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Prediction of Photo-Carcinogenicity from Photo-Ames Assay
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ABSTRACT : Many compounds might become activated after absorption of UV light energy. In some cases, the
resulting molecule may undergo further biological reaction of toxicological relevance related especially to the
photo-carcinogenicity resulting from photo-genotoxicity. However, no regulatory requirements have been issued
with the exception of guideline issued by the Scientific Committee of Cosmetology, Commission of the European
Communities (SCC/EEC) on the testing of sunscreens for their photo-genotoxicity. Thus, the objectives of this
study are to investigate the utility of photo-Ames assay for detecting photo-mutagens, and to evaluate its ability
to predict rodent photo-carcinogenicity. Photo-Ames assay was performed on five test substances that demon-
strated positive results in photo-carcinogenicity tests: 8-methoxypsoralen (photoactive substance that forms
DNA adducts in the presence of ultraviolet A irradiation), chlorpromazine (an aliphatic phenothiazine an o-adr-
energic blocking agent), lomefloxacin (an antibiotic in a class of drugs called fluoroquinolones), anthracene (a
tricyclic aromatic hydrocarbon a basic substance for production of anthraquinone, dyes, pigments, insecticides,
wood preservatives and coating materials) and retinoic acid (a retinoid compound closely related to vitamin A).
Out of 5 test substances, 3 showed a positive outcome in photo-Ames assay. With this limited data set, an inves-
tigation into the predictive value of this photo-Ames test for determining the photo-carcinogenicity showed that
photo-Ames assay has relatively low sensitivity (the ability of a test to predict carcinogenicity). Thus, to deter-
mine the use of in vitro genotoxicity tests for prediction of carcinogenicity, several standard photo-genotoxicity
assays should be compared for their suitability in detecting photo-genotoxic compounds.
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A AH4-EE 8-methoxypsoralene(8-MOP)Y] 7-%- w]Hote)
HAIAE FA M F)E= ALE RuEgY (Stern ef al,
1979). %38}, trans-retinoic acid®] U<l Retin AT WY
of 234 REFEN IS fiske HoE vyl
(Davies and Forbes, 1988). chlorpromazine=} compazine,
perphenazine 2 phenothiazinesd 52} EAEL A%
A sEe] e Zle® vepdoyt chlorpromazineod]
W8k ek ZAzlule] XaiEo] gl AlAelvd (Jose,
1979; Kelly et al, 1989; Kelly-Garvert and Legator, 1973).
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Aol HF= g}, ool ule} Chinese hamster V79 HE=S
]88t in vitro photo-micronucleus Al&2} in vitro photo-
comet Age] =gl o AA7A] vheAE o) 45 3
W AAE g Es7lde vFE ALz Jehgd
(Jacobs et al., 1999).

A, 2 QoA Frigide] BIE A} 946
A= 8-methoxypsoralen (RAF&J41 EAFA] DNA adduct 34)
3} chlorpromazine (o-adrenergic ] 3 Al), lomefloxacin
(flucroquinolones #]Q2] 3}AYA)), anthracene (FMe, M4,
ARl 2] 718 A retinoic acid (vitamine A -FAFEA)
2] 7o} EAL AME3led photo-Ames AlFHE &3}
712 3slgdet. UV 2AE $J8iA) Vilber Lourmatt} (Marne
Valle, France)]Al 7208t RMX-3W Radiometers AML3}
Aot photo-Ames A|FS ou]A 8-S F3led UV 2o
7 AEFA o FHEA S T g A 2lE
A& AAT Fell 3831500} photo-Ames A8 2T} 372
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Retinoic acid (CAS# 302-79-4)2} lomefloxacin (CAS#
98079-51-7), chlorpromazine (CAS# 69-09-0), anthracene
(CAS# 120-12-7), 8-methoxypsoralene (CAS# 298-81-7)2]
571 E4o] £ 7oA photo-Ames AH-E $I5te] AM&-
H3leh ZE AFPEAL Sigma-Aldrich*l (St. Louis, MO)
ol Fusisict.

