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Abstract Ths study was conducted to investizate the effect of d ifferent polysaccharides on non—specific mmune responses
in Amur sturgeons (Acpenser schrenki). Fourpolysaccharides ( chitosan
charide)

tate esterase (ANAE) positivity n perpheral blood bacterblytic and hamolytic actiities were measured The resulis

stachyose yeast polysaccharide and lipopolysac-
n rice bran extract ( LPS;) were mjected mtra-peritoneally nto Amur stuigeons A fier 9 days a-naphthyl ace-
showed that among four polysaccharides chitosan was the most effective mm unostim ulatoy w ith sign ificant increase in all
three mm une parameters can pared to he contiol The ANAE positivity and lysozym e activity w ere higher than those n oth-
er tream ent groups Stachyose yeast polysaccharide and LPS; showed no significant mprovenent n ANAE activities and

bacterblytic activities but alld sp hyed hisher hemolytic activiy than the contwl

K ey words A cipenser schrenki Polysaccharides ANAE positiviy Bacterblytic activity A ltemative comp km ent pathw ay
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Snce the discovery hat ad pvants used n the ap-
plicatbn of vaccnes confer considerab le resistance in
hemselves |, awide range of products have been test
ed for mmunostinuhtoly effects on dwverse fish spe-
cies”. The use of mmunostinulants is beng ntro-
duced into fish fam ng routine procedures for prophy-
lactic purpose M any fish species showed enhanced
nor-specific responses w ith inmunostinulantd’ °.
Another advantage of mmunostinulants is their use as
ad pvants for fish vaccnation
sie-effects have been found

As few negative
mmunostimu lants are
presented as an attractive altemative to control bacterial
. . [910]
nfectbns .

The effects of mmunostinulants are affected by
the tin ing dosage and method of adn nstratbn The
most effectivem ethod of adm nistration of mmunostin—

ulants to fish is 'njectionlzl. R espiratory burst and
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phagocytic activities of turbot ( Seqphthalnusm axinus)
leucocy tesw ere enhanced after an n vito incubation of
head k dneys w ith different doses of yeast glucan and

11 .
M The resistance

the optinun dose was 50 Hg/mL
against Edw ardsiella tarda was enhanced after tilapia
(Oreochran is niloticus) ntraperitoneal mnjected w ith
0 1 mg PSK ( aprotenbound polysaccharide prepa
retion) /g body weight and them axmal resistance w as
Turbot
( Shthalmus maximus L ) intraperitoneal n pcting
with B-1 3 ghican the poductbon of O~ * in head kid-
ney leucocytes and lysozyme concentratbn were higher
atday 7 when canpared w ith days 14 and 211,

Among polysacchardes fim varpus bplogical or+

developed n fish 1 week after injectionm]

gins (yeasts akae bacteria higher plants and espe
cially fungi), B-glucans are themost ntenswely studied
one n fish'" ", Rehtwely few researches conducted
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on other polysaccharides such as chilosan and lpope-
lysaccharide ( LPS) ete . Amur sturgeon (Acpenser
schrenkt),

m portant aquaculture species fanous for its cavhar So

an origmnal species of O steidhithyes 1is an
far few studies have evahated the effect of mmunos-
tmu lants on the mmune responses of this fish

The present sudy amed to evaluate the effects of
chitosan stachyose yeast polysaccharde and lipope-
lysaccharde (IPSg) on the non-specific mmune re-

sponses of Amur stugeon and to canpare the mmu-

nostmu htory effects of the four polysacchardes

1 Materials and methods

1 1 Experinental fish Amur surgeons weighing
(339%5 7) g (mean=*S D) were acquired fran
he surgeon devebpment center of Beijing Fisheries
Chnag and allocated n 50L
opaque plastic tanks with a flow through system at a
density of eight fish per tank The depth of thewater &
always 50an. Fish were acclinated to laboratory cond+

Research Istitutg

1

tions for 14 days before the experment Thewaler tem-
peratire was (18 1) 'C and dissolved oxygen w as sat
uraled Fish were fed wice daily w ith canmercial pet
lets
1 2 Polysaccharide treatment Tab. 1 lists the
polysaccharides tested in the experment A 1l polysae
charides were povided by Beijing Research Institute
for Nutritional R esources except chitosan which was
provided by Institute of Zoology Chmnese Academny of
Sciences

Each polysaccharide povder was suspended at 5
mg/mL n sterile phosphate buffered salne (PBS 7 3
mmol/L. monosod im phosphatg 18 Ommol/L disod+
um phosphate Q 15 mol/L sodiun chloride pH
7 2). Every experinental fish was njected n traperite-
neally with 100 BL of the polysaccharde suspensbn

E ght fish were injected with polysaccharide n
each tream ent group In addition to the treaments n
Tah 1 eght fishwere njected w ith sterik PBS n the

control group.

