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Physiological and Histological Characteristics of Starry Flounder
Platichthys stellatus after Starvation and Re-feeding

Su Kyoung Kim, Na Young Shim, In Kwon Jang, Chu Lee!, Yong Dae Kim', Bung Ki Kim?
and Jae Won Kim?**

West Sea Fisheries Research Institute, National Fisheries Research & Development Institute, Incheon, Korea
!East Sea Fisheries Research Institute, National Fisheries Research & Development Institute, Gangneung, Korea
2Gangwon Province College, Gangneung, Korea

This study was conducted to determine the physiological and histological characteristics of starry flounder Platichthys stellatus
juveniles to undergo a short/long starvation period and subsequent re-feeding with 2 weeks interval for 65 days. All findings from
this study indicate the possibility of a very rapid recovery possibility of starry flounder after short starvation period for 2 or 4 weeks.
The mean body weight after 2 and 4 weeks starvation were not significantly different after 65 days. However, the body weight
of 6 and 8 weeks starved fishes showed significantly low value than 2 weeks starved fishes. All biomarkers, liver somatic index,
RNA/DNA ratio and blood chemistry, in this study showed fast recovery possibility after re-feeding of starry flounder. During the
starvation and recovery process, they showed distinct increasing and decreasing tendency. From 21-28 days after re-feeding, most
biomarkers reached to their maximum value and thereafter decreased again in 2, 4 and 6 weeks starvation and re-feeding groups.

It could be interpreted as a compensatory growth and strategical action against starvation.
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Frrhele ek dAQtoll Aalshn 7]4ef Fr] ol
o] 7V A o R vlaA A4Sol 4 AEo] 7h
53} Orcutt, 1950; Kramer et al., 1995). U] ol|A] FHAYA
7140] e 20064 0 ) Laledo] AE ko] B
02 %A 02 iRy o] 2ek(Kim et al., 2013). W& A] 7}
% a5 drefE|ojof & AR AFAF of gk A5 e
BA RREY] o= FHE Holo EA o AEE o] |
o] 8] 52lg UEs}7] 7HA L ARITre] £ HR Bl
M7 AT Rl Hek. ol ol Alel ek o
T717E Wk 2ol A-5staA Aol £2 ¥ oSl old
A5 2xH|stn A7) 7t tf-5-5HA] Fti(Mustafa and Mittal,
1982; Weatherley and Gill, 1987; Lee et al., 1999; Woo, 2005;

Hur et al., 2006), 912} Zo] 2] ysters] ¥z} o] Qo ¢l
slmoz ke ofalolgo] uirte W o] Fol jAa
ol 4g517] Sistod Wefary Wske 2tk A AT} 9l
S w(Kim et al,, 2013), Ho|d4] & | 3 A] Aol v|A]
= Qo) et AtEo] FA] 011 Apdw|7| Ictalurus
punctatus (Kim and Lovell 1995), X 7i<¢] Oncorhynchus
mykiss (Jobling and Koskela, 1996), thA|%F 7}A0] Hippo-
glossus hippoglossus (Heide et al., 2006), -+ 5] Dicen-
trachus labrax (Chatzifotis et al., 2011), H3H4ro] Acipenser
persicus (Yarmohammadi et al., 2012)E iAo =2 3E 3]
o 8 ofFol tigh Ar] AAAE dut Jdde gl
A QrollAt= 2oL} 7] 2ho] o & 2k¢1s] th=m At
A4 A A, L2290 24, A E, e a4 5

o] gefxlth= 117} Qlth(Bastrop et al., 1992; Barroso et al.,
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1993; Liang et al., 2011). 1572 A =5 #As17] $J8 A
BE= vlo|euARE 7P 71 2H 07 A5 S}, 1k
|4, 7kx2] 0] M3 (Segner and Moller, 1984), 1A (RNA/
DNA ratio), @4t E4 5o Qlot 1k AN 2= 52, Al
A, FHSH 2 Fasa Z2 L Aol vigsHA Wtk
7S et AEZ 2-8o] =L Qitk(Peters, 1981;
Haensly et al, 1982). 45 2] Y] RNA/DNA H|i= Hold
of 7, 3ol thgh AE | A vhE-a} A ThalE 3Hd 58 9
B}, AT o Tt R At An) 9 A
H A E2 ookt A= A =S WSk 28] =
31 Ith(Mustafa and Mittal, 1982; Anger and Hirche, 1990;
Kim et al., 2006). E3F FFATE] 9 o 2] 4] F4S pef
Sl |2 Y3 cholesterol, triglyceride, glucose, protein, in-
sulin 52 AE-31aL QITHWhite and Fletcher, 1986; Heming
and Paleczny, 1987; Caruso et al., 2012)

