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Protective effects of sulfated derivatives of 
polysaccharides extracted from Auricularia auricular 

on hematologic injury induced by radiation 

INTRODUCTION	
	

Humans	 are	 constantly	 exposed	 to	 ionizing	
radiation	 from	 natural	 sources	 such	 as	 cosmic	
rays	experienced	during	 space	 travel	 and	again	
by	 radioisotopes	 found	 in	 the	earth’s	 crust	 and	
then	 again	 from	 a	 wide	 variety	 of	 arti icial	
sources	 (1).	 Gamma‐ray	 radiation	 is	 known	 to	

induce	 oxidative	 stress	 via	 the	 generation	 of																								
reactive	oxygen	species	in	cells	(2).	In	many	cases,	
radiation‐induced	cell	death	has	been	 identi ied	
as	 Apoptosis	 (3,	 4).	 Moreover,	 the	 human																					
hematopoietic	 system	 is	 highly	 sensitive	 to																								
ionizing	 radiation.	 Likewise,	 there	 is	 general																								
acknowledgement	 that	 radiation,	 as																		
chemotherapy,	destroys	the	hematopoietic	stem	
and	 progenitor	 cells	 resulting	 in	 rapid	 loss	 of	
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ABSTRACT	
 

Background: Ionizing radia on induces the produc on of reac ve oxygen 
species (ROS), which play an important causa ve role in cell death. The aim of 
this study was to inves gate the protec ve effects of sulfated deriva ves of 
neutral polysaccharides extracted from Auricularia auricular (SNAAP).   
Materials and Methods: Whole blood samples from healthy donors treated 
with SNAAP at different concentra ons (20, 60, 100 μg/mL) were exposed to 
various doses of X‐rays. Wistar rat spleen lymphocytes, in cultures, were 
treated with SNAAP at different concentra ons (20, 60, 100 μg/mL) in the 
presence p.o 12 hours prior to 8 Gy gamma radia on exposure. Animals were 
administered with SNAAP at doses of 50, 100 or 200 mg/kg body weight d p.o 
7 days prior to sub‐lethal doses (6 Gy) of whole body gamma radia on 
exposure. Results: SNAAP is an effec ve radio protector against X‐ray 
radia on induced in vitro cellular damage in human peripheral blood. 
Furthermore, to support this finding the effect of SNAAP on a rat’s spleen 
lymphocytes, when cultured and examined 24 hours a er exposure to 8 Gy γ 
of radia on, demonstrated the effect of polysaccharides on a rat’s spleen 
lymphocytes, pretreated by the SNAAP, can increase the cell viability 
compared with irradiated group at a concentra on of 20, 60 and 100 μg/mL. 
Likewise, this radia on‐induced therapy decreased each mouse’s body weight 
and effec vely s mulated the immune system of all radiated mice. Moreover, 
when induced by Co60, the SNAAP decreased the level of malondialdehyde 
(MDA) and increased the myeloperoxidase (MPO) and the glutathione 
peroxidase (GSH‐Px) ac vity in the whole blood supply of the irradiated mice. 
Conclusion: These encouraging results support further research into the 
clinical pharmacology of SNAAP as a novel agent for human radia on 
protec on.  
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peripheral	 blood	 cells.	 The	 damage	 caused	 by	
this	 loss	 applies	 particularly	 to	 leukocytes													
needed	 as	 a	 host	 defense	 against	 microbial																										
invasion.	
Lymphocytes	 have	 been	 used	 to	 develop																

non‐invasive	 bioassays	 to	 screen	 humans	 for	
toxicant	exposure;	these	cells	have	been	used	to	
determine	 exposure	 and	 susceptibility	 to																											
toxicants	 (5‐7).	 In	 an	 early	 study	 on	 the	 effect	 of	
radiation	on	human	 leukocytes;	Sokolov	 (1961)	
found	by	means	of	an	electron	microscope	study	
of	 X‐ray	 damaged	 frog	 blood	 cells,	 when																								
measured	 one	 day	 after	 irradiation;	 that	 an																									
X‐ray	 dose	 of	 90	 Gy	 caused	 a	 30%	 drop	 in	 the	
leukocyte	count	(8).		
Furthermore,	 and	 in	 a	 more	 recent	 study,											

Williams	 et	al.	(2010)	 found	 that	 by	 decreasing	
the	 peripheral	 lymphocyte	 count	 over	 the	 irst	
two	or	three	days	of	treatment	that	this	practice	
is	 a	 reliable	 indicator	 of	 exposure	 to	 humans.	
Similarly,	with	a	radiation	dose	as	low	as	0.5	Gy	a	
50%	 decrease	 of	 a	 peripheral	 lymphocyte																									
occurred	within	24	hours	and	further	decreased	
over	 48	 hours	 to	 bring	 about	 a	 lethal	 exposure	
(9).	
In	relation	to	radiation	damage	in	humans,	 it	

is	 important	 to	search	possible	radio‐protective	
agents	 to	 modify	 the	 normal	 response	 of																															
biological	 systems	 to	 radiation‐induced	 toxicity	
or	lethality	(10).	Of	late,	scholars	have	researched	
many	 natural	 and	 synthetic	 chemicals	 for	 their	
ef icacy	 to	 protect	 against	 radiation‐induced	
damage	 in	 biological	 systems.	 However,	 the																										
inherent	toxicity	of	some	of	the	synthetic	agents,	
at	 an	 effective	 radio‐protective	 concentration,	
warrants	a	further	evaluation	for	safer	and	more	
effective	 radio‐protectors	 (11).	 In	 this	 respect,	
natural	antioxidants,	which	have	a	low	potential	
for	 side	 effects,	 while	 maintaining	 ef icacy	 in	
physiologic	 concentrations,	 demonstrate																									
potential	 as	 protectors	 (12,	13).	 Likewise,	 crude	
extracts	 from	 medicinal	 herbs	 and	 their																											
preparation	 have	 constituted	 several	 effective	
radio‐protective	drugs	(14).		
Over	 the	 past	 three	 decades,	 and	 in	 tandem	

with	 this	 research,	 many	 polysaccharides	 and	
polysaccharide‐protein	 complexes	 have	 been	
isolated	 from	 mushrooms,	 fungi,	 yeasts,	 algae,	
lichens	 and	 plants.	 Due	 to	 their																																								

immuno‐modulatory	and	anti‐tumor	effects,	 the	
biological	 activities	 of	 polysaccharides	 have	
gained	attention	in	the	biochemical	and	medical	
disciplines	(15).	For	example,	in	a	recent	study,	Li	
and	Zhou	(16)	in	research	dissimilar	to	this	study,	
found	the	oral	administration	of	dose	dependent	
polysaccharides	 taken	 from	 the	 berry	 of	 the																		
Chinese	 ginseng	 bush	 (cı	̀wǔ	jiā	 (刺五加):	 Acan‐
thopanax	 senticosus);	 reduced	 the																								
irradiation‐induced	 injury	on	rats	and	 imparted	
a	 protective	 effect	 against	 15	 Gy	 X‐ray																								
irradiation‐induced	 loss	 of	 BW,	 WC,	 food	 and	
water	intake.	Moreover,	it	reduced	the	rat’s	MDA	
level	and	raised	their	anti‐oxidase	activity	(SOD,	
GSH‐Px).	
The	 Auricularia	auricular	mushroom	 species	

