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Survival, Hematological Characteristics, Hemocyte Mortality and Histo-
logical Changes of Korean Rockfish Sebastes schlegeli Held in Live Fish

Containers
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This study investigated the survival rates and physiological responses of Korean rockfish, Sebastes schlegeli, in live
fish containers (8 C, 33 psu) for 18 days. The survival rate was 99% and 97% in the control and experimental groups,
respectively. Hematocrit and hemoglobin did not differ significantly between the control and experimental groups.
Glucose and cortisol rose immediately on the first day of containment, but both gradually normalized. Aspartate
aminotransferase and alanine aminotransferase did not differ significantly between the two groups after recovery.
NH, continued to rise after the first day, but decreased to a level not significantly different from that of the control
group during the recovery period. Plasma ions and osmolality did not change abnormally. The hemocyte population
was not significantly different from that of the control. The ratios of apoptotic and necrotic cells indicated no specific
variation in hemocyte viability. The histological changes in the skin and gills were not significantly different from
those seen in the control. The experimental data obtained in this study suggest that live fish containers may be used
to transport Korean rockfish without significantly affecting their physiology or survival.
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20| &2 (Sebastes schlegeli)2] 2017 FA] AJAHF2-22,345
EO= Eue} of i oF4 ke 25% H =g AHAIehe 5
8 FA 0JFo|tHMOF, 2017). 22 ZulE2h2 FALt
W oy )% ke ) AujRke doldl el Fio] Selx]
I Qltk(Yoon et al., 2015). whba] QE4 2|0l ul g2t 4u] |l
o A s eNs A2 o) A% A2 s
AR Aot 2 Zof(live fish) 48] Zop7t AAA 2 2
2 Shojelo] Fojuzh Z7hEl 3 Qlek. WA Btk
Bl e 48 BolAjo] 44HE T} B 15859 V|G 48]
o] SALOR 45311 90w, Y] S vl Av A

b

IS T FEeZe o s o jlen, Ferd
< B8] ok Aol EofAl= Aol Atk o7t 2AIE
S

S 25k7] 9Pl Brol sl Ao Thetet AT} R 5
Y =] o] kth(Ferreira et al., 1984; Yoshikawa et al., 1989; Cho
etal, 1994). 0|5 20t0] 25 W3 A= 9| giAkeS
ASHAIA EHFShE o] FATE pEole 7 aapile s
UFERSTE 3 9] o]l == AR E= ZEH o[ E o83t
Sl =& o] gk ol A A o]0l A A Fof A4
58 " o] (ol AElo|H)7F =2 ARG-E T

AL 7S AES HARE ARt ARlo] dAIRE A]
2o thgt W H 9l olFmith th=cth of ol W A 4
4 4222 Channel catfish (Ictalurus punctatus)= 7.7-10C
(Piper et al., 1982), <% wlij2x(Morone Chrysops> Morone
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saxatilis) = 18.3°C ©]5KYeager et al., 1990), Z-5|(M. saxa-
tilisy+=12.8-18.3°C (Piper et al., 1982), &< vl (Micropterus
salmoides)+= 16C (Carmichael et al., 1984)2 LFelT 23]
B20) HOE 528 917 A S 1 2700 e AT
7FAYE =577 14D 7|08 A 28 22 6-10T,
HE-L 18-34 psul. 2 UEFGTHYang et al., 2016; Yang et al.,
2017). AT AR A oR TR g 20| Zajuete] 4
A Eol AYTAE HFA o= ddstr] fleiA= AA
gojsd Aejol] ] 2T 483 ¥ AE} Al s
otk &7} B asich

wpeba] 2 At e A4 5 278 T, 3311 psw)2] &
ol=% g0t of| 2u| e 14947 =831 HA AHEE, &
AL, BT A E W 225 st} z

