MAGENTA AND MAGENTA PRODUCTION

Historically, the name Magenta has been used to refer to the mixture of the four major
constituents comprising Basic Fuchsin, namely Basic Red 9 (Magenta 0), Magenta [
(Rosaniline), Magenta II, and Magenta III (New fuchsin). Although samples of Basic
Fuchsin can vary considerably in the proportions of these four constituents, today each of
these compounds except Magenta II is available commercially under its own name.
Magenta I and Basic Red 9 are the most widely available.

1. Exposure Data

1.1 Chemical and physical data
1.1.1  Magenta l

(a)  Nomenclature

Chem. Abstr. Serv. Reg. No.: 632-99-5

CAS Name: 4-[(4-Aminophenyl)(4-imino-2,5-cyclohexadien-1-ylidene)methyl]-2-
methylbenzenamine, hydrochloride (1:1)

Synonyms: 4-[(4-Aminophenyl)(4-imino-2,5-cyclohexadien-1-ylidene)methyl]-2-
methylbenzenamine, monohydrochloride; Basic Fuchsin hydrochloride; C.1. 42510;
C.I. Basic Red; C.1. Basic Violet 14; C.I. Basic Violet 14, monohydrochloride; 2-
methyl-4,4'-[(4-imino-2,5-cyclohexadien-1-ylidene)methylene]dianiline
hydrochloride; rosaniline chloride; rosaniline hydrochloride
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(b)  Structural formula, molecular formula, and relative molecular mass
NH - HCI
H,N g g NH,
CH;
CyH9N3.HC1 Rel. mol. mass: 337.85

(c)  Chemical and physical properties of the pure substance

Description: Metallic green, lustrous crystals (O’Neil, 2006; Lide, 2008)
Melting-point: Decomposes above 200 °C (O’Neil, 2006; Lide, 2008)

Solubility: Slightly soluble in water (4 mg/mL); soluble in ethanol (30 mg/mL) and
ethylene glycol methyl ether (30 mg/mL); insoluble in diethyl ether (Green, 1990;
O’Neil, 2006; Lide, 2008)

(d)  Trade names
Trade names for Magenta I include: Aizen Magenta; Aniline Red; Astra Fuchsine B;

Basic Fuchsine; Basic Fuchsin; Basic Magenta; Basic Magenta E-200; C-WR Violet §;
Calcozine Fuchsine HO; Calcozine Magenta RIN; Calcozine Magenta RTN; Calcozine
Magenta XX; Cerise B; Diabasic Magenta; Diamond Fuchsin; Diamond Fuchsine;
Fuchsin; Fuchsin Basic; Fuchsine; Fuchsine A; Fuchsine CS; Fuchsine G; Fuchsine HO;
Fuchsine N; Fuchsine RTN; Fuchsine SBP; Fuchsine Y; Magenta; Magenta DP; Magenta
E; Magenta G; Magenta PN; Magenta S; Magenta Powder N; Magenta Superfine;
Magenta Super Fine; Methyl Fuchsin; Mitsui Magenta; Orient Basic Magenta; RGB 20;
RGN 10.

1.1

2 Magenta Il

(a)  Nomenclature

Chem. Abstr. Serv. Reg. No.: 26261-57—4

CAS Name: 4-[(4-Aminophenyl)(4-imino-3-methyl-2,5-cyclohexadien-1-
ylidene)methyl]-2-methylbenzenamine, hydrochloride (1:1)

Synonyms: 4-[(4-Aminophenyl)(4-imino-3-methyl-2,5-cyclohexadien-1-
ylidene)methyl]-2-methylbenzenamine, monohydrochloride; a4-(p-aminophenyl)-
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04-(4-imino-3-methyl-2,5-cyclohexadien-1-ylidene)-2,4-xylidine,
monohydrochloride; dimethyl fuchsin
(b)  Structural formula, molecular formula, and relative molecular mass

NH - HCI

I CHs
H,N ! ! NH,

CH;,
C, H,N3 . HCI Rel. mol. mass: 351.87

(c)  Chemical and physical properties of the pure substance

No information was available to the Working Group.

(d)  Technical products and impurities

Magenta I is not available as a separate commercial product.

1.1.3  Magenta 11l

(a)  Nomenclature

Chem. Abstr. Serv. Reg. No.: 3248-91-7

CAS Name: 4,4’-[(4-imino-3-methyl-2,5-cyclohexadien-1-
ylidene)methylene]bis[2-methylbenzenamine], hydrochloride (1:1)

Synonyms: 4-[(4-Amino-3-methylphenyl)(4-imino-3-methyl-2,5-cyclohexadien-1-
ylidene) methyl]-2-methylbenzenamine, monohydrochloride; 4-[(4-amino-m-
tolyl)(4-imino-3-methylcyclohexa-2,5-dien-1-ylidene)methyl]-o-toluidine,
monohydrochloride; Basic Violet 2; C.1. 42520; C.I. Basic Violet 2; C.I. Basic
Violet 2, monohydrochloride; 4,4'-[(4-imino-3-methyl-2,5-cyclohexadien-1-
ylidene)methylene]bis[2-methylbenzenamine], monohydrochloride
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(b)  Structural formula, molecular formula, and relative molecular mass

NH - HCI

I CH;
H;C I I I
H,N NH,
CH;

Cy»H,3N3 HCI Rel. mol. mass: 365.90

(¢)  Chemical and physical properties of the pure substance

Description: Green crystalline powder (Green, 1990)
Solubility: Soluble in water (20 mg/mL), ethanol (20 mg/mL), and ethylene glycol
methyl ether (20 mg/mL) (Green, 1990)

(d)  Trade names

Trade names for Magenta III include: Astra New Fuchsine G; Astrazon Fuchsine GN;

Calcozine New Fuchsine; Fuchsin NB; Leather Ruby HF; Magenta ABN; Neofuchsine;
New Fuchsin; New Fuchsine; New Fuchsine G Crystal; New Magenta; Remacryl
Magenta B.

