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Abstract-The genetically controlled polymorphic oxidation of debrisoquine and sparteine is caused by 
the absence or functional deficiency of a cytochrome P-450 isozyme. In order to elucidate the mechanisms 
underlying the differences in cytochrome P-450 function we have studied the 1’-hydroxylation of the 
prototype drug bufuralol in human liver microsomes of individuals phenotyped in oiuo as extensive 
metabolizers (EM, N = lo), poor metabolizers (PM, N = 5) and in subjects with an intermediate rate 
of metabolism (IM, N = 4). 

PM- as compared to EM-microsomes were characterized by a decreased V,,,,, for (+)-bufuralol l’- 
hydroxylation (7.51 f 2.03nmol X mg-’ x hr-i vs 11.95 % 4.80nmol x mg-’ x hr-i) but not for 
(-)-bufuralol 1’-hydroxylation (4.72 2 0.87 nmol x mg-’ X hr-i vs 5.55 2 1.49 nmol X mg-’ X hr-‘). 
The apparent K,,, for (+)-bufuralol l’-hydroxylation was increased in PM microsomes (118 1 84.9 PM 
vs 17.9 f 6.3OpM). 

Inhibition of bufuralol l’-hydroxylation by quinidine was biphasic in EM microsomes, providing 
further support for the involvement of at least two cytochrome P-450 isozymes. Quinidine acted as a 
competitive inhibitor of only the high affinity/stereoselectivity component of the reaction. Our data 
suggest that the debrisoquine/sparteine type of oxidation polymorphism is caused by an almost complete 
loss of a minor cytochrome P-450 isozyme which has a high affinity and stereoselectivity for (+)-bufuralol 
and a high sensitivity to inhibition by quinidine. 

The intensity and duration of the effect of many 
clinically useful drugs depends on the activities of 
drug metabolizing enzymes in the liver. Of primary 
importance, among them, are the microsomal poly- 
substrate monooxygenase, a family of hemoprotein 
isozymes collectively known as cytochrome P-450 [l- 
41. Marked interindividual differences in the rate of 
drug oxidation by cytochrome P-450 isozymes occur. 
These isozymes are distinguishable by differences 
in physical, chemical and immunological properties 
which frequently are based on only minor differences 
in aminoacid sequence but may have major effects 
on substrate specificity [l-4]. Efforts to elucidate the 
mechanisms underlying differences in cytochrome P- 
450 function have been hampered by the extreme 
difficulty to separate the influence of each isozyme 
on a defined metabolic reaction. 

The recent identification of several genetic poly- 
morphisms of drug oxidation related to cytochrome 
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P-450 function has offered the opportunity to disco- 
ver more specific substrates for given cytochrome P- 
450 isozymes and to study in more detail the mech- 
anisms causing interindividual variations in drug 
metabolism. Independently occurring polymorphic 
drug oxidations with monogenic inheritance have 
been described for the metabolism of numerous 
drugs [5-lo]. 

One of the best studied examples of a genetically 
controlled polymorphism of he atic cytochrome P- 
450 function is the debrisoquine P sparteine-type poly- 
morphism [6, 11-131. The metabolism of debri- 
soquine and sparteine is impaired in 7-10% of the 
white population in Europe and North America 
[ll, 141. Family studies have indicated that “poor 
metabolizers (PM)” of debrisoquine and sparteine 
are homozygous for an autosomal recessive gene 
[ 111. PM-subjects also exhibit an impaired oxidation 
of numerous other drugs including other anti- 
arrhythmic agents [14-161, beta-adrenoceptor block- 
ing drugs [17-261, antidepressants [27-301, and other 
clinically useful drugs [31-351. There is convincing 
evidence that PMs represent a singular subgroup of 
the population with a propensity to develop adverse 
drug effects [36,37]. Recent studies also have indi- 
cated that a link might exist between the 
debrisoquine/sparteine-type polymorphism and 
some forms of cancer [38] or with Parkinson’s disease 
[39] presumably related to environmental chemicals. 
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Fig. 1. The prototype drug bufuralol is a beta-adrenoceptor 
blocking agent. The arrow points to the site of l’-hydroxy- 
fation. The asterisk indicates the asymmetric carbon center 

generating the two optical isomers. 

