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Abstract 

     Carbohydrates (polysaccharides ) were extracted from Saccharomyces cerevisiae 

cell wall by hot alkaline solution, the polysaccharides concentration was 96 mg /ml , 

while protein concentration was 500 µg /ml ,then primary purification method was 

done to separated carbohydrates from other protein materials, at this time , 

carbohydrates concentration was 250 mg /ml, while protein concentration was 148 

µg /ml .Then partial purification using Ion exchange technique was done, and the 

results revealed ,four peaks were separated ,every peak was collected ,dialysed , and 

measured the carbohydrates concentration which were 300, 50, 33.4 and 32 mg/ml 

respectively, while Lawery method did not detect any protein materials in samples. 

The four peaks were examined as immunomodulator through the animal (mice) that 

were divided into 4 groups which depend upon the peaks series, were injected 

intraperitoneal and orally administration with constant concentration 500 µg /ml  

twice, then read the blood picture for immune cells, the second group was reported a 

significant increasing in all cells which are (2.968 ± 0.316 ), (1.56± 0.3), (0.546 ± 

0.291) Lymphocyte, Granulocytes and monocyte respectively while the cell 

percentage for first, third, and fourth peaks were for lymphocyte (2.292 ± 0.3  (،) 1.83 

 ±0.32) and (2.67 ± 0.5) respectively, for Granulocytes (0.83± 0.23  (،) 0.53 ± 0.22) 

and (0.6 ± 0.35) respectively, while for Monocytes (0.3 ± 0.19  (،) 0.03 ± 0.01) and 

(0.3± 0.02) respectively when compared with control group. Organs crossly 

examination was showed hypertrophy of liver and spleen, while microscopically, 

there were infiltration of lymphocytes around the blood vessels in liver, lung, and 

peritonea, and in white pulp of spleen. 
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Introduction 
     The emergence of multiple antibiotics - 

resistant microorganisms has led to a search  

for alternative to traditional therapeutic 

regimens, beta- glucan, an immunomodulater, 

can selectively enhance the microbicidal 

activities of neutrophils and macrophages 

without stimulating pro-inflammatory cytokine 

production. 

yeast glucan is constituted predominantly from 

1,3-ß-glucan which is synthesized by 1,3-ß-

glucan synthase which is turn consists of a 

catalytic and a regulatory subunit .ß-1, 3- D-

glucan is a complex carbohydrate (i.e., 

comprised of sugar molecules) which has been 

demonstrated to have powerful immune 

boosting and anticancer effects. ß-glucan has 

been isolated from a Variety of fungi such as 

mushrooms (1) Yeast cell walls including 

brewers and baker yeasts (Saccharomyces 

cerevisiae) and from oat and barley bran (2).  

Research efforts have focused on developing 

cytokine-mediated immunoprophylactic 

strategies. A complementary strategy to up-

regulate the innate immune response in mice (3). 

Cells of the innate immunity such as 

macrophages, phagocytes and natural killer cells 

have surface beta-glucan receptors, which 

specifically recognize and bind the beta- 1,3-

glucan linkage of the beta-glucan molecule. 

Lymphocytes belong to the acquired immunity 

and play a key role in defending the body 

against disease(4).     

ß-glucan enhances immunity through a number 

of mechanisms, it binds to leukocytes 

(phagocytes and macrophages) at specific 

receptor sites and activates their function and 

tumor fighting activity by stimulating the 

production of free radicals(5). The WBC signals 

to engulf disease in tissues that were caused by 

microorganisms including bacteria, viruses and 

tumor cells (6) ß-glucan also has efficacy as an 

effective immune stimulant in a variety of 

infection diseases (including anthrax) as well as 

radioprotectant and anti-toxic substance. Glucan 

is a potent reticuloendothelial – modulating 

agent whose immunobiological activity is 

mediated in part by an increase in the number 

and function of macrophages. 

The purpose of this study was to determine the 

effects of extractable b- glucans obtained from 

baker’s yeast, barley,as immunostimulating 

agent for leukocytes when used as stimulants in 

mice.  

Materials and methods:  

Materials: 
     Baker ´s yeast (pakmia) from Turkey , H2SO4 

(analar) European product, Standard glucose 

sugar (BDH), Standard Acetone European 

product, Phenol (BDH), Bovine serum albumin  

(Merk), Coomassai blue stain G-250, NaOH 

(Merk), Acetic acid (analar ) BDH , Hydrogen 

peroxide (BDH) ,NaCl (BDH), KCl (BDH), 

K2HPO4 (BDH) , Na2HPO4. 