A3 e APNES
At
HE U Y
ABof Y A3 X

Aol AL Holrd dlolult uIE, S, Y
243, AS)A A A, AN W AR

BPAES 75749 Ea2E 22 Rbsto] A9 A%
A 257 AR5+ 1T, 33.5+0.5 psu). &3] 717H 5,
AFE Fold FEolY U] HRZ(IE, 15£1T, 3341
psu)oll Ao E 290 kg (°F 7257+ )& 485k leh ==
= 54419 15 Y342 (FRP, fiber reinforced plastics) S 41
Halolon], Agol Tojs Aejo Luiezel Solat
Al QA A5 290 kge 853

A= S AR 2CTH SR 5 8T ollA 14U7E
AR, A AlAEAlF7H B 149 o] AR of(151t2])
oAl A} 24 Al 55 HFH T 14U o] Fo= Ad 42
O 25 AIZTG 2TH AFSAIA -2 15T oA 4 $(18Y
A, 25 49)ol Aof(15ute])e] dHS HHskAeh A
oA o] A 7|17H el A Bl=r 2R A7EA] Fojg
& Aol Y7F E 5= 7|17 ststo] 14U &= A siTt.

2= (1 B)oll GubslrE ASA o2 551918
AA717E 5] Hatr22 15 £ 1Tk AE 9 A ZA]H
OF F U A7)0 AF o] 15ute|olA] BH T} 22 AR E A
ShQlth. §EA A= AR ef t 2 R 22319 90% ©|

AL} tj 2 tof| A AE 015150 ppme] 2-phenoxyethanol
(Junsei, Japan)Z T} A]71 3, heparin sodiumS- #] 2|3t A}
7|2 n Ryl A AEstict. AP E EHO] UKi= hema-

BIE} - e - 43S

tocrit (Ht), hemoglobin (Hb) &7 4 G4 E41-5 93] ZA
Ao ARE-sERl om, U A= A2 2](14,000 g, 4T, 1042)
T G2 A A7) 80T ofl Eatshei).

Ht& F ol WA|f-2] o] o] 4172](10,000 g, 10-2)5}
o] Ht 24 3H(MICRO-HAEMATOCRIT READER, Hawks-
ley Co., UK)2.2 =A3}%it}. Hb, glucose, aspartate amino-
transferase (AST), alanine aminotransferase (ALT) & o] &
(Na', CI) 214 /dstebals5-A%4%|(FUIT DRI-CHEM
40001, Japan)E o]-&-sto] &4ttt 4AHF4 s E+= vapor
pressure osmometer (Wescor Co., USA)= =23}%th

&2 cortisol-2 a4 A2 A H(EIA, enzyme immunoassay)

& 0|83} cortisol EIA kit (Oxford, USA)E A8+ th-23t
2ol Z3skeieh @4 100 pLefl 1 mL ethyl etherS 375}
cortisol& FE3 5, Al w2 ASH S 2Elsto] o] N/t R
ZHPA F o) 2Fod 52 100 uL 2] extraction buffero]] <1 &
A] extraction buffer® 1008} 3JAA]A o]& AMEE ARE-SFA
t}. Standard solution E+= A4Z-2 50 w4 microplate©] 28t
Bog do & =kl cortisol-HRP conjugateS #7151 1
A &Rt 2o Al WAl Fi Tt RS- $- washing buffer= 33
AM|A 3t &, tetramethyl benzidine (TMB) substrateE 150 pL
A elo B 308 59k #H-3-A]A, microplate reader (Bio-Tek,
USA)Z 650 nmol| A 452 =4 3}3ith. Cortisol 4] A] inter-
assay coefficients of variation (CV) ¥ intra-assay CV+= 212}
7.8%2} 6.1% ©] Atk

