IV, DMAP itz TfT - 72, BRUNAER %2 LCMS
WLV ST Lz RER % Figure 3 1083, E/KERER
DUEHZSBLINI0EEIZTRILEE 25,
RO MS ©—7 ZHER L7205, RINITFERYE
T, AT AERFEREN E 2o, EBIZ, Kk
REZER L& 25, 20 BRITIE, ARy
BT HiERE o7 (Figure4). 87 BF L4
DEFEIXEEVEEICHAEN TS Z b, &
KEORIEHEMENZ EBEZDBND. £ZT6
AL Bn =B EAT 5 Z L TILAEROWIESL N O
FOSHERZEALT 2 Z 2R L, BitEIToT.
6 . Bn fRERETESRIC Lo > THREL, EK
FEER % 5 HEAVWCRISRE OB 21T o 7203,
18 EffdlE TIXE AL EM ORISR T = L % FE
U, 42 B CIXZE DA OENA Lz
(Figure 5). F£7=, —J T 2 il DMTr =20t
U AR — A DRIAERRY D ERRDTRD b7z,
T, @RI A 7 EKERE D> b A U - BERR DR
BIZLBbDIEEEZOND. LVEMRREZE
feir 2 Z & T, BRMELEWHE LIS RSN
BENTZD, FISHBFET LN &SRR D
£, AT—AT v TRELNZ EBEL, AMb
BEMOERRIINTETHZ L& L.

-
L

2. MelQx SHIMEDE AR

~7ua% A2 Y v 7 I (Heterocyclic
amine, HCA) HIIBEMPOEITITEENH/LF
WETHY, TNONDNATHI N5
Z BB TS (Figure 6) 9. 1Q9<° PhIP?
DDNATHI FBIXOZEOFRAFRT IHA b
FIZOVW T TIRARIERHRES LTS 2
B, THETIZHREF DR MelQx 12K H
L, ZODNATH7 PBLOFRAKET IFA
MEZERTAZ L E L. AFETIEL 2R
BWERIBEEZRET 27 DICEEREEZORE
EiTo7z.

1) N2 ERFEES OB
Rizzo D7 V—7F X 3 BLICEBRIKRDOT U L

RIREEZEAL, 2007 I ) EFEEEOR
BRC8MLICT IV EEEATDHZ LIS LT
% (Figure 7). $72bb, 2007 X/ B3RS
P2 TR <, Buchwald-Hartwig i D44t
TS LW EERELTND. £ 2 TR
JETId Scheme 2 [TRTEFH T AT v T OERNV
—hEFME L. 22T, L&MW 3 b 12 25
BT BB, 2 ¥E MelQx, 0.1 ¥4 & Pda(dba)s,

1 ¥ & xantphos, 2 % & Cs200s, & DMF %
F T microwave (27C 100°C, 12 FFR TR &
e & 25, K b0RREGHET = & ZHERR L
7 (Figure 8). Z DGR EZRAIEL, EMET Y
AFNIT BT aw T T T ¢ —ICTORREE
BiTolz b 2 A, R L AR OVERALE S E R
D, EFRMEBEBETSZ LN TEX 2D o7 (data
not shown). ZZ T2{77 I /& (N2) % DMTr
TIR#E LT2LAY (Scheme 2, {LEW4) RV
TRIGEAT2 1L 2 A, kL £ DU HIE
IRES BR-ZT LMD, SHOAERTIE N2
IXPRFE L7 REECHEM B 2 L L L7z (Scheme 3).

2) MelQx HIMEDEARL

AV — b % Scheme 3 (12779, DMTr D&
AL fR#E D=, Scheme 212~ T2 AT v
TR ol {bEB3ILRL, BV VU EKT
12T DMTrCl % s &8 4 ZUINER T83% THELL
72. R1Z Buchwald-Hartwig K T 17 25 7-.
PUSGRMHZ IR UTo R R % Table 112737, &4
L LT 1,4-dioxane # W24, K 50%F2
E UDRISHBET Lied o Tz, £ 2 TR %L THF
WERELRELZA, RIGZERB X ONREOR B
OB, KSR A OB~ DV
HERRELSBETLIOEEZEZOND. RIZTCA
[Z L VL DMTr L 18 & 61% DINETHI. &b
{Z DMF-DMA IZ XV 13 % 98% DINE TR/,

