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Histological Indicator Change of the Abalone,
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ABSTRACT

This study was conducted to find out accumulated concentration of nickel, survival rate and falling rate, structural
changes of abalone, Haliotis discus hannai exposed to nickel chloride. Experimental groups were composed of
one control condition and five nickel chloride exposure conditions (5.9, 8.8, 13.3, 20.0, 30.0 mg/L). The
accumulation of nickel in abalone was significantly increased all exposure group. Though the exposure groups had
lower survival rate than the control group, higher falling rate than the control group. Histopathological changes in
the foot, gill and hepatopancreas of abalone revealed obvious with exposure group than control group.
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kb o] W= A= A Aol E Zelste
A, AE L A Sl & 938 v} (Wedemeyer and
McLeay, 1981; Park et al., 2013). SA4°l|A gt 907
T8 25ae oW 7 LAEA] e A5 2o o
2 54, AAFAY 540z Qs eAAE W 54, 15
AL ikt (Atchison et al., 1987). &3 "?‘J} Eoks
23AA Al ol F3t FEHEE L
oA AMast gl AES] &Fe Al fE)
(Rashed, 2001; Mok et al., 2010).
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oF QlAA L] 3, vl e ", Fat 5o Bl Hofsl= A

oA glen (Stangl and Kirchgessner, 1996), Z]él"’ﬂ/‘}
o} 7hllA triacylglycerol®] %4& "Walshs Aoz d#A
9t} (Donald and Donald, 1999). YAl xFA] EZulE
A A, Strongylocentrotus intermedius| A= 42 7185
o] Z7}=l™ Ryu et al., 2004), o|"s}F<]l Lammellidens
marginalis?I| A= 23PN A9)5o] gha]e 7)Aute] &
g So] Yehdt} (Andhale et al., 2011). 283 EZFal
Helix aspersalX< e 35382 S5 AL
A w7 59 93-S Jeldo} (Agnieszka et al., 2010).
spARE olegt YAle] W SAar}t desleels Bt
I AR EhRel vlsl FAAENA Y A= ATA
ojct.

WA Haliotis  discus  hannais 57
(Gastropoda), 2EZ%E  (Vetigastropoda), A&}
(Haliotidae) °l 43 %] (Lee and Min, 2002), &=,
T, G SOl LRI oFA didFew Aakee] A
A "7]'75]’_’ P FAlolt). gl AR FAe] dii-iE

o X3t glem el uk Hldnte] HejE
o] gJekez A AR Fshe A¥A
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oFg7) wsle] JIE A &Aoo 7 U Hol Ay U HaL F

S 817 =} (Cho et al., 2008). E3F AE2 FAN3}

o we} o5 4 Q= ofFEHE EE olFo] w5 AlgHA

ol g FAZ AN xEE A9 W g i =

o} 2 7oA Gz A (NiCly) rFel w2 Hibaso
%S EgE ul o

Gt

B7hekas sl

1. A=

Ado]| Ahe-= EWAE Haliotis discus hannais 27
33.86 + 2.19 mm= ¢|F A0 g o]ito] = 1807A S A
shgick. HaPAE-e ANA A & 15T, 9 32 psu &
719] 30 L 2 #2842 (28 x 50 x 30 cm) °IA 1577+ &
A7 F Aol A3l

2.9
1) A=A

2 A8 OECD test guideline No. 203 (OECD, 1992)
= g3t AAslglon, wixg2] SAAH WEE o83t

A
o 96A17F Fot A} A gl Izt (Nickel
chloride, Sigma) EF8 (1,000 mg/l) = ©|&3}5om,
Ad o= FASAAES BlEe® 0, 59, 8.8, 13.3,
20.0, 30.0 NiCl, mg/L& AA3slch. A7 F<F 434
Eo| AR AR S 2 xR E AR
gon, 2 A 183 pHe Y 24 1049l 574313
ok A G3YA (NiCly) o Wizt7le] we) 1 13] =
o 104l A¥4e] 1/34 w3ksiglon, WA Alo]RE o]
B3] gz npgH o] v =S Al s
2) MES 3 HEIE
ASNAZ] Abdat gk A7) 59 4 R
il oA 104l sl A A A} E
3} Z49 EUHS oR7 Sdsiglon] JAle e
A

