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5-1 Conclusions 

1. There is an obvious antibacterial activity for the crude 

polysaccharide extract of Pleurotus oyster (local and 

commercial isolates) against gram-positive and gram-negative 

bacteria. 

2. The crude polysaccharide extract of local isolate (Pleurotus 

oyster) exhibit a remarkable immunomodulating effect for the 

host immunity. 

3.  A good antitumor activity exhibited by the crude 

polysaccharide extract of the local isolate of Pleurotus oyster. 

4. Pleurotus oyster (local isolate) polysaccharide extract has a 

good stimulating effect on growth of normal cell culture. 
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5-2 Recommendations 

1. Performing further studies on the biological activity of 

Pleurotus oyster polysaccharide extract. 

2. Performing studies on treatment of different cancer patients 

by Pleurotus oyster polysaccharide extract. Since 

polysaccharide has no side effect compared with 

chemotherapy, which decrease the body’s general defense 

mechanism. 

3. Increasing consumption of mushroom because it may avoid 

the infection with many diseases. 

4. Further purification for the crude polysaccharide extract and 

detect which is portion has the biological activity. 
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Figure (4-2) Cytotoxic effect of wild Pleurotus oyster crude 

polysaccharide on chick-embryo fibroblast cell 
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Figure (4-3) Cytotoxic effect of wild Pleurotus oyster crude 
polysaccharide on myloma cell-line. 
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Introduction 

       The use of botanical products in drug development involves the 

identification and extraction of active components.  

The therapeutic use of plant extracts is among the oldest medicinal 

practices. It is a central feature of many forms of folk and traditional 

medicine, and it is used in the treatment of many disorders. Botanical 

products are also the source of much of the mainstream 

pharmaceuticals in the world [Bensky  Gamble , 1993].  

      Mushroom therapeutically offers effective new tools for 

maximizing personal health in the human population without the toxic 

side effects common in many of the conventional treatment [Gordon 

et. al., 1998].  

Recent studies on mushroom extracts revealed their antimicrobial, 

anticholestrolic and tumoricidal effect of such extracts, and they 

revealed that the hot water extract exhibits potent anticancer activity 

[Ebina et. al., 1998].  

    Chromatographic purification of mushroom extract showed that the 

main antimicrobial and tumoricidal activity in fractions containing 

alpha-1,4-glucan-beta-1,6-glucan complex. The crude mushroom extr-

acts and its fractions showed an in vitro selective cytotoxic for tumor 

cell line, and having no effect on normal cell line [Fujimiya et. al., 

1999]. 

    Since currently available anticancer agents have not compacted 

significantly on the survival of the majority of the patient with tumor, 

novel therapeutic stratigies are needed. One of these therapeutic 
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strategies is using polysaccharide extract of mushroom [Eckhardt, 

1996].  

In Japan, Russia, China and USA several different antitumor 

polysaccharide was developed from fruiting bodies and culture 

medium of various medical mushrooms like: Lentinus edodes, 

Pleurotus oyster and Ganoderma lucidum [Wasser et. al., 1999]. 

Relatively few studies are available on the biological activity of 

mushroom polysaccharide extract [Britten et. al., 2000]. 

    So this study aimed to extraction and purification of mushroom 

polysaccharide using local and commercial isolates of Pleurotus 

oyster mushroom, and then tests its biological activities. 

 



 III

List of Contents 

 

No. Subjects Page No. 

 List of Tables and Figures V 
Chapter One: Introduction  

 Introduction 1 
Chapter Two: Literature Review 

2-1 Mushroom  as Plant Derived Drug 3 

2-2 
Extractions and Purification of Crude Mushroom Polysaccharide 
Extract 

6 

2-3 Natural Products as Anticancer Agents 7 
2-4 Medicinal Mushroom and Host Immune Response 9 

2-5 
Antitumor and Modulatory Active Polysaccharide from Different 
Sources of Organisms  

10 

2-6 Mechanism of Action of Antitumor Substances 13 
2-7 Pleurotus Mushroom 15 
2-8 Antimicrobial Activity of Mushroom Polysaccharide 16 
2-9 Biochemical Prophage Induction Assay (BIA) 17 
2-10 Lymphocyte Transformation 18 
2-11 Cytotoxic Assay 19 

Chapter Three: Materials and Methods 
3-1 Equipment and Apparatus 22 
3-2 Chemical and Biological Materials 23 
3-3 Extraction of Mushroom Polysaccharide 24 

3-3-1 Organisms 24 
3-3-2 Extraction Method  24 
3-4 Characterization of Crude Mushroom Extract 25 

3-4-1 Molish Test 25 
3-4-2 Phenol-H2SO4 Test 25 

3-5 Purification of Crude Mushroom Extracts 26 

3-5-1 
Preparation of Gel Filtration Column Using Sepharose CL-
6B 

26 

3-5-2 Introduction of Sample to Sepharose-CL Column 26 

3-5-3 
Determination of Total Carbohydrates of Mushroom Extract 
Fractions 

27 

3-6 Antibacterial Test 29 

3-6-1 Bacteria 29 

3-6-2 Media and Solution 29 



 IV

3-6-3 Procedure 29 

3-7 Biochemical Prophage Induction Assay (BIA) 30 

3-7-1 Bacteria 30 

3-7-2 Media and Solution 30 

3-7-3 Procedure 32 

3-8 Lymphocyte Transformation Assay 34 

3-8-1 Stock Solutions 34 

3-8-2 Procedure 36 

3-9 Cytotoxic Assay  38 

3-9-1 Stock Solutions 38 

3-9-2 Types of Cell Culture 40 

3-9-3 Procedure  41 
Chapter Four: Results and Discussion 

4-1 
Isolation of Crude Polysaccharide from Pleurotus 
oyster Mushroom  

42 

4-2 Identification of Crude Mushroom Extract 43 

4-3 
Purification of Crude Mushroom Extract Using Gel 
Filtration 

44 

4-4 The Antibacterial Test 47 

4-5 Biochemical Prophge Induction Assay for Mushroom Extract 49 

4-6 Lymphocyte Transformation Assay  50 

4-7 Cytotoxic Assay of Crude Polysaccharide Extract 53 
Chapter Five: Conclusions and Recommendations 

5-1 Conclusions 60 

5-2 Recommendations 61 

 References 62 
 



 V

List of Figures and Table 

 

No. Subjects Page No. 

List of Figures 

3-1 Glucose Standard Curve 28 

4-1 
Gel filtration of local type Pleurotus oyster Mushroom 
polysaccharide extract using Sepharose CL-6B 

46 

4-2 
Cytotoxic effect of wild Pleurotus oyster crude polysaccharide on 
chick-embryo fibroblast cell 

54 

4-3 
Cytotoxic effect of wild Pleurotus oyster crude polysaccharide 
on myloma cell-line. 

57 

List Of Table 

4-1 
The effect of crude polysaccharide extract of wild type mushroom 
on lymphocyte transformation. 

52 

 



Chapter Two   Literature Review 

 3 

 

Literature Review 

 

2.1 Mushroom as Plant Derived Drug 

 Natural products served humankind as the source of all drugs 

and higher plants provided most of these therapeutic agents. Today, 

natural products and their derivatives still represent over 50% of all 

drugs in clinical use. Higher plant-derived natural products 

representing 25% of them [Balandrin et.  al., 1993]. Further evidence 

of the importance of natural products is provided by the fact that 

almost half of 25% best pharmaceuticals were either natural products 

or their derivatives [O'Neill et.  al., 1993]. 

Mushroom extracts represented one kind of plant-derived natural 

drugs.  

There are several types of fungi such as; black bread mold, sac 

fungi, club fungi and others. Mushroom is one kind of club fungi 

which has an economically importance [Sylvia, 1998]. There are 

many nutritional kinds of mushroom, for example: Agaricus bisporus 

(white bottom mushroom), Pleurotus species, Lentinus edodes 

(Japanese or shiitake mushroom), Volvariella volvacca (Chinese or 

straw mushroom) and Auricularia species [Al-Doori, 1996]. 

The use of mushroom in food and medicine dates back to 2000 

years ago, and today more than 1.2 million metric tons are produced 

annually. There are about 10,000 known species of mushroom and 

about 700 of these have been determined to be edible [Wasser and 
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Wies, 1999]. The nutritional kind of mushroom characterized by its 

good flavor, taste, and contianance of all essential components of 

perfect, balanced food [Al-Doori, 1996]. The edible mushroom 

contains low rate of lipids so it is representing an important food for 

fatty people, heart disease and hypertensive patients [Khan and 

Kausar, 1981; Sohi, 1988; Flegg, 1992; Chelawat and Choudhary, 

1994].  

Pleurotus mushroom characterize by its simple and low cost of 

technical production and high protein content that exceeded a lot of 

edible fungi [Chang et.  al., 1981; Rajarathanam and Bano, 1988] 

Pleurotus, Reishi, Maitake, Cordycepes, and Coriolus mushrooms are 

of particular interest. These types produce a variety of complex active 

compounds which have been shown many functions such as: 

a) Increased survival of gastric cancer patients. 

b) Antibacterial, antiviral, and antiparasitic action. 

c) Immunomodulatory compounds. 

d) Block the carcinogenic activity of N-nitro compounds. 

e) Improved liver function in hepatitis patients. 

f) Stimulate and regulate the cardiovascular and respiratory systems. 

g) Protect against radiation. 

