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Irradiated β-glucan enhances immune response to 
bacterial infection through CD4 and CD8                            

T-lymphocytes 
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Sugars	 are	 bioactive	 components	 of	 many	

plants	and	microorganisms.	Polysaccharides	and																
oligosaccharides	 of	 various	 origins	 (fungi,													
bacteria,	 plants,	 etc.)	 can	 be	 recognized	 by												
surface	 receptors	 of	 host	 cells;	 in	 particular			
macrophages	 and	 dendritic	 cells,	 and	 trigger	
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Background: β‐glucans are glucose polymers with a variety of s mulatory 
effects on the immune system.  The objec ve of this study was to evaluate 
the immune‐enhancing ac vi es of low molecular weight gamma irradiated β
‐glucan (Iβ‐g) extracted from Pleurotus ostreatus in response to Pseudomonas 
aeruginosa infec on in rats. Materials and Methods: β‐glucan (β‐g) powder 
was exposed to 50 kGy of gamma radia on.  For experimental study, healthy 
male rats were divided in six groups. Group I: did not receive any treatment. 
Group 2: infected group was injected once with P. aeruginosa. Group 3: were 
orally administrated with β‐g for 15 days at a dose of 65 mg/Kg body weight/
day. Group 4: were orally administrated with Iβ‐g for 15 days at a dose of 65 
mg/Kg body weight/day. Group 5: rats were treated with β‐g and injected 
once with P. aeruginosa. Group 6: rats were treated with Iβ‐g and injected 
once with P. aeruginosa.  Rats were sacrificed 24 h post bacterial infec on. 
Results: β‐g and Iβ‐g were characterized using FTIR spectra and SEM, showed 
breakdown of the glycosidic bonds with deforma on and spli ng of β‐g 
molecule. Oral inges on of β‐g markedly enhanced the produc on of 
lymphocytes and leucocytes and CD8 compared to that of Iβ‐g, although Iβ‐g 
was more effec ve in s mula ng CD4 count compared to that of β‐g and 
ameliorated CD4/CD8 ra o.  Iβ‐g enhanced GPx and CAT ac vity, elevated 
zinc concentra on in the blood compared to that of β‐g, although both Iβ‐g 
and β‐g elevated GSH and caused no effect on MDA level in post infected 
groups. Conclusion: In conclusion Iβ‐g improves an oxidant state and 
enhances immune system in par cular CD4 count against bacterial infec ons 
which is an important marker of immune system.  
 
Keywords: β-glucan, gamma irradiation, CD4, CD8, antioxidant, Pseudomonas 
aeruginosa, zinc, copper.  
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host	 innate	 immune	 reactions.	 Some																			
polysaccharides	 and	 oligosaccharides	 such	 as												
β‐glucan	 (β‐g)	 extracted	 from	 fungi,	 as																		
mushrooms	and	yeasts.	Oral	intake	of	β‐g	enters	
the	 proximal	 small	 intestine,	 captured	 by	 the	
macrophages	 and	 activates	 macrophages	 and	
neutrophils	(1,	2).	

CD4	cells	(T‐helper	cells)	and	CD8	cells	(killer	
T	cells)	are	 types	of	white	blood	cell	 that	 ights	
infection,	made	 in	 the	spleen,	 lymph	nodes	and	
thymus	 gland,	 which	 are	 part	 of	 the	 lymph	 or	
infection‐ ighting	system.	They	identify	bacteria	
and	 viruses	 via	 the	 antigen	 then	 a	 sequence	 of	
signals	is	triggered	which	causes	it	to	kill	the	cell	
attached	to	it.	The	CD4	count,	CD4	percent,	or	a	
CD4/CD8	ratio	can	 tell	how	strong	 the	 immune	
system.	 Various	 disease	 conditions	 appear	 to	
affect	 the	 levels	 of	 CD8	 and	 CD4	 cells.	 In	most	
cases,	the	rise	in	the	percentage	of	CD8	and	CD4	
cells	 appears	 to	 be	 a	 direct	 result	 of	 cellular						
activation	(3).	

