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The effect of chitosan on some non-specific immune indices of the
juvenile soft-shelled turtle Pelodiscus sinensis

SONG Chao"?, NIU Cui-Juan"" CHEN Xin-Ran'

1. Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engineering, College of Life Sciences; Beijing
Normal University, Beijing 100875, China
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Abstract This study was conduced to investigate the effect of chitosan on non-specific immune function in juvenile soft-shelled
turtles under acute ammonia stress. Turtles were divided into five groups. Turtles in the treatment groups were injected with 0 mg/
ml (CO group), lmg/ml (CI group), 5 mg/ml (C2 group), or 50 mg/ml (C3 group) chitosan solution 0.1 ml, and exposed to
ammonia stress with 110 mg/L total ammonia nitrogen (TAN) in their aquaria. The control group was injected with the same volum
of physiological salt solution and reared in fresh water. After 7 days, we measured a-naphthyl acetate esterase (ANAED activity in
peripheral blood and spleen, hemolytic activity and bacteriolytic activity. CO group showed higher ANAE positivity in blood and
hemolytic activity than the control; but showed no significant difference in bacteriolytic and ANAE activity in spleen. ANAE
positivity in blood and hemolytic activity decreased after injecting with chitosan in the ammonia-stressed groups and resumed to the
control level ( P > 0.05). Only the C3 group showed significantly lower hemolytic activity than the control. The injection of
chitosan induced no significant change in ANAE positivity in spleen. Bacteriolytic activity in the C2 group was higher than in the
other groups. In conclusion; chitosan could restore the stress responses induced by ammonia exposure. The degree of this effect
depended on the concentration of chitosan solution and the immune indices tested [ Acta Zoologica Sinica 53 (2): 270 - 277,

2007].
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WL, RS, pH R, AR KL
B JE T U R D R R AR T E SR
(o H AT DG 2 W38 (0 B 5T 32 2248 vh 1 /K AR il 0
VRS Sl v 7/ W S E I RN S s B R Lo €
i, SRR R R EUERIPIRIE bR, K
MARGERLAE, MR TR IBEYIK
AyE2E LR AT (Randall and Tsui, 2002); KWK
AEBEESBEWAERKE TR, REREK
(Person-Le et al., 2003). %3 1 fe T ¥ (Chen et
al., 2004) %%,

HAE%S ( Pelodiscus sinensis) 7&— M1 X
AEVEKAETRITEY, BA EENTTTO A 250
B FR¥ER 2 R 2 B A ) P 0 Ui 28 7 B A
Ao JKAT 22, T e T R A
B SRR A A 2 SO b K s = R
b CRR AR T AE 50 - 80 me/L) . A RAELZ Wi
X Hh R G DI RE S AT SR IE AR 2D, HLZ A
FERS PR B 308 T7 T CRR KSR A5, 20055 B ikAR 45
20065 HENAHAE, 20060

FERMH A B R TP AFAE R — R 20, L0
T NAFAE RS B AR, & — P RAR 1B
BTREY. RS, TREPURRN, BfA
R ARG e . HT, SERBEEN —
T 5 ) B (R E 9 L2800 [ 2 Pl 4628 ( Anderson
and Siwicki> 1994; Anderson et al.,» 1995; Siwicki et
al., 19940 S il PR ) S 5 R ROR 1 G v
WORRIRE . i Rk, shRne. st
PRI SR 22 PRI AT G o oy RV A o o i £ 5%
RV AESRE S 1 S e RGERIEAR T, DU A S i S
M b 2 HILAEWE N )5 — M i 5. ¥ AEm
(tilapias Oreochromis niloticus ) WENEVESS 0.1 mg/g 14
)& A 2 8 PS-K ( Protein-bound
polysaccharide preparation) J&i, H45R 1 X8 Bl 97 1 A
KW Edwardsiella tarda WIHRIT T, H 3598 1) Ho 9% 1
BE L AE S — A 5 (Kyung and  Hyun,
1996). Figueras et al. (1997) HIFFFEEH, 100 g

