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Summary 

      This study was conducted to investigate the effect of -glucan extracted from 

the medicinal mushroom pleurotus eryngii as an anti-angiogenic and anti-tumor 

factor. Samples of dried mushroom Pleurotus eryngii were collected from Ministry 

of Agriculture/Department of Organic Farming in Baghdad. The -glucan was 

extracted from the mushroom samples using hot water extraction method. The 

extracted glucan was confirmed by both High performance liquid chromatography  

(HPLC) and Fourier transform infrared spectroscopy (FT-IR) which were used to 

analyze the chemical structure. Carbohydrates and proteins contents were 

determined for the glucan and the results indicated that the carbohydrate and 

protein contents were 250 mg/ml and 0.04 mg/ml respectively. 

     The anti-angiogenic effect of the extracted -glucan was evaluated using CAM 

assay that was carried out using fertilized eggs with age of 8 days, different doses 

(250, 500, 1000 and 2000 g/egg) of -glucan were used and in comparison with 

the negative control. Results showed that high doses (500, 1000  and 2000 g/egg) 

showed a decreased number of blood vessels in the fertilized eggs as compared 

with the negative control which indicated the inhibition of fertilized egg 

neovascularization, while the dose (250 g/egg) showed no significant effect on 

the neovascularization. 

     The anti-tumor effect of -glucan was evaluated in mice which were 

subcutaneously inoculated with AN3 adenocarcinomas cells line at from thigh 

toward the shoulder region, different doses (200, 400 and 800 mg/kg/day) of -

glucan were injected intraperitoneally in tumor bearing mice for ten consecutive 

days. Histopathological sectioning revealed both necrosis and an increased number 

of inflammatory cells in the treated tumors as compared with the negative control.  
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1. Introduction and Literature Review 

1.1 Introduction 

         Medicinal mushrooms have been used in traditional Oriental therapies for 

their antitumor and immunomodulating properties (Liu et al.,1999). Studies 

have shown that edible mushrooms, which demonstrate medicinal or functional 

properties, include species of the genera Lentinus, Hericium, Grifola, 

Flammulina, Pleurotus, and Tremella (Kues and Liu, 2000). 

These mushrooms were reported to have therapeutic activities specially 

Pleurotus spp. which occurs throughout the hardwood forests of the world that 

include the most diverse climates (Rosado et al., 2002). 

       The dry matter of different mushroom fruit bodies is about 5–15%, they 

have a very low fat content and contain 19–35% proteins. Mushroom fruit 

bodies are plentiful of vitamins, mainly B1, B2, C and D2 (Manzi et al., 1999; 

Mattila et al., 2000). The content of carbohydrates, which are mainly present as 

polysaccharides or glycoproteins, ranges 50–90%. Most abundant mushroom 

polysaccharides are chitin, hemicelluloses,  and -glucans, mannans, xylans 

and galactans. The average molecular mass of them varies according to the 

source and ranges from 5 to 2000 kDa (Bohn and BeMiller, 1995). These 

Polysaccharides are believed to be the bioactive ingredients involved in  

antitumor and anti-inflammatory effects (Wang et al., 1997; Vetvicka et al., 

1996). 

   Mushroom polysaccharides are present mostly as linear and branched glucans 

with different types of glycosidic linkages, such as (1 - 3),(1 - 6) -glucans and 

(1-3) -glucans, but some are true heteroglycans containing glucuronic acid, 

xylose, galactose, mannose, arabinose or ribose (Wasser, 2002). 

   Many researches and studies on the importance of β-glucan were highly 

concentrated on their biological activity and their interaction as non-adaptive 
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immunomodulating agent and other biological effects when applied in different 

systems in vivo and in vitro (Chen and Seviour, 2007).  

     Basically, those studies revealed that -glucan is clarified for its property to 

enhance immune system. In addition, beta-glucan, shows strong efficacy for 

activating macrophages and neutrophils. -glucan activated macrophages or 

neutrophils can recognize and kill abnormal cells including abnormal cancerous 

cells or antiangiogenic activities (Pelley and Strickland, 2000; Mayell and 

Maitake, 2001). 

      Besides to the immunological effects of -glucan, many studies proved that 

-glucan stimulates phagocytic activity as well as synthesis and release of 

interleukin-1(IL-1), IL-2, IL-4, IL-6, IL-8, IL-13, and tumor necrosis factor-

alpha (Pelley and Strickland, 2000), inhibitory effects on the growth of tumor 

cells in vivo and affects expression of several important genes in tumor cells 

(Mantovani et al., 2008). Cell cycle arrest and induction of apoptosis can be 

seen (Zhang et al., 2006). Activated complement receptors on natural killer 

cells, neutrophils, and lymphocytes may also be associated with the detected 

tumor cytotoxicity (Chen and Seviour, 2007), and finally anti-angiogenic 

properties (Yamamoto et al., 2009). 

     Angiogenesis is a dynamic process of endothelial proliferation and 

differentiation. Tumors with high angiogenic activity have been correlated with 

poor patient survival (Giatromanolaski et al., 1996; Koukouraksi et al., 2000). 

The major physiological stimuli for angiogenesis include inflammation and 

tissue ischemia and hypoxia. A number of specific factors are known to 

stimulate angiogenesis, including vascular endothelial growth factors (VEGFs), 

inflammatory cytokines, and adhesion molecules (Ziche et al., 2004). In 

general, oxidative stress is a common central theme of inflammation and tumor 

growth. During tumor growth, increased reactive oxygen species (ROS) activate 
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tumor-infiltrating leukocytes to induce an angiogenic response (Shono et al., 

1996). Application of angiogenesis inhibitors is relatively less toxic than 

conventional chemotherapy and has a lower risk of drug resistance.  

Aims of study 

  According to the information mentioned above, this study aims to assess 

antiangiogenic and antitumor activity of β-glucan extracted from medicinal 

mushroom Pleurotus spp. This was achieved via the following steps: 

1--glucan extraction. 

2- Chemical analysis of -glucan. 

3-Anti-angiogenic and antitumor assessment of -glucan.  
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1.2 Literature Review 

1.2.1 Glucans 

     A glucan molecule is a polysaccharide of D-glucose monomers, linked by 

glycosidic bonds. Extracellular polysaccharides with various degrees of 

structural complexity frequently occur in fungal cultures and some of these have 

been shown to be glucans (Clarke & Stone, 1963; Nordin and Kirkwood, 1965). 

     According to this structural complexity, glucans can be divided into two 

groups: 

 α-Glucans, which contains large amounts of glycosidic bonds of 

the alpha form. Dextran is typical α-glucan which consists of α-1,6 

glycosidic linkages between glucose molecules in its straight chain, 

while branches begin from α-1,3 linkages (and in some cases, α-1,2 

and α-1,4 linkages as well) (Purama et al., 2009). 

 β-Glucans, naturally occurring polysaccharides with polybranched 

β-1,3-(d)-glucans or β-1,6-(d)-glucose side chains, are integral cell 

wall constituents in a variety of bacteria, yeast, fungi and cereal 

plant (Babicek et al., 2007; Sener et al., 2007). 

       Glucan is the major structural polysaccharide of the fungal cell wall, 

constituting approximately 50–60% of the wall by dry weight (Fleet, 1991; 

Kapteyn et al., 1999). Polymers of glucan are composed of repeating glucose 

residues that are assembled into chains through a variety of chemical linkages. 

In general, between 65% and 90% of the cell wall glucan is found to be -1,3-
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glucan, but other glucans, such as -1,6, mixed -1,3 and - 1,4 or -1,3, and 

-1,4 linked glucans, have been found in various fungal cell walls (Bernard and 

Latge, 2001; Grun et al., 2005). The -1,3 glucan serves as the main structural 

constituent to which other cell wall components are covalently attached. As a 

result, the synthesis of -1,3-glucan is required for proper cell wall formation 

and the normal development of fungi. 

