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Histological Changes of Hepatocyte and Intestinal Epithelium
during Starvation in Olive Flounder Paralichthys olivaceus

In-Seok PARK*
Division of Marine Environment and Bioscience, College of Ocean Science and Technology,
Korea Maritime University, Busan 606-791, Korea

The effects of starvation on histological changes in hepatocytes and the intestinal epithelium in the olive
flounder, Paralichthys olivaceus were examined. The starved group was not fed for 12 weeks, whereas
the fed group was given food. Food deprivation resulted in a significant decrease in hepatocyte nucleus
size and nuclear height in the intestinal epithelium (P<0.05). In the starved group, pronounced degenerative
changes were seen in the histology of hepatocytes and the intestinal epithelium; the tissue morphology
was irregular and the nuclei were stained basophillic, shrunk irregularly, and very compact. These results
suggest that histological changes in hepatocytes and the intestinal epithelium can be used as an indicator
of starvation in the olive flounder. In addition, the data are interpreted in detail and some biologically

important relationships are discussed.
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AF A ¥ S (wintering), Aol F & X 9H
2 8] xFA 7]ok(starvation)A] 715 A XAl B
710 ] o f-= A3t vy, AeEA by e
3 P o g votg I35 AY 4= lon, A
ZAY =49 dUAE AREFA T (Mustafa and Mittal,
1982; Weatherley and Gill, 1987; Lee et al., 1999; Woo, 2005).
F =345 (midgut epithelium)A| X 2] o] ZAl= o
5 ook e o] motol #-88(Ehrlich et al., 1976), 7+
¥ ¥ (hepatocyte nucleus) ZL7| ZAF E3F 4 FEI9F 710}
Az Ao #8359 pejerry, Odontesthes bonariensis
(Striissmann and Takashima, 1989), &®12l, Epinephelus akaara
Zo](Lee et al,, 1998) B 450, Leteolabrax sp. A}o]9} F3)E
2}, Sebastes schegeli AF1(Park et al., 1998)0ll4 7)o}A] o] &
ZAMEo tigk Heto] o|Fojzl ut T
A ], Paralichthys olivaceus (Temminck et Schlegel)= E}
ol AFor FE AAMUES 33 24 1020 me] Aghl
Aasle -2luEt A A e €5, dE 9 FEFEel
B I3 = e Alo]E£ 0 F A (Choi et al., 2002), ©] & QX =
A etk siatol T LS FESHE R
o4 o) Fo|tHMOMAF, 2004). ©]2]§k dxlol &gt 7]o} A7
2= Hur et al. (2006a, 2006b)ll &3, 7]o}A] Al melano-
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macrophage centre ¥H3}e} 7|07t THA E w| A 724 v A=
Fgkol| #3 ATE nk ok B AT gAY AL eA
AL J/+E = Ade HA(feeding) A2 A9 &5
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ghetalr] Yt 228 WHo 2 {9 Jlotd &
7} A 2] M =27] W3} FFE 2AREA
20043 8¥ol Q2] FEH|FEFAX sl bl st =4t
FRAFTHATAY dA GG E FAF sty w35
AZL & AR 7)o 2 224 AELE 2004 109 40l
Aoy, A3 AlGAl dx e B A i AT
digital calipers (CD-20CP, Japan)$} HA}A-&(IW-1, Korea)2
ALg-8ted, 001 cm €9, 0.01 g ©912 ztzt 24 so)
AE AZAIY] FE2T H8o] A 7)ok (starved
group)™} A7 (fed group)S BASAY & AF AlFA 7}
A |z TAE] 70% HE wj Y Mol FFIHLH, ol
F Y55 2o ZA 1ovt Y A AJFA] BESHAC
1,093 L & %2 =872 FRP 935Z(P 118 cm’<H 100
em)oll @3] 309t & ¢85t Zlolwrd 2T HH 3}
o 7} AT EE kS AR AAES T & e R gX]
7F Hol o' RE BAE] Aste] ol XA
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ok GEFE, 34.0-37.0%,; 8242, 5.7-8.0 ppm; pH, 6.5-7.8;
T-N, 1.9-4.1 mg/L; TKN, 1.0-1.2 mg/L; NH,"-N, 0.9-1.1 mg/L;
NO;-N, 0.9-2.9 mg/L; T-P, 0.02-0.78 mg/L; PO4"-P, 0.004-
0.351 mg/L; CODwmy, 2.0-11.1 mg/L.

