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ABSTRACT

The present study was undertaken to investigate the hepato-preventive and therapeutic 
activities of hot-water polysaccharopeptides from the culture broth of Pleurotus ostrea-
tus mycelium. The therapeutic regimen represented by intraperitoneal administration of 
polysaccharopeptides (25 mg/kg, 3 times per week, for 5 consecutive weeks) to mice after 
thioacetamide intoxication (200 mg/kg, 3 times per week, for 5 consecutive weeks) was 
more effective than before thioacetamide intoxication (preventive regimen). The preven-
tive regimen caused less leakage of alkaline phosphatase, less pronounced increase in 
hepatic malondialdehyde concentration, less notable reduction in hepatic total protein, 
RNA and DNA contents, and in contrast increased hepatic superoxide dismutase, glu-
tathione peroxidase and glutathione reductase activities. Amelioration of serum levels of 
alanine and aspartate aminotransferase activities, total protein, as well as hepatic levels 
of triglycerides, and catalase activities was observed. Post-treatment of liver-injured 
mice with polysaccharopeptides normalized all the studied parameters, whereas signifi-

* Corresponding author: Amr Y. Esmat, Department of Biochemistry, Faculty of Science, Ain Shams 
University, Abbassia, Cairo, Egypt. 
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INTRODUCTION

In Egypt, the seroprevalence of hepatitis 
C virus (HCV) rates 10-20% among blood 
donors and even higher among certain seg-
ments of the general population23.	The	ma-
jor risk factors for HCV in Egypt include 
blood transfusions, dental procedures, sur-
gery, complicated deliveries, and history 
of parenteral antischistosomal therapy. 
Because genotype 4a is the most prevalent 
type in Egypt5, only a subset of patients re-
sponds	to	interferon-α	(IFN-	α)	and	ribavi-
rin treatment.
	 The	 literature	 contains	 some	 evidence	
dealing with the hepato-protective and 
therapeutic effects of metabolites from 
several mushroom species against chemi-
cally induced liver injury, such as Coriolus 
versicolor, which was prescribed in China 
for the treatment of hepatitis22, reishi 
mushrooms (Ganoderma lucidum)21, and 
Agaricus blazei2. In addition, polysaccha-
ropeptides (PSP) extracted from C. versi-
color were effective in protecting the liver 
from hepatotoxins in laboratory animals16. 
Hot-water extract obtained from the cul-
tured mycelia of Lentinula edodes was 
reported to protect primary cultured hepa-
tocytes from D-galactosamine-induced in-
jury. Polyphenolic compounds seemed to 
be responsible for the protective effect34. 
A few studies have focused on the antioxi-
dant activity of polysaccharides extracted 
from the fruiting bodies and mycelium of 

Pleurotus ostreatus on chemically-induced 
liver injury in animal models15,35.
 In our previous study24, we reported that 
i.p. administration of doubling doses (25, 
50 and 100 mg/kg body weight) of crude 
PSP (MW 316.26), which consisted main-
ly	of	β-D-glucans	 and	extracted	 from	 the	
culture broth of Pleurotus ostreatus myc-
elium, to mice thrice weekly for 5 con-
secutive	weeks	significantly	increased	the	
endogenous	interferon-alpha	(IFN-α)	pro-
duction, with the maximum effect (213%) 
at the lowest dose (25 mg/kg), compared to 
normal	controls.	This	observation	encour-
aged us to inquire further into the preven-
tive and therapeutic effects of PSP on ex-
perimental	liver	injury.	Thus,	in	the	present	
study, the antioxidant activity of PSP as a 
contributing factor to its prophylactic and 
therapeutic activity against thioacetamide 
liver intoxication in mice was investigated.

MATERIALS AND METHODS

Strain. Pleurotus ostreatus (Jacq.) P. Kumm. 
(type	 NRRL-0366)	 was	 provided	 by	 the	
Agricultural	 Research	 Service	 (Peoria,	
U.S.A.), and reactivated monthly in petri 
dishes containing sterile solid potato-dex-
trose	agar	medium.	The	mycelia	growing	in	
dishes were incubated at 25 C for 4 days, 
and then stored in a refrigerator at 4 C.
 Submerged culture medium for myc-
elium.	The	composition	of	the	culture	medi-

cantly elevated serum total protein and γ-globulin levels, as well as hepatic antioxidant 
enzymes activity. Histological examination of the liver tissues showed that polysaccha-
ropeptides alleviated the thioacetamide-induced alterations, notably inflammation, stea-
tosis, necrosis and fibrosis, especially in the therapeutic regimen.