1.1

4 Basic Red 9 (Magenta 0)

(a)  Nomenclature

Chem. Abstr. Serv. Reg. No.: 569-61-9

CAS Name: 4,4'-[(4-imino-2,5-cyclohexadien-1-
ylidene)methylene]bis[benzenamine], hydrochloride (1:1)

Synonyms: Basic Parafuchsine; Basic Red 9; C.1. 42500; C.I. Basic Red 9; C.I.
Basic Red 9, monohydrochloride; para-Fuchsin; para-Fuchsine; 4,4'-[(4-imino-
2,5-cyclohexadien-1-ylidene)methylene]bis[benzenamine], monohydrochloride;
4,4'-(4-iminocyclohexa-2,5-dienylidenemethylene)dianiline hydrochloride;
Magenta 0; Parafuchsin; Parafuchsine; Parafuchsin hydrochloride; Para Magenta;
Pararosaniline; Pararosaniline chloride; Pararosaniline hydrochloride; para-
Rosaniline hydrochloride



MAGENTA AND MAGENTA PRODUCTION 301

(b)  Structural formula, molecular formula, and relative molecular mass

NH - HCI

|
AT T,

CioH7N3.HCl Rel. mol. mass: 323.82

(c)  Chemical and physical properties of the pure substance

Description: Pale violet powder (Lide, 2008)

Melting-point. 269 °C (decomposes) (Lide, 2008)

Solubility: Slightly soluble in water (3 mg/mL); soluble in ethanol (25 mg/mL) and
ethylene glycol methyl ether (70 mg/mL) (Green, 1990)

(d)  Trade names

Trade names for C.I. Basic Red 9 (Magenta 0) include: Calcozine Magenta N;
Fuchsine DR 001; Fuchsine SP; Fuchsine SPC; and Orient Para Magenta Base.

1.1.5  Analysis

The first reports on analysis of magenta were published during the 1960s. The more
recent studies have involved the use of LC/MS, in which laser-desorption electrospray
ionization was employed to analyse paper and textiles for the presence of magenta.
Assessments using high-resolution TLC, including an electromolecular propulsion
method, have been reported (Table 1.1).

An LC-MS method involving electrospray ionization has been developed to
distinguish Magenta 0 from its homologues, which have identical UV-visible absorption
spectra (Huang ef al., 2005).

1.2 Production and use

1.2.1 Production

Magenta was among the first synthetic dyes to be produced, beginning in the 1850s
(Bannister & Elliot, 1983). Magenta was produced commercially in England (Bannister &
Olin, 1965) and in the USA (US Tariff Commission, 1922). In the United Kingdom, the
process for manufacturing magenta has involved condensation of ortho-toluidine (see
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IARC, 1982a, 1987) and formaldehyde (see IARC, 1982b, 1987) in the presence of
nitrotoluene, resulting mainly in the production of Magenta III (Howe, 1977). Magenta I
is prepared by the reaction of a mixture of aniline (see IARC, 1982a, 1987), ortho- and
para-toluidine and their hydrochlorides with nitrobenzene or a mixture of nitrobenzene
and ortho-nitrotoluene in the presence of ferrous chloride, ferrous oxide and zinc chloride
(US National Library of Medicine, 1992). C.I. Basic Red 9 is prepared by the reaction of
aniline with formaldehyde in the presence of hydrogen chloride, forming 4.4’-
methylenedianiline (see IARC, 1986), which is then heated with aniline and aniline
hydrochloride in the presence of nitrobenzene and ferric chloride (US National Library of
Medicine, 1992).

Table 1.1. Selected methods of analysis of magenta in various matrices

Sample matrix Sample preparation Assay method Detection Reference
limit

Solvent mixtures  Apply to stationary EMP-TLC Not given Haber (1998)
phase, develop plate

Natural and Dissolve dye (10° M) in IPTLC 500ng Misra & Gupta

synthetic samples  ethanol-water (4:1, v/v). (2002)

Dyestuffs and Place dye sample or cut ~ LC-MS with ESI  Sppm Huang et al.,

textile fibres dyed cotton fibre in (2005)

glass vials, add 2-
propanol/water (4:1),
heat, remove fibres, and
evaporate. Dissolve
residue in methanol for
analysis.

EMP, electromolecular propulsion; ESI, electrospray ionization; IPTLC, ion-pair thin-layer
chromatography; LC-MS, liquid chromatography-mass spectrometry; TLC, thin-layer chromatography

Magenta III is prepared by condensation of two moles of ortho-toluidine with
formaldehyde in nitrobenzene in the presence of iron salts to give the corresponding
substituted diphenylmethane base. This base is not isolated, but undergoes an oxidative
condensation with another mole of ortho-toluidine to produce the dye (Thetford, 2000).

No recent data were available on the production of magenta or C.I. Basic Red 9.
Production data for Magenta I in the USA were last reported for 1964, when the
combined production of five producers was reported as 53 tonnes (US Tariff
Commission, 1965). Production of C.I. Basic Red 9 in the USA was estimated as greater
than 0.9 tonnes in 1972 and 0.5 tonnes in 1975 (US National Library of Medicine, 1992).

The USEPA (2003, 2007) Inventory Update Rule regulation requires manufacturers
and importers of certain chemical substances listed in the TSCA Chemical Substance
Inventory to report manufacturing information (aggregate production volumes) for
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chemicals manufactured (including imported) in amounts of 10 000 pounds [4500 kg] or
greater (in 1986) or 25 000 pounds [11 000 kg] or greater (in 2003) at a single site. The
aggregate production volume reported for Magenta I in 1990 was 10 000-500 000 pounds
[4500-227 000 kg].

Available information indicates that Magenta I was produced and/or supplied in
research quantities in the following countries: Canada, Germany, Hong Kong Special
Administrative Region, India, the Netherlands, Switzerland, the United Kingdom, and the
USA (Chemical Sources International, 2008).

Magenta III was produced and/or supplied in research quantities in the following
countries: Canada, Germany, India, Japan, Switzerland, and the USA (Chemical Sources
International, 2008).

Magenta 0 was produced and/or supplied in research quantities in the following
countries: Germany, Hong Kong Special Administrative Region, India, Japan, the
Netherlands, Switzerland, and the USA (Chemical Sources International, 2008).

