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ABSTRACT 

Uver spednum.s were obtained from slx healthy adult male and female eels. The 

specimens UJere processed for light and electron (transmLsslon) microscopic 

exwniTtation. The light micrOsCOpk obseroaltons revealed that, the liver oj eel ls covered 

by tllm fibrous capsule formed ma.tnly of rettcular jIbers. The hepatk parenchyma IS 

not arranged in distinct lobules. The bllianJ channels and vascular elements did not 

·exhabit the classlcal triads but seem to be randomly dispersed In biliary trocts. 

bmary-arteriolar tracts and oenaus·bUlary·rutertolar tracts. Rather than tIle Uver of 

most teleostls the liver of eel lacked pancreatic exocrine tissue (hepatopancreas). 

Electron microscopic obseruatlons revealed that ceUs oj Uw liver differenti.o,ted to 

hepatocytes and non-hepatocytic cells. The hepatocytes are characterized by the 

presence of abwtdant rough endoplasmic reticulum. dense aggregates of glycogen and 

lipid droplets in their cytoplasm The rwn-hepai.ocyttc cells tnc!udtng firstly. slnusotdal 

ceLls. which are choractert2ed by m1cropfnocytotfc activity. Secondly. perislnusoldalfat 

storing. Ito cells, which are the source oj olt. A. Thirdly, Interheparocytic macrophages . 

111ere is no classical kupffer cells. The results were discussed on the light of auailable 

literature. 

It was concluded that. the liver oj eel have its own charactertsllcfeatures. devoid oj 

hepattc lobulation and hepatopancreas. Its ceUs are good. source of glycogen. lipid and 

vitamin A. 

INTRODUCTION 

III 

Marked attentions were focused on the liver of fish. This can be attributed to the fact thal. the 

Uver plays a major role In the process of vitellogenesis and in the energy producUon ductng 

spawning (Wa11ace. 1978; QuebraJ. 1991 and Toro &. Shozo, 1998). 
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RecenUy. the fish Importance Increased 'as a mldi-l ifii Jet~nnl~~~vtbnmental pollution. 
7r'.- ~J". • .. .... T, ..... ~ 

The Uver as a target organ is useu as biomaritcr for .IQ.HetrtlJnlhg-'e11Vtrohmental quality (Mallns & 

Haimanot. 1991 and Gonzalez, et al,. 1993), 
,. ') .. . '\. 

• . t"b..l _ ~ I ' • 

The histological study of the llver in fish was deSCribed by many authors (Groman, 1982), 

striped bass (Grizzle & Rogers, 1976), catfish (Rocha et aI" 1995 & 1997) trout and (NeUe et 

ai., 1990) TUapla. 

Eels live In rivers through out Europe and In North AfricA, grow In fresh water, when reach 

sexual maturity maRe their way to river mouth and sWi m together to their spawning grounds In 

salt water sea (Wack. 1987). The available literatures have HtUe lnformation about the 

hJstologJcal structure of the liver :)f eel. 

So, the present s tudy aimed to establish the norma l histological structure of this organ in eel 

when present In EgypUan sea water. 

MATERIAL AND METHODS 

L.lver specimens were obtained from six adu lt male & female healthy eels. Thelr body length 

ranges from 50-55 em. The fishes were caugh t from Manzalla Illite in March. Their liver were 

excised. For light microscopic examinaUon. paraffin sections were prepared, sta ined wtth 

hacmatoxyHn and eosin {H & EJ. Crossmon's trichrome and Gomon's reticulin stains (Bancroft 

and Stevens, 1990). For electron microscopic examination, very small pieces or liver wt: re 

Immediately fixed In 2 .5% cold glutaraldehyde Ln phosphate buffer (pH 7.2) for 24 hours. Then 

post fixed In 1 % cold oSmium tetraoxlae In phosphat~' b~ffer (pH 7,2) for 4 hours . The specimens 

then were dehydrated in graded alcohol and embedded In aralcUtc resin (Hayat. 1989). SemHbln 

section (l,-,m In thickness) were stained with 1% toluidine blue to select the field for ultrathin 

sections, mounted In gAids. stained with uranyl acetate and lead clbate and examined by J(i;OL 

