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ABSTRACT

In order to investigate the exposure of humans to 2-amino-6-methyl-
dipyrido[l,2-a:3',2'-d|imidazole |(Glu-P-l) Chemical Abstracts Serv-
ice:67730-ll-4] and 2-aminodipyrido|l,2-a:3',2'-d]imidazole |(Clu-P-2)

Chemical Abstracts Service:67730-10-31, carcinogenic heterocyclic
amines, we developed a high-performance liquid chromatography method
to detect Glu-P-1 and Glu-P-2 in biological samples, and compared the
plasma levels of the carcinogens in normal subjects with those in uremie
patients in which higher incidence of malignancy'has been reported. Glu-

P-1 and Glu-P-2 levels in plasma of uremie patients before induction of
hemodialysis treatment were 12.62 Â±3.65 (SD) pmol/ml (n = 5) and
14.81 Â±5.17 pmol/ml (n = 5), respectively, whereas Glu-P-1 and/or Glu-
P-2 could be detected in only two of seven normal subjects and the levels
were lower than 3.1 pmol/ml. Approximately 10% of these carcinogens
in plasma of uremie patients could be removed by the first hemodialysis
treatment, and reasonable amounts of these carcinogens could be detected
in the dialysate of uremie patients. However, significant amounts of Glu-
P-1 and Glu-P-2 were still detected in plasma of all uremie patients even
after 1 month-hemodialysis treatments. These results suggest that one of
the excretory pathways of these carcinogens is via kidney.

INTRODUCTION

Dietary factors are implicated as major causes of human
cancer (1, 2). Several mutagenic heterocyclic amines have been
reported to be present in several cooked foods (3-8). These
heterocyclic amines such as Glu-P-1,3 Glu-P-2, IQ, MelQ,
MelQx, Trp-P-1, and Trp-P-2 have been reported to be carcin
ogenic to mice and rats (8-11). The intake of the heterocyclic
amines per capita per day is supposed to be around 100 /Â¿g(8).
These heterocyclic amines are metabolically converted to het
erocyclic hydroxylamines by enzymes in mammalian tissues
(12). Some TV-hydroxyamino derivatives can form adducts with
DNA by themselves (13). Thus, heterocyclic amines produced
during cooking may be one group of multiple factors in food
which are responsible for human carcinogenesis (8). Recently,
we reported that MelQx, Trp-P-1, and Trp-P-2, the mutagenic
and carcinogenic heterocyclic amines, were present in the di
alysis fluid of patients with uremia (14, 15). Hitherto, however,
there has been no direct evidence that human blood contains
these heterocyclic amines. This investigation was designed to
confirm directly whether humans are actually exposed to the
carcinogenic heterocyclic amines.

Received 1/30/87; revised 4/30/87, 8/6/87; accepted 8/12/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1This research was supported in part by a Grant-in-Aid for Scientific Research
from the Ministry of Education, Science, and Culture of Japan.

2To whom requests for reprints should be addressed.
3The abbreviations used are: Glu-P-1, 2-amino-6-methyldipyrido[l,2-a:3',2'-

djimidazole; Glu-P-2, 2-aminodipyrido[l,2-a:3',2'-d]imidazole; IQ, 2-amino-3-
methylimidazo[4,5-f]quinoline; MelQ, 2-amino-3,4-dimethylimidazo[4.5-f]quin-
oline; MelQx. 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline; Trp-P-1, 3-
amino-1,4-dimethyl-5//-pyrido|4,3-b)indole: Trp-P-2, 3-amino-1 -methyl-5//-pyr-
ido[4.3-b]indole; HPLC. high performance liquid chromatography; CAS. Chem
ical Abstracts Service; PREP-ODS, preparative-octadecyl silane.

In this study, we developed HPLC method to detect Glu-P-
1 and Glu-P-2 in biological samples. By using HPLC, we clearly
demonstrated that Glu-P-1 and Glu-P-2 were present in human
plasma and the dialysate of patients with uremia and that Glu-
P-1 and Glu-P-2 levels in plasma of patients with uremia were
apparently higher than those in normal plasma. These results
suggest that the uremie patients are actually exposed to these
carcinogens.

