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Mutagenicity Studies of Cosmetic Dyes (2)

Kwang-Won Ha', Myung-Hee Kim, Hye-Young Oh, Ok-Soon Heo and Eui-Sik Han
Genetic Toxicology Division, National Institute of Toxicological Research,
Korea Food and Drug Administration, Seoul 122-704, Korea

ABSTRACT — The mutagenicity of three external colorants, lake red CBA (D&C Red No.9, R-
9), rhodamine B stearate (D&C Red No.37, R-37) and permanent orange (D&C Orange No.17, O-
17) was evaluated. In this study, the genetic toxicity of the these dyes was examined by in vitro
chromosome aberration test in cultured mammalian cells, in vivo micronucleus test in ddY mice,
and somatic mutation and recombination test (SMART) in Drosophila melanogaster. Three dyes
did not induce mutagenicity in chromosome aberration test and micronucleus test. But Red No. 9
and Red No. 37 showed slight increase of abnormal wing spots in Drosophila melanogaster.

Key words [} External colorants, Chromosome aberration test, Micronucleus test, Somatic mu-

tation and Recombination Test
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2 Ao 4= = FDAA] et A A S uke 7 £
el q SgE Ax 98 A% ARgHolxa e 4
2045, AAM2155, SM2035 0] 37k7] Mo Tistel =)
SFEIAIA AA AR E AL Qe A4S AEE
AR ARt A5 A7 @ NHS in vitro 1\]34 oz o
¥ 2¢l Chinese hamster lung(CHL) 4| ol 4] 2] & A )04}
A& in vive AP 22 ddY mouseE o] &5 /\6“}\
=32 INE o83 ANEFARC] Q2T AP o]
st FHAEAE FristaA ok

ui o,
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= 2 oy

AlEEd
ZM2045 (R, lake red CBA), #2155 (R-37, rho-
damine B stearate), 5-*2033.(0-17, permanent orange)®)
4A AxE T SPFEANG A BERRI N T
o} A3
ANHEAES AAAI NG Aol
LR R R DL =
2 48e9m, AHE FARIN S B 2

LEREE TS

CHL HHMIZE 0|28t HAANOIAAIE
ALZMIE Y HHQIEHH — 2183 X558 AlEE Chinese
hamster lung(CHL) cell £ 4] A& FF o] oFZEAE QA H
49| Sofuni ¥AIZRE] E§ ol ARESHYTE. Modal
chromosome numberi= 250]0, H|E 7] 154 7ko]c}. vj
LS 10% fetal bovine serum(FBS)?} 1%2] antibiotic-an-
timycotic-8(100x £)S ¥3}3l Eagle's minimum es-
sential medium (EMEM)E- AF8-31e], ¥3} F % slol|A] 5%
CO.ZE a3t 37°CY] vid7]oll A wisldct. wieke Al
F= 3~52ntc} 0.05% trypsin-EDTA S-S o] &3} 7
F-=l et
CHARRHAH| — In vitro hAFEASLE 9131 S-9 mixE A
Z35hgth. §92] A2 Maron and Ames2] HPH %) ulal,
A FofokEbd A A 2 AFS3E SPFAl Sprague
Dawley male rat(75%, °F 250 g)= 10¢7} 4] A3
%, com oilof] 3 A|Z] Aroclor-1254(200 mg/mHE 13] &
77 (500 mg/kg)star, FolF- 6dH o] Ao o3t
o ZAEch AES b ] 3uFe] Yziet 015 M

KC1g-A-8 Yo 723} 3}, 9,000 goll A 1087 44 &
2@ ¥ o1 ASNS 902 B9tk olate] RE HHL
DY) S Sl 2AFE Agsld TEHOR

3ttt S-9 mixe Zk AJE A Aol Aste] AMEEES
31, 3 2L F54 235ml, 0.1 M HEPES(pH 7.55) 0.2
m/, 0.1 M NADP 0.2ml, 0.1 M glucose-6-phosphate 0.25
ml, MgCl,-KCl salt solution 0.5 ml, S-9 1.5 mlo] it}

