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Development of In Vitro Bioassay for Detection of Estrogenic Activity of
Xenobiotics : Monolayer Culture of Hepatocytes using Fish Serum

Hyuk Chu Kwonlf, Joon Ho Maengl, Eun Hee Kim' and Seong Hee Choi’

"Dept. of Aquatic Life Medical Science, Sun Moon University, Asan 336-708, Korea
ZDept. of Food Science, Sun Moon University, Asan 336-708, Korea

ABSTRACT : Effects of sera from several fish species on monolayer formation, viability and functions of catfish hepatocytes
were investigated to establish a primary hepatocyte culture system for screening endocrine disruptors. Hepatocytes of
Korean catfish (Silurus asotus) were attached and formed monolayer using the media supplemented with their own serum
or sera from eel and tilapia, but not with fetal bovine serum (FBS). The amount of fish sera (0.5~3%) for monolayer
culture of the catfish hepatocytes was less than 1/10 of FBS (5~20%) that is commonly used for primary culture of
hepatocytes of other species. The results indicate that FBS can be replaced with sera from some fish species and the fish
sera are more effective than FBS in maintaining the shape and functions of the hepatocytes. The primary culture of catfish
hepatocytes was maintained monolayer with fish sera for at least 10 days, which makes possible to be used for screening
the activities of endocrine disruptors. In conclusion, the primary culture system of hepatocytes with fish sera in the present
study could be a useful tool for screening and studying endocrine disruptors.
Key words : Catfish (Silurus asotus) hepatocyte, Monolayer culture, Endocrine disruptors, Fish serum, Vitellogenin.
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AL A7) o) ide Refstd]
B Aol SITH(Tyler et al., 1998; Guillette
et al,, 1999). o] &, OOW%, F2E 9 220 yBATEA
2l vitellogenin(Vg)<= ANEEZAN(E,), &4 ol ~EZ 7 (ethy-
nlestradiol) 2 bisphenol, nonylphenol <] EDCs 5l <]
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l ZHl A A FrH AR Wk in vivo 2 in vitro©l
M vgol §5E5 a2HISHYYU(ELISA) 2 RT-PCRS 9
L3t SA T2 ZH EDCse A4 o] 7153t thKwon et al.,

1993; Marin & Matozzo, 2004; Fossi et al., 2002; Kordes
et al., 2002; Rutishauser et al., 2004; Nakari & Pessala,
2005; Burki et al., 2006; Navas & Segner, 2006).

offF WY ZHAEE o]&3l= in vitroHS EDCs®] AE
& 9l g K& sl Hus YA, o FY] AE F
o, &-of, Wige], @etujol 5 AARE o] &HI UE ofF
27 ok Eg iR ol F M EE S FA 8t
2 %3, AR FHE FAHA A 27E] ME A E o
05 o FAY A S PolglE A shrh(Mommsen et

al., 1994; Segner, 1998; Vaillant et al., 1998). 7HH 32 9] &
S % Ee ZAMGET w9 Alxy w3t
Sol3ta, Ml T AE AFE 2 gfo] A3 95 &

AYAL At A4S EqET Y HAEE AATS
A 75 FAE F Slofok shH, 53] 717+ wi g
= 838k AUAF Aol Wi A2 e A 2 A
E& IS 8 A E DS FES v F83 o]
& T8N E BT ofF AR W $hde] &y
5o A %th(Segner, 1998; Navas & Segner, 2006).
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&5 v 3 tKim & Takemura, 2003; Kwon et al., 2006).
3] 7ML th=uj kS 93| Tor” ZJZE%%_E_ uj) Skl
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AlZdo] B3t < Kwon

ES
Il

_0
HAA @Yol dd HE 2 w7] DAZ gl bgE o
F9 @50l B A FFS nASAd HE HES

SERERE PR
3 8 3t

b B AfE ofF T E ke ©E gA 2 A=
= 9l o F A Ee] FEIVIE AESY, 4HE X
A7 EH gl =4 AEs A EFEA o] &E
T UEAE AT