IRZENE Crurbot,  Scophthalmus maximus ) W VS T3 5
HIRNE, 0.5 mg/ Rk B B R S5 67 5 Jls v A
TR G 7 Ay 05 (R0 52 R I 375 ¥ v T AR 52 1
BESGTHENE 14 d M 21 d (Santarém et al.,
1997) 0 A7 K 92 )35 700 56 QAT 28 5% il (1) fF 97 38 AR
UL, AR AT R, B it FH e SRR 1 1 FH R
9T o

FRIRAREE (2005) 7R A B HE B (050 &2
ZAE SR FE /MK T 30 mg TAN/L (2.07 mg UIA-N/L)
Hi21 d, K AR AR R G B e bR A S R
T AR B FR T 1.49 mg UIA-N/L, 2.61 mg UIA-N/L
H14.14 mg UIA-N/L IR EE T 84 d, HARRE =M
PEFR PR AN MGG H MG VE . 0 AR e I v
PRI RO AT B AR A s H P AR i R R
JUEUR E 40 L ANAE BH M 525 T B (R IR 45,
20060 A 2 (2006) MBFILL I, £ 82 &
W 32,47 57.6+ 83.5 mg TAN/L (1) 7K IR 855 o 4] 5%
SRR I GRS ER IR ] STERS I RkCSY i E AT Ea e e
fabr (2S5 R NE & B is e . A 2R
MR A b B SRR S D #OC WA . A
TF LR 5256 5 2 A I W S AN R 94 B 58 SR Vi
Joi oAb T iR B B BN B PR BT T (10 v A R e 1)
LA -5 1R 4% B W8 (a-naphthyl acetate esterases
ANAE) PHMER . MBS MG E . W iE Ik 1 A2 1k,
B PR 8 SR B0 B 2 Ul rh A R e
o DRI o SIU0N 7K PR o 1) 2 P 4k 4
= % 110 mg TAN/L (£95.5 mg UIA-N/L), MLl Sk
(7 D EIRFEZ B ER AT, TR S AN ] e
FOERBHV VRO e e e R e M 0 T BE IR 5%
M)

1 MRS

1.1 SERah 5k

IR B HERS (21.0+5.0 g» Mean + SD) W H
R FE SR, 1WFHET 80 em x 40 em x 30 cm
PERKIER R, ARG DL rp A R s 1 R
fEH PR —, wkbiE AL AE I ER A
A AR AR R, SR IR B FRE (R LA B
G (1998). TR KRB H, FHEHRZ 1 em 1)
KB, 7Kt 2 MR AL DURIERE U
HRENZ By . B R LUE S YA B 2 AT D=
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WFRD BT B 1 ok K ) 9%, 0 6 v S i 2 242 B 4R UK
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Table 1 The grouping of soft-shelled turtles

KB, VE MR E WA TRl Cco 4l Fi4b
3 253 G S AN () 77 SRR T 00 2 A 3 4R
TR o3 2R 85 20 5 50 SR 1) B A TR B A 4 D
T, FeRPEARAE S B b E R B s P et 5T b
SRR Y E AR A AL LR R
KA K JG S INIE () NH, CL, - 3 7K 71 J5 I 5 73] 7% 7K
T pH, PRFE R R B AT pH R KT B0 L
*2),

2053 Groups

Xt HEAL Control o c1 2 C3

- 0.85% L3 EEK 0.85% 4= F kK SRR E B SR KV R A AR K T SRR A E R KT
‘{ N

et 0.85% 0.85% Chitosan physiological Chitosan physiological Chitosan physiological
njections

! Physiological saline Physiological saline saline solution saline solution saline solution
TESN Te SR L
Concentration of 0 mg/ml 0 mg/ml 1 mg/ml 5 mg/ml 50 mg/ml

chitosan

Tl FR S A [ NER N 110 mg/L 2 FI K 110 mg/L 2 ZIR K 110 mg/L 2 ZHF K 110 mg/L 2 EIR K

Rearing condition

Dechloridation tap water 110 mg TAN/L solution 110 mg TAN/L solution

110 mg TAN/L solution 110 mg TAN/L solution

K2 AMPaII S AR BRI OL CFIME + briE2)

Table 2 The parameters of aquarium water during the ammonia exposure experiments (Mean = SD )