100 C x transmission electron microscope. 

IlliSULTS 

1- Light microscopy: 

The liver of eel Is formed of reUculotubular gland which Is covered with thin fibrous capsule 

fonned ma inly of reticular fibers. The hepaUc parenchyma IS not an·ange? In distinct lobules, 

that are appearing quite con tin uous. The radlaJ patte~n of ceUula.r plates recognize tile units of. 

slcuctun; and assign Imaginary boundaries to the lobule by' re}nylng u Ron the regularly 
. f,I'" - . l'··.~>:" - '- , •• " t • 

distributed cent.ral veins as (l landmarKs (Fig. 1) . . 
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Hepatocytes were observed as large . polyhedral cells with spherical single nucleus and 

prom1nent nucleolus. the cytoplasm is vacuolated (FIg. 2) . 

The biliary channels and vascular elements seem to be randomly dispersed throughout the 

parenchyma. The stromal components are three dlmenslonally a rranged as venous - bUiary -

artenolar tracts {¥BAT} (Fig. 3) & bWary - arter10lar tracts (BAT) (FIg. 4) and' biliary tract.{BT) 

(Fig. 2). The hepatic tracts are surrounded by a moderate amount of connective tisSue (Fig. 3). 

The medlum- sized bile duct 1s llned by cubotdal epithelium (Fig. 2). while the la rge ones were 

Hned by columnar epithelium with basally situated nuclei. The lamina epUheliaJl s Is followed by 

connective tissue layer and thick layer of smooth muscle fibers (Ftg . 4) . 

Hepatic slnusolds were trregular in shape dlstrfbuted In between hepalocytes forming an 

extensive ne twork (FIg. 1). Gornort's sliver stain visualIzed a reticulum framework made up of 

argyrophilic inter-related fibers outl1nJng the hepatic stnusolds (Fig. 5). 

The liver of eel lacked pancreatic exocrine tissue (Hepatopancreas). 

U"-Electi'on mlcrolCopy: 

A-Hepatocytcs: 

They were polygonal In shape. The nuclear information of hepatocytes showed large. spherica l 

nuclei with few scattered euchromatin and aggregated peripheral heteroonromaUn (Figs. 6 & 7). 

They contained prominent nucleoU (Fig. 6). Rough endoplasmiC reticulum was present as 

abundant cisternae and In parallel form , appeared aU over most of cytpplasm (Ftgs . 6 & 8J . 

MitochondJia exhIbIted large. ovoid shape and were dIstributed haphazard In hepa locytic. 

cytoplasm (Fig. 6) . Golgi apparatus (s made up of three to four closed parallel arrays . The ends of 

the cisternae are oftenly dl1ated (Fig. 7). 

The cytoplasm of hepatocytes presents an extremely variable appearance. The principal 

source of variation Is the content of stored material. glycogen and lipids. The glycogen appeared 

In the cytoplasm as a dense aggregates (Fig. 7) . which IS not Uniformly distributed . Lipid appears 

In the form of osmiophilic (non membrane bounded) droplets of varying sIZe. they are few small 

droplets (FIg. 7). Sometimes large droplets (Figs . 6 & 8). Spaces of Dfsse were located between 

blood slnusoJds and pertslnusoldal hepatocytes (FIg. 8). 

B- Non-hepatocytlc cells: 

1- SlDu80idal ceDs (endotbeUum) : 

The hepatic blood slnusolds Is lIned by one cell type only, the endothelIal cell. It Is formed of 
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an attenuated cytoplasmic sheet. which dellm1te space of Dlsse (FJg. _-81~ nuclei were generally 

bulgIng Into Ule lumen. Numerous plnocytoUc ahd mJcroplnocytoUc vesicles were observed 

indlcaUng high endocytotic and/or exocytotlc activity lflg. ~) . Reticulin fibers a re attached to the 
.J •• 

endotheUu.m by fine, flbrlllar meshwork which filled .tht; .space of Disse (Fig. 8J. 
.. c, ." . 

