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Metabolic Activation of Pyrolysate Arylamines by Human Liver Microsomes; Possible
Involvement of a P-448-H Type Cytochrome P-450
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Metabolic activating capacity of human livers for carcinogenic heterocyclic arylamines has
been studied using a Salmonella mutagenesis test. A large individual variation was observed
among 15 liver samples in the capacities of activation of Glu-P-1 (2-amino-6-methyldipyrido[1,2-
3,2’ -d]imidazole), 1Q (2-amino-3-methylimidazo[4,5-flquinoline) and MelQx (2-amino-3,8-
dimethyl-3 H-imidazo[4,5-f]quinoxaline). The average numbers of revertants induced by the three
heterocyclic arylamines were nearly the same or rather higher in the presence of hepatic
microsomes from human than those from rat. In high-performance liguid chromatography,
formation of N-hydroxy-Glu-P-1 was detected and accounted for more than 80% of the total
mutagenicity observed in the human microsomal system with Glu-P-1, indicating that, similarly to
experimental animals, N-hydroxylation is a major activating step for heterocyclic arylamines in
human. Addition of flavone or 7,8-benzoflavone to human liver microsomes showed effective
inhibition of the mutagenic activation of Glu-P-1, although the treatment rather emhanced
microsomal benzo[a]pyrene hydroxylation in human livers. Mutagenic activation of Glu-P-1 by
human liver microsomes was also decreased by the inclusion of anti-rat P-448-H IgG, and was well
correlated with the content of immunoreactive P-448-H in livers, suggesting the involvement of a
human cytockrome P-450, which shares immunochemical and catalytic properties with rat P-448-

H, in the metabolic activation of heterocyclic arylamines in human livers..
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Dietary factors are believed to be a major
contributor to cancer incidence in humans.*®
Most carcinogens which are present in food-
stuffs require metabolic activation for their
carcinogenic and mutagenic effects, and the
activating capacity is dependent on the he-
patic activities of carcinogen-metabolizing
enzymes.*" In experimental animals, hetero-

*1 To whom all correspondence should be ad-
dressed.

*2 Abbreviations used: ¢yt P-450, microsomal cyto-
chrome P-450; P-448-H, a high-spin form of cyt P-
450 which probably corresponds to P-450d,” as
judged from the spectral and catalytic properties,
and electrophoretic comparison in SDS gel; AHH,
aryl hydrocarbon hydroxylase; BP, benzo[a]-
pyrene; Glu-P-1, 2-amino-6-methyldipyrido[1,2-
a:3’,2’-d]imidazole; 1Q, 2-amino-3-methylimidazo-
[4.5-f]quinoline; MelQx, 2-amino-3,8-dimethyl-3 H-
imidazo[4,5-f]quinoxaline; N-OH-Glu-P-1,2-N-
hydroxyamino- 6-methyl-dipyrido[1,2-a:3",2" - d]-
imidazole; HPLC, high-performance liquid chro-
matography; IgG, immunoglobin G; rev., rever-
tants. '
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cyclic arylamine pyrolysates such as Glu-P-1,*2
1Q and MelIQx undergo N-hydroxylation, as a
main activating step, by hepatic cyt P-450s.
Studies in our laboratory indicate that a high-
spin form of cyt P-450, P-448-H, mainly
catalyzes the metabolic activation of these
pyrolysates in rat livers."™'? Using a partially
purified preparation, a specific form(s) of cyt
P-450 was shown to catalyze the activation of
Trp-P-1 (3-amino-1,4-dimethyl-5H-pyrido-
[4,3-blindole) and Trp-P-2 (3-amino-1-
methyl - 5H-pyrido[4,3 - b]indole) in human
liver.” Recent progress on cyt P-450 genes
also suggests the existence of a P-448-H type
P-450 in human liver." However, the chemi-
cal and substrate specificities of this form are
still unknown.

Recent reports on extensive inter-individual
variations in in vitro drug-metabolizing ac-
tivities have suggested the existence of varia-
tions in cyt P-450 isozyme compositions in
human livers.” ' Knowledge of the hepatic
P-430 isozyme composition and of the rela-
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tive concentrations in an individual would"

provide valuable information on the potential
susceptibility of that individual to chemical
carcinogens.’™™ In the present study, the
human activating capacity for pyrolysates has
been investigated in relation to human P-448-
H level as detected on the basis of its immuno-
crossreactivity with IgG of rat P-448-H anti-
body.

