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ABSTRACT : To evaluate the genotoxicity of SKP-450, an antihypertensive agent, the in vifro reverse
mutation assay using Salmonella typkimurium, the chromosome aberration assay using Chinese hamster lung
(CHL) cells and the in vivo micronucleus assay using bone marrow cells of ddY mice were performed. In the
Reverse mutation test, SKP-450 did not induced mutagenicity in Salmonella typhimurium TA 98, TA 100, TA
1535, and TA 1537 with and without metabolic activation. In the chromosome aberration assay using CHL
cells, there was no increased incidence of structural and numerical aberrations with and without metabolic
activation. The in vivo induction of micronuclei was measured in polychromatic erythrocytes of bone marrow
of male ddY mice at 30 hours after treatment with SKP-450 by p.o once. The results showed no increased
incidence of micronucleated polychromatic erythrocytes in bone marrow of ddY male mice treated with skp-450.
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Fig. 1. Structure of the (-)-(2R)-2-([1,3]dioxolan-2-yl)-2-methyl-
4-4-(2-oxopyrrolidin-1-yl)-6-nitro-2H-1-benzopyran.

BASARIN Y JAAIAE B 2N ALEE
|&8 522l SKP-4502 benzo(a)pyrene A2 A|HEZ 9]
g8tAl e ()-(2R)- 2-([1,3]dioxolan-2-yl)-2-methyl-4-4-(2-
oxopyrrolidin-1-y1)-6-nitro-2H-1-benzopyran ©] Th(Figure 1).

BAEdwol Ao A SKP-450&  dimethyl sulfoxide
DMSO)E 402 dl ZAsom, PHREBARAE
AHeF Fre) HAA 54 L ARASES Mg ol
o wtg} 2-nitrofluorene (2NF), sodiumazide (SAZ), ICR-191,
2-aminofluorene (2AF)5& A3 TE A A o] ] & o A
£ DMSOE 8z 8}o} SKP-450% &35} AH8-31%.2
yuzEAz $u1E Asddtt FUUzEAZE 4
Hol A& mitomycin C (MMC)E, tAIEZA 3o M= benzo
@pyrene (B@P)E AL&35th. £9A gl HE Soist &4
2242 polyethylene glycol (PEG)E AH&3l50m, 44
)z 22 MMCE AMg3atuh. Al gol A&-¢h fetal bovine
serum (FBS), Eagle’s minimal essential medium (EMEM),
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A. Bacteria

A @ol A28t Salmonella typhimurium TA98, TA100, TA
1535, TA15375: 0|2 AYFJoldid B. N. Ames IFZ
Bg A4 94etgeh. 24 #FE Maron and Ames (1983)0]
AN dhfel e}, B Age] ¢ @ histidine 274 @
crystal violet Z+rAl @ UV 7244 @ ampicillin %+ tetra-
cycline A4 @ A EfWoME Fof 14 54E g
35l 2 FFE -70°C9) DMSO 5ZRESZRE AH
10 ml¢] nutrient brothe] HE38}d 37°Ce A ek 1247} 34

R OERE EE RELY

A 75 ool olsje] Algol AHeE 7 Atale 2 dglr).
BAZAMo] AL ujAE minimal glucose agar medium
plate (MGA plic) AH&35om, = 24 2 7] e
Maron and Ames (1983)c] we} ZAstA ™, 1YF7ET
EE AFAAAE BAAA A5

B. Mammalian cells

Aga THEEE A EE Chinese hamster lung fibroblast
(CHL) A2 d& FYHEMNPA9 Sofuni WAZHE £
oF who} A}L£-3}99th. Modal chromosome number 250]™, Al
¥F7)= 15A17bo|t}h (Ishidate et al, 1977). v]¥AL 10%
fetal bovine serum (FBS)# 1%2] penicillin-streptomycing ¥
%}3l Eagle's minimal essential medium (EMEM)S A3} 0
o, £3} & oA 5% COE FTF3= 37°C2 vjdy|
(Dual CO, incubator, Shel-lab 1845 TC, U.S.A)ellA] v %&}%
o}, ojoks) AEE 2-32 vkt} 0.25% trypsin-EDTAS L o]
Lo} Al FrAstA