1.2.2 Use

The general population can be exposed to magenta through a variety of uses. Under
the name of Basic Violet 14, magenta is used in hair dyes and is also used in cosmetic
products not intended to come in contact with mucous membranes (EU Directive
76/768/EEC). Magenta stains animal fibres directly and vegetable fibres after mordanting.
Under the name of Basic Red 9, magenta is also used as a colourant in artists’ paints.
Magenta III is used as a thin-layer chromatography developing agent for perfluorinated
organics (Williams ef al., 1992).

Magenta is antiseptic against gram-positive bacteria and can be used in dermatology
for the treatment of pyoderma, dermatitis, intertrigo, eczema, and burns in solutions of 2%
to 5% (Balabanova et al., 2003). Known as Castellani’s paint or magenta paint, it has
been used topically since it was introduced in the 1920s (Castellani, 1968) to treat skin
conditions such as fungal skin lesions (Whitwell, 1968) or infective dermatitis (Shelley,
2004). Carbol-Fuchsin solution, containing less than 1% of CI Basic Red 9, is used to
treat postoperative phenol nail procedures and as a dermal first-aid antiseptic drying agent
(Biogenex, 2003).

Magenta is reported to be used as a food-irradiation dosimeter in an aqueous solution
of 3.13x10” mol/L (Khan & Naz, 2007) and as a meat-marking colour in New Zealand
(Dacre, 1971).

1.3 Occurrence

1.3.1 Natural occurrence

Magenta is not known to occur as a natural product.
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1.3.2  Occupational exposure

The only well-described groups of workers exposed to magenta include those in a
dyestuffs-manufacturing plant in Ludwigshafen, Germany (Rehn, 1895), the manufacture
of magenta in the British chemical industry (1910-1952) (Case & Pearson, 1954) and the
manufacture of “new fuchsin” in an Italian dyestuffs factory (Rubino et al., 1982; Piolatto
et al., 1991). No environmental or biological measurements have been reported for these
plants or any other plants that have produced or are currently producing magenta.

Production of magenta may expose workers to process chemicals (e.g., aniline, ortho-
and para-toluidine, and — historically — arsenic acid). Exposure to other chemicals used
and produced at the same location may also occur (e.g., benzidine, 1-naphthylamine,
2-naphthylamine, auramine, aniline) (Case & Pearson, 1954).

Occupational exposure can also occur during the use of magenta as a dye intermediate
and when dyeing textile fibres, fabrics and paper products (IARC, 1993). The levels of
exposure to magenta have not been reported for these occupational groups.

Exposure to magenta can also occur in laboratories, where it is widely used as a
biological stain (basic fuchsin dye) to stain bacteria and as a component of Schiff’s
reagent to detect aldehydes. Under laboratory conditions, magenta has also been produced
directly on nylon fabric by a fungal strain closely related to Phoma herbarum (Chiba
et al., 2006).

The US National Exposure Survey (1981-1983) estimates the number of employees
potentially exposed to Basic Red 9 as approximately 900, the largest group being
laboratory technicians and medical scientists. A total of around 12 700 workers were
potentially exposed to Magenta I in six industries (NIOSH, 1990).

1.3.3  Exposure of the general population

Magenta may be present in the waste effluents from plants where it is produced or
used. Concentrations of magenta in water or soil have not been reported. Wastewater
containing dyes from the textile industry is difficult to treat using conventional methods,
because the dyes are stable to light and oxidizing agents, and are resistant to aerobic
digestion (Rai et al, 2007). Various methods for the degradation of magenta in
wastewater have been developed (Li ef al., 1999; Yiyun & Jiepin, 2005).

14 Regulations and guidelines

141  Magenta

(a)  Germany

The MAK Commission listed Magenta (basic fuchsin hydrochloride) as a substance
being examined for the establishment of MAK values based on its carcinogenic effects
(MAK, 2007).
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(b) Japan

The Japan Society for Occupational Health (2007) follows the classification by IARC
of Magenta (containing C.I. Basic Red 9) in Group 2B.

1.42  Basic Red 9 (Magenta 0)
(a) Europe
(i)  Commission Directive 2000/32/EC

Commission Directive 2000/32/EC of 19 May 2000 adapts to technical progress for
the 26th time Council Directive 67/548/EEC on the approximation of the laws,
regulations and administrative provisions relating to the classification, packaging and
labelling of dangerous substances (European Commission, 2000). 4,4'-(4-
iminocyclohexa-2,5-dienylidenemethylene)dianiline hydrochloride (C.I. Basic Red 9) is
listed in Annex I to Directive 67/548/EEC, which contains a list of dangerous substances,
together with details on the classification and labelling of each substance.

(1)  Directive 2004/37/EC

C.I. Basic Red 9 is regulated by Directive 2004/37/EC (European Commission,
2004), which applies to activities in which workers are exposed to carcinogens or
mutagens of Category 1 or 2. Rules are fixed regarding the employers' obligations of
reduction and replacement, prevention and reduction of exposure, unforeseen exposure,
foreseeable exposure, access to risk areas, hygiene and individual protection, information
for the competent authority, information and training of workers, consultation and
participation of workers, health surveillance, record keeping and limit values.

(b) Japan

The Japan Society for Occupational Health (2007) follows the classification by IARC
of C.I. Basic Red 9 in Group 2B.

(c) USA

C.I. Basic Red 9 monohydrochloride is listed in the NTP Report on Carcinogens
as reasonably anticipated to be a human carcinogen (NTP, 2005).

2. Studies of Cancer in Humans

2.1 Case report

Rehn (1895) was the first to report the appearance of bladder tumours in three of
45 workers involved in the manufacture of fuchsin in one factory in Germany. At the
time, this process involved heating a mixture of chemicals, including toluidine, aniline
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and nitrobenzene to obtain crude fuchsin, which was then purified and crystallized. The
three workers had been employed for 15-29 years. One worker developed a “fibroma
papillare”, another an oedematous papilloma, and the third a carcinoma of the bladder.

