Frequency distribution of dapsone
N-hydroxylase, a putative probe for
P4503A4 activity, in a white population

Phenotypic trait values in 166 healthy white subjects (age range, 18 to 88 years) were determined for
dapsone N-hydroxylation, dapsone N-acetylation, debrisoquin 4-hydroxylation, and S-mephenytoin 4'-
hydroxylation after single oral dose administration of the probe drugs dapsone (100 mg), debrisoquin
(10 mg), and mephenytoin (100 mg). No associations or evidence of cosegregation were found between
the individual routes of metabolism. Dapsone N-hydroxylation exhibited a unimodal distribution, with
marked (tenfold) intersubject variability, and aging was associated with reduced N-oxidation. However,
the other measured routes of metabolism were age independent, but intersubject variability in all of the
trait measurements increased with age. In subjects younger than 50 years, S-mephenytoin 4’-hydroxyla-
tion was modestly (34%) less in men than in women. In contrast, dapsone N-acetylation, dapsone
N-hydroxylation, and debrisoquin 4-hydroxylation were not influenced by gender. Previous smoking
habit and alcohol consumption were not associated with a difference in any of the four routes of metab-
olism. Accordingly, the measured phenotypic traits of drug oxidation and N-acetylation appear to be
quite robust in regard to some common demographic variabilities present in population studies, with the
exception of dapsone N-hydroxylase, which is affected by aging. (CLin PrARMACOL THER 1994;55:492-

500.)
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Dapsone is the drug of choice for leprosy' and is
recommended as an alternative treatment for chloro-
quine-resistant malaria.> It is also used to treat certain
chronic dermatologic disorders with an autoimmune
component*® and to increase the healing rate of ulcers
caused by brown recluse spider bites.” Because dap-
sone has been recently advocated as therapy for treat-
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ment of Kaposi’s sarcoma® and pneumonia caused by
Preumocystis carinii in patients with acquired immu-
nodeficiency syndrome,’ '? clinical interest in the drug
has increased. Adverse reactions to dapsone include
hemolytic anemia and methemoglobinemia'' and have
been attributed to the formation of oxidative metabo-
lites.'>" Increased knowledge about the extent of
variability in the disposition of dapsone and the result-
ing consequences on efficacy and idiosyncratic ad-
verse reactions may suggest strategies to broaden the
therapeutic window of the drug.

Dapsone, an arylamine, is metabolized by both ox-
idative phase I and conjugative phase II processes.
The best characterized metabolite of oxidation is dap-
sone hydroxylamine, whose formation has long been
known to be mediated by cytochrome P450 (CYP).!!
Recently we obtained evidence to suggest that an en-
zyme(s) of the CYP3A subfamily is responsible for
more than 90% of N-hydroxylation in human liver mi-
crosomes. '® This same enzyme has also been reported
to be responsible for the metabolism of numerous
other drugs including nifedipine,'’'® cyclospor-

ine,'?° macrolide antibiotics,?! midazolam,?? triazo-
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lam,?? lidocaine, quinidine,24 and several steroids.?
Population studies with nifedipine initially suggested
polymorphic distribution of a phenotypic trait consid-
ered to measure enzyme activity.26 However, more
extensive studies using drug clearance were unable to
confirm this possibility, and it is now generally ac-
cepted that a broad unimodal distribution of enzyme(s)
involved in its metabolism is likely.>” This contrasts
to certain other CYP enzymes that are known to ex-
hibit genetic polymorphism. Two such polymor-
phisms, involving the oxidation of debrisoquin®® and
S-mephenytoin,?® have been characterized. Each of
these reactions is mediated by a different enzyme,
CYP2D6 and CYP2Cyp, respectively.’®3! A second
enzyme involved in the disposition of dapsone is ary-
lamine N-acetyltransferase, which also exhibits a ge-
netically independent polymorphism in humans, and
individuals can be classified into fast or slow acetyla-
tor phenotypes.”’33

In this study, a phenotypic measurement approach
was used to characterize a population of healthy indi-
viduals for their ability to N-hydroxylate dapsone. To
determine possible associations between this pathway
of oxidation and other routes of metabolism, these
same individuals were also evaluated with regard to
their ability to N-acetylate dapsone, 4-hydroxylate de-
brisoquin and 4'-hydroxylate S-mephenytoin. In addi-
tion, several factors with known potential to modify
drug-metabolizing activity, including age, gender,
smoking and alcohol intake, were assessed for their
possible association with intersubject variability in the
measured metabolic activities.

