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vz, zZtzh 714E 2Este 4EF 4AaEdg ¥
& M EE] EMEt, B3 HFo]RolA
£ ol&o] o, diie HFAE FHsn At
(Robert, 1975: Agius, 1980). # TFZ8ol tigh
HAS TREY S5 uel A AEEof
23 gloy, diFEEe] ®HioA  Melano -
Macrophage Centers (MMCs) 2 7]&3lxz glut
{Robert, 1975). webd B =Fo|A % Melano -
Macrophage Centers = ¢Fdle] MMCs g
8018 ARE37] 2 STk

MMCs &= H4ole] daid zdz#z 78
AzA (soft tissue) ol del ¥XEE, Ellis
(1974) ¢} Robert (1975 & 53], #Holdx &
ol B2 FHFo] Urkn HudHAd. el
MMCs o 7153 F84, vel7bA He 233t
Y ololoff disjrE B VIgolA FuUud 1
B, A BolA AMAMCs 9 71ed F84E
387 Azl ol offel Avhlia A
reticulo - endothelial system) ¢ ¥4 7484
o Aoy Azhatn ok (\gius, 1985).

o] &2 MMCs of g Hze] B 1908 W
Blumenthal ol ¢j3ted HE3 24249 H|
e gsidd 5 2 F2RES gdstA FHU,
g HYEre P44 (iron) E R O
A Eetn Bastgoh 1923 d Jolly HEF
MACs  Wiel  stog HEFEHE  fEd
hemoglobin ¢ # =& EFT HYHAEE B
g vF 9dtk (Wolke, 1992). Yoffey (1929 +
AZojFel BAolF HIFHE Ao Hla
& of FEolFolMe EFozAM A F719
Pigment Nodule ©¢] <¢IHEHEL Hudlgon,
Mackmull 2  Michel (1932) &  cunner
Tautogolarus  adspersus o &% (colloidal
carhon) & B FAEAE o, 2% & T&
Ee mqviu Husigrh o] BiuE 1976 W
Ellis 5o osf gxlolr A&Ad ut Aot

Ferguson (1976) & MAICs 2 AH=z}@n 3y
Aol A MMCs off dste] A%4d 474 =
o] Fx3ne HAE olFiu, Rz FHd
A HEe Feo] ool ¥HE P
Baustgich, E=g, Adoit 7I4EA
a4 7)o MMCs & 2413 d3 9447}
HAAES] &4 (ysosomes) o AFE A
MMCs Wiof H#, #=gatn AnoH 53,
depde] vy s USE EusAd
(Ferguson, 1976. Bach et al., 1978; Vogelbein
et al., 1987). 53], dIAWEH ol ¥RY
of et WEE  FRtate ggoldAMs
hemoglobin ©] & <l t}&e] hemosiderin
o] MMCs el Z3H3F A& & + UJATh
Kranz ¢} Gercken (1987) &  potassium
dichromate 9} 22 32 dEH Ad oF
oM vlg# FA1e] MMCs 7} A71E Zopx]
T, i Frtgoa Basky.

AEolfFoll BEY YAER £ ¥U4 B
& FoAede BY, 4 NFT A /FE2F
o (ellipsoid) ©oltd MAe} 2EZ Y AAHE
of o3} wgAgldtn Rt (Elis, 1980:
Secombes and Manning, 1980: Page and
Rowley, 1984: Herraez and Zapata, 1986,
1987). Eg olE EHEL Azte] Fngd uw
gt dAxAd EZsts MMCs 2 o]FsAL,
ez dotd AEet 2Fstd 248 MMCs
& YA3e Ao = Hol Yt} (Ferguson, 1976:
Lamers and Pilarczyk, 1982 Lamers and De
Haas, 1985; Lamers and Paramentie, 1985;
Lamers, 1986). 53], 94 <4zd AFole=
HEEgA g - A EgA) 24 MMCs
off A HEUAN HAZY Hodts A2
Bmsts vk [(Ellis. 1480: Secombes er al.,
1982).

Ao MMCs & dd4 ZAUA d
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% Fgs EAFG uFoME f2ED
(ellipsoid) R YW F, FAolA Fu 90
EAQs len, E3 Falel AL, F9s
MMCs F92 ods7o] FHo| i glof
o g RElo o2 AAU ol thFt

ghg-o] Bold& AAEE Ut (Imagawa et
al., 1990). W3 Ellis & De Sousa (1974) &=
Add37r w83y F MMCs & Aves d4
& Hustgrt. o]e o] widelnt &4 B3
& FH3 AT £ HYM7E MMCs HE
AHsoh= AR nFo], FFolFoll SloiM
MMCs & ®Hukg9e] AN X {FF 2 =2F
oA B 4 9+ germinal center 75 th23
Aol 9lel germinal center o vi¥-3AY FERE

7hdel AMAHI 3
t} (Agius, 1980; Secombes et al, 1982:
Lamers, 1986,
oldx ol HEF MMCs + HHuHgo
ol wuk ozl M4 22 ASHE 8
e Bde 3R E dAaad F AU B
_"I,:
52,

(primitive analogue) ©]&}&=

g4 2iEe Az oy 7]%
e, olof, HIole MMCs
A7), Mz ARPE 9 FugH HgE 2A
2 o]F2 M2 & Biomarker £A1¢] 7HEAE A
A&t oy (Wolk ef al, 1985), ole uist
AAHlw, B 7|&L FEsch

B oAFE= FZojFoMe MMCs & 743
FAEA dAMEe] AAERAe Erls& A
z9sta, 74+E g9 HFolh, AW 4 @7F
29% #F 2Ed2=H 2l o oprjd F
iz A HEe nfvlE WEE dAdEte], o
Ao HAGGTHE AAH LR MIAIAM, ©
giole] dmA 7@ wlEdH FA19 MMCs
o} WlZel F2EYW FRE FHoE § dAA
2o YEEME ZAlstm, ol 4&F MMCs

aly
]
i
gt o

o] Hejsty WslE W RHon FAE
c}.