 

The exact mechanism of action of medicinal mushroom is only now 

beginning to be elucidated. Much of the activity is likely due to the 

presence of complex polysaccharides such as β-glucans which have 

cell surface activity. The action of these polysaccharides on tissue 

communication via cytokines and other biochemical intermediates 
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[Internet I]. Immunoceuticals can be considered as substances having 

immunotherapeutic activity when taken orally. More than 50 

mushroom species have yielded potential immunoceuticals that 

exhibit anticancer activity in vitro or in vivo in animal models. For 

many years, humanity continuously looking for larger life span and 

better quality of life, but cancer continues to be scourge of humanity 

and leading to early death; now a day another dimension of anticancer 

therapy is available [Internet  IV]. 

Immunotherapy means the body immunodefences that can carry 

out their natural function of eliminating abnormal tissue from the 

body. The tools of immunotherapy are naturally-occurring substances 

which can be included in the general category of dietary supplements, 

and mushroom has been recognized for its medicinal and antitumor 

activity [Borchers et. al., 1999]. Pleurotus mushroom containing 

antitumor substances found inside its cap that obtained by extraction 

methods. This extract have been found that it have an inducer effect in 

the formation of interferon which is used in viral infection treatment 

[Rambelli and Menini, 1985; Quimio et. al ., 1990]. Because of the 

nutritional and therapeutic importance of Pleurotus mushroom it have 

been become the second nutritional fungi that have been produced in 

the world after Agaricus bisporus [Flegg, 1992; Flegg 1994]. 
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2.2 Extractions and Purification of Crude Mushroom 

Polysaccharide Extract 

The crude polysaccharide mushroom extract was isolated by 

several extraction methods such as hot water extraction, 5% sodium 

hydroxide, ammonium oxalate, and using acetic acid .  

The most useful extraction method is hot water extraction because of 

its easy to apply, their chemicals are very widely used, and finally the 

crude polysaccharide extracted by this method having a good and 

strongly biological activities [Internet II]. 

The aim of purification was to separate a certain compound from 

a pool of compounds in crude extract. 

The purified compound is a result of series of separating methods 

which were either based on the surface charge distribution such as 

precipitation by high concentration salts like ammonium sulphate, or 

by using solvent such as ethanol or acetone which both of them were 

based on the reduction of all dielectric constant of the solvent, so the 

aggregation were likely to be electrostatic and dipolar vanderwaals 

forces [Whitaker, 1972], or based on the charge density such as ion-

exchange chromatography and electrophoresis or based on the 

molecular weight like ultra filtration, dialysis, and gel filtration 

[Suelter, 1985; Scopes, 1987; Stellwagen, 1990]. 

The purpose of purify the crude polysaccharide extract is to obtain the 

most active antitumor compound in the crude mushroom extract 

[Kamasuka et. al., 1986]. 

Goro et. al., (1970). Was extracted polysaccharide extract from 

Lentinus edodes using hot water extraction method, and they obtained 
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a brown powder extract and then they purify this extract by gel 

filtration using DEAE-Cellulose column (3.5x30 cm). They obtained 

16 fractions that exhibit antitumor activity but in different degrees. 

In 2001, Yap and Ng was isolated a crude polysaccharide extract 

from certain edible mushrooms by ethanol precipitation and then they 

purify the crude extract by a combination of purification methods 

including gel filtration, ion-exchange chromatography and affinity 

chromatography. 

 

 

 

2.3 Natural Products as Anticancer Agents  

Cancer has been recognized for more than 2000 years ago, it was 

noticed by Hippocrates and Galen. However, Al–Zahrawi was 

considered as the first physician who described cancer to look a little 

like crab because of finger like projection [Yaseen, 1990]. Cancer 

cells exhibit uncontrolled and disorganized growth.  

Normal cells divided only about 50 times, while cancer cells 

enter the cell cycle repeatedly and never differentiate. It has been 

shown that cancer cells produce proteolytic enzymes that allow them 

to invade under lying and then traveling through the blood and lymph. 

Cancer cells start new tumors wherever they relocate. This process 

called metastasis [Sylvia, 1998]. 

Cancer cell have abnormal nuclei (enlarged nuclear) and have 

abnormal number of chromosomes which may be mutated and some 
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parts may be duplicated and some may be deleted [Tailor and 

Parakarma, 1995]. 

In the war of cancer, and through the history of treating cancer 

disease, natural products played an important role in the development 

of cancer chemotherapy. Between 1960 and 1982 the National Cancer 

Institute screened around 114,000 extracts from an estimated 35,000 

plant samples for anticancer activity. They initiated a new natural 

products program with a new in vitro human cancer cell line screen in 

1987 and in 1991, 28000 plant samples have been collected from over 

20 countries to screen for anticancer activity [Cragg et.  al., 1993]. 

A recent survey showed that of the 87 approved anticancer drugs 

over the past ten years, 62% are of natural origin or are modeled 

natural products parents [Cragg et.  al., 1997]. 

Among those clinically useful drugs include paclitaxel (Toxol R) 

[Kingston, 1993], vincristine (Oncovin R) [Gerzon, 1980], 

podophyllotoxin [Jardine, 1980], and camptothecin [Wall et. al., 

1993].  

These substances representing some of the most exciting new 

chemotherapeutic agents currently available for use in a clinical 

setting.Although significant progress has been made in cancer 

chemotherapy, current drugs are ineffective against much common 

cancer and often very toxic.For these reasons the discovery of new 

drugs effective against resistant sold tumor is an important and 

necessary strategy in improving chemotherapy. 
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Undoubtedly more efforts are needed to search for new cancer drugs 

with the aid of better screening methods from plants and other natural 

sources [Remers, 1980]. 

 

2.4 Medicinal Mushroom and Host Immune Response  

The immune response is a complex serious of cellular 

interactions activated by the entry of foreign antigenic materials into 

the body, such as infectious agents and variety of macromolecules. 

After processing by macrophage the antigen is presented to 

lymphocytes, which are the major effecter cells of the immune system. 

Lymphocyte activation by antigen result in proliferation and 

transformation of lymphocytes, which lead to two types of immune 

system: Cell-mediated immunity and Humoral immunity [Roitt, 

1988]. 

Since currently available anticancer agents have not compacted 

significantly on the survival of the majority of the patients with 

tumors, novel therapeutic strategies are needed. One of these 

therapeutic strategies is by using polysaccharide extract from edible 

mushroom. Medicinal mushrooms have along history of use in folk 

medicine [Eckhardt, 1996].  

In particular, mushroom useful against cancer of stomach, 

esophagus, lung, breast, leukemia, gastric intestine and colorectal 

cancer [Liang and Wang, 1999]. 

The active polysaccharide extracts from edible mushroom are 

currently the most promising class of immunoceuticals. Without 
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doubt, they are capable of simultaneously stimulating all the key 

pathways of host immunity. 

Active polysaccharide stimulates macrophage and other immune 

phagocytic activities in vivo. When mice were given charcoal 

intravenously, then fed polysaccharide extract, both the phagocytic 

activity of cells in blood and the clearance of charcoal from the 

circulation were significantly accelerated [Yang et. al., 1993]. It has 

been shown also that mushroom extract capable of stimulating killer 

cells [Mizutani et. al., 1991; Kariya et. al., 1992]. These extracts 

activate killer cells in vivo, for example, the entry of polysaccharide 

extract into human gastric tumor mass prior to surgery caused T-cells 

around the site to become tumor infiltrating and develop significantly 

enhanced cytotoxic "killer" activity directed at the tumor [Mizutani et. 

al., 1984]. These extracts also stimulate the activity of natural killer 

cells (NK) [Mizutani et.  al., 1991; Kariya et.  al., 1992]. 

 

2.5 Antitumor and Modulatory Active Polysaccharide 

from Different Sources of Organisms 

 There are certain polymers that recently been shown to act as 

potent immunomodulating agents [Tzianabos, 2000]. 

Compounds that are capable of interacting with the immune system to 

up regulate or down regulate specific aspects of the host response can 

be classified as immunomodulators.  

Immunomodulators affect with some agents such as dosage, route of 

administration, timing and frequency of administration [Tzianabos, 

2000]. 
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The type of activity of these compounds exhibit can also depend upon 

their mechanism.  

Polysaccharide derived from a variety of different microbial 

genera include Streptococcus species, Bacteriodes fragilis,  Candida 

albicans and Sacharomyces cerivisiae, have shown significant 

promise in the treatment of infectious diseases [Shapiro et. al., 1986; 

Garner et. al., 1990; Muller et. al., 1997; Schrager et. al., 1998]. 

Antitumor effects were another promising biopharmacological activity 

of polysaccharides from these sources. The earliest bacterial-derived 

polysaccharide reported to have antitumor activity was attributed to 

Serratia marcescens and became known as Shear's polysaccharide 

[Ooi and Liu, 2000]. This polysaccharide could cause extensive 

cytotoxic damage to Sarcoma 37 tumors, but it had serious side effect. 

Although many other polysaccharides from bacteria such as 

Escherichia coli, Streptococcus pyogenes (ok-432), Proteus vulgaris, 

Acetobacter xylinum and Salmonella typhimurium have also been 

reported to exhibit cytotoxicity against solid tumors [Whistler et al., 

1976]. 

