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Influence of dietary vitamin C on non-specific immunity of larval
and juvenile Symphysodon aequi fasciatus

LIAO Chang-yu SHAO Li®* WANG Xu-xia

(Key Laboratory of Applied Marine Biotechnology. Ministry of Education, Ningbo University, 315211)

ABSTRACT A feeding trial was conducted to evaluate effects of dietary vitamin C on non-
specific immunity of larval and juvenile Symphysodon aequi fasciatus with supplement of vita-
min C in feed(0~2000. 0 mg/kg). When the supplementation ratio reached 500. 0 mg/kg(group
V). the alternative complement pathway (ACP) activity, serum lysozyme activity, phagocyto-
sis index(PI) and phagocytosis percentage(PP) of the fish were significantly higher than that of
the control (P<C0.05), and they increased over time in the same level. And then the non-spe-
cific immune index dropped with the increase of dietary vitamin C above 1500. 0 mg/kg (group
Wl ). It was found that proper level of vitamin C supplement in feed may enhance the nonspecific
immunity of the larval and juvenile fish, while lack of vitamin C or over-dose may negatively af-
fect the fish health.
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x1 ENPELEECHFIME

12 RuAsmEREE Table 1 The supplementation of vitamin C in diet
TR IIOAE T PR E IS RS S I E AR IEIR RS o 1 omene Z‘%fffﬁf"ﬁp%

AT . SER I BT LR AR O AR N TS (mg/kg)
] — bt d, Mk 3.8 + 0.5g, WA K 3.2 + TG D 0
0.2cm, IE I HT . LR i Al 74l #0787 2R G2 P iy 7ds L 100.0
OAJR S BEHLAMAL, 141 30 R BAKF 3 AN B A Floo Lo ! 2000
BOFeR L GT. 2010 4 7 1 9 H R ERTFIA. K 095 00 o0
RILT 00 BREM G FRACKRFFLE A8, F 2010 8 25 H im
L5, AR GOKIERFE 28 1 1°C, 0 oo
1.3 Bl VI 1.500.0

X 2 000.0

Z: M Pickering 45 (1987) Fl & 3 i 45 (2009) (9 77 ¥ . JF RS A
B, FEMIEHAT R 12d BB 1R, BFRAEGTRENLE 5 A, FH 1 ml {3 50 25 N R # ik . & 2 o
PRI AN 2 1 min, DLk G4 VE 5 RS 19 W 38 6T 48 A5 A= 52 o 00V 43 S Wy Herp 1 0 LU = o e il 25
PUBE I AL DN 2 7 W A0 B A A RS ) — MR EE R IR EESS L h 5.7 4 CUKFEREE 4 h, T4 CHEMAT
4000 r/ming.» 10 min, R0 . T —20 CRAAZMH.

1.4 dHMmIREE

10 ml FESS &5 A 3 ml JCW Alsever”s . SR Ji MXG 3 i bk R 46 . I A= R K BE % 3 UK. BT I IK
1500 r/mingf.Lr 5 min, 57— R 3 EE B0 10 min, 7 FIE R A 0.9 26 T8 1 Az BLER 7K IC A 3 0 21 40 Jfd BV
A CREMH .. — M RCE 7 d 224 s — B ARV I 7 B

