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Recently, there are many reports on the endocrine disrupting chemicals that cause adverse effects on endocrine sys-
tems of animals, especially on reproductive ones in man and other organisms. Though some synthetic chemicals are
known to cause reproductive failure in wild animals, cause and effect relationships in endocrine disruption of various
organisms are not clear. In order to evaluate the potential estrogenic substances in surface seawater collected from
Yamada, Otsuchi and Ofunato Bays, Iwate Prefecture, three kinds of in vitro assays including E-screen (Human breast
cancer cells), Ishikawa cell (Human endometrial adenocarcinoma cells) and YES (Recombinant yeast cells) were used.
Estrogenic substances in seawater were extracted with Sep-pak C18 cartridge, and the extracts were applied to in vitro
assays to calculate 17 -estradiol (E,) equivalents. Commercial enzyme immunoassay (EIA) kit was also used for the
measurement of E, in seawater. Though seawater extracts of Otsuchi Bay in July, 2000 showed rather high level of E,
equivalent in the station located near mouth of the Bay, the values were very low in the samples of July, 2001. The high
levels of E, equivalent value assayed by E-screen and Ishikawa cell-ALP was noticed in the station located in the estu-
ary area of a small river in Yamada Bay. Estrogenic substances were detected in all stations of Ofunato Bay, and the val-
ues of E, equivalent were rather high in the stations near the mouth of Bay. Differing from E-screen and Ishikawa cell-
ALP assays, YES assay and EIA method did not show the clear difference of E, level between sampling stations.
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INTRODUCTION

About one hundred thousand of chemicals are distributed
in our surroundings and many kinds of them are toxic to
wild organisms and human kinds. Recently, some chemi-
cals are reported to show the adverse effects on the en-
docrine and reproductive systems of various kinds of organ-
isms in terrestrial and aquatic environments, and these are
called endocrine disruptors or environmental estrogens.
These hazardous chemicals such as DDT compounds and
PCBs cause uterus occulsion in seals (Helle 1980) and de-
crease of egg shell thickness in birds of prey (Ratcliffe
1970). Alkylphenols being the metabolites of detergents
cause vitellogenin synthesis for male and immature female
fish in freshwater and estuarine waters, especially in the fish
exposed to the effluent of sewage treatment plant (Sumpter
et al. 1995). Imposex which is the symptoms of intersex in
the females of neogastropods were caused by the exposure
of antifouling paints containing tributyltinin in the coastal
area of the world (Gibbs and Bryan 1986, Horiguchi 1998).
Although various kinds of synthetic and naturally occurring
chemicals have been demonstrated to show estrogenic ac-
tivity to the animals including birds, amphibians, reptiles,
fish, neogastropods and marine mammals, few informations
are available on the potential and total or inclusive estro-
genic substances in the river water, seawater and sediment,
and also on the actual effect of them in the aquatic environ-
ment.

In this paper, three kinds of in vitro assays, namely, E-
screen (human breast cancer cells) (Soto et al. 1995),
Ishikawa cell-ALP (human endometrial cancer cells)

(Nishida 1997) and YES (genetically recombinant yeast
cells) (Klotz et al. 1996), were used for determining the es-
trogenic active substances in surface seawater collected
from Otsuchi Bay, Yamada Bay and Ofunato Bay, [wate
Prefecture.

MATERIALS AND METHODS

Sampling of seawater: Surface seawater was collected
from Otsuchi Bay and Yamada Bay in July, 2000, and from
Otsuchi Bay and Ofunato Bay in July, 2001 (Fig. 1).

Extraction of estrogenic substances in seawater: 3.5L
of each seawater was extracted using Sep-PakC18 cartridge
(Waters Co. Ltd). Lipophilic chemicals which dominate
most part of endocrine disruptors in seawater are ex-
tractable by this cartridge. Elution of chemicals absorbed to
the resin of cartridge was carried out with 7 ml of ethylalco-
hol followed by 7ml of ethylether. Extracted solution was
concentrated by a rotary evapolator, and was resolved in 1
ml of dimethylsulfoxide (DMSQO) or ethylalcohol for in
Vitro assays.