One of the most significant factors of many of the derived 

bioactive polymers form medicinal mushrooms is their role as 

immunomodulators.  

Whilst have been reported that certain medicinal mushroom 

extracts have the ability to modulate key components of the immune 

system.  

The immune system plays an important role in the body's 

defense against infections and tumor formation. Moreover, the body's 
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defense against viral attack and against spontaneously arising 

malignant tumor cells comprises a dynamic orchestrated interplay of 

innate and acquired immune responses. Innate immunity (having 

macrophages, neutrophils, NK and dendretic cells as gatekeepers), is 

regulated by chemical-messengers or cytokines and by activation of 

inflammatory and acute phase responses [Chihara, 1992]. The 

mononuclear phagocyte system (example, macrophages and 

monocytes), dendritic cells and certain lymphocyte (example, natural 

killer cells) serve a number of important roles including the 

recognition and destruction of abnormal cells. Stimulated 

macrophages and natural killer (NK) cells produce cytokines such as 

interferons and others that are targeted towards destroying cancer 

cells. These are regarded as the first line in the host defense system. 

The identification of mushroom derived compounds that are capable 

of stimulating compounds of innate and acquired immunities may be 

of benefit for cancer treatment, thus these immunological activities 

play a governing role in host recognition, targeting and destroying 

unwanted tumor and cancerous cells. Induction and expression of 

cellular immunity in host resistance to cancer and microbial infections 

is representing complex interactions between antigen, macrophages, 

and lymphocytes [Borchers et. al., 1999].  

        The ability of bioactive polysaccharide and protein-bound 

polysaccharide to modulate many important immune cells may due to 

the structural diversity, variability of these macromolecules and unlike 

proteins and nucleic acid, polysaccharides contain repetitive structural 
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features which are polymers of monosaccharide residues join to each 

other by glycosidic linkages.  

Therefore, this enormous potential variability in polysaccharide 

structure gives the necessary flexibility for the precise regulatory 

mechanisms of various cell-cell interactions in higher organisms [Ooi 

and Liu, 2000]. 

 

2-6 Mechanism of Action of Antitumor Substances 

Mechanism of action of antitumor substances in cancer cells is a 

very complicated mechanism, and the understanding of such 

mechanism is not only share in the treatment of cancer patients but 

also it share in the production of an active and novel drugs of cancer 

treatment [Masuda et. al., 1988]. Some of these substances have a 

direct effect on the tumor cells, while others have an indirect effect on 

these cells by inducing the immune system of patient. So it have been 

divided the action mechanism of such substances into two classes: 

i.The Direct Effect on Tumor Cells 

A drug may interfere with the role of DNA or RNA template in 

replication or transcription directly, by reacting with it to form a 

complex, or indirectly, by causing structural alterations such as strand 

breakage, removal of bases or formation of cross links [Gale et. al., 

1981]. Such drugs called intercalator and such process called 

intercalation, and mushroom extract is considered as DNA intercalator 

[Eckhardt, 1996]. Many studies have been revealed that the direct 
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effect of the antitumor substances is by their interaction with 

macromolecules biosynthesis [Umezawa  et. al., 1983]. 

It have been shown that the most of these antitumor substances 

give their cytotoxic effect through the suppressive effect of the 

biosynthesis of the deoxyribonucleic acid (DNA) or ribonucleic acid 

(RNA) or both of them [Haskell, 1980], for example polysaccharide 

extract of illudin mushroom has a potent inhibition ability for the 

DNA synthesis, some of the antibiotics that isolated from 

Streptomyces species have an inhibition ability for DNA and RNA 

synthesis [Haskell, 1980; Jianzhe, 1987]. Such substances which 

interact with DNA cancer cells induced apoptosis [Eckhardt, 1996]. 

ii.The Indirect Effect on Tumor Cells 

Cancer is forming continuously inside the body a long the life, 

and when it formed the body removed it immediately by its 

immunological processes, and so it is demonstrating that the infection 

rates with tumor in children and old men were raised because their 

immune system dose not have an efficient capacity to face this 

disorder in their cells [AL-Saad et. al., 1990].  

Mushroom polysaccharide extract is used in the treatment of 

some cancer cases because of their excellent capacity to increase and 

raise the immune activity of the patient [Ooi et. al., 2000]. Such 

extract is noticed to increase the thymus weight, immunoglobulin G 

(IgG) content in tumor bearing mice, promoting lymphocyte 

proliferation and increased the production of interleukin II and 

interferon [Mizuno et.  al, 1992]. 
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2.7 Pleurotus Mushroom 

Pleurotus mushroom considered as wood-destroying saprophytic 

fungi that naturally found in moderate regions of the world [Wood and 

Smith, 1987].    

The biological classification of Pleurotus mushroom is: 

Division: Basidiomycetes 

Subdivision: Basidiomycotina 

Class: Hamenomycetes 

Order: Agaricales 

Family: Agaricaceae 

 

Pleurotus mushroom is characterized by the absence of the volva 

and the ring in their fruiting bodies and instead of that it seems to be 

as like as oyster, shell, spatula or reniform. 

The color of these fruiting bodies has been differing according to their 

kind and these colors are ranging among yellow, white, gray and 

brown [AL-Doori, 1996].  

Spores color of this genus is generally white, in spite of that, these 

spores may be found in another colors according to the spore print of 

fungi cap and so according to this, Guzman and his company have 

been recording that Pleurotus djamor contains two types of spores and 

one of them white and the other is brown to pinkish color [Guzman et.  

al., 1995]. The kind of Pleurotus mushroom that is widely produced is 

Pleurotus ostreatus, which is known as oyster mushroom. It is grown 

on tree trunks as shells on short led fruits, and has a good nutritional 

value [Al-Doori, 1996]. 
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Pleurotus oyster mushroom is a medicinal kind of an edible 

mushroom. It is grown on most hard wood, wood by-products and all 

agriculture wastes and its flavor as oyster like, hence the generic name 

is oyster mushroom.  

It contains antitumor, antiviral, antibacterial, antiparasitic and 

anticholesterol agents [Rosenheim, 1999]. 

 

2.8 Antimicrobial Activity of Mushroom Polysaccharide 

Experimental studies found that polysaccharide extract of many 

types of mushroom exhibit antimicrobial activity, for example its 

stimulating expression of IL-2 receptor on peripheral blood 

mounonuclear cells in patients with chronic hepatitis B. Another type 

of mushroom extract exhibits activity against Actinomyces species and 

Enterococcus species [Internet III]. 

The medicinal properties of mushroom have been known since ancient 

time.  

Relatively few studies are available on the biological effect of 

mushroom consumption. 

Antimicrobial activity of mushroom was identified by using 

antimicrobial tests. 

 Mushroom polysaccharide extracts exhibit activity against a variety 

of bacteria including Staphylococcus aureus, Streptococcus spp., 

Salmomella enteritidis, Klebsiella pneumoniae, Escherichia coli and 

Proteus vulgaris [Britten et.  al., 1999]. 

Antifungal activity of mushroom polysaccharide extract was 

evident against Candida albicans [Turnquist, 1995].  
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Pleurotus mushroom (Pleurotus ostreatus) is widely cultivated 

and its polysaccharide extract has various biological activities such as 

antimicrobial activity [Beltran et.  al., 1997]. 

 

2.9 Biochemical Prophage Induction Assay (BIA) 

There are two screening system for detection the antitumor 

activity of any extract, in vitro screening system and in vivo screening 

system [Mirabelli et. al., 1985].  

Because mushroom polysaccharide extract produced in a low 

concentration, and the upper limit quantity of antitumor extract have 

been tested inside the body is 400 mg / kg, so the in vivo system have 

limited uses, and the in vitro system of screening was used [Elespuru 

and White, 1983; Mirabelli et.  al., 1985]. 

In general the first in vitro screening method was used for 

detection of antitumor activity was the biochemical prophage 

induction assay (BIA), which was used by Lein and his coworker 

(1962). Lein was noticed that there is a relationship between the 

ability of antitumor extracts to induce the phage λ in E. coli CI 857 

(lysogen) and their activity to suppress and inhibit many kinds of 

tumors [Lein et. al., 1962]. Endo and his coworkers (1963), and 

Heinemann and Haward (1964) were ensured Lein relationship.  

This test include induction of phage λ present in E. coli CI 857 

(lysogen) by the tested antitumor substance through the detection of 

the presence of β-galactosidase enzyme, and Elespuru and White  

were developed this test and become a highly specialized test for 
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antitumor substances that interact with DNA [Elespuru and White, 

1983].  

 

2.10 Lymphocyte Transformation   

Lymphocytes are small cells about 8-10 µm in diameter, with 

scanty cytoplasm and spherical nucleus occupying almost the entire 

cell. The nucleus condensed chromatin that is strongly basophile.  

Nowell, (1980) was the first scientist who used the lymphocyte 

transformation assay which could be defined as "a specific chain of 

morphological and biological changes that occur in the lymphocytes 

when activated by specific antigen or non specific mitogen" such as 

phytohaemagglutinine (PHA) that activate T-cells, pock weed mitogen 

(PWM) that activate both T and B-lymphocytes and 

lipopolysaccharide (LPS) that activate only B-lymphocytes. 