MATERIALS AND METHODS

Chemicals IQ hydrobromide monohydrate salt,
MeIQx bromide salt and Glu-P-1 were supplied
under the Research Resource Program for Cancer
Research of the Ministry of Education, Science,
and Culture, Japan, Flavone and 7,8-benzoflavone
were obtained from Wako Pure Chemicals, Osaka.

Benzo[ a]pyrene, dithiothreitol and ellipticine were*

from Sigma Chemical Co., 8t. Louis, Mo. NADP*,
glucose-6-phosphate and glucose 6-phosphate de-
hydrogenase purified from yeast were purchased
from Oriental Yeast Co., Osaka. Salmonella
typhimurium TA98 was kindly provided by Dr. M.
Nagao, National Cancer Center Research Insti-
tute, Tokyo. DE-52 was purchased from Whatman,
Kent, England. Al the other chemicals used for
chromatographic and immunological studies were
of analytical grade and were obtained from the
sources described elsewhere.?

Human Liver Samples Autopsy liver samples of
fifteen patients were obtained within 3 hr after
clinical death and stored at —80° until use. The
case histories of these patients are summarized in
Table L. Physically normal portions of livers were
used in this study.

Preparation of Rat Liver Microsomes Adult male
Sprague-Dawley rats were used to prepare hepatic
microsomes as described previously.® Washed
microsomes were stored at —80° until used and
microsomal protein concentration was determined
by the method of Lowry et al®®

Preparation of Human Liver Microsomes Micro-
somal fractions were prepared from 5-g portions of
human liver samples in a mixture of potassium
chloride (0.1M) and potassium phosphate buffer
{0.1M) containing IlmM dithiothreitol (DTT), by
the same method as employed in the preparation of
rat liver microsomes. The contents of ¢yt P-450
and bs; were determined according to the methods
of Omura and Sato,”® and Omura and Takesue,?”
respectively. NADPH-cyt P-450 reductase was
measured spectrophotometrically using a Beckman
DU- 65 spectrophotometer by the method of
Phillips and Langdon.” Microsomal benzo[a]-
pyrene hydroxylation (AHH) was quantitated by
the method reported previously™ using a Hitachi
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650-60 fluorescence spectrophotometer (Hitachi,
Japan).

Microsomal Activation of Pyrolysates Glo-P-1, IQ
and MelQx were activated in incubation mixtures
consisting of 0.25 mg protein of microsomes, an
NADPH generating system (1.6M NADP™, 16
mM glucose 6-phosphate, 6mM MgCl, and 1.0
IU of glucose 6-phosphate dehydrogenase), 50mM
potassium phosphate buffer (pH 7.4) and 0.1mM
Glu-P-1, IQ or MelQx in a final volume of 0.5 ml.
The reaction was started by the addition of the
NADPH generating system, which had been pre-
incubated for 3 min at 37°. The mixture was in-
cubated at 37° for 10 min.

Mutaticn Assay Ames mutation assay’™

was done

“with modxiﬁcations for comparison of microsomal

activating capacities.”” A two hundred microliter
volume of the reacted mixture was filtered by using
a 0.45 ym HAWP 01300 millipore filter for steril-
ization and termination of the microsomal activat-
ing reaction. When necessary, flavone (50x M), 7,8-
benzoflavone!" ™ (50 uM) or ellipticine’"*
(1 M) was added. More than 90% of the muta-
genicity was recovered in the filtrate by using this
filtration procedure. A ten microliter volume (rat
microsomal incubation mixture) or 25 gl volume
{human microsomal incubation mixture) of the
filtrate was transferred to a tube containing 400
#1 of 100mM sodium phosphate (pH 7.4) and
100 u1 of the bacterial suspension. The mixture
was incubated at 37° for 10 min to ensure the con-
tact of the mutagen and bacteria; and after mixing
with 2 ml of molten soft agar, it was poured gently
onto minimal-glucose agar plates containing 0.1
umol of L-histidine and 0.1 u#mol of biotin. The
His* revertants were counted after incubation at
37° for 48 hr. The number of spontaneous rever-
tants (25-30 revertants/plate) was subtracted from
each count. The data are the mean values of at least
triplicate determinations from individual samples.
Analysis of N-Hydroxy-Glu-P-1 Separation of N-
OH-Glu-P-1 from Glu-P-1 was carried out by
HPLC; a Jasco Tri-Rotar V pump and UVIDEC
100-111 UV absorbance monitor (254 nm) con-
nected with a Nucleosil C;; reverse-phase column
{0.39 X 30 cm) were used. A precolumn (0.39 2.5
cm) packed with Nucleosil Cy; was used to minimize
the loss of separation efficiency of the analytical
column. The reaction mixture was eluted with a
mobile phase of acetonitrile: 20mM sodium acetate
buffer pH 3.3 (25:75, v/v) at a flow rate of 1.0 ml/
min as described previously.'® The reaction was
stopped by the addition of an equal volume of
acetonitrilerwater (50:50, v/v). The resultant su-
pernatant, after centrifugation at 2,500g for 5 min,
was injected onto the column by means of the
automatic sample injector. The amount of N-OH-
Glu-P-1 was determined from the area under the
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peak using a calibration curve prepared with syn-
thetic N-OH-Glu-P-1 as mentioned previously.**

