the fungal extracts 

were subjected to free radical scavenging assays like DPPH, hydroxyl radicals, nitric 

oxide and reducing power. An IC50 value represents the concentration of a substance 

needed to scavenge 50% of free radicals. Therefore, the lower the IC50 value, the 

greater will be the antioxidant activity. In this scenario, M. affinis was found to be 

more potent than M. xanthopus even though, both the species are having antioxidant 

potential. In effect, free radical scavenging is a critical part of the body's defence 

system against damage and diseases. By neutralizing harmful molecules, antioxidants 

and other scavengers maintain cellular health and promote overall well-

being. Oxidative damage has a key role in aging process and is linked to diseases 

like Cancer, Alzheimer's and Parkinson's.  Free radical scavengers can help to 

mitigate these effects. So, the study was carried out on cytotoxic, antiproliferative 

and neuroprotective areas. 

Cytotoxicity is the ability of a cell to induce damage or induce cell death. Both 

mitotic index and chromosomal aberrations are the important parameters of cytotoxic 

studies. An increased frequency of chromosomal aberrations indicates DNA damage, 

whereas a decreased mitotic index often suggests cytotoxicity. In the present study, a 

dose dependent reduction in mitotic index due to the activity of fungal extracts was 

noticed in Allium cepa assay, which is a clear indication of cytotoxic potential of 

fungal extracts. The extracts were also reported to induce an increase in the percentage 

of chromosomal aberrations. In general, the decline in mitotic index can be correlated 

with an increase in the frequency of chromosomal aberrations, suggesting that cellular 

damage is affecting cell division. Even though it is having cytotoxic potential, there 

may be some agents that induce DNA damage indirectly. Therefore, proper test 

design including control groups and avoiding excessive cytotoxicity is crucial to 

avoid misleading results. 

Indian traditional system of medicine has been the focus of cancer research 

recently, as the natural drugs are eco-friendly and safe. Cancer is a dreadful disease, 
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which is characterized by uncontrolled cell growth.  It is a multistep disease involving 

various factors. The synthetic drugs which are in use clinically have not been 

completely succeeded in fulfilling the expectations, because of the extensive cost of 

their production. There is a constant need for the development of cost-effective novel 

drugs. The chemotherapeutic anticancer compounds can trigger a chain of cellular 

responses that influence cell proliferation and tumorigenesis. Apoptosis is the much-

studied cellular response. In the present study, fungal extract was tested in vitro for 

antiproliferation on DLD1 cell line (colorectal cancer) using MTT assay. 

Comparatively less LC50 value of M. affinis indicates its higher cytotoxic potential 

towards DLD1 cell line than that of M. xanthopus. It was compared with the normal 

cell line L929. Apoptotic characters are observed by analysing the morphology of 

treated cells. The degree of apoptosis was confirmed by AO/EtBr double staining 

method. This method seems to be more significant since it gives conspicuous visual 

information about the cells and distinguishing apoptotic and necrotic cells. 

The presence of terpenoids in Microporus supports neuroprotective activities. 

Hence the fungal extracts were subjected to the in vitro study of neuroprotective 

efficacy on IMR-32 (human neuroblastoma cell line). Cell viability was assessed by 

using MTT assay. Neurodegeneration was induced by using β amyloid. In the present 

study, both the species was found to possess an increase in the percentage of cell 

viability. This increase in the viability percentage indirectly depicts its 

neuroprotective potential. But a dose dependent increase in cell viability was noticed 

in M. xanthopus only. Apoptosis determination using AO/EtBr method clearly 

revealed the neuroprotective efficacy of M. xanthopus. So further validations on 

neuroprotection was carried out in M. xanthopus only.  

