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Abstract. Glycosaminogly cans-were extracted fromthe jinjiang oyster, Crassostrea rivularis, and their physicochemical properties and
immunomodulatory activities were studied. Column chromaography was used to obtain a purified fraction of glycosaminoglycans, while
high-performance liquid chromatography (HPLC) and infrared spectroscopy (IR) were used to study their physicochemical properties. An
immunosuppressed animal model was established by injecting cy clophosphamide (CTX) in mice and the effects of Jinjiang oyster Crassostrea
rivularis-derived gly cosaminoglycans on the nonspecific immunity and humoral immunity of mice were studied. The activity of immune cells
and natural killer (NK) cells was evaluated by the MTT assay. Tumor necrosis factor (TNF)-q, interferon (IFN)-y, and interleukin (IL)-2 levels
in mice were measured by enzyme-linked immunosorbent assay (ELISA). The level of nitric oxide (NO) was determined by Griess assay. The
results showed that CGla and CGlla from the purified fraction of gly cosaminoglycans consisted of uronic acid and glucosamine in a certain
proportion, with relative molecular weights of 5.17 < 10°and 2.64 % 10° Da, respectively, in addition to sulfate groups. IR analysis showed that
CGlaandCGllashowed characteristic IR absorption profiles of gly cosaminogly cans. The results of tests for gly cosaminogly cans effects on the
immune organ index, antibody production number, serum hemolysin level, cellular immunity, mononuclear macrophage, Killing activity of NK
cells in normal mice, were all positive, indicating tha Jinjiang oyster Crassostrea rivularis glycosaminoglycans enhances immune function.
CGlaand CGlla also stimulated immune cells in normal mice to secrete cytokines including TNF-o, IFN-y, IL-2, and NO. Enhanced immune
function may be achieved by promotingthe secretion of cytokines.
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Table 1 Chemical composition of the purified polysaccharide

¥ S EHE HREREE  EEG  RBRA BER AEFHAE ALBEHE AKLTHE
CG 31.35 43.17 21.87 8.53 7.86 6.22 17.98 30.13
CGla 51.23 65.76 8.11 20.62 20.04 7.31 27.65 36.36
CGlla 47.64 68.78 9.66 18.49 16.78 9.34 26.47 38.58
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Table 2 Effect of CG on spleen, thymus and clearance indexes in mice induced by CTX in vivo (X 35, n=8)

48 3 718 /(mg/kg) R 45 3% AR A6 5 B i A5
Control 2.7340.69 1.2340.04 0.01940.011
25 2.7540.58 1.4140.18%* 0.02740.016"
CG 50 3.0140.31" 1.4640.07*" 0.02940.008"
100 3.0440.47" 1.5340.35"" 0.02020.002
CTX 30 2.2740.23"* 0.99+40.39" 0.017+40.002
25+30 2.3140.18"" 1.0540.27* 0.01440.003
CG+CTX 50+30 2.3620.23°"4  1.1740.36% 0.01440.002
100+30 2424045744 1.1640.44% % 0.01540.001

BEAEH; CG+CTX UM EREREISIA Pk, HiH
CG Xf CTX 5l i A1 FIA B &

7E: "P <005, "*P<0.01vs Control; 5 =&t £ %, MBF£F; *P<005, “*P<0.01vsCTXgroup; 5 CTX 4148

WEEER, BEFZF.

2.5 P H AR i RORE A/ BRI dE ML B B 0

0 A ) B B 1 A S0 1

R R R 3 Fw

3 3 HURKERR B PR/ R AR E ARARILTERYEM (X £S, n=4)

Table 3 Effect of CG on serum hemolysin level and the'number of antibody-producing cells in mice (X %5, n=8)

s e B A AL RS A5 2 C R A AL %45 2
(ug/mL) ODsno (sn ConA (ODso) ConA (SI)
Control 5 0.12240.002 1.00 0.122+40.003 1.00
10 0.12540.013 1.02 0.169+40.003"* 1.38
G 25 0.12940.017 1.04 0.17820.005"* 1.46
50 0.15240.009™ 1.25 0.189+40.012** 1.55
100 0.13640.015" 1.11 0.186+0.001"* 1.52
10 0.145+0.007" 1.19 0.1450.006™* 1.19
el 25 0.17640.017"* 1.44 0.186+40.013"* 1.63
50 0.15940.011" 1.30 0.17840.011"* 1.46
100 0.15340.006™ 1.25 0.17240.009™* 1.41
10 0.13740.002* 1.12 0.138+40.002"* 1.12
N1 25 0.144+0.005" 1.18 0.14740.003"* 1.19
50 0.15240.014" 1.25 0.18140.007** 1.48
100 0.15140.007** 1.23 0.157+40.001"* 1.29