METHODS

Subjects. Unrelated white subjects were recruited to
include both genders equally and to encompass a wide
age range. Subjects who were not taking any medica-
tions were permitted to participate in the study after a
medical history was obtained and after physical exam-
ination and routine biochemical screening to exclude
those with evidence of liver, kidney, or heart disease.
Recent smoking habit and history of ethanol consump-
tion was obtained before the study. Subjects provided
written consent to the protocol, which had been ap-
proved by the Institutional Review Committee at
Vanderbilt University School of Medicine.

Protocol. Each subject received dapsone (100 mg
orally) and a venous blood sample was drawn 8 hours
after drug administration; the harvested plasma was
frozen at —20° C until analyzed. Urine was collected
from O to 8 hours into a container with ascorbic acid
(1 gm) as a preservative and, after the total volume
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was measured, an aliquot was similarly frozen. On a
separate occasion, each subject simultaneously re-
ceived debrisoquin (10 mg) and mephenytoin (100
mg) orally. Urine was again collected from 0 to 8
hours, the volume was recorded, and an aliquot was
frozen at —20° C until analysis.

Sample analysis. Plasma and urinary dapsone,
plasma monoacetyldapsone, and urinary dapsone hy-
droxylamine were measured by separate HPLC-based
assays.>* Urinary debrisoquin and 4-hydroxydebriso-
quin were measured as described previously?® but
with use of mass spectrometric detection. The urinary
enantiomeric ratio of S- to R-mephenytoin was deter-
mined by chiral capillary gas chromatography.®®

Phenotypic indexes. To assess dapsone N-hydroxy-
lation, the 0- to 8-hour urinary dapsone recovery ratio
(RRpps) was obtained on the basis of the following
equation®”:

HDA

RRoos = HbA + DDS

)
in which HDA and DDS are the excreted amounts of
dapsone hydroxylamine and unchanged dapsone, re-
spectively. The N-acetylation ratio was determined
from the ratio of the plasma concentrations of dapsone
and monoacetyldapsone measured 8 hours after drug
administration, as previously described.>®

The ability of each subject to hydroxylate debriso-
quin was assessed by the debrisoquin recovery ratio
(RRypy) as follows™’:

OH-Db

RRo» = 5HDb + Db

(2)
in which Db and OH-Db are the respective amounts of
debrisoquin and its 4-hydroxy metabolite excreted in
the 0- to 8-hour urine. S-Mephenytoin 4'-hydroxyla-
tion was assessed by the S/R enantiomeric ratio of me-
phenytoin in the 0- to 8-hour urine.?

Statistical analysis. Frequency distributions of the
indexes of the four metabolic routes are presented
graphically as normit plots, which are normal proba-
bility depictions of a cumulative distribution with the
y-axis rescaled by application of the inverse normal
transformation.”® Thus the data are presented in units
of standard deviation about the median, which is rep-
resented as zero.

Multiple regression was used to evaluate correla-
tions among metabolic routes.’® The relationships
among drug-metabolizing activity and age, gender,
smoking habits, and alcohol intake were assessed with
use of multiple ANOVA with age as a covariate.
Regression analysis was used to evaluate the relation-
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Fig. 1. Frequency distribution of the dapsone recovery ratio
in 166 unrelated, healthy, drug-free white subjects.

ship between drug-metabolizing activity and age. A
p value <0.05 was accepted as statistically significant
for all testing.

RESULTS

The study group consisted of 166 healthy white
subjects, aged 56 + 17 years (mean = SD), with an
age range from 18 to 89 years. Fifty-four percent of
the subjects were men, 36% smoked tobacco prod-
ucts, and 52% regularly consumed ethanol.