2.2 Cohort studies

Case & Pearson (1954) surveyed workers employed for at least six months between
1910 and 1952 in the manufacture of magenta in the British chemical industry. Workers
who had been exposed to benzidine or 1- or 2-naphthylamine were excluded. Bladder-
cancer occurrence was determined from factory and hospital records. Deaths were
identified from alphabetical lists of death certificates, and the numbers were compared
with mortality rates for England and Wales for the period 1921-1952. Among
85 magenta production workers known to have been in contact with magenta, but not
exposed to auramine, 1- or 2-naphthylamine or benzidine, there were five cases of bladder
cancer, with exposure duration ranging from 1-19 years. Three of these cases were
mentioned on death certificates, whereas only 0.13 would have been expected for the
whole male population in England and Wales (SMR 23.1; P <0.005). One case of
bladder cancer was observed among nine subjects who had been exposed to both magenta
and auramine, but no death was seen from this cause (0.02 expected). [The Working
Group noted that during the manufacture of magenta exposure to other aromatic amines
cannot be ruled out.]

Rubino et al. (1982) studied case-specific mortality of 53 male workers who had been
employed for > 1 month in the manufacture of ‘new fuchsin’ (Magenta II1, Basic Violet 2,
CI No. 42520) and Safranine T (Basic Red 2, CI No. 50240) during the period 1922—-1970
in a factory in the province of Torino, Italy. Workers engaged in the manufacture and use
of 1- or 2-naphthylamine or benzidine were excluded from the study. Subjects and their
work histories were identified from factory personnel records, and the workers were
followed for mortality from 1946 to 1976, as identified from factory records and from the
municipal registries of their current residence. Among the 53 workers exposed, five
deaths from bladder cancer were observed, while 0.08 were expected on the basis of
mortality rates for Italy in 1951-76 (SMR 62.5; P<0.001). The cases had been
occupationally exposed to Magenta III and Safranine T for 1240 years. The exposures
also involved ortho-toluidine and 4,4'-methylenebis(2-methylaniline). The same cohort of
workers was followed to the end of 1981 (Decarli et al., 1985) and further until 1989
(Piolatto et al., 1991). No additional deaths from bladder cancer were reported.

2.3 Case—control studies

A total of 512 male cases of bladder cancer and 596 hospital-based controls were
studied for occupation and bladder-cancer risk during 1978-1983 in the province of
Torino, Italy (Vineis & Magnani, 1985). Complete occupational histories and related
information were obtained via hospital interviews. Exposures to specific chemicals,
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including magenta, were estimated from ILO occupation and industry titles, using
information on the industrial uses of these chemicals as described in published sources.
On the basis of industrial branches in which magenta exposure could have occurred,
41 cases were classified as having been exposed before the age of 60, to give a relative
risk of 1.8 (95% confidence interval, 1.1-2.9). On the basis of job titles in which exposure
to magenta could have occurred, two cases were classified as having been exposed before
the age of 60, with an associated relative risk of 3.0 (95% confidence interval, 0.4-20.0).

3. Studies of Cancer in Experimental Animals

3.1 Magenta

3.1.1 Oral administration

(a) Mouse

A group of sixty stock mice (30 males, 30 females; strain and age unspecified)
received 12 mg magenta (BDH; purity not specified) in arachis oil by gastric instillation
once per week for 52 weeks (total dose, 624 mg), and were kept for their life-span.
Eighteen mice were used as controls. Four (20%) lymphomas and one (5%) hepatoma
were found in 20 surviving treated animals, and five (25%) lymphomas were found in
18 controls (Bonser et al. 1956).

() Rat

A group of eighty Sprague Dawley rats (40 males, 40 females), 12 weeks of age, were
treated by intragastric instillation with magenta (purity unspecified) dissolved in saline,
twice weekly for life. Initial dose was 400 mg/kg bw per week, but due to severe toxicity
the treatment had to be interrupted and continued at half the original dose level. A control
group of similar size received the solvent only. Tumour incidences reported were 5% for
the magenta-treated rats and 40% for the controls (males and females combined) (Ketkar
& Mohr 1982).

(c)  Hamster

Syrian golden hamsters (40 males, 40 females), 12 weeks of age, were treated by
intragastric instillation with magenta dissolved in saline, twice weekly for life. Dose
levels were 400 and 600 mg/kg bw. The 600-mg/kg bw dose was not tolerated by the
animals. A control group was given the solvent only. Tumour incidences reported at the
low dose were 5% (one nasal cavity fibroma and a bronchiogenic adenoma in two male
hamsters; one adrenal cortex adenoma and one submandibular gland adenoma in two
females), and 10% for the solvent controls (except for one adrenal cortex adenoma, all
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nine other tumours in eight control animals — three males, five females — were seen at
sites different from those in the treated hamsters) (Green ef al., 1979).

3.2 CI Basic Red 9 (para-magenta)

3.2.1 Oral administration

(a) Mouse

Groups of 50 male and 50 female B6C3F, mice, 610 weeks of age, were given a diet
containing 0, 500 or 1000 mg/kg (ppm) CI Basic Red 9 for 103 weeks and were killed at
110-115 weeks of age. Two lots of the test chemical were used, with purities of 93 and
99% (water was the major impurity). Mean body weights of treated mice were lower than
those of controls throughout the study. At the end of the experiment, 42/50 (84%) control;
32/50 (64%) low-dose; 35/50 (70%) high-dose males and 31/50 (62%) control, 12/50
(24%) low-dose, and 6/50 (12%) high-dose females were alive (P < 0.001). In male mice,
CI Basic Red 9 caused a dose-related increase in the incidence of hepatocellular
carcinomas (10/50 (20%) control; 20/50 (40%) low-dose; 27/50 (54%) high-dose;
P <0.001, incidental tumour trend test). The incidence of hepatocellular adenomas was
22/50 (44%) control, 21/50 (42%) low-dose, and 17/50 (34%) high-dose. The combined
incidence of liver tumours was 29/50 (58%) control, 37/50 (74%) low-dose, and 41/50
(82%) high-dose (P = 0.005, incidental tumour trend test). In female mice, the compound
caused a dose-related increase in the incidence of hepatocellular carcinomas (3/49 (6.1%)
control; 19/50 (38%) low-dose; 37/49 (75%) high-dose; P <0.001, Cochran-Armitage
trend test). The incidence of hepatocellular adenomas was 2/49 (4%) control, 18/50 (36%)
low-dose and 4/49 (8%) high-dose (P <0.001, Fischer exact test). The combined
incidence of liver tumours in females was 5/49 (10%) control, 35/50 (70%) low-dose, and
41/49 (84%) high-dose (P <0.001, Cochran-Armitage trend test). An increase in the
incidence of benign and malignant adrenal phaeochromocytomas (combined) was found
in females (1/48 (2%) control; 8/47 (17%) low-dose; 8/45 (18%) high-dose; P=10.015,
Cochran-Armitage trend test) (NTP, 1986).

