o[ $HA A} SR

P4 ol (Mugil cephalus)®] 7+ AATH
Zoll g Welzs ety By

20033 84

» Ay



24 ol

200349 69




AADSITACT oottt et ettt ee e s ettt e e eae st a e et eereeetasarserete s rae e e nran

ol
)(

bl

II.

Logofe] A 2 Ad@e] fFR s

AR TR AR e

et

3.

(2) AAEPIZ A HE A A s

o

o
1

i
]
(A}

T~

10

.16

V.

L7

Zi
TR T Lt LT T PP

Akl

VL

.34



A histopathological observation of hepatic megalocytosis in

cultured gray mullet, Mugil cephalus

Hyo-Ju Kang

Department of Fish Pathologv, Graduate School

Pukvong National Urniversitv

Abstract

In order 1o characterize hepatomegalocytic lesion naturally occurred in gray
mullet, Mugil cephalus, and to assume the possible cause, a series of
histopathological studies were carried out. The lesions were found only from the
liver of individuals suffering from green liver disease and characterized by a wide
distribution of megalocytic hepatocytes showing great pleomorphism in their size,
and numbers of their nuclel and nucleoli as a main component, which was nearly
the same in hepatomegalocytoses already reported from other species of fish.
Megalohepatocytotic lesions were nearly always confined to that part of liver
discolored with green and/or deep green. These histopathological results strongly
suggest that the hepatomegalocvtotic lesion in gray mullet might be due to the

chronic toxic effect by a certain component of bile juice on hepatic parenchyma.

Kev word @ Mullet - Mugil cephalus - liver - megalocytosis + hepatic megalocytosis
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= o dadFTi E39Htt. Propylene oxide(PO)AIAM A3 3 PO : Epon& &9
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Fol zbe maze) AL By, Y R FRYAY FAA dH 3
Aot st A% Ade) dge HA£st A9 dehbx) ggtor Augel
FUAE 2= AAL @ EeHFig. 1.

ol A4 7+de nAdA A F2E JedAl @ota, ¥8F 7HdAM 24%
T ZtatZ(portal triad), < portal vein, hepatic artery, bile duct=4 = &3&tA] et
2 ekokA|wt, fabg A2 E el sol e @A dads) 7 42 A
uhio dx AbAls AT 3D cross section) oA 74 E A (hepatic cell cord)

g2l 1070713 dabd ez widso] 2ldar, FUE #E(sinusoidal axis)ol 3

rlo

A derd WolM: AR 12202 wWadso AUTHFig 2-1).
T, B 29 A Fol e oy A4 paA TEE wolx %
ol Awa olmeld UM, AMew BEA g zrle) BAEA 7 A

HMubro] Az Akt Exaan I AchFig. 2-2). AEe A7 FeiE vf-$ g3

r-iu:

| vebton da MEd 2 uidg Ao 5ok wule FHAE Apeld] ]
W G by AEEC] #EHAoH, o5 AFEF F92 HE 4 A
velskor, FE3 283 I o pE U

A dAlxs S8 HAE HAE e T2 ¥3E shded Wz g
A F oAMelAL sle] F= ARl A FAHJG Yy B gl Y g Y



@ AZIR ey, 27 olde] e X EL T4 gasgch e oy
o FRT BaA BAE A9 BT, o]F wE Av) A dReA
bbb skeh(Fig, 3-1).
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71N st olg 3 & s 22 vl &4 geeA vay =9 ske] A7
7b dEetA vebdel el Aw-Ae) 91d Aelels o A W ohFig. 4-2). ATA W
R7MA 79 inclusione] #AHYG. TG AYare] BHo] NEAY AAs A
AAM YEAR(Fig. 3-4), Y7149 Fds ZTHo) HXAY T Ut
(Fig. 3-3). sttt £& vhre) we g4 3y mg AR50 o) Byge "ga 5+
fol AT MMC(Fig. 4-2)9) 9% Agd4a §48 4049 27) JeS 2o
e, g AMATEy 2o g9 UddAE 898 5 U

