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Abstract-Human and rat liver microsomal fractions exhibit non-linear Michaelis-Menten kinetics in 
the 0-deethylation of both phenacetin and 7-ethoxycoumarin. Comparison of various models indicated 
that the data were best described by a biphasic plot, which could be interpreted in terms of two 
populations of cytochrome P-450. The K,,,‘s of the high affinity phase of 7-ethoxycoumarin O- 
deethylase activity were 1.8 * 0.4 PM and 2.3 2 0.4 PM for human and rat respectively while the K,,,‘s 
of the low affinity phase were 205 + 20 @I and 237 t 59 PM in the two species respectively. V,,,,, of 
the high affinity phase of human 7-ethoxycoumarin O-deethylase activity was 96.9 -+ 19.0pmol 
mg-’ min-’ and the activity of the corresponding phase in the rat was 2.7 times greater. The activities 
of the low affinity phase were 10-15 times greater than the respective activity of the high affinity phase. 
Rat and human also had similar values for the K,,,‘s of the two phases of phenacetin 0-deethylase 
activity, around 5 PM for the high affinity phase and 300 ,uM for the low affinity phase. Total activity 
was very similar in the two species, 1500-1750 pmol mg-’ min-’ and the difference between the two 
phases of activity was only 2.5-fold in man and lo-fold in rat. 

Studies on the effects of the in vitro modifiers of monooxygenase activity Lu-naphthoflavone and 
metyrapone further supported the hypothesis that the two phases of 0-deethylase activity represent 
two different forms or populations of cytochrome P-450. 

The multiplicity of rat liver cytochrome P-450 is well 
established [l] and there is increasing evidence for 
a similar multiplicity in man [2]. Studies with purified 
cytochrome P-450 have shown that the different 
forms are under separate genetic control [3] and vary 
in their substrate specificity [4], regiospecificity [5], 
and in their response to inducers [6] and inhibitors 
[7]. These properties are the basis of many of the 
different approaches used in studies of cytochrome 
P-450 multiplicity. Thus, there are reports on dif- 
ferences in substrate specificity [e.g. 81 and metab- 
olite profiles [e.g. 91 which have been attributed to 
differences in cytochrome P-450 population. 
Although the different forms of cytochrome P-450 
do vary in substrate specificity, there is considerable 
overlap in this specificity [l]. Thus, although varying 
in their affinity for a particular substrate the different 
forms of the enzyme will still generate the same 
product, albeit at different rates. When the differ- 
ence in affinities is large, over ten-fold say, it should 
be possible to detect the activities of different forms 
of cytochrome P-450 by kinetic analysis of the for- 
mation of a single end product. 

Several studies have suggested that for some sub- 
strates product formation follows biphasic 
Michaelis-Menten kinetics, which could be indica- 
tive of the involvement of more then one form of 
cytochrome P-450. Substrates showing biphasic 
kinetics include amylobarbitone [lo], benzo(a)- 
pyrene [ll], aniline [12], ethylmorphine [13], 
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aminopyrine [ 141, acetanilide [ 151 and 7-ethoxy- 
coumarin [16]. In this last example [16] evidence 
from selective induction studies strongly implicated 
at least two different forms of cytochrome P-450 in 
7-ethoxycoumarin 0-deethylation. 

In our studies on the multiplicity of human cyto- 
chrome P-450 it would be of some advantage to 
use a substrate metabolised by more than one form 
of cytochrome P-450 with very different affinities for 
the substrate. We have therefore investigated the 
kinetics of 7-ethoxycoumarin and phenacetin 
O-deethylation by human and rat liver microsomal 
fractions. 

MATERIALS AND METHODS 

Male Wistar rats, 4-6 weeks of age were main- 
tained under constant lighting and temperature 
cycles. Animals were permitted free access to food 
(PRD diet, Labsure Animal Diets, Poole, U.K.) 
until 18 hr prior to death, and to water ad lib. 
Animals were killed by stunning and exsanguination. 
Hepatic microsomal fractions were prepared as pre- 
viously described [17] and frozen in aliquots at -80” 
resuspended in 0.25 M potassium phosphate buffer 
pH 7.25 containing 30 per cent (v/v) glycerol. 