is	 the	 fourth	 most	 important	 cultivated																					
mushroom	 used	 by	 humans	 throughout	 the	
world	 that	 offer	 polysaccharides	 and																								
polysaccharide‐protein	 complexes	(17).	 A	 review	
of	 available	 research	 literature	 found	 many																								
published	 studies	 have	 examined	 the	 bene icial	
health	 bene it	 from	Auricularia	auricular	on	both	
humans	and	animals.	Of	signi icance,	Auricularia	
auricular	 is	known	for	 its	pharmaceutical	effects,	
for	example,	the	hindering	of	lipid	per‐oxidation	
and	 subsequent	 decreased	 liver	 damage	 (18,	19).	
Auricularia	 auricular	 is	 also	 known	 as																								
a	scavenging	radical	and	for	chelating	metal	ions	
in	 vitro	 (19)	it	 is	 also	 known	 as	 an	 anti‐oxidant	
and	 known	 ,	 as	 well,	 for	 its	 hypolipidemic																	
properties	(20).	In	 a	 more	 recent	 study,	 Wu	 et	al.	
(21)	 found	 that	 Auricularia	 auricular	 has	 a																							
pharmacological	 effect	 on	 the	 left	 ventricle																								
ejection	fraction	in	aged	mice.		
By	using	various	established	in	vitro	systems,	

the	 sulfation	 of	 neutral	 polysaccharides																								
extracted	 from	 Auricularia	auricular	 (SNAAP)	
and	 its	 antioxidant	 activities	 were	 investigated	
by	 Zhang	 et	 al.	 (22)	 The	 results	 clearly	 showed	
that	 the	 antioxidant	 activity	 of	 sulphated																		
polysaccharides	 extracted	 from	 Auricularia											
auricular	 were	 signi icantly	 improved	 related	 to	
the	 ability	 of	 scavenging	 superoxide	 radicals.	
Due	 to	 the	 formation	 of	 oxygen	 radicals,	 the					
radiation	 effect	 on	 the	 human	 body	 results	 in	
oxidative	 stress.	 To	 ensure	 successful	 radiation	
protection,	 it	 is	 possible	 to	 control	 damage	due	
to	 radiation	 by	 antioxidants	 and	 by																								
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anti‐oxidative	 enzymes.	 Nonetheless,	 owing	 to	
the	 radiation	 treatment	 and	 the	 practical																													
radiation	 dose,	 when	 applied	 in	 the	 radiation	
protection	process,	it	is	important	to	indicate	the	
relationship	 between	 the	 treatment	 of															
antioxidants	 and	 the	 oxidative	 damage	 of																								
biomolecules	 in	 both	 the	 target	 and	 non‐target	
tissues.		
In	 the	 realm	 of	 medical	 safety	 the	 hazard	 of	

radiation	 exposure	 tenders	 not	 only	 an																						
enormous	 problem	 but	 also	 offers	 a	 biological	
safety	 challenge	 for	 human	 beings;	 especially	
when	 caused	 by	 water	 radiolysis	 and	 the																								
deleterious	 effects	 of	 ionizing	 radiation	 in																							
biological	 systems	 (23).	 This	 study,	 using																													
polysaccharides	 and	 polysaccharide‐protein	
complexes	 found	 in	 the	 Auricularia	auricular	
mushroom	 species,	 proposes	 a	 method	 as	 a																																
protector	 against	 this	 challenging	 problem.	
Therefore,	 the	 paper’s	 purpose	 explores	 the																									
effect	of	the	sulfation	of	neutral	polysaccharides	
radioprotection	X‐ray	radiation	on	human	blood	
and	 blood	 components	 and	 of	 the																																												
radioprotection	 γ‐ray	 radiation	 on	 the	 viability	
of	spleen	lymphocytes.		

The	methods	employed	in	this	study	 irstly	
evaluate	the	X‐ray	radioprotection	of	SNAAP	on	
human	peripheral	blood	using	the	manual	white	
blood	 cell	 counting	 (WBC)	 technique	 that																													
incorporate	 different	 concentrations	 of	 sulfated	
neutral	 polysaccharides	 (20,	 60,	 100	μg/mL).	A	
second	 examines	 the	 γ‐ray	 radioprotection	 of	
SNAAP	 in	 cultured	 Wistar	 rat	 spleen																																							
lymphocytes.	 A	 third	 examines	 the	 γ‐ray																												
radioprotection	of	SNAAP	in	50	laboratory	mice,	
which	 includes	 a	 biochemistry	 measurement.	
The	 results	 conclude	 that	 the	 pre‐treated																								
irradiated	 human	 blood	 samples	 showed	 a																						
decrease	 in	 the	 total	 white	 blood	 cell	 count.																								
Furthermore,	when	pre‐treated	with	a	60	μg/mL	
concentration	 of	 SNAAP,	 	when	 followed	 by	 12	
hours	exposure	to	X‐ray	radiation,	increased	the	
white	 blood	 cell	 count	 and	 improved	 the																															
morphological	 changes	 of	 the	 white	 blood	 cell	
classi ication.	
When	 considering	 the	 preceding	 problem,	

and	as	a	means	to	offer	radioprotection	for	X‐ray	
radiation	 on	 human	 blood	 and	 blood																																			
components,	the	use	of	the	antioxidant	activities	

found	 in	 SNAAP	 as	 an	 effective	 radio	 protector	
against	X‐ray	radiation	and	as	a	novel	agent	 for	
human	 radiation	 protection	 is	 explored	 in	 this	
research.		
	
	
MATERIALS	AND	METHODS	

	
Samples	
The	 Auricularia	auricular	 sample	 originated	

from	 Heilongjiang	 Province,	 PR	 China.	 The																								
peripheral	 blood	 samples	 were	 aseptically																								
collected	in	EDTAK2	sterile	glass	tubes	from	the	
median	 cubital	 vein	 of	 a	 non‐smoking	 healthy	
female	 Chinese	 donor	 approximately	 25–35	
years	 of	 age	 and	 in	 accordance	 with	 China’s	
blood	specimen	collection	and	ethical	processing	
regulations.	Written	consent	was	obtained	 from	
the	participant.	 The	 adult	male	Wistar	 rats	 and	
50	 Kunming	mice	 of	 equal	 sex	were	 purchased	
from	 the	 Laboratory	 Animal	 Center	 of	 the																								
Second	 Hospital	 of	 the	 Harbin	 University,																								
Heilongjiang	Province,	P	R	China.	
	