Pseudomonas	 aeruginoa	 is	 an	 antibiotic															
resistant,	 widespread	 bacteria	 in	 nature,	 its												
infections	 are	 complicated	 and	 casn	 be	 life	
threatening.	 It	 is	 an	 important	 cause	 of																		
pneumonia,	 urinary	 tract	 infections,	 and																
bacteremia	infections,	especially	in	patients	with	
compromised	host	defense	mechanisms	(4).	

The	 objectives	 of	 the	 present	 investigation	
were	 to	 evaluate	 β‐g	 and	 Iβ‐g	 as	 immune‐
stimulators	 against	 Pseudomonas	 aeruginosa	
infection.	

Gamma irradiation 
β‐g	 powder	 was	 irradiated	 using	 Co‐60														

Gamma	 chamber	 4000–A–	 India,	 irradiation						
facility,	 at	 the	 National	 Center	 for	 Radiation											
Research	 and	 Technology	 (NCRRT),	 Atomic													
Energy	 Authority,	 Cairo,	 Egypt.	 Irradiation	was	
performed	 using	 60Co	 gamma	 rays	 at	 a	 dose	
rate	 0.461	 Gy/min.,	 at	 the	 time	 of	 the																						
experiment.	 	The	dose	applied	in	this	work	was	
50	kGy	at	room	temperature	(25±2		̊C).	
	
Fourier transform infrared, scanning 
and transmission electron microscopy 

FT‐IR	 spectra	 of	 KBr	 disk	 of	 β‐g	 and	 Iβ‐g,	
were	 determined	 using	 JASCO	 FTIR	 6300.	 The	
micro‐structural	 changes	 of	 irradiated	 β‐glucan	
induced	by	gamma	irradiation	were	observed	by	
the	 method	 of	 Sokhey	 and	 Hanna	 (1993)	 (6)													
using	scanning	electron	microscopy	(SEM),	JEOL	
model	JSM	5400.			
 
Pseudomonas aeruginosa inoculums 
P.	aeruginosa	(P.a.)	(ATCC	10145)	was	grown	

overnight	 in	 nutrient	 broth,	 harvested	 by															
centrifugation	 and	 suspended	 in	 phosphate‐
buffered	 saline	 (PBS)	 at	 approximately	 1	 ×106	
CFU	per	ml.		
 
Animals and experimental design 

Male	 Wistar	 rats	 weighing	 100‐120	 g	 were	
purchased	 from	 Nile	 pharmaceutical	 co.	 then,	
housed	 in	 accordance	with	 institutional	 animal	
care	 policies	 had	 free	 access	 to	 water	 and																		
standard	diet.			

Animals	 were	 divided	 randomly	 into	 the													
following	groups	(6	animals	/	group):		1‐	normal	
control	 group,	 2‐	 P.	 aeruginosa	 (P.a.)	 infected	
group,	3‐	β‐g		treated	group	(β‐g),		4‐	 irradiated	
β‐g		 treated	 group(Iβ‐g),	 	 5‐	 β‐g	 +	P.a.	 infected	
group(β‐g/P.a),	6‐	Iβ‐g+P.a.	infected	group(Iβ‐g/
P.a).	β‐g	and	 Iβ‐g	were	orally	administrated	 for	
15	days	at	a	dose	of	65	mg/Kg	body	weight/day.		
Rats	 were	 infected	 by	 intra‐peritoneal	 (i.p.)									
injection	of	P.	aeruginosa	at	a	dose	of	0.04	ml	of	
bacterial	 suspension	 (1.0	 x	 106	 CFU/	 ml)	 in	
phosphate‐buffered	 saline	 (PBS).	 	 Rats	 were				
sacri iced	24	h	post	bacterial	infection	and	heart	
blood	 was	 collected	 in	 a	 vial	 containing	 0.5	 M	

Chemicals  
Pleurotus	ostreatus	mushroom	was	obtained	

from	 the	 local	 market.	 	 All	 chemicals	 used	 in	
this	study	were	obtained	from	(Sigma‐Aldrich).		
  