MATERIALS AND METHODS

Chemicals. Glu-P-1 (CAS:67730-ll-4), Glu-P-2 (CAS:67730-10-3),
Trp-P-1 (CAS:62450-06-0), and Trp-P-2 (CAS:62450-07-1) were pur
chased from Wako Pure Chemical Industries (Osaka, Japan). IQ
(CAS:76180-96-6), MelQ (CAS:77094-11-2), and MelQx
(CAS:77500-04-0) were kindly provided by Dr. Shigeaki Sato, National
Cancer Center Research Institute (Tokyo, Japan). Blue cotton, cotton
bearing covalently bound trisulfo-copper-phthalocyanine, was obtained
from Funakoshi Pharmaceutical Co., Ltd. (Tokyo, Japan) (15). Pro-
teinase K was obtained from Boehringer Mannheim (West Germany),
and HPLC grade methanol was obtained from Wako. All other chem
icals were analytical grade.

Uremie Patients and Healthy Normal Subjects. The total number of
subjects studied was 12 of whom 7 were healthy normal subjects and 5
were uremie patients before and after induction of hemodialysis treat
ment in the Kidney Center of Toho Hospital (Gunma, Japan) and
Maebashi Saiseikai Hospital (Gunma, Japan) (Tables 1 and 2).

The causes of renal failure were supposed to be chronic glomerulo-
nephritis in four subjects and polycystic kidney in one subject. Four
patients had received furosemide and all patients had received antihy-
pertensive drugs including nifedipine, propranolol, and captopril. All
patients with uremia received the induction of dialysis treatment and
thereafter were treated with hemodialysis twice a week. In these uremie
patients, biochemical data such as serum bilirubin levels and various
serum enzyme activities related to the destruction of liver were almost
within normal limits during the course of hemodialysis treatment.
Patients were dialyzed with AK-SOLITA C dialyzer (Shimidzu Phar
maceutical Co., Ltd., Shizuoka, Japan). The dialysis water supply
consisted of tap water processed through a water softener.

Extraction of Glu-P-1 and Glu-P-2. Glu-P-1 and Glu-P-2 were ex
tracted by using the blue cotton after digesting plasma samples with
proteinase K, as reported previously (15-17). Briefly, plasma (15 ml)
was mixed with an equal volume of the digestion buffer (0. l M Tris-
HC1, pH 8.8, containing 10 HIM EDTA and 4 HIMmercaptoethanol)
and 1 mg/ml proteinase K. The mixture was then incubated at 37Â°C

for 2 h. After digestion, 500 ml of distilled water were added to the
mixture. The diluted mixture was treated twice with l g of the blue
cotton. All the cotton used was washed with distilled water and Glu-P-
1 and Glu-P-2 which were bound with the blue cotton were extracted
with 500 ml of methanol/ammonia (50/1, by vol). Glu-P-1 and Glu-P-
2 in the dialysate of patients with uremia were directly extracted with
the blue cotton without digestion (15).

Analyses of Glu-P-1 and Glu-P-2 by HPLC. Partial purification by
HPLC was carried out on a PREP-ODS column (20-Mm particle, 20 x
250 mm; Shimadzu, Kyoto, Japan) by using a Shimadzu LC 6A
Chromatograph (Shimadzu) as reported previously (15). The mobile
phase was methanol/10 mM H3PO4-NaOH, pH 7.2 (60/40, by vol) at
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Table 1 Clinical data of patients with uremia before induction of
dialysis treatment

Patient1,

H.K.2,
T.A.3,
N.Y.4,
S.S.5,
K.T.Mean

Â±SDSexFMFFMAge(yr)56426447SIClinical

diagnosisCGN"PKCGNCGNCGNBlood

urea
nitrogen

(mg/dl)9894110102100100.8

Â±5.93Serum

cre-
atinine

(mg/dl)8.79.88.68.68.28.78

Â±5.17
' CGN, chronic glomerulonephritis; PK, polycystic kidney.