       Polymers of -1,3 glucan, like those of chitin, are generated by enzyme 

complexes associated with the plasma membrane and extruded into the 

extracellular space by means of vectorial synthesis (Douglas, 2001; Manners et 

al., 1973). As with chitin, this mode of synthesis promotes the association of 

nascent glucan chains within the cell wall space and facilitates their integration 

into the cell wall. This integration occurs at points of active cell wall synthesis, 

and the glucan synthase complexes, similar to those generating chitin, are 

primarily localized to areas of cell growth and budding or branching (Delly and 

hall, 1999; Beauvais et al., 2000). Glucan synthase catalyzes the formation of 

long linear chains of glucan, each composed of approximately 1,500 glucose 

residues connected via beta-1,3-linkages. Within each long glucan chain, the 

carbon-6 positions of approximately 40–50 glucose residues become sites at 

which additional -1,3-glucans are attached to generate a branched structure 

(Fontaine et al., 2000). The branched glucans can then be cross-linked together 

and to chitin and mannoproteins to provide the cell wall with mechanical 

strength and integrity (Kollar et al., 1997). 

1.2.2 Chemistry of -glucans  

          Glucans are arranged in six-sided D-glucose rings connected linearly at 

varying carbon positions depending on the source, although most commonly β-

glucans include a 1-3 glycosidic link in their backbone (Zekovic and Djordje, 

2008). Although technically β-glucans are chains of D-glucose polysaccharides 
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linked by β-type glycosidic bonds, by convention not all β-D-glucose 

polysaccharides are categorized as β-glucans.  Differences in molecular weight, 

shape, and structure of β-glucans dictate the differences in biological activity 

(Table 1-1) (Chu and Yifang, 2014). 

Table (1-1): β-glucan Structures 

Source Backbone Branching 
Solubility in 

water 
Reference 

 

 

Bacteria 

 

None Insoluble (Mcintosh, 2004) 

 

 

Fungus 
 

Short β-1,6 

branching 
Insoluble 

(Han and Deuk, 

2008) 

 

 

Yeast 
 

Long β-1,6 

branching 
Insoluble 

(Volman and 

Julia, 2007) 

 

 

Cereal  

None Soluble 
(Chu and Yifang, 

2014) 

 

      Cellulose is not typically considered a β-glucan, as it is insoluble and does 

not exhibit the same physicochemical properties as other cereal or yeast β-

glucans.  Some β-glucan molecules have branching glucose side-chains attached 



Chapter one  Introduction and Literature Review 

7 
 

to other positions on the main D-glucose chain, which branch off the β-glucan 

backbone. In addition, these side-chains can be attached to other types of 

molecules, like proteins, as in Polysaccharide-K (Sikora and Per, 2012). The 

most common forms of β-glucans are those comprising D-glucose units with β-

1,3 links. Yeast and fungal β-glucans contain 1-6 side branches, while cereal β-

glucans contain both β-1,3 and β-1,4 backbone bonds (Chu and Yifang, 2014). 

The frequency, location, and length of the side-chains may play a role in 

immunomodulation. 

1.2.3 Types of  -Glucan 

 Linear (1-3)--Glucans (Curdlan) 

      Curdlan, recognized as a (1-3)--glucan by it’s staining with either the 

Aniline blue dye or fluorochrome, is found as capsular polysaccharide in Gram-

negative bacteria belonging to the rhizobiaceae (e.g. Agrobacterium and 

Rhizobium) and the Gram positive Cellulomonas falvigena (Buller and Voepel, 

1990; Kenyon and Buller, 2002; Kenyon et al., 2005) and a Bacillus sp. 

(Gummadi and Kumar, 2005). Curdlan is a linear, unbranched (1,3)--glucan as 

shown in (Fig. 1-1) (Harada et al., 1968; Nakanishi et al., 1976) which may 

have as many as 12000 Glucose units (Futatsuyama et al., 1999).  Curdlan is 

insoluble in water, alcohols and most organic solvents but dissolves in dilute 

bases (0.25 M NaOH) and DMSO. 
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Figure (1-1): Chemical structure of linearβ-(1,3)-D-Glucans (Laroch and 

Michaud, 2007) 

 Cyclic (1,3;1,6)--Glucans  

      Water-soluble cyclic (1,3;1,6)--glucans are produced by the Legume 

symbionts, Bradyrhizobium japonicum, Rhizobium loti, Azorhizobium 

caulinodans. Bradyrhizobium japonicum strains, growing as free-living cultures 

or as bacteriods, synthesize a mixture of cyclic (1,3;1,6)-b-glucans that are 

neutral, unsubstituted and have ring sizes of 10-13 units (Fig. 1-2) (Miller et al., 

1990; Rolin et al., 1992; Gore and Miller, 1993; Inon de Iannino and Ugalde, 

1993). 

 

Figure (1-2): Schematic representation of the structure of cyclic (1,3;1,6)--

D-glucan (Rolin et al., 1992) 

 β-(1,3) (1,6)-D-Glucans  
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       It is an important component of the cell wall of the yeast and fungi that 

maintain the structural function for the permeability of the cell wall (Lee et al, 

2001).   This type of glucans contained chains of glucose unit linked by β-(3-1) 

bond that known as β(1-3)-D-Glucosyl which is a backbone to the compound 

that branched by unit of glucose linked by β(1-6) chain that known as β(1-6)-D-

Glucosyl. This type of glucan is characterized by a wide variety in the type of 

branch and number of the glucose unit, so they may be linked irregular or 

regular in the chain (Sutherland, 2001). The  glucan is produced from different 

organisms (Table 1-2) and Pleurotus spp. are among the important sources of 

glucan 

Table (1-2): Sources of glucans 

Structure 
Trivial 

name 
Source Reference 

(1→3)-β-d-glucan Callose Higher plants 
(Chen and Kim, 

2009) 

(1→6)-β-d-glucan Pustulan Lasallia pustulata 
(Pereyra et al, 

2003) 

-(1→3)branched 

by(1→6)-β-d-glucan 
Lentinan Lentinula edodes 

(Zhang et al., 

2011) 

(1→4)(1→6)-α-d-glucan Pullulan Aureobasidium pullulans 
(Singh et al., 

2008) 

(1→3)-β-d-glucan Paramylon Euglena gracilis 
(Kiss et al., 

1987) 

-(1→3)branched 

by(1→6)-β-d-glucan 
Cell walls 

Pleurotus eryngii, Pleurotus 

ostreatus, 

(Carbonero et 

al., 2006) 

(1→3)-β-d-glucan Curdlan Agrobacterium sp. 

(Marchessault 

and Deslandes, 

1979) 

(1→3)(1→4)-β-d-glucan 
Cereal β-d-

glucan 
Higher plants(Cereals) 

Lui and White, 

2011) 
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(1→3)(1→4)-β-d-glucan Calocyban Calocybe indica 
(Mandal et al., 

2010) 

(1→3)(1→6)-β-d-glucan Grifolan Grifola frondosa 
 

(Tada et al., 

2009) 

 

 

1.3 Pleurotus spp. 

        Since centuries, mushrooms have been used as nourishment throughout the 

world due to its rich nutrients such as proteins, carbohydrates, lipids, minerals 

(phosphorous and potassium), and vitamins (Smith et al., 2002). Mushroom 

nowadays considered as one of the most important functional food with many 

well-known therapeutic applications (El-Enshasy and Hatti-Kaul, 2013; Ozturk 

et al., 2015). 

    Pleurotus is a genus of gilled mushrooms which includes one of the most 

widely eaten mushrooms, P. ostreatus called oyster, abalone, or tree 

mushrooms, and are some of the most commonly cultivated edible mushrooms 

in the world (Chang et al., 2004(. The genus Pleurotus (oyster mushroom) is an 

organoleptic fast growing fungus, which belongs to basidiomycota group, about 

seventy species are discovered for this genus (Kong, 2004; Gargano et al., 

2013). 

      Pleurotus. eryngii is the largest species in the oyster mushroom genus, 

Pleurotus, which also contains the oyster mushroom Pleurotus ostreatus. It has 

a thick, meaty white stem and a small tan cap (in young specimens). Its natural 

range extends from the Atlantic Ocean through the Mediterranean Basin and 

Central Europe into Western Asia and India (Fig. 1-3) (Zervakis et al., 2001).  