2-Perlslnuaoidal Ito cells (fat storing, perlslnu80idal cells) : . 

Ito cells present Immediately underneath the endothelial linlng. The nuclei te nd to be less 

elongated with' deep Indentation. Osmiophillc lipid droplets (non membrane bounded) were 

observed. rough'endoplasmlc reticulum and ribosomes a lso demonstrated. No Junction complex 

between tto celts and endothelIal cells were observed. Cell membrane s howed mlt;roveslcular 

exocytotlc actlvl;~' Into blood slnusOlds (Fig. 9). 

3-Macrophagee: 

Inlerhepatocytic macrophages were located among hepalocytes. The nucleus Is large 

lobulated wtt h abundant euchromatin . The cytoplasm contained few mitochondria and rough 

endoplasmiC reUculum . Electron dense bodies of different diameter, phagosomes and lysosomes 

were demonstrated Wig. 1 O}. 

DISCUSSION 

TIle obta ined rcsults revealed that. Uie Obrous stroma of the JiveI;' was formed mainly of 

reticular fibers . Similar findings were reported by Speilberg et al. (1994) In Atlantic salmon. 

In Ute present study. the hepatic parenchyma Is not al'ranged In distinct lobules . The same 

result was reported In sever"i Osh species (Grizzle and Rogers. 1976) In Cat fish. (Groman, 

1982) In striped bass, (SpeUberg et a1., 1994) In Atlantic salmon . (Nell et al., 1990) In T1la pia , 

In contrast . Timashova (1981) reported that liver of piacla has well-developed connective tissue 

fibers, clearly demarkate the parenchyma Into dlsUnct lobules. .' 
Regarding the arrangement of hepatocytes. thcy are radially organlzeCJ In plntes around 

central vein, Differen t opinions were reported. Ule same observation was reported by Anderson 

& Mitchum (1974) In trout. Salama (1995) in carp. However, hepalocytlc anangement were 

recorded as Circular profiles In rainbow trout (Hampton et aI., 1989), branching and 

anastomosing cellular tubules In Atlantic salmon (SpeUberg et aI., 1994) . 

The present Investigation revealed that, the hepalocytes In general are large polyhedral cells 

with spherlcal nucleus having prominent nucleolus, The cytoplasm Is vac uolated. Grizzle &

Rogers (1976) suggest that these vacuoles In Uve r of catfish results from removal of glycogen 

and fat in routine paramn preparation . 
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Despite of the absence of hepaUc lobula tion 1n thJs study. the billary channels and vascular 

elements seem to be randomly dispersed throughout the parenchyma as (VSA11. (BA11 and (BT). 

Rather lnan hepatic triads which were reported In several fres h and salt water fishes 

(TlmashOV8. 1981; Leatherland &: Sonste,ard. 1988 and Howse et al .• 1992). the term BAT 

was first Introduced for fish liver histology by Hampton et 81 .• (1988) and Rocha et aI. {1994) 

in trout. It has been reported that. large diameter veins are occasionally a ssociated with smal l 

bile channels a nd artertole {VBA'O (Schu et aI •• 1985; Hampton. et a1.. 1989 and Rocha et a1.. 

1995) in trout. 

The present s tudy revealed that medIum and large sized bUe ducts were Uned by cuboIdal to 

columnar epithelium In parallel to results of Hampton et aI. (1988) In trout. 

The present lnvestigatlon revealed that. the Uver of eel lacked pancreatlc exocrine tissue 

(hepatopancreasj . This result Is in agreement with the results of Eastman and Devries (1997) 

In Antal"CUc notothenJds. On the other hand. hepatopancreas Is a specific character of the liver 

of most fresh and salt water fish species (Hinton et aI •• 1972) in large mouth bass. (EI-Habbak. 

1995) in T1lapla . 

