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Physiological changes of black rockfish, Sebastes schlegeli on dietary

copper

Sang-Gyu Kim

Department of Fish Pathology. Graduate School

Pukyong National University

Abstract

The toxic effects of dietary copper on growth, hematological parameters and lesion of
hepatic tissue for black rockfish, Sebastes schiegeli were investigated for 60 days on
experimental diets containing O (control}, 50, 250 and 500 mg/kg.

Length and weight daily growth rate of black rockfish exposed to dietary Cu was
significantly (P < 0.05) decreased after 30 days and growth rates were significantly
decreased ™ 250 mg/Kg compared to controls. Feed efficiency was significantly reduced at
these dietary Cu concentration. Fulton's condition factor (CF) was affected significantly in
fish after 60 days at 50 mg/Kg and after 20 days exposure to =~ 250 mg/Kg and then liver
somatic index (LSI) was significant changes in fish after 50 days exposure to 250 mg/Kg.

Hematological parameters were measured on hemoglobin, hematocrit. red hlood cell {(RBC)
count, total protein, glucose, magnesium, calcium, glutamic oxalate transaminase (GOT} and
glutamic pyruvate transaminase (GPT) in fish exposed to Cu concentration. RBC count of black
rockfish exposed to dietary Cu was no significant difference from controls. Hemoglobin (Hb)
and Hematocrit (Hct) of fish exposed to dietary Cu were significantly changes after 30 days
at dietary Cu concentration,

Serum magnesium (Mg) and Calcium {Ca} of black rockfish exposed to dietary Cu was no
significant difference from controls, but on the other hand total protein and glucose were
affected significantly after 40 days from highly dietary Cu concentration. GOT and GPT
activity of black rockfish exposed to dietary Cu was significant changes after 40 days from
500 mg/Kg compared to controls.

In the primary exposed stage, the effect of hepatic tissue in black rockfish exposed to
dietary Cu was observed enlargement of hepatocytes nuclei, activity of hepatic cells and the

swelling of hepatic cells and capillary. While exposed time and concentration were



increased, the obvious granulation, irregular shape and necrosis of hepatic cells were
observed.
Tt was observed granule degeneration and necrosis a part of cells in hepatic tissue after

60 days at 250 mgs/kg and after 40 days at 500 mg/Kg.
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Table 1. Chemical analysis of the water used in bioassays

ltem Value
Tenrﬂﬂpre;ature (C) 7 ; 18
pH 8.6
Dissolved oxygen (mg/ #) 6.8
NH.'-N {gg-at N/ ¢) 1.41
NO2-N (gg-at N/ ¢) 0.10
NOs:-N (ug-at N/ .¢) 7.91
POL-P (ug-at P/ ¢) 0.63
COD (mg/ #) 1.2

Table 2. Composition of the experimemtal diet

Ingredient

Content (%)

Crude P‘[‘Ot(‘il;
Crude Lipid
Cabohydrate
Crude ash
Calcium
Phosphous

Copper

48.0
50
4.0
15.0

1.0
2.7

N.D.

N.D.. not detected.



H W 25 (%)

CF (%) = (W/L)x100

W = wet bedy weight (g), L = total length (cm)
375 (%)

growth rate (%)={(Wr-W)/W,} <100

Wr = Length and Weight at the end of experiment

W, = Length and Weight at the beginning of experiment

s EE (%)

Feed efficiency (%)={Weight gain (g)Feed intake (g)}>100

o PlAE Cugl G sets] dakel 1 Fw A4 % Askslach

LSI (*o)=(Liver wet weight/Total body wet weight)<100
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S AlEEe] A el (Red Blood Cell)s=, hemoglobin (Hb) 2 hematocrit (Het)Z



A3 (Brown, 1980). #7442+ Hendrick's diluting solution®. & 3§
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Co)E ©]838)e] Cyan-methemoglobin®] @ &, Het 3h8- Hetd RAHES AL& 351,
microhematocirt centrifuge (Model; 01501, HAWKSLEY AND SONS Ltd., England)
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Xylidyl blue method 2 H] 24 %) 2k &) o 5, Ca2] = OCPC