F2A7-9 Hol| FFo| viFAFE (Ewha Oil & Fat Ind. Co.,
Korea; crude protein, 50.0%; crude fat, 8.0%; crude fiber, 4.0%;
crude ash, 15.0%; calcium 1.5%; phosphorus, 1.7%; nutrition
and mineral, 3.0%)2 A28t} EAFL 3HF 3L 94,
25 3A F 2% Aol AX THE Ao, ¥ a7 Hol
FF F 2R ool AR S nle] ZlEteke gx] wjdE
AtolH & AME-ate] A A SHTE Tlopd A AEH o,
A9 THE= A FY Jolatoll Ao Haoz Qg
gglo] F43] Azt AZIZ Hedoh B A8 T34
Zlol it EAF X ] FAAYEES ZAIGTH

B AF AJZAl 2 jovtE], 285 AT 4535 EH 2
A FEAAA 47 1A 02 ) 3] AHA ol AT
9} 7} 1ov}ElE tid e (HAIE & WA B AAE & A7)
ZAE AT AL R 2 Ay on BE A
F 19789 i ol /FE FAFAT AF AFA & ot
EA 7o AR & WA FAX 3 375 ZALSA
Z 283 ZAME $Jste] 22C & Z719] 400 ppm BAHE =
7}+21/1,000 ppm NaHCO: & H T8 =EA A AAES 5
At F2B NASE 2 7iver) 2 (intestine)S HEF]
Fom, A& 4 FxAL P o 10% sl T4
F a2y 89100 mL formalin, 6.5 g Na;HPO,- 12H,0, 4.5 g
KH,PO,, 900 mL sea water)ol] 193F 2 & o}hA] 10% B
Z4 zaudgad 13 BaEdrt =838 nAg"E 7}
9 113} & 22& Bouin§ Aol 24412 A4 3}F o,
ol% B4 vl ZAFHUHOE slide TE-S A3
A7AsAY. olgd Z+ 2AFE A EF Y 7 (Axioskop, Zeiss,
Germany) 2.2 A& &8l

7} 23 slideE Ao 2 7+ NAD 10-4070 9] LA E 3
2 I M S 1,000< v&S HEAWT stolA] BEs)
o, THE YL FAH@), HAEb)S, FFTHE YL %0
£ 2} 01 mm @2 ST HAE 3o THE(S)S
S=abr/4 (Park et al., 1998; Lee et al., 1998)% AA+a}4 T}
olge] £ Ag A ZAIY ZHM R} AL, 281 AF F8
A} 7ol EAFo R RE 9 IAHE} FAELE S

e iz wo of
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2 1,000x vj&2] AEAW G sholA 2z AR ZFeoh
Nz 7)o} A wrE ¥ 2473 ol Y AR
3 Z7] R AAIAE 3 2718 ME vlwsty] st
one-way analysis of variance (ANOVA)S #-8-3+ % Duncan's
multiple range testsS AA]3}H T}

UXE oo zd B 43 AZE XS AP 7ok
T 2 XA P AR W HE AT FFHOE 44
22.9+0.88 cm, 100.7+11.67 go] Ath. & A3 A2 £ 1254
Zlolte] &2o] 73] A3tEo] AL FTEI}AL AY
TERS 7 FARHAESEL T2T0] 90.0%%] ¥, 7)ol
77.5% 2 JERsT)

B 7)oty A|FAE EJE3E Z)oft © XA A E
3 B WAL 794090 pm’ OS2 A 51%2] AT WL E BY
THTable 1, Fig. la). 1257] 71obdq 712F & A AR 2AL
A17]19) 7)0}3 13Eo) A Q] 7ol THAE 3 HF HAHLe
6.3+0.54 um’ OB ZHAF U A7) 2AF 7HHE 3
BEF WAL 9.2+0.89 um’o] BIF Fo)slA e HAE
3 W3z 275 BYTHP<0.05)(Table 1). 7]ool] whE Zha| X

8 @t WA HIAH FAheE £ 74 FEA7IQ
710} 125712 vrERY, Z1ok% 12529 Y)olt THAIE
HF WAL 46=0.50 um® (58%2] HTh HIE)Z 7)ol AHA)
ol 1789] ZHAE &) WA 7HAE Bl WhH, X519
A E & HF WAL 11.0£1.00 #m® (44%2] Tk )R
710} % 1232] olFe] FHAIE 3 i HA | 13 2.44)
A JEFTHP<0.05) (Table 1, Fig. la).