D. &
AHFFETIE, AV 2 DNA ZitE9 5701z,
DNA 7% 7 bOFBAFRT I XA MEEERKT
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BT ELEEME LTHIEZITo7-. BUEELT
VW2 dG-C8-AAF X, 8 fir7 B F /L Em# Az
MiL7c. 8 iz E®mVVEEICHEN TERY,
TEFANREEIBRZIMASBILDLEELZLNR
5. LEedoT, BEPR, RGERFICEEND
KOFEBECRYBRSEONERLETHD

LEZOND. BARND dG-C8-AAF D&k 4E
BEEDZLIITERPSTER, ZORTHER
IZBWT, 6 MifREENLERN EEHA LN
FTBHILNTEE. 600 Bn BCHE#ETE L
B—EKBTH BN, FOMRESRFIT—ETIER
<, ALEHOBEIZIG U TR A &b 2 RErd 5
VERH o7z, 6 MREEEZEKRTHIZLT, &
EOWEF EIZ273 5 Z RIS,

MelQx fHKIZEI L TIE, N2 DERERIGIC
DWTHIRE LTz, BUSIE b0%FEEEIT (RISHF
M 12 BFRE) U7e2s, WEREE, OB & £ ol
HATBR—E LT\ &b, Ao
B O ol RIGEITERN 100%I272 5 &
R0 H 5 VILEEE LY O HIALE D
B {LEWOHEEITED X5 RBETETR
WEEZ BLD. MelQx LSO IR % ST %
BRICEEmRE L2V,

MelQx %##'E & L7z Buchwald-Hartwig it
WZDOWTHRET L, RUSHEEC THFE 238 L%
ZEEHABMNE L. FOEEEZHAVT MelQx
IMED BRI LT, 5%, "RAFe T I
A4 MEDOEREED, 4V 2 DNA OAREITS
FETH 5.
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Table 1 MelQx % EE &L 7= Buchwald-Hartwig i DifE 5=
Entry Scale Condition Yield
: 0.1 mmal MelQx (2 eq), xantphos (1 eq), Cs2COs (2eq), Pda(dba)s (0.14 eq), 22%
’ dioxane (3 ml), microwave, 100dC, 15h (50% complete)
i 0.1 mmel MelQx (2 eq), xantphos (1 eq), Cs2COs (2eq), Pda(dba)s (0.14 eq), 28%
‘ dioxane (3 ml), microwave, 130dC, 15h (50% complete)
g 08 sl MelQx (2 eq), xantphos (1 eq), Cs2COs (2eq), Pda(dba)s (0.1 eq), 42%
’ dioxane (3 ml), microwave, 100dC, 12h (50% complete)
MelQx (2 eq), xantphos (2 eq), Cs2C0s3 (2eq), Pdz(dba)s (0.2 eq),
. 01 amriol dioxane (3 ml), microwave, 100dC, 15h degnp
MeIQx (2 eq), xantphos (1 eq), Cs2COs (2eq), Pda(dba)s (0.12 eq), 0
8 ke gl THF (3 ml), microwave, 100dC, 12h e
MeIQx (2 eq), xantphos (1 eq), Cs2COs (2eq), Pda(dba)s (0.2 eq), 0
6 Slib e THF (3 ml), microwave, 100dC, 6h s
- e MeIQx (2 eq), xantphos (1 eq), Cs2COs (2eq), Pda(dba)s (0.2 eq), 63%

THF (5 ml), microwave, 100dC, 6h
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Allura Red AC (Food Red No. 40) is a red azo dye that is used for food coloring in beverage and con-
fectionary products. However, its genotoxic properties remain controversial. To clarify the in vivo gen-
otoxicity, we treated mice with Allura Red AC and investigated the induction of DNA damage (liver,
glandular stomach), clastogenicity/anuegenicity (bone marrow), and mutagenicity (liver, glandular
stomach) using Comet assays, micronucleus tests, and transgenic gene mutation assays, respectively. All

studies were conducted in accordance with the Organization for Economic Co-operation and Develop-
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Comet assay
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OECD guidelines