W oz s

3) =HEHA XE #4o

Fetdn| A 2AREZAALE 7 7|8A1E AE3He] Bouin's
solution®l] 24417t A% F 32 EF 36-484]7F o
FABKY 1 %, 4720 TR EAAEE AA el
of Zujsigict. sl 2ol 222 nlo]a R EE o]2-3)

tLIZ (NiCl) =80 HE SYd=e ZASA XH Hat

80
- O Foot
g i
;,;‘ 60 - OGil
':_’ M Hepatopancreas
o
-; 40 |
©
S
£
[}
g 2
[}
Q
0 ’+I—I—h 1 1 1

Control 5.9 8.8 13.3 20.0 30.0
Exposure group (mg/L)

Fig. 1. Nickel concentration in the foot, gill and
hepatopancreas of the abalone, Haliotis discus hannai
exposed to nickel chloride. Vertical bar: SD.

o T 4-6 pmZ AEAAS A3 AR 22 AH
< Mayer’s hematoxylin-eosin (H-E) 34%} alcian blue
and periodic acid-Schiff solution (AB-PAS, pH 2.5) ¥F&-
S Ak AAAEe] QMg L2 Pantone”
Formula Guide (Pantone Inc., USA) & 7]5°% v
3E B3 el B

FA3F8H A Wizt (ES A, AUAE EEalE,
S7IEAE E3uE) & IEAAEE (IMT, Visus,
USA) & AHg-ste] Asslgleh. AW A3y = +42
2% HNO; (Nitric Acid 65%, Merck, Germany) Z %32
g % ICP-MS (Perkin Elmer, NexION®300X) & =43}
et

4) Rejd #HS

x| gt E2752 A 2ke] (P < 0.05) & Lo}
17] $J8le] BAAe]= SPSS A4 Z2a# (SPSS 20.0,
SPSS Inc., U.S.A) = ©]8-3}4 paired sample t-testS A
Al3}glet.

2 o

1. AY 432 54 55

AAe] =25 FAEe] 7|19 d3dA 5
S Fig. 19 Yehigieh

o] SAE g3ty AS Fxe dE2TolA 2.49 mglkg,
ZF %7 5.9, 88, 13.3, 20.0, 30.0 mg/LelxE Z7
22.72, 25.52, 28.44, 37.68, 52.68 mg/kgl & ¥%7} o}
Aol et FxoJEA o g FUes ZHE Eoh oprfnel
545 34 =& dx27olA 6.18 mglkg, 7 FET
o)X= 29.81, 43.81, 33.55, 41.15, 66.57 mg/kgl® F%

=
[¢]

L

- 144 -



100
g 80
Q
E 60 —e—Control -0-5.9 mg/L
= —— 8.8 mg/L -2-13.3 mg/L
> 40
E -0-20.0mg/L —-30.0mg/L
& 20 |
0 1 1 1

0 24 48 72 96
Exposure time (hours)

Fig. 2. Survival rate of Haliotis discus hannai exposed to
nickel chloride for 96 hours.

lo

Aoz ZAshe Ade wolon, 7 HU &
Arrl dxTol|A 2.64 mgkg, Z FETolA 20.52,
5.81, 35.81, 41.69, 39.80, 76.78 mg/kgo % "7} o}r}n]
TR SEsh Soldle] wet sEoEdew 273
A%e wedek 7 A G FASES vad
3, AN A Be FA%ES epon, BE ¥
Folq folAel AolE Ueich (P < 0.05).

X

o w

oo e

2AEE Y EYgE

Aty Ae =29 AR ALEL 24470 A F 7}
A =2 2r 79l 30.0 mg/l SETA 96.7%F JelFS
o, 4827 AT} 3 93.3%, 72417 AT} F 0% R FHAdl=
A3E yepillck 96417 A3 3 dx=, 5.9, 8.8 mg/L 5=
TFoAE 100%e] AEES 2¥on, 13.3 mg/Lg 20.0
mg/L 5ET-4E 96.7%, 30.0 mg/L SE=T-A+E 66.7%
A FEEH R Tadle A e (Fig. 2).