1.5 BEREZEFAN

B2 ml 3904040 B RR 1 ml 5 Bf 10 475 59 L ELRTR A S B 2 ml 3 Y020 40 i B A 1 ml A= R /K A
xR 5 IG A R R 25 C R EIRYS 1 h, BUH 552 BIvKIBE K kv, 2805 3 000 r/min B0 5 min, [
R I 1ML R 3 ok 0 6 G BE I E b R R OB R E L DK 540 nm, OD &80 0. 001 & X 1 ANIE LT
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B 3.0 ml i BERER B AW S 0. 05 ml R T30 rh iR A3 I ELAE 570 nm 465 BEAE (A LSR5
F 37 CARBAEIE 30 min, BUE G ST 218 F KB H 10 min L E N I HAE 570 nm &b 59625 BEE (A) .
B Uk=[(A,—A)/A]/2
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1054/ ml, B R 48 R AR K WG 1Y S, aureus B4 (Formalin-killed S. aureus,F-SA) , FIVEHRE I 14 40 i 75 W 16
A ) A A
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SURH 0100 M. 16 0. 2 ml HLEEMLFANA 0. 1 ml F-SAE4T .7 25 C R IR 66 TP i 7
45 min, BFfF 10 min $22h 1Y, FWAS W2 B0 40 M VR R, RS AR S 5 5K B[ E 10 min, Giemsa Y4 {4 )
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B R A A7 4 £ 0 PR AR AR AMATS 1 B E 45 RNk 2 Bion o SR a4 R C B
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IR A# 1500. 0 mg/kg (WIAD B 85 AQ IR A2 AMA TG 1 18 ) 1 1 56 52 0 4% v B9 de s 4L HL5 VT4 (1 000. 0
mg/kg) 2 AL (P>0.05), ZJ5BEA R A 4E A= 5 C A in & g3 B AR A dATE ) S i 52 7T B 72
P Fe . TR B A AT (7] — 71 (9 8 AR AR A A 7 Bt a6 T 11 5% 38 o i o8 25 7
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LT VS TR 0 S A SR N3 3 BTN . B HE2E R C U N ) B v O v VTR G O R AP R 2
TRRE P g 4 A 3R C B ER S 500. 0~2 000. 0 mg/kglh . ¥ B8 B 1% J1 5 xF B8 20 A L S 2% 2 @/ (P <<0. 05) .
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Table 2 Effects of dietary vitamin C on haemolysis activity of serum complement of larval and juvenile S. aequi fasciatus
YA C i 12d B AR AR A A ) 24d BRI R AMAIE S 36d B AR HMETE ) 48d B ACIR R AMAIE T
Addition of Vitamin C 12d alternate complement  24d alternate complement  36d alternate complement  48d alternate complement
(mg/kg) pathway activity(U) pathway activity(U) pathway activity(U) pathway activity(U)
0 24.9540.08 26.4540. 50" 28.9540.79* 29.95+1.02*
100. 0 25.98+0. 09 27.8940.17* 29.9840.08* 31.2140.58
200.0 26.8940. 142 27.9040. 382 29.9040. 29* 32.1240.07*
300. 0 25.7740. 622 28. 874041 30.2640. 41 31.7840. 32
500.0 29. 9040, 22° 32.940.09" 34.9640. 05 35.8640. 04"
800. 0 34.8640.12¢ 42.0840. 94¢ 43.87+1.09¢ 44,5641, 08¢
1 000.0 40.76+0.914 44,7641, 02¢ 47.86+0. 884 48.06+0. 814
1 500.0 44,9441, 89¢ 48,8741, 45¢ 50. 7041, 354 50. 3741, 344
2 000.0 39.5641.574 40.5341. 84¢ 40.68+1. 81" 41.1041. 79%

TE 3R P (A P 2 B AR 0 22 (o= 5) 5[] — 51 o R TA] 52 B AR 10 A (e 7R 22 53 1 #%5 (Duncan” Z 5 [#L . P<<0. 05)

Note: Values in the table are X+ SE(n=15) ;figures with different superscript letters in the same column are significantly different (P<Z0. 05)

Horp S 1500, 0 mg/ kg CVINZHD I 32 21 5 g F - 78 10k 4 8 T o i 94 08 905 10 B 10 e EL 5 VI 2
3 (P<C0.05) o 171 HRF W) X 75 B I 17 1) 582 W0 -5 8 A QR A AR 36 0 1 19 3 B R AR — B,
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Table 3 Effects of dietary vitamin C on lysozyme activity of serum of larvae and juvenile S. aequi fasciatus