ment (OECD) guideline. Although Allura Red AC was administered up to the maximum doses recom-
mended by the OECD guideline, no genotoxic effect was observed in any of the genotoxic endpoints.
These data clearly show no evidence of in vivo genotoxic potential of Allura Red AC administered up to
the maximum doses in mice.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The azo dye Allura Red AC (Food Red No. 40) has been approved
as a food additive in the USA, Europe, and Japan and in many other
countries. The safety of Allura Red AC was evaluated by the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) in 1980
(JECFA, 1980) and then by the EU Scientific Committee for Food
(SCF) in 1984 and 1989 (SFC, 1984, 1989). Based on available in vivo
and in vitro genotoxicity studies, both committees concluded that
Allura Red AC did not show any genotoxic potential. The commit-
tees also concluded that there was no evidence of carcinogenicity of
Allura Red AC and established an Acceptable Daily Intake (ADI) of
0—7 mg/kg/day. However, Tsuda et al. performed a Comet assay in
mice and showed that Allura Red AC induced significant increases
in the migration of nuclear DNA in glandular stomach and colon
tissues without causing general cytotoxicity (Tsuda et al., 2001).
Consequently, the safety of Allura Red AC was re-evaluated by the
panel of the European Food Safety Authority (EFSA) in 2009 (EFSA,
2009). Considering negative carcinogenicity and other genotoxicity
studies of Allura Red AC, however, the biological significance of the
Comet assay results is uncertain. The data from the study by Tsuda
et al. (2001) were also used in a more comprehensive study on the

* Tel.: +81 33700 9872; fax: +81 33700 2348.
E-mail address: honma@nihs.go.jp.

hitp://dx.doi.org/10.1016/j.ct.2015.09.007
0278-6915/© 2015 Elsevier Ltd. All rights reserved.

Comet assay of a broad range of food additives (Sasaki et al., 2002).
This study was not further discussed because it did not present any
new data (EFSA, 2009).

To further clarify the controversies surrounding the report by
Tsuda et al. (2001), we evaluated in vivo genotoxicity of Allura Red
AC in mice using multiple genotoxicity tests consisting of Comet
assays (liver, glandular stomach), micronucleus tests (bone
marrow), and transgenic rodent (TGR) gene mutation assays (liver,
glandular stomach), which can systematically assess the genotoxic
potential of Allura Red AC inducing DNA damage, clastogenicity/
aneugenicity, and mutagenicity, respectively. All studies were
conducted in accordance with the Organization for Economic Co-
operation and Development (OECD) guideline under Good Labo-
ratory Practice (GLP) compliant conditions.

2. Materials and methods
2.1. Test chemicals and genotoxicity testing

The test chemical Allura Red AC [lot no. 060424, Chemical Ab-
stracts Service Registry Number (CASRN) 25956-17-6] was supplied
by San-Ei Gen EFL, Inc. (Osaka, Japan) with 87.5% purity. Allura Red
AC was tested using Comet assays, micronucleus tests, and TGR
assays, which were performed by the Food and Drug Safety Center,
Hadano Institute, Kanagawa, Japan, the Safety Research Institute for
Chemical Compounds, Hokkaido, Japan, and the BioSafety Research
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Center, Shizuoka, Japan, respectively. All studies were performed
under GLP compliant conditions in accordance with the OECD
guideline. Animals were treated in accordance with regulations of
the Animal Care and Use Committees of the laboratories, and the
National Institute of Health Sciences (NIHS), Japan.

2.2. Comet assay

2.2.1. Animals and treatment

The Comet assay was conducted in accordance with TG 489
(In vivo mammalian Alkaline Comet Assay; OECD, 2014).

Male CD2F1 mice [CD2F1/Crlj (CDF1), SPF/VAF] were purchased
at the age of 8 weeks from Charles River Laboratories, Japan. Ani-
mals were acclimatized for 8 days before the start of the treat-
ments. Food (CE-2 pellet feed, CLEA Japan) and water were
provided ad libitum. In total, 25 mice were used in experiments,
including 5 mice in each of the 3 dose groups and 5 each in the
positive and negative control groups.

The test chemical and the positive control (ethyl methanesulfo-
nate; EMS, lot no. 125K1797, Sigma Aldrich, St. Louis, MO) were dis-
solved in physiological saline (Hikari Pharmaceutical, Japan) prior to
the treatment of animals. Dosing formulations of the test chemical
and the negative control substance were orally administered 2 times
using stomach tubes and plastic syringes at 24 h and 3 h before tissue
sampling. Dosing formulations of the positive control substance were
orally administered once using stomach tubes and plastic syringes at
3 h before tissue sampling. The maximum dose (2000 mg/kg) was
determined using preliminary toxicity tests (data not shown), and
was the highest dose used in OECD TG489. Therefore, doses of 2000,
1000, and 500 mg/kg were tested.

