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In vivo effects of bisphenol A exposure on haematological parame-
ters in Korean rockfish, Sebastes schlegeli

Yoo-Hwa Keum, Jung-Hoon Jee ", Ok-Hyun Lee, Soo-il Park and Ju-Chan Kang'

Department of Aquatic Life Medicine, Pukyong National University, Busan, 608-737
*Aquaculture Development Division, MOMAF, Seoul, 110-793

This study was conducted to investigate the effect of bisphenol A (BPA; 4,4 -isopropylidenediphenol) on
haematological parameters of Korean rockfish, Sebastes schlegeli in laboratory condition. Fish were ran-
domly distributed into three treatment groups which were received of 0.1, 1 and 10 mg BPA kg' body
weight. They were injected four times intraperitoneally at days 0, 3, 7 and 12 with BPA. Control group was
subjected to the same regime using an equal volume of 60% ethanol-mixed PBS carrier injection only. Fish
from each group were sacrificed on day 15 after first injection for haematological assay. Observations on
haematological parameters indicated BPA-treatment induced lower level of red blood cell counts and hemo-
globin concentration. Serum chloride, calcium, glucose, bilirubin and blood urea nitrogen concentrations
increased following exposure to BPA at 10 mg kg' body weight. In contrast, serum cholesterol in fish
exposed to BPA decreased. Serum transaminase and lactate dehydrogenase activities after the highest level
of 10 mg kg' PBA was significantly increased. These results demonstrate that BPA have induced adverse
impact on haematological parameters in the Korean rockfish, Sebastes schlegeli.

Key words: Bisphenol A, 4,4 -isopropylidenediphenol, Haematological parameters, Sebastes schlegeli

Bisphenol A (BPA; 4,4'—isopropylidenediphenol'
CAS Registry no. 80-05-7)= =2 709] Zd A
22 AME-E= epoxy resins 28719} XA

M52 AHEE= polycarbonates THe W ARE-
=™ (Staples et al., 1998), 2, X|7-8-F 9

HA Foll d2] AREEI 2)\‘1} (Papaconstanti-
nou et al., 2000).

Eo 2 =3 (water solubility: 120-300 mg/L)
7] (2.5~49)7F B2 BPAE ©lE AMEShE
FAe] Haol] X§EHo FAE LG T= F
Al Yelo] Ht} (Firhacker er al., 2000). =
HEHe 3 FHgolA= BPA F7F FHL

fCorresponding Author : Ju-Chan Kang, Tel : 051-620-6146,
Fax : 051-628-7430, E-mail : jckang @pknu.ac.kr
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160 ng/L7F HAEHNL, W& ZH2] 4171¢]

7ol M HIL 410 ng/L7F A=A (Rippen,

1999). YE o] A9 =5 Aol 7ol Ex)sh=

BPAS] IV FEE 1,900 ng/LZE ZAME S,
BPAE THEAY ARS8 dl= 1,000

~ 8,000 ng/L 7} YFEFSET) (Staples et al., 2000). 5
Zuetol| = mhbeke] xZollA] 50 ng/g (dry wt)
o] AEH+ T A &7 de] Exs5k 3l
t} (Khim et al., 1999)

BPAL o] 2ERZ 4870 AgsAY o2

HAUEL 2 WEHAIE A7 xR
EHZ g#A QUth BPA7E ZfHE 0 HA=
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EAe AR ’“Q A
W g 2E=

(Park et al., 2004), &
=9] 7+~ (Dodge et al., 1996),
prolactin =] 77} (Steinmetz et al., 1997) %
ghaksl @491 superoxide dismutase 9] 7
&, Akstel] Hofsh= vl Eg S22 glu-
tathione k2] =7} (Kabuto et al., 2003) 5°]
HIET Utk o/ E o= & AdHdAE
SAE o] 27] AgdAd BPAS] e Al €%
vitellogenin®] FE7F S7FsFAAL (Yokota et al.,
2000), 89453t BPAC A7 F509] 9%
ZEsEe S7PF BAEoH (Bjomsson et
al, 1939) o3} o] 7FE = & AFA
Zad AXNECY A Fo] HIHUT
(Suzuki et al., 2003). BPA7} 5504 ofF
o A= 54 G A7 wee] g
Aol HEFE o] At} (Baek et al., 2004). SHA T
BPA =30l W FAbEe] 7]|2H]) A v
<ol gk A= U]%i Aol 53] &
H o7 AHE
Fo 7 8T AT (Jee et
al., 2004). WA, & A= BPA7F 9| &9
FIFE MAE=AE AES

lAEI

A AES AAE Foidols U =7
B2} (Sebastes schlegeliy= A3}t A o] 9]
ZEHAE Folil AF A HSA77] 9
3ted 150L FRP (fiber glass reinforced plastics) 5~
Zol 375t SAAMHYE 7 FEE 75 L
min' E ALY AEHA s oT_aL@]";’i
om, Aol £X717HsE ARk AR E oA
%9 2%E Tt <A F 73_3 I3 7H*ﬂ 40
vl & Agste] (P 195422 o, Bt
A 1129+13.9 g) 10714 4groupgi U
o] F&atirh FX+= 184x1.7C7F FAEE
24 dAsta FF715 12:12h light/dark