Key words: Pleurotus ostreatus, polysaccharopeptides, thioacetamide, toxicological 
studies, biochemical studies, histological studies, mice.
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um was described elsewhere25. Erlenmeyer 
flasks	 (2	L)	containing	 sterilized	medium	
(400 ml in each) were inoculated with 8 
pieces of mycelia (about 1cm2 each), then 
held on a rotary shaker (200 rpm) at 25 C 
in the dark for 12-15 days under aerobic 
conditions.
 Hot-water extraction of PSP. The	extrac-
tion of PSP from the culture broth and its 
characterization	were	described	in	detail	in	
our previous study24.
 Animals. Adult female Swiss albino mice 
weighing 30-35 g and purchased from the 
breeding unit of the Egyptian Company for 
Biological Products of Vaccines and Sera 
were	used	throughout	this	study.	The	ani-
mals were housed in steel mesh cages (10/
cage) and maintained on a commercial pel-
let preparation and tap water ad libitum.
 Experimentally chemical induction of 
liver injury.	 Liver	 injury	 was	 induced	
chemically in the animals according to the 
method of Dai et al.8	with	a	slight	modifi-
cation represented by one week extension 
in the intoxication period. Mice were i.p. 
injected with freshly prepared thioaceta-
mide	(TAA)	 in	sterile	saline	 (200	mg/kg)	
every other day, at a maximum of 3 times 
per week, for 5 consecutive weeks.
 Preparation of PSP and mode of treat-
ment. A stock solution of PSP was prepared 
by dissolving 90 mg of the dry powder in 15 
ml of sterile saline solution by ultrasonica-
tion	for	15	min	at	room	temperature.	The	so-
lution was stored at 4 C and replaced week-
ly. Mice were i.p. treated with PSP (25 mg/
kg) 3 times weekly for 5 consecutive weeks.

I. Biochemical studies
 Study design. A total of 75 mice were 
equally distributed into 5 groups as follows: 
1) Group I, Normal controls (NC): mice i.p. 
injected with sterile saline solution serving 
as normal controls; 2) Group II, PSP: mice 

i.p. treated with polysaccharopeptides; 3) 
Group	 III,	 TAA:	 thioacetamide-intoxi-
cated mice serving as negative controls; 
Group	 IV:	 Preventive	 (PSP+TAA):	 mice	
i.p. treated with PSP for 5 weeks, then in-
toxicated	 with	 TAA	 for	 further	 5	 weeks;	
and	5)	Group	V,	Therapeutic	(TAA+PSP):	
mice	were	 first	 intoxicated	with	TAA	 for	
5 weeks, then followed by treatment with 
PSP for further 5 weeks.
 Collection and sampling of blood and 
some body organs. At the end of the ex-
periment, the animals were fasted for 12 h, 
weighed and then blood samples were tak-
en from the retro-orbital venous plexus un-
der light ether anesthesia. Serum was sep-
arated from the clotted blood samples by 
centrifugation at 5000 rpm for 5 min, then 
aliquoted and stored at -20 C until analysis. 
After blood collection, all animals were 
sacrificed	 by	 cervical	 dislocation,	 then	
liver, heart, kidneys and spleen were dis-
sected out, rinsed in isotonic sterile saline, 
blotted	dry	on	a	filter	paper	and	weighed.	
The	organ	weight	to	total	body	weight	ratio	
was calculated as a useful index of toxic-
ity12. A small part from the right lobe of the 
liver was cut and preserved in 10% neu-
tral formalin solution at 4 C for histologi-
cal	examination.	The	remaining	tissue	was	
placed in a plastic vial containing ice-cold 
sterile saline, the vial was then stored at 
-80 C until biochemical analysis.
 Preparation of liver homogenate. Whole 
liver homogenate (5%) in buffer solution 
(50mM	Tris-HCl,	0.25	M	sucrose,	pH	7.4)	
was prepared for determination of malondi-
aldehyde,	 triglycerides,	 RNA,	 DNA	 and	
total	 protein.	Antioxidant	 enzymes	 activity	
were determined in the cytosolic fraction of 
the liver homogenate obtained by centrifuga-
tion at 10,000 rpm for 15 min at 4 C, and the 
enzymes	activity	were	expressed	relative	to	
protein concentration in the same fraction.
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 Biochemical assays. Serum conjugated 
bilirubin and total protein were colori-
metrically determined using commercial 
assay kits (Diamond Diagnostics, Egypt). 
Electrophoretic quantitation of serum pro-
tein fractions was done on cellulose acetate 
strips (Helena Biosciences Europe, Italy), 
the	 protein	 bands	 were	 visualized	 with	
Ponceau S stain and scanned (Cliniscan-3 
densitometer), then the relative percentage 
and the absolute content for each protein 
band	 were	 automatically	 calculated.	 The	
concentration of triglycerides was esti-
mated in the whole liver homogenates by 
the method described by Gottfried and 
Rosenberg13.	 Lipid	 peroxides	 were	 as-
sessed as thiobarbituric reactive substances 
(TBRS)11 using malondialdehyde (MDA) 
as	a	standard	with	an	extinction	coefficient	
of 1.53 x 105 M-1cm-1.	Total	protein	concen-
tration was determined in the whole tissue 
homogenates and their cytosolic fractions 
by the dye binding method of Bradford4. 
Total	DNA	and	RNA	concentrations	were	
extracted from the whole tissue homoge-
nate by 5% perchloric acid29 and deter-
mined quantitatively by the colorimetric 
diphenylamine10 and orcinol methods9, 
respectively,	then	protein/DNA	and	RNA/
DNA ratios were calculated.
 Enzyme assays. Serum alanine and aspar-
tate	aminotransferases	(ALT	and	AST)	and	
alkaline	phosphatase	(ALP)	activities	were	
colorimetrically determined using com-
mercial assay kits (Diamond Diagnostics, 
Egypt).	Antioxidant	enzymes	activity,	such	
as superoxide dismutase (SOD, EC 1.15.1.1), 
glutathione peroxidase (GPx, EC 1.11.1.9) 
and	glutathione	reductase	(GR,	EC	1.8.1.7)	
were determined in the liver homogenates 
using commercial assay kits (Bioxytech 
and Cayman Chemical Company, U.S.A.). 
Hepatic	catalase	(CAT,	EC	1.11.1.6)	activ-
ity was assayed by the method of Sinha31. 

