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Unscheduled DNA synthesis (UDS) test is well validated and known as one of genetic
toxicity tests. UDS provides information as an indicative of DNA synthesis and DNA
repair. The purpose of this study is that we would like to help for many researchers
to evaluate test substances (drug, food additive and so on) correctly and its application
to assess antimutagenic effect. For this purpose, according to SOP, we have performed
in vitro and in vivo UDS test in male rat hepatocyte treated with 2-acetylaminofluorene
(2-AAF) as a positive control compound. Thereafter, we have selected galangin which
is one of anti-oxidants and flavonoids, and performed UDS test about galangin. And we
have studied antimutagenic effect of galangin against 2-AAF using in vitro and in vivo
UDS test in male rat hepatocyte. In the in vitro UDS test, 2-AAF showed significantly
increase UDS from 10° M to 10° M. According to above results, we selected 10
M 2-AAF as a co-treatment concentration which was shown highest increase UDS. The
percentage of UDS in treated all concentration of galangin was similar to that of negative
control. When the galangin co-treated with 2-AAF, galangin inhibited 2-AAF-induced
UDS up to 80%. In the in vivo UDS test, 2-AAF showed significantly increase UDS
in 0.75, 7.5, 75 mg/kg. According to above results, we selected 75 mg/kg 2-AAF as
a co-treatment concentration which was shown highest increase UDS. The galangin didn’t
show any increase compared with negative control in all doses. When the galangin
co-treated with 2-AAF, galangin inhibited 2-AAF-induced UDS up to 83%.

Key Words: in vitro unscheduled DNA synthesis, in vivo unscheduled DNA synthesis,
2-acetylaminofluorene, Galangin
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v fASAAEYe Y olEd 2A7)
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2-acetylaminofluorene (2-AAF)+= 7} EdWo|&
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Galangin (CAS No. 548-83-4), 2-AAF (2-acety-
laminofluorene, CAS No. 53-96-3), Collagenase type

IV, 3(-4,5-dimethylthiazol-2-yl-)2,5,-diphenyltetrezolium
bromide (MTT)+= Sigma Aldricholl4] F3}3] 2

™, Williams’ medium E (WME), fetal bovine serum
(FBS)< GibcoBRLOI 4], [*-H]-thymidine (70-86Ci/
mM) Amershamol| 4 -] &}33 c}

ujek wiA) = 2.2 ¢ NaHCO;, 10 ml insulin (4 units/
ml), 10 ml dexamethasone (100 mM), 1% penicillin/
streptomycin, 5% FBS7} %3%tE WMEE AH-8319)
t}. Perfusion buffer+= 0.5 mM EGTA, 10 mM HEPES,
1% penicillin/streptomycin®] Z3¥+= pH 7.22] Ca™”
-Mg™* free Hank’s balanced salt solution (HBSS)
<, collagenase buffer= collagenase 100 units/ml,
10 mM HEPESE =33l pH 729 H|EH
WMEE AH&-3}3ich
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A A A5E SPF (SR AAFAN) Sprague
Dawley (SD) A HEE FEASFZALE 23
£1°C, 5% 55+5%, #H7] 10~183]/hr, H35 H
QF 12 hr cycle, X 300~500 Lux) s} &7}
Hulo|E Agztel| Al Abg3lglon, 1597k
A 7I7E EQtell ko] AlFe] 180~220
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oA AREEARE FYst] 2357 H
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3) Primary rat hepatocyte 22| 2! HjQF'"”

71 SDA| ratel] pentobarbital sodium (2 ml/kg)
g ug Aol BT F QRO 21 G LV,
Catheter (A 855 A&3te] perfusion
bufferss R} olul 7 el AR =
shi g ekshn gl 9 20 mie] fe.
Z “collagenase buffer” 200 mlE #F3}ic} 7H&
A Asto] washing buffer2 A% % collagenase
buffer 50 ml& P2 HT wFHAol & &%
th. ZHAIZE AA Agkslal 40 Mesh (Sigma,
USA)E 5FAI7] ¥ 600 rpmoZ 2% F3F A4
el shdvh 2~33] HhEsle] A4EER ¥
A lFuiA el deAA, A2 AEE

Ha 55 Al o3l A8t Al
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X2l" 6 well plateol] Yol E3} 5 slollA 5%
CO & FF3t= 37°Ce]l CO, incubator (Shel-lab
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A g2 AEE AAMT7] sl viAE ket
At

