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ABSTRACT 

The worldwide increase in infectious diseases has resulted in the overuse of available 

antibiotics. The fight to effectively reduce morbidity and mortality has increased due 

to multidrug resistance. This calls for further investigation and the discovery of new 

antibiotics, as well as vaccines. Studies over the past few decades have proven that 

mushrooms and their active ingredients have positive impacts on a number of 

biological systems, with some mushrooms exhibiting a variety of characteristics. 

Synthetic immunomodulatory and antibiotic medications used to treat bacterial 

infections have been linked to a number of adverse effects, making alternative 

therapeutic agents necessary. This has necessitated the search for antimicrobial drugs 

with a new mechanisms of action that include immunomodulation. 

Immunomodulatory drugs from natural products like mushrooms would be a new 

novel drug in combating infections since they would work on the immune system 

without facing the problem of drug resistance. Termitomyces striatus is a wild edible 

mushroom that grows in many places worldwide Kenya included.  T. striatus is used 

as food by people living in western Kenya.  However, scientific data to validate the 

presence of phytochemical compounds, antimicrobial activity and 

immunomodulatory effects is lacking. The objective of this study was to determine 

the antimicrobial and immunomodulatory characteristics of T. striatus extract. The T. 

striatus mushrooms were collected from different parts of Kakamega county. They 

were dried, ground into a powder, and an aqueous extract was prepared using a 

freeze-drier. Standard laboratory procedures were used to determine phytochemical 

families of secondary metabolites. From powdered T. striatus, the aqueous extract 

was prepared. The disc-diffusion method was used to assess the antibacterial and 

antifungal properties. To determine the immunomodulatory effect of the mushroom 

extract, mice were grouped into four groups of twelve mice each as follows; normal 

control, positive control (levamisole), and extract-treated groups of 200 and 

400mg/kg body weight (bw). To determine the effect of the extract on 

immunosuppression E. coli-infected mice were divided into five groups of fiteen 

mice each. They were negative control, positive control, and two extract-treated 

groups of mice were orally administered with 200μl of 2 ×108 CFU/mL of 

enterohemorrhagic Escherichia coli (EHEC). Blood was collected on different days 

and then total and differential WBC count analyzed, immunoglobulin G (IgG), 

interleukin-4 (IL-4) and interferon-gamma (INF-γ) levels were quantified using 

enzyme-linked immunosorbent assays (ELISA). In evaluation of reversal of 

experimentally induced leucopenia, mice were injected with cyclophosphamide and 

left for 3 days. The extracts (200 and 400mg/kg bw) and levamisole were 

administered, blood was collected for total and differential WBC counts for analysis.  

Mice were immunized by injecting 20µl of sheep red blood cells (SRBC) 

subcutaneously into the right foot pad in order to assess the impact of the extract on 

the immune response in delayed type hypersensitivity using SRBC as an antigen. 

After 7 days of treatment with different concentrations of extract, the left foot pad 

was injected with the SRBC. Left foot pad thickness measured before administration 

of extract and for a period of 48 hours. Data was analyzed using one-way analysis of 

variance and Bonferroni multiple comparisons. Level of significance was computed 

at p<0.05. The experiments for phytochemical profile revealed the presence of 

alkaloids, flavonoids, steroids, sterols, saponins and phenols. The aqueous extract of 



xxvi 

 

T. striatus exhibited antibacterial and antifungal activity against E. coli, P. 

auraginosa, S. aureus and B. subtilis, as well as C. albican. For immunomodulatory 

effect in BALB/c mice, the extract significantly (p<0.05) increased the levels of 

neutrophils and monocytes. When BALB/c mice were infected with EHEC, the 

extract significantly (p<0.05) reduced elevated levels of WBCs, neutrophils, 

monocytes, eosinophils and basophils, and significantly enhanced the levels of 

lymphocytes. Similarly, the extract significantly (p<0.05) reduced the levels of INF-

γ, as well as significantly (p<0.05) elevated the levels of IL-4 and IgG. In the 

evaluation of immunosuppression, treatment with the extract significantly (p<0.05) 

ameliorated reduced levels of total and differential WBC counts following 

cyclophosphamide-induced immunosuppression in mice. Treatment using the extract 

also showed an increase in delayed hypersensitivity reaction following injection of 

SRBC in mice. The study concluded that the extract had phytochemicals associated 

with potent anti-microbial and immunomodulatory effects in EHEC-infected mice. 

The extract may therefore be used in the development of alternative antimicrobial 

and immunomodulatory agents.  I have made a few changes in the abstract, though 

editorials 

 



 

 

CHAPTER ONE 

INTRODUCTION 

1.1 Back Ground of Study 

Resistance to antibiotics is currently the biggest world wide challenge to the efficient 

treatment of bacterial illnesses, which has made the search for novel antibiotics and 

other antimicrobials necessary (Nwobodo et al., 2022). From the report of the World 

Health Organization (WHO) in  2019, Antimicrobial resistance (AMR)  has become 

a serious problem globally, that poses  a threat to our lives and economy, and it is the 

cause of the deaths of 700,000 people yearly, and by 2050 the figure will have risen 

to approximately 20 million which is extremely catastrophic (Uddin et al., 2021). 

Furthermore, not only the emergence but also the ability to treat common diseases 

and carry out life-saving surgeries is threatened by the emergence of drug-resistant 

microorganisms (WHO, 2023). In the United States, about 63,000 incidences of 

hemorrhagic colitis caused by EHEC are reported every year, and hemolytic uremic 

syndrome (HUS) is the main cause of acute renal failure among young children for 

the last two decades (Pokharel et al., 2023). In the continent of Africa, there is an 

elevation of drug resistance that exists towards frequently prescribed antibiotics 

(Tadesse et al., 2017).  According to Sartorius et al. (2024) when compared to other 

WHO regions, the Sub-Saharan WHO region of Africa has the highest burden of 

AMR, both fatally and non-fatally, where infection-related death rates are highest. 

Within this  African WHO region, there is 348·3 per 100 000, people affected and the 

percentage of deaths associated with resistance is 27% (Sartorius et al., 2024). In 

sub- Saharan Africa excessive mortality rates which  have been regarded as being 

caused by antimicrobial resistance have been reported which highlights the 

significance of more studies in this field (Williams et al., 2018). In their paper 

Sohaili et al. (2024), concluded that AMR in Kenya is now characterized by rising 

resistance to several first-line medications as well as an increase in potentially fatal 

infections brought about by drug-resistant bacteria. 

Immunomodulation is a therapeutic approach in which there is an attempt to 

intervene in auto regulating processes of the body defense system (Ortuño-Sahagún 
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et al., 2019) . There is a general agreement that the idea of immunomodulation came 

up in 1796 when Jenner came up with the first “vaccination” (Ortuño-Sahagún et al., 

2019).  The agents used in immunomodulation are intended to interfere with the 

function of the immune parameters to produce a therapeutic result by changing the 

self-regulating process of the immune system to minimize or eliminate disease 

symptoms (Egba et al., 2013, Chen et al., 2020). Immunomodulators are often 

categorized as immunostimulants,  immunoadjuvants and immunosuppressants, in 

clinical practice. (Zhang et al., 2020). The substances   or  compounds  that  can 

regulate  individual  mechanisms  of  immunity  have the  potential  of  being  

developed  into  drugs or vaccines (Mahmud et al., 2023). Immunomodulatory 

activity is considered as a major factor in the protection of people against numerous 

illnesses (Zhao et al., 2020). 

 Currently, immunomodulators, which are derived from natural compounds are 

preferred because of their minimal toxicity (Zebeaman et al., 2023). The fungal 

Mushrooms are globally dispersed and essential in their interactions with 

mycorrhizae, saprotrophs, parasites, and insects in various ecosystems (Paloi et al., 

2023). Due to their nutritional value and therapeutic qualities, mushrooms have been 

consumed for more than 2000 years and are a widely distributed food source on 

Earth (Wang et al., 2017). Wild mushrooms that are edible and their useful extracts 

can be utilized as natural remedies since they do not cause toxicity to humans 

(Vamanu et al., 2018). Mushrooms’ secondary products are chemically diverse and 

possess a broad spectrum of biological activities, such as antimicrobial, antioxidant, 

antitumor and anti-inflammatory activities (Bhambri et al., 2022),  besides the 

immunomodulatory activities (Sivanesan et al., 2022) 

The phytochemical compounds that modulate the immune response include, 

quinones, Flavonoids, alkaloids, saponins,  terpenoids, phenolics, and vitamin C 

(Herawati et al., 2021). Additional bioactive substances that give mushrooms their 

capacity to alter immune responses include, polysaccharides, proteins, proteoglycans 

and triterpenoids  (Zhang et al., 2016; Chen et al., 2020). Several of these  bioactive 

substances like Polysaccharides and triterpenoid possess anticancer properties that 

suppress tumor growth and inhibit cancer cells (Park, 2022).    
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Numerous mushrooms, including Ganoderma lucidum, Schizophyllum commune, 

Lentinus edodes, and Grifola frondosa, are significant natural sources of 

immunomodulatory substances. (Chugh et al., 2022). In Paloi et al., 2023 it is 

suggested according to their findings, T. mammiformis had the highest amount of 

alkaloids (0.077 mg/g) in the extracts of wild edible termitophilous mushrooms, 

followed by T. microcarpus (0.056 mg/g), T. medius (0.053 mg/g), T. badius (0.052 

mg/g), T. striatus (0.050 mg/g) and T. heimii had the lowest amount (0.046 mg/g). 

Gebreyohannes et al. (2019) showed in their study how the  extracts of  Trametes 

spp., and Microporus spp. mushrooms from Kakamega forest Kenya have potent 

antimicrobial activities against the six bacterial species, namely, Staphy-lococcus 

aureus (ATCC 25923), Escherichia coli (clinical isolate), Pseudomonas aeruginosa 

(ATCC 27853),  Klebsiella pneumoniae (ATCC 13883), Pseudomonas aeruginosa 

(clinical isolate), and Methicillin-Resistant Staphylococcus aureus (MRSA) (ATCC 

33591), as well as two yeast species, namely, Candida albicans (clinical isolate) and 

Candida parapsilosis (ATCC 90018), which were used as  test organism. It is well 

recognized that Termitomyces mushrooms have a number of advantageous 

antibacterial and antioxidant properties, as well as the potential to be employed in a 

variety of industrial settings. (Paloi et al., 2023). Numerous investigations have 

shown that Termitomyces mushrooms have immunomodulatory properties. 

(Mahamat at al., 2018).   In the study by Mahamat at al. 2018 it was suggested that 

T. clypeatus have immunostimulatory activity that was shown through the elevation 

in the humoral immunity and cell-mediated immunity. It was demonstrated by 

ativation of Delayed- Type Hypersensitivity reaction. The use of antimicrobial drugs 

for prophylactic and therapeutic purposes of microbial agents has been on for long 

(Chugh et al., 2022). To find out if there are any in vivo advantages similar to the 

documented in vitro effects, more research is necessary on some of the mushroom 

metabolites described (Bhambri et al., 2022). It is crucial to investigate 

immunomodulatory effects in aqueous extracts of T. striatus in infected BALB/c 

mice in order to find out whether this could be applicable in medicine in the 

management of microbial infections. If it is beneficial it could be used in the 

management of some of the microbial infections. In the current era of ever increasing 
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resistance towards antibiotic, innovative methods to the management of bacterial 

infections are urgently required (Uddin et al., 2021) 

The objective of this study was to determine, the immunomodulatory and 

antimicrobial property of aqueous extract of Termitomyces striatus. Termitomyces 

striatus belongs to  the genus of edible mushrooms that are commonly eaten in 

Africa and Asia among the mushrooms collected from the wild. They grow in a 

symbiotic relationships in the molds (anthills) of  termites (Hsieh and Ju, 2018).  

The phenomenon by fungal metabolites have been associated with treatment of 

diseases mainly cancer, allergy and autoimmune diseases. Most research has been 

associated with autoimmune, fungal and viral diseases but minimal focus, if any, has 

been extended to bacterial diseases and more so the immunomodulatory effects of T. 

striatus on Escherichia coli. These mushrooms may be utilized to treat bacterial 

infections as well as immunomodulator if they have the capacity to potentiate the 

immune system. 

1.2 Statement of the Problem 

Antimicrobial resistance is a significant worldwide public health issue. According to 

the World Health Organization (WH0) assessment, bacterial infection was directly 

responsible for 1.27 million deaths worldwide in 2019. The function of immune 

system is to protect the body from infections caused by harmful microorganisms like 

bacteria. Synthetic antibacterial drugs are associated with severe side effects such as 

hypersensitivity reactions, antibiotic resistance, intestinal toxicity, liver and kidney 

impairement.  This necessitates the need for alternative antibacterial agents. Natural 

products  such as mushrooms have been widely used against microbial infections 

since ancient times. The Termitomyces striatus mushroom are used by communities 

residing in western part of Kenya as food. However, there has been no scientific 

research to establish antimicrobial and immunomodulatory characteristics. Hence 

evidence to validate the medicinal characteristics is lacking. This study therefore was 

designed to determine the antimicrobial and immunomodulatory activities of aqueous 

extract of Termitomyces striatus, as well as qualitative phytochemical analysis.  

http://www.medicalnewstoday.com/articles/10278.php
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1.3 Justification 

The appearance and the dispersal of pathogens which are drug-resistant is a menace 

to the capacity to treat common infections as well as to carry out life-saving 

operations in the health care system. Pharmacological products on the market for 

many conditions are expensive, while others have several side effects to the users. 

Therefore there is need to come up with new drugs which have a different 

mechanism of action which involve the immune system. Immunomodulation is a 

therapeutic approach in which there is an attempt to intervene in auto regulating 

processes of the body defense system. The focus on the host rather than the microbial 

agent minimizes the chances of antimicrobial resistance by the pathogens. Currently, 

immunomodulators, which are derived from natural compounds are preferred 

because of their minimal toxicity. Besides the products from natural coumpounds are 

readily available. Medicinal mushroom products have been used worldwide in the 

management of various conditions. Mushroom  metabolites extracted from the 

mushrooms, Trametes elegans, Termitomyces umkowaani,   Auricularia auricula-

judae, Microporus xanthopus, and Trametes versicolor have several bioactive 

compounds that possess antioxidant, anti- inflammatory, anti-hypertensive, anti-

microbial, anticancer, hypocholesterolemic, pesticide, nematicide, and anti-biofilm 

formation properties(Gebreyohannes et al., 2023). Immunomodulatory and 

antimicrobial effects of T. striatus need to be  investigated in order to find out 

whether it could be applicable in medicine. The outcome from this study provides a 

key towards the development of immunomodulatory and antimicrobial agents for use 

in microbial infections and immune related disorders.  

1.4 Hypothesis 

1.  The aqueous extract of Termitomyces striatus mushroom does not have 

antibacterial and antifungal activity   

2. The aqueous extract of T. striatus does not have effect on immune responses 

in BALB/c mice. 

3. The aqueous extracts of T. striatus  does not have effects in E. coli infected  

BALB/c mice. 



6 

 

4. The aqueous extract of T. striatus does not have effects on cyclophosphamide 

experimentally induced immunosuppression in BALB/c mice. 

1.5 Objectives of the Study 

1.5.1 General Objective 

To determine the antimicrobial and immunomodulatory effects of aqueous extract of 

the  mushroom  T. striatus.  

1.5.2 Specific Objectives 

1. To determine the antibacterial and antifungal activity of aqueous extract of 

Termitomyces striatus mushroom.  

2. To investigate the effect of aqueous extract of T. striatus on immune responses 

in BALB/c mice. 

3.To determine the effect of  aqueous extracts of T. striatus in E. coli infected  

BALB/c mice. 

4. To evaluate the ability of aqueous extract of T. striatus on cyclophosphamide 

experimentally induced immunosuppression in BALB/c mice  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Antimicrobial Resistance  

According to an acount of the World Health Organization (WHO) in  2019, 

Antimicrobial resistance (AMR)  has become a crucial problem globally, that poses a 

major threat to our economy and lives, and 700,000 individuals have died as a result 

of it, and according to estimates, the number will have increased to 20 million by 

2050, which is absolutely disastrous. (Uddin et al., 2021). An enormous clinical issue 

in the treatment of infectious diseases has been brought about by bacteria' resistance 

to antibiotics. (Nwobodo et al., 2022; Uddin et al., 2021). Furthermore, the ability to 

treat common illnesses and undertake life-saving procedures like cancer 

chemotherapy, caesarean sections, hip replacements, organ transplants, and other 

surgeries is threatened by the introduction and spread of drug-resistant 

microorganisms. (WHO, 2023). Besides, the  diseases which are caused as a result of  

drug-resistance affect both the health of plants and animals. They lower agricultural 

production and jeopardize global food security (WHO, 2023). Antibiotic resistance is 

currently the biggest worldwide danger to the efficient treatment of bacterial 

illnesses, that has made the hunt for novel antibiotics and other antimicrobials 

necessary (Nwobodo et al., 2022).  Hence the need for antibiotics and  antimicrobials  

remains the  urgent necessity in the fight against bacterial diseases in mankind 

(Nwobodo et al., 2022). There is prolonged hospital stays, increased hospital costs 

and a general increase in  morbidity and death rates due to  increasing resistance to 

traditional antibiotics (Lima et al., 2016). Due to global antimicrobial resistance, 

infectious illnesses continue to pose a serious threat to human health, which has led 

to a general increase in the quest for novel and effective antimicrobial compounds 

(Tsungai et al., 2016). The broad repertory, which influences genetic flexibility and 

excessive permissiveness to acquire and contribute DNA through horizontal gene 

transfer, is the driving force behind E. coli's fast evolution. (Braz et al., 2020). 

Characteristics which ensure the spread of antibiotic resistance as well as the 

virulence factors that are inherited by the different E. Coli pathotypes. Researchers 
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can better comprehend bacterial modification, diagnosis, public health, and therapy 

with the use of precise identification and evaluation. (Braz et al., 2020). 

Investigation undertaken by  Tula et al., (2023) showed that STEC as well as EPEC 

strains of  E. coli exhibited complete resistance (100%) to the common antibiotics 

such as cotrimoxazole, ampicillin, nalidixic acid, augmentin, and ceftriaxone drugs. 

According to Pokharel et al., (2023) the rise in antibiotic resistance rates in the 

different pathotypes of E. coli strains has been reported by several scientists in their 

publications. The hunt for E. coli vaccines would be perfect as a preventative 

measure due to the hidden pandemic of germs, particularly pathogenic E. coli, that 

are resistant to drugs and have become harder to fight. (Pokharel et al., 2023). 

Bacterial infections are one of the main causes of disease and death worldwide, and 

antibiotic resistance is increasing globally (Nwobodo et al., 2022).                   

The findings by   Tadesse et al. (2017) showed that; first recent AMR data is not 

available for more than 40% of theAfrican  countries, second, the level of resistance 

to commonly prescribed antibiotics was significant and third, the quality of 

microbiological data is of serious concern. In their research Waithaka et al.,(2017) 

noted that the threat to a return to the pre-antimicrobial age has made scientists 

around the world concerned about the growth of drug resistance. Research confirmed 

what many had suspected: AMR does exist in rural regions of Kenya that had not 

been included in epidemiological studies in the past (Drobish et al., 2023). The state 

of AMR in Kenya today shows a situation where life-threatening infections brought 

on by drug-resistant bacteria are on the rise, along with growing resistance to 

standard first-line medications (Sohaili et al., 2024). 

2.2 Natural  Remedies as Antimicrobial and Immunomodulators 

From ancient times different cultures have used herbal medicine in one way or 

another. They have been used in china, Arabia, Brazil, Nigeria Egypt and the rest of 

Africa (Zaidi et al., 2022). Many of the herbal medicines have been valued today by 

WHO and they have been incoperated in conditions such as palliative care (Liheluka 

et al., 2023). Certain plants and their substances were reported to have the ability to 

activate the immune system. This is mainly due to the fact that plants have 



9 

 

antimicrobial and immunomodulatory effects, in order to ward off natural enemies 

and to adjust to environmental circumstances (Sotto et al., 2020; Zebeaman et al., 

2023). Extracts from plants are potentially curative, and some of them can boost the 

humoral and cell mediated immunity against bacteria, fungi, viruses, protozoa, and 

cancer (Alhazmi et al., 2021). It has been demonstrated that the majority of the plants 

used in traditional medicine have immunostimulating properties which operate at 

various immune system levels. (Peñaloza et al., 2023). Recent research on the Neem 

plant demonstrated that it had biological and pharmaceutical potentials; antimicrobial 

action, for example, that against bacterial species that are resistant to many drugs 

(Wylie and Merrell, 2022). 

Due to possession of many nutritional ingredients, such as protein, dietary fiber, 

carbs, vitamins, and minerals, as well as their low calorie, and fat, mushrooms are 

considered a nutritious food. In addition, people have been using mushrooms as 

medication for over or more (Sharma et al., 2024). They can be considered a source 

of natural antibiotics due to the presence of certain compounds of interest, such as 

oxalic acid, terpenes, anthraquinone and derivatives of benzoic acid, steroids, 

quinolines,  peptides, sesquiterpenes, and proteins (Lima et al., 2016). Sutthisa and 

Chaiyacham, (2022), established that Lentinus squarrosulus (edible mushroom) 

extract had antibacterial activity against S. aureus, Escherichia coli, and 

Pseudomonas aeruginosa. In a study by Rakainsa et al. (2024), it was demonstrated 

that Plectranthus scutellarioides extract had antibacterial activity towards 

Escherichia coli, Bacillus subtilis, and Staphylococcus aureus. 

2.3 Edible Mushrooms 

People have been gathering the wild mushrooms and eating them from ancient times 

(Kotowski, 2019). On account of their sensory qualities, mushrooms have been a part 

of human culture for thousands of years and have piqued the curiosity of most 

historical civilizations. (Valverde et al., 2015). The Romans saw mushrooms as the 

"Food of the Gods," the Egyptians saw them as a reserve for royalty, and the ancient 

Greeks thought they provided warriors strength in battle” (Kotowski, 2019).  In 

contrast, mushrooms were valued in Chinese culture as a nutritious food and a "elixir 
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of life." (Valverde et al., 2015).  Mushroom consists of the common edible fungus 

found in the fields and meadows T. striatus. Agaricus bisporus is the mushroom that 

is cultivated for commercial purpose and seen in markets  (Valverde et al., 2015). 

Some ethnic groups of the Karbi, Tiwa, Kachari, and Koch-Rajbongshi tribes of 

Assam, India, eat certain mushrooms that grow on decaying wood (Nath and Sarma, 

2018). Many edible mushroom species have been collected from various forests in 

India (Udhary et al., 2015). Some of those that have been described and are well-

known are included in the list below Cordycep, Auricularia,  Lactarius, Hericium, 

Grifola, Flammulina, Tremella, Termitomyces clypeatus, Russula, Agaricus, 

Lentinus, Pleurotus, and Pisolithus. (Assemie and Abaya, 2022). Out of the 2,000 

species of mushrooms consumed worldwide, Purkayastha and Chandra's lists of 

edible mushrooms from India included 283 species of higher fungi (Udhary et al., 

2015). The edible species of a wide range of flesh mushrooms thatgrow widely in 

Meghalaya are found in forests and have been consumed by the local population for 

ages they include Boletus edulis Bull ex Fr., Lendinus edodes (Berk) Sing., Clavaria 

aurea (F) Quet, Clavaria cinerea (Fr.) Schroet, and cantharellus floccosus Juss. 

(Kalita, 2016). Due to their carbohydrate, low calorie, sodium content and  fat as 

well as their lack of cholesterol, mushrooms are now a popular and valuable meal. 

Important minerals such as vitamin D, selenium, proteins, potassium, niacin, 

riboflavin, as well as fiber are also found in mushrooms. (Lesa et al., 2022). In 

Uganda, several wild edible mushrooms are treasured as a traditional nutritious food 

that is picked and eaten throughout the rainy season. Termitomyces microcarpus, 

Termitomyces tyleranus, Volvariella speciosa Termitomyces clypeatus, , Polyporus 

tenucuilus are a few of these. (Nakalembo et al., 2015). 

 Mushrooms possess rich nutritional value and high amounts of minerals, proteins, 

fibers, vitamins, trace element, cholesterol ts  and low/no calories (Dimopoulou et 

al., 2022). Studies  from different investigations have assessed the nutritional worth 

of different types of mushrooms. (Liu et al., 2022). (Udhary et al., 2015).  A report  

by Ayimbila and Keawsompong, (2023), showed that mushrooms are good sources 

of proteins, crude fiber, carbohydrates, vitamins and minerals. According to Banoin 

(1976), mushrooms' nutritional value is in between that of meat and vegetables 

(Bandera et al., 2020). Currently, in most parts of sub-Saharan Africa, mushrooms 
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are used as a cheap alternative source of high quality protein (Fernandes et al., 2021;  

Ayimbila and Keawsompong, 2023). 

The indigenous mushrooms were eaten by people in Kenya way before the the exotic 

mushrooms were introduced and used as vegetables (Rajat et al., 2022). It is known 

that 38 of Kenya's 42 tribes eat indigenous mushrooms. (Gateri et al., 2014). 

Examples of commercially produced  mushrooms in Kenya today are Button 

(Agaricus bisporous) and Oyster (Pleurotus spp) (Kabacia and Muchane, 2023). 

Shiitake (Lentinula edodes) and Reishi (Ganoderma lucidu) are also grown on a 

small scale for their medicinal values  (Kabacia and Muchane, 2023). The result from 

the study by  Kabia & Muchane, (2023), clearly show that in East Africa, studies on 

the domestication of wild edible mushrooms (WEMS) are still in their infancy. 

2.3.1 Classification of Mushrooms 

Mushrooms are fungi which belong to the class Basidiomycetes and sometimes 

Ascomycetes  (Chueng 2008; Wang et al., 2017). Termitomyces is a genus of 

basidiomycete fungi which belongs to the family Lyophyllaceae. This genus has 

roughly thirty species. They serve as food for the Macrotermitinae, a subfamily of 

termites that have an obligatory symbiotic relationship with the species, akin to that 

between Attamyces mushrooms and Atta ants. (Paloi et al., 2023). Despite this 

connection, the primary method of spore transport is still achieved by shedding from 

mushrooms that emerge from termite mounds. (Kuja et al., 2014; gbif, 2017; kone’ et 

al., 2018). 

The plate 2.1 is a diagram representing  a voucher specimen of the mushroom T. 

striatus as identified by the National museums of Kenya. Three mushroom species 

were taken to the National Museums of Kenya and identified as 1. Termitomyces 

striatus (Beeli) Heim f. ochraceous Heim, 2. Termitomyces striatus (Beeli) Heim f. 

grisen Heim and 3. Termitomyces letestui (Pat) R. Heim. The first species was 

selected for the study due to its abundance in the selected habitats. It was assumed 

that there were no variations within the micro-habitats where the mudhrooms were 

picked. The detailed classification of the mushroom is as follows here below.  

http://www.wow.com/wiki/Genus
http://www.wow.com/wiki/Basidiomycota
http://www.wow.com/wiki/Lyophyllaceae
http://www.wow.com/wiki/Maurice_Beeli
http://www.wow.com/wiki/Maurice_Beeli
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Plate 2.1: Termitomyces striatus (Beeli) Heim f. Ochraceous Heim (Voucher 

Specimen).  Was collected from Kakamega county as captured by the author. 

Taxonomy- the mushroom belongs to the Kingdom: Fungi, Division: Basidiomycota, 

Class: Basidiomycetes, Order: Agaricales, Family: Lyophyllaceae, Genus: 

Termitomyces R. Heim. Typespecies:Termitomycesstriatus(Beeli)R.Heim. 

(http://en.wikipedia.org/wiki/Termitomyces, Manna,2015; Paloi et al., 2023). 

Termitomyces striatus (Beeli) R.Heim is frequently found at the edges of forests. The 

term "Termitomyces" was defined by Roger Heim in 1942. Most humans can eat these 

mushrooms, and in areas where they grow, the larger species are a common wild 

meal. (Gbif, 2021; Heinrich et al., 2021) Heinrich, Mah, and Amirkia, (2021). . 

http://www.wow.com/wiki/Maurice_Beeli
http://www.wow.com/wiki/Basidiomycota
http://www.wow.com/wiki/Basidiomycetes
http://www.wow.com/wiki/Agaricales
http://www.wow.com/wiki/Lyophyllaceae
http://www.wow.com/wiki/Maurice_Beeli
http://en.wikipedia.org/wiki/Termitomyces,%20Manna,2015
http://www.gbif.org/species/search?q=Termitomyces+striatus+%28Beeli%29+R.Heim
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Termitomyces heimii is an edible species and it is widely eaten in Malaysia, Thailand, 

India and Uganda (Gbif, 2021; Heinrich et al., 2021). They are also found largely in 

Kakamega National Reserve Forest and other parts of western Kenya (Gebreyohannes 

et al., 2019). 

2.3.2 Constituents of Mushrooms 

Studies have shown that edible basidiomycetes are a good way to get proteins, 

vitamins, minerals. (Borah et al., 2017, Nath & Sarma 2018). It has been discovered 

that mushrooms are a potential provision of dietary fibers (Valverde et al., 2015, 

Chatterjee, & Patel 2016, Nath & Sarma 2018).  Lentinula edodes mushrooms 

contain a lot of carbohydrates and protein with about 20–23% protein, and 58–60% 

carbohydrates (Chugh et al., 2022).   

Among the secondary metabolites that have been identified in mushrooms are  

proteins, polysaccharides like β-D-glucans polysaccharopeptides (PSP), 

polysaccharide,  terpenoids, and phenolics (Kumar et al., 2023). These foods contain 

very effective elements from the composition of dietary fibers, and polyphenolic 

compounds (Vamanu et al., 2018). A good portion of phenolic compounds is 

associated with the presence of these fibers, and they are released in the colon as a 

result of the fermentative actions of the microbiota (Vamanu et al., 2018). The edible 

mushrooms have high moisture content that ranges between 85.2 and 94.7% ash 

contents that is as high as 6.9 to 10.5% when it is dry. (Valverde et al., 2015).  There 

are a lot of well-assimilated mineral elements and carbohydrates in the fruiting 

bodies of mushrooms. (Bandera et al., 2020). The main mineral constituents of the 

mushrooms are potassium, Sodium, Magnesium, Phosphorus, Calcium plus  

elements such as Zinc, Copper,  and Iron (Nakalembe et al., 2015). the most 

abundant mineral element is Potassium  followed by magnesium (Ache et al., 2021). 

In their investigation, Alofe et al., 1996 found out that the pilei of Psathyrella. 

atroumbonata and T. striatus are significant sources of zinc. Zinc contents for the 

pilei of P. atroumbonata were 63.81 and 64.94 ppm respectively.  The amount of 

Zinc in T. striatus were 90.45 and 92.49 ppm respectively. Compared to artificially 

grown mushrooms, wild edible mushrooms have a higher mineral content. (Ache et 
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al., 2021). The metabolites  of Agaricus  mushrooms are Amino acids, Fatty acids, 

Phenolics, Lectins, Sugar and Polyols, Phenolic, Organic acids, Unsaturated fatty 

acids (linoleic and linolenic acids), Sterols, Indole compouds (Bhambri et al., 2022). 

The nitrogen content ranges between 3.47 and 7.93% (dry basis (Ache et al., 2021) 

The most prevalent amino acids, measured as percentages of total amino acids, are 

glutamic acid (12.8–20.9%), aspartic acid (9.1–12.1%), and arginine (3.7–11.7%). 

However, a notably low percentage of arginine (3.7 and 5.7%) has been found in the 

P. pulmunarius and Lentinus edodes that were examined. Protein is a significant 

component of the dry matter of mushrooms. (Masri et al., 2017). Mushrooms which 

belong to the genus Pleurotus, namely  P. sajor-caju, Pleurotus  florida, and P. 

ostreatus have been incorporated into human diets worldwide because of their 

abundance of nutrients, which include fat, protein, fiber, carbohydrates, minerals, 

and vitamins. (Masri et al., 2017).  This genus is also reported to be low in the 

amount of calories, Sodium, fat and cholesterol (Masri et al., 2017).   

Mushrooms contain vitamins B such as pantothenic acid, riboflavin, and niacin, 

which are  helpful in provision of energy by breaking down carbohydrates, proteins, 

and fats; other vitamins such asthiamine,  pyridoxine, folic acid, cobalamin, as well 

as phyllochinon,  tocopherols,  ergosterolare present (Bhambri et al., 2022). They are 

a source of vitamin D and one of the few non-fortified food sources (Kumar et al., 

2023). Certain mushrooms contain beta-glucocan, which is made up of long or short-

chain glucose component polymers that have β-1,3 and β-1,6 linkages (Cerletti et al., 

2021). Often grouped with vegetables, they provide some of the nutritional attributes 

commonly found in meat, beans or grains (Chatterjee & Patel, 2016). According to 

Zhang et al. 2016, the content of fat in mushrooms  is quite low in comparison to 

carbohydrates and proteins. They have low calories, no fat, no cholesterol and quite 

low amount of sodium, however, they offer a number of nutrients that are often 

included in cereals or animal products. ( Chatterjee, & Patel 2016). In her findings 

Nakalembe et al. 2015, reported the presence of carbohydrates, protein, nitrogen, 

fibre, the elements, sodium, potassium, calcium, magnesium, iron, phosphorus, zinc, 

selenium, manganese, in the following mushroom species that grow in many parts of 

Uganda Termitomyces eurrhizus, Armillaria mellea, Termitomyces aurantiacus, 

Lentinus prolifer, and Termitomyces microcarpus (Ache et al., 2021). Mushrooms 
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are a good choice for prebiotics since they are high in carbohydrates, including 

galactans, chitin, α-glucans, hemicellulose, β and, mannans, and xylans. prebiotics, 

mushrooms promote the development of the gut microbiota, which enhances the 

host's health (Jayachandran et al., 2017) 

 In most parts of sub-Saharan Africa, mushrooms provide a low- cost alternative 

source of high quality protein (Fernandes et al., 2021). Ethnomycological survey of 

utilization of mushrooms in North central Nigeria reveals that most people consume 

mushrooms based on their nutritional (81.7%) and palatability (93.5%) 

characteristics while only 15.1% utilize mushroom based on their medicinal 

properties (Fernandes et al., 2021). 

The edible mushrooms are popular due to the presence of flavours, culinary features, 

medicinal and nutritional values (Das et al., 2021). They have been recognized as 

valuable sources of biologically important compounds which have many potential 

applications in health sciences (Paloi et al., 2023). Mushrooms produce 

polysaccharides, and many other pharmacologically active proteins, including fungal 

immunomodulatory proteins (FIP), ribosome inactivating proteins (RIP), 

antibacterial/antifungal proteins, lectins, ribonucleases, laccases plus other proteins 

(Hassan et al., 2015). Numerous bioactive substances derived from therapeutic 

mushrooms, have been extensively studied and used in Eastern Assia. These   

compounds comprise of polysaccharides, lectins, lactones, terpenoids, and alkaloids 

(Wang et al., 2017). The mushrroms Boletus are important sources of food, with high 

in vegetable proteins, minerals and vitamins and low in calories, and lipids (Jaworska 

et al., 2015). A study of the amino acid composition  of Boletus edulis has shown 

that it has a  high  total  amino  acid  content when compared to the other species of  

mushrooms (Jaworska et al., 2015). The main  amino  acids  present are  glutamine, 

alanine,  glycine,  serine,  proline (Jaworska et al., 2015). They have both saturated 

fatty acid and unsaturated fatty acid was (Jaworska et al., 2015).  

Hsieh and Ju, (2018) in their study found out that the main ingredient in 

Termitomyces mushrooms was ergostane, which may function as a biological 

precursor to vitamin D2. Ergosterol, which is found in almost all mushrooms, has 
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been shown to inhibit phorbol-12-myristate 13 acetate (TPA)-induced inflammatory 

conditions in mice and vitamin D2 has been shown to offer protection against colon 

and prostate cancer (Hsieh & Ju, 2018). The other bioactiave components found in 

Termitomyces mushrooms were five ergostanes, namely: dimethylincisterol and 5α, 

8α-epidioxyergosta-6,22-dien-3β-ol which possessed cytotoxic activities, with the 

latter showing a significant activity against most tumor cell lines tested at the 1–2 

μM level (Hsieh & Ju, 2018).  Betulinic acid was also detected form T.  microcarpus 

mushroom, which rarely reported from mushrooms, and was found to demnstrate a 

number of biological activities, which include the antitumor property that is  related 

to its ability to trigger mitochondrial membrane permeabilization, which is a central 

event in the apoptotic process, of cancer cells while non-neoplastic cells and normal 

tissue remain relatively resistant to BA (Hsieh & Ju, 2018).  There was a new α-

galactosidase that was reported, purified and characterized from Termitomyces 

eurrhizus which was identified using the ITS method (Zhang et al., 2015). 