=2et52 4847 A7 3 30.0 mg/L FEToIA 3.3%%
vepgew, 7247k A3} ¥ 13.3, 20.0, 30.0 mg/L FE7ol
M 27 3.3%, 3.3%, 16.7%2] EHES Bt 96417 A7}
Bol= Y2TF, 5.9, 8.8 mg/lL TETIAAE 0% 2FES
Bgon 13.3 mg/L% 20.0 mg/L FETolAE 10.0%,
30.0 mg/LL FETAE 36.7%% sEoEA 07 ZI8=
73¥E Yehic (Fig. 3).

A Z Alolof| A FEEY, o] H-E G xR
2= i), AB-PAS (pH 2.5) HFs-5 AA3F A3}, Alu]39
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Fig. 3. Falling rate of Haliotis discus hannai exposed to
nickel chloride for 96 hours.

AAMEEL alcian blues] POz HHEele] F2Alo
etk 830 G chikE 9YnEe] B3
ok 2550 2% g AUsh F2shy glo
A

o
LB =
9} FFEZAFEC] AAE o7 FAE ] gl (Fig.

o

o 32

’

AatyAe) x&5 i vl e 2447 A F AdA
o] 47} UVl AE 29 o, 5.9 mg/Le 8.8 mg/L
=g oA AB-PAS (pH 2.5) ukA] F24 (2935C) &
F kgl AAAE $20] F7heh AF- A RS 2Alo] ThdkE]
9t} (Fig. 4C, D). 20.0 mg/Let 30.0 mg/L sEFolA=
AB-PAS (pH 2.5) #h-3-A] 24 (3015C) 2.7 uk-g-sl= A
HAZ o] Frhet 2ol ZepAlo] #AE I (Fig. 4E,
F). =% 7247t A3} 3= 20.0 mg/Le 30.0 mg/ll 5%
Tl AL A 2 FE3}, LT e -
TA thEEe] aAle] wAE| gtk F 96417 A Folle
5.9 mg/Le} 8.8 mg/LelAl A4 thiEe] Zetile] #Hiats
9o, 13.3, 20.0, 30.0 mg/Loll A= HANE $20] Fhis}
TAF th el Zepd, 25 Adrt Bl

A A] &35 FYAE e A FAE vwe 2
7}, 2ol E 14.43 pm, Z F%F 5.9, 8.8, 13.3, 20.0,
30.0 mg/LelAl= 13.55, 14.16, 13.94, 13.68, 13.50 £m2S
2z AR 23S Bon, dzreke] o]l A
o] Jelha] okskeh (P > 0.05) (Fig. 5). 2 Ag]32] Ao
AX FEES vagh 2Av, da2TelAs 5.3%, 4 5T
A= 10.4, 13.5, 17.2, 21.7, 21.2%F EE SEToA &
7} mobel wet wroEA R FUR: ARE Ble
™, 20.0 mg/Le} 30.0 mg/L, FETlA xT-2ke] F2]7
gl #o]2 YEiL) (P < 0.05, Fig. 6).

2) of7inl
AR opin)e) 2ARA Pt FHRA 7 G
AR, F7, ek TR A 7)ARe) SR
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Fig. 4. Histological change of foot of the abalone, Haliotis discus hannai exposed to nickel chloride. A and B: Control
group. A: Showing the epithelial layer (El) and striated border (Sb). H-E stain. B: Section showing the hemolymph
sinus (Hs) and muscle fiber bundle (Mfb). AB-PAS (pH 2.5) reaction. C: 5.9 mg/L for 48H. Mucous cell (Mc) showing
the alcian blue positive in epithelial layer. AB-PAS (pH 2.5) reaction. D: 13.3 mg/L for 48H. Showing the mucous cell
and partially disappearance of cillia. H-E stain. E: 20.0 mg/L for 24H. Separation of muscle fiber bundle. H-E stain.
F: 30.0 mg/L for 24H. Showing the numerous mucous cell of alcian blue positive and closing the hemolymph sinus.
AB-PAS (pH 2.5) reaction. MI, muscle layer.

