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Abstract Pesticides have been classified as a major category in the classification of endocrine disruptors.
Rural Development Administration “Registration Standards for Pesticides and technical concentrate”
announces repeated-dose toxicity tests and reproductive toxicity tests to detect endocrine disruptors through
animal testing. However, this test method cannot evaluate complex endocrine mechanisms, and takes a long
period of time, so it is not suitable for confirming whether it is an endocrine disruptor. Therefore, in our
study, an in vitro test method that provides mechanistic data was established among the test methods to
search for endocrine disruptors listed as OECD TG 455 and 458. Before applying this test method to pesticide
evaluation, the conditions for the cell stability test and proficiency material suggested in the guideline were
established. As a result, the estrogen transcriptional activity test method using human uterine derived cells
(hERa-Hela-9903) accurately predicted 8 positive substances and 2 negative substances out of 10 test substances
in the agonist assay. In the antagonist assay, 3 positive substances and 7 negative substances were accurately
predicted for 10 test substances. The androgen transcription activity test method using human prostate-derived
cells (22RvI/MMTV_GR-KO) accurately predicted 5 positive substances and 3 negative substances out of 8
test substances in the agonist assay and the antagonist assay, 5 positive substances and 4 negative substances
were accurately predicted for 9 test substances. Therefore, in this study, we established an alternative animal
test method to confirm endocrine mechanism, and we plan to use it to evaluate various pesticides suspected

of causing endocrine disruption in the future.
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JEgS v F Qe orEZAY QtegA wEdS 3
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2 Ao AME-S hERo-Hela-9903 M2 QAR
FNAEZA Japanese Collection of Research Bioresour-
ces (JCRB) Cell BankollX] A3 AE 9520 Hat
2 EaiM sl e, 22RvI/MMTV_GR-KO Al ZFE&
AAHNHAFHANEZEA ST TAT AYEAAAE
(Korean Collection for Type Cultures, KCTC)ol|A s}
Ak, Al v ulA] = hERo-Hela-9903 Al Z52] 79- 10%
Dextran coated charcoal treated fetal bovine serum (DCC-
FBS)# 60 mg/L. Kanamycin®] 338 Eagle’s Minimum
Essential Medium(EMEM, phenol red free) BjA| & AR&-3}
%tk 22RVI/MMTV_GR-KO A E3F-2] 7% 10% FBS7}
ZE RPMII640 BRI & ARSI, t=27 -84 &4
4 Ao 5% FBS7F X3 dsel=rt xFEA] ke
RPMI1640 BiX|E ARSI TE F ¥iX] 25 2mM Gluta-
MAX, 0.25 pg/mL Amphotericin B, 100 units/mL Peni-
cillin, 100 pg/mL Streptomycing XEZSIATE 72+ A 2= 30
AHE F71A A w3t
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+ A7-= OECD AW 7hol=21el TG 455 3! TG 458
of TAE oEERA B ==l A HARMIAIEY
o ojAste] Fsiiet. 7t Fhol=Elkle] ANE SHE
BALS Table 13} 2t} | AEZA 84 AAISAHA T
o] R EZZE 1 nM 2 25pM2] 17B-estradiol2, oF
T2 A A FdiE=ES 10nM 2
800 pM2] Sa-dihydrotestosterones ARE-SIATH 2E A9k
2 Sigma-Aldrich (St. Louis, MO, USA)IA T3}
dimethyl sulfoxide (DMSO, Sigma-Aldrich, St. Louis, MO,
USA)l o AJF Fdol ARkt

re

HAEZA = HAEAM A& H(Stably Transfected
Transactivation Assay, STTA)

NEERZ 78] HAALEA 2852 A E (agonist assay)
< FYs7] 91819 10% DCC-FBS-EMEM wi=]of| 3]4] gt
hERa-Hela-9903 A2 dgrl-S 1 x 10* cells/well’} =5
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Table 1. List of proficiency substances from STTA assay and ARTA method