The electron microscopic observation of the present s tudy revealed that. the funcUonal units 

of the Uver fonned of numerous cell types, which are differentiated to hepatocytes and 

non·hepatocytlc cells (s inusoidal. perisinusotdal cells and m8crophages). Hepatocytes exhibited 

abundant cIsternae of rough endoplasmic reticulum. dispersed allover the most of cytoplasm 

and associated with free ribosomes . this result in close parallel to results of Takahashi et aI. 

(1977) in salmon. However, little amount cisternae were reported in Zebra fish (Peute et a1.. 

1978) , 

Lipid droplets and glycogen were demonstrated with variable degrees In the cytoplasm of 

hepatocytes. The stored materta l reflects to some extent the functional state of the cells (Santos, 

1995) In marine fish. The present study revea led large glycogen depOSits similar to that observed 

in AUantic croaker. rainbow trout (Ewell 8t Haensly. 1982 and Hampton et al .• 1989). The 

present study demonstrates Upld as OSmiophilic droplet of varying size. The cytologica l 

demons tration of the lLver of fish species revealed few dropl ets of llpid In hepatocytes of salmon 

(Leatberland & SOJlstegard. 1988). However. lipid form large mass in Antal'Ctic fish (Eastman 

8[ Devries. 1981). 

The present lnvestigation demonstrates non·hepatocy tic cells; firstly . the s inUSoida l 

endothelial cells. which showed mtcroplnocytoUc vesicles. 1l1.Is Is indicating the high endocytosis 

and/or exocytotic activity . It has been demarkated by McCuskey et al. (1986). Secondly, Ito 

perlslnusoldal celis, these cells were clearly distinct from the adjacent cells by theIr sLtuation . 
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absence of mlcrovtlli. nuclear deep Indentation a nd presenco o( lipId droplttl.s .. Ito' cells have no 

Junction between them and endothelial cells. Rocha et al. ··~1997) in brown: trout,descIibrd Ito 

cells as fat storing cells and source of vlt. A. Eng and IYQuson (19921 added that )to cells 

Implicated In collagen production. responsible for fibrosis ~oclated wi th natural degeneration 

ofbillary tree In b rl)Ok lamprey. Thirdly. tile lnterhepatocytic. macrophages. which are s ituated in 

between hepatocytes. No classical kupffer cells were appareIlI .. A1so kupffer· cells were not seen In 

some fish species . rainbow trou t (Hampton. et al .• 198.9) and AtianUc SAlmon (Spellberg. et 

aI .• 1994). However. )mplTer cells have been encountered in cat fish (Hinton and Pool. 1979). 

cod (Fujita et aI., 1986). The authors agreed that the ku.p ffer cells were occas lona Uy observed 

between the endothelial cells blockln~ the s inusaldaJ lumen. 
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Fig. (I); A light micrograph of the eel liver showing. the arrangement of hepaUc parenchyma Into 
cellular plates radiating from the central vein Iv). noUce Irregular shaped. distrIbuted he
patic slnusolds (arrows) . (Crossman's, trichrome st. . Dc. X 10 & Obj. x 10). 

Fig. (2) : A light micrograph of the eel Uver showing, large polyhedral hepatocytes (arrow) with 
spherIcal nucleus, prominent nucleolus and vacuolated cytoplasm . A large blHary tract 
holding two medium sIzed bIliary ducts (E). The latters are lined by cuboJdal cells (an'ow 
heads). IH & E. st.. Oc. X 10 & ObJ. x 40) . 
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FIg. (3) ; A light micrograph of the eel Hver showing, a la rge (VBAT) displaying one vein (v), small 
biliary ducts (8) a nd arteriole (A) . The ducts and vc!S:-;t'ls surrounded by a moderate 
am::. unt of connective tissue (C.T) [Crossmon's trichrome st,,, Qc. X 10 & Obj. x IOOJ. 