Table 2 (Ã¬lu-P-land Glu-P-2 levels in plasma of normal subjects

Subject12

3
4
5
6
7NameS.

M.
H. Y.
S.I.
Y. K.
M. M.
K. Y.
M. K.SexM

M
MM

F
F
FAge(yr)35

3032

32
32
27
27pumi

mlGlu-P-125

NO*

ND
ND
ND
ND
NDGlu-P-23.10

2.20
ND
ND
ND
ND
ND

" ND, not detected (the minimal detection limit levels for Glu-P-1 was greater
than I piiinl ml and that for Glu-P-2 was greater than 1.67 pmol/ml).

a flow rate of 6.0 ml/min at 40Â°C.Absorbance was determined at 274

nm.
The fraction corresponding to Glu-P-1 was further purified by the

different solvent system (60% methanol) on the same column. Further
purification of Glu-P-2 was carried out on a Hitachi gel porous polymer
column ( 10 (/in particle, 8.0 x 250 mm; Hitachi, Tokyo, Japan) and
eluted with methanol/10 IHMpotassium phosphate buffer, pH 7.0 (60/
40, by vol) at a flow rate of 2 ml/min at 40Â°C.

Finally, HPLC analyses were carried out on an Asahipack GS-320H
column (').()//in particle size, 7.6 x 250 mm, Asahi Chemical Industries,

Ltd., Kawasaki, Japan). The partially purified samples were dissolved
in methanol before injection onto an HPLC column. The mobile phase
was 10 mM KHzPCV^HPOi, pH 7.0/methanol (90/10, by vol) at a
flow rate of 2.0 ml/min at 50Â°C.Absorbance was determined at 260

nm.
Recoveries of Glu-P-1 and Glu-P-2. Authentic Glu-P-1 and Glu-P-2

(1 nmol each) were added to 30 ml of normal human plasma and
incubated for l h at room temperature. In order to determine the effect
of digestion with proteinase K on the recovery rates of Glu-P-1 and
Glu-P-2, one-half of the plasma containing 0.5 nmol of authentic Glu-
P-1 and Glu-P-2 was digested before the blue-cotton extraction. The
rest of the plasma was not treated with proteinase K before the blue-
cotton extraction.

Spectrophotometric Analyses. Spectrophotometric measurements
were performed on a Shimadzu UV260 spectrophotometer (Shimadzu)
and fluorescence determinations were carried out on a Hitachi F-3000
fluorescence spectrophotometer (Hitachi). The compounds purified
with HPLC were dissolved in methanol and further confirmed to be
Glu-P-1 or Glu-P-2 by their absorbance and fluorescence spectra.

Mutation Assay. Mutagenicity of the purified samples was measured
by the umu test, as described previously (14, 15, 18). Ten microliters
of the samples were preincubated with S9 mixture containing 2.0% S9
for 1 h, and the preactivated samples were added to 100 n\ of Salmonella
typhimurium TA1535/PSK1002 strain. The activity was expressed as
the absorbance at 620 nm, and more than 2-fold increase in /3-galacto-
sidase activity, as compared with control (solvent used), was defined as
mutagenic. The specific mutagenic activity was defined as the total .Ã-
galactosidase activity minus the activity of control (10% dimethyl
sulfoxide or solvent used) (18). The minimum detection limits for Glu-
P-1 and Glu-P-2 by the umu test were 1.76 and 122 ng, respectively.