STTA assay
Agonist activity Antagonist activity
Substances CAS RN Class Substances CAS RN Class
170-Estraiol 57-91-0 Positive 4-Hydroxytamoxifen 68047-06-3 Positive
meso-Hexestrol 84-16-2 Positive Raloxifen HCI 82640-04-8 Positive
4-tert-Octylphenol 140-66-9 Positive Tamoxifen 10540-29-1 Positive
Genistein 446-72-0 Positive 17B-Estradiol 50-28-2 Negative
Bisphenol A 80-05-7 Positive Apigenin 520-36-5 Negative
Butyl benzyl phthalate 85-68-7 Positive Butyl phthalate 84-74-2 Negative
Methoxychlor 72-43-5 Positive Flavone 525-82-6 Negative
Ethyl paraben 120-47-8 Positive Genistein 446-72-0 Negative
Atrazine 1912-24-9 Negative ~ Nonylphenol 104-40-5 Negative
Reserpine 50-55-5 Negative Resveratrol 501-36-0 Negative
ARTA method
Agonist activity Antagonist activity

Substances CAS RN Class Substances CAS RN Class
Sa-Dihydrotestosterone 521-18-6 Positive Hydroxyflutamide 52806-53-8 Positive
Mestanolone 521-11-9 Positive Bisphenol A 80-05-7 Positive
Testosterone 58-22-0 Positive Flutamide 13311-84-7 Positive
17B-Estradiol 50-28-2 Positive Prochloraz 67747-09-5 Positive
Metoxhyprogesterone 17-acetate 71-58-9 Positive Vinclozolin 50471-44-8 Positive
Butylbenzyl phthalate 85-68-7 Negative ~ Mestanolone 521-11-9 Negative
Diethylhexyl phthalate 117-81-7 Negative Diethylhexyl phthalate 117-81-7 Negative
Bisphenol A 80-05-7 Negative ~ Atrazine 1912-24-9 Negative

6-Propyl-2-thiouracil 51-52-5 Negative
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37°C, 5% CO, Hj7]ol| A

24A17F v Fetaitt. FAIH A 42 Steady-Glo® Luci-
ferase assay system (Promega, USA)S AM&-8}e, | ZA|

A Agsle Z2EF wet Y319}, Luciferase &5
W e 20| 7hs3 rlo| AR E o] EZH]7](Thermo
Fisher Scientific, Varioskan Lux)y& A}F&-3le] 4313
Luciferase 578 %2 FNZEZ (1 nM 17B-estradiol)2] &
F SR HEEE 100%= AAste] ofgje] 2om 7}
AREZe] g HAF 2493} vllE(Relative transcriptional
activity, RTAYE ALt
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gonist assay)S AT, £ AP E AEEY ZHL

21 clear 96 well plate$} luciferase &4 =4S 93t
white 96 well plateS Z}z} 4]t} hERo-Hela-9903
AFZE 1 x10*cells/wellZ 2338 3 3A17F S v %dal4d
t}. A]?ﬁ A4S 717 Algsle wellol FEHE A2 &
37°C, 5% CO, wi%710lA 24A17F sttt Al ZEAA]
32 Cell Counting Kit-8 (CCK-8) assay kit (Dojindo, Japan)
£ o]g3le] =43t} Microplate spectrometer (Thermo,
USAYE AFESF] 450 nmollA] S4EE 2435104, AlE
BEES Avtske 722 oo} 2t

T
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ot

Luciferase 84 24L& o 2E=2A 84 Ar12A 24
A& (agonist assay)} 5 3HA| Steady-Glo® Luciferase assay
system (Promega, USA)S AFE-319.2 ™ luciferase B4 3t

S Aitete 7212 ol ¢} 2t
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OtE2A 8% MAHEAAIE H(Androgen Receptor
Transactivation Assay, ARTA)

== A AR 2H8-EA A7 (agonist assay)=
S8l #A wjR 2 22RvI/MMTV_GR-KO Al X3 E S 7}
welld 3 x 10%cells/100 uL7} H=E EF3IL 37°C, 5%
CO, HiF71oNIA 487]7F F<F i Fatoint. AlEEd s 247t
9] #jFehe welld] =R X3 F 37°C, 5% CO, =
ZAoA 2417F wfFalsiTt. FA Al B4 42 S5t
Steady-Glo® Luciferase assay system (Promega, USA)S
AME-3192 ™, luminometer (Thermo, USA)Z WH33ts =
z%g}oip} $_A :b]ﬂ.xﬂ iu-l z;gﬂ_o_ %VHEHZ%X](IOnM
5a-dihydroxytestosterone, DHT)ol| tf3t Wl E-&2 FHilks}e]
ofgfe] Aoz A= gl HAF 43t wlE(RTAS
ARt