Fig. 29 a, b, &= Zt7Z} 7]olad g A1ZA] 2 7)ol d g 12529)
7ol @ E A7 THAE ZEAAFO R FohF S A FHA| 9}
F Aol vlsle AR 8 2771 F4 spgen, BE UE
7b w1, Zv7he] FEZE Bt A A o] QA thFig. 2b). §HH,
FAEL A FA o HIBle] M @] BE7F B Fo] gl
o] Futata, LHE d F7)7}t FrlstE e 7t I E He
A4z s FAE o] eyt 988t ATHFig. 2¢).
B A7 Ao} fAYsHA, nlAds FAMNEA, Salmo gairdneri
£ 13C & 2702 37§43 7]ohA] k2 olA EP AR
W37 dojid vl ItHRobertson et al., 1963). ©]2} HEo],
TAE &) 77] A U ZE9 7ot Axe] Jdd] #8&
3l pejerry 2 HF0] oF ZoE oA 7]olA] A
HAe A7} o]Fo]F o] #le vl ck(Strissman and

Table 1. The change of hepatocyte nuclear and nuclear height of midgut epithelium in fed group and starved group in

olive flounder

Experiment period (weeks)

Group 0 4 8 12
Heoat | R Fed 7.940.90° 9.2+0.89° 10.4+0.99° 11.0+1.00°
epatocyte nuclear area (um’) Starved 7.940.90° 6.3+0.54° 52+051° 46+0.50°
. . o Fed 7.1£0.13° 7.4%0.20° 7.540.22° 7.740.13°
Nuclear height of midgut epithelium («m) Starved 7.1£0.13° 6.0£0.20° 554025 43+021°

The value are means+SD of duplicated groups. Means in columns having same superscript letter are not significantly different

(P>0.05).
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Fig. 1. Frequency distribution of (a) hepatocyte nuclear areas
and (b) middle intestine epithelium heights from the same
individuals depicted in histological appearance of hepatocyte
and middle intestinal epithelium. Nuclear areas and middle
intestine epithelium heights from two replicate photogzraphs
of each individual were pooled and grouped in 1-#m” area
classes and 1-y#m length class, respectively.

Takashima, 1989; Park et al., 1998).

o]F9] A& jack mackerel, Trachurus symmetricus 7]}
XA o7 3G Hki= £ 2 O & X(Theilacker, 1978), 710}k
Al A E55E TAE TN AxA e fF5o] o dF
gl ojsf BEa® wh ATk(Eliott, 1972; Jobling, 1980).
Zobdd AlFA B 7)obE, AT AWML 3
ZojE 7.1£0.13 umO.E 90%<) Ht} WIEE B Th(Table
1, Fig. 1b). 125779 7o} dd 713t & A HA AL A1719)
710} 15 A Q] Z)ol AAFAE ) B ZolE 6.0+
020 umo 2 A3, T Al7]9] EAFE AGuAE 9
Bt Ze] 742020 pmol] ¥3FS {28 B AFHAE
8 P dolE B ATHP<0.05) (Table 1). ©}2]st 7lolol whz
AR ME ) PJ do] ZaAe B UopEdd FE A7
710FE 12574 VrERsk o, Z1ohd 125:9] T]ohirt A oA)
¥ 3 FH7 ZolE 434021 pm (59%2] At HIE)S] why
X279 AAEME 8 HT dol= 7.7+0.13 um (97%2]
Hoh WIE)Z FA)Fe) AAAIME & Zolo] nis) 93
ZAom B Jotdq AFA e AR ¥ P Holg}
FAFSFA THP<0.05) (Table 1, Fig. 1b). VA& F-A|7H501Q

A5 13C F2 2004 37047 oA, & A7 2F4¢}
FASA 9 ATAE 22604 HAH W} ol v
Yt (Robertson et al., 1963).

