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BE 5 YR 8 ( Ictalurus punctatus) ™ K K £ 4
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A R PR R K SR AR R S A, SR ] ZH 2
PG I E T T RS B UL R I
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dph(day post hatching) ,1 d/¥ ;22 ~29 dph,2 d/
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dph,1 Y. 1 ~35 dph B % % {40 ~ 103 dph
BBk B RS R BURE KR O 22 ~30 C
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T 5 24 h DL R SR SE G
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PAS) 51 & W B S 11300 gl A= W Rk A B
1.2 FHik

WG B R AR W 58 S5 BOAE AR IR
AT RO BERS B K , W IR BB, A S A 1
SR J5 1E Leica RM2135 B4 4] Fy HL 47 4 pum
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I3 G BRAR [ SRS RE TR, 37 CTHEE 1 hs i
I 4 HRP prid i/ B 1gG,37 CTHEH 30 min;
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20 i f e 1 AR A T AR (TgM BH 1 4 i o U A
W), T IgM BHPE 40 M AR A 43 b, A SPSS
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FH SPSS 17. 0 # {4 1 Curve Estimation %f
2K 5 H R BT BRL 2y B 5 2 8ot o
Cubic PR3 R M R EH K (0.995) , W wi
AR5 H IR B R

y=0.026x" +0.217x +6.186 (& 1),

150 - ¥=0.026x7+0.217x+6.186(R*=0.995)
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B1 £KE5BRREMSHLZ(Cubic)
Fig.1 Best fitting curve between total length and age
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U R FEE T T ) VO R TR0 AT 5 Sk A
AR AR S AL T Sk B AR SRR A
T 5 S BRI A 25 I N I 2 2R dee s A
T O M B IR Sk O I BRI S S

kB R FH 0B ML R K 22 ~23 T4
f£F,1 dph[ 424K (TL) 6.0 mm ], fiig i J5t 5t 0 it
U JEF 36 25 AT 1, B R — o) T BRI L LY DR A TR
EHAAME AR TS (BT -1) . 2 dph 2 5 dph
(TL 7.0 ~8.0 mm) , J5i 5 & FF 46 4016, 5 & (9 Al
BRI A A 1B A, R B2 R 40 A
SE 5 b R AR 2 R, A B BT SR IR A 2 (IR T -
2). 3 dph(TL 7.5 mm) 3k 5 &I Fil A 8 M 21 40 il
I3 (BT -3) .

6 dph(TL 8.5 mm) , {ij & 48 = i) ) B AL AE 1
A3 B 3 I 40 L, 3 20 A [ K A e BT
TR BB R AR o0 BE A0 i B ] DL —
SO PRLT (5 1 1A e, A B A% A0 T 20 ML — 0] 5 3K B
HRIMAEMB(EM 1 -4), 7dph(TL 9.0 mm),
Sk AN 1 36 T 0 Rk BB A i R e 2 O
Ji2 VAT S5 SGEE AR 43 A IR A =2 R SR A S AP IR
b B 2 [R5 HiE A ) ] UL /b i 21 A0 K R 4
Moy A (AR 1 -5) o

8 dph(TL 10.2 mm) , 3k B i 2040 g 3 22, ik
T B 200 i B 8 A K S TR R A3 A B RS — 2
Z M MEEIE X w PR (B T-6) . 9 dph(TL
11.0 mm) , 3k 5 rb i bk B BE 240 e 3 i - ] Il
VI 2 BAR R/ TR G4 1) ik T8 4 i B A s B /D
B TEREANE B R (B T-7), 11
dph(TL 12.5 mm) Jk 2 41 Jd JE B W S i) 4 vh X
B /N BB AP R AR b B Sk e NV A R
RS B AR G 2 (AR T -8,9)

17 dph(TL 16.0 mm) , ¥ /N& FF 1B 1k (&l
Jie 1 -10) , A0 48 J A [) %2 5 i/ T8k s
18 dph(TL 16. 0 mm) , 4 }fd 53 1k W] &, 9k 2 B 41
WL L A7) 328 g 78 /0 bk T 200 L b 49 8 i G K i 52 A
KEERIKCOR R 2 (B 1-11), 25 dph % 35
dph(TL 23.4 ~34.3 mm) , &Ik 35 , 0455 ooy
LR A LL AN . 35 dph 75 w] L/t B /N A
BE [ Rz 240 Jf Mo ot S 2T B R gt . 40 dph (TL 53.6
mm) 3K D R B A0 A A (BT RR