Al B2 o] ubagzk
o] vk} i 7}k
RTA (%) = vVCe| g H 3k % 100
10 nM DHT®] @3 F#£7) -
VCe| w3 H F3k

TRo = oteadl #84 daed Za=4 A3 (an-
tagonist assay) 3Tt B AP AEEA =4
S 9138 clear 96 well plate®} luciferase &4 =428 9l
white 96 well plateE 7} | D} 22RV1/MMTV
GR-KO AMXE 3x10* cells/well2 53 & 37°C, 5%
CO, Z710014] 48/‘]7 b &k ul °ok6}°il:} NEEAS 77}
NGl wellel =2 2|5} 37°C, 5% CO, 27
A 24NZF weket & AlEEA 34 918kl CellTiter-
Fluor™ Cell viability assay (Promega, USA)E AR8-3}51 ).

AN Algshs Z2EZ w2t F3e 3, fluoro-
meter (380-400 nMEX/505 nmEM)S- AMg-3lo] FF=S

SAskont. 549 A okl el tidste] Al
E&& Tl
A=z 33k -
o] &4 o 7k
RFU (%) = CTel 88 9+ 4 %100

Luciferase 242 Steady-Glo® Luciferase assay system
(Promega, USA)S AHE-3I3lom, 84 32 oot 7o
Axkstaict.
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tradiol, 17a-estradiol, corticosterone, 170-methyltestosterone

moHy
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(agonist assay), tamoxifen, flutamide (antagonist assay)=
Aelate] AZYEE 9 FAHZA 2443 JEriIT
(Fig. 1). 2 A3}, 2ZEEZAIFAA 17B-estradiol, 170-
estradiol, 17a-methyltestosterones A 2|3tH4S o 17p-
estradiol TIH] A sH&(RTA) 3] 10% ©]/do]
02 FdYS gl v corticosterone®] 73 RTA
ol 10% mre s S49S ERlsiiint. AFEZAIgl
A tamoxifens A SIS W FAIHA 2HE 30%
ol AAlsaAM MZAEEC] 80% ol EE
S RIS vHA flutamideE A 23S wle $AH
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150 20
0 S e e e
100
4 e
s 5 4
2 a
-10
46 44 43 42 A1 40 & 8 7 43 42 1 40 9 8 7 6 4 40 9 8 7 6 5 4 3
log[Conc./M] log[Conc./M] log[Conc./M]
(d) 17a-Methyltestosterone (e) Tamoxifen (f) Flutamide
8 150 150

o~
h'; 5
100 2 S 200 -3
g8 g
< 8 <
o & S0 8
g 2

o

4201 090 79 8 7 & & 4
log[Conc./M]

’ Iogcom;JM]

o
.o

log[Conc./M]

Fig. 1. Results of the reference standards using STTA assay to determine acceptable range values: (a), (b), (c¢) and (d) agonist activity

of STTA assay; (e) and (f) antagonist activity of STTA assay.

(a ) 5a-Dihydrotestosterone (b) Mestanolone (C) Diethylhexyl phthalate
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=] =3 =]
e 2 200 e
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log[Conc./M]

log[Conc./M]
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Fig. 2. Results of the reference standards using ARTA method to determine acceptable range values: (a), (b), and (c) agonist activity
of ARTA method; (d), (e) and (f) antagonist activity of ARTA method.

710l PIAA] Eslo] 5w Wgsigict.
20RVI/MMTV_GR-KO A|ZFAS gelslr] ¢t
Sa-dihydrotestosterone, mestanolone, diethylhexyl phthalate
(agonist assay), bicalutamide, bisphenol A, diethylhexyl
phthalate (antagonist assay)yS *]2]dto] AZAYEE 9 FA|
HepAl S e ATHFig. 2). 2 A3, 8= A
|4l Sa-dihydrotestosterone 2 mestanoloneZ # 2]}
@ 10nM DHT tj¥] RTA Fkol 10% oPdo|Ba A,
diethylhexyl phthalateS *2]3l51& ® RTA #tol 10% W
Rolng Ao st A= dAFlME bicalu-
tamide 2 bisphenol A & AZ|3INE wl FA|HA A
S 30% ol AN AEAEE] 80% ol on
2 FAAYUS #elsisitt. v diethylhexyl phthalateS 3]

Aaet. daH o2, BE AEPYAEA 2 OECD
Bl 2Erto|=gpolo| i EAE R A|A|ske 24 gko] 7E
9 Well E3telo] 3, dEe Ak Feks] Wy
sh= Ao g FIslH o E R hERe-Hela-9903 2
MMTV_GR-KO9| #|ZeHg/do] gtuE a5 Slskditt
(Table 2-3).