7E: 7P <0.05, **P<00lvsControl; 5= &b ¥ £ 7, MEEE F.
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/0 Stk EE 4 s, o S 85 A — s A B A
HI, Ferik i o 25 pg/mL ¥ CGla R Ry, ik
B 1.44; Ry pERE ZERE ORI AF A S B L BATA A
%, HAHFIRE TR IO A ConA R34 5
RE IR, IKRIE N 25 ng/mL ¥ CGla fill¥ds £uk £
i, 1630 MRAIRIGIE & A L2 0 R R 1Y
DR e g 3 e SRR L AT A 2203 RE R

2.6 B J RORE A N U R T R B R

e

- SRR o)/ I BRI IS vl R AN PR AR
FRE R (R IRk A 4 TR

I VA I 25 B U A R4 R B S AR
REDIRERI EEabR. R 47 L, 5 Control LA L,
CG 4 I ¥ L3 7 5 S ik A piog i £ e 32 4
=, Ui CG RERE ISR IEH /NS AR S s It
fE2H (CTX) ZHAImE A I &R s K, Wi CTX
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X IE NIRRT A . 5 CTX A,
CG+CTX ALY ML A 22 & e 2 5 Ui CG X
F 4 Co M NRIVERMES B RIEERBIBHTI (X £5, n=8)
Table 4 Effect of CG on serum hemolysin level and the number of antibody-producing cells in mice ( X 1S, n=8)

CTX 51 A e et AT —E e =AE A

485 #1% [(mgkg) HCigu QHS
Control 32.8041.023 0.0310.012

25 35.2041.025 0.05420.014*

cG 50 40.8042.030* 0.06520.008* *

100 47.2024.034" 0.07320.016"*

CTX 30 31.2042.013 0.13840.013%"
25+30 35.2041.027* 0.10440.005***4#
CG+CTX 50+30 38.4042.023%4 4 0.11640.007***4 2
100+30 45.6041.012" 4 4 0.09740.001***4
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7E: "P <005, *"P<001vs Control; =&tk 2 %2 %, MBF£F; *P<005, “4P<0.00vsCTXgroup; 5 CTX 4848

LWEEER, MEFER

2.7 H MR A/ MR B o e w: T SOS ENE
y]ﬁ%& NK éﬂﬂﬂﬂﬁlr&é}gﬁé Ul{jj i 30 “ » e
Y 5 3 i SR KT /I B A P it o 2 0 t 20} 5
At 71 B NK 4IP3 PR 3 R i 6. 181 7 By 2 0}
7.]_‘—\‘0
0 s J
B8cG O CGla OCGHa 50 100
200 AN/ (pg/mL)

150 - . ’s

#0100 -

500

1‘5”‘% ¥ /Y
H
.‘ -
1
L

10 25 s0 100
AN/ (pg/mL)

6 T URHE AR B B X\ FRBE A2 E I 2R AR Ik R M 2T BE 1R
M (X £8, n=4)

Fig.6 Effect of CG, CGla, and CGlla on phagocytic activity of
mouse peritoneal macrophages against neutral red in vitro
(X 48, n=a)

P 6. B 7 R/l AR Rl oy BUE IS
MR Ak i 2D RE D, HERAA —E R AR R
TEABFRIA RS T, CGlla X /INR IR Elg 4ni s
W 21 B B 15T CGla, it 50 pug/mL ) CGlla
((FEFIES 3/

ZiRFE S CG. CGla. CGlla  PUANFI AL 3R
3 2 BN 2 M R NK 40 R s, HARE— 2
AR Hf, 100 pgmL #) CGla #58 HCR e »
1A 39.09%

22

7 WEREREBRHERT R NK BBEMEROBNE (X £S, n=4)
Fig.7 Effect of CG, CGla, and CGlla on the cytotoxicity of NK
cells ( )?is, n=4)

2.8 R B ROME A/ B A 4 B A 2

ESRSE:R A

- e SR XTI BB A 53 WA R -5 Ml 1)k
R INE S, K6 KT Him.