Reagents	and	Apparatus	
Trifluoroacetic	 acid	 (TFA)	 was	 purchased	

from	E.	Merck,	Darmstadt,	Germany.	D‐mannose,	
L‐rhamnose,	 D‐ribose,	 D‐glucose,	 D‐xylose,																								
D‐galactose,	and	L‐arabinose	were	all	purchased	
from	 Sigma	 St.	 Louis,	 USA,	 and	 the	 T‐series																						
Dextrans	 from	 Agilent,	 Beijing,	 China.																								
Superoxide	 Dismutase	 (SOD),	 Malondialdehyde	
(MDA)	and	the	Glutathione	Peroxidase	(GSH‐px)	
commercial	kits	for	detecting	enzyme	activation	
were	 all	 purchased	 from	 Jiancheng	 Institute	 of	
Biotechnology,	 Nanjing,	 China.	 Agilent	 6890N	
Gas	 Chromatograph/5973	 Mass‐Selective																					
detector	 was	 purchased	 from	 Agilent	 Co.,	 Ltd.	
USA.	 The	 microscope	 (XSZ‐H)	 was	 purchased	
from	Fei	Ji	Technology	Co.,	Ltd.	Nanjing,	China.		
	
The	preparation	of	SNAAP	and	A	composition	
analysis	of	the	Monosaccharide	(GC/MS)	
The	 SNAAP	 was	 prepared	 as	 described	 by	

Zhang	 (22).	 Gas	 chromatography	 Mass‐Selective	
detector	 (GC/MS)	 was	 used	 for	 further																								
identi ication	 and	 quanti ication	 of	 the																								
monosaccharides.	 The	 SNAAP	 were	 hydrolyzed	
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for	 4	 hours	with	 2	mol/L	 TFA	 at	 110°C(24).	 The	
SNAAP’s	 monosaccharide’s	 were	 conventionally	
converted	 into	 the	 alditol	 acetates	 as	 described	
Oades	and	 Johnes	 and	 Albersheim	with	 a	 slight	
modi ication	 and	 then	 analyzed	 by	 an	 Agilent	
6890N	Gas	Chromatograph/5973	Mass‐Selective	
detector	 equipped	 with	 a	 capillary																																											
column—DB‐5,	 60	m	×	 0.25	mm	 i.d.	 ×	 0.25	 μm	
(25,	26).	 Helium	 was	 used	 as	 the	 carrier	 gas	 at	 a	
constant	 low	 rate	 of	 1	 mL/min.	 The	 injection	
volume	was	 1	 μL	 and	 split	 ratio	was	 1:10.	 The	
temperature	 program	was	 set	 to	 increase	 from	
an	 initial	200°C	 to	250°C	at	25°C	min‐1	 and	held	
for	ten	minutes.	The	inlet	temperature	was	kept	
constant	 at	 250°C	 and	 the	MS	 transfer	 line	was	
set	 at	 250°C.	 The	 ion	 source	 and	 quadrupole	
temperature	were	respectively:	150°C	and	230°C.	
The	 Mass	 Spectrophotometer	 (MS)	 acquisition	
parameters	included	scanning	from	m/z	35–450	
in	 the	 electron	 impact	 (EI)	 mode	 for	 routine	
analysis.	
	
The	 evaluation	 of	 X‐ray	 radioprotection	 of	
SNAAP	on	human	peripheral	blood	
Experiment	Design	(27)	
The	human	peripheral	blood	was	divided	into	

ive	groups:		
Group	I:		Peripheral	blood.	
Group	II:		X‐ray‐irradiated	Peripheral	blood.	
Group	 III:	 X‐ray	 +	 Peripheral	 blood														

pretreatment	with	of	SNAAP	(20	μg/mL).	
Group	 IV:	 	 X‐ray	 +	 Peripheral	 blood																				

pretreatment	with	of	SNAAP	(60	μg/mL).	
Group	 V:	 	 X‐ray	 +	 Peripheral	 blood																		

pretreatment		with	of	SNAAP	(100	μg/mL).	
	

Radiation	Exposure	
Whole‐blood	 cultures	 were	 supplemented	

with	 20,	 60,	 and	 100	 μg/mL	 by	 a	 inal																														
concentration	 of	 SNAAP	 2	 hours	 prior	 to																															
receiving	 the	 X‐ray	 dose	 of	 radiation	 (30	 Kv	
5mA−20	 minutes)	 with	 a	 radiation	 ield	 of	
100mm	 ×	 100mm	 and	 a	 radiation	 length	 of	 20	
cm.	Cultures	in	plastic	dishes	were	kept	at	37 	
in	 a	 humidi ied	 5%	 CO2	 atmosphere.	 For																															
counting	purposes,	 the	white	blood	cells	 (WBC)	
were	 isolated	 from	 the	 whole	 blood	 12	 hours	
post‐radiation.	

Effect	on	WBC	in	Human	Peripheral	Blood	
Whole	 venous	 human	 blood	 well	 mixed	 and																						

anti‐coagulated	(EDTAK2)	was	diluted	with	a	3%	
acetic	 acid	 solution	 that	 hemolyzed	 mature	
erythrocytes	 and	 facilitated	 leukocyte	 counting.	
The	 standard	 dilution	 for	 a	 leukocyte	 count	 is	
1:20.	 The	 cells	were	 allowed	 to	 settle	 and	 then	
were	 counted	 in	 speci ic	 areas	 of	 the																								
hemacytometer	 chamber	 under	 the	microscope	
(28).		
	
Effect	 on	 morphology	 in	 human	 peripheral	
white	blood	cells		
Blood	 ilms	were	a	simple	procedure(29,30)	and	

made	by	placing	a	drop	of	human	blood	on	one	
end	of	a	glass	slide	and	using	a	spreader	slide	to	
disperse	 the	blood	over	 the	 slide’s	 length.	 Each	
slide	 was	 left	 to	 air	 dry	 after	 which	 the	 blood	
was	secured	to	the	slide	by	immersing	it	brie ly	
in	methanol.	 Securing	 the	 blood	 to	 the	 slide	 in	
such	a	manner	is	essential	for	good	staining	and	
presentation	 of	 cellular	 detail.	 Following	 this	
procedure,	the	slide	was	stained	with	blood	 ilm	
to	distinguish	the	cells	from	each	other.		
	
Radio‐protective	 effects	 of	 SNAAP	 on	 rat	
spleen	 lymphocytes	 irradiated	 in‐vitro	 by	
gamma‐rays	
Preparation	of	spleen	lymphocytes	
The	 spleen	 of	 an	 adult	 male	Wistar	 rat	 was	

inely	 chopped	 and	 placed	 in	 a	 sterile	 Hank's	
Balanced	 Salt	 Solution	 (HBSS).	 The	 spleen																								
lymphocytes	cells	were	 then	expressed	 through	
a	 stainless	 steel	 gauze.	 The	 remnant	 tissues																								
depleted	of	the	single	cells	were	kept	separately.	
The	cell	suspensions	were	centrifuged	at	560	×	g	
for	ten	minutes	and	the	 lymphocytes	were	then	
harvested.	 To	 eliminate	 red	 blood	 cells,	 the																								
recovered	cells	were	treated	for	5	minutes	with	
an	 ammonium	 chloride/EDTA	 solution	 (0.83%	
NH4Cl,	0.1%	KHCO3,	0.37%	EDTA,	pH	7.4)	at	4	 	
and	 were	 then	 washed	 twice	 with																								
phosphate‐buffered	 saline	 (31).	 Preparation	 of	
Spleen	Lymphocytes	were	repeated	three	times.	
The	 viability	 of	 the	 obtained	 cells	 was																
approximately	 95%	 when	 measured	 by	 the																			
Trypan	 Blue	 Dye	 Exclusion	 test	 each															
time.	
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Experiment	Design		
The	 Wistar	 rat’s	 spleen	 lymphocytes	 were																							

divided	into	 ive	groups:	
Group	I:	Control	Lymphocytes.	
Group	II:		Gamma	Lymphocytes.	
Group	 III:	 Gamma	 Lymphocytes																				
pretreatment	with	of	SNAAP	(20	μg/mL).	