AETF 3 Hix]

A&el] AM83 F5= 9710348 (base-pair substitution
type) TRl AL ety Salmonella typhimurium
TA100, TA102, TA1535 R Escherichia coli WP2 uvrAZ.,
frame-shift® Sdwe] 7L Hsted= TASH TA15378
A8 5 BT 6 ) 4FE AMSYh BE AESE
+ Molecular Toxicology Inc. (Boone, NC, USApIA F
U3l L, =setd Tl A P r TFael A A
Bl F ARSI A EFFELS A7 master plateR3HE]
25 mi®} HAlA] (2.5% Oxoid Nutrient broth No. 2)o]
%3] shaking incubatorS ©]-g-8te] 37°CeA] F 1047}
ZuoFsledet. 3 AwlA] (minimal glucose agar plate)= 1.5%
Bacto agar®} Vogel-Bonner medium E 9 2% glucoseZ
FHelM THE2R Top agars 0.6% agar®} 0.5% NaClE

ZA82H, WAF (B coliy o83t Al¥ol= top agar
o 0.1% tryptophan 9} 0.25 mi/LE H~}sta, Abzde}
T8 top agarll:= 0.05 mMe| histidine-biotin® 7}
3t

XM =AR=Z

A 2AME $l8iAl= Viber Lourmat 40 W black-
light lamp(Amy=365 nm) (Vilber Lourmat, Marne la Valle,
Francey’} AM8-5]91T, UVAS} UVB doses= UVA sensor
(spectral range 315400 nm)®} UVB sensor(spectral range
280-315 nm)7} 2= o] 9l Radiometer RM-215 (Dr.
Grbel UV-Elektronik GmbH, Ettlingen, Germany) o] 83}
o A3l
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frameshiftd] EdWe] AML YA Salmonella
typhimurium strain TA983} TA1537 (detect frameshift
mutagens), 971238 Sl AME AE TA100
3 TA102, TA1535 and Escherichia coli WP2 wvrA
F5 AHElld. EAEdHe] Alg2 Maron?} Amesdl
[Maron and Ames, 1983] 2jsiA #A|AE whgel) we} 4
P3isieh. A1FEDY) X2l direct plate incorporation ¥
HoE s9ict. 3sk57] P33t top agard dry batholl A
45°CE o9 " tubeell 2 ml ¥ ¥F3 o3 ARE
A 8o 0.1 mi Fujkd 0.1 mig top agare]l EF}HT
ZA] vortex mixerZ 2-3 %7} A E}sle] minimal glucose
agar platecl] o] o8] WEke 2 7180] 1T HR|A s}
2/ et TR RS AFEA S Al 3
0.1 mbg, PAANEFE FANRED S S 2 whfo
7¥ale] Axslde) top agart F& F ZE0|E TS
F2. Ao A A4 A 22 RMX3W RadiometerS (Vilber
Lourmat, Marne la Valle, France) A[838}e] UVE ZA}s}L
At NEFLZA ARA AR 9] = EFlo)Ex A}
9ol ZAkEE= AZIREE SHAlo) ukAlsielc) ARolA A}
7b B F FHOIEE HHe] 37°CelM oF 48 Az vk
F A4S Ak
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EFEdde] A o F7t A=A g AL AL
Z271& AR 2L sh3e| ael UVASH UVB,
UVCIE SlARE UVCE 2E3) ofsiM A7 = gubde
2 Aol =2EE 212)AE UVASH UVBo|7] wlE
(Brendler-Schwaab et al., 2004), UVAS} UVB%HE FA}
sled AYE T A2 74 g EHEAH ]
A 25 2 oA S/MIFIAl = 2719 UVA:UVB
Ielationshipii/ﬂ 16:1.6 (10:1), 64:3.2 (20:1), 64:1.3 (50:1),
128:1.3 (100:1) mJ/em?®] 2718 A€lslgic} (Table 1).

Z} AIEH2E0 8t photo-Ames AlE

el M sy 24l Flef x| 8-methoxypsoralen
(8-MOP) # chlorpromazine, lomefloxacin, anthracene,
retinoic acid 52| 5709 EAE& ARE-3le] photo-Ames Al
L |2 steh 7R AR ERE, 8-MOoPe)
chlorpromazine, lomefloxacin2- photo-Ames A|3el|A+ <FAl
o2 Ry7} Ho] 9oy} anthracened} retinoic aicd®] 7
% photo-Ames A}l Halr =7l vt gle AA o,
AEl, 7R AlREA BF PSR 7IAGV S
A71E A2 BAEGE (Table 2).