  Activation occur through four phases, that begin with resting or 

silent phase(G0), the first growth phase (G1), protein and nucleic 

synthesis phase (S-phase), and finally the second growth phase (G2). 

The resting phase begin when the specific antigen or mitogen 

bind through specific legend with a receptor on the surface of the 

lymphoid cell (lymphocyte), which lead to the activation of the 

enzymes that responsible for the activity of the cell, such as Cyclic 

Guanidine Mono Phosphate (CGMP) and whose percentage increased 

during the first minutes of activation and thus lead to the appearance 

of the morphological changes as a result of the transformation of rest, 

small cells (lymphocytes) to blast cell called (lymphoblast), where 

there is an increase in the size of lymphocytic cell, increase in the 
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number of vacuoles, and  the nucleic become more visible inside the 

cell as result of the   accumulation of the nucleus protein [Stites, 

1994]. 

      On the other hand, biological changes involve increasing the cell 

membrane permeability, increasing in the percentage of penetration of 

positive ions such as K+ to the inside of the cell, at this point the cells 

inter the (G1) phase, in which there is a continuous penetration of both 

glucose and Ca+2 ions, that are essential for the synthesis of other 

enzymes in the nucleous, this phase characterized by production of 

protein that are essential for the cell, ribose nucleic acid (RNA) and 

lymphokines , this phase occur during 12-24 hours. After that the cells 

inter the (S-phase), which characterized by the synthesis of 

deoxyribose nucleic acid (DNA) and doublication of the cellular 

chromatin, and it is reach its maximum point during 48hours. Finally 

the activated cells inter (G2) phase after 72 hours of activation with 

the specific antigen or mitogen [Al-Allak, 1986; Dotsik and 

Sanderson, 1994]. 

 

2.11 Cytotoxic assay 

Cytotoxic assay is a rapid, sensitive and inexpensive method for 

measuring the toxic effect of any material on suspension cell culture 

in 96-well microtiter tissue culture plate. This test is suitable for 

ordinary laboratory purposes and for large-scale applications [Philip 

et. al., 1990]. 
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Because the importance of this assay, it was used by a number of 

scientists in order to evaluate the antitumor activity of mushroom 

polysaccharide extract. 

Yhoshida (1962). was found that polysaccharide extract isolated 

from Lampteromyces japonicus is a potent antitumor agent against 

Ehrlich carcinoma cell-line. 

In 1966 Gregory experimented the antitumor activity of crude 

polysaccharide extract isolated from different types of medicinal 

mushroom on different tumor cell-lines such as: sarcoma 180, 

mammary adenocarcinoma 755, and leukemia L-1210, and he gained 

positive inhibitory results [Gregory, 1966]. 

Ikegawa et. al., (1968) reported that the polysaccharide extract 

obtained from special edible mushrooms exhibited a remarkable 

antitumor activity against sarcoma 180 cell-line.  

The polysaccharide extract from Lentius edodes was examined for 

the antitumor activity against sarcoma 180 cell-line and it exhibit a 

strong inhibitory effect [Chihara, 1969]. 

It was examined the antitumor effect of polysaccharide extract 

from different medicinal mushroom using in vitro assay and obtained 

a positive result [Wu, 1998]. 

Fujimiya et. al., (1999) showed a potent cytotoxic effect of crude 

polysaccharide extract from Lentinus edodes against Meth A tumor 

cell-line and having no effect on normal cell culture. 

It was indicated that polysaccharide extract obtained from certain 

edible mushrooms could cause an extensive cytotoxic damage to 

sarcoma 37 cell-line [Ooi and Liu, 1999]. 
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Hyang et. al., (2001) were examined the antitumor activity of 

crude polysaccharide extract isolated by hot water extraction method 

form Agaricus blazei in vitro against several tumor cell-lines such as: 

sarcoma 180, lymphoma U-937, hepatocellular carcinoma SNU-

182,and leukemia P388, and they obtained a positive inhibitory 

results. They found that the most sensitive cell-line among these 

tumor cell-line was sarcoma 180 cell-line. 

In 2002, Daba and his company were reported that the 

polysaccharide extract of Pleurotus ostratus mushroom possess a 

potent antitumor activity against Erlich ascites carcinoma and sarcoma 

180 cell-lines [Daba et. al., 2002]. 
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Materials and Methods 

 

3.1 Equipment and Apparatus 

The following equipments and apparatus were used through out the 

study: 

 

Equipment Origin 

 Autoclave Tomy (Japan) 

 Compound microscope Olympus (Japan) 

 Cooled centrifuge M. S.E. (U. K.) 

 Distillator Kent (U.K.) 

 Incubator Termaks (U. K.) 

 Milipore filter unit Millipore Corp (U. S. A.) 

 Oven Gallenkamp (U. K.) 

 pH meter Metler-Toledo (U. K.) 

 Shaking incubator GFL (Germany) 

 Shaker water bath Kotterman (Jermany) 

 Spectrophotometer 20 Aurova Instrument Ltd. UV 201 (U. K.) 

 ELISA reader Organon Teknika (Microwell system) 

Australia) 
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3.2   Chemical and Biological Materials: 

The following chemical and materials were used throughout the study: 

  

Material Company (Origin) 

Acetone, ethyl ether, sulpharic acid, alcoholic 

α-naphthol, sodium citrate, β-mercaptoehanol, 

sodium phosphate, glycial acetic acid, Geimsa 

stain, glucose, sodium carbonate,sodium 

bicarbonate,benzyl pencillin,streptomycin 

BDH (U.K.) 

Sepharose CL-6B 
 Pharmasia,Fine 

Chemical (U.K.) 

Ethanol, Trypsin,chloramphenicol Merek (Switzerland) 

Yeast extract, nutrient broth, Trypton Biolife (Italy) 

Sodium chloride, Na2HPO4, NaH2PO4, KCl, 

MgSO4.7H2O, K2HPO4, KH2PO4, (NH4)2SO4 

Fluka (Jermany) 

Hepes buffer 
Flow laboratories 

(U.K.) 
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3.3 Extraction of Mushroom Polysaccharide  

3.3.1 Organisms 

Two kinds of mushroom isolates were used: 

a) Industrial isolate: 

It was obtained from Khurbeet factory in Ramady city. 

b) Wild isolate: 

It was grown in tree trunks of house gardens and enrichment soil 

and it was collected from Salah AL-Deen city. 

3.3.2 Extraction Method [Goro et. al., 1970] 

a) Five hundred grams of mushroom fruiting bodies were cutted 

into small pieces. 

b) Distal water (650 ml) was added to these pieces. 

c) The mixture was boiled by shaking water bath (4 rounds / min) 

for 2 hr., and then it filtered with sterile gauze. 

d) Four volumes of 99 % ethanol were added to the filtrate, and the 

precipitate was collected by the cooled centrifuge (2000 rpm, 5 

ºC for 10 min). 

e) The precipitate was collected and washed with ethanol, acetone 

and finally with ethyl ether. 

f) The precipitate was dried in the oven at 60 ºC for 48 hr., then the 

crude extract (brown powder) was obtained and stored in to the 

refrigerator. 
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3.4 Characterization of Crude Mushroom Extract 

3.4.1 Molish Test  

– Solutions: 

-Five percent Alcoholic α-Naphthol 

-Concentrated sulpharic acid. 

– Procedure [Jasim, 2000] 

i. Two drops of alcoholic α-Naphthol were added to the test tube 

that contains 1ml of crude  mushroom extract(0.1g/ml D.W.). 

ii. Two milliliters of concentrated H2SO4 was added carefully on 

the inner wall of the tube. 

 iii. The positive result was represented by appearance of purple 

ring formed between the extract and the acid. 

3.4.2 Phenol-H2SO4 Test [Dubois et. al., 1956] 
– Solutions: 

- Phenol (5 %): 

It was prepared by dissolving 5g of phenol in 100 ml of D. W. 

- Concentrated sulpharic acid. 

– Procedure 

i- One milliliter of 5% phenol solution was added to 1 ml of crude 

mushroom extract (0.1 g / ml D.W.). 

ii- Five milliliter of concentrated H2SO4 were added to the 

previouse mixture. 

iii- The control was made by using D.W. (1 ml) instead of the 

crude mushroom extract. 
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iiii- Positive result was observed through changing the color of 

mixture to brown. 

3.5 Purification of Crude Mushroom Extracts 

[Scopes, 1987] 

3.5.1 Preparation of Gel Filtration Column Using 

Sepharose CL-6B 

 Dimensions of the column used in gel filtration were (3.5 x 35 cm) 

Cylinder volume = Base area x Height 

= (radius) 2 x Π x 35 

= (3.5/2) 2 x 3.14 x 35 

= 336.5 cm2 

Sepharose CL-6B (Pharmacia, fine chemical) was used for packing 

the column after degassing for 10 min., into the column which was 

equilibrated with the saline solution (0.2 M NaCl) for 48 hrs. at a flow 

rate of 2 ml / min. 

3.5.2 Introduction of the Sample to Sepharose-CL Column 

One gram of mushroom extract was dissolved in 5 ml the saline 

solution. The extract was introduced into the column by a sterilized 

pasture pipette gently on the column inner wall and eluted with NaCl 

(0.2 M) at a flow rate 2 ml / min. 