Immunochemical Studies A polyclonal antibody
was prepared from goat immunized with a purified
preparation of rat P-448-H according to a previ-
ously described schedule, and IgG fraction was
prepared by ammonium sulfate fractionation
followed by DEAE-cellulose column chromatogra-
phy.* For immunochemical inhibition, goat anti
rat P-443-H IgG was used at different concen-
trations (25, 50, 100 and 200 ug of the protein)
with 100 ug protein of a human microsomal pre-
paration (sample number 12), which showed the
highest activating rate with Glu-P-1 among those
examined. AHH activity was also examined in the
presence of the antibody to check the specificity of
the antibody used.™ All the other experimental con-

ditions were exactly the same as mentioned in the
descriptions of the determinations of mutagenic
and AHH activities. In a Western blot, the same
polyclonal antibody of rat P-448-H as described
above was used on the basis of its cross reaction
with P-448 type cyt P-450 in the human samples.
Other procedures were done as described previ-
ously

RESULTS

Source and Hepatic Levels of Microsomal
Electron-transferring Components of Individ-
uals Contents of cyt P-450 and bs, and activ-
ity of NADPH-cyt P-450 reductase in hepatic
microsomes prepared from apparently normal
portions of livers of 15 individuals are

Table 1. Case Histories, cyt P-450 and b5 Contents, and Microsomal Activities of Human
Subjects in Comparison with Sprague-Dawley Rats
¢ NADPH-cyt AHH
Sample Sex  Age P‘_’igo,, Cg;’ P-450- (BP) Case history
reductase”  activity?
Human
01 F 72 0.23 0.23 0.20 6.3 Unstable angina (pectoris)
02 F 38 0.05 0.01 0.06 ND?  Lymphoma
03 M 62 0.25 0.20 0.03 ND?  Lung cancer
04 F 36 0.23 0.21 0.10 7.4 Chronic renal failure
(malignant hypertension)
05 M 66 0.21 0.29 0.11 11.5 Renal failure (lung emphysema)
06 0.32 0.10 0.05 0.7 Unidentified
07 M 18 0.24 0.36 0.20 27.7 Cerebral tumor
08 F 63 0.21 0.20 0.12 11.4 Cerebral aneurysm explosion
09 0.22 0.08 0.10 2.0 Unidentified
10 F 64 0.35 0.28 0.20 272 Duodenal ulcer
11 0.02 0.12 0.03 0.6 Unidentified
12 M 58 0.37 0.25 0.31 38.5 Cancer of lachrymal gland
(liver metastasis)
13 M 46 ND® 001 0.03 1.2 Dissecting aneurysm
14 M 82 0.01 0.12 0.13 9.3 Ischemic heart disease
(mitral valve disease)
15 F 63 0.27 0.20 0.16 16.9 Liver left lobe hemangioma
Mean 0.20 0.18 0.12 10.7
ISE +0.03 +0.03 002 +2.96
Rat?
Maie 0.72 0.41 0.27 2314
+0.05 005 =£0.01 +10.7
Female 0.54 0.43 0.26 423
+0.03 0.02 £0.09 *3.0

a) nmol/mg of protein.
b) U/mg of protein/min.
¢) pmol/mg of protein/min.