L7 203 Groups
Parameters Xt FE4L Control 0 cl 2 3
M
15.32 £ 0.40 102.87 +1.03 103.81 +1.07 104.17 £1.41 103.32+1.91
TAN (mg/L)
Bl )
0.81+0.02 5.39+0.25 5.58+0.13 5.47+0.09 5.47+0.23
UIA-N (mg/L)
pH 7.87+0.07 7.73+0.16 7.72+0.11 7.77+0.10 7.76 £0.12
FENE
28.00+0.17 28.30+0.19 28.23+0.34 27.91+0.25 28.00+0.22

Temperature (°C)

W7 dJE, AT GRS A SE, B S
Jikifn, A3 EZ 1 ml M FB MIBAE 4°C 4 AF R B
AR RN s JEAR MR TS N 28 1
o, ASPUEEIL: ETIEUMIT A2 . B i A R 2
LURE S ST B T 40 S it R E T 9k L4 ANAE BH
PEARIRI ;MGG AF T - 80°C VKA, H T IfLiG
MR 55 B 14 420 Y I 3 e R I 7 9 R A
1.2 AR AR E T %K 40 ) ANAE FH P2 (1)
e

TRAEELH] 0.85% (1 AL BEEE KR, Wik - N
P 7 v, 19 B9 IR SRS IR % v, BT 4°C UK
Frh &, BrEERCHIY ANAE B W, Aol ks

MR AT A (1999).,

VRN 423 53 ) T3 (1 2 38k 7K B R
JEWE, E 2 -3 min, FFASERDIRG, 1SEIH
N . £E 10 ml B0 T INAZ 500 0 W EL41
IR A AR A MR BT R ,  H
FE R LR S N T oy T b, RERE
FHI -

BT EE I (1 25 0 4 700 r/min K P B O 5
min, A IRE WA =R BEORIR A
M, FETZALAH ARG, 2 ARk e
B, fE BRI AR REERAEW,
LAy bR L 40 PR R 2 A A B LN o I R
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YIRS IRINSEY) & - NY =) N U X 5
W 22 25 )2, BN — B0, 1500 t/min B
0210 min, FFE R L, FRDE FE, K
LR JE v o

Va4 MR A5 558 4°C TVA R NI — FF S [ 52
WHIEE 1 ming HZEW/KMVEE, EETE TR
BT 30 min, FEKM 4CEBR, Z)E¥ a1
WA ARG, B T 19 I PR S I 1R 2% 1
WG 20 min, ZKYE, Bt “HIREW]. A
B, BN WS,

T A D 200 AWK AR, UM AT IR AL A
BEYLIC ) ANAE BHYEAH L, A 4 ANAE B
4N, Fevl ANAE BHPESN T 5 23 L.

1.3 M55 AMARTE (ACP) W ILTE P (1 5

Z M Sunyer and Tort (1995) Ml E J7¥%, ¥
AR 25 pd S LL A & F A E 100 pd FH Mg**
EGTA-GVB T /E# (pH 7.3, %% 10 mmol/L Mg,
10 mmol/L, EGTA, 0.1% W] i1 T bE 2 22 o #6 %%
WO F B M RE I M AR SRR, 25 ul 1%
RaRBC 125 ] L3 73 ) 0N 100 1 Mg®* EGTA-GVB
TAEWAE A X, 25 pul 1% RaRBC MITE 1 100 pl 25
WK AEN 100% % . B =ME&5W T
Eppendoff & W =M 5 1 h, L0 JL VRS 3 72
Ao IS H G H 1 ml ¥ EDTA-GVB (H [ Lk 2 2%
MR S ), pH 7.3, & 20 mmol/L EDTA,
0.1% W) bR WVe 2500 r/min, 4°C 50 5
mine MU ST 414 nm AR I HE 56 R R I3
RYVRRERE BIOGAE (Absy, ). WIMLVEPELL ACHS0
TR, T 509% T 2041 B 10 1 T 75 11
I FRRE B o 0 3 ) £ T AF #h 2675 Y ACHS0 ¥ 1
(fE. Y (75 & %R FE T RaRBC ¥ 1L 1K 7 43
Ho, i N R,