SHE 24

ol o] hemocyte population 2! hemocyte mortality+= flow
cytometry (Gallios flow cytometry, Beckman Coulter, USA)
2 24314t Hemocyte population 200 uL2] ol &
ko] 39, T o 7 1AAZ] &, SYBR green I (Sigma,
USA)S H7tete] Aol A 90271 RE-S-AIZTE. 0] flow cy-
tometry2] FL-1 detectorS ©]-&3}] SYBR green I0] FA%
ke A els)o] forward scatter (FSC) detector®] slide scat-
ter (SSC) detectorZ ©]-§-5ko] &) 7] &} U F W eof what
E33}5 eh(Fig. 1). Hemocyte mortality+= phycoerythrin (PE)
AnnexinV apoptosis detection kit (BD Pharmingen™, USA)
£ ARE5lo] g5 PE AnnexinVe} 7-Amino-Actinomycin
(T-AAD)E ©|F @442 shol 2439k, Thers] AwsiAe
HA G5 10107 cells/mLE SH27] 93 Gl Wf B4
£ hemocytometers ©]-8-3}o] =43+ 5 binding buffer [0.1
M Hepes/NaOH (pH 7.4), 1.4 M NaCl, 25 mM CaCl ] & 3] 4]
A Fet 34 e gl 100 ulLol PE AnnexinVe} 7-AADE 2}
ZF 5 uLA H71ek & 15871 §1-5- A3 th(dark, room tempera-
ture). ©]2 binding buffer 400 uLE & 7}5}1¢] flow cytometry
2 1AZE o] o]l AA R--E AT 51T live cells (F4Y ¥E3- ¢l
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Fig. 1. Flow cytometric determination of the hemocyte populations
of Korean rockfish Sebastes schlegeli. Three populations of he-
mocytes were distinguishable in rockfish: blast-like cells, hyalino-
cytes and granulocyte. Representative results of 15 fish individu-
als. SSC, side scatter; FSC, forward scatter.
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Fig. 2. Flow cytometric analysis of 7-AAD and PE Annexin V stain-
ing for discrimination of apoptosis and necrosis of hemocytes of
Korean rockfish Sebastes schlegeli. Representative results of 15 fish
individuals. 7-AAD, 7-Amino-Actinomycin; PE, phycoerythrin.

<), apoptotic cells (AnnexinVel| &4Y), necrotic cells (7-AAD
of] A2 FE3RCHFig. 2).
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Fig. 3. Survival rate of Korean rockfish Sebastes schlegeli in con-
trol and experiment group for 18 days.

25k BAE A8kt Bekd
1235 A BEES 10% AT &

I mm 7|2 22} oA 10% 57
e Gollof 2447k FRF ALY T & 2447F Fet B E
= 5ol A5k 11 & EZ A7 7](Leica, Germany) S
0]-8-514 70%, 80%, 90%, 95%, 100% =S &2 1AM oA
H ethanol B3-S 721 & paraplast (McCormick, USA)
of 2417k E<¢t ZAEAIA gheba Euf7|(Leica EG 1150H, Ger-
many)E ©]-&sl ZrjE s}¢lct Zuf H A|R= microtome
(RM2235, Leica, Germany)< ©|-83}9] 4 um FAZ 1%
AHsto] A FES A|2FSE & Harris hematoxylin-eosin Y
(H-E) thy] HA-E stof gstdn] 7 (DE/Axloscope Al, Carl
Zeiss, Zena, Germany) 2.2 #2513

SRS
EA B2 SPSS program (ver 17.0y& AFg-3ko] AA|545]

o), APTo 2T HL FANL test BE A
(P<0.05). HE Z3ZLe B+ BEWAR BT,

Z 1
o
MEs

U B A AP0 R HERS 242 97% 2 99%

Hu
e
flo
i)
|
&
T
2
X
3!
a2
N

Agatel dizate) F o AT H3h= Fig, 4o e Gict A
%] o] Ht W Q)%= 26.8-41.4%= 28.0-36.2%¢] thx712} 59|
St 2po] 7} ¢ldeh Hbe A3 L7} 7.0-8.5 g/dL, t) 277} 7.9-
8.6 g/dLZ -5-2]3F 2}o] 7} §1ATHP>0.05).