Analysis of the following thirteen common wild edible mushroom species in Yunnan 

Province, Boletus speciosus, Boletus bicolor, Boletus sinicus, Boletus ornatipes, 

Boletus griseus, Boletus craspedius,  Xerocomus, Suillus placidus, Amanita 

hemibapha, Boletinus pinetorus, Tricholoma terreum, Tricholomopsis lividipileata, 

and Termitomyces microcarpus, showed that the mushrooms had very important free 

amino acid contents, which may be important compounds which contribute to the 

typical mushroom taste, nutritional value, as well as having potent antioxidant 

properties of these wild edible mushrooms (Sun et al., 2017 ). Twenty free amino 

acids were identified in , Boletus griseus,  Boletus bicolor, Boletus speciosus, Boletus 

sinicus, Boletinus pinetorus, Boletus craspedius, Boletus ornatipes, Termitomyces 

microcarpus, Xerocomus, Suillus placidus, Tricholoma terreum, Tricholomopsis 

lividipileata, and Amanita hemibapha, these were: leucine, alanine, arginine, aspartic 

acid, cysteine, lysine, glutamic acid, glycine, histidine, isoleucine, methionine, 

phenylalanine, proline, asparagine,serine, threonine, tryptophan, tyrosine, valine, and 

glutamine (Sun et al., 2017).  
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2.3.3 Phytochemical Composition of Termitomyces  

There are various mechanisms of action of phytochemicals that have been suggested 

by different authors,  Hsieh and Ju, 2018  reported that extracts from six different 

Termitomyces mushrooms that is T. albuminosus,  T. heimii and T. microcarpus,  T. 

clypeatus, T. microcarpus, and T. letestui were subjected to various assays for 

antioxidant properties and were shown to possess antioxidant activities in reducing 

power, scavenging activity and chelating effects on ferrous ions. The main 

antioxidants present are phenolic compounds, and much less are ascorbic acid, 

tocopherols, β-carotene, lycopene and flavonoids (Hsieh & Ju, 2018).  In their work 

Mitra et al., 2016  found that T. clypeatus contain a number of phytochemicals 

among them flavonoids, phenols, ascorbic acid, β carotene and lycopene that 

contribute towards the valuable antioxidant property that is superoxide, DPPH 

radical scavenging activity, chelation of ferrous ion activity and reducing ability.  

Functions of various phytochemical compounds include inhibition of 

microorganisms, interference with some metabolic processes or modulation of gene 

expression and signaling of transduction pathways (Zhao et al., 2020).  A research by 

Sitati et al. 2021, revealed that wild edible termitophilous mushrooms had alkaloids 

in their extracts. In another investigation it was found that in T. mammiformis had the 

highest amount of alkaloids at 0.077 mg/g followed by T. microcarpus (0. 056),T. 

medius (0.053%), T. badius (0.052%), T. striatus (0.050%) of alkaloids and lowest in 

T. heimii (Paloi et al., 2023). The Alkaloids and their synthetic derivatives are used 

as basic medicinal agents for analgesic antispasmodic and bactericidal effect 

(Adejumo et al., 2015). The presence of  flavonoids  in  these  mushrooms indicate  

their therapeutic value.  Flavonoids possess antioxidants properties against  free  

radical  scavengers that prevent  oxidative  cell  destruction with   significant 

anticancer  activity (Adejumo et al., 2015). The sample of Termitomyces 

microcarpus when screened showed the presence of steroids, tannins,  oil, alkaloid, 

carotenoid, triterpenoids, fatty acid, emodins, polyurenoid, flavonoid, coumarin, 

anthracene glycoside, anthocyanadine glycoside, saponins, glycosides, and polyoses 

in the methanolic, ethereal, and aqueous extracts (Mitra et al., 2016; Gebreyohannes 

et al., 2019).  An analysis of  P. ostreatus, L. salmonicolor, and F. velutipe, 
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mushrooms showed that they had significant quantities of essential fatty acid, cis-

linoleic acid (Chatterjee & Patel, 2016). Essential fatty acids are fatty acids that 

humans and other animals must eat because the body needs them for good health but 

cannot syntesize them (Chatterjee & Patel, 2016). In the study of Ghates and Sridhar 

2017, it was shown that Flavonoid content of T. clypeatus was higher than other 

Termitomyces species and the Nigerian species possessed higher content than indian 

species (Ghates & Sridhar, 2017).  

Essential fatty acids and various other bioactive compounds are present in the wild 

mushroom extracts from Trametes elegans, Auricularia auricula-judae, Trametes 

versicolor, Termitomyces umkowaani, and Microporus xanthopus. These chemicals 

may have significant industrial and biological potential (Gebreyohannes et al., 2023). 

2.4 Characteristics of Phytochemical Compounds 

 Alkaloids are a class of chemical compounds found in natural products and are 

composed of basic nitrogen atoms. Alkaloids are classified as ephedras, acridones, 

ergots, pyrrolizidines, imidazoles, indoles, manzamines, piperidines, 

purinespyridines,  oxindoles, quinolines, and tetrahydroisoquinolines based on their 

fundamental chemical structures (Bhambhani et al., 2021). One unique property of 

alkaloids is their capacity to act as either a hydrogen-acceptor or a hydrogen-donor in 

hydrogen bonding. The interaction between alkaloid scaffolds and targets (enzymes, 

proteins, and receptors) depends on this characteristic (Dey et al., 2020). Phenolic 

acids have also been established to exert immunostimulatory effect. Phenolic acids 

enhance the secretion of pro-inflammatory cytokines and promote the production of 

anti-inflammatory cytokines, thus regulating immune responses (Mileo et al., 2019). 

Phenolic acids enhance macrophage activity, increasing their phagocytic capacity 

and promoting the release of cytokines, which are vital for pathogen clearance ( Liu 

et al., 2021). They also promote the proliferation and activation of T cells, enhancing 

the adaptive immune response (Mileo et al., 2019). Phenolic acids also possess 

strong antioxidant activity, which helps protect immune cells from oxidative stress 

(Liu et al., 2021). This protection enhances the viability and functionality of immune 

cells during an immune response (Mileo et al., 2019; Liu et al., 2021). 
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Alkaloids are also known for their wide range of biological activities, including 

significant immunostimulatory effects. Alkaloids enhance the secretion of pro-

inflammatory cytokines and anti-inflammatory cytokines, aiding the balance in 

immune response (Ye et al., 2019). Alkaloids also enhance macrophage function by 

increasing phagocytosis, ROS production, and cytokine secretion. Alkaloids also 

promote T cell proliferation and differentiation, enhancing adaptive immunity (Ye et 

al., 2019; Zebeaman et al., 2023). White blood cells (leukocytes), also known as 

immunocytes or immune cells, are cells of the immune system that are involved in 

defending the body against infections by producing antibodies and eliminating 

infected cells to regulate immune responses.  Flavonoids are secondary metabolites 

with a benzopyrone ring with phenolic or polyphenolic groups at various locations 

(Liga & Paul, 2023). Flavonoids are naturally produced by the phenylpropanoid 

pathway. Depending on the degree of unsaturation, carbon ring oxidation, and 

chemical structure, flavonoids are divided into several subclasses, including 

anthoxanthins (flavanone and flavanol), flavanones, flavanonols, flavans, 

chalchones, anthocyanidins, and isoflavonoids (Wen, 2022). The presence of 

hydroxyl (-OH) groups, benzene ring, and carbonyl group contributes to the 

bioactivities associated with flavonoids (Liga et al., 2023). There are two main types 

of phenolic acids: hydroxycinnamic acids and hydroxybenzoic acids. Gallic, 

protocatechuic, vanillic, and syringic acids are a few examples of hydroxybenzoic 

acids. Hydroxycinnamic acids include coumaric, sinapic, ferulic, and caffeineic acids 

(Rashmi & Negi, 2020). Phenolic acids are derived from phenylpropanoid pathway. 

Carboxylic acid group, hydroxy group and aromatic ring contributes to the 

therapeutic effects of various phenolic acids (Sehrawat et al., 2022). A saturated 

connection between the C-5 and C-6 of the sterol moiety makes up the steroid 

skeleton that makes up phytosterols. They consist of an aliphatic side chain on the C-

17 atom and a hydroxyl group on the C-3 atom.. Beta-sitosterol, campesterol and 

stigmasterol are some examples of phytosterols (Salehi et al., 2021). Saponins are a 

class of plant steroids that have sugar groups bonded to a steroid nucleus (Juang & 

Liang, 2020). Saponins have special functional qualities and amphiphilic character 

since they are made up of a hydrophilic sugar moiety connected to a lipophilic 

aglycone. Saponins' surface-active qualities are made possible by their amphiphilic 
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architectures, which produce stable foams and complexes with other molecules 

(Timilsena et al., 2023). Saponins are classified as steroid glycosides and triterpenoid 

glycosides (Nguyen et al., 2021). Saponins possess immense therapeutic actions such 

as hypolipidemic, antidiabetic, antioxidant, anti-hypertensive, anti-microbial, anti-

inflammatory, antiobesity, and immunostimulatory effects (Sharma et al., 2023). 

2.5 Mushrooms as Medicines  

Mushrooms have been used by human beings as medicines for more than 5000 years 

(Zhang et al., 2016).  

The use of mushrooms as medicine has a long history and studies in the last few 

decades have demonstrated that mushrooms and their constituting active components 

have beneficial effects on a variety of biological systems (Valverde et al., 2015, Ren 

et al., 2016). Medicinal mushrooms refer to the macroscopic fungi whose extracts or 

powder form from various developmental stages of the mushroom development 

which have shown documented beneficial effects on health in the forms of in vitro, 

ex vivo, or in vivo activities (Zhao et al., 2020). They have been developed as 

pharmaceuticals in some countries and are now commercially available worldwide 

for treatment of cancer (Sivanesan et al., 2022). In addition to being food, 

mushrooms have medicinal benefits; they include anti-tumor, anti-cancer, anti-

cholesterol, and anti-hemorrhagic qualities (Kumar 2015, Anusiya et al., 2021, Nath 

& Sarma 2018). They are composed of different biologically active compounds, 

which include polysaccharides, proteins, peptides, vitamins, minerals, dietary "bers, 

alcohols, terpenoids, and phenolics (Anil Kumar et al., 2023). These compounds 

exhibit various medicinal poperties that include; antidiabetic, antiobesity, 

anticancerous, antitumor, anti-inflammatory, antimicrobial, antiviral, antiallergic, 

antiaging, antiwrinkle, antioxidant, immunomodulating, hepatoprotective, 

hypoglycemic, and skin whitening activities (Anil Kumar et al., 2023). Medicinal 

mushrooms have been known to be used in the fight against cancer in places such as 

China, Korea, Japan, Russia, United States and Canada (Mitra et al., 2016). The 

mushroom Grifola frondosa is promoted as anticancer agent, particularly on human 

gastric carcinoma, such effect results from the induction of cell apoptosis and could 
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significantly accelerate the anticancer activity (Valverde et al., 2015, Chugh et al., 

2022). Furthermore, there are many medicinal properties of Pleurotus  spp studied by 

several  authors,  such as  antitumor,  immunomodulating,  antiviral,  antibacterial, 

antigenotoxic, antioxidant, antiinflammatory, hypocholesterolamic, antihypertensive,  

antiinociceptive, anti-hyperglycaemic, anti-platelet-aggregating, antihepatoma, anti 

proliferative and antiatherosclerotic (Zhang et al., 2016, Masri et al., 2017). 

A great variety of mushrooms have been included in the data base of traditional 

medicines, and  among them, there are those which are highly beneficial, these 

include: Agaricus brasiliensis, Ganoderma lucidum, Trametes versicolor, Lentinus 

edodes, Flammulina velutipes, Agaricus bisporus, Tricholoma matsutake, 

Auricularia auricula, Pleurotus ostreatus, Grifola frondosa, Cordyceps sinensis, 

Coprinus comatus (Chugh et al., 2022)..  Reishi is an edible medicinal mushroom 

that has been used for various healing abilities for several decades; it possesses a 

strong anti-inflammatory function and is tied to longevity, better immune function, 

and mental clarity (Jayachandran et al., 2017). It is generally referred as the king of 

mushrooms. The common genus of this mushroom is Ganoderma and closely-related 

species include Ganoderma lucidum, G. tsugae, and G. lingzhi. The total triterpenes 

in G. lucidum induce apoptosis in MCF-7 cells and attenuate (Jayachandran et al., 

2017). Mushroom polysaccharides display diverse activities which include 

antitumor, immunomodulatory, anti-inflammatory, antinociceptive, antiviral, 

antioxidative, hypoglycemic, and hepatoprotective effects, as well as protection 

against chronic radiation stress (Bhambri et al., 2022, Wang et al., 2017). They also 

prevent oncogenesis, and show direct antitumor activity against various synergetic 

tumors, and prevent tumor metastasis. This activity is especially beneficial while 

used in conjunction with chemotherapy (Park, 2022). 

Various extracts from  Mushrooms have been used in preventing and treating 

immune disorders, particularly in immunodeficient and immunosuppressed patients; 

they are also for patients under chemotherapy or radiotherapy; in different types of 

cancers, chronic blood borne viral infections of Hepatitis B, C, and D, different types 

of anemia, the human immunodeficiency virus/acquired immunodeficiency 

syndrome (HIV/AIDS), Herpes simplex virus (HSV), chronic fatigue syndrome, 
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Epstein–Barr  virus;  for  patients  with  chronic  gastritis and gastric ulcers caused by 

Helicobacter pylori; and for  patients  with  dementia (Chugh et al., 2022). 

Lectins from mushrooms, have drawn growing interest from many scientists in the 

last decade due to their potential importance in cancer research (Chueng at al., 2012, 

Hassan et al., 2015). The Lectins particularly those from edible mushrooms like 

those of Agaricus bisporus, Boletus satanus, Flammulina velutipes, Ganoderma 

lucidum, Grifola frondosa, Tricholoma mongolicum, and Volvariella volvacea have 

been reported to have immunomodulatory and/or antitumor/cytotoxic/ 

antiproliferative activities (Hassan et al., 2015, Singh et al., 2015). Isolation of a 

heterodimeric lectin from the edible mushroom Volvariella volvaceae triggered the 

search for potential agents in lectins from mushrooms for cancer therapy (Singh et 

al., 2015). This was 1984, during an early part of mushroom lectin research (Singh et 

al., 2015). This lectin has got the average inhibitory effect on the growth of tumor 

cells (Singh et al., 2015). Besides, the Volvariella volvacea lectin which has 

antiproliferative activity against Sarcomo S-180 cells has also been shown to retard 

the growth of tumour cells in a mouse model, prolonging the life span of mice by 

63% to 100% (Hassan et al., 2015). The lectin from Grifola frondosa is reported to 

be cytotoxic against HeLa cells at the lectin concentration of 25 μg/mL  (Hassan et 

al., 2015) 

Other Investigations have shown that mushroom have significant antimutagenic and 

anticarcinogenic activies, therefore they are potential  sources of antioxidant and 

anticancer compounds (Udhary et al., 2015). Mushroom  metabolites extracted from 

the mushrooms, Auricularia auricula-judae, Termitomyces umkowaani, Microporus 

xanthopus, Trametes elegans, and Trametes versicolor have several bioactive 

compounds that possess antioxidant, anti- inflammatory, anti-hypertensive, anti-

microbial, anticancer, hypocholesterolemic, pesticide, nematicide, and anti-biofilm 

formation properties (Gebreyohannes et al., 2023). Extracts from Agaricus bisporous 

mushrooms have a potential breast cancer chemopreventive agent, as they suppress 

aromatase activity and estrogen biosynthesis (Gariboldi et al., 2023).    
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In a review of five RCTs with 373 subjects and subsequent metaanalysis, the results 

suggested that incorporation of G. lucidum treatment could potentially improve 

tumour response of lung cancer to conventional therapy (Dan & Aktif, 2017).  In 

other words, G. lucidum could have a synergetic potential with chemo/radiotherapy 

to obtain an increase in CR/PR rates in patients with lung cancer (Dan & Aktif, 

2017).  

Lentinan a polysaccharides from the mushroom Lentinus edodes was the first 

compound isolated which has shown greater antitumor and antiproliferative effects in  

comparison to other mushroom polysaccharides (Chugh et al., 2022). The cytostatic 

effect produced by lentinan is mainly due to activation of host immune response 

Lentinan a pure polysaccharide composed only of atoms of carbon, oxygen, and 

hydrogen, has also shown antitumor,  therefore, it is capable of prolonging the 

overall survival of cancer patients, mainly in patients with gastric and colorectal 

cancer. (Sivanesan et al., 2022). Some fungal metabolites are highly useful in 

therapy because they show the opposite activities in biological systems, i.e., they 

boost the immune system and therefore increase the resistance against pathogens or 

even help to prevent cancer (Hyde et al., 2019). The most common examples for 

such molecules are the β-glucanes and protein–polysaccharide complexes (Hyde et 

al., 2019).  

The purified polysaccharides from mushrooms in many xenografts have shown 

tumor regression (Cerletti et al., 2021). Some  complex polysaccharides have been 

identified in a number of mushroom species and are linked to the immunostimulatory 

and antitumor activities, these medicinal mushrooms  contain polysaccharides,, 

acidic proteoheteroglycans with mixed α, β linkage, and a [1-6] - branched type [1-

3]-glycan  (Chugh et al., 2022) Matuszewska et al. 2018, in their study indicated that 

Asian  mushrooms would be valuable sources of antioxidant, antibacterial and 

antitumor compounds. Recent laboratory investigations showed that medicinal 

mushrooms such us Ganoderma lucidum, Phellinus rimosus, Pleurotus florida and 

Pleurotus pulmonaris possessed profound antioxidant, antimicrobial, anti-

inflammatory, antifungal and antitumor activities (Cör Andrejč et al., 2022).  
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In studies with Culinary-medicinal mushrooms (Agrocybesp., Auricularia auricular-

judae, Ganoderma lucidum,  Hericium erinaceus, Pleurotus cystidiosus, Pleurotus 

eryngii, Pleurotus flabellatus, Pleurotus florida Pleurotus sajor-caju, Schizophyllum 

commune, Volvariella volvacea) results showed that they have good antioxidant 

capacity and have potential antihypertensive effects demonstrated by their inhibitory 

effect towards ACE (Cör Andrejč et al., 2022). Various types of  skin problems that 

are caused by  inflammation and the high activity of free radicals can be treated using 

various mushroom extracts which have  antioxidant and anti-inflammatory activities 

(Anil Kumar et al., 2023). The mushroom Termitomyces reticulatus possesses 

antioxidant potential (Jayou et al., 2020) 

Some  studies have revealed that mushrooms including Lentinula edodes, Pleurotus,  

Grifola frondosa  have high medicinal value that include, antihypertensive properties 

(Chugh et al., 2022) 

2.6 Antimicrobial Effects of Mushroom Extracts 

In vitro studies have demonstrated that wild mushrooms have the capacity to 

improve the microbial fingerprint by stimulating favorable strains of bacteria 

(Vamanu et al., 2021). The edible mushroom Bovista nigrescens has antioxidant and 

antimicrobial properties, with high total phenolic content shown (Bal et al., 2023).   It 

has been found that oyster mushrooms (Pleurotus ostreatus, Pleurotus pulmonarius, 

Pleurotus sajor-caju, Pleurotus populinus) possess a broad-spectrum antimicrobial 

activities and thus the potential of developing antimicrobial agents (Chinwendu, 

2018). Besides Oyster Mushroom has been shown to combat simple and multiple 

drug resistant isolates of E. coli, Staphylococcus epidermidis, S.  aureus and species 

of  Candida, Streptococcus,  Enterococcus (Chinwendu, 2018). Chinwendu, (2018), 

in their study with n-hexane extracts of  edible oyster mushrooms (Pleurotus 

ostreatus, Pleurotus pulmonarius, Pleurotus sajor-caju, Pleurotus populinus extracts 

possesses many promising therapeutic properties at varying amounts ( Enshasy et al., 

2017) . According to the results obtained from the analysis, it can be concluded that 

the n-hexane extracts of these edible mushrooms (Pleurotus ostreatus, Pleurotus 

pulmonarius, Pleurotus sajor-caju, Pleurotus populinus) possessed a broad-spectrum 
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antimicrobial activities and hence the potential of developing antimicrobials from 

them appears rewarding (Chinwendu, 2018). A study by Yakobi et al. (2023) 

concluded that antibacterial activity of the extracts examined in the study using  

Pleurotus Ostreatus mushroom extracts against Staphylococcus Aureus, Escherichia 

coli, and Neisseria Gonorrhoeae exhibited a certain degree of efficacy against both 

clinical isolates and standard strains although the majority of clinically isolated 

bacteria exhibited greater resistance to the extracts. This study demonstrated that 

polyphenols are a prospective source of efficient, secure, and cost-efective 

antimicrobial compounds (Yakobi et al., 2023). Furthermore it showed that 

antimicrobial potential of natural compounds shows a broad spectrum of options for 

novel antibacterial therapeutics that could be used for multidrug-resistant clinical 

isolates (Yakobi et al., 2023). Investigation of the antimicrobial activities of three 

medicinal mushrooms (Taiwanofungus camphoratus, A. blazei Murrill, and 

Ganoderma lucidum) against fungal and bacterial pathogens/contaminants in a 

defined potato dextrose agar  (PDA) or complex (food matrices) medium found that 

the methanol extract of T. camphoratus exhibited a promising antifungal or 

antibacterial activity (Kim et al., 2022).  

Studies by some authors revealed that A. blazei mushroom extract showed 

antimicrobial effect against peritonitis, as well as deadly oral infections, particularly  

those caused by Gram-positive bacteria (Lima et al., 2016). Ethanolic extract from 

the mycelium of Lentinula edodes also possess antiprotozoal activity against 

Paramecium caudatum. The study by Al-Dbass et al. (2022), showed that Agaricus 

bisporus, an edible mushroom with its enriched protein can have antibacterial 

properties against important bacterial pathogens.  The mushroom A. bisporus showed 

potential activity against gram positive bacteria and to a lesser extent gram negative 

bacterium, due to narrow spectrum of activity, it is also effective against Bacillus 

subtilis (Chowdhury et al., 2015). A Similar study using the same A. bisporus 

Mushrooms also reveal it that the  produced antimicrobial metabolites that could be 

exploited in treating diseases that affect man as well as  plants and animals 

(Waithaka et al., 2017). Methanol extract obtained from fruiting body of industrially 

grown basidiomycete Coriolus versicolor has antibacterial activity which is due to 

the diverse chemical composition of its extract (Matijaševic et al., 2016). Since  they 
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examined bacterial strains (S. aureus, Salmonella enterica, and serovar Enteritidis) 

that have been mainly recognized as agents of food poisoning, the use of C. 

versicolor extract as potential preservative might help to reduce the contamination 

and  hence extend the shelf life of stored food (Matijaševic et al., 2016). 

  Many types of bioactive compounds have been reported to come from different 

Termitomyces species, which include cerebrosides, ergostanes, fatty acid amides, 

serine, saponins, and protease (Rathna et al., 2023). Out of these, cerebrosides play a 

key role in the treatment of several diseases, which include neurodegenerative 

disorders such as Alzheimer’s disease and other conditions like hyperlipidaemia and 

gastroduodenal (Paloi et al., 2023).  The mushroom T. clypeatus  has antimicrobial 

activity besides having immunostimulatory activity as it is justifiable in its 

exploitation in treatment of the infectious diseases (Mahamat et al., 2018). The 

extracts from the mushrooms Auricularia and Termitomyces spp. possess remarkable 

antimicrobial  activity against several  test organisms although, the extracts of 

chloroform, 70% ethanol, and HWE of Auricularia and Termitomyces exhibited 

varying degrees of the antimicrobial activity which were attributed  to the presence 

of different bioactive substances and their mechanism of action against test 

pathogenic organisms (Gebreyohannes et al., 2019). Maitake mushroom (Grifola 

frondose) beta-glucan consumption improved neutrophil and monocyte function in 

lower-risk Myelodysplastic syndromes (MDS) patients (Venturella et al., 2021). It 

has also been  reported that there is antioxidant  and  antimicrobial  potentials  of  

extracts obtained  from  four  wild mushrooms,  Lentinus squarrosulus Mont., 

Termitomyces robustus (Beeli) R. Heim, Trametes ochracea (Pers.) Gilb. and 

Ryvarden and Xylaria hypoxylon (L.) Grev.  species  collected  in  Nigeria (Titilawo 

et al., 2022). It has been reported that the dichloromethane, methanol, and aqueous 

extracts of Termitomyces striatus have got potent antibacterial effect against both 

Gram-negative (Escherichia coli and Pseudomonas aeruginosa) and Grampositive 

(Bacillus subtilis and Staphylococcus aureus) bacteria and  demonstrated antifungal 

effect against C. albicans (Sitati et al., 2021). The mushroom Lentinus edodes has 

been reported to contain a polysaccharide which is an immunological booster that 

can be used to cure antimicrobial diseases and various other diseases caused by low 

immunological diseases (Valverde et al., 2015). 
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2.7 Immunomodulation 

Immunomodulation is a therapeutic approach in which there is an attempt to 

intervene in auto regulating processes of the defense system (Ortuño-Sahagún et al., 

2019). It is the modification of immune responses, that are involved in induction, 

amplification, attenuation or inhibition of the immune responses (Behl et al., 2021). 

There is a general agreement that the concept of immunomodulation emerged in 

1796 when Jenner undertook the first “vaccination” (Ortuño-Sahagún et al., 2019).  

The agents used in immunomodulation are intended to interfere with the function of 

the immune parameters to produce a therapeutic result by changing the homeostasis 

of the immune system to minimize or eliminate disease symptoms (Chen et al., 2020). 

In clinical practice, immunomodulators are usually classified into 

immunosuppressants, immunostimulants, and immunoadjuvants (Zhang et al., 2020, 

Zhao et al., 2020). Immunomodulators can be used to control the pathophysiological 

states and return the body function to normal (Hooda et al., 2024). The 

immunomodulators strengthen the immune system’s defenses against diseases by 

their healing and renewing properties (Hooda et al., 2024). While they act as 

immunostimulants, immunosuppressants, or immunoadjuvants, immunomodulators 

either stimulate or amplify the immunological response or  suppress the immune 

response (Behl et al., 2021). Since  medicines which are available in the market have 

a number of serious adverse effects and create pathogenic resistance,  

Phytochemicals which are naturally occurring substatnces (mushrooms), that 

significantly play an imperative role in modulating favorable immune responses are 

in use (Suganya et al., 2022).  Some secondary metabolites from natural products 

like triterpenoids, flavonoids, diterpenoids, and alkaloids, as well as some 

polysaccharides usually promote immunomodulatory activity (Renda et al., 2022). 

Mushrooms have been demonstrated  to have the potential to stimulate the immune 

system, modulate humoral and cellular immunity, potentiate antimutagenic and 

antitumorigenic activity, a rejuvenating the immune system weakened by 

radiotherapy and chemotherapy in cancer treatment (Ayeka, 2018).  The  

Immunoregulatory compounds in mushrooms include substances such as lectins, 

terpenes, terpenoids, polysaccharides, and fungal immunomodulatory proteins (FIPs  
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are used all over the world for  treatment of a wide number of infectious diseases as 

well as   in the treatment of a number of non-infectious diseases like asthma, allergy 

and arthritis (Drzewiecka et al., 2024). Some compounds such as lectins, terpenes, 

terpenoids, polysaccharides, and fungal immunomodulatory proteins (FIP)s found  in 

natural medicines not only work by eliminating the infection but also by stimulating 

the overall natural and adaptive immunity of the host (Tarapdar et al., 2020). There 

are two types of immunomodulators; there are specific immunomodulating agents, 

which include monoclonal antibodies, cytokines, and vaccines, which affect specific 

parts of the immune system, and nonspecific immunomodulating agents, like Bacillus 

Calmette-Guérin (BCG) and levamisole, that affect the immune system in a general 

manner (El-Zahabi, 2021). Some  edible and medicinal mushrooms contain 

secondary metabolites that have significant immunoregulatory activities (Zhao et al., 

2020). The mushroom metabolites with immunomodulating effects are especially 

valuable in their use as prophylaxis as a mild and non-invasive form of a treatment, 

that can  prevent the proliferation of metastatic tumors, and is used as a co-treatment 

in combination with classic chemo- and radiotherapies (El-Zahabi, 2021) The most 

potent immunomodulators which are  produced by mushrooms belong to the family 

of lectins, terpenoids and polysaccharides (El-Zahabi, 2021). 

2.7.1 Immunostimulation 

Immunostimulants are generally non-specific immunomodulatory compounds which 

are considered to improve the resistance of a body to infection by functioning 

through both innate and adaptive immune responses (Hooda et al., 2024). They are 

supposed to function as prophylactic agents and promoters in healthy individuals, 

that is as immuno-potentiators, which increase the basic level of the immune 

response (Hooda et al., 2024). Immunostimulants are those molecules which are 

capable of stimulating an  immune responses in immunodeficiency diseases (Behl et 

al., 2021). Immunostimulants are also capable of increasing immune responses above 

basic levels and they are useful for treating clinical conditions such as chronic 

inflammation, infections, and cancers (Munang’andu et al., 2024). They constitute a 

class of drugs for the treatment and management of infectious disorders and cancer 

(Jain et al., 2022). The use of immunostimulants in the control of various infectious 
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diseases is due to many reasons which include the following: a) immunosuppressive 

effects of antibiotics; b) antibiotic resistance of the bacteria; c) allergic reactions to 

antibiotics; and d) Poor effects of the antibiotics in viral infections (Shahbazi and 

Bolhassani, 2017). For the purpose of simplification, immunostimulants are divided 

into various groups depending on their origin and mode of action which are; bacterial 

products, complex carbohydrates, nutritional factors, vaccines (antigens and 

adjuvants), cytokines, immunoenhancing drugs e. g Levamisole (Ergamisol) a 

synthetic drug  that induces B and T lymphocytes, monocytes, and macrophages, 

plant extracts, and animal extracts (Shahbazi & Bolhassani, 2017).  

Immunomodulators from medicinal mushrooms have been known to  activate innate 

immune system components such as natural killer (NK) cells, neutrophils, and 

macrophages, and stimulate the expression and secretion of cytokines which in turn 

activate adaptive immunity by promoting B cell proliferation and differentiation for 

antibody production and by stimulating T cell differentiation to T helper (Th) 1 and 

Th2 cells, which mediate cellular and humoral immunities, respectively (Zhao et al., 

2020). Natural phytocompounds which are immunostimulants are known to stimulate 

the production of  Interferon-alpha (IFN-alpha) and granulocyte colony-stimulating 

factors which  are  examples of endogenous immunostimulants involved in 

developing immuostimulant effects  (Cherian & Vadivel, 2023). The targets for 

Immunostimulatory agents  are Toll-like receptors (TLRs), which are expressed on 

APCs such as macrophages and dendritic cells (DCs) as well as nucleotide-binding 

oligomerization domain (NOD)-like receptors and stimulator of interferon genes 

(STING) which are present on immune cells (Zhuang et al., 2019). Flavonoids which 

are found in natural products are known to stimulate immune system by enhancing 

macrophage and T cells activity and  encourage mononuclear cells to produce 

cytokines such as IL-1β, IFN-γ, and TNF-α while terpenoids are known to improve 

phagocytic activity of macrophage ( Zen, & Fertilita , 2023). The Macrofungi 

Hericium erinaceus polysaccharides (HEP) possess various bioactivities that showed 

strong immunostimulant activity by inducing dendritic cell maturation through 

MAPK and NF-κB signaling pathways (Niego et al., 2021). Mushrooms  have got  

fungal immunomodulatory proteins (FIPs), diverse mechanisms of action and they 

may be involved in biological activities, such as innate immunity and cell-to-cell 
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interaction, and their immunomodulatory mechanism varies depending on the origin 

of each compound (Gariboldi et al., 2023). In their study Elhusseiny et al. 2022 

demonstrated that the mushrooms: Lentinula edodes, Agaricus bisporus, Pleurotus 

ostreatus, Pleurotus columbinus, and Pleurotus sajor-caju all possess  in vivo 

immunostimulatory capacities in their aqueous extracts using Wistar albino rats that 

had been given  immunosuppressant drug, dexamethasone.  

2.7.2. Immunosuppression  

 Immunosuppression is the reduction in the ability of the immune system to respond 

appropriately to foreign antigens, including surface antigens on tumour cells (Rice, 

2019). It  can result from killing of immune effector cells or from blockage of 

intracellular pathways which are essential for antigen recognition or of other 

elements of the immune response (Rice, 2019) 

Immunosuppressants are drug used to block the immune response and can be used to 

regulate the pathological immune response involved in organ transplants  in order to 

prevent the graft- destructive immune response (Zebeaman et al., 2023). Besides,  

these compounds are used to alleviate diseases related to autoim- mune disorders, 

hypersensitivity reactions (HR), and immunopathology or diseases originating from 

an auto- immune disorder (Zebeaman et al., 2023).  

Mushrooms are recommended as one of the diets for vegetarian for 

immunosuppressed cancer and HIV/AIDS patients because they are well-known for 

their anti-cancer activity which impacts on hematopoietic stem cells, lymphocytes, 

macrophages, T cells, dendritic cells (DCs), and natural killer (NK) cells in the 

immune system (Pathak et al., 2022). In their study, Dai et al. 2021 suggested that 

the edible mushroom Craterellus ordoratus is rich in the compound bergamotane 

sesquiterpenoids which has promising immunosuppressive activity and provides 

strong support for the further development and utilization of the edible mushroom C. 

odoratus. To test the effect of Ganoderma lucidum  spore and fruiting body (GLSF) 

in UV-induced immunosuppression, (Shahid et al. 2022) treated GLSF to mice one 

month before UV exposure, and their results showed that GLSF was able to reverse 

the immunosuppression effect of UV effectively.  Bioactive compounds from the 
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mushrooms of  the genus Pleurotus have the immunomodulatory pathway 

mechanism of polysaccharide (β-glucan) to stimulate activities for both innate and 

adaptive immune systems (Oloke, 2015). They proliferate and activate the innate 

immune system components like natural killer (NK) cells, neutrophils, and 

macrophages, as well as stimulate the cytokines expression and secretion which in 

turn activate the adaptive immunity (Oloke, 2015). 

2.8 Mushrooms as Immunomodulators 

There is a general agreement that the concept of immunomodulation emerged in 

1796 when Jenner undertook the first “vaccination” (Ortuño-Sahagún et al., 2019). 

Since then, many attempts have been made to help the immune system face external 

attacks (bacteria, viruses, etc.) or internal attacks (cancer and autoimmunity) 

(Bloom & Cadarette, 2019). These new therapeutic strategies have been made 

possible by about a century of fundamental discoveries and the recognition of 

immunology and microbiology as distinct scientific disciplines (Justiz-Vaillant et al., 

2024). During the latter decades of the nineteenth century, many observations on 

microbial antagonism and attempts to apply this phenomenon to treating diseases 

created a favorable climate for the advent of antibiotics (Dhingra et al., 2020).  

Immunomodulatory activity has been considered as a critical factor of protecting 

humans against several diseases especially in  chronic inflammation (Strzelec et al., 

2023). Mushroom immunomodulators  have been  classified  into  four  categories 

based  on  their  chemical  nature  as:  lectins,  terpenoids, proteins,  and  

polysaccharides (Drzewiecka et al., 2024). Some mushrooms like Lentinus edodes, 

Schizophyllum commune, Grifola frondosa, and Ganoderma lucidum are important 

natural sources of immunomodulatory agents (Zhang et al., 2016). The Ganoderma 

species are famous tonic in Chinese medicines. These mushrooms have been proved 

to possess several bioactivities, such as antioxidant,anti-inflammatory, 

immunomodulatory, anticancer, anti-diabetic, hepatoprotective and antimicrobial 

activities (Bulam et al., 2019, Cadar et al., 2023). Therefore, numerous mushroom 

species have the potential to be developed into functional foods for the prevention 
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and treatment of several chronic diseases, such as cancer, diabetes mellitus, 

hyperlipidemia, and hypertension (Zhang et al., 2016). 

