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x1 EMBAMAMKREFRKE(XFEM)
Table 1 Composition and nutrient levels of basal diet

(air-dry basis, %)

i H Items
J5 Bl Ingredients

4 H Content

3K Rapeseed meal 30.50
K HE Rice bran 25.70
¥y Wheat middings 18.00
41 fa k) Red-fish meal 10.00
K EH) Soybean meal 13.00
R — 245 Ca(H, POy, 1.00
£k B Choline chloride 0.30
W ¥ Mineral” 1.00
£ 4t Multi-vitamin® 0.50
411 Total 100.00
E 357K Nutrient levels”

HLIEEE B CP 31.20
HLAg W EE 6.40
HLT4E CF 11.30
KIS Sugar 26.56
FL K43 Ash 13.78
AR Lys 3.36
E AR Met 1.63

D &;T 55 HAR & A Per kg of diet contains: Ca 20 g;
Mg 0.5 g; Fe 0.04 g; Zn 0. 067 g; Mn 0. 033 g; Cu 4 mg;
Co 0.67 mg; 10.6 mg; Se 0.13 mg,

/T H MR P& 4 Per kg of diet contains: VB,
12 mg; VB, 16 mg; VBs 12 mg; iZ fR45 calcium pantothen-
ate 32 mg; /A R nicotinic acid 72 mg; 4 #) E biotin
0.1 mg; M2 folic acid 2 mg; VB,, 0. 01 mg; VC 200 mg;
JLEE inositol 100 mg; AHAK choline 800 mg; VA 2 000 IU;
VD; 1 000 IU; VE 80 mg; VK 6 mg,

DEFEIKF ML E . Nutrient levels were measured

values.
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2.1 HESHEXNFFERAERERTREOLE
=hg:0kA )

2.1.1 ZAapyBRIENLL

% 2 A, e 2 A Y P T RS i 0 8
B R B2, LB S 0 ) 1 52 R S v
TG REAR R . Ho Bl 1 2B K 1 000 Al
1 500 mg/kg 41 bk xF B8 41 43 5] 38 i T 36. 62 % Fil
60. 87 % » 2= F % W # (P<<0. 01),2 000 mg/kg 41 [t
XFREZ 3G N T 16.69% , 25 5 W2 (P<<0. 05) ;s 1 i
Jagk &K .1 000 mg/kg 41 bboxd B4 34 n T
25.96% , 2 % B3 (P<<0.05),1 500 mg/kg 4 Lt X}
HRZH G AN 1 59. 58% . 22 il . % (P<<0.01); J5 %
W 45 B K 5 .1 000 F1 1 500 mg/kg 410X T %) 1R 40
Wi T 38.48% Fl 63.56% ., 2% S B E (P <
0.01), A4 2045 W B i 90 B A FE 34 55 % B4 22
SAREEP>0.05, LA 1ER—d . F kg
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SUHEMB B ENZIEEY 53 A 25 A 0%
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Table 2 Morphological changes of villus intestinal of tilapia

(prm)

i H iz HE LMK APS levels (mg/kg)
Items Indices 0 500 1 000 1 500 2 000
BERKE
. S 458.83+31.774 513.22+38.03 626.86%69.42% 738.13£87.16% 535.43£47.78*
Villus length
[iil7] FEs R
- 211.39+25.87% 227.58+23.71* 264.80%31.89"" 302.66%29.80% 243.49 +28.28"
Foregut Crypt depth
WU 12
K%_X 67.25+£6.57° 69.71+£9.83" 72.92+£8.90° 75.05+£10.51* 71.33£9.42°
Muscular thickness
BEKE
.} - 370.52+39.28" 385.46+42.16" 466.71+52.96"" 591.29%68.23% 417.20+47.92™
Villus length
a7 G5 TR S
. IR L 196.54 £ 22.95% 199.87 £23.55% 228.76+26.84" 284.90+32.46% 212.08=*20.91*
Midgut Crypt depth
L)
= ?41 124.86 £14.39% 132.23£13.45% 157.60+17.88%" 170.35+20.93% 141.08+16.19%
Muscular thickness
BERKE
. . 253.79+28.26" 280.35+34.07% 351.45+31.04°% 415.09£37.73% 271.98+30.89*
Villus length
J& B R
El. - 153.28£19.76* 165.86+18.33* 189.07 £22.56" 202.34%28.17° 165.60 £17.99*
Hind gut Crypt depth
WUZ R

. 83.79+11.85"
Muscular thickness

92.43+12.78*

115.47+12.23% 121.80+15.89"% 88.93+£10.57%

AT R AR A ) /NG 7 B 308 28 5 B 35 (P<<0. 05) W A A R B B 08 28 Sl R 3% (P<C0. 01 A [l 3 B 3R 0R 28 e A B 3%

(P>0.05), TZI[E.,

In the same row, values with different small letter superscripts mean significant difference (P<C0.05), with different

capital letter superscripts mean significant difference ( P<Z0. 01), with same letter superscripts mean no significant difference

(P>>0.05). The same as below.

