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The use of cimetidine as a selective inhibitor of dapsone
N-hydroxylation in man

M. D. COLEMAN, A. K. SCOTT, A. M. BRECKENRIDGE & B. K. PARK
Department of Pharmacology and Therapeutics, Ashton Street, Liverpool L69 3BX

1 The N-hydroxylation of dapsone is thought to be responsible for the methaemo-
globinaemia and haemolysis associated with this drug. We wished to investigate the effect
of concurrent administration of cimetidine (400 mg three times per day) on the disposition
of a single dose (100 mg) of dapsone in seven healthy volunteers in order to inhibit
selectively N-hydroxylation.

2 The AUC of dapsone (31.0 % 7.2 pg ml~! h) was significantly increased (P < 0.001) in
the presence of cimetidine (43.3 + 8.8 pg mi™! h).

3 Peak methaemoglobin levels observed after dapsone administration (2.5 *+ 0.6%)
were significantly (P < 0.05) reduced in the presence of cimetidine (0.98 + 0.35%).

4 The percentage of the dose excreted in urine as the glucuronide of dapsone hydroxyl-
amine was significantly (P < 0.05) reduced in the presence of cimetidine (34.2 + 9.3 vs23.1
+4.2%).

5 Concurrent cimetidine therapy might reduce some of the haematological side-effects

of dapsone.
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Introduction

Dapsone has been used in leprosy therapy since
the early 1950s. Due to the emergence of resis-
tance, the drug has been administered with
rifampicin and clofazimine in a triple combination
which has been introduced in a phased manner
since 1982 (WHO, 1982). However dapsone
monotherapy is still widely used (Teterissa &
Nathin, 1988). Dapsone is also used as a malarial
prophylatic with pyrimethamine (Bruce-Chwatt,
1982). It is effective in the treatment of dermatitis
herpetiformis (Swain et al., 1983), Pneumocystis
carinii in AIDS patients (Green et al., 1988) and
has been used in rheumatoid arthritis (Grindulus
& MacConkey, 1984).

In man, approximately half the dose of dapsone
is acetylated to monoacetyl dapsone while the
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remainder undergoes N-hydroxylation pre-
dominantly to dapsone hydroxylamine, which
in turn undergoes extensive conjugation to
dapsone hydroxylamine glucuronide (Israili
et al., 1973). Dapsone N-hydroxylamine has
been implicated in the haemotoxic side effects
of dapsone therapy, methaemoglobinaemia
(Cucinell et al., 1972) and haemolysis (DeGowin
etal., 1966; Grossman & Jollow, 1988). Chronic
dosage (100 mg day™!) in normal patients may
result in significant methaemoglobinaemia
(Manfredi et al., 1979). In addition, methaemo-
globinaemia may increase significantly in cases
of methaemoglobin reductase enzyme deficiencies
(Ganer et al., 1981). Haemolysis may be life-
threatening in individuals with glucose-6-phos-
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phate dehydrogenase deficiency or diminished
glutathione reductase activity (Zuidema et al.,
1986).

Studies in the intact rat (Coleman et al., 1990a)
and the rat isolated perfused liver (Coleman et
al., 1990b) have indicated that cimetidine is a
potent inhibitor of dapsone induced haemotoxi-
city. In the present study, we have co-admin-
istered cimetidine with dapsone to determine if a
selective reduction in the formation of toxic
hydroxylamine metabolites can be achieved
without affecting detoxification pathways such
as acetylation. As the efficacy of dapsone as an
antibacterial lies in the action of the parent
compound rather than the metabolites (Bawden
& Tute, 1981; Zuidema et al., 1986), an increase
in the AUC of dapsone as a result of inhibition of
N-hydroxylation might also improve the effec-
tiveness of the drug in vivo.

Methods
Chemicals

4,4'diaminodiphenyl sulphone (dapsone) was
obtained from Sigma Chemicals (Poole, Dorset,
UK). Monoacetyl dapsone was a gift from Dr
S. A. Ward, Liverpool School of Tropical
Medicine. Dapsone hydroxylamine was syn-
thesized and characterised by Dr F. Hussain
(Department of Chemistry, University of Liver-
pool) according to the method of Uetrecht et al.
(1988). Potassium cyanide and ferricyanide were
obtained from BDH Chemicals Ltd (Poole,
UK) and Sigma Chemicals respectively. All
other reagents were of h.p.l.c. grade and obtained
from BDH Chemicals.

