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ABSTRACT

Characterization of hot water polysaccharopeptides from the culture medium 
of Pleurotus ostreatus mycelium, as well as the assessment of its toxicity and 
immunomodulatory effects on mice, were carried out. Physicochemical studies 
revealed that the structure of crude polysaccharopeptides consisted mainly of β-D-
glucans with (1→3) (1→6) glucosidic linkages, and they had a high molecular weight 
of 316.26 kDa. Acute toxicity studies showed that polysaccharopeptides were not lethal 
after 24 h, in mice given i.p. 854 mg/kg or less. Intraperitoneal administration of mice 
with polysaccharopeptides, at doubling doses (25, 50 and 100 mg/kg), thrice weekly for 
five consecutive weeks, has shown that although the lowest dose induced the maximum 
endogenous alpha-interferon production (213.2%), yet it reduced significantly the 
body weight gain of animals (39.56%) and exhibited a low mortality effect (12.50%) at 
the end of the experiment.

Key words: Physicochemical studies, Pleurotus ostreatus, polysaccharopeptides, 
serum interferon-α, toxicological studies.
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INTRODUCTION

Submerged culture of mushrooms as an 
attempt to produce extracellular polysac-
charides gave rise to potential advantages 
of higher mycelial production in a compact 
space	 and	 short	 time	 without	 significant	
contamination risk23. Among the exo- or en-
dopolysaccharides produced by Pleurotus 
spp.,	β-1,3-D-glucans	are	reported	to	have	
significant	antitumor,	immunomodulatory,	
antioxidant, hypocholesterolaemic, antihy-
perglycemic, antimicrobial and antiviral 
activities9.
 In preventive medicine, defense against 
invasion by foreign bodies is dependent 
on enhancing the natural immune system, 
including activation of macrophages and 
natural killer (NK) cells. Macrophages are 
stimulated by mushroom metabolites and 
release	 several	 inflammatory	 cytokines,	
interleukins (IL-1,6,8), tumor necrosis 
factor-α	 (TNF-α)	 and	 nitric	 oxide	 (NO),	
all of which directly induce tumoricidal 
activity in macrophages14. Morris et al.13 
reported that i.p. administration of hot-wa-
ter endopolysaccharides prepared from the 
mycelium of P. ostreatus to cyclophospha-
mide-treated mice caused less pronounced 
immunosuppression and more rapid hae-
matopoietic recovery, as well as stimulated 
murine macrophage phagocytic ratio and 
phagocytic index. Furthermore, alpha-in-
terferon	 (IFN-α)	 is	 a	 pleiotropic	 cytokine	
produced by stimulated or activated lym-
phocytes and monocytes17.
	 The	present	work	was	undertaken	to	char-
acterize hot water protein-bound polysac-
charides (polysaccharopeptides) from the 
mycelial culture broth of P. ostreatus, and 
to study their toxicity in mice. We also as-
sessed the immunomodulatory effect of the 
polysaccharopeptides at various doses by 
monitoring	the	serum	IFN-α	level	in	mice.

MATERIALS AND METHODS

Pleurotus ostreatus (Jacq.) P. Kumm. 
(type	 NRRL-0366)	 was	 provided	 by	 the	
Agricultural	 Research	 Service	 (Peoria,	
U.S.A.), and maintained in petri dishes 
containing potato-dextrose agar. Petri 
dishes were incubated at 25 C for 4 days, 
then stored in a refrigerator at 4 C.
 Submerged culture medium for mycelium. 
The	 culture	medium	 (g/L	 distilled	water)	
was as follows: peptone (1.0), yeast extract 
(2.0), K2HPO4	 (1.0),	 MgSO4.7H2O	 (0.2),	
(NH4)2SO4 (5.0), and glucose (60) at pH 
6.015. It was transferred to 2 L Erlenmeyer 
flasks	(400	ml	in	each)	and	sterilized	(121	
C for 15 min). Flasks containing sterilized 
medium were inoculated with a few pieces 
of mycelia (about 1 cm2 each), then held on 
a rotary shaker (200 rpm) at 25 C for 12-15 
days under aerobic conditions.
 Hot-water extraction of polysaccha-
ropeptides (PSP). After separation from 
the mycelial biomass, the broth was con-
centrated in rotary evaporator, then ex-
tracted in 95% ethanol (1:1) overnight at 4 
C to precipitate the extracellular polysac-
charopeptides.	 The	 suspension	 was	 then	
centrifuged	at	5,000	 rpm	for	30	min,	and	
the	wet	 precipitate	was	 freeze-dried.	The	
dry powder was extracted in hot water (80 
C)	for	3	h,	 then	centrifuged	at	5,000	rpm	
for	30	min	to	remove	insoluble	matter.	The	
clear	filtrate	was	precipitated	in	95%	etha-
nol	(1:1,	v/v)	overnight	at	4	C,	then	centri-
fuged and the wet precipitate was freeze-
dried5,24.	The	final	weight	of	PSP	was	2	g/L	
mycelial broth.

