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Verification of Estrogenic Activity in Ethanol Extracts of Marine
Organisms Using in vitro Test System.
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Abstract

In order to verify the occurrence of an estrogenic compound in natural products, the estrogenic activity was

measured using an in vitro detection system. For this system, human breast cancer cell line MCF7 was transfected

using an estrogen responsive CAT reporter plasmid. Estrogenic activities of photosynthetic algae spirulina and sea
lettuce were evaluated using this system. Estrogenic activities of a 500 xg/ml and 50 xg/ml ethanol extracts of
spirulina were as much as that of 10° M standard solution (17 8 -estradiol) and activity of 5 1 g/ml ethanol extract
of spirulina was as much as that of 10" M standard solution. However, no significant estrogenic activity was

observed using sea lettuce extract. Estrogenic activities of marine animals, such as star fish and shrimp, were also

evaluated using this system, however, no significant estrogenic activity was observed in these extracts. In this result,

it is confirmed that spirulina extract possesses estrogenic compound.
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T dubel(Ulva pertusa) 9t B-E-7 AL (Asterina pectinifera)
SN2 R EER ol e, A8 F

shod ALEELATE AN--(Penaeus chinensis)= A2
T3t ARREISG S, 23 F 8 W(Spiruling, Kordel's
Spirulina, Australia)e &3 100% 2] AF& AH&3t4
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Xenopus vitellogenin A2 estrogen responsive elements
(ERE)7} 5 W #HE 8 ERELL9 [15]9} B84 Uehle
o ERE 9 9& 978+ promoterZ €# X adenovirus-2
major later promoter (Ad2MLP)[13]¢] cloningS 2l &
A9 oligonucleotideE 9] sequenceE Table 1] ERA A
th. A2MLP9| 8} @3} oligonucleotide F 7}=H& ann-
ealingsle] o|F7}e DNAZ YHE 3, o|5 w3 pCAT-
Basic (Promega, USA)9] CAT A=} %7 <l Pstla} Xbal
Holo] 4akelsle] pCAT-Ad2MLPE 33} 9] ch. ERE1199]
& 33t oligonucleotide 5 7}€-g annealings}td o] F7}
o DNAZ UHE %, o] Z pCAT-Ad2MLPS] Ad2MLP pro-
moter 4591 HindIllI2} Pstl 590l 48led pCAT-ERE119-
AMLE &3t

MzZujet U-Transient Expression Assay

MCF7 AEZFe
(ATCC, USA)olA BE53dth MCF7 HEs+ 10%<
Fetal Bovine Serum (FBS, Bio whittaker, USA)S X &3}
£ Dulbecco’s Modified Eagle’s Medium (DMEM, Bio
whittaker, USA) ¥ A & o] 43} 37T, 5% CO; incubator
oA s

MCF7 cell& DMEM s Ao subculturesd}o] 48A417F 3
o transfectiond} AT} WioFH cell& phosphate buffered
salineZ 2 M| A 3, FBSE ¥ &34 %= DMEM 2 mloj|
v oks} g th. Transfectiono] A& pCAT-ERE119-Ad2MLP
Zg}2n =& Plasmid Maxi Kit (Qiagen, Inc., USA)E At
23lo] Balsglch. FBSE T §alA 9 DMEM 250 4l
o] pCAT-ERE119-Ad2MLP DNA 5 ul& Y& % PLUS
reagent (Life Technologies, USA)E 5 1 H7}sle] 24 A
A B3 9 ALoA 1583 A5 Plus reagento}
DNA £3td (&9 )& THESAT 183, Lipofectamine
reagent (Life Technologies, USA) 5 p 19| FBSE X g3}7|

American Type Culture Collection
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Table 1. Oligonucleotides for plasmid construction

