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Abstract

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the environment and originate
from incomplete combustion process of organic materials. These compounds are bioactivated to
reactive metabolites which bind covalently to DNA and subsequently initiate carcinogenesis. PAHs
have been well established as an enzyme inducer of cytochrome P450 (CYP) such as CYP1ALl and
CYPI1A2. Caffeine is primarily metabolized by CYP1A2 to paraxanthine, so it has been used as a
specific probe for assessing CYP1A2 activity. The purpose of this study was to compare CYP1A2
activity in female subjects that were automobile exhaust exposed and non-automobile exhaust exposed
using serum paraxanthine/caffeine ratio as an index. Each subject took a 180 mg single oral dose of
caffeine solution. Blood samples were collected before and 5 hours after caffeine intake. Serum samples
were separated by centrifugation and stored at -20°C until analysis by high performance liquid chro-
matography (HPLC). Carbon monoxide (CO) level in blood was also detected using spectrophotometer.
The results showed that serum paraxanthine/caffeine ratio in exposed subjects was significantly higher
than non-exposed subjects (mean + SE of 0.45 % 0.05 and 0.33 + 0.03, respectively; p < 0.05). CO
level in exposed subjects was also significantly higher than non-exposed subjects (mean + SE of 4.03 +
0.21 and 3.01 + 0.18, respectively; p < 0.05). Conclusion: Paraxanthine/caffeine ratio, as an index for
CYP1A2 activity, can be used to determine PAHs exposure. Automobile exhaust exposed subjects
demonstrated significantly higher CYP1A2 activity than that of the non-exposed subjects. Exposed
subjects have a possibly higher risk of chemical carcinogenesis.
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Polycyclic aromatic hydrocarbons (PAHs)
are a large group of organic compounds with two
or more fused aromatic rings(1). They are produced
during the incomplete combustion process of organic
materials such as natural gas, coal, coal tar and petro-
leum, etc(2,3). They are also found contaminated in
tobacco smoke, automobile exhaust and dietary sources
(4,5). Entering the body, PAHs undergo hepatic meta-
bolic activation resulting in reactive intermediates
that could bind covalently to DNA. The hepatic
enzyme involving the biotransformation of these com-
pounds include CYP1A1, epoxide hydroxylase, CYP
3A4 and other enzymes(6). Direct covalent binding
of the reactive metabolites of PAHs to DNA to pro-
duce carcinogen DNA adducts is an essential step in
cancer development(7). PAHs have been well estab-
lished as an enzyme inducer of the cytochrome P4501 A
(CYP1A) family, CYP1A1 and CYP1A2(3.8,9). The
mechanism of induction by these compounds has been
intensively investigated(10),

CYP1A2 is normally expressed in human
liver, accounting for 15 per cent of the total P450 con-
tent(11). This isoform of CYP in the metabolism of
many drugs such as theophylline, caffeine(9), cloza-
pine(12), propanolol(13), imipramine and tracrine(14).
In addition, human CYPIA?2 plays an important role
in the activation of environmental procarcinogens
such as aromatic amines, heterocyclic amines and
aflatoxin B1, to reactive intermediates that cause colo-
rectal or bladder cancers(15,16), Activity of CYP1A2
is influenced by both internal factors and external
factors. Internal factors include age, race and gender
(17). External factors include enzyme inducers such
as omeprazole(18), cigarette smoking(19) and enzyme
inhibitors such as oral contraceptive(20), cimetidine
(21), alcohol and fluvoxamine(22),

Activity of CYP1A2 can be measured in vivo
by administration of probe drugs such as caffeine,
phenacetin and theophylline(23). Presently, caffeine
is the most commonly used probe because of its low
toxicity and good acceptance(24). Caffeine is prima-
rily metabolized via N3-demethylation yielding the
eliminated metabolite of paraxanthine (1,7-dimethyl-
xanthine). This reaction accounts for 84 per cent of
total caffeine biotransformations and is specifically
catalyzed by CYP1A2(18,23), Paraxanthine/caffeine
ratio has been recognized as a good index for CYP
1A2 activity because paraxanthine is a major meta-
bolite and catalyzed only by CYP1A2(25),

The main purpose of this study was to com-
pare CYP 1A2 activity in female subjects that were
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automobile exhaust exposed and non-automobile
exhaust exposed using serum paraxanthine/caffeine
ratio as an index. Carbon monoxide level in blood
was also determined to ensure that the subjects were
exposed to automobile exhaust.