      Pleurotus eryngii basidiomata have a high nutritional value, they are 

especially rich in carbohydrates (9.6% of fresh weight), and a significant 
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amount corresponds to dietary fibers (4.64% of fresh weight; 4.11% is insoluble 

and 0.53% is soluble dietary fibers), chitin (0.50% of fresh weight), and 

polysaccharides (0.41% of fresh weight). The total nitrogen content is around 

5.30%, and protein content is between 1.88% and 2.65%. The most abundant 

amino acids are aspartic acid, glutamic acid, and arginine.  Significant 

concentrations of vitamins (C, A, B2, B1, D, and niacin) and minerals (especially 

K, Mg, Na, and Ca), very low amounts of lipid (0.8% of fresh weight), and high 

moisture (between 86.6% and 91.7%) are present in the basidiomata (Manzi et 

al. 1999; 2004). 

 

Figure (1-3): Pleurotus eryngii (Zervakis et al., 2001) 

      Pleurotus eryngii is reported to synthesize various biologically active 

compounds. Polysaccharides (ex. -1,3-glucans), among others, are the main 

biologically active compounds in P. eryngii, which are classified 

pharmacologically as biological response modifiers, due to the enhancement of 

the host immune system as a response to various diseases. Besides 

polysaccharides, numerous other biologically active compounds were isolated 
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from P. eryngii basidiomata. Lovastatin has been found to be an effective 

natural compound that can decrease cholesterol level in blood. The studies 

reported involving different methods and compounds derived from P. eryngii 

have led to the general belief that this fungus has anti-hypertensive, antioxidant, 

anti-hypercholesterolic, anti-hyperglycemic, immunomodulating, antitumor, 

antibacterial, antiviral, antifungal, antiinflammatory, and anti-osteoporotic 

effects (Wasser and Weis, 1999). 

      In recent years, various methods have been developed to extract the 

anticancer polysaccharides ( glucan) from mushroom fruit-bodies, mycelium 

and liquid media (Mizuno, 1999). 

      Many studies demonstrated that the extracted glucan is either soluble or 

particulate. The solubility of β-g1ucans is associated with the degree of 

polymerization β-glucans can be classified according to their solubility 

properties into (Mario et al., 2007):  

 Alkali insoluble, acetic acid insoluble (1,3)-β-glucan. 

 Alkali-soluble (1,3)-β-glucan. 

 Highly branched (1,3),(1,6)-β-glucan. 

 

1.4 The biological activity of β-glucan 

1.4.1 The effects of β -glucans on the immune system  

         Current data suggests that β-glucans are potent immunomodulators with 

effects on both innate and adaptive immunity (Fig.1-4).  
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Figure (1-4): Immune activation induced by β-glucans (Schorey and 

Lawrence, 2008) 

The ability of the innate immune system to quickly recognize and respond to an 

invading pathogen is essential for controlling infection. Dectin-1, which is a 

type II transmembrane protein receptor that binds β-1,3 and β-1,6 glucans, can 

initiate and regulate the innate immune response (Sun and Zhao, 2007; Herre et 

al., 2004). It recognizes β-glucans found in the bacterial or fungal cell wall with 

the advantage that β-glucans are absent in human cells. It then triggers effective 

immune responses including phagocytosis and proinflammatory factors 

production, leading to the elimination of infectious agents (Schorey and 

Lawrence, 2008; Brown, 2006). Dectin-1 is expressed on cells responsible for 

innate immune response and has been found in macrophages, neutrophils, and 

dendritic cells (Taylor et al., 2002). The Dectin-1 cytoplasmic tail contains an 

immunoreceptor tyrosine based activation motif (ITAM) that signals through 
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the tyrosine kinase in collaboration with Toll-like receptors 2 and 6 (TLR-2/6) 

(Schorey and Lawrence, 2008; Ganter et al,. 2003; Herre et al., 2004). The 

entire signaling pathway downstream to dectin-1 activation has not yet been 

fully mapped out but several signaling molecules have been reported to be 

involved. They are NF-κB (through Syk-mediate pathway), signaling adaptor 

protein CARD9 and nuclear factor of activated T cells (NFAT) (Goodridge et 

al., 2007; Rogers et al., 2005). This will eventually lead to the release of 

cytokines including interleukin IL-12, IL-6, tumor necrosis factor TNF-α, and 

IL-10. Some of these cytokines may play important role in the cancer therapy. 

On the other hand, the dendritic cell-specific ICAM-3-grabbing non-integrin 

homolog, SIGN-related 1 (SIGNR1) is another major mannose receptor on 

macrophages that cooperates with the Dectin-1 in non-opsonic recognition of β-

glucans for phagocytosis (Taylor et al., 2004).  Furthermore, it was found that 

blocking of TLR-4 can inhibit the production of IL-12 p40 and IL-10 induced 

by purified Ganoderma glucans (PS-G), suggesting a vital role of TLR-4 

signaling in glucan induced dendritic cells maturation. Such effect is also 

operated via the augmentation of the IκB kinase, NF-κB activity and MAPK 

phosphorylation. One additional point to note is that those studies implied the 

interaction between β-glucans and TLR all used non-purified β-glucans, 

therefore the actual involvement of pure β-glucans and TLR remains to be 

proven (Lin et al., 2005). 

      Other possible receptors and signaling pathways induced by β-glucans are 

less definite at the moment. For example, lentinan, a form of mushroom derived 

β-glucans, has been found to bind to scavenger receptor found on the surface of 

myeloid cells and triggers phosphatidylinositol-3 kinase (PI3K), Akt kinase and 

p38 mitogen-activated protein kinase (MAPK) signaling pathway (Rice et al., 

2002). Candida albicans derived β-glucans but not other forms of pathogenic 

fungal β-glucans can bind to Lac Cer receptor and activate the PI-3K pathway 
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in controlling the neutrophil migration (Sato et al., 2006), but such activation 

pathway may involve other molecules found in the Candida derived β-glucans. 

       Another mechanism of β-glucan action is mediated via the activated 

complement receptor 3 (CR3, also known as CD11b/CD18), which is found on 

natural killer (NK) cells, neutrophils, and lymphocytes. This pathway is 

responsible for opsonic recognition of β-glucans leading to phagocytosis and 

reactor cells lysis. β-glucans bind to the lectin domain of CR3 and prime it for 

binding to inactivated complement 3b (iC3b) on the surface of reactor cells. The 

reactor cells can be of any cell type including cancer cells tagged with 

monoclonal antibody and coated with iC3b. The β-glucans-activated circulating 

cells such as the CR3 containing neutrophils will then trigger cell lysis on iC3b-

coated tumor cells (Hong et al., 2004). Similarly, majority of the human NK 

cells express CR3 and it was shown that opsonization of NK cells coated with 

iC3b leads to an increase in the lysis of the target. The beta chain of the CR3 

molecule (CD18) rather than the alpha chain (CD11b) is responsible to the β-

glucan binding (Klein et al., 1990; Di Renzo et al., 1991). 

1.4.2 Anti-tumor effects of β-glucans 

        Cancer is defined as an uncontrolled cell proliferation induced by many 

factors including environmental chemicals, viruses, bacteria, hormones, and 

chronic inflammation (Nam et al., 2005). There are three developmental stages 

recognized. The first is called initiation, in which a mutagen binds to the cell 

DNA and causes damage, which by itself is usually insufficient to induce tumor 

production. The second stage is called activation of a tumor promoter that leads 

to the formation of small benign tumors. In the third stage is progression, the 

normal tight control over the cell cycle is lost, which results in uncontrolled cell 

proliferation (Borchers et al., 2004; Nam et al., 2005). Cancer is a worldwide 

disease which is causing serious damage to human health, how to conquer 

cancer is one of the most important research topics on the medicine. Recently, 
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some natural active component has been discovered and purified from Pleurotus 

eryngii, including polysaccharide, polysaccharide-protein, diterpenoid, 

triterpene. These components exhibited the significant anti-cancer activity 

(Yang et al., 2013). 