II. Histological studies
Fixed liver specimens were embedded in 
paraffin	cubes,	then	thin	sections	(4-5	μm)	
were cut and stained in hematoxylin and 
eosin (H&E) solution, and examined un-
der light microscope at a range of x100-
400.	Degree	of	fibrosis	was	judged	in	the	
H&E-stained	 sections	 and	 confirmed	 by	
Masson’s	trichome	stain.	Stage	of	liver	fi-
brosis	was	 graded	with	METAVIR	 scale,	
which	grades	fibrosis	on	a	five-point	scale:	
F0	 (no	 fibrosis),	 F1	 (portal	 fibrosis	with-
out	 septa),	 F2	 (portal	 fibrosis	with	 a	 few	
septa), F3 (numerous septa without cir-
rhosis) and F4 (cirrhosis). Ballooning de-
generation and steatosis of hepatocytes in 
H&E-stained sections were graded accord-
ing to a four point scale, where Grade 0, 
negative; Grade 1, up to 33%; Grade 2, 33-
66%; and Grade 3, >66%7.
 Statistical analysis. Data were expressed 
as	mean	values±SD.	The	statistical	signifi-
cance was evaluated by ANOVA. Intergroup 
comparison was achieved by Duncan’s 
multiple range test. A value of P<0.05 was 
taken	as	a	significant	probability	level.	

RESULTS AND DISCUSSION

Intraperitoneal administration of PSP to 
normal mice for 5 weeks caused non-sig-
nificant	changes	in	the	relative	weights	of	
liver, heart, and spleen except for a slight 
increase in the absolute weight of kidneys 
(22%), which indicated that PSP have no 
severe toxic effects on the body organs 
(Table 1).	The	highly	 significant	 increas-
es in the absolute and relative weights 
of liver (96% and 95%), heart (25% and 
33%), kidneys (84% and 82%), and spleen 
(183% and 166%), respectively, in	TAA-
intoxicated mice paralleled previous stud-
ies1,6,32. Both preventive and therapeutic 
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modalities	of	PSP	normalized	the	absolute	
and relative weights of the studied body or-
gans, except for the absolute and relative 
weights of kidneys, which were persistent-
ly increased, compared to normal controls 
(Table 1).
 Initially, treatment of normal mice with 
PSP	 did	 not	 significantly	 affect	 the	 liver	
function tests demonstrated by normal se-
rum	ALT,	AST,	ALP	activities	and	conju-
gated bilirubin level. Also, any degenera-
tive changes that could affect the integrity 
of hepatocytes structure, e.g., necrosis, in-
flammation	 or	 fibrosis	 development	were	
absent (Fig. 1).  However, direct evidence 
of	 TAA	 hepatotoxicity	 was	 noted	 in	 the	
occurrence of dramatic elevations in the 
levels	of	serum	ALT	(433%),	AST	(214%)	
and	ALP	(347%)	activity,	and	conjugated	
bilirubin (512%) [Table 2].	 The	 marked	
elevation in the serum levels of conjugat-
ed	bilirubin	and	ALP	activity	provided	an	