2) dEsE

AZojokEobdy AATHAA ALk SPF (AW UA
2A) 5579 ddYA vh$2E FEel &k 23+1°C, 5%
554+5%, wj7] 10~183]/hr, 3§35 ek 12 hr cycle, 2% 300~
500 Lux®) AMSEA0 A ETTFEY|O)E ARSER (10 WX
240 Lx 120 H mm)ol] 5912]4 Qo] AFSatgint. 1~2 Azt
9] &3} AFS717 ok wEste] AR 173 FER Al

=

ol ABsrgom, AE AEARFALY 4YEEA
28 ool 24%7) ER7IAN 121°C, 1583 BFE o
& AYF R A2l FANG. EF B FASE A
F2ol FRIANL.

3) CHALEHEA|

In vitro QA2 3LE 9138l Maron and Ames (1983)2] ®}
ol ma), 59 B8 THe 2o) AL BRI A
Ak, Salmonella typhimurium 2 CHL Ao 3t S-9 mix9|
2AL U2 2o BEAEAHA G Y S9 mixe] 2/
2 S9 fraction 2.0 ml (4%), 0.4 M MgCl-1.65 M KCI 1.0 ml,
1 M glucose-6-phosphate 0.25 ml, 0.1 M NADP 2.0 ml], 0.2 M
phosphate buffer, pH 7.4 25.0 ml, DW 19.75 mlo] 31 1z, A
o] X Ho A9 §9 mixe] ZAL S9 fraction 1.5 ml (30%),
MgCL-KCl salt solution 1.0 ml, 1 M glucose-6-phosphate 0.25
ml, 0.1 M NADP 0.2 ml, 0.1 M HEPES buffer, pH 7.55 0.2
ml, DW 2.35 mlo] %1t}

AlgetH
1) Salmonella typhimuriume 0|28t SHZAHO|AIH
AH|EQAFL TAI00 FFE o] &3le] DMSOS 4vj=
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3}o] 10 mg/plate 2 HNFEE A X3 AHY I S9 mixE
o83 GABANS AU AIEHNRER 10 my
platM %E"ﬂ A /\]‘ﬁ%é‘"ﬂ o *ﬂi?:%"é% Ho|A| o} B
2 2 (13 mmx 100
mm, glass)oll S. typhimurium TA98, TA100, TA1535 TA1537
zyztel wjekd e 0.1 ml, AlEEZ 0.1 ml 2 0.2 M phosphate
buffer saline (pH 7.4) 0.5 ml (AL HAXE S-9 mix 0.5
ml)g go] £33 3 37°CollA] 3023} preincubations 3}
e} v E8F top agar 2 mlS Arpste] TSt Hold
A AL w2 MGA plated] F2, 37°Coll A} 48A17¢ vl &
o] Aol £2 A% AHAF7) (Artek model 880)9}
#E4 PBAS 2 ASYT 2ol - 30)
plaes] BFAZ e, ERMOI S BHe §o)
S29) 20 o)e] B7dlo] 24T Uehln E7 £ o
248 e 298 PR FdT.
2) IR LM EE O I%?_ A M 0| AR
SKP-450& DMSO9| 59 & A Zuj e wi]ol 10%5] A
7bete] AEEHAYE A AT AE Ao 138 24
well plateo]] 1 wellgd 1x10702] A EE F38he] 227t wj %k
3 F, HuFo LAl Wiz 0.5% (vv)e] FEZTFE, 3|
2% 5949 T ARG 37°CoA 244 F g ¥
Dulbecco’s phosphate buffered saline 0.5 mlZ 23] A4 3k
methanol 2 1087} 1743} 5% Giemsa(in phosphate buffer,
pH 6.8)= 30-"&: 7y 945 T EnjAHon sty 50% AE
=8 Hol: =x &8 gt
lHlEWlfﬂoﬂﬁ A" 50% AEEA FEE L T
2 33, FH] 28 4949 FEE APEER
Sz 71 FUETS FhoH, dagd F4
2 EA31 A 244)7F Helate] AldstATt AR l‘i‘ A
9] A)8-& CHL N X5 A7 60 mm¢] petri dishe]] 5% 10%ml
St a2 2 T, 22 AUES Bk
EASS st mgd oz wEksle 224k vt
7} petri dishl] coleemidE 0.2 ug/ml ¥ =3 Z%E]?‘P 2A|7¢
o Wl 3 AA AAgio] 2x%k0) RS Ggrh
0.25% trypsin-EDTAZ A X E Z& & 37°Ce A3 °—‘,‘ (0.075
M KCI) 4 mlof] &g A7l & 37°C o300 20323 A8k,
214 ol (methanol : acetic acid=3:1)0.2 33] 1A % &
Az o2 &alo|=2 A|F3ste], 5% GiemsaZ 3087 4
o gelgen wasch dAR Al Aue
CHL MZZ A% 60 mm2] petri dishe] 5X10%/m] %=
Fslo] 297k vkt &, 247} S99 mix (HEAQ] 20% H]E)
o ANFEA vk FAuzERe] ¥3E YA R 64T
g &, HEY wjgdon wste] 18A7 B v