Human liver samples surplus to histological 
requirement were obtained by wedge biopsy at lap- 
arotomy or from renal transplant donors who had 
met traumatic deaths. Local Research Ethics Com- 
mittee permission was obtained to use such material 
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in these studies. All biopsies used in the present 
study were histologically normal or had minor reac- 
tive changes only. Microsomal fractions were iso- 
lated and stored as previously described [18]. 

7-Ethoxycoumarin 0-deethylase activity was 
assayed by a minor modification of the method of 
Greenlee and Poland [16]. Reactions were per- 
formed under conditions that were linear with 
respect to protein and time, 10 pg protein for 10 min 
with rat microsomal fraction and 25 fig protein for 
15 min with human microsomal fraction. Substrate 
was added at lOO-fold the final concentration in 10 ~1 
methanol. Final incubation volume was 1 ml. 7- 
Hydroxycoumarin was measured spectrophotofluo- 
rometrically using an Aminco-Bowman spectropho- 
tofluorometer as described [16]. 

Phenacetin 0-deethylase activity was determined 
by a novel assay utilising gas chromatography-mass 
spectrometry. Final incubation volume was 1 ml con- 
taining 75 mM Tris-HCl buffer pH 7.4, 3 mM mag- 
nesium chloride, 1.2 mM NADPH and approxi- 
mately 100 pg microsomal protein. Phenacetin was 
added at 50-fold the final concentration in 20 ~1 meth- 
anol. The reaction was started by the addition of 
NADPH. Blanks contained no NADPH. Incuba- 
tions were for 10min at 37” in air in a shaking 
waterbath. 

Protein concentration and time of incubation were 
in the linear range for both rat and human liver. The 
reaction was terminated by the addition of 0.5 ml of 
0.025 M sodium hydroxide, which brought the pH 
to 12 (the pKO of paracetamol is about 9.8). d3- 
Paracetamol (lyg in 10~1 methanol) was added as 
internal standard and excess phenacetin extracted 
into 15 ml diethyl ether. Both do-paracetamol and 
d3-paracetamol were stable at pH 12.0 for at least 
1 hr. Samples were neutralised within 1 hr with 1 ml 
of 1 M potassium phosphate buffer, pH 7.0 which 
gave a final pH of 7.0. Paracetamol was extracted 
into 15 ml diethyl ether which was transferred to a 
clean tube and reduced to dryness in a stream of 
nitrogen. The residue was transferred to a Reactivial 
(Pierce Chemical Co., Rockford, IL) with 2 X 0.5 ml 
diethyl ether which was again reduced to dryness 
under nitrogen. Samples were reconstituted in 30 ~1 
N,O-bis-(trimethylsilyl)trifluoroacetamide (BSTFA) 
and the trimethylsilyl derivatives formed by incu- 
bating at 80” for 45 min in a heating block. 

Gas chromatography-mass spectrometry was per- 
formed using a Finnigan 3200 quadrupole mass spec- 
trometer interfaced via a glass-lined transfer line and 
all glass jet separator to a Finnigan gas chromato- 
graph combined with a Finnigan 6100 interactive 
data system. Samples were injected in BSTFA on 
to a glass column (5 ft x 4 mm) with 3 per cent OVl 
on 1001120 mesh Gas Chrom Q as stationary phase. 
The carrier gas was helium at a flow rate of 30ml 
min-’ and the oven temperature was 160”. Under 
these conditions the retention time of paracetamol 
was 2.2min. The mass spectrometer was operated 
in the selected ion monitoring mode and intensities 
of fragment ions with m/z 230 (from do-para- 
cetamol) and m/z 283 (from d3-paracetamol) 
were recorded. These ions represent loss of a methyl 
group (M-15) from the trimethylsilyl derivatives. 
Quantitation was by reference to a standard curve 

constructed from the peak height ratios of known 
mixtures of do- and d3-paracetamol against para- 
cetamol concentration. 