(o-cresolphthalein-complexonyd ©. & A= 2 QA= <]4HE kit (Asan Pharm. Co.,
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1 2 1A wElys rotal protein, glucose?] W& ZAMSLS ol total

o
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Reitman-Frankel®} o 2 9148 kit (Asan Pharm. Co., Lid)E A}-&3h9 o).
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est® A8 FaGen] A5 ogulue Hh §9)4 214 (Leastsignificance
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A Zre) Aol mpE A% B AT dY94YE-E Fig. 129 Yeplch #HA
o] dUYMIGES CuE A7 Folgh7] 3094 Cu 500 mgkg AlE Fol| A F2i3)
A Aty AAEl e, 409 o]F o EE AR Pl foshAl hashsd
ok AFe] YT ES Cu 250 meikg ool AFpel A= 3097bA] 5173
FstEent 309 o) HE Folwh AhSFAst eetal Aok g 40y ol 3R
Flis Cu 50 mgkgo] AlR-pels fo)8h 245 Hol7] A4k
60 3¢ Cuol For} dadoje] HAe vla= G Aol fste] 2

AR Fol T UM Aol Wi A AFe] RS 2l A3

i G2

i Fig3~4o) veplith Aol 4AAEL Cu 250 mykg olge] Alg ol #
10 a7 Basden, Ade dgEs Cu 57 5855 dA iy
v=o7ake] ARG, 2FANAE Cu 250mgkg o] 4]l Alglpol Al § ot
sk oh

Hybe A4 A Ao R Bou Co yiol 5 SR, Azke] Adsg g4

&= ekS dheRlar Aok WErel elwstele o
mgkg ool Algtell A Fe) Al Zpo]E vpebdlal, Cu 50 mgkee] Aol

M 60 Fo) g 2fol 7 9l (Table 3).
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0.6 1
0 mg/kg
50 mg/kg
250 mg/kg
500 mp/kg

715

0.4

Length DGR (%day ™)

0.1 ~

0.0 T T
10 20 30 40 50 6(

Days

Fig. 1. Length daily growth rate of black rockfish, Sebastes sehlegeli exposed to
dietary Cu for 60 days. Vertical bar denotes a standard error. * Indicated a

significant difference from control (P<0.03).



—8— 0 mgkg
—O— 50 mg/kg
20 4 —¥— 250 mg/kg
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oy 15
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e
N
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=
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-0.5 T T T T T T
10 20 30 40 50 60
Days

Fig. 2. Rate of daily weight gain of black rockfish, Sebastes schlegeli exposed to
dietary Cu for 60 days. Vertical bar denotes a standard error. * Indicated a

signiticant difference from control (P<0.03).
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Length Growth rate (%)
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() S — : - T T
0 0 250 500

h

Cu concentration (mg/kg)

Fig. 3. Length growth rate of black rockfish, Sebastes schiegeli exposed to dietary
Cu for 60 days. Vertical bar denotes a standard error. * Indicated a significant

difterence from control (P<0.03).
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Fig. 4. Rate of weight gain of black rockfish, Sebasies schiegeli exposed to
dictary Cu for 60 days. Vertical bar denotes a standard error, * Indicated a

significant difference from control (P<0.03).
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Cu concentration (mg/kg)

Fig. 5. Feed efficiency of black rockfish, Sehastes schiegeli exposed to dietary Cu
for 60 days. Vertical bar denotes a standard error. * Indicated a significant

difference from contro! (P<0.05).



Table 3. Condition factor and Liver Somatic Index (LSI) of black rockfish,
Sebastes schlegeli exposed to dietary Cu for 60 days (mean+S.E.')

Cu concentration{mg/kg)
Days S o
0 50 250 500

10 2.66+0.07 2.64+0.05 2.7420.05 2.86+0,10
20 2.59+0.04 2.6420.03 2.76:0.06" 2.79+0.06

30 2.60+0.05 2.62+0.05 2.58+0.05 2.46+0.06

. 40 2.58x0.05 2.55:0.02 2.58+0.03 2.51:0.04
50 2.54+0.05 2.43+0.04 2.590.04 2.61+0.02
60 2.63+0.10 24320057 2.55:0.03 2.450.04
10 2.82+0.13 2.87+0.21 3.1620.16 3.18+0.10
20 3.1720.15 3.14+0.11 3.27+0.12 3.32+0.15
30 3.48+0.15 3.72+0.17 3.66+0.26 3.67+£0.23
[.5]

40 4.0120.14 3.51+0.19 3.65x0.14 3.53+0.18
50 4.05+0.23 3.77+0.17 4.34+0.15" 3.78+0,10

60 3.60+0.19 3.66+(018 1.43+0.17 3.36+0.23

’f‘ Indicated a significant difference from control (P<0.05).
Standard error.