R

1. AelojF A HUxZ

Sk || 7] AA Aakste] AR 2~3dA 7 )7
£ AHgstgion, Wdojer detvobe 1~2dA S FA
= T8t AREsEATh 7t o 79| Wl FAE ARS-SF
of Y& AFste] Aol 307 WA F il oJs
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A S8k

2. 32 G A2 XM

Estradiol-17 8 (E,), nonylphenol, bisphenol A(Sigma) &
o 32& 9 AAAWZEL dimethyl sulfoxide(DMSO,
Sigma)el]l =e] AREERlom, wFdfe] DMSO FEv
0.01%%= 94 &k

3. ZH|Z 22
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7He At Sl b B i 7k FH
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4. 7= HiQt

TAZ W FE 3x107/cri 749 ZHHEES 3 mee] w o
o] 60 mn plastic petri dish(Falcon)ol| A ulj ¥} cth, vl &
AL (.2 ym insulin(Sigma), streptomycin(100 ¢g/mf)2} penicillin
(70 pg/ml)s E33H= L-15 medium(Sigma)S ©] 8313
. 5% CO, incubatorol| A wjokal$ith Wk EE 25CE
FABROH, ol FA S 24 ~48A 7t 2L wj o2

DACgs i Ae

5. Vitellogenin(Vg)2l HH|

1 7] Vg Ex(5 mgkg BW) FAE $71¢] 30 2 R
w3k WA Vg Edtete 9% 10 mlE Mg-EDTA
H(Kwon & Mugiya, 1994)°] ]&] 4 2]8 3 Sepharose
6B column(1M NaCl, 20 mM Tris-HCl, pH 8.0)2 ©] &3}
of Vg elsiiith Boh &3 BAE 918 Sepharose 6B
columne 53] ¥ Vg 38 FPLC(Pharmacia Biotech,
Sweden)S ©]4-3F 0] w3 2 v}E T3] Mono Q column
3} gel filtration?! Superose 6 HR 10/30 columns ©]-£3}
At} oA ZvE T I = Sepharose 6B columns
E8) d& vg £3S 20 mM Tris-HCI(pH 8.0) 5 0]
NaCl 0~1 M9] linear gradientd] &J3 £ZAIAh &
T 1 mE 3, T8 G 1w S §3E 280 nm
oAA SAstATh olojA] Vg EFFetE 82 speed vac
concentratorg &3t F5AIZ1 $ 20 mM Tris-HCl(pH
8.0)°] 4] 3 Superose 6 HR 10/30 column(20 mM Tris-
HCI, pH 8.0)% ©]43to] Vgg F2l3lath 4AE Vg +
g2 10% SDS-A7195& Tl T8kt

6. Peroxidase-IgG Conjugation

AA1E Vg(250 pg/ml)3 Freund's complete adjuvant(Sigma)
g E¢tel B2l FAET F9 17 170z 49
Zapelel, A5 159 T 7] 719 4L Bole] 2
@ AHAHA. FEHE AT @R -70To B3

Vg 01 ol th3k &4 T4 Kwon 5(1990)9] S
oha W sto] Attt WA veol bk E7] [gGE 10
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me] Vg FEHLS AR 71 ¥ DE52(diethy-
laminoethyl cellulose ion exchange chromatography, Whatman)
columnd] $&A1A AUt} Horseradish peroxidase(HRP,
Sigma) 4 mg2 1 mle ZH0l o] 0.1 M NalO, £ 0.2
nlE el 2037 Aol A wukshHA vhgAIZITh HRP &
< 1 mM acetate buffer(pH 4.5)Z F4I3F ¥ 0.2 M carbonate
buffer(pH 9.5) 20 pg& H3ll pHE ¥Zed o2 WA A
&7]el 0.01 M carbonate buffer(pH 9.5)Z F4A171 1gG(10
mg) &5 Taf 2417 FF Aol X WHHAIZITE NaBH, $F
AL 2A7F PE o, PBSE FAA & Sephadex G
200(0.01 M PBS, pH 7.2) columndl] ]3] £&¥ 325 280
o} 403 el A ZHzF ZAEke 224 FAE AU