Studies carried out suggest that the mushroom Agaricus blazei Murrill, which is 

cultivated in Brazil, contains several bioactive substances responsible for its 

medicinal properties, of importance are glucans which, apart from promoting an 

immunomodulatory response, can induce an increase in the antimicrobial action of 

this fungus (Lima et al., 2016). Some of the studies carried out in animals and in 

vitro have indicated that pro-inflammatory mediators can induce the phagocytosis of 

Staphylococcus aureus and Mycobacterium tuberculosis, respectively (Lima et al., 

2016). It has been suggested that the interpretation of these results could be 

extrapolated to A. blazei because this mushroom promotes the growth of various 

cytokines, particularly pro-inflammatories (Val et al., 2015). Thus, the serum levels 

resulting from the use of chemokines observed in studies on A. blazei enhance the 

phagocyte power of immune cells and promote the effectiveness of the response to 

infection by pathogenic microorganisms (Lima et al., 2016). Mushroom extracts are 

capable of stimulating the immune system through effects on natural killer (NK) 

cells, macrophages and via T cells and their cytokine production (Chen et al., 2020).    

Renda et al (2022) suggested that many biological extracts, as well as natural 

products, have become popular due to their wide array of immunomodulatory effects 

and influence on the immune system. Medicinal mushrooms are natural immune 

modulators because they stimulate both innate and adaptive immune systems and 

include a variety of immune-regulatory substances such as polysaccharides, and 

fungal immunomodulatory proteins (FIPs), terpenes, and terpenoids (Shahina et al., 

2023).  

Besides two polysaccharide fractions isolated from Agaricus bisporus have been 

shown to stimulate the production of nitric oxide, interleukin-6, and tumor necrosis 

factor-alpha (Gariboldi et al., 2023).  

It has been demonstrated that mushroom polysaccharides from Ganoderma lucidum 

(GL) can induce human dendritic cells DC maturation (Cadar et al., 2023). Volariella 

volvacea mushroom contains Vvo a fungal immunomodulatory protein (FIP)  which 
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induced most TH1-specific cytokines (IL-2, IFN-γ, and LT) and one TH2-specific 

cytokine (IL-4) within 4 hours in mouse spleen cells (Hassan et al., 2015). 

Mushroom polysaccharides are referred to as strong immune enhancing compounds 

(Enshasy et al., 2017). The activation of immune cells such as macrophages, 

cytokines, natural killers and T helpers as a consequence of mushrooms 

polysaccharides administration is indicated by several authors  (Masri et al., 2017).  

A polysaccharide isolated from fruit bodies of Pleurotus species (consist of D-

glucose and D-galactose in a molar ratio of 5:1) exhibit same immunomodulator 

activity in mouse cell culture medium. Numerous studies have  been  conducted with 

the  aim  of immunoenhancing  properties  of  natural  derived polysaccharides  from 

Pleurotus species (Masri et al., 2017). The polysaccharide with potential 

immunomodulating and anticancer activity was lentinan, a b-1,3-D-glucan  with  b-

1,6 branches was from Lentinus edodes (Park et al., 2024). It produces antitumor 

effect by activating different immune responses in the host (Park et al., 2024). This 

immunomodulation is due to maturation, differentiation, or proliferation of cells 

involved in host defense mechanisms (Xu et al., 2016). Hence, Lentinan increases 

host resistance against various kinds of cancer and has the potential to restore the 

immune function of affected individuals (Xu et al., 2016). 

Activities of  Lentinan are as follows; inhibition of prostaglandin synthesis, which 

can slow T cell differentiation in animals and humans, as well as inhibiting 

suppressor T cell activity in vivo, activation of nonspecific  inflammatory response 

such as acute phase protein production (Vetvicka et al., 2021). Hence  

immunopotentiation by (1-3)-β-D-glucan of lentinan involves activation of cytotoxic 

macrophages, helper T-cells and NK cells, and the promotion of T cell differentiation 

(Vetvicka et al., 2021). 

Substances with high immunomodulating activity have been isolated from the edible 

mushroom Ganoderma lucidum, including polysaccharides such as β-D-glucan, 

proteins and triterperoids (Seweryn & Gamian, 2021). The  β-D-glucan (Ganoderan) 

and a protein-polysaccharide fraction both  from G. lucidum have demonstrated that 

they are potent stimulators of mice and chicken macrophages (Seweryn & Gamian, 

2021). Besides Studies about the immunomodulatory effects of a diet supplemented 
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with Ganoderma lucidum mycelium, results indicated that Ganoderm alucidum had 

immunomodulatory activity (Zhang et al., 2016). 

Two Protein-bound polysaccharides PSK (Krestin) and PSP which have been 

isolated from the mushroom Trametes versicolor are relatively similar chemically 

and possess immunomodulating activity (Vetter, 2023). 

 Lectins from Tricholoma mongolicum (TML-1 and TML-2) have shown to activate 

macrophages through the generation of macrophage activating factor and tumor 

necrosis factor (TNF) in mice by stimulating the production of NO2 ions (Hassan et 

al., 2015). Similarly, ABL and ACG are able to stimulate macrophage through the 

production of TNF-α and NO2 (Hassan et al., 2015). β D Glucan and glycoprotein 

complexes derived from the mushroom Grifola frondosa possess strong antitumor 

and mmunomodulatory activities ( Wu et al., 2021). Recently, a highly purified 

extract, β-glucan [β-1, 6 glucan branched with a β-1, 3-linkage] has become available 

which has considerable immunomodulating and antitumor activities in animal 

models, and is orally bioavailable ( Wu et al., 2021). The mushroom Volvariella 

volvacea has a  lectin which exerts a potent immunomodulatory effect in mice by 

inducing the gene expression of IL-2 and IFN-γ, thereby upregulating the Th-1 cell 

population (Hassan et al., 2015). This lectin was nine-fold more potent than other 

non-lectin mushroom immunomodulating proteins in activating lymphocytes (Hassan 

et al., 2015). Immunomodulatory studies carried out showed that crude extract of 

Amauroderma rude increased the activities of spleen lymphocytes, macrophages, and 

natural killer cells in vitro, and increased macrophage metabolism, lymphocyte 

proliferation, and antibody production in vivo (Zhang et al., 2016). Besides, FIP-fve, 

that was isolated from the mushroom Flammulina velutipes, is a bioactive protein 

which was demonstrated to possess several kinds of biological activities, including 

anti-allergy, anti-tumor and immunomodulation properties (Zhang et al., 2016). 

Besides, the water extract of the edible wild mushroom Leucopaxillus tricolor 

exhibited a clear antihypertensive effect on spontaneously hypertensive rats (Zhang 

et al., 2016). The lectin family, particularly lectins from mushrooms, has drawn 

growing interest from the scientific community in the last decade due to its potential 

importance in cancer research (Singh et al., 2015). Lectins from edible mushrooms 
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such as those of Agaricus bisporus, Boletus satanus, Flammulina velutipes, 

Ganoderma lucidum, Grifola frondosa, Tricholoma mongolicum, and Volvariella 

volvaceaare reported to have immunomodulatory and/or antitumor/cytotoxic/ 

antiproliferative activities (Singh et al., 2015).  

2.8.1 Termitomyces Mushrooms as Immunomodulators 

Several species of Termitomyces mushrooms are commonly used ethnomedicinally 

for health promotion, treatment and management of various illnesses (Wa & Gm, 

2020). Many communities in Asia and Africa collect and consume mushrooms of the 

genus (Wa & Gm, 2020). The mushroom Termitomyces albuminosus is used in 

China for improving brain and stomach functions and for the treatment of  

hemorrhoids (Hsieh & Ju, 2018). The exopolysaccharides and depolymerized-

exopolysaccharides extracted  from Termitomyces albuminosus both  demonstrated 

pharmacological in vitro antioxidant, hypolipidaemic and  hepatoprotective, effects 

on mice with high-fat emulsion-induced hyperlipidemia Hepatoprotective and in 

vitro antioxidant effects of native depolymerized (Zhao et al., 2017). In  India, the 

mushrooms Termitomyces heimii and Termitomyces microcarpus were used in the 

control of fever, colds, as well as  fungal infections (Wa & Gm, 2020).  In 

Cameroon, Termitomyces titanicusis was used in the  treatment of  gastric 

complications (Ache et al., 2021). The mushroom T. heimii, found in Negeria 

Sembilan, Malaysia, was cultivated in liquid fermentation, and it produced 

endopolysaccharide and exopolysaccharide (β-glucan) which exhibited antibacterial 

property (Thi et al., 2022). Debnath et al. (2019) also reported that Termitomyces sp. 

has been used by the people of Anambra state Nigeria for curing Anaemia, weakness, 

and high blood pressure. T. microcarpus has been reported to serve as a medicinal 

mushroom for the treatment of some abdominal discomfort experienced in newly 

borne babies, measles, whooping cough,  tuberculosis, delayed labour in pregnant 

women, postnatal bleeding in mothers after delivery and treatment of umbilical cords 

in newly borne babies and diseases associated with high blood lipids (Aryal, 2022). 

Some  studies on Termitomyces have shown that their bioactive compounds capable 

of  fighting against certain human diseases like cancer, hyperlipidaemia, 

gastroduodenal diseases, and Alzheimer’s, besides, they got certain beneficial 
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antioxidant and antimicrobial properties (Paloi et al., 2023). In their interview with 

various groups of communities from Namibia,  Mukwatae et.al., (2023) their results 

showed that Termitomyces mushrooms were used in the form of powder and paste to 

heal various diseases among them, cancer related and kidney problems, heart disease, 

sexually transmitted infections (STIs), severe diarrhea, and in the prevention of 

miscarriages. According to Mahamat et al. (2018) T. clypeatus mushrooms have 

antibacterial activity and immunostimulatory effects. The mushroom Termitomyces 

striatus has been used in India due to the fact that its splenocyte activation resulting 

in enhancing immune system and also to treat measles (Kumari et al., 2022).  

2.9 Immunology of Escherichia coli  

EHEC being gram-negative bacteria activate a specific noncanonical inflammaome 

(innate immune system receptors and sensors) pathway which is mediated by sensing 

of cytosolic Lipopolysaccharide using caspase-11(caspase-4 and caspase-5 in 

humans), besides it also produces virulence factors, toxins, nucleic acids, signaling 

molecules and metabolites (Thorpe et al., 2021). It produces  outer membrane 

vesicles OMV which deliver LPS directly into the cytosol of macrophages that 

trigger caspase-11 activation and downstream inflammasome responses (Thorpe et 

al., 2021). After EHEC has penetrated the epithelial cells they bind onto  Damage 

Associated Molecule Patterns (DAMPs) which activates inflammatory signaling 

pathways leading to the production of nflammatory cytokines to that further 

propagate and amplify the immune response (Yen et al., 2016).  

2.9.1 Immunopathogenesis of Escherichia coli 

Survival of the pathogen and modulation of virulence gene expression along the 

human gastrointestinal tract (GIT) are key features in bacterial pathogenesis (Jubelin 

et al., 2018). They include several features that are associated with the complexity of 

human digestive physiology which include the influence of numerous abiotic factors 

such as  physicochemical parameters such as pH, bile, low oxygen concentration or 

digestive enzymes, and biotic factors like intestinal microbiota and host mucosa that 

help in EHEC infection (Jubelin et al., 2018). The  production of Shiga toxins (stx), 

that are responsible for the clinical symptoms associated with HUS, and the ability to 
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colonize the intestinal epithelium by the formation of attaching and effacing (AE) 

lesions are the two major features of EHEC pathogenesis (Martins et al., 2022). The  

findings by Martins et al. (2022) demonstrated that specific members of the gut 

microbiota can anhance changes in the intestinal microenvironment and impact 

EHEC virulence differentially. Oluwarinde et al. (2023) have stated that according to 

the concept model, the locus of enterocyte effacement (LEE) that is found in both the 

O55:H7 and O157:H7 strains, can induce diarrhoea through an attachment–

effacement process. The formation of A/E lesion in EHEC is dependent on oxygen 

levels and suppressed by the oxygen-rich culture conditions which are generally used 

in In Vitro Organ Culture IVOC (Lewis et al., 2015)  After ingestion and 

colonization of the human colon by EHEC, it releases Shiga toxins causing 

microvascular endothelial injuries, that might be responsible for the bloody or non-

bloody diarrhea, haemorrhagic colitis and the haemolytic uremic syndrome 

(Kieckens et al., 2016). Besides the infection with  E. coli destroyed the structure of 

the mucous layer and a reduction in goblet cells in colon (Song et al., 2021). Once 

EHEC has  attached and produced localized intestinal damage, the Shiga toxins enter 

the host and travel to the target organ epithelial cells (Mueller & Tainter, 2023). 

Faecal matter which comes from ruminants such as cattle is the main reservoir for 

the serotype O157:H7 that causes illness in humans (Govindarajan et al., 2020). In 

their study using 12 Belgian cattle herds, Kieckens et al., (2016)  found that the  

prevalence of EHEC was that some were diagnosed as EHEC-positive at slaughter 

and longitudinal follow up of herds showed that faecal samples were positive 

(Kieckens et al., 2016). The  EHEC genome encodes intimin, that is its primary 

adhesin, and IT possesses a plasmid (pO157) which expresses a pore-forming toxin 

termed EHEC-hemolysin (Mueller & Tainter, 2023). It has got hemorrhagic coli 

pilus that form bundle fibers to attach with the surface proteins of the host epithelial 

cells (Govindarajan et al., 2020).  Shiga toxin can induce apoptosis in intestinal 

epithelial cells and can also cause local damage inside the colon that result in 

hemorrhagic colitis, necrosis, and perforation of the intestine (Pokharel et al., 2023). 

Besides the pilus takes part in triggering the host immune system, twitching motility, 

biofilm formation, and cell invasion (Govindarajan et al., 2020). The symptoms of 



38 

 

gastrointestinal disorders are caused by host inflammatory responses induced by A/E, 

colonization, and biofilm formation. (Pakbin et al., 2021). 

2.9.2 Immune Response to Escherichia coli  

The  study by Tang et al. ( 2023) demonstrated  that E. coli  infection causes 

diarrhea, destroyed  intestinal tissue structure , and induced immune injury and 

inflammation in the mice. In their work, Qaidi et al. (2018) gave a description of  

how a subset of  effectors from shiga toxin, Type III Secretion System (T3SS) 

produced by enterohemorrhagic Escherichia coli (EHEC) and  enteropathogenic E. 

coli (EPEC),  inhibit innate immune Pathway. 

When mice are infected with E. coli, there is increase in anti-body titer in infected 

mice as compared with the control group of mice which shows humoral response 

(Al- Jeboori & Jarad, 2016). The study by Fu et al. (2023) highlights the significance 

of cystathionine γ-lyase enyme (CSE) that controls the macrophage-mediated 

response to E. coli and inflammation  caused due prolonged exposure  and 

overexpression of CSE in macrophages in E. coli infection (Fu et al., 2023). The 

cytokine levels (pg/mL) are also elevated particularly IL-6 and IFN-γ, in mouse 

model infected with E. coli strains, suggesting that  INF- γ  plays  important role in 

defense mechanism against pathogens in vivo (Al- Jeboori and Jarad, 2016). The 

sources of IFN-γ in the immune system are T-cells, NK cells, NKT cells, 

professional APCs such as macrophages, dendritic cells (DCs) as well as B cells 

(Kak et al., 2018). Once produced IFN-γ activates macrophages causing them to be 

better mounting an effective immune response, for examples enhanced antigen 

processing and presentation through upregulation of class II Major Histocompatibilty 

Complex (MHC 11) (Kak et al., 2018). FN-γ is a key mediator of immunity to 

intracellular microbes and is strongly induced upon bacterial infection (Hilligan et 

al., 2023). IFN-γ modulates the monocytes and macrophages to release cytokines and 

has been shown that it  reduces the phagocytosis of different pathogens such as E. 

coli, Streptococcus pneumoniae (S. pneumoniae), and S. aureus. (Schütze et al., 

2021). In vitro, IFN-γ lower the phagocytic capacity of LPS-stimulated macrophages 

and differentially modulates cytokine release of macrophages activated by bacterial 
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TLR agonists (Schütze et al., 2021). IFN-γ plays an essential role in both cellular and 

humoral immune response (Al- Jeboori and Jarad, 2016). In their research (Hilligan 

et al., 2023) documented that  natural killer (NK) and innate lymphoid cells are the 

source of innate IFNγ, while CD4+ Th1 cells and CD8+ T Th11 cells produce  this 

cytokine later during infection. When experimental mice were given E. coli TNF-α 

and γ-globulin were significantly increased in infected group compared with other 

treated groups (Long et al., 2022). In their study Kieckens et al. (2016) observed that 

there was a  down-regulation of IL17REL, a gene that is  a fast inflammatory 

response. Pattern-recognition  receptors of the innate immune response, which are 

not specific for any particular epitope, allow them to respond to a wide variety of 

microbial invaders by producing cytokines which activate T-cells of the adaptive 

immune response that is important for a fast inflammatory response (Kieckens et al., 

2016). The production of T-helper 17 cells produce IL-17 which is important for 

immunity at epithelial and mucosal surfaces, as shown by the pattern of expression 

of their chemokine receptors and effector cytokines (Kieckens et al., 2016). 

Interleukin (IL)-13 and IL-4 are pleiotropic cytokines that are 20–25% identical and 

have similar effector functions within the type-II immune response. They are 

released by a variety of different cell types, including epithelial cells, eosinophils, 

basophils and mast cells, and have a broad range of overlapping biological function 

(Braddock et al., 2018).  The cytokine  IL-4 is produced basically by activated CD4+ 

T cell 4, as well as CD4+NK1.1+ “natural” T (NKT) cells, macrophages, 

eosinophils, basophils, mast cells, also type 2 innate lymphoid cells (ILC2s), but the 

amounts of IL-4 produced by these cell types vary depending on the cell (Li et al., 

2021). Initially   IL-4  was described as a major growth factor  for B-cell as well as a 

promoter of Ig class switch which enhanced the production and secretion of mouse 

IgG1 (human IgG4) (Lauridsen & Matte, 2017). It was discovered that in LPS-

stimulated macrophages, IL-4 increases the expression of IL-10 which is an 

immunomodulatory cytokine, that is essential for in the maintainance of a 

homeostasis condition and,  particularly, controlling immunopathology in 

autoimmune, infectious, and also allergic diseases (Mazloomrezaei et al., 2022). IL-4 

is one of the main cytokines released during Th2 cell responses,  thereafter it 

stimulate B-cell proliferation, IgG and IgE production, mast cell proliferation and 
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mucin production from epithelial cells, the the requirement of an effective immune 

response against invasive pathogens (Alvestegui et al., 2019). In their work using 

EAEC, Alvestegui et al., (2019) discovered that in addition to IL-8,  IL-4 was also 

present. In addition, it was observed that higher IgG level in mucosa in cattle has 

been observed in response to E. coli O157 where the level of IgA was low within 

serum (Ali et al., 2018). Some studies of the immune response using  C. rodentium 

(mouse, human EHEC) have shown that CD4+ T cells and B cells are necessary for 

the clearance of this enteropathogen,  costimulation with CD28 and CD40L and T-

dependent IgG antibodies are necessary for the clearance of C. rodentium, but 

secreted IgA and IgM (Silberger et al.. 2018). 

2.10 Effect of Mushroom Extracts on the Specialized Cells of the Immune 

System 

The immune system is a complex network which mainly comprises of white blood 

cells (lymphocytes, monocytes, neutrophils and macrophages) and specific immune  

substances (antibodies, proteins and cytokines) that have been produced to provide 

the protection and resistance against various infections and diseases (Behl et al., 

2021). The body defense system can be classified into two the innate immunity, 

which is  an antigen non-specific immune system,  that is responsible for primary 

defense (first line of defense) and  which works against numerous pathogens on 

immediate exposure to any type of microbe (Marshall et al., 2018), while the 

adaptive immune system, that is acquired or specific immune system, is produced 

gradually and serves as the defensive action against the infections (Behl et al., 2021). 

2.10.1 Innate Immune Cells  

There are three main subtypes of WBCs: granulocytes (basophils, eosinophils, and 

neutrophils), lymphocytes and monocytes (Sun et al., 2024). White blood cells are 

generated from hematopoietic stem cells, which are multipotent cells found in the 

bone marrow (Shaw et al., 2018). Leukocytes exist in the blood and lymphatic 

systems. Neutrophils, monocytes/macrophages are used in phagocytosis of the 

infected cells, the neutrophils are the first responders to infection (Rusek et al., 

2018). They are effective at phagocytosing bacteria (Rusek et al., 2018). After 
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phagocytosing a few pathogens, these cells die since they are unable to regenerate 

their lysosomes, which are necessary for breaking down microorganisms (Rusek et 

al., 2018). Monocytes are subdivided into dendritic cells and macrophages (mature 

monocytes). Monocytes are important for phagocytosis and antigen presentation 

(Rusek et al., 2018). Eosinophils are involved in combating parasitic infections and 

modulating allergic responses. Basophils release histamine and other mediators 

during inflammatory and allergic reactions. Lymphocytes such as B cells produce 

antibodies, T cells regulate immune responses and eliminated infected cells, while 

natural killer (NK) cells attack virally infected cells and tumors (Rusek et al., 2018; 

El Brihi & Pathak, 2024). 

Leucocytes continue to proliferate and divide in bone marrow. The production of 

antibody polymorphic-nuclear granulocytes to eliminate the antigen is triggered by 

T-lymphocytes and other important immune system cells. Leukopenia occurs when 

bone marrow is unable to produce new blood cells due to the loss of stem cells 

(Pham et al., 2021). Leucocyte counts were significantly increased in this study after 

administration of the extract, indicating an attenuation in myelosuppression induced 

by cyclophosphamide in mice. Also, the extract could have activated macrophages 

and enhanced phagocytic activity to stimulate immunity. In addition, the 

proliferation of lymphocytes and cytotoxicity of NK cells could have stimulated 

immune response. 

 Medicinal mushrooms are natural immune modulators due to their ability to  

stimulate both innate and adaptive immune systems and involve a variety of 

immune-regulatory substances like polysaccharides, and fungal immunomodulatory 

proteins (FIPs), terpenes, as well as terpenoids (shahina et al., 2023).  The 

mushrooms contain proteins and peptides which are known to activate macrophages 

(Li et al., 2023). The mushroom Hericium erinaceus polysaccharides (HEP) have the 

ability to induce dendritic cell maturation (Niego et al., 2021). Mushrooms are well-

known because of  their anti-cancer activity which impacts the hematopoietic stem 

cells, lymphocytes, natural killer (NK) cells, macrophages, T cells, as well as 

dendritic cells (DCs), which are basically cells of the innate as well as adaptive  

immune system (Pathak et al., 2022). G. Lucidum Polysacchaieds induce the 
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activation and maturation of human dendritic cells (APC) obtained from monocytes 

(Seweryn & Gamian, 2021). Lentinan is a β_-glucan isolated from L. edodes lentinan 

can activate immunocytes NK, macrophage, T cells (Niego et al., 2021). Studies 

using several  (Ophiocordyceps sinensis, Ganoderma lucidum, Morchella esculenta, 

Flammulina velutipes, Pleurotus ostreatus, and Pleurotus eryngii, etc) edible 

mushrooms showed that all the different edible mushroom crude proteins elevated 

the proliferation and phagocytosis of mouse macrophages, and it was  found that 

these edible mushroom proteins changed the secretion of reactive oxygen species 

plus nitric oxide by mouse macrophages (Xu et al., 2023).  

2.10.2 Adaptive Immune Cells 

 The ideal immune responses are the results of corrective interaction between the 

innate immune cells and acquired components of the immune system (Behl et al., 

2021). The antigen presentation to T cell by Antigen Presenting Cells (macrophages 

and dentritic cells) stimulates them to differentiate into cytotoxic T cell (CD8+) and 

T-helper (CD4+) (Marshall et al., 2018). APC induce a number of Th cell  immune 

response which are type 1 and type 2 immunity (i1–i2 axis) and Th 17. The T helper 

1 (Th) T cells represents Th1 and T helper 2 Th2 (Lee et al., 2020). The Th1 

response is responsible for the production of IFN-γ which activates the bactericidal 

activities of the macrophage cells and enhances anti-viral immunity and also 

immunity to other intracellular pathogens (Marshall et al., 2018). Two lectins 

isolated from the mushroom Tricholoma mongolicum (TML-1 and TML-2) 

stimulated the production of nitrite ions and TNF-α by mushroom metabolites, like 

the glucans lentinan and schizophyllan, or the polysaccharide-protein PSK, and the 

PSP, are used clinically for immune therapy (Nikitina et al., 2017).  

 Some  mushrooms cause the production of cytokines like IFN-γ, IL-2, IL-4, IL-10, 

and TNF (Shahina et al., 2023). The cytokine IFN-γ has a critical role in recognizing 

and eliminating pathogens and it is  the central effector of cell mediated immunity, 

they coordinate a number of anti-microbial functions (Alspach et al., 2019). The cells 

of the adaptive immune system are basically two B cells and T cells which are  the 

essential effectors  (Chi et al., 2024). These  two that is  antigen-specific T cells are 
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activated by the action of APCs to proliferate  into subsets  and B cells that 

differentiate into plasma cells which give rise to antibodies (Marshall et al., 2018). 

G. Lucidum Polysaccharides (GLP) have been found to increase T and B cell 

multiplication through Toll-like receptor 4 (TLR4) (Seweryn & Gamian, 2021). The 

mushroom P. ostreatus contains  β-glucans polysaccharide which play a main role in  

stimulating T-helper lymphocyte 1 (Th1) and T-helper lymphocyte 2 (Th2), that are 

important types of helper lymphocytes (Drzewiecka et al., 2024). The  Th1 cells are 

responsible for  the intracellular immune response, while Th2 lymphocytes are 

responsible for the immunological defense against external infections (Drzewiecka et 

al., 2024). Th1 cells generated interferon gamma (IFN-γ) and interleukin 2 (IL-2), 

whereas Th2 lymphocytes secreted interleukin 4, 5, and 6. A fungal 

immunomodulatory protein (FIP-fve) from Flammulina velutipes can upregulate the 

expression of intercellular adhesion molecules on the T cell surface and activate Th1 

cells to produce IL-2, IFN-γ which exert  immunomodulatory effect (Zhao et al., 

2020). FIP-vvo not only activate Th1 cells and enhance IL-2, TNF-α and IFN-γ 

transformations, but they also induce Th2 cells to give rise  IL-4, B cell 

differentiation, and the regulation of immunoglobulin and production of antibody 

(Zhao et al., 2020) 

2.11 Delayed Type Hypersensitivity 

These are type IV  hypersensitivity reactions which  are cell-mediated and not 

antibody- dependent, they are the second most common type of hypersensitivity 

reaction and they normally appear after  2 or more days,  hence their name (Marshall 

et al., 2018). In t Mahamat et al. (2018), demonstrated that there was increased DTH 

response in animals which were treated with T. clypeatus implying that there was a 

stimulatory effect on the lymphocytes and accessory cell types required for the 

expression of this type of reaction. Usually  a stimulatory activity on lymphocytes 

boosts phagocytic activity and increase concentration of lytic enzymes for more 

effective killing, which eventually  results in increase of footpad thickness in 

immunized animals ( Mahamat et al., 2018). There was a compound cordycepin 

found in Cordyceps militaris mushrooms which is capable of lowering 2,4-dinitro-1-
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fluorobenzene (DNFB)-induced delayed-type hypersensitivity reaction in mice (Lee 

et al., 2020). 

2.12 Leucopenia. 

Leucopenia typically refers to a decrease in the circulating white blood cells (WBCs) 

below 4.4 × 109 cells/L (Nikolopoulos et al., 2019). In the study by Zhou et al. 

(2018)  to investigate the effect of tremella polysaccharides (TP) in 

cyclophosphamide-induced immunodeficient mice concluded that it can protect 

immune organs significantly improve the levels of IL-2, IL-12, INF-γ and IgG in 

serum, as well as reduce the level of TGF-β in serum. Therefore,  it is evident that TP 

has got  the preventive effect for immunosuppression (Zhou et al., 2018). The 

mushroom polysaccharides, derived from the fruiting bodies of the mushroom G. 

lucidum, exert anti-cancer activity indirectly by  increasing the host immune 

responses (Mortazavie et al., 2022). A lactose-binding, ricin-B-like lectin from 

Clitocybe nebularis mushroom  exhibited antiproliferative activity against human 

leukemic T cells which induces the maturation and activation of dendritic cells (DCs) 

(antigen presenting cells) and also stimulates many proinflammatory cytokines such 

as IL-6, IL-8, and TNF-α (Zhao et al., 2020). The effects of cordycepin from  

extracts from Cordycep sinensis mushroom have  been confirmed in 4T1 mouse 

models, when a  30 days of treatment did not only significantly decrease 

experimental tumor weight and size but also reduced the number of metastatic 

colonies in the lungs (Gariboldi et al., 2023). Grifolan from the mushroom  Grifola 

frondosa stimulates macrophage activity through  increasing  the production of the 

cytokines IL-1, IL-6, and IL-8, thereby activating and boosting the number of 

leukocytes (Pathak et al., 2022). Cancer therapies can lead to leucopenia, 

granulocytopenia, thrombocytopenia, and anemia, nevertheless, the combined 

treatment of mushrooms and conventional therapies increased leukocytes, 

lymphocytes, and neutrophils (Plácido et al., 2022). 

Some studies that involved the Termitomyces species viz. in vivo of water-soluble 

crude polysaccharides of the mushroom T. heimii demontrated that there was an 
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effective decrease in hyperplasia on colon cancer in Swiss albino rats which were 

induced by 1, 2-dimethylhydrazine (Paloi et al., 2023).  

2.13 Immune Disorders 

The body has a number of physical defenses against infection, once these are 

breached, our immune systems are what keep us safe from a wide range of illnesses. 

The "innate" and "adaptive" immune systems are two lines of defense that comprise 

the intricate mechanisms that accomplish this (Marshall et al., 2024). Immune 

system dysfunction is linked to a number of illnesses, which is brought about by 

either an overactive or decreased immune response (Marshall et al., 2024). 

Immunopathology addresses disorders of the immune system as a whole, aberrant 

states brought about by external causes, and autoimmune and allergy disorders 

brought caused by overreactive or distorted immune response that changes other 

organs and systems (Starshinova et al., 2025). Immune function deficiencies can lead 

to a variety of disorders, including autoimmune diseases, in which the immune 

system assaults tissues or organs, and allergies, in which the immune system reacts 

improperly to substances in our environment (Marshall et al., 2024). Due to the rise 

in autoimmune illnesses, allergic reactions, immunodeficiencies, and other immune 

system disorders, the epidemiology of immunological disorders has been undergoing 

significant change in recent years (Starshinova et al., 2025). A wide range of 

autoimmune diseases are distinguished by abnormal T and B cell responses to 

normal host components, they are common and impact people of all ages, with a 

particular focus on women (Pisetsky, 2023). The clinical symptoms of autoimmune 

disease are very diverse, despite the fact that some mechanisms combine various 

disorders into a unified group (Pisetsky, 2023). Clinically, autoimmune disorders can 

be systemic or non-organ-specific or limited in their pattern of organ involvement 

organ-specific. Genetic predisposition, environmental factors (such as chemicals and 

air pollution), dietary and stress-related lifestyle modifications, and perhaps over-

hygiene (the "hygiene hypothesis") are the causes of Autoimmune Diseases 

(Starshinova et al., 2025). Changes in the human microbiome, early exposure to 

allergens, and modifications in immune regulation are some of the causes of the rise 

in this autoimmune disease (Starshinova et al., 2025). Allergies are long-term 
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inflammatory conditions characterized by abnormal immune responses to specific 

environmental substances known as allergens (Aldakheel, 2021). Allergy symptoms 

can range from unpleasant to potentially fatal (Aldakheel, 2021). Depending on the 

rate and severity of sensitization, allergens can cause edema, cutaneous responses, 

hypotension, bronchoconstriction, mortality, and coma for instance, Anaphylaxis is a 

quick, severe, and potentially fatal hyper-immune reaction that can be fatal if left 

untreated (Aldakheel, 2021). According to the World Health Organization (WHO), 

one of the top three conditions that need to be avoided and managed in the twenty-

first century is allergic diseases (Wang et al., 2023). Numerous elements, including 

genetics, epigenetics, environmental influences, microecology, and the body's 

immune system, play a part in the complicated etiology of allergic disorders (Wang 

et al., 2023). Allergic diseases linked to IgE are among the most prevalent 

inflammatory disorders (Zellweger & Egell, 2016). A number of environmental 

factors can trigger asthma an IgE  associated disorder which is a chronic 

inflammatory airway disease (Zellwger and Egell, 2016). Allergic diseases including 

asthma, atopic dermatitis (AD), allergic rhinitis (AR), con- junctivitis, chronic 

rhinosinusitis (CRS) and food allergy affect over 25% of the population in 

industrialized countries and are increas- ing in prevalence in developing countries 

representing a significant socioeconomic burden (Ogulur et al., 2021). 

The quantitative evaluation of peripheral blood cells and their morphological 

components, including the leukocyte formulas, is the initial step in the laboratory 

diagnosis of immunological disorder that should include both the absolute and 

relative numbers of blood cells in this analysis (Starshinova et al., 2025). The 

majority of currently approved treatment approaches for autoimmune illnesses are 

non-specific immunomodulators, which have the potential to cause widespread 

immunosuppression with grave side effects (Song & Li, 2024). Nowadays, 

monoclonal antibodies (mAbs) are used to specifically block immunological 

inflammation-related membrane surface molecules or cytokines in autoimmune 

disorders (Song & Li, 2024). Itching symptoms and IL-31 signal transduction in the 

pathophysiology of Allergic Diseases are alleviated by monoclonal antibodies, such 

as nemolizumab, a humanized monoclonal antibody that targets IL-31 receptor A 

(IL-31RA) (Wang et al., 2023). 
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2.14 Methods of Evaluating  Immune Responses 

2.14.1 White Blood Cell Count 

One of the body’s immune system lines of defence against invasion is the  white 

blood cells (WBCs) which do not operate in on their own and are profoundly 

influenced by various factors (Asadi et al., 2024). White blood cells, or leucocytes 

are part of the immune system and take part in innate and humoral immune 

responses, they consist of neutrophils, lymphocytes, monocytes, basophils, 

eosinophils (Tigner et al., 2020). White blood cell count or complete blood cell 

counts (CBC) provide  warning of an individuals immune status in regards to disease 

risk (Zhang et al., 2023). White blood cell counts can be measured in terms of 

microlitre of blood or in perncentge (“Doig & Thompson,” 2017).  Peripheral white 

blood cell (WBC) counts can be used to check  the presence of inflammatory, 

immune, allergic, and hematological states (Sun et al., 2024). When the values  

Increase above the top of the reference interval they include: neutrophilia, 

lymphocytosis, monocytosis, eosinophilia, basophilia (Doig & Thompsons,” 2017). 