E-screen assay: T-47D cells which are estrogen receptor-
positive human breast cancer ones and proliferative in the
presence of estrogenic substances (Soto et al. 1995) were
grown in Dulbecco’s modification of Eagle’s medium
(DMEM) supplemented with 5% of fetal bovine serum in
an atmosphere of 5% CO,/95% air under saturating humidi-
ty at 37°C. Cells were trypsinized and plated in 24 well
plates at an initial concentration of 5X10*cells/well. The
cells were allowed to attach for 24 hr, then the medium was
aspirated and replaced by 1 ml of experimental medium per
well containing phenol red- free DMEM supplemented with
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Fig. 1.

5% charcoal dextran-treated fetal bovine serum (CD-FBS)
and 5 ul of seawater extracts which is equivalent to 8.8 ml
of seawater. Six days later, cells were fixed with 10%
trichloroacetic acid and incubated at 4°C for 30 min. Then
the cells were washed five times with distilled water and
left to dry. The fixed cells were stained with 0.4% sulforho-
damine-B (SRB) dissolved in 1% acetic acid for 20 min.
Wells were washed with 1% acetic acid and air dried.
Bound dye was solubilized with 10 mMm Tris base (pH 10.5)
in a shaker. The extinction of SRB at 492nm is directly
proportional to the cell number within a wide range. 17f-
estradiol (E,) in six concentrations of between 5x1073Mm
(0.136ng/1) and 5X10~* M (13.6 ug/l) was the internal posi-
tive control in each assay. E, equivalent expressed as ng/L,
which is the total amount of estrogenic substances in sea-
water, was calculated by calibration curve for E,.

Sampling stations in Yamada Bay, Otsuchi Bay and Ofunato Bay, Iwate prefecture.

Ishikawa cell-ALP assay: Ishikawa cells possessing es-
trogen receptor was derived from a well differentiated
human endometrial adenocarcinoma, and was an estab-
lished cell line. Alkaline phosphatase (ALP) activity in
these cells is markedly stimulated by estrogenic substances
in the medium (Holinka 1986). Cells grown in DMEM sup-
plemented with 15% FBS in the same culture condition as
that of E-screen described above were seeded into 24 well
plates at a density of 1.5X10°cells/well. After 24 hr the
medium was replaced by the medium containing phenol
red-free DMEM supplemented with 15% CD-FBS and sea-
water extracts. Three days later, the medium was removed
and washed with phosphate buffered saline (PBS, pH 7.4),
and stored at —80°C for 1 hr. Afterward, 1 ml of substrate
solution containing 5 mM p-nitrophenyl phosphate, 0.24 mm
MgCl, and 1M diethanolamine (pH 9.8) was added to each
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Fig. 2. Potential estrogenic substances in the seawater collected
from each Sampling stations in Otsuchi Bay, Ofunato Bay using
Ishikawa cell-ALP assay.
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Fig. 3. E, equivalent (ng/L) in seawater collected from each
sampling Station in Otsuchi Bay and Yamada Bay using E-
screen and Ishikawa cell-ALP assay.

(OT: Otsuchi Bay, YD: Yamada Bay)

well, and were incubated for 1hr at 30°C in a shaker.
Yellow color due to the formation of p-nitrophenol was
measured spectrophotometrically at 405 nm. E, equivalent
(ng/L) was obtained by the calibration curve for E, in six
concentrations in the same range as E-screen described
above.

YES assay: The yeast estrogen screen (YES) was created
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Fig. 4. E, equivalent (ng/L) in seawater collected from each
sampling station in Otsuchi Bay and Ofunato Bay using E-
screen, Ishikawa cell-ALP assay, YES and ELIZA method.

(OT: Otsuchi Bay, OF: Ofunato Bay)

by expressing human estrogen receptor and two estrogen el-
ements linked to the LacZ gene. The f-galactosidase activi-
ty of the YES system is significantly increased after treat-
ment with E, or other naturally occurring, synthetic estro-
gens and xenoestrogens (Coldham 1997). Briefly, yeast
cells were grown in the enrichment medium for 24 hr at
32°C. Seawater extracts dissolved in ethylalcohol was
added into 96 well plate. After ethylalcohol was evapolated
at room temperature, assay medium containing o-nitro-
phenyl B-pD-galactopyranoside (ONPG) as substrate and
yeast cells were added into each 96 well, and were incubat-
ed for 84 hr at 30°C. o-Nitrophenol released from ONPG
was measured at 540 nm, and E, equivalent (ng/L) was cal-
culated from the sigmoid curve for E, standard.