      Biological studies have demonstrated that polysaccharides from Pleurotus 

eryngii played a main role in the enhancement of the antitumor activity.  

exopolysaccharides from Pleurotus eryngii exhibited higher antitumor ability of 

human hepatoma cells in vitro. The antitumor activity increased in a 

concentration dependent manner and reached to 61.4% at the concentration of 

400 μg/ml (Jing et al., 2013). 

     It was found that fungal β-glucans appear to beneficially influence both 

cancer promotion and progression (Takaku et al., 2001; Nilsson et al., 2004; 

Nam et al., 2005), and such treatment of rats has led to formation of much 

smaller tumors than those seen in controls (Vetvicka and Yvin, 2004). Fungal β-

glucans also have synergistic effects with monoclonal antibodies used in cancer 

treatment. Monoclonal antibody therapy targets key components of the 

biological pathways involved in carcinogenesis. Furthermore, yeast β-glucans 

given orally with monoclonal antibody therapy increased neuroblastoma tumor 

regression and long-term survival in mice (Cheung et al., 2002; Cheung and 

Modak, 2002; Yan et al., 2005). 

1.4.3 Anti-Angiogenic Effect of  Glucan 

        It has been proposed that anti-angiogenesis may be another pathway that β-

glucans exert the anti-cancer property. Yamamoto et al. (2009) investigated the 

effect of oral administration of Sparassis crispa (SC, or known as Hanabiratake 

in Japan) on angiogenesis. SC is an edible mushroom with medicinal properties 

that contains more than 40% β--glucan. they found that SC can suppress the 

growth of the primary tumour and also the extent of the metastatic foci in the 
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lung, correlating with the inhibition of tumor induced-angiogenesis. Similarly, 

using Coriolus versicolor mycelia, it was found that there was a reduction of 

tumor weight and vascular density via suppression of vascular endothelial cell 

growth factor (VEGF) gene expression (Ho et al., 2004). Anti-angiogenesis 

effects induced by β-glucans may be acting through an indirect manner and the 

underlying mechanisms are an emerging area for future studies. 

      The VEGF is the key of the angiogenesis, some studies reported that fugal 

polysaccharide from different fungi are commercially available and have 

inhibitory effects on tumor angiogenesis and tumor growth in mice (Chen et al., 

2005). 

1.4.3.1 Angiogenesis 

         Angiogenesis is a complex process in which there is growth of new blood 

vessels from the pre-existing ones and is an essential phenomenon for the 

growth and survival of solid neoplasms (Fig.1-5) (Hasina and Lingin, 2001). 

 Tumor angiogenesis is the proliferation of blood vessels penetrating the 

cancerous growth for the supply of nutrients and oxygen (Grupta and Qin, 

2003). Angiogenesis is a requisite not only for continued tumor growth, but also 

for metastasis (Kumar et al., 2004). Because adequate vascular response is 

critical for the initial development as well as the continued growth of solid 

tumors, much attention is focused on the use of angiogenesis inhibitors as an 

adjunct to other forms of therapy for preventing development of malignant 

neoplasms (Hori et al., 1991). 

       Folkman (1995) demonstrated that solid tumors cannot grow larger than 2-3 

mm diameter without inducing their own blood supply. Tumor angiogenesis 

starts with the release of molecules by tumor cells that send signals to the 

surrounding normal host tissue, activates certain genes to make protein that 

encourage growth of new blood vessels (Grupta and Qin, 2003). 
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      Antiangiogensis is inhibition of blood vessel growth, It’s being investigated 

as a way to prevent the growth of tumor and other angiogenesis-dependent 

diseases. Pharmacological inhibition interferes with the angiogenic cascade or 

the immature neovasculature with synthetic or semi-synthetic substances, 

endogenous inhibitors or biological antagonists (Ribatti, 2010). 

 

 

Figure (1-5): The process of angiogenesis (Hasina and Lingen, 2011) 
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 1.4.3.2 Stimulators of Angiogenesis 

      Most blood vessels in an adult organism remain quiescent but have the 

capability to divide in response to stimulus and result in angiogenic process. 

The molecules that are the positive regulators of angiogenesis are: 

A-VEGF (Vascular endothelial growth factor): VEGF also known as 

vascular permeability factor (VPF) is a heparin binding protein and its level is 

increased in various tumors (Kohn et al., 1992). 

Actions of VEGF include: 

 Powerful inducer of angiogenesis (Leung et al., 1989). 

 Stimulates growth and proliferation of endothelial cells (Ferrara and 

Davis Smyth, 1997). 

 Act as survival factor for endothelial cells (Gerber et al., 1998). 

 Prevent the apoptosis of endothelial cells (Gerber et al., 1998). 

 Regulates the vascular permeability (Senger et al., 1983). 

B- Platelet Derived Growth Factor (PDGF): Family of PDGF ligand is 

composed of four structurally related soluble peptides in the form of five 

different homodimers and heterodimers and involved in vessel maturation and 

recruitment of pericytes (Karamysheva, 2008). 

C- Fibroblast Growth Factor (FGF): It is comprised of 23 different proteins 

and classified into six different groups. These ligands are among the earliest 

angiogenic factors and involved in promoting cell proliferation, migration and 

differentiation of vascular Endothelial cells (Grupta and Qin, 2003). 

D-Epidermal Growth Factor (EGF): It is comprised of 11 members and four 

EGF receptors. Activation of Epidermal growth factor receptor pathway results 
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in up regulation of proangiogenic factors such as VEGF and thus viewed as 

indirect regulator of angiogenesis (Carla et al., 2012). 

E- Transforming Growth Factor-β (TGF β): TGF β is produced by nearly 

every cell type and participates in angiogenesis, embryonic development and 

wound healing and has potent growth inhibition properties. It has both pro and 

anti-angiogenic properties, depending on its levels. Low levels promote 

angiogenesis by up regulating angiogenic factors and proteases and high levels 

inhibit endothelial cells growth and proliferation by preventing phosphorylation 

of pRB and thereby arresting endothelial cells at late G1 phase (Grupta and Qin, 

2003). 

F-Matrix Metalloproteinases (MMPs): MMPs induce tumor angiogenesis by 

degrading extracellular matrix and releasing angiogenic mitogens that are stored 

in the matrix. MMP-9 and MMP-2 proteolytically cleave and activate latent 

TGF-β and promote tumour angiogenesis (Grupta and Qin, 2003). 

G-Angiopoietins: The angiopoietins, Ang1 and Ang2, are required for the 

formation of mature blood vessels, as demonstrated by mouse studies (Gavin, 

2004). 

1.4.3.3 Angiogenesis Inhibitors 

     Because an adequate vascular response is essential for the initial 

development and the continued growth of the solid tumors so now a day’s anti 

angiogenic therapy is an attractive modality for preventing the development of 

malignant neoplasm (Kim et al., 1993). The angiogenic inhibitors can be either 

endogenous (present within the body) or synthetic (drugs). The various 

Endogenous Angiogenesis inhibitors are as follows: 

A. Interferon 
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     Interferon is the members of secreted glycoproteins which directly or 

indirectly inhibit the tumor angiogenesis and growth. Administration of optimal 

dose of IFN α/β decrease the expression of β - FGF mRNA and protein, 

microvessel density and also induces the apoptosis of endothelial cells (Slaton 

et al., 1999). IFN- γ induces its antiangiogenic effects through the secretion of 

IFN γ – inducible protein 10 (IP-10) and monokine (Jonasch and Haluska, 

2001). 

B. Interleukins 

     The structure of interleukins (ILs) determines its function to play a role in 

either promoting or inhibiting angiogenesis, IL- 12 suppresses the expression of 

VEGF mRNA, promotes the apoptosis and inhibits proliferation rate in human 

tumors and reduce tumor vessel density (Oshikawa et al., 2010; Duda et al., 

2000). IL-10 down regulate the synthesis of VEGF, IL-1β, TNFα, IL-6, MMP 9 

in tumor associated macrophages (Huang et al., 1991). 

C. Angiostatin 

      It is a 38 KDa internal fragment of plasminogen and its antiangiogenic 

effect is due to down regulation of VEGF expression within tumors (Hajitou et 

al., 2002). Binding of angiostatin to plasma membrane localized ATP 

synthatase suppress the endothelial –surface ATP metabolism and thus down 

regulate the EC (endothelial cell) proliferation and migration (Moster et al., 

1999). According to many studies angiostatin treatment significantly increases 

the apoptosis of EC (Griscelli et al., 1998). 