One hundred fractions (containing 4 ml of wild type Pleurotus oyster 

polysaccharide extract) were collected in 10 ml test tube and the 

absorbency of each fraction was measured at wave length 600 nm. 
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3.5.3 Determination of Total Carbohydrates of 

Mushroom Extract Fractions 

Glucose standard curve prepared according to phenol-sulpheric 

acid method (item 3.4.2) 

The following volumes of glucose stock solution were added to 

test tubes (in duplicate). 

 

Tube 

no. 

Volume of glucose 

stock solution      

(80 mg / ml) 

(ml) 

Volume of      

D. W. (ml) 

Glucose 

concentration 

 (mg / ml) 

1 0 1.0 0 

2 0.1 0.9 8 

3 0.3 0.7 24 

4 0.5 0.5 40 

5 0.7 0.3 56 

6 1.0 0 80 

 

One milliliter of 5 % phenol solution was added for each tube, 

and then 5 ml of concentrated H2SO4 was added, shacked strongly and 

allowed to cool.  

Optical density of each tube was read in spectrophotometer 20 at 

wave length 490 nm, the first tube was used as blank. The standard 

curve was obtained by drawing a histogramic relationship between the 

optical density on 490 nm and glucose concentration (figure 3-1). 
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Fig (3.1) Glucose standard curve. 
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Carbohydrate percentage of the fractions of mushroom extract has 

determined by the above method and according to glucose standard 

curve. 

 

3.6  Antibacterial test  

3.6.1 Bacteria 

   Bacteria were obtained from biotechnology department which were 

Staphylococcus aureus ATCC and Escherichia coli ATCC. 

3.6.2 Media and Solutions 

a. Nutrient agar medium 

The nutrient agar medium was prepared by mixing the following 

ingredients  

Nutrient broth                            8 gm 

Agar                                            20 gm 

D. W.                                          1000 ml 

This medium was sterilized by autoclave at 121oC for 15 min. 

b. Mushroom Extract 

It was prepared by dissolving 0.1 g of crude mushroom extract 

(wild type and industrial type) in 1 ml of D.W., and then sterilized by 

filtration through 0.22 µm Millipore filter. 

 

3.6.3 Procedure [Sakthivel et. al., 2001] 

To detect the antibacterial activity of crude mushroom extract, 

agar-well method was used and as following: 

i. Nutrient agar medium was poured into sterile petri dishes. 
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ii. Plates were spreaded with 100µl of overnight bacterial culture 

suspension using a sterile spreader. 

iii.  Wells (5mm diameter) were made into plates with the help of 

sterile cork borer. 

iv. Twenty-five microliter of crude mushroom extract (wild type 

and industrial type) was pipetted into each well under sterile 

conditions. 

v. The plates were incubated at 37ºC for 24 hr. 

vi. Antibacterial activity of crude mushroom extract was determined 

by measuring the inhibition zone appeared around the wells. 

 

3.7 Biochemical Prophage Induction Assay (BIA) 

3.7.1 Bacteria 

Escherichia coli CI857 (lysogen) that contain λ phage [lysogenized 

in β-galactosidase gene (Lac z gene)] was used. 

3.7.2 Media and Solutions 

a- Luria Bertani Broth (LB) [Maniatis et . al., 1982] 

Ingredient Quantity (g) 

Tryptone 10  

Yeast extract 5  

NaCl 10 

Glucose 1  

 

After ingredients were dissolved in 1L of D.W., pH was adjusted to 

7.0 and sterilized by autoclave at 121 ºC for 15 min. 
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b- ZCM Buffer 

Ingredient Quantity  

Na2HPO4 8.5 g 

NaH2PO4 5.5 g 

KCl 0.75 g 

MgSO4.7H2O 0.246 g 

Chloramphenicol 0.025 g 

β-mercaptoethanol 2.7 ml 

 

After ingredients were dissolved in 1L of D.W., pH was adjusted to 

7.0 and then stored in refrigerator. 

c- A-medium 

Ingredient 
Quantity 

(g) 

K2HPO4 10.5 g 

KH2PO4 4.5 g 

(NH4)2SO4 1 g 

Sodium Citrate 0.5 g 

Dissolved in 1L D. W. 

 

After ingredients were dissolved in 1L of D.W., pH was adjusted to 

7.0 and sterilized by autoclave at 121 ºC for 15 min. 
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d- O-Nitrophenyl-β-D-galactopyranoside (ONPG) (substrate of β-

galactosidase) 

It was prepared in concentration of 2 mg / ml by mixing 0.2 g of 

ONPG in 100 ml of A-medium and stored in refrigerator  

e- Sodium Carbonate (1 M) 

It was prepared by dissolving 105.99 g of  sodium carbonate in 1L of 

D.W. 

f- Mitomycin C (10 µg / µl) (Sigma chemical compound USA) 

It was prepared by dissolving 0.002 g of mitomycin C in 0.2 ml of 

methanol. 

 

3.7.3 Procedure [Elespuru  and White, 1983] 

i. Fifty ml portion of sterilized LB medium was inoculated with a 

loopfull of bacterial culture (E. coli CI857). The inoculated 

medium was incubated in the shaker incubator at 37 ºC for 24 hrs, 

then 0.5 ml of bacterial culture have been used to inoculate another 

50 ml of LB medium and incubated for 2.5-3 hrs until the optical 

density (O D) reached 0.4 at wavelength 600 nm. 

ii. Twenty five µl portion of the mushroom extract (wild type and 

industrial type) (0.1 g / ml saline) was added to 0.5 ml of bacterial 

culture (O. D.600 = 0.4) in a sterile test tube. 

iii.  The positive control was made by adding 25 µl of mitomycin C to 

0.5 ml of bacterial culture (O. D. 600= 0.4) in a sterile test tube. 
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iv. The mixture was incubated in a water bath at 37 ºC with a slow 

shaking (50 rounds / min) for 3 hrs to ensure the prophage 

induction process. 

v. The prophage induction process was stopped by adding 4.5 ml of 

cold ZCM buffer. 

vi. One ml. of ONPG was added to the reacted mixture to estimate the 

enzymatic activity of β-galactosidase. The mixture was incubated 

in water bath at 28 ºC for 2 hrs 

vii. The enzymatic activity was stopped by adding 2.5 ml of 1M 

sodium carbonate. 

(In the blank tube 2.5 ml of 1M sodium carbonate was added before 

the ONPG was added to ensure stopped of the enzymatic activity). 

viii.  Optical density of samples has been estimated by 

spectrophotometer at wave length 420 nm. 

ix. The enzymatic activity have been estimated according to the 

following equation: - 

100A420 

     Enzyme (unit / tube) quantity = –––––––––– 

t 

A: Optical density of enzymatic activity. 

t: Time of enzymatic activity. 
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3.8 Lymphocyte Transformation Assay [Al-Taee, 

2003] 

3.8.1 Stock Solutions:- 

a- Antibiotic 

Ingredient Quantity 

Benzyl penicillin 1000,000 I. U. 

Streptomycin 1g 

D.W. 100ml 

The solution was sterilized by filtration through 0.22 µm 

millipore filter then dispensed into aliquots and stored in freezer (-18 -   

-20 ºC). 

b- Hepes buffer (Flow laboratories U.K.) 

(N-2-Hydroxyethyl Piperazine-N-2-Ethane Sulphonic acids). It is 

prepared readily with 1M. 

c- Serum (Sigma chemical compound USA) 

Fetal calf serum (FCS) was inactivated by heating at 56 ºC for 30 

min. in a water bath, and then dispensed into aliquots 20 ml and stored 

in freezer (-18 -   -20 ºC). 

d- Sodium bicarbonate td.  

It was prepared by dissolving 4.4 mg of NAHCO3 into 100 ml 

D.W.,then,  sterilized by the autoclave at 121ºC, for 15 min., and 

stored at 4ºC. 
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e- Tissue culture medium (pH = 7.2) 

Ingredient Quantity 

RPMI-1640 10.4 g 

1M hepes buffer 10 ml 

Sodium bicarbonate 2 ml 

Antibiotics 10 ml 

Serum(FCS) 100 ml 

and then complete the volume to 1000ml by adding D.W. 

 

After dissolving the ingredients into D.W. to obtain a total 

volume of 1L, it was mixed well, sterilized by filtration through 0.22 

µm millipore filter, pH was adjusted to 7.2, then dispensed to 20 ml 

aliquots and stored in the freezer (-18- -20 ºC). 

f- Phytohemagglutinine (PHA) 

Crude PHA was obtained from the cancer researches center, dispensed 

into 2 ml aliquots, then stored in the freezer (-18- -20 ºC).  

g- Hypotonic solution  

Potassium chloride hypotonic solution (0.075 M) was prepared by 

dissolving 0.5587 g of KCL powder in 100 ml of D.W., and stored at 

4ºC. 

h- Fixative  

The fixative used was made freshly by mixing 3 volumes of 

absolute methanol with 1 volume of glycial acetic acid 3:1(V / V). 
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i- Sorenson’s buffer  

It was prepared by dissolving 9.47 g of Na2PO4 and 9.08 of 

KH2PO4 in 100 ml D.W., pH was adjusted to 6.8, then stored at 4ºC. 

j-  Giemsa Stain (Sigma chemical company (USA) 

It was prepared by adding 2 g of Curr R66 Giemsa powder to 100 

ml of absolute methanol, stirred for 2 hrs. at 50 ºC on the hot plate, 

incubate at 37ºC for 24 hrs and filtered before use. The stain was 

diluted before use by mixing 1 volume of filtered stain with 4 volumes 

of Sorenson’s buffer for 2-5 min. The stain was stored in the dark. 

