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ABSTRACT : 6-[(N-3,4-Dibromophenyl)amino]-7-chloro-5,8-quinolinedione(RCK13) was test-
ed for antifungal activities. The MIC values were determined by the two-fold dilution method.
The therapeutic potential of RCK13 had been assessed in comparison with ketoconazole and
fluconazole against systemic infections with Candida albicans in normal mice. RCK13 had ED;,,
0.802-0.21 mg/kg but ketoconazole had EDs,, 8.00+0.73 mghkg respectively. And administered
RCK13 at the EDs, for 14 days improved survival rates as well as ketoconazole. Acute oral tox-
icity studies of RCK13 were carried out in ICR mice of both sexes. These acute oral toxicities of
RCK13 were low and LD,, values were over 2,850 mg/kg in ICR mice. The genotoxicities of RCK
13 had been evaluated. RCK13 was negative in Ames test with Salmonella typhimurium and chro-
mosomal aberration test in CHL cells. The clastogenicity was tested on the RCK13 with in vivo
mouse micronucleus assay. RCK13 did not show any clastogenic effect in mouse peripheral blood
and was negative in mouse micronucleus assay. These results indicate that RCK13 has no geno-
toxic potential under these experimental conditions.

Key words ] 6-[(N-2,4-Dibromophenyl)-amino]-7-chloro-5,8-quinolinedione, antifungal, acute tox-
icity, chromosomal aberration test, Ames test, micronucleus assay
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chloro-5,8-quinolinedione (RCK13, Fig. 1)¢} B A8
2 otHAME AFsct aHL two-fold dilution
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RCKI13E Anl dng oz d4dste] gazz
£ AlFo AL2#ch. Mueller-Hinton broth, Sabouraud
Agar, BHI(brain heart infusion)= Difco Co.(USA)lA,
DMSO %= Tedia Co.(Japan)o| A T3k, 1 ghol]l AFS-
8 2% Ake 25 57 Aok ALa et

2 AR Bud dd uwe}l two-fold dilution
methodol] ¢J3] MICE =35}t

A3 FEs
parapsilosis, A. niger, T. mentagrophyteso|]t}. = B3
£ fluconazole®} ketoconazole & AFE-3}%] tH(Table 1).
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Fig. 1. Chemical structure.

Table 1. In vitro antifungal activities of Efficacy of RCK13

B E AHE-@ ketoconazole 3 fluconazole2 2}7} 40, 10,
2, 0.5, 0.1 mgkgd] TEF AME3 22 WYo B}
FARIh 2 7S 400(0.25% Tween)S E3ah= Az
AAeuts Bk FA8l0 74 4847 Fo) MEEE ED
I z;azg 3tdth. EDyX|= Probit ol ofs] Aatgict

©) xd 1219 AR SRAF LY
Fpol mek gazkd AN B2

#ENE = sraar:}(ﬁg 2).
FHSHA

Aule] wng ol weh SPFICRA 4HE AH&s)
o, T 29 R FelgPe] B4, YR 24, o, 34

&E, AFEA, 3 FA A2 ATHTable 3, 4, 5).

HOIIM A8 (Ames test)
Aol ALE3E Salmonella typhimurium TA9S(FA A &
A hisD3052, rfa, AuvrB, pkM101), TA100(hisG46, rfa,

Table 2. Efficacy of RCKI13 against systemic infection
with Candida albicans in normal mice

Mean EDyy1+SD(n>5) in normal mice

Compound
(mg/kg)
RCK13 0.80+0.21
Ketoconazole 8.00+0.73
Fluconazole 10.00+0.43

1) Dose range; RCK13 0.025, 0.1, 0.5, 2.0, 10.0. mg/kg; keto-
conazole and fluconazole 0.2, 1.0, 2.0, 10.0, 40.0 mg/kg
2) Drugs were administered intraperitoneally at 1, 4 and 24

hrs postinfection.
3) EDs, at 2 days postinfection

MIC (ng/mi)
Comp.
C. albicans C. glabrata C. krusei C. parapsilosis A. niger T. mentagrophytes
RCK13 6.3 6.3 250 32 32
Fluc 25.0 25.0 125 25.0 25.0
Keto 125 12.5 125 25.0 125

a) Abbreviation : Fluc; fluconazole, Keto; ketoconazole

b) MIC values were read after 3 days for Candida and Aspergillus sp., and 7 days for Trychophyton in 30°C.