D. Endostatin: It is a 20 KDa fragment of type XVIII collagen and inhibits ECs 

proliferation, angiogenesis and tumor growth (Kim et al., 2002). 
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1.5 Studying Anti-Angiogenesis by Chick Embryo Chorioallantoic 

Membrane Assay (CAM Assay) 

         The classical assays for studying angiogenesis in vivo include the rabbit 

ear chamber, the mouse dorsal skin and air sac, the chick embryo 

chorioallantoic membrane (CAM) (Norrby, 2006). Angiogenesis assays in vitro 

have allowed important progress in elucidating the mechanism of action of 

several angiogenic factors and inhibitors. The main determinants dictating the 

choice of method are their cost, ease of use, reproducibility, and reliability. 

However, in vivo angiogenesis assays may be very sensitive to environmental 

factors and not readily accessible to biochemical analysis. Also, their 

interpretation is frequently complicated by the fact that the experimental 

condition adopted may inadvertently favor inflammation (Ribatti, 2010). 

       The CAM can be also cultured either in vivo or ex-vivo as a shelless culture 

in Petri dishes and plastic wrap/cup apparatus. There is no clear evidence that 

there is any significant difference between data derived using or shell-less 

culture method. It has been demonstrated that survival rate of eggs cultured ex 

vivo is the major success limiting step in this culture technique (Hassan et al. 

2014).
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2. Materials and methods 

2.1 Materials 

2.1.1 Equipment and Apparatuses 

         The equipment and apparatus used throughout this study are mentioned as 

follows: 

 

Equipment 

 

Company 

 

Origin 

Autoclave Express Germany 

Balance Ohans France 

Centrifuge Hermle Z200A Germany 

Compound Light 

Microscope 

Olympus Japan 

Cooling Centrifuge Harrier UK 

High Speed Centrifuge Supra 22K Korea 

HPLC, FT-IR Shimadzu Japan 

Incubator Termaks UK 

Laminar air flow hood Heraeus Germany 

Micropipette Witey Germany 

Oven Memmert Germany 

pH meter Milwaukee USA 

Sensitive Balance Kern Germany 

Shaker Incubator, Water 

bath, Distillator 

GFL Germany 

Spectrophotometer Aurora Instrument Ltd England 

Vortex Giffin England 
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2.1.2 Chemicals 

Chemicals Company Origin 

Coomassie Brilliant Blue 

G-250 

LKB Sweden 

Chloroform BDH England 

Ethanol Absolute BDH England 

Eosin BDH England 

Glucose BDH England 

Hematoxylin BDH England 

Phenol Sigma Germany 

Phosphoric Acid BDH England 

Tris-HCl Fluka Germany 

 

2.1.3 Standards 

Standard Company Origin 

-1,3-glucan from 

Euglena gracilis 

Sigma Germany 
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2.1.4 Solutions, Reagents and Stains 

2.1.4.1 Solutions for Carbohydrate Determination (Dubois et al., 1956)  

 A. Glucose Stock Solution 

      It was prepared by dissolving 1mg of glucose in 10ml distilled water to 

obtain 100µg/ml.  

 B. Phenol Solution (5%) 

     Phenol (5g) was dissolved in 100ml distilled water. 

C. H2SO4 Solution (98%). 

2.1.4.2 Solutions for Protein Estimation (Bradford, 1976) 

A. Coomassie Brilliant Blue G-250 Stain  

     It was prepared by dissolving 0.1g of Coomassie Brilliant Blue-G250 in 

50ml of 95% ethanol, then 100ml of 85% phosphoric acid was added with 

agitation and the volume was completed to one liter with distilled water. The 

mixture was filtrated via Wattman filter paper (No.1) and kept in a dark bottle. 

 B. Tris-HCl Buffer 

      It was prepared by dissolving 0.3g of Tris-HCl in 100ml distilled water, pH 

was adjusted to 7.5.  

 C. Bovine Serum Albumin (BSA) 

     It was prepared by dissolving 10mg of BSA in 10ml of Tris-HCl buffer. 

2.1.4.3 Solutions Used for Glucan Extration (Wood, 1993) 

A. HCl (2M) 

     It was prepared by mixing 7.5ml HCl with 100ml distilled water. 
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B. Na2Co3 (20%) 

     It was prepared by dissolving 20g of Na2Co3 in 100ml of distilled water. 

2.1.4.4 Solutions Used in Histological Study of Mice 

A. Hematoxylin Stain 

     The stain solution was ready supplied by the laboratories of Baghdad 

University/College of Medicine. It was used to stain the histological sections of 

mice. 

B. Eosin Stain 

     The stain solution was ready supplied by the laboratories of Baghdad 

University/College of Medicine. It was used to stain the histological sections of 

mice. 

C. Formalin (10%) 

     It was prepared by mixing 10ml of formalin with 90ml of distilled water. 

2.1.5 Tumor Cell line (Al-Shammari et al., 2008) 

        Ahmed Majeed 2003 (AM3) also named (AN3) mammary adenocarcinoma 

transplantable tumor line was supplied from ICCMGR, Experimental Therapy 

Department/Al-Mustansiriya University. 

2.2 Methods 

2.2.1 Sample collection of Mushroom 

         Samples of dried mushroom Pleurotus eryngii were supplied from 

Ministry of Agriculture/Department of Organic Farming in Baghdad. 
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2.2.2 Identification of Pleurotus spp. 

         The mushroom samples were identified by Dr. Ahmed Kareem\Senior of 

Agronomist at the Ministry of Agriculture/Department of Organic Farming. 

2.2.3 -Glucan Extraction from Pleurotus eryngii 

         - glucan was extracted using hot water extraction method with simple 

manipulation (Wood, 1993): 

 The dried mushroom fruit bodies were powdered using a blender for 5 

minutes. 

 The powdered mushroom (50 g) was mixed with 1 L of distilled water in 

a ratio of (1:20). The pH of the mixture was adjusted to 7 with 20% 

Na2Co3. 

 The mixture was heated to 90°C for 6 hrs using shaker water bath. 

 The mixture was centrifuged at 8000 rpm for 10 min at 4°C. The pellet 

was discarded and the supernatant was taken. 

 The pH of the supernatant was adjusted to 4.5 with 2M HCl to precipitate 

protiens and centrifuged at 8000 rpm for 30 min at 4°C. The pellet was 

discarded and the supernatant was taken. 

 Ethanol absolute was added to the supernatant in a ratio of (1:1) and left 

for 12 hrs at 4°C to precipitate the -glucan. 

 The suspension then was centrifuged at 3000 rpm for 10 min at 4°C. The 

supernatant was discarded and the pellet was taken.  

 The pellet was homogenized with ethanol absolute and then dried by 

oven at 60°C. 
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2.2.4 Analysis of -glucan by High Performance Liquid 

Chromatography (HPLC) Technique 

      The samples and standard of -glucan were analyzed by HPLC with column 

Lichrosphere C18 (4.6 mm x 50 mm), 3 mm particle size. 

Mobile phase: deionized water. 

Detection: refractive index detector RF Shimadzu 

Flow rate: 1.2 ml\min   

Temperature: 30°C 

     Preparation of sample: 10 mg were dissolved in 250 ml to get 40 g\ml 

standard, And then 20 l were injected into HPLC column for analysis. 

The separation occurred on liquid chromatography Shimadzu 10AV-LC 

equipped with binary delivery pump model LC-10A Shimadzu, The eluted 

peaks were monitored by UV-Vis 10 A-SPD spectrophotometer. 