Fig. (4) : A light micrograph of the eel liver showing, aspect of bigger (BAT) holding large bilJary 
duct (B) and arl'e.riole IA} . The bUe duct Is lined by high columnar epithelium with basally 
situated nucJeus (arrow) followed by connectiv(; tissue sheath (C.T) and smooth mllsck 
fibers (CllTOW heads) (H & E st., Qc. X 10 & ObJ. x 100), 
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Fti. (5) : A llght micrograph of lhe eellJver showing. arygrophlllc retlcular fibers (a rrows) outlIne 
the hepaUc slnusolds (Gorn ort's Silver st.. Oc. X 10 & Obj. x 100). 
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: An electron micrograph of the eel liver showing, a hepatocyte having an euchmma!ic 
nucleus (Ne) w1th prominen t nucleolus (n) . prolifera tive rough endoplasmic reUculum 
(rER). mitochondria (m) and IJpid droplets ILJ . (Uranyl aceta tc ·le::ad citrat!' X 12.(00). 
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Fig. (7) : An electron microgra ph of the eel liver showing. a hepa locyte w1 th a la rge s phe rical 
euchromatic nucleus (Ne) . proOies of Goigi apparatll s (G) . glycogen depots (GL) and few 
sma ll lipid droplets (L). (Uranyl acc'l a te-Lead citrate X )0.000) . 

Mansoura, Vet . Med . J . Vot. N . No. 2, 2 002 



Ghattas S. M. 
" ". 

122 

Fig. (8) : An electron micrograph of the ee l liver showing. bl ood slnusoid(s) contaIned red blood 
ce ll (arrow) and li ned by na ltened extensions of endot.helial cell ~ ( ... rrow heads} whlc: h cle
limite the space of Dlsse (SDl fi lled with reticu li n libel's mt:shwork attaclJ(':d to the endo 
Ule llum. NoUce perl sinu SOidal hepatocyte (Hl . Its cytoplasm is Oiled with rough t endo
plasmiC reticulum hERI. few mitochon dria (m) alld lipid droplets (L) (Uranyl aceLa te-l eud 
citrate. X 12000). 
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Fig. (9) : An electron mic rograph of the eel live r showing. blood s inuSQids (S) conta ining red blood 
celJ (alTow). An endotl lellaJ cdl (end) with aU(.1 IUated cytoplasmlc s hee t (arrow headsl. 
Notice perl sinusoidaL Ito cell (J). Its cytoplasm contains hp!d droplets (tl. cisternae of 
rough endoplasmic reuculum rER. The nucleus has a deep Indentation (curved arrow) . 
Membranous micropinocytotic vesicles were observed (double arrow) . [Ura nyl acetate
Lead citrate X 12 .000). 
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Fig. (10) : All electron micrograph of the eel liver showing, In leqJare nchymal macrophages (l mgl 
, In between hepatocyte.<; (I-I) . The macrophages have a large lobulated nucleus (N) . The cy

toplasm contaIned large mitochondria (01), rough endoplasmic reticulum (rER) Iysosomes 
(LsJ, electro n dense bodies wllh d ifferent d iameters (a rrows) nnd phagosome (arrow 
head) . (Uranyl aceta te-lead citrate. X 20,OOO) . 

Mansoura . Vet. Med, J . Vol. IV, No.2, 2002 



Ghattas 5. M. 

125 

REFERENCES 

Anderson, B. G. and Mitchum, D. L. (1974): AtJ~s oeTt-ou t Histology. 1st 1:;<1 . Wyoming Game 

and FIsh Department, La ramie. Wyoming. 

Bancroft J. D. and Stevens A. (1990) : Tht::olY and practice of his tological technique. 3rd Ed .. 

ChurchUI . Livingstone. edinburgh. London a nd New Yorte 

Eastman, J. T. and A. L. DeVries (1981) : Hepatic ultrastJ' uctura l speciaJiza tion in Antarctic 

Oshes. Cell and Tissue Research. 219: 489-496. 

Eastman, J. T. and A. L. DeVries (1997) : Morphology of the digestive system of antaretic 

n ototh eniid fishes. Po lar BioL Vol. 17. No. 1: 1- 132. 

EI-Habback. H. A. M. (1995) : Post h atchi ng development of the liver of Tllapla (Oreochromls 

nllotlcus) with s pecial reference to dIet ancl insecticide erfect . A Thesis for Ph . D. Fac . 

V et. Med. Cairo UniversJty. 