() Rat

Groups of 40 male and 40 female Sprague Dawley rats, 12 weeks of age, were treated
intragastrically twice a week with 0 or 600 mg/kg bw CI Basic Red 9 [purity unspecified]
in 0.9% saline. The dose of 600 mg/kg was found to be toxic and, after 12 weeks,
treatment was discontinued for one week; after a further six weeks, half of the original
dose (300 mg/kg bw) was used for the remaining treatment, for life. Average survival
times were 104 weeks for control males, 70 weeks for treated males, 92 weeks for control
females and 69 weeks for treated females. No treatment-related increase in the incidence
of tumours was observed in rats of either sex (Ketkar & Mohr, 1982). [The Working
Group noted the poor survival in the treated groups and the inadequate reporting of the
study.]
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Groups of 50 male and 50 female Fischer 344/N rats, 67 weeks of age, were given a
diet containing 0, 1000 or 2000 mg/kg (ppm) (males) and 0, 500 or 1000 ppm (females)
CI Basic Red 9 for 103 weeks and were killed at 110-113 weeks of age. Two lots of the
test chemical were used, with purities of 93 and 99% (water was the major impurity).
Increased mortality was seen in high-dose males and females, and at the end of the
experiment, 36/50 (72%) control, 29/50 (58%) low-dose and 0/50 high-dose males and
37/50 (74%) control, 35/50 (70%) low-dose, and 14/50 (28%) high-dose females were
still alive. CI Basic Red 9 caused significant increases in the incidences of benign and
malignant tumours at various sites in both males and females (Table 3.1) (NTP, 1986).

Table 3.1. Trends in tumour incidences at specific sites in Fischer 344/N rats fed
diets containing CI Basic Red 9

Tumour site and type Control Low-dose High-dose P (trend)®
Male
Dose (mg/kg diet) 0 1000 2000
Skin
Squamous-cell carcinoma 0/50 - 1/50 (2%) 10/50 (20%) < 0.001
Trichoepithelioma 0/50 - 0/50 - 7/50 (14%) =0.001
Sebaceous adenoma 0/50 - 0/50 - 5/50 (10%) =0.006
Subcutis
Fibroma 2/50 (4%) 20/50 (40%) 16/50 (32%) <0.001
Zymbal gland
Carcinoma 1/50 (2%) 1/50 (2%) 13/50 (26%) < 0.001
Thyroid gland
Follicular adenoma 0/49 - 0/46 9/44 (20%)  <0.001
Follicular carcinoma 0/49 - 5/46 (11%) 18/44 (41%) < 0.001
Combined 0/49 - 5/46 (11%)  25/44 (57%) <0.001
Liver
Hepatocellular neoplastic nodule 5/50 (10%) 14/50 (28%)  6/50 (12%) =0.447
Hepatocellular carcinoma 0/50 - 2/50 (4%) 8/50 (16%) =0.001
Combined 5/50 (10%) 15/50 (30%)  14/50 (28%) =0.021
Females
Dose (mg/kg diet) 0 500 1000
Subcutis
Fibroma 0/50 - 15/50 (30%) 10/50 (20%) = 0.005
Zymbal gland
Carcinoma 0/50 - 2/50 (4%) 7/50 (14%) =0.003
Thyroid
Follicular adenoma 0/47 - 0/48 - 4/50 (8%) =0.017
Follicular carcinoma 0/47 - 2/48 (4%) 2/50 (4%) >0.05
Combined 0/47 - 2/48 (4%) 6/50 (12%) =0.009
From NTP (1986)

* Cochran-Armitage trend test
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(c)  Hamster

Syrian golden hamsters (40 males, 40 females), 12 weeks of age, were treated by
intragastric instillation with CI Basic Red 9 dissolved in saline, twice weekly for life.
Dose levels were 300 and 600 mg/kg bw. The high dose was not tolerated by the animals.
Tumour incidences reported at the low dose were 6% (one adrenal cortex adenoma, one
tracheal papillary polyp and two intestinal adenocarcinomas, all in one male hamster; one
tracheal papillary polyp, one subcutaneous fibrosarcoma and two intestinal adeno-
carcinomas in four females), and 10% for the solvent controls (except for one adrenal
cortex adenoma, all nine other tumours in eight control animals — three males, five
females — were seen at sites different from those in the treated hamsters) (Green et al.,
1979).

322 Subcutaneous administration
(a) Rat

Twenty BD III rats received 10 mg para-magenta as a 1% aqueous solution by
subcutaneous injection once per week for 65 weeks (total dose, 650 mg). The first local
sarcoma appeared at 10 months (total dose, 370 mg); six more were observed in
subsequent months in 12 surviving animals. The spontaneous incidence of sarcomas in
these rats was < 0.5% (Druckrey et al. 1956). [The Working Group noted the lack of use
of controls and the lack of adequate description of the experiment. |

4. Mechanistic and Other Relevant Data

4.1 Absorption, distribution, metabolism, elimination

No data were available to the Working Group.