Hg H oy
1. d8o

B itdiEta BEGoiHel S e AF
10 - 60 g (A 13 - 17 cm! ¢l Tilapia,
Oreochromis niloticus & 852 22 - 26T 9
T8 oA FRolA 15 AT 3 F AF
A-Fepsich AE7IG F YAH olHHRFE A
% parstgdon], 48 AEE 1 Y 3 8 Fdo
&t

2. Wz 74l

FEEAY 2L AWE7] Y3l & 49
ol HHE KE vy H FAEFE 10% T4
Fagyd ineutral buffered formaliny < E&E
Carnoy Mol 24 A7+ FeF 1
T & (aleohull A& %"F B
(paraffin) ¥} ¥ 4 -5 ¢ym £ WA

gaof we Z4 wWepdn Fg Sdg
gts] szl Y8 20% hydrogen peroxide o
A 24 A7k H8A71 g, Harris Hematoxylin
& Eosin A& dAstach. dabgrie] dwgz
A& Brd HEs] spAstes] Yste] Azan -
Heidenhain's Aniline Blue 2 @ d3igon,
AAEE TE3F S g qxe 2 o
MMCs 2be] 723 widg <b7] 9189 Methyl
Green - Pyronin 9A¥& A &8t}

ez ey #ae #3 fHuly  (Olympus
CH - 2, Olympus Opticat Co.. [td., Japan) 3}
o 100 - 100 sie} el whet 1,000 vl M #
et

ol



130 Histopathological studies on MMCs

3. S2ol= gt 24|

ZAFEGA A HES) 9xE FHsx,
SHEAEE  dolEyl sl wig4d w
(colloidal carbon) & ojg3lgich dnyYPL ¥
g Z2AY X AE oL For § F
dg @29 v 9 FAFE 1 10 84
0.2 ml o]t} ¥E Yoz = HIYAITE
A&-EH o)

1. BixA]ofo] tg &% (colloidal carbon) 5o

Ethyl Aminobenzoate 100 ppm _‘1i‘_‘?’}-‘">]?'§l-
¥, F2ol= @usMAg 0.2 ml ¥ @3] 87}
W FAREIEEE FALFE 4, 08, 12, 16 2 20 ¢
Aol 4z} 10 w2 RE v)Fg FAEAYL 4
et A Arg s x, FAF F d4H
OJNRFE U7 Yale oH F oF z} dhdy
#EEAch

5 &9 A

2 dYddA FUAFAE EHoz AL #5
= 1993 @ Fsek Y& FolFollA Edwardsiella
tarda FHAZRE F25HE  Edvardsiella
farda H - 4 don, Rieiioistal ofy g
et g delx] EYPE RE AL

1) Formalin - killed cell (FKC) &€

SHREXNZ Edwardsiella tarda H - 4 #F
£ trvptic soy agar (TS:\, Difco) wh=]eA] 25C
slol 24 Al7b Hob dvjufdd & tryptic soy
hroth (TSB, Difco) wix]oflA] #& ZHo 2 A
g kgt FAE Fvstdch A7jel 0.5% 7}
HEE formalin & A7isled 24 Al7F Fob A2
of Al WA F 4T, 10,000 x g oA 30 £7F
HiEe e #AE 5EAAY 559 24
thA] HadeiAder 308 A 100
mg/ml o FE7} HEE FFAdedgdrE ¥

CEeidte] LPS A Eo] £

B, 0.05% NaN; & #7}ete] 4T o] Y@uE
Aot (Fig. 1).

E. tardn H -4
i

Preculture
25C. 24 hrs in TSA
Mass iulture
25C, 24 hrs in TSB
Add 0.5 perlcent formalin
Centrifuge 10, OéO X g, 30 min
Precii)itate
Wash with phyisiological saline
Suspend in phylsiological saline
e

Fig. 1. Schematic drawing for preparation of
FKC antigen

2) Lipopolysaccharide (LPS) &€

FHAREAZ Edwardsiella tarda H - 4 #F&
tryptic soy agar (TSA, Difco) wjzlelA 25T 3}
of 24 AzF Ft oAd]uidst v}, tryptic soy
broth (TSB, Difco) whAoM FUg FHe=z
Veaekatdoh WY 9L 47T, 10,000 x
g oA 30 &3 A4 EEse] dAE A o
ol FA ol sFsls £F4 (FFF 17.5 ml
/o AE 20 g) o F3e] ©0% phenol & A
B F, 65T oA 15 #3F 2wétn, 10C & o
ZbAIZL & 47T, 10,000 * g oA 30 B3 944

S 2

gt G2 ddol 1 & Fuldt 5 g
Gk FHFFE oA Hoh 1€ 10,000 % g
oA 30 &7 fd st 5% 2 3 Bys)
Utk 2 ztel] HA FelE g 1T oA Faia
2l ¥ PEG ipolvethylene glycol) 2 ¥ &3y}t
(Fig. 2.
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E tarda H -4
i
Preculture
25C, 24 hrs in TSA
i
Mass culture
25T, 24 hrs in TSB
l
Centrifuge 10,000 X g, 30 min
l
Precipitate
i
Phenol - water extraction
l
Dialyse
}
Concentration with PEG
S
LPS