Studies in this and other laboratories have suggested 
that the absence or functional deficiency of a par- 
ticular cytochrome P-450 isozyme may cause this 
poi~o~h~sm t40-433. In an attempt to define 
further this enzymatic deficiency we undertook in 
vi&o metabolic studies in human liver microsomes 
from subjects phenotyped in uivo as PM or “exten- 
sive metabolizers (EM)“. The prototype reaction we 
used to monitor this cytochrome P-450 function in 
vitro is bufuralol* 1’“hydroxylation [42-46] (Fig. 1). 

As an additional tool to characterize the variant 
enzyme we used inhibition studies with the specific 
inhibitor quinidine [4&49]. 

MATERIALSANDMETHODS 

Subjects. The experimental protocol for in viuo 
testing and use of material from liver biopsies was 
approved by the ethical review boards (Department 
of Medicine, Universities of Zurich and Bonn). 
Human liver samples were obtained as wedge biop 
sies at laparotomy for diagnostic or therapeutic 
reasons. During their hospitalization patients were 
phenotyped and characterized in vivo as extensive 
or poor metabolizers as described below. None of 
them had abnormal liver histology and liver or kidney 
function tests. For the present study 19 subjects were 
selected. Their mean age was 54.6 years (range 25- 
71 years). Ten were classified as extensive meta- 
bolizers, 5 as poor metaboiizers and 4 subjects were 
selected because they had an “intermediate” pattern 
of metabolism as defined befow. 

P~e~u~~~~g jJroce&re. The iti- uivo phenotype 
was defined by means of the sparteine urinary meta- 
bolic ratio (17 subjects) and by the debrisoquine 
urinary metabolic ratio (2 subjects-Table 2), 
Patients received (after an overnight fast’) either a 
100 mg oral dose of sparteine sulfate or IOmg of 
debrisoquine. Urine was collected for the next 8 hr 
(debr~soqu~ne~ or 12 hr fsparteine) and stored at 
-20” until assayed [ll, 501. A metabolic ratio of 
above 20 for sparteine (sparteine/2- and S-dehy- 
drosparteine [SO]) or above 12.6 for debrisoquine 
(debrisoquine/4-hydroxydebrisoquine [ll]) has been 
reported to be indicative of the PM phenotype which 
corresponds in pedigree studies to the homozygous 
genotype for the recessive allele. This was the case 
for 5 subjects (3 PM for sparteine and 2 for 
debrisoquine). 

* Bufuralol (7-ethyl-a(ter-butylamino)-methyl-Zbenzo- 
furan methanol). 

Ten subjects had a metabolic ratio below 1, charac- 
teristic of the EM phenotype. Four subjects with an 
“intermediate” rate of sparteine metabolism (IM), a 
rare occurrence, with metabolic ratios ranging from 
1.91 to 18.4 were also inciuded in this study. 