Extraction of β-glucan from Pleurotus 
ostreatus  

β‐glucan	 (β‐g)	 was	 extracted	 from	 edible	
mushroom	 Pleurotus	 ostreatus	 fungi	 according	
to	the	method	published	by	Hunter	et	al.	(5).	
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EDTA.	Blood	was	used	for	total	leukocytes	count	
and	 for	 CD4	 and	 CD8	 count.	 	 Spleen	 tissues																
homogenates	 were	 prepared	 in	 distilled	 water	
(10%	w/v).		
	
Antioxidant parameters  

Lipid	 peroxides	 content	 (MDA)	 was																						
determined	 according	 to	 the	 method	 of																		
Yoshioka	 et	 al.	 (1979)	 (7)	 using	 1,1,3,3‐
tetraethoxypropane	as	a	standard.		GSH	content	
was	 determined	 according	 to	 the	 method	 of	
Beutler	 et	al.	 (1963)	 (8).	 Glutathione	 peroxidase	
determined	 according	 to	 the	 method	 of	 Paglia	
and	Valentine	(1967)	 (9).	 Catalase	concentration	
was	determined	 according	 to	 the	 method	 of															
Sinha	(1972)	(10).		Total	protein	was	determined	
according	to	the	method	of	Lowry	et	al.	(11).		
 
CD4 and CD8 count by flow Cytometry 

The	 low	cytometer	used	 for	enumeration	of	
T‐cell	 subsets	 (CD4	 and	 CD8)	 is	 FACS	 caliber	
low	 cytometer	 (Becton	 Dickinson,	 Sunnyvale,	
CA,	 USA)	 equipped	 with	 a	 compact	 air	 cooked	
low	 power	 15	 m	 watt	 argon	 iron	 laser	 beam	
(48nm).	The	average	number	of	evaluated	nuclei	
per	 specimen	20.000	 and	 the	number	 of	 nuclei	
scanned	 was	 120/	 second.	 CD4	 and	 CD8														
histograms	 were	 obtained	 with	 a	 computer													
program	 for	 Dean	 and	 Jett	 mathematical															
analysis	(Dean	and	Jett	1974)	(12).	
 
Determination of zinc and copper                
concentrations 
Blood	 samples	 were	 digested	 in	 a	 boiling									

mixture	of	H2NO3	and	H2O2	(1:1)	until	complete	

Characterization of β-glucan and                
irradiated β-glucan  

In	the	present	study,	veri ication	of	the	1,3‐β‐
D‐glucan	 structure	 was	 performed	 using	 FT‐IR	
spectra.	 	FT‐IR	spectra	of	gamma‐irradiated	(50	
kGy)	and	non‐irradiated	extracted	solid	fraction	
obtained	 from	 fruiting	 body	 and	 stems	 of	 P.									
ostreatus	are	shown	in	 igure	1.	In	the	region	of	
functional	 group	 of	 IR‐	 spectra,	 there	 are												
noteworthy	 absorptions	 at	 3356	 (‐OH),	 2925											
(‐CH),	 1647	 (‐C=O)	 and	 818	 cm‐1	 that																
corresponding	 to	 the	 stretching	 absorption	
bands	of	poly–OH,	C‐H,	C=O	and	B	con iguration,	
respectively.		The	co‐vibration	ranging	at	1250	–	
950	 cm‐1	 as	 well	 as	 in	 960‐748	 cm‐1 																								
distinguishes	β–D‐glucan	from	α‐D‐glucan	spec‐
tra.	 This	 result	 showed	 that	 the	 non‐irradiated	
and	irradiated	β‐g	both	had	a	similar	pattern	of	

RESULTS	AND	DISCUSSION	

Figure 1. FT‐IR spectra of (a): β‐glucan and (b): gamma irradiated β‐glucan. 

b 

a 

digestion	 of	 the	 organic	 materials.	 Zinc	 and	
copper	 concentrations	 were	 measured	 in	 the	
prepared	blood	samples	using	Atomic	absorp‐
tion	spectrophotometer,	UNICAM	939,	USA.	
	