Glucose= 0] A&7} 93.0+11.8 mg/dLE thRLH T}
FoJ8HA $=8kaL(P<0.001) 7Uoll= 277} 48.8 +10.8 mg/
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Fig. 4. Change of blood parameters of Korean rockfish Sebastes schlegeliin control and experiment group for 18 days. AST, asparate amino-
transferase; ALT, alanine aminotransferase. Values are presented as mean +standard deviation; For each day, n=15. Asterisk mean significant
difference between control and experiment group. **, P<0.01; *** P<0.001.
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dL= A%l vlsl f-ofshA] =8k oLH(P<0.01), 14% o] &7
] F-2J2k Zpol= §LUTH(P>0.05). Cortisol 0o A9i-+7F
343.9+105.4 ng/mLZ tf) 20| 1] 3 oF 3ujl ke =7 vreRyd:
S 1HP<0.001), ©]F AF19] cortisol F == 7HAste] 7UH
Bl = -9} 0] 3k Aol 7h LFEhEA] §EQATH(P>0.05).

ASTE= 7ol dixt7h Aol vl ot =8k
LHP<0.01), YA AaA7|7F St folgt kol gloict
(P>0.05). ALT= 1447HA]= ti2-7F A g ol vlsh {25t
A=A HERL LUK (P<0.01), 2]57]3F o] %ol fofRt 2o
7} 9194 THP>0.05).

NH, = 7458 149702 g7} ko] mleff of 3uf 7}
F =A UEFRAIRHP<0.001), 315 $ofl= 478 +26 ng/dL=
A AF o= ThA] Wolbl o ek {of7h Ajo]
7} 9193 THP>0.05).

g7 o] 2 Yl AHFA 5= HSk= Fig. 5ol UEhfiglch Na*
I} CI2 14%9e] tiz=t7F Aol vlsl fosHA| &=3keut
(P<0.05) WA 7|7k &9t F-9J7t Apoli= ATHP>0.05).
APEA FE e AP 316-364 mmolkg, HiRAE
330-365 mmol/kg .5 AE 7|7k FF #-9J gt Zfol7} §loict
(P>0.05).

Hemocyte population

Hemocyte population H]£& 3= Fig. 6] UERY St} 21
=2}9] hemocyte population U] blast like cell, hyalinocyte
granulocyte B]&-2 & A 7|7t 5t At} v 217 72
gk 2Fol= glaATh(P>0.05).

Hemocyte mortality

Hemocyte mortality H3}= Fig. 7| UEF It Live cell
9] v]&-L& 17T 98.0-98.8%, T} 97.0-99.2% = Al
$17]7F S0 §-2]3 2lo]= ¢IItH(P>0.05). Apoptotic cell H]
S A7 e At 21t 7ol Abol= idek
(P>0.05). Necrotic cell H] &2 14Yof] AFF7} 0.6+0.3%
2 H27H0.1+0.1%)°l s FostA A HERRA|et
(P<0.05) Y2 A3 7|7k Fek kel f-2fgh 2tol= 13l
THP>0.05).

A% 03} 149 A AHo]] 1159} of7hu] 27 BisH- Fig,
goll vhebigich. 00 5.0] 4ozl thaol Ao EE
3} 3o o mEo] AT on, Aol ulsol
EAIS Slgich. ob7hul = Aol il Afgto] o] o
A Qglow], ARhe SR Gk AEE EFAEA B3
o APATAZS Gk Age Folt AFRAZR

ol 4 71 eb1g 0.2 ulef Elgick, ophulis chapgh 2 A3H)
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Fig. 5. Change of plasma ion and osmolality on Korean rockfish
Sebastes schlegeli in control and experiment group for 18 days.
Values are presented as mean+tstandard deviation; For each day,
n=15. Asterisk mean significant difference between control and
experiment group. *, P<0.05; *** P<0.001.

Hap7t BEE =], A Al Ese] Al A v
of =]Qlom, QA el HAA L S7LE ek A2 EeHt
1 YE IFAEES HEB YA AP RE vt
FE2 0= Aje] goto] k= ot
7 o

ol 7 &0 QlojA FAES W 0 R o] =52 ke =
o] F9] thgF FHALS S 4= 9Irk(Staurnes et al., 1994). 71
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Fig. 6. Change of hemocyte population in Korean rockfish Se-
bastes scllegeli in control and experiment group for 18 days. Val-
ues are presented as meantstandard deviation; For each day, n=15.