Reactive Oxygen Species (ROS) is a highly reactive short-lived molecule in 

the form of a free radical. Normally, ROS production will be high in cells that undergo 

neurodegeneration. In the present study, amyloid treated cells were found to possess 

increased ROS level. From this study it was clear that the increased ROS level could 

be controlled by using fungal extract on amyloid treated cells. It indirectly supports 

the recovery of cells with neurodegeneration. Neuroprotective potential was also 
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substantiated by using an indirect ELISA. In this study, ChAt, Glutamate Receptor 2, 

Tau and alpha synuclein was taken as the primary antibodies. HRP conjugate was 

used as the secondary antibody. A strong protein activity was observed in case of all 

the antibodies used in the cells treated with amyloid and the extract, which in turn 

indicates its neuroprotective efficacy. 

A healthy population with balanced autophagy is often associated with 

neuroprotection. This helps to eradicate the damaged proteins and thereby preventing 

cellular dysfunction and cell death. In this study, cells treated with sample showed an 

increase in the autophagy induction ratio than the cells treated with amyloid. In the 

context of neuroprotection, an increase in autophagy especially from the extract, could 

be a positive finding and thus, potentially suggesting a protective mechanism against 

amyloid induced damage. 

One of the important areas of neuroprotection is the detection of apoptotic or 

necrotic cells. For this, Annexin V- FITC assay was used to evaluate the extent of 

neuronal apoptosis induced by amyloid β. In this study, it was clear that the sample 

treatment was able to reduce the late apoptotic cells, which indicates its potential role 

in neuroprotection. 

Gene expression studies are significant for a thorough understanding about the 

effectiveness of neuroprotection by revealing how the genes influence neuronal 

survival. Parkin is a protein present in those individuals with AD (Alzheimer’s 

disease). Parkin might play an important role in the clearance of β amyloid which is 

accumulated in the brain of people with AD. In the present study, expression of Parkin 

gene was examined by comparing a house keeping gene called Actin. From this study 

it was clear that the extract of Microporus xanthopus has the potential for the 

upregulation of Parkin’s activity. In general, gene expression profiling forms the 

powerful tool for understanding the molecular mechanisms of disease and other 

biological process by revealing which genes are active and how their activity changes 

under different conditions. 

According to the Alzheimer’s Association 2016, AD is the most prevalent 

neurological disorder affecting 50 million people throughout the world.  
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Neurodegenerative disorders are a major health concern in geriatrics, affecting nearly 

15% of the global population. These are characterised by progressive neuronal 

damage with loss of neuronal function in the central nervous system (CNS), leading 

to cognitive decline. Abnormal protein aggregation activating inflammatory pathways 

is a characteristic feature observed in most prototypical neurodegenerative diseases, 

such as Alzheimer’s disease (AD), amylotrophic lateral sclerosis, Parkinson’s disease 

etc.   

Present study proved that the increased cell viability, decreased apoptosis and 

lower ROS levels are good for neuroprotection. While these findings support the 

neuroprotective role of M. xanthopus, future studies are inevitable to investigate the 

bioactivity, standardization and clinical translation of its active secondary 

metabolites to completely unlock their therapeutic potential.  

Deliverables: 

 Several potential mycochemicals were revealed from the fungal extract of both 

the species of Microporus (M. affinis and M. xanthopus). 

 Antioxidant potential of fungal extracts was found to be moderately 

significant. 

 Screening of cytotoxicity of fungal extracts was demonstrated using Allium 

cepa root tip assay. 

 The antiproliferative potential of M. affinis and M. xanthopus on DLD1 cell 

line was examined in vitro using MTT assay and apoptosis determination 

using AO/EtBr staining method. 

 Neuroprotective efficacy of M. affinis and M. xanthopus was assessed on IMR-

32 cell line using MTT and AO/ EtBr method. 

 Potential role of M. xanthopus in neuroprotection was validated by a number 

of modern techniques like autophagy, annexin V-FITC apoptosis, ROS 

scavenging method using DCFDA, indirect ELISA and by gene expression 

analysis using qRT PCR. 
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Recommendations: 

 Isolation of species specific mycoconstituents from M. affinis and M. 

xanthopus. 

 Validation of antiproliferative activity in vivo on both species.  

