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7-alkoxyquinoline O-dealkylation by microsomes from human
liver and placenta*
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1 The O-dealkylation of seven 7-alkoxyquinoline derivatives by human hepatic and
placental microsomes and the effect of maternal cigarette smoking on placental 7-
alkoxyquinoline metabolism was studied.

2 None of several monoclonal antibodies to isoenzymes of cytochrome P450 had a

clear effect on metabolism of the compounds by liver microsomes.
3 Maternal cigarette smoking induced the O-dealkylation of all of the 7-alkoxy-

quinoline derivatives, being greatest for 7-butoxy- and 7-benzyloxyquinoline.
4 Placental 7-alkoxyquinoline metabolism induced by smoking was partially inhibited

by the monoclonal antibody 1-7-1 raised against 3-methylcholanthrene-induced rat
liver P450.

5 None of the 7-alkoxyquinoline O-dealkylations could be assigned specifically to any

known P450 isoenzyme in human liver or placenta.
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Introduction

The cytochrome P450 system metabolizes many
endogenous compounds and xenobiotics (Lu & West,
1980; Nebert et al., 1987). In mammalian species there
are multiple forms of P450 which are the products of
different genes (Guengerich, 1989; Nebert et al., 1989).
Because P450 isoenzymes have different, but over-

lapping substrate specificities, one way to characterize
different isoenzymes is to determine their 'metabolic
fingerprints', i.e. their qualitative and quantitative
activity towards different substrates. For example,
homologous series of coumarin and resorufin de-
rivatives have been studied and 7-ethoxy- and 7-
pentoxyphenoxazones have been shown to be rela-
tively specific substrates for the 3-methylcholanthrene
(MC)- and phenobarbitone (PB)-inducible forms of
P450, respectively (Burke & Mayer, 1983). The reason
for the high substrate specificity of these phenoxazones
is unclear. However, the phenoxazones contain both
nitrogen and oxygen atoms in the fluorophore ring
system, while other, less isoenzyme-specific substrates

with fluorophore rings (coumarins) contain only an
oxygen atom. 7-Alkoxyquinolines were recently pro-
posed as fluorescent substrates for the assay of micro-
somal monooxygenases (Mayer et al., 1989, 1990).
These compounds contain a nitrogen atom in the
aromatic ring and are thus suited for study of its effect
on P450 substrate specificity (Figure 1).

Studies of the metabolism of 7-alkoxyquinolines with
variously pre-treated rat and mouse liver (Hahnemann
et al., unpublished; Mayer et al., 1989, 1990; Netter et
al., 1990) have shown both species and pre-treatment
variation. We have studied 7-alkoxyquinoline meta-
bolism by microsomes from human liver and placenta
and have also performed immunoinhibition assays
using an assay of antibodies.

Previous studies have shown that maternal cigarette
smoking induces the placental metabolism of several
xenobiotics; this increased activity being mainly due to
the induction of the CYPlAl isoenzyme (Pasanen et
al., 1990; Sesardic et al., 1990). In the present study the
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Figure 1 Structures of 7-substituted quinoline substrates and
7-hydroxyquinoline (7-quinolinol).

effect of smoking on 7-alkoxyquinoline metabolism was
investigated using placentas from smoking and non-
smoking mothers.

Methods

Chemicals

A series of 7-alkoxyquinolines (Figure 1) (7-methoxy-
to 7-hexoxy- and 7-benzyloxyquinoline) and 7-
quinolinol were synthesised as described by Mayer et
al. (1989, 1990). All other chemicals were of the highest
commercial grade.

Antibodies

Monoclonal antibodies were raised against purified rat
liver P450s after treatment with 3-methylcholanthrene
(Mab 1-7-1) (Park et al., 1982), phenobarbitone (Mab 2-
66-3) (Park et al., 1984) and ethanol (Mab 1-91-3) (Ko et
al., 1987). Mab 1-68-11 was raised against purified rat
liver cytochrome P450 2c/RLM5 (Park et al., 1989).
Mab HyHel-9 does not react with P450s and was used
as a control.