2.2.5 Analysis of -glucan by FT-IR (Fourier Transformed 

Infrared) 

      The chemical structure of -glucan from pleurotus spp. was analyzed by 

Fourier Transformed-Infrared spectrometry (Shimadzu IR Affinity – Japan) at 

the Chemistry Department /College of Science /AL-Nahrain University. The 

FTIR spectrum (an advanced infrared (IR) spectrometry) was utilized to detect 

the functional groups of glucan structure compared with the standard. This was 

done under FTIR spectrometry in the wavelength ranged of 400-4000 cm
-1 

and 

at a resolution of 8 cm
-1

. This test involved mixing an equal volume of glucan 

sample and standard glucan with potassium bromide (KBr), then the mixture 

was analyzed by the FTIR analyzer. 
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2.2.6 Determination of Carbohydrate Concentration  

     Carbohydrate concentration was determined by phenol - H2SO4 method 

originally described by Dubois et al., (1956) as follows: 

 Different concentrations (10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 μg/ml) 

were prepared from glucose stock solution (2.1.5.1) with final volume of 1 ml. 

Then 1 ml of phenol solution (5%) was added to each tube with mixing. 

 A volume of 5 ml from H2SO4 was added to the mixture with vigorous mixing, 

and then left to cool at room temperature. 

 The absorbance at 490 nm was measured; the blank was prepared from 1 ml of 

distilled water, 1 ml phenol solution (5%) and 5 ml of H2SO4. 

 A standard curve was plotted between the glucose concentrations against the 

corresponding absorbance (Figure 2-1).  

 The carbohydrate concentration of glucan was estimated by taking 1ml of 1 

mg/ml glucan solution and subjected to the same previous addition and read the 

absorbance at 490nm. The carbohydrate concentration was calculated from the 

standard curve (Figure 2-1). 
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Figure (2-1): Standard curve of glucose 

2.2.7 Estimation of Protein Concentration 

      Protein concentration was determined according to Bradford, (1976) as 

follow: A standard curve of bovine serum albumin was carried out by 

preparation different concentrations from BSA stock solution according to the 

following: 

BSA (l) Stock 

Solution 

Tris-HCl Buffer 

(l) 

Protein 

Concentration 

(l\ml) 

Final Volume 

(ml) 

20 80 20 0.1 

40 60 40 0.1 

60 40 60 0.1 

80 20 80 0.1 

100 0 100 0.1 
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 A volume of 2.5 ml of Coomassie Brilliant Blue G-250 dye was added to each 

concentration mixed and left to stand for 2 min at room temperature.  

 The absorbance at 595 nm was measured; the blank was prepared from 0.1 ml 

of Tris-HCl buffer and 2.5 ml of the dye reagent.  

 A standard curve was plotted between the BSA concentrations against the 

corresponding absorbance of the bovine serum albumin.  

 Glucan sample (0.1ml of 100µg/ml Tris-HCl) was treated as the same previous 

steps. The protein concentration was calculated from the standard curve (Fig.2-

2).   

 

Figure (2-2): Standard Curve of BSA 
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2.2.8 Chick Chorioallantoic Membrane (CAM) Assay for the -

Glucan 

      Ex vivo anti-angiogenic activity of glucan was measured by CAM assay as 

described by (Li et al., 2004). A group of 25 fertilized eggs about 7-10 days-old 

were incubated at 37.5 ◦C with 55% relative humidity. On the eighth day, a 

1cm
2
 window was carefully created on the broad side of each egg shell, which 

can candle the egg to assure existence of embryonic blood vessels. A volume of 

glucan (20µl) containing (250, 500, 1000 and 2000 µg/egg) and normal saline 

(as control) were applied on a filter paper disk and then placed into CAM, after 

which a permeable sticky tape was immediately appended to the window. After 

incubation for 3 days (until day 11), the egg shell was pushed aside around the 

window of each egg, and the blood vessels were photographed. Anti-angiogenic 

effect of glucan on CAMs was quantified by counting the number of blood 

vessel branch points which were marked using artistic software on the photos. 

2.2.9 Tumor Induction and Treatment Procedures 

2.2.9.1 Tumor Induction  

      According to the procedure described by Al-Shammari et al., (2008). 

Twenty inbred Albino Swiss females mice, aged 6-8 weeks, 20-25 g in weight 

were supplied by Iraqi Center for Cancer and Medical Genetic Research 

(ICCMGR) animal house unite. The animals were subcutaneously inoculated 

with 5 ×10
5
 AN3 adenocarcinomas cells line from thigh toward the shoulder 

region. The animals were housed in a plastic cage containing hard-wood chip as 

bedding. The housing conditions followed the guidelines of the ICCMGR. 

     Ahmed Majeed 2003 (AM3) also named (AN3) mammary adenocarcinoma 

transplantable tumor line (2.1.5) was supplied from ICCMGR, Experimental 

Therapy Department. Single tumor (mammary adenocarcinoma) bearing mouse, 

was used to obtain tumor cells which were later transplanted into adult female 
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albino mice. The following protocol was followed to perform the 

transplantation process (Al-Shammari et al., 2011), which was done under 

sterile conditions:  

 The tumor mass region well disinfected with 70% ethyl alcohol.  

  By using 10ml disposable syringes, the contents of tumor mass tissue 

withdrawed into sterile flask.  

 The solid content was allowed to settle down while the supernatant 

discarded.  

 The residues washed 2-3 times with sterile PBS by final wash, 

appropriate amount of PBS was left. This amount was comparable with 

the number of animals which prepared to transplantation. Generally, the 

withdrawing content from tumor mass of single mouse was adequate for 

transplantation of on average 10 mice.  

 Separations of the tumor material into cells suspension made through 

mechanical disaggregation of cells in the withdrawing materials, by 

vigorous pipetting (withdraws and return of contents several times).  

 Each adult female albino mice (6-8 wk. old) became ready to tumor cell 

transplantation; 0.1ml of tumor cell suspension was transplanted through 

insertion of a needle (gage No.18) subcutaneously from thigh region 

toward the shoulder region where the injection was performed. 
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Figure (2-3): Mice bearing AN3 mammary adenocarcinoma cell  

                             Line. 

 

2.2.9.2 Tumor Treatment with -Glucan 

       This experiment was conducted to evaluate the effect an anti-tumor activity 

of  glucan. The experimental mice were divided into four groups, three groups 

of mice were intraperitoneally injected with -glucan suspended in 

physiological saline at a dose of (200, 400 and  800 mg/kg/day) for 10 

consecutive days while the vehicle-control mice received an equivalent volume 

of physiological saline and as follows (Yeun-hwa et al., 2005): 

Group I: Control (5 mice): treated with 1ml of physiological saline. 

Group II: -glucan treatment (5 mice): treated with 1ml of -glucan (200 

mg/kg). 

Group III: -glucan treatment (5 mice): treated with 1ml of -glucan (400 

mg/kg). 

Group IV: -glucan treatment (5 mice): treated with 1ml of -glucan (800 

mg/kg). 
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At the tenth day, the mice were sacrificed; tumor samples were collected and 

preserved in formalin (10%) for histological sectioning. 

2.2.10 Histological Analysis of Tumors 

       Sections were first isolated and cleaned from access adipose tissues in a 

petridish containing normal saline then the sections were weighted by an 

electronic precision balance then the sections were put in tubes containing 10% 

formalin for about 16-18 hours for fixation purpose, then they were transferred 

in to tubes containing 70% ethanol alcohol in which they preserved till the time 

of final preparation. In the final preparation the samples were transferred in 

99% alcohol for about 6 hours then put in xylol for 2 hours (Bankroft, 1980). 

Then sections were put in a paraffin wax for blocks preparation. Then a 5 µ 

paraffin sections were obtained using a sharp knife of a handling laboratory 

microtome. Paraffin sections of tissue were put in a water bath of 43 ºC then 

were stick in a glass slide in a proper angled manner to obtain the best result, 

then glass slides containg sections were dried using hot plate. For all 

histological slides, pictures were taken using a digital camera under light 

microscope at a magnification power of 200X and 400X. The staining method 

was performed using heamatotoxilin and eosin stain (Junqueria et al., 2005; 

Humson, 2001).  

2.2.11 Statistical analysis  

       Data were analyzed statistically using SPSS program version 20. Results 

were expressed using simple statistical parameters such as mean and standard 

error. Differences between means were assessed by ANOVA, followed by 

either LSD or Duncan test. Acceptable level of significance was considered to 

be P< 0.05. 
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3. Result and Discussion 

3.1 -glucan from P.eryngii  

       In this study, -glucan was extracted using a method described by (Wood, 

1993) with simple manipulation, which depended on hot water extraction steps. 