rlo 1= N

AR $A 2A)17F A coleemidE A 23t T HEE
Z2L AFsgrt. g zFoRE 7 Holy B39
Jol] Wt AR F-A3lel A MMC 0.1 pg/mlE, tAk
g4 233t A= B(a)P 20 pg/mle AHE-8k3 T}

3 AE sxd 1007)e] AXEE F714E dnAsielA
HEste] gAY 475 FASAT A oL AA
z
o7

ruﬂ Bl :\_f a
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o}Ak(structural aberrations)3} =% ©]H(numerical aberration)
BEata, 720142 gap(chromdatid and chromosome
gap), ctb(chromatid break), cte(chromatid break), csb
(chromosome break), cse(chromosome exchange)®.2 T3}
on, SO j5A ol 4SS R, TR0l

5 252 U} o4 2E ATE SHAE 2 A+Ha 1
272 4% J=agt. @AY 7 AT o
$ol4 sl 8% ez Fh8A s olge) 3
AN AR A FAEL Uehd 292 JHoR
sl

3) OIRAE 028 28AIY

£3p717he AN BE 589 AFE 34, 20~30 g9 HH
of S FE& Aty TR 7 ol Setefy wlEakd
ok A g A AaE A o F B9 H B G
A3t AR Jx}% tag TAHE o] gatuth EAF) Fof#F
g FEAZIA 79 2AL 9)sto] Hayashi et al. (1984)9] F
o] w7t ol &, 4 7 2kl & wiA ek} 50% AL
Zo Fa9on, PEG 10 mlkgs Erjiizioz, MMC
2 mikge GAUEFoR HAST) k304502 13 AT
EoJ A= 24, 30, 487710, 23] ATFAAIE 24, 48, 7247
of F¢g AMFete] EEREE AFstn FaAn|stel M
#asle] 1,000719) AP T AREH NEFE
Agste XAk EEo] gl A% AR EF7L 7P B2
To#e Hu FqF DL FEAZAVZ 8} SKP-450E
du|A|gle] Aol we} Fojsla, TAAZ e LY
59 apo|7} glo] EAPME AFERY 50% X|ALEY
12 558 HAFEE st1 18] A7FA F 30A[7HA | &
g Bk AAE 5 mgkg/l0 mE HAFAFOE 3}
31 Schmid (1975)¢] ﬂwo% | w2} FFEES A A
g2 T4 559 9 rﬂﬁlﬂi%i Z5E 0.5 mig)
FBSi AHE F 2FAE AL 1,500 pmo A 5&7} ¢
ALY sk A5AS AAT F AFF] deole
olzd =alal 7] FoAA FE3| RN v vﬂ%%oﬂ
587 uAEY. EES 5% Giemsa®9H(in Gurr R-66,
pH 6.89] 1/150 M phosphate buffer)ol]l 30%7+ A3ttt 4
A F Fd AFAe 13 AAEa 0.004%2) FANG-E el

2 B2 F FRTA 58 AHsI 7] FelA Az
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(polychromatic erythrocyte, PCE)?} 7 dA 4 & 7 (normochro-
matic erythrocyte, NCE)?] H|& 311, thA] 1,000712] PCE
ZoAd A8E JkA YA A" F(micronucleated PCE,
MNPCE)9] 28YIEE Ttk AFA A8 7] AX
79 12278 AErted AR sgles, F3 &