Determination of E, using a commercial assay kit: E,
concentration in seawater extract was measured using the
Correlate-EIA E, kit (Assay Designs, Inc. Mich. USA).
This kit is an application of the enzyme immuno assay and
is called Enzyme-Linked Immunosorbent Assay (ELISA).

Measurement of water quality of seawater: Chemical
Oxygen Demand (COD) in alkaline condition, NH,-N,
PO,-P and suspended solid (SS) were measured according
to the method JIS K 0102.

RESULTS AND DISCUSSION

Potential estrogenic substances in seawater: Figure 2
shows the estrogenic substances in seawater extracts in
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Table 1. Water quality of seawater collected from Otsuchi Bay
and Ofunato Bay.

Station COD PO,-P NH,-N SS
Otsuchi St-1 0 ND 0 6
St-2 0.36 0.01 0 22

St-7 0 ND 0 28
Ofunato St-1 0.44 0.02 0 36
St-2 0.24 0.01 0 11

St-3 0.04 ND 0 17

St-4 0.12 0.01 0 4

St-5 0 0.01 0 31

St-6 0 0.01 0 20

St-7 0 ND 0 11

ND: Not detected. (<0.01 mg/L) (unit: mg/L)

Otsuchi Bay and Ofunato Bay in July, 2001 expressed as
ALP activity in optical density at 405 nm using Ishikawa
cell. Estrogenic substances were observed in all samples
taken from both bays. The original extract which was not
diluted and was expressed as 10° in horizontal axis general-
ly showed high activity in Ofunato Bay, and higher estro-
genic activities were noticed near the mouth of harbor (Sts.
6 and 7) compared to the stations located in the inner part
of the bay, while the activities in the samples taken from
Otsuchi Bay (Sts. 1, 2 and 7) were relatively low.

The results obtained from E-screen assay were similar to
those of Ishikawa cell-ALP assay mentioned above (Figs. 3
and 4). The reason why the higher estrogenic activity was
noticed near the mouth of harbor remains uncertain.

E, equivalents in seawater of Otsuchi Bay and
Yamada Bay: E, equivalents calculated from E-screen and
Ishikawa cell-ALP assay was shown in Fig. 3. The values in
Yamada Bay were almost similar levels compared to those
in Otsuchi Bay, except in St. 4 of Yamada Bay located in
the estuary area of a small stream. E, equivalent in St. 4 of
Yamada Bay reached to about 10ng/L or more in both E-
screen and Ishikawa cell-ALP assay. Domestic sewage con-
taining some estrogenic substances might flow into the es-
tuary.

E, equivalents in seawater of Ofunato Bay and
Otsuchi Bay: Figure 4 shows the E, equivalent obtained
from three in vitro assays and from ELISA method in the
seawater of Ofunato Bay and Otsuchi Bay taken in July,
2001. The values by both E-screen and Ishikawa cell-ALP
in Otsuchi Bay were between 0.03 and 0.06 ng/L and were
lower than those in July, 2000 ranging from 0.5 to 3ng/L.
On the other hand, E, equivalent in Ofunato Bay were high-
er near the mouth of harbor (Sts. 6 and 7), though the water
quality of the stations, as shown in Table 1, were considered
to be clear due to the water circulation. Although the results
of YES assay showed no clear differences between sam-
pling stations in Otsuchi Bay and Ofunato Bay, rather high
E, equivalent was noticed St. 1 of Otsuchi Bay and St. 7 in
Ofunato Bay.

E, concentration determined by ELISA method were
considerably higher at the stations situated in the inner area
of both bays. The difference of E, equivalents between
three in vitro assays seems to depend on the difference in

the endpoint of each assay. Namely, E-screen is based on
the proliferation rate of breast cancer cells, T-47D, under
the presence of estrogenic substances, and Ishikawa cell-
ALP assay is based on the expression of alkaline phos-
phatase activity of the cells. The culture period, which is 6
days in E-screen, 3 days in Ishikawa cell-ALP assay and
YES, may also affect the response of the cells to estrogenic
substances in seawater extracts. Furthermore, yeast has cell
walls differing from mammalian cells, and this is consid-
ered to disturb the permeability of chemicals from the assay
medium into yeast cells. Anyway, the discussion as to the
consistency of results obtained from three in vitro assays is
necessary.

