S T AR PO RIS Sk e 1 1 45 325 ) 50

P o oK 3 B F R neE' FEsT

CLRBERZGOK = 20, REETTK AR MR E AL 5, KA 300384 2 R HBUACRNER

HERARAR, RiEMKESP T ER AL A seih s, Rid 301800; 3. REE LS4
R AR AR, K 300350)

W RRIRARIMIRR 2 FhONEMRF AR SRR (Arg) X8I G2 Sy MM . AR5
iy, FERGFRIE BRI 0. 0.5. 1.0v 1.5 1 2.0 mmol/L J Arg, ' IE A 40 355 3% A5 =] (O B [
BURIE RETHAR AL WP RN J) WG JIRIR B 2 . AR PRIG R, TR E 37 g fBE £ B
WLy s, R 3AEE, HAEE 105, DREAES 0. 25, 50, 100 1200 mg/kg 14
B Arg, TR 2 A, BEAT B E A4S R AR A W RS D R RS e, B
B A — AR (NOD &, —S MR E A (NOS) WMt RILEHAEH (ALB) &
BHNE . AAMAIREE REY: RN Arg RENE S e B I AR MU RO B B AR B, R AOE 1. TR
WEARRBE . B3 12 f124h J5, 1.0+ 1.5 Al 2.0 mmol/L Arg 415 I (41 i 5 30w 3 5 T 0
mmol/L Arg 2 (P<0.05) ; ¥53% 6. 12 fl 24 h )5, 1.0 mmol/L Arg 285 I (1 4 i W 8 % ) 2
F T 0 mmol/L Arg 41 (P<0.05) ; R 12 f124 hJ5, 1.0. 1.5 F1 2.0 mmol/L Arg 1'% JIE (41
MR WEE 77 22 5 T 0 mmol/L Arg 41 (P<0.05) 5 #43% 18h J&, 1.0 1.5 il 2.0 mmol/L Arg 41
HE 4N B R 3% 5T 0 mmol/L Arg 41 (P<0.05) o fAN RG4S R W : 50, 100 A1 200 mg/kg
Arg 05 WE A NIRRT IR S T ARTE SRS O E S T 0 mg/kg Arg 4 (P<0.05) ;100
F1 200 mg/kg Arg ZH1ML7E ALB F1 NO &&= % = T 0 mg/kg Arg H(P<0.05),50.100 1 200 mg/kg
Arg 4L1f13% NOS i% 1 &% 5T 0 mg/kg Arg 41 (P<0.05) ; 50. 100 1200 mg/kg Arg HAT AT
NO #EEEET 0mg/kg Arg 2 (P<0.05) , 25 Fll 50 mg/kg Arg AT NOS WG B # =T 0
mg/kg Arg 4l (P<0.05) . HHULFIIL, Arg $e 7 60 6 5 BE (40 s 77, RSN R I Arg
K& B A 1.0 mmol/L. IEF BT, Arg {87 7k P i3 5% B I E N 50~100 mg/kg.
R KRR BT GEd) AR
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FEHFRA MR, PUEDRE AR EEANRE S MEEARS Y. EA
FARNEA R 2 HWMGUAERTE R EATNRZ B B YA R HE TR Z, AR
RIE FRAKF RGP RE 77, SR FRFABN ) MR o A A0 I i AOAH B R, 7T LUK 3 385 2 11
BRI R e ST RIAE T o Herp — SREE BRI (e ME R R, BRI T A R A FUSNE
FA BRI BE IR, AU S M IE S ARG R 2 0 T, 10 H R 2 s T
M AL RN, KER (Arg) RIBEMEEIERK —F . HAT Arg IS0 77 110 1058 8
£ BV, Arg ZEEAERARNITN, @ 22 SIHARE, JHE U= —
A (NO) MZ IR B IR 9 K15 2 B R BN ™Y eah, {3 A s 4
B, 2RSS EARG M. MIIBEML, BRI E R,

Arg RS — PR TFRIER, Arg R HAH T NO. 1 B R EURR 7T LA S 51 3 3R 40 7
WA R T R HE SRR ER A AR I S BB TR . TEREL, FARETIRNIE R Arg BEHAH
RO A S M R A A 2 3R e i 0T FE T AT VDR R TR SE R Arg T A AL
FRARAT A I R BB S IR, SR M8 I 3K 2 (JL-2) FEDRIRIEOKF, AT 33 i 18 1 4
PEINRER. — 28 Arg EK BN S8 7 T MOBFTE 1], Arg TT AR 9B 0 Y R LW 41 22 NO
ey, HREIRHIE A KR i 0™ TR RN Arg g B T2 5 32 [ 1 10 B0 e 5z
Sk Bty O b s A0 ) T AR N A4 R RV T IS