Group	 IV:	 Gamma	 Lymphocytes																	
pretreatment	with	of	SNAAP	(60	μg/mL).	

Group	 V:	 Gamma	 Lymphocytes																		
pretreatment	with	of	SNAAP	(100	μg/mL).	

	
Description	of	cell	line	radiation	
Prior	 to	 radiation,	 and	 to	 achieve	 the	 cell												

synchronization,	 the	 cells	 were	 grown	 to																											
70‐80%	 con luence	 and	 placed	 in	 1%																												
serum‐containing	 media	 for	 two	 hours.	 Cell	
monolayers	 were	 pretreated	 with	 SNAAP																												
(20‐100	μg/mL)	at	37	 	for	12	hours	and	then	
irradiated	with	 single	dose	 (8	Gy)	 of	 γ‐ray	 at	 a	
dose	rate	of	1.59	Gy/min	using	a	Co60	 irradiator	
(Maize	 Research	 Institute,	 Heilongjiang																				
Academy	 of	 Agricultural	 Sciences,	 Harbin,																									
China).	After	radiation,	the	cells	were	incubated	
and	 kept	 for	 up	 to	 24	 hours	 in	 a	 10	%	 serum	
containing	 media	 in	 a	 5%	 CO2	atmosphere	 at	
37 .	
	
In‐vitro	Cell	viability	analysis	
The	effect	of	the	SNAAP	on	the	viability	of	the	

rat’s	spleen	lymphocytes	was	determined	based	
on	 the	 reduction	 of	 a	 Tetrazolium	 salt	 by																					
mitochondrial	 dehydrogenase	 in	 viable	 cells	(32).	
The	 spleen	 lymphocytes	were	 treated	with	 the	
SNAAP	 at	 20‐100	 μg/mL	 and	 with	 γ‐radiation.	
Twenty	 hours	 later,	 10	 μL	 of	 the	 MTT	 stock																								
solution	 (2	mg/mL)	was	 added	 to	 each	well	 to	
reach	 a	 total	 reaction	 volume	 of	 110	 μL.																														
Incubating	 for	 another	 4	 hours,	 the	 plate	 was	
centrifuged	 at	2200	×	 g	 for	5	minutes	 followed	
by	 aspiration	 of	 the	 supernatants.	 Formazan	
crystals	in	each	well	were	dissolved	in	100	μL	of	
DMSO	 and	 an	 A490	 reading	 was	 read	 on	 a																											
scanning	multi‐well	spectrophotometer.	
	
Radio‐protective	 effects	 of	 SNAAP	 against									
radiation‐induced	oxidative	injury	to	mice	
All	mice	were	kept	under	standard	conditions	

of	 temperature	 and	 humidity	 in	 the	 Centre’s											

Animal	 House	 Facility	 and	 provided	 with																						
standard	 mouse	 food	 (purchased	 from	 the																				
Laboratory	Animal	Center	of	the	Second	Hospital	
of	 the	 Harbin	 University,	 Harbin,	 China)	 and																				
water	ad	libitum.	All	animal	experiments	in	this	
study	were	 carried	 out	with	 the	 prior	 approval	
of	 the	 Institutional	 Animal	 Ethics	 Committee,	
strictly	adhering	to	the	guidelines	of	Committee	
for	 the	 purpose	 of	 Control	 and	 Supervision	 of	
Experiments	 on	 Animals	 constituted	 by																								
Experimental	Animal	Management	Ordinance	of	
China.	
	
Radiation	Exposure	
Radiation	 was	 conducted	 by	 the	 method	

adopted	 by	 the	 Maize	 Research	 Institute	 of																								
Heilongjiang	 Academy	 of	 Agricultural	 Sciences.	
The	 mice	 from	 each	 irradiated	 group	 were																								
bodily	irradiated	for	6.15	minutes	with	a	single	6	
Gy	dose	delivered	by	a	Co60	 tube	operated	with	
an	output	of	1.01	Gy/min	at	160	cm.	
	

Polysaccharides	treatment	
The	 SNAAP,	 of	 varying	 doses	 (50,	 100,	 200	

mg/kg.d),	was	dissolved	in	sterile	saline	and	was	
orally	given	to	the	mice	a	week	before	radiation	
on	the	basis	of	our	experience.	The	control	mice	
were	 orally	 given	 the	 same	 volume	 of	 sterile											
saline.	
	

Effect	 of	 SNAAP	 on	 radiation‐induced	 change	
of	 mice	 body	 weight	 and	 biochemistry																								
measurement																												
Before	receiving	radiation,	the	body	weight	of	

each	mouse	was	measured	daily.		Measurements	
at	37	 	by	0.8~1.2	mL	of	blood	sample	taken	on	
the	 irst	 day	 after	 receiving	 radiation	 under	
standard	assay	conditions	were	implemented	by	
an	 automatic	 analyzer	 (Sysmex	 F‐800																								
Hematology	Analyzer,	 Japan)	and	 in	accordance	
with	 the	 Randox	 application	 procedure.	
Malondialdehyde	 (MDA)	 level,	 myeloperoxidase	
(MPO)	 activity,	 and	 Glutathione	 Peroxidase					
(GSH‐Px)	 activity	 in	 the	 whole	 blood	 of																								
irradiated	 mice	 were	 measured	 in	 accordance	
with	 the	 commercial	 kit	 manufacturer’s																								
instructions	 using	 commercially	 available	 kits	
(Nanjing	 Jiancheng,	 China)	 (33).	 All	 the	 above	
treatments	were	performed	at	4	 .		
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Analysis	 of	 the	 mice	 thymus	 and	 spleen																									
indices	
The	 thymus	 and	 spleen	 indices	 were																																

calculated	 in	 accordance	 with	 the	 following																										
formula	 and	 in	 accordance	 with	 the	 method															
described	previously	(33,	34):		
Thymus	 or	 spleen	 index	 =	 (weight	 of	 thymus	 or	
spleen/body	weight)	×	100%	
Statistical	Analysis		
When	 compared	with	 the	 radiation	 the	 control	
data	 were	 expressed	 as	 the	 mean	 ±	 S.D.	 The																					
statistical	 evaluation	 was	 performed	 using	 the	
student’s	t‐test.	