-
I
2

cycle® frAsHAth

>
ot

2.

|l

2 =0

130 A3 BPAE Sigma (St. Louis, MO,
USA)AA 43tk BPAE 0.1, 1 2 10
mg/kg body weight (bw)<] stock solutions- ol €F
2o =o] Fuagth HETolE A
(60%)= FAFsISASL BPA Ag] ol 7 5=
0,3,7 2 1294l 49 A1 th

=

ﬂl

>

|
2

tlo

Wi

N3 3t7] $18t4] 2-phenoxyethanol
(Sigma, St. Louis, MO) 300 ppm 2.2 "} A7 &,
NI E =7] 93l heparine-Na (25,000 LU,
AEFAHS A2 s FAPIZ vEAHY (caudal
vein) C 2HE FAHZ HF3IATE AFHT T
2 g9 HEE W] A8 A+ (red blood
cell; RBC)=, @4 4~ (hemoglobin; Hb) 5= % 3
ulE F 2] E (hematocrit; H) S SA] 413133 th

jat & At

N
IIIE.
fon

OH

AH e P 47,3000 g, 8¥%7F A2 st
o] (MIKRO 22R, Hettich, Germany) 3°¢-& 2]
stk @7de] 714382 chloride (Sigma Diag-
nostic kit 461, colorimetric method), phosphorus
(Sigma Diagnostics kit 360, colorimetric method),
magnesium (Sigma Diagnostics kit 595, colorimet-
ric method) # calcium (Sigma Diagnostics kit 588,
AT F7144E

albumin (BCG method), total protein (colorimetric

colorimetric method)<

method), glucose (glucose oxidase/peroxidase
method), total bilirubin (Michaelsson method) 2
total cholesterol (colorimetric method)< A% 37
2+ Sigma Diagnostic KitsE A3t £43}
St 39 845 GOT, GPT (Reitman-Frankel
H), LDH (24H7124) 9 ALP (Kind-King )+
A2 kit (Asan Pharm. Co., Ltd)E AFE3t] =
ek
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5 F2M H™

o4 AL SPSS EAZZ IS ARES)
o] ANOVA testE 2AIgH & A4S Dun-
can test® ZF AT Alele] R
(P<0.05)E A3

g2 1

IlIB.

oAt
PAZ H7FALG ZuEete] Hojabel W
1 Table 17} 7o) UERYTh B84 Z red
blood cell (RBC)=, hemoglobin (Hb) F%=+ W=
Tl vlate] o)Al A7t UERRAL (p<0.05),
hematocrit (Ht) X= 2% zpol7F JAAHA]
249kO 1} BPA 10 mg/kg bw FAFFIIAE thE
Toll Hlgte] Zadhe 73S UERITh Mean
corpuscular hemoglobin (MCH), mean corpuscular

o)

hemoglobin concentration (MCHC) % mean cor-
puscular volume (MCV)9] #<> tiZ+<} BPA
A Aolel felHQ) gpol7k AEA sk

g7 F7] 2] HE Table 29} 2tk chlo-
ride ©1=9] 92l F7h= (p<0.05) 10 mg/kg
bw 77rol| A ZA}E] At} phosphate ©]-23} mag-
nesium ©]>2 279 ‘ﬂ?‘i}oﬂ g &gt Ajo)7t
LFERLEA] 24kt calcium ©]22 BPAE A E]gh
BE 7 2T Aboldl] 2132l 2pol7t 9
AN, 0.1,1 % 10 mgkg bw 9] calcium ©]
SEEE ¢ vlaste] 247t 15.3%, 19.7%

2 24.9%9] Z7}519E} (p<0.05).
.EN 7| ME

718 T & W, IR g SR

hzTeF AT Abelol] 914 zfol7t veh
A 29Ut} (p>0.05). BPA 10 mg/kg bws FAF3H

APTe] 2olEer @ W g9 Tl

S Tl Bl 2v) Frekoith wh, =

Table 1. Haematological property of Korean rockfish, Sebastes schlegeli treated with bisphenol A