Previous studies showed that Mab 1-7-1 inhibits the
metabolism of xenobiotics in human tissues. Thus,
hepatic 7-ethoxyresorufin O-deethylase activity was
inhibited by 0 to 65% and placental 7-ethoxyresorufin
O-deethylation and aryl hydrocarbon hydroxylase
activities were inhibited by about 80% (Pelkonen et al.,
1986).

Tissue preparations

Human placenta samples Placentas were obtained
from the Department of Gynaecology and Obstetrics of
Oulu University Central Hospital, two of them (91/3
and 91/6) after normal vaginal delivery at term, one
(91/8) after normal vaginal delivery a month before term
and one (91/2) after Caesarean section at term. Placenta
91/6 was from a mother who had smoked 20 cigarettes
daily until 1 month before delivery at which time she
stopped smoking. Placenta 91/8 was from a mother
who had smoked 10 cigarettes daily throughout her
pregnancy. Connective tissue and coagulated blood
was excised from trophoblastic tissue. The placenta
was minced with scissors and homogenized with a knife
homogenizer in four volumes of 0.1 M sodium-
potassium phosphate buffer (pH 7.4) containing 20%
v/v glycerol. Homogenates were centrifuged at 800 g
for 20 min and the supernatant was centrifuged at

10,000 g for 30 min. The supernatant obtained after this
second centrifugation was centrifuged at 100,000 g for
60 min and the microsomal pellet was stored at -70° C
until used.

Human liver samples Two livers were from organ
donors who had had fatal accidents. The other five
samples were biopsies taken during laparotomy from
patients with liver disease. In the histological examina-
tion of liver samples minor damage was noted but no
severe damage or autolysis was present. Four of the
donors were non-smokers, two smoked occasionally
and the smoking status of one donor is unknown. Five
donors consumed alcohol occasionally, one was a
heavy drinker and the consumption of one donor is
unknown. No correlation was observed between 0-
dealkylation activity and smoking or alcohol consump-
tion. Three donors had not received any drug therapy.
The liver that produced the highest activity was from
a donor who had received oestrone and oestradiol
therapy for 13 years. The therapy was stopped 2 years
before biopsy. Three donors had received various
drugs for different periods of time, but these treatments
were not correlated to 0-dealkylation activity. Liver
samples were either processed within 1 h of removal
and the microsomes stored at -70° C or they were first
frozen in liquid nitrogen and processed later. Tissue
from organ donors was removed within 30 min of death.
The microsomal fractions were prepared by standard
differential centrifugation as described by Raunio et al.
(1990). Use of the human tissues was approved by the
Ethics Committee of the Faculty of Medicine, Univer-
sity of Oulu.

Mouse and rat liver samples Six male Wistar rats and
five female CD2F1 mice were used. Treatment of the
animals was as described by Raunio et al. (1988). The
microsomal fractions were prepared as described for
human liver microsomes. Aliquots of the individual
samples were pooled. Protein contents of all micro-
somal preparations were measured according to Brad-
ford (1976).

Enzyme assays

7-Alkoxyquinoline 0-dealkylation was measured by
the method of Aitio (1978) with modifications. The
reaction mixure was preincubated for 2 min at 370 C
before adding 30 plI of 2 mm 7-alkoxyquinoline. The 7-
alkoxyquinolines were dissolved in water and dimethyl
sulphoxide (DMSO). The small amounts ofDMSO used
had no effect on enzyme activity. The final volume
of the incubation solution was 0.5 ml and the amount
of microsomal protein was 0.1 mg (liver) or 1 mg
(placenta). The reaction was stopped by the addition of
0.5 ml 6% w/v trichloroacetic acid after 10 min in-
cubation at 370 C. The reactions were linear with time
and protein concentration. The samples were centri-
fuged for 10 min at 3000 rev min- . The supernatant
(0.5 ml) was taken and 2 ml 1.6 M glycine-NaOH
(pH 10.4) was added near to spectrofluorometer
measurement. The excitation and emission wave-
lengths were 370 nm and 500 nm, respectively. A
known concentration of 7-quinolinol was used as an
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external standard in each series of measurements. The
results of the enzyme assays are expressed as nmol or

pmol 7-quinolinol produced per mg microsomal protein
min- .