	
	

RESULTS	
	

Preparation	SNAAP	and	Gas	Chromatography
‐Mass	Spectrometry	Analysis	(GC–MS)																																									
This	 outcome	 signi ied	 that	 the	 SNAAP	 was																							
successfully	 sulfated	 by	 IR.	 A	 characteristic	 of	
the	chromatogram,	depicted	in	 igure	1,	showed	
that	 the	 polysaccharide	 was	 a	 typical																																					
heteropolysaccharide	 and	 was	 composed	 of									
ribose,	 rhamnose,	 arabinose,	 xylose,	 mannose,	
glucose,	 and	 galactose,	with	 a	 respective	molar	
ratio	 at:	 0.1;	 0.1;	 0.1;	 0.4;	 0.7;	 1.0;	 0.2.	 It	 was													
evident	 that	 the	 predominant	 composition											
monosaccharide,	within	the	polysaccharide,	was	
neutral	mannose	and	glucose	residues.	
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	Radioprotections	 of	 SNAAP	 on	White	 Blood	
Cell	Count	in	human	peripheral	blood		
X‐ray‐irradiated	 signi icantly	 decreased	 the	

WBC	 count	 in	 human	 peripheral	 blood	 (Group	
II)	 compared	 with	 control	 group(p<0.01).																		
Human	 peripheral	 blood	 pretreated	 with	 the	
SNAAP	 (20,	 60	 and	 100	 μg/mL),	 progressively	
increased	 the	WBC	 count	 in	 human	 peripheral	
blood	 when	 compared	 with	 X‐ray‐irradiated																			
Peripheral	 blood	 (Group	 II)(p<0.01).	 Likewise,	
the	SNAAP	treatment	increased	the	white	blood	
cell	 count	 in	 the	 human	 peripheral	 blood																				
samples	 compared	 with	 Groups	 I.	 However,	 a	
signi icant	 increase	 in	 the	WBC	count	occurred	
by	 the	 addition	 of	 the	 60	μg/mL	SNAAP	 to	 the	
peripheral	blood	sample	(Group	IV).		

	
Effect	on	the	morphology	of	peripheral	white	
blood	cells		
This	 research	 also	 found	 that	 the	 SNAAP																					

pretreated	 with	 60	 μg/mL	 increased	 the	 WBC	
more	 than	 that	 of	 in	 Group	 III	 and	 Group	 V 
compared	with	Group	II.	Also	observed	was	the	
SNAAP	 (60	 μg/mL)	 effect	 on	 changes	 in	 the										
different	 type	 of	 white	 blood	 cells	 ( igure	 2).	
This	outcome	 further	 indicated	 that	 the	SNAAP	
also	alleviated	different	white	blood	cell	damage	
against	radiation	(Group	II). 
The	 result	 of	 the	 SNAAP	 (60	 μg/mL,	 Group	

IV) on	 the	 effect	 of	 morphology	 of	 peripheral	
white	blood	cells	as	followed:	

Figure 1. GCMS Chromatography: A) GC‐MS analysis of STANDARD, B) GC‐MS analysis of SNAAP. 
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The	 effect	 of	 the	 SNAAP	 (60	 μg/mL)	 on	 the	
morphology	 of	 peripheral	 white	 blood	 cells	 in	
the	peripheral	blood	samples	is	shown	in	 igure	
3.	 Figure	 4	 shows	 the	 different	 morphology	 of	
the	 human	 peripheral	 white	 blood	 cells.	 Blood	
ilm	was	prepared	from	the	whole	human	blood	
24	 hours	 and	 48	 hours	 post‐radiation	 by																								
observing	the	white	blood	count	morphology.	Of	
note,	 when	 compared	 with	 Group	 II	 24	 hours	
post‐radiation,	 there	 occurred	 a	 marked																											
decrease	 in	 the	 amount	 of	 degeneration	 in	 the	
white	 blood	 cell	 count	 48	 hours	 post‐radiation.	
Moreover,	 the	 SNAAP	 treatment	 increased	 the	

count	 of	 Pelger‐Huet	 anomaly	 in	 the	 peripheral	
blood	 samples	 48	 hours	 post‐radiation																								
compared	 with	 Groups	 II	 24	 hours																								
post‐radiation.	 As	 well,	 the	 SNAAP	 treatment	
increased	the	Pelger‐Huet	count	anomaly.	That	is	
to	 say,	 the	 Pelger‐Huet	 with	 toxic	 granulation,	
the	 band	 neutrophil	 with	 vacuoles,	 and	 the																	
abnormal	 monocyte	 in	 the	 peripheral	 blood	
samples	48	hours	post‐radiation	compared	with	
Group	 II	 24	 hours	 post‐radiation.	 However,	 the	
administration	 of	 the	 SNAAP	 to	 the	 peripheral	
blood	 samples	 signi icantly	 increased	 the																							
atypical	lymphocytes	count.		
	

Effects	 of	 SNAAP	 on	 γ‐ray	 radiation‐induced	
Spleen	Lymphocytes	viability	
As	shown	in	 igure	5,	the	effects	of	the	SNAAP	

on	 the	 Wistar	 rats’	 spleen	 lymphocyte																								
proliferation	 were	 examined	 24	 hours	 after																								
radiation.	 Radiation	 signi icantly	 decreased	 the	
proliferation	 of	 the	 spleen	 lymphocytes	 as																							
determined	by	the	MTT	assay	compared	control	
group(p<0.01).	 After	 pretreatment	 with	 the	
SNAAP	 (20,	 60and	 100	 μg/mL)	 for	 12	 hours																								
prior	 to	 radiation,	 the	 cell	 viability	 was																								
improved	in	a	concentration	dependent	manner	
compared	 with	 control	 group(p<0.01,	 p<0.05).	
While	 after	 pretreatment	 with	 the	 SNAAP	 (20	
and	 60	 μg/mL)	 for	 12	 hours	 prior	 to	 radiation,	
the	 cell	 viability	 was	 improved	 in	 a																								
concentration	 dependent	 manner	 compared	
with	 the	 irradiated	 group(p<0.05).	 The	 cell																						
viability	 of	 the	 irradiated	 control	 group	 was																							

Figure 2. White blood cell count among different groups
(n=3) 

* vs.control p<0.01, **vs.control p<0.05, # vs.model p<0.01, 
## vs. model p<0.05 

Figure 3. SNAAP(60 μg/mL) on morphology of peripheral white blood cells. 
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approximately	53.04	±	7.29%.	However,	the	cell	
viability	 of	 the	 SNAAP	 pretreatment	 groups,	
with	 SNAAP	 at	 a	 concentration	 of	 20,	 60,	 and	
100	 μg/mL,	 was	 respectively:	 79.84	 ±	 9.30%,	
83.21	 ±	 10.60%	 and	 46.93	 ±	 6.85%.	 The	 study	
further	 demonstrates	 the	 treatment	 of	 the	
spleen	 lymphocytes	 cells,	 with	 radiation,	 could	
lead	 to	 cell	 death	 via	 apoptotic	 processes,	
whereas	 the	 SNAAP	 prevented	 radiation‐
induced	 lymphocytes	 cells	 apoptosis	 in	 a	 dose‐
dependent	manner. 
	