Statistical Analysis 
The	 results	 were	 statistically	 analyzed	 by	

one‐way	 ANOVA	 using	 SPSS	 (statistical	 pack‐
age	 for	 social	 sciences,	 1999;	 ver.10.0).	 The	
signi icance	among	the	samples	was	compared	
at	p<0.05.	
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FTIR	spectra,	without	any	notable	changes	in	the	
functional	group	status.		 	

Broad	band	at	1647	cm‐1	 (amide	 I),	which	 is	
composed	 from	 two	 components	 at	 1673	 and	
1631	 cm‐1	 according	 to	 second	 derivative,																		
together	with	 the	 band	at	 1502	 cm‐1	 (amide	 II)	
indicate	the	presence	of	α‐chitin.	 	Small	amount	
of	chitin	was	 found	as	a	component	of	cell	wall	
chitin–glucan	complex.			

Microphotography	 of	 Iβ‐g	 granules	 obtained	
from	 50	 kGy	 gamma‐irradiated	 and	 non‐
irradiated	β–g	granules	using	 scanning	electron	
microscopy	 (SEM)	 at	 1500	 magni ication	 are	
represented	 in	 igure	 2b,	 showed	 deformation	
and	 splitting	 occurs	 in	 Iβ‐g	 granules	 compared	
to	Iβ‐g	in	 igure	2a.	
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Effect on lymphocytes, segmented and 
leucocytes count 
In	 the	 present	 work,	 the	 total	 leukocyteic	

count	 (TLC)	 and	 WBCs	 differentiation	 are																			
illustrated	 in	 table	 1.	 The	 results	 showed	 that,	
lymphocytes	 and	 leukocytic	 count	 were																				
signi icantly	 increased	 in	 β‐g	 and	 Iβ‐g	 treated	
groups	compared	to	the	control.	Segmented	cell	
number	was	 signi icantly	 increased	 only	 by	β‐g	
compared	 to	 control,	 Leucocytes	 cell	 number	
was	 signi icantly	 increased	 by	 Iβ‐g	 β‐g	 also												
administration	 of	 Iβ‐g	 signi icantly	 increased	
Leucocytes	 cell	 number.	 Infection	 with	 P.																
aeruginosa	 signi icantly	 increased	 lymphocytes,	
leucocytes	 and	 reduced	 segmented	 cells,	 β‐g						
infected	 group	 showed	 marked	 immune	 re‐
sponse	 represented	 by	 lymphocyte,	 segmented	
and	 leukocyte	cell	number.	From	the	above,	we	
may	say	that	in	case	of	infection	β‐g	exhibited	a	
stronger	immune	response	compared	to	I	β‐g.	
	

Effect on CD4 and CD8 count 
Results	 demonstrated	 in	 table	 2	 shows	 that,	

infection	with	P.	aeruginosa	 enhanced	 CD4	 and	
CD8	 number	 with	 slight	 decrease	 in	 the	 CD4/
CD8	ratio	(1.08+	0.03).	β‐g	signi icantly	reduced	
the	 CD4/CD8	 ratios,	 while,	 Iβ‐g	 treatment														
signi icantly	 increased	 CD4/CD8	 ratio	
(1.4+0.028).	