Eng, F. and Youson, J. H. (1992) : Morphology of the liver of the brook Jamprey. La.mpetra 

lamoUenll before and durI ng Infection with the nematode Truttaeda cn ltjs stelmloldes. 

he patocytes. slnusoids and peris inusoidal cells. Tissue Cell . 24: 575-592. 

Eurell, J. A. and Haensly, W. E. (1982) : The histology and ullastructure of the Ilver of Atlantic 

c roaker Mlcropogn undulatus L. J. Fish Biol.. 21 : 113 -125. 

Fujita, H .: Tatsurol. H.; Band, T. and Tamura, S. (1986) : Fine slructural characlerIstics of 

the liver of the cod (Gadus morh ua macrocephalus) with special-regard to til\' concept 

of hepatoskeleta l system formed by Ito cell s. Celt and Tissue Research, 244: 63-67. 

Gonzalez, G. : Crespo, S . and 'Brusle, J , (1993) : His tocytological s tudy of the cabJll a sea bass , 

Serranus cabrilla (Teleostc l. Sen-anldaej, an available Jllodel for m31in e Osh 

experimenta l studies. J. Fish . BioI.. 43: 363·373. 

Gdzzle, J . M. and Rogers. W. A. (1976) : Anatomy and histology of the channel catfish. 1st Ed. 

Auburn Unlve~-slty Agricultural ExperJmen t Station . Auburn . Alabama. 

Groman. D. B. (1982) : HIstology or Striped bass . Ame rican FisherIes Society Monograph No.3. 

Bethesda . Maryland. 

Hampton, J. A.; Lantz. R. C.; Goldblatt. P. J.; Lauren. D. J. and Hinton , D. E. (1988): 

Functional u nits in rainbow trout (Salmon ga lrcJ neri, Rlc harclsonJ live r: 2. The bi\lc\ly 

system Anat. Rec. 22 1: 6 19 ·634. 

Hampton, J . A.; Lantz. C. R and Hinton, D. E. (1989) : Fullc tiollHI units In ra in bow h'out 

(Salmo gai rdnerl. Richardson) liver: Morphometric analy:=;ls of parenchyma. stroma, and 

Mansoura, Vet. Med . J. Vol. IV, No.2, 2002 



Ghattas S . M. 

126 

component cell types . Alner. J. Anal. . 185: 5e ·73 . 

Hampton. J. A.; McCuskey. P . A.; McCuskey , R. and Hinton. D. A. (1985) : f'u nc Uon lml ts in 

ra inbow l!"Ou t (Saimo !!<l lrdnerl Rcchan.i::;on) liver: 1. Arrangement and hlstoch emlc;ll 

p roperties of h epa tocytes . 'Ole Anatomical Record, 213: 166-175 . 

Hayat. M. A. (1989) : Princi ples a nd tech niques of eJectron mIcroscopy. Biological applica tions. 

3rd ed., MacM lIJa n Press ScJentillc and Medica l. London. 

Hinton. D. E . and C. R. Pool (1979) : Ultrastructure of Ul e Uver i n chan nel catfish Icta lurus 

punctatus {Rafin esquel . J . F'J."h 8ioL. 8: 209·2 19. 

Hinton. D. E.; S nipes, R. and Kendall. M. W. (197 2) : Morphology and enzyme h is tochemistry 

In the live r of largemouth bass (microplerus salmoldes j. J. fish. Res. Board Can .. 29: 

53 1 '>34. 

Hisek. K. (1987) The Illu stra ted Book of fishes . Octopus Bool~s LImited. Ar tla. Prague. 

London. 

Howse. H. D.; Overstreet . R. M .: Hawkins . W. E. and Franks, J . S . (199 2): Tlbioqu ttous 

periveno u s s mooth muscle co rds In vlscera of the teleost Rachycentron caoadUlll. with 

specia l emphasis on Jjver. J. Morphology, 212: 173-189. 

Lea tberiand , J . F . a nd SODstegard. R. A. (1988) : L ttrustruc tw'e of th e liver of lake Erie coho 

salmon from post-h at ch ing u nt il s pmvnin :L. Cytoblos. 54: 195-208. 