Fig. 2. Schematic drawing for preparation of
LPS antigen

6. ¥ Fo

1) FKC A A&

Ethyl Aminobenzoate 100 ppm &2 o}#H3 %
ol#l% ¢ % E tards H-4 FKC &1 x 10°
cell 4 B FARSIR, 12 4 ¥ %9 FKC
o gtk g4 0.2 ml B EFst EH FAL
Aok FAF F 2,004, 8 W 12 ozt 10

shele) ofMZRE HlFH FAEAL DA
W2ty A4S s sk

2) LPS Mzl

Ethy! Aminobenzoate 100 ppm 2.2 vl g &
olAF E tarda H-4 LPSE 0.1 m & &7
W FARBIEcE 5 Y F B8 MR 0.2 ml &
B0 FAsgd FAEE 2, 4, 8 %12 AA
7} 10 vheje] oM 2R E vgd FAUEAE HH
o] Wl 228 HAE 8 A3

7. Dexamethasone o} F¢4

Ethyl Aminobenzoate 100 ppm 2.8 w3 3
o5 kg 9 dexamethasone & 1.5 ¥ 5.25
mg 2 PBS (phosphate buffered solution) o &
gAZl F 0.4 ml A E0& o83t 2 A 1HF
o2 2 Ao AH HEFAFHAG. 2 4 F @
g4l 0.2 ml & BN FAREIYCL B F
4, 8, 12 4 16 & Zzt 10 vhele] oA REH
HF st ez ey HAl

e

HIZLJ,}, A] /lll o

AL ie

ol
ks
o] WEE ?E%-}ff}%lﬁk %%‘%SE

Fig. 3. The changes for aggreagtion degree of carbon in the head kidney of tilapia.
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F99 MMCs B 4oz wasY. wudy
45t gHen gH7Re UHe FAoz
aEseh, B3, FA9 Aol YHFE
Juel MR NEo® + oM +++ 7
A relen], 1 71#& Fig 3 3 2ok

A 3

NEHFEEY HF2ALE S (red pulp)
oF W (white pulp) £ FAHE ddy
{splenic parenchyma) $} XMY4E (reticular
celll 2 A+ (reticular fibre) & FAE 2
A zAe dygzaer ol Qoh ey, &
o] ZBEolFo ol "atylofo] ulgtof A
T Mgl Wl ol Wy o] EA
o, F2 HEgFE IR & HAE
{sinus) o2 FAEHI H&3 FREFUS HE
& A, AHE L AFHAEE FAHE P
2ol 4o} Q= 2AL Hiew 7ty ngHFH
FE Mol wago] s Hdoeg oA

o, a7 Fdo] 4 YAk
o) Aatglol= AEwe Tg F2

#2%9 lellipsoid) ©] b AAFH 1 k7S]
ol5 AlolollA] AthA e} Qa-FEo] #AEY
b (Fig. 4 - 1). FFo A4l A=
Roo) wia} HggA BaAso Fgu)d o]
§ B¥on #y T duFEe] "Rl
alglch, Pyronin %4 AEFE MMCs ¢ $2%
olg HET FEE g9 Fod 25 EAstn

AU Fig. 4 - 2],

2) N9 2347

FA2 opthel AFrEF HE e A,
9 2 HdE Fo dAAR FAHEHE 71EY
(stroma) & dabr, AYNE 9 JY42 74
¥ AEEE P Sidch A dae
oA E7} 7kl e azeid AEe g U
HFHlAEE 78] gl vady & izte] o
FAw (conversional vein) T FH7F YHFE
saMel F2 e &9 (portal vein) 2E
FAEo] ok dE2 AgHE 2 3YFF
o2 FAgEol e vday 743 MMCs 9
A AuT (small lymphoeyte) Eo] LS}
of EAste duyd Pz UFHAAAH YA
(Fig. 4 - 3). Pvronin %A HE3+= F4 Ax3
of Az oal vheol I BEETsln U
t} (Fig. 4 - 4).

2. WA A S HERE

ol e F2ojmdyd @UFAL F 4 YA o
Fo ghgte] nAg dRHgEiy SILHE fx
FauelA #HEERon, o FEREFHIG
5o gy AdHsd 2L JFL2E ¥4
g muk o), 7]&9 MMCs Wolx &85
o (Fig. 5 - 1). FAoAxn 9 F4o=
F99 994 22 YR olA chaFe) g
o] Ao, UF A= 7|EY FY
F219] MMCs W& Eelrt ok (Fig. 5 -
2). 8 4A 9FY FrERUe vluy
A dde] gdol tF FgHEH dod,
T3} fFEEY Fd o4 2 HEL HAs
2 JAck Fig. 5 - 3). FAloAME B9 F¢
of thge] wrdo] A& UAon YHFy
WY ubd zAAE olAdF ghdEgol
olx Uslet (Fig. 5 - 4].

ol Azt WE vy Falo @UdEE I
Folx v $ FAletH o 71E9 MMCs WE2

»

&2 o

-

mo Hg Ao
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golFolM AnIg Hxeol ®stst Utk ¥
el A, FREUEANA gl A&siAM <
YA, 20 dAdle gade FFE BRI
on AR @gYzite] {faFHAA AFHA
on, @ue F2 Ty dEzHd Py
E A%l AUt @9, Tl Hfde HEE
Aol e Ao Bl vlws 2 o,
ghhe] gajFFolyt 7jES] MMCs W29 o5&
o] & £ ofyal, 12 dMFE = MMCs 9
AHAE7E 428 F7Hekdd z22iv, HF
e 298 20 Y olFoxE YT FAS &
HEH AT FGAM R Aejel @dol
ARHNLH, 20 42 MMCs = T2 I
g gade MR AR (Fig. 5 - 5).

3. ARy MAojel e BUREE

1) FKC A A+

3 Fildia dAwtdezn oz HE
gte] HAAEY MMCs 22 A-AYRE A
olo] vidte] AA3] EAth. ©BUFA 2 U
"o M HAdole] 4 ARl A7 FAR £
AE& BYon, oo ddo] fFzxFAxn Y
T A dAHReH, HEE fFEREW 79
o 2 AHAE B F gt (Fig. 6 - 1, 2).