In this population, the frequency distribution of
dapsone N-hydroxylation depicted as a normit plot ap-
peared linear and continuous, suggesting a normal un-
imodal distribution (Fig. 1). Although no definite an-
timode was apparent in this distribution, there was a
suggestion that three individuals with ratios less than
0.1 had reduced ability to hydroxylate dapsone com-
pared with the remainder of the population. Repeated
studies in two of these subjects confirmed such low
activity. In a limited family study of five first-degree
relatives of one of these probands, all had dapsone hy-
droxylation ratios close to the mean of the overall
population. These family members were not included
in the population analysis.

In contrast to the normit distribution of dapsone
N-hydroxylation, the normit distribution of the de-
brisoquin recovery ratio was bimodal, with an appar-
ent antimode of 0.02 (Fig. 2). Thirteen subjects
(7.8%) were classified as poor metabolizers and 153
subjects (92.2%) were extensive metabolizers of de-
brisoquin. The normit distribution of the mephenytoin
S/R ratio was curvilinear (Fig. 3, upper panel), but
log transformation converted this to an essentially lin-
ear distribution, except for a discrete subpopulation
containing three poor metabolizers with log S/R ratios
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Fig. 2. Frequency distribution of the debrisoquin recovery
ratio in 166 unrelated, healthy, drug-free white subjects.

greater than zero (Fig. 3, lower panel). Thus three
subjects (1.8%) were identified as poor metabolizers
and 163 subjects (98.2%) were classified as extensive
metabolizers.

The frequency distribution of the dapsone acetyla-
tion ratio also appeared curvilinear on a normit plot,
without any easily identified abrupt changes in slope
(Fig. 4, upper panel). With use of previously estab-
lished criteria®® for slow (<<0.3) and fast (>0.35) phe-
notypes, 54 subjects (32.5%) were found to be slow
acetylators, whereas 100 subjects (60%) were fast
acetylators and 12 (7.2%) were indeterminate. Inter-
estingly, log transformation of the data yielded a
trimodal distribution (Fig. 4, bottom panel), with a
group of slow acetylators having a log acetylation
ratio less than —0.7 (antilog 0.21), a group of
intermediate acetylators having a log acetylation ratio
between —0.7 and —0.21 (antilog 0.21 to 0.62), and
a group of fast acetylators having a log acetylation
ratio greater than —0.21 (antilog > 0.62). With use
of these criteria, 30 subjects (18%) were slow acety-
lators, 82 subjects (50%) were intermediate acetyla-
tors, and 54 subjects (33%) were fast acetylators.
Based on the Hardy-Weinberger equilibrium and as-
suming the slow acetylation trait to be autosomal
recessive, the gene frequency of the slow acetylator
trait was 42%.

Multtiple-regression analysis revealed no significant
associations among the phenotypic indexes of the four
routes of metabolism. Importantly, there was no evi-
dence of cosegregation of poor metabolizers among
the three oxidative routes of metabolism; that is, indi-
viduals defined as poor metabolizers for any single
pathway of metabolism were extensive metabolizers
for the other two routes (Table I).
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Fig. 3. Linear (upper panel) and log (lower panel) fre-
quency distributions of the S/R-enantiomeric ratio of mephe-
nytoin in O- to 8-hour urine after oral administration to 166
unrelated, healthy, drug-free white subjects.

ANOVA incorporating gender, smoking habit, and
history of ethanol consumption was performed, using
age as a covariant in evaluating each of the measured
phenotypic indexes. Neither smoking nor ethanol
intake influenced the phenotypic indexes of any of
the four studied routes of metabolism. Age contributed
significantly to dapsone N-hydroxylation (ANOVA;
p < 0.001); with increasing age, the dapsone recovery
ratio declined (** = 0.19; p < 0.001) and variance in-
creased (Fig. 5, upper left panel). Dapsone N-acetyla-
tion, debrisoquin 4-hydroxylation, and mephenytoin
4'-hydroxylation were age-independent but also exhib-
ited increasing variability with increasing age (Fig. 5;
F test; p < 0.01).