RESULTS

Partial Purification and Analyses of Glu-P-1 and Glu-P-2 by
HPLC. As shown in Fig. 1, peaks which seemed to correspond

to authentic Glu-P-1 and Glu-P-2 were detected in all cases

after injection of samples extracted with the blue cotton into a
PREP-ODS column. Mutagenic activities of the fractions cor
responding to various authentic mutagens-carcinogens sug
gested the presence of various mutagens in human plasma (Fig.
1). The fractions corresponding to Glu-P-1 and Glu-P-2 were
collected and dried by an evaporator. Further purification of
Glu-P-1 was carried out on the PREP-ODS column by using a

different mobile phase (Fig. 2). The partially purified samples
were analyzed by using an Asahipack GS-320H column. As
shown in Fig. 3, a peak corresponding to authentic Glu-P-1
was clearly separated. On the other hand, the Glu-P-2 fraction
obtained at the first purification step was further purified by
using a porous polymer column (Fig. 4). We could not exclude
the possibility that the fraction corresponding to Glu-P-2 might
be contaminated with MelQ. Finally, therefore, the partially
purified samples were analyzed on an Asahipack GS-320H
column to separate Glu-P-2 from MelQ, because authentic
MelQ was eluted approximately 11 min later than Glu-P-2 on
the column. A peak corresponding to authentic Glu-P-2 was
clearly seen (Fig. 5). For confirmation of the compounds puri
fied with HPLC, mutagenic activities and absorbance and flu
orescence spectra of the fractions corresponding to authentic
Glu-P-1 and Glu-P-2 were determined. The fractions corre
sponding to Glu-P-1 in plasma and dialysate of uremie patients

(A )

(B) yâ„¢ c
O %
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Fig. 1. Preparative HPLC separation of Glu-P-1 and Glu-P-2 in human
plasma by using a PREP-ODS column. A. HPLC Chromatographie profile of
various carcinogenic heterocyclic amines including Glu-P-1 and Glu-P-2; //.
HPLC Chromatographie imitili- of plasma sample and mutagenic activities of the
fractions by the umu test. AaC, 2-amino-9//-pyrido[2,3-b]indole; MeAaC, 2-
amino-3-methyl-9//-pyrido(2,3-b]indole.
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(A)

(B)
IQ.MelOx.Glu-P-2.MelO

04 8 12 16 20 24
RÃ©tention Time (min)

Fig. 2. Second step purification of Glu-P-1 in plasma. The fraction corre
sponding to Glu-P-1 on the first step purification (Fig. 1) was collected and
injected into the PREP-ODS column. The mobile phase was different from that
of the first step purification. A, plasma sample; B, various authentic carcinogens.
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Fig. 3. Final separation of Glu-P-1 in plasma by using an Asahipack GS-
320H column. The fraction corresponding to Glu-P-1 on the second step purifi
cation (Fig. 2) was collected and injected into an Asahipack GS-320H column.
Mutagenic activities of the fractions were measured by the umu test.

showed strong mutagenic activities to the S. typhimurium
TA1535/PSK1002 strain with the presence of S9 mixture,
whereas the other fractions on the final purification step did
not exhibit outstanding mutagenicity (Fig. 3). The specific

(A )

( B)

8 12 16 20 24
Retention Time (mm)

28

Fig. 4. Second step purification of Glu-P-2 in plasma by using a porous
polymer column. The fraction corresponding to Glu-P-2 on the first step purifi
cation (Fig. 1) was collected and injected into the porous polymer column. I.
plasma sample: J, peak corresponding to Glu-P-2: B, various authentic carcino
gens.
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Fig. 5. Final separation of Glu-P-2 in plasma by using an Asahipack GS-
320H column. The fraction corresponding to Glu-P-2 on the porous polymer
column (Fig. 4) was collected and injected into the Asahipack GS-320H column.

mutagenic activities of the fractions corresponding to Glu-P-1
in uremie plasma and the dialysate were 0.482 Â±0.05 (SD; n =
5) and 1.127 Â±0.206 (n = 5), respectively. Moreover, the
absorbance and fluorescence spectra of the fractions corre
sponding to Glu-P-1 on the final purification step were identical
to the absorbance and fluorescence spectrum of authentic Glu-
P-1 (Figs. 6 and 7). Thus, the peak corresponding to Glu-P-1
on the final purification step by HPLC coincided completely
with authentic Glu-P-1 in both its absorbance and fluorescence
spectra and its mutagenic activity.