2.2.2. Comet analyses

Mice were euthanized by exsanguination after intraperitoneal
injection of pentobarbital sodium. The liver and stomach were
removed from each mouse, and portions of the left lateral lobe of
the liver were removed and washed in cold mincing buffer (Hank's
balanced salt solution without calcium and magnesium) containing
20 mM NazEDTA and 10% (v/v) dimethyl sulfoxide until as much
blood as possible had been removed. Stomach epithelia were
collected from the surface of the glandular stomach by gently
scraping 4—5 times. Samples of the liver lobe and surface epithelia
from the glandular stomach were minced using a pair of fine scis-
sors to release cells. The cells were then suspended in cold mincing
buffer, were filtered through a Falcon Cell Strainer (50-pum pore,
Becton, Dickinson and Company, Franklin Lakes, NJ) to remove
lumps, and were analyzed using Comet assays according to previ-
ously described procedures (Burlinson et al., 2007; Hartmann et al,,
2003; Speit et al., 2015). In brief, cells were embedded in 0.5% (w/v)
low-melting point agarose gels (NuSieve GTG, Lonza, Allendale, NJ)
on 2 slides for each organ. The slides were then immersed in chilled
lysing solution containing 2.5 M NaCl, 100 mM NazEDTA, 10 mM
Tris (hydroxymethyl) aminomethane, 1% (v/v) Triton-X100, and 10%
(v[v) dimethyl sulfoxide (pH 10) overnight in a refrigerator. After
cell lysis, the slides were rinsed with cold purified water and
randomly placed onto a platform in a submarine-type electropho-
resis tank. Subsequently, electrophoresis solution containing
300 mM sodium hydroxide and 1 mM Na;EDTA was added until all
slides were completely covered with solution. The slides were then
incubated for 20 min to allow the DNA to unwind, and were then
electrophoresed for 20 min at a constant voltage to achieve
approximately 0.7 V/cm. The electrophoresis current was adjusted
to approximately 0.30 A by the addition of electrophoresis solution,
and the electrophoresis solution was maintained below 10 °C
during unwinding and electrophoresis. Subsequently, slides were
immersed in cold neutralization buffer containing 400 mM Tris

(hydroxymethyl) aminomethane (pH 7.5) for 20 min, were dehy-
drated by immersion in ethanol for 10 min, and were then dried
and stored at room temperature until observation. Slides were
stained with SYBR Gold solution (Life Technologies, Rockville, MD)
and were observed by fluorescence microscopy with a blue
extinction filter (excitation 460—490 nm, emission 515 nm) and
a x 200 lens. Numbers of heavily damaged cells (hedgehogs)
among 100 cells per tissue were manually determined using 2
slides, and the cells were separately counted using an image
analyzer system (Comet assay IV, Perspective Instruments, Suffolk,
England). For each tissue, 100 cells were analyzed using two slides.
DNA damage was assessed according to percentages of tail DNA,
which were calculated as the intensity of the Comet tail relative to
the total intensity.

2.2.3. Statistics

Mean percentages of tail DNA were compared between each
treatment group and the negative control group using Dunnett's
multiple comparison test (1-tailed), and differences were consid-
ered significant when p < 0.05 and p < 0.01.

2.3. Micronucleus test

2.3.1. Animals and treatment

The micronucleus test was conducted in accordance with TG 474
(Mammalian Erythrocyte Micronucleus Test, OECD, 1997).

Male CD1 mice (Crlj:CD1) were purchased at 6 weeks of age
from Charles River Laboratories, Japan and were acclimatized for 7
days before treatments. Food (CRF-1 pellet feed, Oriental Yeast,
Japan) and water were provided ad libitum. Thirty mice were used
for the experiment (6 mice per treatment, positive control, and
negative control group).

The test chemical was dissolved in 0.5% carboxymethylcellulose
sodium (CMC; lot no. 8108, Maruishi Pharmaceutical, Japan) solu-
tion prior to administration. As a positive control, Mitomycin C
(MMC; lot no. 7K81, Kyowa Kirin, Japan) was dissolved in water for
injection (Otsuka Pharmaceutical Factory, Japan). Dosing formula-
tions of the test article and the negative control (0.5% CMC) were
orally administered daily for 2 days with a 24-h interval using
stomach tubes and plastic syringes. Dosing formulations of the
positive control substance were administered in a single intraper-
itoneal injection using a disposable syringe fitted with a 25-G
needle. The maximum dose (2000 mg/kg) was determined from
the literature (JECFA, 1980) and was the highest dose used in OECD
TGA474. Therefore, doses of 2000, 1000, and 500 mg/kg were tested.