Table 1. The effect of UV on the reverse mutation of each strain
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2422 photo-Ames Al Fel|A IFAEAEAS 3o}
W7l $i3t 71 AEet 2A221-S SRE)9EiM A7)
FFAel W A7t 7P A BaEe] 9l 8-MOP &
AR8-3e] Table 1914 A=]s zp9A 2A} 27030 Al
< w3dr}t (Table 3). AHAF, TA1537 2 TA1027
FolA g3l g A 5 S7PF FFEUI TA100
3} E.coli WP2 wrA T E R $7p71 =gl
&RA1Tk, TA102E A|9J8h 3754 UVA:UVB relationship
o] 16:1.6 mlem® (10:1)%] FAsPlMT gt 5 F77}
IAE. geby, o2 4714 AlFE-e] T3 photo-
Ames AlAAME 10:19] 23NN ABE Skt
(Table 4). A/ A3} oju] Ry¥ A9} (Chetlat er al,
1993; Chetlat er al, 1996) F<Y3}A Chlorpromazine-2-
TA1537 d5|A, Lomefloxacin® TA102 #5olA A
4 Z7pF A4S anthracene?] A% TA15359)F E.
coli WP2 wvrA TFoA <F 1.9 A=t 4+ 2 &
57| 3R B AA )= Fe7t ol
HH 2 retinoic aicde o= wFME A $2] F
£ P gt oA, spisiAdo] e sl AlfE
A% FHo] photo-Ames A&l A ¥ o2 FA =

Test Strains

UVA UVB UVA/UVB
(mlen?)  (ml/em?) ratio TA100 TA1535 TA98 TA1537 TA102 £ coli WP2
0 0 0 100 4 28 6 193 28
16 16 10:1 144 21 36 4 206 40
32 32 10:1 228 15 55 5 254 83
32 16 20:1 213 9 35 5 220 108
64 64 10:1 450 19 48 7 300 240
64 32 20:1 240 15 61 7 252 50
64 13 501 174 21 47 7 244 65
128 128 10:1 1020 49 101 8 347 116
128 6.4 20:1 430 21 54 8 355 142
128 26 50:1 301 2 47 6 242 36
128 13 100:1 176 17 27 2 232 37

Table 2. Published photo-Ames and photo-carcinogenicity results for each test substance

Compound Photo-Ames Photo-Carcinogenicity
8-MOP Pos Pos @
Chlorpromazine Pos ¥ Pos
Lomefloxacin Pos ¥ Pos @
Anthracene N/A Pos ©
Retinoic acid N/A Pos

Pos, positive response; Neg, negative response; N/A, Not Available

D [Chetlat et al., 1993] @ [Nagayo et al., 1983] © [Kelly et al., 1989] ¥ [Chetlat ez al., 1996] © [Ball et al., 1999] @ [Blackburn and Taussig,

1975] @ [Fu et al., 2003]
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ZatotM B9l photo-Ames A|EZTlo| AMRHA|
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Table 3. Photo-Ames result of §-methoxyposralen

photo-Ames Al &ol|A] ko2 A Fo]A] sensitivity Z->
06°% O] A %2 AR vehiitt.

i

1

E dFole 3R AAF F A7kl 3
A &S A% FASAANES gYskazat sl o
o g FEALL 29l o5t ME| AALE SA 5=
Hhl A B 54412 AR AR R AeglE X
9 fFAAMelE S HelA HEHT & 4 ol
(Meunier et al., 2002). 3HH, in vitro FSAA el B3}