Methods:             

Extraction and purification 
     This procedure was done according to the 

method described by Naohito,et.al.(7) and 

modified by researchers  

- Homogenization: 
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     Two hundred ml of sodium hydroxide 0.1 M 

was added to 50 g of baker’s yeast with shaking 

to mix the content with each other for 30 min in 

water bath at 60 ˚ C then left the mixture in 

refrigerator at 4 ˚ C for 18 hrs. after that the 

mixture was autoclaved for 5 min under 8 psi 

then cooled. 

- Precipitation:    
     The previous mixture was centrifuged with 

4000 rpm for 15 min. The pellet was  

taken and Acetic acid solution 0.1 M two fold 

was added, then the mixture was heated by 

water  

bath at 85 ˚C for 30 min to give the time for the 

reaction to occurred between NaOH  

and Acetic acid (equilibration) .Then this 

mixture was placed in incubator at 37˚ C for 15 

min, the pellet was taken, and was suspended in 

distilled water and washed twice then 

centrifuged at 4000 rpm for 15 min.  

- Oxidation: 
     Hydrogen peroxide solution 50% was added 

to the pellet in ratio of (2: 1), then mixed 

 well by vortex and placed in refrigerator 4˚ C 

for 90 min .The mixture was centrifuged with 

cooling at 10000 rpm for 20 min. 

- Drying and Grinding  
     Acetone was added to the pellet in ratio of 

(2:1), plus a few drops of distilled water  

and the mixture was dispersed in petri dishes at 

room temperature and were left for  

several days until drying .Then the dried extract 

was removed from dishes and grined, the yield 

was soft, off white powder. 

- purification  
     The yield from previous step was  

taken and resuspended in equal volume of 

triacetic acid 20%.Then the suspension was 

filtered by filter paper (Whitman no 1), the 

precipitant on filter paper was washed with 

ethanol 98% in three fold as filtered solution 

.The solution was centrifuged at 3000 rpm/min 

for 10 min, at 4C in a cooling centrifuge, then 

the pellet was removed and dissolved in  

distilled water and dialyzed against  

distilled water for 3 days (water changed daily).         

    More purification process was done 

 using Ion exchange (DEAE cellulose) to obtain 

as possible pure yield. 

- Carbohydrate analysis: 
     Carbohydrate content was determined by 

phenol - sulfuric acid method (8). 

Standard curve for carbohydrate was  

prepared by using different concentration of 

glucose (20, 40, 60, 80, 100) µg/ml.  

 

- Protein analysis: 
     The Protein content was determine by the 

Bradford method (9 and 10 ). 

The protein standard curve was prepared by 

using different concentration of bovine serum 

albumin(20, 40, 60, 80, 100) µg/ml. 

- Invivo experiment: 
     Thirty mice were divided into 5 groups, each 

one contain 6 mice. One of these groups used as 

control, while other groups were divided 

according to the peaks of separation (Ion 

exchange curve). 

- Immunization procedure: 
     This procedure was done according to the 

method described by (7). 

Each animals group except control  was injected 

with 500 µg/ml of each separated peaks 

intraperitonally. After one week, each animal 

group was administrated orally with the same 

dose. The animals were scarified after one week 

of the last dose. Some organs (Lung, Small and 

Large intestine, Spleen) were separated and 

preserved with 10% formalin, in the same time 

blood smear was prepared from each animal to 

study the blood picture (Lymphocyte, 

Monocyte, Granulocyte), after stained by Gimza 

stain.  

- The percent of leukocytes calculation:   
     The percent of leukocytes was determined 

microscopically examination for groups were 

compared to control group using the following 

formula(11) (L= leukocytes): 

             L ratio in experiment  

 L %=------------------------------ X 100  

               L ratio in control 

Results and Discussion: 
     The yield of Polysaccharide fraction of 

Saccharomyces cerevisiae that were extracted is 

7 g/50 g (yeast) and the concentration of protein 

was 500 µg/ml, while the concentration of 

Polysaccharide was 96 mg/ml. After primary 

purification, the protein and carbohydrate of the 

fraction was measured by a phenol –sulfuric 

acid method with glucose as a reference (figure 

3) using Bradford and Lowry method with 

Bovine serum albumin as a reference (figure 2), 

the extract was mainly composed of 

carbohydrate and contained significant amounts 
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of protein substances. The results of primary 

