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Daily Rhythms and Effect of Short-term Starvation on the of Health
Parameters in Olive Flounder Paralichthys olivaceus

Gyeong Eon Noh*, Woo-Jin Kim, Hyun Chul Kim, Choul-Ji Park and Jong-Won Park

Genetics and Breeding Research Center, National Institute of Fisheries Science, Geoje 53334, Korea

This study was conducted to determine the circadian rhythm and the effect of starvation for the health assessment
of olive flounder Paralichthys olivaceus, reared under 12:12 LD (light:dark) cycle and fed 1% of their body weight
once a day. The blood collection was implemented from 10 fish every 3 hours for a day, and analyzed to serval health
parameters of the experimental fish. Plasma cortisol, glucose and total protein concentration reflected diel rhythms
with high level of photophase and low level of scotophse despites of glutamic oxalacetic transaminase (GOT) and
glutamic pyruvate transaminase (GPT) showing no rhythmicity, while electrolyte (sodium, potassium and chloride
ion) concentrations arrived at the peak 18 hour and then slowly down. In the experiment of starvation, the result
showed that there were no significant differences of the health parameters between the starved group and the fed. In
short, our findings described the existence of circadian cortisol with glucose in flat fish, and indicated that the starva-

tion does not almost affect the health of fish.
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al. (2006)0ll T, 471 4 Q1 A2 o) 7] YYEAH W & 150 ppm 2.2 2Zo|u] A% 0|5 mFH A %13, heparin (Sigma,
Ed S 29 & 5 7] wizoll FARNA HA Y 7] USA)Z A 2|3k FA71(3 mL)E o]-8-3to] A3 ofe] mid
Zrol tiet 7]Eo]l oS A o= Kok, ol A AL st BAMEZL2 1.5 mL FERE $71 5,4
o) F2] AEH A0 tjgh X322 A P4 T E]E(plasma corti- A AAEE](1,000 g, 15+)8ke] 52 @4 A2 1.5 mL
sol)} FF T = (glucose)”} thax A o|H, 21 ]of] phosphoenol- =g 27ch
pyruvate carboxykinase, heatshock protein, NH,, urea”} Q\t} X* Ao w2 dolgaisha we-S zAlsly] YA ol&
(Martinez-Porchas et al., 2009). 12|31 0]3732] AZE H71A| H Agole] HHAAT HAAEL 722 33.7+34 cm,
x2A g% Fol 2 (plasma total protein), GOT (glutamic 436.7+153.0 gol¥lc}. Adol= 5719] FRP 1& g 4=x0]
oxalacetic transaminase), GPT (glutamic pyruvate transami- subg]d 24T AFYE AT - o g XKoo HS-
nase) %! A (Na', K, CI)7} o[- 8- th(Maita, 2007). A AT AE = A A URE ER AR 2550k HalS
1 Ee HAE o2 AR T e AEE A WG AlZAL, EHZ:?% jd oA F9] 1%= Ab=E 335ttt A
i3t At Wol XayEof fta S FE S SFIA=T A& 29209, 74, 142 10:00-11:004] o) AA|5F L, HE
Ed2 2 Az o] gF o] et et HAo A d4 & 4FeE A F Ytk Table 1), s AL 20 L
Z3} 4 2220 dFelEe ot gus e ngely] = Ao
ool SAEH A A 2A SiA o] of 2] 4= lrk. BB 522 24
AFoH = HAE ez of 7ol A= AEl 97 S
% 2232 GOT, GPT, 2uh A 9 Aga xo tiat o A FE|Z B2 Fish Cortisol ELISA Kit (Cusabio, Chi-
T ES BASHL, 424 ©7] AAlo] Y2] 8] 7o 1] na)ef AR Aol whet AAs e
A= FFS 2ABHLA BT S{oHMBeH HA]
= L ghH g FF3L, drYok GOT, GPT ¥ o] &%= (Na’, K,
Ch= A 5}skA-5-24]7](Dry-chem 4000i, Fujifilm, Japan)=
Alio] s
Aol FRsAlet SFATAE A 20159 A SAHRA
2T L] em 409304 9F OGRS D ggane dage B mE oz tehfglon, SPSS
FEE A ‘j‘_‘87H TIE(9A, 12A] 154], 18/\]., 2141, 04], 3?\], = A 2 19 (ver. 20)% AFe3hoIT B A 2 A A
6ANo 2 AL, ZF T2 FRP (fiber reinforced plastic) Aol whe} 02 a]E Al 1 " A AL 7krk oneway- ANO-