In an attempt to evaluate possible gender differ-
ences according to age, the population was substrati-
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Fig. 4. Linear (upper panel) and log (lower panel) fre-
quency distributions of the dapsone acetylation ratio 8 hours
after dapsone administration to 166 unrelated, healthy, drug-
free white subjects.

fied into two age groups using 50 years as an arbitrary
cutoff. Gender did not influence either dapsone
N-hydroxylation or N-acetylation, or debrisoquin
4-hydroxylation. By contrast, after the poor metabo-
lizers were excluded, S-mephenytoin metabolism was
influenced by gender to a very modest extent (Table
II) in subjects under the age of 50 years. In this age
group, women had a 34% lower S/R enantiomeric ra-
tio than men, indicating greater efficiency in their 4'-
hydroxylation of S-mephenytoin.

DISCUSSION

This study clearly shows that dapsone N-hydroxy-
lase activity exhibits a unimodal distribution in a
population of healthy subjects. Dapsone N-hydroxyla-
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Table I. Comparison of phenotypic indexes of oxidative pathways in poor and extensive metabolizers for each of

three routes of metabolism

Phenotypic index

Debrisoquin recovery ratio Mephenytoin SIR ratio Dapsone recovery ratio

4-Debrisoquin hydroxylation phenotype

Poor metabolizers (n = 13) 0.01 = 0.004* 0.35 = 0.48 0.67 = 0.14

Extensive metabolizers (n = 153) 0.52 = 0.22 0.26 = 0.24 0.55 = 0.19
S-Mephenytoin 4'hydroxylation phenotype

Poor metabolizers (n = 3) 0.35 +0.32 1.31 = 0.25% 0.56 = 0.09

Extensive metabolizers (n = 163) 0.48 = 0.25 0.25 = 0.22 0.56 = 0.19
Dapsone N-hydroxylation ability

Low (n = 3) 0.29 = 0.17 0.47 = 0.25 0.08 = 0.01*

High (n = 163) 0.48 = 0.25 0.27 £ 0.26 0.57 £ 0.18

Poor metabolizers of debrisoquin had debrisoquin recovery ratios <<0.12; poor metabolizers of mephenytoin and S/R ratios >1.0; and low oxidizers of dapsone had

recovery ratios >0.1.

*p < 0.001 in comparison to extensive metabolizers for the same route of metabolism.

tion decreased with aging but was not influenced
by gender, tobacco smoking, or ethanol consumption.
Moreover, the ability to mediate this oxidation did
not cosegregate with debrisoquin 4-hydroxylation, S-
mephenytoin 4’-hydroxylation, or dapsone N-acetyla-
tion. Therefore clear evidence exists that each of these
drugs have the efficiency of their metabolism deter-
mined by different independently regulated drug-
metabolizing enzyme systems.

The broad-based unimodal distribution of dapsone
N-hydroxylation confirms extensive interindividual
variation in the hydroxylation of this drug.®® Such in-
terindividual variability undoubtedly reflects both ge-
netic and environmental factors. Unfortunately, reso-
lution of the relative contributions of alternative
determinants, especially that of genetics, is difficult to
discern in a population distribution study unless the
effect is major and a sufficiently large subpopulation
is affected.*’ The current findings with S-mephenytoin
exemplify this difficulty; even though the presence of
a genetic polymorphism in 4'-hydroxylation is well
established and is reflected by the 0- to 8-hour urinary
S/R enantiomeric ratio,”>"*! this phenomenon is not
readily discernible from the frequency distribution
data (Fig. 3) because of the low frequency of the poor
metabolizer phenotype. By contrast, the greater pro-
portion of poor metabolizers of debrisoquin within the
population allows ready definition of two phenotypes
(Fig. 2), although the reason for a lower antimode
value in this study compared with an earlier report®’ is
unknown. On the other hand, pedigree studies, espe-
cially in family members of probands located at the
extremes of the population distribution, have consider-
able power in identifying a genetically determined
trait. For example, an increased familial incidence of