evidence of intrahepatic biliary obstruc-
tion, which was supported by histological 
examination of the liver sections revealing 
slightly distorted architecture of hepato-
cytes	with	moderate	 to	 intense	 inflamma-
tion, focal porto-portal bridging and paren-
chymal spotty necrosis, ballooning degen-
eration and foci of steatosis. Foci of dys-
plasia were frequently seen in some slides 
(Figs. 2-4).	 The	 stage	 of	 fibrosis	 ranged	
from F1 to F3, while the degree of balloon-
ing degeneration and steatosis ranged from 
G2 to G3 (Tables 6-7).
	 Treatment	of	TAA-intoxicated	mice	with	
PSP	suppressed	ALT	and	AST	leakage	into	
the serum, which indicates the attenuation 
of	 hepatocytes	 damage.	 Regard	 to	 serum	
conjugated	 bilirubin	 and	 ALP	 activity,	
they	 were	 significantly	 modified	 (112%	
and 44%, respectively) in the prophylactic 
regimen,	while	normalized	in	the	therapeu-
tic regimen (Table 2). Consistently with 

Table 1.  Absolute weights (g) and relative weights (x 10-3) of some body organs in mice after PSP and/or 
TAA	treatments.

Groups	 Liver	 	 Heart	 	 Kidneys	 	 Spleen	

 Wet weight Weight/body Wet weight Weight/body Wet weight Weight/body Wet weight Weight/body  
  weight  weight  weight  weight

NC 1.48±0.14a 43.51±5.18a 0.20±0.01a 5.77±0.77ab 0.37±0.06a 11.03±2.12a 0.18±0.02a 5.43±0.49a

PSP 1.51±0.17a 43.08±5.8a 0.20±0.01a 5.69±0.54b 0.45±0.05b 12.51±2.1a 0.19±0.01a 5.38±0.53a

Change (%) 2.03 -0.99 0 -1.39 21.62 13.42 5.56 -0.92
TAA	 2.9±0.24b 84.71±10.63b 0.25±0.04b 7.68±1.50c 0.68±0.1c 20.03±3.96b 0.51±0.12b 14.46±3.17b

Change (%) 95.95 94.69 25.00 33.10 83.78 81.60 183.33 166.30
PSP+TAA	 1.42±0.15a 49.74±7.59c 0.21±0.02a 6.46±0.84a 0.41±0.08b 14.37±1.66c 0.20±0.01a 6.98±1.22a

Change (%) -4.05 14.32 5.00 11.96 10.8 30.28 11.11 28.55
TAA+PSP	 1.54±0.12a 46.36±4.02ac 0.20±0.01a 5.95±0.57ab 0.46±0.09b 14±3.16c 0.20±0.01a 5.90±0.52a

Change (%) 4.05 6.55 0 3.12 24.32 26.93 11.11 8.66

Values	(mean±SD)	in	the	same	column	with	different	letters	in	superscript	are	significantly	different	at	p<0.05.	NC=	Normal	
controls.	PSP=	Polysaccharopeptide.	TAA=	Thioacetamide.
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Table 2.		Serum	conjugated	bilirubin	concentration,	as	well	as	ALT,	AST	and	ALP		activities	in	mice	after	
PSP	and/or	TAA	treatments.	 

Groups		 Conjugated	bilirubin	 ALT	 AST	 ALP
	 (mg/dl)	 (IU/L)	 (IU/L)	 (IU/L)

NC 0.50±0.11a 31.40±3.79a 42.33±9.95a 57.10±14.02a

PSP 0.44±0.12a 32.00±3.37a 42.08±10.00a 62.94±13.11a

Change (%) -12.00 1.91 -0.59 10.23
TAA	 3.06±0.30b 167.27±26.87b 132.73±20.54b 254.95±34.66b

Change (%) 512.00 432.71 213.56 346.50
PSP+TAA	 1.06±0.47c 39.33±4.00a 44.44±13.36a 82.03±14.02c

Change (%) 112.00 25.25 4.98 43.66
TAA+PSP	 0.47±0.13a 31.38±4.27a 35.00±6.16a 52.89±11.42a

Change (%) -6.00 -0.06 -17.32 -7.37

Values	 (mean	±	SD)	 in	 the	 same	column	with	different	 letters	 in	 superscript	 are	 significantly	different	
at	 p<0.05.	 NC=	 Normal	 controls.	 PSP=	 Polysaccharopeptide.	 TAA=	 Thioacetamide.	 ALT=	 Alanine	
aminotransferase.	AST=	Aspartate		aminotransferase.	ALP=	Alkaline	phosphatase.