*]9_



Cu ol up g Adate] Hals &7 slsted 84 4, Hb ¥ Hetof] f

[+
=

Hor Abololl fol@ Aolis lgE A @strh. Wel T Hb FEE Cu Fof gkl
Z7bsla el Algke] Fakdel ubeh ghaatzl A&kl or, Cu 250 meke of
Q) Aol A 409 ol F. 50 mykge] A FAAE S0Y olF felF i
= mgch Het ghe Cu Felgo] Z7leh Fol Alzbol Aylol we) aa7)
A aksted Cu 250 mgkg ol 4ol A TN 3091 ol F. 50 mekgel Alg T olA

409 ol E fog (12F uEhioh

Cu =% & @4 ] Fy|dE F Mgd Cag] dES =AF

2

diyp B g Al
ol gpel wsl mTel Wakt Uehdo MEtel gy Ao fol
5h abo)e o)A 5] x] alorr} (Table 5).

e A W fr)48e WetE g4 ol proteindd glucosed] %& FAMSH
A3-E Fig. 8~99) M QAT total protein ¥ gl & ol HlE w2 40U H)
Cu 500 mg/kge] A& o)A 228 gdiz 21§

g 7hAaAs wedar, 50948 Cu 250

mgtkg o] Fe] At 2365 227 gdI® RFeldtA Padsigor, 60U w

-

- Cuf T ARl 2406, 232 4 227 ¢

<

dil 2 o2t $EE o
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Table 4. The mean hematological parameters in the blood of black rockfish,

Sebastes schlegeli exposed to dietary Cu for 60 days (mean+S.E.")

Davs Conc. RBC4 coun} Hemoglobin Hematocrit (%)

| (mg/kg) (x10°/mm’) (g/dt)

0 208+15 13.9:0.6 31.9:08

50 203420 13.3:0.4 295+1.3

10 250 199:12 13.140.1 325405

500 19947 13.241.0 293:0.7

0 200+19 13.7+0.3 30.5:1.0

50 181:5 133+0.2 283+0.6

0 250 190417 12.6+0.1 312402

500 17242 125408 293413

- 0 19742 136:01 27503

) 50 185+16 12.8+03 27.8:0.5

0 250 188+18 12.0+1.2 261403

500 173210 11.8:08 253406

0 20346 135:0.4 31.0:0.3

50 194+8 126403 26507

0 250 185:9 113:0.2° 25540.6

500 169+31 11.3+0.1 248204

0 20656 14.040.1 30.8+0.3

50 196+16 11302 25804

20 250 191+34 10.4+0.3 25.3:0.6

500 158+10 10402 23301

0 20415 13804 305:06

50 175+17 95+03 254407

o0 250 195+16 90:0.2 253408

500 18929 87:04 224509

* Indicated a significant difference from control (P<0.05).
Standard crror.

glucose FFhi= thEFo) H3) =& S04# Cu 250 mgkg o} i A& FoA] 226
g gKE

_2]..



v 220 mg/dl 2§93 E715 Relar, 60d9A Cu 500 mgkg AlE oA 238
meg/dl 2 Fo)shA &7 ohP<0.03).

Cu =22 < W &a FAHo WS Lux GOTS} GPTE AH=

=
et
ox!

L

ZAgk Z#E Fig. 10~ 116 JelWoh 83 U] GOTE w% 409 o] % Cu 500
mghkg ABTOIA, 0ARE LB Cusl FeE ARTAN G Fo4E e
Seh GPTE =% 4097 Cu 500 mgkg AP 7oA fel7 2718 & + 2
Qo) GOTeHe B 5094 mE Cu rwd Aglzela 18]1 602 Als Cu
5

i

= Ak

Al

it
]

T} &k
(il

250 mg/kg o] Are] Al FH-fFoll M &

o

ofN
~

H&

Table 5. Change of Mg and Ca in the serum of black rockfish, Sebastes schlegeli

exposed by different dietary Cu concentration for 60 days (mean+S.E.')

Cu conc. (mg/kg)r Mg (mg/dl) ‘Ca (mg/dl)
- 0 3|6L023 13.20 + 0.1 IVW V

50 349 + 049 13.70 1+ 0.15

250 3.79 + 0.50 13.24 = 0.27

500 351 + 0.51 1344 + 0.21

|
Standard ¢rror.