Immunoinhibition assays

Immunoinhibition assays were performed by adding
the antibody to the incubation mixture 2 min before the
reaction was started. In assays using liver tissue the
amount of antibody protein was equal to the amount of
microsomal protein. With placental preparations the
amount of antibody protein was 5% of the amount of
microsomal protein. All enzyme and immunoinhibition
assays were carried out in duplicate.

Results

7-Alkoxyquinoline O-dealkylation by human liver
microsomes

Seven human livers were used and all showed similar
metabolic profiles. However, there were greater dif-
ferences in activity between different liver preparations
with substrates that were more rapidly metabolised.

Figure 2 shows mean values of the rate of product
appearance from each substrate. The most rapidly
metabolised 7-alkoxyquinoline derivative was
7-methoxyquinoline. Metabolic activity decreased as
the length of the sidechain increased. The activity of
7-ethoxyquinoline was 45% of that of 7-methoxy-
quinoline and that of 7-hexoxyquinoline was only 7.5%
of 7-methoxyquinoline activity. O-Debenzylation
activity was 50% of O-demethylation activity.

Immunoinhibition ofhuman liver enzyme activity

Inhibition of the metabolism of the five most rapidly
metabolised 7-alkoxyquinoline derivatives was
studied. The results are summarized in Table 1.

7-Alikoxyquinoline O-dealkylation by human placental

microsomes

Four placentas were selected to investigate the
influence of maternal cigarette smoking on 7-alkoxy-
quinoline metabolism. Two (91/2, 91/3) were from non-

smoking and two (91/6, 91/8) were from smoking
mothers. 7-Alkoxyquinoline metabolism by placentas
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Figure 2 7-Alkoxyquinoline O-dealkylation (production of 7-
quinolinol) by microsomes from a) human liver and
b) smoking-induced placenta. The liver activities (means
s.d.) are based on measurements using seven different liver
samples. The placental activities (means and range) are based
on measurements using two placentas from smoking mothers.
The numbers below the histograms indicate the length of the
sidechain. Number 7 indicates 7-benzyloxyquinoline. Note
the different units of the y-axes.

from non-smoking mothers was consistently low for all
substrates (Figure 3). The placentas from smokers
metabolised 7-alkoxyquinolines considerably faster
than non-induced placentas (Figure 3). 7-Alkoxy-
quinoline O-dealkylation activity increased as the
length of the sidechain increased from one to four
carbon atoms and decreased as it increased from four
to six carbon atoms (Figure 2). The activity for 7-
benzyloxyquinoline was similar to that for 7-butoxy-
quinoline. The greatest metabolism was seen with
7-benzyloxyquinoline by placenta 91/8; 59 times higher

Table 1 The effect of cytochrome P450 antibodies on 7-alkoxyquinoline O-dealkylation by microsomes of human liver. Values are
based on duplicate measurements using one liver

Enzyme activity (% of control)
Antibody 7-methoxyquinoline 7-ethoxyquinoline 7-propoxyquinoline 7-butoxyquinoline 7-benzyloxyquinoline

None 100 (4.2)* 100 (3.0) 100 (2.0) 100 (0.9) 100 (1.4)
Mab 1-91-3 79 110 115 122 64
Mab 1-68-11 88 97 80 78 86
Mab 1-7-1 95 80 90 89 136
Mab2-66-3 121 100 95 133 107