&&e&&r fractionation. Wedge biopsies were 
immediately frozen in liquid nitrogen and stored at 
-80”. For preparatian of microsomes, small samples 
(50-150 mg wet weight) were homogenized in 5 vol. 
of 0.25 M sucrose, with a Poiytron homogenizer 
(Kinematica, Kriens, Switzerland) three times for 
30 set at f7,OOO rpm with 1 min cooling intervals in 
between. The homogenate was centrifuged in an 
Eppendorf 5414 centrifuge at 10,000 g for 5 min. The 
pellet was resuspended in 0.5 ml sucrose and again 
centrifuged. Both supernatants were combined, frac- 
tionated in 180 ~1 aliquots and centrifuged for 12 min 
at 14~,~g (Airfuge, Beckman, Palo Alto, CA), 
The pellets were resuspended in 0.1 M Na-pyro- 
phosphate, pH7.4, and centrifuged for 12 min at 
148,000 g. This washing step was repeated again and 
the final pellets resuspended in 0.1 M NaP04, 
pH 7.4, and stored at -80”. The whole procedure 
was carried out in a cold room (KY). The protein 
content, estimated with the Lowry method ]Sl], ran- 
ged from 2.21 to 5~~rng~rnl and the content of 
spectrally measured cytochrome P-450 {52] from 
0.099 to 0.366 nmole cytochrome P-450/mg protein” 
The yield of total cytochrome P-450 and specific 
bufuralol l’-hydroxylase activity are, with this micro- 
method, comparable to conventionaf preparations: 
in 6 EM livers from kidney donors and using a classi- 
cal method of preparation of microsomes 1411, we 
measured a specific activity of 0.329 F 0.055 nmol 
cytochrome P-45O/mg protein (mean * SD) and a 
V,,, for (+)-bufuralol I’-hydroxylation of 10.96 2 
600nmol x mg protein-’ x hr-’ as compared to 
0.271 & 0.137 nmol cytochrome P-45O/mg protein 
and a V,, of 11.95 2 4.80nmol X mg protein-’ X 
hr-i, respectively, for the method used in this study. 

Incubations. Twenty-five to 50 pug of microsomal 
protein (2.5-10 pmoles of total cytochrome P-450) 
were incubated in a final volume of 250 ~1 of 
0.1 NaP04 contairting an NADPH regenerating sys- 
tem (2 mM NADP, 5 mM isocitrate, 5 mM MgClz 
and 1 unit of isocitrate dehydrogenase-type IV 
(Sigma, St. Louis, MO)). The system was pre- 
incubated at 37” for 5 min before addition of chemi- 
cally pure (+)- or (-)-bufuralol (F. Hoffman-La 
Roche Ltd., Basel, Switzerland) at final con- 
centrations ranging from 6 to 800 X lo-” M. For the 
inhibition experiments, quinidine sulfate (Aldrich 
Chemical Company Inc., Milwaukee, WI) dissolved 
in 0.1 M NaPO,, was added at the same time as f+)- 
bufurabl, at final concentrations ranging from 10”‘s 
to 10m5 M. Under these conditions the rate of I’- 
hydroxybufuralol farmation was linear with time for 
up to 1 hr. The reaction was stopped after 40 min by 
cooling on ice and addition of 20 ~1 of 60% HCIQ+ 
Protein was sedimented by centrifugation at 10,OOOg 
for 1 min and supernatants stored at -80” until 
analyzed. 

Assay of f-hydro.xybufuruloZ. The production of 
1’“hydroxy-bufuralol was determined in HClQd 
supernatants by reverse-phase HPLC as previously 
described [53]. 
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Data analysis and statistics. Untransformed kinetic 
data were analyzed by means of a non-linear least 
square curve fitting program which allows an obs- 
erver-independent weighting of the data [54]. All the 
data from the kinetic study were treated according 
to Michaelis-Menten type kinetics which offered 
adequate description of the results in the substrate 
range (6G300 x 10V6 M). However, in 4 of 10 EM 
microsomes a statistically significant improvement of 
the curve fit was achieved by the application of a 
biphasic kinetic model with a high and low affinity 
component of the enzymatic reaction. For the com- 
parison between the simple and the double enzyme 
activity models we used the full versus restricted 
model hypothesis [54]. An improvement of the fit, 
when using a 2 enzyme kinetics model, was con- 
sidered significant when the difference between the 
goodness of the fit parameters (2 log likelihood) of 
each model evaluation reached a significant value 
using the Chi* distribution [54]. The inhibition kin- 
etics required consistently a two enzyme component 
model to reach adequate curve fitting. The most 
appropriate model for this purpose is described by 
the following relationship 

V max. .S V rn.-iXb .S 

‘(S + Kma) + S + Km, * (1 + Z/Ki) (1) 

where V,, is the maximal velocity of the reaction, 
K,,, the Michaelis constant, Ki the dissociation con- 
stant of the enzyme + inhibitor complex, S the 
substrate concentration, Z the inhibitor concentra- 
tion, and a or b the low or high affinity component 
respectively. In this model only the high affinity 
component is competitively inhibited by quinidine 
and the K,,, of the low affinity component was not 
influenced by the inhibitor. 