5 Aoy =52 2|52 A7 |7H(14Y) 5ol At
Ao = et

o7 AEYAE v = ol | cortisol, glucose, AST,
ALT Y 0] 2 59| s%7} ¥&l 4= Qlth(Samet et al., 1996; Fot-
edar and Evans, 2011). Donaldson (19812 4% AEHA
2 Q13| =55 o 7o @ Y cortisol} glucose E =7} 5
7Vstckar 3F¢At}. Staurnes et al. (1994)2 thA] e (Gadus
morhua)®] €N ] cortisol?} glucose =7} 2447k oAk 4=
£ Al 424 Ao v|s|| oRlthar Bkt ESF Nomura et

BIE} - e - 43S
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Fig. 7. Change of hemocyte mortality in Korean rockfish Sebastes
schlegeli in control and experiment group for 18 days. Values are
presented as meantstandard deviation; For each day, n=15. As-
terisk mean significant difference between control and experiment
group. *, P<0.05.

al. (2009)2 t) A% HAof(Salmo salar) smoltE 30-90 F<F
EYoz 24 S uf T3 cortisold} glucoses =7} 4 A
of vl 4-64 7 =A Vebgthal Barskgieh 2 kol A
A9 7WA] Al A9 glucose®} cortisol & =7F F-2J5HA =
WO, HAFAAso] 7Y o] 2= th ot YA F-oeh
Apo)7F ATt ol= AR A Al 2u|EE-E Fofed HH o]
Yol =85h= o WA st EF AT +=2(8T) o= o2
= SPAI7 |z I ol A A Sl A B 2of] Qs PAJA o2
Gl f glucose$} cortisol 5= 71571t A 0= Bzt 7Y
EE glucose®} cortisol =7} ThA] ZASE A 0 & Hol &hof
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Fig. 8. Histological microscopy in the skin and gill of Korean rock-
fish Sebastes schlegeli in live fish container. A, skin (initial); B,
skin (14 days); C, gill (initial); D, gill (14 days); Mc, mucos cell; o,
hyperplasia of epithelial cell; o, condensing gill plate; <&, hyper-
trophy of mucous cell; <€, hypertrophy of epithelial cell.

S AAelo]Ujoll -8 7] Beke 79l o] F3E 4 2710
$83He Aoz ettt

Hivh Hbl= RIU1o) AL 24M5 21 ek, 2=e At 4
o BHY N ER o[ §E|0], INIH O Z AE LS WOH F
7¥8lAL 7H2-3cH(Davis and Parker, 1990). & &7to A %
952t Ht= 2119} Asl4t7F 212} 28.0-36.2%%} 26.8-
41.4%, Hb7} tj=-e} A3t 242 7.9-8.6 g/dLet 7.0-8.5 g/
dL=Z A= ZF o3 2po] 7} LhA] ¢o} ghoj= HH|o|H =2
& A 2uEEe] e Aol WS b2 AoR B
lazl=g

o1572] -9 AST9} ALT+= 7+ ol & Whgshs A=A 7F
ZA £A A TR R P50 2 & HTH(Smith and Ramos,
1980). & Aol A 2ujE2ro] ASTFALT 527} tj 21
Hlsf F-oJ5HA EAL ko 7} glof, & ATt F 2712 21]
2] 7t 750l AollE FEehA] g A= ddEh

o= Tholu Al 22lo] &4kd 7% €9 W NH, 5=
7} Z715k= Ao 2 R E ¢tk Thurston et al., 1978; Randall
and Tsui, 2002). & 1ol A AF+- 2u)Eeko] 4 Uf NH,
e TERE 14U471A] tfz7kof] ulsf 36 o4 A Wbt
TH(1230-1609 ug/dL). SHAIRF ASTF ALT 5= A E 112} o
Z7E Aol 5 HolA] oo} Al 4] &AFolut 1t 75 A8t
o &7 NH, 9] 5= S71e17] Hih= Zoj& ZH oy W &
WO NH, 55 450l 93t 2o & wetEth Evans et al.
(2005)<= ©15+2] AW NH, ‘z=°f Bl AM54=2] NH, =7}