Ao 3y Jalrte] FU AL M5} Hayashi er
al. (1989)¢] Wro] we} 3gAle FAAMHES HE3lo] A

& EA3 1, 28419 HlaAE S g H#AHE A
A, 3gAd e AT AEER F97 7] MNPCEY
T #A3t .42}—4 Cochran Armitage A S$HAHS,
PCES] £@MI T ol #et Foate T-testE 33t}

g o &
$AEA) &40 2 ofy|EE= ool gt B ol w
A FAR 48 @71z QA AT ¢ Ye 7AEA
AN @2 siato] o] koW in vitro A|ES] Ames ef al.
(1975)0] AL EASAMOAMY F LHFE GRS
o] &3 FAA)FA AL in vivo AP TES ol EF &9
APe FAR R g o &t gl HEAY FH=4 3

Table 1. Reverse mutation test of SKP-450 in S. typhimurium

P
=4 -

zo
HUES

7holtt. & AFolAE o]t A o|-&-3}o] A14-5]
1 e 71Ed T GASEAY BAAFY sl ZY2H
Zo] A4stA Frtete HAL-S sdshy] Hg B0z )
Wl 2 TG TAS SKP-4500] tF §HAEAHS F
7¥at et
S. typhimurium& o83 EFWoIA oA SKP-4502
S. typhimurium TA98, TA100, TA1535, TA1537% 4%2] A3
ETFAM S9 mixE FEaA] G AFHY A, HEF
SAld] 22 RE ANFE dFolA SAYR 2 AE &
© 1 o3ty BEfie] 145 YehUATh S9 mixE o] &
g AP o APl E S9 mixE A &ehA] ¥ AH
W} fARE 295 Jeh Y. S xsRE S ARE S
S99 mixE H7}3 AR S Bl A 4zt Al e F
o tiste] BARo] AgFE FIAIA 2 AFo| A éﬁl &
AR ES YERAAT (Table 1). o|4Fe] A2 o
@ 229 QoA SKP-4502 Edue] Hig e 7}x1x1
A J&r% . ,
CHL M EZ o] &8 Jazjo]dA el A ou]=4A]
e] Akl dige] AEFA 50% JA =& Tt
2l SKP-4502 olu]=dA @& AP A# 500 ug/
mlol| A 50% HE9] AXEAS JebdS St natA
SKP-4509] @A O] YA E ZAE & 500, 250, 125 pg/
mlZ 3}Git). SKP-4509] G o)l dAE A M} gArEA

/‘l%“j

Compound® ) Dose S9 No. of revertant colonies per plate (Mean+S.D.)

U (ug/plate) Mix TA98 TA100 TA1535 TA1537

DMSO - 25.0+23 174.0+ 6.4 14.0+2.5 9.0+1.2
- 186.3+ 8.1 17.0£5.5 12.0+2.1

5000 - 27.0£2.7 166.0+ 8.0 15.0+£4.5 11.0+2.1

2500 - 26.0£4.0 185.0+10.3 16.0+3.5 10.0+1.5

1000 - 26.0£3.5 188.0+14.3 14.0£2.5 8.0£1.0

500 - 20.0£5.0 172.0+10.7 12.0£1.5 8.0+0.6

250 - 23.0+3.1 171.0+16.4 12.0+3.1 9.0+1.0

2NF 10 - 351.0£9.3
1.5 - 657.0+30.5 541.0+6.0

ICR-191 1.0 — 1685.0+87.1
DMSO + 24.0+15 163.0+10.2 14.0£3.5 10.0+2.3
SKP-450 10000 + 33.0+15 184.0+16.2 23.0£25 13.0+£4.6
+ 33.0£35 151.0+ 4.6 13.0x£0.6 10.0+1.5

2500 + 33.0£5.0 157.0L 4.5 17.0+2.1 12.0+£2.1

1000 + 26.0£3.5 178.0+13.5 20.0+4.0 80x£15

500 + 27.0+£1.0 171.0+ 8.6 13.0x£1.2 10.0£3.5

250 + 23.0+1.0 174.0+ 8.5 17.0£6.5 7.0£3.0

2AF 10 + 1406.0+£86.7 967.01£22.7 30.0+1.2 39.0+4.5

*DMSO, dimethyl sulfoxide; 2NF, 2-nitrofluorene; SAZ, sodium azide,; 2AF, 2-aminofluorene.
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Table 2. Chromosome aberration test of SKP-450 in CHL Cells