For the correlations (in uivo data versus in uitro 
results) and in view of the unknown distribution of 
the data, the non-parametric Spearman rank cor- 
relation was used [55]. For group comparisons the 
non-parametric Wilcoxon-Mann-Whitney test was 
used [55]. 

Within groups of a defined phenotype, intra-sub- 
ject comparisons were assessed by the paired t-test. 

RESULTS 

Kinetics of bufuralol l’-hydroxylution in extensive 
metabolizer microsomes 

The microsomal formation of l’-hydroxy-bufu- 
ralol from the (+)- and the (-)-isomer of bufuralol 
are shown in Fig. 2 and in Tables 1 and 2. As judged 
by a mean ratio of 0.5 for the V,, of (-)-bufuralol 
hydroxylation to the V,,,,, of (+)-bufuralol hydroxy- 
lation the (+)-enantiomer is oxidized twice as fast as 
the (-)-enantiomer, an observation in accordance 
with in uiuo data [56]. Interestingly, the apparent 
overall Michaelis constant is not significantly dif- 
ferent between both isomers. In the four microsomal 
preparations where a biphasic enzymatic reaction 
was detected, the difference between K,,, values of 
the high and of the low affinity component was lo- 
fold in the absence of significant differences in the 
V,,,,, values (Table 2). 
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Table 2. Enzymatic characteristics of (+)-bufuralol 1’-hydroxylation in microsomes of 4 extensive 
metabolizers with biphasic kinetics 

V may (nmol x mg P-l. hr-‘)* Km (PM)* 

High affinity component 4.64 -t 1.03 (3.12-5.38) 7.34 5 2.45 (3.95-9.26) 
Low affinity component 5.65 ? 1.83 (3.83-7.67) 204 + 154 (76.9-428) 

* K, was measured at substrate concentrations between 6.25 and 800 PM. The data represent 
means + SD (range), the data are fitted according to equation 1 (see Methods). 

0 100 2bo LOO ebo 

IfI-Bufuralol IpMI 

0 100 200 LOO 800 

I-I-Bufuralol i,,,MI 

Fig. 2. Kinetics of (+)-bufuralol (A) and (-)-bufuralol 
(B) l’-hydroxylation in 10 extensive (0) and 5 poor (0) 
metabolizer subjects phenotyped in vivo (debrisoquine/ 
sparteine type of oxidation polymorphism). Values are 

expressed as mean 2 SD. 

Znfluence of the poor metabolizer (PM) phenotype on 
microsomal kinetics of bufuralol I’-hydroxylation 

PM- microsomes (N = 5) in comparison to EM- 
microsomes (N = 10) were characterized by a 
decreased V,,,,, for (+)-bufuralol hydroxylation 
(7.51 nmoles 1’-hydroxybufuralol x mg protein-’ 
’ hr-l vs 11.95 nmoles 1’-hydroxy-bufuralol x mg 
protein-’ x hr-’ in EM, P < 0.05) but showed no 
decrease of the V,,,,, for hydroxylation of (-)-bufu- 
ralol(4.72 nmol l’-hydroxybufuralol x mg protein-’ 
x hr-’ vs 5.55 nmol 1’-hydroxybufuralol X mg 
protein-’ x hr-‘). 