Groups
Parameters
Control BPA-0.1 BPA-1 BPA-10
RBC count .
217.5+7.2° 2189+52° 222.5+74° 192.4+6.5
( X 10 mm™)
Ht b b b
26.5+1.3" 25.3+0.5° 25.5+1.0° 22.1+1.0
(%)
Hb
5.78+0.27 6.024+0.26 5724048 5.01%+0.27
(g/dL)
MCH
26.6+£0.8 27.5+0.6 257+19 26.1+1.2
((219)
MCHC
220+14 23.8+0.9 225+1.8 22.8+1.2
(%)
MCV
() 121.6+£4.2 1157+1.8 115.0£4.9 114.8+2.3
um’

All data are presented as means + SE. Values with different superscript are significantly different (P<0.05) as determined by
Duncan's multiple range test. BPA-0.1: 0.1 mg/kg body weight, BPA-1: 1 mg/kg body weight, BPA-10: 10 mg/kg body
weight, RBC: red blood cell, Ht: hematocrit, Hb: hemoglobin, MCH: mean corpuscular hemoglobin, MCHC: mean corpus-
cular hemoglobin concentration, MCV: mean corpuscular volume.
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Table 2. Serum inorganic parameters in Korean rockfish, Sebastes schlegeli treated with bisphenol A

Ao

So) %8 -

T - Azt

Groups
Parameters
Control BPA-0.1 BPA-1 BPA-10
Chloride , , < b
146.4+4.0° 139.6+9.5° 150.6£3.3" 170.6 £3.7
(mM/L)
Phosphate
2.33+0.07 2.37+£0.04 2.39+0.06 2.24+0.05
(mM/L)
Magnesium
1.37+0.07 1.35+0.04 1.37£0.06 1.49+0.09
(mM/L)
Calcium . . .
2.29+0.05° 2.64+0.10 2.74+0.16 2.86+0.05
(mM/L)
Osmolality . . .
313.6+44° 310.0+3.4° 316.0+6.6° 331.8+5.1
(mOsm)

All data are presented as means = SE. Values with different superscript are significantly different (P<0.05) as determined by
Duncan's multiple range test. BPA-0.1: 0.1 mg/kg body weight, BPA-1: 1 mg/kg body weight, BPA-10: 10 mg/kg body

weight.

Table 3. Serum organic parameters in Korean rockfish, Sebastes schlegeli treated with bisphenol A

Groups
Parameters
Control BPA-0.1 BPA-1 BPA-10
Total protein
3.62+0.20 3.66+0.18 3.74+0.15 3.5240.18
(g/dL)
Albumin
1.08£0.05 1.08£0.07 1.03£0.07 1.00+0.08
(g/dL)
Glucose N . .
31.9+44 43.0+4.2° 41.0+5.3° 60.7+10.3
(mg/dL)
Triglyceride
129.1+4.6 122.1+3.5 128.7+4.1 125.1+54
(mg/dL)
Bilirubin . . b b
0.49+0.05* 0.59£0.06" 0.69£0.06" 0.86£0.10
(mg/dL)
Cholesterol ) ) " .
253.1%+13.9 255.3+10.8 202.6+10.6° 171.8+20.4
(mg/dL)
Blood urea nitrogen ! ) ' b
9.62+0.28" 9.62+0.28" 10.81£1.20° 16.62+1.43
(mg/dL)

All data are presented as means =+ SE. Values with different superscript are significantly different (P<0.05) as determined by
Duncan's multiple range test. BPA-0.1: 0.1 mg/kg body weight, BPA-1: 1 mg/kg body weight, BPA-10: 10 mg/kg body
weight.

g2l 29 %2 BPAE AEd Fxol ulgt o
Z7-9} vlarste] 7haslE Ado] Uehty, &
3], 10 mg/kg bw FollAE FJHQ 2

(p<0.05)7} YERTE vhH, 83 94 AAhE
BPA 10 mg/kg bw 7} thZT-¢F the =E&ol
Hlste] #4Q1 Z717F Wbt (Table 3).
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4. 8% 52 Y H3|

ol

BPAE A2|gh 2v|&ete] &4 W a4 24
o] WM3l= Table 49} 7o] AN LDH=

Z7ol vlste] BPA o] 27t E2E T
7¥al= Zdae] UL H A FE791 10 mg/kg
bw 72 X3 Egtl =t} Bt
o)t S7HF ZAMEATE (p<0.05). ALP= thx
T2} BPAS Aot A7 Abolell o) ek fol
7} ZAbEA] 2gkth GOTE BPA 10 mg/kg bw
Aol A 2Tk Hlawste] {03 71t
e, GPT= BPA 1 ¥ 10 mg/kg bw % 2]+
oA thzTrell Hlste FoAQ1 St Vet
o} (p<0.05).