impaired oxidation was found in the relatives of poor
metabolizer probands for the debrisoquin*' and me-
phenytoin*? polymorphisms, where the traits were
found to be inherited in an autosomal recessive fash-
ion. In the present study, no immediate family mem-
bers of two of the subjects with the lowest rates of
dapsone N-hydroxylation were available for study.
However, five first-degree relatives of the third indi-
vidual with a dapsone recovery ratio less than 0.1
were studied. In all cases, the phenotypic trait values
were close to the mean of the larger population study.
Accordingly, there is no evidence at the present time
to support the notion of genetic polymorphism of dap-
sone N-hydroxylase.

We have previously shown that CYP3A4 is the ma-
jor contributing enzyme to dapsone N-hydroxylation
in human liver microsomes.'® We have suggested that
this enzyme is likely to be a major contributor to in
vivo metabolism in humans; however, the relative
contribution of different enzyme systems to this spe-
cific metabolic pathway is currently unknown. The
overall efficiency of this metabolic pathway can be
measured in vivo by the fractional metabolic clearance
to the N-hydroxylamine, and we have confirmed that
the dapsone recovery ratio provides a phenotypic mea-
sure of this fractional clearance.>® Thus the broad-
based unimodal distribution of dapsone N-hydroxyla-
tion is likely, as least in part, to represent CYP3A4
activity. It is of interest that nifedipine, another puta-
tive substrate for this enzyme, also exhibits a broad
unimodal distribution of drug clearance with a sixfold
to tenfold range of efficiency.”’

Interestingly, aging was associated with a decreas-
ing dapsone recovery ratio and increased intersubject
variation (Fig. 5). These observations are consistent
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Fig. 5. Relationship of individual routes of drug metabolism to age in 166 unrelated, healthy,
drug-free, male (solid circles) and female (open circles) white subjects. Regression lines indicate
the nonstatistically significant relationships in debrisoquin extensive metabolizers, and mepheny-
toin extensive metabolizers, as well as slow acetylators (lower line), and fast acetylators (upper
line) of dapsone, and the statistically significant relationship in all subjects for dapsone N-hydrox-

ylation.

with reports obtained with other putative substrates for
CYP3A4. Pharmacokinetic studies in humans show
reduced clearance of nifedipine®® and erythromycin®*
in elderly subjects; however, microsomal activity of
erythromycin and immunoblot quantification of
CYP3A levels were not altered by age.*>**S The ap-
parent discrepancy between observation could be at-
tributed to reduced liver mass, with maintained spe-
cific activity for enzymes in aging. It is therefore
possible that the clearance of all substrates mediated
by CYP3A4 will be reduced in the elderly. The lack
of age-related effects on the other studied phenotypic
trait measurements of drug metabolism is consistent
with previous reports.>>*7-#

In contrast to the age-related change in dapsone
N-hydroxylase activity, no gender-related differences
were observed. This is consistent with previous re-

ports with nifedipine?’; however, the in vivo rates of
N-demethylation of erythromycin and 6f-hydroxy-
cortisol formation, both putative routes mediated by
CYP3A4, have been reported to be greater in wom-
en,*”4%%0 and the in vitro rate of N-demethylation of
erythromycin was greater in women.*> The reason for
these different observations with substrates of a puta-
tively common enzyme is not currently known and
may reflect contributions of closely related isozymes
with different gender distribution. Interestingly, a
small but statistically significant difference in
S-mephenytoin 4'-hydroxylation was observed be-
tween men and women younger than SO years of age.
Several independent population studies of this genetic
polymorphism have not previously noted such a gen-
der-related difference.>! Moreover, the observed
higher level of P4502C,,, activity is contrary to the
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Table II. Drug-metabolizing indexes of several routes of metabolism comparing gender-related differences in

subjects <50 years and =50 years

Age <50 yr

Age =50 yr

Dapsone recovery ratio (n = 166)
Men
Women
Mephenytoin S/R ratio (n = 164)
Men
Women
Debrisoquin recovery ratio (n = 153)
Men
Women
Slow acetylators (n = 54)
Men
Women
Fast acetylators (n = 100)
Men
Women