I. Physicochemical studies
Analyses of the physicochemical proper-
ties of extracellular PSP were carried out 
as described below.
	 Total	carbohydrate	content	(%	as	glucose)	
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was assessed by the phenol-sulphuric acid 
method6, after hydrolysis in 2 M H2SO4.
 Sugar composition of the PSP hydrolysate 
was	determined	as	follows:	The	acid	hydro-
lysate was dried over calcium chloride and 
phosphorus pentaoxide, then dissolved in 
isopropanol	 (5	 mg/ml;	 w/v).	 The	 solution	
was loaded on a pre-coated thin layer chro-
matography plate of silica gel F254 (10x20 
cm) with layer thickness of 0.25 mm (Merck, 
Germany).	The	ascending	solvent	system,	n-
butanol : pyridine : H2O	(6:4:3,	v/v/v),	was	
applied	for	6	h.	The	sheet	was	air-dried	for	
at least 4 h, then it was sprayed with aniline 
hydrogen	phthalate	solution.	The	sheet	was	
air-dried again, then it was heated at 105 C 
for 10 min in an oven to develop the spots 
(brown in color). Spots were scratched and 
dropped in tubes containing 4 ml of the elut-
ing	agent	(29	ml	36%	HCl,	420	ml	95%	etha-
nol,	51	ml	water,	v/v/v).	The	absorbance	of	
the	solutions	was	determined	at	390	nm	for	
the	hexoses	and	360	nm	for	the	pentoses21.
	 Total	soluble	protein	content	of	PSP	was	
determined by the Folin phenol reagent11.
 Elemental analysis of PSP was performed 
as	 follows:	 The	 percentages	 of	 C	 and	 H	
were analyzed by rapid straight empty tube 
method2. Percentages of sulphur (S) and ni-
trogen (N) were also assessed12,20.
	 The	 average	 molecular	 weight	 of	 PSP	
was assessed by the viscosity method19.
 1H and 13C	NMR	spectrometry	(dissolved	
in	DMSO	 by	 ultrasonication	 for	 15	min)	
was carried out according to Abraham and 
Loftus1 using Joel Ex270 MHZ spectrom-
eter (Japan).

II. Toxicological  studies
 Preparation of PSP. The	dry	powder	of	
PSP was dissolved in saline at desired con-
centrations by ultrasonication for 15 min at 
room temperature, then it was stored at 4 C. 
The	PSP	solutions	were	replaced	weekly.