AR EAAIG-ulSHEL] 50% FAHAFEEE 189
ok M AtiA el 138 24 well plateo]] 1 well® 1x 10%7))
o] AZE mFetd 297t wjdd T, ¢ ¥ 479
well:2- &33t1 A EEH-S 0.5% DMSOE 33 v g
02 ga5le] Hugee) 1 mgmle AuxLra slo
ZH] 2% 5TA9] =g AR e Al well& £
2 z7o e stdr}. AT T 37°Col| A} 244 7F wlk
g & WiAE W v)E] 37°C FEAA 723 dul-
becco's phosphate buffered saline(DPBS) 0.5 m/E 23] A%
3 & Wers 2 10827 133t 5% Giemsa-£-9%(p H6.89]
1/150 M2] phosphate buffer)© 2 3087 338 & Hw| A
o2 #Est] 50% AEEANS Hole TEE T3Ath
12} du|EAGAI A e 50% AES5AHE Hols &
5 2R &, A F& F5 FujolA 23} dr|EAdA|
& At
HMAOIMAIE —u| 53 ol AAHE 50% HELE
AErEE HNFER, FH2E 384|9 55 AYF
22 st 28, FA4 dizdd 7R FAuRTS
Fow, AR E4] st A AlFst AT dAFEAE A
3l2] Alg2 CHL AH¥E 60 mme] petri dishol] 5x10*
cells/m/7} S| =& sl 397k of wjokst &, zhzk S-9
mix (8jeFele] 20% H]&)9t AFEH TE G4 dRE0
FHE ujkd o2 6AIZF Wi ¥, HES wjgdos w
gate] 18A7FE <t T wjekste] MR A 2412 el col-
cemidZ A2l T AEE 7], Sdo|=E A3t
U Z T 0 7 = benzo(o)pyrene 0.2 mg/ml-S AL-&-8l5iT)
QF-PI BE—3 A =T 100709 AEEE F71 4
2 AWF3H(X1000)00 4] A=3te] AAH o) /75 #
ﬂo}‘ﬁt} Aol e AA FZo|Ak(structural aberra-
tion)#} %7 o)At (numerical aberration)©.2 EF3lc}. G
Hol s FxAH oL AMA 4 (chromosome type)z}t &
A E-H 5 (chromatid type)0. 2 T-E¥ 0 278 B
32 gap(BALAE cig, AR csg), ULAED
(ctb), G MEH w3} (cte), &2 A DeHcsb), &M ! 3H(cse)
o] ¢ ol 51 , 5 -lo]/g oﬂ__ HH-;—Xﬂ(polyplotdy)ﬂ— oh;]_ H o2
o ME Yzt Bds QM| (first metaphase)el] 4] 2] o] Akd]
Z(number of aberration)®} ©] A ¥ 4= (number of abnorm-
al cells)2 F#3te] BEBIAT). ol g THRE 1) o
ke MEE AT R AFsta o F5v 44 7]
315t CHLA|29 A9 34 SR eA FAA
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MouseE 0|25 ASA|E
MNESE— 2 Fofobatd sy 4
ALS-3F SPFA] ddY mouse &, F 55
Hrol 109 7h ojju] A5 A A 54
2R3}, 25~35 gofl lDdh= A
Ak AR B7e 25 23+2°C AUlGE 55+5%, w7
10~183)/hr, Hard] ok 12A4]7F, &% 300~500 Lux 2] A}
S35 AHNA EFIRY|0|E ALSAFRHTOW X 240L x 120H
mm)#A o] z|of 10m}2]¥ Pof AT Abs ALPALR
A& S5 220 25.00%, 2AY 6.13%, Z4F
3.38%, Z3|& 8.00%, 2 1.40%, ¢l 1.08% 5)Ye +
o 3tF7] FBvlelA 121°C, 1583 ‘éﬁf& &=
2o ARl FFEAE £ FETFE AFE A
°l AASHA sl
OiHIAIE — 2 Aol o] Fojek AAg fsto] & ol
2 vl g Ak, AlFERS] 39 7 e mouse
of &vl 2 ANFEEH FoAr] 50% AAF(LD)S 12 F=
2 Hueeg sln FY 28 o] LD 1/4, 1/8 558
13] A A5 sk AEEES gl g
2 g A3t} Tt Fo] F 2447l S5 33
o T ZRS AZE T 4% Giemsa SN0 F M
FEAn] el A 1,000719] thaA HE Tl 238 &
5 AR o SFAHA A A4 FEol
, 2] 2N T7} 7Y B FARE ZAF A
ZFo s AAsrt SAET oz E Al
e At A AFo] shaL, A
tomycin C(MMC) 2 mg/kg& 27 Fof3}qict.
BAEH—Z AgEAd tidh BAIEE dnaE oz iy
AL 125 mgkgS HuEER st 2H] 29 %l 62.5,
31.25 mg/mie] 355 o2 AN
FeAE o FA sy 13 4z
AN TR B4E AMF Sk BRI £ 24470 T
Ao 2 23] AT Tl 18] Fof F 3043k} 48471
F 275 HHste] HEsAT
BISME F=0| MiX Bt 9 HI— Schmid2] 4y Yo
et FFEEEE AR FEETl «IBH Célﬂ
mouse ) %2 tE]FZHE 0.5 ml/e} FBSS £U3%F 1m/
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M phosphate bufferol] 4%(v/v)= =%t
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erythrocyte, NCE)¢] 8]Z &} thal 1,00071¢] A
AP pFo|A 4A0E 712 g HE o] EHRIEE T
stk Al sl A7)E AEAAL] 12288 44
7bae WA R st on, FH FAAELe] ) A
ol s A et
Aol BAEAL Hayashi 59 W'Vl upe} 3ctA 9
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EME|— 2929 5AAT49] Dr. U Graf27 8
WO A3 AMA Y left armo) markerE ZYe= mwh) flrY
In(3LR)TM3, Ser 239 Drosophila melanogasterZ A
stach o159 -FA4A markere]l B3fA T Lindsley &
Grell(1968),'"" Garcia-Bellido & Dapena(1974)'”¢} Linds-
ley & Zimm(1985)7] dwstgict. ol Z3#jE stan-
dard corn meal media(agar 8 g, corn meal 70 g, sugar 100
g, yeast 15 g, ebiose 15 g, propionic acid 4 m/, D. W. 1,000
ml)7} @71 well-yeasted BjF ol &5 25°C, £ 5 60%
o] B4 A}55E3 T