AT AYEAFoE THAY AUEL BE0E 958 958 ANIEEY SRl the Huge] 4 U
o S ] AAEE FAHe] Gonl, ATEA ol Sich A B Eebl Ae) skeletal rod7} 23
5 ZAGES Y FH AREE 7= Y o] g325S L glon, AU A5 AeAze
o} A} QA% Q) JARE Z2A Aee WE 7 AB-PAS (pH 2.5) Hbsoll F2) whgshs AAAEE 74
A7 slo), AYBFE 0T WEel U5 A e 5ol sieh (Fig. A, B
o oEEe] 2 wdsle] oleh. Al T ATZE QEAe] w2 B oL v 2447
doo R A5y AuAEEH AIATSE 7= gle AT % 59, 8.8, 13.3 mg/l. SETIA Ane] gt g
= = 25

= * *

g 2 2 :

£ &

E 15 £ 15 |

% 10 -,‘3_ 10

z 2

g | | ’—1—‘

‘o

w 0 0

Control 13.3 Control 13.3 20.0 30.0
Exposure group (mg/L) Exposure group (mg/L)
Fig. 5. Epithelial layer thickness on the foot of the abalone, Fig. 6. Mucous cell distribution on the foot of the abalone,
Haliotis discus hannai exposed to nickel chloride. Haliotis discus hannai exposed to nickel chloride.
Vertical bar: SD. Vertical bar: SD. *: Statistically significant difference from

the control (ANOVA, P < 0.05).
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Fig. 7. Histological change of gill of the abalone, Haliotis discus hannai exposed to nickel chloride. A and B: Control
group. A: Showing the epithelial layer (El) and hemolymph sinus (Hs). H-E stain. B: Showing the mucous cells (Mc)
in epithelial layer. AB-PAS (pH 2.5) reaction. C: 5.9 mg/L for 48H. Showing the degeneration of epithelial layer and
disappearance of cillia. H-E stain. D: 20.0 mg/L for 48H. Showing the degeneration of epithelial layer. H-E stain. E:
30.0 mg/L for 72H. Showing the partially destruction of epithelial layer. AB-PAS (pH 2.5) reaction. F: 30.0 mg/L for
96H. Showing the falling the epithelial layer. H-E stain.

A0S AU 2] A2 Eeta) 2 AlxA wAe] i
, 48A17F A3 F 20.0 mg/Le} 30.0 mg/LolA = Ag A
= ATAE 2R Ty} e AE2A wAe] =)
t} (Fig. 7C, D). =% 72A7F 747} Folli= 8.8 mg/L 57+
4] AB-PAS (pH 2.5) -4 Bepaloz vehs A iA|
X9 47} 718l Aol =, 30.0 mg/L FETIAE=
AN A A 2o o7} PRE QT 2F 96417 A Fell=
AR 2] sla)e} AR Au]Fe] Pete] A (Fig.
7E, F).

=
_T;:]

EZS

=2

2 20 |

E 0 o T s s IR Y oy S
2 15 |

=

]

& 10

B

T 5

=

=

‘&

No I | | |

Control 59 a8 13.3 20.0 30.0
Exposure group (mg/L)
Fig. 8. Epithelial layer thickness on the gill of the abalone,

Haliotis discus hannai exposed to nickel chloride.
Vertical bar: SD.

Aspze] x5 BAE ol e AUl FAE
nwgk An, PlExTelAE 17.60 £m, 72 EET 5.9, 8.8,
13.3, 20.0, 30.0 mg/LelA= 19.03, 19.08, 18.32, 19.20,
18.67 pmoZ dx7o| vl Frlele AAE Byloy &
J A<l Aol YehtA] kgket (P > 0.05, Fig. 8). ©}7H]<]
HANE F20) &S v|wd 2n, dxFoMe 2.5%, 7 5
TP AE 2.7, 2.8, 3.2, 2.9, 2.8%F EE EE oA Hx
Tk Ak A7E 2o, tixTete] oAl Aol v
ElubA] kgt (P > 0.05, Fig. 9).