 Determination of acute median lethal 
dose (LD50) of PSP. Adult female Swiss al-
bino	mice	weighing	25-30	g,	provided	by	
the breeding unit of the Egyptian Company 
for Biological Products of Vaccines and Sera, 
were used to determine the acute LD50 of 
PSP by intraperitoneal (i.p.) administra-
tion. Initially, animals were randomly as-
sorted into eight equally sized groups (10 
mice/dose)	 and	 administered	 with	 PSP	 at	
increasing doses: 50, 75, 112.50, 168.75, 
253.12,	379.68,	569.53,	and	854.30	mg/kg	
(increasing	factor:	1.5).	The	mortality	of	an-
imals was recorded after 24 h of injection.
 Dose response curve of serum IFN-α lev-
el after PSP treatment.	A	total	of	32	adult	
female	Swiss	albino	mice	weighing	25-30	
g were equally allocated to four groups as 
follows: 1) Group I, normal controls: nor-
mal mice injected i.p. with saline three 
times	per	week	for	five	consecutive	weeks;	
2) Group II, low dose: mice injected i.p. 
with	25	mg/kg	of	PSP	three	times	per	week	
for	five	weeks;	3)	Group	III,	intermediate	
dose: mice	injected	i.p.	with	50	mg/kg	of	
PSP	three	 times	per	week	for	five	weeks;	
and 4) Group IV, high dose: mice injected 
i.p.	with	100	mg/kg	of	PSP	three	times	per	
week	for	five	weeks.
 Collection and sampling of blood. On	
the day before the last injection of PSP, 
animals in all groups were weighed, and 
then blood samples were taken from the 
retro-orbital venous plexus in a glass cap-
illary tube under light ether anesthesia. 
Serum was prepared by centrifuging blood 
samples at 5,000 rpm for 10 min. Serum 
samples were then aliquoted and stored 
at	-20	C	until	analysis.	The	percentage	of	
survival of animals was calculated for all 
groups studied in order to assess the toxic 
side effects of the PSP doses.
 Determination of serum interferon al-
pha (IFN-α) level. IFN-α	 level	 in	 serum	
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was	assayed	by	 the	Mu-IFN-α	ELISA	kit	
(sandwich technique)18 from Piscataway 
Biomedical	 Laboratories	 (Germany).	The	
IFN-α	titer	(pg/ml)	in	the	samples	was	de-
termined	from	the	standard	curve	of	IFN-α	
(12.5-500	pg/ml).
 Statistical analysis. Statistical com-
parisons between groups were carried out 
employing Student’s t-test. Pearson’s cor-
relation	coefficient	was	used	to	assess	the	
relation between serum interferon concen-
tration and PSP doses. A value of P<0.05 
was	taken	as	significant	probability	level.

RESULTS AND DISCUSSION

The	first	part	of	the	present	work	was	as-
signed to characterize the crude extracellu-
lar PSP recovered from the mycelial broth 
of P. ostreatus by ethanol precipitation. 
Results	 obtained	 from	 the	 physicochemi-
cal studies indicated the presence of high 
percentage of total carbohydrate content 
(92.36%)	and	a	very	low	amount	of	solu-
ble	protein	(2.45%).	Identification	of	sugar	
components and their ratios on thin layer 
chromatogram revealed the presence of 5 
spots with migration distances and color re-
actions identical to those of galactose, man-
nose, glucose, xylose and arabinose stand-
ards. Glucose was the major monosaccha-
ride	(82.21	mg/100	mg	dry	weight),	while	
galactose, mannose, xylose and arabinose 
were	minor	ones	(3.17,	3.70,	1.67	and	1.33	
mg/100	mg	dry	weight,	respectively).	The	
molar ratios of sugar components were 
Glu	:	Gal	:	Man	:	Xyl	:	Arab=	61.8	:	3.1	:	
2.8	:	1.3	:	1	(Fig. 1). Studies carried out by 
Gutiérrez et al.10 on extracellular polysac-
charides from several Pleurotus species 
have demonstrated that the principal frac-
tions of exopolysaccharides were insoluble 
in water (amounting to more than 80% of 

the total extracellular polymer), and that 
the minor water soluble fractions contained 
D-glucose, D-mannose, D-galactose, and a 
small amount of protein. In another study15 
on exopolysaccharides of P. ostreatus 
(florida),	glucose	has	been	 reported	 to	be	
the main monosaccharide (87.7%), with 
minor components of galactose (4.90%), 
mannose	(3.10%),	xylose	(2.50%)	and	ara-
binose (1.80%).
 The	elemental	analysis	of	PSP	revealed	
the	 following:	 C=35.57%,	 H=5.83%,	
O=58.60%	 and	 S=0.35%.	 The	 low	 val-
ue	 of	 nitrogen	 (1%)	 confirmed	 the	 pres-
ence of a trace amount of protein bound 
to	 the	 polysaccharide.	The	 empirical	mo-
lecular formula of PSP was deduced to be 
(C6H10O5)x, and its molecular weight was 
found	to	be	316.26	kDa.	The	PSP	had	no	
definite	melting	point;	however,	it	charred	
when heated up to 190 C. Chihara et al.4 