MaUns. O. C. and Haimanot , R. (1991) : The e tiology of cancer: hydroxy! radical-Induced AND 

lesions In hlstologir...tl ly normal livers of fi s h from a popuJa Uon with liver Lu rnours. 

Aquatic TOxJco l .. 20: 123-130. 

McCusKey. P. A.; McCuskey. R. S. and HInton , D. E. (1986) : Electron microscopy of the 

hepatic sinusoids In rain bow trou t fSalmo ga lrdneri). In cell:s of tlw hepaUc s inusoid . (A. 

I<rin . O.L. Knook. a nd E.Wjsse. eds .ll{upffer ceJl Foundation. Leiden , 489-494. 

Nell. M. M.: Swanepoel. J. H . and Beyer , H, J. (1990) ; Die h istologle en ul trastruklu l' von die 

hepa l.opankres von d ie bloukurper. Oreochromis mossambicus. S.A. TydRkrif vii' 

natuurwetens l~ap en Tegnologie. 9 H j: 3 · 10. 

Pe ute. J.: Va n d e r Gaag. M. A. an d Lambert. J . G. D. (1978) : Ultlashuctu re and Hpid C'.on ten t 

of tl1e liver of the zebrafish, Brachydan lo rerie. related to vitellogenio synthesis. Cdl 

Tissue Res., 186: 297-308. 

g uebral . P. C. (1 9 91) : Vite llogenesis in (" hannel cat nsh Ictalurus pun c:tatus. 0155., Abst. . In ., 

P.Jo, E o, Sci. , LInd Eng .. Vol. 51. No. 11:87. 

Manso ur a, Vet. Med. J . Vo l. lV. No.2, 2002 



Ghattas S . M. 

127 

Roeha E.; Monteiro. R. A.. F . and Pereira. C. A. (1994) ; The JiveI' of the brown trout. Salmo 

trutta falrlo : Light and electIon microscope s tudy. J . Anal. 185. 

Rocha E . : Monteiro. R. A. F . and Pereira. C . A. (1995) : Microanatomical organization of 

hepa tic stroma of the brown trou t. Salmo trutta farlo (Teleos tel , Salmonldae): A 

q ualHatie and quantitative approach. J . Morpho!.. 223: I-II. 

Rocha E .; Monteiro. R. A. F. aod Pereira. C. A. (1997) : Liver of the brown trou t. saJ mo tru tta 

(Teleos tei. Salmontdael . A strereologlcal s tudy at light and electron microscopic Jevels. 

Anal. Rec. 247 : 31 7· 328. 

Salama, S. N . (1995) ; Hlstopalhological a nd histochemica l s tudies on a sewage poll uted fres h 

water nsh . Ph. D. Thesis . Pac. SCI.. Zagazig University. Egypt. 

Santos. R. S . (1995) : Anatomy and h istology of secondary sexua l characters , gonads and liver 

of the rock -pool bJenny. parablennius sangulno lentus parvlcomls (Pisces: 8 lennlidae) 

of the Azores . Arqul·Pelago. Cienc, BIol. , Mar.. Life Ma r. , SCI.. No. 13: 2 ) ·38. 

Schar. M.; Maly. I . P. and Sasse. D. (1 985) : His tochemical studies on metabolic zonation of 

the live r In the trout (Satmo galrdnerl) . Histochem. 83: 147· 151. 

Spellberg. L. ; Evensen. O. and Nafstad. P. (1994) : Liver of Juven ile AUan tlc sa lmon. Salmo 

salar L.: A lJght. tra nsmission. and scanning electron m lci"Oscopic study, with special 

reference to the sinusoid. Ana l. Rec .. 240: 29 1-307. 

Takahashi . K. : S ugawara, Y. and Sato, R. (1977) : Fine s truture of the Jjver cells In maturing 

and spawn.lng female chum salmon. Oncorhynchus keta (Walba um). Toboku J . Agnc. 

Res .. 28: 103- 1 10. 