1-12) o ZJa , Wi ikom o 52 2 40 9] 43 A, i ik
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JF SPSS 17. 0 #4711 Curve Estimation Xf
IgM [HM: 40, PAS BH: 40 il 5 B i 2F 17 152 80 45
5 S8, & R R /N TF 0.9, kB
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FU 9 2215 15 K, PAS B 14 4 i T AR L S 1 i S R
{322 ~ 103 dph(TL 19.9 ~142.7 mm) , IgM [f]
PEZR NS PAS FH I 40 1o Bl H % 728 1 LA e A —
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[ —=IgM
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FH 40 i 43 b
percentage of positive cells

20 40 60
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Fig.2 Relationship between percentage of
positive cells in head kidney of

C. idella and different age
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KL AT 0 BIE SCRE, BN TR] H O 5 0 4
P2 B ) B E

BB LEPEXRERN TSRS RAFA
RG] iFi— g fo i R A L, R P
AR FHEKEEMTRATERTFAR A LR
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Histological and immunohistochemical observations on the
early development of head kidney in Ctenopharyngodon idella

LEI Xuebin'’>, CHANG Ougqin', SHI Chunbin', FU Xiaozhe', WANG Yajun', WU Shugin'"
(1. Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Guangzhou 510380, China;
2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract. Histogenesis of the head kidney was examined in the collected grass carp ( Ctenopharyngodon
idella) from 1 to 103 days post hatching ( dph) . Histological technology was applied to learn the change of
the structure of the head kidney and the changes in the distribution of IgM ( immunoglobulin M) positive cells
and PAS ( periodic acid schiff reaction) positive cells in head kidney. The primordium of the head kidney
formed at 6 dph. And in the primordium several undifferentiated hemopoietic stem cell spread among the
renal tubules which were derived from the protonephridia. Then,the immune cells increased gradually due to
the hemopoietic stem cells’ differentiation from 7 dph to 16 dph. Between 17 dph and 103 dph, the renal
tubules degenerated gradually and the lymph and haematogenous tissues sustained by the reticulo-endothelial
system ( RES ) became the major component of the head kidney. By 65 dph, the head kidney was
histologically similar to mature fishes, formed as a lymphoid- adrenergic tissue. Cells producing IgM as
lymphocytes were detected by immunohistochemistry (IHC ) stain. A few PAS positive cells were observed by
7 dph while several IgM positive cells were occasionally first detected at 17 dph. PAS positive cells and IgM
positive cells were both increased with age and finally scattered all over the head kidney. In short, the head
kidney in grass carp was almost mature histologically by 65 dph ;as an immune organ, the development of
the head-kidney in juvenile grass carp can be divided into three stages characterized by the [ -absence of
cells involved in immunity, I -presence of cells only involved in nonspecific immunity, and [l -emergence
and proliferation of cells involving in both nonspecific and specific immunity.