FKC Hx|FelAe] Alzbo wE 27 wale
LPS HA|Z# A FAlsch. FAleo z7|4
S (T B 2 - 4 ) oA gdo] EYFY
At Fguiel AHF AollA vluy o B
ZA5 o, LPS HX|ojolxe] Az B|ulsld
2 o, g Ad=HE FFel AN (Fig. 6 -
3). ey, vFe FALdAeE E AolE B F
Ak Aol @@ v E FAA e BEe
ZFolx= Hzal 71&2 MMCs 2 o] g % oh
2, @59 dut GG MR e wee
MMCs & #Ad&dd. 53], Fale 2934
MMCs 848 433 S7iste 12 A FEg
93 MMCs & #&® & AW =3

Pyronin 94 AlE= vjFe] 79 da4E o
A7t AR, FAlM= A FE

HlE g 4 ZAA e AE7F AU

2) LPS AT

gbEAl 2 dAlFE ohgke] @do] v Fe #
2F9 9 HuwE Mok ohuigl, 71& MMCs
g olEsted YoUTh FHdlde o 39
AT el MMCs o F99 FAMEo
gtol AgHF JAHEIeH (Fig. 7 - 1), F4
ZA M= Pyronin ¥4 MEY FHo] FA A
Z3 N dAsAT Fig. 7 - 2). 59 4 U
o] ul AL 2 dAe] A7 HHoE FASHY
on B3], Faori MMCs Wzl o] F o]
0L B Zog vehdorn, MMCs 9 £j#Xd
o] 52 BYR He Aol ARG (Fig. 7 -
3). Fof 8 dARE @we fxEdA Ag
Y = fm HmH AR Jedt F
#, F2ldl gloiMEe HuFoAnt 3o €@y
o] #&HUT A BE whgo] MMCs R o]
et ATt (Fig. 7 - 4). FAFE X7lo] 7
THghef] whe} FAolu} v geA o] ehdolF e &
@3lA dojuds, MMCs o @I HFzE A
d3ie] F3 gAML Holm UYLk =EE,
Pyronin 44 ME7F M2 date] e 742
ol A AA=AE Bl FoME F2 MMCs W
F2EY FHoM i HGabolol wia F71E4A
ow (Fig. 7 - 5), F4oiAe HHHoz £
7b FUERE B ol FENEIFE F7
ek (Fig. 7 - 2.

4. Dexamethasone #xojollMe] EbuEX

Dexamethasone &% A AlrolA B F &
EA4H R AAL v FxE5dY B
it (A3l 2 f259 74 MEE9 vg
o A FAMEe 5 AxEFefe] Wy
ol ¥ Pyronin 44 ME} 7 A8 B4
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Table 1. Distribution of carbon in the lymphomyeloid organs of tilapia after i.p. injection.

Days after injection of colloidal carbon

Organ
2 4 8 12 16 20
Non - Spleen Ellipsoid o S ++ + *
pretreated Pre - existing + + ++ ++ ++
Control MMCs
Head kidney  Sinus ++ + 4 ++ + +
Pre - existing ++ +++ +++ + 4+ +++
MMCs 40 -50" 70-8 75-100 80-100 80 - 100
Antigen Spleen Ellipsoid + + + + T
{ LPS Pre - existing + + + + o+t ++ +
MMCs
Head kidney  Sinus ++ ++ + -
Pre - existing + +++ ++ 1 ++ +
MMCs 70-100 90- 120 8 - 130 90 - 130
Dexamethasone ~ Spleen Ellipsoid + ++ +
{ Low dose ! Pre - existing + + + +
MMCs
Head kidnevy  Sinus + + o+ +
Pre - existing + + ++
MAICs 30-5  30-5 60 - 90
a The amount of carbon present + + +, much: + +, moderate: +, little: *, very little
b The size of carbon aggregated in the head kidney {xm)
Table 2. Aggregation degrees of carbon in the lymphomyeloid organs of tilapia.
Dayvs after injection of colloidal carbon
Organ
3 4 3 12 16 20
Non - Spleen + +r T+ SR +r
pretreated
Control Head kidney + ++ + +++ +++
Anrigen Spleen + o ++ + +++
{LPS
Head kidney ++ +++ ++ + 4+
Dexamethsone  Spleen * * +
{ Low dose !
Head kidnev + + ++

a The aggregation degrees of carbon present
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Ao FilelA Fo x7] (4 d) of AT
Aol Ant & 4 AN

BRFAL £ 4 dAle v FoME FREYY
HAFo A 3 A @Uve] HEHUTH
(Fig. 8 - 1J. o7 F& Adol7] "y 4t
At AFdo]l AU FaldAe o F9io
EAqsts do A9l 1 FHl 9AE
v BuFdA w@dg #§Fd dxrp AHaskd
th zeiy, EAMog HgoldA & £ UA
o MMCs W29 g% o]5Ae #a=A ot
ot §TFA F 8 A9 8% 4 YAl v}
o thdh Be ¥o g@do] FrE WA UdAE
Row Lo ghzgto] MMCs WE o] F3}
AdTh FAME EHFe o JHue]
MMCs o g&to] HHste Aol AR (Fig.
8 - 2). UFEA} 12 dAe] v Y F
Aol A HYrH o {FAG AAE BAoU
g Azjo] = HAololA B £ dE MMCs
2ol Adg gttolE e dojubx] gdoprt.

g AT vt g4 MHgs
Akl Az oA, & zole Rolx %
o}, Ag# (A Blsted nEF MR
A v ga Fale guEHEsb 4EE HolA
v A%E B9

gharsal 3 8 2 12 dA BN E f2
waboll A ghbe] ®halAtol HE HEER Yt
H, Fale] Fug, it g9 2 MMCs Wl
A 23] xgke] ghtgho] A E el wF
ZALE 16 Aol BlEA v FR B oA
ghrel E&o) Yt (Fig. 8 - 3).