While the decrease below the bottom of the reference interval they show neutropenia, 

lymphopenia, Monocytopenia, eosinopenia, and basopenia Leukocytosis, or inceased 

white blood cell count, is due to a range of conditions, which consist of infections, 

inflammation, injury and immune system disorders, it usually found during complete 

blood count (CBC) (Moawad et al., 2022). There are different types of leukocytosis 

depending on which cell is affected (Moawad et al., 2022).  An increase in 

neutrophils in the blood could be due to infection, stress or arthritis, while a decrease 

could be due to anemia, bacterial infection or chemotherapy (Cleveland Clinic, 

2022), an increase in lymphocytes could signify, viral infection, chronic infection or 

leukemia, whereas its decrease could be a result of chemotherapy, HIV infection or 

radiation exposure, monocytes decrease when there is bloodstream infection, bone 

marrow disorder or skin infection and they increase when there is chronic 

inflammatory disease or viral infection, an increase in basophils is due to allergic 

reaction or parasitic infection, and they decease during acute allergic reaction 

(Moawad et al., 2022) 
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2.14.2 Cyclophospahmide Induced Immunosuppression 

One of the drugs used  to suppress the immune system is cyclophosphamide 

(cytotoxic chemotherapy (CTX), which is used in prevention of organ transplant and 

treatment of autoimmune conditions (Lightbourn et al., 2021). The data on 

mushrooms’ common bioactive polysaccharides as well as polysaccharide-protein 

complexes, described from medicinal mushrooms, such as Tremella fuciformis, 

Grifola frondosa, Lentinus edodes, Agaricus blazei, Ganoderma lucidum, which 

display antitumor activity  by enhancement of  innate and cell-mediated immune 

responses, have  exhibited antitumor activities in animals and humans (Vetvicka et 

al., 2021). Crude polysaccharides of Helvella leucopus could reduce  the atrophy of 

immune organs and their weight loss observed in immunosuppressive mice (Zhang et 

al., 2020). It was shown that, HLP significantly improved the spleen and thymus 

indexes in a dose-dependent manner (Zhang et al., 2020). In their histopathological 

analysis Zhang et al. (2020),  found that  HLP had protective function against CTX-

induced immunosuppression. HLP could promote the rapid differentiatiation and 

pinocytic activity of peritoneal macrophages, besides enhancement of splenocyte 

proliferation and natural killer (NK) cell activity (Zhang et al., 2020).  The 

mushroom Ganoderma lucidum polysaccharide peptide (GLPP)  could stimulate the 

production of cytokines such as tumor necrosis factor-α (TNF-α), interferon gamma 

(IFN-γ),  interleukin-2 (IL-2), in serum and spleen tissue in cyclophosphamide 

(CTX)-induced immunosuppressive mice  (Xie et al., 2023).  

In summary, the state of AMR in Kenya today shows a situation where popular first-

line medications are becoming less effective and the number of potentially fatal 

infections brought on by drug-resistant microorganisms is rising (Sohaili et al., 

2024). The phenomenon by fungal metabolites have been associated with treatment 

of diseases mainly cancer, allergy and autoimmune diseases (Zhang et al., 2025). 

Most research has been associated with autoimmune, fungal and viral diseases but 

minimal focus, if any, has been extended to bacterial diseases and more so the 

immunomodulatory effects of T. striatus on Escherichia coli. Besides the 

immunomodulatory studies done involved other mushroom species. Studies 

involving T. striatus are rare and especially in this region. T. striatus mushrooms 
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may be utilized to treat bacterial infections as well as immunomodulatory agent if 

they have the capacity to potentiate the immune system. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Collection of Mushroom for the Study 

The species of mushroom was collected from Kakamega county of Kenya. 

Kakamega is situated in western Kenya. The geographical coordinates are Oo 17’1’’ 

North and 34o 44’ 58’’East. It serves an area covering 3,033.8 KM2 and a population 

of 1,867,579 in 2019 national census. The figure 3.1 is the map of Kakamega county 

which is found in the western region of Kenya. 

3.2 Study Design  

This was a prospective analytical experimental study design that involved BALB/c 

mice. 

3.2.1 Sampling Design 

This was purposeful non probability sampling method that involved collecting of 

mushrooms from specific sub-counties of Kakamega county these were  Likuyani, 

Lugari, and Malava. They were obtained from local people living in these places 

since it was easy for them to access them. 
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MAP OF KAKAMEGA COUNTY 

 

Figure 3.1: Map of  Kakamega County, (Google open county.org) 

Local mushroom species i.e. Termitomyces striatus that was used in this study was 

procured fresh from local people and was authenticated from the national museum of 

Kenya and coded voucher specimens REF: NMK/BOT of 31 MAR 2017 was kept 

for future reference in Botany Department of the National Museum in Nairobi 

Kenya. They were washed, then dried in air. After that they were cut  into small 

pieces of about 1cm and ground into fine powder  The powder obtained was then 
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passed through a sieve (2mm) to maintain the uniformity of the dried powder. 

Mushroom powder was stored in screw-capped bottle at room temperature (25ᴼC) 

until further use. 

3.3 Experimental Animals 

Healthy male BALB/c mice, which were between 6 and 8 weeks were purchased 

from the Rodent Facility of the animal health department of the Institute of Primate 

Research (IPR). They were housed under specific pathogen-free conditions in cages 

at light-dark cycle at a temperature of 25oC and they were fed on mice pellets and tap 

water ad libitum. It was assumed that the mice were genetically the same given that 

they were of the same same sex and strain. 

3.4. Preparation of Aqueous Extracts of Mushrooms 

The Mushroom powder which had been prepared was weighed, 300 grams boiled for 

twenty minutes in 800 ml of distilled water. After cooling to room temperature, the 

supernatants was decanted, centrifuged at 5400× gravity for 10 minutes after which 

the supernatants were filtered through Whatman® GF/C glass microfiber filter paper, 

and then lyophilized at -15°C using freeze-drier. The extract was weighed and kept 

desiccated at 4◦C.  

The percentage yield of the extract was determined according to the expression 

provided by   Yakob et al., (2015) 

Percentage yield =  Weight of extractX 100 

   Weight of the mushroom powder  

3.5 Phytochemical Screening of Extracts 

3.5.1 Testing for Presence of Compounds Present in Mushroom Extract 

The presence of alkaloids, flavonoids, sterols and steroids, saponins and tannins was 

deteremnined by the methods which were described by Iqbal et al. (2015). 
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3.5.2 Determination of Alkaloids (Mayer’s Test) 

Extract of the mushroom sample (15mg) was separately stirred with 6ml of 1% 

hydrochloric acid (HCL) on a steam bath for 5min. Then the solution that was 

obtained was filtered and 1ml of the filtrate was  treated with two drop of Mayer’s 

reagent (Potassium mercuric Iodide solution). Formation of cream colored precipitate 

gives an indication of the presence of alkaloids regarded as evidence for the presence 

of alkaloids in the extract. 

3.5.3 Determination of Flavonoids 

A small piece of magnesium ribbon  was added to 1 ml of each mushroom extract in 

a test tube, this was followed by drop wise addition of concentrated hydrochloric 

acid. Development of pink or magenta red colors was an  indication of  the presence 

of flavonoids. 

3.5.4 Determination of Sterols and Steroids 

One millitre of the extract was placed in a test tube, followed by  the addition of  0.5 

ml sulfuric acid, acetic anhydride and chloroform in similar amount. A red color 

showed the presence of sterols while a green color indicated that steroids were  

present. 

3.5.5 Determination of Saponins 

One milliliter of each extract under test was put in a test tube and 50 ml of tap water  

was added. The mixture was then vigorously shaken. The appearance of foaming that 

persisted upon warming was treated as evidence for the presence of saponins, but the 

observation was  subjected to further confirmatory test. The confirmatory test 

involved the dissolving 1ml of the extract in carbon tetrachloride, followed by the 

addition of  4 drops of concentrated sulphuric to the mixture. The appearance of blue, 

green, or red color accompanied by a formation of pink ring would confirm the 

presence of saponins. 
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3.5.6 Determination of Tannins 

Aqueous extract of the sample was stirred with 10 ml of distilled water and then 

filtered. Then two drops of 5% iron III chloride (FeCl3) reagent was added to the 

filtrate. The presence of Blue- Black or blue green coloration was taken as an 

indication of the presence of tannins. 

3.5.7 Determination of Carbohydrates 

This was performed using Molisch’s test. A mixture of 2ml of extract and  2 drops of 

alcoholic-nephthol solution was put in a test tube. The formation of a violet ring at 

the junction indicated the presence of carbohydrates. 

3.5.8 Determination of Proteins 

To 2ml of the extract, a few drops of concentrated nitric acid was added. Formation 

of yellow color showed that proteins were present. 

3.6 Antimicrobial Screening of T. striatus Aqueous Extracts  on Selected 

Bacterial Pathogens 

The method for screening of the extract for antimicrobial activity was adopted from 

Mostafa et al. (2018) with modifications. Antibacterial and antifungal activities of 

the mushroom extracts of T. striatus were tested using the disc-diffusion method. 

The minimal inhibition concentrations (MIC) of the extracts were determined. Four 

bacterial strains, E. coli, Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus 

subtilis and the fungus Candida albicans were used in the study. The organisms were 

obtained from a culture collection maintained in the Microbiology laboratory at 

Mount Kenya University Kenya. The bacteria were tested for purity by culturing on 

nutrient agar and maintained on nutrient agar slants.   

3.6.1 Preparation of Inocula 

Stock cultures were maintained on slopes of nutrient agar. The active cultures which 

were used for the experiments were prepared by transferring a loopful of cells from 
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the stock cultures to test tubes of Mueller- Hinton broth (MHB) for bacteria and 

Sabouraud dextrose broth (SDB) for fungi to reactivate them by culturing at 37◦ C 

overnight. The cultures were diluted with fresh MHB and SDB and compared with 

McFarland standard to achieve values corresponding to 2x106 colony forming unit 

for bacteria, and 2x107 spores/ ml for fungal strain. 

3.6.2 Antibacterial Activity of the Mushroom Extract 

Antibacterial activity of the aqueous extract of the mushroom was tested by the disk 

diffusion method as described by Mostafa et al. (2018) with minor modifications. 

Four strains of bacteria were used, two gram-negative; Escherichia coli (ATCC 

25922), and Pseudomonas aeruginosa (ATCC 27853), and two gram- positive; 

Staphylococcus aureus (ATCC 25923), and Bacillus subtilis (ATCC 6633). Muller 

Hinton agar was used as the culture media and was prepared according to the 

manufacturer’s instructions (38g in 1000 ml of distilled water). Exactly 20ml of 

sterile media was dispensed into the sterile disposable petri-dishes and allowed to 

cool and completely solidify. Onto solidified media, exactly 100µl of the bacteria 

inoculum with turbidity adjusted to 0.5 McFarland standard was dispensed and 

uniformly spread by a sterile swab. Upon drying, sterile disks of diameter 5mm that 

had been impregnated with the extracts at concentrations of 6.25, 12.5, 25, 50, 100, 

and 200 mg/ml were aseptically deposited onto the media in distinct location by help 

of hot flame sterilized forceps. The negative control consisted of sterile disk 

impregnated with 5% DMSO (Valadbeigi, 2016) while positive control consisted of 

sterile disks impregnated with ciprofloxacin at concentration of 0.2mg/ml. After 

thirty minutes drying time, all the inoculated plates were incubated in inverted 

position at 37 0 C for 24 hours. At the end of the incubation, inhibition zones were 

measured in Millimeters and recorded. All the tests were done in triplicates. 

3.6.3 Screening of the Extracts for Anti- Fungal Activity 

The antifungal activity of the aqueous extract of the mushroom was conducted by the 

disk diffusion method as described by Lyophyllaceae et al. (2018) with minor 

modifications. The fungal test was done using the strains; Candida albicans (ATCC 

90028). The fungal strain was sub cultured on the  Sabouraud dextrose agar (SDA) 
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and incubated for 310C for 48 hours to obtain fresh white colonies still in the growth 

phase. By use of sterile wire loop colonies of the C. albicans was scoped, suspended 

in sterile normal saline and turbidity adjusted to the (0.5) 2 X 107 cells/ml McFarland 

standard to obtain the working inoculant. SDA culture media for the fungal was then 

prepared according to the manufacturer’s instructions (65 g in 1000 ml of distilled 

water) and upon sterilization, it was cooled to around 45 and then 15ml dispensed in 

sterile disposable petri-dishes using a pipette. Inoculation of the fungal strain onto 

the sterile media was then done by uniformly spreading the 100 µl of the dispensed 

inoculum onto the media by use of sterile cotton wool swabs. This was followed by 

laying of the sterile paper disks (5mm-diameter) that had been impregnated with the 

extract at different concentrations of 6.25, 12.5, 25, 50, 100, and 200 mg/ml. The 

paper disk impregnated with 5% DMSO served as the negative control while the one 

impregnated with nystatin at 0.2mg/ml served as the positive control (reference). All 

the petri dishes inoculated with the fungal strain and loaded with the paper disk 

impregnated with the study agents was incubated in an inverted position at 30 0 C for 

48 hours. At the end of the incubation, inhibition zones were measured in 

Millimeters and recorded. All the tests were done in triplicates. 

3.7 Acute Oral toxicity of Aqueous Extracts T. stratus on BALB/c Mice  

3.7.1 Experimental BALB/c Mice  

A total of nine BALB/c mice aged 8-9 weeks and of between 28 to 35 grams were 

used. These animals were sourced from the Mount Kenya university animal house in 

Thika and transported to the pharmacology laboratory for experiments. Standard 

conditions were maintained, including a natural light and dark cycle of 12 hours with 

free access to clean water and rodent pellets. Four days for the animals to acclimatise 

to new laboratory conditions were allowed. All animals were restrained in clean and 

well ventilated cages which were lined with dry wood shavings. The study strictly 

adhered to all protocols, directions, and guidelines for using animals in experiments 

both prior and during the test.  

The study consisted of three groups (table 3.1)with each group having three mice 

(male) BALB/c which were marked with distinct paint to differentiate them.  
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Table 3.1: Groups for Acute Toxicity Test for the Experimental Mice 

Group Treatment 

Group 1 (CONTROL) Normal saline 

Group 2 (Experimental group-1) Extract at 2000mg/kg bw 

Group 3 (Experimental group-2) Extract 2000 mg/kg bw after 24 hours 

 

3.7.2 Evaluation of the Toxicity 

Acute oral Toxicity  

The acute oral toxicity of the extract was conducted by adopting the limit test method 

as outlined in the OECD 420 guidelines (Development, 2017) OECD, 2001). First 

three animals of same sex which had been deprived food for 2 hours were randomly 

selected, weighed and then dosed with extract at 2000 mg/kg bw dose. Observation 

were then made for any mortality for 24 hours and with no mortality being recorded 

the second set of three animals were dosed with the extract at similar dose (2000 

mg/kg bw). The set of animals in the control group were dosed with normal saline. 

Observations for the general behavioral changes were done after the first 30 minutes 

2 hours, 6 hours, 24 hours, and later on daily basis for 14 days after dosing. All the 

animals were then weighed after 7 days and 14 days. On the 15th day, all the mice 

were weighed, euthanized and the organs harvest and their weight recorded. 

3.8 Evaluation of Immune Responses Elicited by the Aqueous Extracts from 

Termitomyces striatus Mushroom 

The ability of Aqueous extract of Termitomyces striatus to affect a number of 

immune functions was evaluated in normal BALB/c mice. This included checking 

for the ability of extract to elicit immune response through evaluation of total WBCs 

and differential WBCs, antibody titres and cytokine levels. The immune response of 

the BALB/c mice infected with E. coli was evaluated. Furthermore the extract was 

also evaluated for its capability to reverse experimentally induced leucopenia in 
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mice. Only aqueous extract was used because in most ethnopharmacological 

application of the natural products,  water is used as a  solvent. The concentrations of 

the extract and volumes used were determined during the pilot study carried out prior 

to the actual study and from the experiments on antimicrobial tests. 

3.8.1 Source of Enterohemorrhagic Escherichia coli (EHEC) 

 The EHEC ATTCC 51299 that was used was sourced from the National Public 

Health Reference Laboratory, Kenyatta National Hospital, Nairobi, Kenya. The 

EHEC was confirmed using Shiga toxins test. Mice were administered with 200μl of 

approximately 3 McFarland standard 9 ×108 CFU/mL EHEC (Savkovic et al., 2005). 

The EHEC was selected for use din the study based on their clinical relevance to the 

study. 

3.9 Experimental Groups of Mice 

Tables 3.2, 3.3 and 3.4 show the experimental groups of mice. Male BALB/c mice 

were divided into four main categories according to their objectives. The categories 

were further divided into different groups in accordance with the respective 

objectives and experimental protocols. The normal control was not infected, the 

negative control was infected but not  

treated, positive control was treated with the standard drug (levamisole or 

gentamicin) depending on the test done. Experimental groups were adopted from 

Yakob et al. (2015) with modifications. Oral administration was done using the 

gastric gavage for mice. 
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Figure 3.2: Experimental Groups and Treatment of the Mice 

Below are tables showing experimental groups according to the objectives. For the 

study on the innate immune response  of  BALB/c mice administered with T. striatus 

extract. There were four groups with 12 animals in each group as shown below (table 

3.2). 

 

 

 

 Infection with  

   E. coli 

 

                             

 

                       + T. striatus 

                           extract                         SRBC 

 

 

  

 

+ 

                                                               Cyclophosphamide 

 

Normal BALB/c 

mice 

  mice  

Immune response  

WBC 4 × 3=12                

IgG, Il-4, INF-γ      

4 × 5 =15          

 

Immune response 

WBC 3 × 5 = 15  

IgG 

Il-4           5 × 4 = 20 

INF-γ      

Immune response 

DTH 5 × 6  

n = 30 

Immune response 

Leukopenia 

4 × 3 = 12 
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Table 3.2 Effect of Aqueous Extracts of T. striatus on Total and Differential 

White Blood Cell Counts in BALB/c Mice 

 Day 0 Day 5 Day 10 Day 15 

Goup      

Normal control 3 3 3 3 

Levamisole 

control 

3 3 3 3 

200mg/kgbw 3 3 3 3 

400mg/kgbw 3 3 3 3 

 

In the study on the adaptive immune response  of T. striatus on BALB/c mice. There 

were four groups with 16 animals in each group as shown below (table 3.3). 

Table 3.3: Effect of Aqueous Extracts from Termitomyces Striatus on IgG, IL-4 

and IFN-γ levels   in BALB/c Mice 

 Day 0 Day 5 Day 10 Day 15 

Group      

Normal control 4 4 4 4 

Levamisole 

control 

4 4 4 4 

200mg/kgbw 4 4 4 4 

400mg/kgbw 4 4 4 4 

 

The  study on the innate immune response in BALB/c mice infected with E. coli and 

treated with T. striatus. There were five groups with 15 animals in each group as 

shown below (table 3.4). 
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Table 3.4: Determination of the Total and Differential Leuococyte Counts in 

BALB/C Mice Infected with E. Coli and Treated with the Aqueous Extracts Of 

T. Striatus 

 Day 0 Day 7 Day 14 Day 21 

Group      

Normal control 3 3 3 3 

Negative control 3 3 3 3 

Gentamicin control 3 3 3 3 

200mg/kgbw 3 3 3 3 

400mg/kgbw 3 3 3 3 

 

The  study on the adaptive immune response in BALB/c mice infected with E. coli 

and treated with T. striatus. There were five groups with 20 animals in each group as 

shown below (table 3.5). 

Table 3.5: Determination of IgG, IL-4 and IFN-γ levels in BALB/c Mice Infected 

with E. coli and Treated with the Aqueous Extracts of T. Striatus 

 Day 0 Day 7 Day 14 Day 21 

Group      

Normal control 4 4 4 4 

Negative control 4 4 4 4 

Gentamicin control 4 4 4 4 

200mg/kgbw 4 4 4 4 

400mg/kgbw 4 4 4 4 

  

During the study to  determine the effect of aqueous extract of Termitomyces striatus 

on total and differential leukocyte counts following cyclophosphamide-induced 

immunosuppression in BALB/c mice, the animals were divided into four groups with 

12 mice in each group as shown below (table 3.6). 
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Table 3.6: Effect of Aqueous Extract of Termitomyces Striatus on Total and 

Differential Leukocytee Counts Following Cyclophosphamide-Induced 

Immunosuppression in Mice 

 Day 0 Day 4 Day 7 Day 14 

Group      

Normal control 3 3 3 3 

Levamisole 

control 

3 3 3 3 

200mg/kgbw 3 3 3 3 

400mg/kgbw 3 3 3 3 

 

When evaluating the effect of aqueous extract of Termitomyces striatus on foot pad 

circumference following induction of delayed hypersensitivity response using sheep 

red blood cells in BALB/c mice paw pad diameter, a total of 30 mice were divided 

into five groups with six mice in each group (table 3.7). The foot pad were measured 

on the time scheduled as  shown in the table.  

Table 3.7: Effect of Aqueous Extract of Termitomyces Striatus on Foot Pad 

Circumference Following Induction of Delayed Hypersensitivity Response  

 Day 0 Day 7 hour 0 24 Hours  48 hours 

Goup      

Negative control 6    

Levamisole 

control 

6    

200mg/kgbw 6    

400mg/kgbw 6    

600mg/kgbw 6    
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3.9.1 Bleeding of the Mice 

On days 0, 5, 10, and 15, the designated mice were euthanized with the help of 

carbon IV oxide anesthesia and blood drawn through cardiac puncture. The blood 

was stored in EDTA (Ethylenediamine tetraacetic acid) tubes before white blood cell 

and differential counts analysis were done. Another set of blood was collected on 

days 0, 7, 14, and 21, the mice were euthanized using carbon IV oxide, and blood 

was collected, dispensed in plain blood collecting tubes, left to stand for thirty 

minutes, and subsequently centrifuged at 1000 Gpm for ten minutes. The resulting 

serum was aspirated, stored in plain blood collecting tubes, and then refrigerated at -

80°C before the analysis of Immunoglobulin G, IgG, cytokines IFN-γ and IL-4. 

3.9.2 Effect of Aqueous Extracts of T. striatus on Total and Differential White 

Blood Cell Counts in BALB/c Mice 

The experimental mice  were divided into four groups of twelve animals each. From 

the major groups the mice were removed on the days 0, 5, 10 and 15. The control 

groups were made of the normal control and the positive control which was 

administered with levamisole drug 50mg/kg body weight and the experimental 

groups were administered orally with concentrations of 200mg and 400mg/kg body 

weight using a gavage. The dosages were arrived at after a pilot sudy that was 

conducted. Blood samples were collected on day zero, five, ten and fifteen for 

evaluation of both total and defferential white blood cell counts. The animals were 

euthanized using carbon iv oxide anesthesia and blood was drawn through cardiac 

puncture. The blood was stored in EDTA (Ethylenediamine tetraacetic acid) tubes 

before white blood cell and differential counts were analyzed.   

Total and differential Leukocytes were analyzed using an automated hematology 

analyzer (Mindray BC 10 Hematological Analyzer, Zhejiang, China). 
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3.9.3 Determination of the Effect of Aqueous Extracts from Termitomyces 

Striatus on Antibody Titres IgG in Mice 

The experimental mice  were divided into four groups of sixteen animals each. From 

the major groups the mice were removed on days zero, seven, fourteen,and twenty 

one. The control groups were made of the normal control (uninfected group (normal 

control) (Yakob et al., 2015)) and the positive control which was administered with 

levamisole drug 50mg/kg body weight and the experimental groups were 

administered with concentrations of 200mg and 400mg/kg body weight. The dosages 

were arrived at after a pilot sudy that was conducted. Blood samples were collected 

on days zero, seven, fourteen, and twenty one. The animals were euthanized using 

carbon iv oxide anesthesia and blood was drawn through cardiac puncture and stored 

inn plain blood  tubes and left to stand for about thirty minutes, and subsequently 

centrifuged at 1000 Gpm for ten minutes. The resulting serum was aspirated, and 

stored in plain blood collecting tubes, and then refrigerated  at -80°C until further 

use.  

3.9.3.1 Determination of Antibody IgG levels using ELISA Flex: Mouse IgG 

(ALP) 

This was done using standard capture and detection sandwich ELISA as per the  

manufacturer’s recommendation. Briefly, the samples were brought to room 

temperature. The 100µl of antibody (Ab) ant-IgG was added to 1µg/ml in PBS, pH 

7.4. This was  incubated overnight in a humidified chamber at 4ᴼC.  The plates were 

tapped and 200µl/well of PBS with 0.05% Tween 20 and 0.1% BSA was used to 

block the plate. This was then incubated for one hour at room temperature. The 

plates were washed 5 times with PBS which had 0.05% Tween 20 (300µl/well). This 

was followed by the addition of 100µl/well of samples or standards diluted in 

incubation buffer plus assay background control wells without standards. This was 

followed by incubating for two hours before washing using the buffer previously 

used. Addition of 100µl of detection Ab (ant-IgG-ALP 1:1000 incubation buffer was 

done and the mixture incubated for one hour then washed as above. Addition of 

100µlof pNPP substrate was done and the plate incubated for about one hour, then 
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stop solution was added. Protocal adopted from MABTECH, (2022). Optical density 

was measured using Bio Tek Microplate ELISA reader at 405 nm. 

3.9.4 Determination of the Effect of Aqueous Extracts from T. Striatus on TH1 

and TH2 Cytokines IFN-γ and IL-4 in Mice 

The experimental mice (64) were divided into four groups of sixteen animals each. 

Four mice were removed and sacrificed on days zero, seven, fourteen, and twenty 

one . The control groups were made of the negative control and the positive control 

which was administered with levamisole drug 50mg/kg body weights through 

intraperitonial route and the experimental groups were administered with 

concentrations of 200mg and 400mg/kg body weight. The dosages were arrived at 

after a pilot study that was conducted. Blood samples were collected on days zero, 

seven, fourteen, and twenty one. The animals were euthanized using carbon iv oxide 

anesthesia and blood was drawn through cardiac puncture and stored in plain blood  

tubes and left to stand for about thirty minutes, and subsequently centrifuged at 1000 

rpm for ten minutes. 

3.9.4.1 Determination of  Effect of Aqueous Extracts from T. striatus on IFN-γ 

and IL-4 Cytokine Levels Using ELISA Pro: Mouse IFN-γ and ELISA Pro: 

Mouse IL-4 Kits 

All reagents were brought to room temperature before starting the assay. The plates 

were washed 5 times with 300µl per well of wash buffer, they were then inverted and 

tapped firmly against the absorbent paper. Addition of 100µl of samples that had 

been diluted two fold was done besides the standards, and assay background control. 

These were mixed by tapping the plate , they were covered with and adhesive plate 

cover and incubated for 2 hours at room temperature. Washing was done as before. 

One hundred microlitre of detection mAb was added, covered and incubated for one 

hour at room temperature. Washing done as previously. Addition of 100µl per well 

of Treptavidin-HRP was done, the plate was covered and incubated for one hour at 

room temperature. Then washing was done as above. Addition of 100µl of TMB 

substrate to each well was done, the plate was incubated at room temperature 

protected from direct light for 15 minutes. The100µl of stop solution was added to 
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each well to stop the color development. Protocol  adopted from MABTECH, (2022). 

The plates were placed in Bio Tek Microplate ELISA reader at 405 nm for the 

optical density to be read. 

3.10. Determination of the Effects on Specific Immune Response of Tthe 

Aqueous Extracts of T. Striatus in BALB/C Mice Infected with E. Coli 

The mice were divided  into five groups of fifteen mice for evaluations of WBC and 

diferrential leucocyte counts. These were evaluated on day zero, five, ten and fifteen. 

There was normal control uninfected group (Kadum Yakob et al., 2015), the negative 

control which was infected with E. coli but not treated, the positive control which 

was infected and treated with the standard drug gentamicin 8mg/kg body weight and 

two experimental groups which were infected and treated with the extract at 

concentrations of  200mg/kg bw and 400mg/kgbw. The infected groups of mice were 

administered with 200μl of approximately 9 ×108 CFU/mL EHEC (Savkovic et al., 

2005). The animals were euthanized and blood samples collected in EDTA blood 

tubes on days zero, five, ten and fifteen for evaluation of total and differentiatial 

leucocytes using the protocal in 3.8.4.  

For evaluation of antibody and cytokines levels, mice were divided into five groups 

of  20 mice each. There was a normal control group, the negative control which was 

infected with E. coli but not treated, the positive control which was infected and 

treated with the standard drug gentamicin 8mg/kg body weight and two experimental 

groups which were infected and treated with the extract at concentrations of  

200mg/kg bw and 400mg/kgbw. The infected groups of mice were administered with 

200μl of approximately 9 ×108 CFU/mL EHEC (Savkovic et al., 2005). These were 

euthanized on days zero, seven, fourteen and twenty one and blood samples were 

collected in normal blood tubes for evaluation of antibody IgG and cytokines, IFN-γ 

and IL-4 using the protocols in 3.8.5.1 and 3.8.6.1. 
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3.11 Evaluation of the Ability of the Aqueous Extract of T. Striatus To Reverse 

Experimentally Induced Leucopenia in BALB/C Mice  

The method used was adopted from Zhang et al. (2020). The normal BALB/c mice 

were divided into five groups of 15 mice each. Baseline leucocyte count was first 

established. Leucopenia was induced by administering 50mg/kg body weight of 

cyclophamide drug to the animals through intraperitoneal route. Treatment to the 

animals commenced as soon as a drop in body weight was ascertained. The positive 

control group received 50mg/kg body weight of levamisole (Oghenesuvwe & 

Lotanna, 2014) while the negative control received physiological saline, the 

experimental group were administered 200mg/kg bw and 400mg/kg bw of the 

aqueous extract of  T. striatus. The blood samples were taken on days zero, four, 

seven and fourteen for evaluation of total and differential leucocyte count. The 

animals were euthanized using carbon iv oxide anesthesia and blood was drawn 

through cardiac puncture. The blood was stored in EDTA tubes before white blood 

cell and differential counts were analyzed.  Total and differential Leukocytes were 

analyzed using an automated hematology analyzer (Mindray BC 10 Hematological 

Analyzer, Zhejiang, China). 

3.12 Establishment of the Effect of Aqueous Extracts of T. Striatus On Delayed 

Hypersensitivity Response 

The procedure for this experiment was adopted from Kumolosasi et al.( 2018). The 

animals were divided into five groups of six mice each. There was a negative control 

group that was untreated, a positive control group that was given 50mg/kg bw of  

levamisole drug and three experimental groups where the aqueous extract of  T. 

striatus mushroom was administered in concentrations of 200mg/kg bw, 400mg/kg 

bw and 600mg/kg bw. Fresh blood from sheep was collected and a concentration of 5 

× 109 Sheep red blood cells (SRBC) was prepared according to the procedure by 

(Nimbalkar et al. 2018).  The mice were immunized using 5 × 109  SRBC. 

Measurement of the thickness of the right hind foot pad was done using Vernier 

caliper on day zero time zero. Treatment with the various concentrations of the 

extract and the levamisole were done for 7 days, followed by measurent of the foot 
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pad using Vernier caliper. Challenge with 20µl 5 × 109 SRBC/ml intradermally on 

the right hind foot pad was done. Foot pad thickness was after 24 hours and 48 hours. 

The difference between the thickness of left foot just before and after challenge in 

mm were taken as a measure of immunogen- elicited delayed type hypersensitivity. 

3.13 Ethical Considerations 

Before conducting the study, the researcher obtained a letter from Kakamega county 

commissioner for collecting mushrooms from the county. A licence for PhD research 

from NACOSTI was also secured. Besides ethical clearance was sought  from the 

Institute of Primate Research Institutional Scientific Ethic Review Committee 

(REFERENCE: ISERC/08/2020) in Kenya. The researcher adhered to the ethical 

principle of beneficence and nonmaleficence. The obserations were recorded in a 

hard cover note book stored in a lockable cabinet accessible only to the principal 

investigator. Computerized data was protected and accessible only by the 

investigator.  

3.14 Data Analysis 

Completed data collection was tabulated in Microsoft Office (Excel spreadsheet) and 

then exported for analysis to the statistical software for data science (STATA) 

program version 18. The descriptive statistics were expressed using  mean ± standard 

deviation. Inferential statistic one-way ANOVA (analysis of variance) was employed 

in the determination of  significant variations between different treatment groups. 

Bonferroni multiple comparisons were carried out in case of statistical differences 

using ANOVA. The level of significance was set at p < 0.05 
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CHAPTER FOUR 

RESULTS  

4.1 Yields from T. Striatus Extracted with Polar Solvent 

The following yields were obtained by various solvents following mushroom 

extraction, the aqueous extract of T. striatus recorded the highest yields of 16.0%  

(Table 4.1) 

Table 4.1: Percentage Yields of Extracts from T.Striatus 

mushroom 

 

Solvent of extraction 

Aqueous  

T. striatus  16.0% 

 

4.2 Qualitative Phytochemical Analysis of Aqueous Extract of Termitomyces 

striatus  

The mushroom aqueous extract of T. striatus was evaluated for various 

phytochemical substances qualitatively as tabulated in table 4.2. The Alkanoids were 

present in  T. striatus mushroom for both the Meyers test and grandekorffs test.  

Flavonoids were present in T. striatus mushroom. Steroids were present in T. striatus 

mushrrom. Saponins were present in the mushroom as indicated by persistent froth. 

There were no tannins present in  T. striatus  for the three methods used. There was 

presence of starch in the mushrrom T. striatus, very low amounts of carbohydrates 

were present. Protein was present in  T. striatus while using both Biuret’s test and 

Ninhydin test. Phenols were also present in the mushroom extract 
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Table 4.2: Qualitative Phytochemical Analysis of Aqueous Extract of T. Striatus 

Substance  Present /absent  

 Saponins + 

Tannins  - 

Sterols  and steroids  + 

Alkaloids  + 

Flavonoids + 

Carbohydrates + 

Proteins + 

Phenols + 

Key  

+ = present 

= absent 

4.3 Antibacterial Activities of Aqueous Extracts Termitomyces striatus of  on 

Selected Bacterial Strains  

The aqueous extract demonstrated antibacterial action against E. coli, P. aeruginosa, 

S. aureus and B. subtilis at higher concentrations as illustrated in table 4.3. The 

aqueous extract, however, showed antibacterial action against B. subtilis at all tested 

concentrations. At all tested concentrations against E. coli, P. aeruginosa, S. aureus 

and B. subtilis, the zones of inhibition of ciprofloxacin were significantly higher 

relative to zones of inhibition at different concentrations of aqueous extract (Table 

4.3; p<0.05). 

The concentrations of 100 and 200mg/ml of aqueous extract had significantly higher 

zones of inhibition against E. coli relative to concentrations of 25 and 50mg/ml 

(Table 4.3; p<0.05). Nevertheless, the aqueous extract at concentrations of 6.25 and 

12.5mg/ml never demonstrated antibacterial action against E. coli (Table 4.3).  
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The antibacterial activity of the aqueous extract against P. aeruginosa did not exhibit 

a statistically significant difference at concentrations of 50, 100, and 200mg/ml 

(Table 4.3; p>0.05).  

The zones of inhibition of the aqueous extract against S. aureus at concentrations of 

25, 50, 100, and 200mg/ml did not differ significantly (Table 4.3; p>0.05). All tested 

concentrations of the aqueous extract against S. aureus showed statistically similar 

effect to that of DMSO (Table 4.3; p>0.05). At all the tested concentrations, the 

antibacterial effect of aqueous extract against B. subtilis did not differ significantly 

(Table 4.3; p>0.05). 

Table 4.3: Antibacterial effect of Aqueous Extract of Termitomyces striatus 

against E. coli, P. aeruginosa, S. aureus and B. subtilis 

  Zones of inhibition (mm)  

Treatment E. coli P. aeruginosa  S. aureus B. subtilis 

Negative control 5.00±0.00d 5.00±0.00c  5.00±0.00b 5.00±0.00c 

Ciprofloxacin 32.33±0.58a 19.33±58a  11.67±0.58a 22.67±1.15a 

6.25mg/ml 5.00±0.00d 5.00±0.00c  5.00±0.00b 7.00±0.00b 

12.5mg/ml 5.00±0.00d 5.00±0.00c  5.00±0.00b 7.00±0.00b 

25mg/ml 6.33±0.58d 5.00±0.00c  5.25±0.00b 7.17±0.29b 

50mg/ml 8.67±0.58c 6.17±0.29b  5.33±0.14b 7.33±0.58b 

100mg/ml 10.33±0.58b 6.33±0.29b  5.42±0.14b 7.67±0.58b 

200mg/ml 11.67±0.58b 6.33±0.29b  5.42±0.14b 7.67±0.58b 

Descriptive statistics are presented as mean +/- standard deviation. Descriptive 

statistics with similar letter along the column do not differ significantly using one-

way ANOVA and Bonferroni multiple comparisons (p>0.05). 
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4.4 Antifungal activity of Aqueous Extracts of Termitomyces striatus on C. 

albicans  

The aqueous extract revealed the antifungal effect against C. albicans at all the 

concentrations tested. However the effect of the aqueous extract was not statistically 

significantly against C. albican (Table 4.4; p>0.05). The  antifungal activity of 

Nystatin was significantly higher relative to the effect of aqueous extract at all 

concentrations tested (Table 4.4; p<0.05).  