Key words: Ctenopharyngodon idella; head kidney; histogenesis; immunohistochemistry; PAS
positive cells
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1.1 dph ()5 H i) (TL 6.0 mm) , 75 J& W5 48 95 45 ME R T )5 380 #7100 pm, 2.2 ~5 dph(TL 7.0 ~8.0 mm) , /5 i
o PR :10 wm, 3.3 dph(TL 7.5 mm) , 7% 3k & S0 B A B PE LD A0 0 43 A o #%RL:50 wm, 4.6 dph(TL 8.5 mm) , 7% & ifin T 4 fifd &
HE BB REANM . AR 10 wm, 5.7 dph(TL 9 mm) , 75 bk E4 5 20 0 £ 40 0 K S RE 4 i o #7100 wm, 6.8 dph(TL 10.2 mm) ,
7 i 558 T P IS SRR 2 A B o L B A4 . ARR .10 wm 7.9 dph (TL 11.0 mm) , 7% FLAR H /A% G e 10 o L0 40 0 % WP /DN A5 B B 2
Ml #7R:50 wm, 8.11 dph(TL 12.5 mm) , 7 bk UL 240 g )8 A B 8 A 4R o X, B /N A BE B Je ST b B A B L 1 22 0 B R : 100
wm, 9.11 dph(TL 12.5 mm) /R4 %, #5710 pm, 10.17 dph(TL 16.0 mm) /5 BF/NEFFFHIE/L, FrR 10 pm, 11.18
dph(TL 16.0 mm) , 75 Vi B 200 i BE 451328 97 728 /0N, bk U 200 i B 8150 37 495 K, il 552 2 Sk ' ARl R K i 5 220 A7 RL:50 wm, 12.40 dph
(TL 53.6mm) , /8 & EIRAIMEIA] . AR :10 wm, 13.40 dph LLJS , S DK R 52 52 R 150 43 A, S0 Dk 15 1 552 1) 3 I 9k 2 200 0 3¢ 4
X AL AR X o BR R 100 pwm, 14.85 dph J 103 dph(TL 112.3 ~142.7 mm) .78 B /NE RS2 K,k 2 & 5l Ak
B R AL EIT . AR 100 wm,
AG: ' EIR; AGC: ¥ L IR40HL s AGran: R0 IS5 X ; Apo: T4l ; ALy bk EL 40 M 5 P X5 Gran Ko 4f i ; HSC: 3 1fi T 401 ;
Ly : BRI s Lym: gk CL 4000 ; M: LN ; MB . EPEZLA0M0 ; Pr: R4 PD.HIW & s RBC:ZL40M; RT:B/ME; S:M5E; V4
Wik YS OB %E .

Plate I Ontogenetic development of C. idella head kidney
1. 1day post hatching( dph) ( total length( TL)6.0 mm ) , showing the protonephridia along the spine stretching to the back of the torso.
Bar =100 um.2.2 -5 dph(TL 7.0 -8.0 mm) ,showing pronephric ducts. Bar =10 pm.3.3 dph(TL 7.5 mm) ,showing myeloid blood
cells’ distribution in periphery of head kidney. Bar =50 pm.4.6 dph(TL 8.5 mm) ,showing hemopoietic stem cells and pronephric ducts
wall’ s cells. Bar =10 wm.5.7 dph(TL 9 mm) ,showing lymphocytoblasts,red blood cells and granulocytes. Bar =100 um. 6.8 dph(TL
10.2 mm) ,showing lymphocytoblasts distributed around venules in a radialized pattern. Bar =10 pm.7.9 dph(TL 11.0 mm) , showing
lymphocytes with minor diameter and deep-dyeable nucleus and renal tubular epithelial cells. Bar =50 pum. 8. 11 dph(TL 12.5 mm),
showing lymphoid accumulation and increase in the percentage of cubical epithelium cells in renal tubules. Bar = 100 um.9.11 dph(TL
12.5 mm) ,showing increase in granulocytes’ number. Bar =10 pm. 10.17 dph(TL 16.0 mm) , showing degeneration of renal tubules.
Bar=10 pum. 11. 18 dph ( TL 16. 0 mm ), showing decrease in the proportion of lymphocytoblasts and increase in the proportion of
lymphocytes and sinusoids and venules. Bar = 50 pum. 12. 40 dph ( TL 53. 6mm ) , showing adrenal gland cell clusters. Bar = 10 pum.
13. After 40 dph,head kidney venules and sinusoids showed an alternating distribution, between which accumulation areas of lymphocytes
and granulocytes were found. Bar = 100 wm. 14. 85 dph and103 dph (TL 112.3 - 142.7 mm) , showing complete regression of renal
tubules, and organizational structure of the head kidney similar to the adult fish. Bar = 100 pm.
AG :adrenal gland; AGC:adrenal gland cells; AGran:granulocytes accumulation; Apo:apoptotic cell; ALy:lymphocytes accumulation
Gran; granulocyte; HSC: hemopoietic stem cell; Ly: lymphocytoblast; Lym: lymphocyte; M: muscle; MB: Myeloid blood cell; Pr:
protonephridia; PD:pronephric duct; RBC:red blood cell; RT:renal tubule; S:sinusoid; V:venule; YS:yolk sac.
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1.17 dph(TL 16.0 mm) , 7% IgM FH % 240 I 23 A 76 el e ok Jo] (6] 2% S e A g 46 HH X 220 dph(TL 19.0 mm) , 75 IgM FHYEAI B 5 2
B FEBAE AT T AMA o 3. 7 20 M 5T B 20 M 3 T vy DA [ 8 2 A 2 (0 e A TgML BHPEZB I 4. 7 TgM I Y 40 D 7 b 2 440 i
X I fi %4 . 5.8 dph(TL 10.0 mm) 7R B, JCFHPE4IAE . 6.30 dph(TL 29.0 mm) 7 FAPEX IR . & s AR ROy 50 pum
Plate I Ontogenetic development of C. idella IgM positive cells
1.17 dph(TL 16.0 mm) ,showing IgM positive cells distributed around venules and in accumulation area of immune cells. 2.20 dph(TL
19.0 mm) ,different shaped positive cells distributed in the periphery. 3. IgM positive cells was stained with different degrees of claybank
in the cytoplasm and membrane. 4. IgM positive cells distributed densely in accumulation area of lymphocytes. 5.8 dph(TL 10.0 mm) ,