d) ND, Not detected (cyt P-450, less than 0.01 nmol/mg of protein; AHH, less than 0.6 pmol/mg of

protein/min).
€) Mean of five animals used per group=+SE.
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described in Table 1. The average content of
cyt P-450 in human livers was 0.20 nmol/mg
protein, which was 3.6- or 2.7-fold lower than
those in male and female rat livers, respec-
tively, The microsomal hemoprotein, cyt b,
was also 2-fold lower in livers of human than
rats. The activity of NADPH-cyt P-450
reductase was also measured and was nearly
half in human as compared to those of male
and female rats. Activity of benzo[a]pyrene
hydroxylase (AHH) is often used as a probe
to assess the susceptibility to chemical-
induced carcinogenesis in human. In the pres-
ent study, the rate of microsomal benzo[a]-
pyrene hydroxylation differed markedly
among individuals and no significant correla-
tion was found between the contents of ¢yt P-
450 and b, and the reductase activity (data
not shown). The mean value of AHH activ-
ity in human was four- or twenty-fold less than
that of female or male rats, respectively, al-
though some individuals showed nearly the
same activity as that of female rats.

Mutagenic Activation of Pyrolysates In this
experiment, a Salmonella mutagenesis test

Table II. Mutagenic Activation of Pyrolysates by
Human and Rat Liver Microsomes

Mutagenicity

Sample (%1077 rev./mg of protein/min)
Glu-P-1 1Q MelQx
Human
01 1.5 1.9 1.4
02 6.9 4.8 4.1
03 1.1 1.3 2.0
04 1.9 1.6 1.9
05 1.3 1.7 1.3
06 28 4.4 1.9
07 1.2 1.7 1.7
08 1.4 1.6 1.7
09 1.7 1.6 1.5
10 1.2 1.9 1.7
il 1.4 1.9 1.2
12 14.4 7.8 4.5
13 1.5 1.5 2.0
14 2.8 i.8 1.7
15 3.5 2.1 23
Meant SE 3.010.9 25505 2102
Rat?
Male 2.3%0.2 22+03 172005
Female 1.910.1 1.3£02 1.1£0.05

a} Mean of five animals used per group =SE.
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with a modified procedure using a filtration
step to terminate the microsomal activation at
an gappropriate time was used to compare
quantitatively the microsomal activating ca-
pacity of each sample. As described in Table
II, heterocyclic arylamines, Glu-P-1, IQ and
MelQx, were activated to their mutagens by
human liver microsomes. For Glu-P-1, a 13-
fold difference was observed in the rate of
mutagenic activation among human micro-
somes. The mean value (3.0x10° rev./mg
protein/min) was slightly higher than the
rates observed with microsomes of male and
female rats, Similar results were also detected
with IQ and MelQx. Also, in accordance with
our previous results,” the activating rates of
IQ and MelQx were higher in male than
female rats. However, no significant sex differ-
ence was observed in the activation of both
compounds in human. Among human individ-
nals, samples 2 and 12 showed higher acti-
vating capacities for mutagenic activation of
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Fig. 1. Separation of the mutagenic metabolite of
Glu-P-1 by HPLC. Metabolites formed by human
liver microsomes and by PCB-treated rat liver
microsomes (upper inset) are shown as detected by
UV absorbance.

Ipn. J. Cancer Res. (Gann)



CHARACTERISTICS OF HEPATIC P-448-H IN HUMAN LIVER

Table ITI. The Rate of Glu-P-1 N-Hydroxylation
in Human Liver Microsomes

N-Hydroxy-Glu-P-1

Sample (nmol/mg of protein/min)
Human

04 0.14

09 (.39

10 0.21

12 0.64

14 0.16

15 0.24
Rat (mean=+SE)

Male 0.32+0.06

Female 0.35£0.09

All the other human samples showed no detectable activ-
ity (less than 0.1 nmol/mg of protein/min}.

all these heterocyclic arylamines, although
sample 2 had no detectable benzo[a]pyrene
hydroxylase activity {Table I).
N-Hydroxylation of Glu-P-1 To assess the
mechanism of mutagenic activation of hetero-
cyclic arylamines in human livers, microsomal
metabolism of Glu-P-1 was studied by HIPLC.
As shown in Fig. 1, a metabolite which co-
migrated with synthetic N-hydroxy-Glu-P-1
was detected in the reaction mixture contain-
ing human or PCB-ireated rat liver micro-
somes. The isolated metabolite from HPLC of
the human sample showed direct mutagenicity
to Salmonella at around 8.0 X 10° rev./nmol,
which is comparable to the specific activity of
the synthetic standard, N-hydroxy-Glu-P-1.
In addition, there is a good correlation (r=
0.828) between the number of revertants in-
duced and microsomal N-hydroxylation rate
of Glu-P-1 with 7 individuals from the data
shown in Table III.