Fig. 1.	Thin	layer	chromatogram	of	individual	
sugar components in extracellular polysac-
charopeptides (PSP). Gal= Galactose. Man= 
Mannose. Glu= Glucose. Xyl= Xylose. Arab= 
Arabinose.	The	 arrow	 shows	 the	 direction	 of	
migration.
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reported lentinan, a protein-bound polysac-
charide extracted from the fruiting bodies 
of shiitake mushroom (Lentinula edodes). 
The	proton-NMR	spectrum	of	PSP	showed	
signals	at	δ	3.45-3.63	ppm	(3H,	t,	CH-OH),	
δ	 3.1	 ppm	 (2H,	 s,	CH2-OH),	 δ	 1.01	 ppm	
(3H,	 t,	 -OH),	 δ	 5.15	 ppm	 (1H,	 s,	 -NH),	
and	δ	4.86	ppm	(1H,	d,	H-1-β);	where	 t=	
triplet, s= singlet, and d= doublet signals 
(Fig. 2).	 The	 13C-NMR	 spectrum	 of	 PSP	
solution exhibited signals at different reso-
nances	as	follows:	δ=	102;	β(1→3)C1,	δ=	
92.7;	3-O-substituted	C3	or	β(1→3)	C3,	δ=	
77.2;	C5,	δ=	75.3;	C2,	δ=	72.9;	C3,	δ=	70.8;	
6-O-substituted	C6	or	β(1→6)	C6,	δ=	61.5,	
61.7,	63.5;	free	C6	or	β(1→6)C1	(Fig. 3). 
From 1H	NMR	and	13C	NMR	spectra,	it	is	
concluded	that	 the	PSP	is	 (1→3)(1→6)	β	

D-glucan8.	Our	findings	are	in	line	with	our	
previous studies on endopolysaccharides 
extracted from P. ostreatus mycelium7 and 
lentinan. Extracellular polysaccharides ex-
tracted from six different Pleurotus spe-
cies10, and also hot water polysaccharides 
isolated from the fruiting bodies of P. os-
treatus (florida)16 are mainly composed of 
(1→3)(1→6)	linked	β-D-glucans.
	 Treatment	with	PSP	showed	no	mortal-
ity or any evident acute toxic signs after 
24 h, in mice	 given	 854	 mg/kg	 or	 less.	
Therefore,	arbitrary	doubling	doses	of	PSP	
(25, 50 and	 100	 mg/kg)	 were	 proposed	
to determine their effects on endogenous 

Fig. 2. 1H	NMR	spectrum	of	crude	extracellular	
polysaccharopeptides (PSP).

Fig. 3. 13C	NMR	spectrum	of	crude	extracellular	
polysaccharopeptides (PSP).
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production	of	 IFN-α	 in	mice. Subchronic 
administration of mice (5 weeks) with 
low	(25	mg/kg)	and	intermediate (50	mg/
kg) doses of PSP, thrice weekly, recorded 
a less notable increase in the body weight 
gain of experimental animals at the end of 
the	treatment	period	(14.30%	and	14.57%,	
respectively;	P<0.0001)	 in	 comparison	 to	
normal	controls	(23.66%;	P<0.0001) [Fig. 
4]. In the high dose group, the only mouse 
that remained alive at the end of the experi-
ment showed a slight increase (6.57%) in 
the	body	weight	gain.	The	comparison	of	
percentages of body weight gain at the end 
of the experiment between normal con-
trol and low or intermediate dose groups 
revealed	significant	 reductions	of	39.56%	
and	 38.42%,	 respectively	 (P<0.01).	 By	
contrast, Bobek et al.3 reported that feed-
ing rats a diet enriched with 5% powdered 
dried fruiting bodies of oyster mushroom, 
or	 5%	 of	 β-1,3D-glucan	 for	 10	 weeks,	

does	 not	 affect	 the	 final body weight of 
experimental animals. It is noteworthy 
that the low dose group lost one animal 
after 4 weeks, attaining a survival rate of 
87.50% at the end of the experiment (5 
weeks), while the intermediate dose group 
exhibited a lower survival rate of 75% at 
the	end	of	 the	experiment.	This	pinpoints	
to the mild toxicity of low dose of PSP on 
subchronic	administration.	The	low	toll	of	
mortality (12.50%) in the low dose group 
warranted	 further	 investigation.	The	 high	
dose was highly toxic causing a low sur-
vival rate of 14.29% at the end of the treat-
ment (P<0.0001, log rank test) [Fig. 5].
	 The	other	goal	of	this	study	was	to	know	
if the extracellular PSP treatment would 
increase	endogenous	 IFN-α	production	 in	
mice, and consequently enhancing self im-
munity.	To	verify	this	target,	serum	IFN-α	
dose response curve was established to 
determine which sublethal dose of PSP 
would produce the ultimate immune re-
sponse.	Treatment	with	 low	 and	 interme-