 

 

3.8.2 Procedure 

i. Blood culturing 

Three hundered microliter portion of heparinized blood was 

added to a sterile test tube containing 2.5 ml of RPMI 1640 tissue 

culture medium as control. Second tube contained 0.3 ml of 

heparinized blood, 2.5 ml of RPMI1640 tissue culture medium, and 50 

µl mitogen (PHA). The third tube contained 0.3 ml of heparinized 

blood, 2.5 ml of RPMI1640 tissue culture medium, and 50 µl of wild 

type mushroom polysaccharide extract (0.1 g/ml saline). While the 

fourth contained 0.3 ml of heparinized blood, 2.5 ml of RPMI1640 

tissue culture medium, 50 µl mitogen (PHA), and 50 µl wild type 

mushroom extract. 
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ii. Harvesting : - 

After 72 hrs. of incubation at 37 ºC, the cell suspension was 

mixed gently and centrifuged at 1200 rpm for 10 min at room 

temperature, then the supernatant was discarded and the remaining 

cells pellet was resuspended in hypotonic solution. 

iii.  Hypotonic Treatment:- 

The cells were resuspended in 2 ml prewarmed KCl (0.075 M) at 

37ºC with continuous shaking. Then the volume was made up to 8 ml 

by adding more prewarmed KCl gradually with constant shaking. The 

cells suspension was then incubated at 37ºC for 90 min. with shaking. 

Cells were collected by centrifugation at 1200 rpm for 10 min. 

Supernatant was discarded and cell pellets were treated with the 

fixative. 

iv. Fixation 

A portion of 5 ml of freshly made fixative (methanol and glycial 

acetic acid, 3:1 V/V) was added dropwise with continuous agitation to 

the cells. Cell suspension was then centrifuged at 1200 rpm for 10 

min. at room temperature. The fixative was decanted and another 5 ml 

freshly made fixative was added and the cells were collected by 

centrifugation. The fixative was changed three times before spreading 

the cells on the slides. 

v. Slide Preparation  

Cell suspension was pelleted by centrifugation at 1200 rpm for 

10 min. The supernatant was discarded and cells resuspended in 1 ml 

amount of freshly made fixative,  then with a pasture pipette 2-3 drops 
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of cell suspension were dropped with pasture pipette from 30 cm onto 

wet, chilled, grease fresh slide and allowed to air dry at room 

temperature for staining. 

The remaining of cell suspension was stored at  -20 ºC. 

vi. Staining  

Slide were stained with freshly made Giemsa stain (1 part of 

Giemsa stain to 4 parts of sorenson's buffer) for 5-8 min. Slides were 

then washed by the same buffer, allowed to air dry at room 

temperature and under light microscope by oil emersions lens. The 

numbers of lymphoblast and lymphocyte cells were counted and the 

lymphocyte transformation percentage was obtained according to the 

following equation:- 

 

Lymphoblast cells 

lymphocyte transformation % =–––––––––––––––––––––––––––x100 

total (lymphoblast + lymphocyte cells) 

 

3.9 Cytotoxic Assay  

3.9.1 Stock Solutions 

a- Antibiotics 

As described in lymphocyte transformation assay (item 3.8.1) 

b- Serum 

As described in lymphocyte transformation assay (item 3.8.1) 
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c- Tissue Culture Media (pH=7.2) 

As described in lymphocyte transformation assay (item 3.8.1) 

The ingredients were mixed well, sterilized by filtration through 

0.22µm Millipore filter, pH was adjusted to 7.2, then dispensed to 20 

ml aliquots and stored at  -20 ºC. 

d-  Phosphate Buffer Saline (PBS) 

NaCl                                    8 g 

KCl                                     0.2 g 

Na2HPO4                          1.15 g 

KH2PO4                            0.2 g 

After the ingredients were dissolved in 1L of D.W.The components 

were mixed well and then sterilized by autoclave at 121oC for 15 

min. 

 

e- Elution Solution  

One volume of absolute ethanol was mixed with 9 volume of 

phosphate buffer saline (PBS). 

f- Neutral Red Stain 

One gram of neutral red stain was dissolved in 1000 ml of D.W. 

g- Trypsin 

It was prepared by dissolving 1 g of trypsin in 1000 ml of D.W. 
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3.9.2 Typea of Cell Cultures 

A. Myloma cell-line 

It was obtained from department of Biotechnology at AL-Nahrain 

University. 

B. Chick-embryo fibro blast cells. 

It was obtained by the following procedure of Wiley, 1994 

-The Procedure  

     a. The eggs were incubated at 37 oC in the incubator for 11 days. 

     b. They were swabbed with 70 % alcohol. 

c. The top of the shell was crack and the edge was peeled off of the 

air sac with sterile forceps. 

d. The embryo was taken out with sterile curved forceps gently 

under the head. 

e. The embryo was transferred to sterile petri dish then cutting into 

small pieces and then rinsed several times with PBS and the final 

rinse with trypsin. 

f. Trypsin-PBS (1:9) was added to the pieces and left on the stirrer 

for 5 min. 

g. The filtrate was collected in sterile universal containing some of 

serum to stop trypsin action. 

h. The precipitate was taken and trypsin-PBS was added again and 

left on the stirrer for 10 min. 

i. The filtrate was collected in the same universal and also trypsin-

PBS was added to the precipitate and left on the stirrer for 15 

min. 
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j. The final filtrate was collected in the same universal, and the 

cells were obtained by using centrifuge at 2500 rpm for 5 min. 

k. Tissue culture media of RPMI-1640 was added to the 

precipitated cells and dispersed by using sterile pasture pipette. 

 

3.9.3 Procedure [Abdul-Majeed, 2000] 

 

i. Two lines were used for the crude mushroom extract (o.2 g / ml 

in saline) and 2 lines were used for the positive control (saline 

solution). 

ii. The first 3 wells of each sample line were contained 50 µl of the 

tested sample. 

iii.  Two fold serial dilution were made from the third well of each 

line which contain 50 µl tissue culture media till the twelfth well. 

iv. A 150 µl cell suspension was added to all wells of the tissue 

culture plate. 

v. Two lines were used to make negative control in which they 

contain only 50 µl tissue culture media and 150 µl cell 

suspension. 

vi.  The cultured plates were incubated at 37 ºC. 

vii. The culture plates were removed after 72 hr., and 50 µl of 0.01% 

neutral red solution was added to each well then reincubated at 

37 ºC for 1hr. After incubation the medium was discarded, and 

the wells were eluted with the eluant solution methanol / PBS 

(phosphate buffer saline) (1:9) to elute the dye from the viable 
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cells. The viable cells will take the dye, while the dead cells will 

not do so. 

viii.  The plate was read by ELISA reader at an optical density of 492 

nm. 

ix. This test was done twice, in the first time chick-embryo 

fibroblast cell culture (normal cells) was used, and in the second 

time Myloma cell culture (tumor cells) was used. 
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EFGHIJدر اNOPJا  
� QIRJيم، اQVFGWJروؤف و ا NV[ ، رقNV(1995)ط EV^N_PJا `Va^ . و EV^NbcaJ EVPdeJدار ا

Hf_Jاد. اQgG.  

 Pleurotus oysterاNVVVnoج اHVVVclJ(1996) اQVVVJوري  ^QVVVbاQVVVb^ iVVVRj `kHdJ الله �

q[nVVVVrqJك اHVVVVfbJي ^zVVVVa اNVVVVlayPJت اWJرا^EVVVVF و اNPInVVVVrل voاq[nVVVVrqJ sVVVVtuك 

{oاvFeJاد.اQgG ،اقHIJم ، اvaIJا EFa} ،ادQgG EIمN~.  
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Results and Discussion 

 

4.1 Isolation of Crude Polysaccharide from Pleurotus 

oyster Mushroom: 

Two kinds of mushroom isolates were used. The first isolate was 

obtained from Khurbeet factory in Ramady city which was the 

commercial isolate. The second isolate was a local one collected from 

house gardens and enrichment soil from Sallah AL-Deen city, it was 

identified as Pleurotus oyster mushroom according to the 

classification key of basidiomycetes fungi in department of plant 

protection College of Agriculture, University of Baghdad. 

Several extraction methods were used in the isolation of 

polysaccharide from mushroom, like: hot water extraction method, 5% 

sodium hydroxide, ammonium oxalate and using acetic acid [Internet 

II]. 

Hot water extraction method was used in this study because this 

method is very easy to apply, their chemicals are very widely used, 

and finally the polysaccharide extracted by this method having a good 

and strongly biological activities [Internet II]. 

The crude polysaccharide extract was precipitate with ethanol 

(99%), then washed and dried in oven at 60 ºC for 48 hr, the result 

was a brown powder extract. It was obtained 9.43 g of crude 

polysaccharide extract from the wild isolate and 8.93 g of crude 

polysaccharide extract from the industrial isolate. 
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Goro et. al. (1970) were obtained a brown powder polysaccharide 

extract from Lentinus edodes by using hot water extraction method. 