*Numbers in brackets refer to measured activity (nmol 7-quinolinol produced per mg protein min-1).
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Figure 3 7-Alkoxyquinoline O-dealkylation (production of 7-
quinolinol) by microsomes from four human placentas
(duplicate determinations). The numbers below the
histograms indicate the length of the sidechain. Number 7
indicates 7-benzyloxyquinoline.

than placenta 91/2. 7-Alkoxyquinoline metabolism
by placenta 91/8 was 2.2-fold higher compared with
placenta 91/6 (Figure 3). Placenta 91/6 was from a
mother who had stopped smoking from a month before
delivery. The level of enzyme induction could therefore
have decreased from the time when the mother was
smoking. However, when she was smoking mother 91/6
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smoked twice as many cigarettes per day than mother
91/8.

Inhibition of smoking-induced enzyme activities by
antibodies

The metabolism of 7-alkoxyquinolines induced by
maternal cigarette smoking was inhibited by Mab 1-7-1
raised against MC induced rat liver P450 (Figure 4). The
influence of the antibody/microsomal protein ratio on
inhibition was determined with placenta 91/6 and
7-benzyloxyquinoline. Thus, a 1/20 (5%0) antibody/
microsomal protein ratio produced maximal inhibition.
Using placenta 91/8 inhibition ranged from 33% (7-
butoxyquinoline) to 60% (7-ethoxyquinoline) and using
placenta 91/6 it ranged from 45% (7-methoxyquinoline)
to 75% (butoxyquinoline). The amount of antibody
protein used in these assays was 5% of the amount of
microsomal protein.
Mab 2-66-3, raised against a purified PB-induced

form of cytochrome P450, and HyHel-9, used as a
control had no effect on metabolism (Figure 4).

O-Debenzylation by rat and mnouse liver microsomnes

Because induction of 7-benzyloxyquinoline meta-
bolism in human placenta by cigarette smoking was an
unexpected finding, 7-benzyloxyquinoline metabolism
was also measured with MC-induced and control rat
and mouse liver microsomes. MC-microsomes meta-
bolised 7-benzyloxyquinoline faster than control
microsomes in both species. Microsomes from control
animals produced 1.4 (rat) and 10.6 (mouse) nmol 7-
quinolinol per mg protein min- . MC-induced liver
microsomes produced 6.8 (rat) and 14.9 (mouse) nmol
7-quinolinol per mg protein min-'. The MC/control
ratio was 4.9 for the rat and 1.4 for the mouse.
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Figure 4 The effect of monoclonal antibodies (Mab) 1-7-1 (MC) and 2-66-3 (PB) on human placental 7-alkoxyquinoline
O-dealkylation (duplicate determinations). O-dealkylation without any antibody was used as control (100%). Mab HyHel-9
does not react with cytochromes P450 and was used as unspecific control. The numbers below the histogram indicate the length
of the sidechain. Number 7 indicates 7-benzyloxyquinoline.
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Discussion

All of the 7-alkoxyquinolines were metabolised by
human liver and placental microsomes. O-dealkylation
by liver microsomes decreased as the length of the
sidechain increased from one to six carbon atoms and
O-debenzylation activity was slightly higher than 0-
deethylation activity. Non-induced placental micro-
somes had low metabolic activity towards all sub-
strates. However, microsomes from placentas induced
by smoking showed metabolic activity increasing from
7-methoxy- to 7-butoxyquinoline and decreasing from
7-butoxy- to 7-hexoxyquinoline. The metabolic activity
towards 7-benzyloxyquinoline was similar to that for
7-butoxyquinoline.

7-Alkoxyquinoline 0-dealkylase activity has been
measured in rat (Mayer et al., 1990) and mouse (Netter
et al., 1990; Hahnemann et al., unpublished) livers. The
activity in human liver was higher than in control rat
liver but lower than in control mouse liver. The sub-
strate profile of human liver differed considerably from
that of rat liver profile but was similar to that of mouse
liver. However, in the mouse 7-ethoxyquinoline was
the most actively metabolised substrate while in the
human 7-methoxyquinoline was metabolised more
actively than 7-ethoxyquinoline. The substrate profile
observed in placental tissue from smokers was closer to
that in rat than mouse liver. The profile of metabolism
in induced human placenta was very similar to that in
control and PB-induced rat liver, excluding 7-benzyl-
oxyquinoline and dissimilar to that in MC-induced rat
liver.