4) R &J| DNASY AIEHY

1) AEEEQ =A Y A2 AP=AS A=
EE FoiR A zAlste] Agsldrt. SAH=
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E 96 well plateol] ZF well (n=3)% 1x10° cells/ml
o AEE 24A17F 9k 37°C, 5% CO, =7 39
incubatoroll A iFst F A =717 FYslA A
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AlZ] & microplate reader (E-max, Molecular De-
vice, USA)E A-£3}o 540 nm ¥ 570 nmoll A &
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o] =719 16A7k2 A &33ich 2-AAF= 0.75,
7.5, 75 mg/kg?] 39-A19] FE5 AAslr}. Gal-
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SuperMix, Wallac)il} 25u2] lysed sample% Hoj
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1) Mxel FAHIJ| DNASM AlEHY

(1) MIZSA: 2-AAF, galanginS DMSO°l| £-3)
stgon, B Aol Fdst 2713 18417
Hgslgdel. 2-AAFE HEd 10°~10" M 5%
oflA folHQl AEFAS WA F ¢ldrhFg. D).
ulglA] 287] DNAGHA Aol = Fd3t =71
< g9k Galangine 0.01~ lug/mle] 3%HA]
TR E FoA AESAS UAY F 9
oy HaFEEel 10pgmlollAE AlESAS vEt
Witk (Fig. 2). 2-AAFS} galangin®] W 8-> 2] Al
= 2-AAF9] 75, AA2] 247 DNAGRA A1¥
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Fig. 1. Viability after 2-AAF treatment for 18 hrs in pri-
mary rat hepatocyte.
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Fig. 2. Unscheduled DNA synthesis using liquid scin-
tillation counting after 2-AAF treatment for 18 hrs in
primary rat hepatocyte. *p <0.05, 1‘p< 0.01

ol FeojHel Ao AWE Hel 10° M F
£3}931, galangin®] 73-%-, 0.01 ~1pg/mle] 3%kA|
TEE A& ed HEAEd BRE R4
AR AEFALS BHAE = AAckFig. 3).
() MAQ FXJ| DNASAM AIEH: 2-AAFE
A" 10°~10° M FEo4 F24 A
A4 A= 747 DNARA = S7HAIH o A &3t
Hasxel 10° MAAE F94 Jde 7P &
HiE)z] ¢kQkrh(Fig. 4). Galangin *|2]¥l 0.01~1
pg/mle] B FETOlA SANZETT vl sl
o3k ol & BT = flAch(Fig. 5). 2-AAF
(10° M)¢t &4 eld galangine X elE 0.01~1
pg/ml FEHL A w52 SJEHolx, Fo44 I

t 3718 ngom, A soaA ofAelent
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Fig. 3. Viability using liquid scintillation counting after
galangin treatment for 18 hrs in primary rat hepatocyte.
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Fig. 4. Unscheduled DNA synthesis using liquid scintilla-

tion counting after galangin treatment for 18 hrs in pri-
mary rat hepatocyte.
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Fig. 5. Viability after galangin with 2-AAF (10° M)
treatment for 18 hrs in primary rat hepatocyte.
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Fig. 6. Unscheduled DNA synthesis using liquid scintil-
lation counting after galangin with 2-AAF (10° M)
treatment for 18 hrs in primary rat hepatocyte. ' p<0.01

(Fig. 6. A4 e I8 WEAGNAE 2

< A2 Jehpgt.
2) MAILH $H7| DNABHA AlEY

(1) MIEZSAM: 2-AAF, galanginS Fo{ZA
oilll fdllstlom, BAHAe EY3t
2719 164172 A &3k 2-AAFE A
0.75, 7.5, 75 mg/kg®] XA FoFel AES
AL AT 5 glddoFg 7). wEkd 3471
DNAZHAAI A = Fd3 =273 A &33lct
Galangine Aol H83F 0.25, 2.5, 25 mg/kg2]
FEoA A UELI vlaste] {3k Aol &

=
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Fig. 7. Viability in primary hepatocyte after 2-AAF treat-
ment for 16 hrs in Sprague Dawley male rat.
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Fig. 8. in vivo Unscheduled DNA synthesis using liquid
scintillation counting in primary hepatocyte after 2-AAF
treatment for 16 hrs in Sprague Dawley male rat. *p<
0.05, ' p<0.01

Sx 2| Aol = 2-AAFS] 7%, AUl B4 7] DNA
A8 AellA oAl FAe AdE K 75
mg/kgS 285193, galangin®] 73$-, 025, 2.5,
25 mg/kg?] 35HAl FEE FEsd el WEH =
g RE FRolA foHd AESAHS LAY
T N chFig. 9).