AR CHna 12d ¥ 1 WS 1 24d ¥ W T 7 36d ¥ 1 B 1 A8d ¥ B G
Addition of Vitamin C 12d serum lysozyme 24d serum lysozyme 36d serum lysozyme 48d serum lysozyme

(mg/kg) activity(U/L) activity(U/L) activity(U/L) activity(U/L)

0 4,95+1.97° 5.46+2,03% 7.96+2, 36% 9.06+3.06°

100. 0 5.98+2. 30" 7.8943. 20 9.9843.12¢ 11.21+2. 05

200. 0 6.89+2. 31 7.9041. 052 9.90=+1. 252 12.12+2. 36

300. 0 8.7742.53* 10. 87+1. 25% 12.26+1. 26 14. 78+ 1. 59

500. 0 15. 9041, 82" 16.90=+2. 06" 18.9641. 82b 19. 8641, 83

800. 0 19.86=+2. 10¢ 22.0841, 28¢ 23.8742.03¢ 24,5642, 06¢

1 000.0 20.7642.07¢ 24,7642, 34¢ 24,8642, 10¢ 25.0642. 86¢

1 500.0 25.9441. 274 28.87+2. 154 28.70+1. 65¢ 29.07+1. 864

2 000.0 20.5641.47¢ 25.5341.,48¢ 26.6841.29¢ 26.1041. 39¢

TE - R AYE N B AR IE2E (n=5) 5 7] — 31 P B [ 52 B R0 9 (B 7R 22 53 2. 3% (Duncan’s £ 7 L, P<<0. 05)

Note: Values in the table are X+ SE(n=15) ;figures with different superscript letters in the same column are significantly different (P<C0. 05)
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IV 40 L PP AL PT N e 25 SR ANk 4 iR . @44 R C i -LoR sl A7 &) o il A B 48 B Y
PP 1 P1 ¥ Tt B4l . PP i 5 2 M 22 55 (P<<0. 05) HELAE 500 mg/kg ¥ I K o0 g 73 0 2, P10 2 3k 5]
1 000. 0 mg/kg ¥ INELUG A B 25 T X4 (P<<0.05), Y442 CREME R 1 500.0 mg/kg(Vl
ZH) I IV TR AR A 8 PP AT PT84 08 3 3 50 50 00 B8040 v i) B e B . B A a6 IR R) Y 86 0, PP AN P Al B 45
ThE .
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Table 4 Effects of dietary vitamin C on phagocytic index of leucocytes of larval and juvenile S. aequi fasciatus

e R C R W 43t Phagocytic percentage( %) W5 1 Phagocytic index
Addition of Vitamin
C(mg/kg) 12d 24d 36d 48d 12d 24d 36d 48d
0 44,9540, 28* 46.45+0.44* 48.95+0.38* 49.95+0.51 4,4540.21*  4,6540.54* 4.85+0.38" 4,95+0.51*
100. 0 45.98+0.23% 47, 8940.33%> 49.9840. 34* 51.21+0.39% 4.5840.42* 4,897+0.13% 4.9840.34* 5.2140.39%
200.0 46,8940, 27 47,9040, 54*  49.9040. 55 52.12+0. 36" 4.6940.21%> 4,9040.54*> 5,09+0.55» 5,3240. 36
300.0 45,7740, 86% 48.8740. 55> 50.2640.67* 51.78+0. 63" 4.7740.84%> 4,87+0.65® 5.2640.67® 5, 2840.63®
500.0 49.90%0. 139 52.90£0. 059 54.9640.04" 55.86+0.71¢ 4.9040.17% 5,10£0.24%¢ 5,2640.04%> 5,3640.71%
800. 0 54.8640.65¢ 62.08+1.39¢ 63.87+1.52¢ 64.56+1.57¢ 5.2640. 65 6.08+0.39>d 6,37+1.52> 6.5641, 57
1 000.0 60.7641.97" 64.76+1.57" 64.86+1.36 65.06+1.31¢ 6.1640.97¢ 6.36+1.27¢ 6.66+=1.36> 6.8641.31"
1 500.0 60.9440. 63" 64.87+0.51"  65.70£0.58 66.07+0.61¢ 5.9440.53° 6.47+0.51¢ 6.70+0.58> 7.07+0.61°¢
2 000.0 58.5641.52¢ 60.5341.56¢ 60.684+1.56¢ 61.10+1.58¢ 5.5640.52 5.53+1.5620 5,68+ 1.56% 6.10+1,58%