In 1984, it was found that the brown powder polysaccharide 

extract isolated by hot water extraction method seems to have good 

and strong biological activities, especially an antitumor activity 

[Internet II]. 

Several studies were reported the isolation of a brown powder 

polysaccharide extract from various medicinal mushrooms by using 

hot water extraction method [Kawagishi et. al., 1990; Mizuno et. al., 

1992]. 

 

4.2 Identification of Crude Mushroom Extract: 

Detection of the Carbohydrate Part in Crude Mushroom 

Extract: 

Molish test is a general test, used in the detection of the 

carbohydrate part in the crude polysaccharide extract, which gives a 

positive result that represented by the appearance of a purple ring 

between the polysaccharide extract and the concentrated H2SO4.  

This result was ensured by using phenol- H2SO4 test. 

These results indicated that mushroom extract was mostly 

carbohydrates in its nature. 
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4.3 Purification of Crude Mushroom Extract Using Gel 

Filtration: 

Gel filtration method that used in the purification of crude 

mushroom polysaccharide, was done as described by Scopes (1987), 

except that sepharose CL-6B was used instead of sephadex G75.  

Sepharose CL-6B gel that used is very suitable gel because it is a 

multiuse gel, easily to be packaged into the column of purification, 

and its range is 104-106 which makes it very suitable for this extract. 

Five millimeter of crude mushroom polysaccharide (extracted 

from wild type mushroom was poured into the column after washing 

with NaCl (0.2 M). 

Fractions were collected and their optical density was estimated at 

a wave length 600 nm, because it has a greater absorbency at this 

wave length. Five peaks were obtained from the purification process 

as shown in figure (4-1). 
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Figure (4-1) Gel filtration of local type Pleurotus oyster Mushroom 

polysaccharide extract using Sepharose CL-6B 
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The first, second, third, fourth and fifth peaks represented by 

fractions (14-17),  (18-26), (27-57), (58-69) and (81-90) respectively. 

The carbohydrate percentage value of each peak was estimated 

according to the carbohydrate standard curve (figure 3-1). They were 

36, 24, 64, 49 and 15 mg/ml for the five peaks respectively. 

The biological activity of purified peaks was not estimated 

because the crude mushroom polysaccharide extract was not stored in 

refrigerator so it loosed its biological activity.  

In (1972) the crude mushroom polysaccharide (extracted by hot 

water extraction method) was purified using gel filtration in a column 

of purification (3.5x35 cm). The elution solution was 0.2 M of NaCl, 

and several peaks were obtained from this process [Internet II]. In 

1986, crude polysaccharide extract of Ganoderma lucidum was 

purified and it was obtained various purified peaks that were estimated 

their biological activity [Internet II]. 

The crude polysaccharide extract of Ganoderma tsugae (extracted 

by hot water extraction method) was purified by ion-exchange 

chromatography, gel filtration, and affinity chromatography. Sixteen 

purified peaks were obtained and examined for their antitumor effect 

on sarcoma 180 / mice [Mizuno and Kawai, 1992]. 
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4.4 The Antibacterial Test: 

The antibacterial activity of mushroom polysaccharide (isolated 

from local and commercial isolates) was tested for Staphylococcus 

aureus and Escherichia coli by estimating the inhibition zone 

diameter that appears around the well that filled with the mushroom 

polysaccharide. 

Results indicated that the crude polysaccharide extract of local 

isolate caused inhibition zones 0.9 cm and 1.4 cm for Escherichia coli 

and Staphylococcus aureus respectively. While the crude 

polysaccharide extract of commercial isolate caused inhibition zones 

of 0.8 cm and 1 cm for Escherichia coli and Staphylococcus aureus 

respectively. 

Two expected mechanisms of action were suggested for the 

antibacterial activity of crude mushroom polysaccharide extract: 

The first suggestion the ability of extract to affect and inhibit the DNA 

synthesis, and the second suggestion is the ability of it for cell-cell 

communication via many biochemical interactions [Corcoran et. al., 

1975]. 

     Hara et. al., (1990) found that there is no relationship between the 

antimicrobial activity and antitumor activity of any substance, for 

example: FR-900462 antitumor agent that isolated from Streptomyces 

tokashikiensis has no antimicrobial activity. But some antitumor 

agents exhibit an antimicrobial activity such as 4181B and 

4181A,which isolated from Streptomyces griseus [Yamazuki et. 

al.,1992],and also the polysaccharide extract of Pleurotus oyster 
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mushroom (extracted by hot water extraction method) exhibit an 

antimicrobial activity with addition to its antitumor activity [Internet 

IV]. 

      Shirata et. al., (1993) were found that Pleurotus oyster 

polysaccharide extract (extracted by hot water extraction method) 

inhibited fungal and bacterial growth, and the fungi is more sensitive 

to the polysaccharide extract than the bacteria. 

In 1995 crude mushroom polysaccharide extract was found to 

contain proteins that have antibacterial activity against many bacterial 

strains such as: Escherichia coli, Staphylococcus spp., Streptococcus 

spp., Proteus vulgaris and Salmonella enteritidis [Turnqiust, 1995]. 

Szymanski (1996) found that crude polysaccharide extracted from 

mushrooms that grown on tree trunks of house gardens (wild type) has 

a great antibacterial activity. 

Pleurotus oyster polysaccharide, extracted by hot water extraction 

method has a great antifungal, antiviral, antiparasitic, antibacterial and 

antitumor activity [Beltran et. al., 1997; Internet V]. 
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4.5 Biochemical Prophage Induction Assay for 

Mushroom Extract: 

Biochemical prophage induction assay (BIA) is a specialized test 

for antitumor agents, that interact with the DNA synthesis or that 

affects on enzymes that interact with the DNA synthesis. This test was 

used for its quickiness, easy, highly sensitivity and abscene of toxic 

solvent like dimethyl sulfoxide. Elespuru and White were developed 

this test for its great important role in the screening for novel 

antitumor agents [Elespuru and White, 1983]. 

The bacteria used in this test was Escherichia coli CI85 (λ 

lysogen) that contains λ-phage inserted in its chromosome (Lac Z 

gene, which is responsible for the β-galactosidase enzyme 

production). 

Two kinds of Pleurotus oyster crude polysaccharide (Local and 

commercial isolates) were used in this test. 

When the E. coli CI 857 (λ lysogen) was incubated with crude 

polysaccharide extract (local and commercial isolates), this extract 

was caused induction to the λ-phage to jump from bacterial 

chromosome and then ended the inhibiting effect of λ-phage on the 

Lac Z gene, which lead to start β-galactosidase enzyme production. 

The enzymatic activity was estimated by a quantitative method 

using O-Nitrophenyl-β-D-galactopyranoside (ONPG), which is the 

substrate of β-galactosidase enzyme. 

The enzymatic activity is defined as the quantity of enzyme that 

needed for releasing 1 µM of ONP from ONPG in 1 min at 28 ºC. 
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The antitumor activity was estimated according to the enzymatic 

activity which determined as unit / tube. 

The enzymetic activities were 12.5, 10 and 9 (unit / tube) for 

crude polysaccharide extracted from local isolate, crude 

polysaccharide extracted from commercial isolate and the positive 

control (mitomycin C) respectively. Such results mean that both 

polysaccharides extracts exhibited antitumor activity and that 

antitumor activity of polysaccharide extract of local isolate was more 

than that of the commercial isolate. According to this result, crude 

polysaccharide of local type isolate was selected to examined for 

antitumor activity by using cytotoxic and lymphocyte transformation 

assays. 

Effect of polysaccharide extract may be excreted on the enzyme 

that interacting with the DNA synthesis process or affected on the 

DNA synthesis process directly [Cohen et. al., 1958; Aderson et. al., 

1980]. 

 

4.6 Lymphocyte Transformation: 

The results of lymphocyte transformation assay for crude 

polysaccharide of local Pleurotus oyster isolate are demonstrated in 

table (4-1). 

The percentage of transformed cells in PHA group (slides) was 

less than that for group of crude polysaccharide only, while 

percentage of transformed cells in the group of PHA and crude 

polysaccharide, mixture was increased. Same table indicated that 

crude polysaccharide extract promoted increase in the lymphocyte 
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transformation process. This is means that this extract possessed 

immunopotentiating activities. 

 

Table (4-1) The effect of crude polysaccharide extract of wild type 

mushroom on lymphocyte transformation. 

Extract +PHA Extract Control + PHA Control  

Normal 
cells 

Transformed 
Cells 

Normal 
cells 

Transformed 
Cells 

Normal 
cells 

Transformed 
Cells 

Normal 
cells 

Transformed 
Cells 

No. of 
Sample 

No. % No. No. % No. No. % No. No. % No.  

77 61.8 125 103 57.2 138 108 53.6 125 167 35.2 91 1. 

73 64.2 121 97 59.4 142 100 57 133 155 35.9 87 2. 

 63.5   58   55   35.5  Mean 

 

Czopandkay and Kay (1991) were shown that the 

immunomodulatory properties derived from medicinal mushroom is 

related to its backbone structure, and there is a receptor for leukocytes 

which, may be responsible for all reported functions of mushroom 

polysaccharide extract (in vivo and in vitro). Crude polysaccharide of 

Ganoderma mushroom was shown to enhance B-cell functions in both 

normal and tumor bearing mice [Lei and Liu, 1992]. 