Foz AN

7. Sandwich ELISA

ELISAE Kwon 5(1990)] ¥l whe} 2|31t} PBS
o] £33t a-Vg IgG 100 1020 1g/ml)E 96 well microplate
(Falcon)oll FE3}e] 4ToA 16 h E<F vi%s ) 0.05%
Tweend E 33 PBS(PBS-T)E 3W 42 & PBSol &3]
3l 1% BSA(BSA-P) 150 wZ o] 37ColA 1 h 5¢
blockingd}lth. PBS-TZ 3¥ Aol 5 100 9] 9 &
= 293 Mg MES YA 37CA 2 h FF Wi gFatsd
oh g2 490 24 AA 3 Vg(1~1,000 ng/ml)S 100 plA
S AEH 22 20 wjgaith PBS-T= 3H Al

peroxidase ¥4]3 IgG(OPD-IgG)E BSA-PZ 5004 3
Mgk ol 100 pl ¥ 37CllA] 2 h incubated}i Tt PBS-T

ot o
mlu

S

23 A W F 0.02% H,0.5 E§3 0.1 M citric acid-
phosphate(pH 5.0) % S 2 =2l o-phenylenediamine(3 mg
/ml)= 150 ufz*é‘ 230 Aol A 304 7F ¥h3- Al Z T 4N HCI
100 pbE ol vra= Wl/\l 71 & F33% 492 nmell Al ELISA

FSAT.

0(!

reader(Molecular Dev1ces)i =

8. AN

A9 A3} SPSS programe o] &3to] 7+ Ag 2 7+o] H
AL p<0.05 &
ato] Ak

o4 Duncan's multiple range testg& &

1. @HC2REH Vg 22
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A3} Fig. 1AM 9} 7o) &Y peakS UehUTh Bt &

43k A& 98 Vg 385 FPLCE ©|43 Mono Q &°
2 23 columno] £EA171 23}, 0.4M NaClel A Vgo] &
Z 5 Ah(Fig. 1B). olojA Aozl Vg #¥S Superose 6
ato] oAl FElak i th(Fig. 10). BAE Vg
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Fig. 1. Purification of catfish Vg by column chromatography.
A, gel filtration on Sepharose 6B of catfish Vg obtained
by Mg-EDTA precipitation. The protein was eluted with
20 mM Tris-HCl, pH 8.0, containing 0.35 M NaCl. B, anion-
exchange FPLC on a DEAE Mono-Q HRS/5 column.
Gradient elution was performed with a 20 mM Tris-HCI
buffer, pH 8.0, containing 0 to 1 N NaCl. C, high speed
gel filtration on Superose 6 HR 10/30 column.
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Fig. 2. SDS-PAGE of catfish vitellogenin (Vg) purified by column
chromatography. A, molecular weight standard; B, male
serum; C, Ex-induced male serum; D, the catfish Vg purified
by column chromatography.

< 144 kDal = ¥R €39 Vg &3} oF
AL FRlsAThFig. 2).

2. Sandwitch ELISA System 7H%

m7] Vg 822 HH [gGE st 13 A2 o]
231999 ™, IgG -peroxidase conjugates®] Sephadex G-200
column®]l 93 &% pattern= Fig. 3°] Yebth 3 HA
peak+ blankX| 7} =0} F WA peakE 500~1,0008] 3]4]
ato] 2aF A& o] &3}tk Microplatedl| coatingdte 12}
&Hl(a-Vg 1gG)9] A4TEE 10~40 pg/ml7hA] e A}
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Fig. 3. Elution profiles of the anti-Vg IgG-peroxidase complex
on a Sephadex G-200 column.