IE AY5az Agol sutels ARgstech Ade] 94 30
ok 2.7 9XJoll A1 UAALEE o] 59| 1% BT
2 AR &7 2ol A AT} 42, JB8 d B=y| = 7)
Z} 24.5+0.5C, 32.5+0.5 psu ¥ 12:12 LD (light:dark) it}

=2 o
VA, H| 324 B (Kruskall-Wallis) 0 2 A3 13
& Basisich 9ol AR AS oA 99 nels, 2
23 9 2kl 20 Dynnet’s T32 A A5F 31, @4 Na', K*

[rt
o >
o

2 CI'= Duncan’s multiple rage test= 73435}
(Table 1). = plerag RICAES
AE AL g Y2 AL AR AAFA3AEE A p}
Aog 7k 1golA Sutel AN B sHe S A

glofo) 2B AE HAsls}7] 9184 MS-222 (Sigma, USA) gx EXre LF2|S(12:12 LD)

Table 1. Summary of experimental conditions

Contents Daily rhythm Food deprivation

Fish size 32.7£1.1 cm, 409.3145.4 g 33.743.4 cm, 436.7+153.0 g
Food intake 1% of biomass once a day 0% of biomass during whole day
Experiment period 24 h 14 days

Density 5 fish/tank 5 fish/tank

Blood collection every 3 hour 0, 7, 14days after the deprivation
Parameters Cortisol, glucose, GOT, GPT, TP, Na*, K*, CI

GOT, glutamic oxalacetic transaminase; GPT, glutamic pyruvate transaminase; TP, total protein.
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Fig. 1. Daily rhythms of plasma cortisol and glucose in olive floun-
der Paralichthys olivaceus reared under a 12:12 LD cycle. White
and black bars at the tip of the graphs indicate the light and dark
periods, respectively. Letters a, b, ¢ and d indicate groups with
significant statistical differences (ANOVA, Dunnett T3’s test,
P<0.05). LD, light:dark.

YA @4 FEEe dFeEE Fig 13 Zth 97|1F
(photophase group)3! 06, 09, 12 W 154] 2] &3 FE| &L 7}
7} 94+0.4 ng/mL, 12.7+0.8 ng/mL, 132+ 1.2 ng/mL 2
11.5+0.8 ng/mL 331, ¢7| & (scotophase group)S! 18, 21,
00, 03] ¢] &% FE]ZL2 242F 2.5+0.4 ng/mL, 4.8 +0.5 ng/
mL, 6.0+0.7 ng/mL 2 6.4+ 0.2 ng/mLo| gt} F4 FE|H2
064158 12A1744] F7ksttt7t 15410 ThA] fashe B3
2 Bolou, 257 FoAb= fIdek(P>0.05). ¢7]ol 71714
A= 18AI7F Bl A E% FE|E |7} 2.5+0.4 ng/mLel 7}
S o2 "o Fal(P<0.05) 21, 00, 03A] ol tha 57F
Sh= B3 Btk 97 250 7] 25| Bt ZEES
u] sk, 2} 11.7+3.0 ng/mL, 4.9+ 2.4 ng/mLO.2 A §-9]
Sk 2ol 7} LEFEEHP<0.01).

7 22329 A2 06,09, 12, 154]0] 22} 9.8 +0.3 mg/
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Fig. 2. Daily rhythms of plasma GOT and GPT in olive flounder
Paralichthys olivaceus reared under a 12:12 LD cycle. White and
black bars at the tip of the graphs indicate the light and dark pe-
riods, respectively. There are no significant differences in two pa-
rameters (P>0.05). GOT, glutamic oxalacetic transaminase; GPT,
glutamic pyruvate transaminase; LD, light:dark.

dL, 9.7+0.6 mg/dL, 8.8+ 0.6 mg/dL & 9.5+0.5 mg/dLo| ¢
th(Fig. 1). @4 253129 a1 2|9} ] 2= 242} 12
Al, 00ATofl WERSEIL 5 157 §-03F 2to] & H $ITH(P<0.05).