Fig. 29] d, e, = 212} 7]o}dE A1ZHA) & 7)ol 12579
Zlobw W ZA T FRIAME 2HGOF oA AR
8 2243 AR T)ok ZoHdE ARl HlEke
AAIME G dolr} 46, £ X Wrvt #%oH, A
1 AZ 3] FEjrt B2 A o] AThFig. 2¢). o] ehzto] 7o}
Al 248 Wt S HAE, 9 2 S5 70A o
el b} 1oy, Z1obA) killfish, Fundulus heternelitus®) 73k
2ol A MY B o] Hxe B Wyt 2 A7 A
o} o] Yehd vk Q13 o}y Uk X7} B vt
UTHPickford, 1953). WHA {X] LA 7o}y AJZpA] ¢}
FARE 294 BYOH, Floko] vl FYTAE 9]
$¥7} s AL o dol7k 2A) Uehster] 1 @
7t A ATHFig. 39 a, o).

2 A7l X & =719 AT F o] Wz}
= 7lololl W& 2zt 239 HHqHA &R 70" 22¢
2z wW3lZ Park et al. (1995a, by W|HZ}R|, Misgurnus
mizolepis®} 3% ©1, Boleophthalmus pectinirostris®] &% A
71 28548 EF 9 A A A, 59 AFdE

BES TSt e dFdEe] BE AR v
B, 279 74 9] F9 AR T MEY 259
ek GA gh-go] TR oFsHAl UERUHE Zo = Hol TH
Al7] &, 710kA) 719 o} AREE 28 23 o 238
23S AUA Lo R AR e e E BRug vt vk

71o}E oA Y 71 A AN SHAURA AR o Y]
Ao B FAEE ZoR, oldo] 22 A&H nd
25 9 A4 HAA7IAT o7 =t Love, 1980;
Weatherley and Gill, 1987; Lee et al.,, 1998; Park et al., 1998,
2001). ool A Q] 7]|o}A] ol#jg AxA A= Tt
ZZ)A kg 7582 279 4 tH(Weatherley and
Gill, 1987; Lee et al., 1999; Hur et al., 2006a, 2006b). & A7
Ad, QX & g o2 s 125331 7]opA] ghetd HAE e}
T A A A F5IS H Y3 2242 Hur et al. (2006a)
o gzl AF HAZel, dANA L] Hol FF gle H
FENG & Fo FHA B 7ot a7 EHE 8
M el FR1 g AR FEEF Foln, AA
WA o gA] FEdest dBE AARY #3 E o =
HXe] A% el 87 3 gHol @ ¢ S Aotk

A AL
B a7 gasted S A g 20049 s 38 o) gt
YA I=AdTA FHATAE A HAFY(KRF-2004-005-
F00003)” Q-8 X el o3 3 d A7 A2, & AF
FYPA TS FA BE AFAEA FA=HYLL
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Fig 2. Histological appearance of hepatocytes of (a) initial, (b) fish starved for 12 weeks, and (c) fish fed for 12 weeks,
and middle intestinal epithelium of (d) initial fish, (e) fish starved for 12 weeks, and (f) fish fed for 12 weeks in olive
flounder. Note the reduction in hepatocyte nuclear size and height of middle intestinal epithelium in the starved group.

a, b and ¢: Bar=50¢m; d, ¢ and f: Bar=10 zm.

#oe s

Choi, Y., J.H. Kim and J.Y. Park. 2002. Marine Fishes
of Korea. Kyo-Hak Publ. Co., Ltd., Seoul, Korea,
1-645.

Ehrlich, K.F., J.H.S. Blaxter and R. Pemberton. 1976.
Morphological and histological changes during the
growth and starvation of herring and plaice larvae.
Mar. Biol., 35, 105-118.

Elliott, J.M. 1972. Rates of gastric evacuation in brown
trout, Salmo trutta L. Freshwat. Biol., 2, 1-18.