Y= {Abs,, (A) — [Abs,, (B) + Abs,,
(€)1} / [Absy, (D) —Abs,, (B)]

e A BRI MBI LG, B RREA
G LL A BT AN 2 LS I, ¢ RN RLL
A0 M ) BB, D RN 1009 % 1L

Y fHi I Van Krogh #e#t, Y/C(1 - YD FIUAH R
TR T log-log AR FR R A 2y, M i i 50%
J it ML AR R, oE S ACHS0 . L5 # R
W45 5K T 90% B/ T 15% (R 1T I 2% . A
S A2 B WSS AMA R R W T RE, 5 G B
B PEIT. DT I G - G &40 it ad

BHXR.
1.4 M0 RS PR e

Z M Zhou et al. (2004) HIJ7v, LA BEGLEK
( Micrococcus lysoleikticus ) ¥ 1K A ), 4 ik
Y 0.1 mol/L pH 6.4 IR A £k 2 1 i IC J i
WMH (ODgy,, =0.3-0.5) Mo 3 ml 1%ak i
W RE NIRRT, I 50 pd AR il i,
WA, WA, (. AJERRHAE A 37°CHLHT 30 min,
HUH G2 208 TOKA N 10 min, BAZE IR ROV, 3L
AMH. WHEIEIHE A U = (A0-A) /A.
1.5 b

N GETH A SPSS for Windows 11.5 ZE4T 4811
SHTe KR H P E « bR R R R, H
One-way ANOVA £330 72 % W&, P <0.05 NAF1E
BEESR, P<0.01 NZERWAHEE. A
HRZH Cco 41D A B4 N B SZAEAS ¢ A9 560 EAT
B

2 4 R

2.1 o-MVEFRZSEEE R (ANAE) 1321k

ANAE 41 favg i I sl Wl 1: AL Bo %4
Fp AR IR L IR L4 . ANAE BH P 2 A0 0 25
R 2. K 3.

Wi 2 Fros, #5410k 40 L ANAE FH %
AFEEE =R (P =0.010). LSD £ HE LRI
TRy AR BN AL (o 41D il i Ik L 4
il ANAE FIPEZR B 5 T 3 Ml d (a4, pP=
0.001; C24l, P=0.004; C34l, P=0.034). X}
HRAHAN 3 N sRae A m S e 25 (cl 4, P=
0.293; 241, P=0.641; C34l, P=0.701). 3
LI AI G B 5 (P = 0.554;
Py =0.154; Py =0.397),

S XT AL (o 41D AT HEZH Y B ST
FEA ¢ RSSO0 AT GEvl, 45 R WP A IR A7 A (2 5 2
5 (P=0.033<0.05)-

Wik 3 Fros, & 20 AR AR 40 i ANAE
FHPER R E R E 27 (P =0.566). LSD V%) #%41
AT 2w R Ny S 4 Hp AR BT HHobk B 40 i
ANAE FHHE R LR FH Z % (P = 0.875;
Powi-ci = 0.290; P = 0.2975 Ppi-cz =
0.496; Py o =0.192; Py o = 0.198; Py o =
0.367; Py o = 0.986; Py o = 0.678; Py o =
0.691).
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Fig.1 ANAE smears

The ANAE positive lymphocytes Carrowhead) and the ANAE negative lymphocytes (no arrowhead) were showed in A and B. The figures were

taken under microscope at 100 x » the scale bars show 10 pm in length.
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Fig.2 The percentage of ANAE positive lymphocytes
in hepainized blood of soft-shelled turtles

Values are Means + SE for each group.

N ST REA ¢ K50 Ge vt X BALRT co 41, 45
RARPARTC R E 2% (P >0.869).
2.2 57 MAMAR R (ACP) W IMLTE I A2 1k

A N 55 M R AR AR W I
(ACH50) il &s Rl 4 firs. €o 41 ACH50 A &
FZET 3ANALBA (Py o = 0.000; Py_o =
0.000; Py _=0.0000; XJHEAL. Cc1 408 2 41M
AR EZER (Pywa =0.202; P o =
0.172; Py _o =0.960); C3 4l ACHS0 1H %W & (X T
He 4 (P, = 0.000: Py s = 0.000;
Po_=0.003; Py =0.002)0

FMSIAEA ¢ KB S8 TE 40 B Co 41X 4,
SR ERWHNAFEREZER (P w0 =0.001),
2.3 MUWEH ST U, 17810

T5EH v e B I TR R AR & AR ] s P

—_ = NN
wm O W

[=

[TVl

L

Control

ANAE [ #: # (Percentage
of ANAE positive) (%)

41 5] (Groups)
3 KL AR R PRI 40 ANAE BT %
PARFRIBUE by % 41K IIME « brvEiR
Fig.3 The percentage of ANAE positive lymphocytes
in spleen of soft-shelled turtles
Values are Means = SE for each group.

