
PhlP (2-AMINO-1-METHY-6-PHENYIMIDAZO( 4,S-b lPYRDlNE)

1. Exposure Data

1.1 Chemical and physical data

1. 1.1 Synonyms, structural and molecular data

Chem. Abstr. Services Reg. No.: 105650-23-5
Chem. Abstr. Name: 1-Methyl-6-phenyl-1H-imidazo( 4,5-b )pyridin-2-amine
IUPAC Systematic Name: 2-Amino-1-methyl-6-phenylimidazo( 4,5-b )pyridine
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C13HI2N4 MoL. wt: 224.11

1.1.2 Chemical and physical properties

(a) Description: Grey-white crystals
(b) Melting-point: 327-328 °C (Knize & Felton, 1986)
(c) Spectroscopy data: Ultraviolet, mass, proton nuclear magne tic resonance, carbon-13

nuc1ear magne tic resonance and infrared absorbance spectra have been reported
(Knize & Felton, 1986).

(d) Solubility: Soluble in methanol (Zhang et al., 1988) and in dimethyl sulfoxide
(Dooley et al., 1992)

(e) Stability: Stable under moderately acidic and alkaline conditions (Sugimura et al.,
1983)

1.1.3 Trade names, technical products and impurities

No data were available to the Working Group.

1.1.4 Analysis

PhIP was originally isolated from fried beef by acid extraction, XA-2 resin absorption
and a series of preparative and analytical high-performance liquid chromatography (HPLC)
purifications. The structure of PhlP was determined on the basis of data obtained by mass
and proton nuc1ear magne tic resonance spectral analysis (Felton et al., 1986a).
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PhIP was isolated and identified using methanol extraction, 'blue cotton' adsorption and
a series of HPLC purifications (Zhang et al., 1988).

A practical, solid-phase extraction and HPLC method for the analysis of PhIP and other
heterocyc1ic amines was devised by Gross et al. (1989) and used on foods and food extracts.

Improvements to the method (Gross, 1990; Gross & Grüter, 1992) allow determination of
PhIP and most of the other known heterocyc1ic amines at a level of 1 ng/g from only 10 g of
food sample. Replicate samples and spiking allow accurate determination of extraction
losses; chromatographie peak identities are confirmed using a diode array-ultraviolet fluo-
rescence detector.

1.2 Production and use

1.2.1 Production

The isolation and identification of PhIP were first reported by Felton et aL. (1986a). Its
structure was confirmed by chemical synthesis (Knize & Felton, 1986). Synthesis of
(2_14C)-PhIP from 2-amino-3-bromo-5-phenylpyridine was reported by Turteltaub et al.
(1989). (2'_3H)-PhIP was made by catalytic tritiation of2'-bromo-PhIP. 2'-Bromo-PhIP was
made by diazotization of bromobenzene and 2,5-diaminopyridine, the product of which was
brominated at the 3-position of pyridine and then displaced with methylamine and cyclized
with cyanogen bromide in analogywith the original synthesis ofPhIP. Pentadeutero-PhlP was
made from 5-amino-2-chloropyridine bya four-step synthetic route (Lynch et al., 1992).

PhIP is produced commercially in small quantities for research purposes.

1.2.2 Use

PhlP is not used commercially.

1.3 Occurrence

PhIP was originally isolated from fried ground beef cooked at 300°C (Felton et al.,
1986a). It has been reported in cooked beef, chicken, fish and pork (Thble 1). ln investi-
gations of foods for the presence of multiple heterocyc1ic amines, PhIP is usually found to be
the most abundant (see monograph on lQ, p. 168). PhIP was also isolated from a complete
human diet cooked simulating 'household' conditions (Alink et al., 1988).