;22,



I 0 mg/kg
50 mg/kg
250 mg/kg
30 4 1 500 mg/kg
=
@
£ 254
U
= T
p -
&
=
o
= 20
v
‘s
/
0.5 H

0.0

Days

Fig. 8. Change of total protein in the serum of black rockfish, Sehastes schlegeli
exposed by different dietary Cu concentration for 60 days. Vertical bar denotes a

standard error. * Indicated a significant difference from control (P-0.05).
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300 1

I 0 mgkg
SO mg/kg
250 4 250 mg/kg
1 500 mp/ke
200 - T
i)
&h
o 150
[22]
o
o
2
]
100
50

20 30

Days

Fig. 9. Change of glucose in the serum of black rockfish, Sebasres schiegeli
exposed by different dietary Cu concentration for 60 days. Vertical bar denotes a

standard error. * Indicated a significant difference from control (P<0.05).
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80
0 mg/kg
50 me/kg
e 250 mg/kg
(1 500 mg/kg

60

40

GOT (Karmen Units)

Days

Fig. 10. Change of GOT in the serum of black rockfish, Sehastes schlegeli
exposed by different dietary Cu concentration for 60 days. * Indicated a

significant difference from control (P<0.03).
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00
W 0 mgikg
30 mg/kg
250 mg/kg
1 500 mg/kg

40

GPT (Karmen Units)

10+

20

50 60

Days

Fig. 11. Change of GPT in the serum of black rockfish, Sebastes schlegels
exposed by different dietary Cu concentration for 60 days. * Indicated a

significant difference from control (P<0.05).
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309 Cu 250 mgrkg AP ol SelstA w3 & 4 gl (Fig. 12, B and C).

heE 40U A Cu 250 mg/kg A1) AlFojel A majd o] ey HA =l

e

A Ee) Fenst B s A7) Aldetdon) B g AFE W A ERL] Fe g
Zrel el (Fig. 12, D). =% 602 A Cu 250 mgkg A& 19} =3 50205 Cu

500 mekg ATl Al Al o] AAE 2] T 2A A 2 AE ) BeH st AR

G Az wmMAY AR 2] o FalsA et (Fig 12, F).
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Fig. 12, Histological changes of liver of the black rockfish, Sebastes schiegeli
exposed to dietary Cu. A, Control. The hepatic cord and hepatic cell; B, Cu 2350
mg/kg/30days. The liver tissue showed enlargement of hepatocytes nuclei and the
swelling of hepatic cells and of capillary; C, The magnification of figure B; D,
Cu 250 wgfkg0days. The liver tissue showed the swelling of capillary and
cellular disarray; E, Cu 500 mg/kg/50days. The liver tissue showed some the
granulation and necrosis of hepatic cells; F, Cu 500 pg/kg/60days. The liver tissue
showed obvious the granulation and necrosis of hepatic cells. Abbreviations: Hec,

hepatic cell; Hd; hepatic cord; N, necrosis.
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(Scophthalmus maximus (Linnaeus))oll 44 30 ~ 3000 mg/kegel Zno] {5 DA g
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2 vy

Lo

wp =Aeo] Z2AHE 28 4 gldr} (Ogino and Yang, 1978; Wekell et
al., 1983, 1986; Knox et al, 1984; Spry et al, 1988: Ovemell al, [988a b;
Mount et al., 1994; Kgck and Bucher, 1997). “1ev) Jo] (C carpio), 73] (P.
veticulata) R YAE elulol (O niloticusyoll A+ Znoll 3 % AJo] Z=w iy i)
(Clearwater et al.,, 2002). IE3F Kang et al. (2001)e] W& (P. ofivaceus)d] 18l Fe
of astA Qlotoll A Fert g2 A dokgrdel v FaAde] A
Ak drdte] 54 ge] EE P HsFYaL Lee et al. (2001)= Cuoll 3
WA (P olivaceus)®] 272 MU S H 31

Aamed flold Cugl 4% Lamo et al. (19852 700 mgkgo| 3H&3 A3

PIRLe W A E (O mkiseld 47 (hivb viebg ®onstglch

Clearwater et al. (2002)-% o]¥l ¢1ojolA] 349} 641 mgkg %2 Curl 4

Ea

-1:.! }

A}c;

H['U

Hals W AW A¥E S Al apoptesis 1E]T A

12

metallothionein F5=2] Z7fe} AAAFo 7F4o i3l o)A S rusgo &4
ybodole] digk Cu d-ftell A Berntssen et al. (1999b)& Cu 35 mg/kg 5-of 7ol A]
do)l FE AHEke| A$S walan, Lorentzen et al. (1998)%

5 ~ 10 mgkg
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A FES thaytel vl s o =F 0UARE BE Cu ¥ AEHF
A gt AE VEldnh 3 wF wrdd ©rE AAE LS Cu 250 mgkeg
old Folgh AP el vt Fojgh HAvE #EHo vvE A5E wE 20Y
# Cu 250 mgkgel’d, a]3 6044 Cu 50 mg/kgell A 823 zpo|7} UiTh

AbE A& 60 T AR AlRE 5T F dzpst vustds o Cu §

o

wol 7S AH weolxA EE Cu B9 Aldytol #og Wals e
A} De Boeck et al (1997)& e %o Cudd 2% A< uwl Alg AdHE=