Kato et. al., (1995) reported that mushroom polysaccharide 

(extracted by hot water extraction method) induce gene expression of 

some cytokines such as:tumor necrosis factor-α (TNF-α), interleukine 

1, 8 and 6 (IL-1, IL-8 and IL-6) in vivo and in vitro.  

These cytokines produced by monoctyes, macrophages and other cell 

types mediate multiple biological effects against tumors by 
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enhancement of antibody production by B-lymphocytes and induction 

IL-2 receptor expression T-lymphocytes. 

It was stated that high molecular weight and a wide solubility 

range of mushroom polysaccharide extract were shown to be large 

enough to cross-link membrane of neutrophils and monocytes that 

trigger cytokine release [Hobbs, 2000]. 

Fisher and Yang (2002) found that mushroom polysaccharide 

extract contains protein in its structure which boosts the immune cell 

production.  

 

 

4.7 Cytotoxic Effect of Crude Polysaccharide Extract: 

Cytotoxic assay is an important and highly selective mean that 

allows determining the cytotoxic effect of many agents, (in various 

dilutions), on different types of normal and tumor cell cultures 

[Carmichale et. al., 1987]. 

Two kinds of cell cultures were used in this study to determine the 

cytotoxic effect of wild type (Pleurotus oyster) crude polysaccharide. 

The first cell culture used was chick-embryo fibroblast cells, which 

represented a normal cell culture. Results (Fig 4-2) showed that the 

crude polysaccharide in concentrations of (10, 5, 2.5, 1.25, 0.625, 

0.312 and 0.156 mg / 50 µL) showed no cytotoxic or inhibition effect 

on the growth of chick-embryo fibroblast cell culture, but, in contrast 

it showed a stimulating effect on their growth in compared with the 

control. However, when the dilution of crude polysaccharide extract 

was increased the stimulating effect decreased.  
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Figure (4-2) Cytotoxic effect of wild Pleurotus oyster crude polysaccharide 

on chick-embryo fibroblast cell 
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Many papers found that mushroom polysaccharide extract has no 

inhibition or cytotoxic effect on normal cells [Ehrkem et. al., 1983; 

Tsukagoshi et. al., 1984]. 

Several mechanisms of action of mushroom polysaccharide 

extract on normal cell culture were reported. One of these mechanisms 

suggested that this polysaccharide extract is consisted of 

macromolecules, which are unlike proteins and nucleic acid by their 

containing of repetitive structural features which are polymers of 

monosaccharide residues able to join to each other by glycosidic 

linkages. 

This feature offers the highest capacity for carrying divers of 

biological functions because they have great potential for structural 

variability. Such enormous potential variability in polysaccharide 

structure gives the necessary flexibility for the precise regulatory 

mechanism of various cell-cell interactions [Ooi and Liu, 2000]. 

Another mechanism of action demonstrated that this polysaccharide 

extract has an effect on the tumor suppressor genes and oncogenes 

productions, so it regulates the normal cell growth and differentiation 

[Internet IV]. 

 

The second cell line used in this study to determine the cytotoxic 

effect of wild type (Pleurotus oyster) crude polysaccharide extract 

was myloma cell-line. Results (figure 4-3) show that the 

concentrations (10, 5, 2.5) mg / 50 µL of crude polysaccharide has 

great inhibition and cytotoxic effect against this tumor cell-line when 

compared with the control, whereas no significant inhibition effect 
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was detected by the low concentrations (0.078, 0.039, 0.019, 0.009) 

mg / 50 µL. Same figure also showed a little effect for the solvent 

(polysaccharide extract is dissolved in saline) on myloma cell line. 

This effect could be attributed to the permeability of these cells since 

myloma cell-line is a tumor cell-line, so their function and properties 

have many defects and one of these defects is their permeability. 

Many studies indicated that mushroom polysaccharide extract has 

a potent antitumor activity on certain tumor and with no side effects 

[Whistler et. al., 1976]. Suki (1999) was found that the polysaccharide 

extract of Pleurotus oyster mushroom extracted by hot water 

extraction method has a great tumoricidal effect in vivo and in vitro 

[Internet V]. It was found that crude Maitake mushroom extract has 

cytotoxic effect on prostatic cancer cells in vitro leading to apoptosis 

[Fullerton et. al., 2000; Catino et. al., 1985]. 

Yamaguchi et. al. (2000) indicated the antitumor activity of crude 

polysaccharide extracted from Cordyceps sinensic mushroom. 

Several explanations about the antitumor mechanism of 

mushroom polysaccharide extract were stated. One of these 

explanations is that the polysaccharide extract has an effect that 

inhibited DNA synthesis of tumor cells by affecting on the DNA 

topoisomerase enzymes (I and II) [Gale et. al., 1981]. 
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Figure (4-3) Cytotoxic effect of wild Pleurotus oyster crude 
polysaccharide on myloma cell-line. 
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In a study performed for testing the activity of the crude Coriolus 

mushroom polysaccharide extract, Matsunaga et. al. (1986) found that 

this extract had supporting activity for normal cell culture and 

cytotoxic effect on tumor cell-line by increasing the tumor necrosis 

factor (TNF).  

Kobayashi et. al. (1993) were ensured the result obtained by 

Matsunaga in 1986. 

Takema (1991) demonstrated that mushroom polysaccharide has 

a mechanism of action affect in tumor cells mitochondria [Internet 

IV]. 

It was found that mushroom polysaccharide extract affects the 

gene expression of some cytokines like tumor necrosis factor-α (TNF-

α), interleukine 1, 6 and 8 (IL-1, IL-6 and IL-8), and alsot strongly 

affects interferon production and it induced apoptosis [Kato et. al., 

1995]. 

Recent studies indicated that mushroom polysaccharide extract 

exhibit a tumoricidal effect by inducing T-cell production that 

recognize this extract as an antigen and kills tumor cells in an antigen 

specific manner [Kidd, 2000]. 

Result of cytotoxic assay supported those of biochemical 

prophage induction assay (BIA) which indicated that crude 

polysaccharide extract of wild type Pleurotus oyster exhibits an 

antitumor activity, and the most expectable mechanism of action is the 

inhibitoy effect of crude polysaccharide extract on DNA synthesis of 

tumor cells [Gale et. al., 1981]. 
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Treatment of cancer with mushroom polysaccharide extract has no 

side effects when compared with other cancer treatments such as 

chemotherapy (that affects follicular hair cells and the immune cells 

leading to decrease the body's general defense mechanisms). It 

appears that this type of treatment is the promising treatment of cancer 

[Buchdunger et. al., 1996; Kurzrock et. al., 2003]. 

  



 I

Summery 

         Two kinds of Pleurotus oyster mushroom isolates were 

collected. The first isolate was the local type and the second isolate 

was the commercial type. 

Crude polysaccharide extract was isolated from Pleurotus oyster 

mushroom as a brown powder extract by using hot water extraction 

method. 

This crude extract was characterized by using molish test and phenol-

sulphuric test. It was found that this extract mostly carbohydrate in 

nature.  

        The crude polysaccharide extract was tested for its antibacterial 

activity against Staphylococcus aureus and Escherichia coli. 

Results indicated that crude polysaccharide extract of local isolate 

caused an inhibition zone of about 1.4 cm for Staphylococcus aureus 

and Escherichia coli was inhibited at about 0.9 cm, while the crude 

polysaccharide extract of industrial isolate caused an inhibition zone 

of about 1 cm for Staphylococcus aureus and Escherichia coli was 

inhibited at about 0.8 cm. 

     In order to determine the antitumor activity of crude 

polysaccharide extract, biochemical prophage induction assay was 

done for the crude extract of local and commercial isolates. 

It was shown that the crude polysaccharide extract of local and 

commercial isolate capable of induced the λ-phage, that inserted in the 

bacterial chromosome of E. coli CI857 (lysogen), to jump from its 

place, so made the bacteria to reproduce the β-galactosidase enzyme. 

And the crude polysaccharide extract of local isolate gave an 



 II

enzymatic activity more than that of commercial isolate, that is mean 

the crude polysaccharide extract of local isolate has an antitumor 

activity more than that of commercial isolate. So the crude 

polysaccharide extract of local Pleurotus oyster mushroom was used 

in transformation and cytotoxic assays to estimate its 

immunomodulatory effect and antitumor activity. 

Results of transformation assay indicated that the crude 

polysaccharide extract gave an immunomodulatory effect more than 

that of phytohaemagglutinine (PHA). 

Results of cytotoxic assay, revealed that the crude polysaccharide 

extract in concentrations (10, 5 and 2.5) mg / 50 µl has a great 

cytotoxic effect on myloma cell line (which represented the tumor cell 

line), and no cytotoxic effect on chick-embryo fibroblast cell culture 

(which represented the normal cell culture) in concentrations (10, 5, 

2.5, 1.25, 0.625, 0.312 and 0.156) mg / 50 µl was detected. 

      The crude polysaccharide extract of wild isolate (Pleurotus oyster) 

was purified using gel filtration method. The purification process was 

done to determine which fraction was affective as antitumor, but this 

step was not conducted. 
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