PhIP has been produced in several model systems, including refluxed phenylalanine,
glucose and creatinine (Shioya et al., 1987; Skog & Jägerstad, 1991), and dry-heated
reactions of phenylalanine and creatine, of phenylalanine, creatine and glucose (Thyl 

or et al.,1987; Felton & Knize, 1991) and of leucine and creatine (Övervk et al., 1989).
The amount of PhIP in the urine of 10 subjects on a normal di et ranged from 0.1 to

2.0 ng/24-h urine sample. PhIP was not detected (.: 0.01 ng/24-h urine sample) in the urine

of three patients who were receiving parenteral nutrients (U shiyama et aL. (1991). Peluso et al.
(1991) inferred that PhIP was present in the urine of smokers of black tobacco. PhIP has also
been found in mainstream cigarette smoke condensa te at 11-23 ng/cigarette, with an
average of 16.4 ng/cigarette in six samples (Manabe et al., 1991).
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Table 1. Concentrations of PhIP in foos

Sample Concentration No. of Reference
(ng/g) samples

Ground beef, fried
190 °C 23.5-8.5 2 Gross (199)
250 °C 1.2 1 Gross et al. (1989);

Thresky et al. (1989)
300 °C 15 1 Felton et aL. (1986b)

No temperature given 0.56 1 Wakabayashi et al. (1992)
Beef, broIled 15.7 1 Wakabayashi et al. (1992)
Beef extract, foo-grade 3.62 1 Wakabayashi et al. (1992)
Chicken, broIled 38.1 1 Wakabayashi et al. (1992)
Mutton, broIled 42.5 1 Wakabayashi et al. (1992)
Fish, walleye pollack, 69.2 1 Zhang et aL. (1988)

fried at 26 °C
Salmon Gross & Grüter (1992)

Pan-broIled at 20 °C 1.7-23 4
Oven-coked at 20 °C ND-18 3
Barbecued at 270°C 2-73 4

ND, not detected (-c 1 ng/g)

1.4 Regulations and guidelines

No data were available to the Working Group.

2. Studies of Cancer in Humans

No epidemiological study was available that addressed the carcinogenic risk to humans
of PhlP itself. Cancer risks associated with consumption of broiled and fried foods, which
have a high content of PhlP as weIl as other heterocyclic amines have, however, been
addressed in a number of case-control studies. Several of these are summarized in the
monograph on IQ. PhIP is also a component oftobacco smoke, whichhas been covered in a
previous IARC monograph (IARC, 1986).

3. Studies of eancer in Experimental Animais
"

3.1 Oral administrationl

3.1.1 Mouse

Groups of 40 male and 40 female CDFi (BALB/cAnN x DBA/2N Fi) mice, six weeks
old, were fed a di et containing 0 or 400 mg/kg PhIP (purity unspecified) for 579 days. AnimaIs

lThe Working Group was aware of studies in progress on PhIP given in the diet of rats (Ghess et al., 1992) and

of a study by gavage to non-human primates being carred out at the US National Cancer Institute, Division of
Cancer Etiology.



232 lARe MONOGRAHS VOLUME 56

that became moribund were kiled and autopsied. The first lymphoma was detected on day
236 in a female mouse given Phlp, and the numbers of mice that survved after that time were
taken as the effective numbers. Higher incidences of lymphomas were found in treated th ancontrol animaIs: males, 11/35 versus 2/36; females, 26/38 versus 6/40. Lung tumours (histo-
logical tye unspecified) were observed in two controls and in ni 

ne treated animais (sex
unspecified) (Esumi et al., 1989).

Groups of 10 or more female CFi (Charles River) mice, 27-31 days old, were treated
with 35, 70 or 150 mg/kg bw PhlP (-c LDso; dissolved in medium-chain triglycerides) by
gavage twce at a four-day intervaL. Aberrant cryts of colonic mucosa (as defined by light
microscopy in methylene blue-stained mucosa; McLellan & Bird, 1988) were scored 21 days
after the first treatment. Cryts (0.5 :l 0.3) were observed only after the highest dose (Tudek
et al., 1989). (The Working Group noted the lack of concurrent controls.)

3.1.2 Rat

A group of 30 male and 30 female Fischer 344 rats, six weeks old, were fed a diet
containing 400 mgikg PhlP (purity, :; 99.9%) for 52 weeks. A control group of 40 males and
40 females was available. Animais that became moribund were kiled. The first tumour
(unspecified) was detected at week 34 in a female rat given PhlP, and the numbers of rats that
survved after that time were taken as the effective numbers. At the end of the experiment,
24/30 treated males, 18/30 treated females, 40/40 control males and 40/40 control females
were stil alive. A total of38 colon adenocarcinomas were found in 16/29 treated males, four
in 2/30 treated females, none in 40 control males and none in 40 control females. Mammary
adenocarcinomas were observed in 14/30 treated females and 0/40 controls (Ho et al., 1991).