Proteins in the extract were removed by using HCl.  The reason behind using 

Hcl was to remove proteins and other impurities. These impurities which may 

found with glucan affect its physical and chemical properties and may cause 

reducing in its ability for water absorptions and then it became unsuitable for 

some applications like food industry (James et al., 1991). 

   The polysaccharide was precipitated using ethanol absolute and the total 

polysaccharide was estimated by the phenol-sulfuric method (DuBois et al., 

1956). However, a study done by Kanagasabapathy and his colleagues (2012) 

also extracted the polysaccharides from the grey oyster mushroom using hot-

water extraction method and found approximately 80% β-glucan in their crude 

extract.  

      Additional studies reported that the branched β (1→3) and β(1→6)-D-

glucan is predominated in the hot water polysaccharide extract from Pleurotus 

ostreatus and Pleurotus eryngii (Synytsya et al., 2009). 

3.2 Testing of Glucan Structure 

3.2.1 - Glucan by HPLC 

       In this study, this technique was used to determine the quality and purity of 

Pleurotus  eryngii -glucan, in addition to confirm the structural similarity with 

the standard -glucan. The HPLC analysis revealed a major peak (2.087) of a 

liquid glucan (Figure 3.1), which indicating the presence of the extracted 

glucan. Such peak showed the same retention time of the glucan standard 

(2.193) (Figure 3.1).  
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The HPLC was used for the separation of the components of β-glucan extracted 

from mushrooms that gave an efficient method for detecting the β-glucan (Al-

Aubydi and Abed, 2011). 

 

Figure (3.1): HPLC analysis for the P. eryngii -glucan as compared with 

the standard Euglena gracilis -glucan  
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3.2.2 -glucan by FT-IR 

      Glucan was analyzed using FT-IR spectroscopy to detect the functional 

group in its chemical structure of glucan, and compared these groups with 

standard ones.  

      Result in (Fig 3.2a) showes that infrared spectrum at the absorbance (1028.0 

cm
-1

) means the presence of C-O-C bonds which is a characteristic feature for β-

glucan structure stretching with the standard (1055.0 cm
-1

) (Fig 3.2b) (Hozova 

et al., 2007).  

 

Figure (3.2a): FT-IR analysis for extracted P. eryngii - glucan.  

The absorbance at (1371.3 cm
-1

) refers to the presence of C-H aliphatic bending; 

the standard absorbance was at (1315.4 cm
-1

) (Karreman et al., 2006). On the 

other hand, free hydroxyl groups and carboxyl groups were absorbed at regions 

(2927.7 cm
-1

) and (2922.0 cm-1) that found in the carbohydrate (Ibrahim et al., 
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2006). Results indicated that the FT-IR spectra of the extracted glucan has 

appearance typical to that of the standard β-glucan with high degree of purity . 

 

Figure (3.2b): FT-IR analysis for standard P. eryngii -glucan 

 

3.2.3 Carbohydrate and Protein Content in extracted β-glucan 

      Chemical composition of the glucan extracted from P. eryngii was 

characterized by estimating the carbohydrate contents according to Dubois et al. 

(1956) depending on the standard curve of glucose, and estimating the protein 

contents according to Bradford, (1976) depending on the standard curve of 

bovine serum albumin. Accordingly, the carbohydrate content was (250 mg/ml), 

while the protein concentration was very low (0.04 mg/ml). The components of 

both glucose and protein gave an important indication about glucan purity due 

to the high amount of sugars with low content of proteins. 
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      Wasser, (2002) reported that the content of carbohydrates, which are mainly 

present as polysaccharides or glycoproteins, ranges at 50–90%; the most 

abundant polysaccharides are chitin, α- and β-glucans, and hemicelluloses (e.g. 

mannans, xylans, and galactans). The polysaccharides in mushrooms are present 

mostly as glucans with different types of glycosidic linkages, such as branched 

(1→3), (1→6)-β-glucans and linear (1→3)-α-glucans, but some are true 

heteroglycans.  

     Vetvicka and Vetvickova, (2007) have reported that the glucan purity is an 

important character in determination of its application since glucan may be used 

in pharmaceutical, cosmetics, food and other felids. 

3.3 Anti-angiogenic Effect of P. eryngii -Glucan 

     The anti-angiogenic effect of the P. eryngii -glucan was detected by CAM 

assay. Results in (Fig 3.3) revealed that the dose 250g/egg of -glucan showed 

a no significant inhibition effect on neovascularization and the number of blood 

vessels branches was (58.33±1.45) as compared with the negative control 

(61.0±2.08) as shown in figure (3.4 a and b). 

     While the doses (500 and 1000 g/egg) showed a significant inhibition of the 

neovascularization as compared with the negative control and revealed a 

decreased number of blood vessels branches (51.67±1.76 and 45.67±0.33) 

respectively as shown in Figure (3.3 and 3.4 c, d). 
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Figure (3.3): Effect of -glucan on the neovascularization of the chick 

embryo 

 

Different Letters 
a,b,c,d

 refers to significant results among groups 

   On the other hand, it was noticed that when the dose of -glucan was 

increased to 2000g/egg, CAM capillaries were dramatically decreased upto 

50% (37.67±1.76) as shown in (Fig 3.4e). This result revealed that due to an 

increase in the concentration of -glucan, This will cause a decrease in the chick 

CAM angiogenesis. 
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                                                             (C)  
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(D) 

    

 

(E) 

 

 

 

 

(E)  

Figure (3.4): The effect of P. eryngii -glucan concentrations on the 

neovascularization of the chick embryo blood vessels 

A-Control         B-250g/egg     C-500g/egg 

D-1000g/egg     E-2000g/egg 

(The dotes in the figure indicates the number of blood vessels branches) 
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     The overall results indicated that β-glucan extracted from P. eryngii affects 

the generation of the new blood vessels and hence reduces the number of blood 

capillaries. The decrease of the neovascularization may be attributed to several 

lines of evidence that support the role of β-glucan as an anti-angiogenic factor. 

     Angiogenesis is involved in many physiological processes, but also is a 

hallmark in the pathology of many diseases (cancer, ischemia, atherosclerosis, 

inflammatory diseases), in wound healing and in tissue regeneration. It is of 

crucial importance for the survival of cancer cells, for tumor growth and 

spreading. Angiogenesis is a complex process, tightly regulated at molecular 

level by involving growth factors, receptors, extracellular matrix (ECM) 

proteins and the humoral factors (Dimova et al., 2014). 

     β-glucan is most effective in promoting the secretion of IL-12 that has been 

shown to directly inhibit angiogenesis of endothelial cells (Del Vecchio et al., 

2007), many studies revealed that -1,3-D-Glucan derived from S. crispa 

(edible mushroom with medicinal properties) is reported to stimulate interferon 

(IFN)- and IL-12p70 production from mice spleen cells (Yamamoto et al., 

2009). Several cytokines such as tumor necrosis factor (TNF)-, IFN-, IFN-, 

IL-12, and interferon-inducible protein 10 (IP-10) are known anti-angiogenic 

factors (Harada et al., 2002). 

     The VEGF is a factor that regulates the formation of blood vessels; it was 

found that β-glucan extracted from L. edodes (medicinal mushroom) inhibited 

angiogenesis by suppressing VEGF expression, leading to slow progression of 

tumors (Xu et al., 2016). 

     VEGF family members are the most important factors that induce 

angiogenesis.  Number of essential properties is attributed to VEGF with direct 

effect on promoting angiogenesis. First, it is it’s his proliferative effect on target 

endothelial cells, which start growing under its influence, increasing their 
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survival and decreasing the apoptotic rate. Second, it enhances vascular 

permeability which is connected to extravasation and migration of different 

cells from/into circulation (Motzer et al., 2009). 

3.4 Anti-Tumor Effect of P. eryngii -Glucan in AN3 murine 

adenocarcinoma mice 

     Different histopathological changes were observed in tumors sections 

obtained from mice bearing AN3 murine mammary adenocarcinoma and treated 

intraperitoneally with (200, 400 and 800 mg/kg) of -glucan and control.  