Fig. 4. Changes in the body weight gain (%) 
of	mice	 received	 low	 (25	mg/kg),	 intermedi-
ate	(50	mg/kg)	and	high	(100	mg/kg)	doses	of	
polysaccharopeptides (PSP) throughout the ex-
perimental period (5 weeks) compared to their 
initial body weights. Each point represents 
mean±SD of 2-8 values.

Fig. 5. Survival curves of mice treated with 
doubling doses of polysaccharopeptides (PSP) 
[n=	 8	mice/group].	 The	 normal	 control	 (NC)	
group received saline, and it was represented 
as100% survival.
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diate	 doses	 of	 PSP	 for	 five	 consecutive	
weeks	 manifested	 higher	 serum	 IFN-α	
level,	 averaging	 24.87	 pg/ml	 and	 10.72	
pg/ml,	respectively,	than	the	cut-off	value	
(7.94	pg/ml)	calculated	as	mean+2SD.	 In	
the high dose group, the only surviving an-
imal	showed	serum	IFN-α	level	(1.67	pg/
ml) below the cut-off value (Figs. 6-7). A 
highly	significant	negative	correlation	co-
efficient	(r=	-0.97,	P<0.0001)	between	the	
PSP	dose	and	serum	IFN-α	concentration	
is herein reported (Fig. 8). Similar results 
were reported by Won et al.22, who stud-
ied the effect of alcohol-insoluble fraction 
of Ganoderma tsugae mycelial endopoly-
saccharides	 in	a	wide	range	(0.1-250	mg/
kg).	They	 found	 that	 the	 low	 dose	 range	
of	1-50	mg/kg	was	the	optimal	concentra-
tion for endogenous IFN production of all 
types in mice, and that any dose below or 
above this dose range would have no effect 
on	 IFN	 production.	 The	 authors	 reported	
that elevated serum IFN levels coincide 
well with augmented NK cells activity in 

Fig. 6.	 Dose	 response	 curve	 of	 serum	 IFN-α	
level at doubling doses of polysaccharopeptides 
(PSP). Each point represents mean±SD of 5-8 
values.

Fig. 7.	Distribution	of	individual	serum	IFN-α	
concentrations in different groups studied.
Doses of polysaccharopeptides (PSP): low (25 
mg/kg),	intermediate	(50	mg/kg)	and	high	(100	
mg/kg).	The	horizontal	bar	represents	the	mean	
of 6-8 values. * p<0.0001 vs. the cut-off value.

Fig. 8.	Negative	correlation	coefficient	between	
doubling concentrations of polysaccharopep-
tides (PSP)	and	serum	IFN-α	concentration.
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treated mice, which led to the notion that 
the augmentation of splenic NK activities 
might contribute to induced IFN elevation 
after treatment with alcohol-insoluble frac-
tion of mycelial endopolysaccharides.
	 The	 significant	 immunopotentiation	 of	
PSP needs further inquiry into the antivi-
ral activity of PSP against hepatitis C vi-
rus (HCV), which is considered a rising 
problem in the developing countries of the 
world.	The	therapy	of	pegylated	IFN-α	in	
combination with ribavirin, which is the 
most common treatment for HCV at the 
present time, is limited by the high cost, as 
well as its partial and adverse effects.
 Finally, it can be concluded that: 1) Hot 
water crude polysaccharopeptides ob-
tained from the culture broth of P. ostreatus 
mycelium	consist	mainly	of	β-D-glucans;	
2)	 Dose	 response	 curve	 of	 serum	 IFN-α	
showed that i.p. administration of PSP at 
dose	 “25	mg/kg”,	 thrice	 weekly,	 for	 five	
consecutive weeks elevated dramatically 
serum	 IFN-α	 level,	 which	 suggested	 its	
significant	potential	as	biological	response	
modifier.
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