purification showed increasing in the level of 

carbohydrate concentration which reached to 

250 mg /ml, while the protein concentration was 

decreased to 148 µg /ml, this variation in the 

concentration of protein was due to the 

denaturizing effect of the material that were 

used in primary purification and this lead to 

increasing in concentration of carbohydrate in 

solution. The purification procedure was 

continued using ion exchange DEAE 

chromatography to increase the purity of 

polysaccharide in solution. The result of eluted 

fractions were showed the separation of four 

peaks (Figure 4), every peak was collected, 

dialyzed against distilled water and measured 

the carbohydrates concentration which were 

(300, 50, 33.4, 32 mg/ml) respectively, while 

Lowery method did not detect any protein 

materials in samples this indicates that the 

procedure was efficient in purification for 

carbohydrate.  
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Figure 3: Ion exchange diagram for 

carbohydrates fractions by usage column (DEAE) 

in dimension 50 × 2.5 c m .washed with PBS plus 

KCl 0.1 buffer in flow rate 3 ml / fraction with 

flow rate speed 36 ml/hr. 

Controversial data have been published 

regarding the immunomodulating effect of yeast 

derived beta-glucans. Acontribution to this 

research field has been tried to approach 

focusing on the viability of lymphocytes, 

monocytes, granulocytes.  

The results of invivo procedure were showed a 

significant differences among the four groups 

and with the control group in the other hand. 

The four groups showed increasing in all 

leukocytes, but the second one was the best 

(Table 1). 

Table 1: represent the mean of leukocytes in mice. 
Group                     Lymphocyte Monocyte Graulocyte 

Group 1                    2.292 ± 0.297 0.3 ± o.19 0.83 ± 0.231 

Group 2                  2.968 ± 0.316 0.546 ± 0.291 1.56 ± 0.3 

Group 3                   1.83 ± 0.316 0.03 ± 0.01 0.53 ± 0.22 

Group 4                   2.67 ± 0.5 0.3  ± 0.02 0.6 ± 0.35 

Group 5 

(control)                

1.2 0.04 0.3 

That indicated, the second peak in the curve of 

ion exchange analysis was contain the active 

compound which as act as immunomodulator 

(picture 1-B), while the other groups (other 

peaks) were also contain immunomodulator 

compound but with different activity (Picture 1-

A, C, D).  

Table 2: represent the ratio of leukocytes in mice 

groups 

 

 

Lymphoc

yte 

Monocyte Graulocy

te 

Group  1                    191% 750% 276.7% 

Group   2                  247% 1363% 520% 

Group  3                   152.5% 750% 176.7% 

Group  4                   222.5% 750% 200% 

Table (2) showed a significant increase in 

leukocytes and leukocyte ratios for the duration 

of treatment (21 days), and remained 

significantly higher than the control levels after 

exposure to beta-glucan. 

This indicated that the yeast cell wall contain 

active carbohydrate (ß-glucan), but with varied 

shapes, the active one may be 1, 3-ß-glucan, or 

1, 6 -ß-glucan, these two types may appeared as 

dispersed groups or as a compound groups. This 

result was in agreement with(11, 12, 13, 14), 

which they certified the effects of beta- glucan 

as immunomodulater. On the other hand there 

was cross enlargement in some organs of 

animals spleen, liver and several payers batches 

in the small intestine which mean that there 

immuno reaction were effected by organs due to 

the effect of the extract and this result agreed 

with those of (15, 16).  

Otherwise, the results of macroscopical 

examination showed, that in liver there was 

perivesicular leukocyte couphing  mainly 

lymphocyte (figure 2A), in lung there was 

hyperplasia of the peribronchiol associated 

lymphoid tissue with perivascular lymphoid 

couphing (figure 2B), in spleen there was 

hyperplasia of white pulp characterized by 

infiltration of lymphocyte(Figure 2C), and in 

peritonea there was infiltration of inflammatory 

cells mainly lymphocytes and macrophages 

around the blood vessels in the peritoneal tissues 
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and there was congestion of blood vessels as 

show in (Figure 2D).  

In this study the group two after one week from 

last dose, showed increased viability number of 

lymphocyte, monocytes, and granulocytes in 

blood and infiltration of lymphocytes in 

different tissues is higher than other groups, in 

comparison with control.  

 

 

 

 

Figure 1: Represent the differentiation in blood 

picture between different  groups 

 

 

 

 
Figure 2: Show the microscopically examination 

for Liver, Lung, Spleen, and Peritonea tissues 

References 



Alaubydi et. al.                Iraqi Journal of Science, Vol.52, No.2, PP 

1. Mizuno, T.: Saito, H.: Nishitoba, T.and 

Kawagishi, H. 1995. Antitumor-active 

substances from mushrooms. Food-rev-int. 