the	biochemical	findings,	the	prophylactic	
and therapeutic modalities alleviated the 
alterations seen in the hepatocytes induced 
by	TAA	intoxication	represented	by	reduc-
tion	 in	 inflammation,	 steatosis,	 necrosis	
and	 fibrosis,	 especially	 in	 the	 therapeu-
tic	 regimen.	Also,	 the	degrees	of	fibrosis,	
ballooning degeneration and steatosis of 
hepatocytes	 were	 significantly	 repressed	
by treatment (Figs. 5-6; Tables 6-7).	The	
increase	 in	 serum	 IFN-α	concentration	 in	
mice as a sequela of PSP treatment24 might 
contribute	to	the	anti-inflammatory	effect.	
In accordance with our results, treatment 
with endopolysaccharides obtained from 
the oyster mushroom (200 mg/kg, 2 doses) 
showed to provide a protection against he-
patic injury due to CCl4, as suggested by 
the	near-normal	levels	of	serum	ALT,	AST	
and	ALP	activity14.

 The	 concentrations	 of	 serum	 proteins	
can be used as a measure of liver function, 
especially when they are compared with 
proteins, which are not produced in the liv-
er	like	the	immunoglobulins.	TAA	intoxi-
cation	 significantly	 reduced	 serum	 total	
protein	 (34%),	albumin	 (41%),	α1- (30%) 
and	 γ-globulins	 (45.5%)	 [Table 3]. The	
significant	reduction	in	serum	total	protein	
concentration might be due to reduced pro-
tein synthesis by the hepatocytes or to the 
blockage or decrease in the rate of export 
of	synthesized	proteins	from	the	liver	to	the	
plasma.	Fall	 in	serum	γ-globulin	level	re-
flects	suppression	in	the	antibody	response	
due to hepatoxicity, especially after meta-
bolic	 activation	 of	 TAA	 by	 cytochrome	
P450	enzyme	or	by	flavin-containing	mo-
nooxygenases17,20. The	 prophylactic	 and	
therapeutic	 regimens	 significantly	 amel-
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Figs. 1-6.	1:	Liver	section	of	normal	mice	treated	with	polysaccharopeptides	showing	structural	integrity	without	necrosis,	in-
flammation	or	fibrosis	(hematoxylin	and	eosin:	x200).	2:	Liver	section	of	thioacetamide	(TAA)	group	showing	slightly	distorted	
architecture	with	moderate	fibrosis	in	the	portal	tracts	(Masson’s	Trichome:	x100).	3:	Section	of	liver	tissue	of	TAA	group	showing	
slightly	distorted	liver	architecture;	hepatocytes	are	showed	ballooning	with	foci	of	necro-inflammation	and	spotty	necrosis	(								).	
The	portal	tracts	are	widened	and	moderately	infiltrated	by	chronic	inflammatory	cells	(								)	[H&E:	x200].	4:	Liver	section	of	
TAA	group	showing	ballooning	degeneration	of	hepatocytes	(								)	with	foci	of	dysplasia	(								)	with	steatosis	(								).	Bile	duct	
damage	and	infiltration	by	chronic	inflammatory	cells	(								)	[H&E:	x400].	5:	Liver	section	of	polysaccharopeptide	(PSP)	+	TAA	
group	showing	minimal	parenchymal	spotty	inflammation	(								)	and	mild	portal	tract	inflammation	(								)	[H&E:	x200].	6:	Liver	
section	of		TAA	+	PSP	group	showing	very	mild	parenchymal	(								)	and	portal	tract	inflammation	(								)	[H&E:	x200].
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iorated the concentration of serum protein 
fractions,	except	for	γ-globulin	(37.5%)	in	
the	 former,	 and	 β-	 and	 γ-globulins	 (32%	
and	63%,	respectively)	in	the	latter.	These	
findings	account	for	the	elevation	in	serum	
total protein concentration (21%) in the 
therapeutic regimen, and suggested the im-
munostimulatory activity of PSP on innate 
and humoral antibody immune respons-
es. C3 and C4 complements are important 
components	 of	 β-globulin	 fraction.	Many	
proposed mechanisms underlying the ef-
fect	 of	 PSP	 on	 serum	 γ-globulin	 concen-
tration	were	previously	reported.	The	first	
mechanism underlies the PSP-stimulating 
effect on B lymphocytes activation, pro-
liferation, differentiation or production of 
immunoglobulins36. Since polysaccharides 
can not penetrate cells due to its large mo-
lecular mass, this selectivity may be caused 

by the surface binding of this molecule to 
receptors	specifically	expressed	on	B-cells,	
but	 not	 on	 T	 cells.	 The	 second	 mecha-
nism underlies the enhancement activity 
of	PSP	on	endogenous	IFN-α	production.	
Type	1	 IFN	not	only	sponsors	and	drives	
T	cell	 immunity,	but	 also	enables	B	cells	
to undergo isotype switch and to mature 
into antibodies-secreting plasma cells19. 
Additional proposed mechanism is activa-
tion of protein tyrosine kinase and protein 
kinase C activities17.
	 The	 measurement	 of	 antioxidant	 en-
zymes	 activity	 is	 an	 appropriate	 indirect	
way to assess the status of antioxidant 
defense, and along with estimation of 
malondialdehyde (MDA) a byproduct of 
peroxidation of biological membrane pol-
yunsaturated fatty acids, are used as indi-
cators of oxidation stress33.	TAA	intoxica-