On the other hand, the fractions corresponding to Glu-P-2
in plasma samples of uremie patients did show slight mutagen-
icities (lower than 0.1), but the uninduced or spontaneous levels
of the solvent with the presence of S9 mixture were 0.05 Â±0.01
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Fig. 6. Absorbance spectra of the fractions corresponding to Glu-P-1 in plasma
( ) and dialysate ( ) of patient (Patient 1) with uremia (A) and authentic
Glu-P-1 (12 nmol/ml) (B). Compounds purified with HPLC were dissolved in 1
ml methanol.
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Fig. 7. Fluorescence emission spectra of authentic Glu-P-1 and Glu-P-2 and
the fractions corresponding to them in plasma and dialysate of a uremie patient
(Patient 1). Compounds purified from plasma were dissolved in 1 ml methanol,
and those from dialysate were dissolved in 3 ml methanol. A. fluorescence
emission spectra of the fractions corresponding to Glu-P-1 in plasma ( ),
dialysate (â€”), and authentic Glu-P-1 (230 pmol/ml) ( ) when excited at 377
nm. B, fluorescence emission spectra of the fractions corresponding to Glu-P-2
in plasma (â€”), dialysate (â€”). and authentic Glu-P-2 (390 pmol/ml) ( )
when excited at 384 nm.

(n = 10). In the umu test, more than a 2-fold increase in ÃŸ-
galactosidase activity, as compared with control (solvent used),
is defined as mutagenic (18). Therefore, the fractions corre
sponding to Glu-P-2 in plasma were thought to be not muta
genic. The results, however, suggest that Glu-P-2 contents in
human plasma were under the minimum detection limit for
Glu-P-2 by the umu test (122 ng), since the fractions corre
sponding to Glu-P-2 in dialysate samples exhibited strong
mutagenicities. In the dialysate, the specific mutagenic activities
of the fractions corresponding to Glu-P-2 were 0.544 Â±0.120

(n = 5). Consistent with these results, the absorbance and
fluorescence spectra of the fractions corresponding to Glu-P-2
in the dialysate were identical to the spectrophotometric data
of authentic Glu-P-2 (Figs. 7 and 8). In addition, no mutagenic
substances could be detected in fresh dialyzer with any of the
purification steps.

Recovery of Glu-P-1 and Glu-P-2. The recovery of Glu-P-1
and Glu-P-2 in the plasma which was treated with proteinase
K before the blue-cotton extraction was 66.2 Â±5.6% (n = 3)
and 70.2 Â±6.8% (n = 3), respectively, on the final HPLC
analyses, whereas recovery in the plasma without digestion was
52.0 Â±4.8% (n = 3) and 54.8 Â±6.2% (n = 3), respectively.
Therefore, all plasma samples were digested with proteinase K
before the blue-cotton extraction.

Glu-P-1 and Glu-P-2 Levels in the Plasma of Normal Subjects
and Patients with Uremia before Induction of Dialysis Treatment.
Both peak heights and areas of Glu-P-1 on the chromatograms
obtained by using an Asahipack GS-320H column showed
linear relationships to the contents of Glu-P-1 standard from
15 to 400 pmol (not shown). In Glu-P-2, linear relationships
between the Glu-P-2 standard and its corresponding peak
heights and areas over the range 25 to 600 pmol were obtained
(not shown). We used 15 ml of human plasma for the HPLC
analysis. Therefore, the minimum detection limit levels in the
plasma for Glu-P-1 was greater than 1 pmol/ml and that for
Glu-P-2 was greater than 1.67 pmol/ml. Calculations based on
those linear relationships, Glu-P-1 and Glu-P-2 levels in human
plasma, were determined.