4.2 Genetic and related effects

4.2.1  Magenta (see Tables 4.1 and 4.2)

[The data reported in the Table are the results of experiments with commercial
preparations of magenta; in most cases, the exact composition of the products tested and
the degree of purity is not known. In the experiments with Magenta I the test compound
seems to be better identified, but also in this case its degree of purity is not reported. ]

Magenta came out negative in the prophage-induction test, both in the absence and
the presence of metabolic activation (Speck et al., 1978). It was mutagenic in Salmonella
typhimurium strains TA98, TA100, and TA1535, but only in the presence of metabolic
activation. The effect was observed with TA98 (Mortelmans et al., 1986), TA100



Table 4.1. Genetic and related effects of Magenta and Magenta 1

Test system Result® Dose (HID/LED) Reference
Without exogenous ~ With exogenous
metabolic system metabolic system

Magenta

Prophage induction/SOS/strand breaks/x-links - - 500 pg/ml Speck et al. (1978)

S. typhimurium TA100, reverse mutation

S. typhimurium TA100, reverse mutation
S. typhimurium TA100, reverse mutation

S. typhimurium TA100, TA9S, reverse mutation

S. typhimurium TA1535, TA1538, reverse mutation
S. typhimurium TA1535, reverse mutation

S. typhimurium TA1535, TA1537, TA1538, TA98,
reverse mutation

S. typhimurium TA1535, TA1537, TA1538, reverse
mutation

S. typhimurium TA1537, reverse mutation

S. typhimurium TA9S, reverse mutation

NT

50 pg/plate

167 pg/plate

5 ng/plate
1000/5000 pg/plate
125 pg/plate

17 pg/plate

167 pg/plate

200/5000 pg/plate

17 pg/plate

166 ng/plate

Mortelmans et al.
(1986)

Dunkel ef al. (1984)
Yamaguchi (1988)

Japan Chemical
Industry Ecology
(JETOC) (1996)

Rosenkranz & Poirier
(1979)

Mortelmans et al.
(1986)

Dunkel ef al. (1984)

Japan Chemical
Industry Ecology
(JETOC) (1996)

Mortelmans et al.
(1986)

Mortelmans et al.
(1986)
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Table 4.1 (contd)

Test system Result*

Without exogenous
metabolic system

With exogenous
metabolic system

Dose (HID/LED)

Reference

E. coli WP2 uvrA, reverse mutation -

E. coli WP2 uvrA, reverse mutation -

S. cerevisiae, homozygosis -
Unscheduled DNA synthesis, rat primary hepatocytes -
Cell transformation, SHE, clonal assay -
Magenta 1

S. typhimurium TA100, reverse mutation -

S. typhimurium TA1535, TA1537, reverse mutation -

S. typhimurium TA9S, reverse mutation -

NT
NT

166 pg/plate
1000/5000 pg/plate

300 pg/ml
1 pg/ml
1 pg/ml

17 pg/ml

16.5 pg/plate

166 pg/plate

Dunkel et al. (1984)

Japan Chemical
Industry Ecology
(JETOC) (1996)

Simmon (1979b)
Williams et al. (1982)
Pienta et al. (1977)

Mortelmans et al.
(1986)

Mortelmans et al.
(1986)

Mortelmans et al.
(1986)

* +, positive; —, negative
HID, highest ineffective dose; LED, lowest effective dose; NT, not tested

(453
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Table 4.2. Genetic and related effects of CI Basic Red 9 (para-rosaniline)

Test system Result Dose (LED/HID) Reference

Without exogenous ~ With exogenous

metabolic system metabolic system
Prophage induction/SOS repair test, DNA strand breaks, - NT 500 pg/ml Speck et al. (1978)
cross-links or related damage
Escherichia coli pol A*/pol AW3110-P3478 differential + NT 20 pg/ml Rosenkranz & Poirier
toxicity (liquid suspension) (1979)
Escherichia coli WP2/WP67/CM871, differential + - 155 pg/ml De Flora et al. (1984a)
toxicity
Salmonella typhimurium TA100, TA1535, TA1537, - - 250 pg/plate Simmon (1979a)
TA1538, TA98, TA1586, reverse mutation
Salmonella typhimurium TA100, T1535, TA1537, - - 1000 pg/plate Bonin ez al. (1981)
reverse mutation
Salmonella typhimurium TA100, TA1535, TA1537, - - 1070 pg/plate De Flora (1981)
TA1538, TA98, reverse mutation
Salmonella typhimurium TA100, reverse mutation - + 167 ng/plate Dunkel ez al. (1984)
Salmonella typhimurium TA100, reverse mutation - + 17 pg/plate Mortelmans et al.

Salmonella typhimurium TA102, reverse mutation

Salmonella typhimurium TA1535, TA1538, reverse
mutation

Salmonella typhimurium TA1535, TA1537, TA1538,
reverse mutation

4 pg/ml
125 ng/plate

167 pg/plate

(1986)
De Flora et al. (1984b)

Rosenkranz & Poirier
(1979)

Dunkel et al. (1984)

NOILLONAOYd VINIDVIN ANV VINIOVIN

ere



Table 4.2 (contd)

Test system

Result®

Without exogenous
metabolic system

With exogenous
metabolic system

Dose (LED/HID)

Reference

Salmonella typhimurium TA1535, reverse mutation

Salmonella typhimurium TA1537, reverse mutation

Salmonella typhimurium TA1538, reverse mutation
Salmonella typhimurium TA98, reverse mutation
Salmonella typhimurium TA98, reverse mutation

Salmonella typhimurium TA98, reverse mutation

Salmonella typhimurium TA97, reverse mutation

Escherichia coli exclusive of strain K12, forward
mutation

Escherichia coli WP2 uvrA, reverse mutation

Saccharomyces cerevisiae, homozygosis by mitotic
recombination

Unscheduled DNA synthesis, rat primary hepatocytes
Unscheduled DNA synthesis, rat primary hepatocytes
Unscheduled DNA synthesis, rat primary hepatocytes

)

)
)

NT
NT
NT

500 pg/plate

167 pg/plate

1000/320 pg/plate
167 pg/plate

0.2 pg/ml

50 pg/plate

1600 pg/plate
5000 pg/plate

167 pg/plate
300 pg/plate

1 pg/ml
2.2 pg/ml
3.24 pg/ml

Mortelmans et al.
(1986)