Table 3. Serum total protein concentration and its fractions (g/dl), as well as A/G ratio in mice after PSP 
and/or	TAA	treatments.

Groups	 Total	 Albumin	 Globulins	(g/dl)	 	 	 A/G	ratio
 protein (g/dl) 
	 (g/dl)	 	 α1 α2 β	 γ	 	

NC 6.44±0.66a 2.97±0.65a 0.77±0.26ab 0.41±0.05a 1.17±0.29ab 1.12±0.29a 0.86±0.34a

PSP 7.24±0.90a 3.04±0.66a 0.85±0.13a 0.46±0.08a 1.39±0.25bc 1.56±0.19b 0.71±0.15a

Change (%) 12.60 2.36 10.39 12.20 18.80 39.29 -17.44
TAA	 4.24±0.16c 1.74±0.07b 0.54±0.08b 0.37±0.09a 1.01±0.25a 0.61±0.10c 0.69±0.09a

Change (%) -34.06 -41.41 -29.87 -9.76 -13.68 -45.54 -19.77
PSP+TAA	 6.59±0.37a 2.64±0.31a 0.74±0.23ab 0.47±0.12a 1.20±0.21ab 1.54±0.18b 0.67±0.14a

Change (%) 2.33 -11.11 -3.90 14.63 2.56 37.50 -22.09
TAA+PSP	 7.78±0.89b 3.08±0.41a 0.91±0.27a 0.41±0.09a 1.54±0.20c 1.83±0.31d 0.66±0.11a

Change (%) 21.00 3.70 18.18 0 31.62 63.39 -23.26

Values	(mean	±	SD)	in	the	same	column	with	different	letters	in	superscript	are	significantly	different	at	
p<0.05.	NC=	Normal	controls.	PSP=	Polysaccharopeptide.	TAA=	Thioacetamide.
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tion	 significantly	 elevated	 hepatic	 MDA	
level (191.5%) and, in contrast declined 
liver superoxide dismutase (SOD, 82%), 
glutathione peroxidase (GPx, 75%), glu-
tathione	reductase	(GR,	67%)	and	catalase	
(CAT,	36%) activities, compared to normal 
controls (Tables 4-5), which demonstrated 
the inadequacy of the hepatic antioxidant 
defenses in combating the reactive oxygen 
species resulting in elevated MDA concen-
tration.	Sanz	et al.27 argued that liver GPx, 
GR,	and	CAT	activities	were	decreased	in	
rats	 i.p.	 treated	with	 2.66	mmol/kg	TAA,	
3 times per week for 6 months. Dai et al.8 
reported	that	liver	SOD	activity	is	signifi-
cantly	decreased	by	37%	in	TAA-induced	
liver	fibrosis	(200	mg/kg,	i.p.,	thrice	week-
ly	for	4	weeks)	in	mice.	Recently,	Kostyuk	
et al.18	 affirmed	 that	 hepatic	 GR	 activity	
is	 significantly	 reduced	 in	 TAA-induced	
hepatotoxicity in mice.

Pre-treatment	 with	 PSP	 significantly	 in-
creased the level of liver MDA (52%), 
whereas post-treatment regimen nor-
malized	 the	 hepatic	 MDA	 concentration	
(Table 5). In addition, sharp elevations in 
liver SOD (185% and 375%), GPx (52% 
and	 101%),	 and	 GR	 (47%	 and	 88%,	 re-
spectively) activities were noticed in pre-
treatment and post-treatment modalities, 
whereas	a	moderate	increase	in	liver	CAT	
(50%) activity was noticed only in the lat-
ter regimen, compared to normal controls 
(Table 4).	These	findings	show	that	the	ox-
idative	stress	elicited	by	TAA	intoxication	
has	been	nullified	due	to	the	enhanced	anti-
oxidant activity by PSP.  In harmony with 
our	 findings, administration of ethanolic 
extract of dry powdered Pleurotus ostrea-
tus fruiting bodies (200 mg/kg, i.p., for 21 
days) to aged rats (24 months) markedly el-
evated	the	liver	SOD,	GPx	and	CAT	activi-

Table 4.	Liver	antioxidant	enzymes	activity	in	mice	after	PSP	and/or	TAA	treatments.