This resulted in a decrease stereoselectivity of the 
reaction as indicated by an increase in the (-)/ 
(+) ratio. Another major characteristic of the PM 
microsomes is a 5-fold increase in the apparent 
Michaelis constant (mean of 118 PM vs 17.9 PM for 
(+)-bufuralol in EM microsomes, P < 0.005 and 
93 PM vs 21.8yM, for (-)-bufuralol P < 0.005 
(Table 1)). In PM microsomes, no biphasicity of the 

* A similar observation with one debrisoquine “inter- 
mediate” metabolizer (debrisoquine urinary metabolic 
ratio of 2.79) was recently made in our laboratory. 

kinetics was identifiable (in the absence of quinidine, 
see below). As in EM microsomes, the isomer con- 
figuration of the substrate did not influence sig- 
nificantly the Michaelis constant of the PM 
microsomes. 

Studies in intermediate metabolizers (ZM) 

From in vivo population studies, the antimode of 
the frequency distribution of the sparteine urinary 
metabolic ratio, which allows segregation between 
EM and PM, was tentatively defined after log- 
arithmic transformation at a value of 20 [50]. PM 
and EM subjects are easily identified as most of them 
have a metabolic ratio above or below 1, respect- 
ively. A few individuals, however, have a metabolic 
ratio between these two values. Four patients selec- 
ted here cannot easily be assigned to either pheno- 
type, displaying metabolic ratios ranging from 1.91 
to 18.4. Their in vitro parameters (K,, V,,,,,, (-)/ 
(+) ratio-Table 1) are indistinguishable, however, 
from those of the PM phenotype,* as illustrated also 
in Fig. 3. 
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Fig. 3. (+)-Bufuralol (A) and (-)-bufuralol (B) l’- 
hydroxylation kinetics in liver microsomes from subjects 
with “intermediate” rates of sparteine metabolism in vivo 
(IM). Values are means * SD, the shaded area corresponds 
to *l SD of the values observed in microsomes of 5 poor 

metabolizers (PM). 
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Fig. 4. Relationship between in uiuo determined sparteine 
metabolic ratio and in vitro estimated maximal velocity 
(V,,,) of (+)-bufuralol l’-bydroxylation in microsomes of 
subjects phenotyped as: l = extensive metabolizers; 0 = 
metabolizers; @ = subjects with intermediate rates of spar- 

teine metabolism. 

Log sparteine metabolic ratio 

Fig. 5. Relationship between in vivo determined sparteine 
metabolic ratio and in vitro estimated apparent Michaelis 
constant (K,,,) for (+)-bufuralol I’-hydroxylation in micro- 
somes from the same subjects. 0 = extensive metabolizers; 
0 = poor metabolizers; @ = subjects with intermediate 

rates of sparteine metabolism. 

In viva/in vitro correlations 

There was a significant negative correlation 
between the in uiuo sparteine metabolic ratio and 
the microsomal maximal velocity of (~)-bu~ralol 
l’*hydroxylation (Fig. 4) or affinity constant (Fig. 
5). A significant correlation was obtained between 
the sparteine metabolic ratio and the (-)/( +)-bufu- 
ralol I’-hydroxylation V,,,,, ratio used as an index of 
the stereoselectivity of each microsomal preparation 
(rho = 0.678, P < 0.01). It should be noticed that 
among these three parameters (V,,,,,, K,,, and (-)/ 
(+) ratio) only K,,, values did not overlap between 
the two phenotypes. 

Inhibition of (+)-bufuralol l’-hydroxylution by 
quinidine 

Quinidine has recently been shown to be a power- 
ful inhibitor of microsomal sparteine oxidation [47]. 
We have studied the influence of quinidine on bufu- 
ralol hydroxylation in vitro and on the metabolism 

Fig. 6. Quinidine inhibition kinetics of (+)-bufuralol I’- 
hydroxylation in extensive (A) and poor (B) metabolizer 
microsomes (Dixon plots). Both types of micrasomes 

display biphasic kinetics. Bu = bufuralol. 