HAEZZA of7f HtS &0l AlH

NEERZN 84 A 2-8-=2 A3 (agonist assay)
2 ZA3HEZ A% (antagonist assay)E TY3s17] $lste] AlE
g == 1052 A ASSIth(Table 1). 2F A1 44
&L (1nM 3 25 pM 17B-estradiol)®] luciferase €/ %
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Table 2. Results of reference standards from STTA assay using HeLa9903 cell line
Agonist activity Antagonist activity
Log PC,;, (M) Log PCs, (M) Log IC5, (M)
Substances — — Substances —
Criteria Result Criteria Result Criterion Result
17p-Estraiol <-11 <-14 -11.4/-10.1 -10.71 Tamoxifen  -5.942/-7.596 -6.29
17a-Estraiol -10.7/-9.3 <-12 -9.6/-8.1 -8.11 Flutamide - -
Corticosterone - - - -
170-Methyltestosterone ~ -8.0/-6.2 <-11 -6.0/-5.1 -5.41
Table 3. Results of reference standards from ARTA method using 22Rv1I/MMTV_GR-KO cell line
Agonist activity Antagonist activity
log PC,; (M) log PCs, (M) log IC;y (M) log IC5, (M)
Substrate —— — Substances — —

Criteria Result Criteria  Result Criteria Result  Criteria  Result
Sa-Dihydrotestosterone  -12.2/-9.7 -9.87 -10.6/-9.0 -9.02 Bicalutamide -7.5/-62 -694  -7.0/-58  -6.62
Mestanolone -12.3/-9.8 -991 -10.2/-8.6 -9.21 Bisphenol A -6.6/-54 -569 -62/-50 -536
Diethylhexyl phthalate - - - - Diethylhexyl phthalate - - - -

(a) 17a-Estradiol (b) meso-Hexestrol (c) 4-tert-Octylphenol (d) Genistein (e) Bisphenol A
e i WJ

Al N8 8T s 6 4

42 1 0 9 8 T 6 5 4 2 41 40 9 8 7 6 5 4 42 41 40 9 2 T 6 5 4 A2 41 40 9 8 7 86 5 4
log[Conc./M log{Conc./M log[Conc/M log[Conc./M] log{Conc./M

(f) Butyl benzy| phthalate (g ) Methoxychlor ) Ethyl paraben (|) Atrazine Reserpine

50 50-

]
a
-]
22

10

MR TREEET T

2 41 A0 9 8 7 & 5 4 21 0 9 8 T 5 5 4 42 41 40 9 8 7 6 5 4 241 40 9 8 7 &5 5 4
log{Conc./M loglConc./M log[Conc/M log{Conc./M log{Conc./M
(K)  aHydroxytamoxifen ) Raloxifene HCI (m) Tamoxifen (n) 17pEstradiol (0) 4:Nonylphenol
b - 160, "® 160- 180 280 150 20, 150
Pl # - a w e 8] g it ,.
P - 0] A
Iel Np - w2 Ewl o w2 w2 & 1 R wa i’ z 2 w 2
g n ig 1P 7] ] g 3™ e A — B
2 N 2 |8 -1 is S8 i 2™ i i
£ w © ; z o { ] 0 £ s o 3 0 32
T N z | R 5z 5z, fge 3
- 1 W = 1 . 4 3 » =
M a2 M 0 9 8 T 4 I ] 1 10 9§ 8 7 & 5 4 6 4 & 7 & 5 4 e -8 e
tog(Conc./M] log(Cone.M tog(Cone. M log(Conc.y tog{Conc.M)
®) Genistein (q) Apigenin ) Dibutyl phthalate (s) Flavone (t) Resveratrol
3004 w0 200 1% 0. 150 280 1% 00, 20
o . 8 ” 2 @ 20 22 B 200 B o B "
L. o Lrie TN\ wiin -itol o E w11 N i
2 2 = =\f i PR ol ] \ P g8 Q 7 = < 2
b 7 ‘gm | o ”‘%m mgs"” (Mg 4 wg:;m moS
i [ IS 1 §iT 4o fgml b jml 6T NG
z | & ’ 3 & H
T T T 0 » 8 7 8 5 4 3 T T ? T T T T Y TR T