Monticello, N.Y.: Marcel Dekker Inc vol. 11 

(1): 23-61. 

2. Kazuhiro, T., Naohito, O., Yoshiyuki, A., 

Shigenori, T. Hiroshi, T., and Toshiro, Y. 

2000. Immunopharmacological and 

immunotoxicological activities of a water-

soluble (1→3)-β--glucan, CSBG from 

Candida spp. International Journal of 

Immunopharmacology, 22 (5): 383-394 

3. Lowry, V.K, M.B. Farnellb, P.J., Ferroa, 

C.L., Swaggertyc, A.and Bahld,                      

M.H. 2005. Purified B-glucan as an abiotic 

feed additive up-regulates the innate 

immune response in immature chickens 

against Salmonella enterica serovar 

Enteritidis, International Journal of Food 

Microbiology 98:309– 318  

4. Anja, G., Sabine, N., Kathrin E., Alfred, K. 

and Gerd S.2010. Ex vivo effect of yeast 

beta-glucan on lymphocyte viability and 

plasma IL-18in weaning piglets.LIVSCI-

01261; pp:1-3  

5. Bacon, JS., Farmer, V.C., Jones, D., Taylor, 

IF 1969 . The glucan components of the cell 

wall of baker's yeast (Saccharomyces 

cerevisiae) considered in relation to its 

ultrastructure.  Biochem J. 114(3): 557-67. 

6. Baursk, G. G. ,1996. Variability of the beta 

–glucan content in oat caryopsis of 132 

cultivated oat genotype and 39 wild oat 

genotypes .J.Agr.Crop sci .; 176:151-7 

7. Naohito o., Mai, f., Noriko, N., Yoshiyuki, 

A. and Toshiro, Y. 2001.Antitumor ß- 

glucan from the cultured fruit body of 

Agaricus blazei. Biol. Pharm. Bull. 24(7): 

820-828.  

8. Dubois, M.; Gilles,K.A.;Hamilton, J.K.; 

Rebers, P.A. and Smith, F. 1956. 

Colorimetric methods for determination of 

sugars and related substances. 

Anal.chem.,28:350-356. 

9. Bradford, M. 1976.A rapid and sensitive 

method for the quantitation of protein using 

the principle of protein-dye binding 

.Anal.Biochem.72: 248-254. 

10. Lawery, O.H.;Rosebrough ,N.J.; Farr.A.L. 

and Randall, R.G. 1951.Protein 

measurement with folin phenol reagent .J 

.Biol. Chem., 193:265-275. 

11. Dusˇan, P., Claire, B., Andreasen, D. M. 

Herolt, B. W. Menzeld, J. A. 2006. 

Immunomodulatory effects of B-glucan on 

neutrophil function in fathead minnows 

.Developmental and Comparative 

Immunology. 30: 817–830 

12. Adachi, Y., Okazaki, M., Ohno, N. and 

Yadomae T. . 1994. Enhancement of 

cytokine production by macrophages 

stimulated with (1-->3)-beta-D-glucan, 

grifolan (GRN), isolated from Grifola 

frondosa. Biol Pharm Bull. 17(12):1554-60. 

13. Ohno, N., Egawa, Y., Hashimoto, T., 

Adachi, Y. and Yadomae T. 1996 Effect of 

beta-glucans on the nitric oxide synthesis by 

peritoneal macrophage in mice. Biol. 

Pharm. Bull., 19, 608-612. 

14. Mansell, PW, Ichinose, H, Reed, RJ., 

Krementz, ET, McNamee, R. Di Luzio, NR. 

1975. Macrophage-mediated destruction of 

human malignant cells in vivo. . J Natl 

Cancer Inst. 54(3):571-80.. 

15. Demir, G; Klein, HO, Mandel-Molinas, N.; 

Tuzuner, N. 2007. "Beta glucan induces 

proliferation and activation of monocytes in 

peripheral blood of patients with advanced 

breast cancer". International 

immunopharmacology (Netherlands: 

Elsevier Science) 7 (1): 113–116.  

16. Vetvicka, V.; Terayama K., Mandeville, R.; 

Brousseau, P.; Kournikakis, B.; Ostroff, G. 

2002. "Pilot Study: Orally-Administered 

Yeast β1,3-glucan Prophylactically protects 

Against Anthrax Infection and Cancer in 

Mice" Journal of the American 

Nutraceutical Association (Birmingham, 

AL : The Association) 5 (2): 5–9.  

 
 