The	present	study	results	showed	that,	both	β
‐g	 and	 Iβ‐g	 improved	 immune	 system	 through																		
proliferation	 of	 lymphocytes,	 and	 leuckocytes.										
β‐g	 was	 more	 ef icient	 compared	 to	 Iβ‐g	 in														
inducing	 cell	 proliferation	 of	 lymphocytes,	 and	
leuckocytes.	 Although,	 β‐g	 had	 signi icant															

b 

a 

Figure 2.  SEM images of β–glucan (a): non‐irradiated and 
(b): irradiated at 50 kGy.  β –glucan granules showed              

deformi es a er gamma irradia on. 

Table 1. Effect of β‐glucan and Iβ‐glucan on lymphocytes, segmented and leucocytes count. 

Leucocytes 
mean±SE 

Segmented 
 mean±SE 

Lymphocytes 
mean±SE 

Group 

4720±73.5 55.2±1.9 40.2±1.7 Control 

6160±57.9ac 47.2±1.2 45.0±1.6a P. aeruginosa (P.a.) 

8160±92.7ac 64.2±1.7ac 56.6±1.2ac β‐g 

5170±53.9a 52.4±0.9 47.8±0.9a Iβ‐g 

6770±53.9ac 56.6±1.1c 50.0±1.7ac β‐g + P.a 

3780±46.4abc 51.2±1.0 45.6±1.2a Iβ‐g +P.a 

*a: compared to control, b: compared to β‐glucan, c: compared to Iβ‐glucan   
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antioxidant	parameters	of	GPx	and	GSH,	Results	
showed	 that	 Iβ‐g	markedly	 enhanced	 GPx	 	 and	
CAT	 activity	 compared	 to	 that	 of	 β‐g	 in	 most	
treated	groups.	

	
Zinc and copper concentration in the 
blood 

Results	 in	 table	 4	 revealed	 that,	 while	 zinc	
was	 signi icantly	 increased	 with	 Iβ‐g	 with																	
infection	 than	 β‐g	 with	 signi icant	 decrease	 in	
copper	concentration	in	the	blood.	

in luence	 on	 CD8	 cell	 count	 percentage,	 Iβ‐g	
stimulated	 cell	 count	 	 percentage	 of	 CD4	 and	
CD8.	
		

Effect on antioxidant parameters 
The	results	obtained	in	table	3	showed	that	Iβ

‐g	enhanced	antioxidant	parameters	of	GPx	and	
GSH	compared	to	control	and	β‐g	groups.	P.	ae‐
ruginosa	 infection	changed	antioxidant	markers	
via	 increasing	 GPx,	 CAT	 activity	 and	MDA	 level	
compared	 to	 control.	 Pretreatment	 with	 β‐g	 or	
Iβ‐g	 prior	 to	 infection	 signi icantly	 stimulated	

Table 2. Effect of β‐glucan and Iβ‐glucan on CD4 and CD8 T cell count in the blood represented by mean ± SE. 

CD4/CD8 CD8 CD4 Group 

1.15±0.03 10.3±0.5 11.5±0.4 Control 

1.8±0.02bc 12.4±0.7bc 13.2±0.3ac P.a. 

0.37±0.02abc 33.4±0.6abc 12.2±0.4bc β‐g 

0.8±0.02abc 27.9±0.4abc 21.7±0.5ab Iβ‐ g 

1.4±0.03abc 15.3±1.0abc 8.4±0.5abc β‐ g/P.a 

0.8±0.02ab 10.8±0.4bc 20.9±0.5ab Iβ‐g/P.a 

*a: compared to control, b: compared to β‐glucan, c: compared to Iβ‐glucan   

Table 3. Effect of β‐glucan and Iβ‐glucan on GPx, GSH, MDA level, and CAT ac vity in the spleen represented by mean±SE.  

MDA mg/ mg 
protein 

GSH mg/ mg 
protein 

CAT mmol (H2O2)/ 
mg protein 

Gpx µg oxidized GSH/
min/ mg protein 

Group 

49.3±3.3 56.0±3.5 67.0±3.0 4.0±0.7 Control 

55.8±2.6abc 53.6±4.0bc 57.8±4.4abc 5.0±0.5ac P.a. 