OHIAIE — A1 8 wh=i 7t 23 i mwh Fo &3
400t 9} fIr'In(3LR)TM3, Ser Z2| £ 40nle]& o5
I 12212 Fofl wiFg e HEE Al ‘ﬂﬂ%k of &7, 8x%F
SFoujdEonRy AFE AL Lol AHsHEF &3
t}. 39%, o el (larvae)7} 72+4A17F HAS o ofHH =
20% NaCl T8990 2 AHg & THPE ohr] Al
t}. Instant medium 1.5 g3 Sml A&

oF 20001e] PEo] fHHE Wol HFo
ALERe) 2007)] ool Uigh Aolle A3
A LDs& Gkt St zd o2 s FR/F
PN ZF 0 2% 0.625 mM MMC 4888 A5l
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BAIE—AERE Guf o) 4yl et s
Trans-heterozygous larvaeE A7) Yl mwh GAS fir'/
In(3LR)TM3, Ser +A o 8AJ7F ot wujA)Zl ohe &
mwh-flr’(non-serate trans-dihybrid flies), mwh-TM3, Ser
(serate flies heterozygous for both mwh and the multiple
inversions contained in TMF 0 2 25 AAH 4& well-
yeasted culture bottlesoll A 8A|1ZF &< =351t} oz
7} 7244A17F FAE w] 20% NaCl =-gH o2 A5}
o a7 =3l th. o ¥ 2= instant medium 1.5 g(Caro-
lina Biological Supply Company, Burlington, NC)ol| A& &
2 S5mis AT AP Sofl oF 200mt2]H o] AL&3)
Atk AEo] Fo] )2 x3bali= 70% ethanolol] 35}
t}. Trans-heterozygous(mwh+/+flr’) genotyped) Z3}a]e]
FEANE JAEN A oA fauer's solution(gum arabic
30 g, glycerol 20 m/, chloral hydrate 50 g in D.W 50 m/)
02 Zglolmd nAAAL. AR Sdo|=E 37°Col
A 24N 7k W a] Foff cover glass®E Q1 1 ol oF 200 ¢
ol Gon H =5 ofxo) XL B AL A}
£3}o] 40081 2) Bl& 2 mosaic spotd] EES HE S
multiple wing hair(mwh)t} flare(flr’) EH 8 & Hol+= sin-
gle spot®}, mwhe} firk-iol 214§t twin spot 22 L}Fo]