γ‐ray	radioprotection	of	SNAAP	against											
radiation‐induced	injury	of	mice	
Effect	 of	 SNAAP	 on	mice’	 body	weight	 and	

biochemistry	measurement	
One	day	after	receiving	6	Gy	of	radiation,	this	

treatment	resulted	in	a	decreased	body	weight	in	
the	mice	when	 compared	 to	 the	 non‐irradiated	
control	group	(table	1).	The	irradiated	mice	lost	
weight	 after	 receiving	 radiation	 and	 began	 to	
gain	 weight	 less	 than	 the	 control	 mice,	 at	 low,	
middle,	 and	 a	 high	 dose	 of	 the	 polysaccharides	
treated	mice.	The	control	mice	continued	to	gain	
weight	 and	 reached	 30.51	 ±	 2.93g	 a	 day	 after	
receiving	 radiation	 while	 the	 irradiated	 mice	
reached	their	weight	of	28.23	±	3.94g.		
There	 were	 differences	 between	 the	 body	

weights	 of	 both	 groups.	 Signi icant	 increased	
body	weight	in	the	three	polysaccharides	groups	

was	 observed	 in	 comparison	 with	 radiation	
group	a	day	after	6	Gy	of	 radiation.	This	result	
indicates	 that	 the	 oral	 administration	 of	 a																									
dose‐dependent	 SNAAP	 protected	 against	 the	
radiation‐induced	decreased	body	weight.		

As	 shown	 in	 table	 1,	 it	 was	 found	 that	 the	
spleen	 and	 thymus	 indexes	 in	 the	 irradiated																			
control	group	(Group	II)	were	lower	than	those	
found	 in	 the	 non‐irradiated	 control	 group.																							

Figure 4. morphology of several kinds of peripheral white blood cells. 
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Figure 5. Effects of SNAAP on γ‐ray radia on‐induced Spleen           
Lymphocytes viability. Spleen Lymphocytes were treated with 
SNAAP at 20‐100 μg/mL, followed by γ‐ray irradia on at 8 Gy 
12 hours later. Cell viability was assessed 24 h a er RT. Cell 

prolifera on in RT groups is expressed as a percentage of the 
prolifera on of un‐irradiated control cells. Values are shown 
as mean±S.D. n=6); * vs.control p<0.01, **vs.control p<0.05, 

# vs.model p<0.01, ## vs. model p<0.05 
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Independent	 treatment	 with	 SNAAP	 at	 low,																					
middle,	and	at	a	high	dose	increased	the	spleen	
and	 thymus	 indexes	 in	 the	 irradiated	 mice	
(Groups	III,	 IV,	and	V)	compared	to	the	irradiat‐
ed	control	mice	(Group	II)	(p<0.01,	p<0.05).	The	
SNAAP	 treatment,	 at	 doses	 of	 50,	 100	 and	 200	
mg/kg/d,	 implies	 that	 SNAAP	 effectively																					
stimulated	the	immune	system	of	the	irradiated	
mice.		

	
MDA	 level,	GSH‐Px,	 and	MPO	 activity	 in	mice	
blood	one	day	after	receiving	6	Gy	of	radiation		

Table	 2	 illustrates	 that	 one	 day	 after																
receiving	 6	 Gy	 of	 radiation	 the	 mice	 who													
received	 radiation	 treatment	 showed	 an											
increased	 MDA	 level,	 a	 decreased	 GSH‐Px,	 and	
an	 MPO	 activity	 level	 in	 their	 blood.	 Further‐
more,	the	MDA	level,	the	GSH‐Px	activity	and	the	
MPO	 activity	 in	 the	 irradiated	 control	 of	 the	
mice’s	blood	was	5.89	±	0.24	nmol/mL,	176.62	±	
10.39	 U/mL	 and	 127.24	 ±	 1.60	 U/L.	 When											
compared	against	MDA	level,	the	GSH‐Px	activity	

and	 the	 MPO	 activity	 of	 the	 non‐irradiated														
control	 group,	 the	 variance	 was	 5.64	 ±	 0.91	
nmol/mL,	 189.61	 ±	 2.60	 U/mL	 and	 118.24	 ±	
3.52	U/mL.	Table	2	also	illustrates	the	signi icant	
statistical	difference	between	the		non‐irradiated	
control	 group	 and	 the	 irradiated	 control	 group.	
Table	2	also	shows	that	radiation‐induced	injury	
has	a	close	relationship	with	the	alteration	of	the	
free	 radical	 in	biology	 and	 that	polysaccharides	
treatment	 demonstrably	 protected	 the																			
experiment	 mice	 from	 radiation‐induced	 injury	
in	 a	 dose‐dependent	 manner.	 Moreover,	 when																								
ompared	with	 the	 irradiated	 control	 group,	 the	
MDA	 level,	 the	 GSH‐Px	 activity	 and	 the	 MPO																								
activity	in	whole	blood	of	the	three	groups	of	the	
polysaccharides	 treated	 mice	 signi icantly																								
decreased	 or	 increased	 in	 comparison	with	 the	
mice’s	 irradiated	 control	 group	 (p<0.05)																							
(table	 2).	 This	 outcome	 validates	 that	 SNAAP	
decreased	radiation‐induced	injury	by	its	strong	
free	radical	scavenging	activity.	
	

Table 1. Effects of SNAAP administra on on body weight (B.W.) and the immune organ indexes of mice a day a er 6 Gy radia on. 

GROUP Dose (mg/kg/d) Ini al B.W.(g) Final B.W.(g) Spleen index (%) Thymus index (%) 

I 0 23.73±0.25 30.51±2.93 0.428±0.085 0.180±0.079 

II 6 Gy 24.50±0.34 28.23±3.94 0.158±0.013c 0.063±0.031c 

III 50+6 Gy 24.65±1.24 31.09±2.34 0.214±0.031b 0.133±0.054a 

IV 100+6 Gy 24.24±0.10 30.22±4.21 0.169±0.020a 0.141±0.010 

V 200+6 Gy 24.27±1.91 29.79±3.22 0.169±0.018a 0.084±0.035 

Body weight was recorded at 1‐day following 6 Gy radia on to the whole body (10 mice for each group). Results are mean ± SD of 10 parallel 
measurements and followed by the Student’s t‐test. I, Non‐irradiated control; II, Irradiated control(6 Gy); III, Irradiated +polysaccharides(50mg +6 
Gy); IV, Irradiated +polysaccharides(100mg +6 Gy); V, Irradiated +polysaccharides(200mg +6 Gy).  
a p<0.05 compared with irradiated control (II, 6 Gy). b p<0.01 compared with irradiated control (II, 6 Gy). 
cp<0.05 compared with Non‐irradia on control (I). d p<0.01 compared with Non‐irradia on control (I). 

Table 2. MDA level, GSH‐Px, and MPO ac vity in the mice blood a day a er 6 Gy of radia on. 