Tumor section of normal mice control showing pleomorphic malignant cells 

which arranged as glandular structure (adenocarcinoma) (Fig 3.5).  

 

 

Figure (3.5): Tumor section of mice bearing AN3 murine mammary 

adenocarcinoma showing pleomorphic malignant cells which are arranged 

as glandular structure (adenocarcinoma) (arrows) (H and E; 400X). 

    Tumor section of mice (200 mg/kg) showing a beginning necrosis of the 

malignant cells (Fig 3.6). 

Adenocarcinoma 

Glandular Structure 
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Figure (3.6): Tumor section of AN3 murine adenocarcinoma mice treated 

with (200 mg/kg) extracted β-glucan showing a beginning necrosis of the 

malignant cells (arrows) (H and E; 400X). 

   Tumor section of mice (400 mg/kg) showing wide area of necrosis and 

inflammatory cells (Fig 3.7). 

 

Figure (3.7): Tumor section of AN3 murine adenocarcinoma mice treated 

with (400 mg/kg) extracted β-glucan mice showing wide area of necrosis 

and inflammatory cells (arrows) (H and E; 400X). 

Beginning of necrosis 

Necrosis 

Inflammatory cells 
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 Tumor section of mice (800 mg/kg) showing inflammatory cells and more 

prominent appearance of necrosis of malignant cells (Fig 3.8). 

 

Figure (3.8): Tumor section of AN3 murine adenocarcinoma mice treated  

with (800 mg/kg) extracted β-glucan showing inflammatory cells and more 

prominent appearance of necrosis of malignant cells (arrows) (H and E; 

400X) 

     The histopathological results indicated that the -glucan extracted from 

medicinal mushroom P. eryngii have induced the immune system and increased 

the activity of inflammatory cells which contributes probably to attenuated 

tumor growth in tumor-bearing mice. 

     Many studies have shown that -glucan exerts immune-stimulating effects. 

Namely, it functions through binding to CR3 (CD11b/CD18) of neutrophils, 

macrophages, and NK cells for cytotoxicity of iC3b-opsonized tumor cells 

(Yeun-hwa et al., 2005). 

Necrosis 

Inflammatory cells 

Remaining of the tumor 
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     Sparassis crispa (Hanabiratake in Japanese), is an edible and medicinal 

mushroom containing large amount of -1,3-D-glucan. Sparassis crispa is 

known to show antitumor activity in oral administration. - 1,3-D-glucan of SC 

is reported to act as an antitumor agent in tumor-bearing mice when injected 

intraperitoneally (Yamamoto et al., 2009).    

     Many studies have revealed that the levels of serum IL-2 and TNF- in renal 

cancer-bearing mice were significantly increased by P. eryngii polysaccharide 

treatment. The increase of IL-2 and TNF- also explain the antitumorigenic 

properties of P. eryngii polysaccharide (Yang et al., 2013).  

     β-glucan affects several pathways in the immune and non-immune systems.  

For example, it can induce cytokines and nitric oxide production in 

macrophages and promote monocyte adhesion and activate neutrophils and 

natural killer cells combat against cancer cells (Yoon et al., 2008). 

    In addition, experimental findings strongly demonstrated that -glucan 

extracted from L. edodes (Lentinan) showed significant anti-tumor effects 

without toxicity through activating immune responses to inhibit tumor cell 

proliferation and angiogenesis, and to induce tumor cell apoptosis in vivo. 

Lentinan promoted cell apoptosis through caspase 3-dependent signaling 

pathway, and inhibited cell proliferation possibly through targeting p53 via 

enhancement of p21. Additionally, Lentinan inhibited Stat 3 phosphorylation in 

tumor tissues, possibly leading to suppression of cell proliferation and 

angiogenesis. These provide a strong rationale for using -glucan to enhance 

treatment efficacy of cancer (Xu et al., 2016).
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Conclusions and Recommendations 

4.1 Conclusions: 

 Hot water extraction of -glucan is the optimum method for obtaining -

glucan in high yield. 

 -glucan exhibited an anti-angiogenic effect in a dose dependent manner. 

 -glucan also showed the ability to act as an anti-tumor factor  
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4.2 Recommendations:  

 Studying the ability to involve -glucan from medicinal mushrooms in 

food application. 

 Studying the promising aspects of using -glucan as a radioprotection 

therapy for cancer patients receiving radiotherapy. 

 Evaluate the antioxidant effect of-glucan. 

 Studying the cytotoxic effect of -glucan on other tumor cells in vivo 

and in vitro. 
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 الملخص

كًبدح   Pleuarotus eryngiiاجزيذ هذِ انذراسخ نزقييى رأثيز انجيزبكهىكبٌ انًسزخهص يٍ انفطز  

يضبدح نلاوراو, وركىيٍ الاوعيخ انذيىيخ. رى انحصىل عهً عيُبد انفطز انًجفف يٍ وسارح 

اسزخهص انجيزبكهىكبٌ ثأسزخذاو انًبء انسبخٍ ودرص انززكيت  .قسى انشراعخ انعضىيخ في ثغذاد\انشراعخ

( وحذد انًحزىي انجزوريُي وانكبرثىهيذراري نعيُبد FT-IR( و انـ)HPLCانكيًيبئي ثأسزخذاو انـ )

( mg\ml 250انجيزبكهىكبٌ انًسزخهص واشبرد انُزبئج انً اٌ انًحزىي انكبرثىهيذراري كبٌ )

 ( عهً انزىاني.mg\ml 0.04وانًحزىي انجزوريُي كبٌ )

ايبو عهً انزهقيح  8في انجيىض انًخصجخ ثعذ يزور  CAMدرص انزأثيز انًضبد نهعبئيخ ثأسزخذاو طزيقخ 

( واظهزد انُزبئج and 2000 mg\egg 250,500,1000واسزخذيذ جزع يخزهفخ يٍ انجيزبكهىكبٌ )

نى  برَخ يع انجيىض انقيبسيخ انسهجيخ.اَخفبضب يعُىيب في عذد الاوعيخ انذيىيخ في انجيىض انًخصجخ ثبنًق

في عذد الاوعيخ انذيىيخ في انجيىض انًخصجخ ثبنًقبرَخ يع اَخفبضب يعُىيب  mg/Kg 052انجزعخ 

 .انجيىض انقيبسيخ انسهجيخ

ثعذ حقٍ هذِ   AN3 adenocarcinoma قيى انزأثيز انًضبد نهىرو في انفئزاٌ انحبيهخ نخظ خلايب 

يهى يٍ انجزع  5ورًذ دراسخ رأثيز انجيزبكهىكبٌ انًعبنج عهً انفئزاٌ ثعذ حقُهب ة انخلايب رحذ انجهذ

( داخم يُطقخ انصفبق ونًذح خًسخ ايبو, اظهزد َزبئج and 800 mg\kg\Day 400 ,200انًخزهفخ )

سيخ رَخ يع الاوراو انقيبانذراسخ انُسيجيخ وجىد َخز في انىرو يع سيبدح في عذد انخلايب انًُبعيخ ثبنًقب

 هجيخ.انس



 

 

 

 

{ 53سورة النور: الاية  } 



 

 جوهىرٌت العراق

 وزارةة التعلٍن العالً والبذث العلوً

 جاهعه الٌهرٌي

 كلٍت العلىم

 قطن التقاًت الادٍائٍت

 

 
  .Pتأثٍر البٍتا كلىكاى الوطتخلص هي تقٍٍن 

eryngiiكوضاد لتكىٌي الاوعٍت الذهىٌت 

 

 رضالت 

جاهعت الٌهرٌي\كلٍت العلىم هجلص هقذهت الى    

التقاًت الادٍائٍت علىم الواجطتٍر فً درجتجسء هي هتطلباث ًٍل ك  

 هي قبل

 ًىر صباح ضالن

4102-جاهعت الٌهرٌي-كلٍت العلىم-بكلىرٌىش تقاًت ادٍائٍت  

 بأشراف

 أ.م.د شهلاء ههذي صالخ
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