Timashova, L. v , (1981) : Seasonal changes in the s tructure of the liver of the plaice , 

Pleuronectes platessa. J . IchthyoL. 2 1: 145· 15 1-

Toru, K. and Shozo. F. (1998) : Oogenesis and changes In the levels of reproductive hormones 

In triplOid female rainbow trout. Fish ScI. . Vol. 64, (2): 206-2 15, 

WaUace R. A. (19 78) : Oocyte growth In non· mamma lian ve rtebrates. Cited In: The VerLebrate 

Ovary. l sI" Ed. R.E . J ones, ed . Plenum. New York. 

Mansoura , Vet. Med. J , Vol. N. No, 2 . 2002 



Ghattas S. M . 

128 

if -ri I .,.,.;..u I 

~ L...:J 1 d- d ~ 1 J.c '-'"' J~~ I) ,-,",.,..aJ 1 "",.,,s:...)H ~ ;;""I~, 

..rlhi '~ir>-' 

t;.-:JI .;s tJ IJ,j, ..... " - ,,).,,)1 ,..wI i,J5 - 4) ~I, e-?I r" 

..,-..illuL;.,...J1 "-'r;..o, .uJ .UlL,JI';;'L...!II<!!l......i , .,5iJ 61.;! ""' '-'-- ,~~II.i. ~ r~i .l.iJ 

. l"il.i.;.)1l ";J?J~I "..s:-JHIJ ";.,.;.)1 "..s:-JH' 

";L,J~ I ""' .. ) J ;J;j ~ <be..... .:.;IS' .;;, l....!J I <!!l.....i ~ .y:J I .) d.,.;.) I "..s:-JH' ~u I ~) ;.j J 

",1.,.:)\;)1 rLh; ;"';l<)IJ Lui) I ulril l <!l.L.J,JJ ''''~ -..I! '--'-' r.-< :i.,4JII...,-!.;I.,JI':';\5J .i.,L:J1 

'15}r~ I.5JJ-,J) dL-.r-,>.I..o) ,j).,.. ~;..) d L.r. I.5) .,.. ~"... u-i lol ~,~ ij,,~ ...:.&j) 4-5J) ,JL.:....ll 

;.,..~~ u ~ y ;..,.....;i J.<. ""WJ I J L... i ~ .y:J I p.; ,J ;.,..JW I <!!l..... ~ I y~ ~ .y:J I w)l;. u-l< J 

. I".s cr~) ,-,,"Jl;L1 jI";~1 vii 

. d!.;.L.fO JJ ';;'WJI<!!L...i .s ~ ~;>.J.I .,i ";J?J~I ~..s:-JH~ ~UI "-'.,.J;i W' 

.:.;?! ,,[liS ' rj'll,~1 ~ '.r-r<J i.'-'-> L,..oj'll,J.c;i ~ 'Y.Y "'.;-,1 crllJ • :i.,-L,SJI ~)U.I I iJ 
.i..i.,!S' ul...' ~ " ... -"IJ ~~I 

, ~ .cO:i.,.!,S' .,,;JI ~;>.J. I I~) 

.li.,;, 'l,J..., y 'V,;! 'u,L!.; u.,.J; i ;";l< J :i.,)... 4)l;. - \ 

. " i" 0-\.,;J J~ v' J ".,..ill ;;.;;..t I r< I L,)l;. v' J ;.,; l< J ),. L,)l;. -! 

.~ '-".,II., L,)l;. -r 

.;) l;..J1 kuprrer ~)I.;.. )y.; ~l:.:J1 ~ r-'J 

.... 81 ",6., ~ I • -"" u-l< ~UI .:..:.; y JJJ 

: .... )I.;I.IJ 

J.L.a.o .L,UJ ".L5J1 cr~~IJ .".y:J1 "a_ .; -11 ",).i1 v'J ,.."Ii ..,.,I";';J 0-rL..!J1 J.... ~ .y:J1) 

. wjw ~~J ~.,..J.I'J ~~ ~ 

Mansoura. Vet. Med. J. Vol. lV, No.2, 2002 