2 Aol A= ol gt thefet A & -g-sto] et A4
713k E}te] A gsketa el 225 Ik RARSHL,
THA] o] A7} o] R0l 3] Fofl 3lE 0| = 1S uhotsto]
TS FA] et o] Wi & Ao A 9] A3 AE 2l
o] ARAL Slot 7| A BstuA shairt

Mz H HH
Aol Alg & AlZXE|

ZFHE A At Q1 Aol A AR Z Tt
Platichthys stellatus 2,0000}2] & F-8llAtA 140 o], 25&
T2 4lol =8-5te] 1597 AR o] A-8-5 At A4
A AH-22008E 2YFE| 44714 FRP 9F 0.5
£ 157111 100mte] ¥ ZF=chelE (15 13.4+0.5 g) 5851
65 U7F 3ekR o8 AES shylch AF AlZF Al 30ute]E
T &S Floto] 7 AR digh 27] ke vt EA
shelet. A AK(S; starvation)= 6547 A &2 07 HolZ ¥
H5HA] @kgkom, R1 (first recovery)S A4] 25 & 757F 9
o] ¥, R2 (second recovery)i= A4 45 & 537 Hol g4,
R3 (third recovery)= 4] 65 & 357t Ho|gg 18] 1IR4
(fourth recovery)= 44| 85 & 157t F3F Hol & FH5}o]
AAZIZE A wo) A gl whE SIS ARSI FE
12 &4, A 9 HihEAlS 9lsto] 65U ARV A5
o 3 93)(AFAIZ 5 102, 18, 24, 319, 389, 442, 53
o, 59 1831 65Y) M E=S shol ZF 2ol ARGt AbR
= A)%9] 10%S 33](09:00, 13:00, 18:00)0]] 714 F55] 22
SF o A AR Al 222 4-9°C Sich AP AL 5wl = 7}
2ol A 10024 ME-L #5lo] MS2222 3 E A7 & 4
T A 745k

ejob 24 F slutel e Aelst FAp| 2 ke o)

- 39

- 4% - A

e

ol A E M-S A H o] E N A-5EA] 7] (Beringer Mannheim,
Reflotron kit)= 670¢] &, total protein (TP), cholesterol
(CHO), triglyceride (TG), albumin (ALB), globulin (GLO),
glucose (GLUY& 24 8o 54 Aih= Fatgh 25
2 XHmean + standard error) 2 - E5 A} F A2 71A] ASH
oh B A F SA L] YREY KRS 0§}
o] BUHLALS AASHL, S Helstol Aol thet 210
Al v]&2 7S X|4(LSI; liver somatic index)S AAFsFA
o}, 5 94) 9 wo] A) Fiel mhe 1ko) 2AWBE 2k
7] $istol £ 7H W om WS stk 6507 ATl
71z2A) AdHE Bouin's solutiono]] @] A3 & x}-=3Zujj7]
(tissue processor, Leika, Germany)2 <42 AA vt
o 1A%t & 6 pm HH-L WS hematoxylin-eosin G-
shol AL 4] ofgt 22wt AAelg o0, Bolg A
T 2% 65UAol WE AP 2 B )
o] A B Al7ko| 74 wislol v A\ FakS 2ASHe.
HAFekeFe] 2742 Belchier et al. (2004)2] ol whet
LERAS A AXSE S(-50C, 24 hr), A& A5}
Tris-ethylenediaminetetraacetic acid (TE; 5 mM Tris-HCI, 0.5
mM EDTA, pH 8)+0.01% SDA (Sodium dodecyl acrylamide,
Merck, Germany) S92 500 ule| Yir ZHsuiaf7]
(Tissue lyser, Qiagen)@ 1587+ 225 3l 47, 6000 rpm
o2 AHEY & ASHE 100 ul £l 20 uL RNase
¢} ethidium bromide (EtBr)= %713} emission 355 nm,
excitation 590 nmof|4] microplate reader (Varioskan FL,
Thermo Sci., USA)Z =4S 31%tt. 24 RNAS} DNA
= ngmgEFo s AL o]52 H|E R/D ratio=