Aty

OECD draft guidelinedl| M & SAXH} del 354

=N
b

Test Strains UVA;UZVB Concentration (ug/plate)
(ml/em?) 0 125 25 50 100 200 PC?
TA100 0 109 101 101 118 138 119 508
16: 1.6 105 147 150 198 57 29
64:32 226 17 0 0 0 0
64:13 150 49 0 0 0 0
128: 1.3 152 18 0 0 0 0
" TAL535 0 21 20 26 17 21 9 490
16: 1.6 34 13 8 4 1 0
64:32 16 5 1 1 1 0
64:13 20 0 0 0 0 0
128: 13 29 0 0 0 0 0
TA98 0 16 16 15 13 29 29 230
16: 1.6 18 31 26 24 12 19
64:32 19 5 2 1 0 0
64: 1.3 32 6 3 2 0 0
128 : 1.3 27 2 0 0 0 0
TA1537 0 9 12 3 7 5 32 320
16: 1.6 10 32 38 24 11 10
64:32 15 4 2 0 0 0
64:13 9 7 1 1 0 0
128:13 17 1 0 0 0 0
TAI2 0 365 420 455 446 500 855 970
16: 1.6 470 1130 1920 >3000 >3000 >3000
64:32 540 >3000 >3000 >3000 >3000 560
64:13 540 >3000 >3000 >3000 >3000 >3000
128 : 1.3 501 >3000 >3000 2060 490 24
E.coli 0 17 12 16 17 21 204 110
WP2 16: 1.6 118 201 164 213 123 61
uvrA 64:32 130 27 7 4 2 2
64:13 14 40 25 8 3 11
128: 1.3 29 3 0 0 0 0

Y PC., Positive Control: Sodium azide (50 ug/plate) for TA100 and TA1535; 4-Nitroquinoline-1-oxide (0.5 ug/plate) for TA98 and E.coli WP2
uvrA; 9-Aminoacridine (50 pg/plate) for TA1537; Cumene hydroperoxide (100 pg/plate) for TA102
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Table 4. Photo-Ames results of chlorpromazine, retinoic acid, lomefloxacin and anthracene

UVA:UVB TA100 TA1535 TA98 TA1537 TA102 E. coli WP2
(10:1) m¥/em? - + - + - + - + - + - +
Chlorpromazine (ug/plate)
0 105 122 9 16 14 21 5 9 335 413 31 50
1 102 279 8 16 11 35 4 9 329 448 26 57
2 105 236 9 18 16 34 4 9 352 456 23 56
5 99 207 6 18 13 22 4 7 345 442 38 60
10 122 234 10 13 11 30 5 10 335 473 29 54
20 102 228 7 15 21 30 5 21 314 408 29 62
39 121 222 9 18 14 34 5 20 280 362 32 52
78 88 99 8 17 13 31 7 40 200 181 32 36
156 2 37 10 16 12 21 0 4 38 12 27 44
310 0 0 0 0 4 9 0 0 0 0 25 23
Retinoic acid (ug/plate)
0 125 133 15 12 17 20 6 7 320 342 20 26
10 131 167 11 17 15 24 7 6 345 337 17 30
20 121 168 13 13 21 27 7 3 309 371 19 31
39 109 201 14 19 13 26 12 7 321 307 18 32
78 117 119 9 15 17 21 7 4 375 355 21 26
156 115 137 10 14 16 19 8 7 271 356 16 28
313 103 187 12 9 20 27 7 8 263 292 21 32
625 110 176 7 13 12 19 5 4 183 268 23 30
1250 87 149 7 9 14 20 6 4 179 183 20 28
2500 87 159 4 9 14 20 6 5 136 147 16 28
5000 97 154 6 4 11 7 7 6 128 146 11 21
Table 4. Photo-Ames results (continued)
UVA:UVB TA100 TA1535 TA98 TA1537 TA102 E. coli WP2
(10:1) mJ/em? - + - + - + - + - + - +
Lomefloxacin (ug/plate)
0 112 153 14 14 17 12 8 6 337 323 14 22
0.01 111 208 1 13 16 12 8 4 348 393 16 25
0.02 114 199 14 10 12 14 S 5 339 405 20 26
0.03 126 230 11 16 17 15 7 5 345 379 19 28
0.06 125 206 11 14 11 17 7 7 371 430 20 31
0.13 144 297 8 13 15 13 4 7 414 460 20 45
025 82 161 6 9 8 23 8 6 1080 869 20 49
0.5 28 51 2 2 4 10 2 5 2470 2010 15 51
1 3 21 0 1 1 6 0 1 895 1770 4 18
2 0 0 0 0 0 0 0 0 315 670 0 0
Anthracene (ug/plate)
0 104 93 17 19 20 25 8 10 286 383 20 23
10 172 110 18 18 22 38 10 13 248 279 21 32
20 151 99 17 25 21 35 11 10 270 292 30 32
39 134 105 22 25 20 28 8 11 255 262 26 41
78 113 97 17 26 24 29 12 13 233 325 29 29
156 150 110 16 33 24 31 8 15 228 300 27 28
313 119 123 17 31 24 34 8 12 230 238 20 23
625 179 92 10 27 20 33 5 10 163 204 24 37
1250 115 102 11 21 17 33 5 8 140 203 20 34
2500 95 93 13 21 18 31 5 10 137 162 26 34
5000 120 77 13 17 19 30 3 8 130 163 21 24
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Table 5. Relationship between outcome of photo-Ames assay and
the reported photo-carcinogenicity results