SR AR AR T, JE N, RO, etk e AR KRR, ATTEESE, RIE
FRRE I TR . Arg 1A FIh B MEE SRR TE K S BT H AR AN, Ak
I LABE B BT TN B, B AEAR S FRIE IS Arg BTV, TRILBURK B TR AR, BE Arg &
ELSINREE, PR A 9V Arg Skt — B B0AIE ok 63 8 A B8 AR (b bn K e T s, LU
BRI R K IR IR S
[ SR WA
L1 it

TR IR R 15 TR T B K R [R] — e S 1 R e £ o, AT R O KR R IR
Arg W &7 MDbio A, 4iE N 99.4%.

PRAMRTS: B . KRB, CPIRE 34 o) it 27 &, RRISE, #ki,
SRIGIRHIRAF K BRI, TRAE 0.85%EH#K, PeEHEIIAN. M RPMI-1640 K574
SR 0y 0.5, 1.04 1.5 F12.0 mmol/L ) Arg, #il/k 5 MARFRWKEM IR, AT A4k
MR, 2 AMMSLHFF SRR CAREAR 3 NERD BT s Ha bR I E .

P RE: ¥ 150 REBEAOMETR S, HLs NS5 4, SH3AEE, §1MEF 10



B, UBEENRAITEGR T/KAE (1100 o, SMEELmE, R 2. 1 AFE, A Arg Z55ECH
AFEIREER Arg W, 5 HiRIE A Arg FEH &5 5109 00 25, 50, 100 Fl 200 mg/kg ik, gk
ST, ESHRIEDY 0.5 mL, G 5E)E AR SR AR MRR AR, 4R 2 S S AR R AE

12 a5

PRAMRIE: AR AT AN 2 B R A SR, TR AN T T B A
Tk 2x 10" ANIME, BERH 0.1% & M g el 5 38 73 KT 95%. K B ME S 40AEE3% 12 A1 48 h Ji
e WIETEHG BT 2. 64 12, 24 h GBI RN 70, B9 12 h JEIE A WIS 77, 9% 18 h
JEMSE AW R . BARNE T 2% gt oy ik,

RAIRS: 2T 7% 22 B VA WO 0V 5 3 DR i B Rt oL, Ak 5% £ 0 L v B b 1
ANBEOE R, [BRFEALL 4 000 Ymin B4 10 min, WIS, MEHEIE-80 CRAEHRAM. 2
JEfREHI A, BUFBRAE, NSRS P AT I, F 0.85%4E 3 K BT #E, 2 500 r/min &0
10 min, HCEWEREEATAEA (ALB)  NO & R—%MWEEH (NOS) WHEMME (A4
SE 712 IR U AR LR AT G IS o BUKE L B T A B K i e T I
15, GBI IR PEAT R R, 1% I8 Buentello 25 77 AT IO A R IRIRR 53 ) A5 5
¥ T E o
1.3 HdEsabr

JT SR 1 SPSS 16.0 i it BTSRRI 3275 22 7347 (one-way ANOVA) , #7122 RIS 3 OK
- P<0.05) , WK Duncan FGVE#EAT 4018 £ & AL
2 4 R
2.1 FEFREEAERAN Arg Xof €8V I 1 200 0 38 TE R A RS

W TR, BRI Arg J5, S50 BT (1400 M S AR SOV TR . B R 12005, 1.0,
1.5 #1 2.0 mmoV/L Arg £ ¥ {1 410 A Fr) 38 5 16 0 2 0 1 0 1 0.5 mmol/L Arg 41 (P<0.05) , 0 Al
0.5 mmol/L Arg A2 BT EFHEZER (P>0.05) , 1.0, 1.5 F1 2.0 mmol/L Arg A2 AT EEER
(P>0.05) o $59% 48 h J5, BEEREIRIET Arg WREEIEIN, B E A 40 B it 3 4R BoZ i i e, 2.0
mmol/L Arg 4 JIT 40 B i g B FE B, RE AT 04 0.5. 1.0 mmol/L Arg 4 (P<0.05) , H
5 1.5 mmol/L Arg A Z A2 (P>0.05) o BRI 1.0 mmol/L Arg 41155 48 h Ji5 (15 I 1 41
BT TR BB 97 12 h A T RRARAL,  Hetb A BT i