AR G ANAEs dg FAH ik g AgAdEst 2oAs ug



= FAAY, ARl #E= FolMA wdEo i A4S FY BATEG 2 o
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LA ZRAA, Z& Hh HHE) & 9 FHoh A HAE7} Y29 degz
Bk AQA gEEA Ty golatA stk 9@ 9o dsppSo] g A
5ol AR, dqe] APE /AT Sl MMC E3 B Ack(Fig. 4-3), 2o
olvt T Fofol Y49 MMC ol £t IR 515o] PASH %A uhs S el
Hider, o5 9] nidig AR EAE AY BYFH fA AL
ERd T (Fig. 5-1, 2). S We] 24 £ =0 hEo] 2B Ho) (ML, FH A
AMEAE G GE Azt #25A0KFig. 4-3, 4). Gomori’s methenamine
silver 444 A FAE FAST Us AFNRYG 9B UPHe] g we
CERRG g A B R olyet 9 Ul Ay 9] GAWLS wold m
2 FRe] o) 9FE FAH B 5 UAHFigs3, 4. Y% XY DM TG @
e dFe g
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st A718 vehdls Aol B0 rkFig. 7). T | 5 I o] e go] thg
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Fu gow ¢ds] ZeMe] BYPAE #HHSH L, o8 FJRPARERS T
gtal AAHFig. 8-1). ERE A4 &4 & #x 349 49 Fds 9
AT Wure] A= n2x] Zaa g2 T2 48 dou(Fig. 7-2 3), g5E
#tfon wild FHe FAHATHFE. 8-1, 3). wdd AdeE= AW H 7 ERy}
2 AEE 2] £¥53 glonR sy 349 BgAE HTER A7BE
of Wt ow wgIHo] FHs] wulg Ao® Moy = Fejde] AAL By
B TEEe AANYRE /A= Ui Ande Axde 23t dydaE @
e, ol AR FHA A ALAL 987 ® A ohFig. 8-2, 3),

A vE B A AAE Hodes Sedad B¥sl Exex gow wH
2 oo Aol FRAAUC Mxd Avltd Ax FL& A3
BT EAST AR oH(Fig. 8-4), o1& FHAE ¥ AY drdo] BN F&
of Wl TR PP ANAG(sER)o 2t of A,

A ER Apoldl FFH o] o] PMEDY] EAwPo] dojurt HFAFA 7H
A3 Abelell Y AlE 7 Hspace of Disse)olgli= Zh=to] glov] AHF A EANA EF
g threl wA S E(microvilliZb diFRe F7He AXEn YA B AFdM =
TUER 2t FEs] #HAHA g, vdE FAT e £Y F9L 4S5 o
i20ress
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A= Gt HaAe} 27 @ o et debsten), dud 9@ F99 ofnp
A, MMC 84, A ZW 359 inclusion, 2889 2274 2o dazagsy 4
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Al dE B e AL #25HA gdsia, M 2] T8 YAl 7
MEeh ARG 2ok AEA Qo) wtA Badoms, thre e xy
stAVE Auhdst 4274 Hel: AXI Bt



=R AAD gol AN Fadel] HlE W vy A9 gEAL =313
02 3= AdAEE of Feldgon, oze HS tHHgE AUuxm YUch
Megalocytosise fFAREEA] Hdo] Atz doju}A] gro} dulale] 7HAE7 84S

SEA AR o AEEA Aohg sMen vk (Wales 1967, Sinnhuber et al.
1977). Megalocytosis®= 1% & ¥ &3 thre ZLHFoA hepatocarcinogen toxicity
of og WMwogAy BwHYN, o|¥¥ carcinogenic agent®2 = polychlorinated
biphenyl (Hinton 1978), endrin(Eller 1971), nitrosamine(Stanton 1965, Ashley &
Halver 1968)5°] 219 Natural toxin¢) aflatoxin® pyrrolizidine alkaloids(PAs) & A]
o] 5#(Wales 1967, Hendricks et al. 1981)9} ¥ (Butler 1964, Peters et al., 1987)9)
A megalocytosisE FrEsts Aow A ok o|ute] o dxde] A= A F
AN fatd WHo]l FAHE Aow uuddchMyers et al. 1987, Peters et al.
1987).
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EaRla, 2 F9 2 A magalocytosis® H s o1} B AT o] 7hEo) A

rir

o] F Aleg FF FAHQ GE WHEo #2HA ¢S wil carcinogenic
agentell ©)g FFHe] FAHL A9 glx Aow AztErth PR Malas
flat fish(Malins et al., 1984, Myers et al., 1987)ut English sole(Myers et al., 1987
AN AR EaFH YD ol o)F odd vite] ARy AW HHY )3
7 R A ol Fel Wb B AR A9 Fole o]EAE AgAAo| rEue