A group of 13 male Nagase analbuminaemic rats (known to be particularly sensitive to
chemical carcinogens (Kakizoe & Sugimura, 1988)), eight weeks old, were fed a diet
containing 400 mg/kg PhlP as the hydrochloric acid salt (purity not given) for the first 108
days. The dose was reduced to 300 mg/kg and finally to 100 mg/kg between day 144 and day
311, when the two survving rats were sacrificed. The presence of at least 90% of the added
PhIP in the di et was confirmed by HPLC analysis. AnimaIs that became moribund were
kiled. The first tumours were detected in the small and large intestine of a rat autopsied on
day 136. A total of 36 intestinal tumours were found in 10/13 animais; 22 were adeno-
carcinomas of the small intestine, two were adenomas at this site, four were carcinomas of
the caecum and eight were carcinomas of the large intestine (Ochiai et al., 1991). (The
Working Group noted the small number of animaIs and that no concurrent controls were
used but that historical con troIs were reported to have low rates of intestinal tumours.)

Male Fischer 344 rats, six weeks old, were fed a diet containing 500 mg/kg PhIP for
16 weeks. AnimaIs were kiled at weeks 2 and 4 in one experiment and at weeks 4,8 and 12
and up to 16 weeks in the second. Aberrant cryt foci were induced at a rate of 0.3 :l 0.4 in
one out of four rats at week 2 and at 1.3 :l 0.8 in four out of four rats at week 4. ln the second
experiment, the numbers of aberrant cryt foci induced were 1.3 :l 0.6 (3/3 rats) at week 4,
0.7 :l 0.6 (2/3 rats) at week 8,3.0:l 0 (3/3 rats) at week 12 and 11.3 :l 7.0 (3/3 rats) in those
kiled up to week 16. ln age-matched controls, no aberrant cryt foci was found. The

numbers of foci per colon found were almost half those induced by Glu- P-1, a known colonie
carcinogen (Thkahashi et al., 1991).



PhIP 233

3.2 Intraperitoneal administration

Mouse

Groups (initial numbers unspecified) of newborn male B6C3Fi mice were injected
intraperitoneally with PhIP (purity, 98%) at total doses of 0, 0.625 or 1.25 J-mol (140 or
280 J-g) (maximal tolerated dose) dissolved in 5, 10 or 20 J-I dimethyl sulfoxide and

administered on days 1, 8 and 15 after birth, respectively. The incidence of hepatocellular
adenomas was significantly higher in treated mice than in controls: at eight months, 1/44 in
controls, 2/19 atthe lowdose and 7/24 at the high dose; at 12 months, 5/44 in controls, 8/16 at
the low dose and 14/21 at the high dose. One hepatocellular carcinoma was found in the
high-dose group at 12 months (Dooley et al., 1992).

3.3 Administration with known carcinogens

Rat

Groups of 15 male Wistar rats, six weeks old, underwent a two-thirds partial hepa-
tectomy, followed 16-19 h later bya single intraperitoneal injection of 50 or 75 mg/kg bw
PhIP (purity, ? 99%) dissolved in acid water (pH 5.0.); animaIs were then fed a diet
containing 200 mg/kg 2-acetylaminofluorene during weeks 2 and 3 and received 2 ml
(3.2 mg)/kg bw carbon tetrachloride by gavage at the beginning of week 3. Ali animais were
killed at the end of week 6. Significantly more )'-glutamyl transpeptidase-positive liver-cell
foci were found in the group treated with the higher dose of PhlP (1.4 foci/cm2) than in
17 controls given 0.9% saline instead ofPhIP (0.48 foci/cm2). The lowerdose ofPhlP did not
induce significant development of lesions (Kleman et al., 1989).

4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion

The toxicology and metabolism of heterocyclic aromatIc amines have been reviewed
(Övervk & Gustafsson, 1990; Aeschbacher & Turesky, 1991).

4.1.1 Humans

No data were available to the Working Group.