Uk 2L,

A

4 A 0F

7}
Z5(LSI)9] Wsk= Fig. 137} 2o} A@AIZ}E Al A% 13.440.5

2 et ols A3 Al 2]
4-9°CR B30l A1 Aol A3 Aerta]rt Holg A
L 5 gl BN BES AR oA 2l S S40h A
o] fglo g FAEH, AP7IRE Foll Frrte] o] F2 <ol 7]
o Qlar ol Aol vk x| oot Wi Aol 4
Fehar & = ok AITE Holg Al g5 F @As] St
lo] AF 65%7) 3= 7|7to] 7P 71 RIS 18.7+1.1 g, R2
£17.6+12¢ R3= 165+ 1.1 g, 7183 714 3]57]7t0] %
Sd Ré= 137+ 11 go] ik 6597 2F AP0 HE 7
& A o2 245 AIHANOVA, Statistika 5.0) 4]
oS AFTof Arerte] AlF2 B 2EAATI R R2,R3
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Fig. 1. Change of BW and LSI after a 65-day starvation and fol-
lowing bi-weekly feeding. Error bar=standard error. S; starvation,
R1; refeeding after 2 weeks starvation; R2; refeeding after 4 weeks
starvation, R3; refeeding after 6 weeks starvation, R4; refeeding
after 8 weeks starvation.

2 R49} 3014 91 2}0](P<0.05)E ¥.¢ 1 R13} R2 712]3L R2
9} R3 A F1tolli= Afol & Hol x| ghskth. A4 3 wol& 7t
Z w2 2 A H SR A= R3, R4 A ef 72291
Apo] & HATH(P<0.05).

Aol digh 7o) v &2 AESE 1H5eF 49 HalE
Fig. 10]|4] HH, A3 %7] 1.82+0.22%0]| 4] SAE = &4
104 - 0.93+£0.10%5 23] Z4skal, 71 o] ol = A A3
Zasto] 65U7 0= 0.57+0.04%0) Dalgich. 7Hd =2 7t
FEA = 21| A4 & Holggo] 7P MR R1ojA]
A3 44270l 2.40+0.16%9] 1L, R2= Ho| 33 28U ©9]
3] 5947 0] 2.02+0.16%, R3= 21 Hol A3 & AlF 65
Aol 1.41 £0.12%, 71 3157 7ko] 9kd Ré= Ho| 3
29 ol AlF 65%0] 1.57+0.08%31Th R17} R2 A3 1o
A= 19 G HQl o] Foll= A A3] Fhaste] AE FEA|
7191 6597 o] ZHz} 1,463} 1.56% = =4 =)o) R3S} R47} 5
/\]_z:;_]_ %}:_(L Eofh;]_ 5015—]_ 5]_7]94 7]—51;]_31_% ;(]./}_ﬂ o7 6501
kol E et A 2E 2717F19.3£2.5 golw I A
T7H1.5420.2% 1 A& aLefshd 257 A4 & ol 5 A ¥
Tt AR A= Bl 7HEA 250l Bz A= =
ALE] 1 tH(data not shown).
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Fig. 2. Histological analysis of liver tissue of starry flounder with
continuously starved until 65 days. A; control (pancreas and liver
cell), B; 38 days after starvation (nucleus were condensed and
capillary were expanded in liver cell), C; 65 days after starvation
(nucleus was condensed and enzyme follicle in pancreas were ex-
panded), D; lipid liver after 65 days. Cp, capillary; He, hepatic cell;
Hd, hepatic cord; Nu, nucleus; Od, oil droplets ; P, Pancreas; Zg,
granular enzyme.