2.1.4 DR giE FR T S 450 B RO EE

R TR S F R mi R A IR A I B N
%+ J b 2 M T e I ) T B A R s B LR R
B b B 2 6] B R A R L b B A R T 240 i 2 T Y 2

MEAC . FEREE T WSS, % A2 AE i R R S 454
BN e HE SR U W o ot 155 B 200 ) 4 0 A
Hea e B, HESI AL 2 000 mg/ kg 41 4% T T i A1
P BLG BAE . (LB 1~5)
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2.2.1  BAEAfa iz 18 PR IR0 R Y 43 A IE

B lpiE R % AB-PAS YL )5, WiEE T
WA BN 2T o 5 (0 R Mg, il
25 B b B B0 AN B A A B A T AR
FURFNARAR 3 FIEZS . B 3F £ 26 T A0 M DA BB 1Y
FRAR A0 M Ry 3= 20 8 o BEAR 0 A ARLIR A . ARAR
0 HBCAE o0 A AR A1 2 1 2 s BAARORR , T
LS55 Ay K e AR D U A 2 1 I L ST EF AN, A /N T
TR 9 R F00) A% 5 /0 i W P B T . AR 4 i HE 371
B, AR AT 28 B T ) FRCRR 40 A S e 40 A s R TR R
o B AR At 1 5 A TN [R] . (LRI 6~10)

2.2.2  Z A a8 P3R4 M B AR L

2 3 AT LLAE M, & X504 % HE A g 38 N B iR
20 L 0 389 L R A BT 8, L B S o 7 8 m
SIS INE AR R o /i b 2
V240 L K < X BRZELAH L L 1 000 i1 500 mg/kg
4 31 (P<<0. 05) ,500 F1 2 000 mg/kg 41 TG it
FARA(P>>0.05) 5 Ji5 7 PN %6 W 44 i £ 4 - 1 000 F
1 500 mg/kg4 kb X B 2H 43 5 3% fin 17 30. 82% Fil
47.17% . 2% S 5% (P<<0. 01),2 000 mg/kg 2 I
TR CZH BT 23.90%, 2 5 W (P <<0.05),
500 mg/ kg4 Fbx} B4 34N T 5. 66% , 25 5 A i %
(P>0.05), BuAh, 78 [F—H A [F g B . B Akl
TE P 56 VR A4 L ) B N Sy v B > i B > T

®3 FHREBENRHRABBETN

Table 3 Quantity changes of mucous cells in intestinal of tilapia S
mH B Z K- APS levels (mg/kg)
Items 0 500 1 000 1 500 2 000
Hi % Foregut 24.40+2.41° 26.20% 1. 48" 30.60+4.13° 31.80 + 4. 86" 25.80+1.92°
/i Midgut 51.20+3.57° 53. 40 £ 4. 65* 60. 40 £ 6. 31° 62.20%5.96° 55. 60 £ 3. 79"
J& % Hindgut 31.80 £ 4. 39" 33.60 % 2. 96" 41.60 % 2. 55° 41.60 * 2. 55 39.40 £ 2. 727

2.3 ERZEXFTIFGEMELLRAKEHEBSS TR
HERZMm
2.3.1 AR JaE bR Ptk B g0 23 A 17 O
DA liEH R 4 HE a0 )5, 005 F g
B VA it B A O PR o A T B 206 b B A A —
FrOR I AN 22 BO0E T 1 B A0 M 5 R L /D 2 DL
Tl Bl . MR R L PRGY MK D [E A SRR
AR EL AR A o AN TR B BRI ] A U 2
S BESESAUE. (LERR 1~5)
2.3.2 AR 78 bR itk g i o s ik
Hi 4 WL L A P AR il b A
I B A 8 2 22 T ) IR, LR A A Y 4 i £
PACHE IS BEAR g B . Horb B bR bk E 4