Ale g 9

5 BUEREX 2 FPHE ¥}

ol ABA Algtel wpE wzpEel W
: 2 & oAtk F Asavle Buadg o
guFsz 4% MMCs o gHar] W

o T

-
[

A

8§ Table | of YERHTE g, Table 2 of
T o7 Axdd gy Eed ¥H3E Yl
ok @A Ay, @IHF FHA
2 HAHE7 ¥ A FH dexamethasone X X F
of vt 42 FAAEE & + Urh

bl a2

AEolfe] Fog HAFaZE v, T,
Al H Arhato]l gleon, ofFe wEkd Huh
2+, obrbm 2 F Fol Atk (Mackmull and
Michels, 1932: Ferguson, 1975, Ellis et al.,
1976; Nori, 1980). dxtdoz &4y E2HE
gag 242 darE W ys] fdsto Hd
g Hdubg-g opyjgch o] FollA HFolHe

N ojEd g4 S TB‘QO}* M F
a3 72 ZE4  drk Noffey, 1966,
Secombes e al.. 1982).

AEoliel datyd zAHAAME
Ex "ol  FEI FREE
Macrophage Centers (MMCs) 7} o & Fx
o o 2R 9 =z Y Afs
Ellis (1971) ¢} Robert (1975) of ol& Alzslg]
o1, Robert (1975} ¥ Edelstein (1971) 9| &
gtd  Aele uwet B FREE Melano -
Macrophage Centers 2 W9Hsch 220},
1981 Wolke F& #Ead dd

A ouEAd dEd
(lipofuscin and ceroid) & T#3} Nacrophage
Centers & W4-g& AASIArt olgel= A2t
btk Pigment  Nodule,
Pigment Granule, Hemosiderin Body, Ceroid
Center 59 ket B4 & AHE38ka

MMCs = #8du| A st A F#9 "[JJLL-Z%'P—
2Ry s fdEs Adg ¥d yA g
fyo] Frgold, HAHEWAHoE diAAX

zHsHoz

Melano -

(integumental melanin)

Figment Center,
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o Fdd Aoz #AHATE Aol FolME
Bad ¥ opa, Aol AF Ay zA
el A A, A7) @ &Fo| vhdEA dEhe
Aoz A ok MMCs ¢ AZEAYole
Fra g
lipofuscine 3 ceroid 9] ti#e] MiAE 3Het
2 9ol (Agius, 1979b; Agius and Agbede,
1984), PAS, Schmorl’s, Ziehl - Neelson %80l
A RS Rolm, MA ghiapel whEl A
ol AL M7z cFstA e M4
o F e x# o)F2E  (tissue
Hito|H (Micale  and
Perdichizzi, 1990), MAHAAHTE ofF, L}o],
Aol wet vekstA Edde ALRE ¢EA
1tt (Robert, 1975: Agius. 1981 Agius and
Robert, 1981: Kranz, 1984].

Lipofuscin 3 ceroid += MMCs o 7}3 o]
EAste MAZ (Agius, 1985), %39 ¥
A gpoivt Aehule] Atst A FAHEA, W&
& Adztel MEd Aol MET HE] #
2bskzh FAdolnt (\gius, 1979 Agius and
Agbede, 1984). 58], WEFEA ofFolre
cheke] EX g AW i ddiAQl HlE E
HE0 2 lipofuscin ©] #4577} 4k (Tappel,
1975). olF MMCs Wi #Hebd e g4 5 7}
A HEHQ Aoz A Ve g #s)
e 84 =30 Hau Avk dwtyo=
melanosome & FI A&} off FAlsivtn e
A Qlovh, MMCs Wel #Hehd H3e g314
gy Zata Fod Aoz »a ¢lrh MMCs
o} @ehdo] melanocyte W debhdg Rk
HPAEe] Haog Qg ZQIx], MMCs A
7b dabd g Adske AQAE AF7HA 2 F9
th dytzog wHahde dA 2@ FFAEA
ks wrgo 2 A7, Mo L G AH

AgEo|} Fol&g FHaH: How HI o

melanin, hemosiderin, =]

catabolism) 9

U =3&e Ho] @Y (Robert, 1975). o]t
4E& MMCs o] dehde] HE8d 5+ deX
of tHelA B3] defxl x| Pk
MMCs o 27], 2%, 429 e, 7@
TEE 2 AT Uy AV Ae
o8 Bt (Agius, 1980). &, I
S5 A ZFAFAMN T MMCs 7t vlFelu ARE
thz 2318 8 23l dow ns3IolR/E
o oa #HE MAE FREE. g AEs
WY HAH37]) B adEZ dAY e
AE Aoz EAgch v, nF5H Il Fol
ME o HEs 2o & Jdg ZAdsy F
2 u]golt Al F=efAA BEFTE MMCs
o oiztd AW EAAHA Bx FHe ¥y
h AHE] SAse Aotk YwrHes
of iz HEW FHE, vFoME Tx Fu
EAEAR FREAd AHdM, FAL A
FHE, AAAAME 7 2Hz oA e
(Robert, 1975; Graf and Schlus, 1979). o}z
APA R mlRol MMCs dAo] gt 38 Fae
ool A2 Ao Algdh