48.0±4.3 62.9±4.6abc 71.5±4.5 4.5±0.2c β‐g 

48.8±1.5 75.8±1.9abc 66.7±6.6 7.0±0.4abc Iβ‐g 

52.2±5.6 71.5±3.0abc 39.3±5.7abc 5.5.0±0.4abc β‐g/P.a 

54.7±4.0abc 70.7±2.7abc 51.2±4.8abc 7.6±0.3abc Iβ‐g/P.a 

*a: compared to control, b: compared to β‐glucan, c: compared to Iβ‐glucan   

Table 4. Effect of β‐glucan, Iβ‐glucan on zinc and copper level in the blood. 

Copper (µg/ml) mean±SE Zinc (µg/ml) mean±SE Group 

0.82±0.04 13.0±1.4 Control 

0.5±0.04ac 15.6±0.9bc P.a. 

0.54±0.10ac 23.0±0.7a β‐g 

0.29±0.01ab 23.8±1.4a Iβ‐g 

0.65±0.04ac 17.1±1.6abc β‐g/P.a 

0.32±0.02ab 23.2±1.1a Iβ‐g/P.a 
*a: compared to control, b: compared to β‐glucan, c: compared to Iβ‐glucan   
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Although	our	results	showed	a	deformation	of	β
‐g	 granules	 morphology	 by	 irradiation	 in	 SEM	
photos,	might	be	due	to	the	breakdown	of	glyco‐
sidic	 bonds	 by	 gamma	 radiation,	 as	 irradiation	
of	 starch	 granules	 causes	 morphology																					
deformation	(20,	21).		
The	 results	 obtained	 showed	 that,	 oral																	

ingestion	 of	 β‐g	 and	 Iβ‐g	 improved	 the	 pattern	
of	 immune	 system	 in	 experimental	 animal												
represented	 by	 lymphocytes	 and	 luckocytes	
count	when	 compared	 to	 control,	 although	 β‐g	
induced	greater	stimulatory	effect	compared	 to	
Iβ‐g.	By	determining	CD4	and	CD8	count,	results	
showed	 that	 β‐g	 and	 Iβ‐g	 markedly	 improved	
CD4	and	CD8	count	compared	to	control	with	a	
greater	stimulatory	effect	caused	by	Iβ‐g	on	CD4	
count	 which	 is	 important	 parameter	 for													
immune	 system.	 Generally,	 introduction	 of	 P.	
aeruginosa	 to	 Iβ‐g	 group	 showed	 increased												
resistance	 to	 infection	 represented	 in	 CD4	 and	
CD8	count	percentage	 compared	 to	 that	 of	 β‐g.	
Stimulation	of	 anti‐microbial	 immune	 response	
and	 stimulation	 of	 lymphocytes	 and	 luckocytes	
count	is	a	result	of	glucans	(22,	23).	 	Treatment	of	
glucans	improved	immune	parameters	attribut‐
ed	to	the	effect	of	 its	constituents	since	glucans	
was	 reported	 to	 have	 the	 ability	 to	 scavenge	
free	 radicals	 mainly	 OH	 radicals	 (24),	 β‐g	 can	
stimulate	 adaptive	 immunity	 by	 enhancing	 T‐
cells,	 activation	 of	 CD8	 and	 CD4	 T	 cells	 and													
increase	 the	 number	 of	 speci ic	 CD8	 via													
receptors	 on	 macrophages	 and	 neutrophils	 (2).	
Stimulation	 of	 CD4	 count	 by	 Iβ‐g	 is	 important	
and	 can	 reduce	 complications	 of	 serious																				
bacterial	 infections	 (HIV	 disease)	 and	 extend	
life	span	(14).	
The	present	results	of	antioxidant	determina‐