4.1.2 Experimental systems

ln rats and mice, absorbed PhlP was rapidly distributed to most tissues, the highest
concentrations being found in the liver and intestines. Over 90% of the radiolabel was
eliminated from the body in the two species within 24 h. At that time, much of the retained
radiolabel was in ethanol-insoluble, perhaps covalently bound, form. ln mice, Il different

radioactive products were identified in the urine and two in the faeces. The profile of urinary
and fecal metabolites of PhIP in rats depended on pretreatment (Turteltaub et al., 1989;
Watkins et al., 1991).
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Human liver and colon cyosols contained O-acetyltransferase activity that metabolized
N-hydroxy-PhIP into a DNA-binding form. PhIP was not a substrate to liver cyosolic N-
acetyltransferase (Turesky et al., 1991). (See Fig. 1, in the monograph on lQ, p. 178).

Hepatocyes isolated from Aroclor 1254-pretreated rats activated PhIP into a mutagen,
as detected in a number of systems. The activation was inhibited by ~-napththoflavone,
indicating involvement of the cyochrome P450 system. The active metabolite, out of at least
eight different species, was concluded to be N-hydroxy-PhlP (Holme et al., 1989).

Rabbit and human liver microsomes could activate PhIP to a mutagenic form. Muta-
genic activity was increased when 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD)-induced
rabbit liver and lung microsomes were used. Rabbit cyochrome P450 forms 4 and 6 were
mainly responsible for the activation, suggesting involvement of polycyclic hydrocarbon-
inducible enzyes (McManus et al., 1989). Cytochrome P450 lA enzyes are responsible for
the conversion of PhIP to mutagenic metabolites (Shimada & Guengerich, 1991). Use of
purified rat and rabbit cyochrome P450 preparations led to the conclusion that the
activation pathway to N-hydroxy-PhIP is catalysed mainly by CYP IA2 (P450 IA2) and to a
lesser extent by CYP lAI (P450 lAI) (Wallin et al., 1990).

4'-Hydroxy-Phlp, thought to be a detoxified metabolite in rats, was formed five times
more rapidly by CYP lAI than by CYP IA2 (Walln et al., 1990). A sulfate ester of 4'-hydroxy-
PhIP was found to be the main metabolite of PhIP in cultured rat hepatocyes and in rat urine
but not in bile in vivo. N2-Sulfamate and .N-acetyl derivatives of PhIP were not present in
urine or bile (AIexander et al., 1989); the ß-glucuronide conjugate of N-hydroxy-PhIP is the
major PhlP metabolite excreted in bile and to a smaller extent in the urine. A glutathione
conjugate of N-hydroxy-PhIP was also identified (AIexander et al., 1991).

ln mice, 31 % of the radiolabel was found in urine and 30% in faeces 24 h after gavage
with radioactive PhlP. Following intraperitoneal exposure, the respective amounts were 39
and 12% (Thrteltaub et al., 1989). ln rats, 51 % of the total dose was recovered as unmeta-
bolized PhlP in the faeces 24 h after gavage, representing 66% of the faecal radiolabeI
(Watkins et al., 1991).

4.2 Toxic efTects

No data were available to the Working Group.

4.3 Reproductive and developmental toxicity

No data were available to the Working Group.

4.4 Genetic and related efTects

The genetic effects of PhlP have been reviewed (de Meester, 1989; Sugimura et aL., 1989;
Felton & Knize, 1990).

4.4.1 Humans

No data were available to the Working Group.

1
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4.4.2 Experimental systems (see also Table 2 and Appendices 1 and 2)

PhIP was mutagenic to Salmonella typhimurium strains. ln cultured mammalian cells, it
induced DNA strand breaks; unscheduled DNA synthesis was found in rat primary
hepatocyes, provided that they were derived from polychlorinated biphenyl-treated
animais. ln cultured repair-deficient Chinese hamster ovary ceUs, PhlP induced mutation at
the hprt locus, sister chromatid exchange and chromosomal aberrations.

PhIP was reported to have induced sister chromatid exchange in bone-marrow cells from
mice treated in vivo. (The Working Group noted that the control values in different
experiments were variable.) Chromosomal aberrations were not induced in bone-marrow
cells, but the frequency of aberrations was slightly increased in circulating blood cells. (The
Working Group noted that a single sampling time, 50 h, was used to ob tain the observations
in bone marrow.)