715 A5 Yetdls g4 GOTS GPTY] Ht A=
Fig. 20]|A4] ®i= vpe} Zro|, Alzbate] whet Bishrh ¢l
(P>0.05). % total protein2] 73-%-, 06A]]| 2.3 £0.3 g/dLoj| A
124191 4.1+0.1 g/dL= 7-9]8}A] Z7FsF S LH(P<0.05) 03A]
o] 1.4+0.1 g/dLZ 743}

4 Aadel Na', K 2 Cl-2 0649l zHzF 1123+3.4
mEq/L, 2.1 0.1 mEq/L, 98.3 4.2 mEq/Lo| A Az} Z7}st
o] 1840l 149.8+3.6 mEq/L, 2.8+0.1 mEq/L, 131.9+3.3
mEq/LO 2 2|71 425 B g @4 Na =004 9] 136.2+2.7
mEq/L2 -§2J5A] 743t ¥ (P<0.05), % K2} Cl= 03
Aol Z+2}F2.7+0.2 mEq/L, 121.3£2.2 mEq/LE 52217} §1

Table 2. Values of hematological parameters measured in starved and fed olive flounder Paralichthys olivaceus for 14 days

Group Cortisol Glucose GOT GPT TP Na* K* Cr
(ng/mL) (mg/dL) (UL) (UIL) (g/dL) (mEq/L) (mEq/L) (mEq/L)
FO 3.3%1.0 14.8+1.0 11.41£0.6 1.8+0.2 3.0£0.2 122.448.1 2.1%0.1 106.6+8.3
F7 3.9+1.0 15.241.2 11.441.7 1.8+0.2 3.120.1 124.0£3.0 2.540.2 105.6+2.4
S7 2.0+04 15.210.6 10.6£0.9 1.210.2 3.0£0.1 125.8+3.7 2.7+0.1 112.4+4.0
F14 3.310.5 15.610.2 10.0£0.3 1.410.2 3.310.1 132.4+0.9 2.6+0.04 118.6+1.0
S14 3.310.4 14.4+0.5 10.4+0.5 2.840.2 2.6%0.1 136.6+1.8 2.9+0.02 125.0£1.7

F, Fed group; S, starved group; GOT, glutamic oxalacetic transaminase; GPT, glutamic pyruvate transaminase; TP, total protein. each
number (0, 7, 14) is the days of the sampling with the beginning of the experiment. The values are mean+SEM (n=5) and in each group of
parameters did not significantly differ based on nonparametric statistical test (P>0.05).
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Table 2014] Bz ufo} o] 2267 A AIG A5 70} 22 27
oA A8 AFRE B AT Y Y AvHs 84 TEE,
22312, GOT, GTP, %43 9 A3 (Na', K, CH) ol
B2 212 Hol7t YL ATHP0.05).

L.
2 APE gAe) ARAERA BPY AEE, FFRZ,

GOTs GPT> %‘%1411 ;(E]s NaJr, I{Jr E—J Cl'g %?—E]‘g—%— __IZ_/\]-B—]_S)j\
o AR AT} QR RS AT vet QT QReE

= AFA G EF eSS 716, 9, 12, 15A)L}F &F
71(18, 21, 00, 03A])7tol| F-3igt o] & K it o] oF 2h2 74 gk
< =5 AT, Solf 9 doliel &2 of 7t oy} ¢l
Zh, A2 9 2ROl = AR A3t Uit Mohawk
and Lee, 2005; Oliveira et al., 2013). YWHA o2 FE|ELS A
E2, 7|2 AL ARG, B, A AT 22 A
XS BRE dl= thefet s 7]5of olshr] dii
of, Apo] T ASHE AelA] TEIEO) 277} F715
= 7A%S 2 olth(Mommensen et al., 1999).