Compound® Dose S9 Time No. of No. of aberration® No. of

(ug/ml) mix (br  metaphase gap ctb cte esb cse num normal
S.C. 100+0° 1.0+£0.7 03x04 " 98.7+0.4
SKP-450 500 100+0 03+04 99.7+04
250 - 24 1000 03+04 03£04 99.3+0.4
125 1000 100.0+0.0
MMC 0.1 100+0 47+0.1 23+04 173%x35 07+£08 1.7+1.1 75.0+3.7
S.C. 100+0 03+0.4 99.7+£0.4
SKP-450 500 1000 0.7+0.8 99.3+0.8
250 + 6+18 100+0 0304 99.3+0.8
125 100+0 03+04 0.3+04 99.7£0.4
B(2)P 20 100+0  4.0+0.7 17404 23x04 13+04 03+04 90.3+0.8

*S.C., solvent control (DMSO); MMC, mitomycin C; B(a)P, benzo(a)pyrene.

*Treatment time - expression time.

‘gap, chromatid and chromosome gap; ctb, chromosome break; cte, chromatid exchange; csb, chromosome break; cse, chromosome
exchange; num, numerical aberration.

‘mean = standard deviation (n=2)

8, 242713 2] ¢ A3HE Table 20 VERA It} SKP-4500] AY79] E8o] A9 BEHA F3iT} (Table 3). AA 4L

g At 24 R EAsk GAAINE A ZE Toll g PCEY] Hl&oll A= A SFAANA thzaol b3t
FroA GAA1dE deiE AR 7t TAEH o] zto}7} GIATh. 2T Hayashi ef al. (1989)9] it
(Sudent Taesh0.2 914 SIA $% SAEHe2 b duas] 4, skl 0 ol ), rldaToA o
e AOZ Nl NHEAS] B ALY FLHEL G WA SAYEEY AGFRES TR AETE
P LERLE L SKP-450& Fo] ¥ §2ol4 $AH AW 549 JF=
&, Schmid (1975) 4j8) MLd FE& o83 484 bR gkgron, 289 2dNlEE A RN %—UHEH
P& e 475 Boo] £29 4, AE (Sutoy, 1986), T 273} 2o] A9 JehiR Pskrh. 0|3 SKP-4500] v}
7 E 2}o| (Hayashi et al., 1989)cl] W& H]w=F-E0] E15 9 FFAolTAREY F3A A %‘ AA o3& FrEatA]
of glou, AA TP, AFAZ wE ST HE % ez ARy, o3 23E Lﬁ}"% & gz
Al wXE G #E ATt ASHY Hot Z SKP-450:2 in vitro A <! Salmonell FE o83 B
(Vanparys et al., 1992; Hayashi et al., 1991; Hayashi et al, EdHo|N Y IHEE iU EE o]%z‘j} o A ) o] A &
1984). & QTN S ddY oh92F o8 invivo 28 L invivo ANHY THEAE 0|87 2PN FHSHE
Aol A SKP-450L H &FdAlel 2A 48S 7k vdA A g Ao ddET.
Table 3. Micronucleus test of SKP-450 in ddY male mice
Compound* Route Dose No. of Time MNPCE® PCE/(PCE+NCE)
(mg/kg) mice (hr) (%, MeanxS.D.) (%, Mean+S.D.)
S.C. p.o. 5 30 0.18%0.11 49.0£3.0
SKP-450 p.o. 5 5 30 0.20+0.16 46.0£5.0
p.o. 25 5 30 0.16+0.09 49.0+2.0
p-0. 1.25 5 30 0.2240.11 48.0+4.0
MMC ip. 2 5 30 6.84+1.31* 46.0+£7.0

°S.C., solvent control (polyethylene glycol); MMC, mitomycin C

"The number of micronucleated polychromatic erythrocytes (MNPCE) was calculated from 1000 PCEs per animal.
“The percentage of PCE in 1000 erythrocytes per animal. NCE, normochromatic erythrocytes

*Statistically significant from solvent control (P <0.01, T-test)
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