For inhibitor studies, a+naphthoflavone and 
metyrapone were dissolved in ethanol and 10 ~1 
added to incubations, control incubations receiving 
solvent alone. 

Protein concentration was measured by a modi- 
fication [18] of the method of Lowry et al. [19] with 
crystalline bovine serum albumin (fraction V) as 
standard. 

MATERIALS 

7-Ethoxycoumarin (Gold Label grade), LY- 
naphthoflavone and metyrapone were from Aldrich 
Chemical Co. Ltd (Gillingham, U.K.), bovine serum 
albumin fraction V, NADH, NADPH and 7- 
hydroxycoumarin (grade II) were from Sigma Chem- 
ical Co. (Poole, U.K.), Pierce and Warriner (Ches- 
ter, U.K.) supplied the BSTFA (in sealed 1 g glass 
ampoules) and the 3 per cent OVl on 100/120 mesh 
Gas Chrom Q was from Applied Science Labs Inc 
(State College, PA). All solvents were of analytical 
reagent grade. ds-Paracetamol was a generous gift 
from Dr D. Baty (Liverpool, U.K.). 

ANALYSIS OF RESULTS 

K,,, and V,,,, values were obtained initially by 
graphical analysis of Eadie-Hofstee plots [16]. The 
values thus obtained were used as first estimates in 
an iterative programme based on non-linear least 
squares regression analysis (Biomedical Computer 
Program, Health Science Computing Facility, 
Dept. of Biomathematics, School of Medicine, Uni- 
versity of California, LA, 1975) to calculate values 
of K,,, and V,, to fit the equation 

V mm1 x S 
“= K,,,,+S + 

VmaxZ x S 
K,,,z + S * (1) 

The asymptotic S.D. of the four parameters thus 
estimated rarely exceeded 25 per cent. 

RESULTS 

Both 7-ethoxycoumarin and phenacetin were O- 
deethylated biphasically by rat and human fractions. 
A typical Eadie-Hofstee plot for phenacetin is shown 
in Fig. 1 and for 7-ethoxycoumarin in Fig. 2. The 
four parameters K,,,l, Vmaxl, K,,,z and Vmaxz were 
determined graphically from each plot and the line 
best fitting equation (1) calculated by non-linear 
regression in each case. Plots similar to those shown 
in Fig. 2 were generated. The minimum error mean 
square for this plot was 1110 and compares with a 
minimum error mean square of 7080 when these data 
were fitted to traditional Michaelis-Menten kinetics. 
When v (observed) was plotted against v (calculated) 
for the two analyses (Fig. 3) the biphasic plot gave 
the better fit. The residuals from the biphasic plot 
were evenly distributed about zero across the whole 
concentration range whereas the residuals from the 
monophasic plot exhibited a U-shaped distribution 
across the concentration range. The biphasic plot is 
thus a better fit to the data. 
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Fig. 1. Eadie-Hofstee plot for phenacetin 0-deethylase 
activity of human hepatic microsomaf fraction. 

Values for the four Michaelis-Menten parameters 
for 7-ethoxycoumarin PO-deethylation are shown in 
Table 1. K,,, values for human and rat were very 
similar, 1.8 +- 0.4 ,uM and 2.3 k 0.4 yM respectively 
for the high affinity components and 205 5 20 PM 
and237 -t 59pM respectively for the low affinity 
components. l/m,, values differed considerably 
between the two species, activity with rat being much 
greater for both components. V,,,,, for the human 
was 96.9 k 19.0pmol mg-’ min-’ and for the rat 
266 -C 31 pmol mg-’ min-‘. VmaJt? values were 950 +- 
210pmol mg-’ min-’ and 3540 ? 830 pmol mg-’ 
min-’ for human and rat respectively. 