tion	 showed	 that	 oral	 gavage	 of	 ß‐g	 improved	
GSH	 level,	 while	 Iß‐g	 markedly	 increased	 GPx	
activity	and	GSH	level.	p.a	infection	reduced	CAT	
activity	 and	 elevated	 lipid	 peroxidation	 level.	
Bacterial	 infections	 reduced	 oxidative	 metabo‐
lism	and	 required	 less	 activity	of	CAT	and	SOD	
as	 consequence	 of	 their	 little	 production	 of															
oxidative	radicals.	Also	cumulative	free	radicals	
induce	 oxidative	 damage	 on	mice	 lymphocytes	
(25).	 The	 modulator	 action	 of	 the	 supplement	
might	 be	 attributed	 to	 the	 effect	 of	 Iß‐g	 by											

DISCUSSION	

There	 is	 an	 increasing	 interest	 in	 inding	
more	effective	and	safe	biological	agents	for	im‐
mune‐based	 therapies	 that	might	be	 integrated	
into	current	multimodal	regimens.	 Importantly,	
resistance	 to	 conventional	 therapies	 does	 not	
appear	 to	 confer	 resistance	 to	 immune‐based	
therapies	(13).	Bacterial	 infection	releases	toxins	
cause	 leukocytes	 to	 release	 pro‐in lammatory	
cytokines	which	stimulate	a	series	of	biochemi‐
cal	 events	 that	 ends	 in	 septic	 shock.	Enhancing	
immune	 response	 by	 β‐g	 is	 based	 on	 reducing	
the	 production	 of	 pro‐in lammatory	 cytokines,	
via	 its	 interaction	 with	 dectin‐1	 receptors	 on	
cell	surface	expressed	mainly	on	subpopulation	
of	 T‐lymphocytes	 (14,	 15).	 The	 adaptive	 immune	
response	 is	 based	 on	 two	 groups	 of																															
lymphocytes:	 B	 cells,	 which	 differentiate	 into	
immunoglobulin	 secreting	 plasma	 cells	 and	
hereby	 induce	 humoral	 immunity,	 and	 T	 cells,	
which	mediate	 cytotoxic	 effects	 and	helper	 cell	
functions	 of	 cell	 mediated	 immunity.	 Both																
responses	 depend	 on	 the	 clonal	 expansion	 of	
cells	 after	 recognition	 of	 their	 speci ic	 antigen.	
While	 B	 cells	 depend	 on	 zinc	 for	 proliferation,	
they	do	so	to	a	lesser	extent	than	T	cells	(17,	16).		
Degradation	 of	 large	 molecules	 of																					

polysaccharides	using	 ionizing	 radiation	by	 the	
cleavage	of	 the	glycosidic	bonds	can	be	used	as	
an	 effective	 method	 to	 produce	 β‐g	 with	 high	
solubility	and	 low	viscosity,	 easily	 absorbed	by	
intestinal	 mucosa	 without	 causing	 any	 notable	
changes	 in	 the	 functional‐group	status,	without	
the	 introduction	 of	 chemical	 reagents	 and															
without	 the	 need	 to	 control	 the	 temperature.	
This	 technology	 is	 simple	 and	 more	 environ‐
mentally	friendly	than	conventional	methods	(18,	
19).	 In	 the	 present	 study,	 structural	 and																			
characterizations	of	β‐g	isolated	from	Pleurotus	
ostreatus	 fungi	 and	 Iβ‐g	 granules	 were														
performed.	 Comparing	 FTIR	 spectra	 of	 β‐g	 and	
Iβ‐g	 showed	 that,	 irradiation	 of	 β‐g	 did	 not	
cause	 changes	 in	 the	 structure	 especially	 the	
functional	groups.	Similar	results	were	obtained	
for	 β‐g	 extracted	 from	 Beakr’s	 yeast	 (19).											
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cofactor	 in	 many	 enzymatic	 reactions	 vital	 to	
the	 normal	 function	 of	 the	 hematologic,																			
vascular,	 skeletal,	 antioxidant,	 and	 neurologic	
systems.	 Copper	 de iciency	 has	 been	 described	
in	 the	 setting	 of	 zinc	 supplementation	 in															
humans	(35).	