GROUP Dose(mg/kg/d) MDA (nmol/mL) GSH‐Px (U/mL) MPO(U/L) 

I 0 5.64±0.91 189.61±2.60 118.24±3.52 

II 6 Gy 5.89±0.24 176.62±10.39 127.24±1.60c 

III 50+6 Gy  5.26±0.87ad 175.32±9.09 123.56±6.48 

IV 100+6 Gy 5.61±0.45 177.92±11.69 122.48±6.36 

V 200+6 Gy 5.88±1.04c 181.82±21.17 126.92±1.45a 

Results are means ± SD of 10 parallel measurements and followed by the Student’s t‐test. I, Non‐irradiated control; II, Irradiated control(6 Gy); III, 
Irradiated +polysaccharides(50mg +6 Gy); IV, Irradiated +polysaccharides(100mg +6 Gy); V, Irradiated +polysaccharides(200mg +6 Gy). 
a p<0.05 compared with irradiated control (II, 6 Gy).  b p<0.01 compared with irradiated control (II, 6 Gy). 
cp<0.05 compared with Non‐irradia on control (I). d p<0.01 compared with Non‐irradia on control (I). 
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Effects	of	SNAAP	on	mice	radiation‐reduced	
WBC,	RBC,	and	PLT	
As	 illustrated	 in	 table	 3,	 one	 day	 following																				

radiation	the	white‐cell	count	was	(1.21	±	0.31)	
109/mL	and	in	turn	was	signi icantly	lower	than	
in	 the	 non‐irradiated	 control	 group																																
(5.15	 ±	 0.64)109/mL	 (p<0.01).	 This	 outcome	
shows	 that	 the	 radiation‐induced	 injury	 had												
seriously	weakened	the	mice	and	their	 intrinsic	
immunomodulatory	 function	 and	 generated															
in lammation.	 As	well,	 the	 polysaccharides	 oral	
administration	 markedly	 protected	 the	 mice	
from	 the	 radiation‐induced	 injury	 in	 a													
dose‐dependent	manner.	Following	the	 irst	day,	
after	being	irradiated	the	white	cell	counts	were	
(1.64	±	0.43)	109/mL,	(1.52	±	0.50)	109/mL,	and	
(2.07	 ±	 0.35)	 109/mL	 in	 the	 low,	 middle,	 and	
high	 dose	 of	 the	 polysaccharides‐treated	 mice	
were	 higher	 than	 those	 found	 in	 the	 irradiated	
control	 group	 (table	 3).	 Although,	 the	 counts	
failed	to	return	to	normal	at	the	low,	middle	and	
a	high	dose	of	the	SNAAP	can	both	increase	RBC	
and	PLT	counts.		
	
	

DISCUSSION	
	

The	exogenous	sources	of	 free	radicals	come	
from	environmental	contaminants	such	as	 from	
pollution	 and	 cigarette	 smoking,	 ionizing	 and	
ultra	 violet	 radiation.	 Wholebody	 exposure	 of	
mice	to	gamma	radiation	leads	to	diminution	of	
tissue	 antioxidant	 defense	 systems;	 increases	
the	 peroxidative	 damage	 to	 membrane	 lipids	
and	damages	the	haematopoietic	systems(35).	An	
antioxidant	is	any	material	that	do	something	as	

free	radical	scavenger	that	prevents	smash	up	of	
cells	 caused	 by	 corrosion(36).	 When	 an																								
antioxidant	becomes	a	free	radical	itself,	it	is	not	
harmful	because	it	is	able	to	provide	somewhere	
to	 stay	 the	 change	 in	 electrons	 without															
appropriate	reactive.		

There	has	been	a	major	progress	 in	 the	area	
of	radio‐protective	agents	since	 the	early	1980s	
in	terms	of	biological	and	mechanistic	evaluation	
of	 the	 large	 number	 of	 natural	 antioxidants	 or	
synthesized	 compounds.	 Plants	 with	 radio																					
protective	 properties	 have	 been	 shown	 almost	
invariably	 to	 possess	 antioxidant	 bimolecular.	
The	 radio‐protective	 effect	 of	 antioxidant																								
molecules	 such	 as	 polysaccharides	 from																							
Acanthopanax	 senticosus	 and	 the	 ethanolic													
extract	 from	 Pileamicrophylla	 (L.)	 and,	 as	 well,	
from	 Lycium	 barbarum,	 Ganoderma	 lucidum,	
and	 dehydrozingerone	 and	 their	 incumbent																			
polysaccharides;	 have	 largely	 attributed	 to	 the	
anti‐oxidative	 properties	 of	 these	 compounds																					
(37‐39).	Many	synthetic	compounds	have	also	been	
found	 to	 protect	 biological	 systems	 against																								
radiation	 induced	 damage,	 for	 example																								
Tempol	 (TPL)	 prevented	 the	 radiation	 induced	
depletion	 in	 RBC	 and	 total	 WBC	 counts,																								
glutathione	 content	 in	 blood	 and	 bone	marrow	
cellularity.	 TPL	 also	 protected	 the	 tissue																								
antioxidant	 system	 and	 membrane	 lipids	 from	
the	 radiation‐induced	 damages.	 An	 enhanced	
spleen	 colony	 formation	 and	 spleen	 weight														
recovery	 were	 also	 observed	 in	 radiation																								
exposed	 mice	 administered	 with	 TPL(35).																								
Cimetidine	 was	 found	 to	 be	 more	 protective	
against	 mortality	 induced	 by	 radiation	 in	 mice	
compared	 to	 famotidine	 by	 Mozdarani	 (2008).	
This	 effect	 of	 cimetidine	 might	 be	 due	 to	 its																								

Table 3.  Effects of SNAAP on radia on‐reduced white cells count, red cell and platelet count. 

Group Dose(mg/kg/d) RBC(×1012/L) WBC(×109/L) PLT (×109/L) 

I 0 9.29±0.82 5.15±0.64 603±74 

II 6 Gy 8.61±1.05 1.21±0.31d 502±100 

III 50+6 Gy 9.67±0.88 1.64±0.43 575±93 

IV 100+6 Gy 9.94±0.65a 1.52±0.50 619±74 

V 200+6 Gy 9.59±0.52 2.07±0.35b 596±108 

Results are means ± SD of 10 parallel measurements and followed by the Student’s t‐test. I, Non‐irradiated control; II, Irradiated control(6 Gy); III, 
Irradiated +polysaccharides(50mg+6Gy); IV, Irradiated +polysaccharides(100mg +6 Gy); V, Irradiated +polysaccharides(200mg +6 Gy). 
a p<0.05 compared with irradiated control (II, 6 Gy).  b p<0.01 compared with irradiated control (I, 6 Gy). 
cp<0.05 compared with Non‐irradia on control (I). d p<0.01 compared with Non‐irradia on control (I). 
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immunomodulatory	 role	 and	 thus	 protecting	
bone	 marrow	 and	 lymphoid	 tissue	 injuries										
following	 whole	 body	 gamma	 irradiation(40).	
There	 is	 increasing	 interest	 in	 naturally																															
occurring	 antioxidants	 for	use	 in	 foods	and	nu‐
tra‐ceutiacl	 products	 to	 replace	 synthetic																																	
antioxidants(41).	 It	 has	 been	 suggested	 that																						
natural	 antioxidants	 are	 safer	 and	 more																								
healthful	 than	 synthetic	 antioxidants	 used	 in	
foods	(42,43).	