0.64 = 0.147 (22)
0.64 = 0.163 (36)

0.50 *+ 0.19 (68)*
0.54 = 0.19 (40)*

0.32 £ 0.22 (24) 0.24 = 0.21 (66)
0.21 = 0.16 (33)F 0.21 = 0.21 (40)
0.53 = 0.20 (18) 0.53 £0.22 (32)
0.56 = 0.85 (66) 0.53 £ 0.24 (37)
0.22 £ 0.10 (3) 0.23 £ 0.04 (21)
0.20 = 0.04 (16) 0.22 £ 0.03 (14)
0.68 = 0.3 (19 0.66 = 0.3 (39)
0.64 0.2 (20) 0.76 = 0.5 (22)

Data are mean values = SD.

Poor metabolizers of debrisoquin and mephenytoin were excluded from the analysis.

Sample size for each group is indicated in parentheses.
*p < 0.01 in comparison to <50 years.
fp < 0.05 in comparison between genders.

lower rate of propranolol side-chain oxidation in
young women>'—a process that is mediated in part by
this enzyme.>” Given the wide intersubject variability
in mephenytoin 4'-hydroxylation within the extensive
metabolizer phenotype, the observed gender-related
difference may be a statistical artifact. A gender-
related difference has not been observed for CYP2D6
activity,* and this factor has not been found to be a
determinant of N-acetylation metabolism.>

A history of alcohol or smoking was not associated
with consistent changes in the phenotypic trait mea-
surements of activity of any of the enzymes examined.
However, a cross-sectional broad-based population
approach, as used in this study, has limited ability to
determine the influence of these factors on the regula-
tion of these enzymes. These findings do not therefore
exclude an effect of alcohol intake or smoking habit
on the regulation of these isozymes.

Slow acetylation is caused by a decreased amount
of polymorphic arylamine N-acetyltransferase®->* that
is an autosomally recessive trait with Mendelian inher-
itance.®> Accordingly, three genotypes should be
present in the population. However, most phenotyping
procedures have been able to identify only two sub-
populations and do not discriminate between the ho-
mozygous wild-type and heterozygous genotypes.>>
Therefore the present finding of a trimodal pattern of
distribution in the log dapsone acetylation ratio was
somewhat surprising. A similar pattern in white sub-
jects®® and Arabic subjects®® based on analysis of lin-
early distributed histograms has also been reported,

with antimodes of 0.35 to 0.42 and 0.82 to 0.85. The
critical issue is whether the characterized phenotypes
correspond to the actual genotypes, or whether the
distribution pattern is fortuitous. For example, three
phenotypes were defined in the distribution of the
acetylation ratio in a Japanese population; however,
the number of subjects in the fast and intermediate
phenotypes were not consistent with the Hardy-
Weinberg distribution.>’ Moreover, recent studies that
used molecular characterization of several N-acetyl-
transferase alleles has indicated a high incidence of
slow acetylator mutants in white populations, so that
only about 8% of rapid acetylators are homozygous
for the dominant wild-type gene.>* Such a distribution
is inconsistent with the phenotypic populations charac-
terized by the dapsone acetylation ratio (see Fig. 4 and
Ward et al.*?). Additional studies that compare pheno-
typing and genotyping information will be required to
resolve this issue.

In summary, the phenotypic indexes of the mea-
sured polymorphically distributed drug-metabolizing
enzyme activities appeared to be fairly robust with re-
spect to common demographic variables present in pop-
ulation studies, that is, age, gender, tobacco smoking,
and ingestion of ethanol. Thus these factors would be
expected to have little if any effect on assignment of
the correct phenotype. By contrast, dapsone N-
hydroxylation was found to be age dependent. It is
likely that the observed variability in N-hydroxylation
is a contributing factor to development of idiosyn-
cratic adverse reactions after dapsone administration.
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