Groups	 SOD	 GPx	 GR	 CAT
 (U/mg protein) (U/mg protein) (U/mg protein) (kat/mg protein)

NC 1.30±0.35a 14.95±1.92a 13.81±2.40a 0.14±0.01a

PSP 3.90±0.94b 28.50±2.43b 24.02±2.13b 0.19±0.02b

Change (%) 200.00 90.64 73.93 35.71
TAA	 0.23±0.09c 3.78±0.67c 4.67±1.42c 0.09±0.01c

Change (%) -82.31 -74.72 -66.18 -35.71
PSP+TAA	 3.70±1.12b 22.75±1.11d 20.32±0.97d 0.15±0.01a

Change (%) 184.62 52.17 47.14 7.14
TAA+PSP	 6.18±0.95d 29.97±1.03b 25.95±1.78b 0.21±0.04b

Change (%) 375.38 100.47 87.91 50.00

Values	(mean	±	SD)	in	the	same	column	with	different	letters	in	superscript	are	significantly	different	at	p<0.05.	
NC=	Normal	controls.	PSP=	Polysaccharopeptide.	TAA=	Thioacetamide.	SOD=	Superoxide	dismutase.	
GPx=	Glutathione	peroxidase.	GR=	Glutathione	reductase.	CAT=	Catalase.	kat=	Katalase-fahigkeit31. 
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ties	so	that	they	did	not	differ	significantly	
from those in young rats (4 months)15.
	 TAA	intoxication	produced	significantly	
a dramatic elevation in liver triglycerides 
concentration (248%) [Table 5]. Singh and 
Handa30 affirmed	a	significant	elevation	in	
hepatic triglycerides in rats given a single 
subcutaneous	 injection	 of	 TAA	 (100	mg/
kg) as a 2% w/v solution in triple distilled 
water.	The	pathogenesis	of	fatty	liver	after	
TAA	intoxication	might	be	due	to	derange-
ments of normal physiology of hepatic 
triglycerides	 synthesis	 and	 secretion.	The	
literature includes many hypotheses for the 
pathogenesis	of	fatty	liver.	The	accumula-
tion of triglycerides might be due either to 
an imbalance between synthesis and secre-
tion,	or	to	relative	deficiency	in	the	secre-
tory	process.	This	imbalance	might	be	due	
to	the	inability	of	hepatocytes	to	synthesize	
apoproteins B rapidly enough to accom-

modate the increase in triglycerides await-
ing assembly into lipoproteins26. Other 
causes involved impaired exocytosis of 
nascent	VLDL	due	to	inhibition	of	nascent	
VLDL	transport	from	the	endoplasmic	re-
ticulum to the Golgi complex28.	Treatment	
of mice with PSP before and after induc-
tion	 of	 liver	 injury	 normalized	 liver	 trig-
lycerides concentration (Table 5). In line 
with our results, the addition of 5% pow-
dered Pleurotus ostreatus mushroom to the 
diet of hypercholesterolemic rats reduced 
hepatic triglycerides concentration by 32% 
after 8 weeks3.
	 The	TAA-induced	oxidative	stress	caused	
significant	reductions	in	liver	total	protein	
(46%),	RNA	(65%)	and	DNA	(57.5%)	con-
centrations,	 with	 non-significant	 changes	
in	 RNA/DNA,	which	 indicates	 that	 RNA	
synthesis	 per	 cell	 was	 not	 affected.	 The	
significant	increase	of	protein/DNA	(25%)	

Table 5.	Liver	 triglycerides,	malondialdehyde,	 total	protein,	RNA	and	DNA	concentrations,	as	well	as	
protein/DNA	and	RNA/DNA	ratios	in	mice	after	PSP	and/or	TAA	treatments. 

Groups	 TG	 MDA	 Protein	 RNA	 DNA	 Protein/DNA	 RNA/DNA
 (mg/g) (nmol/g) (mg/g) (mg/g) (mg/g) (mg/mg) (mg/mg)

NC 34.17±4.65a 15.16±3.67a 136.55±7.86a 7.84±0.63a 4.26±0.69a 32.35±4.76ab 1.86±0.25a

PSP 35.66±4.88a 15.08±3.14a 135.01±9.99a 7.95±0.55a 4.38±0.55a 31.09±2.86b 1.83±0.13a

Change (%) 4.36 -0.53 -1.13 1.40 2.82 -3.89 -1.61
TAA	 121.83±49.47b 44.20±6.34b 74.19±7.07b 2.77±0.45b 1.81±0.50b 40.53±6.64c 1.74±0.67a