Protocol

Approval for this study was granted by the
Merseyside Regional Health Authority Ethics
Committee. Seven normal healthy male volun-
teers (23-39 years) were studied. All the volun-
teers had normal biochemical profiles (SMAC
analysis) and gave written informed consent after
a full explanation of the risks involved. The
volunteers fasted for 8 h prior to taking an oral
dose of 100 mg dapsone alone or 100 mg dapsone
following 3 days pretreatment with cimetidine
(400 mg three times daily). All subjects remained
fasted for 2 h post dose. Cimetidine was continued
throughout the period of blood and urine collec-
tion. Volunteers were studied on two occasions
in random order. Venous blood samples (10 ml)
were taken via direct venepuncture pre-dose,
then at 2, 3, 4, 8, 24, 28, 32, 48 and 54 h into

lithium heparin tubes. Urine was collected at
time 0 then over periods 0-6 h, 6-12 h, 12-18 h,
18-24 h, 24-30 h, 30-36 h, 3642 h and 4248 h.

Analytical procedures

Blood samples were assayed for methaemoglobin
levels relative to haemoglobin levels using the
spectrophotometric method of Harrison & Jollow
(1986). Methaemoglobin levels were measured
in each volunteer at time zero and all subsequent
measurements were corrected for the zero value.
Dapsone and monoacetyl dapsone was assayed .
according to the h.p.l.c. method of Grossman
& Jollow (1988). Analysis of dapsone related
products in urine was achieved after incubation
of the urine samples (200 1) with 500 pu (100 1)
of glucurase® (Sigma) along with 10 mm ascorbic
acid (50 pl) at 37° C. A pilot study revealed that
the maximum liberation of dapsone hydroxyl-
amine occurred at 6 h incubation time. Dapsone
hydroxylamine was identified in the urine hydro-
lysates by mass spectrometry. Ascorbate pre-
vented the oxidation of dapsone hydroxylamine
to nitrosodapsone. The method of Coleman et al.
(1990b) was applied to the measurement of
dapsone hydroxylamine in hydrolysed urine.
The hydrolysates were spiked with internal
standard (2.4 pg, 24 pl) and then precipitated
with methanol (300 pl); prior to centrifugation
(10 min, 10,000 g) they were briefly vortexed.
The clear supernatant was removed from the
sample and an aliquot (50 pl) injected onto the
h.p.l.c. Standard curves were performed in drug
free urine which had been hydrolysed under
identical conditions to the samples. Coefficients
of variation for within day (dapsone: 4 pg ml™%,
2.4%,8 Mg ml~!,2.7%/dapsone hydroxylamine:
4 ugml™, 4.2%, 8 ug ml™?, 3.9%/monoacetyl
dapsone: 4 ugml™!,2.0%,8 pgml™!,2.2%) and
day to day variation (dapsone: 4 pgml™!, 1.0%,
8 ng ml™', 1.4%/dapsone hydroxylamine:
4 pgml, 5.0%, 8 pg ml~1, 6.2%/monoacetyl
dapsone: 4 pg ml™!, 4.2%, 8 pg ml™!, 4.4%)
indicated that the assay was reproducible in
measuring these compounds in urine. Chromo-
tographic separation was achieved using a
Waters pBondapak column (Waters Assoc.,
Hartford, UK) and a mobile phase which con-
sisted of water/acetonitrile/acetic acid/triethyl-
amine (79 : 21 : 1 : 0.05 v/v) and was continually
degassed with helium. A linear gradient was
employed from 0-14.2 min and ending at
64.5:35.5:1.0:0.05 v/v. The flow rate was
maintained at 1.2 ml min~! throughout. The
respective retention times of dapsone hydroxyl-
amine, dapsone, monoacetyl dapsone and
internal standard were 7.2, 8.6, 9.6 and 13.5 min.
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Dapsone hydroxylamine was stabilised in solu-
tion in 5 mm ascorbate. This ensured > 95%
preservation of this normally unstable com-
pound through the steps of the assay.

Acetylator phenotype was measured accord-
ing to a standard method (Gelber et al., 1971;
Wright et al., 1984) i.e. the ratio of the mono-
acetyl dapsone to dapsone plasma concentration
at the 3 h time point. Fast acetylator status was
accepted to be at a ratio greater than 0.30. For
both methods of analysis, the h.p.l.c. system was
a Spectra-Physics System, which comprised an
SP 8700 solvent delivery system, an SP 8880
Autosampler and a model SP 100 Variable wave-
length u.v. detector set at 254 nm. The system
was controlled via Labnet® and peak areas
were determined by a Spectro-Physics
Integrator.