Tab. 1 A ctive ngredients of polysaccharides

Polysaccharide A ctive ingred ient
Chiosan Standard sanple of chiosan
Stachyose 18% 18 stachyose

(206 8-13

Y east polysaccharide

B-1, 6 , 18%

) Yeast extract containing 20% B-

L 3 and L 6 G lucans 18% m annan

LPSg ( lipopo lysaccharid e) ( 8%—

R ice bran extract containing 8% —9% lipopo lysaccharide
g pop

1 3 Sampling protocol Fish were sacrificed by a
sharp blow at the head 9d after npgction and blood
samp les were collected fran the caudal ven by cutting
he tails mmediatel. About Q SmL bbod was lad to
clot br2h at roan temperature (25C ) and cen trifiged
at1Q 000 x g for15m n Serun was then collected
and stored at — 80C until processing AboutQ 5mL
blood was dropped nto Eppendorff tubes contan ing
heparin sodum. The sodum heparnized (N ahepa
rin) blood was used mmediately n the a—naphthyl ac-
etate esterase (ANAE) positivity assay

1 4 ANAE positivity assay Fresh leucocytes were
collected fran the heparnized bbod by dilting (1: 1)
wih Hank’ s balanced salt solution Leucocytes were

isolated hrough a hmphocyte separation medium (d=

1 077 g/mL, China TianjTBD).

were spun for Smin at 65 X g to remove erythrocytes

Cell suspensions

and debris The leucocyte-enriched mnterphase was
drawn off and used tom ake the snears

Smears were fxed Hr30s al roan temperature n
citrate-acetonefom aldehyd e solution and staned w ith a
fresh solution consistng of 3 mL parawsaniline hydre-
chlorde and 3 mL sodum nitrite (4% ), 89mL PBS
(1/15 mol/l, pH7 6), 1 mL a-naphthyl acetate
(Sem aA Hrich Chemica] IlHkish France) solution
(% ) for 12h at 4C, pwiected fran light Then the
gnears were staned again by methyl green ( Sigm aM-
8884).

A totalof 200 bmphocytes were counted under a
m icoscope. The percentage of ANAE positive cells
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anong total bm phocyteswere detemm ned by the fom u-
la as follow s
Percentage of ANAE positive lynphocyte =

ANAE positve lymphocyte amnount/200 x 1000

1 5 Bacteriolytic activity assay The bacteriolytic
actwvily of semm wasm easured using lyoph ilised M icro-
coccus lysodetkticus as an ndicator of semm lysis ae-
cord ng to hem ethod descrbed by Hu lim ark etal "
Lyophilised M. lysodeikticus
(Signa) were suspended in ice-cod Q 1 mol/L potas-
sum phosphate buffer (fH 6 4).
teria n he suspension was chosen lo give an optiral
readng of 0. 3—0. 5 at awavekngth of570 nm A 50
BL sanple of serum was added to 3 mL bacterial sus-

and Wang et al™

The amount of bae-

pensbn n an ice-bath and the absorbance of thism ix
ture was measured at 570 nrm (A, ). A fter ncubaton
at 37C Hr30min them kturewas transferred back to
he ice-bath for 10m in to stop the reaction The absor
bance of the m xiure was agan measured at 570 nm
(A). Bacterblytic activity U, was calculated by the
follow ng fomula U, = (Ag—A) /A.