 In vivo studies on neuroprotection using the extracts of M. affinis and M. 

xanthopus. 

 Extended study on neuroprotection to substantiate the neuroprotective efficacy 

of M. xanthopus. 
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APPENDICES 

 

Wagner’s reagent       Appendix 1  

Iodine : 1.27 g 

KI : 2 g             

Dissolve the above chemicals in 5 mL H2SO4 and make upto 100 mL. 

 

Dragendorff’s reagent      Appendix 2 

Part A: Bismuth subnitrate (0.8 g), water and glacial acetic acid 

Part B: Potassium iodide (8 g) and water 

To prepare the reagent, both solutions are mixed, forming a soluble orange complex 
of potassium tetraiodobismuthate 

 

Vanilin - glacial acetic acid solution    Appendix 3 

Vanillin: 1.0 g  

Take vanillin in a 100 mL volumetric flask  

Add glacial acetic acid into the flask 
 

Perchloric acid solution      Appendix 4 

Perchloric acid: 1.72 mL  

Dissolve this to about 800 mL of distilled water 

 

Alkaline Copper solution      Appendix 5 

Stock A (Copper and Chelator) 

0.4 g of copper sulfate and 0.2 g of Rochelle salt in 20 mL of water are mixed, along 
with a sodium carbonate solution, to form the copper reagent.  

Stock B (Alkaline solution) 

Dissolve 4 g of NaOH in 100 mL of water to get 1 M NaOH solution 

Alkaline Copper solution = Stock A + Stock B 
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Folin-Ciocalteu reagent      Appendix 6 

Dissolve 100 g of sodium tungstate and 25 g of sodium molybdate in 700 mL of 
distilled water.  

Add 50 mL of 85% phosphoric acid and 100 mL of concentrated hydrochloric acid to 
the solution.  

Heat the mixture to reflux (boiling with condensation) for 10 hours.  

After cooling, add 150 g of lithium sulfate and 5 mL of water.  

Heat the mixture again to reflux for another 15 minutes to prevent precipitate 
formation.  

Allow the solution to cool to room temperature and then dilute it to a final volume of 
100 mL with water.  

Phosphate buffer saline (PBS)     Appendix 7 

NaCl  :  8 g  

KCl  :  0.2 g 

Na2HPO4 :  1.44 g 

KH2PO4 :  0.24 g 

Dissolve in 1 L double distilled water and adjust pH to 7.4. 

 

Griess reagent       Appendix 8 

Naphthyl ethylenediamine HCl: 0.1% in distilled water 

Sulfanilamide: 1% in 5% H3PO4 

Both solutions are mixed in 1:1 ratio 

 

Modified Carnoy’s fluid      Appendix 9 

Acetic acid: 10 mL 

Ethanol: 30 mL 

 

  



Appendices 

 196

Acetocarmine        Appendix 10 

Carmine :  2 g 

Acetic acid :  100 mL of 45% acetic acid 

The solution is heated to dissolve carmine and is filtered to remove the undissolved 
carmine powder. 

 

DMEM (Dulbecco’s Modified Eagle’s medium)   Appendix 11 

Sodium bicarbonate  :  1.85 g 

HEPES   :  2.95 g 

DMEM powder  :  1 packet 

Distilled water   :  1 L  

Vacuum sterilized and stored at 4ᵒC 

 

Blocking buffer       Appendix 12 

Dissolve 0.2% gelatin in 0.05% Tween 20 

 

O-dianisidine hydrochloride     Appendix 13 

It consists of the organic compound O-dianisidine (also known as 3,3-
dimethoxybenzidine) combined with hydrochloric acid. 

 

Green stain solution       Appendix 14 

 Prepared by mixing the cyto ID green dye with 1X assay buffer  

 

TRIzol reagent       Appendix 15 

 A monophasic mixture of phenol and guanidine thiocyanate  
 

TE (Tris-EDTA) buffer      Appendix 16 

Tris HCl: 10 mM, pH 8 

EDTA: 0.1 mM, pH 8 