fog{Cone.M] fog[Cone. M) tog{Conc.u) og{Conc. M

Fig. 3. Results of the proficiency using STTA assay to determine acceptable range values: (a) to (j) agonist activity of STTA assay; (k)
to (t) antagonist activity of STTA assay.
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W Elo] A FEA 7IES TFe AEEEAE gF oA FdizT tiv] FAHEA 24S 30% o

o|M= Atrazine ¥ Reserpines #2|$t wolX= 17p- AAFAA A ZAYEE] 80% OIFOoE A =
estradiol THH] FAIFHZA] AARAIZC] 10% PITHOZ & A=z et 28y YA 759 EddM e Fa

deds ddsiglon, urA 859 EddA RTA
10% o deln Fd=dz At AFEZAPelx

tol 1] e Rjel £48 4% BRI 3).
35 A3, AF B4 2059 tslel ol 2EZA S8
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Table 4. Results of proficiency substances from STTA assay using HeLa9903 cell line

Agonist activity Antagonist activity
Substances i .PC'O M) . .PCSO M) Substances — 1Ca M)
Criteria Result Criteria Result Criterion Result
17a-Estraiol 427x 10" <1.00 x 10" 644 x 10" 433 x 10" 4-Hydroxytamoxifen 3.97 x 10° 127 x 10
meso-Hexestrol <1.00 x 10" <1.00 x 10" 2.75x 10" 4.73 x 10" Raloxifen HCI 7.86 % 10" 2.90 x 107"
4-tert-Octylphenol 1.85x10° <1.00 x 10" 7.37x10% 1.90 x 10® Tamoxifen 491 %107 2.58x10°
Genistein 224x10° <1.00x 10" 245x10%  4.85x10® 17p-Estradiol - -
Bisphenol A 202x10%  1.47x10"  294x107 624 x10° Apigenin - -
Butyl benzyl phthalate  1.14 x 10°  <1.00 x 10" 4.11 x 10° >1.00 x 10° Butyl phthalate - -
Methoxychlor 1.23x10°  <1.00 x 10" - >1.00 x 10° Flavone - -
Ethyl paraben 5.00 x 10 <1.00 x 10" - 2.91 x 10°  Genistein - -
Atrazine - - - - Nonylphenol - -
Reserpine - - - - Resveratrol - -

A AAEAAE A3, OECD Bl2Es 0| =kel(TG455)e] & FAPTIZZ(10nM 2 800 pM DHT)®] luciferase 24
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2 o7y 2SS ol AlH o f84 71FES FEIh XL*QEX‘/‘]“WWL Butyl
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4 3= A8 (antagonist assay)S F3317] $l5ke] A1E £ AHgt oA DHT di¥] FA|H2bA] A3 gko]
T SEEEZ 8% 9 952 AFsItH(Table 1). zH A1 10% Hgro 2 S4Bz Aotsigon, Umz] 589 2
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Fig. 4. Results of the proficiency using ARTA method to determine acceptable range values: (a) to (h) agonist activity of ARTA
method; (i) to (q) antagonist activity of ARTA method.
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Table 5. Results of proficiency substances from ARTA method using 22RvI/MMTV_GR-KO cell line

Agonist activity Antagonist activity
log PC,; (M) log PCs, (M) log IC;, (M) log IC5, (M)
Substrate —— — Substances — —

Criteria  Result Criteria ~ Result Criteria  Result Criteria  Result
2§éDlhydr°teSt°Ster' 10.60/-9.83 -9.99 -9.73/-895 -9.61 Hydroxyflutamide  -8.17/7.45 -7.56 -7.79/-7.11 -7.13
Mestanolone -10.36/-9.66 -9.93 -9.65/-8.39 -9.35 Bisphenol A -5.92/-5.56 -5.76 -5.68/-5.29 -5.44
Testosterone -10.28/-9.91 -10.05 -9.67/-8.66 -9.64 Flutamide -7.11/-6.62 -6.94 -6.70/-6.26 -6.56
17B-Estradiol -8.76/-849 -8.68 -7.19/-6.03 -6.57 Prochloraz -6.02/-5.30 -537 -5.47/-4.95 -5.13
Metoxhyprogesterone - ¢ 77/ g5 875 .7.64/-6.01 -7.57 Vinclozolin -722/-674 721 -694/-644 -6.82
17-acetate
Butylbenzyl phthalate - - - - Mestanolone - - - -
Diethylhexyl phthalate - - - - Diethylhexyl phthalate - - - -
Bisphenol A - - - - Atrazine - - - -