MATERIAL AND METHOD
Subjects

The study was approved by the Ethic Com-
mittee of the Faculty of Medicine, Chulalongkorn
University. Fifteen exhaust exposed and fourteen non-
exposed healthy female volunteers were included in
the study after giving informed consent. Age (mean +
SE) of the exposed group was 33.13 + 1.28 years
(range, 25-40 years) and the control {non-exposed)
group was 38.71 + 1.31 (range, 29-45 years). Each
subject was in good health confirmed by the clinical
laboratory parameters including liver and renal func-
tion test. They did not take any drugs or compounds
which would interfere with caffeine metabolism such
as omeprazole, cimetidine, contraceptives, cigarette
smoking and alcohol. They were not pregnant and
had no history of liver or renal disease. All subjects
abstained from taking caffeine containing food and
beverages for at least three days before experimenta-
tion. The study group exposed to automobile exhaust
for at least one year while the control group was not
exposed. Each subject took a 180 mg single oral dose
of caffeine solution and blood samples were collected
before and five hours after caffeine intake which is
the optimum time for paraxanthine detection(26).
Serum samples were separated by centrifugation and
stored at -20°C until analysis.

Chemicals

Caffeine (anhydrous, BP grade, batch no
71015), paraxanthine and 8-chlorotheophylline as the
internal standard were obtained from Sigma Chemical
Co. Ltd. Acetic acid and trichloroacetic acid were
purchased from MERK. Methy! alcohol HPLC grade
from Lab Guard. Acetonitrile HPLC grade from
Scharlau Chemie S.A. Tetrahydrofuran was obtained
from Farmitalia Carloerba. Double distilled water was
used throughtout this investigation.

Apparatus

HPLC from Spectra System Thermo Separa-
tion Products consisted of a model P1000 for deli-
vering the mobile phase, a model automatic injector
AS3000 for sample injection and UV detector with a
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model of UV 1000 used to monitor caffeine, 8-chloro-
theophylline and paraxanthine at wavelength of 273
nm. A p-bondapak C18 stainless steel column (30
cm, 3.9 mm, I.D. Water Associates) was suitable in
the condition. A computer system with PC1000 soft-
ware was used to analyse peak and set the standard
system. CO level in blood was determined by spectro-
photometer.

Sample preparation

The sample separation was modified from
Koch JP et al(25), Serum protein precipitation was
archived using the following method, 500 pl of serum
was added with 200 pl of internal standard, 500 ul of
methanol and 500 pl of 10 per cent trichloroacetic
acid. All were mixed on a vertex for 1 minute and
centrifuged at 4,000 rpm for 15 minute. 50 pl of the
supernatant was injected into the HPLC system.

Chromatographic condition
The mobile phase for paraxanthine and caffe-
ine assay was the mixture of acetic acid, tetrahydro-
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furan, acetonitrile and water (1:3:40:456) with the pH
adjusted to 5.6. The mobile phase was delivered to
HPLC system at flow rate of 1.2 ml/min. Quantita-
tion was based on integration of peak areas by pro-
gram computer software.

Blood carbon monoxide determination

Blood carbon monoxide was determined
according to the method of Flanagan RJ et al(27),
Briefly, 250 ml of double distill water was shaken for
five minutes followed by an addition of 1 mi of 25
per cent ammonium hydroxide solution. One hundred
millitre of the solution was then added with 1 ml of
blood and centrifuged for five minutes. The super-
natant was measured spectrophotometrically at 541,
560 and 576 nm. The old sample cuvette was added
with a few grains of sodium dithionite, gently mixed
and was then measured at 538, 555 and 568 nm. The
ratios of 541/560, 576/560, 555/538 and 555/568
were used to calculate per cent carboxyhemoglobin in
blood samples via comparing of the standard curve,
Fig. 1.
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Table 1. Demographic data of the control and study group.

Parameter Normal value Control (n=14) Exposed (n=15)

Range Mean + SE Range Mean + SE
Age (yrs) - 29-45 38.71 £ 1.31 25-40 33.13+1.28
Weight (kgs) - 45-74 59.86 + 2.34 42-75 54.27 +2.09
Height (cm) - 150-168 158.79 + 1.11 141-165 1558+ 1.44
SBP (mmHg) 90-140 100-130 115 £2.03 90-120 106.67 + 2.52
DBP (mmHg) 60-90 60-90 7429 £2.27 60-80 68.67 + 1.91
AST (U/L) 0-38 14-30 19.71 £ 1.05 14-30 184+ 1.1
ALT (U/L) 0-38 8-32 17.14 1+ 1.66 8-34 15+£1.59
TB (mg/dl) 0-1 0.21-0.62 0.37+£0.03 0.29-0.79 0.47 £0.03
Albumin (U/L) 34-55 3.5-4.4 393+0.06 3.7-4.6 4.23+0.05
AP (U/L) 39-117 29-93 59.79 + 4.54 44-117 68.47+5.13
BUN (mg/dl) 10-20 7-16 10.36 £ 0.6 7-16 10+ 0.67
Creatinine (mg/dl) 0.5-2 0.7-1 0.86 + 0.02 04-1 0.76 £ 0.04

Note : SBP = systolic blood pressure, DBP = diastolic blood pressure, AST = aspartate aminotransferase,
ALT = alanine aminotransferase, TB = total billirubin, AP = alkaline phosphatase, BUN = blood urea nitrogen
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Fig. 2, Serum paraxanthine/caffeine ratio of the exposed and non-exposed groups 5 hours after oral adminis-
tration of 180 mg of caffeine. The figure shows mean + SE of n = 14 in the control group and n = 15
in the exposed group.