Table 4.4: Antifungal Activities of Aqueous Extract of Termitomyces striatus on 

C. albican 

 Zones of inhibition (mm) 

Treatment C. albican 

Negative control 5.00±0.00b 

Nystatin 0.2mg/ml 9.33±0.58a 

6.25mg/ml 5.08±0.14b 

12.5mg/ml 5.17±0.14b 

25mg/ml 5.17±0.14b 

50mg/ml 5.33±0.14b 

100mg/ml 5.41±0.14b 

200mg/ml 5.42±0.14b 

Descriptive statistics are presented as mean +/- standard deviation. Descriptive 

statistics with similar letter along the column do not differ significantly using one-

way ANOVA and Bonferroni multiple comparisons (p>0.05). Descriptive statistics 

without letter along the column do not differ significantly using one-way ANOVA 

and Bonferroni multiple comparisons (p>0.05). 
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4.5 Acute Oral Toxicity of Aqueous Extract of Termitomyces striatus in BALB/c 

Mice 

4.5.1 Effect of the Aqueous Extract of Termitomyces striatus on Behaviour and 

Physical Changes During Acute Oral Toxicity Test in BALB/c Mice 

During acute oral toxicity studies, all the male BALB/c mice were dosed with extract 

at 2000 mg/kg bw in the first and second set remained healthy and presented no 

clinically relevant abnormalities in observed parameters as presented in Table 4.5, 

4.6 and 4.7. The results for the various parameters which were examined 

(Convulsions, Food intake, water intake, Mortality, Fur and skin Itching, Urination, 

Nasal discharge, Faeces consistency, Mucous Membrane, Skin lesion, Abnormal 

movements, Respiratory distress) in the mice are presented in table 4.5. 

Table 4.5: Effect of the Aqueous Extract of Termitomyces striatus on Behaviour 

and Physical Changes During Acute Oral Toxicity Test in BALB/c Mice 

Parameter Control (Normal 

saline) 

2000 mg/kg bw 2000 mg/kg 

bw 

Convulsions Absent Absent Absent 

Food intake Normal Normal Normal 

Water intake Normal Normal Normal 

Mortality  Absent Absent Absent 

Fur and skin Itching  Absent Absent Absent 

Urination Normal Normal Normal 

Nasal discharge  Absent Absent Absent 

Faeces consistency  Normal Normal Normal 

Mucous Membrane Normal Normal Normal 

Skin lesion Absent Absent Absent 

Abnormal movements Absent Absent Absent 

Respiratory distress Absent Absent Absent 
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4.5.2 Effect of the Aqueous Extract of Termitomyces striatus on Body Weight 

During Acute Oral Toxicity Test in BALB/c Mice 

There were no significant differences between body weights of animals that 

receivedthe  aqueous extract dose of 2000 mg/kg bw and body weight of normal 

control mice on days 0, 7 and 14 (p>0.05; Table 4.6). 

Table 4.6: Effect of the Aqueous Extract of Termitomyces striatus on Body 

Weight During Acute Oral Toxicity Test in BALB/c Mice 

 Body weight (g)  

Group Day 0 Day 7 Day 14 

Normal control 29.73±0.15 29.83±0.21 29.97±0.06 

2000 mg/kg bw 29.70±2.21 30.27±2.11 30.77±2.04 

2000 mg/kg bw 29.90±1.70 30.07±1.55 30.30±1.70 

Descriptive statistics are presented as mean +/- standard deviation. Descriptive 

statistics are not  significantly different using one-way ANOVA and Bonferroni 

multiple comparisons (p>0.05). 

4.5.3 Effect of the Aqueous Extract of Termitomyces striatus on Relative Organ 

Weight During Acute Oral Toxicity Test in BALB/c Mice 

The relative organ weights of heart, kidney and liver in mice that were administered 

with the extract dose of 2000 mg/kg bw were insignificant compared to those of the 

normal control mice (Table 4.7). 

Table 47: Effect of the Aqueous Extract of Termitomyces striatus on Relative 

Organ Weight During Acute Oral Toxicity Test in BALB/c Mice 

 Relative organ weight (%)  

Group Heart Kidney Liver 

Normal control 0.46±0.01 1.49±0.05 5.20±0.21 

2000 mg/kg bw 0.45±0.02 1.58±0.05 4.92±0.26 

2000 mg/kg bw 0.45±0.02 1.56±0.06 4.94±0.59 
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Descriptive statistics are presented as Mean +/- standard deviation. Descriptive 

statistics without letter along the column do not differ significantly using one-way 

ANOVA and Bonferroni multiple comparisons (p>0.05). 

4.6 Immunomodulatory Effect of Aqueous Extract of Termitomyces striatus in 

BALB/c Mice 

4.6.1 Effect of Aqueous Extract of Termitomyces striatus on Total WBC and 

Differential Counts in BALB/c Mice 

The administration of extract at doses of 200 and 400mg/kg bw, as well as reference 

drug, levamisole in mice revealed changes in total WBC count throughout the 

experiment (Table 4.8). On days 5 and 10, the effect of the extract at the two doses 

did not differ considerably on the levels of WBCs in mice (p>0.05; Table 4.8). The 

effect of levamisole on the WBC count was statistically equivalent to the effect of 

the extract at 400mg/kg bw on days 5 and 15 (p>0.05). The normal control mice had 

statistically similar WBC counts compared to WBC counts of the extract at 200 and 

400mg/kg bw on days 10 and 15 ( p>0.05; Table 4.8).  

Across the  experimental period, the levels of WBC in normal control mice did not 

differ significantly from day 0 to day 15 of the study (p>0.05: Table 4.8). In 

levamisole -treated mice, the levels of WBC were significantly higher on day 5 

relative to levels on day 0 (p<0.05; Table 4.8). In mice that received the extract dose 

of 200 and 400mg/kg bw, the levels of WBC were significantly higher on day 5 

relative to levels in days 10 and 15 (p<0.05; Table 4.8).  

Table 4.8: Effect of Aqueous of Termitomyces striatus on total WBC Count in 

BALB/c Mice 

  WBC (× 109/L)  

Group Day 0 Day 5 Day 10 Day 15 

Normal control 5.23±0.37aA 4.96±0.26cA 5.27±0.40abA 5.10±0.26aA 

Levamisole 5.20±0.30aB 6.42±0.36aA 5.63±0.25aAB 4.68±0.26aB 

200mg/kg bw 5.07±0.55aAB 5.55±0.09bcA 4.60±0.30Bb 4.22±0.29bB 

400mg/kg bw 5.20±0.66aAB 6.00±0.19abA 4.57±0.32bB 4.53±0.25aB 
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Mean±standard deviation with different lowercase letter along the column are 

significantly different by one-way ANOVA and Bonferroni post hoc test (p<0.05). 

mean±standard deviation with different uppercase letter along the row are 

significantly different by one-way ANOVA and Bonferroni post hoc test (p<0.05). 

The lymphocytes of mice that received the extract at 200 and 400mg/kg bw, 

levamisole and normal control were not significantly different on day 0 and 5 

(p>0.05; Table 4.9). However, the levels of lymphocytes of mice which received 

levamisole were significantly higher relative to the levels of extract-treated mice at 

the two doses on day 10 (p<0.05) (p>0.05; Table 4.9). Further, the mice that received 

the extract at dose 200mg/kg bw showed significantly lower lymphocytes levels than 

those that received extract at 400mg/kg bw, and levamisole on day 15 (p<0.05; Table 

4.9).  

Table 4.9: Effect of Aqueous of Termitomyces striatus on Lymphocytes Count in 

BALB/c Mice 

  

Lymphocytes (× 109/L) 

 Group Day 0 Day 5 Day 10 Day 15 

Normal control 4.86±0.32 4.87±0.57 4.55±0.33 4.15±0.30 

Levamisole 4.76±0.29 4.97±0.35 4.72±0.38 4.18±0.26 

200mg/kg bw 4.66±0.53 4.78±0.44 4.56±0.27 4.04±0.24 

400mg/kg bw 4.80±0.64 5.09±0.57 4.59±0.22 4.22±0.26 

Mean±standard deviation with different lowercase letter along the column are 

significantly different by one-way ANOVA and Bonferroni post hoc test (p<0.05). 

mean±standard deviation with different uppercase letter along the row are 

significantly different by one-way ANOVA and Bonferroni post hoc test (p<0.05). 

The MID levels of healthy mice that received the two doses of extract, levamisole 

and vehicle were not significantly different on days 0 and 15 (p>0.05; Table 4. 10). 

Nonetheless, the MID levels in mice that received levamisole were significantly 

higher relative to levels seen in mice that received extract at 400mg/kg bw on day 10 

(p<0.05 (p>0.05; Table 4.10). Further, on day 10, the mice that received the vehicle 



77 

 

had significantly higher MID levels relative to mice that received the extract and 

levamisole (p<0.05; Table 4.10). 

 In analysis the experimental period, the levels of MID in normal control mice 

significantly reduced between day 0 and day 15 (p<0.05; Table 4.10). In mice that 

received levamisole the MID levels on day 5 were significantly higher than on day 0 

(p<0.05; Table 4.10). In mice that received the extract at 200 and 400mg/kg bw, the 

levels of MID on day 0 were significantly higher relative to those on days 10 and 15 

(p<0.05; Table 4.10). 

Table 4.10: Effect of Aqueous of Termitomyces striatus on Levels of MID in  

BALB/c Mice 

  

MID (× 109/L) 

 Group Day 0 Day 5 Day 10 Day 15 

Normal control 0.16±0.03 0.14±0.01 0.14±0.01 0.11±0.01 

Levamisole 0.16±0.01 0.14±0.02 0.14±0.01 0.10±0.01 

200mg/kg bw 0.16±0.02 0.13±0.02 0.14±0.01 0.11±0.01 

400mg/kg bw 0.16±0.02 0.16±0.02 0.14±0.02 0.12±0.02 

Mean±standard deviation without letters along the column are not significantly 

different by one-way ANOVA and Bonferroni post hoc test (p<0.05). mean±standard 

deviation with different uppercase letter along the row are significantly different by 

one-way ANOVA and Bonferroni post hoc test (p<0.05). 

On day 5, the normal control mice  had significantly lower levels of granulocytes 

than extract-treated and levamisole-treated mice (p<0.05; Table 4.11). The mice 

which were administered with extract at 200mg/kg bw revealed significantly lower 

levels of granulocytes relative to levels in mice that received extract at 400mg/kg bw 

and levamisole day 10 (p<0.05; Table 4.11). Further, the mice in the normal control 

group had significantly higher levels of granulocytes in contrast to levamisole-treated 

and extract-treated mice at 400mg/kg bw (p<0.05) on day 15, although they were 

comparable to extract-treated mice at 200mg/kg bw (p>0.05; Table 4.11).  
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In the analysis across the study period, the normal control mice had significantly 

higher levels of granulocytes on day 0 relative to levels on days 5, 10 and 15 of the 

study (p<0.05; Table 4.11). The levels of granulocytes in mice that received 

levamisole the extract at 200 and 400mg/kg bw were significantly higher on day 5 

relative to levels on days 0 (p<0.05; Table 4.11). 

Table 4.11: Effect of Aqueous of Termitomyces striatus on Granulocytes in 

BALB/c Mice 

  

Granulocytes (× 109/L) 

 Group Day 0 Day 5 Day 10 Day 15 

Normal control 0.23±0.03 0.28±0.04 0.21±0.03 0.20±0.03 

Levamisole 0.29±0.05 0.31±0.07 0.21±0.03 0.22±0.02 

200mg/kg bw 0.25±0.03 0.29±0.04 0.20±0.02 0.20±0.01 

400mg/kg bw 0.24±0.02 0.28±0.04 0.21±0.03 0.19±0.02 

Mean±standard deviation without letters along the column are not significantly 

different by one-way ANOVA and Bonferroni post hoc test (p<0.05). mean±standard 

deviation with different uppercase letter along the row are significantly different by 

one-way ANOVA and Bonferroni post hoc test (p<0.05). 

4.6.2 Effect of Aqueous Extract of Termitomyces striatus on Levels of IL-4 in 

BALB/c Mice 

The extract significantly increased levels of IL-4 from day 7 of the experiment 

onward in mice (p<0.05; Figure 4.1). The extract at 200mg/kg body weight had 

significantly lower levels of IL-4 relative to levels of 400mg/kg bw on days 7, 14 and 

21 (p<0.05; Figure 4.1). The effect of the reference drug, levamisole was statistically 

similar to the effect of the extract on days 7, 14 and 21 (p>0.05; Figure 4.1). The 

levels of IL-4 in normal control mice were significantly lower relative to levels of the 

extract and levamisole on days 7, 14 and 21 (p<0.05; Figure 4.1).  

 Across the treatment period, the normal control mice noted no significant variation 

in the levels of IL-4 (p>0.05; Figure 4.1). There was a significant rise in the levels of 
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IL-4 from day 0 to day 21 in mice that were administered with extract and levamisole 

(p<0.05; Figure 4.1). 

                                               
……………………………Days of Treatment                                        

Figure 4.1: Effect of Aqueous Extract of Termitomyces striatus on Levels of IL-4 

in BALB/c Mice 

Bars with the same lowercase letter on the same day are not significantly different by 

one-way ANOVA and Bonferroni multiple comparison (p>0.05). 

4.6.3 Effect of Aqueous Extract of Termitomyces striatus On Levels of INF-γ in 

BALB/c Mice 

 The mice that were administered with the extract at 200 and 400mg/kg bw 

significantly lowered the levels of INF-γ in mice (p<0.05; Figure 4.2). The mice that 

were administered with the extract at the two doses noted no significant variation in 

the levels of INF-γ on day 7 (p>0.05). However, the mice that received extract at 

400mg/kg bw had significantly lower levels of INF-γ relative to levels in mice that 

were administered with the extract at 200mg/kg bw on days 14 and 21 (p<0.04; 
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Figure 4.2). The effect of levamisole on the levels of INF-γ was comparable to the 

effect of the extract at 200 and 400mg/kg bw on day 7 (p>0.05; Figure 4.2). From 

day 7 onward, the normal control mice had significantly higher levels of INF-γ 

relative to levels noted in the other treatment groups (p<0,05; Figure 4.2).  

In analysis across the treatment period, the mice in the normal control group had no 

significant variation in the levels of INF-γ in the entire study period (p>0.05; Figure 

4.2). The extract-treated mice showed a significant decline in the levels of INF-γ 

from day 0 through to day 21 (p<0.05). A similar trend was seen in mice that 

received the reference drug (Figure 4.2).  
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                                             Days of Treatment  

Figure 4.2: Effect of Aqueous Extract of Termitomyces striatus on Levels of INF-

γ in BALB/c Mice              

Bars with the same lowercase letter on the same day are not significantly different by 

one-way ANOVA and Bonferroni multiple comparisons (p>0.05). 
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4.6.4 Effect of Aqueous Extract of Termitomyces striatus on Levels of IgG in 

BALB/c Mice 

It was observed that the mice that received the extract at 200 and 400mg, as well as 

levamisole, had a significant increase in the levels of IgG compared to the levels 

noted in normal control mice from day 7 (p<0.05; Figure 4.3). The effect of the 

extract at 200 and 400mg/kg bw did not differ significantly on the levels of IgG and 

was comparable to the effect of levamisole in the entire experiment (p>0.05; Figure 

4.3). The IgG levels in the normal control mice did not differ significantly in the 

entire experiment (p>0.05; Figure 4.3). The effect of the extract as well as the 

reference drug revealed a significant rise in the levels of IgG  from day14 to day 21 

(p<0.05; Figure 4.3). 
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                                         Days of Treatment 

Figure 4.3: Effect of Aqueous Extract of Termitomyces striatus on Levels of IgG 

in BALB/c Mice 

Bars with the same lowercase letter on the same day are not significantly different 

one-way ANOVA and Bonferroni multiple comparisons (p>0.05). 
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4.7 Immune Response of the Different Concentrations of Aqueous Extract of 

Termitomyces striatus in BALB/c Mice Infected with E. Coli 

4.7.1 Effect of Aqueous Extract of Termitomyces striatus on WBC and 

Differential Counts in BALB/c Mice  Infected with E. Coli  

The WBC counts in extract-treated, gentamicin-treated, and normal control mice did 

not differ significantly on day 0 (p>0.05 Table 4.12). On day 5, 10 and 15, the mice 

that were infected with E. coli revealed substantial increase in WBC counts relative 

to counts noted in normal control mice (p<0.05; Table 4.12). Upon teatment with the 

extract at 200 and 400mg/kg bw, the E. coli-infected mice noted reduction in WBC 

counts and were comparable to counts in the normal control mice on days 10 and 15 

(p>0.05; Table 4.12). In addition, the WBC counts of mice that were administered 

with extract at the two studied doses did not differ significantly relative to count of 

E. coli-infected control mice (p>0.05; Table 4.12). In analysis across the study 

period, the WBC levels in normal control mice were non significant from day 0 to 

day 15 (p>0.05; Table 4.12). The E. coli-infected control mice had significantly 

higher levels of WBCs on days 5, 10 and 15 in comparison to levels on day 0 

(p<0.05; Table 4.12). The WBC levels in mice that received gentamicin significantly 

increased from day 0 to day 5, and then significantly reduced from day 5 and day 15 

(p>0.05; Table 4.12). The levels of WBC in mice that received the extract at 200 and 

400mg/kg bw were significantly higher on day 5 relative to levels on days 0, 10 and 

15 (p<0.05; Table 4.12). 

Table 412: Effect Aqueous Extract of Termitomyces striatus on Total WBC 

Count in  BALB/c Mice Infected with E. Coli 

  WBC (× 109/L)  

Group Day 0 Day 5 Day 10 Day 15 

Normal control 4.88±0.48aA 5.26±0.20bA 5.31±0.16Ba 5.35±0.15bA 

Negative control 5.06±0.59aB 6.86±0.32aA 6.97±0.21aA 6.93±0.15aA 

Gentamicin 4.92±0.76aB 6.94±0.33aA 5.84±0.17bAB 5.49±0.15bB 

200mg/kg bw 4.55±0.53aC 6.80±0.14aA 5.67±0.24bB 5.67±0.24bB 

400mg/kg bw 4.54±0.52aC 6.89±0.37aA 5.62±0.31bB 5.61±0.29bC 
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Mean±standard deviation (n=3) along the column with similar lowercase letter do not 

differ significantly using one-way ANOVA and Bonferroni multiple comparisons 

(p>0.05). Mean±standard deviation (n=3) along the row with similar uppercase letter  

are not significantly different using one-way ANOVA and Bonferroni multiple 

comparisons (p>0.05). 

On days 5, 10, and 15, the levels of neutrophils in the E. coli-infected control mice 

were substantially greater relative to levels in the normal control mice (p<0.05; 

Figure 4.4). The levels of neutrophils in extract-treated, gentamicin-treated, E. coli-

infected control and normal control mice were non-significant on day 0 (p>0.05; 

Figure 4.4). However, the neutrophil levels in E. coli-infected control mice were 

considerably higher relative to levels in the other treatment groups on days 5, 10 and 

15 (p<0.05; Figure 4.4). Besides, on days 5, 10 and 15, the levels of neutrophils in 

extract-treated and gentamicin-treated mice statistically matched levels in the normal 

control mice (p>0.05; Figure 4.4). In comparison across treatment period, the normal 

control mice noted no significant variations in the levels of the neutrophils in the 

entire experiment (p>0.05; Figure 4.4). The levels of the neutrophils in mice that 

were treated with gentamicin and the extract at the two doses were significantly 

higher on day 5 compared to levels on days 0, 10 and 15 (p<0.05; Figure 4.4). On 

days 5, 10, and 15, the levels of the neutrophils in E. coli-infected control mice were 

significantly higher relative to levels on day 0 (p<0.05; Figure 4.4).  
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Figure 4.4: Effect of Aqueous Extract of Termitomyces striatus on Neutrophil 

Count in  BALB/c Mice Infected with E. Coli  

Bars with the same letter in a given day do not differ significantly by one-way 

ANOVA and Bonferroni post hoc test (p>0.05). 

The levels of lymphocytes in E. coli-infected control mice significantly reduced 

relative to those in extract-treated, gentamicin-treated and normal control mice on 

days 5, 10 and 15 (p<0.05; Table 4.13). Nevertheless, on day 0, the levels of 

lymphocytes in all the treatment groups were statistically insignificant (p>0.05; 

Table 4.13). In addition, the lymphocyte counts in mice treated with extract at 200 

and 400mg/kg body weight were non-significant compared with counts of the normal 

control and gentamicin-treated mice on days 5, 10 and 15 (p>0.05; Table 4.13). The 

levels of lymphocytes in E. coli-infected control mice were significantly higher on 

day 0 compared to levels on day 15 (p<0.05; Table 4.13). 
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Table 4.13: Effect Aqueous Extract of Termitomyces striatus on lymphocytes 

Count in  BALB/c Mice Infected with E. coli 

 

Mean±standard deviation (n=3) along the column with similar lowercase letter do not 

differ significantly using one-way ANOVA and Bonferroni multiple comparisons 

(p>0.05). Mean±standard deviation (n=3) along the row with similar uppercase letter 

do are not significantly different using one-way ANOVA and Bonferroni multiple 

comparisons (p>0.05). 

On days 5, 10 and 15, the monocyte counts in E. coli-infected control mice were 

substantially greater than counts in extract-treated, gentamicin-treated and normal 

control mice (p<0.05; Table 4.14). Besides, the monocyte counts in the extract 

treated and gentamicin-treated mice were statistically similar on days 5, 10 and 15 

(p>0.05; Table 4.14). Further, on day 5, the levels of monocytes in mice treated with 

extract at 200 and 400mg/kg body weight were comparable with levels in normal 

control mice (p>0.05), although the levels in normal control mice were significantly 

lower relative to the levels in extract-treated mice on days 10 and 15 (p<0.05; Table 

4.14). In analysis across treatment period, the monocytes levels in normal control 

mice were nonsignificant in the entire experiment (p>0.05; Table 4.14). The E. coli-

infected control mice had significantly higher levels of monocytes on day 15 relative 

to levels on days 0 and 5 (p<0.05; Table 4.14). The mice that received the extract at 

the two doses, as well as gentamicin had significantly lower levels of monocytes on 

day 0 relative to levels on day 5 (p<0.05; Table 4.14). The levels of monocytes in 

  Lymphocytes (× 109/L)  

Group Day 0 Day 5 Day 10 Day 15 

Normal control 3.64±0.46aA 3.97±0.19aA 4.07±0.08aA 4.16±0.10aA 

Negative control 3.74±0.45aA 3.42±0.17aAB 2.79±0.03cBC 2.61±0.07cC 

Gentamicin 3.66±0.62aA 3.39±0.19aA 3.85±0.21abA 3.74±0.04bA 

200mg/kg bw 3.37±0.45aA 3.57±0.28aA 3.73±0.17abA 3.82±0.14bA 

400mg/kg bw 3.37±0.33aA 3.41±0.15aA 3.71±0.15abA 3.86±0.07bA 
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mice that received the extract and gentamicin did not differ significantly on day 0 

and day 15 (p>0.05; Table 4.14).  

Table 4.14: Effect Aqueous Extract of Termitomyces striatus on Monocytes 

Count in BALB/c Mice Infected with E. coli 

 

Mean±standard deviation (n=3) along the column with similar lowercase letter do not 

differ significantly using one-way ANOVA and Bonferroni multiple comparisons 

(p>0.05). Mean±standard deviation (n=3) along the row with similar uppercase letter 

do are not significantly different using one-way ANOVA and Bonferroni multiple 

comparisons (p>0.05). 

The levels of eosinophils in all the treatment groups were non-significant on day 0 

(p>0.05; Figure 4.5). However, the levels of eosinophils in E. coli-infected mice 

were substantially higher than those in extract treated, gentamicin-treated and normal 

control mice on days 10 and 15 (p<0.05; Figure 4.5). In addition, the levels of 

eosinophils in negative control mice were comparable to levels in extract-treated and 

gentamicin-treated mice on day 5 (p>0.05; Figure 4.5). Further, the eosinophils count 

in normal control mice were substantially lower relative to the other treatment groups 

on days 5 and 15 (p<0.05), although on day 10, the levels in the normal control mice 

were nonsignificant with those of extract-treated and gentamicin-treated mice 

(p>0.05; Figure 4.5). In analysis across the experimental period, the levels of 

eosinophil in normal control mice were statistically similar throughout the study 

period (p>0.05; Figure 4.5). The levels of eosinophils in E. coli-infected control mice 

  Monocytes (× 109/L)  

Group Day 0 Day 5 Day 10 Day 15 

Normal control 0.12±0.01aA 0.09±0.03bA 0.10±0.02cA 0.08±0.02cA 

Negative control 0.12±0.03aC 1.34±0.07aB 1.50±0.10aAB 1.70±0.10aA 

Gentamicin 0.11±0.03aC 1.51±0.15aA 0.45±0.05bB 0.29±0.06bBC 

200mg/kg bw 0.11±0.02aC 1.37±0.07aA 0.42±0.10bB 0.30±0.07bBC 

400mg/kg bw 0.11±0.01aC 1.31±0.07aA 0.38±0.03bB 0.30±0.07bBC 
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were significantly higher on days 10 and 15 relative to levels on day 0 (p<0.05; 

Figure 4.5). The mice that received the extract at 200 and 400mg/kg bw, as well as 

gentamicin noted significantly lower levels of eosinophils on days 0, 10 and 15 in 

comparison to levels on day 5 (p<0.05; Figure 4.5). 
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Figure 4.5: Effect of Aqueous Extract of Termitomyces striatus on Eosinophils 

Count in  BALB/c Mice Infected with E. coli  

Bars with the same letter in a given day do not differ significantly by one-way 

ANOVA and Bonferroni post hoc test (p>0.05). 

The levels of basophils substantially increased in E. coli-infected mice relative to 

those noted in other treatment groups on days 5, 10 and 15 (p<0.05; Table 4.15). 

Conversely, the basophil counts in all the treatment groups were nonsignificant on 

day 0 (p>0.05; Table 4.7. In addition, basophil counts in extract-treated mice at 200 

and 400mg/kg body weight were insignificant and were comparable to counts of 

gentamicin-treated mice on days 5, 10 and 15 (p>0.05; Table 4.15). Further, the 
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levels of basophils in normal control mice were significantly lower relative to levels 

in other treatment groups on day 15 (p<0.05; Table 4.15)  

In analysis across experimental period, the basophils of mice in the normal control 

mice revealed no significant variations in the entire experiment (p>0.05; Table 4.15). 

The E. coli-infected control mice had significantly higher levels of basophils on days 

10 and 15 relative to levels on days 0 and 5 (p<0.05; Table 4.15). The levels of 

basophils in mice that received gentamicin and the extract at 100 and 200mg/kg bw 

were significantly lower on day 0 relative to levels on days 5, 10 and 15 (p<0.05; 

Table 4.15. In addition, the levels of basophils in extra-treated mice as well as 

gentamicin-treated mice were insignificant on days 10 and 15 (p>0.05; Table 4.15). 

Table 4.15: Effect Aqueous Extract of Termitomyces striatus on Basophils Count 

in BALB/c Mice  Infected with E. coli 

 

Mean±standard deviation (n=3) along the column with similar lowercase letter do not 

differ significantly using one-way ANOVA and Bonferroni multiple comparisons 

(p>0.05). Mean±standard deviation (n=3) along the row with similar uppercase letter 

do are not significantly different using one-way ANOVA and Bonferroni multiple 

comparisons (p>0.05). 

  Basophils (× 109/L)  

Group Day 0 Day 5 Day 10 Day 15 

Normal control 0.07±0.01aA 0.08±0.01bA 0.07±0.02cA 0.03±0.01cA 

Negative control 0.06±0.01aC 0.41±0.03aB 0.98±0.08aA 0.89±0.11Aa 

Gentamicin 0.06±0.01aC 0.42±0.04aA 0.22±0.08bcB 0.21±0.01bB 

200mg/kg bw 0.06±0.01aC 0.38±0.06aA 0.27±0.04bB 0.21±0.01Bb 

400mg/kg bw 0.06±0.01aC 0.35±0.04aA 0.28±0.01bB 0.21±0.01Bb 
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4.7.2 Effect of Aqueous Extract of Termitomyces striatus on Levels of IL-4 in 

BALB/c Mice infected with E. coli 

The mice that were infected with E. coli demonstrated a reduction in the levels of IL-

4 compared to the levels of mice in the normal control group (not infected) (Figure 

4.6). The levels of IL-4 in mice treated with the extract at 200 and 400mg/kg bw 

significantly increased from day 14 to day 21 after treatment. (p>0.05; Figure 4.6). 

The effect of gentamicin on the levels of IL-4 did not differ significantly relative to 

the levels noted in the extract-treated mice at 200mg/kg bw on days 14 and 21 

(p>0.05; Figure 4.6). From day 7 onwards, the normal control mice had significantly 

higher levels of IL-4 relative to the levels observed in the treatment groups (p<0.05; 

Figure 4.6). The negative control mice (infected not treated) had significantly lower 

levels of IL-4 on days 7, 14 and 21 of the experiment compared with the treatment 

groups(p<0.05; Figure 4.6). Similarly, the gentamicin-treated and extract-treated 

mice demonstrated a significant reduction in the levels of IL-4 on days 7, 14 and 21 

compared to the levels on day 0 (p<0.05; Figure 4.6). The analysis across the 

treatment period noted that the levels of IL-4 in normal control mice did not differ 

significantly in the entire study (p>0.05; Figure 4.6). Nevertheless, the negative 

control mice showed a significant reduction in the IL-4 levels on days 7, 14 and 21 

relative to levels on day 0 (p<0.05; Figure 4.6). In analysis across the treatment 

period, the mice in the normal control group revealed no significant variations in the 

levels of IL-4 in the entire study period (p>0.05; Figure 4.6).  
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Figure 4.6: Effect of Aqueous Extract of Termitomyces striatus on Levels of IL-4 

in  BALB/c Mice Infected with E. coli 

Bars with the same lowercase letter in the same day are not significantly different by 

one-way ANOVA and Bonferroni multiple comparisons (p>0.05). 

4.7.3 Effect of Aqueous Extract of Termitomyces striatus on Levels of INF-γ in E. 

coli-Infected  BALB/c Mice 

There was a significant rise in the levels of INF-γ in E. coli-infected mice from day 7 

compared to the levels seen in normal control mice (not infected) (p<0.05; Figure 

4.7). Treatment with the extract, as well as gentamicin significantly lowered the 

levels of INF-γ relative to the levels noted in the negative control mice (infected not 

treated) from day 7 onwards (p<0.05; Figure 4.7). The levels of INF-γ in mice that 

were administered with the extract at 200mg/kg bw were significantly greater on 

days 7 and 14 of the study than the levels in mice treated with extract at 400mg/kg 
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bw (p<0.05: Figure 4.7). The effect of gentamicin statistically matched that of the 

extract at 200mg/kg bw on day 7. The effect of  the two doses of the extract on days 

14 and 21 were similar to those of gentamicin (p>0.05; Figure 4.7). The negative 

control mice had significantly higher levels of INF-γ from day 7 onwards compared 

to the levels of the treatment groups (p<0.05; Figure 4.7). However, the  INF-γ levels 

in extract-treated, negative control and gentamicin-treated mice were significantly 

lower on day 0 relative to levels on days 7, 14 and 21 (p<0.05; Figure 4.7).  
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Figure 4.7: Effect of Aqueous Extract of Termitomyces striatus on Levels of INF-

γ in BALB/c Mice Infected with E. coli                

Bars with the same lowercase letter on the same day are not significantly                                                    

different by one-way ANOVA and Bonferroni multiple comparisons (p>0.05). 
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4.7.4 Effect of Aqueous Extract of Termitomyces striatus on Levels of IgG in 

BALB/c Mice Infected with E. coli 

Infection of mice with E. coli caused an increase in IgG levels from day 7 of the 

experiment (Figure 4.16). Treatment with the extract at the two doses, as well as 

gentamicin raised the levels of IgG (Table 4.16). The effect of the extract at the two 

doses did not differ significantly and statistically matched the effect of gentamicin on 

day 7 (p>0.05; Table 4.16). However, on days 14 and 21, the effect of the extract at 

the higher dose had significantly higher levels of IgG than the lower dose (p<0.05; 

Table 4.16). On days 14 and 21, the levels of IgG in mice that were administered 

with gentamicin were statistically similar compared to levels in mice that received 

the extract at 200mg/kg bw (p>0.05; Table 4.16). In across the entire experiment, 

there was no significant variation in the levels of IgG in normal control mice 

(p>0.005; Table 4.16). However, there was a significant increase in the levels of IgG 

between day 0 and day 21 of the study in the negative control mice (Table 4.16). 

Similarly, the mice that were treated with reference drug and the extract at the two 

doses revealed a significant increase in the levels of IgG between day 0 and day 21 

(p<0.05; Table 4.16). 

Table 4.16: Effect of Aqueous Extract of Termitomyces striatus on Levels of IgG 

in BALB/c Mice Infected with E. coli 

  

IgG (pg/ml) 

  Treatment group Day 0 Day 7 Day 14 Day 21 

Normal control 88.05±3.43aA 89.46±3.30aA 87.28±3.49aA 86.89±2.22aA 

Negative control 84.44±1.60aA 107.00±1.11cB 113.50±1.16bC 132.00±1.62bD 

Gentamicin 85.62±2.65aA 124.70±2.05bB 150.20±1.16cC 179.20±3.25cD 

200mg/kg bw 86.22±3.11aA 121.40±2.47bB 149.00±1.03cC 173.20±1.14cD 

400mg/kg bw 87.45±3.70aA 127.00±1.75bB 164.80±2.11dC 193.00±4.55dD 

Mean±standard deviation (n=3) along the column with similar lowercase letter do not 

differ significantly using one-way ANOVA and Bonferroni multiple comparisons 

(p>0.05). Mean±standard deviation (n=3) along the row with similar uppercase letter 
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do are not significantly different using one-way ANOVA and Bonferroni multiple 

comparisons (p>0.05). 

4.8 To Evaluate the Ability of the Aqueous Extract of T. Striatus to Reverse 

Experimentally Induced Leucopenia in BALB/C Mice  

4.8.1 Effect of Aqueous Extract of Termitomyces striatus on Total and 

Differential  

Leukocyte Counts Following Cyclophosphamide-Induced Immunosuppression 

in BALB/c Mice 

The intraperitoneal injection of cyclophosphamide in mice resulted in a decline in 

total WBCs and differential counts in mice from day four of the experiment (Figure 

4.8). However, treatment with the aqueous extract and the reference drug, levamisole 

significantly improved the levels of total and differential leukocyte count throughout 

the experiment (p<0.05; Figure 4.8). 

However, on days 4, 7 and 14 after injection of cyclophosphamide, the levels of 

WBCs in mice treated with the extract at 200 and 400mg/kg bw were non-significant 

and statistically matched the levels observed in levamisole control mice (p>0.05; 

Figure 4.8). In the same period, the levels of WBCs in the negative 

(cyclophosphamide) control mice were significantly lower relative to the levels in 

extract-treated and levamisole-treated mice (p<0.05; Figure 4.8). The WBCs levels in 

all the studied groups did not vary significantly on day 4 and day 7 (p>0.05; Figure 

4.8). In all the treatment groups, the WBCs levels on day 14 were significantly 

higher than on day 4 (p<0.05; Figure 4.8). On day  4 the mice in the treatment group 

showed immunosuppression, however on the 14th day there was a reversal in this 

suppression in the mice treated with the extract and levamisole.  
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Figure 4.8: Effect of Aqueous Extract of Termitomyces striatus on Total WBC 

Count Following Cyclophosphamide-Induced Immunosuppression in BALB/C 

Mice. 

Bars with the same letter on the same day are not significantly different using one-

way ANOVA and Bonferroni multiple comparisons (p>0.05). 

The injection of cyclophosphamide also lowered the levels of neutrophils in mice 

(Figure 4.9). However, treatment with the extract at 200 and 400mg/kg bw, as well as 

levamisole significantly increased the levels of neutrophils relative to levels seen in 

the negative control mice (p<0.05; Figure 4.9). On days 4, 7 and 14, the effect of the 

extract at the two tested doses on levels of neutrophils was non-significant and 

statistically matched the effect of levamisole (p>0.05; Figure 4.9). In analysis across 

the study period, the levels of neutrophils were significantly lower on day 0 in 

comparison to days 4, 7 and 14 in cyclophosphamide control, levamisole-treated and 

extract-treated mice (p<0.05; Figure 4.9). The levels of neutrophils in all the 

treatment groups were significantly higher on day 14 relative to day 4 (p<0.05; 

Figure 4.9).  
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Figure 4.9: Effect of Aqueous Extract of Termitomyces striatus on Levels of 

Neutrophils Following Cyclophosphamide-Induced Immunosuppression in 

BALB/C Mice 

Bars with the same letter on the same day are not significantly different using one-

way ANOVA and Bonferroni multiple comparisons (p>0.05). 