Sd ool Ae Ase WAY 5 2l
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Megalocytosiseh= 23z pyrollizidine alkaloids(PAs) S4do] ¢ &t &3 A=A

rE

315 7137 96 AL AU Kelley 1985). PAs= thd A 2o A &= 7
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AL =N DNA §42 Adisha Azt AXTRFe ARsta] b Ee] #ap A

Fdo] vdgsE Ao B uHAri(McLean 1970, Maddocks 1986). Hendricks et
al(181) PAsE dgHos T/ Fofd %o8te] megalocytosiss HF 3 th
ol WYz e WEE fFEaHon o5 K ApdM vehd b Hua f4a

A4S Ad 2y AF A PAse §4 4 el

B

Aste HOZ $£A M=

¥ Ae] gid

Chinook salmon(Stephen et al. 1993), Atlantic salmon(Kent et al. 1988), Striped
bass(Groff et al. 1992), Salmomid fish(Kent. 1990)°l A megalocytosis®) =<3 uk A
b EnFnt AdIAMEE 5902 st 73 Wee oA wssA Jdehg 9
912N WESA W AA Bgkorh, Kent 9 Stephenol B g ¢dojs} o]F o] A
T HFE B HFAA AES 2l nlel aed Hue 5 uiws) wa

# 2% 540 e fEUUS Aclen Ak EF AT Ao WAA
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o7t v ojFo) vl FAHEA F9 3e oFojetn A

A E74 megalocytosisd] Wgt BuE iR E SAEAA #Hedd Aolu) Kent=
megalocytosisE HWEHAW AAE AT AT &3 F gi-E9 wulo] Xt
o ReR Basnh, 2w & AroA s o 567197t d¥d e
Z ol EAAZIL AT Fol AR AHE AdziAxrt o5 Fagel ue)
27 549 22 Sdd o3 HHRe) AuAde MR 45 glo] Btk gt
A et HE olF JiAHE FAEES Mols A gL AHEZ EPA gde

3 Bolsol A%y, HAE g WA ARk 2AGH #F B3I} AvA

27 vy Edstn YAvk 2R R megalocytosise] A feto mA x7hat o)

ofo H¥ #7b& wolm O] AL HAEF [t FEI} FANS @ 2P

_—

2 dAste) e 2HYTAL wiol AW A3, =03k vN PEE AAW

T84 +7A zlolE HYY & w7 ¥ 2E nuclear pleomorphism # ti o] 7

Q_\'E

AL W ANyl dA A Ak ool wa uxzt AAle] fua
e we 242wt 4L A A%Ee v $aeta dgon 15 AdzadE

b B =0 g s |

5708 FE A (cholestasis), B W) Aohol slsl HEAEe] grhol Az
= @gonA, 9EYEC BAROR B4 A, dw AN 359 58
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FRFAA el g2 BEd del2yerd Ao ¥ 1A, w
A, A8t ol JrHCameron et al, 1958, Slott et al., 1990, Frzza et al,, 1993). ut
H o fo Mz dAZA =37 293 B 7hao] Wzt 4248 B a3l o

T oWew, TR gF N4 ARa AaetE zabdlgt Fstso] g

kol A WA Rl FHe) FHAMEY, WA He dao By @
kel met FEAA F7E #9Y F AU ojuF AP Al A o
T FAHE QU AT MMC HelA % #@gel il FFo] disseZd =4
Faog Aot AL Wahd FH TAMNEA olg EHste] AFd MMCE
B Folet AN BE thke HAE Wl ME dgast Y50 FEA

o] THAZo 2 HQ WAAHIE opr|Hg sHsAde] AA g

HFad Wy, GE, 24262, dA", Ve 9xd 5% F8En 9on,
FAM e ARG B dutdoz oFe NyEHdads sHE Ao
2 <delA vhKaplan 1994). o=t AlZEA Q) 7[dL dIRE w&HFAgA I3y
o gov, & i delmndg gEake] & nEZ=gol 7% Fof(Schaffner
et al, 1971, Krahenbuhl et al, 1992, Gores et al., 1998, Rolo et al, 200007} doju}
5, XA FASIE A Sokol et al, 199HTH HUTh AT thde) Ty
st Agabe FRstn Adod, ARsbrr wagshd A Ee Fikdol FrkE R lipid
peroxidative chain reaction®] A oz WA TH Weiss 1986). ojw] M= FAH
radical®] protein ©ltt DNASH 22 ¥z B4 widate] FHS Axeyds o
073 HEHE AFAE Z#$CHFreeman et al., 1982).

gdE M= 2HHF9 7l A lipoperoxide level & W $- =& oz HuFHY
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3, o2 Qlgh A ARakslis 7HHF 2 )5 (Arthur et al, 1985, Bacon et al., 1985)3%
DNA 9/d(Foschi et al, 1993, Gokora et al, 1992)e] d&& wdvn gcy. £
ol FelME XA Hitdlel] wtE AglA Aeg A gdo]l WAy s A B E s
Aol AAE K Sekiva et al., 1994, Sakai et al., 1989, Ito et al., 2000).