Change (%) 247.76 191.56 -45.67 -64.67 -57.51 25.29 -6.45
PSP+TAA	 48.50±4.62a 23.09±3.06c 122.30±5.47c 4.94±0.77c 3.15±0.50c 39.45±6.47c 1.60±0.13a

Change (%) 41.94 52.31 -10.44 -36.99 -26.06 21.95 -13.98
TAA+PSP	 32.28±2.77a 15.20±3.44a 142.80±7.31a 7.93±0.81a 4.10±0.66a 35.53±5.08a 1.96±0.26a

Change (%) -5.53 0.26 4.58 1.15 -3.76 9.83 5.38

Values	 (mean	±	SD)	 in	 the	 same	column	with	different	 letters	 in	 superscript	 are	 significantly	different	
at	p<0.05.	NC=	Normal	controls.	PSP=	Polysaccharopeptide.	TAA=	Thioacetamide.	TG=	Triglycerides.	
MDA=	Malondialdehyde.	RNA=	Ribonucleic	acid.	DNA=	Deoxyribonucleic	acid.
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Table 6.	Degrees	of	 liver	fibrosis	 in	mice	 after	
PSP	and/or	TAA	treatments.

Groups No. F0 F1 F2 F3 F4

NC 15 15 0 0 0 0
PSP 13 13 0 0 0 0
TAA	 9	 0	 2	 2	 5* 0
PSP+TAA	 9	 2	 5	 2	 0	 0
TAA+PSP	 8	 3	 3	 2	 0	 0

NC=	Normal	controls.	PSP=	Polysaccharopeptide.	
TAA=	Thioacetamide.
*	 The	 degree	 of	 fibrosis	 was	 confirmed	 by	

Masson’s trichome stain in 2 slides of them.

Table 7.  Degrees of ballooning degeneration and 
steatosis in the liver tissues of mice after PSP and/
or	TAA	treatments.

Groups No. G0 G1 G2 G3

NC 15 15 0 0 0
PSP 13 13 0 0 0
TAA	 9	 0	 0	 4	 5*

PSP+TAA	 9	 0	 5	 4	 0
TAA+PSP	 8	 4	 4	 0	 0

NC=	Normal	controls.	PSP=	Polysaccharopeptide.	
TAA=	Thioacetamide.
* Focal dysplasia could be seen in some slides.

suggested that reactive oxygen species pro-
duced	as	a	result	of	TAA	intoxication	had	
caused	tissue	DNA	oxidative	damage.	The	
oxidative damage, in turn, activated the 
unaffected hepatocytes to increase protein 
synthesis (Table 5). However,	 the	 signifi-
cant reduction in hepatic total protein con-
centration might be due to the liver hyper-
trophy, less number of functioning hepato-
cytes	due	to	fibrosis	and	fatty	liver.
	 Treatment	 with	 PSP	 before	 induction	
of liver injury showed a much lesser 
decrease	in	hepatic	RNA	(37%)	and	DNA	
(26%) concentrations. However, post-
treatment regimen ameliorated hepatic 
RNA	and	DNA	concentrations,	as	well	as	
RNA/DNA	 and	 protein/DNA	 ratios,	 and	
was	comparable	to	the	TAA	group	(Table 
5).	 These	 findings	 showed	 that	 post-
treatment regimen was effective enough 
to	 counterbalance	 the	 TAA-induced	
oxidative stress. Overall, results obtained 
from these allied studies highlighted the 
potency of PSP as a successful natural 
therapy for liver diseases demonstrated 
by	a	significant	 improvement	 in	 the	host	

clinical status, which warranted further 
investigation.
 Finally, it can be concluded that: 1) 
Post-treatment (therapeutic) with PSP 
was more effective than pre-treatment 
(preventive)	 in	 alleviating	 TAA-induced	
liver insult in mice; 2) Post-treatment of 
liver-injured	 mice	 with	 PSP	 normalized	
the hepatocytes function demonstrated by 
restoring the levels of serum conjugated 
bilirubin,	ALT,	AST	and	ALP	activities,	as	
well as liver triglycerides back to normal; 
3) PSP improved the capacity of hepato-
cytes	to	synthesize	and/or	export	the	pro-
teins; 4) PSP stimulated the humoral im-
mune response and the liver antioxidant 
defense system, which counterbalanced 
the	 tissue	 oxidative	 damage	 of	 TAA;	 5)	
Histological examination of liver tissues 
showed	a	significant	alleviation	in	the	al-
terations	 induced	 by	 TAA	 intoxication,	
which provided a conjugated evidence on 
the hepato-preventive and therapeutic ac-
tivities of PSP. 
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