of the related compound metoprolol in uiuo [49], In 
microsomes prepared from EM biopsies, quinidine 
concentrations between lo-‘and 10e5 M lowered the 
V,, of (+)-bufuralol 1 ‘-hydro~lation, a~lishing 
almost completely the stereoselectivity of the 
reaction. Moreover, quinidine also increased the 
apparent Km, mimicking the decreased affinity 
observed in the PM microsomes. At various bufu- 
ralol and quinidine concentrations in EM and PM 
microsomes (+)-bufuralol l’-hydroxylation charac- 
teristically exhibited biphasic inhibition curves (Fig. 
6). At low substrate and inhibitor concentrations, a 
high affinity component was competitively inhibited 
by quinidine. The use of a two component activity 
model indicated (Table 3) a high affinity component, 
inhibited at very low quinidine concentrations and a 
low affinity component, non-competitively inhibited 
only at high quinidine concentrations. The major 
difference between EM and PM (or IM) mi~rosomes 
was a reduction of about 95% of the high affinity 
and stereoselective component in the latter. 

DISCUSSION 

In viva/in vitro correlations 

We have demonstrated that in viuo bufuralol 
hydroxylation is under identical or linked genetic 
control as debrisoquine 4-hydroxylation [18,19]. In 
human liver microsomes bufuralol and debrisoquine 
are competitive inhibitors of their reciprocal 
hydroxylations, a strong ar~ment in favor of the 
concept that the same cytochrome P-450 isozyme(s) 
is (are) responsible for both bufuralol l’-hydroxy- 
lation and debrisoquine 4-hydroxylation [45]. The 
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Table 
effect 

3. Enzymatic characteristics (range) of (+)-bufuralol l’-hydroxylation and inhibitory 
of quinidine in microsomes of 2 extensive, 2 poor and 1 intermediate metabolizer (see 

also Fig. 6) 

High affinity component 
Low affinity component 

Km (PM) 

6-19 
55-196 

K (nW 

S13 
t 

V max 

(nmol x mg-’ x hr-‘) 

* 
5-26 

* V,,,,, was 0.51 and 1.5 nmol x mg-’ x hr-’ for two PM, 1.3 for IM, 7.0 and 22 for two 
EM microsome samples. 

t The low affinity component is non-competitively inhibited by quinidine only at con- 
centrations > 10e5 M. 

present data demonstrate that the in vivo sparteine 
metabolic ratio correlates with bufuralol l’-hydroxy- 
lation in vitro lending further support to the postulate 
that the metabolic pathways studied in vivo and in 
vitro are catalyzed by the same cytochrome P-450 
isozyme. The sole discrepancy in the in viva/in vitro 
correlation is the case of the subjects with inter- 
mediate rates of metabolism in vivo. Such IM casea 
cannot be classified as heterozygous for the recessive 
allele without pedigree studies. Moreover, het- 
erozygous individuals must be more frequent (40% 
in European Caucasians) [ll] and usually have a 
metabolic capacity which is overlapping in frequency 
distribution curves with that of homozygous exten- 
sive metabolizers. Nor is it possible to classify these 
individuals with the present enzyme probes. Using 
the l’-hydroxylation reaction as in vitro probe IM 
microsomes are undistinguishable from the poor 
metabolizer group, whatever criteria of the reaction 
(Vnlax? K,,,, (-)/(+) ratio) are analyzed. One expla- 
nation of this observation could be that these indi- 
viduals are genotypically homozygote PM but 
possess additional enzyme(s) activity(ies) able to 
oxidize sparteine or debrisoquine to some extent, 
but unable to metabolize bufuralol. A definitive 
answer will be possible only when more specific 
probes are available. 