The levels of lymphocytes declined following cyclophosphamide-induced 

immunosuppression in mice (Figure 4.10). The mice that were administered with the 

extract (at the two dosages), as well as levamisole demonstrated significant 

improvement in the levels of lymphocytes (Figure 4.10). On days 4, 7 and 14 of the 

experiment, the levels of lymphocytes in mice that were administered with the 

extract at the two doses were non-significant and were comparable to levels noted in 

levamisole-treated mice (p>0.05). In the same period, the levels of lymphocytes in 

the negative control mice were considerably lower relative to levels reported in 

levamisole-treated and extract-treated mice (p<0.05; Figure 4.10). In analysis across 

the experimental period, the negative control, levamisole-treated and extract-treated 
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mice had significantly higher levels of lymphocytes on day 0 in comparison to days 

4, 7 and 14 of the study (p<0.05; Figure 4.10). The levels of lymphocytes in extract-

treated and levamisole-treated mice were significantly lower on day 4 relative to 

levels on day 14 (p<0.05; Figure 4.10). This means that the immunosuppression that 

occurred on day 4 had been reversed by day 14. 
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Figure 4.10: Effect of Aqueous Extract of Termitomyces striatus on Levels of 

Lymphocytes Following Cyclophosphamide-Induced Immunosuppression in 

BALB/C Mice 

Bars with the same letter on the same day are not significantly different using one-

way ANOVA and Bonferroni multiple comparisons (p>0.05). 

The levels of monocytes in the study reduced significantly upon injection of 

cyclophosphamide in mice (Figure 4.11). Therapy with the extract and levamisole 

caused a significant increase in the levels of monocytes in the entire treatment period 

(Figure 4.11). The effect of the extract at 200 and 400mg/kg bw was not significantly 
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different on levels of monocytes and statistically matched the effect of levamisole on 

days 4, 7 and 14 (p>0.05). Nevertheless, in the same study period, the levels of 

monocytes in the negative control mice were considerably lower relative to levels 

reported in the extract-treated and levamisole-treated mice (p<0.05; Figure 4.11). In 

analysis across study period, the cyclophosphamide control and levamisole-treated 

mice had significantly higher levels of monocytes on day 0 in contrast to levels on 

days 4, 7 and 14 (p<0.05; Figure 4.11). The levels of monocytes in mice that received 

the extract at 200 and 400mg/kg bw did not vary significantly on days 4, 7 and 14 

(p>0.05; Figure 4.11). 
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Figure 4.11: Effect of Aqueous Extract of Termitomyces striatus on Levels of 

Monocytes Following Cyclophosphamide-Induced Immunosuppression in 

BALB/C Mice 

Bars with the same letter on the same day are not significantly different using one-

way ANOVA and Bonferroni multiple comparisons (p>0.05). 
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It was also noted that injection of cyclophosphamide resulted in a reduction in levels 

of eosinophils in mice (Table 4.17). Treatment with extract and levamisole revealed 

considerable improvement in the levels of eosinophils following cyclophosphamide-

induced immunosuppression in mice (Table 4.17). The levels of eosinophils in the 

negative control, levamisole-treated and extract-treated mice did not vary 

significantly on day zero (p>0.05; Table 4.17). The levels of eosinophils in mice that 

received extract at 200 and 400mg/kg bw were non-significant and statistically 

matched those of levamisole-treated mice on days 4, 7 and 14 (p>0.05; Table 4.17). 

Nonetheless, in the same period, the negative control mice had considerably lower 

levels of eosinophils relative to levels reported in extract-treated and levamisole-

treated mice (p<0.05; Table 4.17). The negative control, levamisole-treated and 

extract-treated (at 200mg/kg bw) mice had significantly higher levels of eosinophils 

on day 0 relative levels on days 4, 7 and 14 (p<0.05; Table 4.17). The levamisole-

treated and extract-treated (at 200mg/kg bw) mice noted an increase in eosinophils 

levels from day 4 and day 14 (p<0.05; Table 4.17). The levels of eosinophils in mice 

that received the extract at 400mg/kg bw did not vary significantly in the entire 

experiment (p>0.05; Table 4.17). 

Table 4.17: Effect of Aqueous Extract of T. stiatus on Levels of Eosinophils 

Following Cyclophosphamide-Induced Immunosuppression in BALB/C Mice 

  Eosinophils (× 109/L)  

Group Day 0 Day 4 Day 7 Day 14 

Negative 

control 

0.032±0.001aA 0.001±0.0003bB 0.001±0.0003bB 0.001±0.0002bB 

Levamisole 0.032±0.001aA 0.015±0.002aC 0.008±0.001aC 0.024±0.002aB 

200mg/kg 

bw 

0.033±0.002aA 0.012±0.002aC 0.008±0.001aC 0.017±0.002aB 

400mg/kg 

bw 

0.033±0.002aA 0.016±0.001aA 0.010±0.001aA 0.021±0.002aA 

Mean±standard deviation (n=3) along the column with similar lowercase letter do not 

differ significantly using one-way ANOVA and Bonferroni multiple comparisons 
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(p>0.05). Mean±standard deviation (n=3) along the row with similar uppercase letter 

do are not significantly different using one-way ANOVA and Bonferroni multiple 

comparisons (p>0.05). 

The levels of basophils also decreased following cyclophosphamide-induced 

immunosuppression in mice (Table 4.18). However, treatment with the extract and 

levamisole significantly increased the levels of basophils relative to levels noted in 

the negative control mice on days 4, 7 and 14 (p<0.05; Table 4.18). The effect of the 

extract at 200 and 400mg/kg bw on the levels of basophils was non-significant and 

was comparable to the effect of levamisole on days 4, 7 and 14 (p>0.05; Table 4.18). 

The cyclophosphamide control, levamisole-treated and extract-treated (at 200mg/kg 

bw) mice had significantly higher levels of basophils on day 0 relative to levels on 

days 4, 7 and 14 (p<0.05; Table 4.18). On day 4, the basophils in cyclophosphamide 

control and extract-treated (at 200mg/kg bw) mice revealed a significant increase in 

levels of basophils from day 4 to day 14 implying that there was a reversal in the 

immune response (p<0.05; Table 4.18).  

Table 418: Effect of Aqueous Extract of T. stiatus on Levels of Basophils 

Following Cyclophosphamide-Induced Immunosuppression in BALB/C Mice 

 Basophils (× 109/L) 

Group Day 0 Day 4 Day 7 Day 14 

Negative 

control 

0.011±0.001aA 0.001±0.0005bB 0.001±0.0005bB 0.001±0.0008bB 

Levamisole 0.012±0.001aA 0.003±0.001aC 0.005±0.001aC 0.008±0.001aB 

200mg/kg 

bw  

0.012±0.001aA 0.003±0.001aC 0.004±0.001aC 0.007±0.001aB 

400mg/kg 

bw 

0.012±0.001aA 0.004±0.001aA 0.006±0.001aA 0.008±0.001aA 

Mean±standard deviation (n=3) along the column with similar lowercase letter do not 

differ significantly using one-way ANOVA and Bonferroni multiple comparisons 

(p>0.05). Mean±standard deviation (n=3) along the row with similar uppercase letter 
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do are not significantly different using one-way ANOVA and Bonferroni multiple 

comparisons (p>0.05). 

4.9 To establish the Effect of Aqueous Extracts of T. striatus on Delayed 

Hypersensitivity Response by Measuring the Foot Pad Circumference of 

BALB/C Mice 

Injection of sheep red blood (SRBC) in the left foot pad of mice caused an increase 

in circumference of the foot pad (Table 4.19). Treatment with the extracts and 

levamisole showed an increase in delayed hypersensitivity reaction following the 

injection of red blood cells in mice (Table 4.19). After 24hours and 48 hours, the 

effect of the extract at the doses of 200, 400mg/kg body weight on the circumference 

of the foot pad were not significantly different and were comparable to those in 

levamisole-treated mice (p>0.05; Table 4.19). There was no difference on the two 

doses of the extract in their effect on the foot pad. In analysis across study period, the 

foot pad circumference of mice in all the treatment groups significantly increased 

between day 0 to day 7 (hour 0) (p<0.05; Table 4.19). In addition, the pad 

circumference of mice in all the study groups were significantly higher on hours 24 

and 48 relative to circumferences in hour 0 (p<0.05; Table 4.19). 

Table 4.19: Effect of Aqueous Extract of T. stiarus on Foot Pad Circumference 

Following Induction of Delayed Hypersensitivity Response Using Sheep Red 

Blood Cells in BALB/C Mice 

 

Foot pad circumference (mm) 

 Group Day 0 Day 7 (0 hr) 24 hours 48 hours 

Negative control 2.23±0.03aC 2.42±0.03aB 2.73±0.03bA 2.73±0.03bA 

Levamisole 2.27±0.02aC 2.43±0.02aB 3.08±0.03aA 3.07±0.02aA 

200mg/kg bw extract 2.25±0.02aC 2.43±0.03aB 2.95±0.02aA 3.02±0.04aA 

400mg/kg bw extract 2.23±0.02aC 2.40±0.04aB 3.00±0.04aA 3.03±0.02aA 

Mean±standard deviation (n=3) along the column with similar lowercase letter do not 

differ significantly using one-way ANOVA and Bonferroni multiple comparisons 

(p>0.05). Mean±standard deviation (n=3) along the row with similar uppercase letter 
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do are not significantly different using one-way ANOVA and Bonferroni multiple 

comparisons (p>0.05). 
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CHAPTER FIVE  

DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

5.1 Discussion  

Natural products (mushrooms) and medicinal plants have been widely used in the 

management of microbial infections since ancient times (Chaughule & Barve, 2024). 

However, the scientific validation on the role played by the muchrooms on the 

immune modulations is scanty  or are lacking. This study therefore was designed to 

determine the antimicrobial and immunomodulatory activities of Termitomyces 

striatus extract, as well as qualitative phytochemical analysis. This study found that 

the extract had potent anti-microbial and immunomodulatory effects, as well as 

phytochemicals associated with these effects. 

5.1.1 Qualitative Phytochemical Profile of Termitomyces Striatus 

The qualitative phytochemical analysis of aqueous extract of Termitomyces striatus 

identified phytochemical compounds belonging to classes of alkaloids, flavonoids, 

phenol acids, phytosterols, and saponins. Phytocompounds belonging to these classes 

have been associated with both antimicrobial and immunomodulatory effects ((Khare 

et al., 2021; Zebeaman et al., 2023). The findings in this study concur with those by 

Mitra et al. (2016) who found out that a sample of Termitomyces microcarpus when 

screened showed the presence of alkaloids, flavonoids, saponins, steroids, and other 

compounds in the ethereal, methanolic and aqueous extracts. 

Therapeutically, alkaloids are known for their cardioprotective, antiproliferation, 

antiviral, antibacterial, immunomodulatory and anti-inflammatory properties, among 

other properties (Heinrich et al., 2021; Aryal et al., 2022)). Flavonoids are 

phytocompounds belonging to a class of polyphenols. They have several health 

benefits, including antiviral, anti-inflammatory, antioxidant, antibacterial, 

antidiabetic, antifungal, immunomodulatory and anticancer effects, among others 

(Ullah et al., 2020). Adejumo et al. (2015) found out in their study that the 

Termitomyces mushrooms  contain flavonoids which show their medicinal value. 
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Phenolic acids are secondary metabolites belonging to the class of polyphenols.. 

Phenolic acids offer a range of therapeutic effects, including antioxidants, 

antibacterial, antiviral, antifungal, antidiabetic, immunomodulatory and anti-

inflammatory effects (Sehrawat et al., 2022; Sun & Shahrajabian, 2023). These 

phenols play a role of natural antioxidants and so they combat diseases in turn when 

the mushrooms are consumed. 

Phytosterols (steroids) are compounds that are naturally present in a variety of plants 

and natural products. They are well-known for their health benefits and have a 

structure comparable to that of cholesterol (Yerlikaya et al., 2023). Phytosterols have 

been established to possess a variety of therapeutic benefits such as anticancer, 

antioxidant, antidiabetic, anti-diabetes, anti-atherosclerosis, anti-Alzheimer, and 

hepatoprotective effects (Poli et al., 2021). 

5.1.2 Antimicrobial Effects of Aqueous Extract of Termitomyces stiatus 

This study revealed that aqueous extracts of T. striatus exhibited antibacterial effects 

against B. subtilis, E. coli, P. aeruginosa, and S. aureus. An indication that the polar 

solvent extracted phytochemical compounds that had antibacterial effects. The 

aqueous extract had better antibacterial effect against E. coli, than S. aureus and P. 

aeruginosa. The aqueous extract showed weak antibacterial activity against S. 

aureus. The observation in whish the aqueous extract shows weak antibacterial 

activity differs from the ones in the study by Gebreyohannes et al. (2019) in which 

they discoverd that hot water extract of both Auricularia and Termitomyces 

mushrooms species showed strong antibacterial activity against S. aureus. 

The antibacterial effects of the extract was linked with the classes of phytochemicals 

such as flavonoids, phenolic acids, saponins, alkaloids and steroids that were 

identified. The zone of inhibition exhibited by these extract against the selected 

bacterial strains increased in concentration-dependent manner, suggesting that an 

increase in concentration resulted to an increase in the antibacterial effect of the 

extract.  
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 Studies done previouly have also demonstrated that natural products have 

antibacterial effect against various strains of bacteria. A study by Dash et al. (2024) 

also revealed that Pleurotus eous (edible mushroom) extract had antibacterial effect 

against S. aureus. Mousavi and Gholami, (2022),  also reported that Ganoderma 

lucidum methanolic extract possess antibacterial effect against Staphylococcus 

aureus, Escherichia coli, and Pseudomonas aeruginosa. The various classes of 

phytochemicals that is flavonoids, phenol acids, alkaloids, steroids, and saponins 

were detected using qualitative analysis. These classes of phytochemicals were 

attributed to the antibacterial effects exhibited by the extract. A number of 

mechanisms are used by these classes of phytocompounds to exhibit their 

antimicrobial activities. These include structural disruption of the bacterial cell, 

increased cell permeability, and leakage of cell constituents; alterations in the 

bacterial cell wall and cell membrane; loss of energy (adenosine triphosphate); 

inhibition of protein synthesis; intracytoplasmic damage, pH disturbance, DNA 

damage; and inhibition of quorum sensing, among others (Khameneh et al., 2021). 

 Flavonoids, often referred to as polyphenolic chemicals, have been extensively 

studied for their antibacterial properties due to their propensity to slow the growth of 

different strains of bacteria, including those that are resistant to multi drugs. 

Numerous studies have established that hydroxylation of C5, C7, C3′, and C4′ as 

well as geranylation or prenylation of C6 enhance the antibacterial activity of 

flavonoids (Shamsudin et al., 2022). Flavonoids exerts its antibacterial properties 

through a variety of mechanisms of action. Numerous investigations have shown that 

flavonoids can inhibit energy metabolism, cytoplasmic membrane function, and 

nucleic acid production (Donadio et al., 2021). Flavonoids have also been shown to 

decrease pathogenicity, membrane permeability, adhesion and biofilm formation, and 

porin on the cell membrane, all of which are essential for bacterial development 

(Shamsudin et al., 2022). 

The antibacterial effects of phenolic acids vary based on hydroxyl and methoxy 

groups. Phenolic acids can activate bacterial membranes, thus causing leakage of 

proteins, nucleic acids, and inorganic ions like potassium or phosphate (Lobiuc et al., 

2023). Some phenolic acids can interfere with biofilm formation, making bacteria 
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more susceptible to antibiotics.  Sulaiman et al. (2022) also reported in their work 

that alkaloids exert antibacterial effects using  nitrogen atom in a heterocyclic ring. 

Alkaloids can also hinder the formation of new biofilms through their ability to break 

pre-existing biofilms and prevent bacteria from adhering to surfaces (Das et al., 

2021). 

Alina et al. (2023) also reported that Saponins exert antibacterial activities due to the 

nitrogen-free glycosides that are biologically active. They have the ability to 

penetrate bacterial cell membranes and break down lipid bilayers. This causes the 

membrane structure to become unstable and can result in increased permeability and 

cell lysis. Saponins have the ability to develop pores in bacterial cell membranes 

(Zheng & Gallot, 2021).  

It was established in this study that aqueous extract of Termitomyces striatus had 

antifungal effect against Candida albican. The antifungal effects of the extract was in 

a concentration-dependent manner. The results for antifungal tests in the mushroom 

extract concur with the findings of  Singh (2017), in which he revealed that various  

extracts  of  mushroom Termitomyces  exhibited  poor  activity  against  various  

fungal pathogens which were used in the study (A. flavus, C. albicans, M. 

racemosus). Previous studies on natural products have revealed antifungal effects 

against Candida albicans and Saccharomyces cerevisiae. A study by Alyousef 

(2021) found that Myrtus communis extract had antifungal activity against Candida 

albicans. Meccatti et al. (2023) revealed that Curcuma longa L. and Rosmarinus 

officinalis L. extracts had antifungal effects against Candida albicans. Letsiou et al. 

(2024) also documented that Hypericum perforatum, Pistacia lentiscus and 

Rosmarinus officinalis extracts had antifungal effects against Saccharomyces 

cerevisiae.  

Bioactive secondary metabolites from natural products offer a significant antifungal 

medication option  (Aschale et al., 2021). Natural products that exert antifungal 

properties include flavonoids, terpenoids, saponins, coumarins, alkaloids, tannins, 

citronellol, geraniol, thymoquinone, and phenolic acids (Dhiman et al., 2024). These 

phytochemicals have been established to exert their antifungal effects through 
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damage to the cell wall and plasma membrane, inhibition of efflux pumps, inhibition 

of ergosterol synthesis, activation of mitochondrial failure, and suppression of 

virulence factors (Yue, et al., 2024). The antifungal effects of the extracts could be 

attributed to the phytochemicals such as flavonoids, alkaloids, phenolic acids, and 

saponins that were identified through qualitative analysis. 

5.1.3 Acute Oral Toxicity of Aqueous Extract of Termitomyces striatus in 

BALB/c Mice 

It was found that aqueous extracts of Termitomyces striatus had no acute toxicity 

effects in mice. No abnormal behavioral or physical changes were reported during 

the acute oral toxicity study period. In addition, no signs of toxicity were noted, 

including fatalities for the 14 days of the study. Further, the body weights as well as 

the relative organ weights (such as heart, kidney and liver) of the mice that received 

the highest dose of 2000mg/kg bw were similar with those of the normal control, 

suggesting the extract did not alter the metabolism of the experimental mice and also 

did not damage the tested organs. The lethal dose (LD50) was greater than 

2000mg/kg bw, indicating that the extract was safe.  

Acute toxicity of natural extracts refers to the harmful effects that can occur 

following a single dose exposure of natural extracts within a period of 14 days using 

experimental animals such as rats and mice. Assessing the safety and therapeutic 

potential of plant extracts requires an understanding of their acute toxicity. The 

adverse effects that result from a single dose exposure to a substance is typically 

measured through the lethal dose (LD50). The LD50 is the amount of a substance that, 

when administered at once, cause fatalities of 50% (one half) of a set of test animals. 

An LD50 of greater than 2000mg/kg bw of the natural extract is considered safe. 

Acute toxicity also monitors changes in activity, coordination, and other behavioral 

responses, including toxicity signs such as diarrhea, salivation, coma, skin damage, 

blindness, hair loss, tremors, convulsions, or changes in appetite (OECD, 2022; 

(Obakiro et al., 2024). 

This study reported an acute toxicity of the extracts have also reported an LD50 

exceeding 2000mg/kg bw. These concurred with other studies such as Alelign et al. 
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(2020) that revealed extracts of Satureja punctata, Achyranthes aspera, 

Chenopodium murale, Aloe pulcherrima and Rumex abyssinicus with an LD50 

exceeding 2000mg/kg bw in rats. Mbiri et al., (2023) also reported that the acute 

toxicity effect of Carissa edulis Vahl. had an LD50 greater than 2000mg/kg in rats. 

5.1.4 Immunomodulatory effects of Aqueous Extract of Termitomyces striatus in 

BALB/c Mice 

The immune response of aqueous extract of Termitomyces striatus in BALB/c mice 

for a period of fifteen days was assessed. The extract at the doses of 400mg/kg bw 

significantly elevated the levels of WBCs, MID (monocytes) and granulocytes 

(neutrophils) by the fifth day of the experiment compared to normal control, 

suggesting that the extract had immunostimulatory effect on the innate immune 

system. The increase in the granulacytes is important because of their role in 

phagocytosis while the presence of monocytes is quite key since they are precursors 

for the macrophages which are Antigen Presenting Cells (APCs). INF-γ (a Th1 Pro-

infalmmatory cytokine) increased during the first five days before dropping after day 

seven which is an  important immune response because the INF-γ can stimulate 

resting macrophages to change to active macrophages (Macrophage Activating 

Cytokine) and induce cellular immune responses (Purkon et al., 2021). The reduction 

in the INF-γ after a whilie signifies a suppression in the Th1 cytokines and a switch 

to Th2 cytokines (Butcher and Zhu, (2021). The observations above concur with the 

results by Purkon et al. (2021) that showed that the ethanolic extract from 

Marchantia paleacea Bertol had flavonoid, and phenolic compounds that showed 

immunostimulant effects in BALB/c mice. There were increased levels of 

lymphocytes following extract administration. The lymphocytes constitute the B and 

T cells which are key players in the adaptive immune response. There was an 

elevation in the IL-4 cytokine signifying a switch from Th1 to Th2 immune response 

since IL-4 activate the differentiation of naïve T cells to type Th2 and T follicular 

helper cells, B cell antibody production and isotype switching (Heeb et al., 2020). 

There was a rise in  immunoglobulin G (IgG) levels in the study when the mice were 

given the extract which indicated not only a switch from Th1 to Th2 immune 

response but also an appropriate switch in the antibody production hence effective 
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adaptive immune response. The phytochemicals that were identified such as 

flavonoids, phenolic acids, alkaloids, phytosterols and saponins therefore 

demonstrated molecules that were capable of activating an immune response in both 

innate and adaptive parameters of the immune system in BALB/c mice. These 

findings concur with the findings by Behl et al. (2021), who found that 

phytochemicals which are naturally occurring molecules such as glycosides, 

alkaloids, phenolic acids, flavonoids, saponins, tannins and sterols and sterolins play 

an imperative role in modulating favorable immune responses.  

5.1.5 Immune Ressponse of Aqueous Extract of Termitomyces striatus in BALB/c 

Mice Infected with E. coli 

When mice were infected with EHEC, there was a notable increase in the levels of 

WBCs, neutrophils, monocytes, eosinophils and basophils counts compared to levels 

in normal control mice, indicating an inflammatory reaction. Treatment with the 

extract at 200 and 400mg/kg bw, as well as gentamicin significantly ameliorated the 

WBC and differential counts, suggesting that the extract modulated components of 

the innate immune system. Phytochemicals including flavonoids, phenols, alkaloids, 

steroids, and saponins may be responsible for the immunomodulatory effect. It has 

been reported that these phytocompounds exhibit anti-inflammatory and antioxidant 

properties, which are indicators of immunomodulatory activity (Maheshwari et al., 

2022). In addition, the reduction in the levels of WBCs close to those of normal 

control could be due to the phagocytosis action of neutrophils, and monocytes, 

against EHEC. This eliminates the EHEC and the need to generate more total WBC 

and differential counts.  The findings of this study concur with those by  Wang et al., 

(2015) on the reduction of WBCs following administration of Fuzhuan brick-tea 

water extract in mice infected with EHEC. 

The acute inflammatory response following EHEC-infected mice is largely mediated 

by neutrophils. The number of circulating neutrophils increases once infection 

occurs. Proteases are released as a result of neutrophil activation and degranulation. 

Monocytes also play a crucial role as effectors in the innate immune response 
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through presentation of antigens and cytokine production, hence controlling both the 

innate and adaptive immunes (Zebeaman et al., 2023). 

The mice which were infected with EHEC showed a high decrease in lymphocyte 

levels, indicating that the adaptive immunity was compromised. Treatment with the 

aqueous extract dose of 200 and 400mg/kg bw, and gentamicin highly elevated levels 

of lymphocytes close to those of normal control mice, suggesting that the extract 

modulated adaptive immune response. The amelioration of aberrant levels of 

lymphocytes after EHEC was associated with the classes of phytocompounds such as 

flavonoids, phenols, alkaloids, steroids, and saponins that may be responsible for the 

immunomodulatory effect which were detected in this study. 

Lymphocytes consist of T cells and B cells. T lymphocytes are essential for 

recognition of antigens and subsequent responses. T helper 1 (Th1) cells typically 

secrete pro-inflammatory cytokines such as IL-2 and IFN-γ, which are essential for 

cellular responses, whereas T helper 2 (Th2) cells secrete anti-inflammatory 

cytokines like IL-4, IL-5, and IL-13 that are associated with humoral immune 

responses (Eagar and Miller, 2019; Zhu and Zhu, 2020). B cells are responsible for 

producing antibodies, which are proteins that specifically bind to antigens on 

pathogens. This binding can neutralize pathogens or mark them for destruction by 

other immune cells. Upon activation, B cells can differentiate into plasma cells that 

produce large amounts of antibodies, or memory B cells that provide long-term 

immunity ( Althwaiqeb & Bordoni, 2023). 

In the present investigation, mice that were infected with EHEC showed a decrease 

in IL-4 levels and an increase in INF-γ, suggesting an immunological imbalance 

because of  the E. coli immunosupprssion. The effect of the extract at 200 and 

400mg/kg bw caused an increase in IL-4 levels and a decrease in INF-γ levels, 

indicating that the extract modulated the Th1 and Th2 cells immune responses 

changes. Th1 cells primarily produce IFN-γ and IL-2, which support a cell-mediated 

response, whereas Th2 cells primarily synthesize IL-4, IL-5, and IL-10, which 

support humoral response (Lin et al., 2019). 
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The pro-inflammatory cytokine IFN-γ is secreted by Th1 cells and natural killer 

(NK) cells. IFN-γ, enhance antigen presentation, promote macrophage activation, 

coordinate lymphocyte-endothelium interaction, regulate Th1/Th2 balance, and 

control cellular proliferation and apoptosis. IFN-γ also inhibits downstream signaling 

pathways, which negates the suppressive effects of anti-inflammatory cytokines 

(Kumaran Satyanarayanan et al., 2019; Mezouar & Mege, 2020). 

The  levels of IFN-γ significantly increased in mice that were infected with EHEC 

compared to levels in normal control mice. The mice that received the extract at 200 

and 4000mg/kg bw revealed a significant reduction in the levels of INF-γ close to 

levels in normal control mice, indicating that the extract modulated an effective 

switch between the innate and  the adaptive immunity. This could be attributed to the 

presence of phytocompounds that are associated with immunomodulatory effects 

such as flavonoids, phenols, alkaloids and saponins. Flavonoids and phenolic acids 

have been established to downregulate the levels of INF-γ  (Al-Khayri et al., 2022;  

Xie et al., 2020). These findings concur with those in a study by Ajedi et al. (2019) 

where there was a decline in the levels of IFN-γ following administration of Moringa 

oleifera and Marrubium vulgare extracts in mice infected with Salmonella 

typhimurium. 

The anti-inflammatory cytokine IL-4 is released by mast cells, basophils, 

eosinophils, and Th2 cells (Walker & McKenzie, 2018). The regulation of humoral 

immunity is significantly influenced by IL-4. IL-4 stimulates B and T cells and 

suppresses production of IFN-γ levels. Also, IL-4 reduces the synthesis of Th1 cells, 

dendritic cells and macrophages (Shaw et al., 2018). The immunomodulatory effect 

of T. striatus extract at doses of 200 and 400mg/kg bw demonstrated a significant 

increase in IL-4 levels in EHEC-infected mice.  

Humoral immunity plays a crucial role in the production of antibodies that protect 

the body against infections. The primary types of antibodies produced by B cells 

included IgA, IgD, IgE, IgG, and IgM. Sufficient levels of serum and secretory 

immunoglobulins, particularly the antigen-specific antibodies IgG, are a contributing 

factor in immunity against infection. Targeted antibody activity against specific 
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pathogen antigens is demonstrated by IgG (Megha & Mohanan, 2021). In the current 

study, the mice that were infected with EHEC showed a significantly higher levels of 

IgG than normal control mice (not infected). When compared to the negative control 

mice (infected not treated), the EHEC-infected mice that received T. striatus extract 

at the two doses showed a marked rise in IgG levels, indicating immunomodulatory 

activity. Patel et al. (2021) reported that different active constituents of the 

mushroom (Tricholoma matsutakePhellinus linteus), like β-glucan, protein 

complexes, and polyssachrides, can stimulate the cellular functions to secrete various 

types of factors for the macrophage activation, leading to the enhancement in the 

immunomodulatory activities. The mushroom T. striatus also had proteins and 

carbohydrates that cold be attributed to the immunomodulatory effects. The finding 

of this study also concur with those of  Zhao et al. (2020) in which they noted that 

immunomodulators from medicinal mushrooms are capable of stimulating both 

innate and adaptive immune responses by activating innate immune system 

components like natural killer (NK) cells, neutrophils, and macrophages, and 

stimulating the expression and secretion of cytokines, which in turn activate adaptive 

immunity by promotion of B cell proliferation and differentiation for antibody 

production and by stimulation of T cell differentiation into T helper (Th) 1 and Th2 

cells, that mediate cellular and humoral immunities. The findings in this study concur 

with those of Elhusseiny et al. (2022) where they documented that extracts from 

edible mushrooms  Lentinula edodes, Agaricus bisporus, Pleurotus ostreatus, 

Pleurotus columbinus, and Pleurotus sajor-caju (Elhusseiny et al., 2022) have  

various compound such as polysaccharides, phenolics, proteins, tocopherols, 

terpenoids, that showed significant immunostimulatory effects preclinically 

particularly, at the higher doses (400 mg/kg) which could be considered the effective 

dose. 

5.1.6 Effect of Aqueous Extract of Termitomyces striatus on Cyclophosphamide- 

Induced Immunosuppression (Leucopenia) 

 Cyclophosphamide is an alkylating agent which displays a cytotoxic effect on 

rapidly proliferating cells and it is primarily used in the management and treatment 

of neoplasms, which include multiple myeloma, sarcoma, and breast cancer (Karaca 
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et al., 2024).  Its mechanism of action basically inhibits the functioning of both T and 

B cells (humoral and cellular immunity), resulting in immunosuppression (Karaca et 

al., 2024). The active forms of cyclophosphamide, such as phosphoramide mustard, 

which alkylates DNA, are produced by the liver's metabolism. This causes DNA 

strands to cross-link, which inhibits transcription and replication of the DNA (Ogino 

& Tadi, 2023). Cyclophosphamide affects hematopoietic stem cells in the bone 

marrow, leading to reduced production of immune cells (myelosuppression), 

including lymphocytes, neutrophils, and macrophages (Megha&  Mohanan, 2021). It 

also alters the production of various cytokines, including IL-2 and IFN-γ, which are 

critical for T cell proliferation and function (Renda et al., 2022). Cyclophosphamide 

causes immunosuppression through reduction in T and B cell populations and 

reduced antibody production due to the depletion of B cells and impairments in T 

cell (Megha & Mohanan, 2021).  

This study assessed the effect of aqueous extract of Termitomyces striatus on total 

WBC and differential leucocyte counts following cyclophosphamide-induced 

immunosuppression in mice. From the results, the extract raised total WBC and 

differential counts close to those of normal control mice, suggesting 

immunostimulatory effect. The same trend was observed in mice that received 

reference drug, levamisole. The immunostimulatory effect of the extract was 

attributed to the phytochemicals such as flavonoids, phenolic acids, saponins, 

alkaloids and phytosterols that were identified in this study. These results concur 

with the finding of Chen et al. (2020)  where they used an immunosuppressed mouse 

model (induced by cyclophosphamide) was used to assess and compare the 

immunoregulatory function of three polysaccharide fractions from L. edodes water 

extracts and the results showed that L. edodes water extracts had immunoenhancing 

activity in immunosuppressed mice at different levels. 

Phytochemicals have been established to possess immunostimulatory effects by 

enhancing the immune response and improving overall health. For instance, 

flavonoids promote the activation of various immune cells, including macrophages, 

T cells, and dendritic cells (Hosseinzade et al., 2019). Thus, it enhance the 

phagocytic activity of macrophages and the cytotoxic activity of natural killer (NK) 
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cells (Hooda et al., 2024). Flavonoids also possess strong antioxidant propeties, 

which protect immune cells from oxidative stress. This protection enhances the 

survival and functionality of immune cells during an immune response (Hooda et al., 

2024). Flavonoids also can modulate the secretion of cytokines, which are critical for 

immune signalling such as pro-inflammatory cytokines (like IL-6, TNF-α, and IL-1β) 

and anti-inflammatory cytokines (such as IL-10), thereby regulating the immune 

response (Hosseinzade et al., 2019: Singh & Mangawa 2024;). 

The  findings of this study agreed with the previous studies on immunostimulatory 

effect of natural product extracts. A study by Tukshipa and Chakravorty, (2022) 

found that aqueous extract of Mimela sp. enhanced levels of WBCs on 

cyclophosphamide-induced immunocompromised mice.  Modi et al. (2021) also 

reported that hydroalcoholic extract of Abrus precatorius L. enhanced the levels of 

WBCs, neutrophils, leucocytes and monocytes on cyclophosphamide-induced 

immunosuppression in mice. Shin et al. (2023) likewise documented that Euonymus 

alatus (Thunb.) extract increased the levels of leukocytes, lymphocytes, and 

granulocytes on cyclophosphamide-induced immunosuppressed rats. 

5.1.7 Effect of Aqueous Extract of Termitomyces striatus on Foot Pad 

Circumference Following Induction of Delayed Hypersensitivity Response 

The assessment of cell-mediated immune response using a model of induced delayed 

type hypersensitivity assay,  was estimated on foot pad circumference using sheep 

red blood cells (antigen) in mice. The cell-mediated immune is essential for 

protecting against infections, tumor immunity, and transplant rejection, among other 

threats ( Modi et al., 2021). The extract-treated mice in this study showed an increase 

in footpad circumference compared to the foot circumference of negative control 

mice, which directly correlated with cell-mediated immunity. This could be 

explained by the fact that sensitized T-lymphocytes were transformed into 

lymphoblasts upon being challenged by antigen (sheep red blood cells), which 

attracted phagocytes to the reaction site by secreting a range of chemicals, including 

pro-inflammatory cytokines (Tukshipa & Chakravorty, 2022). 
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The stimulatory effect of the extracts on the lymphocytes and accessory cell types 

necessary for the expression of this reaction was demonstrated by an increase in 

footpad thickness. A variety of cells, including lymphocytes, secrete cytokines, 

particularly IL-2 and TNF-α, which are crucial to the body's inflammatory response 

(Ajedi et al., 2019). IL-2 has a broad range of immune-boosting properties, including 

triggering lymphocyte differentiation, enhancing natural killer cell function, and 

releasing interferons. T- and B-lymphocytes as well as macrophages work together to 

produce antibodies that are triggered by thymus-dependent antigen (sheep red blood 

cells) (Pham et al., 2021). The increase in the foot pad circumference was ascribed to 

the phytochemicals that were detected in this study such as flavonoids, phenolic 

acids, alkaloids, saponin and phytosterols.  

The results of this study corroborates with Similar studies on delayed type 

hypersensitivity. A study by Tukshipa and Chakravorty, (2022) documented that 

aqueous extract of Mimela sp. increased the levels of foot pad volume following 

induction of delayed hypersensitivity response using sheep red blood cells in mice.  

Modi et al (2021) also found that hydroalcoholic extract of Abrus precatorius L. 

increased foot pad volume following induction of delayed hypersensitivity response 

using sheep red blood cells in mice.  

5.2 Conclusion 

This study concluded that: 

1. The aqueous extracts of Termitomyces striatus had antibacterial effects 

against E. coli, P. auraginosa, S. aureus and B. subtilis. The aqueous 

extract of Termitomyces striatus had antifungal effect against Candida 

albican. Therefore  the edible mushroom Termitomyces striatus exhibited 

antimicrobial activity against gram positive and gram negative bacterial 

species as well as fungal species used in the study. 