Mortelmans et al.
(1986)

Bonin et al. (1981)
Dunkel et al. (1984)
Arni et al. (1985)

Mortelmans et al.
(1986)

De Flora et al.(1984b)
Hayes et al. (1984)

Dunkel et al. (1984)
Simmon (1979b)

Williams et al. (1982)
NTP (1986)

Kornbrust &
Barfknecht (1984)
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Table 4.2 (contd)

Test system Result® Dose (LED/HID) Reference

Without exogenous ~ With exogenous

metabolic system metabolic system
Unscheduled DNA synthesis, Syrian hamster primary + NT 3.24 pg/ml Kornbrust &
hepatocytes Barfknecht (1984)
Gene mutation, mouse lymphoma L5178Y cells, Tk + + 1 pg/ml Mitchell et al. (1988)
locus
Gene mutation, mouse lymphoma L5178Y cells, Tk ? - 7.5/100 pg/ml Myhr & Caspary (1988)
locus
Gene mutation, Chinese hamster CHL/IU cell line with  — NT 20 pg/ml Yamada ez al. (2000)
gpt shuttle vector
Sister chromatid exchange, Chinese hamster cells in - - 15 pg/ml Anderson ef al. (1990)
Vitro
Cromosomal aberrations, Chinese hamster cells in vitro  — - 50 pg/ml Anderson et al. (1990)
Cromosomal aberrations, Syrian hamster embryo cells  + NT 0.29 pg/ml Hagiwara et al. (2006)
in vitro
Cromosomal aberrations, Chinese hamster cells CHL/IU — NT 20 pg/ml Yamada ez al. (2000)
in vitro
Cell transformation, BALB/c3T3 mouse cells + NT 0.04 pg/ml Dunkel et al. (1981)
Cell transformation, Syrian hamster embryo cells, clonal — NT 1 pg/ml Pienta et al. (1977)

assay
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Table 4.2 (contd)

Test system Result® Dose (LED/HID) Reference

Without exogenous ~ With exogenous

metabolic system metabolic system
Cell transformation, Syrian hamster embryo cells, clonal — + 2 pg/ml Pienta & Kawalek
assay (1981)
Cell transformation, RLV/Fischer rat embryo cells + NT 1.4 pg/ml Dunkel et al. (1981)
Urine from mouse and rat, microbial mutagenicity + + 120 mg/kg x 2 po Lawlor et al. (1987)
Host-mediated assay, Salmonella typhimurium in mice — — 1600 mg/kg x 1 po  Simmon et al. (1979)
Host-mediated assay, Salmonella typhimurium in mice  — 1600 mg/kg x 1 im  Simmon et al. (1979)
Host-mediated assay, Saccharomyces cerevisiae in mice — 1600 mg/kg x 1 po  Simmon et al. (1979)

 +, positive; (+), weakly positive; —, negative; ?, inconclusive (variable response in several experiments within an adequate study)

HID, highest ineffective dose; LED, lowest effective dose; NT, not tested
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(Dunkel et al., 1984; Mortelmans et al, 1986; Yamaguchi, 1988), and TA1535
(Mortelmans et al., 1986). Magenta was negative with TA1537 (Dunkel et al., 1984;
Mortelmans et al., 1986; JETOC, 1996), TA98 and TA100 (JETOC, 1996) and TA1538
(Rosenkranz and Poirier, 1979; Dunkel et al., 1984; JETOC, 1996). In both the absence
and the presence of metabolic activation, it did not induce reverse mutations in
Escherichia coli (Dunkel et al, 1984; JETOC, 1996) or homozygosis with
Saccharomyces cerevisiae (Simmon, 1979b). In cultured, non-human mammalian cells,
magenta did not induce unscheduled DNA synthesis in primary rat hepatocytes (Williams
et al., 1982) and, tested only in the absence of metabolic activation, failed to induce
morphological transformation in Syrian hamster embryo cells (Pienta et al., 1977).
Mutagenic activity of Magenta I in bacteria was similar to that of magenta; it showed a
positive result, but only in the presence of metabolic activation, in Salmonella
typhimurium TA98 and TA100, and gave a negative response in TA1535 and TA1537
(Mortelmans et al., 1986).

These data indicate that in the presence of an exogenous system of activation, both
magenta and Magenta | are mutagenic in bacteria.

4.2.2  CI Basic Red 9 (para-rosaniline) (see Table 4.2)

[In the large majority of the studies reported in the Table, information on the degree
of purity of CI Direct Red 9, a common constituent of magenta, is lacking; commercial
products were used.]

In the absence of metabolic activation, CI Basic Red 9 came out negative in the
prophage-induction test (Speck et al., 1978), but induced repairable DNA damage in two
E. coli differential toxicity assays (Rosenkranz & Poirier, 1979; De Flora et al., 1984a). It
was more often non-mutagenic in Salmonella typhimurium (Simmon 1979a; Bonin et al.,
1981; De Flora, 1981). A positive response was obtained only in the presence of
metabolic activation with TA98 (Dunkel et al., 1984; Ami ef al., 1985; Mortelmans ef al.,
1986), with TA100 (Dunkel et al, 1984; Mortelmans et al, 1986), with TA1535
(Mortelmans et al., 1986), with TA1538 (Bonin ef al., 1981), and with TA97 (De Flora et
al., 1984b). The response was negative with TA1537 (Mortelmans et al., 1986), with
TA102 (De Flora et al., 1984b) and TA1586 (Simmon, 1979a). CI Basic Red 9 induced
forward mutation in Escherichia coli in both the absence and the presence of metabolic
activation, but not reverse mutation (Hayes et al., 1984). In a study with Saccharomyces
cereviasiae, Cl Basic Red 9 did not induce homozygosis by mitotic recombination
(Simmon, 1979b).