() MALH FH7J| DNAEA AIEH: 2-AAFE=
Foigk 0.75, 7.5, 75 mgkg FETolA SAAU=
T3 vlwste] 27 152%, 156%, 159%2] 524
AE Z712 Bl o (Fig. 10), Galangine Fo] =
BT SEToA AEEA ] ICoE HelA gro}

2-AAF (75 mg/kg)et W 8x2l% galangin®] 3
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Fig. 9. Viability in primary hepatocyte after galangin treat-

ment for 16 hrs in Sprague Dawley male rat.
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Fig. 10. in vivo Unscheduled DNA synthesis using liquid
scintillation counting in primary hepatocyte after galangin
treatment for 16 hrs in Sprague Dawley male rat. *p <
0.05, " p<0.01

TEE 25 mg/kgs HAFER sto] AW A
7] DNAZAAIZS A WslgrhFig. 11). 2-AAF
(75 mg/kg)®} galangin®] W -8-Fol= 0.25, 2.5, 25
mg/kg?| 3EETE 2-AAF =TI ulszste] 7
7k 89%, 35%, 17%°] §%7] DNAZA & Hirt
Galangin 2-AAFel| 9|3l =% F47] DNAY
As 3 83%7MA A A8 ch(Fig. 12).
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Fig. 11. Viability in primary hepatocyte after galangin
with 2-AAF (75 mg/kg) treatment for 16 hrs in Sprague
Dawley male rat.
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Fig. 12. in vivo Unscheduled DNA synthesis using liquid
scintillation counting in primary hepatocyte after galangin
with 2-AAF (75 mg/kg) treatment for 16 hrs in Sprague
Dawley male rat. ' p<0.01
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Aedl, oldl Hol] AE¥olR *H TdRS A%
WAZAY e AL ZATHOE ZHFoRE
A ETes AEsh WEE A ZAlTHl
A= Gl17l19] A7t s712 Eol7te e T
FAEF hydroxyureai et S A8,
s WAZAH-L 719 AlZe| & e T
d= °ﬂ’<ﬂ‘é%ﬁl"?‘%‘iﬂ Rizbstekar 4 A A

UDS Algell A&EojA e T8 To2AE
HHH o 2 rats Wol A&sla UAIRE, mouseE
o] &3V = ahH], ZAAT|ZA = THAIE, AAA
Xz, RAZ, AdRH ZHE o] Agx oA
Atk A E= FTEoA = B2 promutagen
W+ procarcinogens UIH-E AP oz A A
A T o], FAFA AT ®ol o] &H= =7
Z9] sholrt. zela ZHAEE Ed3A ¢k,
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ot == AAol k. o9 AHto] Axul
& ZHA|ZollA UDS #tat EddoldAd 3
PR =2 ATA A3t AT} Hol
=olx et

SkH, 2-AAFE OECD 7o]=2kQl FollA AA]
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AgEAE 7 FASA 9 7 wkEAoe|th
AW AgollA UDS Hbe E49 54 w
2} N-nitrosodimethylamine (CAS No. 62-75-9) <]
%71 FE A7F2~4 hours)¥} 2-AAF 59 Z7|
FH A7H12~16 hours) 2.2 UYF & Ut H o
TollA = AW UDS Al 7 $-olle 2-AAFE
16A]17F A 831 & A 8319 o AA|e] UDS
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= 19994 0| %%%‘3"3?5‘—0“4 MNEg EF%F
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1) FANZZAZA 2-AAFE 417g3}o] primary
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2) 2 FASA B 7 AhEAd 2-AAFE A
Aol Bl AW 787 DNAGA AlfelA <]

4 = S7HE veEhlgdeh
3) gAkst At e FehE o] =291 galangin
A2l 8l AN 57871 DNAGHE A& ol A
A zTd} vlaste] 94 e S7HE vE
144%1 F3koich
4) Al F737] DNAZA Aol A galangin
© 2-AAF9} W& AH2]A] 2-AAFdl] o3l §EH
47 DNAZA S 3 80%7kA A Als}3ict.
5) AAN A7) DNAYA AgellA] galangin
© 2-AAF9} W& AH2]A] 2-AAFdl] o3l §EH
577] DNARHA & # 3 83%7kHA A Astaict.
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