PhIP binds covalently to the DNA of various tissues in rats and cyomolgus monkeys
following oral administration. Hydrolysis of DNA from the livers of rats dosed with 3H-Phlp,
followed by HPLC separation, showed that the radiolabel co-chromatographed with the acid
hydrolysis product of N2-(2'-deoxyguanosin-8-yl)-PhlP (Frandsen et al., 1992).

N-Hydroxy-PhIP does not react with DNA in vitro unless it is esterified, particularly by
sulfotransferase or O-acetyltransferase reactions (Buonarati et al., 1990). Chemical acety-
lation ofN2-hydroxy-PhlP produced two products, one ofwhich reacted with DNAand with
2'-deoxyguanosine but not with 2'-deoxycyidine, 2' -deoxyadenosine or 2'-deoxyhymidine.
The adduct was identified as N2-(2'-deoxyguanosin-8-yl)-PhlP (Frandsen et al., 1992).

4.4.3 Genetic changes in animal tumours

As reported in an abstract (Ushijima et al., 1992), colonic carcinomas induced in rats by
PhIP contained no mutation in codons 12, 13 or 61 of Ki-ras or Ha-ras, and polymerase chain
reaction and single-strand conformation polymorphism analysis showed no mutation or
mutational hot spot in p53. ln breast carcinomas induced in rats by PhIp, Ha-ras was mutated
at a rate of 20%, but no p53 mutation was found.

S. Summary of Data Reported and Evaluation

5.1 Exposure data

PhIP (2-Amino-1-methyl-6-phenylimidazo( 4,5-b )pyridine) has been found in cooked
meat and fish at concentrations of up to 70 ng/g. A few determinations indicated that the
levels of PhIP were higher th an those of IQ, MelQ and MelQx.

5.2 Human carcinogenicity data

No data directly relevant to an evaluation of the carcinogenicity to humans of PhlP were
available. Studies on the consumption of cooked meat and fish are summarized in the
monograph on IQ.



Table 2. Genetic and related efTects or PhIP

~0\lèst sytem Result Dose Reference
(LED/HID)a

Without With
exogenous exogenous
metabolic metabolic
system system

ERD, Escherichia coli differential toxicity - + 3.1 ¡Jg/ml Knasmüller et aL.
(1992)HMM, Host-mediated asy, Escherichia coli in intrasanguinous mice + 0 2.3 mg/kg Knasmüller et al.
(1992) -

SAO, Salmonella tyhimurium TA100, reverse mutation 0 + 0.~~ Sugimura et al. (1989) ~~SAO, Salmonella typhimuum TA100, reverse mutation
0 + 0.~~ Felton & Knize (199) (Î

SA2 Salmonella tyhimurium TA102, reverse mutation 0 - 0.~~ Felton & Knize (199) ~0SA4, Salmonella tyhimurium TA104, reverse mutation 0 + 0.~~ Felton & Knize (199) ZSA8, Salmonella tyhimurium TA1538, reverse mutation 0 + 0.~~ Felton et al. (1980) 00SA8, Salmonella tyhimurium TA1538, reverse mutation 0 + 15 Felton & Knize (199)

~
SA9, Salmonella tyhimurium TA98, reverse mutation 0 + 0.500 Shioya et al. (1987)SA9, Salmonella tyhimurium TA98, reverse mutation - +b 2.240 Holme et al. (1989) :i

enSA9, Salmonella tyhirium TA98, reverse mutation 0 + 0.~~ Sugimura et al. (1989)

dSA9, Salmonella tyhirium TA98, reverse mutation 0 + 0.50 Buonarati & Felton
(199) BSA9, Salmonella tyhimurium TA98, reverse mutation 0 + 0.~~ Felton & Knize (199) ~SA9, Salmonella tyhimurium TA98, reverse mutation 0 + 0.05 Wild et al. (1991) tT

V\SAS, Salmonella tyhimurium TA98/1,8-DNP6, reverse mutation 0 +b 112.~~ Holme et al. (1989) 0\
SAS, Salmonella tyhimurium TA98/1,8-DNP6, reverse mutation 0 + 0.50 Buonarati & Felton