2 AFAdFde e detdote] 4 AR F
71el ZHEEH fFAA vlF FzE W ¥
b A, FAlelMye &9 FHFE 43
A8 THE MMCs 71 #4so A o]
272 & A4F FFFAME #EE v
oltt (Ellis et al, 1976: Lamers and De Haas,
1985; Imagawa, 1990). 3, vl HAdzzae
gy Agzzeg ool glgled, T
Mg 2 UEE FoAde ¥ FHE AT
ol ohe FAHER ATk olH& HAAY o
srgel 2 g 9 duzze dde o
gtgjole] <zt lgo] Hihel UM =&
HE U olEdE LYsle] HARES HEI
71 FeEld =0 & AFstels AsEHY olejdt

4 dekyole] gERo x79EE (3 AlRH

=

i

fac)

o
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F) old Amy vlwel Fre FUE el
2o Sugr Aggozd 4¥¥ + 9

B
Eg[_:

A A} v} Ao} A2z

o [

el Pyronin %

AE) LEE WFAHE FEEUS MMCs
ol 25 ZASRE W, FAAME FBg
dom A zael @A ot BEaba Ul

FAloll A chaFe] Pyronin G4 Aol £
HPME gk obat, FAYPPYAEs ol
AsHe Aol 71915k, Pyronin ¥4 AE F
AT 7153 Fo4E& nejs] & o, T2
FgA G F2 V@ g FuEgHoz
Asla Ark o] Atlantic salmon 2] FAlol A
nFRYG Be 49 Ig + MEZ EXfPcE B
a9t A =F} (Press ef al., 1994).
ghatg g oA v d AFEA A
of ghderA 9ot Ny WAL ztzhe H4¥
Z7 Aolox 7L BE 9 ofFolA &
Abstnh dwr oz W gAY A EmE YA
248 o3 W FAsHe A ¢4 HFge
o} Aol xS A4 ¥l ¢

& wAEw (Elis, 1980; Secombes and
Manning, 1980), A3 ol EBHES AlRbo]
Aoetel wet ddzAd Exsk= MMCs 2
olF3tAY, wWuE dut o ZHsbe] &
22 MMCs & ¥dA4%uxn Rusga v
1976 Lamers and Pilarczvk, 1982
Lamers and De Haas, 1985. Lamers and
Paramentie, 1985; Lamers, 1986). ©o]#igF o2
AEe  g@AgEE ofFo WolAl  (defense
system) 7} E-FFoll vl vl Eol3d HeuiRo]
Eold 74 WS Rl A3 AoF o
z el7l Wl (Carr, 1976: Weir, 1977), th %
ME2 7TA5e 9= MMCs 2 o3 dolr| s
Bo dg4de o Evhn & & Atk

EFRhe FALE HIA A djzojdiAe w@ud

rr .-ﬂ o{n —iN o

_9_.02'. h

(Ferguson,

A48 FElis § (19760 ¥ lamers 9
Parmentier (1985) o] ®i1% &3 vluwsldd
2 o, whgre] MMCs 29| o] 2o 4}
ok e, & Aol v H F
Mol A, 7]EY MMCs WEZe] FYAHol Hrt
wa] (4 ) olPH i QUL ¥ ohEh FAilo]
ul ol vjs} galgYo] Hojirk= 15 HI
ot gl datglofo A= Falo] uld| u|sf
ghalgoluyd A LR Ags dg o
Abz it

Edwardsiella tarda FKC 2 LPS o ¥&o&
ofHlol A WA BALHE 7St FKC
Hajoje] A&, ulAAE Gole] Hg-o vis),
A M el gAgd 9 =rwst #gk ofy el
MMCs W29] ojF o A o] 4gs] e dof
i dslch &, B 8 AdF iy v
o] Pahgoji} AR o]l AHe] MMCs W
2 Ao By Aeidrh. ES v F I FA9
gy Zegg vus & o, Fioldaeg #
o] Falel HHAmIE dsl $A%E B F 9
Ack. o= WHAF, dug7ie]l MMCs HA
ol 2= 9&% da$ Harraez 9 Zapata (1986)
o] Hue} dxste HEo] sk Edwardsiella
tarda  LPS HAZAAME ghate] gAoju} A
SHoA oot FAMRE Wkgo] FEHUTE ol
FKC 9 LPS 7} HAz=1R 24 2Hg8to] o 4]
o] vjEo|d oAt G4, & sl
2 Eef SAEY 4 o]irfo] A5d A,
MMCs 2o AL T 7 d]xx]tof B|slo] whe}
A Hez AlgEch

g FKC o LPS d4¥ 79 RE "Hatvloly
370l Pyronin ¥ MEZL A3 Fot
3 HAE B £ AU Secombes & (1982) &
Yool Aeromonas salmonicida FKC %o 5
o FHE F4lol AL F9E2 Pyronin ¥4
yhgo] Frtate, 53|, olFHtE (adjuvant) £}
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HGG & 4o T 45, o o] 0%
Frezdta Busia gtk 53], E A4
LPS Fo44¥ & 8¢ & LPS 7t AMe B
A s BEA7)E mitogen S 24 dElA
71 REC dabd sl EAEtn YD d
7t @4 AxE 3% Aolv, Pyronin ¥4
SHE Z8ol Qo] zolE HY] AT FHoIHA
th, 2 A3}, Edwardsiella tarda FKC ¢ LPS
ATl M A7) T BE Fools 8%
T} FAloll A Pyronin 44 HIX7F Bol ¥
oo 11 ¥gER FrMEch B3], Aol
v gef Al HpKe] vlFL 4ol MMCs o &
ZFWFo e Qs @F AEo] ¢l
A wtd, A Aol A= a1 g EIt F
HAg #yk ol 1 % F7bste MMCs
4 F2F4 FHE JHE olFViE . F
Mol AfoME TR Te] Aol E FH3
71 S/ e
LPS 4ol 5 FalzadA MMCs 9 UF
44708 Holg o7t AHHA
obF ol thake] ®Lg &

g (8 - 12 9) Al AEole] FAzAAE
Y% AUE % BATS QuT GHelA v
YAE WAL + 2l WY, fobE WAole)
3 3