2. (a) The aqueous extract of Termitomyces striatus had immunomodulatory 

effect on innate and adaptive immunity in BALB/c mice. Both the WBC 

and differential leucocyte counts were affected when the mice were given 
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the extract therefore it is capable of mounting a defense against invading 

pathogens and facilitate a switch from innate to adaptive immunity.  

(b) The changes in the levels of  IFN-γ a (Th1) Pro-inflammatory cytokine 

that activates macrophage differentiations shows an appropriate immune 

response. There was an elevation of IL-4 cytokine of the Th2 immune 

response, a sign that effective switch from Th1 to Th2 immune respone 

took place. The increase in IgG levels not only showed that there was 

antibody production but also effective change from primary to secondary 

antibody production that is capable of combating an infection.  

(c) The extract had cell-mediated immune response following delayed 

hypersensitivity response using sheep red blood cells in mice as shown by the 

increase in the foot pad after administration of the extract of Termitomyces 

striatus. 

3. (a). The extract had immunomodulatory effect on innate and adaptive 

immune response in BALB/c mice infected with EHEC. The WBC and 

differentials were both dropped after infection, but they were elevated 

after treatment with the aqueous extract of Termitomyces striatus showing 

the first line of defence by the cells of the immune system involved in 

phagocytosis.  

              (b)The increase in the levels of IFN-γ after infection with EHEC shows 

inflammation, however this levels dropped after treatment of BALB/c 

mice the mushroom extract. Likewise treatment of the mice with the 

extract elevated the IL-4 cytokines which had dropped on infection with 

EHEC. The IgG  Antibody levels increased when the mice were treated 

with the mushroom extract. Therefore, both  cell mediated and humoral 

adaptive immune responses took part in the control of EHEC infection in 

the BALB/c mice.  

     4. The aqueous extract of Termitomyces striatus had immunostimulatory 

effect on cyclophosphamide-induced immunosuppression in mice. The 
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administration of cyclosphosphamide caused a reduction in both WBC and 

differential leoucocyte counts, however when the BALB/c mice were 

administered with the mushroom extract, the counts for both WBC and 

differential leoucocyte counts were elevated. This showed that the extract 

of Termitomyces striatus was capable of reversing the experimentally 

induced immunosuppression in the mice after a period of ten days. 

5.3 Recommendations 

1. Termitomyces striatus  mushroom has antibacterial and antifungal activity 

and could be evaluated further in higher animals like primates. This 

antimicrobial activity of the mushrooms could be further investigated using 

more clinical examples. 

2. Since the compounds that were found in this mushroom are capable of  

modulating the immune system for both normal and infected mice, further 

studies could be done on this mushroom species to include more 

immunoboosting capacity. 

3. Since the mushroom showed immunostimulatory effects in E. coli. Further 

studies could be done using other bacteririal species to elucidate the 

immunostimulatory effects of the mushroom Termitomyces striatus with mice 

or other  animal models. 

4. The aqueous extract was capable of reversing experimentally induced 

leucopenia. Further studies could investigate using higher animals such as  

primates. 

5. The findings of this study revealed bioactive compounds as well as 

substances important in nuitrition such as proteins and carbohydrates. This 

mushroom could be recommended as a component of dietary food for the 

people living in the research area to boost their immunity and well being. 
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Appendix IV: Results Analysis 

Appendix 1: Antibacterial activity of aqueous extracts of Termitomyces striatus 

on selected bacterial strains  

E. coli  

 200 100 50 25 12.5 6.5 

Ciprofloxaci

n  

Negative 

control 

Number of 

values 3 3 3 3 3 3 3 3 

Mean 11.67 10.33 8.667 6.333 

5.00

0 

5.00

0 32.33 5.000 

Std. Deviation 

0.577

4 

0.577

4 

0.577

4 

0.577

4 

0.00

0 

0.00

0 0.5774 0.000 

Std. Error of 

Mean 

0.333

3 

0.333

3 

0.333

3 

0.333

3 

0.00

0 

0.00

0 0.3333 0.000 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1769 7 252.7 F (7, 16) = 1213 P<0.0001 

Residual (within columns) 3.333 16 0.2083 

  Total 1772 23 

   

 

 P. aeruginosa  

  

 

200 100 50 25 12.5 6.5 

Ciprofloxaci

n 

Negative 

control 

Number of values 3 3 3 3 3 3 3 3 

Mean 6.333 6.333 6.167 

5.00

0 

5.00

0 

5.00

0 19.33 5.000 

Std. Deviation 

0.288

7 

0.288

7 

0.288

7 

0.00

0 

0.00

0 

0.00

0 0.5774 0.000 

Std. Error of 

Mean 

0.166

7 

0.166

7 

0.166

7 

0.00

0 

0.00

0 

0.00

0 0.3333 0.000 

 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 507.3 7 72.47 F (7, 16) = 993.9 P<0.0001 
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Residual (within columns) 1.167 16 0.07292 

  Total 508.5 23 

   

 

S. aureus 

  

 

200 100 50 25 12.5 6.5 

Ciprofloxaci

n 

Negative 

control 

Number of 

values 3 3 3 3 3 3 3 3 

Mean 5.417 5.417 5.333 

5.25

0 

5.00

0 

5.00

0 11.67 5.000 

Std. Deviation 0.1443 0.1443 0.1443 

0.00

0 

0.00

0 

0.00

0 0.5774 0.000 

Std. Error of 

Mean 

0.0833

3 

0.0833

3 

0.0833

3 

0.00

0 

0.00

0 

0.00

0 0.3333 0.000 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 110.4 7 15.77 F (7, 16) = 318.7 P<0.0001 

Residual (within columns) 0.7917 16 0.04948 

  Total 111.2 23 

   

 

B. subtilis 

  

 

200 100 50 25 12.5 6.5 

Ciprofloxaci

n 

Negative 

control 

Number of 

values 3 3 3 3 3 3 3 3 

Mean 7.667 7.667 7.333 7.167 

7.00

0 

7.00

0 22.67 5.000 

Std. Deviation 

0.577

4 

0.577

4 

0.577

4 

0.288

7 

0.00

0 

0.00

0 1.155 0.000 

Std. Error of 

Mean 

0.333

3 

0.333

3 

0.333

3 

0.166

7 

0.00

0 

0.00

0 0.6667 0.000 

 

ANOVA table SS DF MS F (DFn, DFd) P value 
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Treatment (between columns) 661.3 7 94.47 F (7, 16) = 312.7 P<0.0001 

Residual (within columns) 4.833 16 0.3021 

  Total 666.2 23 

   

 

Appendix II: Antifungal activity of aqueous extracts of Termitomyces striatus on 

C. albican  

  

 

200 100 50 25 12.5 6.5 

Ciprofloxa

cin 

Negative 

control 

Number of 

values 3 3 3 3 3 3 3 3 

Mean 5.417 5.417 5.333 5.167 5.167 5.083 9.333 5.000 

Std. Deviation 0.1443 0.1443 0.1443 0.1443 0.1443 0.1443 0.5774 0.000 

Std. Error of 

Mean 

0.0833

3 

0.0833

3 

0.0833

3 

0.0833

3 

0.0833

3 

0.0833

3 0.3333 0.000 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 44.77 7 6.395 F (7, 16) = 111.6 P<0.0001 

Residual (within columns) 0.9167 16 0.05729 

  Total 45.68 23 

   

 

Appendix III: Acute oral toxicity of aqueous extract of Termitomyces striatus in 

BALB/c mice 

 

Body weight  

0 day   

 

2000mg/kg bw 2000mg/kg bw Normal control 

Number of values 3 3 3 

Mean 29.70 29.90 29.73 

Std. Deviation 2.211 1.700 0.1528 

Std. Error of Mean 1.277 0.9815 0.08819 

 

 ANOVA table SS DF MS F (DFn, DFd) P value 
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Treatment (between columns) 0.06889 2 0.03444 F (2, 6) = 0.01324 P=0.9869 

Residual (within columns) 15.61 6 2.601 

  Total 15.68 8 

   

 

7 day  

  2000mg/kg bw 2000mg/kg bw Normal control 

Number of values 3 3 3 

Mean 30.27 30.07 29.83 

Std. Deviation 2.113 1.550 0.2082 

Std. Error of Mean 1.220 0.8950 0.1202 

  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.2822 2 0.1411 F (2, 6) = 0.06126 P=0.9412 

Residual (within columns) 13.82 6 2.303 

  Total 14.10 8 

   

 

14 day   

 

2000mg/kg bw 2000mg/kg bw Normal control 

Mean 30.77 30.30 29.97 

Std. Deviation 2.040 1.700 0.05774 

Std. Error of Mean 1.178 0.9815 0.03333 

 

 ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.9689 2 0.4844 F (2, 6) = 0.2060 P=0.8194 

Residual (within columns) 14.11 6 2.352 

  Total 15.08 8 

   

 

Organ weight 

Heart 

 

 

2000mg/kg bw 2000mg/kg bw Normal control 

Number of values 3 3 3 
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Mean 0.4517 0.4463 0.4572 

Std. Deviation 0.02173 0.02136 0.005930 

Std. Error of Mean 0.01255 0.01233 0.003424 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0001776 2 8.882e-005 F (2, 6) = 0.2765 P=0.7676 

Residual (within columns) 0.001927 6 0.0003212 

  Total 0.002105 8 

   

 

Kidney  

 

2000mg/kg bw 2000mg/kg bw Normal control 

Number of values 3 3 3 

Mean 1.579 1.563 1.487 

Std. Deviation 0.04758 0.06073 0.04727 

Std. Error of Mean 0.02747 0.03506 0.02729 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.01451 2 0.007257 F (2, 6) = 2.659 P=0.1490 

Residual (within columns) 0.01637 6 0.002729 

  Total 0.03089 8 

   

Liver 

 

 

2000mg/kg bw 2000mg/kg bw Normal control 

Number of values 3 3 3 

Mean 4.919 4.940 5.195 

Std. Deviation 0.2569 0.5904 0.2083 

Std. Error of Mean 0.1483 0.3409 0.1203 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1412 2 0.07058 F (2, 6) = 0.4623 P=0.6505 

Residual (within columns) 0.9160 6 0.1527 

  Total 1.057 8 
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Appendix IV: Effect of aqueous of Termitomyces striatus on total WBC and 

differential counts in BALB/c mice  

Total WBC 

Day 0  

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 5.233 5.200 5.067 5.200 

Std. Deviation 0.3786 0.3000 0.5508 0.6557 

Std. Error of Mean 0.2186 0.1732 0.3180 0.3786 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.04917 3 0.01639 F (3, 8) = 0.06782 P=0.9755 

Residual (within columns) 1.933 8 0.2417 

  Total 1.983 11 

   

 

 

Day 5 

  Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 5.297 5.423 5.200 5.533 

Std. Deviation 0.6127 0.3614 0.4400 0.6280 

Std. Error of Mean 0.3538 0.2087 0.2540 0.3626 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1909 3 0.06362 F (3, 8) = 0.2326 P=0.8712 

Residual (within columns) 2.188 8 0.2735 

  Total 2.379 11 

   

 

Day 10 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 4.900 5.067 4.900 4.933 
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Std. Deviation 0.3606 0.4041 0.3000 0.2517 

Std. Error of Mean 0.2082 0.2333 0.1732 0.1453 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.05667 3 0.01889 F (3, 8) = 0.1692 P=0.9142 

Residual (within columns) 0.8933 8 0.1117 

  Total 0.9500 11 

   

 

Day 15 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 4.467 4.500 4.350 4.533 

Std. Deviation 0.3055 0.2646 0.2291 0.2517 

Std. Error of Mean 0.1764 0.1528 0.1323 0.1453 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.05729 3 0.01910 F (3, 8) = 0.2736 P=0.8429 

Residual (within columns) 0.5583 8 0.06979 

  Total 0.6156 11 

   

 

Lymphocytes  

Day 0 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 4.867 4.733 4.667 4.800 

Std. Deviation 0.3215 0.3055 0.5508 0.6557 

Std. Error of Mean 0.1856 0.1764 0.3180 0.3786 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.06667 3 0.02222 F (3, 8) = 0.09558 P=0.9603 

Residual (within columns) 1.860 8 0.2325 

  Total 1.927 11 
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Day 5 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 4.873 4.970 4.780 5.093 

Std. Deviation 0.5735 0.3551 0.4414 0.5690 

Std. Error of Mean 0.3311 0.2050 0.2548 0.3285 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1620 3 0.05399 F (3, 8) = 0.2218 P=0.8786 

Residual (within columns) 1.947 8 0.2434 

  Total 2.109 11 

   

 

Day 10 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 4.553 4.713 4.560 4.590 

Std. Deviation 0.3287 0.3753 0.2751 0.2207 

Std. Error of Mean 0.1898 0.2167 0.1589 0.1274 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.04996 3 0.01665 F (3, 8) = 0.1785 P=0.9080 

Residual (within columns) 0.7465 8 0.09332 

  Total 0.7965 11 

   

 

Day 15 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 4.153 4.183 4.037 4.223 

Std. Deviation 0.2940 0.2574 0.2380 0.2603 

Std. Error of Mean 0.1697 0.1486 0.1374 0.1503 
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.05803 3 0.01934 F (3, 8) = 0.2793 P=0.8390 

Residual (within columns) 0.5541 8 0.06926 

  Total 0.6121 11 

   

 

MID 

Day 0 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.1567 0.1633 0.1600 0.1633 

Std. Deviation 0.03055 0.01155 0.02646 0.02517 

Std. Error of Mean 0.01764 0.006667 0.01528 0.01453 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 9.167e-005 3 3.056e-005 F (3, 8) = 0.05093 P=0.9837 

Residual (within columns) 0.004800 8 0.0006000 

  Total 0.004892 11 

   

 

Day 5 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.1467 0.1433 0.1300 0.1567 

Std. Deviation 0.005774 0.02082 0.02000 0.02309 

Std. Error of Mean 0.003333 0.01202 0.01155 0.01333 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001092 3 0.0003639 F (3, 8) = 1.040 P=0.4258 

Residual (within columns) 0.002800 8 0.0003500 

  Total 0.003892 11 

   

 

Day 10 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 
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Number of values 3 3 3 3 

Mean 0.1400 0.1400 0.1433 0.1367 

Std. Deviation 0.01000 0.01000 0.01155 0.01528 

Std. Error of Mean 0.005774 0.005774 0.006667 0.008819 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 6.667e-005 3 2.222e-005 F (3, 8) = 0.1569 P=0.9223 

Residual (within columns) 0.001133 8 0.0001417 

  Total 0.001200 11 

   

 

Day 15 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.1067 0.1000 0.1100 0.1133 

Std. Deviation 0.01155 0.01000 0.01000 0.01528 

Std. Error of Mean 0.006667 0.005774 0.005774 0.008819 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0002917 3 9.722e-005 F (3, 8) = 0.6863 P=0.5852 

Residual (within columns) 0.001133 8 0.0001417 

  Total 0.001425 11 

   

 

Granulocytes 

Day 0 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.2300 0.2767 0.2500 0.2400 

Std. Deviation 0.03464 0.04933 0.02646 0.01732 

Std. Error of Mean 0.02000 0.02848 0.01528 0.01000 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.003625 3 0.001208 F (3, 8) = 1.043 P=0.4245 

Residual (within columns) 0.009267 8 0.001158 
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Total 0.01289 11 

   

 

Day 5 

  Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.2800 0.3100 0.2933 0.2867 

Std. Deviation 0.03606 0.07550 0.04041 0.04163 

Std. Error of Mean 0.02082 0.04359 0.02333 0.02404 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001492 3 0.0004972 F (3, 8) = 0.1919 P=0.8990 

Residual (within columns) 0.02073 8 0.002592 

  Total 0.02223 11 

   

 

Day 10 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.2133 0.2133 0.2000 0.2067 

Std. Deviation 0.03055 0.03055 0.02000 0.02082 

Std. Error of Mean 0.01764 0.01764 0.01155 0.01202 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0003667 3 0.0001222 F (3, 8) = 0.1811 P=0.9063 

Residual (within columns) 0.005400 8 0.0006750 

  Total 0.005767 11 

   

 

Day 15 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.2033 0.2167 0.2000 0.1933 

Std. Deviation 0.02517 0.01528 0.01000 0.02517 

Std. Error of Mean 0.01453 0.008819 0.005774 0.01453 
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0008667 3 0.0002889 F (3, 8) = 0.7222 P=0.5664 

Residual (within columns) 0.003200 8 0.0004000 

  Total 0.004067 11 

   

 

Across experimental period analysis 

WBC 

Normal control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.303 3 0.4342 F (3, 8) = 2.341 P=0.1496 

Residual (within columns) 1.484 8 0.1855 

  Total 2.787 11 

   

 

Levamisole 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.394 3 0.4646 F (3, 8) = 4.094 P=0.0492 

Residual (within columns) 0.9079 8 0.1135 

  Total 2.302 11 

   

 

200mg/kg bw  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.256 3 0.4185 F (3, 8) = 2.618 P=0.1229 

Residual (within columns) 1.279 8 0.1599 

  Total 2.534 11 

   

400mg/kg bw  

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.610 3 0.5367 F (3, 8) = 2.257 P=0.1589 

Residual (within columns) 1.902 8 0.2378 

  Total 3.512 11 

   



168 

 

 

Lymphocytes 

Normal control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.006 3 0.3352 F (3, 8) = 2.152 P=0.1718 

Residual (within columns) 1.246 8 0.1558 

  Total 2.252 11 

   

 

Lavamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.012 3 0.3373 F (3, 8) = 3.218 P=0.0827 

Residual (within columns) 0.8385 8 0.1048 

  Total 1.850 11 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.9500 3 0.3167 F (3, 8) = 2.075 P=0.1821 

Residual (within columns) 1.221 8 0.1527 

  Total 2.171 11 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.200 3 0.4001 F (3, 8) = 1.896 P=0.2088 

Residual (within columns) 1.688 8 0.2110 

  Total 2.889 11 

   

 

MID 

Normal control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001883 3 0.0006276 F (3, 8) = 1.499 P=0.2872 

Residual (within columns) 0.003350 8 0.0004187 
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Total 0.005232 11 

   

 

Lavamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.002549 3 0.0008497 F (3, 8) = 2.247 P=0.1601 

Residual (within columns) 0.003024 8 0.0003781 

  Total 0.005574 11 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.002186 3 0.0007286 F (3, 8) = 1.378 P=0.3178 

Residual (within columns) 0.004231 8 0.0005289 

  Total 0.006417 11 

   

 

400mg/kg bw  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.002717 3 0.0009056 F (3, 8) = 1.589 P=0.2667 

Residual (within columns) 0.004560 8 0.0005700 

  Total 0.007277 11 

   

 

Granulocytes 

Normal control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.01069 3 0.003564 F (3, 8) = 3.434 P=0.0723 

Residual (within columns) 0.008304 8 0.001038 

  Total 0.01900 11 

   

 

Lavamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.02023 3 0.006744 F (3, 8) = 3.089 P=0.0898 

Residual (within columns) 0.01747 8 0.002183 
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Total 0.03770 11 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.008114 3 0.002705 F (3, 8) = 1.617 P=0.2605 

Residual (within columns) 0.01338 8 0.001672 

  Total 0.02149 11 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.01084 3 0.003614 F (3, 8) = 2.649 P=0.1204 

Residual (within columns) 0.01092 8 0.001365 

  Total 0.02176 11 

   

 

Appendix V: Effect of aqueous extract of Termitomyces striatus on levels of IL-4 

in BALB/c mice 

Day 0 

 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 8.422 8.554 8.771 8.846 

Std. Deviation 0.6377 0.5177 0.8272 0.7378 

Std. Error of Mean 0.3188 0.2589 0.4136 0.3689 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.4567 3 0.1522 F (3, 12) = 0.3199 P=0.8109 

Residual (within columns) 5.710 12 0.4758 

  Total 6.167 15 

   

 

Day 7 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 
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Number of values 4 4 4 4 

Mean 8.617 8.859 8.429 8.595 

Std. Deviation 0.5563 0.7300 0.7011 0.7738 

Std. Error of Mean 0.2782 0.3650 0.3505 0.3869 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3776 3 0.1259 F (3, 12) = 0.2605 P=0.8525 

Residual (within columns) 5.798 12 0.4832 

  Total 6.176 15 

   

 

Day 14 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 8.449 8.360 8.694 8.325 

Std. Deviation 0.9614 1.217 1.115 0.7346 

Std. Error of Mean 0.4807 0.6086 0.5576 0.3673 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3323 3 0.1108 F (3, 12) = 0.1058 P=0.9551 

Residual (within columns) 12.57 12 1.047 

  Total 12.90 15 

   

 

Day 21 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 8.624 8.337 8.067 8.374 

Std. Deviation 0.7242 0.6310 0.4743 0.9084 

Std. Error of Mean 0.3621 0.3155 0.2371 0.4542 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.6235 3 0.2078 F (3, 12) = 0.4214 P=0.7411 

Residual (within columns) 5.918 12 0.4932 

  Total 6.542 15 
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Across treatment analysis 

Normal control  

 

Day 0 Day 7 Day 14 Day 21 

Number of values 4 4 4 4 

Mean 8.422 8.617 8.449 8.624 

Std. Deviation 0.6377 0.5563 0.9614 0.7242 

Std. Error of Mean 0.3188 0.2782 0.4807 0.3621 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1380 3 0.04600 F (3, 12) = 0.08499 P=0.9669 

Residual (within columns) 6.494 12 0.5412 

  Total 6.632 15 

   

 

Levamisole  

  Day 0 Day 7 Day 14 Day 21 

Number of values 4 4 4 4 

Mean 8.554 8.859 8.360 8.337 

Std. Deviation 0.5177 0.7300 1.217 0.6310 

Std. Error of Mean 0.2589 0.3650 0.6086 0.3155 

  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.7001 3 0.2334 F (3, 12) = 0.3482 P=0.7912 

Residual (within columns) 8.043 12 0.6702 

  Total 8.743 15 

   

200mg/kg bw  

 

Day 0 Day 7 Day 14 Day 21 

Number of values 4 4 4 4 

Mean 8.771 8.429 8.694 8.067 

Std. Deviation 0.8272 0.7011 1.115 0.4743 

Std. Error of Mean 0.4136 0.3505 0.5576 0.2371 

 

ANOVA table SS DF MS F (DFn, DFd) P value 
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Treatment (between columns) 1.214 3 0.4046 F (3, 12) = 0.6120 P=0.6201 

Residual (within columns) 7.933 12 0.6610 

  Total 9.146 15 

   

 

400mg/kg bw  

 

Day 0 Day 7 Day 14 Day 21 

Number of values 4 4 4 4 

Mean 8.846 8.595 8.325 8.374 

Std. Deviation 0.7378 0.7738 0.7346 0.9084 

Std. Error of Mean 0.3689 0.3869 0.3673 0.4542 

  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.6816 3 0.2272 F (3, 12) = 0.3624 P=0.7813 

Residual (within columns) 7.524 12 0.6270 

  Total 8.206 15 

   

 

Appendix VI: Effect of aqueous extract of Termitomyces striatus on levels of 

INF-γ in BALB/c mice 

Day 0  

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 10.31 10.47 10.23 10.60 

Std. Deviation 0.7139 0.5756 0.7627 0.9611 

Std. Error of Mean 0.3569 0.2878 0.3813 0.4805 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3190 3 0.1063 F (3, 12) = 0.1813 P=0.9070 

Residual (within columns) 7.039 12 0.5866 

  Total 7.358 15 

   

 

Day 7 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 
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Mean 10.69 10.44 10.43 10.51 

Std. Deviation 0.7227 0.6802 0.3787 0.6686 

Std. Error of Mean 0.3613 0.3401 0.1894 0.3343 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1827 3 0.06091 F (3, 12) = 0.1547 P=0.9247 

Residual (within columns) 4.726 12 0.3938 

  Total 4.908 15 

   

 

Day 14 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 10.27 9.987 10.32 10.29 

Std. Deviation 0.9001 0.7593 0.9359 1.087 

Std. Error of Mean 0.4500 0.3796 0.4679 0.5435 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.2864 3 0.09545 F (3, 12) = 0.1109 P=0.9521 

Residual (within columns) 10.33 12 0.8611 

  Total 10.62 15 

   

 

Day 21 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 10.57 10.25 10.39 10.22 

Std. Deviation 0.6592 0.8578 0.8578 0.5343 

Std. Error of Mean 0.3296 0.4289 0.4289 0.2671 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3106 3 0.1035 F (3, 12) = 0.1890 P=0.9019 

Residual (within columns) 6.575 12 0.5479 

  Total 6.886 15 
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Analysis across treatment period 

Normal control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3190 3 0.1063 F (3, 12) = 0.1813 P=0.9070 

Residual (within columns) 7.039 12 0.5866 

  Total 7.358 15 

   

 

Levamisole control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.259 3 0.4197 F (3, 12) = 1.095 P=0.3890 

Residual (within columns) 4.602 12 0.3835 

  Total 5.861 15 

   

 

200mg/kg bw  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.807 3 0.9357 F (3, 12) = 1.579 P=0.2459 

Residual (within columns) 7.111 12 0.5926 

  Total 9.918 15 

   

 

400mg/kg bw   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3106 3 0.1035 F (3, 12) = 0.1890 P=0.9019 

Residual (within columns) 6.575 12 0.5479 

  Total 6.886 15 

   

 

Appendix VII: Effect of aqueous extract of Termitomyces striatus on levels of 

IgG in BALB/c mice 

Day 0 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 89.63 87.96 88.25 88.71 

Std. Deviation 1.933 2.184 1.284 2.018 
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Std. Error of Mean 0.9663 1.092 0.6418 1.009 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 6.419 3 2.140 F (3, 12) = 0.6015 P=0.6263 

Residual (within columns) 42.69 12 3.557 

  Total 49.10 15 

   

 

Day 7 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 88.86 90.72 89.82 89.01 

Std. Deviation 1.171 2.112 1.103 1.111 

Std. Error of Mean 0.5854 1.056 0.5514 0.5553 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 8.828 3 2.943 F (3, 12) = 1.422 P=0.2848 

Residual (within columns) 24.84 12 2.070 

  Total 33.66 15 

   

 

Day 14 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 

Mean 90.22 89.90 89.76 89.10 

Std. Deviation 1.138 0.8909 0.5172 0.8846 

Std. Error of Mean 0.5688 0.4454 0.2586 0.4423 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.653 3 0.8843 F (3, 12) = 1.127 P=0.3769 

Residual (within columns) 9.414 12 0.7845 

  Total 12.07 15 

   

 

Day 21 

 

Normal control Levamisole 200mg/kg bw 400mg/kg bw 

Number of values 4 4 4 4 



177 

 

Mean 88.91 89.48 89.91 89.88 

Std. Deviation 1.938 1.448 1.136 0.7960 

Std. Error of Mean 0.9688 0.7242 0.5678 0.3980 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.607 3 0.8691 F (3, 12) = 0.4471 P=0.7239 

Residual (within columns) 23.33 12 1.944 

  Total 25.93 15 

   

 

Analysis across treatment time 

Normal control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 5.014 3 1.671 F (3, 12) = 0.6583 P=0.5932 

Residual (within columns) 30.46 12 2.539 

  Total 35.48 15 

   

 

Levamisole   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 16.13 3 5.375 F (3, 12) = 1.774 P=0.2056 

Residual (within columns) 36.37 12 3.031 

  Total 52.49 15 

   

 

200mg/kg bw  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 7.555 3 2.518 F (3, 12) = 2.278 P=0.1317 

Residual (within columns) 13.26 12 1.105 

  Total 20.82 15 

   

 

400mg/kg bw   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.975 3 0.9918 F (3, 12) = 0.5900 P=0.6332 

Residual (within columns) 20.17 12 1.681 

  Total 23.15 15 
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Appendix VIII: Immune response of in BALB/c mice infected with E. coli and 

treated with the of aqueous extract of Termitomyces striatus mushroom 

Day  0 

WBC 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 4.880 5.060 4.923 4.550 4.550 

Std. Deviation 0.4803 0.5890 0.7638 0.5336 0.5336 

Std. Error of 

Mean 0.2773 0.3400 0.4410 0.3081 0.3081 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.6418 4 0.1605 F (4, 10) = 0.4637 P=0.7612 

Residual (within columns) 3.461 10 0.3461 

  Total 4.102 14 

   

 

Neutrophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 1.040 1.150 1.090 0.9967 1.003 

Std. Deviation 0.05000 0.1253 0.1308 0.07371 0.2021 

Std. Error of 

Mean 0.02887 0.07234 0.07550 0.04256 0.1167 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.04963 4 0.01241 F (4, 10) = 0.7605 P=0.5741 

Residual (within columns) 0.1631 10 0.01631 

  Total 0.2128 14 

   

 

Lymphocytes 
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Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 3.643 3.737 3.660 3.373 3.373 

Std. Deviation 0.4518 0.4460 0.6223 0.4508 0.3262 

Std. Error of 

Mean 0.2609 0.2575 0.3593 0.2603 0.1884 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3534 4 0.08836 F (4, 10) = 0.4016 P=0.8034 

Residual (within columns) 2.200 10 0.2200 

  Total 2.553 14 

   

 

Monocytes 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.1233 0.1200 0.1133 0.1133 0.1133 

Std. Deviation 0.01155 0.02646 0.03055 0.005774 0.01528 

Std. Error of 

Mean 0.006667 0.01528 0.01764 0.003333 0.008819 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0002667 4 6.667e-005 F (4, 10) = 0.1639 P=0.9519 

Residual (within columns) 0.004067 10 0.0004067 

  Total 0.004333 14 

   

 

Eosinophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.006333 0.007000 0.004667 0.006333 0.006000 

Std. Deviation 0.0005774 0.002646 0.0005774 0.002082 0.001732 
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Std. Error of 

Mean 0.0003333 0.001528 0.0003333 0.001202 0.001000 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 8.933e-006 4 2.233e-006 F (4, 10) = 0.7444 P=0.5833 

Residual (within columns) 3.000e-005 10 3.000e-006 

  Total 3.893e-005 14 

   

 

Basophils 

 

Normal 

control Negative control 

Gentamicin 

control 

400mg/k

g bw 

200mg/k

g bw 

Number of values 3 3 3 3 3 

Mean 0.07000 0.05667 0.06333 0.06333 0.06333 

Std. Deviation 0.01000 0.005774 0.01528 0.005774 0.005774 

Std. Error of Mean 0.005774 0.003333 0.008819 0.003333 0.003333 

ANOVA table SS 

D

F MS 

F (DFn, 

DFd) P value 

Treatment (between 

columns) 

0.0002

667 4 

6.667e-

005 

F (4, 10) = 

0.7692 P=0.5691 

Residual (within 

columns) 

0.0008

667 

1

0 

8.667e-

005 

  

Total 

0.0011

33 

1

4 

   

 

Day 5 

WBC 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 5.260 6.390 5.707 5.577 5.690 

Std. Deviation 0.1970 0.4093 0.3001 0.2120 0.2265 

Std. Error of 

Mean 0.1137 0.2363 0.1732 0.1224 0.1308 

 

ANOVA table SS DF MS F (DFn, DFd) P value 
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Treatment (between columns) 2.046 4 0.5115 F (4, 10) = 6.515 P=0.0076 

Residual (within columns) 0.7851 10 0.07851 

  Total 2.831 14 

   

 

Neutrophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 1.120 1.557 1.307 1.273 1.333 

Std. Deviation 0.03464 0.1320 0.07024 0.05774 0.07572 

Std. Error of 

Mean 0.02000 0.07623 0.04055 0.03333 0.04372 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.2956 4 0.07389 F (4, 10) = 11.32 P=0.0010 

Residual (within columns) 0.06527 10 0.006527 

  Total 0.3608 14 

   

 

Lymphocytes 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 3.973 3.283 3.797 3.810 3.830 

Std. Deviation 0.1877 0.1484 0.1528 0.1646 0.1114 

Std. Error of 

Mean 0.1084 0.08570 0.08819 0.09504 0.06429 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.8376 4 0.2094 F (4, 10) = 8.717 P=0.0027 

Residual (within columns) 0.2402 10 0.02402 

  Total 1.078 14 

   

 

Monocytes 
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Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.08667 0.9133 0.3900 0.3000 0.3367 

Std. Deviation 0.03215 0.1644 0.08544 0.06557 0.03786 

Std. Error of 

Mean 0.01856 0.09493 0.04933 0.03786 0.02186 

 

NOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.127 4 0.2817 F (4, 10) = 34.28 P<0.0001 

Residual (within columns) 0.08220 10 0.008220 

  Total 1.209 14 

   

 

Eosinophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.006667 0.02333 0.01633 0.01733 0.01733 

Std. Deviation 0.001155 0.002517 0.006807 0.003215 0.001155 

Std. Error of 

Mean 0.0006667 0.001453 0.003930 0.001856 0.0006667 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0004331 4 0.0001083 F (4, 10) = 8.244 P=0.0033 

Residual (within columns) 0.0001313 10 1.313e-005 

  Total 0.0005644 14 

   

 

Basophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.07667 0.5133 0.2067 0.1700 0.1800 

Std. Deviation 0.01528 0.06658 0.02517 0.05196 0.05000 
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Std. Error of 

Mean 0.008819 0.03844 0.01453 0.03000 0.02887 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3313 4 0.08282 F (4, 10) = 39.44 P<0.0001 

Residual (within columns) 0.02100 10 0.002100 

  Total 0.3523 14 

   

 

Day 10 

WBC 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 5.313 6.533 5.837 5.687 5.700 

Std. Deviation 0.1617 0.2542 0.1662 0.3667 0.2982 

Std. Error of 

Mean 0.09333 0.1468 0.09597 0.2117 0.1721 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.393 4 0.5984 F (4, 10) = 8.755 P=0.0026 

Residual (within columns) 0.6835 10 0.06835 

  Total 3.077 14 

   

 

Neutrophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 1.067 1.553 1.303 1.233 1.270 

Std. Deviation 0.07767 0.08622 0.05033 0.1301 0.02000 

Std. Error of 

Mean 0.04485 0.04978 0.02906 0.07513 0.01155 
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3687 4 0.09218 F (4, 10) = 13.83 P=0.0004 

Residual (within columns) 0.06667 10 0.006667 

  Total 0.4354 14 

   

 

Lymphocytes 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 4.073 3.270 3.853 3.783 3.730 

Std. Deviation 0.08386 0.1825 0.2060 0.2212 0.1836 

Std. Error of 

Mean 0.04842 0.1054 0.1189 0.1277 0.1060 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.040 4 0.2601 F (4, 10) = 7.863 P=0.0039 

Residual (within columns) 0.3308 10 0.03308 

  Total 1.371 14 

   

 

Monocytes 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.1000 1.007 0.4533 0.3867 0.4267 

Std. Deviation 0.02000 0.1274 0.04509 0.04041 0.1102 

Std. Error of 

Mean 0.01155 0.07356 0.02603 0.02333 0.06360 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.302 4 0.3254 F (4, 10) = 50.17 P<0.0001 

Residual (within columns) 0.06487 10 0.006487 

  Total 1.367 14 
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Eosinophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.003000 0.02200 0.01133 0.008000 0.005333 

Std. Deviation 0.002000 0.004359 0.004619 0.003606 0.002082 

Std. Error of 

Mean 0.001155 0.002517 0.002667 0.002082 0.001202 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0006616 4 0.0001654 F (4, 10) = 13.41 P=0.0005 

Residual (within columns) 0.0001233 10 1.233e-005 

  Total 0.0007849 14 

   

 

Basophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.07333 0.6867 0.2167 0.2800 0.2667 

Std. Deviation 0.03215 0.07767 0.07572 0.01732 0.04509 

Std. Error of 

Mean 0.01856 0.04485 0.04372 0.01000 0.02603 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.6277 4 0.1569 F (4, 10) = 51.85 P<0.0001 

Residual (within columns) 0.03027 10 0.003027 

  Total 0.6580 14 

   

 

Day 15 

WBC 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 
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Mean 5.347 6.593 5.720 5.647 5.650 

Std. Deviation 0.1518 0.2043 0.2524 0.1589 0.1967 

Std. Error of 

Mean 0.08762 0.1179 0.1457 0.09176 0.1136 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.660 4 0.6651 F (4, 10) = 17.28 P=0.0002 

Residual (within columns) 0.3848 10 0.03848 

  Total 3.045 14 

   

 