7183kt

Single spot2 F A]FA}o]e] mitotic recombinationo]i}
somatic gene mutationo] &}s} AT} Spote] = E
mutant phenotypeS Ho]E wing celld] 55 Alo] AA st
Gt 1~2 cell ©]3}¢] spot2 small single spotZ, 2 cell 9]
A& large single spot Witk At EAF AHel=

X-testE AAEA 0™, 5% FolFEA BAEA.

g o

AMANOIAMAIA
MEZQAGOZHE AL 50% AESAL Bole &
5E 2 HA Huses idon FH 29 3g 5
AlFEAeh. 2, AM20435 5 150, 75, 37.5 pgiml L
2, 2155 188, 94, 47 pug/ml 552, EA203F =
500, 250, 125 pg/ml S 52 A1¥s Ay}, Lulo) 2ol A
% olste] Aol FEE&S Vehfglon], ST
iLoﬂH% 20% o)) G0l FLES Ueio o
29l CHLMEAo] AldAntet dx|stgel. A4
204%, HAM2155, SA2035E A LA oA EY
HaEdEo] 5% n|wre R el 449 A9E B &
AEAE Jedle Holgloa e 43lx] ot Ader

I FlF

LFeRytH(Table 1).
ABAIE
a8e 7k oA HETel FAUE ol PAT

ZE 6.75%2] A8-F&S YEh o] Hayashi 579 3
azpF o] A, sheke] W] o 1o, SR
AAFWIAE 0.05%2 ArE] AR Asa
& Uepligleh. AA204%, 242153, 5420358 13]
BTEoAg & 24A7F Fo] & AHs ] 2FE 713
TG AETe) 2ANEE AT 29 {42043, 44
215%, 54203 2] BE oM AlEEAS UehlE= PCE/
PCE+NCE H|-&0] 0.52~0560.2 gut)z27¢] 0.55¢9) H|S=
g o vehgrh 125 mgkgollAs AM2045= 035,
HA2155. = 0.60, T2035 = 0.152) MNPCE(%) §4tg

N

AT

Table 1. Chromosome aberration test of lake red CBA, rhodamine B stearate and permanent orange with Chinese hamster

lung cell

Treatment Types of aberration (%) No. of aberration
(ug/m)) gap ctb cte csb cse pol nor cells* (mean+tS.D.)

DMSO 0.5+0.6 0.3+0.5 99.3+0.5 0.84+0.50

R-9 150 0.8+1.0 0.3+0.5 99.0+0.8 1.0+0.82

75 0.5+0.6 0.3+0.5 0.3%+0.5 99.0+£0.0 1.00.00

37.5 0.5£0.6 0.5+0.6 993+0.8 1.0+£0.82

R-37 188 0.8+0.5 0.3+0.5 99.0+0.8 1.0+0.00

94 0305 0.5+0.6 99.3+£0.5 0.8+0.50

47 0.5+0.6 0.5+06 99.0+0.8 1.0+0.82

0-17 500 0.3+£0.5 0.5+0.6 99.3+0.5 0.8+0.50

250 0.5+0.6 0.3+0.5 99.3+0.5 0.8+0.50

125 0.5+0.6 0.5+0.6 99.0+0.0 1.0£0.00

B(o)P 98+5.1 1.3+1.0 10.0+3.0 1.3+1.5 77.3+£5.0 24.8+6.50

gap: chromatid and isochromatid gap, ctb: chromatid breakage, cte: chromatid exchange, csb: chromosome breakage, cse: chro-
mosome exchange, pol: polyploid, nor: normal, DMSO: dimethyl sulfoxide, B(o)P: benzo(a)pyrene, R-9: lake red CBA, R-37: rho-
damine B stearate, O-17: permanent orange, number of cells analyzed: 100, *mean +standard deviation (n=4).