Ad2MLP
Sense 5-GCTATAAAAGGGGGTGGGGGCGCGTTCGTCCTCAC
Pst1
TCTCTTCCGCATCGCTCTCTGCGAGGGCCAGCT-3
Xbal
Antisense 5 -CTAGAGCTGGCCCTCGCAGACAGCGATCCGGAAG
Xbal
AGAGTGAGGACGAACGCGCCCCCACCCCCTTTITATAGCTGCA-3
Pst1
ERE119
Sense 5-AGCTTCGAGATCAGGTCACAGTGACCTGACTCGAC
Hindlll
ATCAGGTCACAGTGACCTGACTCTGCA-3
Pst1
Antisense 5-GAGTCAGGTCACTGTGACCTGATCTCGAGTCAGGT
Pst1
CACTGTGACCTGATCTCGA-3
HindIIl
%= DMEM 250 plg ¥ol £ &4 (&9 I)E Az ez F281, 53 & FEUXA dLL F&
& F & 13 IIE EYste] Aol BASAT 158 28 2756 74 438 92g W LA} o5 F&
F, U MCF7 cello] g7ketel SAE e = 0% o oF 4% ~9%2 27 $28N 1Y He 588
dextran-coated charcoal stripped FBS [15]8 X%3l&e UEY T 25280 22804 7H8 5 £82 UE
DMEM 25 nl& #H7h8i3i Wt} 0|2 st AE AL A5 FelHel deo] B4
Transfectiono] A5 H 1At F ANESE AA5 0 A 5 9= oz Foss ojfzF 295t 2%
AdstAck. 4 Ngd 282 JF¥% 500,50,5 pg/ AR}7} Ao AHAQ E2Zo] o]2o)F AOE AR

ml 3L 8 AlE

°C o] A 58, 37 o} » Lof 45] H¥%“o‘}0% cell & ly51s§}
¥, 14,000x gl A 58 F<¢ AR S F5A 200 ]
Z #3}o] chloramphenicol acetyltransferase (CAT) &4
Z3 39ttt CAT 842 CAT-ELISA Kit (Boehringer
Mannheim, USA)E o] 43} Manualo] we} 433}t
CAT &4 ZA 3+ BCA Protein Assay Reagent kit (Pierce,
Rockford, IL)E o] &8 A3 2t &5 ywjdgzgo
£ 28070

o}n I‘Eljl'—lli

mlo ml

4n o o

AERH RAEHS 28

9, 4§, BrhAE, 292 D2ARE 100 g2

fa e
5L

o|AEZA FAIEDIS HS

duiHow AETAYT FUE NAERA $AEAL
NAEZAL st AX Yo e JAERA 4
A (estrogen receptor: ER)¢} A sl DNAS 54 &7
&9l estrogen responsive element (ERE)E Q143to] H¥
et o]21d DNA o] wh&latst ewjde) 292 1

gdate] os] 2AHE FHAY] HAAE FUAA B
= EQ gwAdo Byge FE5d JAEZA FAER
o g MERES FRie AoE LA AT 7, §
o] AroME A2EZA FEAE THIE AR ¢
AR 0%} Guol A E£3= MCF7o] | 2EZA 0] AL
e EE 1ot® CAT @EH Zgau=9 pCAT-

ERE119-A2MLPE =38} in vitro AZEX2H-& A3}
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o qreEZA 4L =45 cHFg 1) el #4< vepyon, ¥x 10° M9 XZEF 17p-
irEgA WA g ¥ Sgav=rt 4FE 94 estradiol= o €r-&-2 A3 2o BIS) < 3 wje &
et MEF MCF79] 2322 2288 25% A4S Uit 5 pg/ml 529 20T 582 o

0 pg/ml, 5 pg/mlo] H=% gz 3 S A dzol Haf o 2 W 248 JElL,

500 pg/ml, 5

et qEZO Hzsgn, ryZod, 24, A4S FE 10 Mo EFEA 17B-estradiol = A RS A
FEANEE HFFE 500 pg/ml, 50 pg/mlo] HEE o 23 oz 7o) vls] oF 2 wie] XS e o] AR
BL2 34ste] MEF Hagdon, FFEAEA 17 2IFYY FEEE REEEH £ AFY d2E
p-estradiols HZ%=% 10° 10°, 10" Mo] ¥ %2 23} 274 Z4S el d2EZA FAFE A 28]
At Fig. 2 Age7S s AEe CAT #4¢ 12 0 FU=HNAT a9, sz f{el 7H2IY F229 4
S W o wxe HUBERN ANEE A A & 500 pg/mle} 50 pg/ml FE BTN TS A
T 52 BZEAQ 17B-estradiole &3 L9 CAT 23 djzaol vl fod Sdusiyt #EHA G
g4¢ vns Aot} 29 Fa ) &) CAT 4 (Fig. 2). ol= F¢EA F o8 712 BYBAE 713 sz
& 500 pg/mlo) FEolX EFEEES 17p-estradiol?] & FolA gk o] A EC] A 2ERA FA AR 9
= 10° M3} H£38 A5 d2EZd 84 a3 Ye gk 7o) oflgte AL FA 5 AT BIpALE FE2E
U 50 pg/mle) FEoME FFEE A 17p-estradiol