MO A A A B e BB A P B i (H 22 R A
BFH(P>>0.05);H i b Bz Nk B 40 i Ec s - 1 000
A1 500 mg/kg 21 L% B4 43 590 35 i T 10. 55% Fil
13.17% , 22 50 8 3 (P<<0. 01) .2 000 mg/kg £ It
XfRELH S T 8. 72%., % S B ¥ (P <<0.05),
500 mg/ kgl b Xf B4 H¥EIn T 3.67% . 2= % A
FH (P >0.05); 5 b & Wk &2 40 e 4k &
1 000 mg/kgZl txf BRAL I N T 5.52% . 2 55 B &
(P <C0.05).,1 500 mg/kg 41 kb %t B 20 3% Jn 7
10. 67% » 25 F Mk 2 (P<<0. 01) . oAy 4 5 % fR 40
EZRAEFE(P>0.05), AL, [ —4H AR B b
RN kG R TR E AN =, R AN 1] 75 S

®4 FHAaBELRANBHEBYKETK

Table 4 Quantity changes of lymphocyte in intestinal epithelial of tilapia ™
RgE| B LMK APS levels (mg/kg)
Items 0 500 1 000 1 500 2 000
Hij % Foregut 233.60+7.67* 235. 00+ 8. 79* 241.20+ 8. 38* 239.80+7.99° 237.20+8.16*

i Midgut 337.40+7.69"

J& % Hindgut

305. 20 £ 10. 78*
264. 40 £ 6. 98*

268. 60+ 9. 34"

331.80£6.10%"
292. 60+ 6. 65"

345.40+8.91°
279.00 9. 874

316.40 £ 10. 24™
270.20 + 8. 29"
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1 SRy — FlRe R 1 Ik B A0 B AR AR, B b e Nk R
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(R (S R s o b N ] R (S B R Bl
PR —DFREER AL o BRI s R h 540k
PR LA B A8 A= W e e 2 fioh %) 9 88 2000 i T) i S e
Je K G BE SO A M . R /N i b R P IR B A
R B0 HE RT A JS e /N fi S 8 285 o 3 o s 11 52 T I e
PEGF TN RE R e E Y . SR £ K2
BRI 4 = MRS T 6k 2 200 G 1) 2 Ak 38, o 8 4 i G
MAER & T 5ot #4835 40 i 8 A R b ik &
BT AR 2 R R RS [ KO 1 20
SR 2 W GBS B B s R B R UL IR BE A L T X
R A0 — S AR (R 284 T T L 38 280 ¥ 400 P A | e
PR EEL 200 B 0 B X BB AL A B S 3 2, R
Ak 1000 A1 1 500 mg/kg ) 2 /3 36 41 %008
I o X FRWI AR S N 2 0 T DL = 2 AR L
KB SRR fE . AN IR IR & P& 41 % 3k
0[] g B3 b At B R I B PR A L 00 L T o 3 A
0 B AR ] 33 I E TR X A X g 8l 4 R 1 F
FELS AL 3 AT BE 5 B T8 AN [R) BB AL T 2 ks DR AL
W e TR R 2 R AN TR A G

4 5 it

SR R WA R T | ) 7R SR IS
JIE RS TR 2 0L JEE B 8 3 2% A AN R
PR IR L 400 f KL HL L 1 000 #1500 mg/kg B
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Plate

1.k B AL 1 508 s Sk BT 7 i b B NI S AN B = AR TR B L A B 40 X 1052, 500 mg/ kg 21 H I 8B ANl Sk TR .
i 1 P ik B 0 = R R AR A 40 X 10531000 mg/ kg 21 T 45 B A Sk TR L I b R P T A A = A R L A%
#40x1054. 1 500 mg/kg 21 P 4% 6 W HT Sk B 7R - b Bz P9 it 2 20 M A = A TR BT L 4B 4 40 X 1055, 2 000 mg/kg 21 A 4
BRI b B P A0 B = A TR A AR 40 X 1056, X BRALJS A R AN ML WSk TR O R R 2 R A =M
B R R 2 R 46 A5 8 40X 1057, 500 mg/kg 25 i 0 40 I - 5 3K P s R IR R 20 28 6, = MIE B bk
PR 5% 40X 1058, 1 000 mg/kg 45 7 Fh 0 40 I » &7 3K B 7s N IR ML R 2 B 2 8 6, =S8 B O b PR R 1 86 22 0
AP RESEO A58 40X 1059, 1 500 mg/kg 415 7 Fh W 40 L §i 3k BrR NIRVER 2 MR 6 500 =M PR W 3 2
BERALE . 20 = AT IR PRI R SR AW R R A 54040 X10510. 2 000 mg/kg 415 7 26 8 40 I . 5 Sk BT 7R
RYER MR WA L0 = MEPUR NP Z R A6 0 ZMB IR NP HRER Z R G W 2B £ 65540 x 10,