Pharmacokinetic calculations and statistical
analysis

The terminal phase elimination rate constant
(\;) was calculated from least squares regression
analysis of the post-distributive plasma dapsone
concentration-time data and the half-life from
the ratio 0.693/\,. The area under the curves
(AUC(0,54)) for plasma concentration-time data
for dapsone, and monoacetyl dapsone were each
calculated from ¢ = 0 to ¢ = 54 h by the use of the
linear trapezoidal rule (Gibaldi & Perrier, 1982).
AUC from 54 h to infinity was calculated for
dapsone by the ratio Cs4/\, where Cs, was the
plasma concentration of dapsone at 54 h. The
area under the curve from zero to infinity
(AUC) was obtained from the sum of the two
areas. Assuming complete systemic bioavail-
ability from the oral dose, apparent clearance
CL,(app) was calculated by the formula

Dose
CL,(app) = AUC

Statistical analysis of the disposition of dapsone
and dapsone hydroxylamine was accomplished
by use of Student’s paired r-test. Analysis of
monoacetyl dapsone disposition was achieved
by the use of the Wilcoxon Signed rank test (two-
tailed). In both tests P < 0.05% was accepted as
significant. Data are tabulated as mean * s.d.
and presented graphically as mean * s.e. mean.

Results
The plasma concentration-time data for dapsone

and monoacetyl dapsone measured after the
administration of dapsone 100 mg to seven
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Figure 1 Plasma concentrations of dapsone and
monoacetyl dapsone after oral administration of
dapsone (100 mg) to seven volunteers (mean * s.e.
mean) before (dapsone, A; monoacetyl dapsone, O)
and after (dapsone, A; monoacetyl dapsone, ®)
concurrent cimetidine (3 X 400 mg daily).
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Figure 2 % Methaemoglobin against time after oral

administration of dapsone (100 mg, ©) and dapsone
with cimetidine (3 x 400 mg daily, ®) to seven
volunteers (mean * s.e. mean).

volunteers are shown on Figure 1. Absorption
was relatively slow with mean maximum dapsone
concentrations occurring at 4 h. The drug was
eliminated slowly, as at 54 h post dose the com-
pound remained easily detectable in plasma (127
+ 30 ng ml~!). Maximum methaemoglobin levels
(Figure 2) 2.5 * 0.6% (corrected for back-
ground) coincided with the time of peak plasma
dapsone concentrations (4 h). At 24 h post dose,
methaemoglobin levels remained above 2% (2.1
+0.6%).

The disposition of dapsone underwent signifi-
cant change in the presence of cimetidine (Table
1). The mean dapsone AUC (31.0 + 7.2 pgml™!
h™!) wasincreased (43.3 + 8.8 ugml~'h~!, P<
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Table 1 Pharmacokinetic parameters of dapsone (DDS) and monoacetyl dapsone (MADDS) before and after the administration of

cimetidine (CIM, 3 x 400 mg daily)

AUC (ugmi~" h) ty, (h) CL(app) (1h™) MADDS AUC(0,54)  Acetylation ratio

Subject DDS  DDSICIM  DDS  DDSICIM  DDS DDSICIM DDS DDS/CIM  DDS DDSICIM
1 27.3 46.0 15.3 24.7 3.6 2.1 3.4 3.9 014 015

2 35.5 51.2 16.8 213 2.8 1.9 154 286 056  0.66

3 273 39.4 17.1 18.7 3.6 2.5 2.5 2.9 017 011

4 25.9 355 15.0 20.8 3.8 2.8 152 220 0.8 0.81

5 217 29.1 16.2 19.7 4.6 3.4 1.5 158 0.66 0.7

6 40.7 50.6 18.3 214 2.4 2.0 5.5 7.0 017 016

7 38.4 51.1 13.5 19.3 26 1.9 21 330 0.82  0.85
Mean +s.d. 31.0+72 433+88 16016 20820 3.4%08 24106

P 0.001 0.01 0.001 0.05 NS
0.001) as was the half-life (16.0 + 1.6 vs 20.8 201
2.0 h, P <0.01). Dapsone clearance was signifi- .
cantly reduced in the presence of cimetidine § 151
(3.4+0.8vs2.4+0.61h"!, P<0.001, Table 1). o
The AUC(0,54) for methaemoglobm (853 Tk