il

Control 5.9 13.3 20.0 30.0
Exposure group (mg/L)

Distribution (%)

Fig. 9. Mucous cell distribution on the gill of the abalone,
Haliotis discus hannai exposed to nickel chloride.
Vertical bar: SD.
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Fig. 10. Histological change of digestive tubule of hepatopancreas of the abalone, Haliotis discus hannai exposed to
nickel chloride. A and B: Control group. A: Showing the epithelial cell (E) and basophilic cell (Bpc). H-E stain. B:
AB-PAS (pH 2.5) reaction. C: 5.9 mg/L for 48H. Showing the epithelial cell and basophilic cell. AB-PAS (pH 2.5)
reaction. D: 5.9 mg/L for 72H. Showing the vacuolation of epithelial cell (arrow head). H-E stain. E: 13.3 mg/L for
72H. Showing the partially destruction of epithelial cell (arrow head). AB-PAS (pH 2.5) reaction. F: 20.0 mg/L for
96H. Showing the filled up cell debris in lumen (L) of digestive tubule (arrow head). H-E stain. Dt, digestive tubule;

El, epithelial layer.

3) ZHIE
PR Ee] 7 vl Ao w P, ol 7
23p49] A Fx O] LAATRES L3S
AgxA o7 FAF 0] olvh. AT FFo
o] o] A 9lom Au] AuAEe} 397144
Atk AHAEE 5P eR J|A T ds
T3 glem, AT E 95 AEE A Ax F
Absel Zafsla glt) (Fig. 10A, B).
of x&d HAE 1] AT = F
A7 ¥ 5.9 mg/Le} 8.8 mg/L FEToIA A
o] %37} B2 (Fig. 10C), 20.0 mg/Le} 30.0 mg/L
FETOAE AR FEslel AR AT s}
W= =& 7247 A7 F 5.9, 8.8, 13.3 mg/L =
TolA Al ze] 3ol AR AuA 2] vy 3 gl
WYt (Fig. 10D, E). 96417 23 3ol 5.9 mg/L %
EFeA AeAEe] ska)7h EEE, 20.0 mg/Let 30.0
mg/L =Tl A A2 sha)7} Assle] g5l A
FrodEEo] Wi etell FA=e] gl= Zlo] WAFH I (Fig.
10F).
A &% HUAE
v gk Azl oM 54.55 p£m,

o}"_, i
@
Obll
o
it
T

)

i

a3pARe] AelS FAS
7t FET 5.9, 8.8,

13.3, 20.0, 30.0 mg/LollAE 44.72, 43.97, 42.83, 41.54,
39.05 ymoE R FETOA FE7}b ol wel s
eAo g Zhidls ARE ®gow 20.09 30.0 mg/L =
EFoA dxzTeke] foAql zpelE vERth (P < 0.05)
(Fig. 11). 23AATe] Q71T F¥n]&E vug 2
7}, x2TFelAE 1.01%, ZF SETFolAE 0.98, 1.14, 1.30,
0.98, 0.97%% 57} ¥ Zashs 234E Boy dxt-oke

= 75

=

g e ¢

= T

-

= 45 L *

5 *

—

o

R

=

o 15

£

=

o

w 0 I 1 1 1 1
Control 5.9 8.8 13.3 20.0 30.0

Exposure group (mg/L)

Fig. 11. Epithelial layer thickness on the hepatopancreas of
the abalone, Haliotis discus hannai exposed to nickel
chloride. Vertical bar: SD. *: Statistically significant
difference from the control (ANOVA, P < 0.05).
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Control 5.9 13.3
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Distribution (%)

Fig. 12. Basophilic cell distribution on the hepatopancreas of
the abalone, Haliotis discus hannai exposed to nickel
chloride. Vertical bar: SD.

oAl kel vehA] skl (P > 0.05, Fig. 12).