negative section,no positive cells were seen. 6. 30 dph(TL 29.0 mm) ,showing the negative control. Bar =50 pm.
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1.7 dph(TL 9.0 mm) ,7R PAS FHTEAINE . #5R:50 pm. 2.8 dph(TL 10.0 mm) 75 95 A R R B 4L i PAS BRI . R R .10
pm, 3.14 dph(TL 14.5 mm) , 75 PAS [Pk 7E 3k B AN A B 4 . AR 250 wm, 4.16 dph(TL 15.5 mm) , 75 3k B 1L 4 H PAS B
PEANNE . AR R :50 pm, 5.19 ~30 dph(TL 17.0 ~29.0 mm) , 75 JG PAS FH P 4 Jifg DX AL (138 K o A5 R :100 wm 6.40 ~ 103 dph
(TL 53.6 ~142.7 mm) 7% ¥ B JR 400 A1 ] () PAS FHAE 0N, PAS BH A% 20 M0 %5 46 X 70k B R R A% AR 20 i o AR50 pm, 7.25 dph
(TL 23.4 mm) , 78 PAS-JR AR Z G @R P AN, EZ K40 . #3R .5 wm, 8.103 dph(TL 142.7 mm) , 75 PAS-JE AR G (@) B
4 20 G A A 0 M, o L A B AT B A . AR R :S
Gran K40 ; Lym: bk 40 g ; Mono: BoA% 41 il

Plate I Ontogenetic development of C. idella PAS positive cells
1.7 dph(TL 9.0 mm) ,showing periodic acid-Schiff( PAS) positive cells. Bar =50 pm. 2.8 dph(TL 10.0 mm) , showing PAS positive
cells slightly counter-stained with haematoxylin. Bar =10 pm. 3. 14 dph(TL 14.5 mm) ,showing PAS positive cells distributed densely in
the periphery of head kidney.4.16 dph(TL 15.5 mm) ,showing PAS positive cells distributed in the vessel of the head kidney. Bar =50
wm.5.19 =30 dph(TL 17.0 -29.0 mm) , showing the increase of PAS negative cells area. Bar =50 wm. 6.40 — 103 dph(TL 53.6 -
142.7 mm) , showing PAS positive cells distributed among adrenal gland cell clusters, and a latticed distribution of PAS positive cell
accumulation. Bar =100 wm. 7. 25 dph ( TL 23. 4 mm) , showing PAS positive cells slightly counter-stained with haematoxylin, mainly
constituted by granulocytes. Bar = 5 pum. 8. 103 dph ( TL 142. 7 mm ), showing PAS positive cells slightly counter-stained with
haematoxylin, mainly constituted by granulocytes,lymphocytes and monocytes. Bar =5 pm.

Gran ; granulocyte; Lym:lymphocyte; Mono:monocyte.
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