TE 3R P (A P 2 8 AR o 22 (o= 5) 5[] — 51 o LR TR] 52 B AR I B (3 7R 22 53 {2 3% (Duncan’s £ 8 [L 4, P<<0. 05)

Note: Values in the table are X+ SE(n=35) ;figures with different superscript letters in the same column are significantly different (P<C0. 05)
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(. 58 S HES AR TR] A A0 2 R MAR 9 A 27 3 P 28 SR R PR 5 T < B pl o AR (RO AR R RO ) 4 78 B
25 B CHUMAOR 1 ) 8 A2 VT 110 200 L VA kA T 00 b 0800 AR B 118 B BT A el vy 98 BV o A a0 BT 4 1 b
MU R F2 R R

B SCHR R 2 AR R C nf B £ 2 i AMATE P L 4 Ortuno 25 (1999) & 3. FHAS N T 44 R C 1 )R 4508
& K8 Sparus aurata 1. 28 d J& , ALV W MAMAIS VA TT 442 5 . X SACWTSE i 12d TF0R 50" A 1 35 M 22
FA—E(P<0.05), AR E N MY M IR ENN . T£8 Lateolabrax japonicus (JESE3KEF  2008) &4 (fiL
T EVAMASTE Ve BE A AE 2R 2R C BN A 30 2 Tt R 4E A R C BN i ik B 396. 4 mg/kg W MLV AN A
WEVERGR . ABPRAR B A gE AR R C X -L R il 47 40 £ i 3 i = AR ARMATE Dt 7 A= T AR BL A A
Horb 3% ) B YA NS 1.500. 0 mg/kg AYSE ITAL, HOCOZ BNt 1 000. 0 mg/kg 1955 I 40, 35 . % =
FH A 45 41 (P<C0. 05)

Z P4 C M AMATE M LR ANTE 4 . 2 Hardie % (1991) 1A Ry, 44 2 C J2& 3 o 30 3 48 o ik
725 (1 B8 — A 20 43 14 5 IS0 TT 52 T RS 28 496 1 0% M T A B AL B o A s i — 2D BT

3.2 #ARCHEEMLIEFHENREEEENZME

VS AT 2 — 0 S I AN TS A 1 B 1 B, SRR A R L A R % e e P 2 B R A S R L b e AR
W B E 2. C A RIE Bl Hemibarbus maculates (E 35 Hy 4 2009) #M ILTE i B8 i 35 14 B 1)
B AR 2R C B i 3G 0 AR f 25 55 (P<<0. 01) , 4 & #5242 857. 00 mg/kg B ik e KAH . %5 455 (2000)
(T FE AL UE S L fRDRE R B I 4k AE 2R C g B 48 = 5 A BE M Epinephelus awoara Il 3E 11 P& B 19 16 4 (P <<
0.05, XHARKEERYE, YAk h4EA: R CiniE A 1 500. 0 mg/kg (VI 41) B . &% #f Al £ 47 &)y £a 1
T TPV TR S 7 3k B S AR 1 e K AB . TR R HE #2000 0 mg/ kg CIX ZH) B, 95 AT O R ST I 21K
TV (P<<0. 05) , DAt Rk v i i i 4 4= R C B8 48 5 L R Pl AL 0 AT 40 #0913 b o TR g IS ), 2B R C
S = R A 2 - R A A (% i 3 R T TR T TS A R AN R S
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(3 000mg/ke) BEWS i 35 #2154 Sk 8 Sparus aurata L. {40 Y WP 0 52 4 16 PE RN A VS 1. HE 75 4%
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