In the present study we have shown that maternal
cigarette smoking induces 7-alkoxyquinoline meta-
bolism in placenta, being greatest to 7-butoxy- and
7-benzyloxyquinoline. The induction of 7-benzyloxy-
quinoline metabolism in placenta by maternal cigarette
smoking was unexpected because previous work
(Mayer et al., 1990) with rat liver showed that MC
induction decreased O-debenzylation. However, in the
same study MC-induction resulted in a 50-fold lowering
of the net Km value, indicating an up-regulation of
another enzyme (possibly CYPlAl or CYP1A2). In the
present study MC-induction caused a clear increase in
0-debenzylation by rat liver and a smaller increase in
mouse liver. The enzyme assay used in the present
study differed from that used previously (Mayer et al.,
1990).
Unpublished studies by Hahnemann et al. with

7-ethoxyquinoline and mouse liver showed some in-
hibition with the polyclonal antibody anti-P45OCoh.

Our study with human liver and five 7-alkoxyquinoline
derivatives indicated a 36% inhibition of O-debenzyla-
tion by Mab 1-91-3. However, as the O-debenzylation
activity was fairly low and the activity varied between
the replicates both in control and in inhibition assay, the
inhibition by 1-91-3 could not be established with con-
fidence.

Polycyclic aromatic hydrocarbons, present in
cigarette smoke induce CYPlAl in human placenta
(Pasanen et al., 1990; Sesardic et al., 1990). The meta-
bolic activities catalysed by CYPlAl in placenta can be
inhibited by Mab 1-7-1 raised against the MC-induced
rat liver P450 isoenzyme (Fujino et al., 1982, 1984;
Pelkonen et al., 1986). The results of the present study
show that 7-alkoxyquinoline metabolism is also in-
duced by maternal cigarette smoking and that this
metabolic activity is partly inhibited by Mab 1-7-1.
Thus, CYPlAl appears to mediate 7-alkoxyquinoline
metabolism in human placenta. However, Mab 1-7-1
does not inhibit O-dealkylation completely and the
remaining activity appears to be higher than the basal
activity of non-induced placentas. This suggests that
another isoenzyme, which is also induced by cigarette
smoking, participates in 7-alkoxyquinoline metabolism
in the placenta. Alternatively, interaction between Mab
1-7-1 and human placental CYPlAl may not lead to
complete inhibition of catalytic activity. However,
earlier studies have shown Mab 1-7-1 is able to inhibit
smoking-induced placental 7-ethoxyresorufin O-de-
ethylase and aryl hydrocarbon hydroxylase activitie-s
by 80-90% (Fujino et al., 1984; Pelkonen et al., 1986).
Thus, incomplete inhibition is unlikely. It is also pos-
sible that the two smoking-induced placentas used in
this study may have had considerably higher basal
activities than the two placentas from non-smoking
mothers studied and this would explain the non-1-7-1-
inhibitable activity. Further studies with larger
numbers of placenta samples are required to clarify the
effects of smoking.
One of the reasons for developing the 7-alkoxy-

quinoline substrates was to determine whether the
nitrogen atom in the aromatic ring affects substrate
specificity with respect to P450 isoenzymes (Mayer et
al., 1989, 1990). The results of the present study suggest
that none of the 7-alkoxyquinoline derivatives are P450-
isoenzyme specific in human tissues indicating that the
heterocyclic N atom has little influence.

This study was supported by Research Contract (no. 1051029)
with The Academy of Finland and was carried out within the
framework of the COST B1 action.
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