25.1% Met Hb h™!) fell by more than halfinthe =~ &8
presence of cimetidine (35.5 + 11.6% Met Hb Q
h~!, P < 0.01, Figure 2). g5
A signiﬁcant (P < 0.05) increase was seen in ' l , | . L
0 1

AUC values for monoacetyl dapsone (Table 1). 6 32 78 24 30 36 a2z 28
In the case of the four fast acetylators 2, 4, 5 and Time (h)

7, they showed an increase in the AUC of mono-
acetyl dapsone of 85, 44, 37 and 56%, respec-
tively. The three slow acetylators 1, 3 and 6
showed increases of 13, 19, and 28%, respec-
tively. However the mean acetylation ratio
(concentration of monoacetyl dapsone as a frac-
tion of dapsone concentration at 3 h in plasma)
did not change after cimetidine (0.7 + 0.1vs0.75
+ 0.1 fast acetylators; 0.16 + 0.017 vs 0.14 =
0.02 slow acetylators).

Preliminary analysis of unhydrolysed urine
revealed little excretion of unconjugated dapsone
hydroxylamine and dapsone. Analysis of hydro-
lysed urine by h.p.l.c. revealed excretion of con-
siderable amounts of dapsone-related material
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Figure3 Cumulative excretion of dapsone hydroxyl-
amine (DDS-NOH) in hydrolysed urine after the oral
administration of dapsone (100 mg) alone (©) or in
combination with cimetidine (3 X 400 mg, daily, ®) to
seven volunters (mean * s.e. mean).

Figure 4 Cumulative excretion of dapsone (DDS) in
hydrolysed urine after the oral administration of
dapsone (100 mg) alone (©) or in combination with
cimetidine 3 X 400 mg daily (®) to seven volunteers
(mean * s.e. mean).

in urine. Over 48 h, 34.2 + 9.3% of the dose was
eliminated as dapsone hydroxylamine (Figure
3). In the presence of cimetidine, significantly
less dapsone hydroxylamine (23.1 + 4.2%, P <
0.05) was recovered in the urine. There was no
significant difference between the amounts of
parent drug in the hydrolysed urine (14.1 *+ 5.4
vs 15.5 + 4.4%, Figure 4). Only relatively small
amounts of monoacetyl dapsone were recovered
from the urine (Figure 5) even after enzyme
hydrolysis and the recoveries did not change
significantly in the presence of cimetidine (2.2 +
1.0vs 2.7 = 0.8%).

Discussion

Dapsone is associated with a number of adverse
reactions, many of which are dose related (Smith,
1988; Weetman et al., 1980). Previous studies
have indicated plasma drug concentrations less
than 1.9 pg ml~! after a single dose of 100 mg
orally (Zuidema et al., 1986), similar to those
found in the present study Chronic administra-
tion (100 mg day ') results in plasma drug con-
centrations which are considerably higher than
those seen after a single dose, (> 3.0 pg ml™!
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Figure 5 Cumulative excretion of monoacetyl
dapsone (MADDS) in hydrolysed urine after the oral
administration of dapsone (100 mg) alone (©) or in
combination with cimetidine (3 X 400 mg daily, ®).

Halmekoski et al., 1978) and which have been
associated with methaemoglobinaemia levels of
3-6% (DeGowin et al., 1966; Manfredi et al.,
1979). Dapsone itself does not generate methae-
moglobin in human erythrocytes in vitro (Israili
etal., 1973; Tingle et al., 1990). The N-hydroxy-
lation of dapsone by human hepatic cytochrome
P-450, results in the metabolite responsible for
the toxicity of dapsone, the hydroxylamine,
which is rapidly taken up by erythrocytes (Israili
et al., 1973; Tingle et al., 1990) and is unstable
in oxygen rich environments (Coleman et al.,
1989). Hence it has not been detected in plasma
(Zuidema et al., 1986). Once inside the red cell,
the hydroxylamine is co-oxidised with haemo-
globin to generate nitroso-dapsone and methae-
moglobin (Kramer et al., 1972). Methaemoglobin
formation within the red cell is reduced by
NADH-dependent methaemoglobin reductase.
However, the oxidation of haemoglobin by the
hydroxylamine of dapsone rapidly outstrips the
capacity of the enzyme to reverse the oxidation
of the haemoglobin. This is exacerbated by a
futile oxidation-reduction cycle involving
dapsone hydroxylamine and nitrosodapsone.
It is thought that the major urinary metabolite of
dapsone is the glucuronide of dapsone hydroxyl-
amine (Gordon et al., 1979; Israili et al., 1973).
Dapsone hydroxylamine is a potent former of
methaemoglobin in vivo (Coleman et al., 1990a;
Grossman & Jollow, 1988) and in vitro (Coleman
et al., 1990a,b; Israili et al., 1973). Dapsone
hydroxylamine is also toxic to human mono-
nucleocytes in vitro (Coleman et al., 1989) and
in granulopoiesis in vitro (Weetman et al., 1980).
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Previous studies in the rat have shown cimeti-
dine to be a potent inhibitor of dapsone N-
hydroxlation in vivo (Coleman et al., 1990a), in
the isolated liver (Coleman et al., 1990b) and in
vitro (Tingle et al., 1990). In the present study,
the co-administration of cimetidine significantly
inhibited dapsone N-hydroxylation, as shown by
the delay in the excretion of dapsone hydroxyl-
amine glucuronide in urine in all seven volun-
teers. In addition, the AUC for the parent drug
was increased significantly as a consequence of
the partial inhibition of N-hydroxylation.