&

]

Hu
lo
i

[}

Holghzl Hal= o3t 2o )

29l APAS Hrbshrlo g A A vk
Aot} (Roche and Bogé, 1996). L AEA=Z <l
ZEHAE WAEH 8 S =25 tiALe]
NAER AT B3 L G40 BAo] HES

4 9lth (Adams ef al., 1989). FH8HZ B 3}

715S dolsh=d 23 (Kim et al., 2004).
Bukowska and Kowalska (2004)2] ¢17tof w=H
phenol> E2 FLolA Alge] A1 E &8
ATE AS SR 2 AtelAl BPAZH
A dFS A 2 10
mg/kg bw A2 Z£3E2 W RBC ¢} Ht
FA7F ol vlste] {2291 ATt A

HAL Hbgee 214 Aole A=A &k

BPAZ AHz|g BE ol tjZtel Hlawsle]
A1 77 ZARE AT BPAE estrogenic
st B2 dEA e (Kang and Kondo,
2002), N=EZANY £42 W 249 55

Table 4. Serum enzyme acitivity in Korean rockfish, Sebastes schlegeli treated with bisphenol A

Parameters Groups

Control BPA-0.1 BPA-1 BPA-10
(WIjll?nI-l'It)* 130.6+ 4.6 136.4+8.6" 141.2+4.4*° 158.3+10.6°
(K—:Enr;t) s 6.02+0.21 5.95+0.62 541040 6.28+0.68
(Ka(;i: U) 301x+1.9 263126 285+1.9° 41744
(Kagnz U) 14.5+0.6" 14.7+0.2° 245420 224+22

All data are presented as means =+ SE. Values with different superscript are significantly different (P<0.05) as determined by
Duncan's multiple range test. BPA-0.1: 0.1 mg/kg body weight, BPA-1: 1 mg/kg body weight, BPA-10: 10 mg/kg body
weight, LDH: lactate dehydrogenase, ALP: alkaline phosphatase, GOT: glutamic oxaloacetic transaminase, GPT: glutamic

pyruvic transaminase.
* W unit ; Wroblewski unit.
*#* K-A unit ; King-Amstrong unit.
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Ao

g ZHA7E A3dRs BuHelqn
(Bjornsson et al., 1989, Persson et al., 1995). ©]&]
St A= BPA7} bone cellell 43 71X]3 2
#9 FE §AZ Wask] Eole Azsol
Zt} (Suzuki and Hattori, 2003). 53} BPA 10
mg/kg bwE AHE|gt &g A Uz
7ol ¥late] Fkete Aol ZAMEATE =4
=dol HH0E E Al TRFRE o Foll A ot
n ] AFuAE B A 27 Wsketal o] A
Alazet FapAde] ke wX| AL AlEuhe]
AE f&3kR] EshAl skt (Payne et al.,
1978). Wk, BPAZ <1%F 4HFEQte] W3l= of
7in| 9] AHREA ] A 02 AY7tE] o] KT

L] TR 7ol A A= S EIFER ] F
TA=E 95 g2 A4oltt (Kaplan and
Szabo, 1979). W FRI> 37§94 AW,
7+ &% % RBC &89 9aix 71t (Bur-
tis and Ashwood, 1996; Panduranga Rao et al.,
1990). & ArellA e FHle] 5= BPA 10
mg/kg bw A 2]77F il tiste] F9]491
S7F7F vEbsth oleld A ko] Eelvt
RBCY = Azt AT (Jyothi and
Narayan, 1999). @5 840d40= A 75E
glolsh= X2 AMEET (Peters ef al., 1997).
B Aol A BPA 10 mg/kg bw A 2]+2] 58
adzE Y27l tistel f2)49 F7b} 2
AT o) IS BPAZE A1) HlA 7]
5ol Q3L 7121 Zlole} AzkElol T,

74 Mol &49l GOTS GPTE 7 &4

A8 F Qe NEE AFRHIT Ytk oA}
AR QL Ao A= A ZUol A A g

()
>
<
N
N
rp

de dE W, A2 S E A
gaog whd UAET (Smith and Ramos,
1980). LDH= ol= Z#du de] Fxso] 3l
= BAF pyruvic acid$} lactic acid +He] 71 A
QN Ao #Aste] Fuf 2gE HFTh
LDHE W3t xZo] 378 wf g Fom
2ol d5 LDHVE A58k - Aol
e AF ol 3 T AT T

SolSE - Y - AT

ol E=go] Hrh £ AFeA GOT+ 10
mg/kg bw7} izl thsted feAl F7t
7} WERE S GPTE 10 mg/kg bw 85k ofy 2}
1 mg/kg bw ol A= thZ2F-9} vl wale] Fo4
o) Z77F ZAME AT E3 LDHE BPA 10
mg/kg bw ol A 214 Q1 F7HF YElsttt. ©]
28 Z3}+= phenol Sppm= 96A17H5 <t &S
oJole] ¥ W GOT, GPT ¥ LDH®| &40 =
7tk Barel 72 A3E vehfjo] BPATL
2 & 23 &4 oA AR At
o2tk (Nemcsok and Benedeczky, 1990).
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