—o
=
Ir

e
N
52
:;

9E 9 FEelM A gugn
2 ojle] fobF Aol LPS

A2 okﬂ!‘d Zelal, olde Hdor AP
27404 ¢ F glerh, foiF £7AoE Rol
2 ofdle AfdAd e Aoz Holw, aAx
oz A UAZTZ FHE oA A xs]
g4o] 719 ZAex Atmdch. £ FaldA
9] Kok A FH7F 9 FHE, MMCs 9
gy woioh FYsm, ol HopFel ojxe

=4
—
=d
——
]
w

2
X

Se® Aoz MMCs & 754

2 Qlsteq dFazE ®sg Hos AR,
MMCs 9| 2 HAAo] JolF FH=E A
25w Aol oldr} Alm gt

Dexamethasone 3 #Z& XAld3d 32EQ]
corticosteroid = WIAAAZA A7} 2EF)
28t Qg o AU FAEE KA A%
general adaptation syndrome ®Hg-¢ @A o®g
hypothalamus - hypophysis - adrenal (HPA) b
ol g3 dFol oF FuH= AR dA
9} (Selve. 1936).

EFHolAe corticosteroid TEE A5 A

gHoe WEel WATe} Yukrel £8 7aA
a-lwi. Y 250 AME Baie) Yoozl &
AN dAN7E Aoz FdHA I

% 53] A EE corticosteroid o T
3] wkgate] QAU FodA HE Ge Frt
s (A ) AEFHze o] &
(chemotaxis) 7} AAECE [n vitro olAlE ol
Axel &2 Hy A5 e intracellular killing &
HE HHAUYGE Bavh 9dvhk (Goldstein et
al. 1%91

FolF9 corticosteroid o ¥ W= EH
w9¥ FrAbe WEE & Helvim gz U
(Pickford ot al., 1971 Mcleay, 1975. Ellis,
1981). %, ®Fo Wiy 9 dupe) Frp 7
28 #vk ol daAd 7o oy FE
#4271 (Anderson et al., 1982: Mcleay,
1975, Pickering, 1984. FEllsaesser and Clem,
1986}, B|EolH WHHEgl HHE 7|F%E
&g Foy wudn drt (Stave  and
Roberson, 1985). A~E#H AR Q1 cortisol 4%
& oo HAAE AAMAIIY (Wik er al,
1989), utobrt 7ol digh deAde F7HAA
t (Pickering and Dustin, 1983% Pickering and
Pottinger, 1983, 1985 Woo et al., 1987). 91¢
A Sl o e gz, EAFEH v
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e A9 7 742 (Anderson et al.,
1982].

Dexamethasone & XRFe %
hydrocortisone o ®]s} E7}7F 25 wf HEEZ,
corticosteroid FollA] Hlw A 3 Wg7|E 7AAn
oA A &M FFE F 5 Ao & dF
M % dexamethasone & g oA o4
HEo gAEHe] s "olmeom, MMCs
HEe] olF 2 FAAHTol glo] HAATH FF
3 zolE Bk AHEEE A FolMe 4
Ax) 3] Aol guute] fxFUYANAM HE
Hom Ajzkel Ao mot ¥FHoRE dF
Frrsl oy, wiA A e "Ag 2olE HA
on g TP TEE £ ¢ YU =T
2559 dexamethasone A |ollAv HE7¢H
F T3] A gEqiAng #E2Y & ANfC
o] A oJAM7} corticoid Al T2 2t
vlge] fxEWy T tAHE gagygol
Zastgon olz Qlsted MMCs 29 ol
o] AAHUEE olnl gt

&3, dexamethasone o7& Aol T4l
Pyronin 44 ME7 d¥@FHE EAdes Lo
Az vus] B o, 1 F7t Aihsgen dF
gho] F9 92 EAstHch.  o]& Pyronin ¥
4 HE7} dexamethasone o <8 1 Wg%7}
AA NG ¥R obet 1 7F A4 Aoz
Atg ETh

o] A2 Fe&FWolt AAF 2EH2 89
o o8 #ZFe] cortisone 9] F7H= ol 4
HEQ 7)5& HIAIA oA HolAlE oFslA
zZl # oolah, uiAFA e BEY FUE T4
283 o= B Fof MMCs o Fef &
Mol A4S F AR Aladrh

ojael ArelA nHMAF, AT H
dexamethasone X Z59 B]F7 FAZEZ A

haHEe ghgrAzEa NMMCs Wz olF

g wlas) B w, oixe] WA el w
g} 1 o]l dAsA zolE HAuch Y A
Aol M= g@del MMCs Wie] olFo] W=
I, JEFHEs xYstelen Alzke] Hupe] w
gl MMCs 2] 9jatie] 91g oz Fa3ich &
8, FAlY AN 2 FHE uFry P
Pvronin %A  AlE7 2ok ol g,
dexamethasone 2 X|itell A oA AEe] &4
et o5 Age vl fFrEwondt i
z2HoA HEHUoH, MMCs Hzef o3 FE
3] sdelgl iy HIFAAM B £ AU
© MMCs 342 dag gdel o] 2z ¥t
of e}, fjztMo] Bz Hoin Faldha] %39
ct.

oli= ofAle] HAHAGYelol whet thA Mg
A YA FFol Al EAtEel ©AEAy
2 Ao W vigch olol A4
¥9o MMCs 29| o]Fdito]l @b A MMCs
o 284, A7), HEA 3 &g & IS
v al = dgg AlAbgTh o]z MMCs o ZHE
ety o] HEojHo WelzAHA A
AsiAol glolM melEoiol & Fod Hejshy
FA% € 7 2lE Ao g
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Legends of figures

Normal histologic structures of spleen and head kidnev of tilapia.