1 6 Haenolytic activity assay The hemolytc ae-
tvity of serun was detemm ned by assaying the altema-

The hemo-
lytic assay was carred out in Eppendorff tubes follow-

tve canplement pathway activity (ACP).

ng the technique described by Sunyer and Tort
(1995)' ™. Briefly a volme of 25UL of rabbit eryth-
rocytes (R aRBC) suspension was added to 100HL of
serially dilited A.  schrenki semm 'nMgh EGTA-GVB
buffer The tubes were ncubated at roan temperature
for 1h with occasbnal shakng The reactbn was
stopped by adding 1 mL of cod EDTA-GVB. The
ubes were centrifuged at 660 X g Hr5S5mn The ex
tent of hemolysis was estimated by measurng the opt+
cal density of he supernatant at414 nm (OD4ys ). Te-
tal hemolysis or 100% hemolysis is given by the optical
read ng of the supematant fron 25 ML of the same
RaRBC suspension added to 1100 L of distilled wa-
ter The altemative canp lan ent pathw ay hanolytic ae-
and the
lysis of

tvity was demonstrated by the ACH50 titer
rec procal of the senm dilitbn causing 50%
RaRBC was desgnated as the ACHS50 titer the resulis
are presented as ACHS50 units/mL. R abbit bbod was

used for this assay since it was previously dem onstrated

that it is better actwators of lytic reaction anong mamn-
mal b loods

1 7 Statistical analysis One-way ANOVA was ut+
lized to test the significance of means When signif+
cance was observed LSD test was used for multiple
campositions A 1l statistical analyses were perbmed

using SPSS 11 5 forw ndows softw are
2 Results

2 1 ANAE positivity

Fig 1 shows the percentage of ANAE positve
lymphocyte in heparnized bbod of the Amur sw#
geons Fish mjected with chitosan showed signifcantly
hgher ANAE activity while no significant d ifference
was found between other groups (p> Q 05).

s

XTRE FEREE KIREE RERREREYeast RHENES

233

ANAE PH##:3& Percentage of
ANAE Positive (%)

Control Chitosan ~ Stachyose poly saccharide PSR
4151 Groups
1 ANAE
Fig 1 Perentage of ANAE positive lymphocyte n hepa inzed blood of
Amur stugeons
+ ;
(p<0.05)

Valies aremeans*S E  for each goup D ffrent letiers denote sttis-

tically ex tran e significant differences (p < 0. 05) among groups

2 2 Bacteriolytic activity

Chitosan group had sgnifican th h gher serun bae-
teriolytic actwvity while no significant difference was
found betw een other groups (p> Q 05) (Fig 2).
2 3 Hanolytic activity

A1l treatment groups showed significantly higher
henolytic actwity han the control group ( chitosan
group p= (0 002
extract group p= Q 013 LPS group p = Q 008)
(Fig 3).

There was no difference betveen each of the

stachyose group p=Q 032 vyeast

groups of fish njected with chitosan, stachyose yeast

polysaccharide and LP& (p> Q 05).
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Control Chitosan ~ Stachyose poly saccharide J#LPSR
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Fig.2 Serum bacteriolytic activity of the Amur sturgeons
YA bR BE R % 4L T 391+ kiR, AR FRRRA M A B
FER(p<0.01)
Values are means + S. E. for each group; Different letters denote statis-

tically extreme significant differences (p <0.01) among groups

ML

FERBE KU REREDHYeast XHIIES
Coruml Chitosan ~ Stachyose poly saccharide  $LPSR

4131 Groups

88833:

ACHS50 (units/mL)
8 888 88

[
OO

P34 R st R A 55 K AN A ik 42 % 1L 3 # (ACHS0)
Fig. 3 Serum hemolytic activity of the Amur sturgeons. Values are
means + S. E. for each group
YA BRI B ] % 4 2+ bR e R, AR FRR R4 EA
BHFX5(p<0.05)
Different letters denote statistically extreme significant differences

(p<0.05) among groups

3 Discussion

In the present study we evahated four polysac-
stachyose
and LPS; for their ability to stinulate the non-specific

chardes chitosan yeast polysaccharie
mmune response of Amur stuigeon and found that ch-
itosan w as themost effective one Bwok tout Salveli-
nus fontinalis, njected or mm ersed n chilosan solr
ton showed mpwoved protectbn againstd eranonas sal-

.. . .21
monicida infection ™.