9 ¥ 10°M B} 5 oj2E2A 84 5342 Jeh CAT activity

Aok Ee 5 pg/mle] FEAMN EFE A 17B-estradiol Sample treatment (Fold to EtOH treatment)

o =5 10" M3} B|£8 Av o o 2EEA B4 A2 ¢ ! 2 : 3
YERNQchFig. 2). 2, 500 xg/midh 50 pg/ml 5] shrimp [ szz:::

Star fish E
500pg/mi

50ug/ml -

Hindlil Sph Pss Sal Acd Xbal Pst Xbal
Psi !

4 Xbal
Ad2MLP

70bp

pCAT-Basic \

1}
o = e K
saFet 328 AUEE AT ol va o 3 |
)
—
I

Sea lettuce [

Ad2MLP

500pg/mi

{4364 bp)

Pst-Xbal digestion

sug/ml -

PCAT-AdZMLP | -
(4434 bp) 5\7 Spirulina 50pg/m1 -
500pg/ml

BamHl 1010 M '::l .
Hirdlll-PsHl digestion
g ind /4 17B-estradiol I: 10°M -
108 M —

Hindli Pstl

EtOH -

pCAT-ERE119-Ad2MLP 60 bp
(@434b)  gvao

o Fig. 2. Estrogenic activity of extracts.
Bamk MCF7 cells were transfected with pCAT-ERE119-Ad2MLP
using Lipofectamine. Transfected cells were then treated

Fig. 1. Construction of estrogen responsive reporter with spirulina, sea lettuce, star fish, and shrimp extracts,
plasmid. 17 8 -estradiol or ethanol as indicated concentrations.
An Ad2MLP fragment was inserted in Pstl-Xbal sites of CAT activity was measured using the CAT-ELISA kit
pCAT-Basic yielding pCAT-Ad2MLP. And then an and normalized to protein concentration of cell lysates.
ERE119 fragment was inserted in HindlIl-Pstl sites of Means +SEM for three plates are shown as fold com-
pCAT-Ad2MLP yielding pCAT-ERE119-Ad2MLP. CAT; pared with ethanol treatment. Factorial ANOVA with
chloramphenicol acetyltransferase gene, Ampr; £ -lac- Fisher's PLSD post-hoc test: *p<0.0001 compared with
tamase coding region, 5V40; simian virus 40 small T ethanol treatment. These experiments were repeated at
antigen region. least twice yielding reproducible results.
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o] CAT 842 500 £g/mis}t 50 pg/mle] F& EFoA
NS A hxidl vl Fo48 Sewsyt #F
=R &dthFig. 2). o] AR E7HAtEl 7L steroidal gly-
coside?l triterpene glycosidesE thAMME 2 AAHeha, o
F3 FEl9] saponined 23 Qe AR LA AT
olE AbEWo] T2A FAAE EFEA EERM
MNEFE VA e Oe A AT F ANTBe,
5]. 3 A& #2890 CAT 845 500 pg/mie} 50 pg/

BRolA oegheS A dzgd wa 4
3 FAWs L BEE A edotthFg 2). o] 2 HA 24
2HE FEF 5L A9 BHdE olE Y LHE]

=

24 $AERE JEA = o A e

0
Q

4489 Bag 2937 s, o
2EZN $4AE BEHE Aoz T A FUd
Az A2ERA LS HEES 1Y

ool M 1 71549 A4t Eds] 1Y H

259 2328 U(spirulina)9} el T HFH=Z
iEZA g GEE A2HE o] &3 o

| 4L 24 oL A, 29 F Y g F

o] CAT &4& 500 pg/mls} 50 pg/mle] FEoA

#9] 178-estradiold) F= 10° M3} H]£g Lo

289 AedE g AT dxw st &
18 CAT 24 W35 JehiA wgkch 334, 27
A$ 5o HYEES oz & AFANE dBES
A g U272 vlwate] fod CAT 4 §sts Uet
WA gt o 2 3P4 2FY 29T
qzEZA ¥4 o2 Jeple AEgadd Rl
5ol 9 F doe 7t :

mlo rR
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