) Culture media tested was Sabouraud dextrose agar.

d) Fungi tested ; Candida albicans ATCC 10231, C. glabrata ATCC 2001, C. krusei ATCC 749, C. parapsilosis ATCC 22019,
Aspergillus niger KCTC 1231, Trichophyton mentagrophytes KCTC 6085.
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Fig. 2. Survival of C. albicans systemically infected mice
treated with RCK13 and ketoconazole.
Treatment was begun from 4 days after infection and
continued for a total of 14 days. Mice (6 per group)
received intravenous therapy once daily. Data for
groups given RCK13 at the ED;, (0.80 mg/kg/day)
and ketoconazole at the EDs, (8.00 mg/kg/day). A,
RCK13 : @, Ketoconazole :
0.25% Tween 20).

®, Control(saline with
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2t ArVM wod Wy FdsA P FHdEE
FL g0l DMSOE AHg3, FHNZEZEZAE A
£ TF9 fasty 54 9 diagdsiyel HE A%
o) u}z} 2-aminofluorene(AF), sodium azide(SAZ) 5 A}
£ 315 c}(Table 6).

A O|AAI "™

in vitro A g Z4o] $ RCK13e| thal) 24 o
24A18 & ich(Table 7).

MANEEFY 24 € FE

ANPEALE To] 2 Ao zA3l] ALt n, SANE
E4de 4ujl DMSOE vlx &% 0.5%F A8k &
€ Byl ApgsiRen, ddiEEAS
(MMC ; Sigma, M-0503)2 A}-8-3}]c}.

Q) AH2AE 2 wiFd

Algst FHFE M E  Chinese Hamster Lung
fibroblas(CHL)Z. =@ R 7APH A7 Aol M £ o} ALE
3t tl. Modal chromosome numbery= 250|™, 4 ¥ F7|=
15A]7¥olc} ) wjekol e 10% Fetal Bovine Serum(FBS,
Gibco, USA)#} 1% Antibiotic-Antimycotic-&4(100x £,
Gibcoy® ¥ 33l Eagle's Minimal Essential Medium
(EMEM, Gibco, USA)Z A}43}o, 3Gt 5%
CO,Z2 FF3hs 37°Ce] wg7|olA] wjekatsict. ui<de Al
¥E 3~59 71402 0.05% trypsin-EDTA(Gibco, USA)
fAg ol &3l Al 7A)3FATE.

(3) A=A g"

Bk E o} 50% S AAF=(1C)E F3IATH A A
Aol 13]8 24 well plateo]] 1 welld 1x 10712} N T &

=1
mitomycin C

Table 3. Mortality of male and female ICR mice treated orally with RCK13

Sex Dosage Days after treatment Final

(mghkg) ¢ 1 2 3 4 5 6 7 Mortlity

Male 2,850 6/6 6/6 6/6 6/6 5/6 5/5 5/5 5/5 1/6

1,140 6/6 6/6 6/6 6/6 6/6 6/6 6/6 5/6 1/6

456 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

182 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

73 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

0 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

Female 2,850 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

1,140 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

456 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

182 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

73 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6

0 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 0/6
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Table 4. Clinical signs of male and female ICR mice treated orally with RCK13

Hours after treatment

Days after treatment

1 2 3

4

5 6

2 3

4

N 6

Dosage . .
Sex (mg/ke) Clinical Signs

Male 2,850 ND*
1,140 ND
456 ND
182 ND
73 ND
0 ND
Female 2,850 ND
1,140 ND
456 ND
182 ND
73 ND
0 ND

a) ND : Not detected
b) - : No clinical signs

Table 5. Changes of body weight in ICR mice treated orally with RCK13

Sex Dosage (mg/kg)

Days after treatment

0

Mean+SD (n) (g)

Male 2,850
1,140
456
182
73
0

26.37+1.78(6)
26.1241.42(6)
26.11+1.23(6)
26.06+1.72(6)
25.1440.81(6)
25.0140.89(6)

27.40+ 1.67(6)
27.33+1.86(6)
26.26+2.05(6)
27.10+1.76(6)
26.66+1.80(6)
25.4141.24(6)

31.4541.40(6)
31.33+1.32(6)
31.66+2.38(6)
31.75+ 1.96(6)
32.25+1.57(6)
30.83+0.98(6)

31.9441.23(5)
31.26+2.14(5)
31.76+2.06(6)
32.12+1.87%6)
33.65%1.23(6)
33.6541.19(6)

2,850
1,140
456
182
73

Female

20.15+1.14(6)
20.29+1.28(6)
21.79+ 1.20(6)
21.4441.05(6)
20.73+1.22(6)
20.26+ 1.02(6)