Journal of Food Hygiene and Safety, Vol. 13, No. 2



Mutagenicity Studies of Cosmetic Dyes (2) 139

S HAFR o 942 fSATHTable 2).

T 7t AAE 18] BFFEAT F 48R3 Fofl F5E A
Fsled 2dfTeS A A 125, 62.5, 31.3 mg/kge]
=Tol| A, 22k 2045 = 0.30, 0.15, 0.15%, BA2155
= 0.1, 0.1, 0.05%, 542035 %= 0.1, 0.05, 0.05%2] A&
W8-S VeRAAT T35, 18] 7R F 24, 4827 F9]
mouse EAFAIZHE D2]3t A, 2 FLEY Aol A
2043, AM2155, SM2035 2F H94S Yl =
oFgko ) 4847k 22|t 24417 A 2]t Kt} MNPCEsH]
gol A FxolA At Yol HEES LER I TH(Table

oL

0.10, 0.05, 2421535, 0.25, 0.10, 0.10, 522033

Table 2. Micronucleus test of lake red CBA, rhodamine
B stearate and permanent orange with ddY mice

Dose No. Sampling MNPCE Ratio of PCE/
Sex (mg/ of time (%) (Mean PCE+NCE
kg) mice  (hr) +SD) (Mean+SD)

Test
Compound

0.05, 0.05%2] Z3Fuge UEPIAL, 48112 3 24
= A AS, 7 FEolA 2 A 2045 0.05, 005, 0,
HAW2155 = 0.05, 0.10, 0, S42035= A FEA] 0.05
%e) 2o Res UEPIRT. oo § AR BT §o

ol AL AHER Fofoll g o 54 ¥ #
L.
=

0A13F 30T} 48413
o 97} &g go]l HAHOR B EhLITH Table

Table 3. Micronucleus test of double treatment of lake
red CBA, rhodamine B stearate and permanent
orange with ddY mice

Saline male 00 5 24 0.05+0.07 0551+0.00
RS male 1250 5 24 035+021 0.54%+0.01
625 5 24 020+0.14 0551+0.02
313 5 24 0.15+007 055%+0.01
R-37 male 1250 5 24 060+0.28 053+0.01
615 5 24 0554021 056+0.04
313 5 24 030%+0.14 0544002
0-17 male 1250 5 24 0151007 054£0.00
615 5 24 0.05+007 052+0.00
313 5 24 0.05£007 05412003
Mitomycin male 20 5 24 6752035 0.5610.02
C
Saline male 00 5 48  0.05+0.07 0.54+0.00
R9 male 1250 5 48  030+0.14 05610.04
625 5 48  0.15£0.07 0.55+001
313 5 48  0.15+0.07 0541+0.04
R-37 male 1250 5 48  0.10+0.00 0.5840.03
615 5 48  0.10+0.14 0.58%0.02
313 5 48  0.05£0.07 057+0.01
0-17 male 1250 5 48  0.10+0.00 0.5440.02
615 5 48  0.05+0.07 0.5240.01
313 5 48 0.05+0.00 0.52+0.00
Mitomycin male 2.0 5 48  550+049 0.53+0.00
C

MNPCE %: micronucleated polychromatic erythrocytes/100
polychromatic erythrocytes, PCE/PCE+NCE: polychromatic
erythrocytes/1000 erythrocytes, R-9: lake red CBA, R-37:
Rhodamine B stearate, O-17: permanent orange.