DNA &4 peroxidation levelo] & A d3 39 7= g #add g2

S 2487 Y8 DNA g4 o) Z718ud, $dgo] A4 EFE DNA gA4L 7
A2dteh . oFdtiMikio et al., 1996). o]ol ¥k&l] peroxidation level® 7)ol R} 3

.l

o2 AQHE free radical scavengers$t antioxidantsol )3 W& 2 E yeidch
JLE)vh Alzbe]l Awsle] FabatAle) a7} wropd e whe} peroxidation levelS Z7}
Bhpar eblar o] 7o) DNA FAH AXFdE 4245 228vu &9 HFoschi

et al, 1993, Freeman et al., 1982, Player et al., 1979).

c}
[E]

N

AR

ol

o shipel BEie TRYD MEYYor JHAY olEL AXEAR

-"‘IE

A7 va2e, dutqeon ¥3tFo]l wEHH dHd d fHscn dHA Ao
(Sarbu et al, 2001). =¥ 2E DFo] MESHaAS 7[R = AL opetxu g
WH(Scholmerich et al, 1984) HA7LA Fole] 25 A B8 2A: ¢ 44
oltf. ¥ FFAAE doly DFo] AE el FHEYG gL MEe g3
Eg S g FEF WF @50l FEI FAd dgzeAe gfe] Ar|Hr)E §

A ALt et al., 1986).

¥ Fol9) A% DAER A e BE FY4Ee Ut RAEe N

DNA #Adeo] &€ws] doux]gt =7bo] X4y e 24 peroxidation levelS 43t

o5l FAREE S AAAH FAI AEetely vjgZ=aole 75 Fo) T &
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Al ARGl BuWE BRHAW, BAE A9 A7) Wshe BAEA FL o0
W, Sl Ao A e Ty o) AdMES Belstant o) Rt EhFl v 53 2

etdste] A AstE= BEHAPAdS oF $FEa glenzg A AAge 95

~11
=

dakm, mzke] QUEG ASPoUM, BE SHol WA &4 O AHEAY

= AoR Aztgch ofHd Fol 7S AR A 57 AR A AN
AW EE #EEA G Y54 Waiwte] vERGT o]l AL w3ko] w4 &

ol BAT AAZA, Ro) FAZ o] okn THITL vhehhA & A
B3 GAZT, ool =7ke) WA AZAE FHel AFH B Uk 1]
©ooel e A& ) whet $Ee SHGPe] Yehdun ¥ 4 Atk

o] 9o HE BFAAME H7to) HAEHAn, A ZALE AAS A Ad
ZhEE AFZER gt 5708 F2 9E AR F obilinnbinEtE ZaFdE A

o) a4 %= biliverdindl 9§ Azl A o FiLgE Aotk HAME

FEAR 7hA¥Ed AT sdEtE oFd we o 5AdaRE d24 el
] Folrl & o]Fd vla] HAEZ d5e U 97EA wgdseE AeRs A

vk, Hke] whE 3 &4 HES] 7] A E w3t A dEad

2 d9Moz FEY £ Yt 4BS TS = AEA AAL D3 AT
Adon HEATA Fo wuz AR FEANE fUE FES T
GEAAR da x7ro] FuHI Aol AdAErt WA AgHos Yds)

2 a7t o olg AT Frf Yol oldsiojol & Aolnt
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V. 2 ot

FA Fojo A AW AT b A A X F (megalocytosis) el B 54& Ty,
7He 91918 A7) st Jd¥e] Wz dTE FAHAYL o] T W
WE HTFTE HolE Al Zedte FAHE 40 v ofFdA 2ud AU
ZHA ¥ 5 (megalocytosis) @ of9- fFAMSERIL, $oiol A2 Ad{HA] £ 5 (megalocytosis)
of WelzAgd 232 A%, # diAo 37 @ Sl JoiH vk s HolE
A Ee] E¥7F e AU ook e AL 54 T FL H4xE
HERE I 2F HHd g AT mebd ol 2 HezAgHd &
of n]Fol 2 FololM el A M EL(megalocytosis)S HEAAEC] AR TA)

T A 54 JPd b2 232 Asdd.