Neutrophils 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 1.090 1.613 1.290 1.240 1.247 

Std. Deviation 0.05568 0.04163 0.06245 0.02000 0.03215 

Std. Error of 

Mean 0.03215 0.02404 0.03606 0.01155 0.01856 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.4462 4 0.1116 F (4, 10) = 54.86 

P<0.000

1 

Residual (within columns) 0.02033 10 0.002033 

  Total 0.4666 14 

   

 

Lymphocytes 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 4.163 3.453 3.910 3.890 3.880 

Std. Deviation 0.1007 0.1589 0.1744 0.1559 0.1044 

Std. Error of 

Mean 0.05812 0.09171 0.1007 0.09000 0.06028 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.7836 4 0.1959 F (4, 10) = 9.701 P=0.0018 
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Residual (within columns) 0.2019 10 0.02019 

  Total 0.9855 14 

   

 

Monocytes 

 

Normal 

control 

Negative 

control 

Gentamicincont

rol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.06333 0.8900 0.2967 0.3033 0.3000 

Std. Deviation 0.01528 0.03606 0.06506 0.06429 0.07211 

Std. Error of 

Mean 0.008819 0.02082 0.03756 0.03712 0.04163 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.137 4 0.2844 F (4, 10) = 94.16 P<0.0001 

Residual (within columns) 0.03020 10 0.003020 

  Total 1.168 14 

   

 

Eosinophils 

 

Normal 

control 

Negative 

control 

Gentamicincon

trol 

400mg/kg 

bw 

200mg/kg 

bw 

Number of 

values 3 3 3 3 3 

Mean 0.003000 0.02800 0.01000 0.01067 0.01200 

Std. Deviation 0.001000 0.003606 0.002646 0.001155 0.002000 

Std. Error of 

Mean 0.0005774 0.002082 0.001528 0.0006667 0.001155 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001020 4 

0.000255

1 

F (4, 10) = 

48.43 

P<0.00

01 

Residual (within columns) 

5.267e-

005 10 

5.267e-

006 

  Total 0.001073 14 

   

 

Basophils 

 

Normal Negative Gentamicincont 400mg/kg 200mg/kg 
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control control rol bw bw 

Number of 

values 3 3 3 3 3 

Mean 0.03000 0.6067 0.2200 0.2133 0.2167 

Std. Deviation 0.01000 0.1069 0.01000 0.005774 0.01528 

Std. Error of 

Mean 0.005774 0.06173 0.005774 0.003333 0.008819 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.5361 4 0.1340 F (4, 10) = 56.31 P<0.0001 

Residual (within columns) 0.02380 10 0.002380 

  Total 0.5599 14 

   

 

Analysis across the treatment period 

WBC s 

Normal control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.4211 3 0.1404 F (3, 8) = 1.762 P=0.2320 

Residual (within columns) 0.6373 8 0.07967 

  Total 1.058 11 

   

 

Negative control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 7.778 3 2.593 F (3, 8) = 20.19 P=0.0004 

Residual (within columns) 1.027 8 0.1284 

  Total 8.805 11 

   

 

Gentamicin  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 6.480 3 2.160 F (3, 8) = 11.62 P=0.0028 

Residual (within columns) 1.487 8 0.1859 

  Total 7.967 11 
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200mg/kg bw   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 8.253 3 2.751 F (3, 8) = 19.84 P=0.0005 

Residual (within columns) 1.109 8 0.1386 

  Total 9.362 11 

   

 

400mg/kg bw   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 7.601 3 2.534 F (3, 8) = 26.33 P=0.0002 

Residual (within columns) 0.7697 8 0.09622 

  Total 8.371 11 

   

Neutrophils 

Normal control   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.01027 3 0.003424 F (3, 8) = 1.053 P=0.4210 

Residual (within columns) 0.02602 8 0.003252 

  Total 0.03629 11 

   

 

Negative control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.6240 3 0.2080 F (3, 8) = 20.94 P=0.0004 

Residual (within columns) 0.07948 8 0.009935 

  Total 0.7035 11 

   

 

Gentamicin   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.4158 3 0.1386 F (3, 8) = 14.72 P=0.0013 

Residual (within columns) 0.07532 8 0.009414 

  Total 0.4911 11 

   

 

200mg/kg bw   
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.5711 3 0.1904 F (3, 8) = 14.45 P=0.0014 

Residual (within columns) 0.1054 8 0.01318 

  Total 0.6766 11 

   

 

400mg/kg bw   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.6290 3 0.2097 F (3, 8) = 18.04 P=0.0006 

Residual (within columns) 0.09299 8 0.01162 

  Total 0.7220 11 

   

 

Lymphocytes 

Normal control   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.4657 3 0.1552 F (3, 8) = 2.423 P=0.1410 

Residual (within columns) 0.5125 8 0.06407 

  Total 0.9783 11 

   

 

Negative control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.034 3 0.3448 F (3, 8) = 5.393 P=0.0253 

Residual (within columns) 0.5115 8 0.06394 

  Total 1.546 11 

   

 

Gentamicin   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3595 3 0.1198 F (3, 8) = 1.026 P=0.4310 

Residual (within columns) 0.9345 8 0.1168 

  Total 1.294 11 

   

 

200mg/kg bw   
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.4955 3 0.1652 F (3, 8) = 4.259 P=0.0450 

Residual (within columns) 0.3102 8 0.03878 

  Total 0.8057 11 

   

 

400mg/kg bw   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3520 3 0.1173 F (3, 8) = 1.430 P=0.3040 

Residual (within columns) 0.6562 8 0.08202 

  Total 1.008 11 

   

 

Monocytes 

Normal control   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.002799 3 0.0009332 F (3, 8) = 1.158 P=0.3839 

Residual (within columns) 0.006448 8 0.0008060 

  Total 0.009248 11 

   

 

Negative control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 3.886 3 1.295 F (3, 8) = 278.3 P<0.0001 

Residual (within columns) 0.03724 8 0.004655 

  Total 3.924 11 

   

 

Gentamicin   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 3.535 3 1.178 F (3, 8) = 161.6 P<0.0001 

Residual (within columns) 0.05833 8 0.007291 

  Total 3.594 11 

   

 

200mg/kg bw   
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.810 3 0.9367 F (3, 8) = 182.3 P<0.0001 

Residual (within columns) 0.04112 8 0.005140 

  Total 2.851 11 

   

 

400mg/kg bw   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.569 3 0.8562 F (3, 8) = 308.5 P<0.0001 

Residual (within columns) 0.02221 8 0.002776 

  Total 2.591 11 

   

 

Eosinophils  

Normal control   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.079e-005 3 3.598e-006 F (3, 8) = 0.9834 P=0.4477 

Residual (within columns) 2.927e-005 8 3.659e-006 

  Total 4.006e-005 11 

   

 

Negative control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.002039 3 0.0006798 F (3, 8) = 24.15 P=0.0002 

Residual (within columns) 0.0002252 8 2.815e-005 

  Total 0.002264 11 

   

 

Gentamicin  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0008662 3 0.0002887 F (3, 8) = 23.34 P=0.0003 

Residual (within columns) 9.896e-005 8 1.237e-005 

  Total 0.0009651 11 

   

 

200mg/kg bw   
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001130 3 0.0003766 F (3, 8) = 19.21 P=0.0005 

Residual (within columns) 0.0001568 8 1.960e-005 

  Total 0.001287 11 

   

 

400mg/kg bw   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0005129 3 0.0001710 F (3, 8) = 25.26 P=0.0002 

Residual (within columns) 5.415e-005 8 6.769e-006 

  Total 0.0005670 11 

   

 

Basophils 

Normal control   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.004338 3 0.001446 F (3, 8) = 4.874 P=0.0326 

Residual (within columns) 0.002374 8 0.0002967 

  Total 0.006712 11 

   

 

Negative control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.9121 3 0.3040 F (3, 8) = 62.41 P<0.0001 

Residual (within columns) 0.03897 8 0.004871 

  Total 0.9511 11 

   

 

Gentamicin   

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1881 3 0.06272 F (3, 8) = 32.88 P<0.0001 

Residual (within columns) 0.01526 8 0.001908 

  Total 0.2034 11 

   

 

200mg/kg bw   



194 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1565 3 0.05215 F (3, 8) = 35.52 P<0.0001 

Residual (within columns) 0.01175 8 0.001468 

  Total 0.1682 11 

   

 

400mg/kg bw  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1623 3 0.06222 F (3, 8) = 37.67 P<0.0001 

Residual (within columns) 0.0124 8 0.001666 

  Total 0.1772 11 

   

 

Appendix IX: Effect of aqueous extract of Termitomyces striatus on levels of IL-

4 in BALB/c mice infected with E. coli 

IL-4 

Day 0 

 

Normal 

control 

Negativ

e  

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 8.309 8.261 8.425 8.219 8.416 

Std. Deviation 0.3034 0.1548 0.3947 0.1993 0.2376 

Std. Error of 

Mean 0.1517 0.07741 0.1973 0.09965 0.1188 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1357 4 0.03393 F (4, 15) = 0.4610 P=0.7633 

Residual (within columns) 1.104 15 0.07360 

  Total 1.240 19 

   

 

Day 7 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 
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Number of 

values 4 4 4 4 4 

Mean 8.208 4.665 6.353 6.552 6.763 

Std. Deviation 0.1801 0.4573 0.2957 0.3186 0.2065 

Std. Error of 

Mean 0.09004 0.2287 0.1479 0.1593 0.1033 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 25.52 4 6.380 F (4, 15) = 67.41 P<0.0001 

Residual (within columns) 1.420 15 0.09464 

  Total 26.94 19 

   

 

Day 14 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 8.249 4.487 6.366 6.448 6.922 

Std. Deviation 0.3233 0.2235 0.2344 0.1646 0.1586 

Std. Error of 

Mean 0.1616 0.1117 0.1172 0.08228 0.07932 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 29.24 4 7.310 F (4, 15) = 139.7 P<0.0001 

Residual (within columns) 0.7849 15 0.05233 

  Total 30.03 19 

   

 

Day 21 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 8.361 4.551 6.500 6.632 7.016 

Std. Deviation 0.2480 0.3138 0.2123 0.1001 0.1680 

Std. Error of 

Mean 0.1240 0.1569 0.1062 0.05004 0.08401 
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 29.93 4 7.482 F (4, 15) = 153.8 P<0.0001 

Residual (within columns) 0.7298 15 0.04866 

  Total 30.66 19 

   

 

Analysis across treatment period 

Normal control 

ANOVA table SS 

D

F MS F (DFn, DFd) P value 

Treatment (between 

columns) 

0.0535

4 3 

0.0178

5 

F (1.996, 5.987) = 

0.1983 

P=0.824

9 

Individual (between rows) 

0.0625

0 3 

0.0208

3 F (3, 9) = 0.2315 

P=0.872

2 

Residual (random) 0.8099 9 

0.0899

8 

  Total 0.9259 15 

   

 

Negative control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 41.00 3 13.67 F (2.102, 6.307) = 180.7 P<0.0001 

Individual (between rows) 0.4637 3 0.1546 F (3, 9) = 2.045 P=0.1782 

Residual (random) 0.6804 9 0.07560 

  Total 42.14 15 

   

 

Gentamicin control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 12.28 3 4.094 F (1.586, 4.757) = 49.56 P=0.0008 

Individual (between rows) 0.2858 3 0.09527 F (3, 9) = 1.153 P=0.3796 

Residual (random) 0.7434 9 0.08260 

  Total 13.31 15 

   

 

200mg/kg bw 
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 8.481 3 2.827 F (1.103, 3.308) = 71.79 P=0.0023 

Individual (between rows) 0.1811 3 0.06037 F (3, 9) = 1.533 P=0.2718 

Residual (random) 0.3544 9 0.03937 

  Total 9.016 15 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 7.025 3 2.342 F (1.310, 3.930) = 60.64 P=0.0014 

Individual (between rows) 0.1096 3 0.03653 F (3, 9) = 0.9462 P=0.4583 

Residual (random) 0.3475 9 0.03861 

  Total 7.482 15 

   

 

Appendix X: Effect of aqueous extract of Termitomyces striatus on levels of INF-

γ in E. coli-infected  BALB/c mice 

INF-gamma 

Day 0 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 6.759 6.701 6.582 6.795 6.775 

Std. Deviation 0.2855 0.2795 0.1181 0.1806 0.2004 

Std. Error of 

Mean 0.1428 0.1397 0.05906 0.09030 0.1002 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1178 4 0.02946 F (4, 15) = 0.5979 P=0.6698 

Residual (within columns) 0.7390 15 0.04927 

  Total 0.8568 19 

   

 

Day 7 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 
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Number of 

values 4 4 4 4 4 

Mean 6.635 3.323 4.755 5.063 5.584 

Std. Deviation 0.2549 0.2850 0.1357 0.1764 0.1292 

Std. Error of 

Mean 0.1275 0.1425 0.06786 0.08822 0.06460 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 23.45 4 5.863 F (4, 15) = 138.0 P<0.0001 

Residual (within columns) 0.6373 15 0.04249 

  Total 24.09 19 

   

Day 14 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 6.845 3.382 5.033 5.106 5.790 

Std. Deviation 0.09993 0.4335 0.2143 0.3599 0.1790 

Std. Error of 

Mean 0.04997 0.2168 0.1072 0.1800 0.08952 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 25.57 4 6.393 F (4, 15) = 78.83 P<0.0001 

Residual (within columns) 1.216 15 0.08110 

  Total 26.79 19 

   

 

Day 21 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 6.620 3.277 5.222 5.401 5.824 

Std. Deviation 0.2254 0.4233 0.3104 0.1700 0.1056 

Std. Error of 

Mean 0.1127 0.2116 0.1552 0.08500 0.05281 

 



199 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 24.48 4 6.120 F (4, 15) = 83.53 P<0.0001 

Residual (within columns) 1.099 15 0.07327 

  Total 25.58 19 

   

 

Across treatment analysis 

Normal control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1372 3 0.04574 F (2.214, 6.643) = 1.412 P=0.3118 

Individual (between rows) 0.3305 3 0.1102 F (3, 9) = 3.402 P=0.0670 

Residual (random) 0.2915 9 0.03239 

  Total 0.7592 15 

   

 

Negative control  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 34.17 3 11.39 F (1.495, 4.484) = 93.04 P=0.0003 

Individual (between rows) 0.4765 3 0.1588 F (3, 9) = 1.298 P=0.3338 

Residual (random) 1.102 9 0.1224 

  Total 35.75 15 

   

 

Gentamicin control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 7.918 3 2.639 F (1.610, 4.830) = 105.3 P=0.0001 

Individual (between rows) 0.2980 3 0.09935 F (3, 9) = 3.965 P=0.0470 

Residual (random) 0.2255 9 0.02506 

  Total 8.442 15 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 7.997 3 2.666 F (1.464, 4.391) = 54.45 P=0.0010 

Individual (between rows) 0.2257 3 0.07522 F (3, 9) = 1.537 P=0.2710 

Residual (random) 0.4406 9 0.04895 

  Total 8.663 15 
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400mg/kg bw 

ANOVA table SS 

D

F MS F (DFn, DFd) P value 

Treatment (between 

columns) 8.675 3 2.6845 

F (1.465, 4.3543) = 

56.32 

P=0.000

1 

Individual (between rows) 

0.212

4 3 0.07542 F (3, 9) = 1.4323 

P=0.051

0 

Residual (random) 

0.432

3 9 

0.04765

4 

  Total 8.673 15 

   

 

Appendix XI: Effect of aqueous extract of Termitomyces striatus on levels of IgG 

in BALB/c mice infected with E. coli 

IgG 

Day 0 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 88.05 84.44 85.62 86.76 87.45 

Std. Deviation 6.859 3.207 5.301 6.219 7.393 

Std. Error of 

Mean 3.429 1.603 2.651 3.109 3.696 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 33.51 4 8.377 F (4, 15) = 0.2343 P=0.9147 

Residual (within columns) 536.3 15 35.75 

  Total 569.8 19 

   

 

Day 7 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 89.46 107.0 124.7 121.4 127.0 

Std. Deviation 6.602 2.210 4.102 4.932 3.493 
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Std. Error of 

Mean 3.301 1.105 2.051 2.466 1.747 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 3963 4 990.7 F (4, 15) = 48.65 P<0.0001 

Residual (within columns) 305.5 15 20.37 

  Total 4268 19 

   

 

Day 14 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 87.28 113.5 150.2 149.0 164.8 

Std. Deviation 6.971 2.314 2.313 2.059 4.209 

Std. Error of 

Mean 3.485 1.157 1.157 1.029 2.105 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 16147 4 4037 F (4, 15) = 248.4 P<0.0001 

Residual (within columns) 243.7 15 16.25 

  Total 16390 19 

   

 

Day 21 

 

Normal 

control 

Negative 

control 

Gentamicin 

control 

200mg/kg 

bw 

400mg/kg 

bw 

Number of 

values 4 4 4 4 4 

Mean 86.89 132.0 179.2 173.2 193.0 

Std. Deviation 4.437 3.237 6.504 2.277 9.093 

Std. Error of 

Mean 2.219 1.618 3.252 1.138 4.546 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 30009 4 7502 F (4, 15) = 234.0 P<0.0001 
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Residual (within columns) 481.0 15 32.07 

  Total 30490 19 

   

 

Analysis across treatment period 

Normal control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 15.46 3 5.153 F (1.954, 5.861) = 0.1191 P=0.8859 

Individual (between rows) 87.17 3 29.06 F (3, 9) = 0.6713 P=0.5908 

Residual (random) 389.6 9 43.29 

  Total 492.2 15 

   

 

Negative control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 4626 3 1542 F (2.001, 6.002) = 195.3 P<0.0001 

Individual (between rows) 21.94 3 7.314 F (3, 9) = 0.9264 P=0.4667 

Residual (random) 71.05 9 7.895 

  Total 4719 15 

   

 

Gentamicin control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 18899 3 6300 F (1.942, 5.826) = 338.4 P<0.0001 

Individual (between rows) 110.2 3 36.72 F (3, 9) = 1.972 P=0.1887 

Residual (random) 167.6 9 18.62 

  Total 19177 15 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 16562 3 5521 F (2.002, 6.006) = 334.1 P<0.0001 

Individual (between rows) 68.55 3 22.85 F (3, 9) = 1.383 P=0.3097 

Residual (random) 148.7 9 16.52 

  Total 16779 15 
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400mg/kg bw  

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 25273 3 8424 F (1.371, 4.113) = 225.6 P<0.0001 

Individual (between rows) 165.6 3 55.21 F (3, 9) = 1.478 P=0.2850 

Residual (random) 336.1 9 37.35 

  Total 25774 15 

   

 

Appendix XII: Effect of aqueous extract of Termitomyces striatus on total and 

differential  

leukocyte counts following cyclophosphamide-induced immunosuppression in 

BALB/c mice 

Day 0 

WBC 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 7.260 7.082 7.361 7.165 

Std. Deviation 0.3317 0.3985 0.4721 0.4588 

Std. Error of Mean 0.1915 0.2300 0.2725 0.2649 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.1300 3 0.04333 F (3, 8) = 0.2469 P=0.8614 

Residual (within columns) 1.404 8 0.1755 

  Total 1.534 11 

   

 

Neutrophils  

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.5733 0.5633 0.6133 0.5967 

Std. Deviation 0.03535 0.06110 0.07506 0.04933 

Std. Error of Mean 0.02041 0.03528 0.04333 0.02848 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.004600 3 0.001533 F (3, 8) = 0.4700 P=0.7115 
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Residual (within columns) 0.02610 8 0.003262 

  Total 0.03070 11 

   

 

Lymphocytes 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 6.577 6.403 6.630 6.457 

Std. Deviation 0.3722 0.3855 0.4440 0.5090 

Std. Error of Mean 0.2149 0.2226 0.2563 0.2938 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.09867 3 0.03289 F (3, 8) = 0.1770 P=0.9090 

Residual (within columns) 1.487 8 0.1858 

  Total 1.585 11 

   

 

Monocytes 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.06667 0.07167 0.07200 0.06567 

Std. Deviation 0.009866 0.008505 0.01664 0.004726 

Std. Error of Mean 0.005696 0.004910 0.009609 0.002728 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 9.800e-005 3 3.267e-005 F (3, 8) = 0.2786 P=0.8394 

Residual (within columns) 0.0009380 8 0.0001173 

  Total 0.001036 11 

   

 

Eosinophils 

 

Negative control Levamisole control 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.03200 0.03233 0.03333 0.03333 

Std. Deviation 0.002000 0.002517 0.003512 0.003055 

Std. Error of Mean 0.001155 0.001453 0.002028 0.001764 
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 4.250e-006 3 1.417e-006 F (3, 8) = 0.1771 P=0.9090 

Residual (within columns) 6.400e-005 8 8.000e-006 

  Total 6.825e-005 11 

   

 

Basophils 

 

Negative control Levamisole control 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.01100 0.01167 0.01200 0.01233 

Std. Deviation 0.001732 0.001528 0.001000 0.0005774 

Std. Error of Mean 0.001000 0.0008819 0.0005774 0.0003333 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.917e-006 3 9.722e-007 F (3, 8) = 0.5833 P=0.6425 

Residual (within columns) 1.333e-005 8 1.667e-006 

  Total 1.625e-005 11 

   

 

Day 4 

WBC 

 

Negative control Levamisole control 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 1.568 3.079 2.739 3.058 

Std. Deviation 0.2728 0.3491 0.2900 0.2618 

Std. Error of Mean 0.1575 0.2016 0.1674 0.1512 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 4.567 3 1.522 F (3, 8) = 17.45 P=0.0007 

Residual (within columns) 0.6979 8 0.08724 

  Total 5.265 11 

   

 

Neutrophils 



206 

 

 

Negative control Levamisole control 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.09200 0.1680 0.1727 0.1753 

Std. Deviation 0.004583 0.01609 0.02354 0.02212 

Std. Error of Mean 0.002646 0.009292 0.01359 0.01277 

 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.01448 3 0.004828 F (3, 8) = 14.59 P=0.0013 

Residual (within columns) 0.002647 8 0.0003309 

  Total 0.01713 11 

   

 

Lymphocytes 

 

Negative control Levamisole control 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 1.463 2.847 2.507 2.820 

Std. Deviation 0.2739 0.3398 0.3066 0.2443 

Std. Error of Mean 0.1581 0.1962 0.1770 0.1411 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 3.793 3 1.264 F (3, 8) = 14.69 P=0.0013 

Residual (within columns) 0.6884 8 0.08605 

  Total 4.481 11 

   

 

Monocytes 

 

Negative control Levamisole control 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.01100 0.04633 0.04467 0.04367 

Std. Deviation 0.002646 0.003055 0.004041 0.003786 

Std. Error of Mean 0.001528 0.001764 0.002333 0.002186 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.002595 3 0.0008650 F (3, 8) = 73.61 P<0.0001 
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Residual (within columns) 9.400e-005 8 1.175e-005 

  Total 0.002689 11 

   

 

Eosinophils  

 

Negative control Levamisole control 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.001067 0.01500 0.01167 0.01567 

Std. Deviation 0.0001155 0.002646 0.003055 0.001528 

Std. Error of Mean 6.667e-005 0.001528 0.001764 0.0008819 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0004104 3 0.0001368 F (3, 8) = 29.29 P=0.0001 

Residual (within columns) 3.736e-005 8 4.670e-006 

  Total 0.0004478 11 

   

 

Basophils  

 

Negative control Levamisole control 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.001000 0.002900 0.003033 0.003600 

Std. Deviation 0.0001000 0.0005000 0.0003215 0.0004000 

Std. Error of Mean 5.774e-005 0.0002887 0.0001856 0.0002309 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.150e-005 3 3.833e-006 F (3, 8) = 29.30 P=0.0001 

Residual (within columns) 1.047e-006 8 1.308e-007 

  Total 1.255e-005 11 

   

 

Day 7 

WBC 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 2.051 3.631 3.340 3.436 
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Std. Deviation 0.1488 0.2377 0.2707 0.1500 

Std. Error of Mean 0.08592 0.1373 0.1563 0.08660 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 4.656 3 1.552 F (3, 8) = 35.59 P<0.0001 

Residual (within columns) 0.3489 8 0.04361 

  Total 5.005 11 

   

 

Neutrophils 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.1937 0.2993 0.2837 0.2943 

Std. Deviation 0.007506 0.01097 0.009609 0.01716 

Std. Error of Mean 0.004333 0.006333 0.005548 0.009905 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.02234 3 0.007446 F (3, 8) = 52.87 P<0.0001 

Residual (within columns) 0.001127 8 0.0001408 

  Total 0.02346 11 

   

 

Lymphocytes 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 1.843 3.270 3.000 3.073 

Std. Deviation 0.1553 0.2443 0.2606 0.1650 

Std. Error of Mean 0.08969 0.1411 0.1504 0.09528 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 3.752 3 1.251 F (3, 8) = 27.96 P=0.0001 

Residual (within columns) 0.3579 8 0.04474 

  Total 4.110 11 
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Monocytes 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.01167 0.04867 0.04400 0.05267 

Std. Deviation 0.003215 0.002517 0.005000 0.006506 

Std. Error of Mean 0.001856 0.001453 0.002887 0.003756 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.003156 3 0.001052 F (3, 8) = 50.10 P<0.0001 

Residual (within columns) 0.0001680 8 2.100e-005 

  Total 0.003324 11 

   

 

Eosinophils 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.001300 0.008333 0.008333 0.01000 

Std. Deviation 0.0004359 0.001528 0.001528 0.001000 

Std. of Mean 0.0002517 0.0008819 0.0008819 0.0005774 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0001351 3 4.505e-005 F (3, 8) = 30.77 P<0.0001 

Residual (within columns) 1.171e-005 8 1.464e-006 

  Total 0.0001468 11 

   

 

Basophils 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.001033 0.005000 0.003567 0.005533 

Std. Deviation 0.0001528 0.001000 0.0008145 0.0006429 

Std. Error of Mean 8.819e-005 0.0005774 0.0004702 0.0003712 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 3.646e-005 3 1.215e-005 F (3, 8) = 23.15 P=0.0003 
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Residual (within columns) 4.200e-006 8 5.250e-007 

  Total 4.066e-005 11 

   

 

Day 14 

WBC 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 2.516 5.304 4.750 5.078 

Std. Deviation 0.3404 0.2271 0.2212 0.3259 

Std. Error of Mean 0.1965 0.1311 0.1277 0.1881 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 14.84 3 4.946 F (3, 8) = 61.34 P<0.0001 

Residual (within columns) 0.6450 8 0.08063 

  Total 15.48 11 

   

 

Neutrophils 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.2250 0.4120 0.3933 0.4037 

Std. Deviation 0.02364 0.04257 0.03786 0.03011 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.07181 3 0.02394 F (3, 8) = 20.33 P=0.0004 

Residual (within columns) 0.009421 8 0.001178 

  Total 0.08124 11 

   

 

Lymphocytes 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 2.277 4.807 4.283 4.593 

Std. Deviation 0.3403 0.2574 0.2098 0.3516 

Std. Error of Mean 0.1965 0.1486 0.1212 0.2030 
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ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 12.16 3 4.053 F (3, 8) = 46.35 P<0.0001 

Residual (within columns) 0.6995 8 0.08743 

  Total 12.86 11 

   

 

Monocytes 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.01233 0.05267 0.04960 0.05133 

Std. Deviation 0.003512 0.004509 0.001652 0.002517 

Std. Error of Mean 0.002028 0.002603 0.0009539 0.001453 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.003413 3 0.001138 F (3, 8) = 109.1 P<0.0001 

Residual (within columns) 8.346e-005 8 1.043e-005 

  Total 0.003497 11 

   

 

Eosinophils 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.001300 0.02400 0.01700 0.02133 

Std. Deviation 0.0003000 0.003606 0.003000 0.002887 

Std. Error of Mean 0.0001732 0.002082 0.001732 0.001667 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0009285 3 0.0003095 F (3, 8) = 40.69 P<0.0001 

Residual (within columns) 6.085e-005 8 7.606e-006 

  Total 0.0009893 11 

   

 

Basophils 

 

Negative control Levamisolecontrol 200mg/kg bw 400mg/kg bw 

Number of values 3 3 3 3 

Mean 0.001067 0.008333 0.007000 0.008000 
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Std. Deviation 0.0001528 0.001155 0.001000 0.001000 

Std. Error of Mean 8.819e-005 0.0006667 0.0005774 0.0005774 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0001042 3 3.474e-005 F (3, 8) = 41.40 P<0.0001 

Residual (within columns) 6.713e-006 8 8.392e-007 

  Total 0.0001109 11 

   

 

Analysis across treatment period 

WBC 

Negative control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 58.67 3 19.56 F (3, 8) = 228.0 P<0.0001 

Residual (within columns) 0.6862 8 0.08578 

  Total 59.35 11 

   

 

Levamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 26.46 3 8.486 F (3, 8) = 93.32 P<0.0001 

Residual (within columns) 0.7763 8 0.08123 

  Total 28.64 11 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 29.93 3 9.978 F (3, 8) = 78.89 P<0.0001 

Residual (within columns) 1.012 8 0.1265 

  Total 30.94 11 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 29.93 3 9.978 F (3, 8) = 78.89 P<0.0001 
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Residual (within columns) 1.012 8 0.1265 

  Total 30.94 11 

   

 

Neutrophils 

Negative control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3398 3 0.1133 F (3, 8) = 145.7 P<0.0001 

Residual (within columns) 0.006220 8 0.0007775 

  Total 0.3460 11 

   

Levamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.2538 3 0.08459 F (3, 8) = 57.11 P<0.0001 

Residual (within columns) 0.01185 8 0.001481 

  Total 0.2656 11 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.3152 3 0.1051 F (3, 8) = 60.21 P<0.0001 

Residual (within columns) 0.01396 8 0.001745 

  Total 0.3292 11 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.2883 3 0.09611 F (3, 8) = 93.23 P<0.0001 

Residual (within columns) 0.008247 8 0.001031 

  Total 0.2966 11 

   

 

Lymphocytes 

Negative control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 48.56 3 16.19 F (3, 8) = 179.8 P<0.0001 
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Residual (within columns) 0.7204 8 0.09005 

  Total 49.28 11 

   

 

Levamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 22.68 3 7.560 F (3, 8) = 76.94 P<0.0001 

Residual (within columns) 0.7860 8 0.09825 

  Total 23.47 11 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 30.72 3 10.24 F (3, 8) = 101.6 P<0.0001 

Residual (within columns) 0.8061 8 0.1008 

  Total 31.52 11 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 24.77 3 8.257 F (3, 8) = 70.33 P<0.0001 

Residual (within columns) 0.9392 8 0.1174 

  Total 25.71 11 

   

 

Monocytes 

Negative control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.004185 3 0.001395 F (3, 8) = 37.70 P<0.0001 

Residual (within columns) 0.0002960 8 3.700e-005 

  Total 0.004481 11 

   

Levamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001599 3 0.0005330 F (3, 8) = 20.43 P=0.0004 

Residual (within columns) 0.0002087 8 2.608e-005 

  Total 0.001808 11 
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200mg/kg bw 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.02528 3 0.008427 F (3, 8) = 0.9423 P=0.4644 

Residual (within columns) 0.07154 8 0.008943 

  Total 0.09682 11 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.06430 3 0.02143 F (3, 8) = 0.6627 P=0.5979 

Residual (within columns) 0.2587 8 0.03234 

  Total 0.3230 11 

   

 

Eosinophils 

Negative control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001952 3 0.0006505 F (3, 8) = 459.2 P<0.0001 

Residual (within columns) 1.133e-005 8 1.417e-006 

  Total 0.001963 11 

   

 

Levamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001319 3 0.0004398 F (3, 8) = 50.74 P<0.0001 

Residual (within columns) 6.933e-005 8 8.667e-006 

  Total 0.001389 11 

   

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.001401 3 0.0004670 F (3, 8) = 71.84 P<0.0001 

Residual (within columns) 5.200e-005 8 6.500e-006 

  Total 0.001453 11 
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400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0008757 3 0.0002919 F (3, 8) = 1.369 P=0.3202 

Residual (within columns) 0.001706 8 0.0002133 

  Total 0.002582 11 

   

 

Basophils 

Negative control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0002195 3 7.318e-005 F (3, 8) = 96.39 P<0.0001 

Residual (within columns) 6.073e-006 8 7.592e-007 

  Total 0.0002256 11 

   

 

Levamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0001432 3 4.774e-005 F (3, 8) = 38.84 P<0.0001 

Residual (within columns) 9.833e-006 8 1.229e-006 

  Total 0.0001531 11 

   

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0001617 3 5.390e-005 F (3, 8) = 77.92 P<0.0001 

Residual (within columns) 5.533e-006 8 6.917e-007 

  Total 0.0001672 11 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.0001373 3 4.575e-005 F (3, 8) = 95.98 P<0.0001 

Residual (within columns) 3.813e-006 8 4.767e-007 

  Total 0.0001411 11 
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XIII: Effect of aqueous extract of Termitomyces striatus on foot pad 

circumference following induction of delayed hypersensitivity response using 

sheep red blood cells in BALB/c mice paw pad diameter 

 

Day 0 

 

Negative 

control 

Levamisole 

control 

200mg/kg 

bw 

400mg/kg 

bw 

600mg/kg 

bw 

Number of 

values 6 6 6 6 6 

Mean 2.233 2.267 2.250 2.233 2.267 

Std. Deviation 0.08165 0.05164 0.05477 0.05164 0.08165 

Std. Error of 

Mean 0.03333 0.02108 0.02236 0.02108 0.03333 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.006667 4 0.001667 F (4, 25) = 0.3846 P=0.8175 

Residual (within columns) 0.1083 25 0.004333 

  Total 0.1150 29 

   

 

Day 7 hour 0 

 

Negative 

control 

Levamisolecont

rol 

200mg/kg 

bw 

400mg/kg 

bw 

600mg/kg 

bw 

Number of 

values 6 6 6 6 6 

Mean 2.417 2.433 2.433 2.400 2.433 

Std. Deviation 0.07528 0.05164 0.08165 0.08944 0.1033 

Std. Error of 

Mean 0.03073 0.02108 0.03333 0.03651 0.04216 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.005333 4 0.001333 F (4, 25) = 0.1980 P=0.9371 

Residual (within columns) 0.1683 25 0.006733 

  Total 0.1737 29 

   

 

24 hours 
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Negative 

control 

Levamisolecont

rol 

200mg/kg 

bw 

400mg/kg 

bw 

600mg/kg 

bw 

Number of 

values 6 6 6 6 6 

Mean 2.733 3.083 2.950 3.000 3.067 

Std. Deviation 0.08165 0.07528 0.05477 0.08944 0.08165 

Std. Error of 

Mean 0.03333 0.03073 0.02236 0.03651 0.03333 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.4767 4 0.1192 F (4, 25) = 19.86 P<0.0001 

Residual (within columns) 0.1500 25 0.006000 

  Total 0.6267 29 

   

48 hour 

 

Negative 

control 

Levamisolecont

rol 

200mg/kg 

bw 

400mg/kg 

bw 

600mg/kg 

bw 

Number of 

values 6 6 6 6 6 

Mean 2.733 3.067 3.017 3.033 3.067 

Std. Deviation 0.08165 0.05164 0.09832 0.05164 0.08165 

Std. Error of 

Mean 0.03333 0.02108 0.04014 0.02108 0.03333 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 0.4800 4 0.1200 F (4, 25) = 21.18 P<0.0001 

Residual (within columns) 0.1417 25 0.005667 

  Total 0.6217 29 

   

 

Analysis across treatment period 

Negative control 

 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 1.101 3 0.3671 F (3, 20) = 57.21 P<0.0001 

Residual (within columns) 0.1283 20 0.006417 

  Total 1.230 23 
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Levamisole control 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 3.238 3 1.079 F (3, 20) = 315.9 P<0.0001 

Residual (within columns) 0.06833 20 0.003417 

  Total 3.306 23 

   

 

200mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 2.585 3 0.8615 F (3, 20) = 154.3 P<0.0001 

Residual (within columns) 0.1117 20 0.005583 

  Total 2.696 23 

   

 

400mg/kg bw 

ANOVA table SS DF MS F (DFn, DFd) P value 

Treatment (between columns) 3.027 3 1.009 F (3, 20) = 189.2 P<0.0001 

Residual (within columns) 0.1067 20 0.005333 

  Total 3.133 23 
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Appendix V: Published Papers 
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