Protective	 effects	 of	 SNAAP	prepared	 by	 the	
laboratory	(22)	 on	hematologic	 injury	 induced	by	
radiation	including	three	models:		

1.	 An	 evaluation	 of	 X‐ray	 radioprotection	 of	
SNAAP	in	human	peripheral	blood	model, 
2.	γ‐ray	radioprotection	of	SNAAP	in	cultured	
rat	 spleen	 lymphocytes;	 and,	 in	 addition, γ‐
ray	 radioprotection	 of	 SNAAP	 against																	
radiation‐induced	 injury	 to	 the	 laboratory	
mice,	that	is,	from	in	vitro	to	in	vivo. 
The	 administration	 of	 the	 SNAAP	 to	 the																									

peripheral	blood	samples	signi icantly	increased	
the	 atypical	 lymphocytes	 count	 and	 revealed	
that	 the	 SNAAP	 also	 alleviated	 different	 white	
blood	 cell	 damage	 caused	 by	 radiation.	 A														
combination	of	 treatments	of	 the	SNAAP	and	X‐
ray	 resulted	 in	no	 signi icant	 effect	or	 variation	
in	 the	manual	white	 blood	 count	 in	 the	 human	
peripheral	 blood.	 Nevertheless,	 the	 use	 of															
radiation‐responsive	 targets	 is	 recommended	
for	dose‐assessment	applications.		

The	 pleasing	 therapeutic	 effect	 of																													
polysaccharides	 on	many	 diseases	may	 also	 be	
fully	 explained	 by	 the	mechanism	of	 enhancing	
immunity.	 This	 study,	 (rat	 spleen	 lymphocytes)	
further	 demonstrates	 the	 treatment	 of	 the	
spleen	 lymphocytes	 cells,	 with	 radiation,	 could	
lead	 to	 cell	 death	 via	 apoptotic	 processes,	
whereas	 the	 SNAAP	 prevented	 radiation‐
induced	 lymphocytes	 cells	 apoptosis	 in	 a	 dose‐
dependent	 manner.	 Moreover,	 that	 radiation‐
induced	injury	has	a	close	relationship	with	the	
alteration	of	the	free	radical	 in	biology	and	that	
polysaccharides	 treatment	 demonstrably									
protected	 the	 experiment	 mice	 from	 radiation‐
induced	injury	in	a	dose‐dependent	manner.		

This	 outcome	 validates	 that	 SNAAP																														
decreased	radiation‐induced	injury	by	its	strong	
free	 radical	 scavenging	 activity.	 The	 results	 of	

this	 research	 also	 demonstrate	 that	 the	 SNAAP	
possesses	 bene icial	 radiation	 protection																								
properties	 that	 partly	 attribute	 to	 the	 SNAAP	
having	robust	anti‐infection	activity.		

Tsiapali	 et	al.	 found	 that	 phosphated	 and												
sulfated	 glucan	 showed	 greater	 antioxidant												
ability.	 This	 inding	 indicated	 the	 polyelectro‐
lytes,	such	as	glucan	sulfated,	or	phosphate,	may	
increase	scavenging	activity(44).	One		mechanism	
of	protective	effect	of	SNAAP	is	by	reducing	the	
potency	 of	 ROS,	 particularly	 O2‐·.	 Just	 what											
Dekkers	 mentioned	 that	 there	 are	 three														
categories	 of	 naturally	 occurring	 antioxidant:	
SOD,	CAT	 	 and	GSH‐Px	 (45).	 SNAAP	 can	 increase	
antioxidant	 enzymes	 activity	 (GSH‐Px)	 (p>0.05)	
in	 the	 blood	 compared	 with	 model	 group.													
Moreover,	 SNAAP	 can	 signi icantly	 decrease	
MDA	level	(p<0.05)	compared	with	model	group.	
Cellular	 damage	 is	 closely	 related	 with	 lipid											
peroxidation	 and	 causes	 aging,	 carcinogenesis	
and	 many	 other	 diseases	 and	 glutathione													
peroxides	 removes	 H2O2	 and	 lipid	 peroxides,	
which	 indicated	 the	 level	 of	 oxidative	 stress	
state	 inside	 cells	 (46).	 The	 second	mechanism	of	
protective	 effect	 of	 SNAAP	 is	 that	 SNAAP	 can						
increase	 antioxidant	 enzymes	 activity	 and									
decrease	 MDA	 level.	 Finally,	 SNAAP	 effectively	
stimulated	 the	 	 immune	 system	 of	 all	 radiated	
mice.	

	
	

CONCLUSION	
	

The	 study’s	 results	 demonstrate	 that	 it	 is				
possible	 to	 synthesize	 from	 an	 Auricularia								
auricular	 derivative	 and	 a	 sulfate	 of	 neutral																								
polysaccharides	 with	 an	 average	 DS	 of	 the	
SNAAP	 to	 attain	 0.78.	 The	 study’s	 results	 also	
show	 that	 the	 SNAAP	 also	 alleviates	 different	
white	 blood	 cell	 damage	 against	 radiation.	 The	
research	 con irms	 the	 effects	 of	 the	 SNAAP	 on	
the	 spleen	 lymphocytes	 proliferation.	 The																								
implications	 from	 the	 study’s	 indings	 suggest	
the	 need	 for	 further	 study	 to	 clarify	 the	 subset	
population	 numbers	 of	 lymphocyte																								
pretreatment	 with	 the	 SNAAP.	 Nevertheless,		
regardless	 of	 this	 outcome	 there	 is	 a	 need	 for												
further	 in‐vitro	 and	clinical	 studies	 to	clarify	 the	
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WBC	 count	 action	 mechanisms	 and	 to	 improve	
the	morphology	and	 the	peripheral	 of	 the	white	
blood	cell	 interaction	by	 increasing	 cell	 viability	
by	 a	 pretreatment	 with	 the	 SNAAP.	 The	 oral																							
administration	 of	 a	 dose‐dependent	 SNAAP																												
protected	 against	 radiation‐induced	 decreased	
body	 weight	 and	 effectively	 stimulated	 the																													
immune	 system	 of	 the	 irradiated	 mice.	 This																						
outcome	 likewise	 demonstrates	 that	 the	 SNAAP	
decreased	 radiation‐induced	 injury	 partly	 by	 its	
strong	free	radical	scavenging	activity.	

To	 conclude,	 this	 research	 validates	 that	 the	
sulfation	 of	 neutral	 polysaccharides	 extracted	
from	 Auricularia	auricular	 (SNAAP)	 mushrooms,	
have	 signi icant	 therapeutic	 potential,	 and																							
represent	 a	 rich	 source	 for	 future	 scienti ic																				
discovery	 and	 the	 development	 of	 novel																						
compounds	of	medical	value.		
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