e 2] 5] G T AL BF7], Hol, ALH Hol
oF o 72 8913 AL e, 13t 2 Walel &
Q1So] QAN o7 2] S ol B AlHa 37717} v ¢
A3t o] 9= Ao &2 ¥ Qlth(Boujarad and Leatherland,
1992; Lopez-Olmeda et al., 2010). Montoya et al. (2010)-= Al
A4 gHolA mid AR ATt Holgae ke A |
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Fig. 3. Daily rhythms of plasma total protein in olive flounder
Paralichthys olivaceus reared under a 12:12 LD cycle. White and
black bars at the tip of the graphs indicate the light and dark peri-
ods, respectively. Letters a, and b indicate groups with significant
statistical differences (ANOVA, Dunnett T3’s test, P<0.05). LD,
light:dark.

ol 3 Hof Ho]o|=3)5(food anticipatory activity)S =
ot o= it B gkt ik, 5-of(Carassius auratus)?} 55
(Sparus aurata) ] 73, 12:12 LD Z 7ol A €% FE|Z9] F
7] Hol g Al sl WAggt dAxtgdol 31tk Boujard
and Leatherland, 1992; Montoya et al., 2010). BF# o], FL2] 7]
40{(Oncorhynchus mykiss)2] 73-¢-, 4 FE|ZQ] A&
2 FE719 o)&Esh= HES B TtH(Reddy and Leatherland,
2003).
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Fig. 4. Daily rhythms of plasma Na*, K*, CI- in olive flounder Para-
lichthys olivaceus reared under a 12:12 LD cycle. White and black
bars at the tip of the graphs indicate the light and dark periods, re-
spectively. Letters a, and b indicate groups with significant statisti-
cal differences (ANOVA, Duncan’s s test, P<0.05). LD, light:dark.
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of a3tk |29 @4 E|Eo] LAl F7Fsto] Aol 2
axshe YRlo] FF7100 &fgt ANA] Holgro] o5k Z1R1A|
of thafirl= 2& WE & {171 wizell olof| et =7+ A7
Zag Aot

G FFEIL2e 1249 Bl =2 3 A7 =Es}7]
7HA] OF 10A]7bo] 2@ E|o] G4 FE|E9] AR iidS Hael
t}. o] 2|3k 50 Apoli= o, AY 2ol waba] fo|7} 9l
& A2 ST AB0] AEAAS WA BT, A4S
%] 8l=A-7HAA S (hypothalamus-pituitary-interrenal axis)of]
ofaf| FE|Eo] E|7} H, FEES FE AR} 2=
AT S B3t AR ol 23t 3HS Sl Aol P agt
N E FFsH et 137 ol €4 ZE Sy 272
2= YA AE A A RE o] G AEYH AT} gl 2
7oA 12:12 LD #5712 AR o] 78] ZEE {9l 10-
40 ng/mL % tH(Pavlidis et al., 1999; Montoya et al., 2010). T+
Holl, F5(S. aurata)yg YA A 0.2 DAZ o A ARS & 7
© 140 ng/mLoJ A} 27101, T 4o 0] (Salmo salary= 23
(smoltification) 7|7F&<t @4 T E|E 42|71 65-137 ng/mL 31
TH(Pavlidis et al., 1997; Ebbesson et al., 2008). & ¢1Lof| A
2] G2 FE|EL2 A 2.5+0.4 ng/mLof| A Hof} 13.2+1.1
ng/mLL}. Y219 TEE 527 e . qA)7} S5 B
o §34 ojmeb Te) AN ARL o) uhizo], A ez 4
S o E Ama AoR 22, of2l 5L Adigol
A YEPGTHOliveira et al., 2013, Kim et al., 2014). &%
SEIRO A9, FZA oFA FANE(Oncorhynchus
mykiss), =5(S. aurata), 2 3= (Dentex dentex)| x| ZZ-
64.0-85.0 mg/dL, 23.42-72.07 mg/dL, 65.76-108.10 mg/dL %1
S Wb, A TS, senegalensis)ol| A+ 13.33-27.02 mg/dL=2
At 0.2 e 53| melrk B A7) 23k Yol AE
g ao Wt AES AAIE & 5ol ZE S 73129
UFPES A sfof & o] Q3 AR

A FE S 25329 7 €% GOT, GPT % FHd
< o0 A HE Bl 783 Aot 53], GOT
o} GPT+= 5454, AEARS 9 2450k -2 w442l
SOl A ZHA| A 4 Al S7Hoke Ao = EEA JltHMaita,
2007). & A4 GOTL} GPT =3+ 157 FY#o) 7k
UL ZH =27F A HelolA AR EE(Kim et al,
2014), 2 H7lo] el AdxoA A3 E Aoz 4
= Qe ey S A 1240 X E H et o] %