Hur, JW,, JH. Jo and LS. Park. 2006a. Effects of long-term

starvation on hepatocyte ultrastructure of olive

flounder Paralichthys olivaceus. Ichthyol. Res., 53.
Hur, JW., SR. Woo, J.H. Jo and 1.S. Park. 2006b. Effects
of starvation of kidney melano-macrophage centre
in olive flounder Paralichthys olivaceus (Temminck
and Schlegel). Aquacult. Res., 37, 821-825.
Jobling, M.
chemical composition and energy utilization of plaice,
Pleuronectes platessa L. J. Fish Biol., 17, 325-334.
Lee, CK., LS. Park and S.B. Hur. 1998. Influence of
starvation on the variations of hepatocyte nucleus in

1980. Effects of starvation on proximate

larvae of red spotted grouper, Epinephelus akaara.
J. Aquacult,, 11, 11-17.



EERAD RS Rt 307

Lee, KK., Y.H. Kim and LS. Park. 1999. Effect of starva-
tion on some nutritional parameters in Rhynchocypris
oxycephalus. 1. Charateristics of the histological and
biochemical changes. Kor. J. Ichthyol., 11, 33-41.

Love, R.M. 1980. The Chemical Biology of Fishes. Vol.
2, Academic Press, London and New York, pp. 50-75.

MOMAF. 2004. 2004 Statistics, Ministry of Maritime
Affairs & Fisheries, http://www.momaf.go.kr/info/
stat/d_stat/d_stat Ol.asp

Mustafa, S. and A. Mittal. 1982. Protein, RNA and DNA
levels in liver and brain of starved catfish, Clarias
batrachus. J. Ichthyol., 28, 396-400.

Park, 1.S., CK. Lee, JH. Im, J.H. Kim and S.U. Kim.
1998. Effect of starvation on the growth and
hepatocyte nuclear size of larval rockfish Sebastes
schlegeli and larval spotted sea bass Lateolabrax sp.
J. Aquacult., 11, 345-352.

Park, 1.S., JH. Im, D.K. Ryu, Y.K. Nam and D.S. Kim.
2001. Effect of starvation on morphometric changes
in Rhynchocypris oxycephalus (Sauvage and Dabry).
J. Appl. Ichthyol., 17, 277-281.

Park, I.W_, J.S. Hong, K.K. Lee, J.B. Kim, K.H. Kang
and H.O. Kim. 1995a. Histological observation on
the seasonal changes of distribution of muscle com-
ponents in hibernant fish. 2. Distributional changes
of carbohydrate, protein and lipid components in
the muscle tissues of mudskipper, Boleophthalmus
pectinirostris. Kor. J. Ichthyol., 7, 195-202.

Park, I.W., J.S. Hong, K.K. Lee, M.K. Kim, J.B. Kim
and K.H. Kang. 1995b. Histological observation on

the seasonal changes of distribution of muscle com-
ponents in hibernant fish. 1. Distributional changes
of carbohydrate, protein and lipid components in the
muscle tissues of loach, Misgurnus mizolepis. Kor.
J. Ichthyol., 7, 187-194.

Pickford, C.E. 1953. A study of the hypophysectomized
male killfish, Fundulus heternelitus (Linn.). Bull.
Blingham Oceanogr. Coll,, 14, 5-41.

Robertson, O.H., S. Hane, B.C. Wexler and A.P. Rinfret.
1963. The effect of hydrocortisone on immature rain-
bow trout (Salmo gairdneri). Gen. Comp. Endocrinol.,
3, 422-436.

Stritssmann, C.A. and F. Takashima. 1989. Effects of
temperature upon survival and histological changes
of starved pejerrey Odontesthes bonariensis. Nippon
Suisan Gakkaishi, 55, 247-254.

Theilacker, G.H. 1978. Effect of starvation on the
histological and morphological characteristics of jack
mackerel, Trachurus symmetricus, larvae. Fish. Bull,,
76, 403-414.

Weatherley, A.H. and H.S. Gill. 1987. The Biology of
Fish Growth. 4. Protein, Lipid and Caloric Contents.
Academic Press, London, 139-146.

Woo, S.R. 2005. Effect of starvation on parameters in
olive flounder, Paralichthys olivaceus (Temminck et
Schlegel). MS Thesis, Korea Maritime University,
Busan, 1-77.

20053
20063

8 129 A
649 209 48