S ilar resulis were reported in
ranbow twout orally adm nistered ch itosan 22 We
observed that fish njected w ith chitosan showed sinify
cantly enhanced ANAE positvity and bacteriolytic ac-
tvity in relatbn to the control and h zher hemolytic ac-
tvity than the other ream ent groups A lhough the m—
mune paran elers reported varied n different stud ies

all the results suggested that chitosan has mmunostin—

ulatoty properties not only n cellilar hnate mmune
These
benefils ndicate that chilosan could be a potential at

responsg but also n other serum responses

ternative and/ or supplement to chemotherapy and vae-
chation form an faining fish health

M any stud &s have shown yeast extracts containing
B-glucans and m annans have mmunostinu latory prop-
ertlesl B

ated haemolytic actwity n A ltlantic salnon bloo

. Yeastghican enhances the can plan entm ed+
el
It is also reported hat the effect of B—glucans is dose
dependent Iw or hih doses afford no mpwovement n
mmune system, and very high dosesm ay be nh b ite-
ry In our woikk we found smihr enhance effects of
yeast extracts ( containing 20% B-1 3 and I, 6 G+
cans 18% unspecified mannan) on Amur sturgeon se-
mm hemolytic activity But whether the enhance effect
B the largestornot renained unknown as we did not
exan ne the approprate dose rate for Amur surgeons
There aremany reports showed that LPS ( lpope-
lysaccharide), extracted fran cell wall of Gran—nega-
tive bacteria can enhance m acrophage phagocy tic acti-
ity of various fished ”'. Jan ete reported that semm an-
tibody titey lsozyme and antibacterial activities cou l
be mproved by the n pction of LPS fran Vibrio algine-

[26]

lyticus The LPSg used n our experment was a

rice bran extract W e bHund Amur sturgeon injected
with LPS; showed ncreased hemolytic activity D iffer
ent LPS sourcesmay induce different resulls and the
differences need furher researches Few reports have
addressed the effect of stachyose on fish nonspecific
mmune responses and we found no canparative data

Serum canplement actwity has been iden tified as
a pow erful non-specific defencemechanisn, protecting
fungi viruses and para
only the ACP henolytic

activity was enhanced in all polysaccharides injected

fish against bacteria

. [20 27 28 .
sites TP b this study,

groups Therefore, the ACHS50 titer for hamolytic ae
tivity may be a rap il and sensitive indicator of non-spe-
cific mmune response to polysacdaride immunostimu-
lants The ACHS50 values of Amur sturgeon sera n
control group were higher ( (40 £8) ACH S50 U /mL)
than he ACH 50 titer found in m anmal sera such as
human ( 16 ACH50 U /mL), pig (13 6 ACH50 U/
mL), sheep (15 4 ACH50 U /mL), dog (14 4
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ACH50 U /mL)
ml) [27]
carpio,
Sparus aurata, have been reported to be (68 *23)
ACHS50 U /ml, (460 £75) ACH50 U /mL and ( 170
F18) ACHS50 U /mL respectively These valies are
also much hgh n
mali ™ * . In fih the specific response B notwell

devebped lis antibody response has bw affinity lin—

and guinea pg (11 9 ACHS50 U/
The titration of ACP n the carp Cyprinus

sea bass D icentrarchus labrax and sea bream

rehton to those of man-

ited heterogeneity poor anamnestic qualities and the
response tine is bnger than hat of manmals Hence

high ACP hemolytic actwity represents a pow erful non-
specific defense mechan ism which is required to delay
asmuch as possble the estab lishment of nvading or
ganisng until the specific response is developed

The result showed that Amur stuigeon semm dis-
played a bacterblytic action, because when serun was
ncubated w ith Lyoph ilisedM.  sodeikticus the absor-
bance of the m kture afier ncubation was bwer than
he absobance at @ 00 Bacteriolysis is an event that

may occur when nomalm rrobial mulip lication is at
tered due to an uncontrolled activatbn of a series of aw-
tolytic celbwall break ng enzymes ( muram idases).

Cellwall breakdown may occur folbw ng bactervlyss
nduced by a lage variety of bacterplysis-nduc ng cat
bnic peptides such as lysozzme and peptides fran
leucocytes Sunye%zm have reported that both bacterie-
lytic and hemolytic actiities were related to the puta-
tve thid canponent of sea brean camponent ( C3).

W e observed the hemolytic actvily sinificantly i
creased in all weam ent groups while the bacterioly tic
actwity significantly ncreased only n chitosan group

Hemolytic actwity reflected the character of cample-
ment systan, while bacterplytic actwity was affected
by more canp lex canponents of serun.

The enhancenent of nonspecific mmune response
ndexes reveals the response m anner ofAmur sturgeon to
he njection with polysaccharides Though certain poly-
saccharides enhance the nonspecific mmune response of
Amur stuigeon, whether they could really pwtect fish
against nfecton and how to use the polysaccharides to
reach the best effect still need further suudies The
mechanisn s behind the mmunostimulatory effects are

also shoul be considered for applied stud ies
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