FaxshGiTh 2 Aol ShA Wi 9Aofl 4] 10Ao]of] AAIRE
ojgg o Qs Adof7} o] AIHE 7= ' AU YA
o] AQEUS AL F5HY @4 IS 275129
e} fFAlSHA FEEE f=o] 124100 HALAE Hel A&
2 AgoA MEHS S8l A9 ol55 FAAZ] WZel, 9
Ao A 10A] Atolofl HolAdF g]5o] 74X A ol7h dgt 4
G oA 5 FH517] fI8iA] 104] o] % o= Re ot

N

iy, qld

o] Z715E AR S5
Hyl3 FERACE ofFol4 glom, ,
o] S ul AR AN Fof Tofateh. 4717 B4 %

A= k0] 7150 A3l
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F_.~ O}NI
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X
x>

e A o= A1 L ol 4.5+0.1 g/dLofl A F&2
dLZ 7t gk, Hol & Fa3t Adol=4.
I97] o] ol 7] @ FHWMAL g
4% 4= Qlth(Maita, 2007; Kim et al., 2014).

2 Aol Na', CI 2 K2 @4 6455 53] S7tat
18A]0]] ol o] 2R thrt Aol adh= AeFS BYlek A
o Lo sk 2 AR HEHIRt AW RS R
A T S 22 ajlol ofs) A Halld FErt §ig
o} BhE, ARl S 20 A o] 7ol e Fe= Yt
A §A) 8k A3FS B elh(Evans et al., 2005). 27| & 7| A&
Aet= S

— o
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10
%

N

N
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Feadt I 25 7|AR sz ofFollAl A4
FEE AW AFESE FASE 8% Q4R i o] 1]
o] 2olt}. HEZol 7o MEds= Faol, dlitolof A Gl
] 300 mOsm/kg HZO@E—‘E— GR35t 9o, AFEZ] e 9]
90%0]/d=> Na“e} Clofl &Jgt Zlofoh. & A7} 28 == 54t
21t A2 AATHA A=A Holke AA o= 43
SH3AT). Hhilo| shgwsle clo 2= JAHYHE 95t o|EZH
O] A4, ol A E3t AR YAIA QI ¥zt ol ot
ol F= AEY AL RS TS A AREY 2 sEHo &
gho] A =7 wfjite], Herols % o|F %7 WolR|aL
| olo A Z7lsle HekS Holti(Barton and Iwama,
1991). & A2 Na*, CI' & K2 7} Z137ke] =2 of| 4] S
S o7 8oldo g |tk Teu) tiEE o] F9 Na', Cl &
w1 o)%o| ufebA] 22} 130-178 mEq/L, 124-161 mEq/L 2=
F0|87] W Zol| 2 A9 o] 5= FAF e Heoll 23]
Tkal S th(Evans, 2005). L2 & AF oA 9 o] 2%
T s delsat wElo] QAo tiek 7 A E e
EIRARCAI b
2777 255 9] 2o A T A Q1 A Alof| w2 7} A7) A 3%
< vt Ay}, 2ok AE 1 794 Abol= gl
2 20% e|ollA AR GRS o2 A7|17 AAA
/37 BE&-ofl tisto] A-tEHE QITh(Kim et al., 2014). B| &
A Fwol gt dak= gIANE, EHAHE, utEAE,
S| 2Y] 5O Ao A= 7] Ao JA9 A7t #
/;'
|

L 12 >

Sk ofFol7] mizoll A4 Higt AEHAE 34 olFl
Blg] g ke Zlo 2 AZMETE a8 Bg 12 4] YA A9
A 25 Ao AAL @A R0l Thsr e s ARE A
o2 o e
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0] =28H4 o) A ARSE HA = SEA ol o

o o1 3T
A dirkEE S7HA1717] Helid LR BleoR € SEE

B2 £715H 2102 BQIT. 7)1 2771 7] 5Q1 A4
© g AzAReol 2 GRS u1AA) g RO o,

o] B2 20169 YA SAVTATAY 257
% 7 9 A sk 2, R2016001)9] 2|90 2 e <
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