Enzymatic characteristics of bufuralol l’-hydroxy- 
lation in extensive metabolizers 

In vivo, bufuralol l’-hydroxylation is stereo- 
selective for the (+)-isomer [56]. A role of substrate 
configuration has been observed, in vivo, also with 
p’erhexiline [57], nortriptyline [58] and metoprolol 
[49,59]. Our in vitro data thus confirm this charac- 
teristic as illustrated by the difference in V,,,,, for the 
(+)- and the (-)-bufuralol 1’-hydroxylation. The 
fact that the substrate steric conformation does not 
play a role on the apparent affinity constant (K,) 
may suggest that the domain of the enzyme which 
binds the substrate (probably the positively charged 
nitrogen center) is not stereoselective, contrary to 
the catalytic site of the enzyme. Studies at the micro- 
somal level have obvious limitations since the enzy- 
matic activity measured is the resultant of several 
isozyme activities with overlapping substrate sel- 
ectivity and various affinities. Initial studies sug- 
gested that bufuralol l’-hydroxylation was 
characterized by simple Michaelis-Menten type kin- 
etics [43,45]. 

The findings of biphasic kinetics suggest that a low 
affinity cytochrome P-450 isozyme is detectable in 
some if not all microsomes. The quinidine inhibition 
kinetics provide more compelling evidence that (+) 
bufuralol 1’-hydroxylation in all microsomes is 
biphasic with a lo-fold difference in the apparent K,,, 
of the high and low affinity isozymes (Table 2). More 
direct evidence for a two isozyme system is derived 
from the purification of cytochrome P-450 isozymes 
from human liver. At the same time as these in viva/ 
in vitro studies were performed our group purified 
from several human livers two cytochrome P-450 
isozymes with a high capacity for l’-bufuralol 
hydroxylation [46]. The two forms differ in their 
mobility on ion-exchange chromatography, in their 
affinity for bufuralol l’-hydroxylation (low and high 
K,), in their substrate stereoselectivity (high and 
low selectivity) and in their sensitivity to quinidine 
inhibition (low and high KJ. They do not differ in 
their molecular weight (50 kD) and polyclonal rabbit 
antibodies raised against either the high affinity/ 
stereoselectivity isozyme (cytochrome P-450 buf I) 
or the low affinity/stereoselectivity isozyme (cyto- 
chrome P-450 buf II) recognize both forms. It seems 
thus a reasonable speculation that the two purified 
isozymes may correspond to the two kinetic com- 
ponent of bufuralol 1’-hydroxylation identified at the 
microsomal level. 

Enzymatic characteristics of poor metabolizer 
microsomes 

In vivo data from PM subjects show that they 
excrete less l’-hydroxybufuralol than the EM sub- 
jects and also display a marked decrease in the 
stereoselectivity of bufuralol hydroxylation [55]. As 
indicated by the V,,,, values, the in vivo observations 
can be explained by the present in vitro data. In the 
substrate concentration range used throughout this 
study, no biphasic hydroxylation was detected in 
PM. However, the quinidine inhibition kinetics (Fig. 
6) suggest that PM microsomes may still contain 
an i’sozyme of high affinity for bufuralol and high 
sensitivity to quinidine inhibition. This would partly 
explain why some degree of stereoselectivity is yet 
present in poor metabolizer microsomes as well as in 
poor metabolizers in vivo. Thus, in PM microsomes 
bufuralol 1’-hydroxylation also is catalyzed by two 
different enzyme components. The high apparent 
K,,, previously noticed in PM microsomes [43] may 
result from a shift of a mixed contribution of both 
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isozymes in EM microsomes, to a major contribution 
of the low affinity isozyme in PM microsomes, the 
main characteristic of PM microsomes being a dra- 
matic decrease of the high affinity/stereoselectivity 
isozyme. 

On the basis of the present results we therefore 
propose that the deb~soquine/sparteine type of oxi- 
dation polymorphism is caused by an almost total 
Ioss of a minor cytochrome P-450 isozyme which is 
characterized by a high af~nity/stereoselecti~ty for 
(+)-bufuralol I’-hydroxylation and an extreme sen- 
sitivity to quinidine inhibition. The observation that 
some activity of the high affinity/stereoselectivity 
component is yet measurable in PM microsomes 
could be compatible with a structural mutation caus- 
ing a catalytically modified enzyme or with defective 
synthesis of the enzyme protein. 
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