Table 1 also shows values for the four 
Michaelis-Menten parameters of phenacetin O-de- 
ethylation. Again, human and rat have similar Km 
values but different V,,, values for the two com- 
ponents of activity. Vmaxl was 440 f 162 pm01 mg-’ 
min-’ and 145 + 55 pmol mg-’ min-’ in human and 
rat respectively. The corresponding values for I/mad 
were 1060 L 250 pmol mg-’ min-’ and 1600 +- 
90 pm01 mg-’ min-’ respectively. 

Y f pmol product formed mg-l min.1 1 i 5 IyM I 

Fig. 2. Eadie-Hofstee plot for 7-ethoxycoumarin 0-deethylase activity of human hepatic microsomal 
fraction. Points are experimentally determined values. The solid line is the computer-generated best 

fit curve as described in the text. 
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Fig. 3. Plot of v (observed) against v (calculated) for the data shown in Fig. 2. The data were analysed 
assuming biphasic kinetics (0) and monophasic kinetics (A). 
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Table 1. Values for the four Michaelis-Menten parameters of hepatic microsomal ‘I-ethoxycoumarin O- 
deethylase and phenacetin 0-deethylase activities 

V Inax 1 

Species n pm01 mg-* min-’ 

7-~thoxy~uma~n 0-deethylase activity 
Human 10 96.9 It 19.0 
Rat 5 266i31 
Phenacetin 0-deethylase activity 
Human 440-c 162 
Rat 14.5 = 5s 

KWL1 

PM 

1.8 + 0.4 
2.3 r 0.4 

6.3 + 1.5 
4.9” 1.8 

V nlm 2 

pm01 mg-* min-’ 

950 It 210 
3540 + 830 

1060 rf: 250 
1600 r 90 

K rnZ 

FM 

205 t 20 
237 t 59 

248 + 75 
455 t 28 

Values are.mean S.E.M. for number of samples shown under n. 

d -*..,..I1 ?**.z.‘4 
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At@ C~~nfrafi~ (JJM I MTP C~centrati~ ($4 i 
Fig. 4. Effects of ~-naphtho~avone (ANF) and metyrapone 
(MTP) on the two phases of rat hepatic 7-ethoxycoumarin 
O-deethylase activity. High affinity phase (0) and low 
affinity phase (@), Values are mean k9.E.M. of 4 animals. 
Control activity was determined in the presence of vehicle 

alone. 

The possible selective effects of in vitro modifiers 
of monooxygenase activity on the two phases of 7- 
ethoxycoumarin ~“deet~yiation were investigated. 
~~ubatio~ were performed at 7.5 and 1O~~M 
subs~ate concentration as representative of the high 
affinity component and total activity respectively. 
The activity of the low affinity component was 
determined by subtraction. With rat liver, concen- 
trations of metyrapone above 250 ,uM caused greater 
inhibition of the high affinity component than of the 
low affinity component of activity while (Y- 
naphthoflavone had no significant effect on the high 
affinity component of activity (Fig. 4). Activity of 
the low affinity component was enhanced by LY- 
naphthoflavone. With human liver samples metyr- 
apone had effects similar to those in the rat {Fig. 5). 
The high affinity component was inhibited to a 
greater extent compared with the low affinity com- 
ponent, at concentrations of metyrapone above 
250 @f. Unlike the rat, however, low concentrations 
of a=-naphthofiavone had a greater inhibitory effect 
than metyrapone on the high affinity component. 
But, like the rat, the low affinity component of 

01 I I.4 .*I I *.I es, 

0 u 10 1W lc@oO s 10 153 10 
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Wg. 5. Effects of &-naphthoflavone (ANF) and metyrapone (MTP) on the two phases of human hepatic 
7-ethoxycoumarin Q-deethylase activity. High affinity phase (0) and Iow affinity phase (0). Vaiues are 

mean 2S.E.M. of 3 samples. Control activity was determined in the presence of vehicle alone. 
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Fig. 6. Effect,of cY-naphthoflavone (ANF) and metyrapone 
(MTP) on the two chases of rat heoatic uhenacetin O- 
deethylase activity. kgh affinity phase (0) and low affinity 
phase (0). Values are mean +S.E.M. of 3 animals. Control 
activity was determined in the presence of vehicle alone. 
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Fig. 7. Effect of cu-naphthoflavone (ANF) and metyrapone 
(MTF’) on the two phases of human hepatic phenacetin 
0-deethvlase activitv. Hieh affinitv chase (0) and low 
tinity phase (0). -Value’, are mean’ ? haif-range of 2 
samples. Control activity was determined in the presence 

of vehicle alone. 

human 7-ethoxycoumarin 0-deethylase activity was 
enhanced by c+naphthoflavone. 