22.14+1.02(6)
21.73+2.01(6)
21.40-+ 1.05(6)
21.67+1.12(6)
21.3420.91(6)
21.37+ 1.11(6)

24.83+1.70(6)
2433+ 2.46(6)
25.25+1.78(6)
24.91+1.24(6)
25.00+ 1.18(6)
24.98+1.21(6)

24.48+1.30(6)
24.74+2.56(6)
25.10%:1.91(6)
25.13+1.07(6)
25.73+ 1.20(6)
25.69-+1.04(6)

TEs 297 il 3, & 522G 22 wellg dal
i APERS DMSOZ 343ste] HngHS 50 pgm/2
sho] 2] 22 10941 58 ARtk 1145 well
o) YFT oS DMSOZ Halslic) 37°C e
7123 Dulbecco's phosphate buffered saline(DPBS) 0.5 m/
2 28] &g F, MeOHR 1083 2437 5% Giemsa

(in phosphate buffer pH6.8)Z 15%
2 BAse 50% AEEAE ol g Pyt

N %

(=0 I 64

ZofjA

#r)5e

@ QAR
AESHANYeIA 2RE IC,E HT $EZ 52,
22 38 BEE AR s Te, e

7 SN EF-S FUh. CHL AIEE 60 mm9)] petri dish
o 1x10%5 mi7t Hl=& RFsta 347k wjFg &+, 22}
s wjgdo g wehd)

AdEdg FHNZELEE FH

o] 2247+ Eob wiksigc}h. z} petri disholl Colcemid
(Gibco, USAYE 1 uMo] S5 & Hag ¥, 247 3¢ o
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vjeFated F AA MjAlzke] 24A3ke] HEE 3T 0.
05% trypsin-EDTAZ 15 ml Y42 e|dol]l HES &

& 37°C2l HAA(0.075M KCI) 10 mioll & HeAzl &
37°CZol] 158-7F w15 a, 114 4(MeOH: AcOH=3: 1)
02 33 TAANZ F FVIHEHOR slideE A zsd,
5% Giemsa=Z 3087} d M3l dAn|Ao g A@3Pet. &
HUlRFo 2 MMC(0.2 pg/mhS AHEsk ).

(5) A7) BA

& A|FE5T 10079 AEEAZ7]AS Aol AstolA

Table 6. Reversion assay of RCKI13 using Salmonella

typhimurium
Sample Dose S-9” HIS® revertants/plate
(ng/plate) TA98 TA100 TA1535 TA1537
Control DMSO + 65+3 173+ 5 19+2 171
RCK13
2200 + B82S 250 4 20+6 16%3
74.0 + 8516 290+ 7 22+4 18%2
24.7 + 55+8 241+10 17+4 1413
8.2 +  60+t4 243112 17£2 15%£2
2.7 +  65+3 24010 195 1543
220.0 - 70x8 236+ 8 17+3 15+3
74.0 79+6 275412 2315  19£2
24.7 - 71x4 233+ 9 21+3  16%1
82 - 6847 240+10 1845 14%3
2.7 - 64+6 230+12 17x4 1542
SA 0.5 - 1250+ 35 45020
B(o)p 20 + 19010
9-AA 50.0 - 250+ 14

a) S-9(-) : without §-9 mix ; S-9(+) : with S-9 mix
b) SA(Sodium azide) and B(a)p [ Benzo(o)pyrene] were
used as positive controls for the corresponding strains

Table 7. Chromosome aberration test of RCK13 with CHL cells

303

o

BESA Ao §7E BT JuAole 2

Al FZo)Ak(structural aberration)d} =7 o]4}H(numerical a-
berration)2. 2 EF3lx, FFol|Ate] TWATHARL  chro-
matid & chromosome gap(gap), normal(nor), chromatid
breakage(ctb), exchange(cte),
breakage(csb), chromosome exchange(cse)Z T3}, o}t
o) FFE Ul o)4 2t MES FAAE )2 Asdin
2 E5E 247 12890 CHL MZ) A9 B4 &4
ZEolA GuAoE 7t HES FHg0] 3%E 23
] Gttt 2B BR o dM X HF 2HEl 5% VT
& &4 (), 5%°14 10% vIgtg o (£), 10% o4&

chromatid chromosome

Table 8. The clastogenic effects of RCKI13 - induced
MNRET:s in mouse peripheral blood