NH, 52 AH849] NH, 35527} 27He] w2t ot 2t
©2 BIETHMin etal, 2014). EH 1] oFm Lo} L Abs
> AP AR Aol E 79 HARF RS 4= 21AIRE Min et al.
(2014)2] AollA 2uE2tE 4 mg/Let 8 mg/L 5= 2] NH,
of =& A o % Wi NH, 5%=7}F 2421950 pg/dLet 2140
ng/dLz & A Aot A vepgo A9 717 5 FAL
7HEAYSEA] QLT Rk i Aol A e A AEE0] 97%
= A vt @4 W Yot A7t vk ebe 2 A
2702 14949 #52 2ulEet A& ZAF gl Ales
AZEETE e 14 o] e] ol = HA RS 7
ol Qleu® 4§ U E WAL o1}] o] YR olE A|A
& A= 5o 2X7F Zasirhal Al Eh

TARES AU o] U AR =9 o] ASEH
22 HARY Y 7 5o e A Ao @ dol e A
747 wlAtell o] 24| HH(Eddy, 1981). 2 A= o] 2 |
AR e A7 S 2ot AT Abo] glol &
ol4% AHlolY R $FHE 2uEEe AFd 24 9ol
T AL i A o= gk

T 5 75 A E0] F= P42 delayed mortality syndrome
ol2} gtth(Harmon, 2009). Portz et al. (2006)2 1 1S 4=
& LEY AR QIR v Aske Haugh v Stk Hee o
A3 2= hemocyte population} hemocyte mortality7} 1.2
o], Hefglo] #]5}%] ™ hemocyte populationt]&o] ¥a}AL;
hemocyte mortality”} <7}8FcH(Bly et al., 1990; Omar-Ali et
al., 2015).

015-9] hemocyte population=> 5= hyalinocyte@} granulo-
cyte FEE M, 015 47482 51 neutrophil2 o -2
/4%l granulocyte”} WA Histe 2oz defA Stk
(Kurata et al., 1997; Omar-Ali et al., 2015). & Ao A= %
9]22+9] hemocyte population= hyalinocyte2} granulocyte
2 o]Fojx Ao =R Yepytt. 21]E2H2] hemocyte popula-
tiont| &8 A1§717k Fok g} tjxTke] elat Aol
7t 9191t Granulocytel= 51% |% AgFolAl $ol5 %
Al VeRY, B o] 2702 149 71| Foj44 g oY
2 548 ) eto] AR wlele Ash e ok A
© & yihE )

Hemocyte mortalityt= &--2] apoptotic cell#} necrotic cell
o] Hl&-& Fof &IT 4= Utk Apoptosisi= ATPE AH5}
of T FAdAte] sl whjE Alsz7} AAazof A A= A
= U5, necrosisi= &= 2| Q1 2810f| ofsf| A2 o2 A
7FEA A HHA g5 shehe 2 EilthMartello
and Tjeerdema, 2001; Kiss, 2010; Ray et al., 2013). Hemo-
cyte mortality+= 7= =74, Alot 7 & €73 A E g A Fof 9
3} %7}, apoptotic cell¥} necrotic cell9] B]&-0] F7}5}o]
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cell viability7} Sobx|A] = A2 &4 9 W/ 7|50 A5}
Hh(Fournier et al., 2001; Kiss, 2010). 3 ¢1510]| 4] hemocyte
mortality’= A0} e 27 2 3o|7} glo], Fols Asol
Y= 14U7F 2088 524 A] cell viabilityol] o]4ko] §1&
Ao = gk,

o F7F AEH A0 ke EH 3] H o] HoMA| 3 IS4 T) AT
R|sE0] o] PHaFE| 1, ol 7k A AR %] vl 1 QA
4 TP Al T} 7k 2218 a7} QouthPhilpott, 1980).

2 Ao 1490 ABT-0] 729} of7julol ] HAIE 75
2] 50 w)ef, AR A0 Th54] o] 2XstHs] s}
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