Characteristics of Microsomal Activating
Enzyme in Human Liver Heterocyclic aryl-
amines have been shown to be activated by
microsomal cyt P-450, particularly the P-448-
type forms and to some extent by a constitu-
tive form, P-450-male, in rat liver,'"™ To
understand the characteristics of the enzyme
catalyzing the activation of heterocyclic aryl-
amines in human liver, the effects of chemi-
cals which modify the activity of cyt P-450
were examined using liver microsomes of
human sample 12. Similar to the results with
rat liver, addition of luM ellipticine effec-
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Table IV. Effect of Known Rat P-448 Inhibitors
on the Human Liver Microsomal Activation Ca-
pacity

Concen- .. .
Chemical tration M‘gffi;n]f)lty AH};;CJ ity
(M) “
None 6.5 (100)” 35.5 (100)
Ellipticine 1 03 (46) 59 (16.6)
Flavone 50 0.8 (12.3) 739 (208)
7,8-Benzo- 50 24 (36.9) 105.1 (296)
flavone .

a) Number of revertants X 10°/mg of protein/min.
b) pmol/mg of protein/min.
¢) Relative percent.

100

75

50

Residual activity (%)

25

O | I' 1 ’I

o 50 100 150 200

Anti P—448-H IgG concentration
( 1g/100 ug of microsomal protein }

Fig. 2. Effect of anti-P-448-H IgG on the micro-
somal activation of Glu-P-1 {determined by Ames
test} and AHH (determined fluorimetrically) in
hurman liver. Assay was done by incubating anti P-
448-H IgG or IgG fraction of non immunized
rabbit serum with human microsomes and Glu-P-1
or BP as mentioned in “Materials and Methods.”
The microsomal protein used in this experiment
was 100 pg/incubation mixture. Open symbols
show the effect of non-immune IgG (O), and
closed symbols indicate the effect of the antibody
on benzo{a]pyrene (4) and Glu-P-1 (@) acti-
vation.

tively decreased both the mutagenic activa-
tion of Glu-P-1 and activity of AHH in human
liver (Table IV). Flavone and 7,8-benzofla-
vone have also been shown to inhibit the ac-
tivation of heterocyclic arylamines catalyzed
by P-448-type cyt P-450 in rats.'"'*?" Muta-
genic activations of Glu-P-1 in human liver
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Fig. 3.

Immunoblot of the human liver microsomes against goat anti-rat P-448-H IgG. Rat P-448-H

was used as a standard at concentrations of 0.75 (a), 0.5 (b), 0.05 (c) and 0.15 (d) pmol per 80 yl,
which was applied to SDS gel as same as the human samples.

microsomes were also reduced to 129 and
37% of the untreated control by the addition
of 50uM flavone or 7,8-benzoflavone, respec-
tively. However, microsomal benzo[a}pyrene
hydroxylation in human liver was rather en-
hanced by the addition of these compounds as
previously described.’” These results suggest
that a form(s) of P-448-type cyt P-450 medi-
ates the activation of Glu-P-1 in human liver.
Therefore, the effect of antibody raised
against a rat cyt P-450, P-448-H, was ex-
amined on the microsomal activation of Glu-
P-1 o assess the role of human orthologue
P-448-H. As shown in Fig. 2, the number of
revertants was decreased by the addition of
anti-P-448-H IgG in a dose-dependent manner
and was less than 20% of the control at the
concentration of 50 upg anti-P-448-H IgG/
100 ¢g human microsomal protein. On the
other hand, AHH activity was not appreciably
inhibited by the addition of the antibody
even at the highest concentration used with
Glu-P-1. These results suggest that the activa-
tion of Glu-P-1, but not benzo[g]pyrene
hydroxylation, in human liver is catalyzed
mainly by the orthologue P-448-H.