TR A AFES Fbahal Wakon). Cusl WY} wE7) H2AE Abni)

b zrasts Ae B ool dytzie amd) Curh xujEee] o
olu} A NES] (O mykis)} W23 50 mgkg olAbe] FEelA =4 Jus

G FF Ao OB £AA Cu nBe) w7 FE AG Dase 3
ol vEhen wE S0 o £RE Cu 250 mgkg A P-rolA fojg Habsy
WA Norris et al. (2000)2 T %o 8 Eo MAGE Fo|F (Salmo
a7 AR Eol NASHE Foli Wb O FY A4l ARt 247
g M@t Gravato and Santos (2002)5= B-Naphthoflavoneol] 75 L&yl

Tolf (Dicentrarchus labrax)e] 7¢ e 29w w3

i #sich oleh ol @A wEH ofel b T A4 T AEe
B2 Akl 2ls) WakE S Aok weba Bods Aueld deld Cu 250

myke® Fold Adpel 1 R ALl FHE AL b AE ARl 94§ o

el

o Mol Curk ghel B4 &S Aoz Aoz 4w,
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Cul 2eZ gl zojRedxe 487 £& AAHO2 NP0 EFFE Cu

Wl 0AARE Cu o] Gake wob Ho8 gAE Ktk oled Wl
= sressz Qla) AUolA Suel Uehtw olsoz clsie] w4 B HAT
b REVRe g Yoy div-e] Hbel Hetrb (HAdhe d43o] YehuA g
B, ALl 42Tk 3748 Hbsk el wobsbAl BlA SR Ae
g el Frbgel® dta Hbek Hetb 3HA & 4= 2t} (Bhagwant
and Bhikajee. 2000). R:gF Hbe} Hete] 1ol g s ity ARl Cuoll wvHAI R ©
2 weEd ol Aol Hb s w9l Het ®Wistol] digh F/1E Eug dxef
PAFSLH AT (Handy et al. 1999, Dethloff et al.. 1999), =3} Cdel] w59 F#]7)
Fol (O mykiss)e] TS B A-fFoiAle] Het2] 7145 sl ®Harh Qv
(Ricard et al., 1998). % ofx} o|FHe HFal9l FEF4 & (Goel and Gupta,
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A-poll A A3 o) Hetol| M 7Hiasts A3g AL Haivh it o)A
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o AbEEkes Az A AU o] 5 Q18] hemolytic anemias} WA A 4,
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Hb 2 Het7} 7H4-dls= @eleo] #r} (Sorensen, 1991). o]2)3k Ao HH Cu
o 242 H4E7E §E AA nAsg HULE wEetd Fe2 A Cu 50
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Aol A £ ZAo] Qi PCBs Lo} =% Aldo] A% Mgy}t Cae] A W
1E Hojydth= K 11 (Leatherland and Sonstegard, 19818} ©E] Cu o7} Al

Holo) F7l Aol PlAE GHS A Qi Aow A4S

o
M

2 Ao x)e] &4 39 total protein ¥ glucose2] HES xS A3 Cu &

2 total protein®] WEE =& 409F] Cu 500 mgkg, Cu 250 mgkg °]4 A€

Fol A s0alal, wE AWl A 60UAMNE FolF Bas vrhich o A
Cu ==o] carbohydrate metabolism-2 243} A17]31, protein®] catabolismsl}

glyconeogenesisE A =3ta] glucose?] AES FskRYE ol vf3dl ¥ Aol o]a)] A

Total proteine] zFA3ktiir B 4= ¢lc}) (Pelgrom et al. 1995). o]¢} & Ay

by

Ao (O mykiss)ol A AVEE F3F Cud] vEAA of ko] gk 93 (Handy
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e} WshE gk o8 (McKim ct al., 1970)of A 2] Aol {Apsict Cu =&
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MeDonald, 1985; Nemcsék and Hughes, 1988) o] Z1.& 13] wF2 Felo] dr) Ao

_32_



#are|th (Dethloff et al. 1999). & &3 glucose FE7F Soi7te AL
carbohydrate metabolisme] 2A4]31E oA glc} (Pelgrom et al, 1995). o)) A
Aol 4] 250 mekg o149 ol Cusl %4l Qeg woirin Al Reol
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Cuol A7 5o Agel o3t zuEete] 3 Fo GOT, GPT WE & FAL
gt An, GOTY AL =+ wwsl] By w2 409 o]E Cu 500 mgke
Algpel A 22]a 609A BE AF A FojstAl Frislginh GPTel A
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T
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ovlP WS Cu Kol g b £de £How AF B w4 Y GOT.
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