6-Propyl-2-thiouracil - - - -

ZoAl RTA kol 10% olde|B2 oz ddgitt. 2
FEAAN PN = 552 4 (Hydroxyflutamide, Bisphenol
A, Flutamide, Prochloraz ¥ Vinclozolin)ollA] Aoz~
] FAF A 4E 30% o dAltAA AzAEE
o] 80% oo E FA o FIEHE At 18y
UHA] 4%9] Edoxe Feadr|Ed meaiA] k3t
SAEAE WA THFig. 4).
et A3, AFEEE 1750 diste] =27 784
A3AIE A}, OECD BlZE7 | =211(TG4A58)l 7]
logPC,y, logPCso & logICso@te] 715 He U2 &4
3, A3 = T A=A TH Table 5).
2EZ, e 722 AR ESE R Y
F= UEHgelEdS o} (subchronic) ©]’de] WHE-
QA1 Z ot A SR AN AZe S4F8E 4o
AthHall et al, 2021). o]ge 4] o=, A& F
(Estrous cycle)®] 3}, A2]7] =AW eH4] Hsk(9l=, =
A, 719 A2]7] o]A(Genital abnormalities), 4343
(ENAIZE 2 23E]) A, A FE A
&4 %) 3 AHee W3t 53 Zrh(Amir S et al, 2021;
Astapova et al., 2019; Sultan et al., 2002; Wang et al.,
2009). o]H st HES I3RS W, 55 TS WK o
UHEH Al EAIA] AR5 sk AL vlg- F238)
OECD WZH|AI Y A=15<] EDTA (Endocrine dis-
rupters testing assessment)o|lX= 47H4] 57 1) Al ~EZ7
oiZiEES- 2) F=EA wiEg- 3) NS =R wiiekS
4) ZE|Rol=qMd ol S A &S A5 WAl
Aol Edo] ofd Aoz Adsit), & AgolA oEA] &
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T2 AT FAEA T S8
2 o T EBAANEZ (Endocrine disruptors) B0l 8 FHE| g2 EREo YT FEAEH 5
oF gl AA|9] TEIF) 2 T EATES Bl WEHAGNEL S AT § JEE RSN 2 H2 544

g o] A Hofglek. etk olE @ AU BAA hn] /14 @ Gl thsl B4 5 9L, o 7]

AQF] AT Foko] YREHFNEZIA BRI HallMe A ek &t wekx] £ AtddlA= OECD TG
4559} 458% SAE WERANEES HAske AR T 71HARE Agske A9 (in vitro) ARtk
gt 2 AEHES 5 AUkl Fgal1el A, 7rel=ERIA AAEAL e AERPEAAAIEY sHEE
Aol et =4S Sk 2 A, QA A E (hERa-Hela-9903)E 043+ ol ~EZA HALEAIA o)
AMe Z-E-EZ A8 (agonist assay)ollA 10F AlEED T YAEE 853 S4EE 23S IR eH, A=A
¢ (antagonist assay)ollX 1052] Al EZ ] thsle] FHER 353 SAHEZ 758 RIS AAAHAFA
3E(22RVI/MMTV_GR-KO)E ©]&-8t =27 AARMIAIEH M = 2854 A8 (agonist assay)ollA] 8F AT &
A F HED 553 245D 35S IR e, 4EEZ A (antagonist assay)ollA] 95-2] Al EZ ] tjst
WIED 5539 SHEE 455 RIS wfeA] £ AF7E Bol] UlBHA 54 7S E81E 4 9l 21&3)
A 2389 & F e AEHES S, &5 OS2 sk Uldn oo dsde Hrisked 888tk

" H=
sk,



	내분비장애의심농약 판별을 위한 호르몬수용체 전사활성시험법 확립
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	Literature cited
	요약