Immunoquantitation of the Orthologue P-448-
H As described above, human microsomal
activation of Glu-P-1 was inhibited by anti P-
448-H 1gG. Thus, by the use of the immuno-
cross reactivity between anti-P-443-H IgG
and human microsomes, the hepatic level of
P-448 type cyt P-450 in human was quan-
titated by a Western blot method. The im-
munoblots of the fifteen samples are shown in
Fig. 3. Immunoreactive human P-448-H was
detected in 7 samples (Table V) in the range
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Table V. Immunoquantitation of P-448-H Level
in Human Liver Microsomes

Immunoreactive P-448-H level

Sample (pmol/mg of protein)
Human
o1 ND#
02 34
03 ND
04 23.5
05 ND
06 ND
07 ND
08 I1.8
09 ND
10 24.4
i3l 14.8
12 59.6
13 ND
14 2.9
15 ND
Mean =SE 21.6£6.8 (7 samples)
Rat?
Male 174£1.3
Female 28.210.8

a) ND, not detected (less than 1 pmol/mg of protein).
b) Mean of five animals used per group = SE.

of 2.9—59.6 pmol equivalent/mg of micro-
somal protein (21.6 6.8 pmol equivalent/mg
of microsomal protein as the mean of 7
samples£SE}. On the other hand, P-448-H
levels in male and female rats are 17.41+1.3
and 28.2%0.8 pmol/mg of microsomal pro-
tein, respectively. The average level in human
is less than that in rats, but some individuals,
especially number 12, showed fairly high

Jpn. J. Cancer Res. (Gann)
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levels. These results indicate that a cyt P-450,
which shares the immunochemical and cata-
lytic properties of P-448-H, exists in human
livers. Among the 7 individuals, good correla-
tions were found between the determined
immunoreactive P-448-H content and N-
hydroxylation (r=0.787) or mutagenicity of
Glu-P-1 (r=0.702).

DisCUSSION

Heterocyclic arylamines produced in the
pyrolysis of proteins or foods are considered
to be one of the main causative factors in
human environmental carcinogenesis. In the
present study, human liver has been shown to
catalyze the metabolic activation of three
carcinogenic heterocyclic arylamines, Glu-P-
1, IQ and MelQx, which were recently re-
ported to be accumulated in plasma of uremic
patients.”*> Among 15 human samples, a
large individual variation was detected in the
microsomal activation of these heterocyclic
arylamines (Table II}. The average rates of
the mutagenic activation in human liver were
nearly the same as or rather higher than those
in rat liver. A large individual difference
was also observed in microsomal benzojal-
pyrene hydroxylation {Table I) but no appre-
ciable correlation exists between the two re-
actions in human microsomes. The available
data on medical history and microsomal
components in each individual also did not
afford any explanation for the large individual
difference. These results suggest that the inter-
individual difference exists in the activating
capacity of human livers for these heterocyclic
arylamines, although a deteriorative change
before preparation of microsomes may also
contribute to the difference.

Concerning the activation mechanism of
these heterocyclic arylamines, human livers
catalyzed the mutagenic activation of Glu-P-1
mainly through N-hydroxylation, as is the
case with experimental animal species (Fig. 1,
Table I1I).

Heterocyclic arylamines have been shown
to be activated by microsomal cyt P-450, par-
ticularly the P-448-type forms,'™'? and to
some extent by a constitutive form, P-450-
male, in rat liver.’” Recent investigations
using molecular cloning techniques indicate
that cyt p-450 comprises a large family of
hemoproteins and, within a sub-family, their
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primary structures are fairly well conserved
among animal species.’” In fact, several
human cyt P-450 genes corresponding to
animal counterparts have been demonstrated
using ¢cDNA of cyt P-450 in experimental
animals. The existence of a cyt P-450
orthologous to rat P-448-H (P-450d) in
human liver is also suggested by the results of
molecular cloning and immunoblotting exper-
iments.'****) As shown in Table IV, micro-
somal activation of Glu-P-1 in human liver
was decreased by the addition of known in-
hibitors of rat P-448-H, ellipticine, flavone or
7.8-benzoflavone, and also by the addition of
anti P-448-H, in a dose-dependent manner
(Fig. 2). The involvement of P-448-H type of
cyt P-450 was further supported by the results
of immunoblotting, since microsomal con-
tents of immunoreactive P-448-H in human
livers were correlated with the rate of N-
hydroxylation of Glu-P-1. These results indi-
cate that, as in other animal species, P-448-H
orthologue catalyzes the metabolic activation
of heterocyclic arylamines in human liver,
and the large individual differences in P-448-
H orthologue content may be a factor affect-
ing the susceptibility to chemical-induced
carcinogenesis. In the present study, the cause
of the individual differences in P-448-H
orthologue content remained unresolved, but
our recent study has indicated that P-448-H
content in rat liver is increased in diabetes.*”
These results may imply that we need to
consider the large variation in P-448-H
orthologue content in association with the
patho-physiological condition of human indi-
viduals, as well as chemicals ingested.
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