MNRETs/1000 RETs™

Treatment®
individual value Mean £ S.E.
MMC’
1 mg/kg 20, 22, 21, 19, 14 192+1.39
RCK13
31.25 mg/kg 0, o0 1, 1, O 0.410.21
62.25 mg/kg 0, 4 0 0 2 1.2+0.80
125 mg/kg 6, o 1, 1, 1 0.6+0.24
250 mg/kg o, 1, 0 2, 2 0.91+0.31
500 mg/kg 2, 0, O 0 1 0.6+0.40
a) MNRET : micronucleated reticulocytes, RET : reticulocyte

b) MNRETs/1000 RETs of negative control mice treated
with olive oil (1.0 mi/25 g, intraperitoneally once) only
was 0.810.24 after 48hrs treatment

c) MMC(1 mg/kg) and RCK13 were administered to mice in-
traperitoneally

d) MMC was used as positive control

¢€) Mice were sacrificed after 48hrs of RCK13 treatment

Treatment time

Frequencies of aberrant cells

Compound  Dose (ug/ml) Cells scored
(hrs) gap’ ctb cte csb cse nor
DMSO 0 0 0 98 100
RCK13 3.91 24 0 0 0 1 98 100
1.95 24 3 0 0 0 0 97 100
0.98 24 3 0 0 0 0 97 100
MMC® 0.20 24 14 1 10 6 25 35 100

a) gap : chromatid & chromosome gap; ctb : chromatid breakage; cte : chromatid exchange; csb : chromosome breakage; cse : chro-

mosome exchange; nor: normal
b) MMC(Mitomycin C) was used as positive control
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i (D22 BAAD

AYF| AEA| 2 (Mouse micronucleus test)

AR B 1E W] el 6~8F% el 20~25 go] F
A ICRAHE AMSste, 7 e 2 Tl g3 44, A
B3 24, B, 8 H, sRFE A L A4 g0
st A 2 228 MMCE AM-31ch(Table 8).

BN ¥ DF

HIDEE
M2 28 7S 2 AFAE AEEr]) dal
RCK130] thate] spaFatee ANt C. albicans,
C. glabrata, C. krusei, C. parapsilosis, A. niger, T. men-
tagrophytesv-+ol] tH3lo] two-fold dilution methodel 2]l
233 MICE tlZ E29 fluconazole#} ketoconazole X
e AtHTable 1), 22jxn dA gAbol AMHEEE
ketoconazole I} vl 3le] XS A 2A ] §F5A B E Ao}
BSkrh RCK13E 7t A4l 24 AF ol in vive FATFA|
8% 237} EDgy7} 0.80+£0.21 mgkgo 2 thEFEQ keto-
conazole®} 8.001+0.73 mg/kgr th 45 tH(Table 2). C.
albicansE WHA WA ZAFA 7 AF M kB MR
2 2#HE EFHEUCt C abicansE A AN 241
I ELY AFH7E L5 ALY gt fEske oFF
£ 3ol ¥ Foj3lct. & RCK132 EDs, 0.80 mg/
kg9 ketoconazole> 8.00 mgkgE Fojdlwir MELEL
4% A9 E Fig. 2o el Aok RCK13(0.80 mg/kg)]
AEARE 53 47 g2l H|sl) 7]E2] ketoconazole
(8.00 mgkg)2r} A& FroA A AL A g e
24 2F 95 Vet oleid AEAY ane
AIDS gzl A A Aot 7134 A 29 AEA=
RCK13& A8351A #x1e) ARE ol- P& AgA)Z
A& 754 S RAFE Aol o]4tw o] RCK139] &
AFzge AAE A 7)1E9] fluconazole, ketoconazole
o e g 2HES Jebddg

oRe Y 2

RCK13el] &) FH5HAH S Aok oF 873 A9
RCK13& AT T3 A3 39 Hugad 1vejr} &
o & 390) A3l cHTable 3). AlEe EB-2 B3 ¢
el 27 E EUE A4S YERR & ¥t
&3 (2850 mg/kg)ell A oFEFo F RCK139] A7 of
3 13) ATFA AL o= 456 mgkg & F T AT LhEL
WA Fof gkl BAgle] Y so s FRsn, ©

HEENA 5o T 7U7x] ok 71903 o aat A
Blo] ¥igl 2 FE5F4S ISR ¢sith(Table 4).