2.3.2. Micronucleus analyses

Mice were sacrificed by cervical dislocation at 23—24 h after the
final treatment. Subsequently, femurs was removed and bone
marrow cells were flushed from femurs into centrifuge tubes using
calf serum (lot no. 1361699, Life Technologies, Japan). Cells were
then resuspended in Dulbecco's phosphate-buffered saline (PBS, lot
no. RNBD3941, Sigma—Aldrich, Japan) and were centrifuged, and
supernatants were then removed. These procedures were per-
formed twice, and then cells were fixed in 10% neutral-buffered
formalin solution (for tissue fixative use: lot no. KPP6385, Wako
Pure Chemical, Japan). After exchanging the fixative twice by
centrifugation, cells were re-suspended in formalin solution, and
the cell suspension was filtered through a cell strainer (pore size
35 pm, Becton, Dickinson and Company, Franklin Lakes, NJ). Fixed
cell suspensions were then dropped onto cover slips and were
immediately placed on acridine orange coated slides (lot no.
SDE3454, Wako Pure Chemical, Japan). Two thousand poly-
chromatic erythrocytes (PCEs) per animal were analyzed using a
fluorescent microscope with a x 1000 lens, equipped with a blue
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excitation filter and a barrier filter (BX50: BXFLA, Olympus, Japan),
and numbers of micronucleated polychromatic erythrocytes
(MNPCEs) were counted. To investigate the influence of the test
substance on bone marrow cell proliferation, numbers of PCEs in a
total of 500 erythrocytes were counted.

2.3.3. Statistical analysis

Frequencies of MNPCEs in treatment and positive control groups
were compared with those in the negative control group using
conditional binomial tests (Kastenbaum and Bowman test, upper-
tailed significance level of 0.05).

24. TGR assay

2.4.1. Animals and treatment

TGR assay was conducted to assess the induction of gene mu-
tations in the clI gene using Muta™ Mice (Jakubczak et al., 1996) in
accordance with TG 488 (Transgenic Rodent Somatic and Germ Cell
Gene Mutation Assays; OECD, 2013).

Male Muta™ Mice (CD,-LacZ80/HazfBR) were purchased at 9
weeks of age from Japan Laboratory Animals, Inc., Japan and were
acclimatized for 11 days before treatments. Food (CRF-1 pellet feed,
Oriental Yeast, Japan) and water were provided ad libitum. In total,
28 mice were used for the experiment (6 mice per treatment and
negative control groups and 4 mice in the positive control group).

The test chemical was dissolved in water for injection (Otsuka
Pharmaceutical Factory, Japan) prior to administration. The positive
control 7, 12-dimethylbenz[a]anthracene (DMBA, lot no. FINO1,
Tokyo Chemical Industry, Co., Ltd., Japan) was mixed with olive oil
(lot no. PEL2965, Wako Pure Chemical Industries, Japan), and
dosing formulations of the test substance and the negative control
(water for injection) were orally administered once daily for 4
weeks using stomach tubes and plastic syringes. Dosing formula-
tions of the positive control substance were administered by
intraperitoneal injection once daily for 2 days using a disposable
syringe fitted with a 25-G needle. The maximum dose (1000 mg/
kg) was determined from the literature (JECFA, 1980), and it was the
highest dose used in OECD TG488. Therefore, doses of 1000, 500,
and 250 mg/kg were tested.

2.4.2. Detection of gene mutations

Mice were sacrificed by CO, asphyxiation 3 days after the last
treatment. Subsequently, liver and stomach tissues were collected,
stomach tissues were divided into forestomach and glandular
stomach, and genomic DNA was extracted from liver and glandular
stomach samples according to previously reported methods

Table 1

Table 2
The results of micronucleus test in bone marrow of CD1 mice after Allura Red AC
treatment.

Compound Dose(mg/kg)  No.of animal % MNPCE* % PCE
Control [¢] 5 0.14 = 0.07 633 £ 8.1
Allura Red AC 500 5 0.20 + 0.04 618 +5.1
1000 5 0.14 + 0.07 614 +9.1
2000 5 0.17 + 0.14 629 + 5.0
MMC 1 5 3.66 + 0.94™ 56.0 + 8.1

**:p < 0.01, significant difference from control (Kastenbaum and Bowman method,
upper-trailed).
Control: negative control (0.5% Carboxymethylcellulose sodium, 10 ml/kg).
MMC: positive control (Mitomycin C, dose once a day, for 2 days, ip., 1 days after
administration).