Dose No. Sampling MNPCE Ratio of PCE/
Sex (mg/ of time (%) (Mean PCE+NCE
kg) mice  (hr) +SD) (MeantS.D)

Test
Compound

Saline male 00 5 30 005+0.07 056+0.04
R-9 male 125.0 5 30 0.15+007 0.54+0.03
625 5 30 0.10+0.00 0.54+0.00
313 5 30 0.05+007 057£001
R-37 male 125.0 5 30 0254035 05440.02
615 5 30 010014 0.56+0.01
313 5 30 0.10+000 056+0.02
0-17 male 1250 5 30 015+014 054+0.06
615 5 30 005+0.07 057+0.01
313 5 30 005£0.07 059£0.01
Mitomycin male 2.0 5 30 6.60+028 051+0.00
C
Saline male 00 5 48  0.05+0.07 055+040
R-9 male 1250 5 48  0.05+0.07 0.53+0.03
625 5 48  0.05+0.07 055+0.02
313 5 48  0.00+0.00 057+001
R-37 male 1250 5 48  005+0.07 055+0.00
615 5 48  0.10+0.00 0.54%+0.05
313 5 48  0.00+000 056x0.01
0-17 male 1250 5 48  0.05+0.07 058+0.02
615 5 48  0.054+0.07 0.54+0.01
313 5 48  0.05+0.07 055+0.01
Mitomycin male 20 5 48 6101021 055x0.01
C

MNPCE %: micronucleated polychromatic erythrocytes/100
polychromatic erythrocytes. PCE/PCE+NCE: polychromatic
erythrocytes/1000 erythrocytes, R-9: lake red CBA, R-37:
rhodamine B stearate, O-17: permanent orange, *Lake red
CBA, rhodamine B stearate and permanent orange was ad-
ministered twice (at 24 hours and 6 hours before sacrifice)
for 2 days. ddY mice bone marrow cell was collected at 6
hours after last treatment.
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XII2|E€ 0|28t Somatic mutation and Recombina-
tion Test

Oﬁﬂ‘ﬂ]"]?ﬁ% 3ﬂ 22 LDy, ©]3te] Hj3&5 =2 100
mg/mlS i 3}ed 50, 25 mg/mle] 3= A3
]344°§TE1 7}701 wo] Lhe 21 E 70% &g
Aete] setol=g AFtete] Bargt Ag Jeldch
(Table 4). Single small spot®] S&W == 2045, 24
215% 2 SA20335 94 2F H 15 100 mg/ml Fik
oAlA p<0.059] ool Frhdds BAoh @,
twin spote] HI == AA2043 = 50 mg/ml F5o A, 2
A2155 3= 100 mg/ml L0 p<0.058] frolsZofA] =
7VFFE RPT 52035 A BEolM oA
S VS VR A sttt 8, FRFE ARS8
el A A sk ApAdd o] spote] W% % small
single spote] 0.18%, large single spot©] 0.02%, twin spoto]
0% LpERieh. w3, 7 AERLEAIA ol ol
E & 4 2= spotd] A7E 121 A7) 99%, 221 %7}
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Table 4. Somatic mutation and Recombination test of
lake red CBA, rhodamine B stearate and perma-
nent orange with Drosophila melanogaster

Frequency of spots per wing
scored (%)

Test No. of
Dose , -
Com- (mg/mp) V08 Single spots )
ound & scored Twin spots
P Small Large (TW)
(Ss)’ (LS)’
D. W. 0 160 0.18(28)  0.02(3) 0.00(0)

R-9 100 100  0.47¢47)y*  0.099)*  0.03(3)
50 100 0.30(30)  0.10(10)* 0.04(4)*
25 100 0.12(12)  0.04(4) 0.01(1)
R-37 100 100 0.4343)* 0.02(2) 0.04(4)*
50 100 0.2424) 0.02(2) 0.00(0)
25 100 0.20(20)  0.01(1) 0.00(0)
0-17 100 100  0.45(45)* 0.02(2) 0.00(0)
50 100 0.36(36)* 0.01(1) 0.00(0)
25 100 0.23(23) 0.01(1) 0.00(0)
MMC 0.625mM 38 2.24(85) 1.58(60) 0.16(6)
MMC: mitomycin C
*Number of small single spot: 1~2 cells
"Number of large single spot: 2 cells, R-9: lake red CBA, R-37:
rhodamine B stearate, O-17: permanent orange.
* p<0.05.
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