In only two of seven normal subjects could Glu-P-1 and/or
Glu-P-2 be detected in their plasma (Table 2). In marked
contrast to the results, Glu-P-1 and Glu-P-2 levels were deter
mined in the plasma of all uremie patients before and after
induction of dialysis treatment. The heterocyclic amine levels
in the plasma of uremie patients were apparently much higher
than those in the plasma of normal subjects (Tables 2 and 3).
In addition, there was no significant difference between Glu-P-
1 and Glu-P-2 levels in uremie patients, and also there was no

Wavelength (nm)

Fig. 8. Absorbance spectra of the fraction corresponding to Glu-P-2 in dialy
sate of a patient (Patient 1) with uremia (A) and authentic Glu-P-2 (120 nmol/
ml) (B). Compounds purified with HPLC were dissolved in 1 ml methanol.
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Mean Â±SD

Table 3 Glu-P-I and Glu-P-2 levels in plasma of patients with uremia before and after hemodialysis treatment

Glu-P-1 (pmuÃmil at time after hemodialysis (h) Glu-P-2 (pmol/ml) at time after hemodialysis (h)

Patient01

17.83
2 13.46
3 11.24
4 7.76
5 12.801.2517.12

13.00
10.82
7.48

12.30516.00

12.18
10.24
6.98

11.66019.3820.15

10.10
15.50
8.901.2518.60

19.40
9.80

14.86
8.54517.48

18.60
9.10

14.00
8.10

12.62 Â±3.65 12.14 Â±3.5 11.41 Â±3.27 14.81 Â±5.17 14.24 Â±4.96 13.46 Â±4.76

correlation among the heterocyclic amine, serum creatinine,
and blood urea nitrogen levels.

Effects of Hemodialysis Treatment on Glu-P-1 and Glu-P-2
Levels in Plasma. As shown in Table 3, Glu-P-1 and Glu-P-2
levels in the plasma of uremie patients were gradually decreased
by the first hemodialysis treatment. However, approximately
90% of these heterocyclic amines could be still detected even
after 5 h of hemodialysis. Moreover, Glu-P-1 and Glu-P-2 could
be detected even after a 1-month hemodialysis treatment, and
Glu-P-1 and Glu-P-2 levels in plasma were 4.2 Â±1.0 pmol/ml
(n = 5) and 5.1 Â±1.2 pmol/ml (n = 5), respectively.

Contents of Glu-P-1 and Glu-P-2 Â¡nDialysate of Patients with
Uremia. Dialysis fluid was collected for about 75 min from the
beginning of the first hemodialysis treatment, and contents of
Glu-P-1 and Glu-P-2 were measured with our HPLC method.
As shown in Table 4, significant amounts of Glu-P-1 and Glu-
P-2 were detected in the dialysis fluid. These results seem to be
consistent with the extent of decreases of Glu-P-1 and Glu-P-2
levels in plasma during a 75-min hemodialysis treatment (Table

3).
Statistics. Data were analyzed by Student's t test for signifi

cance of differences.

DISCUSSION

In this study, we developed a new HPLC method to detect
Glu-P-1 and Glu-P-2, carcinogenic heterocyclic amines, in hu
man plasma and dialysate of uremie patients. These heterocyclic
amines were extracted with blue cotton, and the extracted
heterocyclic amines were partially purified with HPLC by using
PREP-ODS and porous polymer columns (Figs. 1, 2, and 4).
Final analyses by HPLC were carried out on an Asahipack GS-
320H column (Figs. 3 and 5). By using three different types of
columns, Glu-P-1 and Glu-P-2 in human plasma and dialysate
of uremie patients could be clearly separated. The purity and
identification of Glu-P-1 and Glu-P-2 isolated by using HPLC
were evaluated by absorbance and fluorescence spectra and the
mutagenicity. As shown in Figs. 6 to 8, the peaks corresponding
to Glu-P-1 and Glu-P-2 on the chromatogram of the final
purification step coincided completely with authentic Glu-P-1

Table 4 Amounts of Glu-P-1 and Glu-P-2 in dialysate of patients with uremia

Dialysis fluid was collected for about 75 min from the beginning of hemodi
alysis treatment. Hemodialysis speed was approximately 500 ml/min.