%5 Bon, 5EAHANE, CGlafl CGlla &+
o TR PEE S5 RN S 2 b 3t /) BB UK T2 24 e 4 i R
F TNF-a. IFN-y, JfHAEE—E R ESCLR. CGla
A1 CGlla &I AR TNF-o 4 WARE i T-FA MRt g
M EZ BB (LPS), 1A CGla #1 CGlla [l
AL IFN-y bEE i m T LPS 41, ik
586.842441.749pg/mg 1 651.579436.585pg/mg »

HHEE 6 1A, HExHEZAEEL, CGla Al CGlla
PR Hh A P2 2 i il i3/ B A bk 2 4 4 4
M7 1IL-2, HAFEEROCR. RA CGlla (& &
H 5 PR TS R4 (ConA) L FERURARIL .
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5 MR R E S/ R B A EE T TNF-a . IFN-y B98I (X £, n=4)
Table 5 Effect of CGla and CGlla on the secretion of TNF-a and IFN-y by normal mouse spleen cells in vitro ( X 1S, n=4)

il & /(pg/mL)

BERE TNF-o K -F/(pg/mg) Mz E 7% TNF-o K-F/(pg/mg)

IFN-y & -F/(pg/mg)

Control 38.23525.392 543.529426.851 202.633435.697
LPS 10 75.294411.236"* 665.294425.996" 412.632426.322"*
25 75.88247.851° " 783.235331.354"" 344.737458.395""
CGla 50 102.353+17.198™* 884.118+22.117"* 399.474435.668" "
100 287.059421.753"* 903.529+14.918"* 586.842441.749™"
25 78.82416.735" 741.765433.229™* 360.000+19.653"*
CGlla 50 105.88249.419"" 898.235426.771°" 428.421433.974""
100 282.941+15.516™" 912.941436.842"* 651.579436.585™ "

7E: "P<0.05 **P<00lvsControl; 5x &bl Ed 2%, MEFZH.

7 6 I HARHE AR B BERT IE 5 /)N BR AR A 4R B 43 i 4R BB R
IL-2 Bzl ( X £S, n=4)
Table 6 Effect of CGla and CGlla on the secretion of IL-2 by

normal mouse spleen cells invitro ( X %5, n=4)

il 7= /(ng/mL) IL-2 K -F/(pg/mg)
Control 0.513+40.097
ConA 10 2.82040.237"*
25 0.769+40.162"
CGla 50 1.02640.173**
100 2.03840.155"*
25 0.79640.031"
CGlla 50 1.28240.181""
100 2.82140.226™

7E: "P<0.05 ""P<00lvsControl; 52 &Gt %
2%, MEBE £
R 7 (T4 R HE R BRPE T IE BN GR A% AELR A3 2 28 B (] F- NO
g (X £S, n=4)
Table 7 Effect of CGla and CGlla on the secretion of NO by

normal mouse spleen cells in vitro ( X 1S, n=4)
287 7 Z /(ng/mL) NO -&%/(umol/L)

Control 0.726+0.065
10 1.118+0.066"
25 1.57640.073"
CGla .
50 2.165+).456
100 2.62340.945""
10 2.09940.767""
CGlla 25 2.75310.234**
50 3.79940.567
100 3.60440.176 "

E: "P<0.05, ""P<001vsControl; 5= &atab ¥
EF, MBEER.

hmE 7, 5EEXRAM, CGlaf CGlla (1A
177 A I Re AR AMIE E S BRI IS E VR 2R =42 NO

Re )1, BARTE—@MERORR « AHFERIERL T,
CGlla et R T CGla, H 50 pg/mL K CGlla
T LA R B

3 Zig

31 VLA T AR AR | BE DTS SIS 1A B O
PEfHE (CG), CG &MU ENT R CCla 5
CGlla, AH.—1&, CGla5 CGlla 5 h#ls B =L
BRI, YA ATREREE (20%7547), MR &>
AN 5.17>10° Da. 2.64x10° Da. IR 5 ill45 5 1] CGla
5 CGlla NHEIz b .

3.2 b B e SRME T R v T 0 B JL R g i
fed, JEXF CTX slmfss gintia —EmB s
VERD s w358 /NG BRA B ) 95 RE /T, R ConARY,
B CR T N BE, HAR A 25 pg/mL (1) CGla
7] ConAfEHIE, MBS A (163); RIHE &R
/IN BRI I 2R 5 i RO A i, BXF CTX
gl R R R B IR A —E B EVE R nHE IR
/N BRI L A 7 iR 20 RE TR BT 4R %,
50 pg/mL [ CGlla &M P20 58 1ok, 7l ik
160.6%; FIIEERIEH /N NK 075, 100 pg/mL
1) CGla 3y sl SRt iy, 1IIA 39.09%; mfiedh iR /I
BR R 2R 23 W TNF-ais IFN-y. IL-2 11 NO 4 Bl 1~
PE G B S B e iR DhRe, RS CTX i&
B e A —E PHE EAE .
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