O ommol E30.5 mmol @ 1 mmol & 1.5 mmol Ill 2 mmol

_ 140
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2 o] %
PSS RIS
% 0w 55 5
s 02 hoteted S
2 Potele: b
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12 48
AN Bl incaubation time t/h

Bl AR NG 7 RER R 25 R R 3 (P>0.05), ARV/NG FRERR % 57 8% (P<0.05). FEM.
Value columns with the same small mean no significant difference (P>0.05), while with different small letter

superscripts mean significant difference (P<<0.05). The same as below.

[ 1| B3R E RN Arg XS0 U 11 410 M 380 56 P B i

Fig.1 Effects of culture media supplemented with Arg on proliferation index of leukocytes in carp
kidney

2.2 BRFREERAN Arg X i AE 40 ML O R D SR

W 2 o, BEFRIEthan Arg J5, BR00 I A0 I 0 R IROR R G I W BT . B 9R 2 h )
0.5 1.0~ 1.5, 2.0 mmol/L Arg 41'¥ I 4 240 BT (48 & 3% 7188 0 mmol/L Arg 23545 firsiéhn, {2
R B ERANEE (P>0.05) o 8% 6. 12, 24hJ5, 1.0, 1.5, 2.0 mmol/L Arg 412 [a]'% i
FAN L R PR R RS R AR (P>0.05) 5 H2% 0 1 0.5 mmol/L Arg LA M RiRE, H
1 1.0 mmol/L Arg 41 &% = T 0 mmol/L Arg 4 (P<0.05) ; BEHEFRTHIATER, S EMEaH
HE A PR R R DI I BT IR N RS, HEGSE R AEERE IR 12 h JE AT 1 mmol/L Arg 41
t.

{ i (W1 HOEEE L prE RS TR
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% &l Bl incubation time t/h

B2 BRI Arg b fh Ak 1 40 LI R 385 0 IR
Fig.2 Effects of culture media supplemented with Arg on respiratory burst activity of leukocytes in
carp kidney

2.3 FRFREERIN Arg X0 A 40D R D TR R

WE 3 PR, HFRIERIRIN Arg Ja, S0 T A0 AR S D S BT e SR 1205,
U I 10 P A M B B TR A R Arg WRIZ SN 2 BT, 2.0 mmol/L Arg 4E IE A
S A ARG T, 2T 0 10,5 mmol/L Arg ZH (P<0.05) , 5 1.0, 1.5 mmol/L Arg 1%
FAEE (P>0.05) o H5f 24 h )5, #4005 U A 4000 75 M 7 /2 B By o dk o Arg IR PR 1Y
I BT, 1,50 2.0 mmol/L Arg 28 JIE 4 ML BN A I ) 3 T LR (P<0.05) .

O 0mmol B 0.5 mmol % 1 mmol M 1.5 mmol # 2 mmol

1.20
1.00

0.80

‘aEH
Phagocytosis activity (ODgg )

0.60

0.40

0.20

0.00

12 24
%8 i 8l incubation time t/h

B3 SR IREE AN Arg o e I P 40 AR 7 R ) DR

Fig.3 Effects of culture media supplemented with Arg on phagocytosis activity of leukocytes in carp



kidney
2.4 FEFRIEFIRIN Arg % H8 E B 40 MR TR SR B R

W 4 FioR, BRI Arg 555% 18 h 5, B EAT QAR R GREZEEIRED
YR85 1.0, 1.5 F1 2.0 mmol/L Arg 212 [A1'E IE A4 R BB A REER (P>0.05 ,
B2 1.0~ 1.5 mmol/L Arg 28 ' I 4 41 ffa fr) 5% B8 %6 2. 3 =5 F- 0 A1 0.5 mmol/L Arg 4 (P<0.05) , H
TH7E 1 mmol/L Arg 4V I 19 20 ) A% 1R 30 2] T