+= Fig. 2049} Zo]
O A= 1 FEE o
T THA|Z S-S 2= THA eS| FHEo] 7hsshd, ThA| 24t
Afolof A= BAIE o] SRIE It e siReAes =
HE 7)ol of gt 7Ho] YRS QL Sl A=A o FHE
o] QaL, WhERE Ei= T2t 29 QR U] AA|ZE AT o]
£ AMzd e s71doId etitels sAge aad 3t

25 o4 SR8k § u}(Flg 2A).38Y & AALe] 7he] 2]
% M| W 319] -5, Al vhe] BT} g B 2t
ol dad *PHJOIWI g elEuA Aa A s dlEoe] &
% Ly T;]'(Flg 2.B). 65U T HALO] 7hA| L
-9~ 5 15401 13 A7 Ei% 159 das v
+o] ZVE** B S0
& H 3 K(Fig. 2. D).
131015 T{}zagi A %ﬂﬁ&? 7t 22)& £493t Fig. 30|
A 2, R1EA 9] 7 242 %%24 AR T A2 f A2
o] WA A gAY Bl kA w nAEy PH =8 ujok
s Hoja= i 27] d4 % RO, AbEEo] 3FAE
El 2l o] ARl FEiE HolFdrhFig. 3. A). R20ll4=
AbREFoIsl7] A THA|E WA E o] B Hd A
g 59 7] HE S Wbkl D% 5F o] F Ao
= 5]_2]_"]_7]_}\.]]:&,_\}1*“7%{:]-‘3 A aaY 5o 7F 22 L g
LR 2] = gk gh ot e o] A & H ol 4] Fshlth(Fig. 3.
B). R39] 7t =212 7bA| 2712 o] -S4, # e wh o i

E
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Fig. 3. The change of liver tissue after re-feeding process (2
weeks interval) of starved starry flounder in 65 days experiment.
A, Liver tissue in R1 (7 weeks refeeding); B, liver tissue in R2 (5
weeks refeeding); C, liver tissue in R3 (3 weeks refeeding); D,
liver tissue in R4 (1 week refeeding). Cp, capillary; Nu, nucleus;
P, Pancreas; Zg, granular enzyme.

20} mAE o] WA B 4= QI Uch(Fig. 3. C). R42] 7F 22
< R39} vt 24 FEiE w2 & = )ASIekFig. 3. D). 1
ST Aot 22 HARS St B Ad 65UA 2 A
Fobe) 5 257t 1.41-1.57%2 AR vl 2 Vel 7t
o] SJEASEH7E ARSI A 4 Jlov 2A R At o
7|13to] ke R39t Ra= ZHA| 32712 9] &4, 31 A4l 3t
Ao ol mA A ] o] ot ehds] BlEo] HA] o
e & 5 3lo] HA Sofl= Fig. 3of|Afe} ol 24 35 He

ol 5 AFIstofor Ad Az Al Aol =2 & 4 Sl AL

2 2AFE A,
RNA/DNA H|2}

OZi'

|:|0II

A 92374 0 ' wo| 5 A gt et o]
AFgheE 9l v o] H3l= Fig, 49} 2ttt RNA/DNAH| =
AHAIZAIS %:l?d?q 0240.100114] 1097Fe] M4 7]7F &
224+0.09% A3 TAsgon 1 o|F 2|42 Q] HAo|
WA AR e %Z] 3t 65UA 1.97+0.098 743}
ot RNA/DNAHE| 2 B A7} = R1& 23710 HAl 5262
5o Hol & A Fg Ad 444 5.0+0.202F R20] 4452712
A $35U%F Hol g AF S A E 59UA|2)4.2+£0.202 Z &}
ol Hof A7 E= HA7|7to] & ] Aot Alo] 3|50 w2