E, concentration in river water was reported ND (Not de-
tected) to 27ng/L in Japan (Tanaka 1999). Estron (E)) is
more commonly distributed at higher levels than E, in the
aquatic environment. In addition, E, is sensitive to these in
vitro assays used in this study. Therefore, E; or some other
estrogenic substances that are overlooked in water might be
also responsible for the E, equivalents.

There are many papers concerning the synthesis of vitel-
logenin, a yolk-precursor protein normally found in the
blood plasma of sexually mature female teleosts and other
egg-laying vertebrates, in male fish caused by the exposure
to the effluent of sewage treatment plant containing natural
estrogens.

Recently, E, equivalent concentration was reported in the
effluent from municipal and industrial sewage treatment
plant in south Germany, and the levels were between 0.2
and 7.8ng/L using E-screen (Koérner 2001). Although
round 10ng/L of E, was demonstrated to cause the vitello-
genesis in male fish such as rainbow trout and carp
(Purdom 1994), it is not clear what extent of vitellogenesis
is critical for the reproductive activity in adult male fish.
Therefore, the effects of E, equivalent level in coastal sea-
water of Iwate Prefecture on the aquatic lives including fish
and other organisms is not clear now.

ACKNOWLEDGMENT

The authors would like to express sincere thanks to
Captain Kouichi Morita and his crews, and staffs of Otsuchi
Marine Research Center, Ocean Research Institute, The
University of Tokyo for the sampling of seawater and sedi-
ment. We also thank to Prof. Yoshikazu Yamamoto and Ms.
Masami Okumura, Kobe College for the cooperative field
work in this study, and to the fourth-year students of our
laboratory, Mses Y. Kageyama, M. Kuzuno, M. Mori and E.
Wakabayashi for their helpful assistance in the preparation
of seawater extracts. We are grateful to Dr. Masato Nishida,
Tsukuba University, Ibaraki, Japan for supplying us
Ishikawa cell 3-H-12.

REFERENCES

Coldham, N. G., Dave, M., Sivapathsundaram, S., McDonnell, D.
P., Connor, C. and Sauer, M. J. 1997. Evaluation of recombinant
yeast cell estrogen screening assay. Environ. Health Perspect.
105: 734-742

Gibbs, P. E. and Bryan, G. W. 1986. Reproductive failure in popu-
lation of the dog-whelk, Nucella lapillus, caused by imposex in-
duced by tributyltin from antifouling paints. J. mar. biol. Ass. U.
K. 66: 611-640.



32 OTSUCHI MARINE SCIENCE No. 27, 2002

Helle, E. 1980. Lowered reproductive capacity in female ringed
seals (Phoca hispida) in the Bothnian Bay, northern Baltic Sea,
with special reference to uterine occulsions. Ann. Zoologica
Fennica 17: 147-158.

Horiguchi, T., Cho, H. S., Shiraishi, H., Shibata,Y., Soma, M.,
Morita, M. and Shimizu, M. 1998. Field studies on imposex and
organotin accumulation in the rock shell, Thais clavigera, from
the Seto Inland Sea and the Sanriku region, Japan. Sci. Total
Environ. 214: 65-70.

Holinka, C. F., Hata, H., Kuramoto, H. and Gurpide, E. 1986.
Effects of steroid hormones and antisteroids on alkaline phos-
phatase activity in human endometrial cancer cells (Ishikawa
Line). Cancer Research, 46: 2771-2774.

Klotz, D. M., Beckman, B. S., Hill, S. M., McLachlan, J. A.,
Walters, M. R. and Arnold, S. F.1996. Identification of environ-
mental chemicals with estrogenic activity using a combination
of in vitro assays. Environ. Health Perspect., 104: 1084-1089.