In cultured, non-human mammalian cells, both positive and negative results were
obtained. CI Basic Red 9 induced unscheduled DNA synthesis in Syrian hamster
hepatocytes (Kornbrust & Bartknecht, 1984) and in one study with rat primary
hepatocytes (NTP, 1986) and was negative in two other studies in rats (Williams et al.,
1982; Kornbrust & Barfknecht, 1984). Mutation at the thymidine kinase (7%) locus in
mouse lymphoma cells was induced in both the absence and the presence of metabolic
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activation in only one of two studies (Mitchell et al., 1988), and a negative result was
obtained in a different gene-mutation assay (Myhr & Caspary, 1988; Yamada et al.,
2000). Similarly, chromosomal aberrations were induced in one study (Hagiwara et al.,
2006), but not in two others (Anderson et al., 1990; Yamada et al., 2000), and sister
chromatid exchange was not observed (Anderson ef al., 1990). Variable responses were
obtained in four assays for cell transformation: two positive (Dunkel ef al., 1981) and two
negative (Pienta ef al., 1977; Pienta & Kawalek, 1981) results in the absence of metabolic
activation, and one positive result in the presence of an exogenous metabolic system
(Pienta & Kawalek, 1981). Oral administration of CI Basic Red 9 to mice or rats resulted
in urine that was mutagenic to bacteria (Lawlor et al., 1987), but in a host-mediated assay
the dye did not induce mutation in Sa/monella typhimurium recovered from the peritoneal
cavity of mice (Simmon et al., 1979).

The inconsistency in the genotoxicity data could be attributed to the different grades
of purity of the material employed.

5. Summary of Data Reported

5.1 Exposure data

Historically, the name magenta has been used to refer to a mixture of the four major
constituents comprising Basic Fuchsin, namely Basic Red 9, Magenta I, Magenta II and
Magenta III. Today all except Magenta Il are available commercially under their own
names. Magenta I and Basic Red 9 are the most widely available.

Magenta has not been reported to occur as such in nature. Under the name of Basic
Violet 14 (Magenta I), magenta is used in hair dyes and in cosmetic products not intended
to come in contact with mucous membranes. Basic Red 9 is used as colourant in artist’s
paints.

Magenta has antiseptic properties; it has been used in dermatology since the 1920s
under the name of Castellani’s paint or magenta paint. Carbol-Fuchsin solution, which
contains Basic Red 9, is used topically as a first-aid antiseptic drying agent. It is also
widely used in laboratories as a biological stain.

Magenta is used as a food-irradiation dosimeter and was used as a meat-marking
colour in New Zealand.

Occupational exposure to magenta can occur during its production, during its use as a
dye intermediate, when dyeing textile fibres, fabrics and paper products, and in
laboratories.

Production of magenta may involve exposure to process chemicals such as aniline,
ortho- and para-toluidine, and — historically — arsenic acid. Exposure to other chemicals
used and produced at the same location may also occur (e.g., benzidine, 1-naphthylamine,
2-naphthylamine, auramine, aniline).
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Magenta may be present in the waste effluents from plants where it is produced or
used.

5.2 Human carcinogenicity data

One case report from Germany and two small cohort studies from the United
Kingdom and Italy have reported an increased risk for bladder cancer among workers
engaged in the manufacture of magenta. These cohort studies excluded workers exposed
to benzidine and B-naphthylamine. One case—control study from Italy has shown an
increased risk for bladder cancer associated with occupational exposure to magenta.
Taken together, these studies indicate that excess bladder cancer risks are caused by the
production of magenta, but co-exposures preclude a similar evaluation for magenta itself.

5.3 Animal carcinogenicity data

No adequate study was available to evaluate the carcinogenicity of magenta in
experimental animals.

CI Basic Red 9 (Magenta 0) was tested for carcinogenicity in one study in mice and
in one study in rats by oral administration in the diet, and in one study in rats by
subcutaneous administration. After oral administration, the compound induced
hepatocellular carcinomas in male and female mice and in male rats; adrenal gland
phaeochromocytomas in female mice; benign and malignant skin tumours in male rats;
and subcutaneous fibromas, thyroid gland follicular-cell tumours, and Zymbal gland
carcinomas in male and female rats. Subcutaneous administration to rats resulted in a high
incidence of local sarcomas. A study in hamsters was found inadequate for evaluation.

5.4 Other relevant data

There are no data on the toxicokinetics of magenta or CI Basic Red 9.

Few data are available on the mutagenicity and genotoxicity of magenta and Magenta
1. Both were mutagenic in S. #yphimurium TA100 and TA 98 (magenta in two out of four
experiments) in the presence of an exogenous metabolic activation system, but they were
inactive in all other strains tested. Magenta did not induce homozygosis in S. cerevisiae,
unscheduled DNA synthesis (UDS) in primary hepatocytes or cell transformation of SHE
cells.

The data for CI Basic Red 9 are also inconsistent. In the mutagenicity tests in
Salmonella, it was always negative in the absence of an exogenous system of activation,
while in the presence of bioactivation, the results were clearly positive only in strain
TA100 (two out of three experiments). Similar conflicting results were obtained in
different tests in E. coli.

In mammalian cells in vitro, CI Basic Red 9 was positive for UDS induction in one of
three experiments in rat hepatocytes and in one study with hamster hepatocytes. In a
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recent test for chromosomal aberrations in Syrian hamster embryo cells, the compound
was positive, in the absence of activation, at a very low dose (0.29 microg/mL), while it
was negative for the same test in two different lines of Chinese hamster cells. Similar
conflicting results were obtained in other tests in vitro.

Mutagenicity was detected, both in the absence and in the presence of metabolic
activation, in the urine of mice and rats fed with a diet containing CI Basic Red 9.
However, the host-mediated assay with Sa/monella and S. cerevisiae in mice, in the
absence of a system of activation, was consistently negative.

6. Evaluation

6.1 Cancer in humans

There is sufficient evidence in humans for the carcinogenicity of magenta production.
Magenta production causes bladder cancer in humans.
There is inadequate evidence in humans for the carcinogenicity of magenta.

6.2 Cancer in experimental animals

There is sufficient evidence in experimental animals for the carcinogenicity of CI
Basic Red 9 (para-magenta).

There is inadequate evidence in experimental animals for the carcinogenicity of
magenta.

6.3 Overall evaluation

Magenta production is carcinogenic to humans (Group 1).
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