60.0

FREE
Killing ability/%
w
(=]
o

0 05 1 15 2
FHRBEIRE Arginine level /mmol-L1

B4 Brardlrh RN Arg Xof 560 VI 2000 2% B R X 5
Fig.4 Effects of culture media supplemented with Arg on bactericidal rate of leukocytes in carp
kidney
2.5 RS Arg XA T AR IR AR S J L A WS 0 AN B TR B 5 R
W1 on, SRS Arg J5, I A IR RS 0 L AR 0 AN S AR BOS A T
WG Arg VESHR IR, B UE 40 M PR ik 0 S LS BT R T AR E %5, 100 AT 200
mg/kg Arg AIE R, & T 025 mg/kg Arg 2 (P<0.05) , 5 50 mg/kg Arg H#EF AR
B3 (P>0.05) o B Arg TSR RGN, I A A0 IR A RS 70 RIBWi B s RS (P<0.05)
200 mg/kg AikFIREE, 5 100 mgkg Arg HEFRALE (P>0.05) , HEZH T HABZA
(P<0.05) o ' EA 4N AR B AR e a3 5 s s AR ke 35— B, Bk 25 mg/kg Arg 415 0
mg/kg Arg £ FAREE (P>0.05) 4, HAKAKEE T 0 mg/kg Arg 41 (P<0.05) , 200 mg/kg
HIREELEE F (e
Rl VRS Arg XA S I 20 MR R R 0 L A W 0 AT GELER B 5 R
Table 1  Effects of Arg injection on respiratory burst activity, phagocytosis activity and proliferation

index of leukocytes in carp kidney

TiH WP At % 73 TS 77 TR




Items Respiratory burst Phagocytosis Proliferation index

activity/ODgog nm activity/ODgog nm /ODs50 nm
0 0.02° 0.16° 0.26°
be cd c
Arg HEAIRE 25 0.04Bb 0.23hc 0,34b
Arg injection concentration/(mg/kg) >0 0.06 0‘34, 041
100 0.07° 0.45® 0.60°
200 0.07° 0.54° 0.62°
JFRHER Total standard error 0.02 0.16 0.16
P14 P-value 0.001 0.001 <0.001
FA{H F-value 10.700 10.418 17.196

[5) %) 4 8 AR ARl NG FRER R ZE R B3 (P<0.05) , AL FRERRZE R AR
(P>0.05) . FEI[E.

In the same column, values with different small letter superscripts mean significant difference
(P<0.05), while with the same or no letter superscripts mean no significant difference (P>0.05). The

same as below.
2.6 VESF Arg ST ATBRAE. L ALB. NO & K& NOS iE L5400
W 2 frows, S Arg 5, LIE ALB. NO &8 L& AT NOS W& A AR FE
. BEE Arg IESHREEINIIN, (ME ALB (M4 & 20k EFHE N, 100 me/kg Arg 41
% ALB &8, L¥EmMT 0. 25. 50 mgkg Arg 41 (P<0.05) , {H 0. 25. 50 mg/kg Arg 41
Z I ZERARE (P>0.05) .
50 mg/kg Arg ZAFBRAEH NO & Efmm, & m T HMSH (P<0.05) ; 100, 200 mg/kg
Arg A2 FERARE (P>0.05) , HEZET 0125 mg/kg Arg 40 (P<0.05) . IfiLiF NO 1y
SRMBEE Arg JESHKRE B INE ETH%, 200 mg/kg Arg AL1M1iE NO S E &, B& T 0.
25 #1 50 mg/kg Arg 4 (P<0.05) , 5 100 mg/kg Arg HZEFREFE (P>0.05) .
ML FFFE R NOS G MBI Arg HESVR B H3 nid £ 056 ETHE FREMES . 25 me/keg
Arg L ATIERE S NOS W& M, BT 0 F1200 mg/kg Arg 2 (P<0.05) , ZJakE% Arg 1E4T
WREERIHE N2 TRk . 50 mg/kg Arg 4LIM3E NOS i thfm, T mTHMSL (P<0.05) , 2
JEBEE Arg IR B iR B T R A
F2 VEST Arg XPEPEAFRNE. mERAES . —AAREE LSRG B LR

Table 2  Effects of Arg injection on ALB, NO contents and NOS activity in hepatopancreas and serum

of carp
HiH FI#HEA ALB —HMHE NO —HALE & NOS
Items 1% Serum/ JHF PR I iR JHF PR IE 1% Serum/
(g/L) Hepatopancr Serum/ Hepatopan (U/mL)

cas/ (umol/L) creas/




(umol/g) (Ulg)