scavenging	 free	 radicals	 and	 inhibit	 lipid																
peroxidation,	 since	 glucans	 supplementation	
improve	 immune	activity	by	 regulating	antioxi‐
dant	 state	 (26).	 Biological	 enhancement	 activity	
of	Iß‐g	compared	to	ß‐g	could	be	referred	to	its	
low	molecular	weight	 and	higher	 solubility	 (27).	
Urao	 et	 al.	 (1999)	 (28)	 suggested	 that	 oral																			
administration	 of	 glucan	 allowed	 the	 bene icial	
microorganisms	 e.g.	 bi idobacterium	 to	 quickly	
reproduce	 in	 the	 animal	 intestine.	 These																					
microorganisms	 can	 synthesize	 vitamins	 and	
amino	acids,	 stimulate	 immunoglobulin	activity	
and	improve	immune	function.			
The	trace	element	zinc	is	essential	for	growth	

and	development	of	all	organisms	and	 the	high	
rate	 of	 proliferation	 and	 differentiation	 of	 im‐
mune	cells.	Determination	of	zinc	concentration	
and	copper	concentrations	in	the	present	study	
showed	 a	 signi icant	 increase	 in	 zinc	 with	 a							
decrease	 in	 copper	 levels	 compared	 to	 control	
in	 all	 treated	 groups,	 while	 zinc	 concentration	
was	 higher	 in	 infected	 group	 treated	with	 Iß‐g	
compared	 to	 ß‐g	 which	 explain	 the	 enhance‐
ment	of	GPx	and	CAT	activity	in	the	same	group	
(29,	30).	The	lymphocyte	protein	tyrosine	kinase,	a	
Src‐family	 tyrosine	 kinase,	 is	 an	 example	 for	 a	
different	 mechanism	 by	 which	 zinc	 acts	 on						
signal	 transduction.	 Zinc	 ions	 promote													
activation	 of	 Lck	 and	 its	 recruitment	 to	 the	 T	
cell	 receptor	 complex	 by	 linking	 two	 protein	
interface	 sites.	 The	 N‐terminal	 region	 of	 Lck	 is	
recruited	 to	 the	 intracellular	 domains	 of	 the	
membrane	proteins	CD4	or	CD8	by	a	'zinc	clasp'	
structure	 (31,	 32).	 These	 results	 suggest	 that,											
during	 acute	 in lammation,	 the	 organism												
increases	 its	 requirement	 for	 copper	 and	 zinc.	
Endogenous	 copper	 and	 zinc	 involved	 in	 the	
regulation	of	the	in lammatory	process	and	may	
exert	 a	 protective	 role	 in	 in lammation	 during	
infections	 pro‐in lammatory	 cytokines	 mediate	
changes	 in	hepatic	zinc	homeostasis,	 leading	 to	
sequestration	 of	 zinc	 into	 liver	 cells	 and																			
subsequently	 to	 hypozincemia	 affect	 zinc‐
dependent	functions	in	virtually	all	 tissues,	and	
in	particular	in	the	immune	system	(33).		
Zinc	 is	 a	 cofactor	 for	 thymulin	 which																		

regulates	the	differentiation	of	immature	T	cells	
in	 the	 thymus	 (34).	 Copper	 is	 an	 essential												

CONCLUSION	

From	the	results	it	is	concluded	that	β‐g,	Iβ‐g	
and	 Zn‐Ps	 supplement	 markedly	 enhanced	 the	
lymphocytes	 and	 leukocytes,	 and	 also	 have																		
positive	 relation	with	 antioxidant	 state	 in	 rats'	
spleen.	Iβ‐g	induced	speci ically	CD4	percentage	
while	β‐g	and	Zn‐NPs	speci ically	increased	CD8	
percentage.		
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