Ne SXTHEAIAHLE, 24l (P, o =0.035) &
Ft TSR EEYE, c1 A c3 45X A
MEFREEZEZR (Pa =0.228; Pc =
0.536): &AL COAMBEHBEER (Pw-o=
0.6105 Py o = 0.076; Py o = 0.0865 Py 5 =
0.237); C2 0 h AR R B PE B 25 s T ¢l 40
34 (Py_n=0.001; Py =0.006), Cl 4LF
CGAURMEREES (Py_5=0.519)

ST FEAR ¢ K50 FEvE 43 Hr co 4Rt fd 4,
WA EAEEZR (P=0.619),

3 i
3.1 SRS AU T o S IR 9

41 il ANAE FH 12 14 52 10
AT T R R YE ANAE BHYE S AE 4 — 541 i
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200 a
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~ 140 b
= 120
3 b
100} b
w
(I) 80
< 601 ¢
40t
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O 1 1 1 1 ]
pai Co Cl C2 c3
Control
5 (Groups)

4 K b R A 55 RS R g AR IV
(ACH50)

AR R IR BUAE N 5 LT« ARAEDR, AN AR
AP 2= (P<0.0D.

Fig.4 Serum hemolytic activity (ACH50) of the soft-
shelled turtles

Values are Means = SE for each group. Different letters denote
statistically extreme significant differences ( P < 0.01) among

groups.

a

I ab
[ b m b
SR o ci SR '

C3

UL

oo m == =
cNrowoMRoS
]

Control

4 5 (Groups)
PS5 2L r S R 0
AR AL N 5 G T = AR AR, AN BN
HEAHBFEZER (P<0.05,
Fig.5 Serum bacteriolytic activity of the soft-shelled
turtles

Values are Means = SE for each group. Different letters denote

statistically significant differences ( P < 0.05) among groups.

oS F8hr . ANAE A2 /K fift I 107 e Mg S A0 05 25 T g 2%
(NG, EAERIESAME T, RERY) o BRVER IR/K
NI N L e N ST EN AR ) QI BUR e (2
FHAE AN PR 2L EDTHEY) , DORAE T bk B2 40 e
N IR AT (B4, 2o A4k 4s, ANAE PH M
S I A 2T B s s BB, i P 40 i ) S B
SR B RER O o ASHIEFU A FH b A 23 B
AEIR LN, FHERE BRI ANAE FH 141
LR o5 A L