¢ Polychromatic erythrocytes possessing one or more than one micronuclei
(MNPCEs) were counted.

(Matsumoto et al., 2014).

DNA packaging was performed according to the instruction
manual of Transpack (Stratagene, La Jolla, CA). In brief, DNA solu-
tions (200—600 pg/mL) were gently mixed with the Transpack
packaging extract and were incubated 2 times at 30 °C for 1.5 h; SM
buffer containing NaCl, MgSO4-7H;0, Tris—HCl (pH 7.5), and gelatin
was then added. Escherichia coli were absorbed into phage solution
at room temperature for 20—30 min. An appropriately diluted E. coli
solution was mixed with LB top agar for titer plates, and selection
plates were produced by mixing the remaining phage—E. coli so-
lution with LB top agar containing P-gal (phenyl-B-p-galactoside,
Sigma—Aldrich). Selection plates were then incubated overnight at
37 °C, and packaging was repeated to reach a total number of
300,000 plaques. Mutant frequencies (MFs) were calculated as
follows: MFs = total numbers of plaques on selection plates/total
numbers of plaques on titer plates.

2.4.3. Statistical analysis

Differences in MFs were analyzed for significance by the Con-
ditional Binomial test (Kastenbaum and Bowman method: upper
tailed significance level of 0.05). The results were evaluated as
positive when the mutant frequency in the test substance treated
group was significantly different from that in the negative control
group.

3. Results
3.1. Comet assays

No deaths and no clinical signs of toxicity were observed in any

The results of Comet assay in liver and glandular stomach of CDF1 mice after Allura Red AC treatment.

Tissues & compound Dose (mg/kg) No. of animal Hedge-hogs (%) % Of DNA in tail Olive tail moment Tail length(um)
Average + SD Median Average = SD Median Average + SD Median

Liver

Control 0 5 4.0 28 +6.1 1.0 09 +20 0.3 64.6 £ 133 63.5

Allura Red AC 500 5 42 2.7 +45 1.2 07+13 0.3 624 +12.0 64.1
1000 5 20 34+46 1.9 09+13 0.6 68.7 + 11.7 679
2000 5 46 38+49 23 1.0+ 1.5 0.6 651+ 129 64.3

EMS 300 5 6.0 11.5 + 7.4* 9.8 31+22 2.6 735+ 118 723

Glandular stomach

Control 0 5 12.8 96 +£10.7 55 28+34 15 732+ 134 71.5

Allura Red AC 500 5 84 52+90 12 15+27 0.3 64.7 + 145 63.3
1000 5 10.8 7.0 £ 10.0 26 21+33 0.7 69.1 £ 15.6 66.9
2000 5 15.0 80+122 25 24+39 0.7 73.5 159 715

EMS 300 5 10.9 16.1 + 12.8* 11.6 46 +4.0 3.1 79.1 £ 13.7 773

*:p < 0.05, significant difference from control (Dunnett's multiple comparison test, one tailed).

Control: negative control (physiological saline, 10 ml/kg).

EMS: positive control (Ethyl methanesulfonate, one time, i.p., 3 h after administration).
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Table 3
The results of TGR assay in liver of Muta™ Mouse after Allura Red AC treatment.

Compound Dose (mg/kg) Animal ID no. Number of Number of Mutant frequency Mutant frequency
plaque forming mutant plaques (x107) (x107%) Average + S.D.
units
Control 0 001 585,000 45 76.9 61.1 £15.6
002 1,070,100 43 402
003 569,700 41 72.0
004 313,200 21 67.0
005 505,800 25 494

Allura Red AC 250 101 505,800 40 79:1 67.9 +10.2
102 570,800 38 66.6
103 718,200 40 55.7
104 426,600 33 774
105 576,900 35 60.7

500 201 598,500 34 56.8 649 +10.3
202 729,900 48 65.8
203 605,700 45 743
204 649,800 49 754
205 478,800 25 52:2

1000 301 308,700 13 42.1 57.5+10.8
302 456,100 33 72.0
303 430,200 26 60.4
304 474,300 26 54.8
305 1026,700 60 58.3

DMBA 20 401 537,300 28 52.1 75.0 + 20.5*

402 522,900 48 91.8
403 456,300 37 81.1

*:p < 0.05, significant difference from control (Kastenbaum and Bowman method, upper-trailed).