As a consequence of the reduction in N-
hydroxylation, in all seven subjects monoacetyl
dapsone formation increased. The fast acety-
lators showed greater increases in acetylation in
the presence of cimetidine compared with the
slow acetylators, although the percentage in-
crease was similar. Previous studies with pro-
cainamide and hydralazine have shown that slow
acetylator status is associated with a greater risk
of adverse reactions, as more of the dose under-
goes N-hydroxylation (Woosley et al., 1978).
However, monoacetyl dapsone may still under-
go N-hydroxylation in man (Israili et al., 1973),
and is as haematologically toxic as dapsone
hydroxylamine in the rat (Grossman & Jollow,
1988). Hence, with dapsone therapy, acetylator
status appears to have no bearing on the frequency
of toxicity, or, indeed on the half-life of the drug
(Zuidema et al., 1986). In the absence of N-
hydroxylation, the acetylation of dapsone would
probably retard the systemic clearance of dapsone
as monoacetyl dapsone is highly protein bound
and does not undergo extensive glomerular
filtration. It is thought that acetylation and de-
acetylation exist in equilibrium and it has also
been suggested that de-acetylation must take
place before drug is eliminated in urine (Zuidema
etal., 1986). Previous studies have indicated that
monoacetyl dapsone is found in urine in very low
concentrations (Gelber et al., 1971) and this was
reflected in the present study. It is likely that
N-hydroxylation is the actual major route of
elimination, even though more than half the
dose may be acetylated in man (Gelber et al.,
1971). In this report, the increase in the dapsone
AUC seen in the presence of cimetidine was
surprisingly not accompanied by an increase in
urinary unchanged dapsone concentrations. The
compensatory increase in acetylation also seen
in the presence of cimetidine may well have
retarded dapsone clearance sufficiently to pre-
vent the rise in urinary dapsone concentrations
over the collection interval used.

Dapsone administered at 100 mg acutely has
often been used as a probe drug for the assess-
ment of acetylator phenotype (Adam et al.,
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1984; Horai et al., 1985; Hutchings et al., 1984).
Swain et al. (1983) noted that after a single dose
of 150 mg no patients or volunteers suffered
adverse effects. However, methaemoglobin
levels were not determined in these studies. In
the present work, although we employed the
standard dose of 100 mg, it was still clearly
possible to measure a significant elevation of
methaemoglobin levels in all the volunteers.
However, the observed levels of methaemoglobin
were significantly less in the presence of cimeti-
dine, which is consistent with a fall in the N-
hydroxylation of dapsone to the hydroxylamine.
Although the methaemoglobinaemia seen was
not of clinical significance, these data do suggest
that cimetidine might prevent the haemato-
logical toxicity which is known to be associated
with chronic administration of the drug.

Dapsone is often administered in combination
with rifampicin and clofazimine (Zuidema et al.,
1986). Clofazimine is very slowly metabolised
and has a long half-life in man (Levy, 1976) and
is not thought to influence appreciably plasma
concentrations of dapsone (Venkatesan et al.,
1980). Rifampicin lowers skin and nerve concen-
trations of dapsone, possibly through enzyme
induction (Peters et al., 1977, 1978): this might
promote resistance to dapsone. Cimetidine is
known to be able to overcome the effect of
enzyme induction by rifampicin in man (Feely et
al., 1984).

The co-administration of cimetidine may be

M. D. Coleman et al.
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