7 APo] H= A o= el RNATES RNA/DNA H]
9}E°‘§_ W5} oRARS Wl om A% %7]531+0.21 ug/mg

oA S A= 6594 3.50+£0.24 ug/mg O &2 A&7 0 2 7t
_,_o]—oﬂr,]. H]-u:] ;].E /\134 _L;D-lo]7]. ;(H :ﬂ.:LQEI.]i %_7],5-]__15 7(;}
F& =R AETE 269 B2 HolE AF3 44
%ﬂ69&anuyngzgg4%ewvm%aaraiﬂ
A% 5344 6.46+0.63 ug/mg= S715F3Ach 18U 11 o] %
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Fig. 4. Change of RNA/DNA ratio and concentration after 65-day

starvation and following bi-weekly feeding. Error bar=standard
error. S; starvation, R1; refeeding after 2 weeks starvation; R2;
refeeding after 4 weeks starvation, R3; refeeding after 6 weeks
starvation, R4; refeeding after 8 weeks starvation.

L hA - AIET B RNA @3] Hl7} oha] Zhassle] 242
3.78+0.09 ug/mg®} 3.54+0.11 pg/mgol ] 2331 R39} R4
L 747F A% 6597)0] 6.71+0.34 ug/mge} 7.09+0.96 g/
mg= ZAE|GITE 9]9F ZO]RNAYT RNA/DNA H|oj|A &
o|gt H-2 2 11gkS 7153t o] % 3] Eo| WHtH AFoA 2
I gko] thAl gt A o= A7|7h A Ao gk HAFAg o8
oA FAZ I3 ol J37F o= Yojufar YH7IZE
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Fig. 5. Change in blood biomarker of starry flounder representing starved and recovered process. Error bar=standard error. S; starvation,
R1; refeeding after 2 weeks starvation; R2; refeeding after 4 weeks starvation, R3; refeeding after 6 weeks starvation, R4; refeeding after 8

weeks starvation.

o] AU ThA] Ao & sjBo] Hlojrke 3pg o vy
tF. DNAgHF2 A 270 1.32£0.08 pg/mgol| A S A3+
= Azt 57ksto] Ad 6594 1.81 +0.15 ug/mgel ik R1-2>
DNA gt2Fe] 2 ¥she Ho|x] 9kl 1.42-1.56 ug/mg?] S =2
FABk o, R2 A= ol A g+ 2194 1.63+£0.07
ug/mgZHA S7HE & HhA] Hashe AE HAA R3= 9
o] A B 159714 1.78+0.05 ug/mg7Hx] Z7} 3 ohA] b
81913, R4+ Holg+ 129712] 1.82+0.18 ug/mg= 57}t
olch. DNA 3Hko] ¥i3}i= R4, R3, R2, R1 &0 2 HA]7|7lo]
Aoz 52 gha Bl ol= St el AL #1st

of ot 3= olH A7} 21481 DNAE 3Hdst7] 91 He
Uh= Raae et al. (1988)9] -2 32} 5 A7 Atz Lrebytt)

OH
21

A} uo] A ol W2 Fucte] BF Aokl 4L
Fig. 59} 2t} 4717 AAIA] TG A% A1ZFA] 101+ 1.4 mg/
dLAIA 1094 16.7+ 1.6 mg/dLE F23] Z4stHal 11 &
3197k QA AR 389 ThA] 112749 mg/
dL& F7}3hch R1 AldTe] dche] 2o TG
=7h wlol gt FAlo] 3F245] F7kstel A 44Ul

M

=~

gt
T
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313047+ 14.6 mg/dLY O 1 & Ho S 2|42 0 & A3t
o= E45tal 2F Ay 65UA= 245.3 mg/dLE 343}
ek R2 Ao A Hol 353 FAlo] 5 =7t 57t
a17] A1 &Fste] AlE 4497 280.5 mg/dL7HA] o] 2§tk R30]|
Ae 2197 Hol & 313t A7 44U74327.8 mg/dL, R4o]| A
=21 B3 Hol & AdF g A3 6597 o] 308.8 mg/dL] &
=5 Bk A TG = olvA] Ao, =/ A%
21 cholesterol™} phospholipids+= A|229t Y +2E5 FA5laL
ol A=l 2715 Ueh7] e itk TG slee 9552
Climbing perch Anabas testudineus (Bloch)2] 7-¢-of| 4 2
A7) Bol A F7F doubA] b= ARl A 159 Foll= =
A oAl F AR S7HE Holw 602714 A717E H A o] Ao
e ol whet S @4e] Aol 7t Qlvkar Harsted
th(Godavarthy et al., 2012). T3t & 47| 7F 5o 7Aoo &
o}-3 BA13F Yarmohmmadi et al. (2012)] 2JaFd A A17]7H &
TG EsolvA Yo s et 94407 o] 8%
tha shQich 2 Atoll A= A 2719 54
A3 e TS Al e w1
= BE Hof AR Ao gt o | A o= 7H o] &
ol H= Aoz A