NF5H A9 AHEE BT £, 43 2571 o)
Zito] viE) HoE 2ol JERR] gkt o AHER
T 2ol A 47k AR Bole o7 I
TH(Table 5). o) 3} 2o} RCK139) AH o) t) FAAT
SR GAA 719 odnkde], MFH L B 27 B
ol HThE SAo] RAHA FUoL Fo2 o5 i
ot Al 2 #F o g FAEAH APE FI12 A
Patodol A&t A4S HrHE 5 gleden 2o

RCK130l| &l Salmonellas ©)€35 82 BASAH
o] A% (Ames testyS ) du]SAAHNY 2HH &
o DMSOol| i3t 1 L35 T 20 mg/plaeS Ty 28
THAR AABe] BEHoz AY3to] Table 69 A3}
AU AP AT RCK1ZS giA @34 £ FF< oA
¢lo] Ames testoll A 241 © 2 LlELETH(Table 6).

RCK139] A Mxo)idAls Ha}E zhz} Table 60l LR
Atk AZEAANFAMN 2HE HuF5el 391 pgmlE
HE 3| 22 3979 FEolM AEs Aa), RCK130] 4
BE A8 s Rl 3% ozt EaAol Y TS el

HeEz F4o2 Belsqlrt. &of izl o 3%9|
ate] FAAol Y HiEs YL, Iz TAME G4
ol FEAel ojate] 50%0lde FAA ) tE Fat
of 2 Aol AgshA 2AHASE LAFUT A=A
Ad R 2N Al AYAIE 244022 3}

Atk o] AlF el A3, RCK132 2L sola gajajo]4t
£ 3% olstE frEEtng $48 VN fd 545 ¢
Aot e gl Aoz g

RCK13o] izl A 23A1ge) o3t Fa5d A8S 3
g}t SN EHZ AL MMCe] 1 mg/kg(ip )l
MNRETs 438l T Fof 3 48717kl 71 58 484
A RIEE Yepdch ™ uwleka) MMCE ol Uehd o)
W Hlxd JehlE 48270l Hlg ##5te) MNRETs
E B3I B AlgollM RCKI139] Fois = du)A 3
cg2RE uEQAS 500 mekegR AAEIE T, YN
1302 4842kl AH mejym oz REl TxPAS A5
St RS ThEo] Bas gt ANg 71 PR E T
20 R olN FAUNRTLRE AHEE MMCE Hay-
ashi 579 dloJeje} fAalalon Euidi2i(22)ER)
dAle gl FAUFRFE] LHYA NEE JehiRic

i

~
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(Table 8). 5tA|2] &3l AH A1PE 43 5T &3
N Szl vlal froldls ST e 2k
th. ool A#2A RCKIZE 437 oo xe) 234y
ARETE Z7H8EA] obe AoR Mol F4MEe) B3y
i FHAEYE FolA] g Aoz dddrt

A

AR e

o] ATE 9SHE MARAY AP AAATFALYe)
2ol l3) 588 Aoz o] A=A,

=

2
=

Ao
b

6-[(N-3,4-Dibromophenyl)amino]-7-chloro-5,8-quinolinedione(RCK13)2] &2 #2H&3} r A& & 71517 &)
FATZRAY, FAEEANE, Holdd A, LAY, FMA 0148 S gt C. albicans, C. glabrata,
C. krusei, C. parapsilosis, A. niger, T. mentagrophyteso] thated &3 MICE= thF £4 fluconazolen}d
ketoconazole 2t} -3} ct. C. albicans A 2174 AH ol s RCK132] EDy & 3 A3 0.80+0.21 mg/
kg2 thZ=2FE<) ketnconazole, fluconazole] 8.00+0.73 mg, 10.00 mg+0.43 mgkght} $43 A4S B F
it} 18] 2 RCK13(0.80 mg/kg)s 712} ketoconazole(8.00 mg/kg) it} A& o] Y2g 23 A7 {4}
& I AE veblich RCK139] 474 7548 37k817] 918t ICRA] A& 2,850 mghkgd F7Hs
Hulggoe AT Folg ¥ 7d B FAATEAAIGNA Uuk 4, AW D 97 27 Foll FI4
£ e 4ol BIHA wken] LDAE o 2850 meke ol4olzkn BriEth RCK1el e
Salmonella typhimurium(TA98, TA100)Y& o] &3} in vitro 522} BEAEH o] A1E (Ames test)S 3 2 7)o
A §402 Jebsith. RCK13o] tis] CHLo thal 4 ajo] Al Aate §49 Aoz dake e} RCK13
el in vivo FEANN BHLHAIEA gt FHEAE HrEEtAch RCKI13S AF D2y dore] Ly

of Yehhx] got 242l RugelM GAAESE Yol S Ao Amdrh

=28
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