Photo-Ames

Photo-carcinogenicity +
Total
Sensitivity” 0.60

The reported photo-carcinogenicity results of chemical substances
were compared with the result from photo-Ames assay

® Sensitivity: proportion of carcinogens positive in each genotoxicity
test

N o
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Alge] AT target MESF AR EAZE 719 Sl 9
Feo]7] wiFel ZFNAREA EAA S A7} 2n)7} et A
%38} QU (Gocke et al., 2000). ©iaiA FHASAAR
o W3t 3Fe] sl Ao ek A4
L2 AR R AA H4A] AJHEA ] ek Adle] &)
£ Aldslr] g At 228 A9 4 97 diol o
A EAA Y B8-S WA o lvk wekd, £
TollME A E A v)Egslel 2RA Aol 23 &
A g EdHelE iR gk 2AA3IA AJHEA] o
3 N EZFA ] 50%T 2] G TxolM AlEE
319ic}. 3k, photo-Ames A3 A%, AIFEATH 55
Al UV AR 7399 WA vk Al Eo
TFE YoM Aldsle kA 7571 led 419 A%
photo-degradation®] UoJuiA] o= 3 A|PEAREe] A
g 7lsA o] ©7] wgel £ Algdre Al AlFYE
A3}t

UVCE 2EZ osir AAF7] Wi gubdes
UVAS} UVBTle] Aidel| =xdgict. meby, 5o 3
FRAZAAGEL 7B ot UVA = UVBY) 48 o
3 AYS AYslh= Aol A=folrt. W L2= UVBH
UVCE= bipyrimidineS 3§4d3le] 4714X1%8 F2 GC -
> AT) E9HIE L8 + ol Aoz *7A g4
(Brash et al., 1991). webA, A|FEA S H2)e}x] 2 o
HIATHS Bl UV 2Pl M EFEdwe] Hpe]
Z7\7t FAHA g UV 24L& 2R olyat AY
2721& E 2. photo-Ames A3 A A, ishdS
fsAY ST AR el 1A AlHEAS
FEA A FAd L2 ettt £3], Retinoic acid®] 3%
rodentZ ©]-43F IPUPAIA ol A FsE & F7AIFI= 7
53 ePdAt photo-Ames A]$€ 3= photo-mutagenicity
7} A3 gl He2 el webA, retinoic acidE H)
FREA 712k BeiM A8t AR Alsdd.

E A= 8BS A A ERY] St HojA BAE

A FHe Al 412 =7} oA A9t photo-Ames A1 ZE
7t w3 migt P dlE5E S oA Belal ol
2% ¥ojFa glv} ubA, clastogenic effects &4 3=
photo-chromosomal aberration?} photo-comet Alde]
FEY B4 271440 FI 5 alehe 2} o)t
(Brendler-Schwaab et al., 2004). E-3], photo-comet A&
ol A5 Algwe] zhdsla 1 Aol digt ARAE F
A8717F $1 A ] ot wWet, 25 Aot o
71 FRASA Al S BRisla 7 ARz Al
o} Pk ol 5540 vlar) B8 g e AmEn.
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