A&2 o g HolS FHdHA] 2SA oA CHO= A ¥
AJZFA] 110.0 +7.3 mg/dLof| A 2|42 0 2 7h4ate] 65UA| 9
= 34.1+4.4 mg/dLe| o] 2 "FH R13} R2 A3 Lo A= 25
OF 4770 HAl 2 AY] 44Uy} 59U 2424 150.3+10.3 ¥}
154.6+£10.5 mg/dLe] 2|11 & K ¢lch R39} R4 A F A= &
Z A9 A9l 6594 zH2} 133.0+10.4 mg/dL ¥} 126.0+9.7
mg/dLZ 751t} Hol i Eo 2 013t HA]of et A4S
A A Eekgo] Sagt JakS Fdsto] AA Al oA
& o]go] AJAtEm 1 3 Tl o]glAkgo] up=A| Frt A
WEsls o] Ashe= oA|A| &7t oo} T o] shakg-
= A8k = Qlsto] Ay, gAY, 2 71389 7%
A 3}& o]o] x| Al FthLove, 1980). 0]} ZHo] 2 AAtof A &
A7I7t F¢t FEAEES] vt A 27| HY 65U Foll=
69.1%% =LA dofuf the EH o] eupA Hr} o] &
Aoz 2AHE Sl

A z7] 5 TPE= 2.1+0.13 mg/dLy o0 Ha]7Lal S
Y= 2E 6594 1.08+0.11 mg/dLE Z43+3ich R1
FrollMe Yol A 3+ 269 91 AR 44dA) 2
3.0240.15 mg/dLE Z7}3t 0] A X8| 7hadto] Ag
=236 +0.09 mg/dLo] }ith. 45:7H0] A 4] 2 Hol &5 ¥
R2E= A% 4427 0] 2.22+£0.20 mg/dL §la YA Ao &2
3t o] AYAIZ 65Y0f 2.39+0.10 mg/dLZ 575}tk
OF RA= Blo| g F A &2 0.2 F7fsto] A 65UA
7} 2.32+0.06 mg/dL, 2.03 +0.10 mg/dLojl o] 23T}, Al
7+ % 8% TP 1H4=48.8% 9=t CHO2] 7141221 69.1%
Hot 2| Lretstt. o] oF e A A e v i H Sl

ia ot

0,

A
Brortone

oyl

=

3

£

o
)

- 39

e

- 4% - A

Tl zlo] 7P A A Aol B8] figh oy A o8 ALE-
k= Aot Y25k tH(Hung et al., 1997)

ALB: S AlF Lol A 2719 0.68+0.03 mg/dLo|$loLt ]
420 2 7+43to] 6544 0.38 +0.06 mg/dLoll B33ich Rl
2 Hol3g 26¢0] Xt AF 442 70]] 0.93+0.07 mg/dL7t
2] 2718t o 11 3 2|42 02 0.76+0.03 mg/dL7HA] 7+
2319t R2, R3, Ré= 5412 WHE st HA A9 6570l 212}
0.78 +0.03 mg/dL, 0.69 +0.03 mg/dL 1] 12 0.68 +0.07 mg/
dL= F7Fs3ict.

HZGLOZ 1.32+0.08 mg/dLoj A #4202 7h4s}o] 6
A7) 0.69+0.1 mg/dLol| EE3tlch Rl AFLe HolZ
26474 I 321 2.08+0.17 mg/dL-& Ro|t}7} o] & 2|4
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