0 11.23° 7.41° 96.67° 0.73°

Arg JESHKE 25 12.58° 7.19¢ 121.11% 0.90°
Arg injection 50 13.92% 9.91° 123.33% 0.87%°
concentration/(mg/kg) 100 21.00° 8.30° 144 .44 0.81°%
200 18.19%® 8.43° 178.89" 0.78%

HARAERR Total standard error 1.14 0.27 9.32 0.02
P& P-value 0.006 <0.001 0.014 0.016
F i F-value 6.943 21.143 5.452 5.16

8.92°
9.20%
10.10°
9.30°
9.34°
0.08
<0.001
18.324

30 @
3.1 Arg i f B i 20 f S 5 R D S

WFERY], Arg WLAE R E I, MITAEHEAN MR HG T8, UM I S (1 208 FR 0, A
W Arg BOUREETT LA U3 2R 0 & R e AHE S AL OR g R SR TG H I R BL, TN Arg 327 1 1
BHE A R R L W AR A R AR Arg (BN —FRE B E TR . W, B
Arg WZRIHEIN, AL ARSI B BRI, AL SR FE RN | mmol/L Arg H5% 12 h BifAN
FESF 100 mg/kg Arg 337 I ANMIIT , B95EHEHOR T . X SEERE S R MRS R R g — 5,
Y2 W] Arg AT DL IR E 4 i 48 5
3.2 Arg £ T 1 200 IR VR R 3 7 AL

W R o 2 2 2L 9 o g A5 S A L PO T T P, B0 B P A e S i R 1 o, A KR
FE HHE, FEANRAE R E T, R IR RS, S A R 0 — b SR A R L
MPUABRE R AR, HLAN BRI STE Arg (043D F 722 NO, NO B L f A B
TR T 5] AR R pR Y ST IAB AIESE TR — R, B Arg VESRE R,
TRV BRINE A NO R & BB i, 170 PR A8 R V7 0t 25 B SR 6T TRD AT Arg 3 SR 2 1y 18 0 T A 2 9
T XAGLEREE X RAN F RS s B, A, AR R RN Arg BT R BL, AR
36 [ 40 10 VR0 4 52 4 B U O g DR R A T
3.3 Arg Xl fa ' I 400t 7 R E 0 A0 2R TR R T RS R

AT RE 1 5 LECR R IS P 0%, AR AR, 3 BB SL—fE AR T) 5%107 NI,
HAEWEMENEE Arg WEE RGN LTF. 3T Wy ikl ae R 0, SR bR n Arg I, Befg
ek R AT R A AL I A, T 1AM IE AT BETE RN, R RSN Arg 4B
Tt Sk P s d MK, SR BT, RO H kR U R S AR S,
B AR SE ST W T BE A AR, TR e e o AN 7 A I ST R K
AR IR, RS BS 2 — R BRI A, PR A R RO IR R B ARk
RUREAE Arg WZRIHIN, AR RA R, AT S T 40 o NO & B rR i,



TR AR SRR, BN NO 3 T HUAIITE R AR E, YA Arg FI {2 NO
B RG SREAHURIIHUR GIERE . MRS, TEH Arg B3 T I AIFBIE NOS 1
PR, TR LB NOS FIFT Arg P24 NO, NO HE3R T 75 W 40 M6 2 S0 1 7% B 0% 20,
3.4 VRS Arg XA AT EAT B ALB. NO % & K& NOS i M 1 2

RIS — IR Arg T UL R0 s 860 ML ALB (98 &, 1 Arg SR A
P NO & RIURT ARG, B Arg WREERNEIN, S04 IS RFBIAT T+ NO Sr&de, Mif+H NO
ERIE Arg TESHKEE N 200 mg/kg B I8 s i fE o 7657 B AL L B T 45 SRR BH, 1R IR N Arg
S, SRR R NO & B B A B KR I, NOS & NO & Rkl Jamtt kil
U NO IRE ST . WFACR A, TR RN Arg 7T AR i i S W 15 5 20— AL 5 il (INOS)
U812 0 1135 NOS LR gk, B ARUATIE AL NOS HE PR BRI Arg 7K T 3811 T 344 5
CU ARG BRI, RS Arg e3R8 7 LS AUTINE - NOS (i1, MR, NOS i& VL
SRABEE T ML AU B S NO 1= A . bW AU, Arg REFR 68 NOS W&, {2k NO A&
B ZAHRBEAEY], Arg-NO ERALHIA R I M AP A RO, Rt B4 i
SRR EE P ) T BRI, A0 NO AT BARE BURSES IR Y 2 AR oty AT R, IR
LML IS, 32 S A BUR B B PE Y BRLL, RIS Arg AR TR it
JHF R R P A 20 B = A2 NO, AT 32 e B8 €8 1) G5 2% 3 R BE 77
4 4 @®