Control: negative control (water, 10 ml/kg).

DMBA: positive control (7, 12-Dimethylbenz{a]anthracene, dose once a day, for 2 days, i.p., 3 days after administration).

of the treatment groups. Comet assays of liver and glandular
stomach tissues were performed (Table 1). As indicators of DNA
damage, percentages of DNA in the tail, Olive tail moments, and tail
lengths were measured. Numbers of heavily damaged cells
(hedgehogs) were also determined but were excluded from ana-
lyses of Comet data. No significant differences in numbers of
hedgehogs or DNA damages were observed in either organ be-
tween Allura Red AC-treated animals and negative control animals.
In contrast, the positive control (EMS) group showed significant
increases (p < 0.05) in percentages of DNA in Comet tails from both

organs.

3.2. Micronucleus tests

No deaths and no clinical signs of toxicity were observed in any
of the treatment groups. No differences in body weight were
observed between control and treatment groups at the end of
treatment (data not shown). In micronucleus tests (Table 2), no
significant differences in MNPCEs were found between Allura Red
AC treatment groups and the negative control group. The frequency

Table 4
The results of TGR assay in glandular stomach of Muta™ Mouse after Allura Red AC treatment.
Compound Dose (mg/kg) Animal ID no. Number of Number of Mutant frequency Mutant frequency
plaque forming units mutant plaques (x1075) (x107%) Average + S.D.

Control 0 001 1,183,500 56 473 60.5+ 9.8
002 909,900 62 68.1
003 1,057,500 69 65.2
004 850,500 45 529
005 957,600 66 68.9

Allura Red AC 250 101 845,100 56 66.3 65.2 = 6.4
102 1,010,700 56 554
103 947,700 68 71.8
104 932,400 65 69.7
105 635,400 40 63.0

500 201 788,400 44 55.8 481+ 8.2
202 972,900 41 421
203 1,467,900 65 443
204 1,103,400 64 58.0
205 1,215,900 49 40.3
1000 301 1,042,200 51 489 50.8 + 10.0

302 553,500 22 39.7
303 1,511,100 70 463
304 1,359,900 71 52.2
305 689,400 46 66.7

DMBA 20 401 864,900 50 57.8 66.7 £ 15.2
402 843,300 49 58.1
403 1,186,200 100 843

Control: negative control (water, 10 ml/kg).

DMBA: positive control (7, 12-dimethylbenz[a]anthracene, dose once a day, for 2 days, i.p., 3 days after administration).
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Fig. 1. Chemical structure of Allura Red AC (Food Red No. 40).

of PCEs, which offers an index of the influence of the test substance
on bone marrow cells, did not differ between any of the treatment
groups and the negative control group. In contrast, the frequency of
MNPCEs in the positive control group was markedly increased
(p < 0.01) in comparison with that in the negative control group.

3.3. TGR assay

No deaths and no clinical signs of toxicity were recorded in any
of the treatment groups. In addition, body weight gains during
treatment were the same in all treatment groups (data not shown).
MFs of cll genes in liver and glandular stomach tissues from Allura
Red AC-treated animals were not significantly higher than those in
respective negative control animals (Tables 3 and 4). In contrast, the
positive control DMBA significantly increased MFs in the liver
(p < 0.05), and MFs were slightly but insignificantly induced in
stomach tissues. However, these weak response may be adequate
as positive control in TGR assay.

4. Discussion

Aromatic azo compounds such as Allura Red AC (Fig. 1) bear
structures that have been associated with bacterial mutagenicity in
Ames mutagenicity assays (Ashby and Tennant, 1988; Tennant and
Ashby, 1991). However, no previous Ames mutagenicity assays have
demonstrated the mutagenic potential of Allura Red AC (Brown
et al., 1978; Fujita et al, 1995; Muzzall and Cook, 1979; Zeiger and
Margolin, 2000). Similarly, no genotoxicity of Allura Red AC was
demonstrated in Saccharomyces cerevisiae gene mutation assays,
mouse heritable translocation assays, or a sex-linked recessive le-
thal test in Drosophila melanogaster (JECFA, 1980). There has been a
few reports of genotoxic evaluation of Allura Red AC examined by
OECD in vivo genotoxicity tests. Abramsson-Zetterberg and llback
(2013) recently conducted flow cytometry-based in vivo mice
micronucleus tests and demonstrated no induction of micronuclei
in the bone marrow after single intraperitoneal injections of up to
2000 mg/kg Allura Red AC.