a

U

FAAENA NN BEolA vlAE 2EHA &
H74 2.9l 7hed sty B4das} vjApdLE
s, YAz 22 ngFase dedi 3k 52
= FrEel AR AT Al /‘ﬁal*‘ kls
Aol o] &=t ARl Za o] FEel =
=42 75, AX WY 724 os iekAAd AA1752
AolE doA AEA %"%C’ﬂ ot @< m|Att (Sutherland
and Major, 1981). 3}3+24 4l g4 59 SdEAE
T2 2304, oprpr], & FE A Sl A E, FARE
7134 Fxo WIE 23t Morrison,  1993;
Perkkarinen, 1996; Otludil et al., 2004). ¥ AF-oA+=
Qi) FAES 7 e vad A3 e}
e wek SEoEAe b AaiE nslen), 2
AR R e FAEL B3t olelg ek 2R
423} U T2 dosl= s)Fo 2 AL A AR
Sol AT 259} AL 23S AT Bae) P43} ol
ofalr] wjoleln wee,
Wang et al. (2009) < Haliotis discus hannais 7‘\“/]
(Cw) ol EAA AEES W3 27 1.08 mg/kg &
A= dzT72t Ak 232 RRA, 1.08 mglkge A9
g BE sETelAE A -Lar°l Fadhe A yeile &
ATolAE BE sEToA ALEo] vREA R Faet
= AAE dehlen, 29 ‘ﬂ*] TROEA R U=
A= ‘JrE‘rk‘iE‘r.
AEe] 2 Al iFshs S0l sl 7HeR o
&, A, Holel 23, wn|, Akt 53t 2L ookt Vs

=
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93t} (Voltzow, 1990). BE B-EFojx 7]Ae] Hiake
7} Aole o] 83l 2Ao]x] AT YL w HA I
e AN o 25 BHo R E Enjdo gy 7
F2gkt} (Denny and Gosline, 1980; Denny, 1984). &
& sl xE3A7] A, o e Sl ¥
Aol Srtet ez W Aoz Fx3)
yeltth (Park et al., 2013). 2 o=
opple] ule} 74°“Aﬂ;'—_/] 7 4 B33}, 4
AAlo] PEglom, o] g A= QT%
7|Ee R v &% E-Oﬂ 2 =2 2HEAE AR
2 gk
EE79] oplu|E v eAEEY "BIVHAE 35
ol 71He 2 A F Y AAZHA ol we} ohefgt o] ol
15 Zterh ek oheket 3o ddel wE2=ds W e ¢
delA 715l W3t depdtk (Voltzow, 1990). =,
Crassostrea gigas, AFHA|, Mytilus edulis, WA=,
A (01) A (Fe)

LD )

r_m nP‘

o

>

Ruditapes philippinarum< 7-2] (Cu),

9 edlel =247 AF, A AEFe] wE, ¥z
9] &4 5ol #E=E Y} (Kim and Lee, 1988). 2 a7-oj|A]

T 7€ A7 Ak ARE Bl
22 ol WEHG T A2 T F 1%
e 27E Bolvh o= AR sk 9 gelow gl
o7 opyju] Eee 7|5& AT oz A7k
5579 ML 23t 9 I8 99tk Vg 1
A FAE AstAATE APAE) SAVHAER
=] Qlow, AT EE ol AT 43tE Tt
I EE AES 23 9% 549 FAAT Evll
#oJ3lt}. Lammellidens marginaliss YA (Ni) o =%
A7 ARy, 23R Ao g3 e} Ae]Se] g Fo
2= 3t} (Andhale et al., 2011). £ QAo+ AuA %
FE3be} w7} Agso] a1 grejEEo] AstaAHe]
Wi gtell S-5=e] gl Aol A= ek w3t LA
4e5] stz QlEte TAV|AAIRS EEnEo] S F
A E oA 7““°']‘~ AAE B3tk ol AW A
9 7\:]'51 2552 71 9 71HA 9
Tx4 Wste 7+ 7]47‘”"4 ARl 2ok 7e= A

5

ALY 53] 2

T2 7252 b

& 1~>

lo

_9_ =]
# Q7 gahlAl ) e AR s 54
%, AEE 9 DE, 240 A% A5l djsto] dohi

24} Fglek AE 109 dizTe) 509 UA =57 (5.9,
8.8, 13.3, 20.0, 30.0 mg/L) ¢t} G3yAe) =% A
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