The effects of metyrapone and cu-naphthoflavone 
on the two components of phenacetin 0-deethylase 
activity are shown in Fig. 6 for rat and in Fig. 7 for 
human. Incubations were performed at 20 PM and 
2.5 mM and the activity of the two phases calculated 
as described for 7-ethoxycoumarin. Rat and human 
liver microsomal fractions gave very similar results. 
The high affinity component of activity was inhibited 
more by cu-naphthoflavone than by metyrapone at 
25 @I, but at higher concentrations metyrapone was 
more potent than cu-naphthoflavone in rat but not 
in man. The low affinity component was less sensitive 
to the inhibitory effects of metyrapone than the high 
affinity component. acNaphthoflavone had some 

enhancing effect on the low affinity component of 
activity in both species. 

DISCUSSION 

Rat and human liver microsomal fractions O-de- 
ethylate both phenacetin and 7-ethoxycoumarin 
biphasically. This pattern for 7-ethoxycoumarin O- 
deethylation is similar to that previously reported 
for mouse [16] and rat [20,21]. There are a number 
of possible explanations for biphasic enzyme kinet- 
ics. These include solubility effects, diffusion bar- 
riers, more than one active site on the enzyme and 
more than one enzyme. The physicochemical expla- 
nations seem unlikely in view of the results with 
selective modifiers of monooxygenase activity. 
Guengerich [21] has recently shown that a hom- 
ogenous preparation of rat cytochrome P-450 O- 
deethylates 7-ethoxycoumarin monophasically 
whereas intact microsomal fractions or hetero- 
geneous cytochrome P-450 preparations produce 7- 
hydroxycoumarin biphasically. Thus, the probable 
explanation is that the two phases of activity rep- 
resent the contribution of different populations of 
cytochrome P-450, one characterised by high affinity 
and low capacity, the other by low affinity and high 
capacity. Whether the two populations of cyto- 
chrome P-450 involved in phenacetin metabolism are 
exactly the same as the two populations involved in 
7-ethoxycoumarin 0-deethylation remains to be 
determined. 

Whereas rat liver is ten-fold more active than 
human liver in 0-deethylating 7-ethoxycoumarin it 
has similar activity in phenacetin 0-deethylation. 
This provides some slight evidence for the popu- 
lations of cytochrome P-450 in phenacetin and 7- 
ethoxycoumarin metabolism being different from 
each other. Further evidence for this contention 
comes from the inhibitor studies. Metyrapone is a 
much more potent inhibitor of the high affinity com- 
ponent of phenacetin 0-deethylation at low concen- 
trations, than of the corresponding phase of 7- 
ethoxycoumarin metabolism. It seems probable that 
the different populations of cytochrome P-450 
involved in the metabolism of the two substrates 
overlap to some extent, but that there are sufficient 
differences to produce individual patterns of metab- 
olism and responses to inhibitors. 

In view of the recently reported polymorphism in 
man of debrisoquine, guanoxan, phenacetin [22] and 
sparteine [23,24] cytochrome P-450 dependent 
oxidation, the present results pose intriguing possi- 
bilities. Poor metabolisers of phenacetin are still 
capable of producing quite large amounts of the 
product, paracetamol[23]. It may be that this pheno- 
type is missing a form of cytochrome P-450 respon- 
sible for one phase of phenacetin 0-deethylation but 
at the concentrations of phenacetin occurring in vivo 
the other component of activity is sufficient to pro- 
duce reasonable amounts of paracetamol. Recent 
work in this laboratory suggests that this may be so 
P51. 
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