Arg 78 IE A AN Sk S1, RAMRIRR Y] Arg FUIEEIKEDN 1.0 mmol/L. TEH %
BEOLT, Arg 7RIS P Y STE B IR Z Y 50~100 mg/kg.
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Effects of Arginine on Immunity of Carp (Cyprinus carpio) in Vivo and in Vitro Experiment
CHENG Zhenyan' QU Mu® SUN Ying' YU Hong® SUN Jinhui' QIAO Xiuting'"

(1. Tianjin Key Lab of Aqua-Ecology and Aquaculture, College of Fisheries, Tianjin Agricultural
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University, Tianjin 300384, China; 2. Tianjin Enterprise Key Lab of the Functional Feed of Aquatic
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Abstract: An in vivo and a in vitro experiment were conducted to evaluate the effects of arginine on
immunity of carp. In the in vitro experiment, arginine with the concentrations of 0, 0.5, 1.0, 1.5 and 2.0
mmol/L were added in the culture medium, after different incubation time of kidney leukocytes, the
proliferation index, respiratory burst activity, phagocytosis activity and bactericidal rate were assayed
respectively. In the in vivo experiment, the carp of average body weight 37 g were divided into 5 groups,
and each group had three replicates, each replicate had 10 fish. 0, 25, 50, 100, 200 mg/kg arginine were
injected into fish cavity, and then fed them with commercial diets for 2 weeks. Then, the proliferation
index, respiratory burst activity and phagocytic activity of kidney leukocytes were determined. At the
same time, the nitric oxide (NO) content and nitric oxide synthase (NOS) activity in serum and
hepatopancreas, and serum albumin (ALB) content were determined. The in vitro experiment results
showed that added arginine could increase the proliferation index, respiratory burst activity,
phagocytosis activity and bactericidal rate of kidney leukocytes. After 12 and 24 h incubation, the
proliferation index of kidney leukocytes in 1.0, 1.5 and 2.0 mmol/L arginine groups was significantly
higher than that in 0 mmol/L arginine group (P<0.05); after 6, 12 and 24 h incubation, the respiratory
burst activity of kidney leukocytes in 1.0 mmol/L arginine group was significantly higher than that in 0
mmol/L arginine group (P<0.05); after 12 and 24 h incubation, the phagocytosis activity of kidney
leukocytes in 1.0, 1.5 and 2.0 mmol/L arginine groups was significantly higher than that in 0 mmol/L
arginine group (P<0.05); after 18 h incubation, the bactericidal rate of kidney leukocytes in 1.0, 1.5 and
2.0 mmol/L arginine groups was significantly higher than that in 0 mmol/L arginine group (P<0.05).
The in vivo experiment results showed that the proliferation index, respiratory burst activity and
phagocytosis activity of kidney leukocytes in 50, 100 and 200 mg/kg arginine groups was significantly
higher than that in 0 mg/kg arginine group (P<0.05); the serum ALB and NO contents in 100 and 200
mg/kg arginine groups were significantly higher than those in 0 mg/kg arginine group (P<0.05); the
serum NOS activity in 50, 100 and 200 mg/kg arginine groups was significantly higher than that in 0
mg/kg arginine group (P<0.05); the hepatopancreas NO content in 50, 100 and 200 mg/kg arginine
groups was significantly higher than that in 0 mg/kg arginine group (P<0.05); the hepatopancreas NOS
activity in 25 and 50 mg/kg arginine groups was significantly higher than that in 0 mg/kg arginine group

(P<0.05). Generally, the arginine can enhance on the immunity of leukocytes in carp, and the optimum
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arginine concentration is 1.0 mmol/L in vitro experiment. In normal feeding condition, the optimum
arginine injection concentration for carp is 50 to 100 mg/kg in vivo.
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