E Aol 1 w0 - Mugil cephalus - 7¢ - /A EF - AdIZHAE

ol
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Fig. 1. A gray mullet showing partially green colored liver.
Green part{arrow), whitish part{arrowhead)of liver.
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Fig. 1.

_18_



Fig. 2. Normal liver and liver showing megalocytosis

Fig. 2-1. Histologic features of normal liver. Note the regularly arranged
hepatic cords throughout the parenchyma, C: Central vein, HP: Hepatic
parenchyma. HE, X400.

Fig. 2-2. A histologic section of liver showing megalocytosis.

Various kinds of pleomorphic cells(arrows) including megalocytes are
evenly distributed throughout the severely altered parenchyma. C: Central
vein, BD: Bile duct. HE, x200
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Fig. 3. Various histologic areas of liver suffering from megalocyiosis.

Fig. 3-1. An area showing Fig. 3-2. A hypertrophied cell
extremely hypertrophied hepatocyvtes containing 2 nuclei with one of them
with  their enlarged nuclei and invagination. HE, x400.

nucleoli. HE, < 400.

Fig. 3-3. Clearly isolated eosinophilic Fig. 3-4. Quite large eosinophilic
cytoplasmic(arrows) and  basophilic  intracytoplasmic inclusion{arrows)
inclusions (arrowhead). HE, X400, isolated by clear space. HE, X 400.
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Fig. 4. Histologic areas except for megalohepatocytes

Fig. 4-1. Small hepatocytes(circle) Fig. 4-2. Melano macrophage
with small, oval, concentric nuclei and centers (MMC) located mainly
bile preductular cells(arrowhead) with around blood vessels. HE, x400.
eosinophilic, eccentric nuclei grouped

amongst megalohepatocytes. HE, <400,

Fig. 4-3. Inflammatory cell infiltration Fig. 4-4. Pigment of bile in the

and MMC around bile duct. HE, %400. lumen of bile duct(arrows) and
within basal cvtoplasm of bile duct
epithelial cells. HE, x<400.
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Fig. 5. Various histologic sections of liver viewed by special stainings.

Fig. 5-1. Connective tissue arcund Fig. 5-2. PAS positive some pigments
the bile duct and material plugging withins a MMC and within cytoplasm
the lumen of bile duct were PAS of the adjacent megalohepatocytes.
positive. PAS, X 400. PAS, x400.

Fig. 5-3. Gomori's methenamine Fig. 5-4. Presumed bile preductular
silver positive material within the cells are also differentiated with gomori’s
lumen of bile ducts. X400, methenamine silver stain. X400
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Fig. 6. Histologic features of liver with hepatic megalocytosis on semi—thin

section.

Fig. 6-1. An extremely enlarged Fig. 6-2. Multi-nucleoli in megalo
hepatocyte. Toluidine blue, X 400. hepatocytes. Toluidine blue, X 400.

Fig. 6-3. An osmophilic intranuclear Fig. 6-4. Numerous intracytoplasmic

inclusion  in  a  megalohepatocyte and  intranuclear lipid droplets in

{arrow). Toluidine blue, X400, megalohepatocytes. Toluidine blue, X
400.
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Fig. 6.
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Fig. 7. Transmission Electron Microscopy I for megalohepatocytes.

Fig. 7-1. Atypical distribution of chromatin within frayed nuclei of
megalchepatocytes(Circles). NO: nucleoli.

Fig. 7-2. A nucleclus with Fig. 7-3. Marked elongated muicleus
extremely frayed border(arrows) of and its nucleolus{arrow).
a megalohepatocyte. NO: nucleoli.
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Fig. 8. Transmission Electron Microscopy Il for megalohepatocytes.

Fig. 8-1. Vesiculated swollen Fig. 8-2. Various types of lipid
numerous ER group invaginated into droplets in the nucleus.
the nucleus. N: nucleus,

ER: endoplasmic reticulum.

Fig. 8-3. Lipid droplets flooded into Fig. 8-4. Shortened swollen ER in
the nucleus of a megalchepatocyte. the cytoplasm of a megalohepatocyte.
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Fig. 8.
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