The arteries (a) and veins {(v) are located in splenic central zone. Cluster of lymphocytes
(I’ is accumulated adjacent to ellipsoids (e) and blood vessel (vj. H - E (x 100).

Only a few pyroninophilic cells (arrow) are observed around the sinus (s) and lymphoid
tissue () of spleen. Methyl Green - Pyronin (X 400).

Numerous blood vessels (p, ¢ and sinus) are interspersed in the parenchyma of head
kidnev. Note the lymphoid cell accumulations (1) around the portal vein p). H - E (X
100). p : Portal vein, ¢ : Conversional vein.

Pyroninophilic cells (arrow) adjacent to the sinus of head kidney. Methyl Green - Pyronin
(% 400).

Histologic structures of spleen and head kidnev after injection of colloidal carbon particles to
normal non - treated tilapia.
Spleen. 4 days after carhon particles injection. Carbon particles are accumulate adjacent to the

connective tissue of ellipsoids (e) and sinuses (s). Azan - Heidenhain’s Aniline Blue (% 200j.
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Fig. 7.
1
2)
3)
4)
5)
Fig. &.
1-2

Histopathological studies on MMCs

Head kidney. 4 days after carbon particles injection. Note many carbon particles associated
with lvmphoid tissue (I} and sinuses. H - E (X 200).

Spleen. 8 days after carbon particles injection. Large accumulations of carbon particles are
associated with sinuses (s) and ellipsoids (). H - E {x 200).

Head kidney., 8 davs after carbon particles injection. Large accumuiations of carbon particles
are present around portal vein (p). Methyl Green - Pyronin (x 200).

Head kidney. 20 days after carbon particles injection. In parenchyma, some amount of carbon
particles are remained in sinuses and the adjacent lymphoid tissue (). H - E (< 200).

Histologic structures of spleen and head Kidney after injection of colloidal carbon following the
application of E. tarda FKC.

2) Spleen. 2 days after carbon particles injection. Large amount of carbon particles is

accumulated in ellipsoids (). H - E (x 200, x 400},
Head kidney. 4 days after carbon particles injection. Carbon particles are accumulated in
lvmphoid tissue () and sinuses. H - E (x 200).

Histologic structures of spleen and head kidney after injection of colloidal carbon following the
application of E, tarda LPS.

Head kidney. 2 days after carbon particles injection. Large amount of carbon particles is
found in parenchyma. H - E (x 200).

Head kidney. 2 days after carbon particles injection. Numerous pyroninophilic cells (arrow)
are interspersed throughout the parenchyma. Methyl Green - Pyronin (> 200).

Head kidney. 4 days after carbon particles injection. Large amount of carbon particles is
densely accumulated in parenchyma. some carbon particles are also found in the sinuses (s).
H - E (x 200).

Head kidnev. 8 days after carbon particles injection. In parenchyma, some carbon particles
are remajned in sinuses (s) and the adjcent tissue. Most of carbon particles are located
within MMCs, H - E (x 200).

Spleen. 2 days after carbon particles injection. Pyroninophilic cells (arrow) are closely
associated with ellipsoids (e) and sinuses (s). Methyl Green - Pyronin X% 400).

Histologic structures after injection of colloidal carbon following the application of

dexamethasone.

: Low dose of dexamethasone {1.5 mg/kg of B. W.).

Spleen. 4 days after carbon particles injection. Only a few carbon particles are observed in
ellipsoids (e). Azan - Heidenhain’s Aniline Blue (X 200;.

Head kidney. 8 days after carbon particles injection. Some amount of carbon particles is
accumulated in parenchymal tissues. H - E (x 200).

. High dose of dexamethasone (5.25 mg/kg of B. W.).

Spleen. 16 days after carbon particles injection. Only a few carbon particles are observed in
ellipsoids (e). Azan - Heidenhain's Aniline Blue (% 100).
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Fig. 5
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Histopathological studies on melano - macrophage centers (MMCs)
in spleen and head kidney of immuno - modified
tilapia, Oreochromis niloticus

Jeong - Hee Park and Min - Do Huh

Department of Fish Pathology, College of Fisheries Sciences,
National Fisheries Universitv of Pusan,
Pusan 608 - 737, Korea

Histopathological studies on the two lymphomyeloid organs of spleen and head kidney in tilapia,
Oreochromis niloticus, were carried out to clarify the significance on the morphological characteristics
of melano - macrophage centers (MMCs) which are varied in different physiological and pathological
conditions of teleosts. To examine the histological changes by the artificial modification of the
immunological states, tilapia were treated intraperitoneally with FKC and LPS of Fdwardsiella tarda,
and orally with dexamethasone, and then followed by the intraperitoneal injection of colloidal carbon
for chasing the macrophages. There were marked differences in phagocytic avidity of macrophages,
and accumulating patterns of carbon - ladening macrophages into the MMCs among the test groups.
In the non - pretreated control group, carbon - ladening macrophages were densely accumulated at
12th and 20th day within the MMCs of head kidney and spleen. respectively. Aad, in the groups
treated with bacterial antigens (FKC & LPS), the macrophages were more rapidly and densely
aggregated within MMCs. But in the group with dexamethasone, only a few carbon particles were
detected in both organs. Any compactly isolated form of particles was not found in this group. From
the present results, it was strongly suggested that certain changes in immunological states of tilapia
influence on the morphology of MMCs including the frequency of appearance, sizes, aggregating
patterns or outlines. Therefore, morphology of MMCs would be very important in the interpretation

for histopathological findings seen in the teleost’s lymphomyeloid organs.

Key Words : Lymphomyeloid organ, Melano - macrophage centers, Ellipsoid, Portal vein
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