(199)SAS, Salmonella tyhimurium TA98/1,8-DNP6, reverse mutation 0 + 0.0050 Wild et al, (1991)SAS, Salmonella tyhimurium TA98NR, reverse mutation 0 +b 112.~~ Holme et aL. (1989)
SAS, Salmonella tyhimurium TA9, reverse mutation 0 + 0.~~ Felton & Knize (199)
SAS, Salmonella typhimurium YG1024, reverse mutation 0 + 0.050 Wild et al. (1991)
SAS, Salmonella typhimurium TA9, reverse mutation 0 (+ ) 0.~~ Felton & Knize (199)DIA DNA strand breaks, rat hepatoces in vitro + 0 11.200 Holme et aL. (1989)DIA DNA strand breaks, Chinese hamster V79 cells in vitro - +b 11.20 Holme et al. (1989)
GCO, Gene mutation, Chinese hamster ovary cells (uv5) in vitro 0 + 2.~~ Thompson et al. (1987)



Table 2 (contd)

lest system Resul t Dose Reference
(LED/HID)Q

With
exogenous
metabolic
system

+ 1.~~ Thompson et al. (1987)

+b,c 5.60 Holme et al. (1989)

+ 2.~~ Thompson et al. (1987)

3.1 X 1 ip Thcker et al. (1989) "'::50.0 X 1 ip Thcker et aL. (1989) -
"'100.0 X 1 ip Thcker et al. (1989)

100.0 X 1 ip Thcker et al, (1989)
100.0 X 1 ip Thcker et al. (1989)
60 ppm diet 1àkayama et aL. (1989)

X 2/4 wk
20.00 X 9 po Adamson et al. (1991)

+ 0 Peluso et aL. (1991)

Without
exogenous
metabolic
system

sic, Sister chromatid exchange, Chinese hamster ovary cens (uv5) 0
in vitro

SIA, Sister chromatid exchange, Chinese hamster lung V79 cens
in vitro

CIC, Chromosome aberrtions, Chinese hamster ovary cens (uv5) 0
in vitro

SVA, Sister chromatid exchange, mousec bone-marrow cens in vivo +

MV, Micronucleus test, mouseC bone-marrow cens in vivo ?
MV, Micronucleus test, mouseC peripheral bloo cens in vivo ?

CBA, Chromosomal aberration, mouseC bone-marrow cens in vivo
CLA Chromosomal aberration, mousec peripheral blood cens in vivo ( + )
BVD, Binding (covalent) to DNA in rats (multiple organs) in vivod +

BVD, Binding (covalent) to DNA in cyomolgus monkey (multiple +
organs) in vivod

BID, Binding (covalent) to caIf thymus DNA in vitro 0

+ , positive; ( + ), weakly positive; -, negative; 0, not tested; ?, inconclusive (e,g., variable response in several experients within an adequate study)
ain-vitro tests, ¡.g/ml; In-vivo tests, mg/kg bw
hJepatoces
CPolychloriated biphenyl-treated
d32P-Postlabel

~..
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5.3 Animal carcinogenicity data

PhIP was tested for carcinogenicity in one experiment in mice and in two experiments in
rats by oral administration in the diet. It increased the incidence of lymphomas in mice of
each sex. ln rats, it produced adenocarcinomas of the smaii and large intestine in males and
mammary adenocarcinomas in females.

Intraperitoneal injection of PhIP to newborn male mice increased the incidence of
hepatic adenomas.

A single intraperitoneal dose of PhIP after a two-thirds hepatectomy, followed by
further modulating treatment, enhanced development of foci of altered hepatocyes in the
livers of rats.

5.4 Other relevant data

PhIP formed DNA adducts in vivo in rats and monkeys. ln rodent cells in vitro, it induced
DNA damage, gene mutation and chromosomal anomalies. It induced DNA damage and
mutation in bacteria.

PhIP can be metabolized by human microsomes isolated from liver and colon to a
species that damages bacterial DNA.

5.5 Evaluation 1

There is inadequate evidence in humans for the carcinogenicity of PhIP.
There is suffcient evidence in experimental animaIs for the carcinogenicity of PhIP.

Overall evaluation

PhIP (2-Amino-1-methyl-6-phenylimidazo( 4,5-b )pyridine) is possibly carcinogenic to
humans (Group 2B).
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