Patient1

2
3
4
5Volume

of dialy
sate (li

ters)35

4035

40
36pmolGlu-P-11200

960
780
220
580Glu-P-21280

1100
660

1080
840

Mean Â±SD 780 Â±373 992 Â±243

and Glu-P-2 in both their absorbance and fluorescence spectra.
Moreover, the fractions corresponding to authentic Glu-P-1
and Glu-P-2 showed significant mutagenic activities. These
results indicate that our HPLC method can detect carcinogenic
glutamic acid pyrolysis products in various biological samples.

By using our new HPLC method, we demonstrated that Glu-
P-1 and Glu-P-2 levels in the plasma of uremie patients are
apparently much higher than those of healthy normal subjects
(Tables 2 and 3). Our data also demonstrated that Glu-P-1 and
Glu-P-2 levels in the plasma of uremie patients are gradually
decreased by the hemodialysis treatment (Table 3). The results
are consistent with the findings that significant amounts of Glu-
P-1 and Glu-P-2 could be detected in the dialysate (Table 4).
However, the carcinogenic glutamic acid pyrolysates were ap
parently detected in the plasma of these patients even after a 1-
month hemodialysis treatment. These findings seem to suggest
that uremie patients are continuously exposed to the mutagenic
and carcinogenic heterocyclic amines. The metabolism of these
heterocyclic amines in humans has not been clarified. However,
the results might suggest that the decreased excretion of these
heterocyclic amines in case of renal failure causes the accumu
lation of Glu-P-1 and Glu-P-2 in plasma.

With our method, the recovery of Glu-P-1 and Glu-P-2 was
66.2 and 70.2%, respectively, when authentic Glu-P-1 and Glu-
P-2 were added to human plasma. However, the recovery of
these heterocyclic amines was approximately 20% lower than
those values when plasma samples containing authentic Glu-P-
1 and Glu-P-2 were not digested with proteinase K. These
results seem to suggest that parts of Glu-P-1 and Glu-P-2 in
plasma are protein-bound form(s). This idea seems to be sup
ported by the finding that hemodialysis treatment could not
remove most Glu-P-1 and Glu-P-2 from plasma although these
heterocyclic amines are supposed to be dialyzed because of their
low molecular weight (lower than 200) (Table 3). Recently, Glu-
P-1 has been shown to bind to hemoglobin in rats that have
been given '"C-labeled Glu-P-1 (19). However, further studies

are necessary to determine whether or not glutamic acid py
rolysis products in human plasma are present as the protein-
bound form(s).

Recently, Negishi et al. (20) reported that almost all of the
radioactive Glu-P-1 administered was absorbed from the rat
intestine and that the metabolites of Glu-P-1 and unmetabo-
lized Glu-P-1 were excreted via bile in rats. Although there has
been no evidence that humans can metabolize the mutagenic
and carcinogenic heterocyclic amines in vivo, it might be pos
sible that liver dysfunction induces the increase of intact carcin
ogens in human plasma. In the uremie patients examined in
this study, the liver functions of these patients may be supposed
to be within normal limits during the course of the hemodialysis
treatment, judging from the biochemical data. However, their
liver functions had not been accurately evaluated. Therefore,
further studies are needed to determine whether or not liver
dysfunction induces the elevation of these carcinogens.
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CARCINOGENIC HETEROCYCLIC AMINES IN UREMIA

In this study, we demonstrated the accumulation of Glu-P-1
and Glu-P-2 in the plasma of uremie patients before and after
induction of dialysis treatment. In our recent reports, MelQx,
Trp-P-1, and Trp-P-2 were found to be present in the dialysis
fluid of patients with uremia (14, 15). Thus, our data suggest
that the patients with uremia that we investigated are exposed
to various mutagenic and carcinogenic heterocyclic amines.
Recent literature has reported an increased incidence of malig
nancy in patients undergoing chronic dialysis and before induc
tion of dialysis treatment (21-25). Patients with uremia would
seem to be a good sample for investigating the role of the
carcinogenic heterocyclic amines in human carcinogenesis.

In conclusion, the patients with uremia that we investigated
are actually exposed to carcinogenic glutamic acid pyrolysis
products presumably derived from foodstuffs.
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