* denotes significant differences (p < 0.05) between the control and the exposed group.
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Data analysis

Differences of serum paraxanthine/caffeine
ratios and CO levels between the control group and
exposed group were determined by Student’s #-test in
SPSS Program at p-value of 0.05.

RESULTS

Subjects used in the control and study groups
were in the similar ranges of age, weight and height.
In addition, the health status of both groups was
comparable as indicated by the non-significant dif-
ferences of all basic clinical laboratory parameters
that were all in the normal limit range (Table 1).

Five hours after oral administration of 180
mg caffeine to each subject of both the control and
study groups, serum samples of all subjects were
measured for paraxanthine and caffeine concentra-
tions. The results showed paraxanthine/caffeine ratio
of the exposed group was signifiicantly higher than
that of the non-exposed group with the mean + SE
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of 0.45 £ 0.05 and 0.33 + 0.03, respectively; p < 0.05
(Fig. 2).

To confirm that the subjects were exposed
to automobile exhaust, blood CO were also deter-
mined in all subjects The results showed that the
blood CO level in exposed subjects was significantly
higher than the non-exposed subjects (mean + SE of %
carboxyhemoglobin were 4.03 £ 0.21 and 3.01 £ 0.18,
respectively) (Fig. 3).

Disscussion and conclusion

Several methods can be used to determine
the activity of CYP1A2. Those methods included
caffeine breath test, urinary caffeine metabolites ratio
and plasma or serum caffeine metabolites ratio(23).
In the present study, the authors used serum para-
xanthine/caffeine ratio as an index of CYP1A2 acti-
vity because paraxanthine is a major metabolite of
caffeine and this metabolic pathway is catalyzed solely
via CYP1A2(23,25). In addition, caffeine breath test

control group

Fig. 3.
control and n = 15 in the exposed groups.

exposed group

Blood CO level of the exposed and non-exposed groups. The figure shows mean + SE of n = 14 in the

* denotes significant differences (p < 0.05) between the control and the exposed group.
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necessarily requires isotope labeled and specialized
equipment for measuring the labeled carbon dioxide
in exhaled air(23), Urinary caffeine metabolite ratio
which is based on either secondary and tertiary meta-
bolites, are not ideal indices of CYP1A2 activity
because these metabolites are not formed exclusively
by CYP1A2(28). Furthermore, this method might
vary substantially from several factors such as urinary
flow, interethnic differences in renal function and
sampling time of urine collection(23,24). Since the
method of determining serum paraxanthine/caffeine
ratio is simple and reliable, this ratio is probably an
optimum method for determining human CYP1A2
activity(25),

The dosage of 180 mg of caffeine used in
this study is an approximate amount of caffeine con-
tained in one cup of coffee. Besides causing no adverse
effects, this dosage is suitable for monitoring serum
paraxanthine and caffeine(26). The half life of caffe-
ine was about 3 to 7 hours and cleared from the body
within 12 to 28 hours(29). The pilot study showed
that the optimum time for sample collection with the
highest paraxanthine level was found to be five hours
after caffeine administration(26), The studies of Carillo
JA(30) and Ou-Yung DS(24) chose the times of four
and six hours after caffeine intake for sample collec-
tions, respectively. Female subjects were used in both
the control and exposed group because male popula-
tions usually smoke cigarettes and drink alcohol, the
factors influence CYP activity. All other disease fac-
tors that might affect hepatic drug metabolizing
enzymes were checked by determining various clini-
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cal chemistry parameters. Age and weight were also
comparable between the control and the exposed
groups.

The results from this study showed that
serum paraxanthine/caffeine ratio of the exposed
group was significantly higher than that of the non-
exposed group. It implied that CYP1A2 was induced
in the automobile exhaust exposed subjects. Due to
the difficulty of PAHs determination, indirectly deter-
mine the level of blood CO, the incomplete combus-
tion produce of carbon-containing materials also
normally found in automobile exhaust. The results
showed that blood CO level of the exposed group was
significantly higher than that of the control group.
This ensured that the exposed group was significantly
more exposed to automobile exhaust than the control
group. Thus, the induction of CYP1A2 found in the
exposed group was possibly caused by the constituent
in the exhaust, mainly the PAHs.

In conclusion, serum paraxanthine/caffeine
ratio was significantly higher in the automobile exhaust
exposed group than in the non-exposed group. This
ratio is an index for CYP1A2 activity which is gene-
rally modulated by many xenobiotics such as PAHs.
Thus, the ratio could be used to determine PAHs
exposure. From this result, the exposed group has a
higher risk to chemical carcinogenesis.
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