ANAE & — P I, Zicca et al. (1981) #RiE
XREGAEAE T BRI, A RS ANAE /77E

TN FYH CAsti et al., 1999). i fIF 41
PR B B AR, TR T WRELA L, Rl ANAE M
FAET TR g, AAETE T B bk 40 i,
JIT A o- R PTG R 2% i g v FH 148 il L 2R ep R0 470 ) i
FRR T WK EL A AT B R 4 B (Knowles et al. s
1978; Mueller et al., 1981; Paul et al., 1979;
Higay et al., 1977: Mueller et al., 1975). it )5t
BERFTIT & H ANAE fEIY (Kass, 1979), HER:
PRSP BS MHC 7 TS G, s R
FWR A M B NIT 909% 1) T 40 il A ANAE BH %
A, @S IEE AT LR, RN ANAE FH
PR LU D %00 H 22 W = iE 1K) — TRFR F5 . ANAE
T PR SRR L Al ) A 2 93 B R U PE A OG, AE
AN 22 5y Z4 IR AN BUB Uk 4 IR B AN L ANAE
TR T DA KR DG 28 J 3 ANAE FH M 40 i 1
Z AT He N B T R LA T RE I A, I 2
b1 TR N A B T bR 0 M R T e A R
ERRE I, FEVAAHIERUR Y. (Wada, 1981«
ZAEME T AR IR A L ANAE BH
A WER G, R 2 EU e A g C g
M T g b B, AR AL T EOIRES . S
7 IR WE BRAE A AR I K T 40 i ANAE BH 1 %6
[ B TE 7K o AR SR A TR B 5 SR 5 401 1)
T S, ARG VRS EE 3G I, Mg bk e
ALY ANAE BH 1 S 8ok e 1% K%, Bl 5%
SRBHIA FE X 1L rh bk T 40 . ANAE FH PR 2 (70—
S, 5T SROMN S U 3 35000 S i R YA
PUEH, TSR0 AT BT 05 v A B 1K U Y
FSR ez NS ER NG )7 SERTL AR Y R
JULIE 7K CL 40 i ANAE BH P 260 g m AN [m) o R kAR
& (2006) FEE (KT 90.5+20.5 o) WiFR TR
TERSESI 4 1.49 mg/L 2.61 mg/L A1 4.14 mg/L
IIAEE 84 d Ja, B I YB0FN LU 9K 0 40 Jfd ANAE
BH I 236 5 0 AL L3 38 NI, R Ak
JEE T B2 U AE X H A B TR 2 4 A — o (R 5,
PO TR A M ANAE (35 M. AREFSTT co 414k
BT RWEN 5.39 mg/L, HXTRALAHLL, ok
I bk L0 ) ANAE BH P 26 56 25 ey, JRUUE ik
EL4 L ANAE PH 56 W35 2. @2 & ihia
T, mE R BE I AR B = b A ) S s R G
IR, I HARHCAR A S A R, RIA
I 7K A0 i ANAE BH PR 6 10375 3 7T 3 1 R 5%
R AR AR LT R 8 S 3 T
FEATEFUH,  Z BN X 8 i v A s A ok
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CL0 L ANAE FHPE R T B E 1 T e A,
AR TRUE R AR L AH . ANAE BH R 2 B A 1
HEATFEER SR EU A T A
C 0 . ANAE BEE 5 7 I 3 - R R U o ) 2 A A
FEAE W] S 22 e, 2 I VRO 28 B W 28 5 DR 0K 1)
S B o

3.2 FREBN A E M T b e B L 5 e R AR
RGN ERINEALL]

L AIMATE P O 2 IR S — TR S (RS
PERTEE bR, DRI ERIRIIANTE . HIE. T
ARG (Sunyer and Tort., 1995; Tort et al.
1996; Muller-Eberhard, 1998). IfiLifH C3 #MAJE 5%
BEIRAT I SCBE PR 1, 55 I 34 A0 VA AT AL I 3
C3 AMAR) &5 A K.

MR B o AT A s U i e v
OB LY 5% B AR AR W LIS PR Wl 3 (AR T o R e 2R
BV, TSI 1 ACHSO0 {1344 BRI i
(R VR BRI FE 7 2R (1 mg/ml AT 5 mg/
ml) REWS AR A 1L ACHSO I P 1% 21420 1E
KAy AHR N SR S R (50 mg/mD) J5,
B MG ACHS0 {H T R 2 i A% T 1IE W 7K. 3t
W) 58 M VR0 2 5 A 3 B0 S N e AT —
SEMTEHUER, (M B 25 2 Bud FE .
3.3 SEIRBEN RPN A TR v e I TR T
A

VA R P S R TR R o TR
AL AN L e R A S ) A VA
A0 HUEEME (Grinde, 1989, LI HH I ¥ 141 il
e P ER R R ) AN R TR
PERIZHE, 7 TS AR SRR, AR
SRIGAEYEYE, TR bR A0 B R R, AR
Iy ULRE T MR, AT B iy LV o RV TR K

AR 1A T A L TR R A B
Wi o ESSSCIRBE S, WA R 2 S EORF 45 R
IO (1 mg/mD) FE K EE (50 mg/ml) 237 55 Hb
B AL ALY [R5 BT FE 0, BB AT st f 3 22 57
W MREE (5 mg/ml) 23 b 35 $& w5y L3R (1) 9 R 6 12k

M AR AR (L AR B ANAE FHPES, I3
55 TR ATV L5 ARV B P = A R SR AR I 2R
KA, AR B e BRI (1 mg/ml, S
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