In contrast, Tsuda et al. (2001) conducted in vivo Comet assays
to assess DNA damage after orally administering Allura Red AC to
groups of male mice at doses of 0, 1, 10, 100, 1000, and 2000 mg/
kg. Three hours after administration, significant increases in DNA
damage were observed in glandular stomach tissues at doses of
>100 mg/kg. In addition, significant differences in DNA damage in
the colon were observed between treatment and control animals
at doses of >10 mg/kg, with a dose—response relationship up to
100 mg/kg. In lung tissues, DNA damage was also slightly
increased at a dose of 1000 mg/kg. Other organs, including the
liver, kidney, bladder, brain, and bone marrow, exhibited no DNA

damage at any dose. Moreover, histopathological examination
revealed no necrotic and apoptotic effect on the colon and glan-
dular stomach tissues, and the authors concluded that the
observed DNA damage was not likely to produce severe cytotox-
icity (Tsuda et al., 2001). This is only an original article demon-
strating genotoxicity of Allura Red. Sasaki et al. (2002) also
reported the results of in vivo Comet assay of broad range of food
additives including Allura Red AC. However, these studies were
conducted neither under GLP compliant nor in accordance with
OECD guideline.

In the present study, we evaluated in vivo genotoxicity of Allura
Red AC in mice using a series of genotoxicity tests consisting of
Comet assay (liver, glandular stomach), micronucleus test (bone
marrow), and TGR assay (liver, glandular stomach), which can
systematically assess DNA damage, clastogenicity/aneugenicity,
and mutagenicity, respectively. All studies were conducted in
accordance with OECD guideline under GLP compliant condition.
Allura Red AC was orally administered to mice up to the maximum
dose recommended by the OECD guidelines; 1000 mg/kg/day for
treatment period of 28 days (TGR assay) and 2000 mg/kg/day for
treatment periods of 14 days or less (Comet assay and micronu-
cleus test). No clinical signs of toxicity or weight gain were
observed during the treatment period, indicating that the acute
oral toxicity of Allura Red AC is very low in mice. Accordingly, no
apparent cytotoxicity was observed in terms of numbers of
hedgehogs in the liver and glandular stomach (Comet assay) or
percentages of PCEs in the bone marrow (micronucleus test) at
any of the doses tested. All genotoxic endpoints including Comet
assays clearly indicated no genotoxic effect on the mice of any
treatment of Allura Red AC, in contrast with the data reported by
Tsuda et al. (2001).

Although Allura Red AC doses and treatment schedules were
similar in the present study and the Comet assays performed by
Tsuda et al., differences in Comet assay protocols may have led to
the ensuing discrepancies of the result in the glandular stomach
between the two studies. In particular, two Comet specimens are
allowed in the OECD TG 489 guideline, isolated cells and isolated
nuclei, which are generally prepared by mesh filtration and ho-
mogenizing of minced tissues, respectively. Although no essential
differences of results have been demonstrated between isolated
cells and isolated nuclei (Tice et al,, 2000), Nakajima et al. (2012)
suggested that the isolation of nuclei using a Potter-type homog-
enizer, as in the study by Tsuda et al., leads to significant DNA
damage during the Comet preparation, and recommended the use
of a Dounce-loose-type homogenizer to prepare intact nuclei for
Comet assays. Other protocols for cell lysis and unwinding as well
as electrophoresis conditions differed between the present study
and that reported by Tsuda et al. In Comet evaluation, moreover, we
measured percentages of DNA in tails, Olive tail moments, and tail
lengths were determined, and finally judged the result by per-
centages of DNA in tails as recommended by the OECD TG489
guideline, whereas Tsuda et al. primarily assessed “mitigation of
nuclear DNA” according to the lengths of whole Comets and di-
ameters of Comet heads. These technical differences may be the
source of differing results.

However, we did not examine colon tissues in the present study,
which yielded the strongest DNA damage in the study of Tsuda et al.
Some sulphonated aromatic amine metabolites of Allura Red AC,
possibly produced from azo-reduction in gastrointestinal tracts,
may have genotoxic potential (Jung et al., 1992). Thus, further
studies are required to examine the mutagenic properties of these
metabolites and may resolve the present controversies. In conclu-
sion, the present data show no evidence of the in vivo genotoxic
potential of Allura Red AC administered up to maximum doses in
mice.