Korner, W., Spengler, P, Bolz, U., Schuller, W., Hanf, V. and

Metzger, J. W. 2001. Substances with estrogenic activity in ef-
fluents of sewage treatment plants in southwestern Germany. 2.
Biological analysis. Environ. Toxicol. Chem.20: 2142-2151.

Nishida, M. 1996, Establishment of eighteen clones of Ishikawa
cells. Human cell. 9: 109-116.

Purdom, C. E., Hardiman, P. A, Bye, V. J,, Eno, N. C., Tyler, C. R.
and Sumpter, J. P. 1994. Estrogenic effects of effluents from
sewage treatment works. Chem. Ecol. 8: 275-285.

Ratcliffe, D. A. 1970. Changes attributable to pesticides in egg
breakage frequency and eggshell thickness in some British bird.
J. Appl. Ecol. 7: 67-113.

Soto, A. M., Sonnenschein, C., Chung, K. L., Fernabdez, M. F,,
Olea, N. and Serrano, F. O. 1995. The E-creen assay as a tool to
identify estrogens: An Update on estrogenic environmental pol-
lutants. Environ. Health Perspect. 71: 113-122.

Tanaka, H. 1999. Summary of a fact-finding study of endocrine
disruptors in water environments. J. Japan Soc. Water Environ.
22:629-632.

EFEXREE, UHBSSIUAMEBTERRL -
XBBEKDPOIZX OS> MY

JIAE—! - BJIl #F! - BEEET' - vEEKT! - Bl F22
VR LB R AR A R BRI R S B

T 662-8505 FeE R Pa = RIEHL4-1
P R TR AT AR BT 2 v & —

T028-1102 H5F B KREA]HRIE 2-106-1

A, ST L TS WROBEEE HELT 2WEDOFAESEE ShTH D, FEFRICKEO BT LT e b
EESZIMENPHS»PIZEH TS, LA L, NAWHEELEFICE L THRRBEGAHEIZZ > THWEr — 230 LAMKT
B0, BHTRXFEIIZ ., KPR, 3O invibo DT v XA EEAHOTKRPOTZ buy VEEWEE + — 2 LIZHET
3Z L&Az RBREFREZEESOLMAE, KBRS S UAREBORBE K TS 5. 20004F7H CKBE, ILAE)
E20014F-7H (KEEVE, AMIER) CRBOKMRTHEKEZRINL, EERIICKEHRO, ARICKDBEWERER, Sep-
pakC18 7 — b V) w VIZEAK L THAPOLZ b uy VIRWE ZEMEME L. EHE O A F L2 FF Y FEldr sy
J =B LU TinvitoD T v XA 12Uz, 3D in vito DT v 2415, & FOFAAHRD 47D MR % Fvy, ZOH5HE
BEZJEIE L 3 B E-screen, ¥ b DT ENEENAHED Ishikawa cell 3-H-12 2V, 7L AHY T+ A7 7 4 —+ (ALP) &M%
ETA2HEBLICL IO A M ar vy L e T4 42 BALEBROB AT 7 M ¥ —EEBEHETSYEST v ¥4 TH 5,
/2, WEROE, (17-T A bV —L) HlE*xy PEHFHL, inviro7 v £ AIZK RO ZE, Y¥BME L KL 72, KB
Tid. 200047 ADRERHC, BINMETAHEATE2LDEVESEM AR L2, 200147 AITIIKEENICKIT S
2 urvIBEIRIEEAERE S hE» 2. —F, IWHETIZNNDISBHE AT % # S D T E-screen X Ishikawa cell-
ALP7 v A DWThENFTOVLZ b2y VIRWBEDHEAELT L7z, 2001 F7 AIZEE L 2 AEBOREE TIL, BROWT
NOMETELZ Faryr VERPE R Sz, BIUSEWHATL LA EWESEEAE 572, E-screen X Ishikawa
celllALP 7 v ¥ 4 L&D, YESERE, v 25RO LE, RESMABOZENHE T A >72. ZDX3IZ, 7y kA
HBOBWVIZIE ST, KRKPOZ I by VRWEBERELS. ZhiEdET7 94Dy FRA VY MR LEZ Z LIS
AL TS EEZONSEH, BROBEMIIODOVWTISHOEERELRNFTETH 5.

Received: 18 January 2002
Accepted: 25 February 2002