Dev. Reprod. Vol. 13, No. 4 (2009) Use of Fish Serum in Hepatocyte Monolayer Culture 221

A 20 pg/mbe] FE7F A8 E 02 Ueth 2 A" olF dAEo] I E uj gl PlAe FFE A 9
9% Vg HE A+ Aok 10 ng/mlE Vol tigt So]4d 8 collagenaseol <Jal 2% 7] 7bA| ol W 7], wo],
of AR st B2 A2E Yt detyjol g Folx] H(FBS)= 47 ¥ F 12¢ F<tul
ISR, Fig 491 w10k 4279 7AE vjopADE U
3. 017 S, mﬂib 2ol4 BelE A% 52 guE 2a
o itk M 1950 RE AFFAIM AZEL 3~107 4
Serum
free
Catfish
serum
Eel
serum
Tilapia
serum
FBS

Fig. 4. Phase contrast photomicrographs of catfish hepatocytes cultured in L-15 medium or L-15 medium with 0.5~3% catfish

serum (or tilipia or eel serum) or L-15 medium with 1~10% FBS. Hepatocytes were cultured in the presence of insulin
for 12 days. The original magnification was x 400.
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Fig. 5. Lactic dehydrogenase (LDH) (A), GOT (B) and GPT
(O) released into the medium as a function of culture
time. Cells were plated in 60 mm petri dishes at a density
of 0.3x10° cells/cn.
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250
OSerum free

W 3% Catfish serum
200 5% FBS

Vg (ng/mi)

o
=1

50

2 days 4 days 6 days 8 days 10 days

Fig. 6. Effect of E; treatment on vitellogenin (Vg) synthesis
in male catfish hepatocytes cultured in L-15 media
with catfish serum (CS) or fetal bovine serum (FBS).
Hepatocytes were cultured for 10 days with E, (10 °M)
in media containing 3% male catfish serum or 5% FBS.
The level of Vg in the medium was measured by ELISA.
Values were expressed as mean+SD (n=3).

6. Vg 2Fd0f| Cet NonylphenolZ} Bisphenol A2| A&k

7] 74 Z 2 nonylphenol(10 °~10"°M) %= bisphenol
A(10"°~10"M)Z L-15 uj %A (3% vl 7] o] EgollA]
647t Mgt & Vg A7 ZARIEK(Fig. 7). Nonylphenol
o] 98 Vg IS 10 Mol A 20+1.8 ng/ml, 10 Mol A
27423 ng/mlZ WA YEboH, bisphenol AE 10 °Me]
A 31£2.5 ng/ml, 10 Mol A 43427 ng/mlE VFERTE o]
g A= Ex(10 Myl 98l f=9 Vel 1/10 =4k

50

40

30

Va (ng/mt)
H

20 =

Wehicle Monyiphenol Nonylphenol Bisphenol A Bisphenal A
109%M 1077M 1099M 1029M

Fig. 7. Effects of noylphenol and bisphenol A on vitellogenin
(Vg) synthesis in catfish hepatocyte cultures. Hepatocytes
were cultured for 6 days with noylphenol (10 °~10 *M)
and bisphenol A (10 ®~10 °M). The level of Vg in the
medium was measured by ELISA. Values were expressed
as meantSD (n=3).
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250 Fogisphencl A 10-5M

@ Bisphenal + Tam 10-BM
| M Bisphenol + Tam 10-5M

n
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] e
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Fig. 8. Effects of tamoxifen (Tam) on Vg synthesis in catfish
hepatocyte cultures. Hepatocytes were cultured for 6
days with E; (10 °M) or bisphenol A (bis, 10 °~10 M)
and then were cultured for another 2 days with Ex+Tam
(10 °~10 M) or bis+Tam (10 *~10 °M). The level of
Vg in the medium was measured by ELISA. Values
were expressed as meantSD (n=3).
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