1. control group midgut intestinal villus as the arrow show, intestinal intraepithelial lymphocytes as the triangle show,
multiple 40 X 10; 2. 500 mg/kg group midgut intestinal villus as the arrow show. intestinal intracpithelial lymphocytes as the
triangle show, multiple 40 X 10; 3. 1 000 mg/kg group midgut intestinal villus as the arrow show, intestinal intraepithelial
lymphocytes as the triangle show, multiple 40 X 10. 4; 1 500 mg/kg group midgut intestinal villus as the arrow show, intesti-
nal intraepithelial lymphocytes as the triangle show, multiple 40 X 10; 5. 2 000 mg/kg group midgut intestinal villus as the
arrow show, intestinal intraepithelial lymphocytes as the triangle show, multiple 40 X 10; 6. control group hindgut mucous
cells, the arrow show acid mucopolysaccharide is blue, the triangle show neutral mucopolysaccharide is red, multiple 40 X 10;
7. 500 mg/kg group hindgut mucous cells, the arrow show acid mucopolysaccharide is blue, the triangle show neutral muco-
polysaccharide is red; multiple 40 X 10. 8. 1 000 mg/kg group hindgut mucous cells, the arrow show acid mucopolysaccharide
is blue, the triangle show mixture of neutral and acid mucopolysaccharide is blue-violet, multiple 40 X 10; 9. 1 500 mg/kg
group hindgut mucous cells, the arrow show acid mucopolysaccharide is blue, the solid triangle show neutral mucopolysac-
charide is red, the hollow triangle show mixture of neutral and acid mucopolysaccharide is blue-violet. multiple 40 X 10;
10. 2 000 mg/kg group hindgut mucous cells, the arrow show acid mucopolysaccharide is blue, the solid triangle show neu-
tral mucopolysaccharide is red, the hollow triangle show mixture of neutral and acid mucopolysaccharide is blue-violet, mul-
tiple 40 X 10.
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Effects of Astragalus Polysaccharide on Structure of Intestinal Villus
and Intestinal Immunocyte of Tilapia

HUANG Yuzhang' LIN Xuan'®* WANG Quanxi' XIE Jiangiang'

CHEN Jiaming® ZHAO Jin* |LIN Shugen'

(1. College of Animal Science , Fujian Agriculture and Forestry University, Fujian 350002, China;
2. Shanghai Zhaoxiang Biotechnology Co . Ltd , Shanghai 201611, China)

Abstract: This experiment was conducted to discuss the effects of astragalus polysaccharide on the structure of intestinal villus
and distribution and quantity of intestinal mucous cells and intraepithelial lymphocytes of tilapia. One hundred and fifty tila-
pia with average body weight of 47 g were randomly divided into 5 groups with 3 replicates each and 10 fish in each repli-
cate. Five groups were fed basal diet supplemented with 0, 500, 1 000, 1 500 and 2 000 mg/kg astragalus polysaccharide,re-
spectively. After 40 days, 5 tilapia in per group were randomly selected, anatomized, taken out intestine, fixed, embedded
and sliced. Then the structure of intestinal villus and the distribution and quantity of mucous cells and intraepithelial lympho-
cytes were observed by histochemical staining method. Results were as follows: the structure of intestinal villus in all groups
were rather integrally. The length of intestinal villus, depth of crypt, thickness of muscular and quantity of intestinal mucous
cells and intraepithelial lymphocytes in four experimental groups were larger than those in control group, and that in 1 000
and 1 500 mg/kg groups had significantly improved except thickness of muscular and quantity of intraepithelial lymphocytes
in foregut( P<C0.05 or P<C0.01). In conclusion, supplementing astragalus polysaccharide to the diet could improve the
length of intestinal villus, depth of crypt, thickness of muscular and quantity of intestinal mucous cells and intraepithelial
lymphocytes of tilapia, and the appropriate addition levels were 1 000 and 1 500 mg/kg. [ Chinese Journal of Animal Nutri-
tion , 2010,22(1) :108-116 ]
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